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•  W r i t e  f o r  d e t a i l s  o n  th e  D o r r  M u l t d i g e s l i o n  

S y s t e m  w h ic h  i s  n o w  s e r v in g  a  p o p u l a t i o n  o f  

s e v e r a l  m i l l i o n  i n  m o r e  t h a n  6 0  c o m m u n it ie s . f T O R R C M

a d v a n t a g e s  of
DORR MULTDIGESTION
Mechanical Sludge Mixing
in Primary Means
• Maximum gas production

20 to 25 cu. ft. per 
pound volatile destroyed 
—M or more greater than 
in non-stirred primaries.

• Maximum reductions—60
to 65 per cent total solids; 
80 to 85 per cent volatiles.

Quiescent Sludge Settling
in Secondary Means
• A clear, harmless super

natant hquor for return 
to process.

• A dense, compact sludge 
for drying, filtration or 
incineration.

• A combination cover and 
gas holder that provides 
ample gas storage.

COSTLY OR UNSIGHTLY 
GAS HOLDERS

A typical Dorr Multdigestion System, showing range o f the 
gas holder on the 60 ft. dia. secondary tank.

T H E  D O R R  M U L T D I G E S T I O N  S Y S T E M

A  T t e  D o r r  M u l t d i g e s t i o n  S y s t e m  i s  u n iq u e  i n  t h a t  n o  se p a -  
r a t e ,  u n s ig h t l y  g a s  h o ld e r  i s  r e q u i r e d .  A d e q u a t e  g a s  s t o r 
a g e  c a p a c i t y  is  p r o v i d e d  in  t h e  s e c o n d a r y  t a n k  c o v e r  w h ic h  
r is e s  a n d  f a l l s  w i t h  t h e  g a s  p r o d u c t io n .

Se c o n d a ry  ta n k  gas h o lders rise  from  7 to  19 ft., depend 
ing  on th e  size o f the  tan k , and  p ro v id e  from  1500 to  150,000 
cu. It .  o l gas sto rage— e q u iv a le n t  to  6 to  12 hours o f gasifi
c a tion . T h is  iro n s  o u t v a r ia t io n s  in  th e  ra te  o f gas p ro 
d u ctio n  and  assures a u n ifo rm  flow  o f gas to  h ea te rs  and 
engines.

A  D o r r  M u l t d i g e s t i o n  S y s t e m  w i t h  s e l f  c o n t a in e d  g a s  
s t o r a g e ,  c o s t s  le s s  t h a n  e q u i v a l e n t  c a p a c i t y  w i t h  s e p a r a t e  
g a s  h o ld e r .  T h i s  f a c t ,  t o g e t h e r  w i t h  t h e  o t h e r  a d v a n t a g e s  
c i t e d  t o  t h e  l e f t ,  h a s  m a d e  t h i s  s y s t e m  t h e  s t a n d a r d  o f  
t h e  p r o fe s s io n .

3 6 ,8 0 0  C U B IC  FEET 
*

u w  umir

T H E  D O R R  C O M P A N Y ,  I N C .  • E N G I N E E R S
570 LEXINGTON AVE. • NEW YORK

ATLANTA . T O R O N T O  . C H I C A G O  . DENVER . LOS ANGELES
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POLISH ING BIO FILTRATIO N EFFLU EN TS

LIB ER T Y  DATA ---
• Activated Sludge Equivalent 

Removals—Suspended Solids 93.8 percent
B.O.D. 93.5 percent

• Better Final Effluent
Suspended Solids 10 P.P.M.

B.O.D. 13 P.P.M.
• Non-Settleables Removed

54 percent of all suspended solids 
overflowing secondary clarifier re
moved by filter. -

H « j jH 1

Secondary Clarifier Poi

Influent m

Pqimary Tank

MAGNETITE FILTER AND 
at Liberty, BiofiltrationNY

Automatic Magnetite Filter installed around chlorination chamber 
at Liberty, N. Y.

Contractor: E. W. Martin, Liberty, N. Y.
Consulting Engineer: W. A. Hardeubergli, New York

AT L IBERTY
T h e  B i o f i l t r a t i o n  S y s t e m  a t  L i b e r t y ,  N .  Y . ,  

p lu s  a n  A u t o m a t i c  M a g n e t i t e  F i l t e r  is  g i v in g  r e 
m o v a l s  a n d  f i n a l  e f f lu e n t s  c o m p a r in g  f a v o r a b l y  
w i t h  o t h e r  m o r e  e x p e n s iv e  t y p e s  o f  s e w a g e  t r e a t 
m e n t .

T h e  d a t a  a t  t h e  l e f t  r e p r e s e n t  o n e  w e e k ’s 
o p e r a t i o n — A u g .  2 8 - S e p t .  5 , 1 9 4 0 — a n d  s p e a k  f o r  
t h e m s e lv e s .  D e s ig n  w a s  b a s e d  o n  a  p e a k  lo a d  
o f  1 M . G . D .  a n d  2 g a ls ,  p e r  m in u t e  p e r  s q . f t .  o f  
A u t o m a t i c  M a g n e t i t e  F i l t e r  a r e a .

A u t o m a t i c  M a g n e t i t e  F i l t e r s ,  w h e r e v e r  i n 
s t a l l e d ,  p o l is h  p l a n t  e f f lu e n t s  t o  a  u n i f o r m  d e g r e e  
— r e m o v e  t h e  f in e s t  s o l id s  a t  a  l o w e r  c o s t  p e r  t o n  
t h a n  a n y  o t h e r  d e v i c e  o p e r a t in g  o v e r  t h e  s a m e  
r a n g e .

W r i t e  f o r  o u r  b u l le t i n  a n d  f u l l  o p e r a t in g  d a t a  

o n  L i b e r t y  a n d  o th e r  r e c e n t  in s t a l la t i o n s .

THE AUTOMATIC MAGNETITE FILTER IS MARKETED EXCLUSIVELY BY THE DORR COMPANY, INC.

F I L T R A T I O N  E Q U I P M E N T  C O R P .
10 Eas t 40th  S tree t S a le s  O ff ic e  N e w  Yo rk , N . Y.
COARSE SCREENS • AUTOMATIC MAGNETITE FILTERS • CONKEY VACUUM FILTERS
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ALUMINUM, 
DEFENSE, a 

AND YOU

Ü

WE INTERRUPT our regular messages to report what’s what 
with aluminum.
AT THE MOMENT delivery for civilian use must make way 
for defense. Everybody knows the reason. Defense requires 
and is using more aluminum per month than peacetime 
America ever consumed.
NEVERTHELESS, we intend that no one shall have to forego 
the things aluminum can do best one minute longer than 
we can help.
THERE IS NO SHORTAGE of bauxite, nor of anything else, 
except time. And Father Time is being given the race 
of his life.
WE ARE MOVING, for example, 35,000 yards of earth a day 
at Alcoa, Tenn., to get 50 acres under a single roof by 
September. It will require 193 carloads of roofing felt. 
Some of the operations in that plant will start even before 
the walls are up. That’s an annual rolling capacity for 120 
million pounds of high strength alloy sheet coming along fast.
LAST MARCH WE STUCK the first shovel in a cow pasture 
near Vancouver, Wash. In September a 30 million pound 
plant was delivering metal. It has been doubled, already. 
A  third 30 million pound unit starts delivering in April; a 
fourth in May; a fifth in June. From cow pasture to 150 
million pounds annual capacity in 15 months.
A SIDELIGHT: To make that 150 million pounds of alumi
num, we first have to build factories to make 120 million 
pounds of carbon electrodes. W e  have to obtain the equip
ment (transformers, rectifiers, and the like) to feed 162,500 
kw. of electricity into the reduction furnaces. This is a 
generating capacity equal to that of the state of Delaware 
plus twice that of Mississippi.
WHAT OF TOTAL PRODUCTION? In addition to Van
couver, further installations are being made at other of 
our plants, so that in less than a year their total capacity 
will be more than double that of 1939, when 327 million 
pounds were produced.
IN THE VERY MIDST of this demand we have lowered the 
price of aluminum ingot 15%. W e  state, without reserva
tion, our hope that the price can be still further reduced.
DEFENSE APPLICATIONS use aluminum for exactly the same 
reasons you do. Defense priorities on aluminum simply say 
that there are some fundamental things that aluminum 
does supremely well. It will do them still better as im
portant lessons in production, fabrication, and application 
are learned from every additional pound being produced 
and used.
YOU, SIR, have been using aluminum for various structures, 
in sewage disposal plants and for plant and material- 
handling equipment and for painting. It is not easy nor 
convenient to have to substitute other materials tem
porarily. W e  want you to know that we intend to make 
this hardship as short-lived as possible. Your aluminum 
is on the way. It is a promise.
A L U M I N U M  C O M P A N Y  O F  A M E R I C A
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A S K E D  T H IS  

C O N S U L T IN G  E N G IN E E R

111,1 \

H O W  D O E S  A N  A E R O - F I L T E R  G IV E

M O R E  F O R  L E S S  M O N E Y ?
^ I T

©  LOWER INITIAL COST! Yes, the cost is
lower with an Aero-Filter because the filter bed 
volume is only 1/7 to 1/9 that of conventional 
filters! And no over-size primary tanks are re
quired! This is made possible by Aero-Filter’s 
efficient distribution of sewage to the filter bed.

(2) OPERATING COST IS LOWER, TOO,
because the need for costly pumping for recircula
tion is eliminated by Aero-Filter’s distribution. 
Thus, maintenance and power costs are propor
tionately lowered, and of course fixed-charge 
items are lower because of the low initial plant cost.

(3) ADEQUATE PURIFICATION for any of your
requirements is the third reason. By a choice of a 
single or two-stage design and supplementary 
units, any degree of effluent quality may be ob
tained! All this—at minimum cost for plant and 
operation! Think that one over!

@  AND A PROVED BACKGROUND is
thing you should consider. Aero-Filter is thor
oughly proved. Its basic design factors have been 
established and approved by state boards of health. 
There are 49 Aero-Filter installations in 13 states 
—in both Northern and Southern climates!

Send for Aero-Filter Catalog No. 329 
Address 1606 W. Bruce Street, Milwaukee, Wis.

REX SANITATION EQUIPMENT
C H A I N  B E L T  C O M P A N Y  O F  M I L W A U K E E

1941



C h a p m a n

)n e  o f an Insta lla tion  o f 
4 8 "  M a n u a lly  O p e ra te d  

IA P M A N  C O N E  V A L V E S  
e igh ing  39,000 lbs. each .

T h e  C h a p m a n  V a l v e
IM M A M  r i D r u i i t

D .



A u t o m a t ic

C o n e V a d v e s

overshadow a ll others in h an d lin g  tough 
control problem s in sew age disposal w ork

W h a t  sp ec ia l q u a l it ie s  w o u ld  y o u  l is t  as e s s e n t ia l in  th e  id e a l  v a lv e  f o r  su ch  uses as 

noted in  box  b e lo w ?  W o u l d  n o t  y o u r  l is t  in c lu d e  a  c le a r- p ip e  w a t e r w a y ?  S e lf- c le a n in g  

i action ? P o s it iv e , ea sy  o p e ra t io n ,  e s p e c ia l ly  a f te r  lo n g  p e r io d s  in  o n e  p o s i t io n ?  C o m p le te  

I p ro tection  o f  seats w h e n  o p e n  o r  c lo s e d ?  Q u ic k  c lo s in g  w i t h o u t  s u rg e ?  S u p e r io r  a d a p ta 

b ility  bo th  to  th ro t t l in g  a n d  f re e  d is c h a rg e ?  A l l  th e se  a n d  m o re  a re  c o m b in e d  in  o n ly  o n e  

va lve  w e  k n o w  o f  —  th e  C h a p m a n  A u t o m a t ic  C o n e . W e  c a n n o t  o v e rs tre s s  its  p ro v e d  

efficiency a n d  d e p e n d a b il it y  in  s e w a g e  t re a tm e n t  s e rv ice .

!

C h ap m an  A u to m a t ic  C o n e  V a l v e s  a re  

p lug-type w ith  m o s t in g e n io u s  o p e r a t in g  

m echan ism s. T h e y  a re  m a d e  in  s izes f r o m  

6"  to 4 8 " ,  a n d  e q u ip p e d  w i t h  m a n u a l ,  

h yd rau lic , e le c t r ic  o r  a u to m a t ic  o p e ra to rs . 

T h e  best e v id e n c e  o f  o u ts ta n d in g  m e r i t  is  

the ir w id e s p re a d  use in  su ch  p la n ts  a s :

Tallman's Island Sewage Treatment

Works, New York;

Bondi's Island Sewage Disposal Plant,

Springfield, Mass.

and  m a n y  o th e r  m o d e rn  s e w a g e  p la n ts ,

T Y P IC A L  U S E S  

C H A P M A N  C O N E  V A L V E S  

IN

S E W A G E  T R E A T M E N T  P L A N T S

1. S e w a g e  Pum p D ischarg e  C hecks.

2. C o n tro l o f S lud g e  C h a m b e r  Levels.

3. Q u ick  O p e ra t in g  V a lves  fo r  G r i t  

C h am b ers .

4. A ir  B low er C h ecks  on A c t iv a te d  

S lud g e .

« M a n u f a c t u r i n g  C o .
a  r*  /» A



L i P r i s .  ^
FOR POSITIVE RESULTS -  LOW COST OPERATION

S t r a i g h t l i n e  C O L L E C T O R S
Link-Belt Straightline Sludge Collectors 
for the removal of sludge from rectangular 
settling tanks consist of two strands of 
especially processed malleable chain from 
which are suspended, at uniform intervals, 
scraper flights usually made from red wood. 
Features are peak-cap bearings, swiveling 
flights, cross collectors for larger tanks, and 
positive sludge removal at a slow, uniform

speed. Automatic or semi-automatic skim
ming equipment is furnished when required.
Years of uninterrupted service in a great 

many plants throughout the country have 
proved the high efficiency, durability and 
low-cost maintenance features of these units.
M a n y  features of the Link-Belt 

Straightline Collector are patented.
Send for Book No. SWJ-1742.

C i r c u l i n e  C O L L E C T O R S
Link-Belt CIRCULINE Collectors for the re
moval of sludge from round tanks, consist 
of a flight conveyor suspended from a bridge, 
one end of which is pivoted at the center 
and the other travels around the circum
ference of the tank. Features are positive,

slow, uniform speed, positive sludge re
moval and excellent distribution of floi 
throughout the tank. Automatic sk im m ir: 
is furnished when desired.

Send for Book No. SWJ-1642.

B I O - F I L T R A T I O N  S y s t e m  f o r  T r e a t i n g  S e w a g e
rate of B.O.D. loading and the ability of 
such a plant to handle strong domestic and 
industrial sewage in single-stage or two- 
stage treatment, as required. Many installa
tions of this type are now in operation and 
under construction.
Send for Folder No. SWJ-1881.

Bio-Filtration Sewage Treatment System 
with Link-Belt STRAIGHTLINE and 
Circuline Collectors brings new advan
tages. The system consists of high rate 
shallow filter beds and recirculation of the 
effiuent from the filter beds to the primary 
tanks. Features are great flexibility, high

BlO-FllTRATION:.v s«mr 5WA5».t« rmt*

IW K -B eir
' STRA,îiilHÎÎ5 Cimmm

S t r a i g h t l i n e  B a r  S c r e e n s
Link-Belt STRAIGHTLINE Mechanically- 
Cleaned Bar Screens have spaced parallel 
bars on which the larger floating solids in 
incoming sewage collect, and a mechanically 
operated rake for removal of the accumulat
ing solids, thus assuring an even flow of 
sewage through the channel. The machine 
may be set vertically or inclined, and used 
in small or large plants.
Send for Folder No. SWJ-1587.

T R I T O R  S c r e e n s
The Link-Belt Tritor Screen is a combina 
tion of screen and grit chamber. It is espt 
cially designed for medium and small sis 
plants. Its main elements are a hopper, a 
screen, and a bucket elevator for removii 
grit from hopper, the buckets being perforate 
for drainage. On return run, rake teeth« 
buckets clean the screen. An adjustable wei 
regulates velocity of flow through hoppei 
Send for Folder No. SWJ-1587.

I N D U S T R I A L  W A S T E  S C R E E N S
The Link-Belt Industrial Waste Screen is 
an efficient and economical unit for the 
removal of objectionable suspended solids 
from industrial waste before the water is 
discharged into sewers or streams. The 
screenings come off the machine with a

minimum of moisture. Units are available 
in several sizes and with coarse or fine 
screen medium. Wastes from canneries, 
textile mills, steel mills, etc., are handled 
successfully by these screens.
Send for Folder No. SWJ-1877.

S t r a i g h t l i n e  G r i t  C o l l e c t o r s  a n d  W a s h e r s
The Link-Belt Straightline Grit Collector 
and Washer effectively collects, washes and 
removes settled grit and separates it from 
putrescible organic matter. This unit con
sists of a scraper type collector with pitched 
flights which turns the material over and

over and discharges it into a washing an 
dewatering screw at the influent end of tt 
tank, from which it is carried up an inclin 
to a point of discharge.
Send for Folder No. SWJ-1942.

L IN K - B E L T  W A T E R  and S E W A G E  T R E A T M E N T  P L A N T  E Q U IP M E N T  IN C L U D E S :  
S T R A IG H T L IN E  Mixers for Flocculation Tanks; S T R A IG H T L IN E  Scum Breakers for Digestion Tanks;
Elevated Diffusers; Traveling Water-Intake Screens; Roto-Louvre Dryers for sludge and other wet materials;
P .I V. Gear Variable Speed Drive for Pumps; Coal and Ashes Handling Machinery; Car Spotters and Haulage 
Systems; Shovels-Cranes-Draglines—Crawler, Tractor and Truck Mounted; and a complete line of elevating, 
conveying and power transmitting equipment. Catalogs sent on request.

L I N K - B E L T  C O M P A N Y
Specialists in the Manufacture o f Equipment for Water and Sewage Treatment Plants 

P H IL A D E L P H IA  CHICAGO LOS A N G ELES  C LE V ELA N D
2045 W . Hunting Park Ave. 300 W . Pershing Road 361 S. Anderson St. 548 Rockefeller Bldg.

Atlanta. .Baltimore. .Boston. .Buffalo. .Dallas. .Denver. .Detroit. .Grand Rapids. .Houston. .Huntington, W. Va.. Indianapol 
Kansas City, Mo.. .Louisville. .New Orleans. .New York. .Oakland, Calif.. .Pittsburgh. .Portland, Ore.. .Salt Lake Citv Seatt

St. Louis.. St. Paul.. Wilkes-Barre 
In Canada—Link-Belt Limited—Toronto Plant; Montreal; Vancouver; Swastika 

Shovel-Dragline-Crane Division—I  ~ ...... “ --   - ~
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Two simple methods 
of applying Aluminum 
Sulfate Sol ution to 
sludge as it flows onto 
the sand beds:

A  portable hand pump.

A  discarded drum fitted 
with a w'ooden spigot.

GENERALCHEMICAL ALIIMIKUM SILFAIE

\\0 .

General Chemical Alumi
num Sulfate, dry fed or 
solution fed, reduces the 
sludge drying time from 
30 days or more to an 
average of 10 days. Alum 
coagulates the sludge sol
ids and thereby separates 
them from the liquid, 
which rapidly drains 
away. Carbon dioxide re
leased in the reaction ren
ders the sludge porous, 
thus permitting faster 
evaporation.
R E L IE V E  Y O U R  O V E R 
CRO W D ED DXGESTORS. 
KEEP YO UR SAND BEDS 
CLEAN AND OPEN.

General Chemical Com
pany will be pleased to 
cooperate with cities and 
towns desirous of expe
diting the drying of sludge 
on sand beds. Write to

U N T R E A T E D

n :  ; :'i±■ : «
. .  fJÉ

, ¡¿-mm

T R E A T E D  ^

G E N E R A L  C H E M I C A L  C O M P A N Y
4 0  RECTOR STREET,  NEW YORK,  N. Y.

Sales Offices: Atlanta • Baltimore • Boston • Buffalo • Charlotte (N. C.) • Chicago 
Cleveland • Denver • Detroit • Houston • Kansas City • Milwaukee • Minneapolis 
Newark (N. J.) • New York • Philadelphia • Pittsburgh • Providence (R. I.) 

St. Louis • Utica (N. Y.)Pacific Coast Sales Offices: San Francisco • Los Angeles Pacific Northwest Sales Offices: Wenatchee (Wash.) • Yakima (Wash.)In Canada: The Nichols Chemical Company, Limited •Montreal «Toronto-Vancouver
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< w w m  M E x r s m E t  û m e

B E  S U R E  Y O U  G E T

THESE FIVI
.

F E W E R  J O I N T S

L E S S  I N F I L T R A T I O N

L O W E R  M A I N T E N A N C E

C O S T S

Jonns-Manville

TRANSITE 

PIPE
IN  A L L  T Y P E S  o f  m u n ic ip a l  sew er 

sy s te m s , J - M  T r a n s i t e  S e w e r  P ip e  
p ro v id e s  im p o r ta n t  s a v in g s  on  th e  a b o v e  
f iv e  p o in ts . A sb es to s- ce m e n t in  co m p o s i
t io n , th is  d u ra b le  p ip e  com es in  lon g , 
e a s ily  in s ta l le d  le n g th s  t h a t  re d u ce  th e  
n u m b e r  o f  jo in ts  in  th e  lin e . I t s  u n u s u a l 
co rro s io n - re s is tan ce  keep s m a in te n a n c e  
lo w . Jo in t s  s t a y  t ig h t .  A n d  in  m a n y  cases, 
b ecause  o f  T r a n s i t e ’s h ig h  c a r r y in g  c a 
p a c i t y ,  g rad es  can  be f la t te r ,  t re n ch e s  
sh a llo w e r  o r s m a lle r  p ip e  used .

F o r  d e ta ils , send  fo r  T r a n s i t e  S e w e r  
P ip e  b ro ch u re  T R - 2 1 A .  A n d ,  i f  y o u  are 
in te re s te d  in  low -cost w a te r  t r a n s p o r ta 
t io n , g e t th e  T r a n s i t e  W a t e r  P ip e  b ro 
ch u re  I  R - 1 1 A . Jo h n s - M a n v i l le ,  22 E a s t  
4 0 th  S t r e e t ,  N e w  Y o r k ,  N .  Y .

T h e  M O D E R N  M a t e r i a l  
f o r

S e w e r  a n d  W a t e r  L in e s

F R E E  B O O K
gives convincing 
f a c t s . .  .W ri te  
fo r  yo u r  copy
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P r o t e c t i n g  a i r p o r t  a n d  a i r  s c h o o l  
p e r s o n n e l  w i t h  a d e q u a t e  s a n i t a 
t io n  f a c i l i t i e s  h a s  p r u d e n t l y  b e e n  
a r r a n g e d  f o r  u n d e r  t h e  c u r r e n t  
N a t i o n a l  D e f e n s e  P r o g r a m .

W e l l  d e s ig n e d ,  p r o p e r l y  e q u ip p e d  
s e w a g e  t r e a t m e n t  p l a n t s  a r e  
b e in g  c o n s t r u c t e d  a t  m a n y  p o in t s  
t h r o u g h o u t  t h e  n a t i o n ,  m a k i n g  
b r o a d  u s e  o f  p r o v e n ,  t im e - t e s t e d  
P . F . T .  E q u i p m e n t s .

T e n  a i r p o r t s ,  a i r  s c h o o ls  a n d  a i r  
b a s e s  a r e  n o w  u n d e r  c o n s t r u c t i o n  
u s in g  12 P . F . T .  F l o a t i n g  C o v e r  D i 
g e s te r s ,  a  n u m b e r  o f  R o t a r y  D i s 
t r ib u t o r s ,  f o u r t e e n  S i p h o n s  a n d  
m a n y  P u m p s  a n d  b o i l e r  r o o m  
u n i t s .

P . F . T .  h a s  l e d  t h e  w a y  i n  s e w a g e  
t r e a t m e n t  e q u i p m e n t  t h e o r y  a n d  
d e s ig n  d o w n  t h r o u g h  t h e  y e a r s  
f r o m  1893— a lm o s t  h a l f  a  c e n t u r y  
o f  d o in g  o n e  t h i n g  w e l l — i n  t h e

s a m e  m a n n e r  h a v e  w e  b e e n  le a d e r s  
i n  e v id e n c in g  o u r  i n t e r e s t  i n  s e r v 
i n g  t h e  n a t i o n  d u r i n g  t h e  n a t i o n a l  
e m e r g e n c y .

“ I t  c a n  b e  d o n e ”  is  o u r  w a t c h w o r d  
o n  N a t i o n a l  D e f e n s e  c o m m is s i o n s  
— o v e r  f o r t y  o f  w h i c h  a r e  c o m p le t e d  
o r  n e a r i n g  p r o d u c t i o n  c o m p l e t i o n  
t o d a y .

M o r e  t h a n  F o r t y  N a t i o n a l  D e 

f e n s e  P r o j e c t s  N o w  U n d e r  

C o n s t r u c t i o n  E m p l o y  t h e  

F o l l o w i n g  P . F . T .  S a n i t a t i o n  

E q u i p m e n t s :

★  38 F lo a tin g  C over D ig esters

★  11 R o ta r y  D is tr ib u to r s

★  32 S ip h o n  I n s ta l la t io n s

★  12 S ew a g e  S lu d g e  P u m p s

★  23 B o ile r  R o o m  I n s ta l la t io n s  u s in g :  
F la m e  T ra p s , P re ssu re  R e l ie f  F la m e  
T ra p s , W a s te  G as B u rn e r s , G a u g es ,  
D rip  T ra p s , e tc .

- * J a n &  C o .
4241 RAVENSWOOD AVENUE, CHICAGO NEW YORK CHARLOTTE,N.C._____________________________

SEWAGE TREATMENT EQUIPMENT EXCLUSIVELY SINCE 1893



F o r  D e p e n d a b l e  A e r a t i o n  . . .

N o r t o n  P o r o u s  M e d i u m s

\  E R A T I O N  is  t h e  h e a r t  o f  a c t i v a t e d  
s lu d g e  s e w a g e  p l a n t s  a l l  o v e r  t h e  

w o r l d — a n d  m o r e  N o r t o n  P o r o u s  M e 
d i u m s  a r e  u s e d  i n  t h i s  o p e r a t i o n  t h a n  
a n y  o t h e r  m a k e .

O v e r  f i f t y  y e a r s ’ e x p e r ie n c e  i n  c e r a m i c  
p r o d u c t  m a n u f a c t u r e  a n d  m a n y  y e a r s ’ 
e x p e r ie n c e  i n  p o r o u s  m e d i u m  p r o d u c 
t i o n  a r e  b e h i n d  N o r t o n  P l a t e s  a n d  
T u b e s — a s s u r i n g  u n i f o r m  a i r  d i s t r i b u 
t i o n ,  g r e a t  s t r e n g t h  a n d  l o w  w e t  p r e s 
s u r e  lo s s .

N O R T O N  C O M P A N Y  
W o r c e s t e r ,  M a s s .

Norton Grinding Wheel Co., Ltd., Welwyn, England 
Norton Company of Canada, Ltd., Hamilton, Ont.
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i n  m o d e r n  s e w a g e  d i s p o s a l  p l a n t s

[ M C O  S E W A G E  G A S  M E T E R S  

P IT T SB U R G H  W A T E R  M E T E R S  

N O R D S T R O M  LU B R IC A T E D  PLU G  V A L V E S

EMCO SEWAGE GAS METERS FOR 
ACCURATE GAS MEASUREMENT

Accurate measurement of gas generated 
during sludge digestion and used as a 
source of heat and power, is essential in 
the operation of sewage disposal plants. 
The destructive effect which sewage tank 

— gas has on conven tiona l gas meters 
necessitates the use of meters especially 

constructed for this service. EM CO  Meters for Sewage Gas are con
structed from materials which laboratory tests and actual service have 
proven resistant to the action of this gas. A  full line of sizes is avail
able for various volume requirements.

PITTSBURGH WATER METERS 
MEASURE HOT AND COLD WATER

In  order to definitely determine operat
ing costs in sewage disposal plants, it is 
imperative to measure all water consum
ed. Since both hot and cold water are 
used in the disposal processess, it is of 
vital importance to install the proper 
meter for each service. Hundreds of thou

sands of Pittsburgh Water Meters have been purchased by large and 
small municipalities alike throughout the country. Their excellent con
struction, maintained accuracy and long life are time proven. Hot Water 
Meters are of special construction to operate under high temperatures.

NORDSTROM LUBRICATED 
PLUG VALVE GIVES POSITIVE 

CONTROL ON ALL UNES

The heterogeneous nature of the fluids 
in sewage disposal plants indicates the 
desirability of the pressure lubricated 
Nordstrom Plug Valve for all valve ser
vices therein. Basicly, the superiority of 
Nordstrom V a lves over conventional 
types lies in their resistance to leakage 

and the fact that they always open or close easily. In  addition, the 
Nordstrom Valve design is such that the presence of abrasive grit and 
other solid matter is of no consequence, and corrosion and erosion, 
common to most sewage plant valve services, are greatly nullified 
with the result that Nordstrom’s w ill outlive the average valve 
several times over.

There is a Nordstrom Valve, ranging in size from V4 inch to 30 inch, 
available for every major service. In  addition to standard metals, 
Nordstrom’s are made in a variety of special alloys and in designs 
for unusual requirements.

Special bulletins describing and illustrating the applir 
cation of EMCO Gas Meters, Pittsburgh Water Meters 
and Nordstrom Valves in the sewage disposal field have 
been prepared. Write, asking for Bulletins 1031 and 1042.

EMCO 
SEW AGE 

GAS METERS

PITTSBURGH 
HOT-COLD 

WATER METERS

NORDSTROM 
LUBRICATED 

PLUG VALVES

PITTSBURGH  EQ U IT A BLE  M ETER  CO M PANY 
MERCO NORDSTROM VALVE CO.

NEWYORK BUFFALO PHILADELPHIA • f l f / '  ~  - DES MOINES - CHICAGO - COLUMBIA
KANSAS CITY-TULSA LOS ANGELES in C U S l C /fjfpJCZA- - PITTSBURGH. PA MEMPHIS OAKLAND HOUSTON
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/ B e f o r e  y o u  b u i l d  t h a t  

N E X T  S E W A G E  P L A N T

T D o  t h i s  o v u l  t k t i u f , —

I n v e s t i g a t e  D r e s s e r  P i p e  C o u p l i n g s  a n d  

t h e i r  a d v a n t a g e s  f o r  s t e e l ,  c a s t - i r o n ,  a n d  

c o n c r e t e  s e w a g e  l i n e s .

U s e d  f o r  5 0  y e a r s  o n  t h e  w o r l d ' s  l o n g 

e s t  a n d  l a r g e s t  p i p e  l i n e s .  P e r m a n e n t l y  

t i g h t ,  f l e x i b l e ,  e a s y  a n d  s i m p l e  t o  i n 

s t a l l ,  s t r o n g  a n d  e c o n o m i c a l .

GbvL...

Whether you are immediately in 
terested or not, write for our 172- 
page General Catalog No. 36—full 
of specifications, field pictures, 
hlue prints, etc. Many people use 
this as a pipe-joint hand-book.

D R E S 5 E R  C O U P L IN G S
D R E S S E R  M A N U F A C T U R I N G  C O . ,  B R A D F O R D ,  P A .

In Canada: Dresser Manufacturing Co.. Limited, 60 Front St., W., Toronto, Ont.



16 SEWAGE WORKS JOURNAL

C a s t  i r o n  h e a d e r  c o n d u c t i n g  a i r  t o  a c t i v a t e d  s l u d g e  t a n k s  
a t  t r e a t m e n t  p l a n t  i n  S p r i n g f i e l d ,  I I I .

rrilG H T  joints, structural strength and long 
life make cast iron pipe the ideal mate

rial for sewage works construction, either 
mains or treatment plants — and by long 
odds, the most economical in the end.

Look for the “ Q-Check”  registered trade mark.
Cast Iron pipe Is made In diameters from IX  to 84 inches.

THE CAST IRON PIPE RESEARCH ASSOCIATION. THOMAS F. WOLFE. RESEARCH ENGINEER. 
1015 PEOPLES GAS BUILDING. CHICAGO. ILLINOIS

C A S T  I R O N  P I P E
T H E  M O D E R N  M A T E R I A L  F O R  S E W E R A G E  S Y S T E M S
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S e w a g e  R e s e a r c h

A CRITICAL R E V IE W  OF TH E L IT ER A T U R E  OF 1940 
ON SEW AGE AND W ASTE TREATM ENT 

AND STREAM POLLUTION
B y  W .  R u d o l f s ,  C h a i r m a n ,  T .  R .  C a m p , E .  J .  C l e a r y ,  G .  P .  E d w a r d s ,  

H .  A .  F a b e r ,  A .  J .  F i s c h e r ,  H .  W .  G e h m ,  A .  E .  G r i f f i n ,  H .
H e u k e l e k i a n , R .  W .  K e h r , E .  M .  M o o r e , L .  R .  S e t t e r ,

W .  E .  S t a n l e y , L .  W .  V a n  K l e e c k  a n d  S .  I .  Z a c k

C om m ittee on Research, Federation o f  Sewage WorTcs Associations

T h e  l i t e r a t u r e  p u b l i s h e d  d u r i n g  1 9 4 0  p e r t a i n i n g  t o  s e w a g e  a n d  
w a s t e  t r e a t m e n t  h a s  b e e n  e x t e n s i v e  i n  t h i s  c o u n t r y .  F o r e i g n  c o n t r i 
b u t io n s  w e r e  c o n s i d e r a b l y  c u r t a i l e d  o n  a c c o u n t  o f  t h e  w a r .  A g a i n  
i m p o r t a n t  c o n t r i b u t i o n s  w e r e  m a d e  i n  t h e  f ie ld s  o f  r e s e a r c h ,  o p e r a t i o n  
a n d  d e v e lo p m e n t .  T h e  i n c r e a s i n g  im p o r t a n c e  o f  i n d u s t r i a l  w a s t e  t r e a t 
m e n t  i s  e v id e n t  f r o m  t h e  r e v i e w .  I t  a p p e a r s  t h a t  t h i s  b r a n c h  o f  t h e  
w o r k ,  w h ic h  p e r t a i n s  m o r e  t o  c l e a n e r  s t r e a m s  a n d  b e t t e r  l i v i n g  c o n d i 
t io n s  t h a n  t o  h e a l t h  h a z a r d s ,  i n d i c a t e s  m o r e  c l e a r l y  t h e  g e n e r a l  t e n 
d e n c ie s  a n d  f u t u r e  t r e n d  o f  t h o u g h t  o f  t h e  w h o le  p r o b le m .  H o w e v e r ,  
t h e  h e a l t h  a s p e c t  o f  s e w a g e  t r e a t m e n t  h a s  b e e n  e m p h a s iz e d  b y  t h e  p o s 
s i b i l i t y  t h a t  t h e  d r e a d e d  i n f a n t i l e  p a r a l y s i s  v i r u s  r e m a in s  v i a b l e  in ,  
a n d  i s  c a r r i e d ,  b y  s e w a g e .  S t r e a m  s u r v e y s  a n d  c o n t r i b u t i o n s  t o  f u n d a 
m e n t a l  r e s e a r c h  i n  s t r e a m  p o l l u t i o n  h a v e  b e e n  le s s  t h a n  i n  p r e v io u s  
y e a r s ,  w h i c h  m a y  b e  a  c o in c id e n c e  w i t h  t h e  t e m p o r a r y  s h e l v i n g  o f  
n a t i o n a l  l e g i s l a t i o n  f o r  s t r e a m  p o l l u t i o n  a b a t e m e n t .  S t u d i e s  o n  f u n d a 
m e n t a l  p r i n c i p l e s  o f  s e w a g e  t r e a t m e n t ,  p a r t i c u l a r l y  t h e  a c t i v a t e d  s lu d g e  
p r o c e s s ,  h a v e  b e e n  c o n t in u e d .  T h e  p r o b le m  is  g r a d u a l l y  c l e a r i n g  u p ,  
b u t  i s  n o t  s o lv e d .  T h e  n e c e s s i t y  f o r  a  t h o r o u g h  e x p o s i t i o n  o f  t h e o r y  
a n d  p r a c t i c e  o f  t h e  a c t i v a t e d  s lu d g e  p r o c e s s  i s  a p p a r e n t  t o  s h o w  w h e r e  
w e  s t a n d  i n  p r a c t i c e  a n d  r e s e a r c h .  B y - p r o d u c t  r e c o v e r y  f r o m  s e w a g e  
a n d  w a s t e  i s  b e c o m in g  m o r e  a n d  m o r e  o f  g e n e r a l  i n t e r e s t .  P r o p e r ,  
a c c u r a t e ,  s im p le  a n d  e x p e d ie n t  a n a l y t i c a l  m e t h o d s  a r e  s t i l l  d e m a n d e d .  
T h i s  i s  p a r t i c u l a r l y  e v id e n t  i n  m e t h o d s  f o r  g r e a s e  a n d  o i l  d e t e r m in a 
t io n s ,  c h e m ic a l  d e m a n d s  o f  s e w a g e ,  a n d  s lu d g e  a n a l y s e s .  S l u d g e  t r e a t 
m e n t  a n d  d i s p o s a l  i s  s t i l l  t h e  h e a r t  o f  t h e  p r o b le m  a t  m a n y  p la n t s .  O f  
p a r t i c u l a r  i n t e r e s t ,  t h e r e f o r e ,  i s  t h e  i n c r e a s e  i n  q u a n t i t i e s  o f  s o l id s  
c a u s e d  b y  s o - c a l le d  d u a l  t r e a t m e n t  o f  s e w a g e  a n d  g a r b a g e .

T h i s  a n n u a l  r e v i e w  i s  a g a i n  p r e s e n t e d  a s  e v id e n c e  o f  p r o g r e s s .  T h e  
r e v i e w  h a s  b e e n  e x t e n d e d  s o m e w h a t  a n d  t h i s  y e a r  a  b r i e f  s e c t io n  011 
n e w  a id s  t o  p r a c t i c e  h a s  b e e n  i n c lu d e d .  T h e  e n t i r e  r e v i e w  i s  n o t  c o m 
p le t e  i n  t h e  s e n s e  t h a t  a l l  p a p e r s  p u b l i s h e d  d u r i n g  t h e  y e a r  w e r e  c o n 
s id e r e d ,  b u t  w e  b e l i e v e  t h a t  a l l  i m p o r t a n t  p a p e r s  h a v e  b e e n  u s e d  to
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i n d i c a t e  t h e  w o r k  a c c o m p l is h e d ,  a n d  t h e  t r e n d s  i n  s e w a g e  a n d  w a s t e  

t r e a t m e n t  a n d  s t r e a m  p o l l u t i o n  a r e  s h o w n .

C h e m i s t r y  a n d  B io l o g y

S e w a g e  a n d  D i s e a s e .  T h e  s u s p i c i o n  t h a t  s e w a g e  m i g h t  b e  a  v e h i c l e  
f o r  t h e  s p r e a d  o f  p o l i o m y e l i t i s  h a s  b e e n  i n c r e a s in g .  S u c c e s s f u l  i s o a -  
t i o n  o f  t h e  p o l i o m y e l i t i s  v i r u s  f r o m  s e w a g e  o f  c o m m u n i t i e s  w i t h  p o  10 - 
m y e l i t i s  e p id e m ic s  w a s  r e p o r t e d  b y  P a u l ,  T r a s k  a n d  C u l l o t t a .  1i a ,̂  ’ 
V i g n e c  a n d  P a u l 221 a n d  K r a m e r ,  G i l l i a m  a n d  M i l n e r  131 i s o l a t e d  t h e  
v i r u s  f r o m  h u m a n  s t o o ls .  I n d i r e c t  e v id e n c e  f r o m  s t a t i s t i c a l  d a t a  
o b t a in e d  f r o m  d i f f e r e n t  s iz e d  c o m m u n i t ie s  i n  L o u i s i a n a  w i t h  a n d  w i t h 
o u t  w a t e r  s u p p l y  a n d  s e w a g e  d i s p o s a l  s y s t e m s ,  l e d  C a s e y  a n d  A y m o n d  
t o  c o n c lu d e  t h a t  t h e  d i l u t i o n  o f  t h e  s e w a g e  m i g h t  p l a y  a n  i m p o r t a n t  
r o l e  i n  t h e  i n c id e n c e  o f  p o l i o m y e l i t i s .  I n  .a  g e n e r a l  r e v i e w  o f  t h e  s u b 
j e c t  E l l s w o r t h  61 a d v a n c e d  e v id e n c e  a n d  a r g u m e n t s  i n  f a v o r  o f  t h e  w a t e r  
t r a n s m i s s i o n  o f  t h i s  d is e a s e .  I t  w a s  s t a t e d  t h a t  t h e  v i r u s  i n  t h e  s t o o ls  
r e m a in e d  v i a b l e  f o r  a t  l e a s t  10  w e e k s  i n  t h e  r e f r i g e r a t o r .  F o r  a s  l o n g  
a s  25  d a y s  a f t e r  t h e  o n s e t  o f  t h e  d is e a s e  t h e  s t o o ls  c o u ld  b e  i n f e c t i v e  
t o  m o n k e y s .  V i r u s  f r o m  a c t i v e  c a s e s  o r  f r o m  c a r r i e r s  c o u ld  b e  p r e s e n t  
i n  s e w a g e  n o t  o n l y  d u r i n g  e p id e m ic s  b u t  a t  o t h e r  t im e s  a s  w e l l .  K e m p  
a n d  S o u l e  124 r e p o r t e d  t h a t  t h e  v i r u s  o f  p o l i o m y e l i t i s  w a s  i n a c t i v a t e d  
b y  f o u r  h o u r s ’ c o n t a c t  w i t h  0 .5  p .p .m .  o f  c h l o r i n e  i n  t h e  f o r m  o f  
c h l o r a m in ę  b u t  w a s  n o t  i n a c t i v a t e d  b y  1 .5  h o u r s ’ c o n t a c t .

T o  t h e  i n f o r m a t i o n  a l r e a d y  a v a i l a b l e  o n  t h e  p r e s e n c e  o f  t y p h o id  
b a c t e r i a  i n  s e w a g e  a n d  s lu d g e  a n d  t h e  e f f e c t  o f  n a t u r a l  a n d  a r t i f i c i a l  
e n v i r o n m e n t a l  c o n d i t i o n s  o n  t h e i r  s u r v i v a l  M o m  a n d  S h a e f f e r  156 h a v e  
c o n t r i b u t e d  a d d i t i o n a l  i n f o r m a t i o n  p e r t a i n i n g  t o  c o n d i t i o n s  i n  t h e  N e t h 
e r l a n d s  E a s t  I n d i e s .  T y p h o i d  b a c t e r i a  w e r e  f o u n d  r e g u l a r l y  i n  m u n i c i 
p a l  s e w a g e  i n  n u m b e r s  h i g h e r  t h a n  i n  E u r o p e a n  s e w a g e .  A b o u t  8 0  
p e r  c e n t  r e d u c t i o n  o f  t y p h o id  b a c t e r i a  w a s  o b t a i n e d  b y  t h e  p a s s a g e  o f  
s e w a g e  t h r o u g h  I m h o f f  t a n k s .  T h e  o r g a n i s m s  w e r e  f o u n d  i n  t h e  s lu d g e  
o b t a in e d  b u t  t h e  r e c o v e r y  w a s  l o w e r  t h a n  t h e  r e m o v a l s  w o u ld  i n d i c a t e .  
D i g e s t i o n  r e d u c e d  t h e i r  n u m b e r s  r a p i d l y ,  h u t  d i d  n o t  e l i m i n a t e  t h e m  
c o m p le t e l y .  A f t e r  d r y i n g  t h e  s lu d g e ,  n o  f u r t h e r  t y p h o i d  b a c t e r i a  
c o u ld  b e  f o u n d .

B e a r d 20 s t u d i e d  t h e  f a c t o r s  i n f l u e n c i n g  t h e  l o n g e v i t y  o f  t y p h o i d  
b a c t e r i a  i n  s o i ls .  H e  f o u n d  m o i s t u r e  t o  b e  t h e  m o s t  i m p o r t a n t  f a c t o r .  
F i f t y  p e r  c e n t  o f  t h e  t y p h o i d  b a c t e r i a  d ie d  d u r i n g  t h e  f i r s t  4 8  h o u r s .  
T h e  s u r v i v a l  o f  t h e  r e m a i n d e r  e x t e n d e d  o v e r  a  p e r i o d  o f  m o n t h s .  I n  
s e w a g e - p o l lu t e d  s o i l  t h e  s u r v i v a l  w a s  s h o r t e r  t h a n  i n  n o n - p o l lu t e d  s o i l .

T h e r e  h a v e  b e e n  a  n u m b e r  o f  d i f f e r e n t  o p in i o n s  e x p r e s s e d  a s  t o  t h e  
e f f e c t  o n  c a t t l e  a n d  f a r m  a n i m a l s  o f  s e w a g e  c o n t a m in a t e d  w a t e r .  F o r  
t h e  f i r s t  t im e ,  h o w e v e r ,  t h e  q u e s t io n  h a s  b e e n  s u b j e c t e d  t o  c o n t r o l l e d  
e x p e r im e n t a t i o n  b y  C r a w f o r d  a n d  F r a n k . 48 T h e  c o n d i t i o n s  o f  t h e  e x 
p e r i m e n t  w e r e  m o r e  s t r i n g e n t  t h a n  o r d i n a r i l y  w o u ld  b e  t h e  c a s e ,  s in c e  
t h e  s e w a g e  d e a l t  w i t h  c o n t a in e d  n o t  o n l y  t h e  u s u a l  c o n t a m in a t i o n  f r o m  
h u m a n  s o u r c e s  b u t  a l s o  f r o m  a n i m a l s  u s e d  in  t h e  U .  S .  A n i m a l  D i s e a s e
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S t a t i o n ,  i n c l u d i n g  a n im a l s  i n f e c t e d  w i t h  t u b e r c u l o s i s ,  b r u c e l l o s i s ,  m a s 
t i t i s ,  h o g  c h o l e r a  a n d  o t h e r  b a c t e r i a l  a n d  v i r u s  d is e a s e s .  I t  i s  s t a t e d  
t h a t  a l t h o u g h  m a n y  o f  t h e  s t a b le s  a n d  b a r n s  w e r e  p r o v i d e d  w i t h  s e p t i c  
t a n k s  i n  w h i c h  t h e  s e w a g e  w a s  d i s in f e c t e d ,  t h e  c a u s a t i v e  a g e n t s  o f  t h e s e  
d is e a s e s  i n  v i r u l e n t  f o r m  m ig h t  p a s s  i n t o  t h e  s e w a g e  e n t e r i n g  t h e  t r e a t 
m e n t  p l a n t .  T h e  s e w a g e  w a s  t r e a t e d  i n  a  t r i c k l i n g  f i l t e r - s e p a r a t e  
s lu d g e  d ig e s t i o n  t y p e  o f  a  p l a n t .  T h e  r a w  s e w a g e ,  e f f lu e n t  f r o m  t h e  
p l a n t  a n d  t h e  s lu d g e  w h e n  f e d  t o  s w in e  s h o w e d  n o  h a r m f u l  e f f e c t  o n  
t h e  a n im a l s .  L i k e w i s e  t h e  e f f lu e n t  c o n s u m e d  b y  c a t t l e  h a d  n o  e f f e c t .  
N o n e  o f  t h e  a n im a l s  i n  t h e  e x p e r im e n t  m a n i f e s t e d  a n  u n w i l l i n g n e s s  t o  
c o n s u m e  t h e  v a r i o u s  m a t e r i a l s .  T u b e r c u l i n  t e s t s  w e r e  m a d e  o n  a l l  
a n im a l s  b o t h  d u r i n g  a n d  a f t e r  t h e  t e s t  p e r i o d  (6  m o n t h s )  a n d  s h o w e d  
n o  p o s i t i v e  r e a c t io n .  P o s t  m o r t e m s  s h o w e d  n o  e v id e n c e  o f  d is e a s e .

B i o c h e m i c a l  O x i d a t i o n .  A d d i t i o n a l  i n f o r m a t i o n  r e l a t i v e  t o  t h e  e f 
f e c t  o f  o x y g e n  t e n s io n  o n  t h e  r a t e  o f  b a c t e r i a l  o x id a t i o n  c o m in g  f r o m  
t w o  d i f f e r e n t  s o u r c e s  p o in t  t o  d i f f e r e n t  c o n c lu s io n s .  Z o b e l l  249 r e p o r t e d  
t h a t  t h e  r a t e  o f  r e s p i r a t i o n  w a s  i n d e p e n d e n t  o f  o x y g e n  c o n c e n t r a t i o n  o f  
t h e  w a t e r  w i t h i n  t h e  r a n g e  o f  0 .3 - 2 6 .5  p .p .m .  D . O .  Z o b e l l  a n d  S t a d l e r  250 
i n  a  s t u d y  c o v e r i n g  t h e  a t m o s p h e r i c  s a t u r a t i o n  r a n g e  c o n c lu d e d  t h a t  
o x y g e n  w a s  c o n s u m e d  a t  v i r t u a l l y  t h e  s a m e  r a t e  a t  a l l  o x y g e n  t e n s io n s  
d u r i n g  4  o r  5 d a y s  u n le s s  n e a r l y  a l l  t h e  o x y g e n  w a s  d e p le t e d  e a r l i e r .  
T h e  r a t e  o f  o x y g e n  u p t a k e  p e r  c e l l  w a s  h ig h e s t  d u r i n g  t h e  f i r s t  d a y  i r 
r e s p e c t i v e  o f  t h e  i n i t i a l  d i s s o l v e d  o x y g e n  a n d  d e c r e a s e d  g r a d u a l l y  u p  

t o  t h e  f o u r t h  d a y .
T h e  s e c o n d  c o n t r i b u t i o n  o n  t h i s  p r o b le m  i s  f r o m  V i e h l . 229 A v e r a g e  

r e s u l t s  o f  s e v e r a l  s e r i e s  o f  t e s t s  s h o w e d  t h a t  B . O . D .  v a l u e s  i n c r e a s e d  
w i t h  i n c r e a s i n g  D . O .  v a l u e s  f r o m  2 t o  1 2 .9  p .p .m .  I n c r e a s i n g  t h e  D . O .  
t e n s io n  f r o m  1 2 .9  t o  4 0  p .p .m .  h a d  t h e  e f f e c t  o f  d e c r e a s in g  B . O . D .  v a l 
u e s .  B . O . D .  a t  2 p .p .m .  D . O .  w a s  8 2  p e r  c e n t  o f  t h a t  o b t a in e d  a t  i t s  
h ig h e s t  v a l u e  a t  1 2 .9  p .p .m .  D . O .  A t  4 0  p .p .m . ,  B . O . D .  w a s  7 3  p e r  c e n t  
o f  t h a t  a t  1 2 .9  p .p .m .  D . O .

S t u d i e s  w e r e  a ls o  c o n d u c t e d  b y  V i e h l  229 o n  t h e  e f f e c t  o f  t h e  r a t e  o f  
a e r a t i o n ,  o n  t h e  a c t i v a t e d  s lu d g e  p r o c e s s  u n d e r  l a b o r a t o r y  c o n d i t io n s .  
D . O .  c o n c e n t r a t i o n s  r a n g in g  f r o m  0 .8  p .p .m .  t o  5 .4  p .p .m .  w e r e  o b t a in e d  
b y  r e g u l a t i n g  t h e  r a t e  o f  a e r a t i o n .  F r o m  t h e  r e s u l t s  o b t a in e d  t h e  
a u t h o r  c o n c lu d e d  t h a t  1 .5  p .p .m .  D . O .  w a s  s u f f ic ie n t  f o r  t h e  a c t i v a t e d  
s lu d g e  p r o c e s s .

I n  a n  a t t e m p t  to  a c c o u n t  f o r  t h e  r a p i d  s e l f - p u r i f i c a t i o n  i n  s t r e a m s  
r e c e i v i n g  l a r g e  q u a n t i t i e s  o f  a c i d  m in e  d r a in a g e ,  R u c h h o f t ,  E t t i n g e r  a n d  
W a l k e r  185 r e p o r t e d  t h a t  b io c h e m ic a l  o x id a t i o n  w a s  p o s s ib le  i n  s u b 
s t r a t e s  c o n t a in in g  1 0 0  t o  1 0 0 0  p .p .m .  f r e e  s n l f u r i c  a c i d  w i t h  a  p H  o f  
1 .9  to  3 .0 . T h e  p r e s e n c e  o f  l a r g e  n u m b e r s  o f  s p e c i a l i z e d  o r g a n is m s  
v i a b l e  i n  s u c h  a c id  s u b s t r a t e s  w a s  d e m o n s t r a t e d .  T h e  p u r i f i c a t i o n  w a s  
c h a r a c t e r i z e d  b y  a  l a g  p h a s e  w h i c h  c o u ld  b e  s h o r t e n e d  b y  t h e  a d d i t i o n  
o f  s o m e  o ld  a c id  s e w a g e .

A  s y s t e m a t i c  s t u d y  o f  t h e  b u f f e r  v a l u e  o f  s e w a g e  a n d  t h e  c h a n g e s  
o f  t h e  b u f f e r  v a l u e  d u r i n g  a e r a t i o n  w i t h  o r  w i t h o u t  a c t i v a t e d  s lu d g e  
w e r e  r e p o r t e d  b y  I n g o l s  a n d  H e u k e l e k i a n . 105 I t  w a s  f o u n d  t h a t  t h e
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b u f f e r  v a l u e  o f  s e w a g e  w a s  i n  t h e  S e i t z  f i l t r a t e  f r a c t i o n .  A m m o n i u m  
b i c a r b o n a t e  w a s  o n e  o f  t h e  i m p o r t a n t  i n g r e d i e n t s  i n  s e w a g e  c o n t n  u  
i n g  to  t h e  b u f f e r  v a l u e .  A e r a t i o n  o f  a c t i v a t e d  s lu d g e - s e w a g e  m i x  u r e s  
u n d e r  l a b o r a t o r y  c o n d i t i o n s  s h o w e d  t h a t  t h e  b u f f e r  v a l u e s  d e c r e a s e  
r a p i d l y  a n d  t h a t  c h a n g e s  i n  p H  v a l u e  w e r e  d u e  t o  lo s s  o f  v o l a t i l e  a c i  s , 
t o  t h e  r e d u c t i o n  o f  b u f f e r  v a l u e s  a n d  t h e  o x id a t i o n  o f  a m m o n i a  t o  n i 
t r a t e .  T h e  r e d u c t i o n  i n  t h e  b u f f e r  v a l u e s  i n  p l a n t  a e r a t i o n  t a n k s  w e r e  
o f  s m a l l e r  m a g n i t u d e  f o r  p r e s u m a b l y  s i m i l a r  p e r i o d s  o f  a e r a t io n ^

S u r f a c e  P h e n o m e n a  a n d  B a c t e r i a l  G r o w t h .  C o n n  a n d  C o n n  r e 
p o r t e d  t h a t  b a c t e r i a l  n u m b e r s  i n c r e a s e d  i n  t h e  p r e s e n c e  o f  c o l l o i d s  
i r r e s p e c t i v e  o f  t h e  b a s e  w i t h  w h i c h  t h e  c o l l o id s  w e r e  s a t u r a t e d .  C o l 
l o id s  s u c h  a s  b e n t o n i t e ,  k a o l i n i t e ,  e t c .  w e r e  f o u n d  t o  b e  e f f e c t i v e .  ^

M c C a l l a  146 s t a t e d  t h a t  b a c t e r i a  a d s o r b  t h e  H + f o r m e d  b y  t h e  l i b e r a 
t io n  o f  C 0 2. C o n t i n u a t i o n  o f  t h i s  a d s o r p t i o n  m i g h t  r e s u l t  i n  a  c o m 
p le t e  H + s a t u r a t e d  b a c t e r i a .  I n  t h e  p r e s e n c e  o f  o t h e r  i o n s  a n  e x c h a n g e  
o f  H + f o r  b a s i c  io n s  w o u ld  t a k e  p l a c e  e n a b l i n g  t h e  c e l l  t o  c o n c e n t r a t e  
a n d  b in d  t h e s e  i o n s  a s  a  s t o r e  f o r  f u t u r e  u s e .

H e u k e l e k i a n  a n d  H e l l e r  90 c a l l e d  a t t e n t i o n  t o  t h e  r e l a t i o n  b e t w e e n  
s u r f a c e s  a n d  l i m i t i n g  f o o d  c o n c e n t r a t i o n  f o r  b a c t e r i a l  g r o w t h s .  T h e y  
f o u n d  t h a t  E s c h .  c o l i  d id  n o t  g r o w  i n  a  g lu c o s e - p e p t o n e  b r o t h  o f  0 .5  to  
2 .5  p .p .m .  c o n c e n t r a t i o n .  T h e  a d d i t i o n  o f  g l a s s  b e a d s  t o  t h e  m e d iu m  
p e r m i t t e d  t h e  g r o w t h  a t  s u c h  l o w  c o n c e n t r a t i o n s  o f  f o o d  m a t e r i a l .  
T h e  e f f e c t  o f  g l a s s  b e a d s  w a s  n o t i c e a b l e  u p  t o  25  p .p .m .  c o n c e n t r a t i o n  
o f  g lu c o s e  a n d  p e p t o n e .  B e y o n d  t h i s  c o n c e n t r a t i o n  t h e  n u m b e r s  o f  
E s c h .  c o l i  w i t h  a n d  w i t h o u t  g l a s s  b e a d s  w e r e  p r a c t i c a l l y  t h e  s a m e .  T h e  
b a c t e r i a l  p o p u l a t i o n  o f  s t r e a m  w a t e r  w a s  s i m i l a r l y  a f f e c t e d  b y  t h e  a d 
d i t i o n  o f  c l e a n  s a n d .  T h e  a d d i t i o n  o f  s t o n e s  c o v e r e d  w i t h  b i o l o g i c a l l y  
a c t i v e  s l im e  to  s u r f a c e  w a t e r s  d id  n o t  p r e v e n t  t h e  i n c r e a s e  i n  t h e  n u m 
b e r s  o f  b a c t e r i a  b u t  c o n s i d e r a b l y  r e d u c e d  t h e  m a g n i t u d e  o f  i n c r e a s e .  
S u r f a c e s  e n a b le  b a c t e r i a  t o  d e v e l o p  i n  s u b s t r a t e s  o t h e r w i s e  t o o  d i l u t e  
f o r  g r o w t h .  D e v e lo p m e n t  t a k e s  p l a c e  e i t h e r  a s  b a c t e r i a l  s l im e  o r  
c o l o n ia l  g r o w t h  a t t a c h e d  t o  t h e  s u r f a c e s .

A c c o r d i n g  t o  B u t t e r f i e l d  32 t h e  t y p e  o f  b a c t e r i a l  g r o w t h  i n  d i l u t e  
s u b s t r a t e s  s u c h  a s  s l i g h t l y  p o l l u t e d  w a t e r s  w i t h  5 - d a y  B . O . D .  o f  6 .0  
p .p .m .  o r  le s s ,  c o n s i s t s  o f  s i n g le  c e l l s .  I n  c o n c e n t r a t e d  m e d i a  o r  g r o s s l y  
p o l l u t e d  w a t e r s  w i t h  5 - d a y  B . O . D .  o f  1 0 0  p .p .m .  o r  m o r e  t h e  g r o w t h  c o n 
s i s t s  o f  c o l o n i a l  f o r m s  o r  f lo e s  p r o v i d e d  t h e  l i q u i d  i s  a e r a t e d .

P e t r o l e u m  P r o d u c t s  a n d  B a c t e r i a .  M i c r o - o r g a n i s m s  c a p a b le  o f  
a t t a c k i n g  p e t r o l e u m  a n d  i t s  f r a c t i o n s  w e r e  o b t a i n e d  f r o m  s o i l  b y  S t o n e ,  
W h i t e  a n d  F e n s k e . 206 T e m p e r a t u r e s  o f  2 0 °  t o  3 7 °  C . ,  p H  v a l u e s  o f
6 .0  t o  8 .0 , s o m e  f o r m  o f  n i t r o g e n  s u c h  a s  a m m o n iu m  s u l f a t e  a n d  a  
p l e n t i f u l  s u p p l y  o f  a i r  a r e  n e c e s s a r y  f o r  t h e  b r e a k d o w n  o f  p e t r o l e u m .  
I n  g e n e r a l  t h e  l o w e r  m o l e c u l a r  w e ig h t  f r a c t i o n s  w e r e  f o u n d  to  b e  m o r e  
s u s c e p t ib l e  to  a t t a c k  t h a n  w e r e  t h e  h e a v y  o i l s  a n d  t a r .  O i l s  h i g h  i n  
p a r a f f i n e  h y d r o c a r b o n s  w e r e  m o r e  r e a d i l y  a s s i m i l a t e d  t h a n  t h o s e  h ig h  
i n  a r o m a t i c  c o n t e n t .  N a p h t h a l e n e  f r a c t i o n s  o c c u p ie d  a n  i n t e r m e d i a t e  
p o s i t i o n .  S t r a w i ń s k i  a n d  S t o n e  208 f o u n d  c e t a n e ,  n a p h t h a l e n e  a n d  b i 
p h e n y l  t h e  m o s t  r a p i d l y  a t t a c k e d  b y  t h e  1 8  h y d r o c a r b o n s  s t u d ie d .
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C o u n t s  r a n g i n g  f r o m  1 t o  1  Y z  b i l l i o n s  p e r  m l .  w e r e  o b t a in e d  i n  su b -  
t- s t r a t e  c o n t a in in g  n o  o t h e r  s o u r c e  o f  c a r b o n  e x c e p t  t b e  h y d r o c a r b o n s .

A t t e m p t s  t o  d e v e lo p  c u l t u r e s  c a p a b le  o f  g r o w i n g  i n  b e n z e n e  a n d  t o lu e n e  
d  w e r e  u n s u c c e s s f u l .
Is, H e u k e l e k i a n  a n d  S c h u l h o i f  93 d e t e r m in e d  t b e  e f f e c t  o f  s o m e  o f  t h e s e

v o l a t i l e  s o l v e n t s  o n  t h e  b a c t e r i a l  n u m b e r s  o f  s e w a g e .  T h e y  f o u n d  t h a t  
ere b e n z e n e  u p  t o  0 .5  m l .  p e r  l i t e r  c o n c e n t r a t i o n  h a d  l i t t l e  e f f e c t  o n  t h e

t o t a l  n u m b e r s  o f  b a c t e r i a  a n d  E s c l i .  c o l i .  A t  1 .0  m l .  p e r  l i t e r  c o n c e n 
t r a t i o n  a  d e f i n i t e  i n h i b i t o r y  e f f e c t  w a s  o b t a in e d .  T h e  n u m b e r s  o f  b a c 
t e r i a  w i t h  l o w  c o n c e n t r a t i o n  o f  b e n z e n e  w e r e  h i g h e r  t h a n  i n  t h e  c o n t r o l  
a f t e r  2 4  h o u r s .  C a r b o n  t e t r a c h l o r i d e  b r o u g h t  a b o u t  o n l y  a  s m a l l  d e 
c r e a s e  i n  t h e  n u m b e r s  o f  b a c t e r i a  a f t e r  3 %  h o u r s  o f  c o n t a c t  b u t  w i t h  

»era- 2 4 - h o u r  c o n t a c t  t h e  r e d u c t i o n s  w e r e  c o n s id e r a b l e .  G a s o l i n e  a n d  k e r o -
eoin- s e n e  w e r e  n o t  a s  t o x i c  a s  b e n z e n e  o r  c a r b o n  t e t r a c h l o r i d e .  T h e  e f fe c -
aiffi t i v e n e s s  o f  t h e s e  s o l v e n t s  w a s  r e d u c e d  w h e n  k e p t  i n  c o n t a c t  w i t h  t h e
t it  s e w a g e  i n  o p e n  v e s s e ls .

M i s c e l l a n e o u s .  U s i n g  y e a s t  a s  a  t e s t  o r g a n i s m  f o r  t h e  b io l o g i c a l  
m  d e t e c t io n  o f  g r o w t h - p r o m o t in g  s u b s t a n c e s  i n  s e w a g e s  a n d  s lu d g e ,  R u 

d o l f s  a n d  H e i n e m a n n  192 f o u n d  t h a t  f r e s h  s o l id s  g a v e  t h e  h ig h e s t  a s s a y ; 
o x id a t i o n  r e d u c e d ,  b u t  c h l o r i n a t i o n  d id  n o t  d e t e r  t h e  a c t i o n  o f  g r o w t h -  
p r o m o t in g  s u b s t a n c e s  r e s p o n s ib le  f o r  s t im u l a t i o n  o f  y e a s t  g r o w t h .

A  s e a r c h  f o r  a  n o n - c o r r o s i v e  c o m p o u n d  i n h i b i t i n g  t h e  g r o w t h  o f  
s u l f a t e - r e d u c in g  b a c t e r i a  b y  R o g e r s  179 s h o w e d  t h e  e f f e c t i v e n e s s  o f  c e r 
t a i n  d y e s  s u c h  a s  a c r i f l a v i n e  a n d  p r o f l a v i n e .  T h e s e  d y e s  i n  c o n c e n t r a 
t io n s  o i  1 t o  2 ,0 0 0 ,0 0 0  i n h i b i t e d  h y d r o g e n  s u l f id e  p r o d u c t io n .  H y 
d r o g e n  s u l f id e  d e c o lo r i z e d  t h e  d y e  w i t h o u t  r e d u c in g  i t s  e f f ic ie n c y .  
L a r g e  c o n c e n t r a t i o n s  o f  t h e  d y e s  w e r e  b a c t e r i c i d a l ,  w h i l e  l o w  c o n c e n 
t r a t i o n s  w e r e  b a c t e r i o s t a t i c .

^  L a b o r a t o r y  M e t h o d s  a n d  A n a l y t i c a l  P r o c e d u r e s
dilute

T h e  o f t e n  r e p e a t e d  b u t  u n d e r - e m p h a s iz e d  i m p o r t a n c e  o f  t h e  s e w a g e  
s a m p l in g  p r o b le m  w a s  d is c u s s e d  b y  P o m e r o y . 170 L o w  d a i l y  c o m p o s i t e  
s u s p e n d e d  s o l id  v a l u e s  u s u a l l y  o c c u r  e v e n  i f  s e w a g e  i n f l u e n t s  a r e  
s a m p le d  h o u r l y  a n d  s i g n i f i c a n t  t o t a l  s o l id s  e r r o r s  m a y  o c c u r  o n  p r i m a r y  
s lu d g e  c o m p o s i t e s  s a m p le d  a t  g r e a t e r  t h a n  o n e - m in u t e  i n t e r v a l s .  C o n -  

]icoB- s i d e r i n g  t h e s e  c o n d i t i o n s  a  c o n s i s t e n t l y  r e l i a b l e  s o l id s  b a la n c e  a w a i t s
t h e  d e v e lo p m e n t  o f  p r a c t i c a b l e  a u t o m a t i c  s a m p l e r s  a n d  im p r o v e m e n t  
i n  s e w a g e  a n a l y s e s  t o  m o r e  a d e q u a t e l y  a c c o u n t  f o r  t h e  c o a r s e r  s o l id s .

B e l l 21 r e p o r t s  t h e  s u c c e s s f u l  u s e  o f  t h e  J a c k s o n  t u r b i d im e t e r  r e a d 
in g s  i n  t h e  c o n t r o l  o f  c h e m ic a l  t r e a t m e n t .  T h e  t u r b i d i t y  r e d u c t i o n  o n  

n(j a a  g i v e n  s e w a g e  w a s  f o u n d  t o  b e  p r o p o r t i o n a l  t o  t h e  B . O . D .  r e d u c t i o n .
. N e w  e q u ip m e n t  a n d  a r r a n g e m e n t s  i n  p h o t o - e le c t r i c  s p e c t r o p h o t o m 

e t r y  28> 159 a n d  p h o t o c o l o r im e t r y  203 w h i c h  i n c r e a s e  s e n s i t i v i t y  a n d  r e l i-  
j jj, a b i l i t y  a n d  d e c r e a s e  m a in t e n a n c e  m a y  p r o v e  a  p r a c t i c a l  a n d  s im p le
j„j) s o lu t i o n  t o  m a n y  s e w a g e  p l a n t  c o n t r o l  t e s t s .

T h e  d e v e lo p m e n t  o f  t h e  d r o p p in g  m e r c u r y  e le c t r o d e  158, 125> 230 a n d  
s e n s i t i v e  o r  d i r e c t - a c t i n g  p o t e n t i o m e t e r  r e c o r d e r s  125’ 159 h a s  p r o m i s e  o f  

j(j b e c o m in g  i m p o r t a n t  i n  t h e  c o n t r o l  o f  s e w a g e  c h l o r i n a t i o n  a n d  a e r a t i o n .
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T h e  f i r s t  g l a s s  e l e c t r o d e s  ( B e c k m a n  t y p e  E )  f o r  m e a s u r i n g  t h e  p  
i n  t h e  a l k a l i n e  r a n g e  f r o m  p H  9 .5  t o  1 3 .5  a n d  a  n e w  s le e v e l e s s  c a  o m e  
e l e c t r o d e  w h i c h  m in im iz e s  m a in t e n a n c e  a t t e n t i o n  w a s  r e p o r t e d .

A  u n iq u e  p h o t o m e t r i c  s t u d y  o f  t h e  c o l o r a t i o n  o f  s u l f u r i c  ̂ a c i  y  
o r g a n i c  c o n s t i t u e n t s  i n  n a t u r a l  w a t e r s  w a s  r e p o r t e d  b y  D a tz k o .^  a x -  
im u m  c o l o r a t i o n  w a s  o b t a in e d  b y  h e a t in g  25  m l .  o f  w a t e r  w i t h  m  . 
H 2S 0 4, t o  e l i m i n a t e  t h e  w a t e r ,  a n d  t h e n  c o n t in u in g  t h e  h e a t i n g  o f  t  e 
r e s id u e  f o r  t e n  m in u t e s  a t  2 2 0 °  t o  2 5 0 °  C .  T h e  i n t e n s i t y  o f  c o l o i a t i o n  
i s  a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  t h e  c o n t e n t  o f  o r g a n i c  m a t t e r .^  T h e  
i n t e n s i t y  o f  c o l o r a t i o n  g i v e n  b y  u n i t  w e ig h t  o f  s u b s t a n c e  f a l l s  i n  t h e  

o r d e r  o f  h u m ic  a c id ,  g lu c o s e ,  a n d  p e p t o n e .
W e s t  a n d  C h r i s t i a n s e n  236 u t i l i z e d  a  s im p le  m i c r o t e c h n i c  i n  s c r u b b in g  

p h y s i o l o g i c a l  f lu id s  f o r  t h e  d e t e r m in a t i o n  o f  c a r b o n  d io x id e  w h i c h  m a y  
b e  m o d i f i e d  f o r  t h e  d e t e r m in a t i o n  o f  t o t a l  c a r b o n .  A n  e v a c u a t e d  2 5 0  
m l .  E r l e n m e y e r  f l a s k  c o n t a in in g  a  s t a n d a r d  s o l u t i o n  o f  B a ( O H ) 2 s e r v e s  
a s  t h e  a b s o r p t i o n  t o w e r .  T h e  t o w e r  a ls o  s e r v e s  f o r  t h e  s t o r a g e  o f  
t h e  a i r  u s e d  t o  w a s h  t h e  s a m p le  a n d  g a s  s c r u b b in g  t r a i n .  T h e  a p 
p a r a t u s  i s  s im p le  i n  d e s ig n  a n d  r e q u i r e s  l i t t l e  l a b o r a t o r y  s p a c e .  S e v 
e r a l  t e s t s  c a n  b e  c o m p le t e d  i n  3 0  m in u t e s .  A  s e m i - m i c r o d e t e r m in a t i o n  
o f  c a r b o n  b y  t h e  w e t  c o m b u s t io n  ( c h r o m i c  a c i d )  o f  p u r e  s u b s t a n c e s  

g a v e  g o o d  c h e c k  r e s u l t s . 24
F a i r  65 p r e s e n t e d  m o d i f i c a t i o n  o f  s e w a g e  t e s t s  p a r t i c u l a r l y  w o r t h y  

o f  a t t e n t io n .  T h e  s lu d g e  r e s p i r o m e t e r  a p p e a r s  s im p l e  i n  c o n s t r u c t i o n  
a n d  m a n ip u l a t i o n  a n d  i s  s h o w n  t o  g i v e  e x c e l l e n t  c h e c k  r e s u l t s  o n  a c t i 
v a t e d  s lu d g e .  T h e  u s e  o f  a n  a u t o m o b i l e  h e a d  l a m p  a n d  a  b u l l s  e y e  
l e n s  t o  o b t a in  a  T y n d a l l  b e a m  f o r  o b s e r v in g  c h e m i c a l  f lo e  f o r m a t i o n  a p 
p e a r s  a s  a  d e f in i t e  i m p r o v e m e n t  i n  l a b o r a t o r y  m u l t i p l e  s t i r r i n g  d e v i c e s .

P r o g r e s s  i n  l a b o r a t o r y  m e t h o d s  i s  i n  n o  s m a l l  m e a s u r e  d e p e n d e n t  
o n  m a n u f a c t u r e r s ’ t o  s u p p l y  i n s t r u m e n t s  a n d  a p p a r a t u s .  A m e r i c a n  
i n s t r u m e n t a t i o n  i s  f o r g i n g  a h e a d  a t  a n  a m a z in g  r a t e  a s  i n d i c a t e d  i n  
t h e  c o m p r e h e n s i v e  c o m p i l a t i o n  o f  r e c e n t  d e v e l o p m e n t s  b y  M u l l e r  159 
a n d  t h e  im p o s in g  d i r e c t o r y  o f  i n s t r u m e n t  m a n u f a c t u r e r s  p u b l i s h e d  i n  
t h e  O c t o b e r ,  1 9 4 0 , a n a l y t i c a l  i s s u e  o f  I n d u s t r i a l  a n d  E n g i n e e r i n g  C h e m 
i s t r y .  T h e  a p p l i c a t i o n  o f  s o m e  o f  t h e s e  i n s t r u m e n t s  i n  s o l v i n g  s p e c i f i c  
s e w a g e  p l a n t  c o n t r o l  a n d  r e s e a r c h  p r o b le m s  s h o u ld  f o l l o w .

R u c h h o f t  a n d  M o o r e  184 a t t r i b u t e  t h e  a p p a r e n t  lo s s  f r o m  c a l c u l a t e d  
i n i t i a l  d i s s o l v e d  o x y g e n  w h e n  a  d i l u t i o n  o f  m u d  i s  i m m e d i a t e l y  e x 
a m in e d  b y  t h e  W i n k l e r  m e t h o d  t o  t h e  i n t e r f e r e n c e  w i t h  t h e  a n a l y t i c a l  
p r o c e d u r e .  T h i s  i n t e r f e r e n c e  o c c u r s  l a r g e l y  i n  t h e  p r e l i m i n a r y  a c id  
t r e a t m e n t  w i t h  t h e  R i d e a l - S t e w a r t  o r  a z id e  p r o c e d u r e s  o r  d u r i n g  t h e  
f in a l  a c i d i f i c a t i o n  a n d  t i t r a t i o n .  R e m o v a l  o f  t h e  s o l id s  f r o m  t h e  s a m p l e  
r e d u c e d  t h e  i n t e r f e r i n g  m a t e r i a l s  a n d  t h e  i n i t i a l  a p p a r e n t  d i s s o l v e d  
o x y g e n  lo s s .  S o l i d s  m a y  b e  r e m o v e d  b y  c e n t r i f u g i n g  t h e  s a m p l e  i n  
c o m p le t e l y  f i l l e d  g l a s s  s t o p p e r e d  b o t t l e s  o r  f l o c c u l a t i n g  w i t h  a lu m .

I n  t h e  d e t e r m in a t i o n  o f  t h e  B . O . D .  o f  m u d  s a m p l e s  t h e  a u t h o r s  h a v e  
s h o w n  t h a t  i f  t h e  s lu d g e  i s  k e p t  i n  s u s p e n s io n  b y  s l o w  r o t a t i o n  h i g h e r  
v a l u e s  a r e  o b t a in e d .  T h e  p r e c a u t i o n  f o r  r e m o v i n g  t h e  s u s p e n d e d
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m a t t e r  b y  c e n t r i f u g i n g  o r  f lo c c u l a t i o n  s h o u ld  b e  p r a c t i c e d  i n  t h e  D . O .  

d e t e r m in a t i o n  o f  t h e  B . O . D .

S e d i m e n t a t i o n

M o r e  d a t a  a r e  a c c u m u la t i n g  w h i c h  d e m o n s t r a t e  t h e  v a l u e  o f  “ s e l f 
f l o c c u l a t i o n ”  o f  s e w a g e  s o l id s  i n  t h e  im p r o v e m e n t  o f  p r i m a r y  c l a r i 
f i c a t io n .  I n  l a b o r a t o r y  e x p e r im e n t s  o n  9 r a w  s e w a g e s  f r o m  w i d e l y  
s e p a r a t e d  p l a n t s ,  F i s c h e r  a n d  H i l l m a n 69 h a v e  s h o w n  t h a t  20  m in u t e s  
p r e - f lo c c u la t io n  i n c r e a s e s  t h e  r e m o v a l  o f  s u s p e n d e d  s o l id s  a f t e r  60  
m in u t e s  s e t t l i n g  b y  4  t o  3 6  p e r  c e n t  o v e r  r e s u l t s  o b t a in e d  w i t h o u t  
f lo c c u la t io n ,  w i t h  a n  a v e r a g e  i m p r o v e m e n t  o f  2 0  p e r  c e n t .  I n  p la n t -  
s c a le  t e s t s  a t  C e d a r  R a p i d s  b y  t h e  s a m e  i n v e s t i g a t o r s ,  p r e - f lo c c u la t io n  
f o r  30  t o  4 0  m in u t e s  i n c r e a s e d  t h e  r e m o v a l  i n  t h e  c l a r i f i e r s  b y  12  t o  36  
p e r  c e n t  w i t h  1 .9  h o u r s  s e t t l i n g .  S i m i l a r  i m p r o v e m e n t s  w e r e  o b t a in e d  
a t  S i o u x  F a l l s  b y  p r e - f lo c c u la t io n  o f  t h e  t r i c k l i n g  f i l t e r  e f f lu e n t  p r i o r  

t o  f in a l  s e t t l i n g .
S n y d e r  216 d is c u s s e s  r e s u l t s  o b t a in e d  a t  M a s s i l l o n ,  O h io ,  w h e r e  a  

s e w a g e  c o n t a in in g  p i c k l i n g  l i q u o r  i s  t r e a t e d .  A n  i n c r e a s e  o f  t e n  p e r  
c e n t  i n  B . O . D .  r e d u c t i o n  w a s  a c c o m p l is h e d  a n d  a n  a d d i t i o n a l  9 2  p .p .m .  
o f  s u s p e n d e d  s o l id s  w e r e  r e m o v e d  b y  p r e - f lo c c u la t io n .  L i m e  a d d i t i o n  
w a s  t r i e d  b u t  n o  im p r o v e m e n t  r e s u l t e d  p o s s i b l y  b e c a u s e  o n l y  1 0  p .p .m .  

C a O  w a s  u s e d .
G e h m  79 p r e s e n t e d  l a b o r a t o r y  s t u d i e s  o n  m e c h a n i c a l  s e w a g e  f lo c 

c u l a t i o n .  T h e  c h a r a c t e r i s t i c s  o f  d o m e s t i c  s e w a g e  w e r e  s t u d i e d  i n  r e 
l a t i o n  to  t h e i r  e f f e c t  o n  t h e  r e m o v a l  o f  s o l id s  b y  p r e - f lo c c u la t io n .  R e 
s u l t s  s h o w e d  t h a t  p r e - s e t t l i n g  w a s  s o m e w h a t  d e t r i m e n t a l  t o  t h e  p r o c e s s  
so  f a r  a s  d e g r e e  o f  c l a r i f i c a t i o n  o b t a in e d  w a s  c o n c e r n e d .  T h e  r e t u r n  
o f  s e t t l e a b le  s o l id s  d id  n o t  i m p r o v e  t h e  e f f lu e n t s  o b t a in e d .  T h e  s iz e  
o f  t h e  s e w a g e  p a r t i c l e s  w a s  m e a s u r e d  a n d  i t  w a s  f o u n d  t h a t  t h e  s iz e  
r a n g e  b e t w e e n  15  a n d  4 0  m i c r o n s  w a s  a m e n a b le  t o  f lo c c u la t io n .  P a r : 
t i d e s  u n d e r  15  m i c r o n s  i n  s iz e  a r e  n o t  f lo c c u la t e d .  T h e  p H ,  a l k a l i n i t y  
a n d  a c i d i t y ,  a n d  t h e  r a t i o  b e t w e e n  t h e m  d o  n o t  e f f e c t  t h e  r e m o v a l  

o b t a in e d .
T h e  s u g g e s t i o n  h a s  b e e n  a d v a n c e d  t h a t  t h e  m ix in g  v e l o c i t y  i n  t r u n k  

s e w e r s  w i t h  m e a n  v e lo c i t i e s  n o r m a l l y  f r o m  2 t o  5 f .p . s .  s h o u ld  b e  a d e 
q u a t e  to  p e r f o r m  t h e  f u n c t i o n  o f  s e l f - f lo c c u la t io n .  T h i s  i s  d o u b t le s s  
t r u e  p r o v i d e d  ( 1 )  t h e  s e w a g e  i s  s u b j e c t e d  to  t h i s  v e l o c i t y  f o r  a  p e r i o d  
o f  a t  l e a s t  2 0  m in u t e s  b e f o r e  i t  r e a c h e s  t h e  p r i m a r y  t a n k s ,  ( 2 )  t h e r e  
a r e  n o  i n c r e m e n t s  o f  s e w a g e  i n  t h i s  20  m in u t e - p e r io d  o f  f lo w  w h i c h  
c o n t a in  m u c h  f i n e l y  d i v i d e d  s u s p e n d e d  m a t t e r  o r  c o n s t i t u e n t s  w h i c h  
t e n d  to  p e p t iz e  t h e  m ix t u r e ,  a n d  ( 3 )  t h e  s e w a g e  i s  a t  n o  p o in t  p r i o r  t o  
in f lu x  t o  t h e  c l a r i f e r s ,  s u b je c t e d  t o  t u r b u l e n c e  s u f f ic ie n t  t o  d i s r u p t  t h e  
f lo e . T h e  f i r s t  p r o v i s o  r e q u i r e s  a  t r u n k  s e w e r  n o t  le s s  t h a n  %  t o  
V / 2 m i l e s  i n  l e n g t h .  T h e  t h i r d  p r o v i s o  p r e v e n t s  t h e  u s e  o f  p u m p s  a n d  
m e t e r s  o f  a l l  t y p e s  p r i o r  to  s e t t l i n g .  T h e s e  l im i t a t i o n s  i n d i c a t e  t h a t  
r e l a t i v e l y  f e w  p l a n t s  c a n  t a k e  a d v a n t a g e  o f  t r u n k  s e w e r  v e lo c i t i e s  
f o r  s e l f - f lo c c u la t io n .
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A n  i m p o r t a n t  i m p l i c a t i o n  o f  t h e  s t u d i e s  o n  p r e - f l o c c u la t io n  i s  t h a  
i n  g e n e r a l ,  t h e  f i r s t  c o s t  o f  t a n k s  f o r  s e l f - f lo c c u la t io n  a n d  s e t t l i n g  s h o u  
b e  le s s  t h a n  t h e  c o s t  o f  p r i m a r y  t a n k s  a lo n e  f o r  t h e  s a m e  p e r f o r m a n c e .  
A n y  t r a n s f e r  o f  d e t e n t io n  t im e  f r o m  s e t t l i n g  t o  f lo c c u l a t i o n  d o w n  t o  a  
m in im u m  r e s i d u a l  o f  a b o u t  a n  h o u r  f o r  s e t t l i n g  a n d  u p  t o  a  m a x im u m  
f lo c c u l a t i o n  t im e  o f  a b o u t  4 0  m in u t e s  s h o u ld  i m p r o v e  c l a r i f i c a t i o n . ^

C o n s id e r a b l e  i n t e r e s t  i s  m a n i f e s t  i n  s t u d i e s  o f  t h e  t r a n s p o r t a t i o n  
o f  s e d im e n t  i n  f lo w in g  s t r e a m s .  T h e s e  s t u d i e s  a r e  r e s u l t i n g  m  c o i-  
r e l a t i o n s  o f  b e d  l o a d  m o v e m e n t  a n d  s u s p e n d e d  l o a d  w i t h  t h e  t h e o r y  o f  
t u r b u l e n t  f lo w .  R o u s e  183 g i v e s  a  c o n c is e  a n a l y s i s  o f  p r e s e n t  k n o w le d g e  
i n  t h i s  w o r k .  T h e  d e v e lo p m e n t s  p r o m i s e  t o  b e  o f  v a l u e  i n  t h e  s e t t l i n g  
o f  d i s c r e t e  p a r t i c l e s  s u c h  a s  g r i t  a n d  i n  c l a s s i f i c a t i o n  s u c h  a s  o c c u r s  i n  
t h e  s e p a r a t i o n  o f  o r g a n i c  m a t t e r  f r o m  g r i t  i n  A m e r i c a n  t y p e  g r i t  
c h a m b e r s .

C h e m i c a l  T r e a t m e n t

B y  1 9 4 0  c h e m ic a l  t r e a t m e n t  b e c a m e  e s t a b l i s h e d  a s  a  c o m m o n  A m e r 
i c a n  p r a c t i c e  i n  s e w a g e  t r e a t m e n t .  T h e  b a s i c  f a c t o r s  g o v e r n i n g  i t s  
a p p l i c a t i o n ,  t h e  r e s u l t s  w h i c h  c a n  b e  o b t a in e d  a n d  t h e  c o s t s  i n v o l v e d  
h a v e  b e e n  w e l l  w o r k e d  o u t .  H e n c e  t h e  n u m b e r  o f  p a p e r s  d e a l i n g  w i t h  
t h i s  s u b je c t  h a s  d e c r e a s e d .  T h e r e  i s  a  s w in g  f r o m  a  p r e d o m i n a n c e  o f  
r e p o r t s  o n  n e w  i n s t a l l a t i o n s  a n d  o p e r a t i o n ,  t o  p a p e r s  b y  r e s e a r c h  
w o r k e r s  s e e k in g  b e t t e r  a n d  le s s  c o s t l y  m e t h o d s  a n d  c h e m i c a l s .  T h i s  
i s  a  n o r m a l  t r e n d  f o r  i t  i s  t o  t h e  l a b o r a t o r y  t h a t  c h e m i c a l  t r e a t m e n t  
m u s t  lo o k  f o r  f u r t h e r  p r o g r e s s .

T w o  v e r y  i n t e r e s t i n g  p a p e r s  o f  t h e  y e a r  w e r e  t h o s e  b y  C h r i s t i a n s o n  
a n d  L a v i n e  35 a n d  H u r w i t z  a n d  W i l l i a m s o n . 101 T h e  f o r m e r  a u t h o r s  
u n d e r t o o k  t h e  s t u d y  o f  t h o s e  f a c t o r s  a f f e c t i n g  t h e  p r e p a r a t i o n  o f  “  a c 
t i v a t e d ”  s i l i c a t e  s o lu t i o n s  d e v i s e d  b y  B a y l i s  f o r  u s e  a s  a  c o a g u l a n t  a id .  
T h e y  f o u n d  t h a t  t h e  a g in g  p e r i o d  c o u ld  b e  d e c r e a s e d  b y  r a i s i n g  t h e  
• t e m p e r a tu r e  t o  1 8 0 °  F .  a f t e r  a c i d i f i c a t i o n  a n d  t h a t  t h e  p H  a f t e r  a c i d i 
f y i n g ’ h a d  a . m a r k e d  e f f e c t  o n  t h e  t im e  r e q u i r e d  f o r  t h e  s o l u t i o n  t o  r e a c h  
i t s  m a x im u m  a c t i v i t y .  F o r  s e w a g e  c o a g u l a t i o n  t h e y  f o u n d  t h a t  t h e  
s i l i c a t e  w id e n e d  t h e  z o n e  i n  w h i c h  a lu m  w a s  e f f e c t i v e ,  p r o d u c i n g  g o o d  
r e s u l t s  f r o m  p H  4 .9  t o  9 .3 . T h e y  r e p o r t  t h a t  v e r y  l o w  d o s a g e s ,  5 t o  
15  p .p .m .  o f  s i l i c a ,  a r e  r e q u i r e d  t o  p r o d u c e  t h e  d e s i r e d  r e s u l t s .  E x 
c e s s iv e  d o s a g e s  r e t a r d e d  f lo c c u l a t i o n .  B . O . D .  r e d u c t i o n s  o b t a i n e d  b y  
t r e a t m e n t  w i t h  a  f ix e d  d o s a g e  o f  a l u m  c o u ld  b e  i n c r e a s e d  f r o m  5 1 .2  
p e r  c e n t  t o  7 3 .5  p e r  c e n t  b y  t h e  a d d i t i o n  o f  1 0  p .p .m .  o f  s i l i c a .  T h e  
r e s u l t s  p r e s e n t e d  d id  n o t  s h o w  t h e  o p t im u m  r e s u l t s  o b t a i n a b l e  w i t h  
a lu m .

A  t h e o r e t i c a l  e x p l a n a t i o n  a t t r i b u t e s  t h e  “ a c t i v i t y ”  o f  t h e  s i l i c a t e  
to  p o l y m e r i z a t i o n  o f  s i l i c a  m o le c u l e s  a n d  t h e i r  i n t e r a c t i o n  w i t h  p o s i 
t i v e l y  c h a r g e d  a lu m i n u m  o x id e  p a r t i c l e s .

H u r w i t z  a n d  W i l l i a m s o n  101 u s e d  “ a c t i v a t e d ”  s i l i c a t e  a n d  c o p p e r a s  
f o r  s e w a g e  c o a g u l a t i o n  i n  a  p i l o t  p l a n t  a t  t h e  W e s t - S i d e  C h i c a g o  W o r k s  
T h e i r  c a r e f u l l y  c o n d u c t e d  e x p e r im e n t s  d e m o n s t r a t e d  t h a t  t h e  s i l i c a t e '  
c o p p e r a s  t r e a t m e n t  c o u ld  p r o d u c e  b e t t e r  r e s u l t s ,  a s  m e a s u r e d  b y  B  0  D
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a n d  s u s p e n d e d  s o l id s  c o n t e n t  o f  t h e  e f f lu e n t  t h a n  d id  f e r r i c  c h l o r id e  
a lo n e ,  f e r r i c  c h l o r id e  a n d  l im e  o r  c h l o r i n a t e d  c o p p e r a s .  T h e  c o s t  o f  
s u c h  t r e a t m e n t  w a s  f o u n d  t o  h e  l o w e r  t h a n  t h e  m e t h o d s  w i t h  w h i c h  i t  
w a s  c o m p a r e d .  T h e  c h e m i c a l  p r i c e s  u s e d  f o r  c o m p a r i s o n  w e r e  t h o s e  
o b t a in e d  b y  t h e  S a n i t a r y  D i s t r i c t  o f  C h i c a g o  w h i c h  a r e  l o w e r  t h a n  
t h o s e  n o r m a l l y  q u o t e d .  R e c a l c u l a t i o n  o f  c o s t s  u s i n g  p r i c e s  m o r e  c o m 
m o n l y  p a i d  s h o w s  t h a t  e v e n  g r e a t e r  s a v i n g s  t h a n  t h o s e  c l a im e d  b y  t h e  
a u t h o r s  c o u ld  b e  o b t a in e d  b y  t h i s  m e t h o d  o f  t r e a t m e n t .  T h e  o n l y  
o b je c t io n  t o  t h i s  m e t h o d  i s  t h e  n u m b e r  o f  c h e m ic a l s  i n v o l v e d  a n d  t h e  
p r o p e r  p r e p a r a t i o n  o f  t h e  s i l i c a t e  s o lu t i o n  w h i c h  i s  n o t  t o o  s im p le .   ̂ T h e  
s i l i c a t e - c o p p e r a s  t r e a t m e n t  i s  o f  i n t e r e s t  i n  t h a t  t h i s  i s  t h e  f i r s t  o f  a n y  
o f  t h e  m e t h o d s  e m p lo y i n g  c o p p e r a s  t h a t  c a n  y i e l d  d e c id e d l y  s u p e r i o r  
r e s u l t s  a t  l o w  c o s t .  T h e  s i l i c a t e  o v e r c o m e s  t h e  w e a k n e s s  o f  c o p p e r a s  
t r e a t m e n t  w h ic h  i s  m a i n l y  f a i l u r e  t o  o b t a in  a  s e t t l e a b le  f lo e .

R u d o l f s  191 a f t e r  d i s c u s s i n g  p r o g r e s s  i n  c h e m ic a l  t r e a t m e n t  t o  d a t e ,  
p r e s e n t e d  s o m e  r e s u l t s  o b t a in e d  i n  t h e  l a b o r a t o r y  a n d  p l a n t  w i t h  t w o  
n e w  c h e m ic a l s .  A l u m i n u m  h y d r o x y  c h l o r o s u l f a t e  w a s  s h o w n  t o  p r o 
d u c e  b e t t e r  r e s u l t s  t h a n  a lu m  i n  b o t h  l a b o r a t o r y  a n d  p l a n t  t e s t s .  T h i s  
c h e m ic a l  c a n  b e  e a s i l y  m a n u f a c t u r e d  a n d  t h e  c o s t  o f  c o a g u l a n t  a t  t h e  
p l a n t  w h e r e  i t  w a s  t r i e d  c o u ld  b e  l o w e r e d  b y  i t s  u s e .  T h i s  c h e m ic a l  i s  
o f  e x c e p t io n a l  i n t e r e s t  b e c a u s e  o f  t h e  h y d r o x y l  io n s  i t  c o n t a in s .  M a n y  
p r e p a r a t i o n s  c o n t a in in g  c o l l o i d a l  f o r m s  o f  a l u m in u m  h y d r a t e s  h a v e  
b e e n  t r i e d  f r o m  t im e  to  t im e  b u t  n o n e  p r e v io u s  t o  t h i s  h a v e  s h o w n  
p r o m is e  o f  i m p r o v i n g  t h e  r e s u l t s  o b t a in a b l e  w i t h  a lu m .  T h i s  p r o d u c t  
h y d r o l y z e s  m o r e  r e a d i l y  t h a n  a lu m  b u t  n o t  a s  r e a d i l y  a s  d o  m o s t  
a lu m in u m  h y d r o s o l s .  I t s  i m p r o v e d  c o a g u l a t i n g  p o w e r  i s  p r o b a b l y  d u e  
to  t h i s  c h a r a c t e r i s t i c .

F e r r i - g e l ,  w h i c h  i s  a  c o m p o u n d  o f  f e r r i c  c h l o r id e  a n d  a  p r o t e in ,  
w a s  t h e  o t h e r  c h e m ic a l  d is c u s s e d .  T h i s  m a t e r i a l  h a s  t h e  p r o p e r t y  o f  
f o r m i n g  r a p i d l y  a n  e x c e e d in g ly  h e a v y  b a l l - l ik e  f lo e  w h i c h  w i l l  s e t t l e  
d e s p i t e  a g i t a t i o n .  T h e  s lu d g e  p r o d u c e d  c o m p a c t s  v e r y  r a p i d l y  a n d  c a n  
b e  d e w a t e r e d  w i t h o u t  t h e  u s e  o f  a d d i t i o n a l  c h e m ic a l s .  T h e  d o s a g e  o f  
f e r r i c  c h l o r id e  r e q u i r e d  f o r  c l a r i f i c a t i o n  i s  r e d u c e d  a s  m u c h  a s  40  p e r  
c e n t .  T h e  p r o d u c t  i s  l e s s  c o r r o s i v e  t h a n  f e r r i c  c h l o r id e  a n d  c a n  p r o 
d u c e  e q u a l  c l a r i f i c a t i o n  a t  l o w e r  c o s t  a n d  b e t t e r  r e s u l t s  a t  e q u a l  c o s t .  
R u d o l f s  c o n c lu d e s  t h a t  c h e m i c a l  t r e a t m e n t  w i l l  t a k e  a  f i r m e r  a n d  m o r e  
d e f in i t e  p la c e  i n  s e w a g e  t r e a t m e n t  p r a c t i c e  n o w  t h a t  i t s  a c c o m p l i s h 
m e n t s  a n d  l im i t a t i o n s  a r e  w e l l  u n d e r s t o o d .  H e  lo o k s  f o r  f u r t h e r  i m 
p r o v e m e n t  i n  c h e m ic a l s  a n d  e q u ip m e n t  i n  t h e  f u t u r e  a n d  t h a t  p e r h a p s  
w i t h  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  f u n c t i o n  o f  t h e  c h e m ic a l s  n o w  u s e d  
t h e i r  v a l u e  w i l l  b e  in c r e a s e d .

T r e a t i n g  a  s e w a g e  c o n t a in in g  w o o l  s c o u r in g  w a s t e ,  L u m b  a n d  
B a r n e s  142 f o u n d  t h a t  a  c o m b in a t i o n  o f  s u l f u r i c  a c id  a n d  a lu m in o - f e r r i c  
w a s  a n  i m p r o v e m e n t  o v e r  t r e a t m e n t  w i t h  a c id  a lo n e .  F i f t y ,  1 0 0  a n d  
1 50  p a r t s  p e r  m i l l i o n  o f  a l u m in o - f e r r i c  l o w e r e d  t h e  a c id  d o s a g e  1 0 4 , 1 8 3  
a n d  2 6 3  p .p .m . ,  r e s p e c t i v e l y .  T h e  t o t a l  c o s t  o f  c h e m ic a l s  u n d e r  s o m e  
c o n d i t i o n s  c o u ld  b e  r e d u c e d  a n d  t h e  p H  o f  t h e  e f f lu e n t  r a i s e d  b y  t h e  
c o m b in e d  t r e a t m e n t .  I t  i s  a  w e l l  k n o w n  f a c t  t h a t  t h e  a c i d  t r e a t m e n t  t o
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p H  4 .5 - 6 .0  w i l l  l o w e r  t h e  a lu m  d o s a g e  n e c e s s a r y  f o r  c l a r i f i c a t i o n  a n d  
t h a t  w i t h  a c i d  a lo n e  a  p H  o f  3 .0  w i l l  c l a r i f y  s e w a g e .  T h i s  p a p e r  h a s  
s h o w n  t h a t  t h i s  r e l a t i o n s h ip  h o ld s  f o r  s e w a g e  c o n t a i n i n g  a  l a r g e  q u a n 
t i t y  o f  g r e a s e .  T h e  f a c t  t h a t  a l u m i n o - f e r r i c  a n d  a c i d  w i l l  p r o d u c e  t h e  
s a m e  r e s u l t s  a t  p H  v a l u e s  a s  h ig h  a s  4 .8  a s  c o m p a r e d  t o  p H  3 .2  f o r  t h e  
a c i d  a lo n e  s h o u ld  b e  o f  i m p o r t a n c e  b o t h  i n  p r e s e r v i n g  t h e  e q u ip m e n t  
a n d  p r o d u c i n g  a  l e s s  o b j e c t i o n a b le  e f f lu e n t .

D i s c u s s i n g  t h i s  p a p e r  b e f o r e  t h e  I n s t i t u t e  o f  S e w a g e  P u r i f i c a t i o n ,  
G o ld t h o r p e  142 c a l l s  a t t e n t i o n  t o  p o s s ib le  s a v i n g s  i n  l im e ,  n e c e s s a r y  f o r  
n e u t r a l i z i n g  o f  a c i d  e f f lu e n t s  p r i o r  t o  b i o l o g i c a l  t r e a t m e n t ,  t h a t  c o u ld  
b e  e f f e c t e d  b y  u s i n g  a l u m i n o - f e r r i c  a n d  a c i d  r a t h e r  t h a n  a c i d  a lo n e  
i n  t r e a t i n g  g r e a s e - la d e n  s e w a g e s .  H e  s t a t e s  t h a t  s u c h  c o m b in e d  t r e a t -  
m e n t  w o u ld  a ls o  p e r m i t  t h e  u s e  o f  a  s m a l l  s e p a r a t e  f lo w  o f  d o m e s t i c  
s e w a g e  f o r  n e u t r a l i z i n g  t h e  a c i d  t a n k  e f f lu e n t .  I n v e s t i g a t i o n s  o n  h o w  
t r e a t m e n t  o f  t h e  s lu d g e  o b t a in e d  w o u ld  b e  e f f e c t e d  b y  t h e  u s e  o f  
a lu m in o - f e r r i c  a n d  h o w  m u c h  o f  t h e  p r e c i p i t a t i o n  w a s  d u e  t o  t h e  s u l f a t e  
io n ,  t h e  t r i v a l e n t  i o n  a n d  t h e  a l u m i n a  f lo e , r e s p e c t i v e l y ,  w e r e  t h o u g h t  
d e s i r a b le .  G o ld t h o r p e  b e l i e v e s  t h e  a c i d  t r e a t m e n t  c h a n g e s  t h e  l im e  
s o a p s  t o  f a t t y  a c id s ,  t h e r e b y  r e l e a s i n g  o c c lu d e d  p a r t i c l e s  i n  a  f o r m  
a m e n a b le  t o  c o a g u l a t i o n  b y  t h e  a lu m in o - f e r r i c .

S e v e r a l  n e w  c h e m ic a l  t r e a t m e n t  p l a n t s  w e r e  u n d e r  c o n s t r u c t i o n  o r  
s t a r t i n g  o p e r a t i o n s  i n  1 9 4 0 . A  p l a n t  a t  A l b u q u e r q u e ,  N .  M . ,  i s  d e 
s c r ib e d  b y  N e u f f e r  164 a s  h a v i n g  a  d e s ig n  c a p a c i t y  o f  5 m .g .d .  T h i s  
p l a n t  w i l l  e m p lo y  c h l o r i n a t e d  c o p p e r a s  a n d  l im e  f o r  c l a r i f i c a t i o n  p r i o r  
t o  t r e a t m e n t  o n  t r i c k l i n g  f i l t e r s .  A  6 m .g .d .  p l a n t  a t  O s h k o s h ,  W i s 
c o n s in ,  e q u ip p e d  f o r  t h e  a p p l i c a t i o n  o f  a n y  o f  t h e  c o m m o n  c o a g u l a n t s  
i s  d e s c r ib e d  b y  F r a z i e r . 72 T h i s  p l a n t  w i l l  o p e r a t e  w i t h  c h e m i c a l s  u p  
to  a  f lo w  o f  6 m .g .d .  W h e n  s t o r m  w a t e r  r a i s e s  t h e  f lo w  a b o v e  t h i s  
z a t e  s e d im e n t a t io n  a lo n e  w i l l  b e  p r a c t i c e d .  T h e  a b i l i t y  o f  c h e m ic a l  
t r e a t m e n t  t o  h a n d le  m ix e d  s e w a g e  a n d  i n d u s t r i a l  w a s t e  f lo w  w a s  d e m -  
o n s t r a t e d  b y  H e i s t . L o c a t e d  a t  C i r c l e v i l l e ,  O h io ,  t h i s  i n s t a l l a t i o n  is  
c a l l e d  u p o n  to  t r e a t  a  v o l u m e  o f  s t r a w b o a r d  w a s t e  t h r e e  t im e s  t h e  
v o lu m e  o f  d o m e s t i c  s e w a g e  a n d  o t h e r  w a s t e s  c o m b in e d .  S a t i s f a c t o r y  
r e s u l t s  h a v e  b e e n  o b t a in e d  u s i n g  7 5 0  p o u n d s  p e r  m .g .  o f  a lu m .

T r i c k l i n g  F i l t e r s

D u r i n g  t h e  y e a r  m a n y  s m a l l e r  s iz e d  s e w a g e  t r e a t m e n t  p l a n t s  w e r e  
c o n s t r u c t e d  w h i c h  i n c lu d e d  t r i c k l i n g  f i l t e r s .  A  r e l a t i v e l y  l a r g e r  i n 
s t a l l a t i o n  c o m p r i s i n g  16  u n i t s ,  1 7 6  f t .  i n  d i a m e t e r  (4 8  m . g . d . )  w a s  p u t  
in t o  o p e r a t i o n  a t  D a l l a s ,  T e x a s . 48 P r i n c i p a l  a t t e n t i o n  a lo n g  n e w  l in e s  
h a s  c o n t in u e d  t o w a r d  h i g h e r  a v e r a g e  r a t e s  o f  f i l t r a t i o n ,  s t a g e  f i l t r a t i o n  
a n d  r e c i r c u l a t i o n  o f  f i l t e r  e f f lu e n t .  A  c o n s i d e r a b l e  n u m b e r  o f  s m a l l e r  
f i l t e r s  o f  s h a l l o w  t y p e ,  3 t o  4  f t .  d e e p ,  h a v e  b e e n  r e p o r t e d  a s  u n d e r  
c o n s t r u c t i o n  o r  i n  o p e r a t io n .

T h e o r y .  L e v i n e  138 s t a t e s  t h a t  s e w a g e  c o m in g  i n  c o n t a c t  w i t h  t h e  
b io l o g i c a l  f i lm s  o n  t h e  f i l t e r  m e d ia  h a s  i t s  c o l l o i d a l  a n d  f i n e l y  s u s p e n d e d  
s u b s t a n c e s  a g g lo m e r a t e d  i n t o  s u s p e n d e d  p a r t i c l e s ,  s o lu b l e  s u b s t a n c e s
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b e in g  d i f f u s e d  i n t o  t h e  f i lm s  w h i l e  t h e  a g g lo m e r a t e d  m a t t e r  m a y  b e  a d 
s o r b e d  t o  t h e  f i lm s .  H e  s u g g e s t s  t h a t  t h e  a d s o r b e d  a g g lo m e r a t e d  m a t 
t e r  m a y  b e  d e g r a d e d  b y  e n z y m ic  a c t i o n  a n d  a c t e d  u p o n  s i m i l a r  t o  t h e  
s o lu b le  s u b s t a n c e s  w h e n  t h e  f i l t e r  i s  o p e r a t e d  a t  l o w  r a t e s ,  w h e r e a s  t h e y  
a r e  r e m o v e d  m e c h a n i c a l l y  a s  s u s p e n d e d  p a r t i c l e s  w h e n  t h e  f i l t e r  i s  
o p e r a t e d  a t  h i g h e r  r a t e s .  T h u s ,  b y  h ig h  r a t e  f i l t r a t i o n  i t  i s  p o s s ib le  to  
c o n s e r v e  t h e  b io l o g i c a l  a c t i v i t i e s  o f  t r i c k l i n g  f i l t e r s  f o r  a c t i o n  o n  s o l 
u b le  s e w a g e  m a t t e r  a n d  r e m o v e  a n d  d is p o s e  o f  t h e  a g g lo m e r a t e d  
m a t t e r  b y  s e d im e n t a t io n  a n d  d ig e s t io n .  H e  f u r t h e r  c o n s id e r s  t h e  f i l t e r  
a s  c o m p r i s in g  s t r a t a  o f  d i f f e r e n t  b io l o g i c a l  a c t i v i t y  a n d  t h a t  a n y t h i n g  
w h ic h  w o u ld  t e n d  t o  m a i n t a i n  t h e s e  z o n e s  o f  b io l o g i c a l  a c t i v i t y  w o u ld  
b e  c o n d u c i v e  t o  o p t im u m  f i l t e r  e f f i c ie n c y .  H e  p r o p o s e s  t o  p r e v e n t  t h e  
a g g lo m e r a t e d  m a t t e r  r e a c h in g  t h e  l o w e r  s t r a t a  b y  i n t e r p o s i n g  a  s e t t l i n g  
t a n k .  A l s o  h e  p r o v i d e s  t h e  p r i m a r y  f i l t e r  w i t h  b a c k w a s h in g  f a c i l i t i e s .  
F i s c h e r  67 d i s c u s s i n g  “ B i o f i l t r a t i o n ”  p r o p o s e s  t h a t  c o n t in u o u s  p a s s a g e  
o f  s e w a g e  a n d  r e c i r c u l a t e d  e f f lu e n t  a t  h ig h  r a t e s  t h r o u g h  a  f i l t e r  c a u s e s  
a  u n i f o r m  a c t i o n  t h r o u g h o u t  t h e  f i l t e r  b e d .  H e  a ls o  c o n s id e r s  t h e  f i l t e r  
a s  s e r v i n g  t o  c o a g u l a t e  t h e  c o l l o i d a l  m a t t e r  a n d  a g g lo m e r a t e  t h e  v e r y  
f in e  p a r t i c l e s  i n  m u c h  t h e  s a m e  w a y  a s  i n  t h e  c h e m ic a l  p r e c i p i t a t i o n  
p r o c e s s  o r  i n  t h e  f i r s t  s t a g e s  o f  t h e  a c t i v a t e d  s lu d g e  p r o c e s s .

W i l s o n  a n d  M c L a c h l e n  242 a r r i v e d  a t  t h e  c o n c lu s io n  t h a t  c a r b o n a c e 
o u s  m a t t e r  i s  o x id iz e d  t o  c a r b o n  d io x id e  t o  a  m u c h  g r e a t e r  e x t e n t  i n  
f i l t e r  b e d s  t h a n  i n  t h e  a c t i v a t e d  s lu d g e  p r o c e s s .  I n  c o n t r a s t  t o  t h e  
p r o d u c t io n  i n  a n  a c t i v a t e d  s lu d g e  p r o c e s s  o f  a p p r o x i m a t e l y  10  p e r  c e n t  
o f  t o t a l  c a r b o n  i n p u t  a s  c a r b o n  d io x id e  i n  t h e  e f f lu e n t  a i r ,  t h i s  s t u d y  
s h o w e d  a  p r o d u c t i o n  o f  8 .5  t o  4 8 .2  p e r  c e n t  c a r b o n  i n p u t  a s  c a r b o n  
d io x id e  i n  t h e  e f f lu e n t  a i r  o f  a  f i l t e r  b e d .

I n s e c t  L i f e  i n  B i o l o g i c a l  F i l t e r s .  O n  t h e  b a s is  o f  e x p e r ie n c e  g a in e d  
w i t h  e n c lo s e d  f i l t e r s  a t  G e r m i s t o n ,  S o u t h  A f r i c a ,  M u r r a y 160 r e p o r t s  
t h a t  e n c lo s in g  a  f i l t e r  r e s u l t s  i n  i n c r e a s e d  f l y  b r e e d in g  d u e  t o  t h e  m o r e  
u n i f o r m  t e m p e r a t u r e  m a in t a in e d .  T h e  a u t h o r  q u e s t io n s  t h e  o p in io n  
t h a t  h ig h  r a t e  f i l t r a t i o n  p r e v e n t s  e x c e s s iv e  f l y  b r e e d in g  b y  d r o w n in g  
t h e m . T h e  b o d ie s  a n d  w in g s  o f  P s y c h o d a  a r e  n o t  w e t t e d  w i t h  w a t e r  
a n d  t h e  s u r f a c e  t e n s io n  o f  t h e  w a t e r  i s  s u f f ic ie n t  t o  s u p p o r t  t h e m  o n  t h e  
s u r f a c e  o f  t h e  w a t e r .  I t  i s  im p o s s ib le  t o  d r o w n  t h e  f l i e s  w i t h  e v e n  l a r g e  
q u a n t i t i e s  o f  s o a p  s o lu t io n .

T h e  l i f e - h i s t o r y  a n d  e c o lo g y  o f  L u m b r i c u l l u s  l i n e a t u s  m u l l ,  w a s  r e 
p o r t e d  b y  R e y n o l d s o n  175 w h o  p r e v i o u s l y  b a d  p o in t e d  o u t  t h e  r o l e  p l a y e d  
b y  t h i s  o r g a n i s m  i n  t h e  u n l o a d in g  o f  t h e  f i l t e r  b e d .  L l o y d ,  G r a h a m  
a n d  R e y n o l d s o n  139 e x t e n d e d  t h e  s y s t e m a t i c  s t u d y  o f  t h e  i n s e c t  l i f e  i n  
t h e  f i l t e r  b e d  t o  i n c lu d e  t h e  h a b i t s ,  l i f e  c y c le ,  o c c u r r e n c e  a n d  n u m b e r  
o f  l a r v a e  a n d  p u p a e  o f  t h e  m o s t  c o m m o n ly  f o u n d  in s e c t s ,  s u c h  a s  P s y 
c h o d a  s i v e r i n i ,  P s y c h o d a  a l t e r n a t a ,  S p a n i o t o m a  m i n i m a ,  S p a n i o t o m a  
p e r e n n i s ,  M e t r i o c n e m u s  l o n g i t a r s u s  a n d  M e t r i o c n e m u s  h i r t i c o l l i s  a s  
w e l l  a s  L u m h r i c u l l e s  l i n e a t u s .

L o a d i n g .  N o  d e f in i t e  a n s w e r  i s  y e t  a v a i l a b l e  t o  t h e  i m p o r t a n t  q u e s 
t io n  o f  t h e  l o a d in g  w h i c h  s h o u ld  p r o p e r l y  b e  a p p l i e d  t o  a  t r i c k l i n g  f i l t e r .  
F i s c h e r  67 e x p r e s s i n g  t h e  l o a d i n g  i n  lb .  B . O . D .  p e r  c u .  y a r d  o f  f i l t e r
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m e d ia  p e r  d a y ,  b e l i e v e s  t h a t  t h e  c a p a c i t y  o f  a  f i l t e r  f o r  i e m o v a  o 
B . O . D .  i s  n o t  y e t  f u l l y  u n d e r s t o o d .  H e  r e f e r s  t o  d a t a  s h o w in g  . 
r e m o v a l s  o f  5 .2 3  lb . / c u .  y d . / d a y  (8 ,4 5 0  lb .  p e r  a c r e  f o o t )  f o i  b e e  s u g a r  
w a s t e s  w i t h  1 ,6 5 0  p .p .m .  B . O . D . ,  a n d  1 5 .4  lb . / c u .  y d . / d a y  (2 o ,  
p e r  a c r e - f o o t )  f o r  d i s t i l l e r y  w a s t e s  w i t h  2 0 ,0 0 0  p .p .m .  B .O .D . ^  1  e s e  
a m o u n t s  a p p e a r  t o  b e  e x t r e m e .  L e v i n e  136 s t a t e s  t h a t  B . O . D .  s u p  to
3 .0 0 0  p .p .m .  h a v e  b e e n  e f f e c t i v e l y  t r e a t e d  a n d  r e m o v a l s  o f  4 ,0 0 0  to
6 .0 0 0  lb .  o f  B . O . D .  p e r  a c r e - f o o t  a r e  f e a s ib le .

K e e f e r  a n d  K r a t z  121 r e p o r t  e x p e r im e n t a l  r e s u l t s  s h o w i n g  B . O . D .  
l o a d in g s  f r o m  a b o u t  1 ,0 0 0  t o  4 ,5 0 0  p o u n d s  p e r  a c r e  f o o t  d a i l y  w i t h  r e 
m o v a l s  o f  72  p e r  c e n t  o r  a b o u t  3 ,3 0 0  p o u n d s  p e r  a c r e  f o o t  d a i l y .  T h e s e  
t e s t s  w e r e  m a d e  b y  d o s in g  a  s m a l l  s e c t io n  o f  t h e  B a l t i m o r e  f i l t e r  b e d  
a t  r a t e s  r a n g in g  f r o m  6 .5  t o  3 0 .0  m .g .a .d .  w i t h  a n  a v e r a g e  5 - d a y  B . O . D .  
o f  a b o u t  1 5 0  p .p .m .  a s  a p p l i e d  t o  t h e  f i l t e r .  P o r g e s ,  M i l e s  a n d  B a i t y 173 
u s in g  r e c i r c u l a t i o n  o n  a  b a t c h  b a s is ,  r e p o r t  9 0  p e r  c e n t  r e d u c t i o n  i n  
B . O . D .  b y  a  4 - fo o t  d e p t h  f i l t e r  a f t e r  f i v e  h o u r s  r e c i r c u l a t i o n ,  e q u i v a l e n t  
t o  a b o u t  1 0 ,3 0 0  lb .  p e r  a c r e - f o o t .

C o n v e n t i o n a l  F i l t e r s .  R e s e a r c h  a lo n g  t h i s  l i n e  h a s  b e e n  o v e r s h a d 
o w e d  b y  t h e  a t t e n t i o n  t o  h ig h  r a t e ,  s t a g e ,  a n d  r e c i r c u l a t i o n  s t u d ie s .  
G i l c r e a s  a n d  S a n d e r s o n  82 r e p o r t  a  s t u d y  o f  t h e  t im e  r e q u i r e d  f o r  a  
n e w l y  c o n s t r u c t e d  s e w a g e  t r i c k l i n g  f i l t e r  t o  r e a c h  m a x im u m  e f f ic ie n c y .  
S e t t l e d  d o m e s t i c  s e w a g e  d o s e d  o n  t o  a  f i l t e r  a t  a b o u t  4 0 0 ,0 0 0  g a l l o n s  
p e r  a c r e  d a i l y  r e q u i r e d  4 0  d a y s  f o r  c o m p le t e  o x id a t i o n  o f  n i t r o g e n o u s  
c o m p o u n d s ,  a b o u t  5 0  d a y s  f o r  t o t a l  d e v e l o p m e n t  o f  t h e  f a u n a  a n d  f lo r a ,  
a n d  6 0  d a y s  f o r  m a x im u m  r e d u c t i o n  o f  c a r b o n a c e o u s  o r g a n i c  m a t t e r .  
T h e  t e s t  w a s  s t a r t e d  i n  A p r i l  w h i c h  m a y  a c c o u n t ,  i n  p a r t ,  f o r  t h e  lo n g  
t im e  r e q u i r e m e n t s .  D i x o n  48 r e p o r t s  t h a t  i n  t h e  l a r g e  D a l l a s  t r i c k l i n g  
f i l t e r  i n s t a l l a t i o n  e a c h  f i l t e r  u n i t  h a s  a  g u a r a n t e e d  u n i f o r m  a p p l i c a t i o n  
w h e n  o p e r a t i n g  b e t w e e n  7 0 0  a n d  2 ,2 0 0  g a l .  p e r  m in . ,  a n d  t h a t  b y  a d 
j u s t i n g  o r i f i c e s  t h e  r a t e  c a n  b e  i n c r e a s e d  t o  3 ,2 0 0  g a l l o n s  p e r  m in u t e  
a n d  a l l o w  c a p a c i t y  f o r  t w o - s t a g e  t r e a t m e n t  w h i c h  c a n  b e  a r r a n g e d  f o r  
b y  c lo s in g  t w o  m o t o r  o p e r a t e d  s lu ic e  g a t e s .  A l s o  b y  o p e r a t i n g  r e t u r n  
p u m p s  r e c i r c u l a t i o n  m a y  b e  o b t a in e d .  T h u s  t h i s  r e l a t i v e l y  l a r g e  p l a n t  
m a y  b e  o p e r a t e d  a s  a  c o n v e n t i o n a l  f i l t e r  w i t h  s t r a i g h t  g r a v i t y  f lo w  
t h r o u g h  s ix t e e n  f i l t e r  u n i t s ,  o r  a s  t w o - s t a g e  t r e a t m e n t  o r  w i t h  r e c i r c u 
l a t i o n  o f  e f f lu e n t  u p  t o  1 0 0  p e r  c e n t  o f  t h e  s e w a g e  f lo w  a t  t h e  w i l l  o f  t h e  
o p e r a t o r .  F u n k  75 r e p o r t s  a  t r i c k l i n g  f i l t e r  d e s ig n e d  f o r  a  r a t i n g  o f  
2 m .g .a .d .  f o l l o w e d  b y  a  s a n d  f i l t e r  t o  t r e a t  c a n n e r y  w a s t e s  t o  p r o t e c t  
g o ld f i s h  b r e e d in g  p o n d s ,  t h i s  d e s ig n  b e in g  s e le c t e d  i n  p r e f e r e n c e  to  
e i t h e r  t w o - s t a g e  h ig h  r a t e  o r  h ig h  r a t e  w i t h  r e c i r c u l a t i o n  m e t h o d s .  
T h e  d e s ig n  i n c lu d e s  p i p i n g  a r r a n g e m e n t s  t o  p e r m i t  f u t u r e  p r o v i s i o n  
o f  r e c i r c u l a t i o n  o f  f i l t e r  e f f lu e n t .  A l l i s o n 1 r e p o r t s  i m p r o v e m e n t s  in  
t r i c k l i n g  f i l t e r  o p e r a t i o n  b y  c h l o r i n a t i o n  f o r  s l im e  c o n t r o l  w h i c h  i n 
c r e a s e d  B . O . D .  r e m o v a l  f r o m  8 2 .5  p e r  c e n t  u p  t o  a  p e a k  o f  9 7  p e r  c e n t  
a n d  i n c r e a s e d  t h e  s e t t l e a b le  s o l id s  r e m o v a l  s u f f i c i e n t l y  t o  m a k e  t h e  
e f f lu e n t  s a t i s f a c t o r y  f o r  a n  o i l  r e f i n e r y  w a t e r  s u p p l y .

T h e  e n c lo s in g  o f  t r i c k l i n g  f i l t e r s  b y  c o v e r i n g  w i t h  c o n c r e t e  d o m e s  i s  
o f  i n t e r e s t  p a r t i c u l a r l y  f o r  t h e  c o l d e r  a r e a s .  F o s t e r  71 d e s c r i b i n g  t h e



d o m e  e n c lo s u r e s  f o r  t h e  t w o  f i l t e r s ,  1 5 0 - ft. i n  d i a m e t e r ,  a t  H ib b in g ,  
M i n n . ,  s t a t e s  “ D o m e s  w e r e  p r o v i d e d  f o r  t h e s e  f i l t e r s  p r i m a r i l y  t o  p re -  
v e n t  i c e  f o r m a t i o n . ”  A l s o  h e  s a y s  t h e  e n c lo s u r e s  p r e v e n t  i n t e r f e r e n c e  
b y  h ig h  w in d s  a n d  r e d u c e  t h e  f l y  a n d  o d o r  n u i s a n c e .  A t  t h e  v i l l a g e  o f  
E x c e l s i o r  17 o n  L a k e  M i n n e t o n k a  a  f i l t e r  5 4 - ft . i n  d i a m e t e r ,  w a s  p u t  i n t o  
o p e r a t i o n  p r o v i d e d  w i t h  a  b l o w e r  w i t h  3 ,0 0 0  c . f .m .  c a p a c i t y  f o r  a e r a t i o n
o f  t h e  f i l t e r  a n d  a n  e x h a u s t  f a n  i n  t h e  c e n t e r  o f  t h e  c o n i c a l  d o m e  f o r
v e n t i l a t i o n .

M T h e  j o u r n a l  P u b l i c  W o r k s  h a s  p r e s e n t e d  a  s e r i e s  o f  a r t i c l e s  s u m 
m a r i z i n g  t h e  d e s ig n  o f  t r i c k l i n g  f i l t e r s ,  i n  w h i c h  a r e  i n c lu d e d  i l l u s t r a 
t io n s  o f  d e s ig n ,  v a r i o u s  f i l t e r  m e d ia ,  a n d  o t h e r  c h a r a c t e r i s t i c s  o f  f i l t e r  

to: d e s ig n ,  c o n s t r u c t i o n  a n d  o p e r a t io n .
.01 H i g h  r a t e ,  E n c l o s e d ,  A e r a t e d ,  H e a t e d ,  S t a g e  a n d  R e c i r c u l a t e d  F i l 

t e r s .  F u r t h e r  i n v e s t i g a t i o n s  o n  t h e  a d v a n t a g e  o f  e n c lo s in g  a  f i l t e r
w e r e  r e p o r t e d  f r o m  J o h a n n e s b u r g ,  S o u t h  A f r i c a ,  b y  W i l s o n  a n d  H a m 

uli l i n . 241 T h e  m a i n  a d v a n t a g e  o f  e n c lo s in g  a  f i l t e r  w a s  t h e  c o n s e r v a t i o n
o f  t h e  h e a t  a n d  t h e  c o n s e q u e n t  m a in t e n a n c e  o f  a s  h ig h  a  r a t e  o f  e f f i 
c i e n c y  i n  t h e  w i n t e r  t im e  a s  i n  t h e  s u m m e r .  A n  o p e n  f i l t e r  c o u ld  t r e a t  
e x p e r im e n t a l l y  t h e  s a m e  q u a n t i t y  o f  s e w a g e  i n  t h e  c o ld  m o n t h s  a s  i n  
t h e  w a r m  m o n t h s  w h e n  t h e  a p p l i e d  s e w a g e  w a s  w a r m e d  t o  8 0 °  F .  E x 

it» p e r im e n t s  f u r t h e r  s h o w e d  t h a t  t h e  e f f i c i e n c y  o f  p u r i f i c a t i o n  w a s  i n 
c r e a s e d  b y  m a i n t a i n i n g  a  b e d  t e m p e r a t u r e  u p  to  9 5 °  F .  b u t  a t  1 0 0 °  F .  
p u r i f i c a t i o n  a n d  n i t r i f i c a t i o n  s e r i o u s l y  d im in i s h e d .  E x p e r i m e n t s  w i t h  
t h e  a r t i f i c i a l  i n t r o d u c t i o n  o f  c a r b o n  d io x id e  i n t o  t h e  f i l t e r  s h o w e d  t h a t  
a l t h o u g h  h ig h  c o n c e n t r a t i o n s  w e r e  d e l e t e r i o u s ,  c o n c e n t r a t i o n s  s u c h  a s  

lb  c a n  b e  o r d i n a r i l y  f o u n d  i n  t h e  b e d s  w e r e  n o t  h a r m f u l .  V e n t i l a t i o n  o f
a  f i l t e r  f o r  t h e  p u r p o s e  o f  s w e e p in g  o u t  c a r b o n  d io x id e  w a s  n o t  n e c e s -  

*  s a r y .
,n! S t a g e  f i l t r a t i o n  h a s  b e e n  t r i e d  o u t  i n  s e r v i c e  w i t h  a n d  w i t h o u t  r e 

c i r c u l a t i o n ,  b u t  u s u a l l y  w i t h  p r o v i s i o n  f o r  h i g h e r  r a t e s  o f  s e w a g e  a p 
p l i c a t i o n .  L e v i n e  136 l i a s  p r e s e n t e d  t h e  r e s u l t s  o f  o p e r a t i o n  o f  b o th  
e x p e r im e n t a l  a n d  f u l l  s c a le  p l a n t s  i n  w h i c h  t w o  s t a g e s  o f  f i l t r a t i o n  a r e  
u s e d .  T h e  p r i m a r y  f i l t e r  c o m p r i s e s  a  s h a l l o w  f i l t e r  o f  f in e  m a t e r i a l  
d e s ig n e d  t o  h e  b a c k w a s h e d  w h e n  n e e d e d .  A  s e t t l i n g  t a n k  f o l l o w s  b o th  
t h e  p r i m a r y  a n d  t h e  s e c o n d a r y  f i l t e r s .  A  p l a n t  b u i l t  i n  1 9 2 9  f o r  t h e  
D e c k e r  P a c k i n g  C o m p a n y  a t  M a s o n  C i t y ,  I o w a ,  a n d  a  s i m i l a r  p l a n t  
b u i l t  i n  1 9 3 7  a t  W e s t  F a r g o ,  N .  D . ,  s h o w  o v e r a l l  r e d u c t i o n  o f  B . O . D .  
o r  9 4 .3  p e r  c e n t  a n d  95  p e r  c e n t ,  r e s p e c t i v e l y .  A f t e r  s i x  y e a r s  o f  o p 
e r a t i o n  a n d  l a b o r a t o r y  s t u d i e s  m o d i f i c a t i o n s  h a v e  b e e n  s u g g e s t e d  i n  
t h e  D e c k e r  p l a n t  i n c lu d i n g  d e e p e n in g  t h e  w a s h a b le  f i l t e r  t o  6 f e e t ,  in-  
c r e a s i n g  t h e  r a t e  o f  a p p l i c a t i o n  t o  a t  l e a s t  6 t o  8 m .g .a .d .  a n d  d e c r e a s in g  
t h e  d o s in g  c y c l e  t o  t w o  m in u t e s  o r  le s s ,  

f  F i s c h e r 67 s h o w s  t h r e e  t y p e s  o f  t w o - s t a g e  t r e a t m e n t — ( a )  w i t h  t h e
p r i m a r y  a n d  s e c o n d a r y  f i l t e r s  p la c e d  b e t w e e n  t h e  p r i m a r y  a n d  s e c o n d -  
a r y  s e d im e n t a t io n  u n i t s ;  ( 5 )  w i t h  b o t h  s e d im e n t a t io n  u n i t s  p la c e d  b e 
t w e e n  t h e  p r i m a r y  a n d  s e c o n d a r y  f i l t e r s ,  a n d  ( c )  w i t h  t h e  p r i m a r y  s e d i 
m e n t a t io n  f o l l o w in g  t h e  p r i m a r y  f i l t e r  a n d  t h e  s e c o n d a r y  s e d im e n t a t io n  

' f o l l o w in g  t h e  s e c o n d a r y  f i l t e r s .  I n  a l l  c a s e s  r e c i r c u l a t i o n  i s  i n c lu d e d .

Vol. 13, No. 2 CRITICAL R EV IEW  OF L ITERA TU RE OF 1940 199



200 SEWAGE WORKS JOURNAL March, 1941

A  B . O . D .  r e m o v a l  o f  9 0  to  95  p e r  c e n t  i s  a n t i c i p a t e d  w i t h  a  w e l l  n i t r i f i e d  
e f f lu e n t ,  h ig h  i n  D . O .  a n d  l o w  i n  s u s p e n d e d  s o l id s .  J e n k s  11 d e s c r i  e s  
a  s m a l l  f i l t e r  p l a n t  f o r  L a k e p o r t ,  C a l . ,  w i t h  c a p a c i t y  f o r  2 5 0 ,0 0 0  g a l l o n s  
p e r  d a y ,  i n c l u d i n g  t w o - s t a g e  f i l t r a t i o n ,  e a c h  f i l t e r  3 f t .  d e e p  a n d  06  f t .  
i n  d ia m e t e r .  A  d e s c r i p t i o n  o f  a  t w o - s t a g e  p l a n t  b u i l t  f o r  L i b e r t y ,  
N .  Y . , 12 a n d  t h e  r e s u l t s  o f  a  s h o r t  p e r i o d  o f  o p e r a t i o n  s h o w in g  B . O . D .  
r e d u c t i o n s  r a n g in g  f r o m  85  p e r  c e n t  to  9 7  p e r  c e n t  a p p e a r e d  i n  P u b l i c  
W o r k s  P  T h i s  p l a n t  a ls o  in c lu d e s  a  m a g n e t i t e  e f f lu e n t  f i l t e r  a n d  f i n a l

c o n t a c t  t a n k  f o r  c h l o r in a t i o n .
T h e  W a t e r  P o l l u t i o n  R e s e a r c h  B o a r d  232 i n v e s t i g a t e d  t h e  p o s s i b i l i t y  

o f  a p p l y i n g  t h e  t r e a t m e n t  d e v e lo p e d  f o r  m i l k  w a s t e s  t o  s e w a g e .  T h e  
m e t h o d  c o n s i s t e d  o f  a p p l y i n g  t h e  s e w a g e  t o  t w o  f i l t e r s  i n  s e r i e s  a n d  
c h a n g in g  t h e  o r d e r  o f  a p p l i c a t i o n  t o  t h e  b e d s  a t  i n t e r v a l s  o f  o n e  o r  
t w o  w e e k s .  T h e  e x p e r im e n t a l  p l a n t  w a s  c o n s t r u c t e d  a t  t h e  M i n w o r t h  
p l a n t  o f  t h e  B i r m i n g h a m  a r e a ,  a n d  c o n s i s t e d  o f  f o u r  b e d s  o f  1 1 5  to  
1 1 8  f t .  d i a m e t e r  a n d  6 t o  7  f t .  d e e p  s u p p l i e d  w i t h  r o t a r y  d i s t r i b u t o r s  
a n d  d i f f e r e n t  t y p e s  o f  f i l t e r i n g  m e d ia .  P r e l i m i n a r y  r e s u l t s  s h o w e d  t h a t  
t h e  a p p l i c a t i o n  o f  s e t t l e d  s e w a g e  a t  t h e  r a t e  o f  7 0  I m p .  g a l .  p e r  c u .  y d .  
p e r  d a y  d u r i n g  t h e  w i n t e r  m o n t h s  d id  n o t  g i v e  s a t i s f a c t o r y  r e s u l t s  
( B . O . D .  i n  s e t t l e d  e f f lu e n t  g r e a t e r  t h a n  2 0  p . p . m . ) .  B e t t e r  r e s u l t s  w e r e  
o b t a in e d  d u r i n g  t h e  s p r i n g .  T o  o v e r c o m e  t h e  d i f f i c u l t y  i n  o p e r a t i n g  
t h e  r o t a r y  d i s t r i b u t o r s ,  w h i c h  w o u ld  n o t  r e v o l v e  a t  a  s t e a d y  s p e e d  i n  
a  s t r o n g  w i n d  a t  l o w e r  r a t e s  o f  f lo w  t h a n  t h e  d i s t r i b u t o r s  w e r e  d e s ig n e d  
f o r ,  s m a l l  s a i l s  w e r e  r i g g e d  a t  t h e  e n d s  o f  t h e  t w o  a r m s .

T h e  r e d u c t i o n  o f  t h e  s t r e n g t h  o f  s e w a g e  a p p l i e d  t o  a  f i l t e r  b e d  b y  
r e c i r c u l a t i n g  t h e  f i l t e r  e f f lu e n t  h a s  b e e n  u s e d  i n  s e v e r a l  i n s t a l l a t i o n s .  
E l d r i d g e  58 d e s c r ib e d  t h e  c o n v e r s i o n  o f  a  c o n v e n t i o n a l  f i l t e r  i n t o  a  h ig h -  
r a t e  f i l t e r  w i t h  r e c i r c u l a t i o n  f o r  t h e  t r e a t m e n t  o f  m i l k  w a s t e s  a t  P e r -  
r i n g t o n ,  M i c h i g a n .  H e  r e p o r t s  a  r e m o v a l  o f  7 7 .1  p e r  c e n t  o f  s u s p e n d e d  
s o l id s  a n d  9 0 .6  p e r  c e n t  o f  B . O . D .  a s  c o m p a r e d  t o  a b o u t  6 0  p e r  c e n t  r e 
m o v a l  o f  B . O . D .  w h e n  o p e r a t i n g  p r e v i o u s l y  a s  a  c o n v e n t i o n a l  f i l t e r .  
T h e  B . O . D .  o f  t h e  i n f l u e n t  w a s  5 3 7  p .p .m .  a n d  o f  t h e  f i n a l  e f f lu e n t  46  
p .p .m .  T h e  o p e r a t i n g  p r o c e d u r e  p r o d u c e s  a  r e c i r c u l a t i o n  o f  f i v e  t im e s  
d u r i n g  t h e  d a y  a n d  o n c e  e v e r y  4 7  m in u t e s  d u r i n g  t h e  n ig h t .  F u n k  75 
d e s c r i b e d  a  p l a n t  f o r  t h e  t r e a t m e n t  o f  c a n n e r y  w a s t e s ,  w i t h  p i p i n g  i n 
c lu d e d  t o  p r o v i d e  f u t u r e  r e c i r c u l a t i o n  s h o u ld  o p e r a t i n g  e x p e r ie n c e  
w a r r a n t .  C a n n e r y  w a s t e  w i t h  a  5 - d a y  B . O . D .  a s  h ig h  a s  3 ,0 0 0  p .p .m .  
( 1 0  p e r  c e n t  o f  s a m p l e s )  i s  c o m b in e d  w i t h  d o m e s t i c  s e w a g e  w i t h  a  r e 
s u l t a n t  5 - d a y  B . O . D .  o f  6 0 0  t o  8 5 0  p .p .m .  a n d  9 0  p e r  c e n t  o f  t e s t s  s h o w 
i n g  le s s  t h a n  1 ,2 0 0  p .p .m .

P r o m o t i o n  o f  t h e  s y s t e m  o f  s e w a g e  t r e a t m e n t  t e r m e d  “ b i o f i l t r a 
t i o n ”  h a s  c o n t in u e d .  T h e  D o r r  C o m p a n y  g i v e s  a  l i s t  o f  2 5  p l a n t s  b u i l t  
o r  u n d e r  c o n s t r u c t i o n  d u r i n g  1 9 4 0  i n c l u d i n g  o n e  p l a n t  f o r  a  s e w a g e  f lo w  
o f  6 .7 5  m .g .d . ,  o n e  f o r  3 .0  m .g .d .  a n d  t h e  o t h e r s  f o r  f lo w s  o f  1 0  m .g .d .  o r  
s m a l l e r .  F i s c h e r  67 h a s  d e s c r i b e d  t h e  g e n e r a l  d e s ig n  a n d  o p e r a t i o n  p r o 
c e d u r e s  a n d  h a s  g i v e n  a  l im i t e d  a m o u n t  o f  o p e r a t i n g  d a t a .
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A c t i v a t e d  S l u d g e

T h e o r y .  W i l l i a m s  2311 i n  a  h i s t o r i c a l  r e v i e w  o f  t h e o r i e s  o f  t h e  m e c h 
a n i s m  o f  t h e  a c t i v a t e d  s lu d g e  p r o c e s s  c a m e  t o  t h e  c o n c lu s io n  t h a t  110  
e v id e n c e  t h a t  d e f i n i t e l y  e x c lu d e s  e i t h e r  t h e  p h y s i c a l  o r  b io l o g i c a l  f a c t o r s  
h a s  b e e n  f u l l y  s u b s t a n t i a t e d .  T h e  e v id e n c e  a c c o r d in g  to  t h e  a u t h o r  i s  
in  f a v o r  o f  a  m e c h a n is m  i n v o l v i n g  b o t h  f a c t o r s .  T h e  r e l a t i v e  i m p o r 
t a n c e  o f  e a c h  f a c t o r  i s  n o t  y e t  a p p a r e n t ,  b u t  t h e  d i v i s i o n  o f  t h e  p r o c e s s  
in t o  c le a r - c u t  s t a g e s  i n v o l v i n g  p h y s i c a l  c h a n g e s  i n  o n e  s t a g e  a n d  b io 
l o g i c a l  c h a n g e s  i n  a n o t h e r ,  i s  u n w a r r a n t e d .  I t  i s  m o r e  t h a n  l i k e l y  t h a t  
o n e  f o r m  o f  a c t i o n  i s  p a r t l y  o r  e n t i r e l y  d e p e n d e n t  o n  t h e  o t h e r ,  t h o u g h  
o n e  f a c t o r  m a y  t e n d  t o  d o m in a t e  d u r i n g  o n e  p a r t i c u l a r  p e r io d .

L u m b  141 m a d e  a  s t u d y  o f  t h e  s u s p e n d e d  s o l id s  b a la n c e  i n  t h e  p u r i 
f i c a t i o n  o f  s e w a g e  b y  a c t i v a t e d  s lu d g e  u n d e r  l a b o r a t o r y  c o n d i t i o n s  o p 
e r a t e d  f o r  a  p e r i o d  o f  13  m o n t h s .  T h e  r e s u l t s  s h o w e d  t h a t  a lm o s t  100  
p e r  c e n t  o f  t h e  s u s p e n d e d  a n d  c o l l o i d a l  m a t t e r  r e m o v e d  w a s  r e c o v e r e d  
a s  a c t i v a t e d  s lu d g e .

B a r r i t t 19 s t u d i e d  t h e  r e s p i r a t i o n  o f  a c t i v a t e d  s lu d g e  u n d e r  s t a r v a 
t io n  c o n d i t i o n s  w i t h  c o n s t a n t  a e r a t i o n  f o r  a  p e r i o d  o f  25  d a y s  a t  d i f f e r 
e n t  t e m p e r a t u r e s .  C o n t i n u o u s  a e r a t i o n  h a d  l i t t l e  e f f e c t  011 t h e  v o lu m e  
o f  s lu d g e .  T h e  lo s s  i n  w e ig h t  o f  s lu d g e  d u e  t o  r e s p i r a t i o n  w a s  g r e a t e r  
d u r in g  t h e  f i r s t  t h r e e  d a y s  o f  a e r a t i o n  t h a n  s u b s e q u e n t ly .  D u r i n g  t h e  
e a r l y  p e r i o d  o f  a e r a t i o n  t e m p e r a t u r e  d id  n o t  h a v e  a n  e f f e c t  o n  t h e  r e l a 
t i v e  a m o u n t s  o f  o r g a n i c  m a t t e r  d e s t r o y e d  b y  r e s p i r a t i o n .  S u b s e q u e n t  
lo s s  b y  r e s p i r a t i o n  w a s  s m a l l ,  b e in g  g r e a t e s t  a t  3 0 °  C .  T h e  s lu d g e ,  
a f t e r  a e r a t i o n  f o r  t h r e e  w e e k s ,  w a s  p la c e d  i n  f la s k s ,  o n e  e x p o s e d  to  
d a y l i g h t  a n d  t h e  o t h e r  k e p t  i n  t h e  d a r k .  T h e  c a r b o n  d io x id e  g i v e n  o f f  
w a s  m e a s u r e d .  L e s s  c a r b o n  d io x id e  w a s  g i v e n  o f f  w h e n  t h e  s lu d g e  w a s  
e x p o s e d  to  d a y l i g h t  t h a n  w h e n  i t  w a s  k e p t  i n  t h e  d a r k .  T h e  a u t h o r  
b e l ie v e s  t h a t  e x p o s u r e  o f  s lu d g e  i n  t h e  a e r a t i o n  t a n k s  t o  l i g h t  w o u ld  
a c c o u n t  f o r  l o w  lo s s  i n  w e ig h t  d u e  t o  i n c r e a s e d  p h o t o s y n t h e t i c  a c t i v i t y  
o f  c e r t a i n  f l a g e l l a t e s .

S a w y e r  106 i n  a  s t u d y  o f  f o u r  a c t i v a t e d  s lu d g e s  p o s s e s s in g  w i d e l y  
d i f f e r e n t  c h a r a c t e r i s t i c s ,  f o u n d  t h a t  i n  a l l  c a s e s ,  d i s s i m i l a r  s lu d g e s  f e d  
o n  a  g i v e n  s e w a g e  a c q u i r e d  s i m i l a r  c h a r a c t e r i s t i c s  w i t h i n  t h r e e  w e e k s .  
O n  c e r t a i n  d ie t s  a  s lu d g e  w h i c h  n i t r i f i e d  p o o r l y  b e c a m e  a  g o o d  n i t r i f i e r  
a n d  011 o t h e r  d ie t s ,  g o o d  n i t r i f i e r s  lo s t  t h e  a b i l i t y  a n d  b e c a m e  e s s e n t i a l l y  
n o n - n i t r i f i e r s .  T h e  s a m e  a u t h o r  187 o b s e r v e d  t h a t  t h e  lo s s  o f  n i t r i f y i n g  
p o w e r  b y  a c t i v a t e d  s lu d g e  a t  l o w  t e m p e r a t u r e  d e p e n d s  u p o n  t h e  r e l a 
t i v e  r a t e s  a t  w h i c h  t h e  o r g a n is m s  r e s p o n s ib le  f o r  s t a b i l i z i n g  b o t h  c a r 
b o n a c e o u s  a n d  n i t r o g e n o u s  m a t t e r  g r o w .  R a p i d  g r o w t h  o f  t h e  o r g a n 
is m s  r e s p o n s ib le  f o r  t h e  s t a b i l i z a t i o n  o f  c a r b o n a c e o u s  m a t t e r  i s  f a v o r e d  
b y  l o w e r  r a t e s  o f  o x id a t i o n  a t  l o w  t e m p e r a t u r e  a n d  b y  t h e  a b i l i t y  o f  
s lu d g e  t o  h o ld  a v a i l a b l e ,  a t  a l l  t im e s ,  a  l a r g e  f o o d  s u p p l y  b y  a d s o r p t i o n  
a n d  c o a g u l a t i o n  o f  s e w a g e  s o l id s .  T h e  g r o w t h  o f  n i t r i f y i n g  o r g a n is m s  
is  h in d e r e d  b y  t h e  s l o w  r a t e  o f  o x id a t i o n  o f  a m m o n ia  n i t r o g e n  a t  l o w  
t e m p e r a t u r e  a n d  b y  t h e  i n a b i l i t y  o f  t h e  s lu d g e  to  a d s o r b  a n d  h o ld  a v a i l 
a b le ,  a p p r e c i a b l e  q u a n t i t i e s  o f  a m m o n ia  n i t r o g e n .  A t  l o w  t e m p e r a 
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t u r e s ,  t h e  p r o p o r t i o n  o f  n i t r i f y i n g  o r g a n i s m s  i n  t h e  s lu d g e  d im in i s h e s  
a n d  t h e  n i t r i f y i n g  a b i l i t y  o f  t h e  s lu d g e  d e c r e a s e s  a c c o r d i n g l y .

I n g o l s  103 r e p o r t e d  t h a t  t h e  a c t i v i t y  o f  s lu d g e  i s  d e p e n d e n t  u p o n  t h e  
c o n c e n t r a t i o n  o f  o x id a t i o n - r e d u c t i o n  e n z y m e s .  T h e  r a t e  o f  a c t i v i t y  o f  
t h e s e  e n z y m e s  i s  a f f e c t e d  b y  t h e  t e m p e r a t u r e ,  t h e  a m o u n t  o f  o x y g e n  
s u p p l i e d ,  t h e  p H  o f  t h e  m e d iu m  a n d  t h e  t y p e  o f  f o o d .  D i c k i n s o n  46 b e 
l i e v e s  t h a t  t h e  a d s o r p t i o n  o f  s u b s t a n c e s  b y  a c t i v a t e d  s lu d g e  i s  c o n t r o l l e d  
b y  e n z y m e s .  H e  c o n s id e r s  f lo e  t o  b e  m a d e  u p  o f  a n  i n o r g a n i c  n u c le u s  
s u r r o u n d e d  b y  a  l a y e r  o f  e n z y m a t i c a l l y  a c t i v e  m a t e r i a l .  D i c k i n s o n  4| 
a ls o  s t u d i e d  t h e  c h a n g e s  i n  o x id a t i o n - r e d u c t i o n  p o t e n t i a l  w i t h i n  t h e  
s lu d g e  f lo e . U s i n g  a  s p e c i a l  e l e c t r o d e  m a d e  b y  a l l o w i n g  a c t i v a t e d  
s lu d g e  t o  g r o w  a n d  c o m p le t e l y  c o v e r  a  b r i g h t  p l a t i n u m  e l e c t r o d e ,  h e  
f o u n d  t h a t  t h e  a d d i t i o n  o f  s e w a g e  t o  a e r a t e d  s lu d g e  r e s u l t e d  i n  a  r e l a 
t i v e l y  r a p i d  f a l l  in  p o t e n t i a l  o f  t h e  b io - e le c t r o d e  w i t h  r e s p e c t  t o  a  b r i g h t  
p l a t i n u m  e le c t r o d e .  T h e n  a  f a i r l y  c o n s t a n t  l e v e l  m a i n t a i n e d  f o r  a  lo n g  
p e r i o d  w a s  f o l l o w e d  b y  a  s l o w  r i s e  t o  t h e  i n i t i a l  p o t e n t i a l  l e v e l .  I t  w a s  
n e c e s s a r y  t o  p r o lo n g  a e r a t i o n  f o r  s o m e  t im e  a f t e r  c o m p le t e  c l a r i f i c a t i o n  
o f  t h e  s e w a g e  t o  a t t a i n  t h e  i n i t i a l  p o t e n t i a l  l e v e l .  T h i s  s t a g e  w a s  p r o b 
a b l y  m a i n l y  r e a c t i v a t i o n .

B a r r i t t 18 s u g g e s t e d  t h a t  t h e  p r o t o z o a n  f a u n a  t a k e s  a n  a c t i v e  p a r t  
i n  t h e  d i r e c t  r e m o v a l  o f  o r g a n i c  m a t t e r  i n  s o l u t i o n  a n d  d o e s  n o t  l i v e  
c h i e f l y  b y  i n g e s t i o n  o f  b a c t e r i a .  H e  f o u n d  t h a t  t h e  p r o d u c t i o n  o f  a  
g e l a t i n o u s  m a t r i x  b y  Z o o g l e a  r a n i i g e r a  i s  i n d e p e n d e n t  o f  t h e  c o m p o s i 
t i o n  o f  t h e  n u t r i e n t  s o l u t i o n  a n d  i s  n o t  s t im u l a t e d  b y  t h e  a d d i t i o n  o f  
s u g a r .  T h i s  o r g a n i s m  c u l t i v a t e d  i n  l i q u id  c u l t u r e  m e d iu m  g r o w s  i n  a  
d i s p e r s e d  f o r m  w i t h o u t  a  g e l a t i n o u s  m a t r i x .

H e u k e l e k i a n  a n d  L i t t m a n  92 s t u d i e d  t h e  c a r b o n  a n d  n i t r o g e n  t r a n s 
f o r m a t i o n s  i n  m i x t u r e s  o f  s t e r i l e  s e w a g e  a n d  p u r e  c u l t u r e  z o o g le a l  
s lu d g e s .  T h e y  f o u n d  r e m o v a l  o f  s u s p e n d e d  o r g a n i c  c a r b o n  w a s  f o l 
l o w e d  b y  r e m o v a l  o f  o r g a n i c  c a r b o n  i n  s o lu t i o n .  T h i s  p e r i o d  o f  b io 
l o g i c a l  a s s i m i l a t i o n  w a s  a c c o m p a n ie d  b y  a n  i n c r e a s e d  r a t e  o f  e v o lu t i o n  
o f  c a r b o n  d io x id e .  T h e  s lu d g e  i n c r e a s e d  i n  a m o u n t  b y  t h e  a d s o r p t i o n  
o f  s u s p e n d e d  o r g a n i c  c a r b o n  a n d  b y  t h e  s y n t h e s i s  o f  b a c t e r i a l  p r o t o 
p la s m .  A m m o n i a  n i t r o g e n  w a s  a s s i m i l a t e d  b y  t h e  s lu d g e  b u t  n i t r i f i c a 
t io n  d id  n o t  o c c u r .  T h e  c a r b o n - n i t r o g e n  r a t i o  o f  t h e  p u r e  z o o g le a l  
s lu d g e  w a s  a b o u t  4 .7  t o  1. T h e y  b e l i e v e  t h a t  t h e  z o o g le a l  b a c t e r i u m ,  
Z o o g l e a  r a n i i g e r a ,  i s  o f  p r i m a r y  i m p o r t a n c e  i n  n a t u r a l  a c t i v a t e d  s lu d g e  
a n d  t h a t  n i t r i f y i n g  b a c t e r i a ,  p r o t o z o a  a n d  h i g h e r  f i l a m e n t o u s  o r g a n is m s  
a r e  s e c o n d a r y .

M i h a e l o f f  149 t a k e s  t h e  v i e w  t h a t  a c t i v a t i o n  i s  t h e  r e s u l t  o f  m i c r o b i a l  
a c t i o n  w h i c h  c o a g u l a t e s  a n d  o x id iz e s  o r g a n i c  m a t t e r  a n d  c i t e s  t h e  c o n 
s t a n t  p r e s e n c e  o f  f i l a m e n t o u s  o r g a n i s m s  i n  a c t i v a t e d  s lu d g e s  f r o m  v a r i 
o u s  s o u r c e s  a s  e v id e n c e .  H e  b e l i e v e s  t h a t  t h e  l a r g e r  t h e  a m o u n t  o f  
m i c r o b i a l  f i l a m e n t s ,  t h e  m o r e  r a p i d  i s  t h e  s e t t l i n g  r a t e  o f  s lu d g e .

I n  a  s t u d y  o f  t h e  c o n d i t i o n s  a f f e c t i n g  t h e  d i s t r i b u t i o n  o f  n i t r o g e n o u s  
c o m p o u n d s  d u r i n g  t r e a t m e n t  o f  s e w a g e  b y  t h e  a c t i v a t e d  s lu d g e  p r o c e s s ,  
C o r b e t  a n d  W o o l d r i d g e  40 f o u n d  t h a t  t h e  a m o u n t  o f  a m m o n i a  n i t r o g e n  
a d s o r b e d  o n  s lu d g e  w a s  g r e a t e s t  s h o r t l y  a f t e r  t h e  a d d i t i o n  o f  f r e s h
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s e w a g e  a n d  d e c r e a s e d  a s  t h e  t r e a t m e n t  p r o c e e d e d .  T h e  a m o u n t  a d 
s o r b e d  a t  a n y  t im e  w a s  s m a l l .  O n  n o n - n i t r i f y i n g  s lu d g e ,  t h e  d e c r e a s e  
i n  a m m o n ia  w a s  a c c o u n t e d  f o r  b y  a n  i n c r e a s e  i n  o r g a n i c  n i t r o g e n .  
W h e n  p o t a s s iu m  n i t r i t e  o r  n i t r a t e  w a s  a d d e d  t o  a  n o n - n i t r i f y i n g  s lu d g e ,  
a  r a p i d  lo s s  o f  n i t r o g e n  g a s  o c c u r r e d .  N o  i n d i c a t i o n  o f  a n y  i n t e r 
m e d ia t e  c o m p o u n d  w a s  f o u n d .  W i t h  n i t r i f y i n g  s lu d g e ,  a  l a r g e  p r o p o r 
t io n  o f  t h e  a m m o n i a  w a s  c o n v e r t e d  t o  n i t r a t e  w i t h  i n t e r m e d i a t e  f o r m a 
t io n  o f  n i t r i t e  a n d  h y p o n i t r i t e .  W h e n  p o t a s s iu m  n i t r i t e  w a s  a d d e d  to  
t h e  s lu d g e ,  t h e  c o n c e n t r a t i o n  o f  n i t r i t e  r e m a in e d  n e a r l y  c o n s t a n t  d u r i n g  
a e r a t i o n  u n t i l  a l l  t h e  a m m o n ia  h a d  b e e n  c o n v e r t e d  t o  o r g a n i c  n i t r o g e n  
i n  t h e  s lu d g e .  T h e n  t h e  n i t r i t e  w a s  o x id iz e d  t o  n i t r a t e .  W h e n  t h e  
c a r b o n - n i t r o g e n  r a t i o  o f  t h e  s e w a g e  w a s  c h a n g e d  b y  d a i l y  f e e d in g  o f  
g lu c o s e ,  t h e  r a t i o  i n  t h e  s lu d g e  i t s e l f  w a s  n o t  a f f e c t e d .  T h e  a d d i t i o n  o f  
g lu c o s e  i n h i b i t e d  n i t r i f i c a t i o n  b e c a u s e ,  i n  t h e  p r e s e n c e  o f  e x c e s s  c a r 
b o n a c e o u s  m a t e r i a l ,  t h e  a m m o n i a  w a s  u t i l i z e d  t o  f o r m  i n s o lu b l e  n i t r o g e 
n o u s  c o m p o u n d s  i n  t h e  s lu d g e .  W o o l d r i d g e  a n d  C o r b e t  245 f o u n d  t h a t  
u n d e r  s t e r i l e  c o n d i t i o n s ,  c o n t in u o u s  a e r a t i o n  o f  a c t i v a t e d  s lu d g e - s e w a g e  
m ix t u r e s ,  c o n t a in in g  a d d e d  n i t r i t e  a n d  a m m o n ia  n i t r o g e n ,  d id  n o t  r e s u l t  
i n  lo s s  o f  n i t r o g e n .  T h e  s t u d y  i n d i c a t e d  t h a t  t h e  lo s s  o f  n i t r o g e n  w a s  
n o t  c a u s e d  b y  c h e m i c a l  r e a c t i o n s  i n v o l v i n g  n i t r i t e  o r  b y  r e a c t i o n s  b e 
t w e e n  a m in o  a c id s  a n d  n i t r i t e s  b u t  t h a t  u n d e r  a e r o b i c  c o n d i t io n s ,  t h e  
lo s s  o f  n i t r o g e n  w a s  d u e  t o  t h e  a c t i o n  o f  m i c r o - o r g a n i s m s  o r  t h e i r  e n 
z y m e s  u p o n  n i t r a t e .

S h i b a t a  201 f o u n d  t h a t  w h e n  a  m i x t u r e  o f  a c t i v a t e d  s lu d g e  a n d  s e w a g e  
w a s  a e r a t e d  f o r  1 8 9  h o u r s ,  a s  m ig h t  b e  e x p e c t e d ,  t h e  p H  d e c r e a s e d ,  t h e  
t u r b i d i t y  o f  t h e  l i q u o r  i n c r e a s e d ,  t h e  v o lu m e  o f  s e t t l e d  s lu d g e  d e c r e a s e d  
a n d  t h e  d i s s o l v e d  o x y g e n  r e a c h e d  a  s a t u r a t i o n  v a l u e  o f  9 6 .3  p e r  c e n t .  
S l u d g e  d i s i n t e g r a t e d  b y  p r o lo n g e d  a e r a t i o n  w a s  r e a c t i v a t e d  b y  a e r a t i o n  
w i t h  s e w a g e  i n  t w o  o r  t h r e e  d a y s .  A c t i v a t e d  s lu d g e  m ix e d  w i t h  g a r 
b a g e  l i q u o r  r e q u i r e d  a  l o n g e r  p e r i o d  o f  a e r a t i o n  f o r  p u r i f i c a t i o n  t h a n  
d id  s lu d g e  w i t h  s e w a g e .  S h i b a t a  b e l i e v e d  t h a t  t h e  a d d i t i o n a l  t im e  w a s  
n e e d e d  t o  r e d u c e  t h e  p a r t i c l e s  o f  g a r b a g e  t o  t h e  c o l l o i d a l  s t a t e .

W i l l i a m s  240 o b s e r v e d  t h e  e f f e c t  o f  b u b b le s  o f  v a r i o u s  g a s e s  o n  m i x 
t u r e s  o f  a c t i v a t e d  s lu d g e  a n d  s e w a g e .  H e  f o u n d  t h a t  w h e n  a i r ,  o x y g e n ,  
h y d r o g e n  a n d  n i t r o g e n  w e r e  p a s s e d  t h r o u g h  s e w a g e  f o r  s ix  h o u r s  w i t h 
o u t  s lu d g e ,  a b o u t  t h e  s a m e  a m o u n t  o f  o r g a n i c  c a r b o n  w a s  r e m o v e d  b y  
e a c h  g a s .  I n  t h e  p r e s e n c e  o f  a c t i v a t e d  s lu d g e ,  t h e  r a t e  o f  r e m o v a l  o f  
c a r b o n  b y  a i r  a n d  o x y g e n  w a s  g r e a t l y  i n c r e a s e d ,  b u t  o n l y  a  s m a l l  r e 
m o v a l  w a s  o b t a in e d  w i t h  h y d r o g e n  a n d  n i t r o g e n .

R o k u r o  a n d  J i n n o s u k e  180 s t u d i e d  t h e  d e c o m p o s i t i o n  o f  p h e n o l  b y  
a c t i v a t e d  s lu d g e  a n d  f o u n d  t h a t  t h e  p h e n o l  w a s  o x id iz e d  d i r e c t l y  to  
c a r b o n  d io x id e  a n d  w a t e r  w i t h o u t  t h e  f o r m a t i o n  o f  a n y  i n t e r m e d i a t e  
p r o d u c t s .

T h e  e f f e c t  o f  s u g a r s  o n  t h e  a c t i v a t e d  s lu d g e  p r o c e s s  h a s  b e e n  s t u d i e d  
b y  s e v e r a l  i n v e s t i g a t o r s .  R u c h h o f t ,  K a c h m a r  a n d  M o o r e 186 f o u n d  
t h a t  g lu c o s e  i s  r e m o v e d  f r o m  s o lu t i o n  m u c h  m o r e  r a p i d l y  b y  a c t i v a t e d  
s lu d g e  t h a n  b y  d o m e s t i c  s e w a g e ,  p u r e  c u l t u r e s  o f  B a d .  c o l i ,  B a d .  a e r o -  
g e n e s ,  S p h a e r o t i l u s  n a t a n s  o r  z o o g le a l  s lu d g e .  T h e  r a t e  o f  g lu c o s e
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r e m o v a l  b y  a c t i v a t e d  s lu d g e  i s  a  f u n c t i o n  o f  t h e  q u a n t i t y  o f  s l u d g e  
p r e s e n t  a n d  a f t e r  t h e  f i r s t  h o u r ,  t h e  r e m o v a l  r a t e  f o l l o w s  t h e  F r e u n d l i c h  
a d s o r p t i o n  e q u a t io n .  G lu c o s e  w a s  r e m o v e d  m o r e  s l o w l y  t h a n  t h e  c a r 
b o n a c e o u s  o r g a n i c  m a t e r i a l  o f  s y n t h e t i c  s e w a g e  b u t  m o r e  r a p i d l y  t h a n  
t h e  n i t r o g e n o u s  m a t e r i a l .  H e a t i n g  t h e  s lu d g e  f o r  t e n  m in u t e s  a t  3 5  G . 
h a d  n o  e f f e c t  o n  t h e  r a t e  o f  r e m o v a l  b u t  t e n  m in u t e s  a t  4 5 °  C .  r e d u c e d  
t h e  r a t e  a n d  t e n  m in u t e s  a t  5 5 °  C .  p r a c t i c a l l y  d e s t r o y e d  t h e  a b i l i t y  o f  
t h e  s lu d g e  t o  r e m o v e  g lu c o s e .  L o w e r i n g  t h e  p H  f o r  2 0  m in u t e s  t o  5 .2  
b e f o r e  t h e  a d d i t i o n  o f  g lu c o s e  r e t a r d e d  t h e  r e m o v a l  s l i g h t l y .  L o w e r i n g  
t h e  p H  t o  2 .8  f o r  2 0  m in u t e s  p r a c t i c a l l y  d e s t r o y e d  t h e  g lu c o s e  r e m o v a l  
m e c h a n is m  f o r  s e v e r a l  h o u r s  b u t  r a i s i n g  t h e  p H  t o  1 1 .0  f o r  3 0  m in u t e s ,  
f o l l o w e d  b y  n e u t r a l i z a t i o n ,  h a d  l i t t l e  e f f e c t .  F o r  o p t im u m  r e m o v a l  o f  
g lu c o s e ,  a e r o b i c  c o n d i t i o n s  a n d  a  p r o p e r  n u t r i t i v e  b a l a n c e  a r e  n e c e s 
s a r y .  R u c h h o f t ,  K a c h m a r  a n d  P l a c a k  187 f o u n d  t h a t  w i t h  n o r m a l  a c t i 
v a t e d  s lu d g e  t h e  r a t e  o f  r e m o v a l  o f  g lu c o s e  f r o m  s o l u t i o n  w a s  5 t o  7 
t im e s  t h e  r a t e  o f  i t s  d e c o m p o s i t i o n  a n d  c a r b o n  d io x id e  f o r m a t i o n .  Z o o -  
g l e a l  s lu d g e  r e m o v e d  g lu c o s e  a b o u t  t h r e e  t im e s  a s  f a s t  a s  i t  w a s  a b le  
to  o x id iz e  i t  t o  c a r b o n  d io x id e .  T h e  a d d i t i o n  o f  1 ,0 0 0  p .p .m .  o f  g lu c o s e  
t o  n o r m a l  a c t i v a t e d  s lu d g e  d id  n o t  i n c r e a s e  t h e  s h o r t - t im e  o x y g e n  r e 
q u i r e m e n t s  o f  t h e  s lu d g e - f e e d  m i x t u r e  t o  a s  g r e a t  a n  e x t e n t  a s  d id  500  
p .p .m .  o f  p e p t o n e .  T h i s  i s  p r o b a b l y  e x p l a i n e d  b y  t h e  d i f f e r e n c e  i n  m e 
t a b o l i s m  o f  t h e s e  t w o  s u b s t a n c e s  b y  t h e  a c t i v a t e d  s lu d g e .  G l u c o s e  r e 
m o v a l  w a s  f o u n d  t o  b e  t h e  r e s u l t  o f  b io l o g i c a l  m e t a b o l i s m  f o l l o w in g  
a d s o r p t i o n  a n d  n o t  s im p le  a d s o r p t i o n  u p o n  t h e  s u r f a c e  o f  t h e  f lo e . D i s 
s i m i l a t i o n  p r o d u c t s ,  b e s id e s  c a r b o n  d io x id e ,  c o u ld  n o t  b e  f o u n d .

W o r k i n g  w i t h  l a c t o s e ,  J e n k i n s  a n d  W i l k i n s o n  111 f o u n d  t h a t  s u g a r  
w a s  r e m o v e d  a t  a  h ig h  r a t e  d u r i n g  t h e  f i r s t  h o u r  o f  a e r a t i o n .  S m a l l  
a m o u n t s  o f  l a c t i c  a c id  w e r e  f o r m e d  i n  t h e  e a r l y  p a r t  o f  a e r a t i o n  b u t  
d i s a p p e a r e d  i n  2 4  h o u r s .  A f t e r  a  f e w  w e e k s ,  s l u d g e  t r e a t e d  w i t h  l a c 
t o s e  b e c a m e  e x t r e m e l y  d e n s e  a n d  f o r m e d  s h o r t ,  t h i c k ,  w e l l- d e f in e d  
c lu m p s  w h i c h  w e r e  d a r k  b r o w n  i n  c o lo r .  T h e  s lu d g e  d id  n o t  b u lk .  T h e  
d o m in a n t  o r g a n i s m  w a s  t h e  f u n g u s  P u l l u l a r i a  p u l l u l a n s .  T h e  r a t e  o f  
d i s a p p e a r a n c e  o f  l a c t o s e  w a s  i n f l u e n c e d  b y  t h e  c a r b o n - n i t r o g e n  r a t io .  
T h e  f a t  c o n t e n t  o f  s lu d g e  f e d  w i t h  a  c a r b o n - n i t r o g e n  r a t i o  o f  1 5 0 :1  i n 
c r e a s e d  f r o m  0 .6  to  5 .8  p e r  c e n t  a n d  t h e  n i t r o g e n  c o n t e n t  d e c r e a s e d  f r o m  
4 .6 8  to  1 .1 4  p e r  c e n t .  W h e n  t h e  r a t i o  o f  c a r b o n  t o  n i t r o g e n  w a s  1 :1 0 ,  
t h e  f a t  c o n t e n t  r e m a in e d  l o w  a n d  t h e  t o t a l  n i t r o g e n  i n c r e a s e d  f r o m  4 .6 8  
t o  5 .2  p e r  c e n t .

B u l k i n g .  C o n s id e r a b l e  p r o g r e s s  h a s  b e e n  m a d e  i n  l a b o r a t o r y  s t u d 
i e s  o f  b u lk in g .  H e u k e l e k i a n  a n d  I n g o l s  91 w e r e  a b le  t o  p r o d u c e  b u lk i n g  
e x p e r i m e n t a l l y  b y  d i l u t i n g  t h e  c o n c e n t r a t i o n  o f  o x y g e n  i n  t h e  a i r  u s e d  
w i t h  n i t r o g e n .  U s i n g  q u a n t i t i e s  o f  o x y g e n  c o m p a r a b l e  t o  t h o s e  s u p 
p l i e d  i n  p l a n t  p r a c t i c e ,  b u lk i n g  w a s  r e a d i l y  p r o d u c e d .  T h e y  f o u n d  t h a t  
w i t h  c o n s t a n t  s e w a g e  l o a d  a n d  c o n c e n t r a t i o n  o f  s lu d g e ,  t h e  r a t e  o f  
b u lk i n g  d e p e n d s  o n  t h e  q u a n t i t y  o f  a i r  o r  i t s  c o n c e n t r a t i o n  i n  t h e  g a s  
m ix t u r e .  W i t h  c o n s t a n t  s e w a g e  l o a d  a n d  q u a n t i t y  o f  a i r ,  t h e  b u lk i n g  
b e c o m e s  w o r s e  a s  c o n c e n t r a t i o n  o f  s o l id s  i n  t h e  a e r a t i o n  l i q u o r  i n 
c r e a s e s .  A  h i g h l y  o x id iz e d  s lu d g e  b u lk s  l e s s  r e a d i l y  t h a n  o n e  p o o r l y
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o x id iz e d  a n d  t h e  a d d i t i o n  o f  1 0 - 2 0  p .p .m .  o f  n i t r a t e  n i t r o g e n  p r e v e n t s  
b u lk i n g  c a u s e d  b y  o x y g e n  d e f i c i e n c y .  I n g o l s  a n d  H e u k e l e k i a n  104 f o u n d  
t h a t  b u lk i n g  o c c u r s  w h e n  s lu d g e  f e d  w i t h  s u g a r ,  c a l c iu m  b u t y r a t e ,  p e p 
t o n e ,  g l y c e r i n e  o r  c a l c i u m  p r o p io n a t e  i s  a g i t a t e d  w i t h  a  l im i t e d  a m o u n t  
o f  o x y g e n .  T h e  a u t h o r s  b e l i e v e  t h a t  i n  a n  a c t i v a t e d  s lu d g e  p l a n t ,  a  
d e f i c i e n c y  o f  o x y g e n  i s  m o r e  a p t  t o  c a u s e  b u lk i n g  t h a n  a n y  p a r t i c u l a r  
i g r e d i e n t  o f  n o r m a l  d o m e s t i c  s e w a g e .

L a c k e y  a n d  W a t t i e  183 s t a t e  t h a t  i t  is  p o s s ib le  t o  p r o d u c e  e x p e r i 
m e n t a l  b u lk i n g  o f  a c t i v a t e d  s lu d g e  b y  h e a v y  d o s e s  o f  s u g a r s  o r  m i x 
t u r e s  o f  n i t r o g e n o u s  a n d  c a r b o n a c e o u s  c o m p o u n d s .  I n  s u c h  b u lk in g ,  
t h e  p r e d o m i n a n t  o r g a n i s m  i s  t h e  f i l a m e n t o u s  b a c t e r i u m ,  S p h a e r o t i l u s  
n a t a n s  K u t z i n g .  T h e y  w e r e  a b le  t o  i s o l a t e  o n l y  o n e  s p e c ie s  a n d  i t s  
c u l t u r a l  c h a r a c t e r i s t i c s  h a v e  b e e n  c o n s t a n t .  H o w e v e r ,  t h e y  f o u n d  
m o r p h o lo g i c a l  d i f f e r e n c e s  i n  f ie ld  c o l l e c t i o n s  f r o m  w h i c h  s o m e  o f  t h e  
i s o la t io n s  h a v e  b e e n  m a d e .  T h e  o r g a n i s m  g r o w s  a b u n d a n t l y  i n  s o lu 
t io n s  o f  s u g a r  i f  a  s u i t a b l e  s o u r c e  o f  n i t r o g e n  i s  p r e s e n t .  I n o r g a n i c  
n i t r o g e n  i s  r e a d i l y  u s e d  b u t  o n l y  t w o  o f  s e v e r a l  a m in o  a c id s ,  a l a n in e  
a n d  a s p a r a g in  h a v e  p r o m o t e d  g o o d  g r o w t h .  P e p t o n e  h a s  p r o v e d  a  
g o o d  s o u r c e  o f  n i t r o g e n .  N o  s u b s t a n c e  w h i c h  i s  c o m m o n  o r  a p t  t o  o c 
c u r  n o r m a l l y  i n  s e w a g e  h a s  b e e n  f o u n d  t o  s t im u la t e  S p h a e r o t i l u s  to  
e x c e s s iv e  g r o w t h .  C h lo r i n e  i s  t h e  c h e a p e s t  a n d  m o s t  r e a d i l y  a v a i l a b l e  
t o x ic  s u b s t a n c e  t o  c o n t r o l  i t s  g r o w t h .

L i t t m a n  138 w h o  s t u d i e d  t h e  c a r b o n  a n d  n i t r o g e n  t r a n s f o r m a t i o n s  i n  
th e  p u r i f i c a t i o n  o f  s e w a g e  b y  t h e  a c t i v a t e d  s lu d g e  p r o c e s s ,  f o u n d  t h a t  
s lu d g e  c o n t a in in g  S p h a e r o t i l u s  d id  n o t  g r o w  w e l l  i n  s t e r i l e  s e w a g e  d e 
v o id  o f  c a r b o h y d r a t e s .  T h e  s lu d g e  c o n t a in in g  t h e  S p h a e r o t i l u s  h a d  a  
s o l id s  c o n c e n t r a t i o n  o f  7 5 7  p .p .m .  a n d  r e m o v e d  a  m a x im u m  o f  4 6  p e r  
c e n t  t u r b i d i t y  a n d  5 6  p e r  c e n t  B . O . D .  i n  a  f o u r - h o u r  a e r a t i o n  p e r i o d .  A  
s lo w ,  l im i t e d  r e m o v a l  o f  s u s p e n d e d  o r g a n i c  c a r b o n  w a s  o b s e r v e d  b u t  
m o s t  o f  t h e  c a r b o n  r e m o v e d  w a s  f r o m  s o lu t io n .  T h e  s lu d g e  c o n t a in in g  
S p h a e r o t i l u s  w a s  w h i t e  a n d  f l u f f y  a n d  w a s  a b o u t  t h r e e  t im e s  a s  g r e a t  
i n  v o lu m e  a s  a n  e q u i v a l e n t  a m o u n t  o f  z o o g le a l  s lu d g e .

B e r g  23 b e l i e v e s  t h a t  a t  c e r t a i n  p e r i o d s  b u lk i n g  a t  S a n  A n t o n io  i s  
c a u s e d ,  i n  p a r t ,  b y  d ig e s t e r  s u p e r n a t a n t  l i q u o r  a n d  t h a t  1 ,0 0 0  p o u n d s  
o f  B . O . D .  f r o m  d ig e s t e r  s u p e r n a t a n t  l i q u o r  h a s  a  f a r  g r e a t e r  e f f e c t  o n  
th e  a c t i v a t e d  s lu d g e  t h a n  1 ,0 0 0  p o u n d s  o f  n o r m a l  s e w a g e  B . O . D .  T h e  
d ig e s t e r  l i q u o r  s e e m s  to  h a v e  a  l a s t i n g  p o is o n o u s  e f f e c t  o n  t h e  a c t i v a t e d  
s lu d g e .

A t  t h e  N o r t h  S i d e  p l a n t  i n  C h ic a g o ,  P a l m e r  165 r e p o r t s  t h a t  b u lk i n g  
is  c a u s e d  g e n e r a l l y  b y  h ig h  p e r c e n t a g e  o f  v o l a t i l e  s o l id s  r a t h e r  t h a n  
b y  u n d e r a e r a t i o n  o r  t h e  p r e s e n c e  o f  f i l a m e n t o u s  g r o w t h s .

O p e r a t i o n .  S a w y e r  197 p o in t e d  o u t  t h a t  t h e  u s e  o f  l o w  c o n c e n t r a 
t io n s  o f  s o l id s  i n  a e r a t i o n  t a n k s  r e s u l t s  i n  t h e  p r o d u c t i o n  o f  s lu d g e s  
w i t h  h ig h  v o l a t i l e  s o l id s  c o n t e n t  a n d  h ig h  a c t i v i t y  a s  m e a s u r e d  b y  t h e  
b a s e  r a t e s  o f  o x y g e n  u t i l i z a t i o n .  B e c a u s e  o f  t h e  h ig h  a c t i v i t y ,  t h e  
s o l id s  m u s t  b e  r e m o v e d  r a p i d l y  f r o m  f i n a l  s e t t l i n g  t a n k s  a n d  k e p t  i n  
c o n t a c t  w i t h  d i s s o l v e d  o x y g e n  to  m a i n t a i n  t h e m  i n  p r o p e r  c o n d i t i o n .  
H i g h  c o n c e n t r a t i o n  o f  s o l id s  i n  a e r a t i o n  t a n k s  p r o d u c e s  s lu d g e s  w i t h
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l o w e r  v o l a t i l e  s o l id s  a n d  l o w e r  b a s e  r a t e s  o f  o x y g e n  u t i l i z a t i o n .  
s o l id s  b e c o m e  m o r e  c o m p a c t  a n d  m a y  b e  k e p t  f o r  l o n g e r  p e r i o d s  w i t h o u t  
a e r a t i o n  t h a n  s lu d g e  w i t h  h ig h  v o l a t i l e  s o l id s .

B e r g  23 h a s  a t t e m p t e d  t o  d e t e r m in e  s o m e  d e f in i t e  m a t h e m a t i c a l  r e l a 
t i o n s h ip  b e t w e e n  t h e  c o n c e n t r a t i o n  o f  a c t i v a t e d  s lu d g e  s u s p e n d e d  s o l id s  
a n d  t h e  s u s p e n d e d  s o l id s  i n  t h e  p r i m a r y  e f f lu e n t .  A  p r e l i m i n a r y  s t u d y  
i n d i c a t e d  t h a t  t h e  r a t i o  o f  p o u n d s  o f  s u s p e n d e d  s o l id s  i n  t h e  r e t u r n  
s lu d g e  p e r  d a y  to  t h e  p o u n d s  o f  s u s p e n d e d  s o l id s  p e r  d a y  i n  t h e  p r i 
m a r y  e f f lu e n t  s h o u ld  b e  b e t w e e n  8 a n d  10 . H i g h e r  r a t i o s  s e e m e d  t o  g i v e  

p o o r e r  r e s u l t s .
E d w a r d s  55 r e p o r t e d  t h a t  a t  W a r d s  I s l a n d  c h l o r i n a t i o n  o f  r e t u r n  

s lu d g e  w i t h  a n  a v e r a g e  o f  1 .8  p .p .m .  i m p r o v e d  t h e  s e t t l i n g  c h a r a c t e r 
i s t i c s  o f  t h e  a e r a t i o n  t a n k  l i q u o r  a b o u t  35  p e r  c e n t  a s  m e a s u r e d  b y  t h e  
s lu d g e  in d e x .  A t  T a l l m a n s  I s l a n d ,  e x c e s s  a c t i v a t e d  s lu d g e  c o u ld  b e  
c o n c e n t r a t e d  s a t i s f a c t o r i l y  w h e n  t h e  s lu d g e  w a s  c h l o r i n a t e d  s u f f i c ie n t l y  
to  m a i n t a i n  a t  l e a s t  1 p .p .m .  r e s i d u a l  i n  t h e  o v e r f lo w .  ■ B a s e d  o n  v a l u e s  
f r o m  t h e  W a r d s  I s l a n d  a n d  T a l l m a n s  I s l a n d  p l a n t s ,  h e  f o u n d  t h a t  th e  
c o n c e n t r a t i o n  o f  s o l id s  i n  t h e  e x c e s s  a c t i v a t e d  s lu d g e  a n d  t h e  s lu d g e  
i n d e x  ( D o n a l d s o n )  d e c r e a s e d  a s  t h e  v o l a t i l e  m a t t e r  i n c r e a s e d .

B l o o d g o o d 26 b e l i e v e s  t h a t  t h e  s lu d g e  in d e x ,  a s  c o m m o n ly  d e t e r 
m in e d ,  i s  a  m e a s u r e  o f  s lu d g e  c o n d i t i o n  a n d  n o t  p l a n t  c o n d i t i o n .  H e  
p o in t e d  o u t  t h a t  t h e  s lu d g e  i n d e x  o f  a  p a r t i c u l a r  s l u d g e  v a r i e s  w i t h  th e  
s o l id s  c o n c e n t r a t i o n .  T o  o b t a i n  c o m p a r a b l e  r e s u l t s  w i t h  t h e  s lu d g e  
in d e x ,  s o m e  s t a n d a r d  s o l id s  c o n c e n t r a t i o n  s h o u ld  b e  u s e d .

E f f l u e n t  F i l t r a t i o n

A d d i t i o n a l  p l a n t s  u s i n g  e f f lu e n t  f i l t e r s  w e r e  i n s t a l l e d  i n  1 9 4 0 . M a g 
n e t i t e  f i l t e r s  w e r e  p l a c e d  i n  o p e r a t i o n  f o l l o w i n g  h ig h  r a t e  t r i c k l i n g  
f i l t e r s  a t  N e w  U l m ,  M i n n . ,  S o n o m a ,  C a l i f o r n i a ,  a n d  L i b e r t y ,  N e w  Y o r k ;  
f o l l o w i n g  p l a i n  s e d im e n t a t io n  a t  W o o d b r i d g e ,  N e w  J e r s e y ,  a n d  R o c k  
I s l a n d ,  I l l i n o i s ; a n d  f o r  p o l i s h i n g  t h e  a c t i v a t e d  s lu d g e  e f f lu e n t  a t  t h e  
L e y  C r e e k  P l a n t ,  S y r a c u s e ,  N e w  Y o r k .  A  s a n d  e f f lu e n t  f i l t e r  w a s  i n 
s t a l l e d  f o r  f i n a l  t r e a t m e n t  a t  C a r l s t a t - R u t h e r f o r d ,  N .  J . ,  fo l lo w in g -  
c h e m i c a l  p r e c i p i t a t i o n  a n d  t r i c k l i n g  f i l t e r  t r e a t m e n t .

T h e  t r e n d  i n  d e s ig n  o f  m a g n e t i t e  f i l t e r s  h a s  b e e n  t o w a r d  d o w n f lo w  
c i r c u l a r  f i l t e r s  w i t h  f i n e r  m a g n e t i t e .  C o m p a r a t i v e  p a r a l l e l  b o x  f i l t e r  
t e s t s  w i t h  3 in .  d e p t h  o f  m a g n e t i t e  h a v e  i n d i c a t e d  a p p r o x i m a t e l y  35  p e r  
c e n t  r e m o v a l  o f  s u s p e n d e d  s o l id s  f i l t e r i n g  t h r o u g h  1 .3  m m .  a n d  7 0  p e r  
c e n t  r e m o v a l  t h r o u g h  0 .4  m m . s iz e .  O n l y  1 0  t o  15  p e r  c e n t  i m p r o v e m e n t  
i n  r e m o v a l s  w a s  o b t a in e d  b y  i n c r e a s i n g  t h e  t h i c k n e s s  o f  t h e  f i l t e r  b e d  
f r o m  a  d e p t h  o f  3 in .  t o  6 in .  o f  t h e  v a r i o u s  g r a d e s  o f  m a g n e t i t e  t e s t e d .  
T e s t s  a t  W o o d b r i d g e ,  N .  J . ,  L i b e r t y ,  N .  Y . ,  a n d  L e y  C r e e k ,  N .  Y . ,  h a v e  
i n d i c a t e d  t h a t  t h e  p o l l u t i o n  o f  t h e  e f f lu e n t  d u r i n g  c l e a n i n g  w a s  r e d u c e d  
to  a  m i n im u m  b y  t h e  3 - le v e l  a r r a n g e m e n t  o f  a  p o s i t i v e  b a c k h e a d  b e 
t w e e n  t h e  e f f lu e n t  w e i r  a n d  t h e  w a s h w a t e r  w e i r .  T h i s  w a s  a c c o m p l i s h e d  
b y  s e a l i n g  t h e  w a s h  c h a m b e r  a g a i n s t  t h e  h e a d  o v e r  t h e  f i l t e r  b e d .  
F i l t e r s  a r e  n o w  e i t h e r  i n s t a l l e d  i n  s e p a r a t e  s t r u c t u r e s  o r  o n  t h e  o u t s id e



p e r i p h e r y  o f  c l a r i f i e r s .  A t  S a n t a  F e  S p r i n g s ,  C a l i f o r n i a ,  t w o  u n i t s  
h a v e  b e e n  i n s t a l l e d  f o r  t r e a t i n g  o i l  f ie ld  w a s t e s  w i t h  t h e  m a g n e t i t e  f i l t e r s  
s u r r o u n d i n g  c i r c u l a r  D o r r  f lo c c u l a t o r s  w i t h  n o  i n t e r m e d i a t e  s e t t l i n g .  
T h e  w a s t e s  f r o m  t h e  g r a v i t y  o i l  s e p a r a t o r s  w i l l  b e  c h e m i c a l l y  t r e a t e d ,  
f lo c c u la t e d  a n d  a p p l i e d  d i r e c t l y  t o  t h e  m a g n e t i t e  f i l t e r s .

V e a t c h  226 r e p o r t e d  a  y e a r ’s o p e r a t i n g  r e s u l t s  f o r  D e n v e r  w i t h  m a g 
n e t i t e  f i l t e r  r e m o v a l s  a v e r a g i n g  1 6 .5  p .p .m .  s u s p e n d e d  s o l id s  a n d  15 .7  
p .p .m .  B . O . D .  b u t  n o t e d  t h a t ,  d u e  t o  s l i m y  g r o w t h s ,  t h e  e f f i c ie n c y  o f  
t h e  f i l t e r s  f e l l  o f f  c o n s i d e r a b l y  d u r i n g  t h e  l a s t  p a r t  o f  t h e  y e a r .  S o l i d s  
a n d  B . O . D .  r e a c h in g  t h e  f i l t e r  w e r e  8 6 .7  p .p .m .  a n d  4 9 .2  p .p .m . ,  r e s p e c -  

t i v e l y .
R u d o l f s  188 m e n t io n s  t h e  u s e  o f  m a g n e t i t e  f i l t e r s  f o r  a c t i v a t e d  s lu d g e  

a n d  t r i c k l i n g  f i l t e r  e f f lu e n t s  w h e n  a  h ig h  d e g r e e  o f  c l a r i t y  i s  d e s i r e d .  
H e  a ls o  n o t e s  t h a t  s e v e r a l  s a n d  s t r a i n e r s  a r e  p e r f o r m i n g  g o o d  w o r k  o n  
p l a i n  s e t t l e d  s e w a g e ,  a n d  t h a t  s c r e e n s  c o v e r e d  w i t h  1 / 4  in .  t o  1 / 2  in .  
c o k e  a t  N i a g a r a  F a l l s  a r e  r e m o v i n g  2 0  t o  33  p e r  c e n t  o f  t h e  s u s p e n d e d  
s o l id s  f r o m  r a w  s e w a g e  i n s t e a d  o f  t h e  u s u a l  12  p e r  c e n t  b y  r o t a r y  p l a t e  

® s c r e e n s .
S t r e a n d e r  209 o u t l in e s  t h e  im p o r t a n c e  o f  t h o r o u g h l y  w a s h in g  t h e  

s a n d  i n  t h e  o p e r a t i o n  o f  s a n d  e f f lu e n t  s t r a i n e r s .  W i t h  im p r o v e d  w a s h 
in g ,  s a n d  f i l t e r s  i n  N e w  J e r s e y  a r e  o p e r a t i n g  s a t i s f a c t o r i l y  a t  f i l t e r  
r a t e s  le s s  t h a n  1 g a l .  p e r  s q . f t .  p e r  m in .  M o d i f i e d  s a n d  f i l t e r s  28  in .  
d e e p  o f  t h e  r a p i d  b a c k w a s h  t y p e  a r e  o p e r a t i n g  w i t h  a b o u t  a  4  f t .  lo s s  
o f  h e a d  a t  a  f u l l  s iz e  p l a n t  i n  W u p p e r t a l ,  G e r m a n y .  T h e s e  f i l t e r s  i m 
p r o v e  t h e  r e m o v a l  o f  35  p e r  c e n t  o f  t h e  s u s p e n d e d  s o l id s  b y  s e d im e n t a 
t io n ,  to  60  p e r  c e n t  b y  s e d im e n t a t io n  a n d  f i l t e r s .  T h e s e  f i l t e r s  o p e r a t e  
a t  0 .5  g a l .  p e r  sq . f t .  p e r  m in .  a n d  h a v e  1 t o  2 m m . s a n d .  E x p e r i m e n t a l  
w o r k  a t  W u p p e r t a l  i n d i c a t e d  t h a t  s u c h  f i l t e r s  a h e a d  o f  a c t i v a t e d  s lu d g e  
m a d e  p o s s ib le  a  50  p e r  c e n t  s a v i n g  i n  a e r a t i o n  t im e .  S i x  i n c h  d e p t h  
o f  a p p r o x i m a t e l y  1 m m . s a n d  a r e  u s e d  i n  t h e  e f f lu e n t  f i l t e r s  a t  S o u t h  
R i v e r ,  S a y r e v i l l e ,  R a r i t a n  a n d  S o m e r v i l l e ,  N .  J .  O p e r a t i o n  h a s  b e e n  
a t  n o r m a l  d e s ig n  r a t e s  o f  0 .6 5  g a l .  p e r  s q . f t .  p e r  m in .  t o  p e a k  h o u r l y  
r a t e s  o f  1 .7  g a l .  p e r  sq . f t .  p e r  m in .  R e m o v a l s  b y  t h e  f i l t e r  h a v e  a v e r 
a g e d  a b o u t  5 0  p e r  c e n t  o f  t h e  s u s p e n d e d  s o l id s  r e a c h in g  t h e  f i l t e r s .  
S u s p e n d e d  s o l id s  i n f l u e n t  t o  t h e  f i l t e r  a m o u n t e d  t o  1 0 0  t o  1 5 0  p .p .m .  
a f t e r  p l a i n  s e t t l i n g  a n d  5 0  to  6 0  p .p .m .  a f t e r  c h e m ic a l  p r e c i p i t a t i o n .  I n 
c r e a s e  o f  s u s p e n d e d  s o l id s  i n  f i l t e r  e f f lu e n t  d u r i n g  w a s h in g  w a s  n o te d .  
A b o u t  5 0  p e r  c e n t  r e m o v a l  o f  s u s p e n d e d  s o l id s  a t  a  2 g a l .  p e r  sq . f t .  p e r  
m in .  f i l t e r  r a t e  w a s  a c c o m p l is h e d  w i t h  a  L a u g h l i n  s a n d  f i l t e r  i n  t e s t s  
a t  A t l a n t i c  C i t y .  T h i s  f i l t e r  c o n s i s t e d  o f  a  m e c h a n ic a l  s u r f a c e  c l e a n e r  

rteS w h ic h  r e m o v e d  t h e  d i r t  a c c u m u la t io n  i n  t h e  f i r s t  h a l f  i n c h  a n d  a  b o t t o m
!std p ip e  a n d  w a t e r  j e t  c l e a n e r  w h i c h  e x p a n d e d  a n d  c le a n e d  t h e  s a n d  s u p -
iafl p o r t e d  o n  t h e  s c r e e n .  T h i s  b o t t o m  c l e a n e r  h a s  r e c e n t l y  b e e n  r e p l a c e d
liitd b y  a  s u b d iv i d e d  b e d  w i t h  m e a n s  f o r  a d m i t t i n g  b a c k w a s h  w a t e r ,  b e lo w
Ilf t h e  s u p p o r t i n g  p e r f o r a t e d  p l a t e  s c r e e n .  T h e  b a c k h e a d  w a t e r  i s  in t r o -
sld d u c e d  a t  e a c h  s e c t io n  b y  m e a n s  o f  a  p u m p  t h r o u g h  a  s l i d i n g  v a l v e  co n -
bed n e c t io n .
jjdt F i n a l  e f f lu e n t s  13 o f  4 .4  p .p .m .  s u s p e n d e d  s o l id s  a n d  8 .7  B . O . D .  a r e
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r e p o r t e d  f o r  m a g n e t i t e  f i l t e r s  u s e d  a s  a  f i n a l  p o l i s h  o n  b i o f i l t r a t i o n  
p l a n t  e f f lu e n t  a t  L i b e r t y ,  N e w  Y o r k .  T h e s e  r e s u l t s  w e r e  o b t a i n e d  a t  
a v e r a g e  f i l t e r  r a t e s  o f  2 .0  a n d  m a x im u m  o f  2 .7  g a l .  p e r  sq . f t .  p e r  m m .  
T h e  B . O . D .  r e m o v a l  t h r o u g h  t h e  f i l t e r  a m o u n t e d  t o  4 9  p e r  c e n t  a n d  t h e  

s u s p e n d e d  s o l id s  r e m o v a l  67  p e r  c e n t .
A  s u m m a r y  o f  m a g n e t i t e  f i l t e r  o p e r a t i o n  a t  t h e  M i n n e a p o l i s - S t .  P a u l  

S a n i t a r y  D i s t r i c t 151 s h o w s  f i l t e r  i n f l u e n t  o f  7 8  p .p .m .  a n d  f i l t e r  e f f lu e n t  
o f  5 6  p .p .m .  s u s p e n d e d  s o l id s  a t  a v e r a g e  f i l t e r  r a t e s  o f  2 .5  g a l .  p e r  s q .  f t .  
p e r  m in .  w i t h  d a i l y  a v e r a g e s  a s  h ig h  a s  5 .4  g a l .  p e r  s q . f t .  p e r  m in .

C h l o r i n a t i o n

C h l o r i n a t i o n  i s  r e p r e s e n t e d  i n  s e w a g e  l i t e r a t u r e  l a r g e l y  b y  r e p o r t s  
o n  o p e r a t i o n  a n d  o p e r a t i n g  r e s u l t s .  T h e r e  i s  a  l a r g e  f i e ld  a n d  a  r e a l  
n e e d  f o r  m o r e  f u n d a m e n t a l  r e s e a r c h ,  p a r t i c u l a r l y  i n  s o m e  o f  t h e  n e w e r  
a p p l i c a t i o n s  o f  c h lo r in e .  S u c h  s t u d i e s  w o u ld  b e  a m p l y  j u s t i f i e d  b y  i m 
p r o v e m e n t s  i n  o p e r a t i o n  a n d  b y  e c o n o m y  o f  c h l o r in e .

C h l o r i n e  f o r  D i s i n f e c t i o n .  I n  a  r e v i e w  o f  o p e r a t i n g  e x p e r ie n c e s  a t  
t h e  n e w  B u f f a l o  p l a n t ,  V e l z y ,  J o h n s o n ,  a n d  S y m o n s  227 m e n t i o n  v a r i a 
t io n s  i n  c h l o r i n e  d e m a n d  o f  t h i s  s e w a g e .  T h e  a v e r a g e  c h l o r i n e  d o s a g e  
is  a p p r o x i m a t e l y  5 ,6 0 0  lb .  p e r  d a y ,  b u t  m a y  b e  a s  l o w  a s  3 ,5 0 0  lb .  in  
w i n t e r  a n d  a s  h ig h  a s  8 ,0 0 0  lb .  i n  s u m m e r .  T h e  d a i l y  m a x im a  a n d  
m in im a  d e m a n d s  a r e  h ig h e r  a n d  l o w e r  t h a n  t h e s e  v a l u e s .  O n  o n e  o c 
c a s io n  t h e  c h l o r in e  d e m a n d  r e a c h e d  a  r a t e  o f  6 3 ,0 0 0  lb .  p e r  d a y  f o r  a  
f e w  h o u r s .  S e w a g e  o d o r s  a r e  c o n t r o l l e d  b y  c h l o r i n a t i o n  a n d  v e n t i l a 
t io n  b u t ,  e v e n  t h o u g h  a  l o w  r e s i d u a l  i s  m a i n t a i n e d ,  t h e r e  i s  s o m e  lo s s  
o f  c h l o r i n e  t o  t h e  a i r  i n  t h e  c o n d u i t s .  V a p o r s  a r i s i n g  f r o m  t h e  c h l o r 
i n a t e d  s e w a g e  h a v e  r e s u l t e d  i n  c o n d e n s a t io n  i n  t h e  v e n t i l a t i n g  s y s t e m .  
A n a l y s i s  o f  t h e  c r y s t a l s  p r e c i p i t a t e d  f r o m  t h i s  c o n d e n s e d  v a p o r  i n d i 
c a t e s  a lm o s t  p u r e  a m m o n iu m  c h l o r id e .

V a r i a t i o n s  o f  c h l o r in e  d e m a n d  w i t h  d a i l y  f lu c t u a t i o n s  o f  s e w a g e  
c o n c e n t r a t i o n  a r e  d is c u s s e d  b y  G r i f f i n  84 w h o  c i t e s  a  n u m b e r  o f  t y p i c a l  
e x a m p le s  i n  d e t a i l .  A l l  o f  t h e s e  i l l u s t r a t e  t h a t  c h l o r i n a t i o n  a t  a  f ix e d  
r a t e  r e s u l t s  i n  l o n g  i n t e r v a l s  o f  o v e r -  o r  u n d e r d o s a g e .  M a n u a l  v a r i a 
t io n  o f  c h l o r in e  d o s e  a c c o m p l i s h e s  o n l y  a n  a p p r o x i m a t i o n  o f  i d e a l  
c o n d i t i o n s .  A u t o m a t i c  f e e d  o f  c h l o r i n e  i n  p r o p o r t i o n  t o  f lo w  o f  s e w a g e  
a ls o  l e a v e s  m u c h  to  b e  d e s i r e d ,  s in c e  a  f lo w  c h a n g e  o f  2 t o  1 m a y  b e  
a c c o m p a n ie d  b y  a  c h a n g e  i n  c h l o r i n e  d e m a n d  o f  8  o r  10  t o  1. T w o  n e w  
m e t h o d s  o f  s e w a g e  c h l o r i n a t i o n  p r o v i d e  g r e a t e r  e f f i c i e n c y  i n  m e e t in g  
t h i s  p r o b le m .  P r o g r a m m e d  s t e p - b y - s te p  c h l o r i n a t i o n ,  t o  m a i n t a i n  a  
d i f f e r e n t  d o s a g e  r a t e  a t  p r e s e l e c t e d  i n t e r v a l s  t h r o u g h o u t  e a c h  2 4  h o u r  
p e r i o d ,  i s  d e m o n s t r a t e d  a s  f o l l o w i n g  t h e  r e q u i r e m e n t  c u r v e  f a i r l y  w e l l .  
T h e  n e w  m e t h o d  o f  c h l o r i n a t i o n  b y  p o t e n t i a l  c o n t r o l  d e p e n d s  u p o n  a n  
e l e c t r o d e  s y s t e m  w h i c h  c o n t r o l s  t h e  d o s a g e  r a t e  o f  c h l o r i n a t o r s .  A  
p r e d e t e r m i n e d  p o t e n t i a l  m a y  b e  s e le c t e d  t o  m a i n t a i n  a  r e s i d u a l  o r  s u b 
r e s i d u a l  d o s a g e .  C h a r t s  s h o w  t h i s  t o  r e p r e s e n t  t h e  i d e a l  m e t h o d  o f  
c h l o r in e  c o n t r o l ,  i n  t h a t  s u c h  o p e r a t i o n  m e e t s  t h e  d o s a g e  v a r i a t i o n  c o r 
r e s p o n d in g  t o  d e m a n d ,  d a i l y  f lo w ,  s t o r m  f lo w ,  a n d  o t h e r  u n u s u a l  c o n 
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d i t i o n s .  K l e g e r m a n  128 c i t e s  a  n u m b e r  o f  o t h e r  i n s t a n c e s  o f  t h e  w id e  
f lo w  a n d  c h l o r in e  d e m a n d  v a r i a t i o n s  d i s c lo s e d  b y  s e w e r a g e  i n v e s t i g a 
t io n s .  H e  n o t e s  t h a t  t h e  p o t e n t i a l  m e t h o d  s h o u ld  p r o v i d e  n o t  o n l y  
i d e a l  c o n t r o l  o f  d o s a g e  b u t  s u b s t a n t i a l  c h l o r i n e  e c o n o m ie s  a s  w e l l .

T h e  C o v i n a ,  C a l i f o r n i a ,  s e w a g e  t r e a t m e n t  p l a n t  in c lu d e s  b o t h  b io 
l o g i c a l  a n d  c h e m ic a l  t r e a t m e n t  p r o c e s s e s  b e c a u s e  o d o r  c o n t r o l ,  a  h ig h  
d e g r e e  o f  e f f lu e n t  q u a l i t y ,  a n d  f l e x i b i l i t y  a r e  e s s e n t ia l .  A c c o r d i n g  t o  
K o e b i g  130 o d o r  c o n t r o l  a n d  f lo c c u l a t i o n  a r e  a c c o m p l i s h e d  b y  m e a n s  o f  
f e r r o u s  c h l o r id e  a n d  f e r r i c  c h l o r id e  g e n e r a t e d  b y  m e a n s  o f  a  u n i v e r s a l  
t y p e  c h l o r i n a t o r  a n d  S c o t t - D a r c e v  a p p a r a t u s .  D i s i n f e c t i o n  o f  f in a l  
e f f lu e n t  i s  h a n d l e d  b y  m e a n s  o f  a  s e p a r a t e  c h l o r i n a t o r .  T h e s e  u n i t s  a r e  
f le x ib le  s o  t h a t  a n y  o f  t h e  s o lu t i o n s  c a n  b e  a p p l i e d  a t  s e v e r a l  v i t a l  
p o in t s  i n  t h e  p la n t .  T h e  r a w  s e w a g e ,  s u p e r n a t a n t  l i q u o r  r e t u r n ,  s e c 
o n d a r y  a n d  f i n a l  s lu d g e  r e t u r n s  m a y  b e  t r e a t e d  w i t h  c h l o r i n e  o r  f e r r o u s  
c h lo r id e .  T h i s  p l a n t  h a s  o p e r a t e d  s a t i s f a c t o r i l y  a n d  e c o n o m ic a l l y ,  t h e  
e f f lu e n t  b e in g  u s e d  f o r  i r r i g a t i o n .  A t  C o r p u s  C h r i s t i ,  T e x . ,  A l l i s o n  1 
r e p o r t s  s e t t l e d  t r i c k l i n g  f i l t e r  e f f lu e n t  t o  b e  p u r c h a s e d  b y  a n  o i l  r e f i n e r y  
f o r  c o n d e n s e r  c o o l in g  w a t e r .  T h i s  e f f lu e n t  i s  t r e a t e d  w i t h  c h l o r in e  f o r  
c o n t r o l  o f  c o n d e n s e r  s l im e s  a n d  a p p e a r s  t o  b e  m a d e  e n t i r e l y  s u i t a b le  
f o r  t h e  p u r p o s e .

P e a r s e  167 r e v i e w s  a  r e p o r t  o n  p r o p o s e d  s e w a g e  t r e a t m e n t  f o r  t h e  
c i t y  o f  T o r o n t o ,  a n d  M o h lm a n  152 n o t e s  t h a t  a n  e l e c t io n  h a s  a p p r o v e d  
p la n s  to  b u i l d  t h e  p r e l i m i n a r y  p a r t  o f  t h e  p l a n t .  T h i s  w i l l  c o n s i s t  o f  
s lu d g e  r e m o v a l  a n d  d ig e s t io n  w i t h  e f f lu e n t  c h l o r i n a t i o n  i n  o r d e r  to  p r o 
t e c t  b a t h in g  b e a c h e s  a n d  t h e  w a t e r  s u p p l y  f r o m  L a k e  O n t a r i o .  T h e  
O n t a r i o  M i n i s t e r  o f  H e a l t h  w i l l  a p p r o v e  t h i s  c o n s t r u c t i o n  o n l y  a s  t h e  
i n i t i a l  s t a g e  o f  a  c o m p le t e  t r e a t m e n t  p l a n t  w h i c h  m u s t  b e  c o n s t r u c t e d  
n o t  l a t e r  t h a n  f o u r  y e a r s  s u b s e q u e n t  t o  t h e  f i r s t  s t a g e  o f  t h e  d i s p o s a l  
w o r k s .

P r e c h l o r i n a t i o n  a n d  O d o r  C o n t r o l .  T h e  u s e  o f  p r e c h l o r i n a t i o n  a t  a  
s e w a g e  t r e a t m e n t  p l a n t  r e c e i v i n g  c a n n in g  w a s t e s  i s  m e n t io n e d  b y  B e r n 
h a r d t . 25 W h e n  d o m e s t i c  s e w a g e  a lo n e  i s  t r e a t e d ,  t h e  e f f lu e n t  h a s  a  
c h lo r in e  d e m a n d  o f  4 .5  t o  6 .2  p .p .m . ,  b u t  t h i s  d e m a n d  i s  i n c r e a s e d  b y  
t h e  a d d i t i o n  o f  c a n n in g  w a s t e s  t o  a  f ig u r e  o f  15  t o  32  p .p .m .  P r e 
c h l o r in a t i o n  i s  r e p o r t e d  t o  r e d u c e  o d o r s  a b o u t  t h e  p l a n t  a n d  t o  a s s i s t  
i n  s e d im e n t a t io n .  T h e  d o s e ,  o r  d e g r e e  o f  c h l o r in e  d e m a n d  s a t i s f a c t i o n ,  
i s  n o t  g i v e n .  D e s c r i b i n g  o p e r a t i o n  o f  t h e  R i c h m o n d - S u n s e t  s e w a g e  
t r e a t m e n t  p l a n t  o f  S a n  F r a n c i s c o ,  B e n a s  22 n o t e s  t h a t  c h l o r i n e  i s  a d d e d  
i n  p r o p o r t i o n  t o  f lo w ,  b o t h  f o r  o d o r  c o n t r o l  a n d  f o r  d i s i n f e c t i o n .  P r e 
c h l o r in a t i o n  i s  r e p o r t e d  to  r e q u i r e  a t  l e a s t  30  lb .  o f  c h l o r in e  p e r  m .g .  
to  p r e v e n t  o d o r s ,  w h i l e  p o s t c h l o r i n a t i o n  f e e d  i s  a t  t h e  r a t e  o f  6 0  lb .  p e r  
m .g .  f r o m  8  A . M .  t o  1 2  P . M .  a n d  30  lb .  p e r  m .g .  f r o m  12  P . M .  t o  8 A . M .

C o n t r o l  o f  o d o r s  f r o m  t h e  e n c lo s e d  A s b u r y  P a r k ,  N .  J . ,  p l a n t  b y  
c h l o r i n a t i n g  t h e  v e n t e d  g a s e s  i s  d e s c r ib e d  b y  S t r a h a n . 207 A c c o r d i n g  to  
D ix o n  48 r a w  s e w a g e  r e a c h in g  t h e  D a l l a s ,  T e x a s ,  p l a n t  i s  c o n f in e d  i n  
a i r t i g h t  e n c lo s u r e s .  A f t e r  s c r e e n in g  a n d  g r i t  r e m o v a l ,  s p e n t  g a s e s  
c o l l e c t e d  f r o m  t h e  p r e a e r a t i o n  a n d  a e r o c h l o r i n a t i o n  u n i t s  a r e  d i r e c t e d  
in t o  a  s t a c k  f o r  w a s h in g  a n d  f u r t h e r  t r e a t m e n t  i f  n e e d e d .  C h l o r i n a t o r s
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are p r o v i d e d  to p r o d u c e  chloride of iron, chlorinated copperas, 0 1 for 

a d d i n g  chlorine to the grit channels in order to control odors.
C h lo r in e  f o r  G r e a s e  R e m o v a l . T h e  present status of aerochloi illa

tion, as a m e t h o d  of increasing the r e m o v a l  of gr ea se f r o m  se v a g e ,  is 
r e v i e w e d  b y  F a b e r . 64 T h e o r y  a n d  plant scale operation of s u c h  treat
m e n t  is discussed as well as studies o n  r e m o v a l  of w o o l  g r ea se f r o m  
industrial waste. E d d y  a n d  Fa le s 64 describe the design of aerochlo- 
rinating tanks to be installed in the B o s t o n  s e w a g e  tr e a t m e n t  plants. 
T h e s e  will pr ov id e a detention of 3 to 4  m i n u t e s  at a v e r a g e  flow, the 
introduction of air at 0.02 cu. ft. pe r gallon rate, a n d  chlorine at 2 to 
3 p.p.rn. A t  Dallas, Texas, the n e w  s e w a g e  tr ea tm en t plant, as d e 
scribed b y  D i x o n , 4S is e q u i p p e d  w i th aeration a n d  aeroehlorination for 
r e m o v a l  of grease. R e l e a s e d  s c u m  is s w e p t  b y  w a t e r  s p r a y s  to a s c u m  
b o x  f r o m  w h i c h  it is automatically r e m o v e d  at time-clock-controlled 

intervals.
C h lo r in e  in  A c t i v a t e d  S lu d g e . A t  the W a r d s  Island activated 

sludge plant, chlorine w a s  applied to return sludge to p r e v e n t  bulking 
a n d  to m a i n t a i n  the desired sludge index. E d w a r d s  5s h a s  n o t e d  that 
chlorine is generally believed to b e m o s t  effective in c o m b a t i n g  bulking 
ca u s e d  b y  filamentous m i c r o o r g a n i s m s ,  h a v i n g  b e e n  successfully u s ed 
for this p u r p o s e  at a n u m b e r  of plants. B u l k i n g  at W a r d s  Island is 
c a u s e d  m a i n l y  b y  h i gh volatile solids but occasionally b y  filamentous 
growths. F o r  six m o n t h s ,  t w o  aeration batteries, e a ch treating a n  a v 
erage of m o r e  t h a n  50 m.g.d. of sewage, w e r e  o p e r a t e d  as near ly the 
s a m e  as possible, except that a n  a v e r a g e  of 1.8 p.p.m. of chlorine w a s  
a d d e d  to the return sludge of o n e  battery. T h e  settling characteristics, 

' as m e a s u r e d  b y  the sludge index, w e r e  a b o u t  35 p e r  cent better in the 
battery using chlorine t h a n  in the control battery. T h e n  bulking in the 
control battery m a d e  ne ce ss ar y the chlorination of return sludge in 
both batteries. O v e r  a period of eight m o n t h s ,  w i t h  a n  a v e r a g e  chlo
rine tr eatment of ab ou t 2.5 p.p.m., the sludge i n d e x  in b o t h  batteries 
a v e r a g e d  ab ou t 0.75 ( D o n a l d s o n  index), the s a m e  as for the chlorinated 
battery d u r i n g  the previous six m o n t h s  period. F i l a m e n t o u s  bacteria 
h a v e  not b e e n  present in objectionable quantities d u r i n g  chlorination. 
C a r e  m u s t  be ta ke n to a d d  the p r o p e r  a m o u n t  of chlorine, as too little 
ha s n o  effect a n d  too m u c h  p r o d u c e s  a decidedly m i l k y  a p pe ar an ce , the 
result of b r e a k i n g  d o w n  the floe. T h i s  observation m a y  a p p l y  to the 
results f o u n d  b y  B l o o d g o o d  26 at Indianapolis, w h e r e  the application of 
chlorine w a s  reported to indicate n o  benefit w h e n  tried o n  o n e  of t w o  
plants o p e r a t e d  as nearly as possible the same.

Chlorination of return sludge at the Mansfield, Ohio, activated 
• sludge plant is reported b y  T u r n e r . 223 S p h a e r o t i lu s  is ever p r es en t in 
the r a w  s e w a g e  a n d  a p p e a r s  to multiply rapidly in the activated sludge. 
Chlorination of return sludge at a 10 p.p.m. rate controlled bulking 
t h o u g h  as h i gh as 20 p.p.m. h a s  b e e n  required at times. Chlorine has 
also b e e n  u s e d  to s u p p l e m e n t  air w h e n  a b l o w e r  w a s  d o w n  for repairs

C h lo r in e  in  S lu d g e  T h ic k e n in g . T h i c k e n i n g  tanks at the T a l l m a n s  

Island activated sludge plant are p r o v i d e d  w i t h  ehlorinators to treat
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the s u pe rn at an t liquor, the p u r p o s e  be in g to pr e v e n t  bulking of sludge 

du r i n g  its detention in the tanks. Chlorine m a y  b e  a d d e d  n e a r  the 
center of the t a n k  w i t h  the i n c o m i n g  sludge or n e a r  the surface in the 
s u pernatant liquor. A c c o r d i n g  to E d w a r d s , 05 for satisfactory thick
ening, sufficient chlorine m u s t  be a d d e d  to m a i n t a i n  at least 1.0 p.p.m. 
residual in the overflow. T h e  a m o u n t  of chlorine required d e p e n d s  
u p o n  the condition of the sludge a n d  the m o n t h l y  a v e r a g e  u s e d  is about 
30 p.p.m. Results indicate that the concentration of solids d e p e n d s  
m o r e  u p o n  the volatile content of the sludge t h a n  u p o n  the place w h e r e  
the chlorine is added, but addition of chlorine at the center of the tank 
g a v e  better control of residual. S h a p i r o  198 also provides limited data 
o n  this installation w h i c h  indicates that sludge of only 0.5 pe r  cent solids 
has b e e n  concentrated to one-sixth of its original v o l u m e  without diffi

culty.
A n d e r s o n  3 reports that, in w a r m  weather, chlorine is u s e d  for thick

ening thin activated sludge f r o m  final settling tanks at the Rockville 
Center, N .  Y., plant. A  better concentration results b y  a d d i n g  f r o m  
90 to 100 p.p.m. of chlorine solution to the w a s t e d  sludge a n d  decanting 

the supernatant.
G e n e r a l  U s e s . Miljevie 150 a n d  others describe the use of chlorine 

for controlling filter flies a n d  filter pooling. H e a v y  d o s a g e  of l o w  night 
flows to provide a h i gh residual s e e m s  to be a n  accepted procedure. 
Riker 176 notes that f o a m i n g  of a separate sludge digestion t a nk occurs 
w h e n  p r et re at me nt of s e w a g e  w i t h  chlorinated iron is st o p p e d  at the 
e n d  of the s u m m e r .  I n  a r o u n d  table discussion, V e r m e t t e  2JS a n d  
others describe successful application of chlorine for a variety of p u r 
poses at a n u m b e r  of s e w a g e  tr eatment plants. D a t a  given b y  G i b 
bons 81 o n  the effectiveness of a chlorinated organic c o m p o u n d  (Beno- 
clor-3) for control of vegetation in lakes a n d  p o n d s  is of interest.

O p e r a t io n . S y m o n s  a n d  K i n  212 pr ov id e a multiple n o m o g r a p h  for 
determining chlorine d e m a n d  or d o s a g e  f r o m  given p.p.m. a n d  s e w a g e  
flow. This eliminates m u c h  calculation w h e r e  the chlorine d e m a n d  d e 
termination is m a d e  frequently. W e b e r  234 discusses i m p r o v e m e n t s  in 
the Annapolis, M a r y l a n d ,  plant w h i c h  provide better m i x i n g  of chlorine 
applied to r a w  sewage. T h i s  h a s  resulted in correlation b e t w e e n  chlo
rine applied a n d  chlorine residuals— a condition not f o r m e r l y  true. It 
also prevents loss of chlorine f r o m  the treated s e w a g e  a n d  resultant 
corrosion of me ta l fixtures. J o h n s o n  a n d  J a b l o n 114 describe a simple 
chlorine deficiency a l a r m  w h i c h  should be of value in preventing inter

ruption of continuous chlorination at small plants.
In a p a p e r  o n  m a i n t e n a n c e  of the Allentown, Pa., s e w a g e  treatment 

plant, K r u m  132 notes that the three m a n u a l l y  op er at ed v a c u u m  chlo- 
rinators are given co mp le te overhauling periodically. E q u i p m e n t  is 
dismantled, the cast iron b ase painted, a n d  r e a s s e m b l e d  w i t h  s u ch n e w  
parts as are f o u n d  necessary to k e e p  it in satisfactory condition. B y  
this m e a n s ,  a spare a p p a r a t u s  is m a i n t a i n e d  for i m m e d i a t e  service, 
a n d  operators are familiarized with the function of all parts of the 

e q u i p m e n t  in case of trouble.
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H a r t z  87 points out a n u m b e r  of safety considerations dealing w i t h  
gases at s e w a g e  tr ea tm en t plants. W h i l e  a p r o p e r  ty pe of cannister 
m a s k  is a d e q u a t e  for w o r k i n g  in a n  a t m o s p h e r e  containing chlorine gas, 
consideration m u s t  be given to the conditions of use. If w o r k m e n  m u s t  
enter enclosed spaces w h e r e  there m a y  be a n  o x y g e n  deficiency, then 
either hose m a s k s  or self-contained o x y g e n  breathing a p p a r a t u s  should 
be available. H e  suggests that the location of the nearest inhalator 
should be k n o w n ,  in the event of e m e r g e n c y  n e e d  for s u c h  eq ui pm en t. 
It should be n o t e d  that J o n e s  115 r e c o m m e n d s  the use of o x y g e n - c a r b o n  
dioxide m i x t u r e  as preferable to o x y g e n  for use in inhalators w h e n  
treating cases of chlorine gassing. A  report o n  60 g a s  cases treated 
w i th the o x y g e n - c a r b o n  dioxide m i x t u r e  ( o x y g e n  93 p e r  cent, c a rb on 
dioxide 7 pe r cent) indicates that this tr e a t m e n t  relieves the distressing- 
early s y m p t o m s .  F r e q u e n t l y  a  c o m m u n i t y  fire or police d e p a r t m e n t  
h a s  such e q u i p m e n t  for its e m e r g e n c y  w o r k ,  a n d  this m a y  b e available 

to the s e w a g e  plant.

S ludg e  D ig est io n

G e ne ra l information o n  sludge digestion is gi ve n in the excellent 
b o ok s b y  K e e f e r  120 a n d  I m h o f f  a n d  Fair,102 while recent a d v a n c e s  are 
briefly discussed b y  M o h l m a n  154 a n d  Rudolfs.188 British practice is 
outlined b y  W a t s o n , 233 a n d  Jenkins.109

Sibata 200 reports o n  the digestion of s e e d e d  g a r b a g e  m i x e d  with 
clay, in w h i c h  liquefaction took place at a p H  value b e l o w  7.0 with 
little or n o  m e t h a n e  or h y d r o g e n  production. Bo il ed s o y b e a n  or starch, 
similarly seeded, g a v e  considerable hy d r o g e n .  F u e l  oil yields o n  the 
distillation of the residues after digestion w e r e  h i gh er w h e r e  the c o m 
bustible gas yields w e r e  low.

K e e f e r  a n d  K r a t z  122 present d a ta o n  the ch em ic al tr e a t m e n t  of di
gester overflow liquor. 300 to 400 p.p.m. of ferric chloride g a v e  best 
B.O.D. a n d  s u s p e n d e d  solids reduction. H i g h  s p e e d  m i x i n g  of the 
chemicals for short periods w a s  desirable. H i g h  solids r e m o v a l s  w e r e  
obtained at p H  values of 4.0 to 11.0. B . O. D. r e m o v a l s  w e r e  best at a 
p H  of 4.0.

S m i t h  a n d  St ud le y 202 give results of pilot plant tests w h e r e  t w o  
2-stage digestion s y s t e m s  w e r e  op er a t e d  in parallel. I n  o n e  s y s t e m  
w h e r e  the p r i m a r y  tank w a s  stirred, a solids loading of 12 lb./cu. ft./mo. 
w a s  attained without f o a m i n g  as against 4.5 lb./cu. ft./mo. w h e r e  there 
w a s  n o  stirring in the p r i m a r y  unit. T h e  t e m p e r a t u r e  of the stirred 
p r i m a r y  unit w a s  then raised f r o m  85° to 130° F. a n d  the loading in
creased to 38 lb./cu. ft./mo. w i th ou t f o am in g.

D e s ig n . D e s i g n  d a ta o n  the sludge digestion t a n k  at Dallas, Texas, 
are given b y  D i x o n , 48 at Hibbing, M i nn es ot a, b y  Foster,71 at M u nc ie , 
Ind., b y  B u r g e r , 31 at G a ry , Indiana, b y  H o w s o n , 98 at N e w  H a v e n  b y  
E m e r s o n , 02 at A l b u q u e r q u e  b y  W h e e l e r , 237 at Pueblo, Colo., b y  V e a t c h , 225 
at Darien, Conn., b y  B o ge rt ,27 at Springfield, Mass., b y  B u r g e r , 30 at D e s  
Moines, Io wa , b y  A m e r i c a n  City,4 at Seattle, W a s h . ,  b y  Sylliassen 211 
a n d  at R o c k  Island, Illinois, b y  C o n s o e r  a n d  T o w n s e n d . 41 A t  the R o c k



Vol. 13, No. 2 CRITICAL REVIEW OF LITERATURE OF 1940 213

Island a n d  G a r y  plants the digesters are de si gn ed to hand le c o m b i n e d  

g a r b a g e  a n d  s e w a g e  sludge.
A  flexible a r r a n g e m e n t  of a heating s y s t e m  w h e r e  ga s  engines, build

ing heaters a n d  digester heating coils are interconnected is s h o w n  b y  
Frazier.73 E g g e r t s o n  56 describes the m e t h o d  of pre-heating sludge a n d  
s c u m  before p u m p i n g  to the digester at the R a r i t a n  (N. J.) T o w n s h i p  
plant. N a g e l 161 outlines the safety features of the I m h o f f  t a n k  re c o n 
struction at D a y t o n ,  Ohio. L a n g f o r d  134 gives precautions to follow in 
the design of digester ga s  collection equipment. In A m e r ic a n  C i t y  5 
details are given of the ga s  collection a n d  heating s y s t e m  at Gree nw ic h, 

Conn.
Eliassen 59 presents s o m e  v e r y  useful m o n o g r a p h s  for calculating 

the size of digesters u sing the old rule of t h u m b  cu. ft. p e r  capita basis 

a n d  the m o r e  scientific solids detention me t h o d .
O p e r a t io n . Op e r a t i o n  of the R i c h m o n d - S u n s e t  plant at S a n  F r a n 

cisco is given in a n  article b y  B e n a s . 22 Velzy, J o h n s o n  a n d  S y m o n s  227 
give operating experiences at Buffalo, w h e r e  su pe rn at an t liquor is 
sp r a y e d  o n  the surface of the s c u m  to soften the s c u m  layer.

E x pe ri en ce s at Lansing, Mich., w i t h  the digestion of g a r b a g e  w i th 
r a w  a n d  activated sludge are described b y  Wyllie.246 Particular atten
tion is called to the necessity of p r ov id in g a m e a n s  of r e m o v i n g  bones, 
eggshells a n d  fruit pits f r o m  the g a r b a g e  before it is a d d e d  to digesters ; 
otherwise segregation of this material in the sludge w i t h d r a w a l  lines 
occurs. T h e  effect of the g a r b a g e  in giving a p o o r e r  quality overflow 
liquor is also stressed. Cl ea ry 37 discusses the digestion of g a r b a g e  
with s e w a g e  sludge, a n d  states that digesters w o u l d  h a v e  to be d o ub le d 
in order to handle all the g a r b a g e  as well as the sludge of a mu ni ci pa l
ity. O p e r a t i n g  results of the two-stage s y s t e m  at G r a n d  Forks, N. D., 
are given b y  Riley,177 a n d  at the B a r s t o n  W o r k s  of B i r m i n g h a m ,  E n g 
land, b y  Hewitt.94 A n d e r s o n 2 describes his digester operation e x 
periences at Rockville Center, N. Y. Co rr os io n of gas lines, g as engine 
operation a n d  digester m a i n t e n a n c e  are discussed. T h e  reasons for 
a slight explosion in the c h a m b e r  w h e r e  the gas collection e q u i p m e n t  

is housed, are also outlined.
A  r o u n d  table discussion of f o a m i n g  in sludge digestion tanks is 

presented in M u n i c ip a l  S a n i t a t i o n ,181 w h e r e i n  a n u m b e r  of plant o p 
erators discuss m e t h o d s  of control. L i m e  addition w a s  of help in s o m e  
cases. In others, a  t e m p o r a r y  reduction in solids loading w a s  benefi
cial. A  r o u n d  table discussion of sludge digestion t a nk operations is 
given in S e w a g e  W o r k s  E n g in e e r in g  W  T h is is a n  excellent c o m p i l a 
tion of actual operating p r oc ed ur es followed at a n u m b e r  of representa
tive plants. Points discussed are m e t h o d s  of feeding r a w  sludge, dis
posal of overflow liquor, sludge mixing, tanks, t e m p e r a t u r e s  a n d  heating, 
a n d  insulation, etc. T e n  g o o d  rules for digester operation are given 
b y  Re yb o l d . 10 I m p o r t a n t  points stressed are frequent addition of small 
quantities of r a w  sludge to the digester, pr eparation of the digester for 
shock loads a n d  winter storage, a n d  the avoiding of depletion of seed 

sludge.
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P a t e n t s . S t r e a n d e r  210 s h o w s  a digester design w h e r e i n  circulation 
of liquid is assisted b y  a central draft tube. H e a t  is applied b e l o w  the 
b o t t o m  o p e n i n g  of the draft tube. Fischer 08 covers a two-stage diges
tion s y s t e m  in w h i c h  thermophilic digestion is carried out in the first 
stage a n d  mesophilic digestion in the s e c o n d  stage. D o w n e s  51 describes 
a two-stage digestion s y s t e m  w i th the p r i m a r y  units s u p e r p o s e d  over 
the s e c o n d a r y  tank. P e t e r s e n  168 s h o w s  a t a n k  rotating o n  a  horizontal 
axis for the m i x i n g  of sludge u n d e r g o i n g  digestion. D u r d i n  53 covers 
a digester e q u i p p e d  w i th a g a s  holder in w h i c h  there is a screen in the 
lo we r part that n o r m a l l y  s u b m e r g e s  solid m a t t e r  in the tank. Potts 
a n d  W i g l e y  174 describe a process of stabilizing sludge b y  the action of 
m o l d s  a n d  fungi. B r e u c h a u d  29 s h o w s  a multiple h e a r t h  unit for the 
stabilization of organic matter, w h e r e i n  anaerobic action is carried out 
in the first part a n d  aerobic action in the s e co nd part. B o e d e r  178 covers 
the aerobic thermophilic digestion of d e w a t e r e d  r a w  sludge treated 
w i th stabilized material a h e a d  of the d e w a t e r i n g  step.

P l a n t  R e c o r d s . S e v e n  y e a r s ’ operation records of G r a n d  Bapids, 
Mich., are presented in A m e r i c a n  C i t y .6 C o m p l e t e  d a t a  f r o m  W i n n i 
peg, C a n a d a ,  for the y e a r  e n d i n g  D e c e m b e r  31, 1939, are gi ve n in T h is  
J o u r n a l .243 A  brief s u m m a r y  of the operation of digestion tanks at 
Cleveland is g iven b y  E l l m s  80 in his 1939 A n n u a l  Be po rt . I n  his 1939 
A n n u a l  Beport, C o h n  38 gives results of the I m h o f f  t a n k  operation at 
Schenectady, N. Y.

N e e d  f o r  F u r t h e r  S t u d y . In v i e w  of the interesting pilot plant re
sults o n  thermophilic-mesophilic two-stage digestion at L o s  Angeles, 
further w o r k  along this line at other plants o n  a full plant scale w o u l d  
be well w o r t h  while.

T h e r e  is still n e e d  for correlation of digestion t a n k  op er at in g results 
obtained at different plants over long periods, to better evaluate the 
various factors that h a v e  a n  influence o n  digestion.

S ludg e  D ispo sa l

M o s t  d e v e l o p m e n t s  d u r i n g  1940 in sludge disposal h a v e  rotated 
a r o u n d  v a c u u m  filtration a n d  incineration, w h i c h  a p p e a r  to continue 
their p o p u l a r  trend for the larger plants.

Buffalo, N e w  Y o r k , 227 finds cotton flannel the m o s t  satisfactory filter
ing cloth tried for v a c u u m  filtration of digested p r i m a r y  sludge. T h e  
teasel o n  the flannel a p p e a r s  to be a factor in its favor. Plain steel 
wire at a relative n a r r o w  spacing of 114 inches h a s  increased the life 
of the cloth, w h i c h  av er a g e s  200 to 225 hours.

C a l c i u m  carbonate incrustation in the filter m o n e l  m e t a l  s u p p or ti ng 
screens ha s b e e n  satisfactorily r e m o v e d  w i t h  a 5 to 10 p e r  cent muriatic 
acid solution. T h e  filters w e r e  subjected to this b a t h  for a b o u t  10 
hours. T h e  s a m e  solution h a s  b e e n  u s e d  to r e m o v e  incrustations in 
pipe lines a n d  in the filtrate p u m p s .  F l o w e r  70 at Cl ev el an d cleans filter 
s u p p or ti ng screens in 4 h o u r s  b y  coating a n  u n u s e d  filter cloth wi th 
r u bb er latex, s u s p e n d i n g  this cloth u n d e r  the filter d r u m  a n d  filling the
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b a g  so f o r m e d  w i t h  muriatic acid so that the b o t t o m  section is s u b 

m e r g e d .  H e  does not state the strength.
A b o u t  1.2 cu. ft. of gas h a s  b e e n  required at Buffalo for each p o u n d  

of d r y  solids burned, w h e n  the volatile solids in the sludge cake is 
a r o u n d  40 pe r  cent. W h e n  s c u m  (top sludge) a n d  b o t t o m  sludge are 
b u r n e d  together the higher volatile content tends to over-heat the fur
naces a n d  w a t e r  is s p r a y e d  in the d r y i n g  tower. T h is p r o c e d u r e  s u g 
gests a m e t h o d  of ridding digesters of excessive s c u m  at other plants 
w h e r e  the piping a r r a n g e m e n t s  p e r m i t  a n d  the s c u m  is soft e n o u g h  to 

flow or be p u m p e d .
Grit w a s  b u r n e d  for several h o u r s  alone a n d  w a s  m i x e d  with equal 

parts of sludge d u r i n g  on e w h o l e  m o n t h .  S a n d  in the sludge (not grit 
as a d d e d  to the sludge) ha s c a u s e d  abrasion of fans, cage mills, ducts, 
etc. A t  elbows a n d  b e n d s  in the fuel lines (feeding p o w d e r e d  d r y  
sludge) w e a r  ha s b e e n  excessive a n d  a  w e a r  b a c k  m a d e  of a steel box, 
tilled with concrete, a n d  c l a m p e d  to the pipe ha s  p r o v e d  effective, in
expensive, e a sy to construct a n d  e a s y  to replace.

L y n c h  a n d  Milliken 143 report that winter chemically-precipitated 

r a w  sludges at A u b u r n ,  N e w  Y o rk , h a v e  a g r e a s y  a p p e a r a n c e  a n d  a 
gritty composition, these properties clogging the filter cloths a n d  c a u s 
ing a build u p  of partially d e w a t e r e d  sludge in the filter vats. Grit 
re m o v a l  is inadequate, ag ai n s h o w i n g  the n e e d  for sufficient grit h a n d 

ling facilities at all s e w a g e  plants.
C h e m i c a l  doses for sludge conditioning are d e t e r m i n e d  b y  estimat

ing the solid content f r o m  the specific gravity of the sludge. T h e  rela
tion of specific gravity to solid content is b a s e d  o n  experience. T h e  
B u c h n e r  funnel test is e m p l o y e d  in the laboratory for filterability of 

the conditioned sludge.
Division bars of brass o n  the C o n k e y  filters h a v e  b e e n  replaced with 

half r o u n d  soft w o o d  held w i t h  finishing nails at a net saving of $6.50 
in material a n d  20 h o u r s  of labor pe r cloth change. R e m o v a l  of the 
preheater at A u b u r n ‘ha s eliminated escaping s m o k e  a n d  gases in the 

Nichols Herr es ho ff sludge incinerator.
E l m i r a  143 reports a w e l c o m e d  c h a n g e  f r o m  a n h y d r o u s  ferric chlor

ide to liquid. A  c h a n g e  at this plant f r o m  batch to continuous feed of 
ferric chloride ha s  resulted in a considerable saving. L i m e  is still 
a d d e d  to a batch of the r a w  sludge. T h e  incorporation of pa te nt ed 
valves in the oil a n d  air lines to oil bu r n e r s  for the sludge incinerator 
so that the oil pipe is closed w h e n  the pressure d r o p s  in either line p r e 
vent the fo r m a t i o n  of oil products a n d  subs eq ue nt charring. T h is has 

b een a p r o b l e m  at m a n y  plants.
D e ni se 143 also feels that liquid rather t h a n  a n h y d r o u s  ferric chlor

ide will p r o v e  easier to handle, c h e a p e r  a n d  be easier o n  the e q u i p m e n t  
at Greece, N e w  Yo rk . A  c h a n g e  f r o m  air diffuser tubes to a m e c h a n i 
cal agitator in the sludge conditioning t ank is giving far superior m i x 

ing.
W e b e r  235 at A n n a p o l i s  has substituted elutriation of digested sludge 

with ferric chloride coagulation for filtration conditioning w i th m a r k e d
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benefits over ferric chloride a n d  lime treatment. Benefits include s a v 
ings in chemical cost, labor, p o w e r  a n d  filter cloth. Successful filter 

runs h a v e  b e e n  m a d e  o n  elutriated sludge wi th a l u m  alone.
A t  Cl ev el an d 70’78 the costs of v a c u u m  filtration for 1939 w e r e  $5.97 

a n d  $4.92 p e r  ton of d r y  solids filtered at the W e s t e r l y  a n d  So ut he rl y 
plants, respectively. B o t h  ha nd le digested sludge. Incineration costs 

o n  the s a m e  basis w e r e  $5.10 a n d  $3.86, respectively. T h e s e  are s o m e  
of the first cost figures published o n  digested sludge filtration for a long 

operating period.

F a b e r  34 ha s pr es en te d s o m e  interesting d a t a  o n  chemicals, yields, 

p e r  cent of solids, life of cloth a n d  tr ea tm en t of sludge in connection 
w i t h  the v a c u u m  filtration of sludge. O f  46 v a c u u m  filter plants, 85 per 

cent use ferric chloride for conditioning.

J o n e s  116 ur g e s  caution in the release of d a t a  o n  conditioning of 

sludge, unless there is as surance that time a n d  m a s s  effect of results 
h a v e  b e e n  sufficient to r e nd er true decision. I n  a s u m m a r y  of current 

opinion o n  present practices h e  also e m p h a s i z e s  a c c u r a c y  in v o l u m e  

m e a s u r e m e n t s  a n d  in s a m p l i n g  if a true evaluation of all factors in
volved in d e w a t e r i n g  a n d  conditioning is to be realized. T h e  results 

of filtration at recently c o m p l e t e d  plants m i g h t  well be studied, h e  rec
o m m e n d s ,  a n d  coordinated in a c o m m i t t e e  report b y  the Federation.

I n  a report o n  the cost of sludge disposal at the M i c h i g a n  City acti

va te d sludge s e w a g e  tr ea tm en t plant J o n e s  126 states that in a period 
s o m e w h a t  over 2 %  years digested sludge a v e r a g i n g  7 p e r  cent solids 
w a s  delivered to o p e n  b e ds at a total direct cost p e r  d r y  ton of $1.54. 

T h e  cost of delivering sludge of s o m e w h a t  l o we r solids content to arti
ficially constructed lagoons w a s  $1.34 p e r  d r y  ton. T h e s e  costs, it 
should be kept in mi n d ,  d o  not include sludge cake removal.

R u d o l f s  a n d  W e s t 193 presented a n  interesting report o n  the p r o p e r 
ties of r a w  sludge affecting its discharge t h r o u g h  pipe at the Elizabeth 

Valley Joint M e e t i n g  s e w a g e  t r ea tm en t plant. H e r e  sludge is p u m p e d  
4,400 feet t h r o u g h  a 24-inch force m a i n  for b a r g i n g  to sea. T w o  years 

of s t u d y  s h o w  a n  increase in loss of h e a d  w i t h  a n  increased d r y  solids 

content or decreasing sludge temperature. T h e  t e m p e r a t u r e  of the 

sludge exerted a greater influence o n  the h e a d  t h a n  the solids content. 
T h e  studies also s h o w e d  a n  increased rate of sludge flow w i t h  a higher 
a s h content.

A  total of 54,088 d r y  tons of sludge w a s  d u m p e d  at sea d u r i n g  1939 

f r o m  N e w  Y o r k  C i t y ’s s e w a g e  plants, principally f r o m  W a r d ’s Island, 
at a n  operating a n d  m a i n t e n a n c e  cost of $2.20 p e r  million gallons of 

s e w a g e  or $2.55 p e r  d r y  ton of solids.49 T h r e e  sea-faring ships each 
holding 55,000 cu. ft. of sludge m a k e  the 68 mile r o u n d  trip in about 

6V2 hours. T h e  three vessels cost $1,500,000 a n d  e a c h  carries a  c r e w  
of 18 m e n  including a c o o k  a n d  m e s s  boy. B e si de s N e w  Y o r k  City, this 
m e t h o d  of sludge disposal is n o w  limited to Pa ss ai c Valley, Elizabeth 

a n d  Providence. N e w  H a v e n  at its E a s t  Street plant discontinued
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b a r g i n g  in 1940 w i t h  the installation of v a c u u m  filters a n d  a sludge 

incinerator.
Re -discovery of sludge d r y i n g  with a l u m  a n d  results obtained at 

A u r o r a ,  Illinois, are of interest. S p e r r y  204 m a d e  a n  initial trial w i th 
one p o u n d  of chemical to 85 -9 0 gallons of sludge wi th shortened drying- 

time. L i qu id application w i th a v e r y  short m i x  releases the c a r b o n  

dioxide in the digested sludge a n d  results in a thinner cake t h a n  u n 
treated w e t  sludge applied to a similar depth. T h e  greatest benefits 

occur f r o m  a l u m  in the first 24 hours. A l u m  treated sludge is less af
fected b y  rain. A l u m  tr ea tm en t is of especial benefit w i th poorly di

gested sludge or sludge containing m u c h  grease such as scum.
A g r i c u l t u r a l  U t i l i z a t io n . V a n  K l e e c k  224 points out the d a n g e r s  in 

the use of r a w  sludge, c o m p a r e s  analytically sludges, m a n u r e s  a n d  c o m 
mercial fertilizers a n d  advises the potential user of digested p r i m a r y  
sludge to w e i g h  the cost of m a n u r e  in his c o m m u n i t y  as a r o u g h  index 
of the value of local sludge. M e t h o d s  of ap pl yi ng sludge, a m o u n t s  to 
use for various crops, fortification of sludge a n d  the results f r o m  its 

use are cited.
Ru d o l f s  180 stresses the “ fertility”  value of s e w a g e  sludges in c o n 

trast to their fertilizing values. T h e  g r o w t h  p r o m o t i n g  substances in 
sludge h a v e  a definite sales a p pe al for s e w a g e  plant superintendents. 
T h e  article contains data o n  the chemical constituents a n d  g r o w t h  p r o 
m o t i n g  substances to be f o u n d  in sludges a n d  gives m e t h o d s  for a p p l y 
ing a n d  fortifying sludges. Sl u d g e s  i m p r o v e  the soil a n d  will continue 
to d o  so, he says, if acidity (caused largely b y  the b r e a k - d o w n  of the 
greases a n d  fats present in sludge) is ch ec ke d b y  judicious applications 
of lime to the soil ev er y 3 or 4 years. T h e  o mission of this simple r e m 
e d y  accounts for the g o o d  results w i th sludge for the first f e w  years 
followed b y  injury to plant g r o w t h  b y  the ac c u m u l a t i n g  acidity.

E x p e r i m e n t s  o n  the m a n u r i a l  value of s e w a g e  sludge f r o m  septic 
tanks w a s  reported b y  Cranfield.42 Application o n  experi me nt al plots 
of sludge f r o m  septic tanks fortified with artificial fertilizers containing 
nitrogen, p h o s p h o r u s  a n d  p o t a s s i u m  w e r e  c o m p a r e d  wi th m a n u r e  o n  
equal weig ht basis similarly fortified. It w a s  concluded that u n d e r  
favorable conditions s e w a g e  sludge m a y  be as effective as m a n u r e  but 
if conditions w e r e  a dverse militating against rapid decomposition, then 
m a n u r e  m a y  h a v e  a n  a d v a n t a g e  over sludge. T o  get g o o d  results a d e 
quate dressing with artificial m a n u r e  is r e c o m m e n d e d .  T h e  residual 
effect of the sludge m a y  ca rr y over for a se co nd y e a r ’s crop.

T h e  preparation of m a n u r e  f r o m  t o w n  refuse b y  c o m p o s t i n g  w a s  
reported b y  T r i p p  222 f r o m  E n g l a n d .  T h e  refuse after sorting a n d  pu l
verizing is inoculated. It is subjected to aerobic a n d  anaerobic fer
me nt at io n for 16 d a y s  in cells w h e r e  the t e m p e r a t u r e  rises to 170 to 
175° F. T h e  d r y  m a t t e r  in the m a n u r e  varied f r o m  63.9 to 74.4 p e r  cent 
a n d  nitrogen in d r y  m a t t e r  f r o m  .97 to 1.42 pe r  cent. T h is m a n u r e  
w h e n  applied to kale a n d  s u ga r beets g a v e  higher yields t h an f a r m y a r d  
m a n u r e  o n  the basis of equivalent nitrogen applications.
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M e c h a n ic a l  D e v e l o p m e n t s

A l t h o u g h  it does not a p p e a r  that outstanding' m e c h a n i c a l  d e v e l o p 
m e n t s  in the s e w a g e  field took place d u r i n g  1940, e v e n  a casual l e ad in g 
of the literature cann ot fail to i m p r e s s  one w i th the st ea dy g r o w t h  ot 
m e ch an iz at io n of s e w a g e  tr ea tm en t a n d  i m p r o v e m e n t s  in the m e c h 
anisms. Several interesting articles w e r e  published o n  the research 

w h i c h  led to the d e v e l o p m e n t  of s o m e  equipment.
T h e  n e w  s e w a g e  tr eatment at G a ry , Indiana,98 h a s  m a n y  interesting 

m e c h a n i c a l  features. O n e  of these is the ventilation of the r a ck r o o m  
t h r o u g h  a filter protected connection to the suction side of the bl ow er s 
for the aeration tanks. T h r e e  out of five large s e w a g e  p u m p s  are direct 
connected to g a s engines w h i c h  are automatically throttled b y  the s e w 
a g e  level in the suction channel. T h e s e  installations are d e s i g n e d  to 
w o r k  efficiently over a r a n g e  f r o m  15 to 25 m.g.d. discharge. Since the 
engines are located o n  the first floor of the administration building great 
care w a s  taken to m i n i m i z e  vibration a n d  noise. T h e  concrete engine 
p a d s  are m o u n t e d  o n  vibration d a m p e n e r s .  P i p i n g  h a s  flexible c o n 
nections a n d  double flexible couplings are installed b e t w e e n  the engines 
a n d  the p u m p s .  Acoustical tile ha s b e e n  u s e d  o n  the ceilings of the 
p u m p  a n d  b l o w e r  room s. D o u b l e  d o or s a n d  a doub le f r a m e d  a n d  
double glazed observation w i n d o w  are p r o v i d e d  b e t w e e n  the office hall

w a y  a n d  the b l o w e r  ro o m .
Since G a r y  is a steel center it is not surprising, but interesting to 

k n o w ,  that a p p r o x i m a t e l y  seven miles of steel pipe in sizes u p  to 60 in. 
d i am e t e r  w e r e  u s e d  in the plant. Sizes smaller t h a n  6 in. are ga lv a
nized. Sizes larger t h a n  6 in. are of black steel %  in. thick. All b u r 
ied piping is b i t u m i n o u s  coated a n d  w r a p p e d .  T h e  interior of air 
piping w a s  given a rust protecting h i g h  t e m p e r a t u r e  resisting paint.

G a r b a g e  to be g r o u n d  at this plant will be d u m p e d  into a h o p p e r  
f r o m  w h i c h  it will be carried to the grinders b y  belt c o n v e y o r  f r o m  
w h i c h  bones, silver ware, cans a n d  s o m e  of the other materials w h i c h  
h a v e  b e e n  b o t h e r s o m e  elsewhere m a y  be picked out,

E m e r s o n  62 reports that recent d e v e l o p m e n t s  in materials a n d  m e t h 

ods for u n d e r  w a t e r  w o r k  m a d e  feasible a 4 8 5 0  ft., 36 in. d i am et er 
u n d e r w a t e r  connecting s e w e r  at N e w  H a v e n ,  C o n n .  T h i s  eliminated 

the necessity of on e s e w a g e  tr e a t m e n t  plant w h i c h  h a d  b e e n  c o n t e m 
plated in a c o m p r e h e n s i v e  p l an of several ye ar s a g o  for three plants. 
T h e  leakage in this line w a s  reported to be less t h a n  five gallons per 
d a y  p e r  inch d i a m e t e r  p e r  mile.

A n  existing plant w a s  e n la rg ed a n d  o n e  n e w  plant built at N e w  

H a v e n .
T h e  sludge filters are completely enclosed in a sheet a l u m i n u m  venti

lating h o o d  p i p e d  to the air intake of the incinerator to control odors 
f r o m  the filtration of r a w  sludge. A n  a n n u l a r  space in the incinerator 
c h i m n e y  takes the discharge f r o m  the v a c u u m  p u m p s .

Specifications for the sludge incinerator limited the c o m b i n e d  cost 
of fuel oil a n d  p o w e r  to $1.50 pe r  ton of d r y  solids, w i t h  oil at 5 <t p e r  gal-
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Ion a n d  p o w e r  at 1.54 p e r  kw . hr. Fl y- as h content of gases to b a se of 
c h i m n e y  is not to e xceed 0.75 grains p e r  cn. ft. of gas at discharge t e m 

perature.
T h e  n e w  B o n d  Island s e w a g e  tr ea tm en t plant at Springfield, Mass.,30 

incorporates the latest i m p r o v e m e n t s  in mechanization. T h e s e  include 
detritors for grit r e m o v a l  a n d  wa sh in g, c o m m i n u t o r s ,  aerated influent 
channel to sedimentation tanks, automatically controlled sludge p u m p s ,  
spherical, p ressure ga s holder, gas pressure boosters a n d  c o m p r e s s o r s  
in a separate ga s control building, v a c u u m  filtration of elutriated di
gested sludge, a n d  flash d r y i n g  a n d  incineration of sludge cake. I n 
cinerator as h  is p u m p e d  to a l o w  area for disposal as fill.

F u h r m a n  74 r e v i e w e d  the uses of sludge gas wi th particular atten
tion to p o w e r  production. A  c o m p r e h e n s i v e  list of engine installations 
indicates that they h a v e  b e e n  installed rapidly in small as well as large 
plants. T h e  table lists a total of 22,170 h o rs ep ow er , 20 p e r  cent c o n 
nected to p u m p s ,  35 p e r  cent to blowers a n d  45 pe r  cent to generators. 
F u e l  requir em en ts v a r y  f r o m  8400 B.t.u. pe r b r ak e h o r s e p o w e r  h o u r  
for the 1200 FI.P. engine at W a s h i n g t o n ,  D. C., to 14,500 for a 45 FI.P. 
engine at Ontario, Cal. A  c o m m o n  gu a r a n t e e  figure is 10,000 B.t.u. 
with gas at 600 B.t.u. pe r  cubic foot. I n  s o m e  installations the invest
m e n t  has b e e n  s a v e d  in t w o  or three years. I n  on e  or t w o  rare cases 
the use of a n  engine h a s  b e e n  discontinued because of noise or cost. 
T h e  use of a n  early installation at Rockville Center, L. I., w a s  discon
tinued because of noise a n d  the l o w  cost of municipally p r o d u c e d  cur

rent.
T h e  estimated savings at W a s h i n g t o n ,  D. C., is $13,000 annually 

wh i c h  could be increased to $23,000 b y  installing another 1500 FI.P. gas 
engine, a 750 H . P .  Diesel a n d  severance of the utility lines. T h e s e  esti
m a t e s  include both fixed a n d  operating charges. In 1939 the 1200 FI.P. 
engine oper at ed 95 pe r cent of the time a n d  p r o d u c e d  over 95 p e r  cent 
of the total powe r. Recoveries f r o m  the engine w e r e  estimated as 
electrical e n e r g y  23 p e r  cent, jacket w a t e r  30 pe r cent, ex ha us t 12 per 
cent a n d  losses as electrical a n d  heat 35 p e r  cent. T h is w o u l d  indicate 
a n  overall efficiency of 65 pe r  cent.

Flecking 88 estimates a 20 p e r  cent loss f r o m  the potential p o w e r  in 
gas to the driven unit w h e n  electric current is ge ne ra te d a n d  u s e d  in
stead of direct drive. H e  estimates that 100,000 population should 
p r o d u c e  sufficient gas for the continuous operation of a 150 H . P .  engine.

O n e  a d v a n t a g e  of engine-generator drive is indicated in installations 
at A l b u q u e r q u e , 164 F o r t  D o d g e  140 a n d  O s h k o s h  72 each of w h i c h  h a s  ar
r a n g e m e n t s  wi th the local utility to d r a w  from, or furnish p o w e r  to 
their lines. A t  O s h k o s h  utility p o w e r  is utilized t h r o u g h  the g e n 
erator acting as a n  induction m o t o r  to start the engine. F o r t  D o d g e  
has a 25 y e a r  contract with the utility c o m p a n y  to b u y  or sell p o w e r  

at 0.854 kw. hr.
D o w l i n g  50 ha s given a n  interesting explanation of the d e v e l o p m e n t  

of rotary positive blowers f r o m  a m a c h i n e  originally de si gn ed for w a t e r  
powe r. Th is type of b l o w e r  m i g h t  well be called a positive v o l u m e
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bl o w e r  since the v o l u m e  r e m a i n s  practically the s a m e  for constant sp e e d  
regardless of the outlet pressure. T h i s  feature is utilized for m e t e r i n g  
the output. A  recent d e v e l o p m e n t  is a dual c o m p a r t m e n t  blowei giving 

three different capacities at on e  s p e e d  or six w i t h  dual s p e e d  d u v e .  
F i sh er a n d  H i l l m a n  69 describe the d e v e l o p m e n t  of a c o m b i n e d  floccula
tion a n d  sedimentation t a nk called a ‘ ‘ clariflocculator. T h e  floccu- 
lator occupies a central well in a circular clarifier. Inlet is at the cen
ter, agitation is p r o d u c e d  b y  m o v i n g  Y - s h a p e d  vertical paddles. T h e  
flocculated s e w a g e  passes directly t h r o u g h  the b o t t o m  into the clarifier 
wi th little agitation. Kivel,127 T a r k  a n d  Gi l b e r t 21 ‘ a n d  Nichols 183 h a v e  
written of the d e v e l o p m e n t  of the m o d e r n  m e c h a n i c a l  devices for the 

au to ma ti c r e m o v a l  a n d  w a s h i n g  of grit.
S o m e  p rogress ha s b e e n  m a d e  in the p r o b l e m s  of corrosion, erosion 

a n d  abrasion of metals u s e d  in s e w a g e  treatment. A  s y m p o s i u m  on 
this i m p o r t a n t  m a t t e r  w a s  c o n d u c t e d  215 at w h i c h  the resistance p r o p e r 
ties of nickel, a l u m i n u m  a n d  c o p p e r  alloys a n d  r u b b e r  linings w a s  dis
cussed. C o x  215 reported that studies w e r e  u n d e r w a y  at N e w a r k ,  N. J., 
w h e r e  ga s contains 100-300 grains of h y d r o g e n  sulfide p e r  100 cu. ft. 
T h e s e  tests are o n  the nickel-copper alloys, “ m o n e l ”  a n d  “ ni-resist. ” 
B u r r  215 stated that for sludge gas, c o p p e r  tubing h a s  s h o w n  scaling a n d  
pitting, red brass w a s  little attacked while “ a d m i r a l t y ”  m e t a l  w a s  
scarcely attacked b e y o n d  a little blackening o v er a pe ri od of several 
years in on e test. H e  su gg es te d “ a d m i r a l t y ”  m e t a l  for heat e x c h a n g e r  
tubes. Co nsiderable erosion or abrasion of m e t a l  parts in the sludge 
h a nd li ng e q u i p m e n t  at Buffalo 227 h a s  b e e n  b o th er so me . T h i s  h a s  taken 
place in bars of the flash dryer, fa n  blades a n d  casing. T h i s  effect is 
a p p a re nt ly d u e  to v e r y  fine s a n d  in the sludge. E x p e r i m e n t s  are b e 
ing carried out to find a n  e c o n om ic al a n d  satisfactory solution of the 
problem. In o n e  case a steel b o x  filled w i t h  concrete h a s  b e e n  c l a m p e d  
to the outside of a b e n d  in a  fuel line. T h i s  h a s  p r o v e d  effective, inex
pensive, e a s y  to construct, a n d  to replace.

Material u s e d  for ladies’ stockings w o u l d  h a r d l y  s e e m  suitable for 

a n y  use in a s e w a g e  tr ea tm en t plant yet br u s h e s  m a d e  of “ n y l o n ” 
bristles are reported at M i l w a u k e e  11 to o u t w e a r  those m a d e  of h o g  
bristle for cleaning the fine screens. A l t h o u g h  h igher in first cost they 
a p p e a r  to be m o r e  e c o n om ic al be c a u s e  of at least 50 p e r  cent longer life.

N ew  A ids  to P ractice

E a c h  y e a r  s e w a g e  w o r k s  operators, engineers a n d  e q u i p m e n t  m a n u 
facturers contribute n e w  aids to better p e r f o r m a n c e  a n d  e c o n o m y  of 
plant operation a n d  s e w e r a g e  service. T h e  following developments, 
representing refinements a n d  in s o m e  cases innovations in practice, 
c o m m a n d  a special place in this review. Set a p ar t in this fashion these 
practical d e v e l o p m e n t s  acquire individuality w h i c h  otherwise m i g h t  be 
ov er lo ok ed in a  p a n o r a m i c  picture of progress.

D e p a r t i n g  f r o m  conventional practice in building filter b e d  inclo
sures of reinforced concrete, J e n k s  113 is using c o r r u g a t e d  iron sheets



Yol. 13, No. 2 CRITICAL REVIEW OF LITERATURE OF 1940 221

in t w o  California plants w i t h  a  resulting saving in cost of 20 p e r  cent. 
T h e  co rr u g a t e d  iron plates are of the type n o r m a l l y  u s e d  for culvert 
construction. I n  addition to e c o n o m y  of construction the use of this 
material h a s  the merit of quick a n d  e a sy assembly, thus r e c o m m e n d i n g  
its e m p l o y m e n t  in disposal w o r k s  urgently n e e d e d  in a r m y  c a m p s  a n d  
centers of industrial expansion. A c c o r d i n g  to J e n k s  the use of these 
thin iron sheets h a s  p r ob ab le limitations— in beds of di ameters greater 
than 50 ft. the curvature of the inclosure w o u l d  b e so flat as to necessi
tate s o m e  m e a n s  of stiffening the sheets against bulging. It ha s b e e n  
f o u n d  v e r y  satisfactory, h o w e v e r ,  for b e ds of 36 a n d  45 ft. di am e t e r  
a n d  3 ft. in depth.

O n e  w a y  to cut the cost of tr ea tm en t plant construction w a s  d e m o n 
strated at Liberty, N. Y., w h e r e  a magn et it e filter a n d  chlorine contact 
tank w e r e  c o m b i n e d  in a single structure.7 T h is eliminated the n e e d  
for extra tanks a n d  resulted in a m o r e  c o m p a c t  design.

Substantial e c o n o m y  in cost as well as i m p r o v e m e n t  in hydraulic 
characteristics resulted f r o m  a m o d e l  study of a b a c k w a t e r  gate struc
ture built in Detroit." T h e  test, using a scale m o d e l  1/24 of full size, 
s h o w e d  that a six channel structure, originally proposed, w a s  inferior 
to a smaller, simpler a n d  less costly four channel a r r a n g e m e n t .  H e r e  
again w a s  d e m o n s t r a t e d  the desirability of w i d e r  use of m o d e l  studies 
as a n  adjunct of design procedure.

N e w  information o n  the flow of sludge in pipes resulted f r o m  studies 
m a d e  at the University of Illinois.16 In the p u m p i n g  of sludge it ha s 
been a s s u m e d  that the c o m m o n  hydraulic f o r m u l a s  for flow of w a t e r  
m a y  be u s e d  p r o v i d e d  that the velocity is sufficient to insure turbulent 
flow. B u t  the Illinois investigation indicates that this m e t h o d  is only 
an  a p p r o x i m a t i o n  of the true condition. Viscosity a n d  plasticity are 
important factors, a n d  it is considered evident that s e w a g e  sludge a n d  
clay slurries are true plastics. Conclusions presented are, in brief, as 
follows: ( A )  S l ud ge s s uch as m i x e s  of clay a n d  w a t e r  u s e d  in d e e p  well 
boring, s e w a g e  sludges, sludges f r o m  w a t e r  softening plants a n d  other 
similar a q u e o u s  suspensions of fine particles, o b e y  the f u n d a m e n t a l  
fo rm ul a for the flow of a true plastic; ( B )  for sludge flowing in a pipe 
a critical velocity is encoun te re d as the velocity of flow is increased—  
be lo w the critical point the flow is laminar, while a b o v e  it the flow is 
turbulent; (C ) further research as to the factors affecting turbulent 
flow in pipe is desirable, as the c o m m o n  hydraulic f o r m u l a s  for flow of 
w a te r are not applicable to the flow of sludge.

A  sludge-carrying tractor w i th specially fitted “ saddle b a g ”  bins is 
the a n s w e r  to economical cleaning of d r y i n g  beds, according to reports 
f r o m  Sperry.8 A  r e m o v a l  cost of 14.5 cents p e r  cu. yd. is cited as 
against 48.6 cents using the n a r r o w  g a g e  track a n d  car s y s t e m  orig
inally installed at the plant. E q u i p m e n t  consists s i m p l y  of a s t an da rd 
tractor fitted o n  each side w i t h  N o .  8 g a g e  sheet me t a l  d u m p i n g  bins of 
3 cu. yd. capacity, a n d  it is similar in construction to a m a c h i n e  p r e 
viously built b y  the Springfield (111.) Sa ni ta ry District. W h e n  not
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transporting sludge, the tractor h a s  a score of other uses a r o u n d  the 
plant, such as clearing snow, t r i m m i n g  sludge piles, m o v i n g  grit, etc.

A  “ v a c u u m  cleaner”  for septic tanks, w h i c h  is useful also for re
m o v a l  of sludge f r o m  tanks, ca n easily b e m a d e  in the plant w o r k s h o p ,  
according to the d e p a r t m e n t  of w a t e r  s u p p l y  a n d  w a t e r w o r k s  at Salt 
L a k e  City, U t a h . 135 T h is ingenious h o m e m a d e  device e m p l o y s  a 550 
gal. airtight t a nk m o u n t e d  o n  a n  old auto truck, a 10 gal. auxiliary tank, 
a f e w  c heck valves a n d  s o m e  hose. A i r  in the 550 gal. t a n k  is sucked 
out b y  m e a n s  of a tube that g oes in the t a n k  to the inlet m a n i f o l d  of a 
truck motor. W h e n  the truck is operated, a v a c u u m  is t h e r e b y  created 
in the t a n k ; then a 3 in. h o se co nn ec te d w i th the t a n k  is d r o p p e d  into the 
sludge, a quick acting valve is opened, a n d  the sludge i m m e d i a t e l y  flows 
u p w a r d  into the tank. T h e  operation continues until the t a n k  is almost 
full, after w h i c h  it is e m p t i e d  a n d  is then r e a d y  for use again.

T h e  idea of putting a laboratory o n  w h e e l s  is not n e w ,  bu t the d e 
sign a n d  e q u i p m e n t  of mo bi le units e m p l o y e d  b y  the U .  S. Public 
H e a l t h  Service o n  the O h i o  R i v e r  survey, introduces s o m e  novel fea
tures.9 T h e  mobile unit consists of t w o  el em en ts— a trailer containing 
co mp le te laboratory facilities, a n d  a  t o w  car. T h e  latter is a dual p u r 
pose accessory; it not only provides m o t i v e  p o w e r  for the trailer but 
also serves as a m e a n s  for rapid collection of samples. T h u s  the lab
oratory ca n be located in the center of a n  a r ea u n d e r  s t u d y  for a period 
of one" or m o r e  weeks, d u r i n g  w h i c h  the t o w i n g  car collects sa mp le s 
within a 40 mile radius. T h e  total cost of this m o b i l e  field laboratory 
including the t o w  car, e q u i p m e n t  a n d  six m o n t h s ’ supplies is gi ve n as 
$3,671. T h e  experience g a i n e d  b y  the Public H e a l t h  Service in design
ing a n d  operating these units should b e  of considerable value to state 
health organizations a n d  sanitary districts w h o  h a v e  frequent n e e d  of 

mobile laboratory equipment.
A  simple but effective s c h e m e  for r e m o v i n g  floating grea se a n d  s c u m  

f r o m  settling tanks w h i c h  lack m e c h a n i c a l  e q u i p m e n t  for d o i n g  this job 
is to use a w a t e r  spray.137 A t  C l e v e l a n d ’s W e s t e r l y  plant s o m e  1,360 
Link-Belt s p r a y  nozzles h a v e  b e e n  installed o n  I m h o f f  tanks for this 
purpose. T h e  w a t e r  s p r a y  is m a d e  to strike the surface of the tank at 
a n  angle thus i m p a r t i n g  m o t i o n  to the floating material. T h e  nozzles 
are located at intervals so that the material is k e p t  m o v i n g  until it 
reaches a  s c u m  t r o u g h  at the e n d  of the tank.

R u b b e r  balls c o ve re d w i t h  a c hain netting w e r e  m a d e  available this 
y e a r  for use in s e w e r  p i pe cleaning.189 T h e  chain-inclosed ball, w h i c h  
c o m e s  in various sizes, is first inflated w i t h  air so that it will float 
t h r o u g h  the pipe a n d  thus scrape the u p p e r  surfaces a n d  also r e m o v e  
m a j o r  obstructions. T h e n  it is filled w i t h  w a t e r  a n d  pe r m i t t e d  to roll 
along the pipe invert as a final cleaning m e a s u r e .

S o m e  n e w  facts o n  ventilation of sewers, pointing to the usefulness 
of simple ducts in m a n h o l e s  for aeration, w e r e  m a d e  available b y  stud
ies of the U. S. B u r e a u  of M i n e s . 118 A m o n g  other things, these investi
gations s h o w e d  that natural ventilation b y  m e a n s  of o p e n i n g s  in m a n 
hole covers increases as the area of the op en i n g s  are increased, a n d
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that w i n d  velocity across the op en i n g s  ha s  a m a r k e d  effect o n  ventila
tion ; a 50 p e r  cent increase in ventilation w a s  no te d w h e n  the velocity 

of the w i n d  increased f r o m  zero to 10 m.p.h.
A  m e t h o d  w h e r e b y  sludge d r y i n g  o n  s a n d  b e d s  ca n be s p e e d e d  u p  

b y  the simple expedient of ap pl yi ng heat to the b e d  w a s  described b y  
Phillips.169 A  grid s y s t e m  of 3/4 in. pipe w a s  installed just b e l o w  the 
s a n d  surface of the bed, a n d  excess hot w a t e r  f r o m  the digester heating 
s y s t e m  w a s  circulated t h r o u g h  the pipe. It w a s  reported that 43 per 
cent m o r e  d r y  solids could be h a n d l e d  t h an w a s  heretofore possible o n  
the s a m e  be ds without heat.

I n d u st r ia l  W astes

E u r o p e a n  w o r k  o n  industrial w a s t e  treatment ha s b e e n  diminished 
b y  the war, a n d  the literature is m e a g r e  a n d  difficult to obtain. I n  this 
country, h o w e v e r ,  interest still r e m a i n s  at a h i g h  level, a n d  m o r e  atten
tion has b e e n  d e v o t e d  to the tr ea tm en t of w a st es in conjunction w i th 

domestic sewage.
G e n e r a l . T h e  d e v e l o p m e n t s  of 1939 w e r e  r e v i e w e d  b y  M o h l m a n  155 

in a p a p e r  published early in 1940, w h i c h  contains a n u m b e r  of things 
not widely reported in the literature. A m o n g  these are the G e r m a n  
w o r k  o n  wast es f r o m  coal h y d r o g e n a t i o n  a n d  fatty acid synthesis. T h e  
wastes f r o m  the latter process contain 5,000 to 10,000 p.p.m. of fatty 
acids. T h e  l o w  B. O. D. reduction obtained in the treatment of sulfite 
wastes b y  the H o w a r d  process is also mentioned. T h e  s a m e  au th or 153 
has described the w o r k  of the Sa ni ta ry District of C h i c a g o  in classify
ing a n d  studying the individual w a st es m a k i n g  u p  the 89 m.g.d. of in
dustrial w a s t e  received at the District’s s e w a g e  plants.

T h e  A n n u a l  R e p o r t  of the Division of Sa ni ta ry E n g i n e e r i n g  of the 
M a r y l a n d  State H e a l t h  D e p a r t m e n t  for 1940 contains a r e s u m e  of the 
industrial w a s t e  p r o b l e m s  h a n d l e d  b y  the D e p a r t m e n t  in the past f e w  
years. It is of general interest as a n  indication of the w i d e  variety of 
p r o b l e m s  enco un te re d in a n  industrial state. T h e  general aspects of 
the industrial w a s t e  p r o b l e m  h a v e  also b e e n  discussed b y  K n o w l t o n . 129

A  s y m p o s i u m  of the Institute of S e w a g e  Purification (Eng.) o n  p r e 
treatment of trade effluents 15 discussed the principles of pre-treatment, 
specifically c h r o m a t e  wastes, acid wastes, cyanide wastes, metallic 
wastes, a n d  oil a n d  grease wastes. Quantitative determination of the 
objectionable constituents of these wastes, a n d  limitation of the 
a m o u n t s  allowed to be discharged, also c a m e  u n d e r  discussion.

B e e t  S u g a r  W a s t e . Construction of a plant for treating beet s u g a r  

wastes ha s b e e n  described b y  Eldridge.57 T h e  plant consists of a re
volving screen, grit c h a m b e r ,  coagulation tanks with 20-minute deten

tion, a n d  settling tanks w i th 9 0-minute detention. S l u d g e  is sent to a 
drying pond. T h e  plant w a s  intended to receive flume, beet washer, 

battery w a s h  a n d  p u l p  press waters, a n d  to coagulate t h e m  with 
Steffens waste. D u r i n g  the first operation period n o  Steffens w a s t e  
w a s  available; plain sedimentation yielded a n  effluent with 201 p.p.m.
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B . O. D. (30.3 p e r  cent reduction). A f t e r  n o r m a l  operation w a s  estab
lished, using Steffens w a s t e  as a coagulant, a n  effluent of 26 4 p.p.m. 
B . O. D. w a s  obtained, c o r r e s p o n d i n g  to a 71.3 p e r cent reduction for the 

m i x t u r e  including the Steffens waste.
C a n n e r y  W a s t e . T r e a t m e n t  of c a n n e r y  w a s t e  in the s e w a g e  plants 

of N e w  Y o r k  State is discussed b y  R y a n . 194 A  table of analyses of c a n 
n e r y  w a st es is included. R y a n  states that the m o s t  difficult w a s t e s  are 
corn, pea, t o m a t o  a n d  beet, in the order n a m e d .  H e  concludes that c a n 
n i n g  w a s t e s  ca n a n d  should be treated w i t h  d o me st ic se wa ge , if p r o p e r  
screening is p r o v i d e d  a n d  a n  a d e q u a t e  ratio of s e w a g e  to w a s t e  is m a i n 
tained. H o w e v e r ,  the activated sludge process is not suited for treat
ing m i x t u r e s  of s e w a g e  a n d  c a n n e r y  waste. R y a n  ad vocates the use of 
activated c a r b o n  for re du ci ng the od or s of w a s t e  solids a n d  ensilage 
juice, a n d  the tr eatment of screenings d u m p s  w i t h  bleaching p o w d e r .

R e p o r t s  o n  the tr ea tm en t of w a s t e s  f r o m  citrus juice c a n n i n g  plants 
h a v e  b e e n  issued b y  the T e x a s  State D e p a r t m e n t  of He al th .218 T h e  
w a s t e  f r o m  the peel bins contains the bulk of the B . O . D .  a n d  should be 
se pa ra te d a n d  carried to w a s t e  land. G r i n d i n g  the peel in h a m m e r  
mills will reduce the a m o u n t  of this liquid d r a i n a g e  f r o m  the peel bins. 
T h e  floor-washing w a st es m a y  be treated b y  chem ic al precipitation with 
a l u m  a n d  lime to reduce their B . O. D. f r o m  1,700 to 1,200 p.p.m.; this 
effluent, m i x e d  w i t h  the cooling w a t e r s  a n d  other w e a k  wastes, gives a 
final w a s t e  containing ab o u t  115 p.p.m. B . O . D .  T h e  ch em ic al cost of 
such t r eatment for the a v e r a g e  plant w a s  a b o u t  $1.00 p e r  day. It w a s  
also f o u n d  possible to treat the w a s t e s  b y  activated sludge or trickling 
filters, either alone or m i x e d  w i t h  do me s t i c  sewage.

C o a l  W a s h e r y  W a t e r . Results of investigations dealing w i t h  the 
flocculation of coal w a s h e r y  w a t e r  are r e po rt ed b y  Y a n c e y  et al.247 
S t a r c h y  materials such as potato starch, w h e a t  flour a n d  cornstarch 
w e r e  f o u n d  to be effective as flocculants for coal. T h e  m a x i m u m  ef
fectiveness of these materials w a s  o v er a short r a n g e  of concentration. 
Electrolytes w e r e  effective flocculants o v er a w i d e r  range, bu t the co n
centration ne ce ss ar y to p r o d u c e  g o o d  flocculation w a s  m u c h  higher than 
with the starchy materials. Flocculated coal slurries filtered m u c h  
faster t h a n  unflocculated ones.

G a s  P l a n t  W a s t e . I n  e x p e r i m e n t s  o n  tr e a t m e n t  of p h e n o l  wastes 
o n  trickling filters, E l d r i d g e  57 f o u n d  co mp l e t e  r e m o v a l  of 20 to 30 p.p.m. 
of ph en ol in single-stage filtration, a n d  of 180 p.p.m. in two-stage filtra
tion. W h e n  the w o r k  w a s  r e pe at ed using g a s  plant sc ru bb er liquor 
containing 1,932 p.p.m. of phenol, it w a s  f o u n d  that other toxic m a t e 
rials a c c u m u l a t e d  in the filter, necessitating dilution of the w a s t e  in 
the ratio of 1 to 64. F o r  su ch wastes, trickling filter t r e a t m e n t  w o u l d  
be prohibitive but it m i g h t  be suitable for w a s t e s  containing l o w  ph en ol 
concentrations.

M ilk  P l a n t  W a s t e . F o l l o w i n g  practice a b r o a d  the use of the acti
v a t e d  sludge process for treating milk w a s t e  at dairies in Somerset, 
Pa., a n d  N e w  B r e m e n ,  O., is discussed b y  M o n t a g n a . 157 T h e  plants 
differ f r o m  the usual activated sludge plant in that the w a s t e  is treated
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with lime to p H  8 to 9, mixed, a n d  given p r i m a r y  sedimentation w i th 
recirculated p r i m a r y  sludge. T h e  casein sludge f r o m  the tank, a m o u n t 
ing to ab ou t one p e r  cent of the total w a s t e  vo lu me , is disposed of b y  
transporting to w a s t e  land b y  t a nk truck. T h e  effluent f r o m  the pri
m a r y  tank is aerated with activated sludge for about 24 hours, the lactic 
acid p r o d u c e d  lowering the p H  to 7.6-7.8. T h e  air u s e d  a m o u n t s  to 
2.8 cu. ft. p e r  gallon of waste. S e c o n d a r y  sedimentation follows, a n d  
all sludge f r o m  the s e c o n d a r y  t a nk is returned to the aeration tank. 
T h e  a v e r a g e  B. O. D. of the influent w a s t e  is 545 p.p.m., that of the efflu
ent 7.4 p.p.m., a reduction of 98.4 pe r  cent. T h e  m a x i m u m  B.O.D. of 
the influent is 1,800 p.p.m., that of the effluent 16.5 p.p.m. E a c h  plant 
treats about 50,000 gallons of w a s t e  p e r  day. T h e  construction cost for 
each plant w a s  $12,000 a n d  the operating cost is reported to be $3.00 

per day.
M a l l o r y 144 h a s  described a “ p a c k a g e  delivery”  plant for treating 

milk wastes, consisting of t w o  factory fabricated steel tanks designed 
to treat the wa st es b y  the “ oxidized s l u d g e ”  process. T h is process 
consists of fine screening, aeration with activated sludge, clarification, 
coagulation with unspecified chemicals, a n d  s e c o n d a r y  clarification. 
Reductions in B.O.D. of 94.5 to 99.2 p e r  cent are claimed. T h e  p r e 
fabricated units m a k e  for e c o n o m y  in construction a n d  rapid installa

tion for small plants.
Eldridge 57 converted a l o w  rate trickling filter at a milk plant into 

a high-rate recirculating filter, operating at a gross rate of 16 m.g.a.d., 

a n d  a net influent rate of 3.4 m.g.a.d. T h e  l o w  rate plant h a d  given a 
B.O.D. reduction of 60 p e r  c e n t ; the reconstructed plant g a v e  a n  a v e r 
age reduction of 90.6 pe r  cent, o n  the basis of a n  a v e r a g e  influent B.O.D. 

of 537 p.p.m., a n d  a n  effluent B.O.D. of 46 p.p.m.
T h e  report of the British W a t e r  Pollution R e s e a r c h  B o a r d  232 for 

1939 contains a n  account of ex p e r i m e n t s  o n  the treatment of w h e y  w a s h 
ings f r o m  a cheese factory b y  two-stage trickling filters a n d  b y  activated 
sludge. T h e  two-stage filters, operating at 160 gal. (Imp.) pe r  cu. yd. 
of filter m e d i u m ,  p r o d u c e d  f r o m  ivhey w a s h i n g s  of 270 p.p.m. B.O.D., 
an  effluent of 70 p.p.m. B.O.D. T h e  activated sludge process, using a 
36-hour aeration period, h a n d l e d  w a s h i n g s  of 660 p.p.m. B.O.D., a n d  

p r o d u c e d  a n  effluent containing 60 p.p.m.
Disposal of mi lk w a s t e  o n  land b y  irrigation or b y  s p r a y i n g  (artifi

cial rain) is described b y  Christophersen.36 T h e  “ tank process,”  in 
w h i c h  the w a t e r  is subjected to successive fermentations in a series of 
tanks, is r e c o m m e n d e d  as a pr eliminary to agricultural utilization of 

the waste.
Nichols 162 describes the tr eatment of dairy w a s t e  b y  chemical p r e 

cipitation wi th a l u m  a n d  sterilization b y  hypochlorite. T h e  usual a l u m  
dose is 25 to 35 grains pe r  ga ll on; sufficient hypochlorite is a d d e d  to 
p r o d u c e  a chlorine residual of 2 to 3 p.p.m., a n d  the w a s t e  is settled in 
fill-and-draw tanks holding on e  d a y ’s discharge. S l u d g e  is dried o n  
cinder filters. A  w e a k  m i lk w a s t e  h a d  its B. O. D. r e d u c e d  f r o m  846
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p.p.m. to 119 p.p.m. b y  this process, a n d  a strong w a s t e  f r o m  1 9 8 0  to 

53 4 p.p.m.
O i l  W e l l  B r i n e s  a n d  O i l  R e f in e r y  W a s t e . I n  California, according 

to H u m p h r e y s  a n d  R a w n , 100 brines f r o m  p r o d u c e r s  in adjacent fields 
are collected, given the necessary tr ea tm en t to r e m o v e  oil a n d  sus
p e n d e d  solids, a n d  carried to the oc e a n  in pipe lines of considerable 
length. A t  on e  of these central tr ea tm en t plants a special t w o - c o m p a r t 
m e n t  sedimentation a n d  s k i m m i n g  t a n k  is used. T h e  effluent f r o m  the 
t a nk passes d o w n w a r d  t h r o u g h  a n  excelsior filter. T h e  tr e a t m e n t  re
m o v e s  95 pe r  cent of the 1,000 p.p.m. of oil contained in the waste, a n d  
practically all of the s u s p e n d e d  solids. T h e  entire plant, including the 
outfall, cost $750,000, a n d  ha s a capacity of 4 m.g.d. O p e r a t i o n  a n d  
m a i n t e n a n c e  costs are $25 p e r  m.g. a n d  fixed c h ar ge s $5 0  p e r  m . g . ; f r o m  
this m a y  be d e d u c t e d  the $20 p e r  m.g. realized f r o m  the sale of the 

recovered c r ud e oil for r o a d  or fuel oil.
G i b b o n s  80 s h o w s  w h a t  small quantities of p e t r o l e u m  pr od u c t s  will 

p r o d u c e  taste a n d  o d o r  difficulties in w a t e r  supplies. F o r  ex am p l e ,  No. 
2 heating oil c a n  be detected b y  the hot o d o r  test in dilutions of 1 to
12,000,000. G i b b o n s  discusses the r e m o v a l  of these tastes a n d  odors.

P a c k in g h o u s e  W a s t e . T h e  tr ea tm en t plant of A r m o u r  a n d  Co. at 
W e s t  F a r g o ,  described b y  H o w s o n , 97 treats 700,000 g.p.d. of p a c k i n g 
h o u s e  w a s t e  w i th a n  a v e r a g e  B . O. D. of 1000 p.p.m. T r e a t m e n t  takes 
place in the following s t e p s : screening, grit removal, gr ea se flotation, 
flocculation, p r i m a r y  settling, p r i m a r y  filtration o n  trickling filters 
e q u i p p e d  for both air a n d  w a t e r  w a sh in g, s e c o n d a r y  settling, se co nd ar y 
filtration o n  conventional trickling filters, final settling, a n d  cascade 
aeration prior to discharge to the stream. T h e  sludge is lago on ed 
wi th ou t digestion. M o s t  interesting is the p e r f o r m a n c e  of the p r i m a r y  
filters: d o s e d  at 6 m.g.a.d., or 5,000 to 6,000 lb. of B . O . D .  p e r  acre-foot, 
they r e m o v e  3,000 to 4,000 lb., re du ci ng the B . O . D .  of the effluent w aste 
to 250 to 350 p.p.m. T h e  s e c o n d a r y  filters m a y  be o p e r a t e d  in parallel 
or in series. T h e  plant h a s  consistently bettered the 95 p e r  cent B.O.D. 
r e m o v a l  u p o n  w h i c h  the design w a s  based.

P a p e r  M i l l  W a s t e . T h e  H o w a r d  process for treating sulfite pulp 
mill wastes, as installed at the M a r a t h o n  P a p e r  Co., Rothschild, W i s 
consin, is the subject of a n u m b e r  of papers. T h e  details of the process 
are given b y  H o w a r d , 96 w h o  claims a B . O. D. reduction of a p p r o x i m a t e l y  
80 p e r  cent, a n d  describes the utilization of the precipitated lignin. A  
st u d y  of the H o w a r d  process effluent b y  W a r r i c k 231 s h o w e d  a  43.5 per 
cent decrease in the potential h y d r o g e n  sulfide gene ra ti ng p o w e r  of the 
waste. W a r r i c k  also f o u n d  that the results obtained d e p e n d e d  to s o m e  
extent o n  the types of w o o d  a n d  co ok in g p r o c e d u r e s  u s e d  in the p a p e r  
mill. T h e  greatest p e r c en ta ge of the total o x y g e n  d e m a n d  of the w a s t e  
w a s  exerted b y  its c a r b o h y d r a t e  content. W a r r i c k  f o u n d  B . O . D .  re d u c 
tions of 31 to 45 p e r  cent to b e  the best obtainable f r o m  the process. 
R i v e r  w a t e r  w a s  u s e d  as dilution water, since the s t a n d a r d  dilution 
w a t e r s  p r o v e d  unsatisfactory for the waste. K e e t h  123 discussed the 
use of the precipitated lignin as fuel. P r e s s i n g  of the material r e d u c e d
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the mo is t u r e  content to 5 0 p e r  cent. T h e  press-cake, w h e n  m i x e d  w i t h  
15 p e r  cent of coal, w a s  b u r n e d  in boilers e q u i p p e d  w i th stokers. A  
recovery of 64 p e r  cent of the available heat w a s  indicated.

T h e  c h em is tr y of lignin a n d  its utilization is discussed b y  H a r r i s  86 
in a p a p e r  w h i c h  s u m m a r i z e s  recent research, a n d  s h o w s  the relation
ship of the structure of the lignin molecule to the c o m m e r c i a l l y  useful 
materials p r o d u c e d  f r o m  it. T h e  pr od uc ti on of t a nn in g materials, iron- 
r e m o v i n g  c o m p o u n d s  for water, vanillin, a n d  other materials is taken

U P- . . .
In e x pe ri me nt s o n  the purification b y  activated sludge of m i xt ur es 

of s e w a g e  a n d  sulfite w a s t e  liquors, S a w y e r  195 f o u n d  that satisfactory 
results w e r e  obtained w i th s e w a g e  containing 6 p e r  cent or less of 
H o w a r d  process effluent, a n d  10 pe r cent or less of r a w  calcium-base 
sulfite liquor. H i g h e r  percentages p r o d u c e d  sludges too h e a v y  to be 
kept in suspension b y  n o r m a l  aeration, d u e  to precipitation of calcium 
carbonate. M a g n e s i u m - b a s e  sulfite liquor p r o d u c e d  bulking sludges. 
T h e  i m p o r t a n c e  of a d d i n g  nitrogen a n d  p h o s p h o r u s  in assimilable f o r m  
to dilution w a t e r s  u s e d  for de t e r m i n i n g  the B.O.D. of mi xt u r e s  c o n 
taining high proportions of sulfite w a s t e  w a s  demonstrated. Failure 
to a d d  these necessary nutrients, according to S a w y e r ,  accounts for the 

claims of h i gh B.O. D. r e m o v a l s  b y  the H o w a r d  process.
G e r m a n  investigators, according to F i n k  a n d  Le ch ne r,66 are using 

sulfite wastes for g r o w i n g  yeast w h i c h  is dried a n d  u s e d  at cattle fodder.
T h e  use of m a g n e s i u m  instead of calcium as the base of sulfite c o o k 

ing- liquor facilitates re co ve ry a n d  re-use of chemicals ; operation of the 
process o n  a pilot plant scale is described b y  T o m l i n s o n  a n d  Wi lc ox - 
son.220 Descriptions of a n u m b e r  of recent patents o n  the disposal of 
p a p e r  mill wastes, particularly sulfite wastes, will be f o u n d  in 
T A P P I ,  sections 276 to 278 of the P a p e r  T r a d e  J o u r n a l for 1939.

E x p e r i m e n t s  o n  the flocculation of white waters, described b y  
Poor,171 s h o w e d  that the best results w e r e  obtained w i th fatty acid 
soaps in conjunction w i th alum. T h e  a m o u n t  a n d  character of the 

filler contained in the white w a t e r s  h a d  a considerable effect o n  their 

flocculation.
Spulnik e t a l 205 studied the specific effects of r a w  w a s t e  sulfite liquor 

o n  plant g r o w t h  a n d  soil properties. It w a s  f o u n d  that w a s t e  sulfite 
liquor in concentration b e l o w  80 tons p e r  acre w a s  not toxic to s u n 
flowers. It increased c a r b o n  dioxide pr od uc ti on in the soil, organic 
decomposition a n d  the microbiological population of the soil.

T e x t i le  W a s t e s . E x p e r i m e n t s  b y  Porges, Miles a n d  B a i t y 1'- h a v e  
s h o w n  that direct addition of sulfur d y e  w a s t e s  to activated sludge in 

a m o u n t s  as l o w  as 0.5 pe r cent b y  v o l u m e  will retard digestion. D i 
gestion of sludge p r o d u c e d  f r o m  s e w a g e - d y e  w a s t e  mi xt u r e s  is also in
hibited, but the effect p e r  unit of d y e  w a s t e  is not as great as that o b 
tained b y  direct addition. T h e  inhibiting effect of the d y e  w a s t e  m a y  
be m i n i m i z e d  b y  using sludges acclimated to the w a s t e  as seeding m a t e 
rial, a n d  b y  increasing the quantity of seeding sludge u s e d  p e r  unit of



2 28 SEWAGE WORKS JOURNAL March, 1941

fresh sludge. P r o d u c t i o n  of h y d r o g e n  sulfide a n d  colloidal sulfur w a s  

no t e d  d u r i n g  digestion of the dy e- wa st e treated sludges.
A n  a n o n y m o u s  article in the S u r v e y o r  14 describes the history of 

grease re co ve ry f r o m  wool-scouring w a s t e  at B r a d f o r d ,  the En g l i s h  
w o o l  center. W i d e  fluctuations in the price obtained for the recovered 
grease are noted, w i t h  especially favorable prices in w a r  time. P r o g 
ress in the production of higher quality greases h a s  w i d e n e d  the market.

A  British patent g r a n t e d  to Jones, e t a l 117 recovers g rease a n d  soap 
f r o m  w o o l  scouring w a st es b y  using soluble salts of m e ta ls s u c h  as cal
c i u m  to f o r m  insoluble soaps. G a s e o u s  c a r b o n  dioxide a n d  coagulants 
su ch as bentonite or a l u m  are added, a n d  the m i x t u r e  is filtered. T h e  
filtrate m a y  be re-used in scouring. T h e  precipitate is extracted with 
b e n z e n e  to recover grease, w h i c h  is further purified b y  extraction to 

separate the true grease a n d  the soaps.
R e c o v e r y  of tin c o m p o u n d s  f r o m  silk we i g h t i n g  liquors b y  filtration 

t h r o u g h  activated alumina, solution of the a d s o r b e d  tin b y  s o d i u m  sul
fide, a n d  ultimate conversion of the tin to tin-chloride is described by 

D o w n i e . 52
Phillips 169 h a s f o u n d  that kier liquors m a y  b e digested in the s a m e  

m a n n e r  as sludge, a n d  will p r o d u c e  4 to 5 v o l u m e s  of a ga s similar to 
sludge gas pe r  v o l u m e  of liquor. T h e  B . O. D. of the liquor is re du ce d 
b y  80 to 90 p e r  cent in the process. It is p l a n n e d  to dispose of kier 
liquors at D u r h a m ,  N. C., b y  piping t h e m  directly to the digesters of 
the s e w a g e  plant.

T a n n e r y  W a s t e . A  detailed st u d y  of c h r o m e  t a n n i n g  w a s t e  at a 
t a n n e r y  in W a u k e g a n ,  111., h a s  b e e n  m a d e  b y  H a r n l y ,  W a g n e r  a n d  
S w o p e . 85 T h e  w a s t e s  are treated b y  se dimentation only, a n d  the sludge 
is u s e d  to fill a n  adjacent m a r s h .  A  small portion of the waste, co n
sisting of highly colored spent vegetable t a n n i n g  extract, is l a g o o n e d  on 
a n  old sludge bed, w h i c h  r e m o v e s  the color b y  chemical action a n d  filtra
tion ; the decolorized effluent is a d d e d  to the general plant waste.

T h e  strongly alkaline b e a m  h o u s e  waste, constituting a b o u t  75 per 
cent of the total flow, precipitates practically all of the c h r o m i u m  in the 
spent t a nn in g liquor; the final w a s t e  is not toxic. T h e  tr e a t m e n t  p r oc
ess as described reduces the a v e r a g e  s u s p e n d e d  solids f r o m  1,050 p.p.m. 
to 162 p.p.m., a n d  the B . O. D. f r o m  335 to 202 p.p.m. T h e  lo w e r  B.O.D. 
of c h r o m e  t a nn in g waste, as c o m p a r e d  w i th that of vegetable tanning 
waste, does not a p p e a r  to be d u e  to the presence of toxic substances. 
E x p e r i m e n t s  o n  coagulation of the w a s t e  w i th ferrisul s h o w e d  that 20 
to 25 p.p.m. w o u l d  yield a n  effluent 50 p e r  cent l o we r in s u s p e n d e d  solids 
t h a n  that obtained b y  sedimentation alone. E q u a t i o n s  are de veloped 
for c o m p u t i n g  total a n d  s u s p e n d e d  solids, nitrogen, a n d  B . O . D .  in the 
wastes, in t e r m s  of the quantity of hides in process.

T r e a t m e n t  of w a s t e  f r o m  a sheepskin t a n n e r y  o n  a pilot plant scale 
is reported b y  Eldridge.57 T h e  m e t h o d s  tried included plain s e d i m e n 
tation a n d  lime precipitation; bo th fill-and-draw a n d  continuous-flow 
m e t h o d s  w e r e  used. E l d r i d g e  r e c o m m e n d e d  the fill-and-draw lime p r e 
cipitation, us in g 14 lb. of lime pe r  1,000 gallons of waste. T h e  sus-
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pendecl solids w e r e  r e d u c e d  f r o m  1,980 p.p.m. to 497 p.p.m., a n d  the 
B.O.D. f r o m  1,630 to 823 p.p.m. T h e  sludge v o l u m e  w a s  5.3 p e r  cent 
of the total w a s t e  vo lu me , a n d  the sludge contained 3.9 pe r  cent of solids 
b y  weight. It w a s  f o u n d  that the breaks a n d  fleshing m a c h i n e  wast es 
could be treated separately w i th 1.25 gallons of sulfuric acid pe r 1,000 
gallons of waste, aerated, a n d  s k i m m e d  to recover ab ou t 31 lb. of grease 
per 1,000 gallons. T h e  c o m m e r c i a l  value of the process w a s  not deter

mined.
W i n e r y  W a s t e s . H o d g s o n  a n d  J o h n s t o n 95 h a v e  m a d e  a st u d y  of 

w i n e r y  wastes, w h i c h  included operation of a pilot plant, a n d  final d e 
sign of a pre-treatment plant to r e m e d y  the difficulties c a us ed b y  these 
wastes at the Glenelg activated sludge plant of Adelaide, Australia. 
T h e  wastes, consisting m a i n l y  of spent liquors a n d  residues f r o m  final 
alcohol recovery b y  distillation, w e r e  f o u n d  to a m o u n t  to 200 to 250 
(Imperial) gallons of w a s t e  containing 4,200 p.p.m. B.O.D. p e r  ton of 
grapes processed. O n  the basis of the pilot plant experiments, the final 
treatment c o m p r i s e d  the following s t e p s : precipitation w i th a b ou t 1,200 
p.p.m. of lime, flocculation, sedimentation, dilution of settled w a s t e  with 
plant effluent, a d j u s t m e n t  of p H  to 7.0-8.0 w i t h  acid, a n d  treatment of 
the liquid o n  trickling filters in t w o  stages, wi th a h u m u s  tank after the 
first stage. T h e  effluent of the se co nd stage is sent to the aeration tanks 
of the activated sludge plant, to be treated with the d omestic s e w a g e  of 
the city. B e c a u s e  of the possibility of o d o r  nuisances, co ve re d sedi
mentation a n d  flocculation tanks, a n d  enclosed, forced-ventilation trick
ling filters w e r e  specified. T h e  pilot plant ex p e r i m e n t s  indicated that 
a n  effluent not exceeding 60 to 80 p.p.m. of B. O. D. could be produced, 
wh ic h w o u l d  not be h a r m f u l  to the activated sludge plant. C o n s t r u c 
tion of a separate s e w e r  f r o m  the w i n e r y  to the pr et re at me nt unit, 
located at the s e w a g e  plant, w a s  a v oi de d b y  providing storage at the 
winery, a n d  discharging the w i n e r y  w a st es into the m a i n  s e w e r  d u ri ng 
the early m o r n i n g  period of l o w  s e w a g e  flow. T h e  resulting m i x t u r e  
of wa st e a n d  s e w a g e  goes directly to the pr et re at me nt plant.

E ffe c t  of I n d u st r ia l  W astes  o n  S ew age  T r e a t m e n t

G e n e r a l . A d m i s s i o n  of industrial w a s t e  to sewe rs ha s received c o n 

siderable attention in E n g l a n d .  G a r n e r  77 a n d  D a r t 44 h a v e  discussed 
the principles g o v e r n i n g  such ad m i s s i o n  as derived f r o m  the Public 

H e a l t h  Ac ts of 1936 a n d  1937. Local authorities are directed to a d m i t  
trade w a s t e  to the s e we rs at the request of the ma nu fa ct ur er , but are 
e m p o w e r e d  to m a k e  rules covering period, rate, a n d  quantity of dis

charge, t e m p e r a t u r e  a n d  p H  value, exclusion of injurious wastes, a n d  
p a y m e n t  for admission. T h e  legislation confers o n  m a n u f a c t u r e r s  a 

prescriptive right to discharge, wi th ou t p a y m e n t ,  wa st es equal in q u a n 
tity a n d  composition to those discharged into the s e we rs at a n y  time 
during the y e a r  e n d i n g  M a r c h  3, 1937. T h is provision ha s  b e e n  a 
source of dissension a n d  discussion. T h e  City of M a n c h e s t e r  145 ha s  
h a d  p r e p a r e d  a r e vi ew of m e t h o d s  p r o p o s e d  a n d  in use for assessing
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c h ar ge s for the ha nd l i n g  of industrial wastes. M a n c h e s t e r  is consider
ing dividing w a st es into three classes, A ,  B, a n d  C, ac co rd in g to the 
difficulty of h a nd li ng a n d  treatment, a n d  m a k i n g  a  flat c h a r g e  p e r  1,000 

(Imperial) gallons of 2, 3 a n d  4 pence, respectively.
M c K e e  147 ha s described the ordinance pu t into effect b y  the B o r o u g h  

of Middlesex, N. J., g o v e r n i n g  the acceptance of industrial w a s t e s  in its 
s e we rs a n d  s e w a g e  plant. A  plant m a n u f a c t u r i n g  glazed fruit w a s  re
quired to pre-treat its w a st es b y  sedimentation, addition of lime to p H
7.0, a n d  chlorination to 1 p.p.m. residual. A  m o t i o n  picture developing 
concern, w i th a w a s t e  h a v i n g  a chlorine d e m a n d  of 5,000 p.p.m., w a s  
required to m a i n t a i n  a p H  of 7.0, a n d  a chlorine residual of 1.0 p.p.m. 
T h e  plant subsequently r e d u c e d  its h i gh c o n s u m p t i o n  of chlorine b y  
recovering the s o d i u m  thiosulfate in the waste. A  plant m a n u f a c t u r i n g  
Paris g r e e n  a n d  calcium arsenate w a s  required to r e du ce the arsenic 
content of the w a s t e  to a n  a m o u n t  w h i c h  w o u l d  not interfere w i t h  di
gestion. It w a s  s h o w n  b y  e x p e r i m e n t  that digestion w a s  stimulated b y
0.05 g. of calcium arsenite in 400 ml. of m i x e d  fresh a n d  digested sludge, 
while 0.25 g. h a d  n o  effect, a n d  1.25 g. retarded digestion. Pa ri s green 
m a r k e d l y  retarded digestion in a m o u n t s  as l o w  as 0.05 g. in 400 ml. 
m i x e d  sludge. Th is re q u i r e m e n t  w a s  m e t  b y  installing a filter press, 
a n d  the re co ve ry of the arsenic sludge w a s  subseq ue nt ly f o u n d  to be 
profitable. T h e  plants p a y  the b o r o u g h  at the rate of $3 3 p e r  m.g. for 
disposing of their waste, in addition to fulfilling the p r e t r e a t m e n t  re
quirements.

T h e  s e w a g e  plant at Gr eensboro, N. C., w a s  de si g n e d  to handle 
d o me st ic s e w a g e  a n d  textile wastes. A f t e r  operating for six m o n t h s  
o n  do me st ic s e w a g e  alone, textile w a s t e s  w e r e  admitted. This, accord
ing to M e n g e l , 148 necessitated a n u m b e r  of c h a n g e s  in the operation of 
the plant. T h e  practice of a d d i n g  excess activated sludge to the pri
m a r y  t a nk h a d  be to a b a n d o n e d ,  a n d  the excess sludge p u m p e d  to the 
digesters separately f r o m  the p r i m a r y  sludge. Re -aeration of the re
turn sludge w a s  f o u n d  necessary, a n d  air c o n s u m p t i o n  increased in the 
aeration tanks. T h e  a m o u n t  of ferric chloride required for sludge con
ditioning prior to filtration increased b y  8 to 20 p e r  cent, a n d  the equip
m e n t  for ha nd li ng the filter c a ke w a s  redesigned. A t  on e  time, exces
sive d u m p i n g  of kier liquor raised the p H  in the s e c o n d a r y  tanks to 
11.5, resulting in a c l ou dy effluent. T h e  condition w a s  r e m e d i e d  b y  
tr ea tm en t with acid. Close co-operation b e t w e e n  the municipality an d 
the textile plants is indicated as a necessity to p r e v e n t  recurrence of 
su ch conditions. O t h e r  desirable c h a n g e s  indicated w e r e  a 50 p e r  cent 
increase in p r i m a r y  t a n k  a n d  digester capacities, a n d  provision for p H  
control of the influent, a n d  for the thickening of excess activated sludge.

A c t i v a t e d  S lu d g e . A t  the Glenelg activated sludge plant, according 
to H o d g s o n  a n d  Jo hn st on ,95 the high c a r b o h y d r a t e  content of untreated 
w i n e r y  wastes, present to the extent of on e  p e r  cent b y  v o l u m e  in the 
s e w a g e  flow, resulted in the conversion of the activated sludge to s o m e 
thing closely a p p r o a c h i n g  a p u r e  culture of filamentous o r g a n i s m s  
within o n e  or t w o  weeks. S l u d g e  indices w e n t  as h i g h  as 50 0 to 600,



with c o mp le te b r e a k d o w n  of the plant. All conventional m e t h o d s  of 
controlling the g r o w t h  of the filamentous o r g a n i s m s  failed, a n d  the only 
r e m e d y  w a s  the construction of a pre-treatment plant to r e m o v e  75 to 
80 per cent of the carb oh yd ra te s f r o m  the w i n e r y  wastes. T h is plant 
is described in the section o n  industrial wastes.

S e d im e n ta t io n . I n  discussing the p a p e r  of R y a n , 194 B e r n h a r d t 25 
described difficulties e n co un te re d at Fredonia, N. Y., w h e r e  the flow of 
c a n n e r y  wa st es w a s  at times double the s e w a g e  flow. P o o r  m a i n t e 
nance of screens in s o m e  of the c a n n i n g  plants resulted in a ccumu la ti on 
of c a n n e r y  solids o n  the ba r  screens of the s e w a g e  plant, a n d  in a n  
unsatisfactory effluent. L i m e  is applied to the I m h o f f  tanks t w o  or 
three times pe r w e e k  d u r i n g  the c a n n i n g  season, at the rate of 100 lb. 
per dose. Prechlorination is also e m p l o y e d  at this time. T h e  m a i n 

tenance of c a n n e r y  screens is discussed.
T r i c k l i n g  F i l t e r s . Je nk in s a n d  H ewitt,110 in a n  ex pe ri me nt al study 

of the effect of c h r o m i u m  c o m p o u n d s  in s e w a g e  o n  the operation of 
trickling filters, f o u n d  that 1 p.p.m. of c h r o m i u m  in the f o r m  of po ta s
s i u m  c h r o m a t e  h a d  a slight effect, 10 p.p.m. appreciably r e d u c e d  the 
quality of the effluent, a n d  100 p.p.m. re d u c e d  nitrification b y  66 to 78 
per cent, a n d  p r o d u c e d  a n  effluent containing twice as m u c h  organic 
matter as the effluent f r o m  the control filter. H e a v y  deposits of solid 
matter w e r e  noted in the u p p e r  part of the filter receiving 100 p.p.m. 

of c h r o m i u m .

S tream  P o ll u t io n
»

F o r e i g n  research in s t r e a m  pollution ha s  suffered considerably b e 
cause of the w a r ;  a condition w h i c h  is p r o b a b l y  d u e  to continue for 
s o m e  time. L e s s  material is available because peace time w o r k  is out 
of joint a n d  t h r o u g h  failure to receive published material f r o m  block
a d e d  countries. T h is effect is not yet a p p a r e n t  o n  A m e r i c a n  studies 
but will doubtless b e c o m e  so as m o r e  personnel a n d  f u n d s  are diverted 
into national defense work. I n  contrast w i th a probable decrease in 
funds spent for pollution abatement, there is to be expected a s h ar p 
rise in the a m o u n t  of industrial pollution d u e  to increased production 

a n d  the construction of n e w  industrial plants.
National legislation for s t r e a m  pollution a b a t e m e n t  s e e m s  t e m p o 

rarily shelved wi th the failure of the S e na te a n d  H o u s e  conferees to 
reach a n  a g r e e m e n t  o n  their respective bills. T h e  C o n g r e s s  did, h o w 
ever, authorize the O h i o  a n d  P o t o m a c  R i v e r  c o m p a c t s  o n  J u l y  1st. 
W h e n  finally ratified b y  all of the states concerned, these c o m p a c t s  
should greatly facilitate a n d  stimulate pollution a b a t e m e n t  in their 

respective basins.
S h a w  199 ha s reported in s o m e  detail the w o r k  of the California F i s h  

a n d  G a m e  Division in the control of pollution in that state. Cali
fornia laws pertaining to this division restrict pollution control to those 
substances deleterious to fish, plant or bird life a n d  require pr oo f of 
d a m a g e  except for pollution b y  petroleums, acid, s a w d u s t  a n d  certain 
specific types of factory wastes. T h e  pollution control unit, c h a r g e d
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w i th e n f o r c e m e n t  of these laws, varies f r o m  eight to ten m e n .  A  laige 
n u m b e r  of pollution cases h a v e  b e e n  settled b y  cooperative correction of 
conditions, but 210 cases h a v e  b e e n  p r o s ec ut ed d u r i n g  the past five yeais 

with fines totalling $35,625.
In  a pr og re ss report o n  chemical tr e a t m e n t  of lakes a n d  streams, 

the W i s c o n s i n  C o m m i t t e e  o n  W a t e r  Pollution 244 discussed the origin 
a n d  control of s w i m m e r s  itch w h i c h  w a s  in all o b s e r v e d  instances f o u n d  
to be d u e  to penetration into m a n ’s skin of the larvae of schistosome 
flukes (flatworms). Control m e a s u r e s  considered m o s t  feasible we r e :  
Control of the intermediate host, the snail, b y  c h em ic al tr e a t m e n t  with 
c o p p e r  carbonate in s o m e  instances or b y  physical r e m o v a l  of snails in 
o t h e r s ; restriction of b a th in g in infested w a t e r s ; destruction of the 
schistosome cercariae b y  vigo ro us r u b b i n g  w i t h  a towel i m m e d i a t e l y  
after bathing. T h e y  f o u n d  that h a r d  w a t e r s  could be safely d o s e d  with 
80 p.p.m. of c o p p e r  sulfate wi th ou t serious d a n g e r  to fish life. Inas
m u c h  as the e g gs of these flukes are excreted b y  m a m m a l  a n d  avian 
hosts, the possible dispersion of infestation t h r o u g h  s e w a g e  pollution 

b e c o m e s  a n  interesting problem.
I m p r o v e m e n t  in the bacteriological quality of w a t e r  in the N i a g a r a  

R i v e r  following the installation of intercepting s e w e r s  a n d  s e w a g e  

tr ea tm en t at Buffalo, w a s  studied b y  S y m o n s  a n d  S i m p s o n . 213 Tr e a t 
m e n t  a n d  disinfection of Buffalo s e w a g e  r e d u c e d  the inflowing coliforms 
b y  98.5 pe r cent a n d  total bacteria b y  97.5 p e r  cent. R e d u c t i o n s  in 
bacteria in the N i a g a r a  R i v e r  b e l o w  Buffalo a v e r a g e d  97 p e r  cent for 

coliform bacteria a n d  8 4 p e r  cent for total bacterial counts. Bacterial 
after-growth following chlorination w a s  not strongly evident a n d  h e a v y  

p e a k  loads at d o w n s t r e a m  filtration plants w e r e  eliminated. S y m o n s  
a n d  T o r r e y  214 h a v e  also published a n  analysis of the Buffalo River 
covering these s a m e  periods. C o l i f o r m  o r g a n i s m s  in this river w e r e  
re d u c e d  75 p e r  cent a n d  the B . O. D. 57 p e r  cent. H o w e v e r ,  D.O. deple
tions in the Buffalo R i v e r  d u r i n g  w a r m  w e a t h e r  w e r e  not eliminated.

T h o m a s  219 ha s pr es en te d a n  extension of his “ slope m e t h o d ”  of 
analysis of B . O. D. results w h i c h  is applicable to curves containing a 
positive lag a n d  to the nitrification stage of B . O . D .  curves. A p p l i c a 
tion of this f orm ul at io n to B . O. D. curves of s e w a g e  g a v e  s e co nd stage 
reaction velocity constants 20 - 3 0  p e r  cent of those for the first stage. 
P r o b a b l e  errors in c o m p u t i n g  s e c o n d  stage d e m a n d s  w e r e  t h ou gh t to 
r a n g e  f r o m  15 to 65 p e r  cent as against 5 to 25 p e r  cent in calculating 
first stage d e m a n d s .

Gallaher 76 reported o x y g e n  depletion with resultant destruction of 
fish in the lo w e r  F o x  R i v e r  c a u s e d  b y  the concentration b y  w i n d  a n d  
su bs eq ue nt d e c o m p o s i t i o n  of floating algae n e a r  the outlet of L a k e  

W i n n e b a g o ,  the h e a d  of this river. G o u d e y  83 f o u n d  m e a s u r e m e n t s  of 
solar ultra violet radiation to be m o r e  effective in forecasting algae 
g r o w t h s  t h an either w a t e r  t e m p e r a t u r e  or h o u r s  of sunshine.

J o n e s  119 h a s  n o te d the absence of n o r m a l  biological life in a W a l e s  
s t r e a m  polluted b y  discharge f r o m  old zinc mines. H e  attributed this
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to the zinc content of the s t r e a m  w a t e r  w h i c h  a v e r a g e d  0.7 to 1.2 p.p.m. 
T h e  w a t e r  also contained f r o m  a trace to 0.05 p.p.m. of lead.

W i l l i a m s  238 ha s  s u m m a r i z e d  the p r o b l e m s  presented b y  salt w a t e r  
wa st e f r o m  oil fields in Texas. Disposal b y  dilution a n d  b y  evaporation 
seriously threaten g r o u n d  w a t e r  supplies as these m e t h o d s  allow p e r 
colation into the absorption areas of g r o u n d  w a t e r  strata. F u r n a c e  
evaporation pits leave un so lv ed the disposal of the crystal salt as re
fining of this salt to a saleable p r o d u c t  ha s  not b e e n  attempted. P r e 
treatment of the w a st es b y  aeration, chemical tr eatment a n d  filtration 
has m a d e  possible the continuous disposal of large quantities of salt 
wa te r into a single injection well w h i c h  m a y  serve a h u n d r e d  or m o r e  
pr od uc in g oil wells.

Y o u n g  248 has reported the effects of s e w a g e  treatment, industrial 
waste control, m i n e  sealing a n d  l o w  flow a u g m e n t a t i o n  u p o n  the pol
luted surface w a t e r  supplies of W e s t e r n  Pennsylvania. H e  f o u n d  the 
d o w n w a r d  trend of indices of pollution h a d  recently b e e n  reversed but 
concluded that a u n i f o r m  p r o g r a m  for the completion of these pollution 
control m e a s u r e s  w a s  necessary to assure further i m p r o v e m e n t s  in 
river conditions.

T h e  Interstate Sanitation C o m m i s s i o n  106’107’108 ha s published a n  
interesting series of reports o n  pollution in the N e w  Y o r k  City area. 
T h e  first of these is a  b r o a d  r e vi ew tracing the history of the shellfish 
a n d  fishing industries of that a r ea a n d  the effect of various factors, 
including pollution, u p o n  these industries. W h i l e  unrestrained e x 
ploitation caus ed the original decline of m o s t  species, recent c o n s e r v a 
tion m e a s u r e s  h a v e  not p r o v e n  effective because m o s t  w a t e r s  of this 
area are n o w  unfit for fish life. Pollution a b a t e m e n t  has already i m 
p r o v e d  conditions to s o m e  extent a n d  should, w i th p r o p e r  conservation, 
restore fishing in the area. T h e  seco nd report of this C o m m i t t e e  107 
deals with tides a n d  currents a n d  the basic causes of the hydraulic 
p h e n o m e n o n  ob se r v e d  in the tidal w a t e r s  of this area. C h e m i c a l  a n d  
bacteriological data a n d  field a n d  laboratory m e t h o d s  are included in 
the third section.108

I m p r o v e m e n t  in the sanitary condition of the Mississippi E i v e r  fol
lowing treatment of s e w a g e  f r o m  the Minneapolis-St. P a u l  Sanitary 
District is discussed in a r e p o r t 151 f r o m  that District. I n  the section 
of river a b o v e  the n e w  tr ea tm en t plant outfall, pollution ha s  b e e n  
largely eliminated, but b e l o w  this point D.O. levels h a v e  a v e r a g e d  u n 
der 2 p.p.m. d u r i n g  the three m o n t h s ,  July, A u g u s t  a n d  S e p t e m b e r .  
T r e a t m e n t  of additional s e w a g e  a n d  industrial wa st es in plants n o w  
u n d e r  construction is expected to i m p r o v e  this condition.

Er i k s e n  a n d  T o w n s e n d  63 h a v e  reported a n  extensive study of the 
pollution of G r a y ’s H a r b o r ,  W a s h i n g t o n ,  b y  s e w a g e  a n d  sulfite p u lp 
wastes. T h e y  f o u n d  these, wa st es w e r e  shuttled b a c k  a n d  forth o n  the 
a v er ag e b y  80 tidal cycles— 42 d a y s — before pa ss in g out to sea. C o n 
siderable stratification of fresh w a t e r  w a s  ob se r v e d  d u r i n g  h i gh river 
stages of st r e a m s  tributary to this h a r b o r  with the position of a given 
chloride gradient differing b y  as m u c h  as ten miles b e t w e e n  winter h igh
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a n d  s u m m e r  l o w  flows. F i s h  deaths could be explained b y  D . O. deple
tions but existing concentrations of sulfite p u l p  w a s t e  w e r e  f o u n d  ex
perimentally to be a contributing factor in the susceptibility of fish to 
l o w  concentrations of D.O. S h a r p  p e a k s  in dissolved o x y g e n  occurred 
w h e n  the local p u l p  mill, p r o d u c i n g  260 tons of p u l p  p e r  day, w a s  closed 
d o w n  for short intervals a n d  it w a s  co nc lu de d f r o m  this a n d  other evi

de n c e  that fish deaths w e r e  d u e  largely to the o x y g e n  d e m a n d  of the 

w a st es f r o m  this plant.
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C H E M I C A L  C O A G U L A T I O N  O F  S E W A G E *  

X I I .  I R O N  S A L T S  A N D  L I M E

B y  H a r r y  W .  Gtehm

Associate, Dept, of Water and Sewage Besearch, New Brunswick, N. J.

T o  date n u m e r o u s  plant a n d  laboratory scale trials w i t h  various 
coagulants h a v e  b e e n  m a d e .  S u c h  trials h a v e  b e e n  stimulated b y  c o m 
peting chemical m a n u f a c t u r e r s  a n d  b y  engineers desirous of d e t e r m i n 
ing w h a t  chemical or co m b i n a t i o n  thereof will p r o d u c e  satisfactory a n d  
economical results at particular plants. O n  e x a m i n a t i o n  of the results 
of such studies it is evident that s o m e  chemicals w o r k  better o n  a p a r 
ticular s e w a g e  t h a n  d o  others. T h i s  is d u e  to variations in character 
of s e w a g e  such as age, strength, septicitv, kind a n d  a m o u n t  of dissolved 
matter, a n d  in s o m e  cases the presence of industrial wastes. N o  g e n 
eral laws c a n  be set d o w n  as to c o m p a r a t i v e  coagulating p o w e r  of 
different chemical reagents. Nevertheless, if a n u m b e r  of s e w a g e s  re
act in a similar m a n n e r  general facts, subject to variation u n d e r  p e 

culiar conditions, c a n  be determined.

M eth o d s

It is the p u r p o s e  of this p a p e r  to d e m o n s t r a t e  the relative effective
ness of the processes of chemical tr eatment of s e w a g e  e m p l o y i n g  iron 
salts. Since industrial w a st es cause the greatest variations in effective
ness of different chemicals their presence w a s  a v oi de d b y  selecting s e w 
ages of m a i n l y  domestic origin a n d  containing little if a n y  of other types 
of waste. T h e  m e t h o d s  e m p l o y e d  w e r e  similar to those discussed in 
f o rm er p a p e r s  of this series (1, 2), except w h e r e  otherwise stated. T h e  
chemicals u s e d  w e r e  of technical g r a d e  a n d  special c o m p o u n d s  such as 

chlorinated c o p p e r a s  w e r e  prepared.

P rocedure

T h e  iron c o m p o u n d s  c o m m o n l y  u s e d  for coagulating s e w a g e  are 
ferric chloride, ferric sulfate, a n d  chlorinated c o p p e r a s  (3). U n t r e a t e d  
copperas ha s b e e n  u s e d  in conjunction w i t h  lime a n d  aeration (4), but 
this process did not gain h e a d w a y  d u e  to the p o o r  settling character
istics of the floe formed. L a b o r a t o r y  trials h a v e  b e e n  m a d e  w i t h  iron 
sols of various types (5). T h e s e  c o m p o u n d s  p r o v e d  to be of m o r e  

theoretical t h a n  practical interest. M u c h  attention ha s b e e n  given to 
the preparation of ferric coagulants f r o m  the action of chlorine o n  iron, 
particularly in the so uthwest w h e r e  the ferric salts d e m a n d  a hi gh 
price (6, 7, 8). T h e  solution of iron b y  electrolyzing the m e t a l  itself 
w a s  the basis of several patents but this p r o c e d u r e  h a s  p r o v e n  too

* Journal Series Paper, N. J. Agricultural Experiment Station, Dept. Water and Sewage 
Besearch, New Brunswick, N. J.
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costly. Ferrites h a v e  also b e e n  tried o n  a laboratory scale, bu t their 

h i gh alkalinity a n d  s o d i u m  content limit their practicability.
I n  c o m p a r i n g  the relative coagulating ability of iron salts only the 

three m o s t  u s e d  c o m p o u n d s  w e r e  em p l o y e d .  T h e  relative claiifving 
p o w e r  of ferric chloride, ferric sulfate a n d  chlorinated c o p p e r a s  w e r e  
d e t e r m i n e d  over a p H  r a n g e  f r o m  2.5 to 10.0. T h e  p H  ad j u s t m e n t s  
w e r e  m a d e  w i t h  sulfuric acid a n d  lime. W h e n  acid w a s  u s e d  it w a s  
a d d e d  after the coagulant, a n d  lime, before co ag ul an t addition. T h e s e  
pr o c e d u r e s  h a v e  b e e n  s h o w n  to p r o d u c e  the best results •with iron salts 
(9). Six different do me st ic s e w a g e s  w e r e  treated o v er the p H  range 
w i th a d o s a g e  of iron w h i c h  w o u l d  give practically c o m p l e t e  clarifica
tion at the o p t i m u m  p H  values. T h e  d o s a g e  e m p l o y e d  in all cases w a s  
10 p.p.m. o n  the iron basis. A n o t h e r  series of tests w a s  m a d e  to deter
m i n e  the relative d e gr ee of clarification ohtainable b y  g r a d u a t e d  dosages 

of the three coagulants without p H  adjustment.

I ro n  S alts

C o m p a r i s o n s  w i t h  p H  a d j u s t m e n t  are s h o w n  in Fig. 1, w h e r e  the 
curves obtained for six s e w a g e s  are pr es en te d as averages. T h e  trends

Pig. 1.—The relative clarifying power of three iron compounds.

of the d a ta obtained w e r e  sufficiently similar to allow averaging. Ferric 
chloride yielded s o m e w h a t  better clarification t h a n  the other t w o  c o m 
po un ds , w i t h  the exception of the results in p H  r a n g e s  5.0 to 7.0 a n d

2.5 to 3.0. I n  the f o r m e r  r a n g e  ferric sulfate w a s  slightly better while 
in the latter little difference b e t w e e n  the three chemicals w a s  noticeable. 
H o w e v e r ,  clarification b y  the small coagulant d o s a g e  w a s  not great in 
the 5.0 to 7.0 p H  r a n g e  a n d  the c o m p a r i s o n  of g r a d u a t e d  coagulant 
d o s a g e s  w i th ou t a d j u s t m e n t  (Table I) is p r o b a b l y  better. H e r e  the
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p H  w a s  b e t w e e n  6.5 a n d  7.0 a n d  inspection of the data s h o w s  that ferric 
chloride g a v e  the best clarification. I n  general the order of effective
ness of the three chemicals w a s  ferric chloride, chlorinated co pp e r a s  

a n d  ferric sulfate.

T a b l e I .—Clarification Obtained by Equal Dosages of Three Ferric Salts

Sewage P.p.m.
Iron

Ferric
Chloride

Chlorinated
Copperas

Ferric
Sulfate

P.p.m. Turbidity Remaining 
Greater Than with FeCla

P.p.m. Turbidity Remaining Chlorinated
Copperas

FerricSulfate

Highland Park 5 58 67 73 9 15
10 29 25 34 4 9
15 5 9 20 4 11

Madison-Chatham 10 93 105 111 11 18
15 44 49 53 4 9
20 15 23 27 8 12

Morristown 15 51 63 64 12 13
20 23 35 39 12 16
25 5 18 19 13 14

South River 25 121 146 158 25 37
30 36 42 49 4 13
35 14 19 24 4 10

Princeton 5 142 161 160 19 18
10 110 143 136 33 26
15 39 55 48 16 9

Plainfield 10 71 72 84 1 13
15 50 58 69 8 19
20 33 36 47 3 14

Average 10 16

Mi xt ur es of the salts w e r e  also c o m p a r e d  as to clarifying value. 
Ferric sulfate, ferric chloride a n d  chlorinated c o p p e r a s  w e r e  first a p 
plied alone in concentrations of 20, 25, a n d  30 p.p.m. of iron a n d  the 
degree of clarification m e a s u r e d .  Solutions of equivalent strength (on 
the iron basis) of ferric chloride a n d  ferric sulfate in equal proportions, 
ferric chloride a n d  chlorinated copperas, a n d  ferric sulfate a n d  chlo
rinated copperas, w e r e  prepared. Portions of these solutions w e r e  
applied to the s e w a g e  in the s a m e  do s a g e s  (on the iron basis) as u s e d  
with the single salts alone.

T h e  clarification w a s  m e a s u r e d  in each case. T h e  data obtained 
are presented in T a b l e  II. It does not a p p e a r  f r o m  these figures that 
combinations of these salts exceed to a n y  m e a s u r a b l e  extent the clarify
ing p o w e r  of a single salt w h e n  the iron content is u s e d  as the basis for 
their addition.
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T able II.—Clarifying Activity of Mixed Ferric Salts

March, 1941

P.p.m. Iron
20 25 30

Turbidity Remaining

Ferric Chloride .................... 60 36 10
Ferric Sulfate. . ...................... 63 48 23
Chlorinated Copperas .......................... 62 36 15
Ferric Chloride and Ferric Sulfate .......................... 54 38 15

68 32 10
61 34 15

In  order to d e t e r m i n e  if the anions of the salts w e r e  responsible for 
the differences in the clarifying p o w e r  of the iron salts, titration curves 
o n  s e w a g e  w e r e  m a d e  e m p l o y i n g  0.1 N  solutions of sulfuric a n d  h y d r o 
chloric acids. It w a s  t h o u g h t  that possibly the chloride ion w a s  m o r e  
effective in reacting w i t h  the s e w a g e  materials, thus effecting coagula
tion. If this a s s u m p t i o n  is correct differences in the titration curves 

w i th the t w o  acids m i g h t  be s h ow n.
F i v e  s a m p l e s  of s e w a g e  w e r e  titrated electrometrically w i t h  both 

acids. A s  the results w e r e  similar in e v e r y  case o n e  typical result is 
s h o w n  in Fig. 2. Practically n o  difference in the titration curves o b 
tained w i th the t w o  acids are o b s e r v e d  as far as p H  c h a n g e s  are con

cerned.

10
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F ig. 2.— Titration curves of sewage with hydrochloric and sulfuric acids.
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Since the acids themselves h a v e  definite clarifying p o w e r  the question 
of the relative effect of sulfuric a n d  hydrochloric acids in equivalent 
quantities arises. T o  de te rm in e the relative effects do s a g e s  of both 
acids w e r e  a d d e d  to separate s a m p l e s  of the s a m e  sewage, so that p H  
values of 6.8, 6.0, 5.0, 4.0, 3.0 a n d  2.0 w e r e  obtained. T h e  s a m p l e s  w e r e  
flocculated, settled a n d  the turbidity r e m a i n i n g  m e a s u r e d .

T h e  results w e r e  plotted as s h o w n  in Fig. 3. E x a m i n a t i o n  of this 
g r a p h  reveals the fact that hydrochloric acid is m o r e  effective in clari
fying s e w a g e  t h a n  sulfuric acid.

pH

F ig. 3.— Relative clarifying power of hydrochloric and sulfuric acids.

I ro n  S alts a n d  L im e

It is well k n o w n  that the a m o u n t  of ferric coagulants is re d u c e d  w h e n  
lime is also used. Fig. 4 s h o w s  the possible reduction of iron salts b y  
application of lime. T h is curve represents the av e r a g e  results obtained 
for fourteen different sewages. Relatively small quantities of lime (20 
to 40 p.p.m.) did not effect appreciable reduction (4 p.p.m.) of F e C l 3. 
After a p H  of 8.0 w a s  reached, small additional quantities of lime ef
fected a considerable reduction. F o r t y  p.p.m. m o r e  of lime accounted 
for 10 p.p.m. lower iron dosage. Increases of lime over a total of 80 
p.p.m. allowed a further reduction of but 2 p.p.m. of iron.

W h e t h e r  the effectiveness of lime in clarifying s e w a g e  is d u e  to the 
calcium or the h y d r o x y l  ion has not b e e n  demonstrated. T h e  experi
m e n t s  described b e l o w  w e r e  co nd uc te d to st ud y this question.

Liter portions of s e w a g e  w e r e  treated with increasing do s a g e s  of 
calcium hy d r o x i d e  so that a series of p H  values r a n g i n g  f r o m  7.0 to
10.5 w a s  obtained. A  similar set of liter s a m p l e s  w e r e  treated with 
s o d i u m  h y d r o x i d e  to give the s a m e  r a n g e  of p H  values as obtained w i th
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F ig. 4.-— The clarification of sewage with lime and ferric chloride.

140

the calcium hydrate. All s a m p l e s  w e r e  flocculated, settled, a n d  the 
de gr ee of clarification m e a s u r e d  b y  the turbidity r e m a i n i n g  in the 
supernatant. T h i s  p r o c e d u r e  w a s  r e pe at ed w i t h  three different s e w 

ages.
T h e  a v e r a g e  of the four series of results are graphically s h o w n  in 

Fig. 5. N o  appreciable d e gr ee of clarification w a s  obtained w i t h  s o d i u m

PH

F ig. 5.— The clarification of sewage with sodium hydroxide as compared to 
calcium hydroxide.
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hydroxide. A t  h i gh p H  values (10.0 a n d  ab ov e) a small degr ee of 
dispersion took place. W i t h  the calcium h y d r o x i d e  the s e w a g e  clarified 

to a considerable degree. T h e  clarification increased in general as the 
lime d o s a g e  increased. T h e  h y d r o x y l  ion alone, therefore, is not the 

factor involved in clarification of sewage.
T h e  s a m e  p r o c e d u r e  w a s  re pe at ed using co mb in at io ns of caustic 

soda a n d  ferric chloride covering a p H  r a n g e  of 7.0 to 10.0. T w o  
dosages of ferric chloride w e r e  used, n a m e l y  5 a n d  15 p.p.m. of iron. 
A s  s h o w n  in T a b l e  III n o  additional clarification resulted f r o m  the use

T a b l e III.—Effect of NaOH on Clarification vnth Ferric Chloride

Adjusted with NaOH to pH

P.p.m. Iron (FeCh)

5 15

P.p.m. Turbidity Remaining

7.0 80 59
7.6 83 55
8.1 86 54
8.5 80 59
9.0 86 60
9.6 84 56

10.0 83 65

of caustic s o da w i t h  either d o s a g e  of ferric chloride. Neither did a n y  
noticeable degree of dispersion result f r o m  the application of the 

caustic.
T h e  effect of the calcium ion w a s  then investigated. A  s a m p l e  of 

s e w a g e  w a s  divided into four series of six one-liter aliquots. I n  each 
series the liter s a m p l e s  w e r e  treated in order with 0, 20, 40, 60, 80 a n d  
100 p.p.m. of C a  as calcium chloride. T o  on e  series 5 p.p.m. of F e  as 
ferric chloride w a s  added, to the seco nd 10 p.p.m., to the third 15 
p.p.m., a n d  to the fourth, 20 p.p.m. T h e  s a m p l e s  w e r e  flocculated, 
settled, a n d  turbidity d e t e r m i n e d  o n  the supernatants.

T h e  clarification curves resulting f r o m  the addition of calcium chlo
ride (illustrated in Fig. 6) s h o w  definitely that calcium chloride aids 
in the clarification of s e w a g e  w h e n  a d d e d  in conjunction w i th a n  iron 

salt.
S o d i u m  chloride does not act in the s a m e  m a n n e r  as calcium chloride. 

This is d e m o n s t r a t e d  b y  the d a ta presented in T a b l e  IY. It is no te d 
that as m u c h  as 500 p.p.m. of s o d i u m  chloride did not effect clarification 

to a n y  appreciable extent.
It ha s  b e e n  stated that the clarifying effect of lime u s e d  in co n j u n c 

tion w i th iron salts w a s  d u e  to the precipitation of calcium carbonate
(4). T h e  activity of the calcium chloride w h i c h  could not precipitate 
as calcium carbonate led us to m a k e  the following experiment.
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F ig. 6.—The clarification of sewage with calcium chloride and ferric chloride.

A  s a m p l e  of s e w a g e  w a s  divided into five aliquots of o n e  liter each. 
L i m e  as calcium w a s  a d d e d  in the f o r m  of lime w a t e r  at d o s a g e s  of 0, 
10, 20, 30 a n d  40 p.p.m. T h e  s e w a g e s  w e r e  flocculated a n d  settled, a n d  
s a m p l e s  of the su pe rn at an t w i t h d r a w n .  T h e  p H  a n d  ca lc iu m content 
w e r e  d e t e r m i n e d  o n  these samples.

Table IV.—Effect of Sodium Chloride on Clarification with Ferric Chloride

P.p.m. Iron (FeCh)

0 5 10 15

0 138 75 42 10
P.p.m. 50 142 72 38 15
Sodium 100 132 68 37 10
Chloride 200 128 78 45 10

300 142 70 43 10
500 140 74 39 15

T h e  results of the analyses s h o w e d  that increases in the p.p.m. cal
c i u m  r e m a i n i n g  in the supernatants w e r e  in direct p r o p o r t i o n  to the 
a m o u n t  added. T a b l e  V  serves to illustrate this point. It will be 
n o t e d  that in e v e r y  case practically all the ca lc iu m r e m a i n e d  in the 
su pe rn at an t rather t h a n  precipitated in the sludge.
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Table V.—Calcium Content of Sewage After Treatment with Lime and Settling of the Sludge

pH Calcium Added Calcium in Supernatant 
(Found)

Maximum Possible Calcium

P.p.m. P.p.m. P.p.m.
7.2 0 43 43
7.7 10 51 53
8.3 20 66 63
8.8 30 71 73
9.1 40 79 81

D iscussion

A  c o m p a r i s o n  of the clarifying p o w e r  of the three c o m m o n  ferric 
salts e m p l o y e d  in s e w a g e  tr ea tm en t over a p H  r a n g e  of f r o m  2.0 to
10.0, using lime a n d  sulfuric acid for p H  adjustment, s h o w e d  that in 
general the effectiveness of the three c o m p o u n d s  o n  the iron basis w a s  
similar. Ferric chloride a p p e a r e d  to be s o m e w h a t  better t h a n  ferric 
sulfate in clarifying p o w e r  a n d  the activity of chlorinated co pp e r a s  w a s  
intermediate, except in the p H  r a n g e  of 5.0 to 7.0 w h e r e  it g a v e  the best 
results. Theoretically, its clarifying p o w e r  should lie b e t w e e n  the t w o  
other c o m p o u n d s  as it is either a m i x t u r e  of ferric sulfate a n d  chloride

or a c o m p o u n d  containing both anions 4^.

A t  s o m e  plants chlorinated co pp e r a s  ha s  not p r o d u c e d  as g o o d  re

sults as the other t w o  salts. T h e  r e as on is p r o b a b l y  that the co pp e r a s  
w a s  not chlorinated in the p r o p e r  m a n n e r  a n d  oxidation w a s  not c o m 

plete. T h e  reaction b e t w e e n  co pp e r a s  a n d  chlorine is not c o m p l e t e d  as 

rapidly as w a s  f o r m e r l y  believed.
T h e  difference b e t w e e n  the clarifying p o w e r  of the iron salts ha s 

been s h o w n  to be d u e  to v a r y i n g  clarifying p o w e r  of the anions e m 
ployed. Hy dr o c h l o r i c  acid g a v e  a greater de gr ee of clarification t h a n  
sulfuric acid, although n o  differences in the p H  values w e r e  p r o d u c e d  
with equivalent a m o u n t s  of the acid. This is contrary to findings with 
pure colloidal suspensions dispersed in definite agents. U n d e r  such 
conditions greater coagulating p o w e r  is ascribed to the sulfate ions.

T h e  difference is not difficult to u n d e r s t a n d  w h e n  the material dealt 
with is considered. It h a s  b e e n  s h o w n  (10) that in s e w a g e  coagulation 
the dispersion m e d i u m  plays a m o r e  i m p o r t a n t  role t h a n  the dispersed 
material. T h e  observations m a d e  w i th s e w a g e  are not contradictory 
to the theory, as the anions evidently act o n  the dissolved material, 
w h i c h  determines the coagulability of the dispersed particles.

T h e  addition of lime w i th a n  iron salt w a s  studied in a n  effort to 
determine the m e c h a n i s m  of action of the lime. M e a s u r e m e n t s  of clari
fication of s e w a g e  at p H  values f r o m  7.0 to 10.5, obtained b y  the a d di
tion of calcium as c o m p a r e d  to s o d i u m  hydroxide, s h o w e d  that s o d i u m  
h y d r o x i d e  failed to clarify while calcium h y d r o x i d e  s h o w e d  strong 
clarifying properties. It is clear, therefore, that m e r e l y  c h a n g i n g  the
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p H  value or m a k i n g  the material alkaline do es not cause clarification. 
It a p p e a r s  then that the h y d r o x y l  ion alone does not p r o m o t e  clarifica
tion.

It w a s  believed that the s o d i u m  present m i g h t  h a v e  acted as a dis
persing agent, neutralizing the coagulating p o w e r  of the h y d r o x y l  ion. 
T h i s  does not a p p e a r  to be true b e ca us e it w a s  s h o w n  that neutral 
s o d i u m  salts h a v e  neither dispersing n o r  coagulating properties for 
s e w a g e  w h e n  a d d e d  in concentrations u p  to 500 p.p.m. w i t h  a n d  without 

addition of ferric chloride.
T h a t  calcium chloride itself h a s  little clarifying p o w e r  w a s  also 

de monstrated. T h is salt w a s  effective in aiding clarification w h e n  used 
in conjunction w i t h  ferric chloride. T h e s e  results s e e m  to indicate that 
the calcium in the f o r m  of a neutral salt c a n  act to c h a n g e  the character 
of the dispersion m e d i u m .  T h e  action of lime is p r o b a b l y  twofold: 
S o m e  of the calcium reacts wi th the dispersion m e d i u m  allowing a 
reduction in the a m o u n t  of iron salt ne ce ss ar y for clarification; s o m e  
of the calcium b e c o m e s  itself a clarifying a g e n t  at h i g h  p H  values. 
It is clear that in the case of lime the h y d r o x y l  ion m a y  p l a y  a role.

C o n c l u s io n s

1. T h e  iron salts c o m m o n l y  u s e d  in s e w a g e  clarification are effective 
o ver the p H  r a n g e  2.0 to 10.0.

2. Ferric chloride, chlorinated c o p p e r a s  a n d  ferric sulfate is the g e n 
eral order of effectiveness in clarifying s e w a g e  a l t h o u g h  differences are 
not great.

3. T h e  chloride ion is m o r e  effective for clarifying s e w a g e  in the 
acid p H  range, w h i c h  m a y  account for the differences in effectiveness 
of ferric chloride a n d  ferric sulfate.

4. T h e  action of lime in l o we ri ng the co ag ul an t d e m a n d  a p p e a r s  to 
be d u e  to the action of the calcium ion o n  the dispersion m e d i u m  an d
its o w n  clarifying p o w e r  in the p r es en ce of h y d r o x y l  ions.
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P l a n t  O p e r a t i o n

V A R I A T I O N S  I N  T H E  C H L O R I N E  D E M A N D  O F  
B U F F A L O  S E W A G E

B y  Gf. E. S y m o n s , R . W .  S im p s o n  a n d  S . R . K in

Chief Chemist, Associate Sanitary Chemist and Assistant Sanitary Chemist,
Buffalo Sewer Authority

M o r e  t h a n  t w o  years h a v e  p a s s e d  since the be gi nn in g of s e w a g e  
chlorination at the Buffalo T r e a t m e n t  W o r k s .  D u r i n g  this time, studies 
b e g u n  in the construction period (1, 2, 3) w e r e  continued. T h r o u g h o u t  
this period of operation, the effectiveness of chlorination of Buffalo 
s e w a g e  has b e e n  studied a n d  reported in p a p e r s  o n  the reduction of 
bacterial pollution of the N i a g a r a  R i v e r  (4, 5). It a p p e a r s  w a r r a n t e d  
at this time to m a k e  a  st u d y  of the d a ta that h a v e  b e e n  collected o n  the 
chlorine d e m a n d  of s e w a g e  itself. This p a p e r  w h i c h  covers the data 
collected in 27 m o n t h s  of chlorination is the first in a n e w  series of 
s e w a g e  chlorination studies w h i c h  w e r e  in a u g u r a t e d  w i th the beginning 
of s e w a g e  tr eatment at Buffalo. Additional p a p e r s  will cover the s u b 
ject of chlorine d o s a g e  control, the effectiveness of chlorination in the 
reduction of bacteria in sewage, the determination of chlorine d e m a n d  
a n d  the estimation of coliform bacteria in chlorinated effluents.

In considering the results of a n y  st ud y of this kind, the effects of 
the physical plant a n d  its operating schedules a n d  conditions m u s t  be 
taken into account, F o r  example, at Buffalo the s e w a g e  is p u m p e d  b y  
one or m o r e  of six vertical centrifugal p u m p s  of 550 h.p., ea ch h a v i n g  a 
capacity of 120 to 140 m.g.d. T w o  of the p u m p s  h a v e  t w o  speeds a n d  
at l o w  speed ca n  p u m p  f r o m  80 to 100 m.g.d. T h e  actual p u m p i n g  rate 

d e p e n d s  o n  the total d y n a m i c  head.
T h e  effect of this physical factor is s h o w n  in the record charts of 

the m e t e r e d  flow t h r o u g h  the plant for, wi th a n  interceptor w h i c h  allows 
s o m e  reservoir capacity, it is possible to use one p u m p  for a long period 
of time independently of the variation in the flow into the interceptors. 
This reservoir capacity has a d a m p i n g  effect o n  the flow p e a k s  a n d  
m a k e s  n o r m a l  variations gradual. F o r  this re as on a n y  study of chlo
rine d e m a n d  m u s t  take into account the fact that alth ou gh the flow does 
follow the n o r m a l  curve for a s e w a g e  tr eatment plant, it is relatively 
constant t h r o u g h o u t  the d a y  a n d  a n y  significant c h a n g e s  in p u m p i n g  
rates are step-wise b y  the capacity of either a  l o w  or h i gh s p ee d p u m p .

A n o t h e r  factor to be considered in interpreting the chlorine d e m a n d  
of Buffalo s e w a g e  is the relatively short r u n  f r o m  the outskirts of the 
city to the treatment works. T h e  total time of flow t h r o u g h  the inter
ceptors is not over five to six hours, w i th the m a j o r  portion of the 
s e w a g e  flow reaching the treatment w o r k s  in three to four hours. Al-
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t h o u g h  the interceptor h a s  a capacity equivalent to a p p r o x n n a  e y  ve 
hours, the rate of p u m p i n g  u n d e r  n o r m a l  operating conditions is S1̂ C1 
that actual storage is relatively small. T h u s  the s e w a g e  ailives a e 
plant relatively fresh. W i t h  "the ab se nc e of sulfates in the ci y  w a  er 
s u p p l y  there is little or n o  h y d r o g e n  sulfide present in the s e w a g e  > 
as h a s  b e e n  r eported heretofore (2), the chlorine d e m a n c  is eie ore 

relatively l o w  in c o m p a r i s o n  w i t h  that of m a n y  othei cities.
Still an ot he r r e as on for the l o w  chlorine d e m a n d  is the h i g h  eli ution 

of the sewage. T h is derives f r o m  a h i g h  p e r  capita p u m p  a g e  a n  oi\ 
equivalent to a p p r o x i m a t e l y  200 g.c.d. A l t h o u g h  this resu s 111 low 
chlorine d e m a n d  in p.p.m., the total d e m a n d  is not n e c e s s a n  y o w  w  oen 
the total flow is considered. A  third r e as on for s o m e w h a t  lower de
m a n d s  t h a n  o b s e r v e d  elsewhere m a y  be d u e  to the technique u s e d  m  the 
B i r d  Island L a b o r a t o r y  for d e t e r m i n i n g  chlorine d e m a n d .  T h e  spot 
plate technique, w h i c h  ha s  b e e n  reported heretofore (1, 2), apparently 
gives results slightly lo w e r  t h a n  the technique of the p i e s e n t  standard 
m e t h o d  (6). I n a s m u c h  as the B i r d  Island L a b o r a t o r y  m e t h o d  of de
te rm in in g chlorine d e m a n d  ma in ta in s a chlorine d o s a g e  conti ol that 
effects practically co mp le te reduction of coliform bacteria in the sewage, 
it is o u r  opinion that the use of this m e t h o d  w a s  w a r r a n t e d  in m a k i n g  

these studies.
It is doubtful that the results of these studies are strictly applicable 

to the s e w a g e  existing in a n y  other city or t r e a t m e n t  wo rk s. O n  the 
other hand, the statistical s t u d y  of over 20,000 chlorine d e m a n d  tests 
m a d e  at h o u r l y  intervals for tw en ty -s ev en m o n t h s  h a s  p r o d u c e d  some 
v e r y  interesting data. F r o m  these studies, it a p p e a r s  in a general w a y  
that the chlorine d e m a n d  of Buffalo s e w a g e  varies w i t h  a n u m b e r  of 
factors; the time of day, the t e m p e r a t u r e  of the s e w a g e  or season of 
the year, s t o r m  a n d  runoff effects, industrial effects, a n d  the d a y  of the 
week. T h e  following discussion presents o u r  findings o n  the effects of 

these various factors.

T e c h n iq u e  of S t u d ie s

T h e  technique of the investigation w a s  to tabulate, for statistical 
study, the h o u r l y  determinations of chlorine d e m a n d  m a d e  b y  the rou
tine laboratory s a m p l e r  analyst. S a m p l e s  w e r e  tested for chlorine de
m a n d  within fifteen m i n u t e s  after their collection. N o  c h a n g e s  were 
m a d e  in the B i r d  Island L a b o r a t o r y  spot plate test (1) for the deter

m i n a t i o n  of chlorine d e m a n d .  It should be n o t e d  here that it h a s  been 
f o u n d  quite satisfactory to use tap w a t e r  instead of distilled w a t e r  for 
m a k i n g  the chlorine re ag en t solution. T h i s  a p p e a r s  to b e  feasible so 
long as the m i n e r a l  salts, particularly the alkalinity of the water, are 

not great.
T h e  re a d i n g  ac cu r a c y  of the chlorine d e m a n d  test a p p e a r s  to be 0.1 

ml. of reagent, equivalent to 0.3 to 0.5 p.p.m. Therefore, it h a s  not 
b e e n  d e e m e d  feasible to report the chlorine d e m a n d  in p.p.m. to m o r e  

t h a n  o n e  d e ci ma l place.
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I n  tabulating a n d  plotting the d a ta to ascertain the various effects, 

it b e c a m e  evident that in order to develop the n o r m a l  trend of the chlo

rine d e m a n d  of Buffalo sewage, it w a s  necessary to eliminate all effects 

of s t or ms a n d  industrial p e a k  loads f r o m  the basic tabulations. Quite 
obviously it w a s  neither possible n o r  desirable to eliminate the effects 
of n o r m a l  industrial loads b ecause they constitute a n o r m a l  portion of 
the d e m a n d .  T h e r e  were, o n  the other hand, a great m a n y  times w h e n  
the d e m a n d  s u d d e n l y  increased out of all proportions to n o r m a l  e x 
pectancy a n d  these effects w e r e  attributed to w a s t e  load discharges 
f r o m  industries a n d  w e r e  t e r m e d  industrial p e a k  loads.

V a ria tio ns  i n  C h l o r in e  D e m a n d

E f f e c t  o f  C o m p o s i t in g  a n d  S t a n d in g .— It ha s  b e e n  previously re
ported (2) that the p r o p e r  chlorine d e m a n d  of s e w a g e  could not be d e 
termined f r o m  a co mp os it e s a m p l e  a n d  that the true chlorine d e m a n d  of 
the s e w a g e  m u s t  be d e t e r m i n e d  f r o m  a series of h o ur ly tests, w e i g h t e d  
properly for the effect of flow. A s  a further test of the effect of c o m 
positing a n d  standing of s a m p l e s  o n  chlorine d e m a n d ,  c o m p a r a t i v e  
studies w e r e  continued for several m o n t h s  o n  both r a w  a n d  chlorinated 
effluent samples. T h e  results of this study are s h o w n  in T a bl e I. E x 
cept in one m o n t h ,  in the case of r a w  sewage, the chlorine d e m a n d  of the 
composite s a m p l e  w a s  a l w a y s  less t h a n  the a v e r a g e  chlorine d e m a n d  of 
the fresh sewage. T h e  extent of this difference w a s  f r o m  + 6  to ■— 25

Table I.—Comparison of Chlorine Demand of Daily Composite Samples with the Weighted Average 
of 24 Hourly Tests.* Results in p.p.m.

Raw Sewage Chlorinated Effluents
Month

Weighted Avg. C.D. C.D. of Daily % Weighted Avg. C.D. C.D. of Daily %
of Hourly Samples Comps. Diff. of Hourly Samples Comps. Dili.

1938
Sept. 5.8 4.8 -17.3
Oct. 7.8 7.3 -  6.4
Nov. 7.0 5.6 -20 .0
Dec. 6.6 5.8 -12.1

1939
Jan. 4.8 5.1 +  6.2
Feb. 4.7 4.0 -14.9
Mar. 4.7 3.5 -25.5
April 4.3 3.6 -16.3 1.0 1.9 110
May 5.6 4.5 -19.6 .5 2.1 320
June 6.2 5.3 -14.5 1.1 2.7 145
July 6.1 4.9 -19.7 1.0 2.6 160
Aug. 5.9 4.5 -23 .7 .6 2.1 250
Sept. 6.6 5.4 -18.2 1.0 2.8 180

Avg. 5.85 4.9 -16 .2 0.87 2.37 172

or sea

ir stait 

h i-  
cMo« 
angfsf 
■ the i

to bf

to 0
* Results include storm and industrial loads.
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per cent, w i th a n  a v e r a g e  of — 16 pe r  cent. I n  short, c o m p o s i t i n g  a n d  
refrigeration of s e w a g e  s a m p l e s  ap p a r e n t l y  decreases the chlorine d e 

m a n d  b y  ab ou t one-sixth.
I n  the case of chlorinated effluents w h e r e  the d e m a n d  of the effluent 

is 1 p.p.m., or less, it a p p e a r s  that the chlorine d e m a n d  of the composite 
s a m p l e  increases f r o m  t w o  to four fold, w i t h  a n  a v e i a g e  s o m e w h e r e  
between. T h e s e  da ta serve to confirm the contention that all tests 

should be m a d e  o n  fresh s e w a g e  samples.
E f f e c t  o f  T e m p e r a t u r e .— I n  T a b l e  II the m o n t h l y  a v e r a g e  d a ta on 

chlorine d e m a n d  in p.p.m. are tabulated w i t h  the m o n t h l y  a v e r a g e  s e w 
ag e  t e m p e r a t u r e s  for the period of study. T h e s e  d a t a  are plotted in

Table II —Variation in Chlorine Demand (p.p.m.) with Sewage Temperature (excluding effects of
storms and industrial peak loads)

Month

1938 1939 1940 Average

Temp.
°F.

Avg. C.D. 
Hourly Samples p.p.m.

Temp.
°F.

Avg. C.D. 
Hourly Samples 

p.p.m.
Temp.
°F.

Avg. C.D. 
Hourly Samples p.p.m.

Temp. C.D.
p.p.m.

Jan. 47.3 4.6 48.7 5.1 48.0 4.9
Feb. 46.7 4.4 46.6 4.8 46.7 4.6
Mar. 45.8 4.4 45.5 4.3 45.7 4.4
April 47.9 4.0 48.5 4.0 48.2 4.0
May 56.3 5.2 54.8 4.9 55.6 5.1
June 66.1 5.8 64.2 5.8 65.2 5.8
July 72.0 5.7 69.5 5.8 70.8 5.8
Aug. 75.2 5.8 74.7 5.7 72.5 5.9 74.1 5.8
Sept. 71.0 5.8 70.8 5.9 68.4 6.3 70.1 6.0
Oct. 65.0 7.2 65.4 5.8 64.2 7.0 64.7 6.7
Nov. 57.5 6.8 58.8 6.5 58.2 6.7
Dec. 50.2 6.9 52.8 5.8 51.5 6.4

Avg. for 27
Mo. 59.5 5.6

Fig. 1. O n e  of the m o s t  interesting observations a b o u t  these results is 
that the chlorine d e m a n d  in p.p.m. lags b e h i n d  the s e w a g e  temperature. 
I n  other word s, the d e m a n d  rises after the t e m p e r a t u r e  begins to fall 
a n d  falls after the t e m p e r a t u r e  begins to rise. T h i s  m i g h t  b e  consid
ered a n  a n o m o l y  a n d  s o m e  considerations should b e  g i ve n as to the 
reasons for it. I n  the first considerations the factor of flow will he 

omitted.
It is to be n o te d that the chlorine d e m a n d  in p.p.m. is apparently 

representative of the general strength of the s e w a g e  as it varies with 
the t e m p e r a t u r e  b e ca us e the p.p.m. of 5- da y B . O. D. a n d  s u s p e n d e d  solids 
of the s e w a g e  follows v e r y  similar curves to that of the chlorine d e m a n d .

T h e r e  are certain effects to be observed, n a m e l y  that d u r i n g  the 
s u m m e r  m o n t h s  there is ap pa r e n t l y  a flattening off of chlorine d e m a n d ,  
followed b y  p e a k s  in the late fall. A n  inspection of the tabulated data 
indicates that there is a  similar recurring trend of the chlorine d e m a n d
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at certain seasons, e.g., J a n u a r y ,  F e b r u a r y ,  a n d  M a r c h  g r o u p  together; 
April, in b o t h  years, w a s  the m i n i m u m ; M a y  s h o w s  a n  increase; June, 
July, A u g u s t ,  a n d  S e p t e m b e r  a p p e a r  to b e  o n  a plateau; October, N o 
v e m b e r ,  a n d  D e c e m b e r  represent the h i g h  of the y e a r  although, actually, 

duri ng D e c e m b e r  the daily d a ta s h o w  a decrease.
It w a s  not possible to tabulate a n d  plot the total chlorine d e m a n d  in 

p o u n d s  p e r  d a y  (excluding rain a n d  industrial p e a k  effects), but a 
calculation w a s  m a d e  b a s e d  o n  m e d i a n  flow d a ta ( a p p r o x i m a t i n g  the 
d r y  w e a t h e r  average) a n d  the d e m a n d  in p.p.m. T h e s e  total d e m a n d  
results confirmed the lag effect, but the m i n i m u m  occurred in M a y  
instead of April a n d  there w a s  a t e n d e n c y  t o w a r d  a gr a d u a l  increase 
f r o m  M a y  to D e c e m b e r  wi th a  decrease t o w a r d  a m i n i m u m  in J a n u a r y ,  
followed b y  increases in F e b r u a r y  a n d  M a r c h  (the latter d u e  to high 

flows f r o m  melting snows).

Fig. 1.—Variations in temperature and chlorine demand of sewage by months.

T h e r e  are t w o  possible explanations for this a p p a r e n t  lag in chlorine 
d e m a n d  b e hi nd temperature. First, d u r i n g  the early spring m o nt hs , 
F e b r u a r y  a n d  M a r c h  particularly, n o r m a l  flows are quite h i g h  a n d  the 
sewers a n d  interceptors m a y  be w a s h e d  relatively clean of s e w a g e  solid 
depositions. T h e  flow decreases following that period a n d  the chlorine 
d e m a n d  of the s e w a g e  decreases d u e  to a deposition of s o m e  of the 
s e w a g e  solids. Secondly, the bacterial activity in the s e w a g e  is at its 
lowest d u r i n g  the winter m o n t h s  a n d  begins to increase w i t h  the rise 
in temperature. Th is activity m a y  also take place in the solids w h i c h  
are deposited d u r i n g  the lo we r flows of late spring a n d  early s u m m e r ,  
with the result that de co mp os it io n products are introduced into the 
sewage, th er eb y increasing the chlorine d e m a n d  in the late s u m m e r  a n d  
fall. S e w e r  slime g r o w t h s  m a y  also be i m p o r t a n t  in this seasonal 

effect.
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H o u r l y  V a r i a t i o n s .— A f t e r  giving full consideration to t e m p e r a t u r e  
a n d  seasonal effects, it a p p e a r e d  that a n y  tabulation to d e t e r m i n e  the 
ho ur ly variations of chlorine d e m a n d  m u s t  be m a d e  in a c c o r d a n c e  with 
the seasons as given above. A n  a v e r a g e  h o u r l y  d e m a n d  w o u l d  not be 
indicative of actual operating conditions a n d  w o u l d  b e  of little or no 
value in the de termination of the d o s a g e  control u n d e r  the v arious sea
sonal t e m p e r a t u r e  conditions. T h e  da ta in T a b l e  III s h o w  the average

T able III.— Hourly Variations in Chlorine Demand hy Seasons*—Results in parts per million

Hour
AverageJan.-Feb-
March

April May
Average
June-July-
Aug.-Sept.

Average Oct.—Nov.- 
Dee.

Average 
Jan.-Dec. 
inclusive

8:00 a.m. 3.6 3.1 3.9 4.4 5.0 4.2
9:00 3.7 3.0 4.1 4.5 4.9 4.3

10:00 4.1 3.5 4.4 5.1 5.5 4.8
11:00 4.6 4.0 4.9 5.5 6.1 5.3
12:00 m. 5.2 4.6 6.0 6.4 7.2 6.2
1:00 p.m. 5.3 5.1 6.6 6.6 7.5 6.4
2:00 5.3 4.9 5.8 6.9 7.5 6.4
3:00 5.2 4.8 5.6 6.8 7.5 6.4
4:00 5.3 4.8 5.5 6.9 7.7 6.5
5:00 5.6 4.7 6.0 6.9 7.7 6.5
6:00 5.6 5.0 5.8 6.9 7.9 6.6
7:00 5.4 4.6 5.7 6.7 7.8 6.6
8:00 5.2 4.6 5.7 6.7 7.5 6.4
9:00 4.8 4.5 5.6 6.5 7.1 6.1

10:00 4.8 4.0 5.3 6.2 6.9 5.8
11:00 4.5 3.8 5.2 5.8 6.5 5.5
12:00 p.m. 4.7 3.6 5.2 5.8 6.6 5.6
1:00 a.m. 4.4 3.5 5.0 5.5 6.4 5.4
2:00 4.3 3.4 4.8 5.6 6.3 5.3
3:00 4.1 3.4 4.7 5.5 6.1 5.1
4:00 3.9 3.4 4.5 5.3 5.9 5.0
5:00 3.6 3.3 4.2 4.9 5.5 4.6
6:00 3.5 3.1 3.9 4.6 5.5 4.4
7:00 3.4 2.8 3.8 4.3 5.2 4.2

Average 4.6 4.0 5.1 5.8 6.6 5.6

* Excluding storm flows and industrial peak loads.

ho ur ly chlorine d e m a n d  in p.p.m. for the five seasons me nt io ne d, con
sidering that Ap ri l is a s e as on of m i n i m u m  d e m a n d  a n d  M a y  is unlike 
a n y  other time of the y e a r  b e ca us e it i m m e d i a t e l y  follows the m i n i m u m  
d e m a n d  a n d  does not re ac h the a v e r a g e  d e m a n d  of the s u m m e r  months. 
T h e s e  d a ta are plotted in Fig. 2 and, as indicated above, exclude the 
effect of s t o r m  a n d  industrial p e a k  loads. It should be b o r n e  in m i n d  
that these data are in p.p.m. a n d  therefore d o  not take into account the 
effect of flow o n  total chlorine d e m a n d .  T h e y  are, h o w e v e r ,  useful in 
f o rm ul at in g a set of curves for the control of chlorine dosage. T h e s e  

will be discussed in a su bs e q u e n t  paper.
Certain definite trends are to be o b s e r v e d  f r o m  the c urves in Fig. 2. 

T h e r e  is a general increase in chlorine d e m a n d  b e t w e e n  the h o u r s  of
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8 :00 A . M .  a n d  12 :00 M .  to 1 :00 P . M .  f r o m  J a n u a r y  until June. D u r i n g  
the m o n t h s  w h e n  the s e w a g e  is cold or just be ginning to w a r m  up, there 
is a d r o p  in chlorine d e m a n d  after the 1 :00 P . M .  peak, followed b y  a n  
increase at 5:00 to 6:00 P . M .  Ther ea ft er the chlorine d e m a n d  d e 
creases at a relatively constant rate until the e n d  of the fiscal d a y  at 
7 :00 A . M .  I n  the s u m m e r  a n d  late fall m o n t h s ,  w h e n  the chlorine d e 
m a n d  is higher, there is n o  definite decrease after the first peak, but 
the d e m a n d  tends to r e m a i n  relatively constant t h r o u g h o u t  the after

noon, or rise to a p e a k  ab ou t 6 :00 P . M .

8.0

7.0

TJd
1

BP.
O*

4.0

3.0 

2.5 0 10 12 2 4 6 8 10 12 2 4 6
I* A.m. ------^ -----------------  p .m. -------------- —— --------- A.M.------------ H

Fig. 2.—Hourly variations in chlorine demand by seasons—(excluding storms and
industrial peak loads).

It m a y  be a r g u e d  that since only a tw o- ye ar period is covered, the 
choice of April a n d  M a y  as separate seasons is u n w a r r a n t e d  because 
there are too f e w  data. O n  the other hand, it a p p e a r s  f r o m  Pig. 1 
that April is definitely the m o n t h  of m i n i m u m  chlorine d e m a n d  (in 
p.p.m.) a n d  that M a y  is definitely b e t w e e n  the m i n i m u m  d e m a n d  a n d  
the s u m m e r  d e m a n d .  T h e  probability is that the d a ta for these t w o  

m o n t h s  indicate a general tendency.
F o r  that matter, it is quite probable that at the e n d  of five years of 

study w h e n  these s u m m a r i e s  are to be revised a n d  the da ta re-averaged, 
the general trend of these curves will r e m a i n  relatively the same, but 
the individual tendencies m a y  v a r y  s o m e w h a t .

T h e  effect of the v o l u m e  of s e w a g e  flowing at a n y  particular time o n  
the total chlorine d e m a n d  of s e w a g e  in p o u n d s  pe r  d a y  is indicated in 
Fig. 3, for a typical m o n t h  of A u g u s t ,  1939. It is a p p a r e n t  f r o m  these 
d r y  w e a t h e r  d ata that the p u m p i n g  schedule for s e w a g e  at the Buffalo 
plant does h a v e  a d a m p i n g  effect o n  the flow curves. B e c a u s e  of this, 
the hour ly variation in the total d e m a n d  is not as great as m i g h t  be 
expected in s o m e  plants (7). A v e r a g e s  of the hour ly rates of flow of
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s e w a g e  are not available a n d  it is therefore not possible to s h o w  the 
effect of the h o u r l y  flow variation o n  the h o u r l y  total d e m a n d  late m  

the various seasons listed in T a b l e  III.
U s i n g  the da ta in p.p.m., s h o w n  in T a b l e  III, h o w e v e r ,  a n d  the m e 

dian flows for the various m o n t h s ,  it w a s  possible to estimate the av er
a g e  total d e m a n d  in p o u n d s  p e r  d a y  for these seasons. ( N ot e: T h e  
m e d i a n  flow h a s  b e e n  f o u n d  to a p p r o x i m a t e  the d r y  w e a t h e r  average.) 
F r o m  these calculations, it a p p e a r s  that the difference b e t w e e n  total 
d e m a n d  in the m o n t h s  of J a n u a r y ,  F e b r u a r y ,  a n d  M a r c h ,  a n d  the total 
d e m a n d  of Ap ri l w a s  m u c h  less t h a n  the difference in p.p.m. Also, in 
M a y  as m e n t i o n e d  a b o v e  the total d e m a n d  w a s  the m i n i m u m  for the 
year, al th ou gh the chlorine d e m a n d  in p.p.m. h a d  increased o v er the 

previous mo n t h s .

Fig. 3.—Hourly variations in D.W. flow and chlorine demand in p.p.m. and lb./day for
typical month—Aug. 1939.

T h e s e  calculations likewise indicate that the total d e m a n d  in p o u n d s  
p e r  d a y  in the s u m m e r  m o n t h s  w a s  but little m o r e  t h a n  that of Ja nu ar y, 
F e b r u a r y  a n d  M a r c h ,  al th o u g h  the d e m a n d  in p.p.m. w a s  1.2 p.p.m. 
higher. T h e s e  differences b e t w e e n  total d e m a n d  a n d  d e m a n d  in p.p.m. 
are best s h o w n ,  p erhaps, b y  c o m p a r i n g  the p e r c e n t a g e  relationships of 
the various seasons w i t h  the a v e r a g e  d e m a n d  in p.p.m. a n d  in p o u n d s ,  as 

s h o w n  in T a b l e  IV.
D a i l y  V a r i a t i o n s .— I n  T a b l e  V  are listed the a v e r a g e  d a t a  for each 

d a y  of the week. T h e s e  d a t a  present observations b o t h  including a n d  
excluding s t o r m  flows a n d  industrial p e a k  loads. T h e s e  d a t a  are plotted 
in Fig. 4. T h e  effect of s t o r m  a n d  industrial p e a k  loads w a s  equivalent 
to a p p r o x i m a t e l y  0.3 p.p.m. o n  the daily average.
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Table IV.—Comparison of Chlorine Demand by Seasons on the Basis of p.p.m. and Pounds Per Day.
Data in Per Cent.
On Basis of p.p.m.

Jan.-Feb.-
Mar. April May June-July-

Aug.-Sept.
Oct.-Nov.-

Dec.

% of Yearly Avg. 82 71 91 103 118

% of June, July, Aug., Sept. 79 69 88 100 114

% of Oct., Nov., Dec. 70 61 82 77 100

On Basis of Lb. Per Day

Jan.-Feb.- 
Mar. April May June-July-Aug.-Sept. Oct.-Nov.- Dee.

% of Yearly Avg. 99 96 86 102 117

% of June, July, Aug., Sept. 97 95 85 100 114

% of Oct., Nov., Dec. 85 82 74 87 100

T able V.—Variation in Chlorine Demand by Days Results in parts per million. 
Average of HI months

Day of Week
Avg. of 
All Data

Avg. Excl. Storm Flow and Industrial 
Peak Loads

Sunday...................................... ..................4.8 4.7
Monday..................................... ..................5.9 5.6
Tuesday..................................... ..................6.2 5.9
Wednesday............................... ..................5.9 5.6
Thursday.................................. ..................5.9 5.6
Friday........................................ ..................6.2 5.9
Saturday ................................... ..................6.2 6.0
Average 7 days......................... ..................5.87 5.61
Average Excl. Sunday............. ..................6.84 6.55

It a p p e a r e d  that the S u n d a y  chlorine d e m a n d  (p.p.m.) w a s  a p p r o x i 
mately 70 per cent of the a v e r a g e  d e m a n d  for the r e m a i n d e r  of the 
week, and, as w a s  ob se r v e d  in ex perimental studies (2), T u e s d a y  a p 
pe ar ed to be a h i gh day. T h e r e  w a s  a n  a p p a r e n t  decrease o n  W e d n e s 
d a y  a n d  T h u r s d a y ,  followed b y  a n  increase o n  F r i d a y  a n d  Saturday. 
T h e s e  data w o u l d  then a p p e a r  to give the effects of n o r m a l  industrial 
operation d u r i n g  the week. O n  the basis of total p o u n d s  of d e m a n d ,  
the S u n d a y  chlorine d e m a n d  w a s  equivalent to a p p r o x i m a t e l y  59 per 
cent of the a v e r a g e  for the other six d a y s  since the flow o n  S u n d a y  is 
a p p r o x i m a t e l y  85 pe r cent of the flow for the r e m a i n d e r  of the week.

E f f e c t s  o f  S t o r m  F l o w .— A l t h o u g h  it w a s  e a sy to r e m o v e  the s t o r m  
effect data f r o m  the general averages, it w a s  not so e a sy to estimate 
the exact effect of s t or ms themselves. T h is w a s  true because a rain 
s t o r m  m i g h t  occur d u r i n g  the time of d a y  w h e n  there w a s  a n o r m a l
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P ig. 4.—Daily variation in chlorine demand.

expected rise of chlorine d e m a n d  a n d  this n o r m a l  rise m i g h t  a u g m e n t  
the p e a k  d u e  to the s u d d e n  flushing of the sewers. O n  the other hand, 
the n o r m a l  d e m a n d  m i g h t  offset the falling off of the chlorine d e m a n d  
w i t h  the higher dilution d u e  to rain flows after the s e w e r s  h a d  been 
flushed. A  s t ud y of the o n e  h u n d r e d  twenty-six d a y s  o n  w h i c h  rain 
occurred at various h o u r s  of the d a y  p r o d u c e d  the a v e r a g e  d a ta s h o w n  
in T a b l e  VI. O n  the basis of these data, it a p p e a r s  that for the first 
t w o  h o u r s  after a rain h a s  started (usually w h e n  the p u m p i n g  rate is 
increased b y  a se co nd p u m p ) ,  the chlorine d e m a n d  rises. T h i s  is fol
l o w e d  b y  a d r o p  to w h a t  m a y  be considered a n o r m a l  d e m a n d .

Table VI.—Effect of Storm Flows on Chlorine Demand of Raw Sewage

Parts per million
Before storm............................................................................. 5.3
First hour.................................................................................. 6.0
Second hour.............................................................................. 6.8
Third hour.................................................................................5.7
Fourth hour.............................................................................. 6.0
Fifth hour..................................................................................6.0
Sixth hour..................................................................................5.8
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I n  cases w h e r e  rains continue o ver a long period of time, f r o m  eight 
to twenty-four hours, the d e m a n d  is usually considerably less after the 
first f e w  hours. I n  cases of s u d d e n  s h a r p  showers, the d e m a n d  m a y  
increase greatly d u r i n g  the first h o u r  a n d  return to n o r m a l  within a n  
h o u r  or two. O n  the average, the effect of s t o r m  flows w a s  to raise 
the daily a v e r a g e  chlorine d e m a n d  b y  0.2 p.p.m. C o ns id er in g that d u e  
to ra in st or m runoff the a v e r a g e  flow is 22 m.g.d. higher t h a n  the d r y  
w e a t h e r  flow, this w o u l d  indicate that the effect of s t o r m s  w a s  to in
crease the daily a v e r a g e  total d e m a n d  b y  a p p r o x i m a t e l y  360 lb. pe r day.

T h e  greatest effect of a n y  s t o r m s  o b s e r v e d  w a s  to increase the daily 
average chlorine d e m a n d  for a n y  single m o n t h  b y  0.4 p.p.m. T h is oc
curred d u r i n g  the n o r m a l  d r y  w e a t h e r  m o nt hs . T h e  greatest effect 
t o w a r d  decreasing the d e m a n d  w a s  o b se rv ed in the cold m o n t h s  w h e n  
there w a s  a n o r m a l  h i gh flow. I n  this case, in on e  m o n t h ,  the daily 
average d e m a n d  for the m o n t h  w a s  decreased b y  0.5 p.p.m. d u e  to s t o r m  

water.
I n d u s t r i a l  E f f e c t s .— A s  indicated above, there a p p e a r s  to be a n o r 

m a l  industrial load w h i c h  varies as the d a y s  of the week. B u t  there 
w e r e  at least three h u n d r e d  thirty-eight times d u r i n g  the twenty-seven 
m o n t h s  w h e n  the chlorine d e m a n d  at a single h o u r  s u d d e n l y  increased 
above the n o r m a l  d e m a n d  for that time of d a y  a n d  season of the year. 
T h e  effects of these industrial p e a k  loads are s h o w n  in T a b l e  VII, 
Parts A  a n d  B. I n  P a r t  A  is s h o w n  the fr eq ue nc y a n d  time of the 
peaks. O n  S a t u r d a y s  the n u m b e r  of p e a k s  w a s  greatest for a n y  single 
hour a n d  the m a jo ri ty of these p e a k s  occurred at n o o n  with a smaller 
n u m b e r  at 1 1 :00 A . M .  a n d  1 :00 P . M .  Totaling the n u m b e r  of times 
that these p e a k s  occur at various h o u r s  indicates that there is a definite 
rise to a m a x i m u m  b e t w e e n  1 0 :00 A . M .  a n d  2 :00 P . M .  followed b y  a 
recurring te nd e n c y  to a m a x i m u m  b e t w e e n  5 :00 P . M .  a n d  9 :00 P.M., 
a n d  a rapid decrease thereafter. T h e r e  w e r e  v e r y  f e w  p e a k  industrial 
effects obse rv ed after midnight.

It is not so e a sy to explain the source of these peaks, b ut f r o m  p r e 
vious studies it w o u l d  a p p e a r  that they m a y  be d u e  to s u d d e n  discharges 
of strong w a s t e  loads f r o m  the city’s industrial section w h i c h  is about 
three a n d  one-half ho u r s  flow time f r o m  the treatment works.

It is possible that these tendencies t o w a r d  m a x i m a  m a y  indicate 
ap p r ox im at el y definite d u m p i n g  times of w a s t e  loads. T h e  s p r e a d  of 
these tendencies over several h o ur s is p r o b a b l y  d u e  to the natural 
streaming effects in the sewe rs a n d  the d a m p i n g  effect of the inter
ceptor reservoir capacity.

T h e  effects of these loads o n  the n o r m a l  d e m a n d  are s h o w n  in P a r t  
B  of Ta b l e  VII. T h e  a v e r a g e  d e m a n d  before the p e a k  hour, the d e 
m a n d  d u ri ng the peak, a n d  the d e m a n d  for the t w o  succeeding h o ur s 
thereafter, together w i th the av e r a g e  for the d a y s  of the p e a k  are 
listed for each d a y  of the week.

O n  the average, the d e m a n d  w a s  practically do u b l e d  although there 
w e r e  several d a y s  w h e n  the d e m a n d  increased four a n d  five fold. T h e  
highest d e m a n d  ever o b se rv ed w a s  63 p.p.m. T h e  general effect of
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T able VII.—Effects of Industrial Peak Loads on Chlorine Demand of Raw Sewage

Part A—Frequency and Time of Peaks

Hour Sundays Mondays Tuesdays Wednesdays Thursdays Fridays Saturdays Total

8:00 A.M. 0
9:00 1 1 2

10:00 4 1 2 4 1 12
11:00 4 7 2 6 2 5 26
12:00 8 5 3 9 8 15 48
1:00 P.M. 9 7 1 10 3 6 36
2:00 8 5 9 8 4 1 35
3:00 7 6 4 4 2 2 25
4:00 4 5 3 2 4 1 19
5:00 4 4 3 1 6 1 19
6:00 9 5 7 3 2 1 27
7:00 6 9 4 7 8 1 35
8:00 2 7 4 1 4 1 19
9:00 1 1 3 1 4 1 11

10:00 1 2 1 4
11:00 1 2 1 4
12:00 2 1 2 1 6
1:00 A.M. 1 3 4
2:00 1 1
3:00 1 1
4:00 0
5:00 1 1 2
6:00 1 1
7:00 1 1

Total 0 72 73 48 55 53 37 338

Part B—Effect of Peak Load on Demand

Before peak p.p.m. 6.6 6.9 6.7 6.5 6.8 6.4 6.7
Peak hour p.p.m. 13.2 14.8 14.6 12.9 14.2 13.4 13.8
First hour after peak

p.p.m. 8.4 7.6 7.5 7.4 7.4 7.3 7.6
Second hour after peak

p.p.m. 7.5 7.6 6.9 6.8 7.3 7.0 7.3

Avg. for day of peak
p.p.m. 5.7 6.0 5.7 5.8 6.1 6.1 5.6

these p e a k s  w a s  to raise the daily a v e r a g e  d e m a n d  b y  a p p r o x i m a t e l y
0.1 p.p.m. T h i s  w a s  equivalent to 110 lb. p e r  d a y  o n  the total average 
flow. O n  the individual d a y s  in question w h e n  p e a k s  occurred, the 
effect w a s  to raise the d e m a n d  f r o m  0.3 to 5 p.p.m. or m o r e .  N o t  only 
are these facts interesting f r o m  a  strictly observational standpoint, but 
t h ey also indicate the n e e d  for special chlorine d o s a g e  control at such 
times.

D iscussion

T h e  presentation of these d a ta a n d  results is not c o m p l e t e  wi th ou t 
s o m e  discussion of the c o m p a r i s o n  of the analytical results a n d  their
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indications w i th the experimental w o r k  w h i c h  w a s  carried o n  d u r i n g  
the construction of the treatment w o r k s  project a n d  w h i c h  lead to the 

continuation of these studies.
O n  the basis of these published pr eliminary a n d  field studies o n  the 

chlorine d e m a n d  of s e w a g e  (2), the senior au th or p r e p a r e d  a report (8) 
estimating the probable total chlorine d e m a n d  a n d  variations therein 
of Buffalo s e w a g e  as it m i g h t  be expected to be received in the tr eatment 
works. It is interesting to note that in this u n pu bl is he d report it w a s  
“ concluded that the a v e r a g e  chlorine d e m a n d  will be b e t w e e n  57 a n d  
60 lb. per million gallon or a p p r o x i m a t e l y  6,000 lb. pe r  d a y  o n  a d r y  
w e at he r flow of 105 m.g.d. excluding rain effects.”  T h e  present studies 
indicate a d r y  w e a t h e r  flow of a p p r o x i m a t e l y  113 m.g.d. a n d  a total 
d e m a n d  of 5,970 lb. or a p p r o x i m a t e l y  53 lb. p e r  m.g.

T h e  preliminary studies u p o n  w h i c h  these predictions w e r e  b a s e d  
involved studies m a d e  in July, Au g u s t ,  N o v e m b e r ,  a n d  F e b r u a r y ,  a n d  
f r o m  those studies it w a s  impossible to de te rm in e the trend d u r i n g  the 
w e e k  but it w a s  ob se r v e d  (8) that the total S u n d a y  d e m a n d  w a s  a p 
proximately 58 pe r  cent of the a v e r a g e  for the other d a y s  in the w e e k  
a n d  that the m a x i m u m  d e m a n d  occurred o n  Tu es da ys . I n  the present 
studies it a p p e a r e d  that the highest d e m a n d  occurs o n  Tu e s d a y s ,  F r i 
days, a n d  Saturdays, a n d  that o n  the basis of total p o u n d s  p e r  d a y  the 
S u n d a y  chlorine d e m a n d  a p p e a r s  to h a v e  b e e n  59 pe r cent of the av e r a g e  
d e m a n d  for the r e m a i n d e r  of the week.

It w a s  predicted (8) that the m i n i m u m  w o u l d  occur a b o u t  6 :00 A . M .  
an d the m a x i m u m  b e t w e e n  12:00 M .  a n d  1:00 P . M .  Actually the m i n i 
m u m  occurred at 8 :00 A . M .  a n d  the m a x i m u m  at 1 :00 P . M .  or later, 
de pe nd in g u p o n  the season of the year. It w a s  also expected that 
occasional m a x i m a  of 25 p.p.m. w o u l d  occur. This ha s  b e e n  b o r n e  out 
in the studies of the industrial p e a k  loads w h i c h  are generally less t h an 
that figure although one m a x i m u m  d e m a n d  w a s  recorded at t w o  a n d  
one-half times that value.

O n  the basis of a lower estimated flow t h an actually occurred it w a s  
estimated that the a v e r a g e  d e m a n d  w o u l d  be a p p r o x i m a t e l y  7 p.p.m., 
wh e r e a s  o n  a 10 pe r  cent higher flow, it w a s  f o u n d  to a v e r a g e  5.6 e x 
cluding s t o r m  flows a n d  varied b e t w e e n  4.0 a n d  6.6 o n  m o n t h l y  averages. 
It w a s  estimated that the variation in chlorine d e m a n d  d u r i n g  a d r y  
w e at he r d a y  w o u l d  be f r o m  30 to 225 pe r  cent of the average. T h is w a s  
f o un d to be a p p r o x i m a t e l y  correct although o n  the average, the n o r m a l  
variation w a s  f r o m  70 to 130 pe r cent d u r i n g  the day. Single p e a k  
loads of 800 to 1000 pe r  cent of the a v e r a g e  for a single d a y  occurred 
infrequently.

T h e  preliminary studies indicated (2) that the cold w e a t h e r  chlorine 
d e m a n d  w o u l d  be a p p r o x i m a t e l y  65 p e r  cent of the w a r m  w e a t h e r  d e 
m a n d .  It w a s  a s s u m e d  at that time that the cold w e a t h e r  d e m a n d  w o u l d  
prevail f r o m  J a n u a r y  t h r o u g h  April a n d  the w a r m  w e a t h e r  results the 
r e m a i n d e r  of the year. O n  the basis of the studies reported herein it 
ap p e a r s  that the cold w e a t h e r  d e m a n d  is f r o m  70 to 80 p e r  cent of the 
w a r m  w e a t h e r  d e m a n d  as regards concentration in p.p.m., bu t as re



g a r d s  total d e m a n d  in p o u n d s  the cold w e a t h e r  d e m a n d  is f r o m  85 to 
95 p e r  cent of the w a r m  season d e m a n d  w i t h  the transition m o n t h  
b e t w e e n  cold a n d  w a r m  seasons h a v i n g  the lowest total d e m a n d .

P r e v i o u s  studies (2) included a n  a t t e m p t  to d e t e r m i n e  the chlorine 
d e m a n d  p e r  capita a n d  the results of the s t u d y  of the s e w a g e  of a 
district not containing industrial plants indicated that the a v e r a g e  per 
capita d e m a n d  w a s  a p p r o x i m a t e l y  .0047 lb. p e r  capita p e r  day. O n  
the basis of the present studies it w a s  indicated that the p e r  capita of 
d e m a n d  for Buffalo w a s  0.01 lb. p e r  capita p e r  d a y  excluding s t o r m  an d  
industrial p e a k  load effects, or 0.011 lb. p e r  capita p e r  d a y  including all 
s e w a g e  flows. W h e t h e r  this h i g h  p e r  capita d e m a n d  c a n  b e  entirely 
attributed to industrial w a s t e s  c a nn ot be ascertained f r o m  a st ud y of 

the da ta collected.
T h e  st u d y  of 126 s t o r m s  indicated that the d a t a  available f r o m  the 

early p r el im in ar y studies, t h o u g h  lacking in completeness, w e r e  correct 
in indicating that the “ chlorine d e m a n d  in p.p.m. of c o m b i n e d  s e w a g e  
a n d  s t o r m  w a t e r  is not materially less t h a n  that of d r y  w e a t h e r  s e w a g e  
a n d  d u r i n g  the early runoff is usually h i g h e r ”  (2). T h e  d a t a  of these 
present studies s h o w  increases in p.p.m. of chlorine d e m a n d  d u r i n g  the 
first a n d  s e co nd h o u r  of the s t o r m  flow. T h e r e f o r e  it is readily to be 
seen that since this d e m a n d  occurs w i t h  flow increases of 200 to 300 
p e r  cent, the total chlorine d e m a n d  rate in p o u n d s  p e r  d a y  rises pre

cipitously.
I n  the published s u m m a r y  of the laboratory a n d  field studies (2), 

it w a s  pointed out that “ t w o  criticisms of the analytical results might 
be raised. First, that the d a ta pr es en te d c o v e r e d  only four short p e 
riods at different seasons a n d  m i g h t  not be representative. Secondly, 
that the results as d e t e r m i n e d  in the laboratory p r o b a b l y  are not 
strictly transferable to plant operation.”

T h e  fact that the results of 27 m o n t h s ’ s t u d y  in the s e w a g e  treat
m e n t  w o r k s  are not greatly different f r o m  the predicted results based 
o n  those four short periods indicates that it is possible, b y  proportional 
s a m p l i n g  a n d  judicious choice a n d  we i g h t i n g  of the s e w e r s  to b e  s a m 
pled a n d  analyzed, to utilize pr e l i m i n a r y  studies as a basis of plant 
capacity design.

I n  acco rd an ce w i t h  the findings of pr e l i m i n a r y  studies that up-sewer 
chlorination w a s  not ne cessary at Buffalo d u e  to lack of sulfates in the 
s e w a g e  a n d  c o n s eq ue nt lack of h y d r o g e n  sulphide, n o  further studies 
w e r e  m a d e  o n  the subject.

S u m m a r y  a n d  C o n c l u s io n s

I n  re vi ew in g the analytical w o r k  of these studies a n d  interpretations 

thereof certain factors b e c o m e  evident.
1. T h e  chlorine d e m a n d  of s e w a g e  is d e p e n d e n t  o n  local conditions 

of s e w a g e  strength, chemical co mposition a n d  s e w a g e  flow. F o r  w a te r 

l o w  in sulphates, w h e r e  the rate of flow is m a i n t a i n e d  relatively constant 
b y  p u m p i n g ,  following a relatively short s e w e r  run, the chlorine d e m a n d
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of the s e w a g e  in p.p.m. is not high. I n  the case of Buffalo the d r y  
w e a t h e r  d e m a n d  is a p p r o x i m a t e l y  5.6 p.p.m. equivalent to 53 lb. pe r 

m.g.
2. T h e  determination of chlorine d e m a n d  o n  co mp os it e s a m p l e s  of 

r a w  s e w a g e  or chlorinated effluents does not give a true d e m a n d  of the 
s e w a g e  w h e n  c o m p a r e d  to the a v e r a g e  of 24 h o ur ly tests. It is g e n 
erally f r o m  12 to 25 p e r  cent l o w  in r a w  s e w a g e  a n d  is high in the case 
of chlorinated effluents b y  100 to 300 p e r  cent.

3. T h e  chlorine d e m a n d  of Buffalo s e w a g e  in p.p.m. rises a n d  falls 
with the t e m p e r a t u r e  but lags b e h i n d  it, for the d e m a n d  continues to 
rise after the t e m p e r a t u r e  begins to fall a n d  vice versa. T h e  total 
chlorine d e m a n d ,  in p o u n d s  p e r  day, also lags b e h i n d  the t e m p e r a t u r e  
but the effect of v o l u m e  c h a n g e s  the characteristics of the curve s o m e 

what.
4. T h e  chlorine d e m a n d  in p.p.m. d u r i n g  a n  a v e r a g e  d a y  varies f r o m  

70 to 130 p e r  cent of the average, but a single d a y ’s variation m a y  be 
m u c h  greater. M i n i m u m  d e m a n d s  occur at 7 :00 A . M .  to 9 :00 A . M .  a n d  
m a x i m u m  d e m a n d s  at n o o n  a n d  after, reflecting the n o r m a l  industrial 
a n d  domestic life of the city.

If the p u m p a g e  in the Buffalo T r e a t m e n t  W o r k s  w e r e  at a  less c o n 
stant rate a n d  m o r e  nearly reflected the actual h o ur ly variation in 
se wa ge flow, it is quite probable that the chlorine d e m a n d  rate in p o u n d s  
per day, if plotted b y  hours, w o u l d  s h o w  a m u c h  w i d e r  variation t h an 
do the data in p.p.m.

5. Generally s p ea ki ng there is little difference in the a v e r a g e  d e 
m a n d  du ri ng the w e e k  although M o n d a y ,  W e d n e s d a y ,  a n d  T h u r s d a y  
appe ar to be s o m e w h a t  lo we r t h a n  the other d a y s  a n d  the d e m a n d  o n  
Su nd ay , both in p o u n d s  p e r  d a y  (59 p e r  cent) a n d  p.p.m. (70 p e r  cent) 
is considerably less t h a n  the a v e r a g e  for the r e m a i n d e r  of the week.

6. S t o r m  flow a n d  runoff effects d o  not greatly increase the c o n c e n 
tration of chlorine d e m a n d  although there is a  te nd e n c y  to increase 
during the first t w o  h o u r s  of a s t o r m  runoff. O n  the other hand, the 
total chlorine d e m a n d  rate pe r  d a y  increases b y  several fold d u r i n g  
these ho ur s d u e  to the increased flow occurring.

7. N o r m a l  industrial loads o n  the s e we rs m a y  not be strictly recog
nized as such, but at times p e a k  loads occur. O n  the average, the p e a k  
is ap p r o x i m a t e l y  double the n o r m a l  d e m a n d  for that or the previous 
h o u r  a n d  these effects h a v e  usually d i s a p p e a r e d  within t w o  hours. 
T h e r e  a p p e a r  to be t w o  periods in the d a y  w h e n  p e a k  loads occur, 
be t w e e n  10 :00 A . M .  a n d  2 :00 P.M., a n d  b e t w e e n  5 :00 P . M .  a n d  9 :00 P . M .

8. T h e  pe r capita d e m a n d  of Buffalo s e w a g e  is 0.01 lb. p e r  day, 
excluding s t o r m  effects. T h is is slightly m o r e  t h a n  twice the value 
reported for strictly domestic s e w a g e  (2). F o r  p u r p o s e s  of designing 
capacity for chlorinating machines, it is a p p a r e n t  that this pe r capita 
d e m a n d  or the total d e m a n d  in p o u n d s  p e r  d a y  is m o r e  i m p o r t a n t  t h an 
the p.p.m. of chlorine d e m a n d .

9. T h e  compilation of these d a ta ha s  s h o w n  the variability of the 
chlorine d e m a n d  of Buffalo s e w a g e  a n d  the n e e d  for control of chlorine
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d o s a g e  to m e e t  these variable factors. T h e  d a t a  h a v e  also fu rn is he d the 
basis w h e r e b y  a s y s t e m  of chlorine d o s a g e  control could h e  developed.
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P U B L I C  H E A L T H  A S P E C T S  O F  S E W A G E  T R E A T M E N T  
I N  D E T R O I T *

B y  W . M. W a l l a c e  f  a n d  A r t h u r  B. M o r r i l l  i

t Supt. of Filtration, Detroit Dept, of Water Supply and t Engineer of Sewage Treatment, 
Detroit Sewage Treatment Plant

T h e  discharge of untreated s e w a g e  into wa te rc ou rs es is objection
able for m a n y  reasons. A  certain reas on m a y  b e  of the u t m o s t  i m 
portance in one situation a n d  insignificant in another. T h u s  the objects 
of s e w a g e  treatment m a y  a n d  should v a r y  w i th the situation. O x y g e n  
depletion in streams, d e c o m p o s i n g  sludge banks, floating oil a n d  grease, 
d a m a g e  to fish a n d  g a m e ,  bacterial pollution of w a t e r  supplies a n d  
bathing beaches, tastes a n d  odors in w a t e r  supplies, o d or nuisance, a n d  
injury to shellfish industries are s o m e  of the results of s e w a g e  dis
charge that h a v e  m a d e  s e w a g e  tr eatment necessary.

In A m e r i c a ,  a n d  e v e n  m o r e  so in E n g l a n d  a n d  G e r m a n y ,  tr ea tm en t 
plants h a v e  generally b e e n  built to r e m e d y  gross pollution, as such 
situations naturally d e m a n d e d  first attention. T h e  public health w a s  
usually endangered, but in m o s t  cases it is safe to sa y that s e w a g e  
treatment w o u l d  not h a v e  come, at least for m a n y  years, if there h a d  
not also b e e n  conditions offensive to sight a n d  smell or d a m a g e  of s o m e  
other kind. S o  public health ha s  until n o w  usually b e e n  secondary, a n d  
so metimes decidedly unimportant, as the real reason for adop ti ng 

treatment.
T h e  s e w a g e  disposal p r o b l e m  at Detroit is m o s t  unusual. A m o n g  

all the large cities in the U n i t e d  States, a n d  m o s t  of the small ones, 
there is p r o b a b l y  n o  case, w i th the single exception of Buffalo, w h e r e  
such a n  e n o r m o u s  quantity of p u r e  flowing w a t e r  is available for dis
posal b y  dilution. T h e  flow in the Detroit R i v e r  is v e r y  u n i f o r m  a n d  
is never less t h a n  300 times the a v e r a g e  s e w a g e  flow f r o m  the city. 
This situation is to be contrasted w i th those at C h i c a g o  a n d  Indi
anapolis, for example, w h e r e  the flow of diluting w a t e r  is often less 

than the flow of sewage.
T h e  result of this ha s  b e e n  to m a k e  the nuisance aspects of s e w a g e  

discharge less i m p o r t a n t  at Detroit, increasing the relative i m p o r t a n c e  
of the public health aspects. R e d u c t i o n  of biochemical o x y g e n  d e m a n d  
of the sewage, w h i c h  ha s  s o m e t i m e s  b e e n  taken as a general m e a s u r e  
of the success of s e w a g e  treatment, is of n o  practical i m p o r t a n c e  at 
Detroit. T h e  objectives of the Detroit plant are to eliminate visible 
nuisance, sludge banks, floating oil a n d  grease d u e  to the discharge of 
s e w a g e  f r o m  the city a n d  to reduce as m u c h  as possible the discharge 
of s e w a g e  bacteria.

T h e  principal treatment of the s e w a g e  p r o p e r  is in sedimentation 
tanks w h i c h  are designed to give 1 %  h o u r s  detention at a v e r a g e  flow

* Presented at the 69th Annual Meeting of the American Public Health Assn., Detroit, 
Mich., Oct. 11, 1940. Released by courtesy of the Engineering Section of the A. P. H. A.
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a n d  r e m o v e  55 p e r  cent of the s u s p e n d e d  solids, w h i c h  is believed to be 
quite sufficient for the conditions. Results for the first six m o n t h s  of 
operation indicate that the actual r e m o v a l  will he s o m e w h a t  greater 

t h an w a s  contemplated.
T h e  t a n k  effluent is treated w i th chlorine before di scharge into the 

river t h r o u g h  a tunnel m o r e  t h a n  a mile long. T h e  chlorine d e m a n d  has 
a v e r a g e d  b e t w e e n  six a n d  se ve n parts p e r  million a n d  the p l a n  has 
b e e n  to dose at a rate s o m e w h a t  in excess of the d e m a n d  found, so as 
to be reas on ab ly sure of a residual in the final effluent, in spite of su d 
d e n  variations in the chlorine d e m a n d .  B e c a u s e  of lack of sa mp l i n g  
facilities, w h i c h  will s o o n  be provided, it h a s  not b e e n  possible to 
de t e r m i n e  directly the actual residuals a n d  bacterial kills obtained. 
L a b o r a t o r y  samples, treated w i th the s a m e  chlorine d o se as the plant 
effluent a n d  given the s a m e  contact time as it receives in pa s s i n g  th ro ug h 
the effluent conduit, h a v e  s h o w n  a n  a v e r a g e  reduction of coliform bac
teria of over 99 pe r cent. T h i s  is p r o b a b l y  a better result t h a n  that 
'obtained b y  the plant, because of difficulty in following there the rapid 

fluctuations in chlorine d e m a n d .
T h e  estimated cost of chlorine, for the first y e a r  of operation, is 

ab o u t  20 pe r cent of the total operation a n d  m a i n t e n a n c e  budget, s h o w 
ing the u n u s u a l  i m p o r t a n c e  of disinfection in the plant scheme. T h e  
actual chlorine d e m a n d  is p r o v i n g  to b e  less t h a n  w a s  expected, a n d  as 
other costs h a v e  b e e n  closer to estimates, the actual cost of chlorine for 
the y e a r  will p r o b a b l y  a m o u n t  to n e ar er 10 p e r  cent of the total budget.

O n e  of the m o s t  obvious public health effects of s e w a g e  tr ea tm en t at 
Detroit will be a decrease in the bacterial load o n  w a t e r  purification 
plants taking their r a w  w a t e r  f r o m  the Detroit R i v e r  b e l o w  the city. 

T h e r e  are t w o  of these o n  the A m e r i c a n  side of the river, o n e  supplying 
ab o u t  30,000 people a n d  the other a b o u t  4,000. It d o es not a p p e a r  that 
Detroit pollution h a s  h a d  a n y  effect in increasing the load o n  water 
plants o n  the C a n a d i a n  side of the river.

T h e  bacterial load o n  the t w o  A m e r i c a n  plants h a s  b e e n  serious. 
T h e  larger plant, for w h i c h  better d a t a  are available, h a s  its intake 
located ab o u t  one-third of the w a y  across the river a n d  so h a s  missed 
m o s t  of the pollution f r o m  Detroit sewers. B e c a u s e  of the positive 
velocity of flow in the river at all times, the pollution passes d o w n  the 
river m u c h  faster t h a n  it w o r k s  out f r o m  the shore. I n  spite of the 
fact that its intake is located in a  relatively clean p a rt of the river, the 
a v e r a g e  coliform i n de x for the five years, 1 9 3 4  to 1938, inclusive, w a s  
19,900 p e r 100 ml. T h e  c o r r e s p o n d i n g  a v e r a g e  i n de x for the m o n t h  of 
A u g u s t  w a s  63,000.

C o n s i d e r i n g  Streeter’s su gg es te d s t a n d a r d  of 5,000 p e r  100 ml. as 
a n  u p p e r  limit of pollution for w a t e r  to be safely h a n d l e d  b y  a  m o d e r n ,  
well-operated purification plant, it is a p p a r e n t  that the figure repre
sents a h e a v y  ov er lo ad o n  the plant in question.

Direct observations h a v e  b e e n  m a d e  of the bacterial condition of 
the river but interpretation of the results is c omp li ca te d b y  the fact that 
other s e w a g e  effluents a n d  s o m e  untreated s e w a g e  are be in g d ischarged
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at a n d  b e l o w  Detroit. It is not yet possible to sa y  to wliat extent the 
r e m a i n i n g  bacterial pollution is d u e  to the Detroit effluent a n d  to w h a t  

extent to other sources.
T h e  best available information is in r e g a r d  to the T r e n t o n  C h a n n e l  

of the river, that is the part of the flow b e t w e e n  G r o s s e  lie a n d  the 
A m e r i c a n  shore. It is a n  interesting fact that this channel, carrying- 
only 23 pe r  cent of the river flow, carries p r o b a b l y  m o r e  t h an 95 pe r 
cent of all coliform bacteria in the river, certainly m o r e  t h a n  95 pe r cent 
of all those of A m e r i c a n  origin. G o o d  lo ngtime-average bacterial re
sults o n  the i m p r o v e m e n t  of conditions are not yet available a n d  long
time results are necessary because of the seasonal variation in bacterial 
numbers. T h e  a v e r a g e  coliform count at the W y a n d o t t e  w a t e r  intake, 
for example, w a s  f o r m e r l y  six times as great in A u g u s t  as in Fe b r u a r y .  
Preliminary figures indicate that the bacterial pollution of the A m e r i 
can half of the river ha s b e e n  de creased at least 75 p e r  cent a n d  that 
this percentage will increase as the r e m a i n i n g  untreated s e w a g e  f r o m  
Detroit a n d  other c o m m u n i t i e s  is diverted f r o m  the river, as a better 
m e t h o d  of s a m p l i n g  m a k e s  closer control at the Detroit plant possible, 
an d  as the smaller plants a d o p t  chlorination.

T h e  Detroit River, f r o m  L a k e  St. Clair to L a k e  Erie, is ab ou t 27 
miles in length. B e c a u s e  of s e w a g e  discharge, largely f r o m  the city 
itself, bathing h a s  for m a n y  years not b e e n  considered safe at a n y  point 
on the A m e r i c a n  shore for the entire length of the river. M u c h  of this 
shore is a potential p l a y g r o u n d  for a population of t w o  million but the 
bathing possibilities h a v e  b e e n  nearly destroyed b y  s e w a g e  discharge. 
H o w  soon a n d  to w h a t  extent s e w a g e  tr ea tm en t will m a k e  bathing in 
the river safe is a question for sanitarians. T h e r e  ca n be n o  d o ub t 
h o w e v e r  that the intercepting, settling a n d  disinfecting of Detroit s e w 
age is a long step in the right direction.

N e a r l y  all of the s e w a g e  discharged into the Detroit R i v e r  a n d  its 
tributaries o n  the A m e r i c a n  side is n o w  treated. T r e a t m e n t  of m o s t  of 
it has started within the past y e a r  so its effects are only n o w  becoming- 
apparent. It is certain h o w e v e r  that the river will be m u c h  m o r e  at
tractive for recreational use a n d  such use is certain to increase. It has 
been limited in the past b y  offensive conditions rather t h a n  b y  actual 
public health hazards, although a certain a m o u n t  of health d a n g e r  w a s  
involved. F o r  such recreational uses as picnicking o n  the b a n k s  or on 
islands in the river, a n d  for boating, the degr ee of s e w a g e  treatment 
n o w  pr ov id ed will practically eliminate public health risk a n d  will 
doubtless m e a n  a n  actual public health gain t h r o u g h  recreation.

T h e r e  is one respect in w h i c h  s e w a g e  t r eatment is unsatisfactory at 
Detroit a n d  in m o s t  other cities w h e r e  bacterial pollution is a factor. 
This is b r o u g h t  ab ou t b y  the discharge of diluted s e w a g e  f r o m  the storm- 
water overflows of c o m b i n e d  s e w e r  s y st em s d u r i n g  h e a v y  rains. W h e r e  
the p u r p o s e  of s e w a g e  treatment is to avoid nuisance, s u ch discharge 
has not b e e n  particularly serious. T h e  m o s t  objectionable conditions 
are d u e  to ex tr em el y l o w  flows in the receiving streams, a n d  su ch l o w  
flows almost ne v e r  exist at the time of s t o r m w a t e r  overflow. T h e  d r y
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w e a t h e r  s e w a g e  is m u c h  diluted if there is a n y  considerable a m o u n t  of 
rain, so that in biochemical o x y g e n  d e m a n d ,  for ex am p l e ,  the untreated 
s e w a g e  at a time of h e a v y  s t o r m  m a y  be better t h a n  the settled effluent 

d u r i n g  d r y  weather.
W i t h  r e g a r d  to bacterial pollution, h o w e v e r ,  the conditions are quite 

different. T h e  dr ai n a g e  ar ea of the Detroit R i v e r  is so great that its 
discharge is only v e r y  slightly affected b y  a n y  local s t o r m  a n d  not m u c h  
affected b y  a n y  cause whatever. I n  cases of e x t r e m e  d o w n p o u r  the 
c o m b i n e d  s e we rs m a y  discharge at full capacity for hours, w i t h  the total 
rate being p e r h a p s  *25 or 50 times the v o l u m e  of d r y  w e a t h e r  s e w a g e  
flow. Since the s e w a g e  tr ea tm en t plant is able to h a n d l e  only about 
t w o  times the d r y  w e a t h e r  flow, it m e a n s  that p e r h a p s  95 p e r  cent of 
all s e w a g e  bacteria m u s t  be di sc ha rg ed wi th ou t disinfection into the 
river. W h e r e a s  the concentration of bacteria, p e r  unit vo l u m e ,  is apt 
to b e  m u c h  less in the case of a h e a v y  rain, the total bacterial discharge 

is certainly greater.
T h u s  a n y  bacterial protection that is secured b y  s e w a g e  treatment 

to the present extent is al mo st entirely lost d u r i n g  a n  e x t r e m e l y  h e a v y  
rain. A s  this condition affects the safety of d o w n s t r e a m  w a t e r  sup
plies, it m u s t  n o w  be m e t  b y  e x t r e m e  vigilance at w a t e r  tr e a t m e n t  plants 
d u r i n g  such periods. T h e  first Detroit w a t e r  filtration plant w a s  
f o r m e r l y  e x p o s e d  to s u ch a  situation. Special care a n d  increased chlo
rine d o s a g e s  w e r e  necessary d u r i n g  h e a v y  s t o r m s  to g u a r d  against 
increased chlorine d e m a n d  or heavier bacterial pollution because of 
s t o r m w a t e r  discharge.

T h e  effect o n  recreational use of the s t r e a m  is less serious. S t o r m 
w a t e r  pollution will di s a p p e a r  f r o m  the u p p e r  reaches of the river 
within a f e w  h o u r s  after discharge f r o m  the overflows ceases. In 
twenty-four h o u r s  the effect will p r o b a b l y  h a v e  d i s a p p e a r e d  f r o m  the 
entire length of the river. Since recreational use will naturally be 
m u c h  limited d u r i n g  actual s t o r m  conditions, there will be relatively 
small h a z a r d  f r o m  this cause. If it is f o u n d  that b a t h i n g  is safe in the 
lo we r river at m o s t  times bu t  u n s a f e  for a d a y  or so after h e a v y  storms, 
it m a y  be ne ce ss ar y to post b a th in g be a c h e s  to w a r n  of u n sa fe condi
tions. Notices are n o w  issued t h r o u g h  n e w s p a p e r s  to s h o w  wh e t h e r  
skating is available in public p a r k s  a n d  there s e e m s  to be n o  practical 
r e as on w h y  a  similar s y s t e m  could not b e  u s e d  for ba t h i n g  beaches. 
Do ub tl es s for w e e k s  o n  end, in hot s u m m e r  weather, it will not be 
ne ce ss ar y to limit bathing, so that m o s t  of the a d v a n t a g e s  of unlimited 
ba th in g conditions could b e obtained w i t h  v e r y  little risk.

A  c o mp l e t e  r e m e d y  for this situation of s t o r m  w e a t h e r  discharge is 
not e a s y  to foresee. It m a y  s e e m  fanciful to suggest that it will e v en
tually b e  f o u n d  practicable to chlorinate s t o r m w a t e r  discharges. T h e  
cost of chlorine will b e relatively u n im po rt an t, for the total a m o u n t  of 
rain w a t e r  involved is usually less t h a n  the total a m o u n t  of d r y  w e a t h e r  
s e w a g e  discharged. T h e  difficulty is d u e  to the fact that the discharge 
is at scattered points, at v e r y  h i gh rates, a n d  for relatively short times. 
T h e  difficulty then lies in securing a d e q u a t e  e q u i p m e n t  at m o d e r a t e  cost
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a n d  getting either au to ma ti c operation or i m m e d i a t e  attendance w h e n  a 
s t o r m w a t e r  discharge starts. Available e q u i p m e n t  for ap pl yi ng chlo
rine is certainly m u c h  too expensive to be considered for this field. 
T h e  carefully m a d e  e q u i p m e n t  available is too g o o d  for the job, that is, 
it involves expensive construction a n d  careful control w h i c h  is v e r y  
desirable in w a t e r  t r ea tm en t but could well be dispensed w i t h  for occa
sional tr eatment of s t o r m w a t e r  sewage.

In s o m e  cases, as w h e r e  the discharge of s e w a g e  is t h r o u g h  s t o r m 
water p u m p i n g  stations, the question of attendance for s t o r m w a t e r  
chlorination w o u l d  not be difficult. I n  other cases it is difficult to see 
h o w  a n y  practical a r r a n g e m e n t  could be developed. Possibly investi
gation w o u l d  s h o w  that au to ma ti c e q u i p m e n t  m i g h t  be perfected. A t  
least it is clear that this is a field of s e w a g e  tr eatment w h i c h  present 
m e t h o d s  d o  not cover a n d  the results are, to that extent, unsatisfactory. 
It is to be h o p e d  that m o r e  attention will be given to this question in 
the future.

In conclusion, it m a y  be said that s e w a g e  treatment is fully as m u c h  
a matter of decent, mu nicipal h o u s e k e e p i n g  as it is a m a t t e r  of public 
health. A d v o c a t e s  h a v e  b e e n  inclined to exag ge ra te the health aspect, 
k n o w i n g  well that it is generally easier to secure f u nd s for a project if 
the question of health a p p e a r s  important. It is a doubtful p roc ee di ng 
to urge a false reason, e v e n  for a g o o d  project, a n d  in the long r u n  it 
appears that the cause of public health will be retarded b y  such action.

C o m m u n i t i e s  a d op t i n g  s e w a g e  tr eatment should u n d e r s t a n d  the real 
reasons for their action a n d  that w h e n  this action is to eliminate 
nuisance, rather t h an to sa f e g u a r d  health, n o  i m p r o p e r  e m p h a s i s  should 
be placed o n  the health aspect.

In the case of Detroit, the sanitary value of the i m p r o v e m e n t  is 
obvious. T h e  Detroit River, e v e n  before a n y  s e w a g e  treatment w a s  
undertaken, w a s  still in sufficiently g o o d  condition so that it w a s  u s e d  
as a source of w a t e r  supply, w i t h  or without treatment. It is too m u c h  
to expect that the river c a n  ever be restored to its original condition of 
purity. A s  a result of s e w a g e  treatment, ho we ve r, the load of s e w a g e  
contamination ha s  b e e n  vastly reduced, to s uch a n  extent that treatment 
for w a t e r  s u p p l y  p u r p o s e s  is re as on ab ly e a s y  a n d  safe. F o r  other 
purposes t h an w a t e r  s u p p l y  the tr eatment a d o p t e d  ha s  practically 
eliminated the objectionable conditions d u e  to s e w a g e  contamination.
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I. B e n t h a l  D e c o m p o s it io n — G e n e r a l  C o n c e p t s

M u c h  of the su s p e n d e d  m a tt er p o u r e d  into streams a n d  other regional 
drainage channels b y  natural runoff, the runoff f r o m  s e we re d areas, and 
the discharge of water-carried wastes f r o m  household a n d  industry settles 
to the b o t t o m  of sluggish river reaches, backwaters, lakes, reservoirs and 
mill p o n d s  to f o r m  river m u d s  a n d  pollutional sediments. T h e  b o t t o m  
deposits that are built u p  in a given receiving wa t e r  fluctuate in depth, 
composition a n d  location: (1) with the character a n d  a m o u n t  of waste 
m a tt er entering the b o d y  of water; (2) with c h an gi ng hydrog ra ph ic condi
tions; a n d  (3) with the rate a n d  nature of decomposition prevailing during 
different seasons of the year. It is the p u rp os e of this series of papers to 
discuss (1) the processes of natural purification b y  w h i c h  river m u d s  a nd 
pollutional sediments are stabilized a n d  (2) the effects of this natural 

purification u p o n  the supernatant waters.
S ig n if ic a n c e  o f  B e n th a l  D e c o m p o s it io n  in  the S a n i t a r y  E c o n o m y  of 

R e c e iv in g  W a te r s .— T h e  organic débris included in river deposits is subject 
to decomposition, the processes of decomposition being transferred b y  sedi
me n t a t i o n  f r o m  the flowing waters to the pollutional carpet spread, s o m e 
times to considerable thickness, u p o n  the b o t t o m  of the stream. In this 
ben th a l or b o t t o m  environment, decomposition proceeds in a m a n n e r  that 
is at variance with that obtaining in the flowing water. T o  distinguish it 
f r o m  the ae ro b ic stabilization of organic m a t t e r  that is dissolved or sus
p e n d e d  in well-aerated wa te r a n d  f r o m  the a n a e ro b ic decomposition pre
vailing in sludge digestion tanks, this process of de composition is called 

ben th a l decomposition.
River m u d s  a n d  pollutional sediments are d e c o m p o s e d  b y  the life 

activities of n u m e r o u s  different organisms. W o r m s ,  mollusks a n d  insect 
larvae b u r r o w  a n d  delve in the b o t t o m  deposits, a n d  large n u m b e r s  of 
bacteria a n d  protozoa find their sustenance in the organic débris. If the 
wa te r overlying the sediments contains dissolved oxygen, aerobic condi
tions will prevail at the surface of the deposits, bu t o x y g e n  will penetrate 
into the m u d  only as deeply as the balance b e t w e e n  o x y g e n  diffusion and 
o x y g e n  c o n s u m p t i o n  will permit. Ordinarily, the d o w n w a r d  diffusion of 
o x y g e n  is not sufficiently vigorous to maintain aerobic conditions below

* Presented at the Thirteenth Annual Meeting of the New York State Sewage Works Associ
ation, New York Citv, January 17, 1941.
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the superficial layers. T h e r e  is, however, (1) a n  u p w a r d  diffusion of 
products a n d  residues of anaerobic decomposition a n d  (2), a c c o m p a n y i n g  
the consolidation of deposits with time, a n  u p w a r d  displacement of the 
liquid contained in the interstices of the sediments. S u c h  vertical trans
port is a v e ry im po rt an t element in benthal decomposition since m a n y  of 
the substances reaching the sludge-water interface are capable of c o n 
s u m i n g  o x y g e n  or otherwise affecting the quality of the supernatant 
water. W i t h i n  all bu t  the u p p e r m o s t  m u d  strata, the available supply of 
dissolved o x y g e n  is quickly exhausted, a n d  anaerobic decomposition m u s t  
of necessity b e c o m e  established. In deposits of me as ur ab le thickness, 
therefore, decomposition is forced to proceed in part aerobically a n d  in 
part anaerobically, i.e . benthally. T h e  picture is further complicated b y  
the activities of living organisms like the sludge w o r m s  that ingest s u b 
surface m u d  a n d  deposit their fecal pellets u p o n  the surface or that other
wise, b y  bu r r o w i n g  operations, bring subsurface m u d  to the sludge-water 
interface. W h e r e v e r  decomposition is active, furthermore, the gases 
liberated b y  decomposition a c c u m u l a t e  as bubbles that o v e r c o m e  the 
frictional a n d  surface-tension forces in the sludge voids, br ea k th ro ug h 
the surface a n d  rise t h ro ug h the supernatant water. In escaping through 
the deposits, these gas bubbles m a y  stir u p  the sediment, expose n e w  
surfaces of m u d  to the water, a n d  create a p a t h  for the liquid products of 
decomposition to pass out of the sludge into the receiving water. W h e n  
decomposition b e c o m e s  very active, sludge particles are gas-lifted into 
the water a n d  m a y  rise to its surface to f o r m  unsightly islands of floating 

sludge.
All of these p h e n o m e n a  of anaerobic activity m a y  be observed while 

the supernatant water contains dissolved oxygen. In heavily polluted 
streams, however, sludge activity m a y  be raised to the point w h e r e  the 
dissolved-oxygen content of the flowing water b e c o m e s  depleted b y  the 
high a n d  rapid o x y g e n  d e m a n d  of putrescent sludge banks. Anaerobic 
conditions will then penetrate into the flowing water in the s a m e  m a n n e r  
as if the stre am w a s  transporting too h e a v y  a flowing pollutional load. 
Du ri ng periods of b o t t o m  scour, w h e n  m u c h  of the sediment is carried 
a w a y  b y  the flowing waters, aerobic conditions are generally maintained, 
because scour is no rm al ly associated b o t h  with high river stages, i.e . high 
oxyg en supply, a n d  with the colder m o n t h s  of the year, i.e . high o x y g e n  
solubility a n d  l ow o x y g e n  d e m a n d .  In standing bodies of water that are 
sufficiently deep to establish a zone of stagnation b y  thermal stratification, 
anaerobic conditions will generally prevail in the b o t t o m  waters a n d  

b o t t o m  sediments.
T h e  interest of sanitary engineers in the decomposition of river deposits 

centers o n  the effects of decomposition u p o n  the quality of the supernatant 
water. T h e s e  are br o a d  a n d  varied. In a heavily polluted water that 
serves primarily as a s e w a g e  receiver or carrier, the m o s t  important 
consideration is probably the effect of d e c o m p o s i n g  sludge b a n k s  u p o n  the 
ox yg en balance with w h i c h  the nuisance question is so intimately asso
ciated. In a m o r e  n o r m a l  water that receives only small a m o u n t s  of 
municipal or industrial waste waters a n d  serves as a source of process
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water for industries or of drinking wa te r for industrial or c o m m u n a l  
supply, the effect of d e c o m p o s i n g  deposits is broader in scope. Increases 
in su s p e n d e d  solids or turbidity, in color, iron a n d  organic matter, a n d  in 
odors a n d  tastes b e c o m e  of importance. C h a n g e s  in hydrog en -i on con
centration a n d  other attributes that affect the purification of w a te r m u s t  
be taken into account, also changes in the fertility of the w a t e r  in relation 

to undesirable plankton growths.
N o t  all of the manifold aspects of the p r o b l e m  are discussed in this 

series of papers, w h i c h  is confined m o r e  particularly to the analysis of 
certain experimental investigations co n d u c t e d  in the authors laboratory.

C o m p o s it io n  o f R iv e r  M u d s  a n d  P o l lu t io n a l  S e d im e n ts . T h e  sediments 
of rivers are composites of particulate organic a n d  inorganic impurities 
that h a v e  b e e n  t h r o w n  d o w n  a n d  i m p o u n d e d ,  generally over relatively long 
periods of time associated with s t re am flows too l o w  to prevent se di me nt a
tion of su s p e n d e d  solids or to m o v e  deposited solids d o w n s t r e a m  b y  b o t t o m  
scour. T h e  sediments of lakes a n d  other standing bodies of wa te r are 
similarly constituted but only in so far as differences in hydrog ra ph ic condi
tions permit. T h e  composition of river m u d s  a n d  pollutional sediments, as 
actually laid d o w n ,  d e p e n d s  u p o n  m a n y  factors: (1) the p r i m a r y  source of 
the pollutional (decomposable) solids; (2) the a m o u n t  of natural silt that 
is carried d o w n  with the pollutional solids; (3) the flocculating properties 
of the receiving water (notable, in particular, in sea or brackish water);
(4) the r e m o v a l  of certain constituents b y  washing, or natural elutriation;
(5) the hydraulic selection of deposited particles as a result of differential 
sedimentation; a n d  (6) the c o m p a c t i n g  of the se di m e n t  u n d e r  its o w n  

weight.
T h e  composition of a n u m b e r  of different types of m u d s  a n d  pollutional 

sediments is s h o w n  in T a b l e  I in order to exemplify their general properties 
a n d  variability. It is seen that the percentage of d r y  solids in the wet 
sediments varies in a general w a y  f r o m  10 to 4 0 %  a n d  that f r o m  10 to 3 0 %  
of the total solids are volatile. T h e  high value of 8 3 %  of volatile matter 
belongs to a s e w a g e  sludge studied b y  B a it y (1) as collected f r o m  plain 
sedimentation tanks, i.e . wi th ou t the addition of inert or weighting solids. 
Usually, the discharge of s e w a g e  into a st re am will lay d o w n  sludge deposits 
that h a v e  f r o m  t w o  to eight times the solid content a n d  f r o m  one-half to 
one-sixth the proportion of volatile m a t t e r  of sludge that is collected b y  
p r i m a r y  tanks in sewage-treatment works. Factors responsible for these 
differences h a v e  b e e n  e n u m e r a t e d  before a n d  are reflected within the series 
of benthal deposits s h o w n  in T a b l e  I b y  the l o w  solids content a n d  high 
volatile content of the lake deposit in particular.

T h e  proportion of organic nitrogen in the volatile solids of river m u d s  
is not unlike that of s e w a g e  solids. Dissolution of organic nitrogen, there
fore, appears to be of the s a m e  order of m a g n i t u d e  as that of the remaining 
organic substances. T h e  proportion of iron, o n  the other hand, s e e m s  to 
be larger in benthal deposits t h a n  in s e w a g e  sludges. Actual values m u s t  
be expected to v a r y  with the a m o u n t  of iron in the receiving w a t e r  itself 
a n d  with the selective presence of iron in the material deposited. T h e  
B . O . D .  of deposited solids d e p e n d s  largely u p o n  the character of the
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Table I.— Composition of Benthal Deposits

Sewage
Sludge

Sludge
Deposit

River
Muds

River
Mud

River
Muds

Lake
Mud

(1) (2) (3) (4) (5) . (6)

Analyst......................
Reference....................

Baity

(1)

Authors McGowan 
et al.
(2)

Authors Rudolfs
(3)

Allgeier 
et al.
(4)

Origin of deposit............... Sewage treatment works English
Rivers

New
England
Stream

Connecticut
River

Lake
Men-
dota

Dry Solids— %  of sediment.... 8.5 11.25 16.6 to 
39.7

17.4 — 9.6

Volatile Solids— %  of dry solids . 83.0 13.85 11.0 to 
17.1

24.2 — 27.4

kg. per sq. m ................

Organic Nitrogen (N)— %  of

0.07 to 
2.8

0.19 to 
3.8

0.15 to 
2.2

4.5 10 to 20

volatile solids............. 4.5 4.5 1.3 to 
5.1 *

4.2 2.1 to 4.9

Iron (Fe)— %  of volatile solids . 

B.O.D. (5-day, 20° C.)— grams

5.0 7.9 to 
15.8

4.8

per kg. of volatile solids..... 173 331 16 to 111 47.7 40.9 to 110

* Total nitrogen— probably mostly organic.

organic ma tt er a n d  the age of the sediment. Freshly settled solids are 
found to exert a 5-day, B . O . D .  c o m p a r a b l e  to that of fresh s e w a g e  sludge 
(from 300 to 500 g r a m s  of o x y g e n  per kg. of volatile matter). In older 
deposits, all gradations of B . O . D .  be l o w  this value m a y  be encountered. 
B.O.D. values b e l o w  4 0  g r a m s  per kg. of volatile matter, however, a ppear 
to be unusual. This m a y  m e a n  either that there is a residual B . O . D .  
that cannot be released in the benthal e n v i r o n m e n t  or that the rate of 
decomposition is extremely slow in its later stages, a n d  so escapes our 

analytical techniques.
O f  the tests that are well established in sanitary analysis, the B . O . D .  

test m i g h t  s e e m  to reflect m o s t  directly the decomposability of benthal 
deposits. Interpretation of 5-day results is complicated, however, b y  t w o  
factors that are related to the shift in conditions of decomposition f r o m  
benthal (partly anaerobic) to strictly aerobic ones w h e n  samples of sludge 
solids are su s p e n d e d  in dilution water. T h e s e  factors are: (1) the rapid, 
chemical or i m m e d i a t e  o x y g e n  d e m a n d  exerted u p o n  substances present in 
the sludge as a result of the preceding anaerobic decomposition a n d  (2) the 
time lag before aerobic decomposition has b e c o m e  well established. T o  a 
certain extent, these are co mp e n s a t i n g  effects, but their existence casts 
additional s h a d o w s  u p o n  the otherwise already questionable habit of 
generalizing widely f r o m  the 5-day, 20° C., B . O . D .  test. Mo re ov er , the 
significance of short-time o x y g e n  d e m a n d  results is s o m e t i m e s  further 
obscured b y  difficulties inherent in the analytical determination of dis
solved o x y g e n  in suspensions of m u d s ,  which, as s h o w n  b y  R u c h h o f t  a n d
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his coworkers (5), m a y  lead to anomalies in the evaluation of i m m e d i a t e  

o x y g e n  d e m a n d .
T h e  t w o  samples of material studied b y  the authors are identified as a 

sludge deposit a n d  a river m u d  in c o l u m n s  2 a n d  4 of T a b l e  I. T h e  sludge 
deposit w a s  e m p l o y e d  in a series of experiments, b e g u n  in 1938, dealing 
with the effect of d e p t h  u p o n  benthal decomposition a n d  referred to, in 
this paper, as “ d e p t h ” studies. T h e  river m u d  w a s  u s ed in a series of 
experiments, b e g u n  in 1935, dealing with the effect of te mp er at ur e u p o n  
benthal decomposition a n d  referred to in this pa p e r  as “ t e m p e r a t u r e ” 
studies. T h e  sludge deposit consisted of fresh s e w a g e  solids m i x e d  with 
inorganic ma tt er in such proportions as to a p p r o x i m a t e  in its gross chemical 
constitution natural sediments that h a d  be en laid d o w n  in a heavily 
polluted stream. T h e  s e w a g e  solids w e r e  collected during the late s u m m e r  
f r o m  the u p p e r  story of a n  I m ho ff t a n k  at Natick, M a s s .  T h e  sewage 
f r o m  this c o m m u n i t y  contains only a small a m o u n t  of industrial waste. 
Preliminary experiments h a d  d e m o n s t r a t e d  that it w a s  not possible to keep 
fresh s e w a g e  solids, representing in excess of 2.5 to 3.0 kg. of volatile 
m a tt er per sq. m .  of benthal surface, at the b o t t o m  of carboys unless inert 
materials w e r e  a d d e d  to weight the sludge. This observation m a y  explain 
in part the relatively l o w percentages of volatile m a t t e r  f o u n d  in natural 
sludge banks. A  mixture of fine sand, passing a sieve wi th 4 0  m e s h e s  to 
the inch, a n d  di a t o m a c e o u s  earth, in a ratio to the s a n d  of 1 to 5 b y  weight, 
w a s  a d d e d  to the s e w a g e  solids together with a n  a m o u n t  of lime sufficient 
to adjust the reaction of the sludge to a p H  of 7.0. B y  these m e an s, the 
total-solids content of the sludge w a s  raised f r o m  2.65 to 1 1 .2 5% , and 
the proportion of volatile-solids w a s  decreased f r o m  64.4 to 1 3 . 8 5 %  of 
the total dr y weight. A  small a m o u n t  of iron, present in the ad m i x e d  
materials, increased the percentage of iron slightly a b o v e  that occurring 

naturally in the fresh sludge.
T h e  river m u d  w a s  collected in the fall of the year f r o m  a N e w  E n g l a n d  

stre am draining a n  u p l a n d  valley a n d  receiving in addition to natural run
off with its included surface w a s h — largely mineral m a t t e r  a n d  vegetable 
debris— s o m e  industrial wastes as well as a small a m o u n t  of sewage. G a s  
bubbles rose f r o m  the natural deposit w h e n  it w a s  disturbed.

C o u rse  o f  B e n t h a l  D e c o m p o s it io n .— T h e  benthal environment, as has 
b e e n  explained, gives free play to b o t h  aerobic a n d  anaerobic activities; 
m u t u a l l y  stimulating a n d  m u t u a l l y  retardant. M u c h  re ma in s to be 
learned a b o u t  the interlocking m e c h a n i s m s  b y  w h i c h  benthal de c o m p o s i 
tion proceeds. T h r e e  salient stages are readily distinguished, however, 
w h e n  benthal decomposition is observed in the laboratory: (1) intensive 
fermentation: (2) gradual consolidation; a n d  (3) quiescent stabilization. 
T h e  various manifestations of sludge activity associated with these three 
stages m a y  be outlined schematically as follows:

B e n t h a l  D ecomposition

I. Period of intensive fermentation. Fermentation may be so vigorous as to occasion the escape 
of large portions of the sediment into the supernatant water.

A. Physical manifestations.
1. Effervescent fermentation and rapid evolution of gases (CO2 and CH,)
2. Unstable equilibrium, internal agitation, and flotation of solids.
3. Release of hydrogen sulphide and similar putrefactive odors.
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B. Biochemical manifestations.
1. Lowered p H  values, production of organic acids, and reduction of nitrates, 

sulphates, and the like.
2. Presence of a large, active bacterial population. Uniformly high gelatin (20° C.) 

counts and rapid decrease in coliform organisms.
3. Rapid reduction in B.O.D. of organic solids.
4. Uniformly high benthal oxygen demand with frequent surcharges due to the 

release of readily oxidized interior fluids and the ebullition of gases.
II. Period of gradual consolidation. Consolidation may control the rate of transport of oxidizable 

materials to the sludge-water interface.
A. Physical manifestations.

1. Marked retardation of gas production.
2. Slow but persistent subsidence of the sediment with accompanying increase in 

sludge density.
3. Creation of a definite surface zone, gray in color, into which materials originating 

in the anaerobic interior of the deposit escape and in which they are subjected to 
aerobic stabilization.

B. Biochemical manifestations.
1. Recovery of p H  values to magnitudes obtaining in the supernatant water. 

Release of ammonia and soluble nitrogenous compounds to this water.
2. Development of an active, varied protozoan population and gradual evolution of a 

specialized bacterial population that is capable of oxidizing a widely diversified 
number of compounds, including ammonia and nitrites.

3. Slow but measurable decrease in B.O.D. of organic solids.
4. Continuance of a relatively high rate of benthal oxygen demand.

III. Period of quiescent stabilization.
A. Physical manifestations.

1. Cessation of consolidation.
2. Gradual expansion of the light-colored surface zone. Deposition of ferric iron as 

a brownish red surface film that is sometimes slick and glistening. This film may 
be relatively impervious and retard or prolong subsequent benthal oxidation.

3. Blackening of lower layers and acquisition of a distinctive tarry odor.
B. Biochemical manifestations.

1. Gradual decrease in bacterial population and activity. Establishment of higher 
forms of life, including worms and insect larvae, upon and within the deposit- 
The burrowing operations of these larger organisms may honeycomb the sediment 
and increase diffusion processes from and to the interior.

2. Nearly sustained values for the B.O.D. of the organic solids indicative of the 
exhaustion of anaerobic decomposition.

3. Reduced but still measurable benthal oxygen demand.

E x p e r im e n ta l P r o c e d u r e s —- It is evident that the progress of benthal 
decomposition can be traced in m a n y  different ways. Interpretation of 
benthal decomposition in engineering terms requires, however, that the 
yardsticks e m p l o y e d  shall either m e a s u r e  the effect of river m u d s  a n d  
pollutional sediments u p o n  the supernatant water in terms of changes in 
water quality or that they shall evaluate in over-all terms the a m o u n t  of 
stabilization of the sludge itself that is accomplished. Ex pe r i m e n t a l  pro
cedures m u s t  be a d a p t e d  to these requirements. A m o n g  the m e t h o d s  re
ported in the literature, there are three that h a v e  yielded quantitative 
results. F o r  purposes of identification, they will be referred to in this 
paper as the m e t h o d s  of A d e n e y  (6), Rudolfs (7) a n d  Baity (1).

A s  e m p l o y e d  b y  M c G o w a n ,  F r y e  a n d  K e r s h a w  (2), the apparatus 
devised b y  A d e n e y  (Fig. 1) is a simple f o r m  of respirometer in w h i c h  the 
loss of o x y g e n  f r o m  a n  a t m o s p h e r e  overlying a s a m p l e  of m u d  is m e a s u r e d  
as a difference in pressure a n d  c h an ge in volume, the release of carbon
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dioxide being prevented b y  a d d i n g  m a g n e s i u m  hy dr ox id e to the m u d .  
T h a t  there is n o  opportunity for products of de composition to b e  w a s h e d  
a w a y  b y  supernatant wa te r is the m o s t  obvious defect in this arrangement. 
T h e  o x y g e n  d e m a n d s  m e a s u r e d  are, however, closely akin to w h a t  s e e m  

to b e m o r e  naturally benthal d e m a n d s .
T o  investigate the progressive stabilization of sludge banks, Rudolfs 

(7) placed sludge in carboys that w e r e  left o p e n  to the air, the supernatant 
liquid being w i t h d r a w n  f r o m  time to time a n d  replaced b y  tap water. 
T h e  B . O . D .  (5-day), p H ,  a n d  volatile-matter content of the sludge were 
determined. T h e  conditions of test, here created, a p p e a r  to be quite 
unlike those encountered in m a n y  receiving waters, particularly streams, 
in w h i c h  a residual concentration of dissolved o x y g e n  is continually present 
in the supernatant w a te r a n d  a delicate a n d  precise balance b e t w e e n  the,

D i

a2

q=b-Dbl

qp b2

a2
— H=J-

b

a

A B J b 2

F ig. 1.— Adeney’s apparatus for measuring the rate of absorption of oxygen by river mud (6). 
This is a manometrie respirometer. Bottles A and B  are similar. To work the apparatus, B  is 
partially filled with a known volume of mud to which a little magnesium hydroxide has been added 
and a similar volume of distilled water is poured into A which acts as a standard pressure bottle. 
Oxygen absorption reduces the pressure in B , and the volume of water that rises into the graduated 
portion of the tube ab at any given time, and the height of it above the zero mark give the means of 
calculating the volume of oxygen absorbed during the period of observation.

m o r e  or less supplementary, processes of anaerobic a n d  aerobic fermenta
tion within the se di me nt is continually maintained. T h e  partial or 
t e m p o r a r y  absence of the aerobic factor m a y  reduce the a m o u n t  of over
all stabilization that is effected a n d  confine the conditions of decomposition 
to those obtaining in d e e p  sludge deposits or sediments that lie within the 
zone of stagnation of d e e p  lakes a n d  reservoirs. A s  s h o w n  later, this 
does not m e a n  that the rate of anaerobic decomposition is necessarily 
slower t h a n  that of benthal decomposition, only that the a m o u n t  of 
material that ca n  be d e c o m p o s e d  anaerobically m a y  be smaller t h a n  the 
a m o u n t  that can be d e c o m p o s e d  benthally. Be n t h a l  o x y g e n  d e m a n d  is 
not m e a s u r e d  directly, b y  R u d o l f s ’ m e t h o d ,  a n d  the m i st ak e m u s t  not be 
m a d e  of interpreting the progressive reduction in the 5- d a y  B . O . D .  of the
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sludge as being equal to the d e m a n d  that the sludge w o u l d  h a v e  exerted 
u p o n  the o x y g e n  supply of the supernatant water.

In B a i t y ’s m e t h o d  (1), samples of sludge or se di me nt are placed at the 
b o t t o m  of stoppered glass carboys t h ro ug h w h i c h  a continuous, controlled 
flow of wa te r is maintained. Progress of decomposition is evaluated b y  
determining m e a s ur ab le a n d  significant changes in the composition of the 
water passing over the deposit. Be nt ha l o x y g e n  d e m a n d ,  for example, is 
calculated f r o m  the depletion in dissolved o x y g e n  suffered b y  the flowing 
water. U n d e r  favorable conditions, c hanges in the sediment itself can be 
observed b y  w i t h d r a w i n g  samples of the deposit for analysis; otherwise 
sampling m u s t  b e  confined to the beginning a n d  e n d  of the test. T h e  
principal objections to this apparatus are (1) the difficulty of balancing 
flow against o x y g e n  depletion or other changes in water quality so as to 
m a k e  possible the m e a s u r e m e n t  of all of these factors with ad eq ua te 
precision a n d  (2) the great d e m a n d s  m a d e  u p o n  the observer’s time in 
operating the e q u i p m e n t  a n d  performing the necessary tests. T h e  condi
tions encountered in a flowing stream, however, appear to be happily 
simulated without the interference of changing hydrographic elements, 
wide fluctuations in temperature, a n d  the fortuitous addition of fresh 

sediment.
T h e  m e t h o d s  e m p l o y e d  b y  the authors in the studies reported in this 

paper followed essentially along the lines established b y  Baity. A  sketch 
of the apparatus is s h o w n  in Fig. 2. Departures f r o m  B a i t y ’s design

Fig. 2.— Apparatus for measuring the rate of benthal oxidation and the rate of gas evolution' 
This is a continuous-flow respirometer.

included: (1) i m p r o v e m e n t s  in regulating flow a n d  temperature; (2) modifi
cations of the piping s y s t e m  to eliminate, so far as possible, the inter
ruption of flow b y  entrapping gases in the tubes; a n d  (3) provision for 
collecting a n d  me a s u r i n g  gases that are released b y  the sediments during 
decomposition. T h e  water supplied to the carboys ( w a r m e d ,  if necessary,
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w i th a n  electric knife-edge heater to eliminate supersaturation with 
oxygen) w a s  first held for a b o u t  a d a y  in a large storage t a n k  that served 
to equalize the te mperature of the w a t e r  a n d  render its o x y g e n  content 
uniform; the wa te r passed next th r o u g h  a s a n d  filter, to r e m o v e  iron that 
m i g h t  be present in granular or flocculent form, a n d  finally t h r o u g h  a sand 
trap. T h e  w a t e r  w a s  delivered to the surface of the s e di me nt t h r o u g h  a 
glass tube so s h a p e d  as to force the flow to take a spiral course t o w a r d s  the 

outlet at the top of the bottle.
R a t e  of flow a n d  d r op in the dissolved-oxygen content of the w ater in 

its passage over the sediments w e r e  m e a s u r e d  dailj’, the flow being a d 
justed to establish m e as ur ab le differences in the oxj’g e n  content of the 
i n c o m i n g  a n d  outgoing water. I n  the “ d e p t h  studies, to b e reported in 
Section III of this paper, the dissolved-oxygen gradient r a n g e d  b e tw ee n
0.5 a n d  3.5 p.p.m., the lowest recorded dissolved-oxygen content of the 
outgoing wa te r being 3.6 p.p.m. in a single daj’’s run. . T h e  average 
detention period of the wa t e r  in the carboys lay b e t w e e n  on e a n d  t w o  days. 
In the “ t e m p e r a t u r e ” studies, to be reported in a later section of this 
series of papers, the dissolved oxj’g e n  gradient w a s  generalljr lower than 
that observed in the “ d e p t h ” studies, ranging f r o m  0.5 to 2.0 p.p.m., and 
the dissolved oxj’ge n  content of the outgoing w a te r w a s  usually 6 to 8 
p.p.m., only once falling as l o w  as 4.0 p.p.m. T h e  detention period in 
these experiments w a s  4 to 16 hours. N o  a t t e m p t  w a s  m a d e  to v a r y  the 
concentration of oxj’ge n  in the wa t e r  overlj’ing the sediment. Baitjr’s 
observation (1) that the o x y g e n  d e m a n d  of deposits of s e w a g e  sludge is 
indepe nd en t of the oxj’ge n concentration of the supernatant water wa s  
confirmed during the routine pe r f o r m a n c e  of the authors’ tests. T h e  
conclusion m a y  be d r a w n  that the rate of benthal oxj’g e n  d e m a n d  is not 
controlled b y  the rate of diffusion of oxjrg e n  f r o m  the w a t e r  into the 
deposit but b y  the rate of diffusion a n d  transport of oxidizable substances 
f r o m  the interior of the deposit into the surface zone. A l t h o u g h  the 
m a x i m u m  d e p t h  for w h i c h  this w a s  observed w a s  10 cm., there appears 
to be n o  reason to suspect that deeper deposits will not b e h a v e  in m u c h  
the s a m e  w a y ,  since all but the superficial layers of sediments b e c o m e  
completelj’ anaerobic a n d  u p w a r d  transport of oxidizable substances is 
increasingly retarded with depth.

T h e  record of benthal oxj’g e n  d e m a n d  w a s  s u p p l e m e n t e d  bjr the 

following observations:

1. Quantities of nitrogen a n d  iron in various forms, disappearing from 
the m u d  or appearing in the water.

2. L o n g - t i m e  or short-time B.O.D., volatile-matter content a n d  fuel 
value of the deposit at the beginning a n d  e n d  of the experiment 
a n d  at s u ch intermediate times as practicable.

3. V o l u m e  a n d  composition of gases liberated in the course of d e c o m 
position of various depths of sediment (in the “ d e p t h ” studies onljO-

W h e r e  sludge activity is high— in w a r m  we a t h e r  a n d  during the deposi
tion of fresh solids, for e x a m p l e — the supernatant w a t e r  m u s t  b e  expected 
to take u p  s o m e  of the o x y g e n - d e m a n d i n g  substances that leach, or other
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wise escape, f r o m  the deposit. In streams, the flowing pollutional load 
m a y  be increased in this w a y  a n d  the o x y g e n  reserve of the flowing water 
d r a w n  u p o n  for s o m e  time a n d  distance b e lo w the area of sludge deposition. 
T h e  substances that pass th ro ug h the surface zone m a y  also be expected to 
exert a n  immediate, or chemical, o x y g e n  d e m a n d  in addition to their 
B . O. D. Accordingly, the effluent of the carboys w a s  tested for a m m o n i a  
a n d  B . O . D .  In the “ d e p t h ” studies in w h i c h  fresh s e w a g e  solids were 
employed, the recorded increase in a m m o n i a  a n d  B . O . D .  w a s  significantly 
large for a b o u t  the first m o n t h .  After that, differences b e c a m e  too small 
to be measurable. In the “ t e m p e r a t u r e ” studies, in w h i c h  a natural 
river m u d  w a s  used, n o  consistent meas ur ab le increase in B . O . D .  of the 
effluent water w a s  fo u n d  at a n y  time after the first d a y  or t w o  of the 
experiment. M e a s u r a b l e  increases in a m m o n i a ,  nitrite a n d  nitrate, h o w 
ever, were observed for ab o u t  t w o  m onths.

Since benthal decomposition is a vertically integrated aerobic-anaerobic 
process, the t w o  phases of the process w e re isolated, for purposes of c o m 
parison, b y  subjecting separate samples of sediment to stabilization b y  
essentially aerobic a n d  essentially anaerobic processes. T h e  progress of 
aerobic decomposition w a s  followed b y  B . O . D .  dilution me th od s, that of 
anaerobic digestion b y  capturing a n d  analyzing the gases of decomposition 
a n d determining the salient changes occurring in the composition of the 
digesting solids. Be nt ha l decomposition m a y  be expected to m e r g e  (1) 
with aerobic decomposition w h e n  sediments are laid d o w n  in layers so thin 
that o x y g e n  can penetrate into t h e m  sufficiently fast to satisfy the o x y g e n  
requirements of the bacteria a n d  other living organisms of decay, a n d  
(2) with anaerobic decomposition w h e n  sediments are laid d o w n  in stag
nant pools in w h i c h  the waters in contact with the sludge are devoid of 
oxygen.

II. R a t e s  o f  B e n t h a l  D e c o m p o s i t i o n

T h e  rate of decomposition of organic ma tt er b y  microorganisms d e 
pends generally u p o n  t w o  factors: (1) the a m o u n t  of d e c o m p o s a b l e  matter 
in the substrate; a n d  (2) the availability of this d e c o m p o s a b l e  m a tt er for 
the life a n d  reproduction of bacteria a n d  other microbes. D u r i n g  the 
course of stabilization of a n  organic deposit, b o th a m o u n t  a n d  availability 
of the food supply diminish progressively. T h e  quantity of organic 
matter decreases as a consequence of its utilization b y  bacteria as a source 
of energy a n d  growth. This is a n  obvious fact of w h i c h  account is taken 
in all formulations of biochemical reactions. Less obvious is the c i rc um
stance that, d u e  to the selective action of successive generations of 
microorganisms, the m o r e  available food is attacked first, leaving the less 
readily available c o m p o u n d s  for subsequent destruction. A s  a result, the 
rate of decomposition is subject to continual deceleration.

If, as in the k e y  portions of the present studies, decomposition is 
m e a s u r e d  b y  observing the rate of benthal oxidation, i.e . the a m o u n t  of 
oxyg en w i t h d r a w n  in a given interval of time f r o m  the supernatant water 
b y  aerobic activities a n d  oxidation reactions within the superficial layers 
of sludge deposits, the observed rates of o x y g e n  utilization will decrease
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persistently (1) d u e  to the c o m b i n e d  effect of re du ce d quantity a n d  selec
tive availability of food supply a n d  (2) d u e  to the physical barriers im p o s e d  
u p o n  biochemical oxidation in the course of time b y  re d u c e d  rates of 
diffusion a n d  transport of oxidizable substances into the surface zone: 
restrictions of availability that are m a r k e d l y  influenced b y  the process of 

consolidation (see A p p e n d i x  to Part III).
M a th e m a t ic a l  F o r m u la t io n  o f the P ro g re s s  o f D e c o m p o s it io n . In the 

m a t h e m a t i c a l  formulation of certain biochemical ch an ge s that are confined
(1) to short periods of time, (2) to the influence of a relatively f e w  genera 
of bacteria a n d  other microorganisms, a n d  (3) to a relatively stable en
vironment, it is possible to neglect, wi th ou t appreciable error, changes in 
the availability of the organic substrate. In these circumstances, as s h o w n  
b y  Phelps (8) for short-time aerobic biochemical oxidations, for example, 
the changes that a c c o m p a n y  decomposition m a y ,  to a useful degree of 
approximation, b e formulated in te rm s of a simple unimolecular equation. 
H e r e  the rate of decomposition is a s s u m e d  to d e p e n d  solely u p o n  the 
a m o u n t  of organic m a tt er re maining to be d e c o m p o s e d ,  a n d  the availability 
of the substrate is p r e s u m e d  to b e  constant regardless of its physical con
dition a n d  state of selective decomposition. It is obvious that this simple 
formulation is only a first ap p r o x i m a t i o n  of the progress of benthal 
oxidation or the rate of stabilization of sludge deposits. S o  varied are 
b o t h  the chemical a n d  physical e n v i r o n m e n t s  during the slow course of 
benthal decomposition that the postulation of constant availability of food 
su pp ly w o u l d  lead to significant discrepancies b e t w e e n  observed a n d  fitted 
values. In order to adjust m a t h e m a t i c a l  formulation to theory as well 
as m e a s u r e m e n t ,  while recognizing the f u n d a m e n t a l  usefulness of the uni
molecular conception of reaction velocity, the simple unimolecular f o r m u 
lation m a y  b e  elaborated to take into ac co un t the deterioration in the 
availability of the food supp ly in the course of time. This modification 

will b e  s h o w n  to correspond closely to experience.

If y  =  the a m o u n t  of material d e c o m p o s e d  or the o x y g e n  d e m a n d  
exerted in time i;

L  =  the ultimate a m o u n t  of d e c o m p o s a b l e  material or ultimate 

o x y g e n  d e m a n d ;
k =  the reaction velocity constant, reflecting the initial availability 

of the substrate, a n d  d e p e n d i n g  u p o n  the ty pe of organic 
m a t t e r  present a n d  the condition of the physical enviro nm en t 
(mineral matter, specific gravity, a n d  d e p t h  of the deposit); 

a n d  a  =  the coefficient of retardation, d e p e n d i n g  u p o n  the type of 
organic m a t t e r  present a n d  the condition of the physical 
environment,

then the requirement that the rate of decomposition, d y/d t, shall be pro
portionate to the a m o u n t  of material re ma in in g to be deco mp os ed , 
(L —  y ) , a n d  to the availability of this material, w h i c h  decreases with 
time, m a y  b e  expressed b y  the following relation:

d y  k  , T .

l = T T ^ t i L - y > -  «



Integration then yields the equation:

¡J y  =  L [  1 -  (1 +  a t )~ klaJ  (2)

In equation (1) the factor (L —  y ) represents the a m o u n t  of d e c o m p o s a b l e  
or oxidizable m a tt er remaining in the substrate at a n y  given instant, a n d  
the factor k -p (1 +  a t ) is a m e a s u r e  of the availability or rate at w h i c h  a 
unit weight of remaining d e c o m p o s a b l e  or oxidizable m a tt er is stabilized. 
This rate factor decreases with time for positive values of a. W h e n  t =  0, 
k -i- (1 T- a t ) =  k . T h e  pa r a m e t e r  k , therefore, m e a s u r e s  the initial rate 
of reaction or availability. W h e n  t = 1 -f- a , k -r- (1 +  a t ) =  \ k  a n d  the 
reaction velocity has b e e n  cut in half after this period of time. W h e n  
a =  0, the formulation b e c o m e s  identical with the simple unimolecular 

equation:
■' d y  u j / j  \ f i \
pis = — y u) (la)

mi
|| an d . y u =  L u{\ —  e K t ) , (2a )

where the subscript u  distinguishes b e t w e e n  the constants a n d  variables 
of the t w o  formulations. F o r  purposes of comparison, equations (2) a n d
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F ig. 3.— Course of decomposition traced by the retardant unimolecular curve. When the 
coefficient of retardation a = 0, k/a = and the retardant curves merges with the simple unimo
lecular curve. These curves facilitate the estimation of the proportion of decomposition completed 
in a given time.

(2a) h a v e  b e en plotted in dimensionless f o r m  in Fig. 3. H e r e  increasing 
values of k /a depict, in a general w a y ,  the influence of the coefficient of 
retardation u p o n  the progress of decomposition. Since equation (2) takes
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into account the decrease in rate of decomposition d u e  to the reduction 
of availability as well as a m o u n t  of re maining food supply, it m a y  suitably 
be n a m e d  the “ retardant unimolecular equation.” In order to fit the 
equation to observed values, a least-squares procedure, b a se d o n  the 
differential f o r m  of the equation, has b e en developed (see A p p e n d i x  to 
Part II of this paper). B y  m e a n s  of this procedure it is possible to general
ize the observed values of y  a n d  t in te rm s of the pa ra m e t e r s  L ,  k , a n d  a.

It is not the opinion of the authors that this retardant f o r m  of the uni
molecular equation represents the ultimate refinement in the analysis of 
long-time processes of decomposition. T h e y  d o  believe, h o we ve r, that 
it provides a n  a d eq ua te a n d  m a th em at ic al ly not inconvenient description 
of the stabilization of organic deposits while satisfying the requirements of 
the theory of the active processes as well as experimental findings.

If w e  are interested in the time n e e d e d  to accomplish a given proportion 
of the ultimately expected a m o u n t  of benthal decomposition, equation (2) 
m a y  be solved for t as follows:

F o r  decomposition 50, 90 a n d  99 per cent completed, y ) L  equals 0.5, 0.9 
a n d  0.99 a n d  t is given b y  the following expressions:

D e c o m p o s i t i o n  50 per cent co mp le te d in time t =  l / a ( 2alk —  1), (2b i)

D e c o m p o s i t i o n  90 per cent co mp le te d in time t =  l/ a (1 0 alk —  1), (2bf)

D e c o m p o s i t i o n  99 per cent c o m p l e t e d  in time t =  l/ a (1 0 0 a/k —  1). (2b3)

M a th e m a t ic a l  A n a ly s is  o f the S tu d ie s  o f  the R o y a l  C o m m is s io n  on  Sew age  
D is p o s a i .— Before discussing the authors’ experiments o n  benthal de
composition, for w h i c h  the m a t h e m a t i c a l  m e t h o d s  just presented were 
developed, these m e t h o d s  will be tested against the recorded, bu t  u n f o r m u -

Table II.— Character of English River Muds (2)

Sample No. 
and Date of 
Collection

Source
Depth
of

Mud—
cm.

Total 
Solids—  
%  of Wet 
Sediment

Volatile 
Solids—  
%  of 
T otal 
Solids

5-Day, 
18° C., 

B.O.D.—  
Grams 
per kg. 
Volatile 
Matter

Total Ni
trogen—  
N —

Total 
Iron—  
Fe—

%  of Volatile 
Solids

304 River Anker below Nuneaton 1.4 23.7 15.3 32.5 4.44 8.10
10-12-1910 Outfall

306 River Avon above Coventry 1.2 24.6 11.7 13.4 4.11 8.81
10-13-1910 Outfall

308 River Avon below Coventry 0.5 16.6 17.1 86.5 4.60 10.88
10-13-1910 Outfall at Bubbenhall

309 River Avon below Coventry 1.2 22.2 12.8 102 5.09 14.31
10-13-1910 Outfall at Rock Spinney

123k South Delph above Lincoln 3.0 53.2 11.0 36.4 1.32 15.80
11-24-1910 Outfall

128k Canal below Berkhamsted 0.7 39.7 11.2 — 2.37 7.89
1 -1 -1911 Outfall
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lated, results of three authoritative sanitary institutions: the R o y a l  C o m 
mission o n  S e w a g e  Disposal (2), the N e w  Jersey Agricultural E x p e r i m e n t  
Station (7), a n d  the C h i c a g o  Sanitary District (9).

O f  classical i m p o rt an ce are the studies of English river m u d s  b y  
M c G o w a n ,  F r y e  a n d  K e r s h a w  (2) in w h i c h  six samples of sediments of 
different origin, age, a n d  de p t h  we re held at 18° C. in the A d e n e y  apparatus

F ig. 4.— Course of oxygen demand exerted during decomposition by five English river muds. 
From observations by McGowan, Frye, and Kershaw (2) for the Royal Commission on Sewage 
Disposal. The observed points are fitted by retardant unimolecular curves.

(6), s h o w n  in Fig. 1. T h e  properties of these m u d s  are s u m m a r i z e d  in 
Table II, a n d  the o x y g e n  d e m a n d s  observed during 65 0 to 750 days, or 
about t w o  years, w h e n  the d e m a n d s  w e r e  still active, are plotted in Fig. 4.

Analysis of the results yields the retardant unimolecular parameters of 
benthal o x y g e n  d e m a n d  listed in T a bl e III a n d  n e e d e d  for the solution of 
equation (2). T h e  retardant unimolecular curves calculated b y  m e a n s  
of these parameters h a v e  b e en d r a w n  in Fig. 4. A g r e e m e n t  b e t w e e n  o b 
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served a n d  c o m p u t e d  values is seen to be excellent over the entire range of 
experience. F o r  purposes of comparison, the calculated simple u n i m o -  
lecular parameters, equation (2a), are a d d e d  to T a b l e  III. T h e  m a g n i 
tudes of k u, it will be noted, are consistently larger t h a n  those of k a n d  the 
m a g n i t u d e s  of L u consistently smaller t h a n  those of L .  In line with 
theoretical considerations, these differences p r o d u c e  poorer a g r e e m e n t  be
t w e e n  observed o x y g e n  d e m a n d s  a n d  those c o m p u t e d  b y  the simple 
unimolecular equation. F o r  sake of clarity, however, the simple u n i m o -  
lecular curves are not s h o w n  in Fig. 4.

Table III.— Mathematical Parameters of Benthal Decomposition of English River Muds

Sample
No.1

Approximate 
Depth— cm.

Volatile 
Matter—  
kg. per 
sq. m.

Specific 
Gravity 2

Mathematical Parameters

Retardant Formulation Simple Formulation

it3 a 3 L< ku 3'5 Lu 4

304 1.4 0.570 1.12 0.00132 0.000333 378 0.00148 329
306 1.2 0.390 1.13 0.00244 0.00120 206 0.00269 174
128k 0.7 0.381 1.23 0.00295 0.00183 178 0.00396 136
308 0.5 0.153 1.08 0.00362 0.00188 418 0.00433 341
123k 6 3.0 2.2 1.28 0.00523 0.00101 185 0.00534 177

’ The results recorded for sample 309 are so irregular that they have not been included in this 
table.

2 Estimated from average values for the density of volatile constituents and ash.
3 On daily basis.
4 Grams of oxygen per kg. of volatile solids initially present.
6 This value is 2.303 times the magnitude of the reaction velocity constant as calculated by 

Phelps 8 and others from a modification of formula (2a): y u = L u( 1 —  10-*“'*).
6 Sample shaken during decomposition; conditions of test not comparable with other samples.

W h i l e  the English observations w e r e  carried out o n  m u d s  that w e r e  too 
different in character to permit strict quantitative co mp ar is on s b e t w e e n  
th em , it is evident that the reaction velocity constant, k, a n d  the coefficient 
of availability or retardation, a , decrease with increasing d e p t h  of m u d  or, 
m o r e  significantly, with the areal concentration of volatile matter.* T h e  
decrease in b o t h  k a n d  a is to b e expected, because benthal oxidation can 
take place only in the superficial layers of m u d  a n d  the rate of reaction is 
reduced a n d  increasingly retarded as vertical diffusion a n d  transport of 
oxidizable materials f r o m  the interior of deposits to their surface are h a m 
pered b y  increasing depths. T h e  values of k a n d  a  for the d e e p  sample 
N o .  1 2 3k are out of line with the rest because the potential influence of 
d e p t h  w a s  eliminated b y  shaking the sample. T h e  lack of trend in L  with 
d e p t h  is explainable, since T a b l e  II s h o w s  that the different samples, as 
collected w e re n o w h e r e  near alike in composition or state of stabilization.

Pe r h a p s  the m o s t  striking evidence of the behavior of pollutional 
sediments, revealed b y  this m a t h e m a t i c a l  analysis of a m o r e  t h a n  thirty- 
year old record of river m u d s ,  is the slow rate at w h i c h  benthal oxidation

* Reasons for employing in place of depth the concept of areal concentration of volatile matter, 
which is expressed in Tables I and III in kg. per sq. m., will be given in Section III of this paper.
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takes place in co mp a r i s o n  with k n o w n  rates of biochemical o x y g e n  d e m a n d  
of organic materials that r e m a i n  in suspension or solution in receiving 
waters. W h i l e  a value of ku =  0.23 is a n  accepted average for the rate of 
B . O . D .  of polluted water incubated at 20° C., the initial rate of benthal 
oxidation of English river m u d s  w a s  approximately 1 to 5 per cent of this 
magnitude. This m e a n s  that the s a m e  proportion of ultimate oxidation is 
accomplished only in a very m u c h  longer period of benthal exposure: 
m o n t h s  or years against d a ys or weeks.

A  better understanding of this element of time can be gained b y  substi
tuting the values of the parameters a a n d  k into equation (26). Certain 
results are s h o w n  in Ta b l e  IV. T o  s o m e  extent all of these findings antici
pate those of the authors. It will b e c o m e  evident, however, that the 
conclusions so far reached gain in significance as they are implem en te d, 
rationalized or confirmed b y  the results of the authors’ experiments w h i c h  
are yet to be discussed.

Table IV .— Time Required for Benthal Oxidation of English River Muds

Sample No. 11 k Years to Reach Stated Completion 2

a a
50% 90% 99%

304 8.2 3.96 1.6 6.5 18
306 2.3 2.03 0.93 4.8 20
128k 1.5 1.61 0.81 4.8 25
308 1.5 1.93 0.63 3.3 15
123k3 2.7 5.18 0.39 1.5 3.9

1 Years elapsing before reaction velocity has been cut in half.
2 The time required for 50, 90 and 99 per cent completion of the 20° C. B.O.D. of polluted 

water is ordinarily 3, 10 and 20 days respectively.8’10
3 This sample was shaken.

M a th e m a t ic a l A n a ly s is  o f the S tu d ie s  o f  R u d o lfs  a n d  M o h lm a n .— T h e  
experiments of M c G o w a n ,  F r y e  a n d  K e r s h a w  (2) w ere pe r f o r m e d  in such a 
w a y  as to evaluate, within limits, the benthal o x y g e n  d e m a n d  that m a y  be 
expected to be exerted b y  river m u d s  that are d e c o m p o s i n g  u n d e r  rela
tively peaceful conditions of stream flow a n d  sludge activity. In a br oa d 
sense, benthal o x y g e n  d e m a n d ,  u n d e r  these conditions, is a c o m p o u n d  
m e as ur e of the trend towards ultimate stabilization a n d  so is governed, in 
its rate, b y  the velocity of the slowest constituent activity or combination 
of activities. T h e  controlling processes in benthal oxidation appear to be 
those b y  w h i c h  oxidizable substances are m o v e d  f r o m  the lower (anaerobic) 
to the u p p e r  (aerobic) layers of sludge (see A p p e n d i x  to Part III).

T h e  progressive reduction in the 5-day, 20° C., B . O . D .  of s e w a g e  sludge 
or river m u d  stored u n d e r  the conditions described b y  Rudolfs (7) a n d  
M o h l m a n  (9) (see Part I) m u s t  not be confused with benthal o x y g e n  
d e m a n d .  W h i l e  the results of such tests d o  not m e a s u r e  the a m o u n t  of 
oxyg en that m u s t  gradually be abstracted f r o m  the receiving water, they 
do m e a s u r e  the fundamental, but not necessarily controlling, rate of 
natural purification of river m u d s  a n d  pollutional sediments. Paradoxical
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as it m a y  seem, this f u n d a m e n t a l  rate of sludge stabilization in all but 
ve ry thin pollutional films— is fixed largely b y  the rate of anaerobic ac
tivity. H o w  this rate c o m p a r e s  in m a g n i t u d e  with that of benthal o x y g e n  
d e m a n d  m a y  be f o u n d  b y  a m a t h e m a t i c a l  analysis of R u d o l f s ’ a n d  
M o h l m a n ’s results. T h e  published data can b e  fitted quite precisely b y  a 
retardant unimolecular equation (Fig. 5), or less precisely b y  the simple 
unimolecular equation. A s  indicated in the t h u m b n a i l  sketch included in 
Fig. 5, equations (2) a n d  (2a) m u s t  be reoriented to suit the mirrored an d

curves.

inverted position of the curves of progressive reduction in 5- da y B.O.D.
A d j u s t m e n t  of equations (2) a n d  (2a) to the n e w  axes of reference (see
Fig. 5), b y  substitution in these equations of L  =  y 0 —  L i  and)/ =  y 0 —  Vi, 
yields the following modified relations:

V i =  £,■ [ 1 +  (  I 5 -  1 )  (1 +  a t )~ k,a 1 (2c)

a n d

y  in =  L iu  1 +  (  — 1 )  e~k j . (2d )

H e r e  y 0 is the initial 5- da y B . O . D .  of the sludge, the 5- d a y  B . O . D .  after 
time t, a n d  L* the residual 5- d a y  B . O . D .  apparently re m a i n i n g  after 
anaerobic d ecomposition has b e e n  completed. Fitting these equations to 
Ru d o l f s ’ a n d  M o h l m a n ’s results, establishes the m a g n i t u d e s  of the 
pa ra me te rs s h o w n  in Ta b l e  V.



Vol. 13, No. 2 NATURAL PURIFICATION OF RIVER MUDS 287

E x a m i n a t i o n  of T a b l e  V  a n d  co mp a r i s o n  of its figures with those of 
Tables III a n d  I V  s h o w s  that the f u n d a m e n t a l  rate of sludge stabilization 
is relatively m u c h  higher t h an that of benthal oxidation. T h e  ratios of the 
respective reaction velocity constants are of the order of 5 to 10, a n d  the 
ratios of the respective coefficients of retardation are of the order to 2 to 5. 
This m e a n s  that the times required to reach a given proportion of the 
ultimate a m o u n t  of decomposition are expressed conveniently in m o n t h s  
instead of years. W e  shall not be surprised to find that the f u n d a m e n t a l  
rate of sludge stabilization is substantially the s a m e  as the rate of anaerobic 
gasification of un se e d e d  s e w a g e  solids, w h i c h  is ab o u t  one-tenth that of 
well-seeded s e w a g e  solids. Corroborating figures will be presented later in 
this series of papers.

Table V .— Mathematical Parameters of, and Time Required for, Sludge Stabilization. 
From Measurements by Rudolfs (7) and Mohlman (9)

y o1

Mathematical Parameters

Retardant Formulation Simple Formulation

k' «■ L i '

Rudolfs4..... 526 0.0126 0.0060 70 0.0105 96
Mohlman.... 380 0.0181 0.0078 94 0.0122 102

1 6 k
Months to Reach Stated Completion

a a
50 % 90 % 99 %

Rudolfs 4..... 5.5 2.1 2.1 10.9 43.3
Mohlman.... 4.2 2.32 1.5 7.2 26.6

1 5-day, 20° C. B.O.D. in grams per kg. of volatile solids.
2 On daily basis.
3 This value is 2.303 times the magnitude of the reaction velocity constant as calculated by 

Phelps and others.
4 Results of study employing intermittent décantation of supernatant liquid.
6 Months elapsing before reaction velocity has been cut in half.

T a k e n  b y  itself, m e a s u r e m e n t  of the decreasing putrescibility of sludge 
deposits records, in addition to the f u n d a m e n t a l  rate of sludge stabilization, 
the potential o x y g e n  requirements of the deposit in terms of its 5-day 
B.O.D. at a specific time. T h e s e  requirements are set in motion, however, 
only in unusual circumstances, for example, w h e n  b o t t o m  sediments are 
lifted into the supernatant water. T h e  rate of o x y g e n  d e m a n d  of these 
materials should then a p p r o a c h  that normally anticipated b y  Phelps (8) 
a n d  Theriault (10) for the biochemical o x y g e n  d e m a n d  of polluted waters. 
T h e  a m o u n t  of o x y g e n  actually used u p  will v a r y  with the time that 
elapses before the sludge solids are reprecipitated. A m o n g  causes for 
sludge rise are: (1) the gas-lifting of solids in w a r m  w e at he r a n d  (2) flood 
scour. O f  these, the w a r m - w e a t h e r  rise of b o t t o m  deposits is obviously
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the m o s t  i m m e d i a t e l y  significant occurrence. T h e  chemical o x y g e n  re
qu i r e m e n t  of the sludge m a y  also be of i m p o r t a n c e  in this connection. It 
should be e m p h a s i z e d  again that the difference b e t w e e n  the initial 5-day 
B . O . D .  (y 0) a n d  the final 5- da y B . O . D .  (L¿) of the deposit is not the 
a m o u n t  of o x y g e n  ordinarily abstracted b y  river m u d s  a n d  pollutional 
sediments f r o m  the wa te r that flows or lies a b o v e  th e m .  B e n t h a l  oxyg en 
d e m a n d s  are ordinarily m u c h  smaller, a n d  benthal periods of oxidation are 

ordinarily m u c h  longer.

III. E f f e c t  o f  S l u d g e  D e p t h  u p o n  R a t e  o f  D e c o m p o s i t i o n

A l t h o u g h  the present section of this pa p e r  bears the he a d i n g  “ Effect of 
Sludge D e p t h , ” the simple linear m e a s u r e m e n t  of depth, w h e n  taken b y  
itself, does not differentiate adequately b e t w e e n  the conditions of existence 
that obtain within pollutional sediments. Sludge d e p t h  is not constant 
bu t  decreases d u e  to consolidation of the deposit u n d e r  its o w n  weight (see 
A p p e n d i x  to Part III) a n d  destruction of organic m a t t e r  as the deposit 
ages. D e p t h ,  moreover, does not reflect s u ch i m p o r t a n t  factors as the 
a m o u n t  of organic m a t t e r  present, the density of the se di m e n t  a n d  the 
content of total solids. A  better general yardstick of w h a t  w e  wish to 
express b y  the t e r m  d e p t h  is the areal concentration of volatile matter, to, 
in a sludge deposit. B y  this is m e a n t  the weight of organic or volatile 
solids a c c u m u l a t e d  b e n e a t h  a unit area of benthal surface or sludge-water 
interface. This m e a s u r e  m a y  be expressed conveniently in kg. of volatile 
solids per sq. m .  in the metric s y s t e m  or in lb. per sq. ft. in the English 
s y s t e m  of m e a s u r e m e n t  (see Tables I a n d  III). Areal concentration of 
volatile m a t t e r  is simple of determination a n d  definite in me an in g. Al
t h o u g h  not a u n i q u e  measure, it does reflect the potential intensity of 
decomposition, a n d  the authors h a v e  f o u n d  it to be the m o s t  consistent and 
satisfactory single p a r a m e t e r  of the conditions that are otherwise charac
terized only roughly b y  depth.

A  limited a m o u n t  of information o n  the effect of sludge d e p t h  u p o n  rate 
of decomposition has b e e n  derived in Part II f r o m  a m a t h e m a t i c a l  analysis 
of the results obtained b y  M c G o w a n ,  F r y e  a n d  K e r s h a w  (2) for the benthal 
oxidation of a heterogeneous g r o u p  of English river deposits. Additional 
information is available in a 3 5 - d a y  s t u d y  of a s e w a g e  sludge carried o n  b y  
Ba it y (1). It is the h o p e  of the authors that the experiments to be 
recorded in this section of this p a pe r will constitute a further contribution 
to our k n o w l e d g e  of the natural purification of river m u d s  a n d  pollutional 
sediments a n d  their effects u p o n  the quality of the waters that over
ride t h em .

E x p e r im e n t a l  P ro c e d u re s .— T h e  apparatus e m p l o y e d  is s h o w n  in Fig. 2 
a n d  has b e e n  described in Section I of this paper. T h e  general properties 
of the sludge studied are s u m m a r i z e d  in T a b l e  I w h i c h  s h o w s  that the 
mi xt ur e of s e w a g e  solids a n d  inert materials that w a s  p r ep ar ed wa s  
representative of a freshly deposited pollutional sediment, w i th a 5-day 
B . O . D .  per kg. of volatile solids c o m p a r a b l e  to that of fresh s e w a g e  solids. 
Different a m o u n t s  of the mixture w e re m e a s u r e d  into five carboys (Fig. 2)
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Table VI .— Observed Cumulative Benthal Oxygen Demand of Sludges of Varying Depth 
Grams of oxygen per kg. of volatile solids initially present

Temperature: 20 to 25° C. Surface Area of Sludge: 526 sq. cm.

Time in Days
Carboy No.

I II III IV V

10 11 27 16 40 20
30 34 77 90 170 132
50 55 105 146 261 243
70 68 131 188 312 292
90 78 149 215 352 332
120 94 175 252 407 384
160 109 198 290 461 435
200 124 214 316 496 467
250 135 232 336 547 502
300 144 245 354 581 540
350 154 257 370 614 572
400 163 268 386 642 605
450 169 274 400 667 635

Areal Concentration of Volatile In itia l 3.77 1.38 0.513 0.188 0.188
Matter (kg. per sq. m.) Final 1.37 0.640 0.261 0.101 0.102

Depth of Deposit (cm.) In itia l 12.2 5.4 2.7 1.5 1.5
Final 8.2 4.1 2.4 1.34 1.35

Mean * 10.2 4.75 2.55 1.42 1.42
Specific Gravity Mean f 1.143 1.113 1.078 1.051 1.051

* Yi (depth at 3 days +  depth at 450 days), 
t Computed from density of materials added and mean depth:

Total solids (grams) —  Volatile solids (grams)
1 +  0.001185 Depth (cm.)

F ig. 6.— Course of benthal oxidation of sludge deposits of varying depth, and course of 
aerobic B.O.D. of the material originally deposited. Retardant unimolecular curves are fitted to 
the observed points.
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a n d  t w o  anaerobic digestion flasks. T h e  a m o u n t s  introduced into carboys 
I to I V  w e r e  chosen so that the weight of volatile solids (198, 72.7, 27, and 
9.9 g r am s) w o u l d  decrease in a p p r ox im at el y geometric ratio for the 
pu rp os e of spacing the expected benthal o x y g e n  d e m a n d s  m o r e  or less 
uniformly over the range covered b y  the tests. C a r b o y  V  contained the 
s a m e  a m o u n t  of volatile m a t t e r  as c a rb oy I V  (9.9 g r a m s )  bu t differed from 
the rest in that, during the first m o n t h  of operation only, the influent pipe 
terminated four inches instead of one inch a b o v e  the surface of the sludge. 
T h e  slight discrepancies b e t w e e n  the results obtained f r o m  these two 
carboys are believed to be d u e  to this t e m p o r a r y  variation.

T h e  changes taking place in the deposits w e r e  evaluated in a n u m b e r  
of different w a y s  that m a y  be g r o u p e d  conveniently as follows:

1. M e a s u r e m e n t  of (a) the o x y g e n  ab so r b e d  f r o m  the supernatant 
wa te r a n d  the gases released b y  the sl ud ge; (b) the aerobic o x y g e n  d e m a n d ,  
or long-time B.O.D., of the sludge at the beginning a n d  e n d  of the test; and
(c) the v o l u m e  a n d  composition of the gas liberated during anaerobic 
digestion of the sludge.

2. M e a s u r e m e n t  of (a) the loss of nitrogen f r o m  the deposit; (b ) the 
changes in its iron content; a n d  (c) the reduction in its fuel value.

O n l y  the first g r o u p  of observations will be discussed in the present 
section of this paper.

R e s u lt s .— T h e  chronology of the benthal o x y g e n  d e m a n d  exerted in 450 
da ys b y  the five depths of sludge is listed in T a b l e  V I  a n d  plotted in Fig. 6. 
Fitting retardant a n d  simple unimolecular equations to these data, yields 
the m a t h e m a t i c a l  para me te rs s h o w n  in T a b l e  V I I  a n d  the retardant curves 
of best fit d r a w n  in Fig. 6. Calculations of the time required to complete 
50, 90, a n d  99 percent of the ultimate benthal o x y g e n  d e m a n d  are recorded 
in T a b l e  VIII.

Table VII.— Mathematical Parameters of Benthal Oxidation of Sludges of Varying Depth

Carboy
No.

Mean
Depth
cm.

Initial Areal Concentration 
of Volatile Matter 
kg. per sq. m.

(m)

Mathematical Parameters

Retardant Curve Simple Curve

a 1 L'- I-u '-3 Lu -

I 10.2 3.77 0.00628 0.00240 196 0.00674 172
II 4.75 1.38 0.00726 0.00245 309 0.0101 260
III 2.55 0.513 0.00750 0.00301 447 0.0103 377
IV 1.42 0.188 0.00762 0.00373 758 0.00869 641
V 1.42 0.188 0.00764 0.00369 710 0.0102 587

Long-time, 20° C. B.O.D. of Initial Sludge.... 0.1212 0.0791 818 0.103 715

1 On daily basis.
2 Grams of oxygen per kg. of volatile matter initially present.
3 This value is 2.303 times the magnitude of the reaction velocity constant as calculated by 

Phelps and others.
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Table VIII.— Time Required for Benthal Oxidation and Areal Oxygen Demand of Sludge Deposits of
Varying Depth

Years to Reach
Areal Oxygen Demand

Carboy
No.

Mean
Depth
cm.

11
a

k
a

Stated Completion
Total Initial Rate

50% 90% 99% L, 2 V‘o 3

I 10.2 1.1 2.61 0.33 1.6 5.5 739 4.65
II 4.75 1.1 2.96 0.30 1.3 4.2 426 3.09
III 2.55 0.91 2.49 0.29 1.4 4.9 227 1.70
IV 1.42 0.73 2.04 0.29 1.5 6.3 142 1.08
V 1.42 0.74 2.07 0.29 1.5 6.1 134 1.02

Long-time 20° C. 
B.O.D. of Initial 
Sludge........ 0.035 1.53 0.020 0.12 0.67 — —

1 Years elapsing before reaction velocity has been cut in half.
2 L , = Lm = Grams of oxygen per sq. m. of sludge surface.
3Vs0' = kLm =  Grams of oxygen per sq. m. of sludge surface per day.

O n  the whole, there is rema rk ab le a g r e e m e n t  b e t w e e n  the authors’ 
results a n d  those of M c G o w a n ,  F r y e  a n d  K e r s h a w  (2). C o m p a r a b l e  
values of k, a , a n d  ku, however, lie nearer the second decimal t h an the third,

Table IX .— Observed and Fitted Long-time B.O.D. of Sludge Before and After 450 Days of Benthal 
Decomposition and After 495 Days of Anaerobic Decomposition 

Temperature: 20° C. Demand: Grams of oxygen per kg. of volatile solids initially present.

Time— Days Original
Deposit

Carboy No.
Anaerobic
Sample

I * I Upper I Lower II III IV V

2 195 21 19 24 19 9 6 7 63
4 290 38 37 40 27 19 9 14 143
6 376 51 46 55 42 31 14 18 204
8 434 65 54 77 55 43 19 23 235
10 463 76 62 92 66 52 21 28 277
15 501 119 126 111 89 71 28 35 344
20 602 139 151 127 103 81 33 43 386
30 677 — — — — 41 50 428
50 738 — — — — — — 455
75 768 — —

L 2.................. 818 160 157 164 145 135 50 61 456
First-Hour Demand 3. . . 13 6 4 7 4 4 3 4 16
Total.............. 831 166 161 171 149 138 53 65 472

1 Average of values for upper and lower layers of sludge proportioned according to the volatile- 
solids content of these layers (0.512 of upper +  0.488 of lower).

2 Calculated from retardant unimolecular curve of best fit for original deposits and for simple 
unimolecular curve for the remainder.

3 Part of this amount, although small, may be due to interference of suspended matter with 
the dissolved-oxygen test (5). The azide modification with potassium fluoride to reduce inter
ference by ferric salts was employed.
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a n d  c o m p a r a b l e  values of L  a n d  L u are appreciably larger. T h e  ratio k/a  
ranges b e t w e e n  2 a n d  3 as against 1.6 a n d  4. M o s t  of these differences can 
pr ob a b l y  b e  ac co un te d for b y  the freshness of the sludge u s e d  b y  the 
authors a n d  the variable age a n d  origin of the English river m u d s .  A g e  
appears to decrease b o t h  the rate of de composition a n d  its potential 
a m o u n t .  T h e  time required to reach a significant degree of completion, 
however, r emains a m a t t e r  of m o n t h s  or years rather t h a n  d a y s  or weeks.

C o m p a r i n g  the simple with the retardant p a r a me te rs in T a b l e  VII, w e  
note, as in the analysis of the English studies, that the m a g n i t u d e  of L u is 
smaller t h a n  that of L ,  a n d  the m a g n i t u d e  of ku is larger t h a n  that of k. 
F o r  all bu t  ca rb oy I, indeed, the value of L u falls short of the m a r k  actually 
reached in 4 5 0  days. Also there is n o  consistent variation in k u w i th depth.

V a r ia t io n  o f L  w ith  D e p th .— All of the m a t h e m a t i c a l  pa ra me te rs of 
decomposition are seen to v a r y  systematically with depth. M o s t  striking, 
perhaps, is the rapid decrease in the ultimate benthal o x y g e n  d e m a n d ,  L  
in g r a m s  per kg. of volatile matter, w ith increasing d e p t h  or areal concen
tration of volatile matter. T h e r e  ca n be little d o u b t  that anaerobic 
decomposition plays a larger part as deposits b e c o m e  deeper a n d  d e c o m 

posable substances are farther r e m o v e d  f r o m  the sludge-water interface. 
M u c h  of the potential o x y g e n  d e m a n d  is then destroyed anaerobically an d 
escapes f r o m  the sludge in the f o r m  of m e t h a n e .  It m u s t  b e  expected, 
therefore, that the benthal o x y g e n  d e m a n d ,  L , of d e e p  deposits will
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approach a lower limiting value w h i c h  is exerted b y  those residues that are 
not d e c o m p o s e d  anaerobically. Well-digested s e w a g e  sludge, for example, 
still possesses a B . O . D .  of 150 to 250 g r a m s  of o x y g e n  per kg. of volatile

F ig. 8.— Volume of gas released by sludge deposits of varying depth, decomposing benthaUy. 
Observations were initiated 20 days after the start of the tests. The course of anaerobic gasifica
tion of the material originally deposited is shown for purposes of comparison. The curves are 
fitted by eye.

solids, a n d  the lower limiting benthal d e m a n d  of de ep sludge deposits m a y  
well be of this order of magnitude. This statement is supported b y  the 
observed long-time biochemical o x y g e n  d e m a n d s  of the deposits after 450 
days of benthal decomposition (Table IX). T h e  B . O . D .  of the residues is
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seen to v a r y  f r o m  a b o u t  60 g r a m s  per kg. of volatile solids for the shallowest 
sa mp le s to a b o u t  170 g r a m s  per kg. of volatile solids for the deepest one.

In spite of decreasing values of L ,  however, the total o x y g e n  require
m e n t s  of deeper deposits are greater t h a n  those of shallow ones because of

Fig. 9.— Decrease of ultimate oxygen demand, L , initial rate of demand, k, and coefficient 
of retardation, a, with areal concentration of volatile matter (depth characteristic). Straight lines 
facilitate estimation of the magnitudes of L , k, and a.

the larger a m o u n t  of d e c o m p o s a b l e  m a t t e r  present. T h e  daily oxygen 
d e m a n d s ,  too, are greater e v e n  t h o u g h  the reaction velocity also b e c o m e s  
smaller with depth. T h e  ultimate areal o x y g e n  d e m a n d s ,  calculated for 
the authors’ results, are s h o w n  in T a b l e  V I I I  a n d  traced in Fig. 7. T h e  
ultimate areal, or surface, d e m a n d s  for oxygen, L s =  L m , are here ex
pressed in g r a m s  of o x y g e n  per sq. m .  of sludge-water interface.
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T h a t  anaerobic decomposition does b e c o m e  ascendant with d e p t h  can 
be seen also f r o m  Fig. 8, a record of the v o l u m e  of gas liberated during 
benthal decomposition. Unfortunately, collection of this gas w a s  not 
instituted until 20 d a y s  after the beginning of the tests. T h e  preceding 
happenings, therefore, are quantitatively u n k n o w n .  Ex ce pt in g c a rb oy I, 
gas production per unit weight of volatile m a tt er initially present is seen 
to have increased with depth. T h e  peculiar behavior of c a rb oy I m a y  be 
due to this very fact. F o r  purposes of comparison, observations of the gas 
produced during strictly anaerobic decomposition of the deposit are 
included in Fig. 8. T h e  rapidity of gas production a n d  small v o l u m e  
collected are s o m e w h a t  unusual, bu t it is probable that the ad m i x t u r e  of 
inert materials a n d  lime are responsible for this situation. T h e  high 
B.O.D. of the digested sludge (Table I X )  is a necessary corollary. T h e  
proportion of m e t h a n e  in the gas f r o m  all sources w a s  close to 70 per cent.

If anaerobic conditions establish the lower limit of benthal o x y g e n  
de m a n d ,  a full aerobic e n v i r o n m e n t  similarly fixes the u p p e r  limit. T h e  
course of the fully aerobic o x y g e n  d e m a n d ,  or long-time B . O . D .  of the 
fresh sludge used b y  the authors, w a s  followed for 75 d a ys b y  the “ dilution 
method.” O b s e r v e d  values are listed in Ta bl e I X  a n d  a fitted curve, 
based u p o n  the retardant parameters included in Ta b l e  VIII, is s h o w n  in 
Fig. 6. T h e  ultimate B . O . D .  of 81 8 g r a m s  per kg. of volatile m a tt er is seen 
from Table V I I  to exceed the highest benthal o x y g e n  d e m a n d  (smallest 
depth) b y  ab o u t  60 g r a m s  per kg. of volatile matt er a n d  the lowest benthal 
oxygen d e m a n d  (largest depth) b y  over 500 g r a m s  per kg. of volatile 
matter. Discussion of these relationships will be continued in a later 
section of this series of papers.

V a r ia t io n  o f k  a n d  a  w ith  D e p th .— A s  s h o w n  in Ta b l e  V I I  a n d  Fig. 9, the 
reaction velocity constant, k , decreases only slowly with depth, while the 
coefficient of retardation, a , is reduced m o r e  rapidly. T h e  m a g n i t u d e  of 
both of these parameters of benthal oxidation is only a small percentage of 
the m a g n i t u d e  of the corresponding parameters for the B . O . D .  of polluted 
waters. This is understandable w h e n  one considers the differences inherent 
in the respective environments. T h e  rate of B . O . D .  is a direct m e a s u r e  of 
the life activities of the organisms responsible for aerobic decomposition, 
while the rate of benthal o x y g e n  d e m a n d  is influenced, in addition, b y  the 
physical processes of diffusion a n d  consolidation. N o  direct c o mp ar is on 
can be m a d e  b e t w e e n  the benthal oxidation a n d  anaerobic decomposition 
observed in these tests, because of the u nusual behavior of the anaerobic 
sample. Ordinarily one w o u l d  expect the rate of anaerobic gasification to 
be s o m e w h a t  m o r e  rapid t h a n  that of benthal oxidation, bu t  m u c h  w o u l d  
depend u p o n  so-called seeding effects. T h e  rate of anaerobic gasification 
is a fu nd am en ta l rate in the s a m e  sense as the rate of c h a n g e  in 5-day
B.O.D. observed b y  Rudolfs a n d  M o h l m a n  (k  =  0.0126 a n d  0.0181 
respectively).

T h e  influence of d e pt h u p o n  the daily o x y g e n  requirements of sludge 
deposits is included in T a bl e V I I I  a n d  Fig. 7. T h e s e  requirements are a 
function of reaction velocity as well as ultimate o x y g e n  d e m a n d .  T h e y  
are conveniently expressed in g r a m s  of o x y g e n  per sq. m .  of sludge-water



296 SEWAGE W O R K S  JOURNAL March, 1941

interface per day. T w o  rates of areal, or surface, o x y g e n  d e m a n d  are 
presented in Fig. 7: (1) the m a x i m u m  areal rate, w h i c h  obtains at the start 
of benthal oxidation, a n d  (2) the half-life areal rate * w h i c h  is reached 
after 50 per cent of the ultimate benthal o x y g e n  d e m a n d  has b e e n  exerted. 
E x a m i n a t i o n  of equation (1) will s h o w  that the initial areal rate, y sJ , and 
the half-life areal rate, y Si', m u s t  equal:

y sJ  =  k L m , (15) f

k L r n  , .
V "  =  ‘ (lc) i

T h e  time w h e n  the half-life of the deposits has b e e n  re ac he d ranges be
t w e e n  3 a n d  4 m o n t h s  (Table VIII). Intermediate rates are included in 
Fig. 10 w h i c h  will b e  discussed in connection with the generalization of the 
experimental results. T h e  areal, or surface, rates of o x y g e n  d e m a n d  are 
particularly useful concepts of benthal oxidation, because th ey can be 
translated directly into the a m o u n t s  b y  w h i c h  the dissolved-oxygen con
tent of the supernatant wa te r will b e  r e du ce d in flowing over the b o t t o m  
sediments. It follows directly f r o m  the simple relations of the metric 
system, for example, that each square m e t e r  of sludge surface will lower the 
dissolved-oxygen content of a flow of o n e  cubic m e t e r  of wa t e r  per d a y  by 
y s’ parts per million. In the English s y s t e m  of units, correspondingly, 

each acre of sludge surface will r e m o v e  y s’ parts per million of dissolved 
o x y g e n  f r o m  appr ox im at el y 1 m.g.d. of water.§ W h e t h e r  y s' is the initial, 
half, or a n y  other rate of d e m a n d  d e p e n d s  u p o n  the particular circumstances.

This discussion of the effect of d e p t h  u p o n  the initial rate of benthal 
oxidation w o u l d  not be co mp le te wi th ou t reference to the pioneer studies of 
Ba it y (1). T h e  initial benthal d e m a n d s  observed b y  Ba it y m a y  be 

expressed in g r a m s  of o x y g e n  per sq. m .  of benthal surface per d a y  and 
tabulated as follows:

Depth— c m ......................................  0.5 1.0 1.5 2.0 4.0
Areal concentration of volatile matter (m)— kg. per

sq. m .......................................... 0.355 0.710 1.06 1.41 2.82
Initial rate of benthal oxygen demand (ySo’)— grams of 

oxygen per sq. m. per day....................... 1.84 2.89 3.45 3.77 5.17

C o m p a r i s o n  of these rates with the ones recorded in T a b l e  V I I I  will s h ow 

that th ey are a p p r ox im at el y 30 per cent greater. In the absence of 

significant differences in temperature, this discrepancy m a y  be du e to 
variations in the character of the organic matter, b u t  it is m o r e  probably

* Not to be confused with the half-rate at time t =  - •a
dij

t For t = 0 and y = 0, y ' = -^ = kL and y„0' =  kLm.

t For ̂  = 0.5 in equation (2), (1 +  at) =  2alk, and for (L —  y) =  0.5 in equation (1),

, dy kL __ , _ kLm
V ~  dt ~  2l+(i,k a ~  2l+alk '

§ More exactly, 1.07 m.g.d.
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the result of the lower density a n d  consequently greater mobility a n d  
benthal exposure of the s e w a g e  sludge studied b y  Baity. T h e  initial

of volatile matter (depth characteristic).

density of this sludge is estimated f r o m  its analysis (Table I) to h a v e  be en 
about 1.01, wh er ea s the sludge deposit prepared b y  the authors h a d  a n  
estimated m e a n  density of 1.05 to 1.14. It is evident that areal c o nc en
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tration of volatile m a tt er falls short of being completely descriptive of the 

“ d e p t h  factor” a n d  that s o m e  other m e a s u r e  will h a v e  to be introduced 

w h e n  sufficient information has a c c u m u l a t e d  to permit its identification.* 
A t  the s a m e  time, it is clear that the discrepancies b e t w e e n  B a i t y ’s results 

a n d  those of the authors w o u l d  b e c o m e  greatly exaggerated if comparisons 
w e r e  based u p o n  de p t h  itself. A t  a d e p t h  of 4 cm., for example, the areal 
concentration, m ,  of the sludge studied b y  Baity w a s  2.82 kg. per sq. m .  and 

the initial rate of benthal o x y g e n  d e m a n d ,  y So, w a s  f o u n d  to be 5.17 gr a m s  
per sq. m .  T h e  corresponding values interpolated f r o m  the authors’ 

findings w o u l d  be m  =  1.05 kg. per sq. m .  a n d  y So =  2.55 g r a m s  per sq. m. 
O n  this basis, therefore, B a i t y ’s values w o u l d  be a b o u t  100 per cent 
greater t h a n  those of the authors, rather t h a n  3 0 per cent.

M a th e m a t ic a l  G e n e ra liz a t io n s .— T h e  information collected b y  the a u 
thors o n  the relation b e t w e e n  sludge d e p t h  a n d  rate of benthal oxidation 
can be generalized in a n u m b e r  of different w a y s  b o t h  within a n d  outside 

the i m m e d i a t e  m a t h e m a t i c a l  f r a m e w o r k  of the retardant unimolecular 
equation. R e m a i n i n g  i m m e d i a t e l y  within this f r a m e w o r k ,  the variation 
of the pa ra me te rs k , a , a n d  L  with the d e p t h  measure, m , ca n  be formulated 
empirically as follows:

k =  0.0078e-°-0571m, (3a)

a =  0.0024 +  0.0021e“ 2-57m, (36)

L  =  3 5 5m -° -449. (3c)

Here, m  is m e a s u r e d  in kg. of volatile m a t t e r  per sq. m., k a n d  a  are on a
daily basis, a n d  L  is given in g r a m s  of o x y g e n  per kg. of volatile matter. 
T h e  relationships w e r e  derived b y  straight-line plotting of L ,  k and 
(■a  —  0.0024) against m  as s h o w n  in Fig. 9.

G o i n g  outside the i m m e d i a t e  f r a m e w o r k  of the unimolecular equation, 
there are at least t w o  generalizations that will relate the authors’ observa
tions of benthal o x y g e n  requirements to sludge depth. T h e  first of these 
follows f r o m  a straight-line (double-logarithmic) plotting of the informa
tion s h o w n  o n  natural scales in Fig. 7. F o r  areal concentration of volatile 
m a t t e r  in kg. per sq. m., the empirical equations that h a v e  b e e n  derived 
take the following form:

Ul ti ma te benthal o x y g e n  d e m a n d :
(g ra ms of o x y g e n  per sq. m .  of sludge)

L s =  3 5 5 m 0-551, (4a)

Initial rate of o x y g e n  d e m a n d :
(gra ms of o x y g e n  per sq. m .  daily)

y sJ  =  2 . 4 5 m 0-485,. (46) f

Half-life rate of o x y g e n  d e m a n d :
(gra ms of o x y g e n  per sq. m .  daily)

y s, ' =  0 . 9 1 m 0-516. (4c)

* One might speculate that the rate of demand varies inversely as the square of the sludge 
density.

t A  similar generalization of Baity’s observation gives the equation
y ,t' = 3.2 to»-486.



Equation (4a) is seen to equal equation (3c) multiplied b y  t o . Since the 
oxygen d e m a n d  m u s t  be satisfied b y  the supernatant water, the rates of 
d e ma nd , as explained before, also evaluate directly the rates at w h i c h  
oxygen is w i t h d r a w n  f r o m  the water, provided these rates are stated in 
p.p.m. of dissolved o x y g e n  per cu. m .  of water per sq. m .  of sludge, or 
p.p.m. of dissolved o x y g e n  per m.g.d. of water per acre of sludge. 
F o r m u l a t e d :

P.p.m. of oxygen removed from supernatant water = Rate of benthal oxygen demand (j/,') X  acres 
of sludge surface s- million gallons of flow per day.

T h e  second generalization that lies outside the i m m e d i a t e  f r a m e w o r k  
of the retardant unimolecular equation is m o r e  ambitious in that it 
embraces time as well as rate of benthal oxidation a n d  areal concentration 
of volatile matter. This generalization proceeds f r o m  a differentiation of 
equation (2) w h i c h  results in the following variant of equation (1):

d y A T ,

V =  dx =  ( T "+ a t ) kla+l ‘ ( ^

In this equation, the value of the fraction is substantially constant for a
given value of time, t. Since equation (3) s h o w s  that L  varies as s o m e  
power of to, equation (Id) m a y  be reduced to the following a p pr ox im at e 
relations:

y '  =  A m ~ v (5a)

and
y d  =  A m x~ v. (55)

If to is expressed in kg. of volatile m a tt er per sq. m .  of sludge surface, y '
is the rate of benthal o x y g e n  d e m a n d  in g r a m s  daily per kg. of volatile
matter, a n d  y d  is the corresponding areal rate of benthal o x y g e n  d e m a n d  in 
grams daily per sq. m .  of sludge surface. Eq ua ti on s (45) a n d  (4c) are seen 
to represent special cases of equation (55). Selecting specific values for 
the time, t, a series of straight lines o n  double logarithmic paper is obtained, 
as s h o w n  in Fig. 10. T h e  intercepts, A ,  a n d  slopes, v, of these lines 
decrease in m a g n i t u d e  with the age of the deposits, t. This decrease can 
be formulated,* but this is not sufficiently useful to be e m p h a s i z e d  here. 
Baity’s results are included in Fig. 10 a n d  are seen to be parallel to, t h o u g h  
30 per cent higher than, the corresponding results of the authors for t =  0.

S a m p le  C a lc u la t io n  o f B e n th a l  O x yg en  D e m a n d .— A  s a m p l e  calculation 
involving the use of m a n y  of the equations a n d  figures will acquaint the 
reader with their relative merits a n d  significance. S u c h  a calculation 
m u s t  of necessity be confined to the special conditions of benthal d e c o m p o 
sition that h a v e  b e en discussed so far in this paper. In practice, these 
conditions could be m a tc he d, for example, in a millpond fed b y  a stream 
that is not protected against pollution during the winter m o n t h s  because 
of seasonal ( s u m m e r )  operation of treatment w o r k s  or tradewaste dis
charge. If such a p o n d  covers a n  area of 10 acres a n d  d e c o m p o s a b l e

* A = 0.11 +  2.3e~0 00906<, 
v =  0.393 +  0.122e_0 0103i.
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m a t t e r  accumu la te s to a d e p t h  of a b o u t  2 in. during the winter, w h a t  are 
s o m e  of the characteristic benthal o x y g e n  requirements to b e expected at 
the onset of w a r m  weather, assum i n g the deposited sludge contains 82 
per cent of water a n d  15 per cent of the residue o n  evaporation is lost on 
ignition?

T h e  specific gravity of such a deposit m a y  be estimated to be about 
1.11,* yielding a n  areal concentration of volatile matter,

m  =  2 X  2.54 X  0.18 X  0.15 X  1.11 X  10 =  1.5 kg. per sq. m .

T o  evaluate k , a , a n d  L ,  substitute this value of m  in equations (3) or 
enter Fig. 9 with it.

а . log k  =  log 0.0078 -  0.0571 X  1.5 X  0.4343 =  0.8549-3
a n d  k =  0.00716; c h ec ke d in Fig. 9.

б. log (a -  0.0024) =  log 0.0021 -  2.57 X  1.5 X  0.4343 =  0.648-5 
a n d  a  =  0.0024 +  0.00004 =  0.00244; ch e c k e d  in Fig. 9;

or - =  2.93. 
a

c. log L  =  log 3 55 -  0.449 log 1.5 =  2.4711
a n d  L  =  296; c h ec ke d in Fig. 9.

T h e s e  values m a y  be substituted in equation (2), in order to find the 
o x y g e n  d e m a n d  at a n y  time, t, a n d  in equation (1) or (16) if the rate of 
d e m a n d  at a n y  time, t, is wanted.

d. F o r  t =  20 0 days, equation (2) states that
y  =  29 6[ 1 -  (1 +  0.00244 X  2 0 0 ) ~ 2-93] =  0.682 X  296,

a n d  y  =  202 g r a m s  per kg. of volatile matter.

This result ca n  b e c h ec ke d in Fig. 3 for k t =  0.00716 X  2 0 0  =  1.432 and
k
- =  2.93. T h e  areal d e m a n d  for oxygen, therefore, is
a

y j  =  20 2  X  1.5 =  30 3  g r a m s  per sq. m .

e. T h e  rate of d e m a n d  at 2 0 0  days, as given b y  equation (1), is

V =  1 +  0.00244 X  2 0 0  (296 _  2 ° 2  ̂ =  °-0 0 4 9 7  X  9 4 > 

a n d  y '  = 0.467 g r a m s  per kg. daily.

T h e  areal rate, therefore, is

y , ' =  0.467 X  1.5 =  0.70 g r a m s  per sq. m .  daily.

/. T h e  ultimate areal d e m a n d  for o x y g e n  is 

L s =  L m  =  2 9 6  X  1.5 =  4 4 4  g r a m s  per sq. m .  of sludge surface.

g. T h e  initial, or m a x i m u m ,  areal rate of d e m a n d  is

* Specific gravity = 25,000 +  [250 X  %  water +  %  solids (2.5 X  %  volatile +  %  mineral)].
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y H ' =  k L m  =  0.00716 X  4 4 4  =  3.18 g r a m s  per sq. m .  per day, or 
3.18 X  8.92 =  28.4 lb. per acre per day. A s  s h o w n  b y  Imhoff a n d  Fair
(11), this rate of d e m a n d  w o u l d  pr ob ab ly exceed the rate of atmospheric 
reaeration of the p o n d  u n d e r  n o r m a l  circumstances. If 20 m.g.d. of water 
flow through the pond, the concentration of dissolved o x y g e n  in the wa te r 
will be lowered, in the absence of reaeration, b y  3.18 -f- (20 -f- 10) =  1.59 
p.p.m. at the outset of decomposition.

h. T h e  half-life areal rate of benthal oxidation is given b y  equation 
(16):

, 3.16
y°> =  2 1AJI =  1,25 gr a m s  P er s9- m - per day, 

and the time elapsing before it is reached is obtained f r o m  equation (26i):

‘  "  o o k i ( 2 " ' “  -  4 ) -  110  d a y s '

i . According to equation (262), decomposition will be co mp le te d 90 per 
cent in

‘ =  0 m u (10" “  - !) = 48 0 d a y s -

A s  explained in the statement of the problem, the results listed u n d e r  /  a n d  
g have a m e a n i n g  only because deposition is not continued after the onset 
of w a r m  weather. T h e  possibilities of evaluating the effects of continuous 
deposition will be considered in a later section of this series of papers.

2. T o  find the answers listed in 1 /, g a n d  h m o r e  quickly but also m o r e  
approximately, except for L , w e  c an use equations (4), as follows:

/. log L s =  log 355 +  0.551 X  log 1.5 =  2.647; 
a n d  L s =  4 4 4  g r a m s  per sq. m .  of sludge surface.

g. log y sJ  = log 2.45 +  0.485 X  log 1.5 =  0.4747; 
a n d  y So' =  3.0 g r a m s  per sq. m .  per day.

h. log y ./ =  log 0.91 +  0.516 X  log 1.5 =  0.0498; 
a n d  y „ 2' =  1.1 g r a m s  per sq. m .  per day.

These values can also be read directly f r o m  Fig. 7.
3. Figure 10 can be used to a p p r o x i m a t e  the results listed in 1 g or 2g, 

and particularly for the p urpose of finding the rate of o x y g e n  d e m a n d  at 
100, 200 or 40 0 d a y s  or, b y  interpolation, at intermediate values (see 
also lc).

g. Fo r t =  0, read y '  =  20 g r a m s  per kg. of volatile matt er a n d  find 
y»' =  2 X  1.5 =  3.0 g r a m s  per sq. m .  of sludge surface per day.

e. F o r  t =  20 0  days, read y '  =  0.45 g r a m s  per kg. of volatile ma tt er 
an d  find y s' = 0.45 X  1.5 =  0.68 g r a m s  per sq. m .  of sludge surface 
per day.

T h e  answers given are naturally circumscribed b y  the extent of the 
information so far available. It is to be h o p e d  that it will be possible to 
place greater reliance u p o n  calculations such as these, as the w o r k  of other 
experimenters a n d  practitioners carries our k n o w l e d g e  farther. A t  the
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present time, the results given only indicate roughly the order of m a g n i 

tude of benthal o x y g e n  requirements.

S u m m a r y  o f P a r t s  I  to  I I I  a n d  C o n c lu s io n s

T h e  natural purification of river m u d s  a n d  pollutional sediments is an 
important, often poorly understood, a n d  inadequately controlled factor 
in the re g i m e n  of wa te r courses a n d  other bodies of water. D e p e n d i n g  
u p o n  flows a n d  currents, m o r e  or less of the pollutional load that is imposed 
u p o n  wa te r b y  the discharge of natural or m a n - m a d e  drainage is t h r o w n  to 
the b o t t o m  w h e r e  it undergoes benthal decomposition a n d  interacts in 
various a n d  s u n d r y  w a y s  with the supernatant water. A b o u t  30 per cent 
of the organic, decomposable, or o x y g e n - d e m a n d i n g ,  m a t t e r  in r a w  sewage, 
for example, m a y  be precipitated to f o r m  river m u d s  or pollutional sedi
ments. T h e  a m o u n t  of w o r k  to be d o n e  in stabilizing these substances, 
therefore, m a y  reach a considerable proportion of the total that a receiving 
water is called u p o n  to do. W h e t h e r  or not this shift in locus of bio
chemical activity is of benefit or detriment to the receiving wa te r must 
d e p e n d  u p o n  circumstances.

A s  s h o w n  in Parts I to III of this discussion of the natural purification 
of river m u d s  a n d  pollutional sediments, benthal decomposition m u s t  be 
expected to fluctuate widely in character, quantity a n d  rate. D e p t h  of 
deposit, or areal concentration of organic matter, as s h o w n  in Part III, 
m a y  of itself align benthal stabilization with processes akin to the aerobic 
decomposition of flowing pollutional matters at the on e extreme, or with 
processes akin to anaerobic sludge-digestion at the other. W i t h  reference 
to o x y g e n  requirements, aerobic processes m a k e  the greatest d e m a n d s  per 
unit weight of d e c o m p o s a b l e  matter, b o t h  in quantity a n d  rate, while 
anaerobic processes m a k e  the least. Aerobic processes, in the very nature 
of things, however, are associated with thin a n d  he nc e light layers of sludge, 
while anaerobic processes are m a i n t a i n e d  in thick a n d  hence heavy 
sediments. T h e  overall effect is a pr od uc t of (1) rate of reaction, (2) 
a m o u n t  of o x y g e n  required for ultimate stabilization of a unit weight of 
d e c o m p o s a b l e  matter, a n d  (3) the weight of d e c o m p o s a b l e  matter. W e  
ca nn ot overlook the possibility that the building of sludge b a n k s  may, 
u n d e r  certain circumstances, b e  on e of na tu re’s w a y s  of solving the 
p r o b l e m  of pollution a n d  natural purification in the m o s t  efficient and 
least d a m a g i n g  m a n n e r .

A s  to the quantity of o x y g e n  required, the upper, aerobic, limit 
appears almost to a p p r o a c h  a value of weight for weight of volatile solids 
(kg. of o x y g e n  per kg. of volatile matter, for example), while the lower, 
anaerobic, limit lies at a b o u t  10 per cent of this value. T h e  rate at which 
this d e m a n d  is initially exerted, in turn, s e e m s  to approach, at the upper, 
aerobic limit, the rate of the B . O . D .  of polluted waters— i.e . 20 per cent of 
the ultimate d e m a n d  is exerted in the first d a y — while the lower, anaerobic 
limit lies well b e l o w  the rate of digestion of u n s e e d e d  s e w a g e  solids— i.e. 
well b e l o w  1 per cent of the ultimate d e m a n d  is exerted in the first day. 
B e t w e e n  these quantities a n d  rates are arrayed the various conditions of



Vol. 13, No. 2 NATURAL PURIFICATION OF RIVER MUDS 303

benthal activity that p r od uc e s o m e  of the values recorded in connection 
with the studies of the authors a n d  other workers. T h e s e  are ultimately 
tied u p  with depth, a n d  the rate of areal o x y g e n  d e m a n d  is s h o w n  to 
vary approximately as the square root of the areal concentration of 
volatile solids. In addition to areal concentration of volatile matter, 
however, specific gravity of the solid matter, permeability, a n d  elastic 
properties of the deposit are s h o w n  to be im portant in determining the 
rate a n d  eventual m a g n i t u d e  of benthal oxidation.

Rates of decomposition are seen to be variable in time, decreasing in 
such ma n n e r ,  as the deposit ages, that they are halved ab o u t  every three 
months. This retarding factor has b e e n  recognized in the ma th e m a t i c a l  
formulation of the progress of decomposition a n d  establishes the “ retard
ant unimolecular c u r v e ” as a curve of g o o d  fit. M e t h o d s  of applying it 
to experimental data a n d  simple field situations h a v e  b e e n  outlined.

T h e  influence of temperature u p o n  the reactions that h a v e  so far been 
considered will be taken u p  in a later section of this series of papers. 
Presentation of the p r o b l e m  of continuous deposition of solids awaits this 
discussion. Effects of benthal decomposition o n  the quality of the super
natant water, other t h a n  o x y g e n  requirements, are also left for later 

treatment.
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A p p e n d ix  to  P a r t  I I

L e a s t  S q u a re s  F i t t in g  o f the R e ta rd a n t  U n im o le c u la r  E q u a t io n .— In 
applying the theory of probability to observed data, in order to obtain 
the parameters of the retardant unimolecular equation of best fit, the 
general m e t h o d  of ap pr o a c h  parallels that f o u n d  successful for equations
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of the simple unimolecular type in w h i c h  the m a t h e m a t i c a l  tr eatment is 
ba se d u p o n  the differential f o r m  of the equation (12). T h e  differential 
f o r m  of the retardant equation is written as follows:

g  _  *  ( L  -  „ )  ( A )
a t 1 +  a t

or

y ' +  a y ' t  =  k L  -  k y . (B )

T h e  rate ( y ' )  m a y  be calculated f r o m  the given values of y  a n d  t as follows:

Z x h'+l t i . , \ ti ti— 1
{ y i  -  V i- 1) : 7 b ( y i+ 1 -  V i) 7— ~ r

= _________________b- -  Q - i tj± i O'. (C )
t i+1 —  ii_i

Since it m a y  be safely a s s u m e d  that there is n o  appreciable error in the 
m e a s u r e m e n t  of time, t, the lefthand side of equation ( B )  m a y  be treated 
as a d e p e n d e n t  function varying linearly with the in d e p e n d e n t  variable y. 
T h e  least squares criterion requires that the s u m  of the squares of the 
residuals, R  =  k L  — k y  — y '  — a y 't , b e  a m i n i m u m ;  that is

E E 2 — H ( k L  — k y  — y ' —  a y ' t )2 =  a m i n i m u m .  (D )
Therefore

d E / ? 2 d R
d { k L )  ^  d { k L )

a n d  since

d R
8 { k L )  =  ’

E j R  =  n k L  —  k j^ y  — E?/' —  a H y ' t  =  0, (E )

w h e r e  n  is the n u m b e r  of sets of observations y ' ,  y  a n d  t. E q u a t i o n  ( E )  
provides the first on e of three n o r m a l  equations e a ch of w h i c h  is obtained 
b y  differentiating equation ( D )  with respect to on e of its three parameters

( k L ,  k , a n d  a). T h u s  b y  applying the conditions — 7—  =  0 a n d  — = —  =  0,
dk  d a

the re ma in in g equations m a y  be obtained as follows:

k L ' E y  -  k ^ y 2 -  I L y y '  -  a j ^ y y ' t  =  0, ( F )

k L Z y ' t  -  k Z y y ' t  -  Z y ,2t -  a Z i v ' t )2 =  o. (G )

Eq u a t i o n s  ( E ) ,  ( F )  a n d  (G) involving the quantities E ? A  Ey'> E y 2> Y jy y \  
'L y y ' t ,  H y ' t ,  'L y 'H , a n d  ' E i y ' t y  calculated f r o m  the m e a s u r e d  quantities 
y , y ' , a n d  t provide the three conditions necessary for the determination of 
the pa ra me te rs k , L ,  a n d  a.

S u m m a r i z i n g ,  the steps in the least squares procedure a r e :

I. G i v e n  (n +  2) sets of experimental points y  versus t, c o m p u t e  the n  
corresponding values of y ' b y  m e a n s  of equation (C).
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II. F r o m  the n  sets of values of y , y ' , a n d  t, calculate the s u m s  f f y ,  H y ' ,
Z y \  'Lyy', Hyy% T.y% Hv'% and Ziy't )2-

III. Substitute the s u m s  obtained in II in equations ( E ) ,  ( F )  a n d  ((?). 
Solve these equations simultaneously for the parameters k , L , a n d  a , of 
the retardant equation of best fit.

A p p e n d ix  to  P a r t  I I I

C o n so lid a t io n  o f D e p o s its  a n d  U p w a r d  D if fu s io n  o f  O x id iz a b le  S u b 
stances.— T w o  processes h a v e  b e e n  suggested b y  w h i c h  the soluble oxi
dizable organic a n d  inorganic substances that are f o u n d  as the e n d  products 
of anaerobic decomposition are transported f r o m  the interior of the deposit 
to the surface, or interfacial, zone of oxidation. T h e s e  are the processes 
of consolidation a n d  diffusion.

D u r i n g  consolidation of the deposit, a n  u p w a r d  displacement of fluid 
through the interstices of the deposit is created b y  the internal excess 
hydrostatic pressure, h, that is d u e  to the weight of the u p p e r  layers of 
sludge being partly carried b y  the fluid contained in the interstices. W h e n
u p w a r d  flow relieves this pressure, the weight of the u p p e r  layers is trans
ferred to the solid particles of the deposit. After this state has been 
reached, u p w a r d  flow ceases a n d  the deposit has b e c o m e  completely co n
solidated. T h e  resulting decrease in d e pt h of deposit is proportional to 
the total a m o u n t  of flow that has taken place. T h e  m a t h e m a t i c a l  f o r m u 
lation of the process of consolidation proceeds f r o m  the \yell-known differ
ential equation of h y d r o d y n a m i c s  for streamlined flow in the u n st ea dy 
state:

dh  d~h . .
—  =  V  — ; ,  W
dt d x 2 ’

where h =  the excess hydrostatic pressure within the deposit at time t, 
a n d  d e pt h x  be l o w  the surface, 

a n d  p 2 =  a constant de p e n d i n g  u p o n  the permeability a n d  the elastic 
properties of the deposit, (p2 =  E pk p ; w h e r e  E p is the bulk 
modulus, a n d  k p the coefficient of permeability of the deposit.)

T a ki ng into account the fact that the initial distribution of the excess 
hydrostatic pressure, h, thro ug ho ut the de p t h  of the deposit is triangular, 
with a value of zero at the top, equation (a) integrates into the following 
expression for the percentage of consolidation:

P  =  100
90 n=oo (   1 \ n—1

I _  _  V  —___ — ______ p-(2 n-l)3K t
X 3 n± i  (2 n  -  l ) 3

(6)

where P  =  the per cent of the ultimate a m o u n t  of consolidation (either 
settlement or flow) that has occurred u p  to time t, 

a n d  K  =  a constant depe nd in g u p o n  the total de p t h  of deposit D ;
71-p2i
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In the process of diffusion, a n  oxidizable organic c o m p o u n d  is trans
ported u p w a r d  because of a gradient in the concentration of the c o m p o u n d  
that is created b e t w e e n  the interior of the deposit a n d  the surface zone 
w h e r e  oxidation is taking place. In this process, d e p t h  a n d  specific 
gravity of the deposit r e m a i n  essentially u n c h a n g e d  a n d  n o  flow occurs 
th r o u g h  the interstices, the m o v e m e n t  of oxidizable products being 
limited to the slow process of molecular diffusion. F o r m u l a t i o n  of this 
process st em s f r o m  the s a m e  differential equation that applies to the 
process of consolidation— as d o  all processes that d e p e n d  fundamentally 
u p o n  t h e r m o d y n a m i c  principles. C o n s e q u e n t l y  the relation controlling 
the concentration, C , of a given dissolved constituent m a y  b e  written as 
follows:

d C  d 2C  

dt ~  J  d x 2
(c )

w h e r e  C  = the concentration of a given dissolved substance at a n y  time t 
a n d  d e p t h  x b e l o w  the surface 

a n d  j 2 =  the coefficient of diffusion, depending, a m o n g  other things, 
u p o n  viscosity of the interior fluid a n d  size of molecules 
being diffused.

F ig. 11.— Progress of consolidation, diffusion, and retardant unimolecular decomposition, showing
similarity of pattern in time.

T a k i n g  into ac co un t the fact that the initial concentration of the dissolved 
substance is rectangular, being constant at all depths b e l o w  the surface, 
the diffusion that has occurred at a n y  time m a y  b e expressed as follows:
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where P '  =  the per cent of the ultimate a m o u n t  of diffusion taking place 
in time i; in other words, the per cent of the total a m o u n t  of 
dissolved substance that has entered the surface zone of 

oxidation at time t

7T2 J2
a n d  K '  =  a constant d e p e n d i n g  u p o n  d e p t h  of deposit, D ;  K '  = —  —  .

Equations (b) a n d  (d ) h a v e  b e e n  plotted in Fig. 11, a n d  it m a y  be 
observed that they are in close a g r e e m e n t  with the course of decomposition 
delineated b y  the retardant unimolecular equation plotted in this figure. 
A  similarity m a y  also be observed b e t w e e n  the general shape of these 
theoretical curves a n d  the actual curves of benthal oxidation presented in 
the b o d y  of this pa pe r (Figs. 4 a n d  6). It is probable that b o th processes 
occur successively a n d  that the oxidation actually accomplished de p e n d s  

u p o n  the s u m  of their individual effects.
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T h e  application of laboratory results to plant operation is a factor 
often neglected. V a r i o u s  p r o b l e m s  arise d u r i n g  plant operation wh ic h 
are entirely overlooked or are insignificant in the laboratory. F o r  
instance, such m a tt er s as o d o r  concentration a n d  the feasibility of hatch 
or continuous operation are p r o b l e m s  that m u s t  be decided w i t h  equip
m e n t  larger t h a n  that ne ce ss ar y for laboratory studies. L a b o r a t o r y  
e x pe ri me nt at io n p e rm it s a d e q u a t e  control, but the question arises as to 
w h e t h e r  the results so obtained c a n  be duplicated b y  the plant operator 
w o r k i n g  o n  a large scale. T h e s e  difficulties m a y  b e o v e r c o m e ,  in part, 
b y  correlating laboratory d a ta to studies m a d e  o n  a pilot plant scale.

T h e  processing w a s t e s  f r o m  textile mills are v o l u m i n o u s  a n d  w h e n  
c o m p o s i t e d  m a y  exert a five-day 20° C. B . O . D .  of a p p r o x i m a t e l y  500 
p.p.m. or m o r e .  U n d e r  su ch conditions of compositing, the entire waste 
m u s t  receive special treatment, a l th o u g h  the greater portion of the vol
u m e  of the co m p o s i t e  w a s t e  c o m e s  f r o m  w a s h  w a t e r s  w h i c h  h a v e  negli
gible pollutional qualities. U n d e r  specific conditions, the strong an d 
highly colored w a s t e s  c a n  be se pa ra te d f r o m  the w a s h  waters. I n  this 
w a y ,  the w a s h  w a t e r s  c a n  b e  disc ha rg ed into d o m e s t i c  s e w e r s  without 
placing a n  u n d u e  b u r d e n  o n  the do me s t i c  s e w a g e  tr e a t m e n t  process, 
while only the concentrated discharges will h a v e  to be h a n d l e d  b y  indus
trial w a s t e  tr e a t m e n t  processes. A l t h o u g h  the cost of treating strong 
discharges is v e r y  high, it m a y  b e  a d v a n t a g e o u s  to treat the small vol
u m e  of strong w a s t e  at a h i g h  unit cost rather t h a n  a large v o l u m e  of 
co m p o s i t e  w a s t e  at a l o w  unit cost. W i t h  this objective in v i e w  labora
tory studies o n  the precipitation of textile w a s t e s  h a v e  b e e n  reported 
(1). M a n y  coagulants w e r e  e m p l o y e d  to precipitate different types of 
wastes, including c oncentrated processing liquors. T h e s e  studies indi
cated p r o b l e m s  that m a y  arise, s o m e  of w h i c h  are stated below. T h e  
solving of these p r o b l e m s  is i m p o r t a n t  for the successful operation of a 
plant treating strong sulfur wastes.

Sulfur d y e  w a s t e  is m o s t  economically precipitated b y  st ro ng acids; 
h o w e v e r ,  the p r o d uc ti on of m a l o d o r o u s  h y d r o g e n  sulfide, w h i c h  has 
toxic properties, should not be overlooked. C o lo r r e m o v a l  is extremely 
sensitive to the chemical coagulant d o s a g e ;  a n d  h e n c e  p r o p e r  control

* This research project was carried out under joint sponsorship of the Universitv of North 
Carolina and The Textile Foundation. J
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of the a m o u n t s  of reagent a n d  close p H  a d j u s t m e n t  are of importance. 
Chemical precipitation of concentrated w a st es p r o d u c e s  large v o l u m e s  
of s l u d g e ; a n d  since the ultimate p r o b l e m  of a n y  t r eatment process is 
the disposal of sludge, large sludge v o l u m e s  a g g r a v a t e  this problem. 
It ap pe ar s that efficient operation is difficult but m a y  be attained t h r o u g h  
adequate plant control.

A  4,000-gallon detention t a n k  outside the d y e  h o u s e  w a s  u s e d  as a 
storage t a nk for the collection of the w a s t e  obtained f r o m  the d y e i n g  m a 
chines. A  drain line f r o m  this storage t a n k  w a s  connected to a p u m p  
that fed a siphon b o x  in w h i c h  the liquid w a s  m a i n t a i n e d  at a constant 
h e ad b y  a float valve. T h e  siph on f r o m  this b o x  w a s  so a r r a n g e d  as 
to discharge the liquid either into a h y dr au li c- ju mp m i x i n g  device or 
to a m i x i n g  c h a m b e r  containing a m e c h a n i c a l  stirrer. C h e m i c a l s  w e r e  
ad d e d  into the m i x i n g  device either b y  a constant h e a d  floating siphon 
or f r o m  a constant discharge bottle (2). W h e n  lime or co pp e r a s  w e r e  
added, air agitation kept the material in suspension. T h e  flocculator 
consisted of a d o w n w a r d  flow circular t a n k  of 12-gallon capacity, 
equipped w i th a mechanically operated, variable speed, spirovortex 
mixer. T h e  settling t a n k  h a d  a total capacity of 95 gal. of w h i c h  17 
gal. w a s  the v o l u m e  within the sloping b o t t o m  a n d  hopper. T h e  volu m e 
of the h o p p e r  b o t t o m  w a s  a s s u m e d  to be the sludge ca pa ci ty; while the 
remaining 78 gal. w a s  the v o l u m e  or capacity u s e d  as a basis for the 
calculation of all theoretical detention periods. T h e  inlet t r o u g h  c o n 
tained b o t t o m  outlets thus c ausing d o w n w a r d  flow. E q u a l  distribution 
over the w i d t h  of the t a n k  w a s  as su re d b y  a constant h e a d  of liquid 
over these b o t t o m  orifices. T h e  supe rn at an t liquor f r o m  the ta nk w a s  
discharged over the outlet w e ir to the w a s t e  line. T h e  sludge w a s  
w i t h d r a w n  f r o m  within a h o p p e r  in the center of the sloping b o t t o m  
a n d  w a s  pi p e d  to sludge-drying s a n d  b e ds (3). I n  addition, a series of 
8-in. vitrified tile pipes filled wi th 6 in. of gravel co ve re d w i t h  s a n d  to 
a total de pt h of 18 in., w e r e  also u s e d  as sludge d r y i n g  beds. T h e  
apparatus is s h o w n  d i ag ra mm at ic al ly in Fig. la a n d  l b .

T h e  w a s t e  ha s b e e n  described in detail in a previous p a p e r  (1). 
T h e  p i g m e n t  consists of a sulfur c o m p o u n d  a n d  is usually applied onto 
the cloth with the addition of a  solution agent, s o d i u m  sulfide. T h e  
waste contains the pigment, s o d i u m  sulfide, salt, a small a m o u n t  of 
caustic soda, a n d  other chemicals in m i n o r  a m o u n t s .  A l t h o u g h  the 
waste varied considerably d u r i n g  the period of experimentation, the 
analysis a v e r a g e d  a p p r o x i m a t e l y  as f o ll ow s:

A p p a r a t u s  a x d  M a t e r tat,

Color Deep blue black
18.000 p.p.m. as C a C 0 3
10.000 p.p.m. as C a C 0 3
10.000 p.p.m. (5 day, 20° C.) 
9 %
2 3 %  of the total solids 
11.2

Total alkalinity 
Phen. alkalinity 
B.O.D.......\
Total solids. . 
Volatile solids
pH
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Fig. la , lb .— Schematic presentation of pilot plant for the precipitation of textile wastes.
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Since the materials in the d y e  b a th are in solution, the s u s p e n d e d  solids 

content of the w a s t e  is v e r y  low.

P r o c e d u r e

T h e  w a s t e  w a s  p u m p e d  f r o m  the d y e i n g  m a c h i n e s  to the storage tank 
immediately after the processing of each roll of goods. Af t e r  suffi
cient wa s t e  w a s  accumulated, it w a s  m i x e d  a n d  stored p r e p a r a t o r y  for 
use. T h e  w a s t e  w a s  p u m p e d  to the constant-head siphon b o x  at w h i c h  
point a s a m p l e  w a s  taken for laboratory tests in o rder to de te rm in e the 
chemical dosage. Ch e m i c a l s  in convenient concentrations w e r e  a d d e d  
f r o m  the discharge siphons to the w a s t e  at the m i x i n g  device. All flows 

were adjustable.
A n  inclined channel involving a hydraulic j u m p  w a s  u s e d  at first for 

the m i x i n g  device. This m e t h o d  of m i x i n g  w a s  discontinued because 
the froth w h i c h  occurred at the j u m p  r a n  over the sides of the channel. 
A  m i x i n g  c h a m b e r  w i th a m e c h an ic al stirrer w a s  substituted. T h e  
mixture w a s  flocculated a n d  then settled; the effluent w a s  discharged 
over a weir. T h e  resulting sludge w a s  d r a w n  to s a n d  beds to observe 
dewatering characteristics.

In these studies, the following tests w e r e  m a d e  o n  the indicated 
materials:

1. R a w  w a s t e : p H ,  total solids, alkalinity, B.O.D., color.
2. Flocculator effluent: p H ,  s u s p e n d e d  solids, settling characteristics.
3. S l u d g e : p H ,  s u s p e n d e d  solids, total solids, filtrability, sludge index.
4. Effluent: p H ,  color, s u s p e n d e d  solids, B.O.D.

All analyses w e r e  p e r f o r m e d  according to S t a n d a r d  M e th o d s  o f  W a t e r  
an d  S e w a g e  A n a ly s i s . T h e  hy d r o g e n - i o n  concentration w a s  d e t e r m i n e d  
by m e a n s  of a C o l e m a n  glass-electrode electrometer. Filtrability of 
samples w a s  d e t e r m i n e d  b y  filtering in a n  11 cm. B u e c h n e r  funnel 
through No. 202 Re ev e- An ge l, rapid filtering paper. In all cases, 100 
ml. sa mp le s w e r e  d e w a t e r e d  b y  main ta in in g a v a c u u m  of 22 in. of 
mercury.

R e s u l t s

Typical results obtained b y  the treatment o n  pilot plant scale of 
sulfur black d y e  wast es h a v e  b e e n  s u m m a r i z e d  in Tables I, II, a n d  III. 
Table I s h o w s  flow characteristics a n d  other pertinent data of the w a s t e  
an d coagulants u s e d  in these studies; Ta b l e  II presents the character
istics of the effluents; while T a b l e  III gives data pertaining to the c h a r 
acteristics of the resulting sludges obtained w i t h  the coagulants.

In these studies, sulfuric acid w a s  the first coagulant u s e d  for the 
precipitation of the d y e  waste. F r o t h i n g  w a s  violent in the m i x i n g  
channel at the hydraulic j u m p .  T h is froth, w h i c h  w a s  p r o d u c e d  b y  all 
coagulants, w a s  v e r y  persistent a n d  f o a m e d  over the channel. H y 
d r og en sulfide w a s  evolved in such large quantities at the point of 
mixi ng that it w a s  unco mf or ta bl e to r e m a i n  in the i m m e d i a t e  vicinity
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Table I.— Coagulant, Waste, and Flow Data

Coagulant Sulfur Dye Waste Coagulated Waste

Name Grains per B.O.D. Color Rate of Flow
Detention Time in Minutes

Gal. of Waste g.p.m.
Flocculator Settling

h 2s o 4 926 13,600 100,000 0.56 21.0 140

Fe2(S04)a 2,043 11,000 100,000 0.32 37.5 245

Ca(OH)2 and 
Fe2(S04)3

241
1,850 5,600 100,000 0.83 14.5 94

FeCk-6H20 2,035 8,000 100,000 1.07 11.3 74

FeS04-7H20 2,840 8 000 100,000 0.62 19.5 125

Ca(OH)2 and 
FeSo4-7H20

701
2,435 8,000 100,000

Batch
Process

of tlie pilot plant. B u l k i n g  of tlie sludge ov er the effluent w e i r  m a d e  it 
impossible to operate continuously. H o w e v e r ,  the final sludge de
w a t e r e d  rapidly a n d  f o r m e d  a d r y  cake.

A l u m i n u m  sulfate (filter a l u m )  p r o d u c e d  results similar to those 
obtained w i t h  the use of acid. L a r g e  a m o u n t s  of h y d r o g e n  sulfide w e r e  
evolved, a n d  the filtrability of the sludge w a s  good.

Ferric sulfate (ferrisul) coagulated the w a s t e  w i t h o u t  o d o r  f o r m a 
tion but a g ai n settling of the sludge w a s  poor. I n  on e case, the waste 
w a s  allowed to settle ov er night a n d  the sludge c o m p a c t e d  to about 50 
p e r  cent. T h e  following m o r n i n g  continuous operation w a s  started, but, 
after 3.5 h o u r s  operation, the sludge b u lk ed over the effluent weir. 
S l u d g e  d r a w n  to the s a n d  b e ds to a d e p t h  of 10 in. g a v e  a cake about 
3 in. thick in five d a y s  and, in spite of h e a v y  rains, it a p p e a r e d  satis

factory for removal. T h e  dried sludge h a d  a total solids content of 
22.5 p e r  cent. It is not ne ce ss ar y to d r y  this material to as high a 
de gr ee as s e w a g e  sludge since readily d e c o m p o s a b l e  m a t t e r  a n d  h u m u s  
is absent. T h e  p o o r  settling qualities of the precipitated w a s t e  are 
evidently d u e  to the h i g h  s u s p e n d e d  solids content. A  representative 
s a m p l e  of the t a n k  m i x  s h o w e d  o v er 2.2 p e r  cent s u s p e n d e d  solids while 
settled sludge h a d  4.5 p e r  cent s u s p e n d e d  solids.

Table II.— Effluent Characteristics from Treatment Shown in  Table I

Coagulant pH

Color B.O.D.
Suspended 
Solids 
P.p.m.

Remarks
Residual Removal 

Per Cent
Residual 
P.p.m.

Removal 
Per Cent

h 2s o 4........... 4.1 300 99.7 2,960 78.2 273 Not filtered
Fe2(S04)3......... 8.4 1,000 99.0 1,000 89.0 43
Lime and Ferrisul. . 8.6 900 99.1 1,100 80.5 16
F e C b ............ 8.4 1,100 98.9 1,100 80.5
FeS04........... 9.0 1,200 98.8 800 90.0
Lime and Copperas 7.1 600 99.4 1,500 81.0 Batch Process
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L i m e  w a s  then u s e d  in conjunction w i th ferric sulfate in a n  a t te mp t 
to i m p r o v e  results. H o w e v e r ,  n o  i m p r o v e m e n t  w a s  evident, as m a y  he 
noted in T a b l e  II. S l u d g e  obtained f r o m  the co nj ug at ed lime-ferrisul 
treatment w a s  applied onto the tile filters in depths of 4.6, 9.2 a n d  
13.8 in., c o r r es po nd in g to 1, 2, a n d  3 gal. dosages. All sludges cracked 
overnight, that f r o m  the 4.6 in. dose being removable. All sludges w e r e  
re mo va bl e o n  the fourth da y; the total solids of the d r y  s a m p l e s  being 
43.1, 28.9, a n d  25.4 pe r cent for the 4.6, 9.2, a n d  13.8 in. depths, respec
tively. P o o r e r  results w e r e  obtained in d r y i n g  the sludges with the tile 
filters than w i th the larger s a n d  beds as the tile filters protected the 
sludges f r o m  s u n  a n d  wind.

A n  effort w a s  m a d e  to operate continuously b y  constantly w i t h d r a w 
ing sludge. Ferric chloride w a s  u s e d  as the coagulant. It w a s  i m p o s 
sible to p revent the rising of the sludge blanket although 50 per cent of 
the total flow w a s  d rained to the s a n d  beds.

C o n t in uo us operation w a s  then tried w i th the use of copperas, but, 
likewise, did not p r o v e  feasible. Difficulty arose in the filtering of the 
copperas sludge. Effluent f r o m  the flocculator applied to the s a n d  beds 
drained t h r o u g h  the filter in a f e w  minutes, but the sludge w a s  not re
tained a n d  the filter effluent w a s  highly colored. C o p p e r a s  sludge after 
flocculation f o r m s  a v e r y  fine floe that ca n  be retained b y  s a n d  filters 
only after the fo r m a t i o n  of a sludge mat. Since previous laboratory 
results s h o w e d  that flocculation m a y  be detrimental (1), another filter 
w a s  do se d with the w a s t e  obtained f r o m  the m i x i n g  c h a m b e r .  In this 
case the sludge w a s  retained a n d  the filter effluent s h o w e d  g o o d  color 
removal. Evidently, m i x i n g  in the flocculator m a y  b r e a k  u p  the floe 
an d result in p o o r  filtration.

L i m e  w a s  then a d d e d  together wi th co pp er as to aid in the fo rm at io n 
of a g o o d  Hoc. D e w a t e r i n g  results s h o w e d  m a r k e d  i m p r o v e m e n t .  C o p -  
peras-lime sludge w a s  applied to three of the tile filters to depths of 4.6, 
9.2, a n d  13.8 inches. T h e  sludge r e m a i n i n g  f r o m  the 4.6 in. d e pt h dried 
overnight a n d  left a r e m o v a b l e  cake. Sl ud ge s f r o m  the other t w o  filters 
cracked overnight but w e r e  not r e m o v a b l e  until the fifth day. U n 
fortunately, rain w a s  plentiful a n d  interfered wi th the sludge dryi ng 
tests; hence, o n e  w o u l d  expect d r y  w e a t h e r  to i m p r o v e  the dryi ng 
results.

D i s c u s s i o n

T h e  treatment of strong wastes, such as concentrated sulfur black 
dye liquor, necessitates close control of all variable factors to obtain 
economical operation. M a x i m u m  color r e m o v a l  is obtained within n a r 
r o w  limits of coagulant do sa ge s a n d  a n y  variation in the flow of strongly 
alkaline or acid wast es or in the d o s a g e  of the relatively concentrated 
coagulants will upset the chemical balance for o p t i m u m  precipitation. 
Since a holding tank is necessary to co mp os it e the variable strength 
sulfur d y e  wastes, a n d  since difficulties arise in accurately controlling 
the flow rates of both the w a s t e  a n d  the chemical coagulant w h e n  using
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continuous operation, it a p p e a r s  that the batch process is the m o r e  satis
factory m e t h o d  for treating strong, concentrated wastes. T h e  holding 
ta nk m a y  be u s e d  as a settling t a n k  a n d  the p r o p e r  a m o u n t  of coagulant 
m a y  be a d d e d  to a  k n o w n  v o l u m e  of k n o w n - s t r e n g t h  waste.

T h e  large sludge v o l u m e s  that occur w i th these w a s t e s  present a n 
other difficulty. O p t i m u m  precipitation of sulfur d y e  w a s t e s  w a s  s h o w n  
to depend, according to laboratory tests (1), u p o n  mixing, flocculating, 
a n d  the p r o p e r  addition of chemicals, especially if settling of the sludge 
is to be considered. Similar results w e r e  obtained in the pilot plant 
studies. A  short rapid mix, followed b y  little or n o  flocculation forms 
the m o s t  c o m p a c t  sludge.

Table III.— Sludge Characteristics from Treatment Shown in Table I

Coagulant pH
Suspended 
Solids 
P.p.m.

Dewatering
Time
Seconds

(Buechner
Funnel
Test)

Sludge
Index Remarks

h 2s o 4..............
Fe2(S04)3...........

5.1
8.6 45,490

55
45 22 Settled to 50 per cent

Lime and Ferrisul.... 8.9 22,590 99 44
FeCls.............. 8.5 21,570 45 47
FeS04.............. 9.1 7,780 58 128
A l u m.............. 5.1 12,148 70 82

In T a b l e  III are given values for the sludge i n de x of this coagulated 
waste. T h e  index u s e d  is that as defined b y  S t a n d a r d  M e t h o d s  a n d  is 
equal to the v o l u m e  occupied b y  on e  g r a m  of sludge. E v e n  t h o u g h  s o m e  
settling occurred in the half-hour time interval required in m a k i n g  a 
sludge in de x analysis, the values given in the table w e r e  calculated on 
the a s s u m p t i o n  that 110 settling occurred, a n d  that the sludge v o l u m e  
w a s  equal to the total v o l u m e  of waste. I n  the case of activated sludge, 
a sludge in de x of 100 or less s h o w s  a satisfactorily settling material. 
T h is is in acco rd an ce w i t h  D o n a l d s o n  (5), w h o s e  in de x w a s  equal to a 
h u n d r e d  times the reciprocal of the present index, a n d  w h o  f o u n d  that 
in general a sludge index of less t h a n  1.0 indicated a n  undesirable con
dition f r o m  the standpoint of sludge bulking. H e n c e ,  it is seen that 
e v e n  w ithout a n y  settling a  quite c o m p a c t  sludge is present.

T h e  addition of coagulating salts increases the w e i g h t  of the result
ing sludge over that obtained b y  the use of acid alone, as m a y  be noticed 
in rTable IV. A l t h o u g h  the increase varied f r o m  82 to 128 pe r  cent in 
weight, n o  great difference in the rate of settling in o n e  h o u r  w a s  n o 
ticed. O v e r n i g h t  settling s h o w e d  greater variation, al th o u g h  not so 
m u c h  as w o u l d  be expected. W i t h  the w a s t e  u s e d  in this experiment, 
sludge settled overnight to 5 0 pe r cent of the total vo l u m e .  A d v a n t a g e  
m a y  be t a ke n of this fact w h e n  holding tanks are u s e d  to c o m p o s i t e  the 
daily waste. T h e  batch c a n  be precipitated a n d  settled overnight, a n d  
a s w i n g i n g  effluent line m a y  be u s e d  to w i t h d r a w  the s u p e r n a t a n t  liquor.
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It m a y  be possible, p r o v i d e d  a holding t a nk is u s e d  to co mp os it e 
the waste, to treat a given v o l u m e  continuously. T h e  chemical d o s 
age m a y  then be a r r a n g e d  to precipitate the given waste. A  g o o d  m i x 

ing, followed b y  filtration should p r o v e  satisfactory, since it a p p e a r s  
f r o m  the results that flocculation m a y  not be necessary a n d  that settling 
is unsatisfactory. Settling ca n  be practiced only in cases w h e r e  the 
necessary inclusion of rinse w a t e r s  dilutes the waste, because the c o a g u 
lated solids settle rapidly in dilute w a st es w h e r e  there is little or n o  
effect of compaction. H e n c e ,  settling m a y  be practical w h e n  the co
agulated w a s t e  contains less t h a n  6000 to 8000 p.p.m. s u s p e n d e d  solids.

Table IV.— Per Cent Increase in Weight of Sludge Produced by Various Coagulants— Acid Sludge
Considered as Unity

Coagulant Per Cent Increase in 
Weight of Sludge

Per Cent Sludge to Total Volume

1 Hour Settling Overnight Settling

ir.so,.............. 0 81.5 30.3
A12(S04)3............ 114 95.0 54.5
KeCl,............... 87 82.8 41.6
Fe2(S04)3............ 82 80.0 37.0
T’eSOi.............. 128 89.0 58.3

In the case of strong wastes, filtration is v e r y  im p o r t a n t  since the 
m a x i m u m  concentration of the sludge b y  settling is 50 per cent of the 
total flow. D e w a t e r i n g  is v e r y  rapid a n d  n o  difficulties should be e x 
perienced. In v i e w  of the rapid filtration of the sludge, it a p p e a r s  
possible, w h e n  treating strong concentrated wastes, to d e w a t e r  the 
entire w a st e o n  v a c u u m  filters or s a n d  beds a n d  eliminate the settling 
tank.

A c i d  a n d  a l u m  should not be u s e d  to precipitate sulfur d y e  w a st e 
unless special precautions are taken to r e m o v e  the evolved m a l o d o r o u s  
and toxic h y d r o g e n  sulfide. T h e  toxic effects are appreciable as the 
authors noticed the ill effects c a us ed b y  the h y d r o g e n  sulfide e v e n  with 
the small quantities of w a s t e  treated. Control of odors is often o v er
looked in w a st e treatment. ( A t  least one plant c o m e s  readily to m i n d  
wh e r e  acid a n d  a l u m  u s e d  in the tr eatment of a w a s t e  containing sulfur 
dye liquor created a nuisance because of odors. It is not the best policy 
to prevent one nuisance a n d  in do in g so create another.)

Iron salts coagulate the sulfur wa st es v e r y  satisfactorily without the 
production of odors. Ev idently a  non-volatile sulfide is formed. L i m e  
used in conjunction with the coagulants m a y  aid in the p roduction of a 
floe.

Previous laboratory results predicted the present findings v e r y  
closely (1). T h e  m a i n  discrepancy w a s  in the color r e m o v a l  data. B e t 
ter results w e r e  obtained in the laboratory, w h i c h  fact c a n  be accounted 
for probably b y  the ability to control conditions m o r e  accurately. P o s 
sibly better results m a y  be achieved o n  a large scale basis t h a n  o n  a pilot
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plant basis, as control m a y  be better in tbe former. A n o t h e r  considera
tion is that a co mp os it e d y e  w a s t e  di sc ha rg ed b y  a mill will not be quite 
so strong as the w a s t e  h a n d l e d  in this e x p e r i m e n t  be c a u s e  of the inclu

sion of the highly-colored, first rinse waters.
T h e  large a m o u n t s  of chemicals required for coagulation a n d  the 

large sludge v o l u m e s  p r o d u c e d  indicate the interesting possibilities of 
recovering a n d  re-using the coagulants a n d  the dye. P r e l i m i n a r y  stud
ies o n  the re-use of sludges h a v e  b e e n  m a d e .  A c i d  precipitates the pure 
d y e  a n d  excellent results are obtained o n  re-using the dye. T h e  other 
coagulants interfere with the d y e i n g  process bu t  this difficulty is elim
inated b y  r e m o v i n g  the coagulants f r o m  the sludge. T h e  reclaimed 
chemical coagulants c a n  be re-used to precipitate m o r e  waste. Rudolfs 
a n d  K e s s e n e r  (4) describe a plant w h i c h  treats textile w a s t e  a n d  s e w 
age, w h e r e i n  the sludge is treated with acid to recover the alum. M o r e  
econ om ic al tr eatment of those industrial w a s t e s  that require large 
a m o u n t s  of coagulants is possible if re co ve ry a n d  re-use of materials 
is practiced. S h o u l d  the h y d r o g e n  sulfide difficulty in acid precipita
tion be ov er co me , the acid tr ea tm en t of the d y e  w a s t e  w i t h  the re-use 
of the precipitated d y e  m a y  be a n  acceptable m e t h o d  of treating sulfur 
d y e  wastes. S o m e  of these p r o b l e m s  h a v e  b e e n  investigated a n d  are 
being p r e p a r e d  for future presentation.

S u m m a r y

Pilot plant studies o n  the chemical precipitation of sulfur d y e  waste 
w e r e  i n a u g u r a t e d  in order to correlate laboratory studies to plant o p 
eration a n d  to de t e r m i n e  the difficulties that m a y  arise f r o m  large scale 

operation.
It a p p e a r s  that laboratory studies give a close indication of plant 

operation. L a b o r a t o r y  results m a y  be slightly better t h a n  pilot plant 
studies be ca us e of the possibility of m o r e  accurate control. A n  e x a m p l e  

of this is color removal.
T h e  fill-and-draw m e t h o d  of operation a p p e a r s  to be m o r e  feasible 

t h a n  continuous operation w h e n  precipitating strong wastes.
C o n t i n u o u s  operation m a y  be practical w h e n  treating a  w a s t e  that 

h a s  b e e n  diluted several times w i t h  w a s h  water, as this type of waste 
will h a v e  less s u s p e n d e d  solids a n d  settling is satisfactory.

A c i d s  a n d  a l u m  should not be u s e d  to precipitate sulfur wa st es u n 
less precautions are ta ke n to control the h y d r o g e n  sulfide.

I r o n  salts s u ch as ferrisul, ferric chloride, a n d  c o p p e r a s  c a n  be used 
w i th this type of w a s t e  wi th ou t the evolution of h y d r o g e n  sulfide. Floc
culation is detrimental to the c o p p e r a s  floe a n d  m u s t  b e kept to a m i ni
m u m .  L i m e  aids in the p rod uc ti on of a  floe w i t h  copperas.

D e w a t e r i n g  is i m p o r t a n t  because of the large sludge vo lu me s. M a x 
i m u m  sludge concentration w a s  a p p r o x i m a t e l y  50 pe r cent. T h e  high 
content of s u s p e n d e d  solids of the treated liquor preclude further c o m 
paction. Filtering the entire coagulated m i x t u r e  a p p e a r s  satisfactory, 
especially since d e w a t e r i n g  is rapid.
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T h e  large chemical do s a g e s  required a n d  the large v o l u m e s  of sludge 
p r o d u c e d  indicate that recovery of b o th the coagulant a n d  the d y e  m a y  
be practical. P r e l i m i n a r y  studies of the re-use of precipitated d y e  a n d  
the recovery of the coagulants confirm these indications.
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O p e r a t o r s ’ R e p o r t s  a n d  S u g g e s t i o n s

W .  D. H a t f i e l d  

249 L i n d e n  Place, Decatur, 111.

SEW AGE PUM PING INSTALLATIONS AND 
MAINTENANCE *

B y  N e w e l l  L. N u s s b a u m e r

This discussion a p p r o a c h e s  the subject of design m o r e  f r o m  the o p 
er at or’s standpoint t h a n  the e n g i n e e r ’s, a n d  calls attention to features 
which, if incorporated in the design, will facilitate p r o p e r  operation. 

T h e r e  is a great need, particularly in small plants, for cooperation be

t w e e n  operators a n d  engineers in p r e p a r i n g  designs.
T h e  cause for p u m p i n g  in a s e w e r  s y s t e m  or at a  tr ea tm en t plant is, 

of course, o b v i o u s : to lift s e w a g e  f r o m  a l o w e r  to a hi gh er level to per

mi t  outfall to s o m e  final point of disposition.
F o r  strictly sanitary or dome st ic sewage, the fluctuations in flow are 

not too great a n d  c a n  be reas on ab ly calculated b y  the designer. W h e n  
s t o r m  flow is also involved, the calculations c a n n o t  be as exact, the fluc
tuations are far greater, the m a x i m u m  be in g possibly thirty times the 

d r y  w e a t h e r  flow. T h e  third case is the worst, w h e n  s t o r m  flow is per
mitted to enter a  sanitary s y s t e m  w h e r e  neither the s e w e r s  no r the 
p u m p s  w e r e  intended for such service. I n  s u ch a case, a by-pass is 

p r o b a b l y  the m o s t  frequent solution.
T h e  N e w  Y o r k  State D e p a r t m e n t  of H e a l t h  n o w  h a s  s o m e  rather 

rigid re qu ir em en ts for p u m p i n g  installations w h i c h  are in the o p 
erators’ interests, a m o n g  w h i c h  are the following:

(a) M a i n  p u m p  stations m u s t  h a v e  at least three p u m p s .

(b ) W i t h  the largest p u m p  out of service, the other t w o  m u s t  be 
able to p u m p  the m a x i m u m  flow.

( c )  Sizes s hould be p r o p o r t i o n e d  to anticipated flows.

( d )  P o w e r  should be available f r o m  t w o  sources w h e r e  electric 
p o w e r  is subject to interruption.

(e) S e c o n d a r y  lift stations should h a v e  duplicate eq ui pm en t.
(/) Sc r e e n i n g  devices should, in general, be placed a h e a d  of the 

p u m p s .

( g )  P u m p s  should be located in a  d r y  well.

If these re qu i r e m e n t s  are all observed, a v e r y  g o o d  start ha s been 
m a d e  t o w a r d s  a  g o o d  p u m p  station. H o w e v e r ,  there are m a n y  stations 

in this district w h i c h  w e r e  built before these regulations w e r e  in force.

* Presented at Meeting of Western New York Section, New York State Sewage Works
Association, Dec. 14, 1940.
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It is interesting to c o m m e n t  o n  s o m e  of these, a n d  f r o m  the mistakes 
observed, fo rmidate further principles of g o o d  practice.

A  p u m p i n g  installation to be inclusive should be considered jointly 
with such structures or e q u i p m e n t  as affect the quality of s e w a g e  to 
he p u m p e d ,  a n d  the efficiency of the p u m p s  themselves, w h i c h  includes 
screen a n d  grit r e m o v a l  facilities.

Ba s k e t  screens a n d  b a r  screens, located so as to be v e r y  difficult to 
clean, w e r e  frequently installed. T h e s e  screens h a v e  t w o  principal o b 
jections : T h e y  clog easily, often because the operator cannot clean the 
screen a n d  dispose of the screenings without u n u s u a l  exertion.

Therefore, let us say:
A  bar screen, or other screening device, should be located to permit 

ready cleaning, a n d  s o m e  easy w a y  p r o v i d e d  to dispose of screenings. 
W h e r e  the size of installation w a r r a n t s  the expense, mechanically ra k e d  
screens with grinders, or a c o m m i n u t o r  installation, is r e c o m m e n d e d .

A  grit c h a m b e r  a h e a d  of p u m p s  reduces w e a r  o n  the p u m p s ,  particu
larly in a c o m b i n e d  s e w e r  system. H o w e v e r ,  if the invert elevation is 
rather d e e p  in the ground, say t w e n t y  feet or mo re , the ec on om ic s of 
additional w e a r  o n  the p u m p s  as against cost of the grit c h a m b e r  in
stallation should be studied. T h e r e  are recent installations of both 
types near here w h i c h  h a v e  b e e n  operated satisfactorily. W h e n  the grit 
c h a m b e r s  are placed after the p u m p s ,  the w e a r i n g  rings o n  the p u m p s  
should be m a d e  of h a r d e n e d  steel, a n d  w a t e r  u n d e r  pressure u s ed in the 
stuffing boxes. It w o u l d  be advisable w h e n  b u y i n g  the p u m p s  to i n f o r m  
the p u m p  m a n u f a c t u r e r  of the conditions. A d e q u a t e  facilities should 
also be p r ov id ed for r e m o v i n g  grit to a point of final disposal, such as 
craneways, or me ch an ic al grit r e m o v a l  devices. In m a n y  of the older 
installations, the w e t  wells w e r e  d esigned too large, so that large q u a n 
tities of grit a n d  organic m a t t e r  deposited in them. It is im p o r t a n t  that 
the velocity in a grit c h a m b e r  be controlled b y  proportional weirs, a fol
lowing Parshall flume, or other device.

F r o m  the grit c h a m b e r ,  s e w a g e  flow generally enters the p u m p  w e t  
well in w h i c h  the p u m p  suctions are located. W h e r e  three or four 
p u m p s ,  or mo re , are to be installed, p r o b a b l y  the w e t  well should be 
divided into t w o  sections w h i c h  ca n be u s e d  jointly or separately to 
facilitate cleaning a n d  repairs. T h e  size of the w e t  well should be such 
as to permit p u m p  operation without too frequent stopping a n d  starting, 
an d at the s a m e  time not provide a sedimentation basin. W e  h a v e  e n 
countered several w h e r e  the period of detention in the w e t  well w a s  e v e n  
greater t h an in the p r i m a r y  sedimentation tanks at the s e w a g e  treat
m e n t  plant. T h e  floor of the w e t  well should be sloped t o w a r d  the p u m p  
suctions. If a n  operator h as a  well with a flat bottom, this ca n be cor
rected easily b y  installing a fillet of concrete. T h e  w e t  well should also 
provide sufficient de p t h  so the p u m p s  will be p r i m e d  at av e r a g e  pu mp in g- 
level in the w e t  -well.

T h e  p u m p  operation will pr ob a b l y  be controlled b y  a float switch 
operating f r o m  the levels in the w e t  well. This float tube should be 
located in such a w a y  that the float a n d  cable ca n  be replaced if neces
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sary. A  float a n d  cable of non-corrosive material is advisable to avoid 
frequent replacements. It is quite helpful to a n  o p er at or to h a v e  a wet 
well d e p t h  indicator n e a r  his control panel. Th is m a y  be a p art of the 

float switch, or a separate instrument.
P r o p e r  ventilation should be p r o v i d e d  for a w e t  well to p r e v e n t  con

densation, a n d  to r e m o v e  foul odors a n d  corrosive gases. T h e r e  is one 
case n e a r b y  w h e r e  oils a n d  gasoline are frequently f o u n d  in the entering 
s e w a g e  in objectionable a m o u n t s .  I n  such cases, w h e r e  a n  explosive 

m i x t u r e  m i g h t  develop, ventilating, or other eq ui p m e n t ,  shou ld all be 

p r o v i d e d  with explosion-proof electrical m o t o r s  a n d  starters. A d e 

quate lighting should also be p r o v i d e d  in a w e t  well a n d  a safe m e a n s  
of access. T o o  frequently a n a r r o w ,  steep, ladder, w h i c h  is frequently 
w e t  a n d  slippery, is the only m e a n s  of d e s c e n d i n g  to a screen platform.

T h e  discussion of p u m p i n g  e q u i p m e n t  will b e limited to centrifugal 

p u m p s  as practically all s e w a g e  p u m p s  in use in this district are of this 

t y p e '
T h e  m a j o r  portion of present installations, except for a f e w  of the 

larger plants, are all vertical, s u b m e r g e d  p u m p s  in a d r y  pit, driven 

t h r o u g h  shafting b y  a  m o t o r  located o n  the g r o u n d  floor level of the 
p u m p  station. In a n u m b e r  of cases, the shafting is twenty-five or m o r e  

feet in length, requiring a large n u m b e r  of intermediate supports. 
A g a i n ,  a fairly safe w a y  to develop rules for g o o d  installations is to 

discuss the faults f o u n d  in s o m e  of the older ones w h i c h  h a v e  p r ov ed 

difficult a n d  expensive to operate.
I n  s o m e  cases, the shafting ha s not b e e n  sufficiently rigid to prevent 

whip, or the bearings h a v e  w o r n  to allow it. T h e  bearings h a v e  been 

oil lubricated, a n d  generally the oil applied too freely. T h e  result is a 
well oiled p u m p  r o o m  f r o m  top to bottom. T h e r e  are several things 

w h i c h  c a n  be d o n e  to i m p r o v e  this k i nd of a n  installation:
( a )  T h e  m o t o r s  ca n s o m e t i m e s  be l o w e r e d  to a level a b o v e  high 

w a t e r  w h i c h  is considerably b e l o w  g r o u n d  floor level, th er eb y reducing 

the shaft length.
(b ) G r e a s e  lubrication ca n  be substituted for oil lubrication. In 

this connection, it is further f o u n d  to be m o r e  satisfactory to provide 

access for inspection to the point of lubrication, rather t h a n  a  length of 

tubing w i th a pressure ty pe grease fitting at s o m e  r e m o t e  point.
(c ) I n  s o m e  cases, heavier shafting of the W a t s o n - S p i c e r  or D o d g e  

type c a n  be installed w i th a reduction of points of intermediate support 

a n d  n u m b e r  of intermediate bearings.
A  clean-out h a n d  hole should be p r o v i d e d  in the p u m p  or suction 

e l b o w  so that clogging material c a n  be r e m o v e d .

P u m p s  should be located so that they will p r i m e  w h e n  starting. 

H o w e v e r ,  it m a y  h a p p e n  that d u e  to turbulence in the w e t  well, or other 
reasons, the p u m p  m a y  b e c o m e  air b o u n d  or lose its prime. A n  air 

release valve should be p r o v i d e d  at a h i gh point in the casing to permit 

the release of air.
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G a u g e s  o n  the suction a n d  discharge side of the p u m p  are helpful in 
watching the operation, a n d  m a y  b e the m e a n s  of quickly indicating a 
clogging of the piping or falling off in efficiency of the p u m p s .  A n  o p 
erator should h a v e  o n  h a n d  a set of p u m p  curves for the p u m p s  u n d e r  
his care, so h e  m a y  observe the p u m p  operation for variations f r o m  in
tended pe rformance.

O f  course, a hi gh efficiency is desired in a p u m p .  H o w e v e r ,  this m a y  
sometimes be obtained at the ex p e n s e  of free o p en in gs a n d  tight clear
ances so that a  p u m p  will clog m o r e  easily. A  p u m p  in s e w a g e  service 
should give steady a n d  reliable operation primarily. If the p u m p  m u s t  
be r e m o v e d  f r o m  service, often d u e  to characteristics p r o d u c i n g  high 
efficiency, then a less efficient but m o r e  reliable p u m p  w o u l d  be p r e 
ferred.

S l o w  speed p u m p s ,  particularly in the larger sizes are desirable. T o  
reduce the size of the m o t o r s  a n d  the cost, s o m e t i m e s  g e a r e d  m o t o r s  are 
used, w h i c h  operate at several times the p u m p  speed. It goes without 
saying that the p u m p  should be designed for the p r o p e r  heads, a n d  the 
size chosen to c o n f o r m  with the anticipated flows. H o w e v e r ,  s o m e t i m e s  
due to lack of kn ow le dg e, or a n  at t e m p t  to use a n  old p u m p  for a n e w  
purpose, or the c h a n g i n g  of the cycle of a m o t o r  w ithout c h a n g i n g  the 
p u m p  impeller for the c h a n g e  in speed, or other reasons w h i c h  m a y  oc
cur to you, a n  i m p r o p e r  p u m p  is installed. This p u m p ,  in the interest 
of e c on om y, should be replaced with a p r o p e r  unit.

In a n  effort to provide m a x i m u m  flexibility of p u m p  capacity with a 
m i n i m u m  of units, a n d  to eliminate the stopping a n d  starting of the 
p u m p s ,  t w o  sp ee d or multiple sp ee d m o t o r s  are u s e d  so that after a 
p u m p  is placed in operation, b y  increasing or decreasing the speed, its 
capacity can be altered to fit closely with the rate of flow.

W h e r e  a second source of p o w e r  is required, a  gasoline engine is 
frequently p r ov id ed directly connected to the p u m p  shaft t h r o u g h  a 
right-angle gear drive unit so that either the m o t o r  or engine ca n be 
used b y  operating a clutch.

In other cases, a  separate p u m p i n g  unit is pr ov i d e d  with a gas engine 
drive. O n  the N i a g a r a  H u d s o n  s y s t e m  n e a r  Buffalo, the interruptions 
to service are so infrequent that generally a  s eco nd source of p o w e r  is 
not d e e m e d  necessary.

T h e r e  is n o w  a n  increasing te nd e n c y  to use vertical lift, horizontal 
type p u m p s  wi th s o m e  sort of v a c u u m  priming. W h i l e  there are not 
m a n y  in this district, s o m e  of the larger a n d  m o r e  recent p u m p i n g  in
stallations are of that type. E x a m p l e s  are G a ry , Indiana, a n d  the B l u e  
Plains plant at W a s h i n g t o n ,  D. C. Situations w h e r e  the suction lifts 
do not exceed 15 ft. are particularly a d a p t e d  to this type of p u m p .  T h e  

advantages are the ability to place the p u m p s  a n d  m o t o r s  direct c o n 
nected a b o v e  h i gh water, the reduction in space required at a lower 
level, greater ease in maintenance.

Ejectors are n o w  also finding increased use w h e r e  the ha nd l i n g  of 
screenings w o u l d  be difficult, a n d  the h e a d s  are not high or the capacities
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large. V e r y  g o o d  p e r f o r m a n c e  c a n  b e  expected u n d e r  30 ft. h e a d  an d 
u p  to 350 g.p.m.

P i p i n g  to a n d  f r o m  the p u m p s  is important. T h e  pipi ng itself 
should be pr op er ly sized. Co u p l i n g s  in strategic locations should be 
p r o v i d e d  to assist in d ismantling the piping in case of repairs. N o  air 
pockets should be f o r m e d  in the suction lines. A  check valve of the n o n 
s l a m  type o n  the discharge side should b e  p r o v i d e d  w i t h  free opening 
equal to the m a i n  pipe size. G a t e  valves should be placed in the suction 
a n d  discharge lines to p e r m i t  r e m o v i n g  the p u m p  f r o m  service without 
interfering wi th the other p u m p s .  A d e q u a t e  su pp or ts sh ou ld be pr o
vided for the piping so that the load is not transmitted to the p u m p s .

W h e r e  the valve location m a k e s  operation difficult, special m e a n s  
s u ch as chain falls, cat walks, or extension op er at in g stems, should be 
p r o v i d e d  to assist the operator in turning the valve, a n d  a n  indicator 
should be p r o v i d e d  to s h o w  the position of the valve opening.

A  s u m p  p u m p  should be p r o v i d e d  in the p u m p  r o o m  to k e e p  the floor 
dry. T h is p u m p  ca n  also be u s e d  to d e w a t e r  the w e t  well in case of 

repairs, if the p r o p e r  pipe connections are m a d e .
W e  r e c o m m e n d  that the p u m p  r o o m  sh ou ld be well ventilated, 

painted a light color w h i c h  will reflect light, a n d  c a n  b e  easily cleaned, 
a n d  should be well lighted. I n  addition, wall plugs shou ld be located 
at convenient points for trouble light use or electric tool operation.

A n  operator should k n o w  the v o l u m e  of flow p u m p e d  b y  his equip
ment. Th is k n o w l e d g e  c a n  be secured in a n u m b e r  of different way. 
T w o  of the m o s t  c o m m o n  are the V e n t u r i  m e t e r  a n d  the P a r  shall 
V e n t u r i  flume. B o t h  h a v e  their advantages. T h e  V e n t u r i  throat 
placed in a pipe line, particularly w h e r e  a d e q u a t e  screening h a s  not 
previously b e e n  provided, is v e r y  likely to clog particularly in the 
smaller sizes. If the lengths of pipe required a h e a d  of the throat are 
su ch as not to give accurate m e a s u r e m e n t ,  a n d  straightening v a n e s  are 
used, they too will p r o b a b l y  clog. T h e  V e n t u r i  flume is a larger struc
ture, is usually placed a b o v e  g r ou nd , a n d  to its a d v a n t a g e  rarely clogs, 

but if s u ch occurs, is readily cleaned. T h e  recording of flows will 

p r o b a b l y  be 011 a n  i n s t r u m e n t  m o u n t e d  011 or n e a r  the control panel. 
W e  r e c o m m e n d  the type w i th recording, integrating, a n d  indicating 

features so that a n  op er at or c a n  secure in f o r m a t i o n  for m a k i n g  out 
reports, a n d  readily ch ec k operation w i t h  a m i n i m u m  of t i me a n d  effort.

T h e  control of p u m p  operation is, of course, a c c o m p l i s h e d  with the 

electrical control eq ui pm en t. T h i s  is m u c h  m o r e  satisfactory, a n d  fre

quently v e r y  little m o r e  expensive, if m o u n t e d  o n  a  pa n e l  w h e r e  all the 

e q u i p m e n t  a n d  inst ru me nt s c a n  be together. Often, in smaller plants, 
the operator is not a skilled electrician. O p e r a t i o n  is, therefore, safer 

in this ty pe of plant b y  p u s h b u t t o n s  w i t h  indicating lights t h a n  the 

pulling of various starters a n d  breakers. I n  case of trouble, a proper 
m e c h a n i c  c a n  be called to m a k e  the repairs. T h e  p a ne l is probably 

m o s t  convenient if located o n  the g r o u n d  floor, w i t h  a g o o d  light, an d  
not too close to a lane of c o m m o n  travel. A n y  h i g h  voltage e q u i p m e n t
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should be safely screened off. T h e  control r o o m  will present a pleasing 
ap pe ar an ce if finished with floor tile, a n d  interior brick w h i c h  will not 
require painting. T h e  cost should not be excessive. M u c h  time a n d  
expense in m a i n t e n a n c e  is s a v e d  w i th this type construction. If a 
building presents a pleasing a p p e a r a n c e  in the beginning, then there is 
a better chance of m a i n t a i n i n g  it in g o o d  condition in the future.

Safety protective devices a n d  g u a r d s  should be installed w h e r e  
needed such as a r o u n d  shafting at a n  intermediate floor. A  telephone 
in the p u m p  station is convenient in case of b r e a k d o w n  so the operator 
can m a k e  a report at once. W h e r e  a station is placed o n  automatic 
operation, s o m e  device should be p r o v i d e d  so as to notify the p r o p e r  
parties in case of a  failure. L a c k i n g  such a device, fairly frequent in
spection should be provided. O v e r l o a d  a n d  un dervoltage protection 
should be p r o v i d e d  for the motors. A s  a further protection, it is well 
to h a v e  the m o t o r  of such size that it will not lie overloaded at a n y  
point in the p u m p  curve b y  over 10 pe r  cent.

Cranes, hoists, or other similar e q u i p m e n t  should be provided, a n d  
access to op en in gs allowed so that various items of e q u i p m e n t  c a n  be 

installed in the first place a n d  r e m o v e d  later for repairs.
W h e r e  there are m a n y  small pipes in use, such as heating, hot a n d  

cold water, v a c u u m  lines, etc., a schedule of colors for the pipes is 
helpful.

T h e r e  are o n  the m a r k e t  n o w  a n u m b e r  of special designs of p u m p s  
for particular circumstances. T h e  m i x e d  flow p u m p  is a centrifugal 
p u m p  particularly a d a p t e d  for p u m p i n g  large capacities at l o w  h e a d s  
with high efficiency. T h e  s c r e w  propeller p u m p  is a p u m p  c o m b i n i n g  a 

feature to c h e w  u p  rags a n d  solids in the s e w a g e  before the flow enters 
the p u m p .  T h e r e  are n o w  o n  the m a r k e t  several p u m p s  w i th built-in 
v a c u u m  p r i m i n g  systems.

In b u y i n g  n e w  p u m p s ,  it is advisable to specify that the unit shall 
have h a d  a factory test, so that it is k n o w n  that the various parts of 
the unit will fit together.

This discussion ha s outlined the m a j o r  points considered in a p u m p 
ing installation. S o m e  operators h a v e  in their ch ar ge all of the facili
ties mentioned. Othe rs h a v e  some, a n d  would, n o  doubt, h a v e  better 
operation with the inclusion of those features w h i c h  they lack. S o m e  
details in p u m p  construction h a v e  b e e n  pu r p o s e l y  omitted because the 
discussion of this p a p e r  is to be led b y  M r .  Allen H o p p e r  of the T u r b i n e  
E q u i p m e n t  C o m p a n y  w h o m  I k n o w  is exceptionally well qualified to 
advise y o u  o n  the details of construction.

D i s c u s s i o n

M r .  H o p p e r  pointed out the a d v a n t a g e s  of w e a r i n g  sleeves in the 
casing a n d  o n  the impellers. T h e s e  sleeves are readily replaced at 
little cost a n d  materially increase the life of the p u m p .  H e  further 
pointed out that the reason a c u s t o m e r  frequently gets a n  unsatisfactory
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p u m p  is be c a u s e  the specifications are inadequate. P u m p  m a n u f a c 
turers are a n xi ou s to sell their p u m p s .  W h e n  the selection is to be 

m a d e  o n  a price basis, they, of course, bid o n  their ch ea pe st line, a n d  

o m i t  all bu t the b a r e  essentials, e v e n  t h o u g h  t h ey h a v e  a m o r e  suitable 
p u m p ,  w h i c h  o v er a  pe ri od of ye ar s m i g h t  p r o v e  m o r e  economical, even 

t h o u g h  the first cost is high.

T h e  p u m p  m a n u f a c t u r e r  w o u l d  m u c h  prefer to sell the best p u m p  

for a n y  particular situation. Therefore, it is u r g e d  that in taking bids 
for p u m p i n g  e q u i p m e n t :

F i r s t :  A  fairly co mp l e t e  description be gi ve n u n d e r  w h i c h  the p u m p  
is to operate, a n d

S e c o n d : A  description of the t ype of p u m p ,  together w i t h  drive an d 

control eq ui pm en t, be included.

M r .  H u t c h e s o n — O p e r a t o r  in Charge-of-Plant, N e w a r k ,  N e w  Y o r k  

M r .  H u t c h e s o n  inquired as to h o w  far a  description of the p u m p  
should go. H i s  feeling w a s  that if too m u c h  w e r e  included, the speci

fications w o u l d  be limited to a c o m p a r a t i v e l y  few, or possibly only one 
m a n u fa ct ur er .

M r .  H o p p e r  a n s w e r e d  that the best w a y  w a s  to include, in general, 
only those points w h i c h  involve g o o d  construction a n d  wi t h o u t  w h i c h  a 
p u m p  w o u l d  not be considered satisfactory.

M r .  Y o u n g s — O p e r a t o r  at T o w n  of T o n a w a n d a  N o .  2 Pl a n t

T h e  question w a s  a s k e d  as to a r r a n g e m e n t  of p i pi ng o n  suction side 
of p u m p ,  particularly w i t h  r e g a r d  to reduction in pipe size. T h e  

a n s w e r  w a s  to use a n  eccentric re du ce r to eliminate air pockets.

M r .  V e lz y — W o r k s  Superintendent, Buffalo, N e w  Y o r k

Engineers, w h e n  d r a w i n g  specifications, particularly in r e g a r d  to 

existing plant extensions w h e r e  a n  op er at or is in charge, should con
sult w i t h  the operator r e g a r d i n g  r e q u i r e m e n t s  a n d  e q u i p m e n t  to be 
supplied. H e  also advocates the periodic ch ec ki ng of all e q u i p m e n t  
operation.

SPR IN G FIELD  SANITARY D ISTRICT’S ANNUAL 
REPORT FOR 1939

B y  C. C. L a r s o n ,  C h e m is t

I n  1929, the Springfield s e w a g e  plant w a s  placed in operation. T e n  

ye ar s later, in the a n n u a l  report, are s h o w n  p h o t o g r a p h s  of the plant 

in 1929 a n d  in 1939. S o m e  of these are reproduced, herewith.
A  nine y e a r  s u m m a r y  of data is s h o w n  in T a b l e  I, a n d  T a b l e  II gives 

a log of i m p o r t a n t  events.
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Table I.— Statistical Summary

Yearly Totals 1931 1932 1933 1934 1935 1936 1937 1938 1939
Connected population........................
Population equivalent........................
Sewage treated— in million gallons................
Air consumed— in million cubic feet...............
Solids added to digesters— in million pounds..........
Volatile solids added to digesters— in million pounds.....
Dry sludge produced— in tons (50% moisture)........
Gas produced— in million cubic feet...............
B.O.D. in raw sewage— p.p.m...................
B.O.D. % removal.........................

70,000
67,975
2,308
1,424
2.25
1.40
1,025
14.86
187
67

70,000
74,268
2,811
2,445
3.27
2.00
1,475
13.79
168
90

70,000
66,700
2,396
1,922
2.77
1.78 
1,178 
14.82
152
91

70,000
72,525
2,303
2,133
3.50
2.25
770

19.66
181
91

72,000
62,104
2,471
1,850
3.10
1.93
959
18.36
128
94

75,000
74,166
2,316
1,933
3.99
2.64
1,114
22.35
188
92

75,000
79,362
3,066
1,820
4.70
3.09
1,075
20.12
151
91

80,000
70,373
2,779
1,906
3.82
2.39
1,470
21.37
159
91

85,000
74,717
2,677
2,011
3.81
2.50
1,182
22.58
170
91.6

Miscellaneous Factors

Gas—in cubic feet per capita per day..............
Gas—in cubic feet per million gallons of sewage treated...
Gas— in cu. ft. per pound of solids added to digesters....
Gas—in cu. ft. per lb. of vol. solids added to digesters....
Per cent reduction of suspended solids in digesters......
Per cent reduction of volatile solids in digesters........
Suspended solids in raw sewage, lb. per capita per year...
Suspended solids in pounds per million gallons of sewage....
Cost— per million gallons of sewage treated..........
Cost— per capita per year....................

.58
6,477
6.62
10.62
42.5
64.6 
48.8
1,483 
$14.45 
$ 0.48

.54 
4,906 
4.22 
6.90 
26.6 
47.9 
53.7 
1,356 
$12.11 
$ 0.53

.58
6,184
5.36
8.23
38.7 
59.4
42.8 
1,250
$12.61 
$ 0.41

.77
8,535
5.61
8.72
32.7
52.0
54.1 
1,643
811.93 
$ 0.39

.71
7,582
6.04
9.71
37.2
60.9
45.9 
1,338
$12.16 
S 0.42

.83 
9,650 
5.60 
8.46 
36.2 
58.0 
55.8 
1,807 
$13.36 
8 0.41

.74 
6,562 
4.28 
6.51 
45.3 
65.6 
66.9 
1,636 
$11.91 
$ 0.49

.73
7,690
5.60
8.95
30.1
51.1 
51.3
1,476 
$16.88 
$ 0.59

.73 
8,434 
5.92 
9.03 
31.4 
52.9 
48.0 
1,523 
$15.90 
$ 0.50

Table II.— Log of Important Events

Jan. 9. Established a new record for gas production; 114,400 cubic feet.
Jan. 25. Flooded our sunken garden with digested sludge in an effort to fertilize the grass. 

A m  afraid we overdid it.
Jan. 30. Very heavy snowfall. All roads blocked.
Feb. 24. Due to poor gas production we were forced to turn in an electric blower for the first 

time in four months.
Mar. 1. A  bad flash over on the electric switch board ruined several current transformers 

and caused serious damage to other equipment. There are too many automatic 
features about this board.

Mar. 6. Took first sludge of the season from the drying beds.
Mar. 12. High water in Spring Creek backed up into our main outfall. On the one occasion 

in ten years that we had use for the valve closing off the outfall it refused to close. 
Plant by-passed for 24 hours.

Apr. 15. One of the main drag chains in the Link Belt secondary tank broke and was re
placed by a new chain. These chains have been in service 7 %  years.

June 8. Activated sludge is behaving badly.
July 10. Sewage Works dedicated ten years ago today.
June 27. Burned out a bearing on large electric blower, due to failure of oil pump. Small 

electric blower back in service after flash over on March 1.
Aug. 1. Trustee J. A. Van Nattan resigned from Board and Roger E. Chapin was appointed 

to fill the vacancy.
Sept. 7. Activated sludge is very bulky and the sludge blanket rose to the weir crests of 

the secondary tanks today.
Sept. 18. Reduced flow to aerators to improve the activated sludge.
Sept. 20. Drew two beds of sludge using alum as an experiment.
Sept. 26. Drag chains in Link Belt Primary tanks No. 2 and 3 broke and were replaced by 

new chains. These chains have been in service 10 years.
Oct. 2. Switch board blew up again. This is getting to be a habit.

Heavy rain today broke a 47 day drought. Needless to say it was welcome.Oct.
Nov. 9. Replaced main traction wheel on Dorr primary tank.
Nov. 20 Sludge index is down to 80 after a prolonged period of bulking.
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General view of treatment works when placed in operation.

Same view after ten years.
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Main building, ten years later.



E d i t o r i a l

A MORE U SEFU L  FED ERATIO N
T h e  reorganization of the F e d e r a t i o n  is n o w  well u n d e r  w a y  a n d  the 

various m e m b e r  associations are considering the n e w  Constitution and 
B y - l a w s  as they affect the local groups. T h e  m o s t  i m p o r t a n t  c h a n g e  to 
be considered b y  e a ch local g r o u p  relates to the classification of its m e m 
bers as active m e m b e r s  of the Federation, w h o s e  d u e s  will be three dol
lars p e r  y e a r  in 1942. E a c h  association is gi ve n the privilege of deter
m i n i n g  the n u m b e r  of its m e m b e r s  w h o  w i s h  to continue to be active 
m e m b e r s  of the Federation. T h e y  will receive all publications of the 
F e d e r a t i o n  a n d  m a y  serve o n  its C o m m i t t e e s  a n d  vote in its elections. 
Affiliate m e m b e r s  r e m a i n  m e m b e r s  of the local association, a n d  p a y  their 
local dues, hu t are m e m b e r s  of the F e d e r a t i o n  in n a m e  only.

Ac ti ve m e m b e r s  m u s t  therefore p a y  three dollars p e r  y e a r  after 
1941, in place of the $1.50 they are p a y i n g  this year.

T h e  F e d e r a t i o n  plans to offer considerably m o r e  service to active 
m e m b e r s  t h a n  h a s  heretofore b e e n  possible. O u r  n e w  a n d  capable E x 
ecutive Secretary, M r .  Wisely, is b e n d i n g  e v e r y  effort to m a k e  the F e d 
eration’s services m o r e  valuable to the a v e r a g e  plant operator. H e  is 
p l a n n i n g  to b r o a d e n  the O p e r a t o r s ’ Section in the S e w a g e  W o r k s  J o u r 
n a l , so that it will be of increased interest a n d  value to the operator. 
H e  is soliciting info rm at io n f r o m  operators all o v e r  the co u n t r y  as to 
their p r o b l e m s  a n d  experiences. H e  plans to visit as m a n y  meetings 
as possible in or de r to obtain first-hand in fo rm at io n o n  operators’ 

problems.
F o r  several years the F e d e r a t i o n  officers h a v e  stressed the n e e d  for 

e c o n o m i c  aid to the operators of small plants. State b o a r d s  of health 
h a v e  b e e n  trying for ye ar s to raise the status, b o t h  technically and 
financially, of s e w a g e  w o r k s  operators; local associations h a v e  also 
s o u g h t  to i m p r o v e  the stability a n d  e c o n o m i c  i n d e p e n d e n c e  of their o p 
erators; n o w  the F e d e r a t i o n  will a d d  its influence to standardize and 
equalize, as far as possible, the status of operators t h r o u g h o u t  the 

country.
T h e  F e d e r a t i o n  plans to e x t e n d  its c o m m i t t e e  activities a n d  will 

publish, f r o m  time to time, reports of the Re search, S t a n d a r d  Methods, 
a n d  S e w a g e  W o r k s  M a n u a l  C o m m i t t e e s .  O t h e r  c o m m i t t e e s  m i g h t  well 
be organized, possibly o n  C o s t  Data, O p e r a t o r s ’ Ratings, A n n u a l  R e 
ports, a n d  M a i n t e n a n c e  of S e w e r a g e  S y st em s.

It is the intention to m a k e  the functions of the F e d e r a t i o n  so m u c h  
m o r e  attractive to operators that they will be g lad to p a y  the slight a d 
ditional fee of $1.50 p e r  year, in o rder to r e m a i n  as active m e m b e r s ,  to 
w h o m  all publications a n d  benefits of the F e d e r a t i o n  will be available. 
It is too h a d  that in m a n y  parts of the co u n t r y  operators of small s e w 
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age w o r k s  are p a i d  so little that a n y  e x p e n s e  b e y o n d  the necessities of 
life is a sacrifice. It is to be h o p e d  that the concerted etforts of the 
Federation, the local associations, a n d  the state d e p a r t m e n t s  of health 
will result in i m p r o v e d  status a n d  increased salaries for these m e n .

T h e  Federation, as a m o r e  closely integrated organization, n o w  faces 
a n e w  duty, na m e l y ,  to give consideration to the p r o b l e m s  of defense 
and military d e v e l o p m e n t  within the next f e w  years. S e w a g e  disposal 
is second only to w a t e r  s u p p l y  as a national public health pr ob le m, a n d  
the Fe de ra ti on should p r e p a r e  to m a k e  its influence felt m o r e  strongly 
than heretofore in the c o u n t r y ’s defense plans.

In order to carry o n  the fine record of d e v e l o p m e n t  of the F e d e r a 
tion to date, officers of local associations should d o  everything possible 
to keep the m e m b e r s  of their local associations in the F e d e r a t i o n  as ac
tive m e m b e r s .  It will take time to d e m o n s t r a t e  the value of the plans 
n o w  u n d e r  w a y  to i m p r o v e  a n d  enlarge the functions of the Federation, 
but in future y ears those w h o  h a v e  r e m a i n e d  wi th the F e d e r a t i o n  will 
not regret it.

F. W .  M o h l m a x



P r o c e e d i n g s  o f  L o c a l  A s s o c i a t i o n s

IOW A SEW AGE TREATM ENT CONFERENCE AND 
IOW A W ASTES DISPOSAL ASSOCIATION

Twenty-second and Fourteenth Meetings, Respectively 

Iowa State College, Ames, Iowa, November 7-9, 1940

T h e  tw en ty -s ec on d I o w a  S e w a g e  T r e a t m e n t  C o n f e r e n c e  w a s  held in 

A m e s  o n  N o v e m b e r  7, 8, 9, 1940, u n d e r  the auspices of the I o w a  State 
College a n d  the Public H e a l t h  E n g i n e e r i n g  Division of the State D e 

p a r t m e n t  of Health. O n e  h u n d r e d  a n d  ten superintendents a n d  o pera
tors of s e w a g e  works, mu ni ci pa l a n d  sanitary engineers, a n d  city offi

cials w e r e  present f r o m  fifty-one municipalities.
T h e  p r o g r a m  o p e n e d  T h u r s d a y  m o r n i n g ,  N o v e m b e r  7, with C o n 

ference Director L. J. M u r p h y  presiding. A .  H .  Wieters, Director of 
the Public H e a l t h  E n g i n e e r i n g  Division of the State D e p a r t m e n t  of 
Health, g a v e  a n  interesting a n d  informative discussion of the present 

s e w a g e  tr ea tm en t situation in I o w a  together w i t h  the trends a n d  n e w  
d e v e l o p m e n t s  in the field. T h e  p r o b l e m  of h a n d l i n g  a n d  disposing of 

grit w a s  discussed b y  P a u l  W i n f r e y ,  su perintendent of the D e s  M o i n e s  
S e w a g e  W o r k s ,  a n d  Charles Wi ls on , su perintendent of the W a t e r l o o  

S e w a g e  W o r k s .  T h e  m a t t e r  of “ El i m i n a t i n g  H e a l t h  H a z a r d s  at S e w 

a g e  T r e a t m e n t  W o r k s ”  w a s  then discussed b y  P a u l  H o u s e r ,  Assistant 
E n g i n e e r  of the Public H e a l t h  E n g i n e e r i n g  Division of the State D e 

p a r t m e n t  of H e a l t h  with a great deal of interest to e v e r y o n e  present.

T h e  af te rn oo n p r o g r a m  o p e n e d  w i t h  the presentation of a topic of 

general c o nc er n to I o w a  Municipalities, “ T h e  N u i s a n c e  Liability of 

Cities,”  b y  A l a n  Loth, A t t o r n e y  of F o r t  D o d g e .  T h e  rest of the after

n o o n  w a s  d e v o t e d  to a practical s t u d y  of “ S e w a g e  Settling T a n k  P e r 

f o r m a n c e ”  led b y  E a r l e  L. W a t e r m a n ,  Pr o f e s s o r  of Sa ni t a r y  E n g i 

neering, State Un iv er si ty of I o w a ;  “ S l u d g e  Digestion T a n k  O p e r a t i o n ” 

b y  Charles D. Mullinex, Public H e a l t h  E n g i n e e r i n g  Division, State D e 

p a r t m e n t  of He a l t h ;  a n d  “ M e t h o d s  of S l u d g e  D i s p o s a l ”  b y  J o h n  C. 

Mc I n t y r e ,  superintendent, C e d a r  R a p i d s  S e w a g e  W o r k s .

A n  interesting discussion of “ M e c h a n i c a l  D e vi ce s in T r e a t m e n t ”  by
C. P. Lewellen, of the H .  R. G r e e n  Co., C e d a r  R a pi ds , B. K .  H a r t m a n ,  

L i n k  Belt Co., Chicago, a n d  W .  B. Marshall, C h a i n  Belt Co., Milwaukee, 

o p e n e d  the F r i d a y  m o r n i n g  p r o g r a m .  T h i s  Avas followed b y  a talk on 

“ H y d r a u l i c  P r o b l e m s  in S e w a g e  D i s p o s a l ”  b y  W .  E. Galligan, Civil 
E n g i n e e r i n g  D e p a r t m e n t ,  I o w a  State College. Dr. M a x  Levine, P r o 
fessor of Ba cteriology a n d  S a n i t a r y  Bacteriologist of the En g i n e e r i n g  

E x p e r i m e n t  Station, th en pr es en te d a  scholarly p a p e r  o n  “ T h e  Role 
of the Trickling Filter in S e w a g e  T r e a t m e n t . ”  R e s e a r c h  tests o n  “ T h e
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Efficiency of R o t a r y  S e w a g e  Distributors ’ ’ w e r e  discussed b y  Professor 
Earle L. W a t e r m a n  w i th interest to the group.

“ Sl ud ge G a s  Utilization”  w a s  the topic first o n  the list in the gu id ed 
discussions of the afternoon. T h is w a s  started b y  T. R. Lovell, S u p e r 
intendent of the F o r t  D o d g e  S e w a g e  W o r k s ,  a n d  Charles Wilson, S u 
perintendent of the W a t e r l o o  S e w a g e  W o r k s .  W .  H .  Wisely, En gi ne er - 
M a n a g e r  of the U r b a n a - C h a m p a i g n  Sa ni ta ry District, then directed a 
lively discussion o n  “ N u i s a n c e s — Flies, W e e d s ,  Odors, Pooling.”  A  
common-sense, informative talk o n  “ M a i n t a i n i n g  G o o d  Public R e l a 
tions”  concluded the afternoon p r o g r a m .

S a t u r d a y  m o r n i n g  w a s  d e vo te d to a series of practical discussions 
on plant operation problems. W .  H .  W i s e l y  directed the e x c h a n g e  of 
ideas on “ M a i n t e n a n c e — K e e p i n g  the Plant in O p e r a t i o n ”  with real 
benefit to the group. T h e  possibilities of “ G a r b a g e  Disposal in C o n 
junction with S e w a g e  T r e a t m e n t ”  w e r e  presented b y  Professor B. A. 
Whisler of the I o w a  State College Civil E n g i n e e r i n g  D e p a r t m e n t .  
Helpful ideas o n  “ L a n d s c a p e  T r e a t m e n t  of S e w a g e  W o r k s ”  w e r e  
brought out in a n  illustrated talk b y  Professor J o h n  R. F i t z s i m m o n s  of 
the I o w a  State College L a n d s c a p e  Architectural D e p a r t m e n t .  T h e  
Conference concluded with a  r o u n d  table discussion of ‘ ‘ S e w a g e  Plant 
Tests a n d  Re s u l t s ”  u n d e r  the direction of G e o r g e  C. A h r e n s  of the 
Public H e a l t h  E n g i n e e r i n g  Division of the State D e p a r t m e n t  of Health.

T h e  F o u r t e e n t h  A n n u a l  C o n v e n t i o n  of the I o w a  W a s t e s  Disposal A s 

sociation o p e n e d  w i th a D u t c h  L u n c h  a n d  S m o k e r ,  T h u r s d a y  Ev en in g, 
N o v e m b e r  7, following the first d a y ’s sessions of the I o w a  S e w a g e  

Tr ea tm en t Conference.
T h e  annu al business m e e t i n g  w a s  called to order F r i d a y  afternoon, 

N o v e m b e r  8, at 3 :30 P.M., b y  President E l m e r  E. D y e. T h e  reports of 
the Secretary-Treasurer w e r e  r e ad a n d  approved. Financial reports 
of the business of the Association d u ri ng the past y e a r  w e r e  p a s s e d  out 

to the m e m b e r s .
T h e  p r o p o s e d  reorganization of the Fe de ra ti on of S e w a g e  W o r k s  

Associations w a s  then introduced for consideration of the m e m b e r s .  
T h e  t w o  I o w a  representatives to the B o a r d  of Control, M a x  L e v i n e  of 
A m e s ,  a n d  Ea rl e L. W a t e r m a n  of I o w a  City, h a d  both attended the 
October 5 m e e t i n g  of the National Fe de r a t i o n  in Chicago, a n d  they 
were asked to report. T h e y  explained the financial a n d  business status 
of the Fe de ra ti on a n d  g a v e  the reasons for reorganization. P r o p o s e d  
changes in the Constitution a n d  organization of the F e d e ra ti on w e r e  
taken u p  a n d  discussed item b y  item. T h e  m a t t e r  of a raise in F e d e r a 
tion, a n d  thus State, du es w a s  discussed at length w i t h  m a n y  feeling that 

an increase m i g h t  h a v e  a serious effect o n  the m e m b e r s h i p  in the A s s o 
ciation of representatives f r o m  the smaller communities. It w a s  a g re ed 

that dues to these m e m b e r s  should be kept as l o w  as possible. O n  m o 
tion the Association vo te d to a p p r o v e  the p r o p o s e d  reorganization as 

contained in the n e w  Constitution with revisions as suggested b y  Dr. 

L e v i n e ’s C o m m i t t e e .  T h e  Exec ut iv e C o m m i t t e e  of the I o w a  W a s t e s
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Di sp os al Association w a s  instructed b y  a s e c o n d  m o t i o n  to revise the 
Constitution a n d  B y - l a w s  of the State Association to c o n f o r m  to revised 

F e d e r a t i o n  requirements.
T h e  C o m m i t t e e  o n  Licensing, t h r o u g h  T. R. Lovell, m a d e  a c o m p r e 

hensive report of its investigation of Li ce ns in g of S e w a g e  W o r k s  O p 

erators in other states. T h e y  stated that in general the results have 
b e e n  good. T h e  report w a s  highly c o m m e n d e d ,  a n d  u p o n  m o t i o n  the 

C o m m i t t e e  w a s  continued a n d  a s k e d  to bring in definite r e c o m m e n d a 

tions o n  Licensing of O p e r a t o r s  in I o w a  Plants.
T h e  selection of officers for the c o m i n g  y e a r  then followed with the 

following being u n a n i m o u s l y  elected :

P r e s id e n t  ...............................G e o r g e  C. A h r e n s ,  D e s  M o in es
V ic e - P r e s id e n t ........................ T. R. Lovell, F o r t  D o d g e
D ir e c t o r  ................................ P a u l  W i n f r e y ,  D e s  M o i n e s
D ir e c t o r  ................................R. G. Miller, V i n t o n

R e p r e s e n t a t i v e  to  th e  B o a r d  o f  
C o n t r o l ,  F e d e r a t i o n  o f  S e w a g e
W o r k s  A s s o c i a t i o n s ...............E a r l e  L. W a t e r m a n ,  I o w a  City

( T o  serve until reorganization 
of F edera ti on )

R e p r e s e n t a t i v e  to  th e  B o a r d  o f  
C o n t r o l ,  F e d e r a t i o n  o f  S e w a g e
W o r k s  A s s o c i a t i o n s ...............M a x  Levine, A m e s

( T o  continue as I o w a  Associa
tion representative)

T h e  business m e e t i n g  then adjourned.
T h e  a n n u a l  dinner w a s  held F r i d a y  E v e n i n g ,  N o v e m b e r  8, at the 

I o w a  State College M e m o r i a l  U n i o n .  G u e s t  s p e a k e r  w a s  Colonel E. B. 
B u s h  of A m e s ,  w h o  s p o k e  interestingly o n  the topic, ‘£ Sanitation in and 
a b ou t A r m y  C a m p s . ”

L i n d o n  J. M u r p h y ,

S e c r e t a r y - T r e a s u r e r

N EW  YORK STATE SEW AG E WORKS ASSOCIATION
Thirteenth Annual Meeting, N e w  York, N. Y., January 16-18, 1941

T h e  thirteenth a n n u a l  m e e t i n g  of the N e w  Y o r k  State S e w a g e  W o r k s  
Association w a s  held in N e w  Y o r k  City, J a n u a r y  16-18,1941, w i th h e a d 
quarters at the H o t e l  M c A l p i n .  O v e r  30 0  m e m b e r s  a n d  guests were 

registered.
Pr o f e s s o r  M .  L. M a l c o l m ,  Director of the S c ho ol of Civil E n g i n e e r 

ing at Cornell University, Charles R. Velzy, W o r k s  Su pe r i n t e n d e n t  of 
the Buffalo S e w e r  A u t h o r i t y  at Buffalo, a n d  L a w r e n c e  L. Luther, 
C o m m i s s i o n e r  of Sanitation at Freeport, w e r e  elected to the Executive 
C o m m i t t e e  for a p eriod of three years. M r .  H e r b e r t  H .  W a g e n h a l s  of



Vol. 13, No. 2 PROCEEDINGS OF LOCAL ASSOCIATIONS 333

Syracuse w a s  elected President a n d  M r .  R o b e r t  C. W h e e l e r  of A l b a n y  
Vice-President. M r .  A. S. Bedell of the State D e p a r t m e n t  of Health, 
Albany, w a s  reappointed Secretary-Treasurer. M r .  J. C. B r i g h a m  a n d  
Mr. A r t h u r  W .  E u s t a n c e  of A l b a n y  w e r e  ap po in te d Assistant Tr e a s u r e r  
and Assistant Secretary, respectively, for the e n su in g year.

T h e  p r o g r a m  w a s  a r r a n g e d  so that the m e m b e r s  of the S e w a g e  
W o r k s  Association w e r e  able to attend all the T h u r s d a y  sessions of the 
Sanitary E n g i n e e r i n g  Division of the A. S. C. E. A n d  in like m a n n e r  
the m e m b e r s  of the A .  S. C. E. attended the technical sessions of the 
N. Y. S. S. W .  A .  o n  F r i d a y  a n d  the joint inspection trip o n  Saturday.

A t  the general business m e e t i n g  o n  F r i d a y  it w a s  noted that the 
Association n o w  h a s  a m e m b e r s h i p  of over 700 a n d  that the Executive 
Co m m i t t e e  h a d  a p p r o v e d  the fo r m a t i o n  of the Central N e w  Y o r k  S e c 
tion, m a k i n g  a total of five local sections in the state. T h e  reports of 
the activities of these sections a n d  of the various standing c o m m it te es 
were presented a n d  considerable interest evinced.

A t  the technical sessions o n  F r i d a y  m o r n i n g  M r .  E a r l  De vendorf, 
Assistant Director of the Division of Sanitation of the N e w  Y o r k  State 
D e p a r t m e n t  of Health, presented a p a p e r  o n  “ A c h i e v e m e n t s  in S e w a g e  
Tr ea tm en t in N e w  Y o r k  State D u r i n g  the P a s t  D e c a d e . ”  This p a p e r  
gave a wealth of statistical a n d  interesting construction data but time 
did not pe rm it m u c h  discussion.

A t  the luncheon Messrs. G e o r g e  E. S y m o n s  a n d  W i l l i a m  L. T o r r e y  
of the Buffalo S e w e r  Au t h o r i t y  w e r e  presented with the K e n n e t h  Allen 
M e m o r i a l  A w a r d  for 1940 for the m o s t  meritorious p a p e r  of a technical 
and research nature.

Mr. Nicholas Miljevic of L a c k a w a n n a  w a s  presented with a similar 
bronze plaque for the m o s t  meritorious p a p e r  covering the solution of 
certain operating p r o b l e m s  at the City of L a c k a w a n n a  s e w a g e  treatment 

plant.
Mr. C. G e o r g e  A n d e r s e n ,  the retiring President, w a s  presented with 

a gold k e y  bearing the e m b l e m  of the Association.
In the afternoon session G o r d o n  M .  Fair, Professor of Sanitary 

Engineering of H a r v a r d  University, presented a v e r y  scholarly p a p e r  
on “ T h e  Effects of S e w a g e  S l u d g e  Deposits o n  the Quality of S t r e a m s , ”  
which a r ou se d considerable discussion a n d  is the forerunner of a  series 
of studies. F o l l o w i n g  this, Charles R. Velzy, W o r k s  Su pe ri nt en de nt of 
the Buffalo S e w e r  Authority, presented a p a p e r  o n  “ Public Relations 
in the Construction a n d  Admi ni st ra ti on of S e w e r a g e  W o r k s , ”  a n d  R o d 
ney E. Cook, Sa ni ta ry E n g i n e e r  of the Suffolk C o u n t y  D e p a r t m e n t  of 
Health, g a v e  a p a p e r  o n  “ O p e r a t i n g  Ex p e r i e n c e s  at the R i v e r h e a d  

Activated S l u d g e  S e w a g e  T r e a t m e n t  Plant.”
In preparation for the inspection trip o n  Saturday, M r .  R i c h a r d  H .  

Gould, A c t i n g  D e p u t y  C o m m i s s i o n e r  of the D e p a r t m e n t  of Public 
W o r k s  of N e w  Y o r k  City, spoke o n  “ Pr e s e n t  Status of S e w a g e  T r e a t 
m e n t  in the B o r o u g h s  of Q u e e n s  a n d  B r o o k l y n , ”  w h i c h  w a s  illustrated 

with m a n y  lantern slides.
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F r i d a y  e v e n i n g  t h e  m e m b e r s  o f  t h e  N .  Y .  S .  S .  W .  A .  a n d  o f  th e  
S a n i t a r y  E n g i n e e r i n g  D i v i s i o n  o f  t h e  A .  S .  C .  E .  e n j o y e d  t h e i r  u s u a l 
a n n u a l  b a n q u e t  a n d  w e r e  g r e e t e d  v e r y  g r a c i o u s l y  b y  F r e d e r i c k  H .  
F o w l e r ,  P r e s i d e n t - e l e c t  o f  t h e  A .  S .  C .  E .

A f t e r  t h e  d i n n e r  t h e  g r o u p  l i s t e n e d  s p e l l b o u n d  t o  t h e  e x p e r i e n c e s  in  
t h e  w a r  z o n e s  o f  E u r o p e  a s  r e l a t e d  b y  R o b e r t  C .  C a m p b e l l ,  r e p r e s e n t i n g  
t h e  D o r r  C o m p a n y  i n  H o l l a n d ,  a n d  S .  R .  W i l l i a m s ,  r e p r e s e n t i n g  th e  
W o r t h i n g t o n  P u m p  a n d  M a c h i n e r y  C o m p a n y  i n  F r a n c e  a n d  S p a i n .

O n  S a t u r d a y  a  j o i n t  i n s p e c t i o n  t r i p  w a s  m a d e  b y  1 3 0  p e r s o n s  in  
s o m e  4 0  p r i v a t e  c a r s  a n d  c a r s  f u r n i s h e d  b y  t h e  c i t y .  T h i s  w a s  a  q u ic k  
t r i p  t h r o u g h  t h e  M i d t o w n  T u n n e l ,  a  c o m p r e h e n s i v e  v i e w  o f  t h e  m a r g i n a l  
a r e a s  o f  B r o o k l y n  a n d  Q u e e n s ,  O w l s  H e a d  S e w a g e  T r e a t m e n t  P l a n t  
s i t e , S h o r e  D r i v e ,  C o n e y  I s l a n d  P l a n t ,  2 6 t h  W a r d  P l a n t  s i t e ,  J a m a i c a  
P l a n t ,  C r o s s  I s l a n d  P a r k w a y ,  a n d  T a l l m a n ’ s I s l a n d  P l a n t .

F o l l o w i n g  l u n c h e o n  a t  L a G u a r d i a  A i r p o r t  a  v i s i t  w a s  m a d e  t o  th e  
P a n - A m e r i c a n  A i r w a y s  o ffic e s  a n d  h a n g a r .

T h e  S p r i n g  M e e t i n g  o f  t h e  A s s o c i a t i o n  w i l l  b e  h e l d  i n  N i a g a r a  F a l l s  
o n  J u n e  1 9 - 2 1 ,  1 9 4 1 .

A .  S .  B e d e l l ,  Secretary



F e d e r a t i o n  o f  S e w a g e  W o r k s  A s s o c i a t i o n s

C O N S T I T U T I O N  A N D  B Y - L A W S

C O N S T I T U T I O N

Article I 
Name

The n a m e  of this organization shall be the Federation of S e w a g e  W o r k s  Associations, 
hereinafter designated as the Federation.

Article II 
Objectives

The objects of this Federation shall be : T h e  advancement of fundamental and prac
tical knowledge concerning the nature, collection, treatment an d disposal of sewage and 
industrial wastes; the design, construction, operation an d m a n a g e m e n t  of treatment 
works; the study, promotion and encouragement of improved sanitation of waterways; 
the correlation and strengthening of regional an d state sewage works associations or con
ferences within or without the United States of America; the publication of a journal; 
and other relevant activities.

Article III
Membership

The membership of the Federation shall consist of regional or state associations or 
conferences, either within or without the territory of the United States of America, here
inafter designated as M e m b e r  Associations, whose objectives an d constitutions are in 
harmony with the purposes of this Federation, and of individuals or corporations as 
specified in the By-Laws, subject to the conditions and limitations prescribed in the 
Constitution an d B y - L a w s  of the Federation.

Article I V
Organization

Section 1. T h e  affairs of the Federation shall be conducted b y  a B o ar d of Control 
(hereinafter designated as the Board), under such rules as the B o a r d  m a y  determine, 
subject to the specific conditions of this Constitution an d By-Laws.

Section 2. T h e  officers of the Federation shall be a President, a Vice-President, a 
Secretary, a Treasurer, an d  an Editor.

Section 3. Th e B o a r d  shall consist of :

(a) T h e  President of the Federation.
(b ) Th e  Vice-President of the Federation.
(c) T h e  Treasurer of the Federation.
(d ) O n e  Director to be appointed by an d to represent each M e m b e r  Association.
(e) Six Directors-at-Large, of w h o m  three are to be elected b y the Executive

Committee of the Se wa ge  W o r k s  Division of the W a t e r  a n d  S e w a ge W o r k s  
Manufacturers’ Association, an d three b y  the Directors representing the 
M e m b e r  Associations.

(/) Th e latest living Past President of the Federation.
(,g ) Th e Cha i rm a n of the Organization Committee.
(h) Th e C h a i rm a n of the Publications Committee.
(i ) T h e  C h ai r m an  of the Sewa g e W o r k s  Practice Committee.
( j ) T h e  C h ai r m an of the Research Committee.
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Section 4. After the A n n u a l  Meeting of October, 1941, the terms of office of the 
President, Vice-President, an d Treasurer shall be one year, a n d  the Directors three years, 
which terms shall start at the beginning of the last session of the A n n u a l  Meeting of the 
B o a r d  at which they are elected a n d  continue until a successor qualifies. T h e  Secretary 
a n d  the Editor shall be appointed b y  the B o a r d  for the terms of office stated in the By- 
Laws. In the case of a vacancy in the office of President, the Vice-President shall act in 
his place for the unexpired term. In ease the Vice-President cannot act, the latest living 
Past President shall do so. In the case of a vacancy in the office of Treasurer or of 
a n y  Director-at-Large, the Executive Committee shall appoint an Active M e m b e r  to fill 

such office for the unexpired term.
Section 5. Th e President, the Vice-President, an d the Directors of the Federation 

will not be eligible for reelection for consecutive terms.
Section 6. T h e  President of the Federation shall be the Presiding Officer of the 

Board.
Section 7. A  q u o r u m  of the B o a r d  shall consist of a majority of its members. 

Absent m e m b e r s  m a y  vote by  proxy, all such proxies being counted in determining a 

quorum.

Article V
Nomination and Election of Officers and Directors

Section 1. T h e  annual meeting of the B o a r d  in 1941 shall be held in January. 
Thereafter, it shall be held on the first Saturday of October in each year, or such other 
da y  in October as m a y  m a r k  the closing of the A n n u a l  Convention of the Federation.

A t  the annual meeting the Directors representing the M e m b e r  Associations shall meet 
under the Chairmanship of the President of the Federation an d  shall b y  a majority vote of 
all such Directors, elect a President, Vice-President, Treasurer, an d one Director-at- 
Large. Absent Directors m a y  vote b y  proxy. A n y  candidate so elected shall be an 
Active M e m b e r  of so me M e m b e r  Association an d  shall signify willingness to serve. A n y  
candidate elected as President or Vice-President shall at so m e  time previous to such elec
tion have been a m e m b e r  of the B o a r d  of Control.

T h e  President, Vice-President an d Treasurer, elected at the meeting of the Board 
in January, 1941, shall hold office until the beginning of the last session of the meeting 
held in October, 1941. Thereafter, the terms of office shall be as provided in Article IV, 
Section 4, of this Constitution.

Section 2. O n e  Director on  the B o a r d  of Control to represent each M e m b e r  Associa
tion shall be elected b y  each M e m b e r  Association. E a c h  Director so elected shall be an 
Active M e m b e r  of the respective M e m b e r  Association an d  in good standing at the time 
of his election.

After the annual meeting of October, 1941, the term of each Director so elected shall 
be for three (3) years beginning with the last session of the B o a r d  immediately following 
his election, excepting that the terms of Directors to be elected b y  the various M e m b e r  
Associations to take office in January, 1941, shall be as follows:

B y  lot at the January, 1941, meeting, the directors then taking office shall be divided 
into three groups, A, B, an d  C. G r o u p  A  shall hold office until the beginning of the last 
session of the October, 1941, meeting. G r o u p  B  shall hold office until the beginning of the 
last session of the October, 1942, meeting. G r o u p  C  shall hold office until the beginning 
of the last session of the October, 1943, meeting. T h e  three Directors-at-Large, elected 
b y  the Board, shall be divided a m o n g  these groups as shall the three Directors represent
ing the W a t e r  an d  S e w a g e  W o r k s  Manufacturers’ Association. A s  the term of office of 
each group expires, the term of office of their successors shall be as provided in Article 
IV, Section 4, of this Constitution.

In the case of a n y  director, representing a M e m b e r  Association, retiring for any 
cause before his term is completed, the governing board of the M e m b e r  Association shall 
designate his successor, w h o  shall serve for the unexpired portion of his term.

Article V I
Except as specifically mentioned herein, this Constitution shall take effect immedi

ately u p o n  its adoption b y  the B o a r d  of Control.
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Article YII 

Amendments

A m e n d m e n t s  to this Constitution m a y  be m a d e  b y  a two-thirds vote of the total 
membership of the Board, notice of the proposed a m e n d m e n t  having been given to each 
member of the B o a r d  an d  to the Secretary of each M e m b e r  Association not less than 
sixty days in advance of the meeting, at which the said a m en d m e n ts are to be voted upon.

B Y - L A W S

Article I 

Member Associations

Section 1. A n y  regional or state sewage works association or conference, or other 
organization whose objectives an d  constitution are in h a r m o n y  with those of the Federa
tion, m a y  be granted membership in the Federation by a majority vote of the Board; 
provided, that the constitution of the applicant association or conference has been ex
amined and certified by  the B o a r d as being in accord with Article III of the Constitution 
of this Federation ; a n d  provided further, that certification shall be m a d e  by  the associa
tion seeking admission to m e mbership that the Constitution an d B y - L a w s  of the Federa
tion are accepted b y  it.

Section 2. A n y  M e m b e r  Association m a y  withdraw fr om the Federation at the end 
of any fiscal year b y  giving three mo nt hs ’ notice of such intention, provided that the dues 
of such M e m b e r  Association in the Federation are fully paid u p  to the time of withdrawal.

Section 3. A n y  M e m b e r  Association m a y  be excluded f r o m  this Federation, at the 
pleasure of the Board, for non- paym ent of dues, as hereinafter provided, or for any 
change in its constitution that m a y  bring it into conflict with the Constitution or B y - L a w s  
of the Federation.

Section 4. A n y  change in the existing constitution or by-laws of a M e m b e r  A s 
sociation shall be reported in full to the Secretary of the Federation within thirty days 
after its adoption by  said M e m b e r  Association.

Article II 

Classification of Members

Section 1. M e mb er sh ip  of the Federation shall be composed of M e m b e r  Associa
tions, Hono r a ry Members, Associate Members, an d  Sustaining Members. Memb er s h ip  
of the M e m b e r  Associations shall consist of Active M e m b e r s  and Corporate M e m b e r s  
only.

Section 2. A n  Active M e m b e r  shall be a superintendent, manager, operator, or e m 
ployee of a sewage or industrial wastes system or treatment works; a professional engi
neer; a chemist, bacteriologist, biologist, or any qualified person professionally engaged 
or interested in the advancement of knowledge relating to the disposal or treatment of 
sewage and industrial wastes or improved sanitation of waterways. Present membership 
in any M e m b e r  Association is to be taken as sufficient evidence that the individual is so 
qualified for as long as he continues to be a m e m b e r  in good standing.

Section 3. A  Corporate M e m b e r  shall be a Sewerage Board, De pa rt me nt or C o m 
mission; Sanitary District; D e pa rt me nt of Public W o r k s  handling sewerage; National, 
State, District or Municipal B o ar d or De partment of Health; or other body, corpora
tion or organization engaged or interested in at least one of the stated objectives of the 
Federation, an d shall be entitled to one representative whose n a m e  shall appear on the 
roll of m e m b e r s  and w h o  shall have all the rights an d privileges of an Active M e m b e r .  
This representative m a y  be changed at the convenience and pleasure of the Corporate 
M e m b e r  on written notice to the Secretary of the M e m b e r  Association to which the C o r 
porate M e m b e r  is accredited.
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Section 4. A n  H o n o r a r y  M e m b e r  shall be a person of acknowledged eminence in one 
or m o r e  fields of activity within the scope of the stated objectives of the Federation. 
Candidates m a y  be nominated by a n y  M e m b e r  Association but can be elected only b y a 
majority vote of the Board. There shall not be m o r e  than ten living H o n o r a r y  M e m b er s 
at a n y  time. N o  candidate for H o n o r a r y  M e m b e r s h i p  shall be an elective or appointive 
m e m b e r  of the B o a r d  at the time of his nomination. H o n o r a r y  M e m b e r s  shall be elected 
for life a n d  shall receive, without cost, all the publications of the Federation that are 

distributed to its members.
Section 5. A n  Associate M e m b e r  shall be a person, firm, or corporation engaged in 

the manufacturing or furnishing of supplies, materials, or equipment for the construc
tion, operation, or maintenance of sewerage works an d shall be elected b y  affirmative 
vote of a majority of the B o a r d  after consideration of written application duly m a d e  to 

the Secretary.
Section 6. A  Sustaining M e m b e r  shall be an individual or a corporation interested 

in the general objectives of the Federation.

Aeticle III 

Dues

Section 1. T h e  dues established b y  M e m b e r  Associations, as applied to their m e m 
bers, shall be as determined b y  the M e m b e r  Association.

Sctton 2. (a) T h e  dues paid b y  the M e m b e r  Associations to the Secretary of the
Federation shall be Three Dollars per a n n u m  for each Active M e m 
ber in the M e m b e r  Association on D e c e m b e r  31st.

(6) F o r  each Corporate M e m b e r  the annual dues shall be T e n  Dollars, 
payable to the Secretary of the Federation b y  Februa ry 1 of each 
year.

(c) F o r  each Sustaining M e m b e r  the annual dues shall be not less than 
Twenty-five Dollars, payable to the Secretary of the Federation by 
February 1 of each year.

(d ) F o r  each Associate M e m b e r  the annual dues shall be T w e n t y  Dollars, 
payable to the Secretary of the Federation b y  February 1 of each 
year.

(e) Corporate Member s, Sustaining Me mb er s,  or Associate M e mb er s 
whose dues remain unpaid on M a r c h  1 of an y year m a y  be dropped 
f r o m  m e mbership on action of the Executive Committee.

(/) T h e  dues for M e m b e r  Associations outside the United States of
A m er i c a an d its territorial possessions shall be greater than the 
amou nts hereinbefore specified b y  an a m o u n t  to be fixed annually by 
the B o a r d  as equivalent to the added cost for mailing the Journal to
such associations as c o m p ar e d with the average cost for mailing to
m e m b e r s  residing within these limits.

(g ) Active an d  Corporate M e m b e r s  of M e m b e r  Associations, an d A s 
sociate a n d  Sustaining M e m b e r s  of the Federation, in good standing, 
shall be entitled to one copy each of all publications that are dis
tributed b y  the Federation to its members.

Section 3. T h e  fiscal year of the Federation shall begin on Ja nu ar y first, and annual 
dues shall be collectible on that date an d  shall have been paid before February first. If 
the dues of a n y  M e m b e r  Association shall not have been paid b y February first, fifteen
days’ notice of the dues in arrears shall be given to that association, after which time,
if the dues remain unpaid, that association m a y  be dropped f r o m  the rolls of the Federa
tion on action by the Board, as provided in Article I, Section 3, of these By-Laws.

Section 4. A n y  memb er, newly elected before Ju n e 30, shall p a y  full dues and shall
he entitled to all of the publications of the Federation that are distributed to its members 
during the year. M e m b e r s  elected after Ju n e 30 shall p a y  one-half the regular dues for 
that year, a n d  shall be entitled to all of the publications distributed during the half year 
beginning July 1.
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Section 5. In transmitting dues to the Federation, each M e m b e r  Association shall 
forward with th e m a certified list of the na me s an d correct mailing addresses of all 
members of all classes of the said association w h o  are in good standing an d are entitled 
to receive the Journal or other distributed publications of the Federation during the 
ensuing year.

Section 6. F o r  the year 1941 dues for Active M e m b e r s  shall be at the rate of O n e  
Dollar and Fifty Cents per annu m, as fixed under the previous By-Laws.

Du es for Corporate Members, Sustaining Members, an d Associate M e m b e r s  for the 
year 1941 shall be at the rates fixed by  these By-Laws.

Article I V  
Duties of Officers and Directors

Section 1. Th e  President shall have general supervision of the affairs of the Federa
tion, and shall preside at all conventions of the Federation an d meetings of the Board. 
In his absence, he shall designate a Presiding Officer to act in his stead at such conven
tions or meetings. T h e  President shall be, ex-officio, a m e m b e r  of all committees.

Section 2. T h e  Vice-President shall assist the President in the performance of his 
duties, and act in his stead w h e n  required.

Section 3. Th e  B o a r d of Control shall be the legal representative of the Federation, 
and as such shall m a n a g e  its affairs subject to the conditions an d limitations prescribed in 
the Constitution an d B y - L a w s ; direct the investment and care of funds of the Federation; 
ma ke  appropriations for specific purposes; appoint employees and fix their compen sa
tion; take measures to advance the interests of the Federation; and generally direct its 
business. Th e  Bo ar d shall not incur indebtedness beyond the funds in the hands of the 
Treasurer and the Secretary. T h e  B o a r d  shall hold a meeting during the A n n u a l  C o n 
vention. Other meetings shall be held at the call of the President, or on petition ad
dressed to the Secretary and signed by  ten or mo re m e m b e r s  of the B o a r d  representing 
not less than seven M e m b e r  Associations. Notice of all meetings shall be issued by  the 
Secretary at least fifteen days in advance of such meetings to all m e m b e r s  of the Bo ar d 
and to the Secretary of each M e m b e r  Association.

A t  the A n n u a l Meeting the B o a r d  shall appoint a Secretary to serve for a term of 
two years, an d an Editor to serve for a term of three years, unless removed for cause by 
the Board.

Except as otherwise provided in the Constitution and By-Laws, all questions before 
the Board shall be decided by  a majority vote.

Section 4. Th e  Treasurer shall have charge of the funds of the Federation and 
custody of its investments, if any. H e  shall p a y  bills against the Federation w h e n  cer
tified by himself an d the Secretary. H e  shall m a k e  a report for each calendar year at 
the Annual Meeting of the Board, showing receipts fr om  the Secretary an d other sources, 
the expenditures, the investments and other assets, and the liabilities of the Federation. 
H e  shall m a k e  such other reports as m a y  be required b y  the Board.

H e  shall be bonded at the expense of the Federation, a n d to an a m o u n t  to be de
termined by the Board.

H e  shall perform such other duties as m a y  be assigned to h i m  by the Board.
Section 5. Th e Secretary shall be an Active M e m b e r  and, under the direction of the 

President an d the B o a r d of Control, shall be the executive officer of the Federation. It 
shall be his duty to attend all conventions and meetings of the Board, prepare the business 
and duly record the proceedings thereof. H e  shall see that all monies due the Federation 
are carefully collected and without loss transferred to the custody of the Treasurer. H e  
shall scrutinize all expenditures, shall certify to the accuracy of all bills and vouchers on 
which m o n e y  is to be paid, an d shall countersign checks d r a w n  b y  the Treasurer against 
the funds of the Federation w h e n  such drafts are k n o w n  by h i m  to be proper and duly 
authorized by  the Board. On ce every three months he shall forward to each m e m b e r  of 
the Board a financial s u m m a r y  of receipts an d disbursements, an d at the annual meeting 
of the Bo a r d  shall present a balance sheet of his books as of the 31st of D e c e m b e r  and 
as of the 30th of September preceding the meeting, together with a report of the activities 
of his office.
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H e  shall have charge of the books an d records of the Federation, including lists of 
m e m b e r s  of the Federation an d  subscribers to the Journal. H e  shall have charge of the 
mechanical production an d distribution of the Journal an d other publications of the 
Federation, a n d shall handle all financial matters connected therewith.

H e  shall be bond ed at the expense of the Federation, a n d  to an a m o u n t  to be de
termined b y  the Board.

H e  shall perform such other duties as shall be assigned to h i m  b y  the Board.
T h e  books of the Federation shall be audited annually at the expense of the Federa

tion b y  public accountants to be appointed b y  the Board.
Section 6. T h e  Editor shall be the literary agent of the B o a r d  a n d  shall receive all 

manuscript copy an d prepare it for publication. H e  shall have the authority to return to 
the author for correction, or to reject entirely, an y manuscript which m a y  be in bad con
dition, illegible, or clearly deficient in respect to composition, subject matter or supporting 
data, or otherwise conspicuously deficient or unfit for publication. H e  shall also have 
the authority to reject an y manuscript which is designed to promote commercial interests. 
H e  shall be a m e m b e r  of the Publications Committee an d  of the Committee on Sewage 
W o r k s  Practice. Decisions of the Editor relative to rejection of manuscripts shall be 
subject to appeal to the Publications Committee.

Article V  

Conventions of the Federation

Th e A n n u a l  Convention of the Federation shall be held at a time an d place to he 
selected by  the Board, preferably in the m o n t h  of October. All conventions an d meetings 
shall be conducted according to “Roberts Rules of Order.”

E a c h  m e m b e r  an d  guest present at a n y  of the conventions of the Federation shall 
p a y  a registration fee of such a m o u n t  as m a y  be determined b y  the Executive Committte.

Article V I

Committees

Section 1. There shall be an Executive Committte of five m e m b e r s  consisting of the 
President an d  four Directors. This committee shall be chosen b y  the B o a r d  at its annual 
meeting. T h e  President of the Federation shall be Chairman, a n d  the Secretary of the 
Federation shall act as Secretary of the committee. In the absence of the President, the 
committee shall choose a temporary C h a i r m a n  f r o m  its members. T h e  duties of this 
committee shall be to direct the administrative w o r k  of the Federation an d  carry out the 
policies of the B o a r d  between meetings of the latter. T h e  Executive Committee shall 
present at the annual meeting of the B o a r d  a budget of estimated expenses of the Federa
tion, including publications, for the ensuing year. O n  the adoption of the budget b y  a 
majority vote of the Board, the expenses of the Federation shall be limited, as far as 
m a y  be practicable, within the amounts prescribed in the said budget. A  q u o r u m  of the 
committee shall be three members.

Section 2. A  General Policy Committee of seven m e m b e r s  consisting of the latest 
living Past President, w h o  shall serve as Chairman, three Directors a n d  three Members- 
at-Large, appointed at the outset for terms of one, two, a n d  three years, a n d  thereafter 
for three-year terms, shall be appointed b y  the B o a r d  at its annual meeting. Three of 
the seven m e m b e r s  of the committee shall be operators of sewerage systems or sewage or 

industrial wastes treatment plants.
Th e committee shall study a n d  r e c o m m e n d  to the B o a r d  u p o n  matters of general 

policy affecting the well-being an d usefulness of the Federation a n d  its M e m b e r  Associa
tions; matters of public relations; the advancement of the professional an d social status 
of members, an d such other matters of similar nature as shall be referred to it b y  the 

Board.
Section 3. A  Publications Committee shall be appointed b y  the B o a r d  at its annual 

meeting. It shall consist of the Editor a n d  at least four additional Members-at-Large. 
Its Ch a i r m a n  shall be, ex-officio, a m e m b e r  of the Board. T h e  Publications Committee
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shall arrange the technical prog ra ms for the annual convention of the Federation and 
shall have general supervision of the publications of the Federation an d of the perfor m
ance of contracts and expenditures connected therewith. Th e committee shall prepare 
general rules which, after approval by the Board, shall control the preparation, presenta
tion, acceptance an d publication of papers an d shall have general supervision of such 
other matters of similar nature as the best interests of the Federation m a y  require.

Section 4. A n  Organization Committee of at least three Members-at-Large shall be 
appointed by the B o a r d  at the annual meeting, and its Ch a i r m a n  shall be, ex-officio, a 
me m b e r of the Board. Th e Organization Committee shall examine an d report to the 
Board on applications for membership in the Federation and also shall serve in the encour
agement of the formation of n e w  regional or state associations or conferences eligible for 
membership, as well as serving in an advisory capacity in other matters of a similar 
nature as the best interests of the Federation m a y  require.

Section 5. A  S e w a g e  W o r k s  Practice Committee Consisting of the Editor an d at 
least four Members-at-Large shall be appointed by the B o ar d at the annual meeting, an d 
its Chairman shall be, ex-officio, a m e m b e r  of the Board.

A n y  resolution, report or publication which undertakes to establish, in the n a m e  of 
the Federation, professional or technical standards, shall be submitted to this committee, 
and it shall direct such matters on behalf of the Federation.

It shall give notice by publication to the membership of all such proposed standards 
and report its approval or disapproval of such to the Board.

It shall appoint such sub-committees as it m a y  d e e m  necessary properly to carry on 
its work.

Section 6. There shall be a Research Committee of at least five Members-at-Large. 
The Chairman shall be appointed b y  the Board, an d  the other m e m b e r s  of the Committee 
m a y  be appointed by the Chairman, b y an d with the consent of the President of the F e d 
eration. Th e Chai r m an shall be, ex-officio, a m e m b e r  of the Board.

The Research Committee shall be charged with the duty of stimulating an d  co
ordinating research w o r k  a m o n g  the various M e m b e r  Associations, and of cooperating 
with other organizations in the promotion of research work.

Section 7. Th e B o ar d shall appoint such other committees as m a y  be necessary to 
carry on the w o r k  of the Federation.

Section 8. Th e reports an d recommendations of all committees of the Federation 
shall be subject to approval b y  the Board.

Section 9. Members-at-Large are Active M e m b e r s  w h o  are not m e m b e r s  of the 
Board.

Article Y I I  

Publications

All publications of the Federation shall be issued under the direction of the B o ar d 
and shall be copyrighted as far as is practicable an d proper.

Article V I I I  

Amendments

The Bo ar d of Control m a y  a m e n d  these B y - L a w s  in any m a n n e r  not inconsistent 
with the Constitution b y  the two-thirds vote of those voting at an y meeting of the B o a r d  
or by sealed letter ballot, provided that a copy of such proposed a m e n d m e n t  has been 
mailed by the Secretary to each m e m b e r  of the B o ar d and to the Secretary of each 
M e m b e r  Association at least thirty days prior to such meeting or letter ballot.



F e d e r a t i o n  A f f a i r s

F E D E R A T I O N  O F  S E W A G E  W O R K S  A S S O C IA T IO N S

A n  i m p o r t a n t  e v e n t  i n  t h e  h i s t o r y  o f  t h e  F e d e r a t i o n  o f  S e w a g e  
W o r k s  A s s o c i a t i o n s  o c c u r r e d  o n  J a n u a r y  1 5 ,  1 9 4 1 ,  i n  N e w  Y o r k  C i t y ,  
w h e n  t h e  F e d e r a t i o n  w a s  p u t  o n  a  s o u n d  a n d  n a t i o n a l  f o o t i n g .

T h e  r e o r g a n i z a t i o n  w a s  c a r e f u l l y  a r r a n g e d  a n d  s o  c o n s t i t u t e d  a s  to  
t r y  t o  b e n e f i t  a l l  c o n c e r n e d .

T h e  l o c a l  s e c t i o n s  a r e  s t i l l  t h e  b u l w a r k  o f  t h e  F e d e r a t i o n  h u t  t h e i r  
m o r e  a c t i v e  p a r t i c i p a t i o n  i n  t h e  e n t i r e  F e d e r a t i o n  h a s  b e e n  t h e  a i m  o f  
t h e  n e w  o r g a n i z a t i o n .

I n  o r d e r  t h a t  a l l  m e m b e r s  o f  o u r  o r g a n i z a t i o n  m a y  k n o w  w h a t  o c 
c u r r e d  a t  t h i s  h i s t o r i c  m e e t i n g  t h e  m i n u t e s  o f  m e e t i n g s  o f  t h e  B o a r d  o f  
C o n t r o l ,  d i r e c t o r s ,  a n d  n e w l y  r e o r g a n i z e d  B o a r d  o f  C o n t r o l  a r e  p r e 
s e n t e d  h e r e ,  t o g e t h e r  w i t h  t h e  n e w  C o n s t i t u t i o n .

R E P O R T  O F  S E C R E T A R Y - T R E A S U R E R  

F E D E R A T I O N  O F  S E W A G E  W O R K S  A S S O C I A T I O N S  

F O R  T H E  Y E A R  E N D I N G  D E C E M B E R  3 1 ,  1 9 4 0

T h e  p a s t  y e a r  h a s  b e e n  a  b u s y  o n e  f o r  t h e  F e d e r a t i o n .  T h e  p r o 
p o s e d  E x p a n s i o n  a n d  R e o r g a n i z a t i o n  w a s  g i v e n  o f f i c i a l  i m p e t u s  b y  t h e  
a p p o i n t m e n t  o f  a  C o m m i t t e e ,  a u t h o r i z e d  a t  t h e  J a n u a r y ,  1 9 3 9 , B o a r d  
M e e t i n g ,  t o  c o n s i d e r  m e t h o d s  f o r  s t r e n g t h e n i n g  t h e  F e d e r a t i o n  a n d  t o  
p r o v i d e  s o m e  p l a n  f o r  i t s  f u r t h e r  d e v e l o p m e n t .  I t s  P r o g r e s s  R e p o r t  
w a s  a c c e p t e d  b y  t h e  B o a r d  a t  i t s  J a n u a r y ,  1 9 4 0 , m e e t i n g  a n d  t h e  C o m 
m i t t e e  c o n t i n u e d .

A t  t h i s  s a m e  m e e t i n g  i t  w a s  d e c i d e d  t o  h o l d  a  C o n v e n t i o n  w i t h i n  a 
y e a r .  C o m m i t t e e s  w e r e  a p p o i n t e d  t o  m a k e  n e c e s s a r y  a r r a n g e m e n t s .  
A n  i n v i t a t i o n  w a s  e x t e n d e d  b y  t h e  C e n t r a l  S t a t e s  S e w a g e  W o r k s  A s 
s o c i a t i o n ,  a n d  a f t e r  m o n t h s  o f  i n t e n s i v e  p l a n n i n g  a n d  p r e p a r a t i o n  th e  
F i r s t  A n n u a l  C o n v e n t i o n  o f  t h e  F e d e r a t i o n  o f  S e w a g e  W o r k s  A s s o c i a 
t i o n s  w a s  h e l d  i n  C h i c a g o  o n  O c t o b e r  3 - 5 ,  1 9 4 0 .  I t  w a s  o u t s t a n d i n g l y  
s u c c e s s f u l  a n d  t h e  d e t a i l s  h a v e  a l r e a d y  b e e n  p u b l i s h e d  i n  t h e  N o v e m b e r ,  
1 9 4 0 , i s s u e  o f  S e w a g e  W o r k s  J o u r n a l .

A  f e a t u r e  o f  t h e  C o n v e n t i o n  w a s  t h e  B u s i n e s s  M e e t i n g  o f  t h e  F e d 
e r a t i o n  o n  O c t o b e r  5 , 1 9 4 0 , a n d  t h e  S p e c i a l  M e e t i n g  o f  t h e  B o a r d  o f  
C o n t r o l  h e l d  t h a t  e v e n i n g  a n d  a t  w h i c h  a l l  M e m b e r  A s s o c i a t i o n s  w e r e  
r e p r e s e n t e d  e x c e p t  t h e  t w o  i n  E n g l a n d  a n d  t h e  o n e  i n  A r g e n t i n a .  M i n 
u t e s  o f  b o t h  m e e t i n g s  h a v e  b e e n  p u b l i s h e d  i n  t h e  N o v e m b e r ,  1 9 4 0 , is s u e  
o f  S e w a g e  W o r k s  J o u r n a l ,  a n d  r e l a t e  t h e  v a r i o u s  m a t t e r s  c o n s i d e r e d . 
P o s s i b l y  t h e  m o s t  i m p o r t a n t  w a s  t h e  a p p r o v a l  o f  t h e  R e p o r t  p r o p o s e d  
b y  t h e  C o m m i t t e e  o n  E x p a n s i o n  a n d  R e o r g a n i z a t i o n  o n  R e v i s e d  C o n s t i 
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t u t i o n  a n d  B y - L a w s ,  a n d  a  r e c o m m e n d a t i o n  t h a t  t h e  B o a r d  o f  C o n t r o l  
a t  i t s  J a n u a r y ,  1 9 4 1 ,  m e e t i n g  s h o u l d  a d o p t  a n d  d e c l a r e  t h e s e  i n  e f f e c t .

W i l l i a m  W .  B u f f u m ,  t h e  F e d e r a t i o n ’ s B u s i n e s s  M a n a g e r  f r o m  i t s  
i n c e p t i o n , d i e d  o n  J u n e  2 2 , 1 9 4 0 . B y  l e t t e r  b a l l o t  t h e  B o a r d  o f  C o n t r o l  
a d o p t e d  a n  a p p r o p r i a t e  r e s o l u t i o n ,  c o p ie s  o f  w h i c h  w e r e  s e n t  t o  t h e  
f a m i l y  o f  t h e  d e c e a s e d  a n d  t o  T h e  C h e m i c a l  F o u n d a t i o n ,  a n d  p u b l i s h e d  
in  t h e  J u l y ,  1 9 4 0 , i s s u e  o f  S e w a g e  W o r k s  J o u r n a l .

M r .  A r t h u r  A .  C l a y ,  w h o  s u c c e e d e d  M r .  B u f f u m  a s  T r e a s u r e r  a n d  
G e n e r a l  M a n a g e r  o f  T h e  C h e m i c a l  F o u n d a t i o n ,  w a s  d e s i g n a t e d  b y  T h e  
F o u n d a t i o n  a s  t h e  n e w  B u s i n e s s  M a n a g e r  o f  t h e  F e d e r a t i o n  a n d , b y  
le t t e r  b a l l o t ,  w a s  e l e c t e d  t o  f i l l  t h e  u n e x p i r e d  t e r m  o f  M r .  B u f f u m  a s  
M e m b e r - a t - L a r g e  o n  t h e  B o a r d  o f  C o n t r o l .

T h e  S e c r e t a r y ,  b y  q u e s t i o n n a i r e ,  r e c e i v e d  f r o m  A s s o c i a t i o n  S e c r e 
t a r ie s  d a t a  c l a s s i f y i n g  m e m b e r s h i p  i n  t h e i r  s e v e r a l  g r o u p s .  T h e s e ,

Gross
Mem

bership
Dual

Mems.

Gross 
New 

Mems. 
and Re
instate
ments

Did not 
Renew

Memb

Increase

ership

Decrease

Arizona S. and W .  W .  Assn................. 28 _ 17 14 3 _
California S. Wks. Assn..................... 280 1 60 46 14 —
Cent. States S. Wks. Assn.................. 503 6 77 85 — 8
Dak. W .  and Sew. Wks. Conf.

North D a k o t a ......................... 7 — — ■ 9 -— • 9
South D a k o t a .......................... 23 — 7 12 — 5

Federal S. Research Assn................... 64 1 9 5 4 — ■
Ga. W . and Sew. Assn...................... 27 — 6 7 — 1
Iowa Wastes Disp. Assn.................... 44 1 13 6 7 —
Kansas W .  and S. Wks. Assn............... 21 — ■ 6 20 — 14
Md.-Del. W .  and S. Assn................... 24 — 1 2 — 1
Michigan S. Wks. Assn..................... 136 — 28 42 — 14
Missouri W .  and S. Conf.................... 10 — 3 13 — 10
N e w  England S. Wks. Assn................. 187 12 31 11 20 —
N e w  Jersey Sew. Conf. G r .................. 68 — 14 7 7 —
N. Y. State S. Wks. Assn................... 629 21 96 66 30 —
N. Carolina S. Wks. Assn................... 80 1 20 11 9 —
Ohio S. Wks. Conf. G r ...................... 106 — ■ 13 17 — 4
Oklahoma W .  and S. Conf.................. 1 — — 3 — 3
Pacific N W .  S. Wks. Assn.................. 80 — 23 9 14 —

Pennsylvania S. Wks. Assn................. 213 9 30 22 8 —
Rocky Mt. Sew. Wks. Assn................. 38 — 12 10 2 —
San. Engr. Div. of the Arg. Society of Engrs.. 2 — — 10 — 10
Sew. Div.-Tx. Sec., S . W . W . A ............... 28 13 12 1 —
Can. Inst, on Sew. and San................. 123 2 9 9 — —
Inst, of Sew. Purif.— E n g ................... 97 — 18 30 — 12
Inst’n of San. Engrs.— E n g ................. 54 — 1 3 — 2

2873
- 5 4

54 

let M e m

507

s.

481 119
- 9 3

93

cr.2819 r 26 In
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n e a r l y  c o m p l e t e , s h o w e d  b y  f a r  t h e  g r e a t e s t  n u m b e r  c l a s s i f i e d  a s  s e w a g e  
w o r k s  s u p e r i n t e n d e n t s  a n d  o p e r a t o r s .  N e x t  i n  o r d e r  w e r e  m u n i c i p a l  
a n d  c o n s u l t i n g  e n g i n e e r s , w i t h  e q u i p m e n t  m e n  i n  t h i r d  p l a c e .  I n c i 
d e n t a l l y ,  i t  i s  w o r t h y  o f  n o t e  t h a t  t h i s  i n f o r m a t i o n ,  a s  w e l l  a s  r o u t i n e  
c o r r e s p o n d e n c e , w a s  r e c e i v e d  f r o m  t h e  t w o  E n g l i s h  a s s o c i a t i o n s , b o t h  
w i t h  h e a d q u a r t e r s  i n  L o n d o n ;  a n o t h e r  b i t  o f  e v i d e n c e  o f  t h e  i n v i n c i b l e  
f o r t i t u d e  o f  o u r  B r i t i s h  c o l l e a g u e s .

A t  t h e  c lo s e  o f  1 9 4 0  t h e r e  w a s  a  g r o s s  m e m b e r s h i p  o f  2 ,8 7 3 ,  le s s  5 4 
d u a l  m e m b e r s h i p s ,  l e a v i n g  a  n e t  t o t a l  o f  2 ,8 1 9 ,  o r  a n  i n c r e a s e  o f  26  in  
t h e  p a s t  y e a r .  M e m b e r s h i p  w a s  n o t  r e n e w e d  b y  4 8 1 ,  w h i c h  w a s  7 4  m o r e  
t h a n  i n  t h e  p r e c e d i n g  y e a r .  D e t a i l s  a r e  s h o w n  i n  t h e  t a b l e  o n  p a g e  3 4 3 .

D u e s  r e c e i v e d  b y  t h e  S e c r e t a r y - T r e a s u r e r  a n d  f o r w a r d e d  t o  th e  
B u s i n e s s  M a n a g e r  t o t a l e d  $ 3 6 3 7 .7 5  a s  a g a i n s t  $ 3 6 8 5 .7 5 , a  d e c r e a s e  o f  
$ 4 8 .0 0 . P e t t y  c a s h  e x p e n d i t u r e s  o f  t h e  S e c r e t a r y - T r e a s u r e r  f o r  s t a m p s  
a n d  m i s c e l l a n e o u s  e x p e n s e s  a m o u n t e d  t o  $ 2 4 .2 5 . D u e s  r e c e i v e d  a r e  
d e t a i l e d  b e l o w :

For
1938

For
1939

For
1940

For
1941 Total Refund

Arizona S. and W .  Wks. Assn........
California S. Wks. Assn..............

(Paid diies direct to 
$ 423.00 

745.50

Busines 3 Manager) 
$ 423.00

745.50
52.50
79.50 

s Manager)
78.00
33.00
36.00

205.50 
3 Manager)

264.50 
102.00 
931.25
118.50 
159.00

s Manager) 
s Manager)

309.50
57.00

s Manager)
43.00

$1.50
Cent. States S. Wks. Assn............
Dak. W .  and Sew. Wks. Assn........
Federal S. Research Assn.............

36.00
79.50

$16.50 1.50
1.50

Georgia W .  and S. Assn.............. (Paid di 
$3.00

ies direct to 
60.00

Busines
15.00

Busines

Iowa Wastes Disp. Assn.............. 1.50
Kansas W .  and S. Wks. Assn.........
Md.-Del. W .  and S. Assn.............
Michigan S. Wks. Assn...............
Missouri W .  and S. Conf.....

1.50 
(Paid di

25.50

33.00
36.00

204.00 
res direct to

264.50
102.00 
904.25
118.50 
159 00

N e w  England S. Wks. Assn..........
N e w  Jersey Sew. Conf. G r ............
N e w  Y o rk  St. S. Wks. Assn..........
N. Carolina S. Wks. Assn............
Ohio S. Wks. Conf. G r ...............

$1.50

1.50

1.50

Ok l a ho ma  W .  and S. Conf.......... (Paid di 
(Paid di 

1.50

ies direct to 
ies direct to 

308 00

Busines
BusinesPacific N W .  S. Wks. Assn............

Pennsylvania S. Wks. Assn...........
Ro c k y  Mt. Sew. Wks. Assn..........
San. Engr. Div. of the Arg. Society of 

Engrs................... (Paid d\ 

(Pn.iH Hi

57.00

ies direct to 
41.50

Busines
1.50Sew. Div. Tx. Sec., S . W . W . A ........

Can. Inst, on Sew. an d San.. .
Inst, of Sew. Purif.— E n g .... (Paid dues direct to Business Manager)
Inst’n. of San. Engrs.— Eng..

$1.50 S31.50 S3571.75 S33.00 $3637.75 $9.00

H .  E .  M o s e s , 

Secre ta ry-T reasurer.
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F E D E R A T I O N  O F  S E W A G E  W O R K S  A S S O C IA T IO N S

M I N U T E S  O F  T H E  A N N U A L  M E E T I N G  O F  T H E  B O A R D  

O F  C O N T R O L

H o te l Pe n nsylva n ia , N e w  Y o r k  C ity , Ja n u a ry  15, 1941

T h e  A n n u a l  M e e t i n g  o f  t h e  e x i s t i n g  B o a r d  o f  C o n t r o l  o f  t h e  F e d 
e r a t i o n  o f  S e w a g e  W o r k s  A s s o c i a t i o n s  w a s  h e l d  a t  t h e  H o t e l  P e n n 
s y l v a n i a , N e w  Y o r k  C i t y ,  o n  J a n u a r y  1 5 ,  1 9 4 1 .  C .  A .  E m e r s o n ,  C h a i r 
m a n , p r e s i d e d  a n d  c o n v e n e d  t h e  s e s s i o n  a t  3 :3 0  P . M .  T h e  r o l l  c a l l  
i n d i c a t e d  r e p r e s e n t a t i o n  a s  f o l l o w s  :

Present in Person 
Name of Affiliate Represented By

California Sewage Works Association ........................................ Charles G . H yde
Central States Sewage Works Association .............................W . W . DeBerard
Central States Sewage Works Association .............................George J .  Schroepfer
Federal Sewage Research Association ........................................ F .  J .  Maier
Federal Sewage Research Association ........................................ A .  P .  Miller
Georgia W ater and Sewage Association ...................................V a n  P .  Enloe
Georgia W ater and Sewage Association ...................................G . R . F r it h
Iowa Wastes Disposal Association .................................................M ax Levine
Iowa Wastes Disposal Association .................................................Ea rle  L .  Waterman
Maryland-Delaware W ater and Sewerage Association. .  H a rry  R . H a ll
Michigan Sewage Works Association ........................................ N .  G . Damoose
Missouri W ater and Sewerage Conference .............................George S. Russell
New England Sewage Works Association ................................F .  W . Gilcreas
New Jersey Sewage Conference .......................................................Willem Rudolfs
New Y o rk  State Sewage Works Association ....................... A rth u r S. Bedell
New Y o rk  State Sewage Works Association ....................... N .  L .  Nussbaumer
N orth Carolina Sewage Works Association ..........................H .  G . B a ity
North Carolina Sewage Works Association ..........................W . M . P ia tt
Pacific Northwest Sewage Works Association .................... John W . Cunningham
Pennsylvania Sewage Works Association ................................C. A .  Emerson
Pennsylvania Sewage Works Association ................................H .  E .  Moses
Member-at-Large ...............................................................................................A rth u r A .  Clay
Member-at-Large ...............................................................................................L in n  H . Enslow
Member-at-Large ...............................................................................................Charles G . Hyde
Member-at-Large ........................................ .. ................................................... W m . J .  Orchard

Present in Person, Acting as 
Name of Affiliate 

Arizona Sewage and W ater Works Association

Arizona Sewage and W ater Works Association

Dakota W ater and Sewage Works Conference

Dakota W ater and Sewage Works Conference

Kansas W ater and Sewage Works Association

Maryland-Delaware W ater and Sewerage Association.

Michigan Sewage Works Association ...............

Missouri Water and Sewerage Conference . .

Proxy
Represented By 

. A .  M . Rawn
(fo r P h il J .  M artin )

. A .  M . Rawn
(fo r Bernard Schiller)

. Morris M . Cohn
(fo r L lo y d  K .  Clark)

. I I .  E .  Moses
(fo r W . W . Towne)

. F .  W . Mohlman
(fo r Earnest Boyce)

. H a rry  R . H a ll
(fo r Abel Wolman)

. N .  G . Damoose
(fo r E .  F .  Eldridge)

. George S. Russell
(fo r W . Scott Johnson)
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N ew  Jersey Sewage Conference Willem Rudolfs

Ohio Sewage W orks Conference Group
(fo r Richard C . Sm ith) 

M . W . Tatlock

Ohio Sewage Works Conference Group
(fo r F ra n k  W . Jones) 

M . W . Tatlock

Oklahoma W ater and Sewage Conference . . . .
(fo r C. D .  M cGuire) 

. W . H .  Wisely

Pacific Northwest Sewage Works Association
(fo r H . J .  Darcey) 

Jo h n  W . Cunningham
(fo r W . P .  Hughes)

Sewage Division, Texas Section, S. W . W . A ....................Charles R . V e lzy
(fo r Y .  M . Ehlers)

Sewage Division, Texas Section, S. W . W . A ....................G . E .  Symons
(fo r  W . S. Mahlie) 

M em ber-at-Large ................................................................................................A lb e rt L .  Genter

B y  c o n s e n t , r e a d i n g  w a s  d i s p e n s e d  w i t h  o f  t h e  M i n u t e s  o f  th e  
S p e c i a l  M e e t i n g  o f  t h e  B o a r d  h e l d  a t  C h i c a g o ,  I l l i n o i s  o n  O c t o b e r  5 , 
1 9 4 0 , t h e y  h a v i n g  b e e n  p r i n t e d  i n  t h e  N o v e m b e r ,  1 9 4 0 , S e w a g e  W o r k s  
J o u r n a l .

C h a i r m a n  E m e r s o n  a n d  S e c r e t a r y  M o s e s  e a c h  m a d e  b r i e f  v e r b a l  
r e p o r t s .  A r t h u r  A .  C l a y ,  B u s i n e s s  M a n a g e r ,  w h o  s u c c e e d e d  t h e  la te  
W i l l i a m  W .  B u f f u m ,  a b s t r a c t e d  b r i e f l y  h i s  v e r y  c o m p r e h e n s i v e  r e p o r t  
o n  i n c o m e  a n d  e x p e n d i t u r e s  o f  t h e  F e d e r a t i o n  f o r  t h e  y e a r  e n d i n g  D e 
c e m b e r  3 1 ,  1 9 4 0 , h i s  r e p o r t  i n c l u d i n g  a  b a l a n c e  s h e e t  a s  o f  D e c e m b e r  
3 1 ,  1 9 4 0  a n d  a  t a b u l a t e d  s t a t e m e n t  o f  i n c o m e  a n d  e x p e n d i t u r e s  f o r  th e  
f o l l o w i n g  p e r i o d s :  J u l y  3 1 ,  1 9 2 8  t o  D e c e m b e r  3 1 ,  1 9 3 9 ;  J a n u a r y  1 ,  1 9 4 0  
t o  D e c e m b e r  3 1 ,  1 9 4 0 ;  a n d  J u l y  3 1 ,  1 9 2 8  t o  D e c e m b e r  3 1 ,  1 9 4 0 . H e  
r e p o r t e d  a  p r o f i t  f o r  1 9 4 0  o f  $ 1 ,3 6 8 .5 2 , e x c l u s i v e  o f  t h e  e x c e s s  o f  in c o m e  
o v e r  e x p e n d i t u r e s  f r o m  t h e  1 9 4 0  C o n v e n t i o n  o f  $ 1 ,4 4 9 .8 3 .  T h i s  c o m 
p r i s e s  a  J o u r n a l  o p e r a t i n g  p r o f i t  o f  $ 7 6 8 .3 7  a n d  a  1 9 4 0  p r o f i t  o n  s a le  o f  
c o p i e s  o f  M odern Sew age D isposal  o f  $ 6 0 0 .1 5 . O n  h a n d  t h e r e  a r e  389 
c o p i e s  o f  t h i s  p u b l i c a t i o n  a n d  5 ,3 0 4  c o p i e s  o f  v a r i o u s  b a c k  n u m b e r s  o f  
S e w a g e  W o r k s  J o u r n a l ,  t h e s e  h a v i n g  a n  u n e s t i m a t e d  s a l e  v a l u e .

O n  D e c e m b e r  3 1 ,  1 9 4 0 , t h e  a s s e t s  o f  t h e  F e d e r a t i o n  w e r e  $ 5 ,0 9 1 .4 1 ,  
i n c l u d i n g  c a s h  i n  b a n k  a m o u n t i n g  t o  $ 3 ,5 8 8 .0 1 .  T h e  l i a b i l i t i e s  i n c lu d e  
a c c o u n t s  p a y a b l e  a m o u n t i n g  t o  $ 1 ,3 8 9 .6 9 , a d v a n c e  s u b s c r i p t i o n s  o f  
$ 6 2 1 .9 4 , a n d  s u s p e n s e  a c c o u n t  o f  $ 4 , l e a v i n g  a  s u r p l u s  o f  $ 3 ,0 7 5 .7 8 .

I n  t h e  t a b u l a r  s t a t e m e n t  o f  i n c o m e  a n d  e x p e n d i t u r e s  f o r  t h e  y e a r  
1 9 4 0 , t h e  a c t u a l  p r i n t i n g  a n d  m a i l i n g  c o s t  o f  t h e  J o u r n a l  w a s  s h o w n  to  
b e  $ 9 ,8 6 6 .0 4 ;  e d i t o r i a l ,  a b s t r a c t  a n d  S e c r e t a r y ’ s o ffic e  e x p e n s e  w a s  $ 2 ,-  
1 2 4 . 0 6 ;  a n d  t h e  B u s i n e s s  M a n a g e r ’ s o ffic e  e x p e n s e  w a s  $ 2 7 8 .3 7 .  O t h e r  
e x p e n s e s , i n c l u d i n g  t h o s e  i n  c o n n e c t i o n  w i t h  t h e  r e o r g a n i z a t i o n  c o m 
m i t t e e  w o r k ,  t o t a l e d  $ 6 2 4 .4 6 .

I t  w a s  p o i n t e d  o u t  t h a t  t h e  a c t u a l  p r i n t i n g  a n d  m a i l i n g  c o s t  o f  th e  
J o u r n a l ,  a s i d e  f r o m  e d i t o r i a l  a n d  o t h e r  n e c e s s a r y  m a n a g e m e n t  e x 
p e n s e s , a m o u n t e d  t o  a p p r o x i m a t e l y  $ 3  f o r  e a c h  m e m b e r  a n d  n o n 
m e m b e r  s u b s c r i b e r .

M r .  C l a y ’ s v e r b a l  r e p o r t  w a s  a p p r o v e d  b y  t h e  B o a r d ,  w h i c h  a u t o 
m a t i c a l l y  c o n s t i t u t e s  a p p r o v a l  o f  t h e  w r i t t e n  r e p o r t ,  w h i c h  w r i t t e n  
r e p o r t  h a s  s i n c e  b e e n  c a r e f u l l y  e x a m i n e d  a n d  f o u n d  t o  b e  c o r r e c t .

(fo r  H .  W . Streeter)
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O n  b e h a l f  o f  t h e  c o n v e n t i o n  c o m m i t t e e , G e o r g e  J .  S c h r o e p f e r ,  C h a i r 
m a n , p r e s e n t e d  t h e  f o l l o w i n g  r e p o r t  w h i c h ,  o n  m o t i o n  a n d  d u l y  s e c 
o n d e d , w a s  a c c e p t e d  a n d  o r d e r e d  f i l e d :

“ M r .  E m e r s o n :  J a n .  1 5 ,  1 9 4 1
M e m b e r s  o f  t h e  B o a r d  o f  C o n t r o l :

“ W i t h  t h e  F i r s t  A n n u a l  C o n v e n t i o n  o f  t h e  F e d e r a t i o n  o f  S e w a g e  
W o r k s  A s s o c i a t i o n s  s o m e  m o n t h s  b e h i n d  u s ,  a n d  e x p r e s s i o n s  o f  
a p p r e c i a t i o n  h a v i n g  b e e n  o f f e r e d  t o  a l l  w h o  p l a y e d  a  p a r t  i n  i t s  
a r r a n g e m e n t s , t h e  G e n e r a l  C o n v e n t i o n  C o m m i t t e e  c o n s i d e r s  i t s  w o r k  
c o m p l e t e d .

“ T h e  r e p o r t  o f  t h e  C o m m i t t e e  p r e s e n t e d  a t  t h e  a n n u a l  m e e t i n g ,  
a n d  t h e  s t a t e m e n t  i n  t h e  r e c e n t  is s u e  o f  t h e  S e w a g e  W o r k s  J o u r n a l , 
s u m m a r i z e  t h e  v i e w s  o f  t h i s  C o m m i t t e e  a n d  c o n s t i t u t e  t h e  r e c o r d  o f  
t h i s  e v e n t .

“ A s  a  r e s u l t  o f  i t s  c o n t a c t s  w i t h  a  r e p r e s e n t a t i v e  p r o p o r t i o n  o f  
t h e  m e m b e r s h i p  b o t h  b e f o r e  a n d  d u r i n g  t h e  c o n v e n t i o n ,  a n d  o f  i t s  
c o n s i d e r a t i o n s  s i n c e  t h a t  t i m e , t h e  C o m m i t t e e  m a k e s  t h e  f o l l o w i n g  
r e c o m m e n d a t i o n s :

1 .  T h a t  f o r  t h e  p u r p o s e  o f  m a i n t a i n i n g  c o n t i n u i t y  a n d  o f  t a k i n g  
a d v a n t a g e  o f  t h e  e x p e r i e n c e  g a i n e d , o n e  m e m b e r  o f  t h e  g e n e r a l  
c o n v e n t i o n  c o m m i t t e e  b e  r e t a i n e d  o n  t h e  c o m m i t t e e  t o  a r r a n g e  f o r  
t h e  n e x t  s u b s e q u e n t  c o n v e n t i o n .

2 . T h a t  t h e  v a l u e  o f  p u b l i c i t y  c o n t i n u e  t o  b e  e m p h a s i z e d ,  a s  w a s  
d o n e  i n  t h e  1 9 4 0  c o n v e n t i o n ,  a n d  t h a t  p u b l i c  r e l a t i o n s  c o n s t i t u t e  
a n  e s s e n t i a l  p a r t  o f  t h e  a c t i v i t i e s  o f  t h e  F e d e r a t i o n .

3 . T h a t  r e c o g n i t i o n  o f  t h e  h i g h e s t  t y p e  b e  a c c o r d e d  M r .  C .  A .  
E m e r s o n ,  C h a i r m a n  o f  t h e  F e d e r a t i o n  d u r i n g  t h i s  p e r i o d ,  a m o n g  
o t h e r  r e a s o n s , f o r  h i s  u n s e l f i s h  e f f o r t s  i n  t h e  i n t e r e s t  o f  t h e  
F e d e r a t i o n  f o r  m o r e  t h a n  a  d e c a d e , w h i c h  a s s u m e d  s t i l l  g r e a t e r  
p r o p o r t i o n s  d u r i n g  t h e  p a s t  y e a r .  T h e  C o m m i t t e e  s u g g e s t s  a s  
f i t t i n g  r e c o g n i t i o n ,  t h a t  h e  r e c e i v e  t h e  f i r s t  h o n o r a r y  m e m b e r s h i p  
i n  t h e  F e d e r a t i o n .

“ T h e  C o m m i t t e e  r e i t e r a t e s  t h e  s t a t e m e n t  i n  i t s  r e p o r t  t o  t h e  
F i r s t  A n n u a l  C o n v e n t i o n  t h a t  i t  is  h e a r t i l y  i n  f a v o r  o f  t h e  r e o r 
g a n i z a t i o n  a n d  r e v i t a l i z a t i o n  o f  t h e  F e d e r a t i o n  a n d  i t s  m e m b e r s  
p le d g e  t h e m s e l v e s  i n d i v i d u a l l y  t o  p e r f o r m  a n y  a d d i t i o n a l  s e r v i c e  
f o r  w h i c h  t h e y  m a y  b e  c a l l e d  u p o n .

“ F o r  t h e  o p p o r t u n i t y  o f  p a r t i c i p a t i n g  i n  t h e  a r r a n g e m e n t s  f o r  
t h e  F i r s t  A n n u a l  C o n v e n t i o n ,  t h e  C o m m i t t e e  e x p r e s s e s  i t s  a p p r e 
c i a t i o n .

R e s p e c t f u l l y  s u b m i t t e d ,
M o r r i s  C o h n ,
F .  W .  G i l c r e a s ,
F .  W .  M o h l m a n ,
W m . J .  O r c h a r d ,
B .  0 .  P o o l e ,
G e o .  J .  S c h r o e p f e r ,  C hairm an”
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M r .  O r c h a r d  p r e s e n t e d  t h e  1 9 4 0  C o n v e n t i o n  F i n a n c e  C o m m i t t e e  
r e p o r t ,  w h i c h  s h o w e d  i n c o m e  f r o m  r e g i s t r a t i o n  a n d  s a le  o f  t i c k e t s  o f  
$ 2 ,6 0 0 .5 0 , a n d  a n  a d v a n c e  f r o m  t h e  W a t e r  a n d  S e w a g e  W o r k s  M a n u 
f a c t u r e r s ’ A s s o c i a t i o n  o f  $ 1 ,5 0 0 .0 0 , o r  a  t o t a l  o f  $ 4 ,1 0 0 .5 0 .  T h e  t o t a l  
e x p e n s e s  a m o u n t e d  t o  $ 2 ,6 5 0 .6 7 , l e a v i n g  a  b a l a n c e  i n  t h e  F i n a n c e  C o m 
m i t t e e ’ s b a n k  a c c o u n t  o f  $ 1 ,4 4 9 .8 3 .  U p o n  m o t i o n  m a d e , s e c o n d e d  a n d  
c a r r i e d  u n a n i m o u s l y ,  t h i s  r e p o r t  w a s  a c c e p t e d , a n d  i t  w a s  a u t h o r i z e d  
t h a t  t h e  C o n v e n t i o n  F i n a n c e  C o m m i t t e e  a c c o u n t  i n  t h e  N o r t h e r n  T r u s t  
C o m p a n y  o f  C h i c a g o  f o r  t h e  1 9 4 0  C o n v e n t i o n ,  b e  c e r t i f i e d  b y  t h e  p r o p e r  
r e s o l u t i o n s  w h i c h  w e r e  i n  t h e  h a n d s  o f  M r .  O r c h a r d .

M r .  E m e r s o n  t r a c e d  t h e  h i s t o r y  o f  t h e  w o r k  d o n e  b y  t h e  C o m m i t t e e  
o n  R e o r g a n i z a t i o n  a n d  E x p a n s i o n ,  s t r e s s i n g  t h e  l a r g e  v o l u m e  o f  c o r r e 
s p o n d e n c e , t h e  n u m b e r  o f  c o m m i t t e e  m e e t i n g s  h e l d ,  a n d  t h e  c o n s i d e r a b l e  
w o r k  e n t a i l e d .  H e  t h e n  c a l l e d  o n  M r .  O r c h a r d  t o  r e a d  I t e m  N o .  8 o f  
t h e  r e p o r t  o f  t h e  C o m m i t t e e  o n  M o t i v a t i o n  e n t i t l e d :  “ A f f i l i a t e  M e m b e r s  
o f  M e m b e r  A s s o c i a t i o n s . ”  T h i s  s u g g e s t s  a  p r o c e d u r e  f o r  r e t a i n i n g  
t h e  m e m b e r s h i p  o f  l o w - i n c o m e  s e w a g e  w o r k s  o p e r a t o r s ,  a  m a t t e r  r e 
p o r t e d  t o  b e  t r o u b l i n g  n e a r l y  e v e r y  M e m b e r  A s s o c i a t i o n ,  e s p e c i a l l y  in  
a n t i c i p a t i o n  o f  t h e  i n c r e a s e d  d u e s  c o n t e m p l a t e d  u n d e r  t h e  r e v i s e d  C o n 
s t i t u t i o n  a n d  B y - L a w s .  G e n e r a l  d i s c u s s i o n  e n s u e d , a n d  f i n a l l y  b y  a 
m o t i o n  w h i c h  w a s  s e c o n d e d  a n d  c a r r i e d ,  t h e  m a t t e r  w a s  r e f e r r e d  t o  th e  
E x e c u t i v e  C o m m i t t e e  f o r  f u r t h e r  c o n s i d e r a t i o n  a n d  r e p o r t ,  a n d  t h e n  
t o  b e  s u b m i t t e d  t o  t h e  B o a r d  f o r  a c t i o n  b y  b a l l o t .

U n d e r  t h e  h e a d  o f  N e w  B u s i n e s s ,  i t  w a s  m o v e d  a n d  s e c o n d e d  t h a t  
t h e  r e v i s e d  C o n s t i t u t i o n  a n d  B y - L a w s  b e  a d o p t e d .  T h e s e  w e r e  d i s 
t r i b u t e d  i n  p r i n t e d  f o r m  o n  O c t o b e r  1 6 ,  1 9 4 0 , b y  o r d e r  o f  C h a i r m a n  
E m e r s o n ,  t o  o ffic e r s  a n d  m e m b e r s  o f  t h e  B o a r d  o f  C o n t r o l  a n d  to  
m e m b e r s  o f  t h e  C o m m i t t e e  o n  R e o r g a n i z a t i o n  a n d  E x p a n s i o n  o f  th e  
F e d e r a t i o n ,  a n d  t o  a l l  s e c r e t a r i e s , o f f ic e r s  a n d  d i r e c t o r s  o f  M e m b e r  
A s s o c i a t i o n s  o f  t h e  F e d e r a t i o n .  A f t e r  a  p r o l o n g e d  d i s c u s s i o n  p a r 
t i c i p a t e d  i n  f r e e l y  b y  n e a r l y  a l l  B o a r d  m e m b e r s  p r e s e n t ,  t h e  m o t i o n  w a s  
u n a n i m o u s l y  c a r r i e d  a n d  t h e  s u g g e s t e d  r e v i s i o n s  o f  t h e  C o n s t i t u t i o n  a n d  
B y - L a w s  w e r e  a d o p t e d .

M r .  E m e r s o n  s t a t e d  t h a t  t h e  C o n s t i t u t i o n  a n d  B y - L a w s  j u s t  a d o p t e d  
p r o v i d e d  f o r  o n e  D i r e c t o r  f o r  e a c h  M e m b e r  A s s o c i a t i o n .  H e  a s k e d  th e  
S e c r e t a r y  t o  c a l l  t h e  r o l l  t o  a s c e r t a i n  w h i c h  o f  t h e  t w o  f o r m e r  r e p r e 
s e n t a t i v e s  w o u l d  r e m a i n  o n  t h e  B o a r d  a s  h o l d - o v e r  D i r e c t o r s .  T h e  
l i s t  f o l l o w s :

Arizona S. a n d W .  W .  Assn. Phil J. Martin

California S. W .  Assn. 
Central States S. W .  Assn. 
D a k o t a  W .  an d  S. W .  Conf.

(A. W .  R a w n ,  p r o x y ) 
Charles G. H y d e  
Georgt J. Schroepfer 
W .  W .  T o w n e

Federal S. R. Assn.
Georgia W .  a n d  S. Assn. 
I o w a  W .  D. Assn.
K a n s a s  W .  an d S. W .  Assn.

(H. E. Moses, proxy)
A. P. Miller 
Gilbert R. Frith 
M a x  Levine 
Earnest B o ye e

(F. W .  M o h l m a n ,  p ro x y )
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Maryland-Delaware W .  an d S. Assn. H a r r y  R. Hall
Michigan S. W .  Assn. N. G. D a m o o s e
Missouri W .  and S. Conf. George S. Russell
N e w  E n gl a n d S. W .  Assn. F. W .  Gilcreas
N e w  Jersey S. Conf. Willem Rudolfs
N e w  Y o r k  State S. W .  Assn. N. L. N u ss ba um e r
North Carolina S. W .  Assn. W m .  M .  Piatt
Ohio S. W .  Conf. G r o u p  F. W .  Jones

(M. W .  Tatlock, proxy)  
Pacific Northwest S. W .  Assn. John W .  C u n n i n g h a m
Pennsylvania S. W .  Assn. H. E. Moses
R o ck y Mo un t a in  S. W .  Assn. Chas. A. Davis
Sewa ge Div., Texas Sec., S. W .  W .  A. V. M .  Ehlers

(H. E. Moses, p ro x y )

A t  t h e  t i m e  o f  t h e  B o a r d  m e e t i n g  t h e  f o l l o w i n g  M e m b e r  A s s o c i a 
tio n s  h a d  n o t  f u r n i s h e d  t h e  n a m e s  o f  t h e i r  h o l d - o v e r  D i r e c t o r s :

O k l a h o m a  W a t e r  and S e w a g e  Conf.
Sanitary Engineering Division of Argentine Society of Engineers 
Th e Can. Inst, on S e w a g e  and Sanitation 
T h e  Inst, of Sew. Purif.— England 
Th e Inst’n. of San. Engrs.— England

A r t i c l e  Y ,  S e c t i o n  1 ,  P a r a g r a p h  2 o f  t h e  n e w  C o n s t i t u t i o n  w a s  r e a d ,  
th is  p r o v i d i n g  f o r  t h e  e l e c t i o n  o f  o f f ic e r s , a n d  a n  i n v i t a t i o n  w a s  e x 
te n d e d  b y  C h a i r m a n  E m e r s o n  t o  t h e  d i r e c t o r s  w h o  r e t i r e d  f r o m  t h e  
B o a r d  a n d  t o  a l l  o t h e r s  p r e s e n t ,  t o  m e e t  w i t h  t h e  h o l d - o v e r  D i r e c t o r s  
a t  t h e  m e e t i n g  o f  t h e  r e o r g a n i z e d  B o a r d  o f  C o n t r o l  i m m e d i a t e l y  f o l l o w 
in g  t h e  i n t e r i m  m e e t i n g  f o r  e l e c t i o n  o f  o f f i c e r s . H e  c a l le d  u p o n  t h e  
h o l d - o v e r  D i r e c t o r s  t o  m e e t  a t  o n c e  a s  a n  E l e c t i o n  C o m m i t t e e ,  a n d  
s t a te d  t h a t  a  m e e t i n g  o f  t h e  n e w  B o a r d  o f  C o n t r o l  w o u l d  c o n v e n e  a s  
s o o n  a s t h e  E l e c t i o n  C o m m i t t e e  r e p o r t  w a s  r e a d y .

U p o n  m o t i o n  m a d e , s e c o n d e d  a n d  c a r r i e d ,  t h e  B o a r d  a d j o u r n e d  
sine die  a t  4 :5 1  P . M .

H .  E .  M o s e s ,
S'ecretary-Treasurer

M I N U T E S  O F  A  M E E T I N G  O F  T H E  D I R E C T O R S  O F  M E M B E R  

A S S O C I A T I O N S  O F  T H E  F E D E R A T I O N  O F  S E W A G E  W O R K S  

A S S O C I A T I O N S  A S  A N  E L E C T I O N  C O M M I T T E E

Hotel Pennsylvania, N e w  Y o r k  City, January IS, 1941

T h i s  m e e t i n g  w a s  c a l l e d  t o  o r d e r  b y  M r .  E m e r s o n  a t  4 : 5 2  P . M . ,  
i m m e d i a t e l y  f o l l o w i n g  t h e  m e e t i n g  o f  t h e  e x i s t i n g  B o a r d  o f  C o n t r o l ,  
w h ic h  h a d  a d o p t e d  t h e  r e v i s e d  C o n s t i t u t i o n  a n d  B y - L a w s  p u t t i n g  i n t o  
e ffe c t t h i s  m e e t i n g .  M r .  E m e r s o n  p r e s i d e d  a n d  e x p l a i n e d  t h e  a c t i o n  
o f  t h e  M o t i v a t i o n  C o m m i t t e e  i n  p r e p a r i n g  f o r  t h i s  m e e t i n g ,  w h o s e  p u r 
p o s e  w a s  t o  e f f e c t  o r g a n i z a t i o n  u n d e r  t h e  r e v i s e d  C o n s t i t u t i o n  a n d  B y -  
L a w s .  H e  t h e n  r e q u e s t e d  W .  J .  O r c h a r d ,  S e c r e t a r y  o f  t h e  M o t i v a t i o n  
C o m m i t t e e , t o  r e a d  t h e  C o m m i t t e e ’ s r e c o m m e n d a t i o n  w i t h  r e f e r e n c e  t o
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t h e  e l e c t i o n  o f  o f f i c e r s . T h i s  w a s  d o n e , a n d  t h e  f o l l o w i n g  w e r e  r e c o m 
m e n d e d  f o r  e l e c t i o n :

P r e s i d e n t :  C .  A .  E m e r s o n ,  N e w  Y o r k  C i t y  
V i c e - P r e s i d e n t : A .  S .  B e d e l l ,  A l b a n y ,  N .  Y .
T r e a s u r e r : W .  W .  D e B e r a r d ,  C h i c a g o ,  1 1 1 .

( T h e  f o r e g o i n g  t o  s e r v e  f r o m  J a n u a r y  1 5 ,  1 9 4 1 ,  t o  e l e c t i o n  o f  t h e i r  
s u c c e s s o r s  a t  t h e  B o a r d  o f  C o n t r o l  m e e t i n g  O c t o b e r  1 1 ,  1 9 4 1 . )

D i r e c t o r - a t - L a r g e : L a n g d o n  P e a r s e ,  C h i c a g o ,  1 1 1 . ( T e r m  e x p i r e s  O c 
t o b e r ,  1 9 4 1 . )

D i r e c t o r - a t - L a r g e :  L i n n  H .  E n s l o w ,  N e w  Y o r k  C i t y .  ( T e r m  e x p i r e s  
O c t o b e r ,  1 9 4 2 .)

D i r e c t o r - a t - L a r g e :  A .  M .  E a w n ,  L o s  A n g e l e s ,  C a l i f .  ( T e r m  e x p i r e s  
O c t o b e r ,  1 9 4 3 .)

B y  m o t i o n ,  s e c o n d e d  a n d  c a r r i e d ,  t h e  r e p o r t  w a s  a c c e p t e d  a n d  th e  
f o r e g o i n g  n a m e s  w e r e  p l a c e d  i n  n o m i n a t i o n .  T h e r e  w e r e  n o  f u r t h e r  
n o m i n a t i o n s ,  a n d  o n  m o t i o n  w h i c h  w a s  s e c o n d e d  a n d  c a r r i e d ,  t h e  n o m i 
n a t i o n s  w e r e  c l o s e d . B y  v iva  voce  v o t e  t h e s e  n o m i n e e s  w e r e  u n a n i 
m o u s l y  d e c l a r e d  e l e c t e d .

U p o n  m o t i o n  t h e  m e e t i n g  t h e n  a d j o u r n e d .
H .  E .  M o s e s , 

S ecre ta ry-T reasurer

M I N U T E S  O F  A  M E E T I N G  O F  T H E  R E O R G A N I Z E D  B O A R D  O F

C O N T R O L  ( W I T H  N E W L Y  E L E C T E D  O F F I C E R S )  O F  T H E  

F E D E R A T I O N  O F  S E W A G E  W O R K S  A S S O C I A T I O N S

Hotel Pennsylvania, N e w  Y o r k  City, January 15, 1941

T h i s  m e e t i n g  f o l l o w e d  i m m e d i a t e l y  a f t e r  t h e  m e e t i n g  o f  t h e  h o l d 
o v e r  D i r e c t o r s  u n d e r  t h e  n e w  C o n s t i t u t i o n ,  w h i c h  e l e c t e d  a s  o ffic e r s  to  
s e r v e  u n t i l  O c t o b e r ,  1 9 4 1 :  C .  A .  E m e r s o n ,  P r e s i d e n t ;  A .  S .  B e d e l l ,  
V i c e - P r e s i d e n t ;  a n d  W .  W .  D e B e r a r d ,  T r e a s u r e r .

R o l l  c a l l  w a s  d i s p e n s e d  w i t h  i n  v i e w  o f  t h e  p r e c e d i n g  r o l l  c a ll  to  
d e t e r m i n e  t h e  h o l d - o v e r  D i r e c t o r s .

T h e  a c t i o n  o f  t h e  n e w  C o n s t i t u t i o n  ( A r t i c l e  V ,  S e c t i o n  2 )  p e r t a i n i n g  
t o  t h e  e l e c t i o n  b y  l o t  o f  t h e  l e n g t h  o f  s e r v i c e  o f  t h e  n e w  D i r e c t o r s ,  w a s  
r e a d .  T h e  q u e s t i o n  w a s  r a i s e d  a b o u t  a  t h r e e - y e a r  s e r v i c e  o n  t h e  B o a r d  
o f  a  D i r e c t o r  o f  a  M e m b e r  A s s o c i a t i o n  w h o  w o u l d  b e  e l e c t e d  b y  t h a t  
M e m b e r  A s s o c i a t i o n  f o r  o n l y  o n e  y e a r .  I t  w a s  p o i n t e d  o u t  t h a t  th e  
E x e c u t i v e  C o m m i t t e e  w o u l d  h a v e  t o  m a k e  s o m e  p r o v i s i o n  i n  t h e  M e m b e r  
A s s o c i a t i o n  f o r  a  g r e a t e r  l e n g t h  o f  o ffic e  f o r  D i r e c t o r s ,  a n d  t h a t  b r i n g 
i n g  t h e  M e m b e r  A s s o c i a t i o n s ’ C o n s t i t u t i o n  i n t o  a  l i n e  w i t h  t h e  n e w  
F e d e r a t i o n  C o n s t i t u t i o n  w o u l d  a c c o m p l i s h  t h i s .

T h e  d r a w i n g  b y  l o t  e s t a b l i s h e d  t e n u r e s  o f  o ffic e  a s  f o l l o w s :
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T h e  I n s t i t u t i o n  o f  S a n i t a r y  E n g i n e e r s — O c t o b e r ,  1 9 4 1  
P e n n s y l v a n i a  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 3  
M i c h i g a n  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 3
S a n i t a r y  E n g i n e e r i n g  D i v i s i o n  o f  t h e  A r g e n t i n e  S o c i e t y  o f  E n g i n e e r s  

— O c t o b e r ,  1 9 4 3  
G e o r g i a  W a t e r  a n c l S e w a g e  A s s n . — O c t o b e r ,  1 9 4 1  
M a r v l a n d - D e l a w a r e  W a t e r  a n d  S e w e r a g e  A s s n . — O c t o b e r ,  1 9 4 2  
K a n s a s  W a t e r  a n d  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 2  
N e w  Y o r k  S t a t e  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 2  
T h e  C a n a d i a n  I n s t i t u t e  o n  S e w a g e  a n d  S a n i t a t i o n — O c t o b e r ,  1 9 4 3  
T h e  I n s t i t u t e  o f  S e w a g e  P u r i f i c a t i o n  ( E n g l a n d ) — O c t o b e r ,  1 9 4 1  
N e w  E n g l a n d  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 2  
M i s s o u r i  W a t e r  a n d  S e w e r a g e  C o n f e r e n c e — O c t o b e r ,  1 9 4 2  
O h i o  S e w a g e  W o r k s  C o n f e r e n c e  G r o u p — O c t o b e r ,  1 9 4 2  
A r i z o n a  S e w a g e  a n d  W a t e r  W o r k s  A s s n . — O c t o b e r ,  1 9 4 3  
N e w  J e r s e y  S e w a g e  C o n f e r e n c e — O c t o b e r ,  1 9 4 3  
N o r t h  C a r o l i n a  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 3  
C a l i f o r n i a  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 1  
C e n t r a l  S t a t e  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 2  
D a k o t a  W a t e r  a n d  S e w a g e  W o r k s  C o n f e r e n c e — O c t o b e r ,  1 9 4 3  
R o c k y  M o u n t a i n  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 2  
S e w a g e  D i v i s i o n ,  T e x a s  S e c t i o n ,  S . W . W . A . — O c t o b e r ,  1 9 4 2  
P a c i f i c  N o r t h w e s t  S e w a g e  W o r k s  A s s n . — O c t o b e r ,  1 9 4 1  
F e d e r a l  S e w a g e  R e s e a r c h  A s s n . — O c t o b e r ,  1 9 4 1  
I o w a  W a s t e s  D i s p o s a l  A s s n . — O c t o b e r ,  1 9 4 1  
O k l a h o m a  W a t e r  a n d  S e w a g e  C o n f e r e n c e — O c t o b e r ,  1 9 4 1

M r .  O r c h a r d ,  a t  t h e  s u g g e s t i o n  o f  M r .  E m e r s o n ,  r e a d  t h e  r e p o r t  o f  
t h e  C o m m i t t e e  o n  M o t i v a t i o n  i n  i t s  e n t i r e t y .  T h e  a d o p t i o n  o f  t h e  
r e p o r t  a n d  i t s  r e c o m m e n d a t i o n s  w a s  m a d e  b y  i t e m s  a s  n u m b e r e d  i n  
th e  r e p o r t ,  a s  f o l l o w s :

I t e m  1 — C e s s a t i o n  o f  s u p p o r t  o f  T h e  C h e m i c a l  F o u n d a t i o n .  
“ T h e  C o m m i t t e e  r e c o m m e n d s  t h e  e s t a b l i s h m e n t  o f  a  c e n t r a l  o ffic e  
a n d  t h e  e m p l o y m e n t  o f  a  p a r t - t i m e  E x e c u t i v e  S e c r e t a r y  i m m e d i a t e l y .  
T h i s  is  n e c e s s a r y  b e c a u s e  t h e  C h e m i c a l  F o u n d a t i o n ,  f r o m  w h o s e  
l a r g e s s  t h e  F e d e r a t i o n  h a s  g r e a t l y  b e n e f i t e d  i n  y e a r s  g o n e  b y ,  h a s  
i n f o r m e d  t h e  C o m m i t t e e  t h a t  i t  w i l l  b e  u n a b l e  t o  c a r r y  o n  a s  i t  h a s  
i n  t h e  p a s t  a f t e r  M a r c h  3 1 s t ,  1 9 4 1 . ”  A d o p t e d  a s  r e a d .

I t e m  2 — L o c a t i o n  o f  c e n t r a l  o ffic e . Y o u r  C o m m i t t e e  r e c o m m e n d s  
e s t a b l i s h m e n t  o f  a  c e n t r a l  o ffic e  i n  t h e  C h i c a g o  a r e a  n o t  l a t e r  t h a n  
M a r c h  1 ,  1 9 4 1 .  A d o p t e d  a s  r e a d .

I t e m  3— A p p o i n t m e n t  o f  E x e c u t i v e  S e c r e t a r y .

A  m o t i o n  w a s  m a d e , s e c o n d e d  a n d  c a r r i e d  t h a t  t h i s  i t e m  b e  a d o p t e d ,  
r e a d i n g  a s  f o l l o w s :

“ 3 . A p p o in tm en t o f E xecu tive  Secretary.
“ Y o u r  C o m m i t t e e  r e c o m m e n d s  t h e  a p p o i n t m e n t  o f  M r .  W .  H .
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W i s e l y  a s  E x e c u t i v e  S e c r e t a r y  t o  w o r k  o n  a  h a l f - t i m e  b a s i s  u n t i l  
t h e  O c t o b e r ,  1 9 4 1 ,  m e e t i n g  o f  t h e  B o a r d  o f  C o n t r o l .  Y o u r  C o m 
m i t t e e  r e c o m m e n d s  t h a t  M r .  W i s e l y  h e  p a i d  a  s a l a r y  n o t  e x c e e d 
i n g  t h e  r a t e  o f  $ 2 5 0 0 .0 0  p e r  a n n u m  f o r  t h i s  h a l f - t i m e  e m p l o y 
m e n t ,  p l u s  e x p e n s e s  a p p r o v e d  b y  t h e  E x e c u t i v e  C o m m i t t e e . ”

I t e m  4 — E x t e n s i o n  o f  E d i t o r i a l  s e r v i c e .  “ Y o u r  C o m m i t t e e  r e c 
o m m e n d s  t h a t  t h e  E x e c u t i v e  C o m m i t t e e  m a k e  a r r a n g e m e n t s  w i t h  
D r .  M o h l m a n  t o  c o n t i n u e  a s  E d i t o r  o f  t h e  J o u r n a l  i n  c o - o p e r a t i o n  
w i t h  M r .  W i s e l y  u n t i l  t h e  O c t o b e r ,  1 9 4 1 ,  m e e t i n g  o f  t h e  B o a r d  o f  
C o n t r o l  o r  a t  a  t i m e  t o  b e  a g r e e d  u p o n  b y  M r .  W i s e l y  a n d  D r .  
M o h l m a n  w i t h  t h e  a p p r o v a l  o f  t h e  E x e c u t i v e  C o m m i t t e e .  ’ ’  A d o p t e d  
a s  r e a d .

I t e m  5 — P l a c e  o f  1 9 4 1  A n n u a l  M e e t i n g .  R e c o m m e n d s  t h a t  th e  
O c t o b e r ,  1 9 4 1 ,  A n n u a l  M e e t i n g  b e  h e l d  i n  N e w  Y o r k  C i t y  o n  O c t o b e r  
9 , 1 0  a n d  1 1 .  D i s c u s s i o n  o f  t h i s  i t e m  b r o u g h t  f o r t h  a n  i n v i t a t i o n  
f r o m  M r .  N u s s b a u m e r  t o  h a v e  t h e  1 9 4 3  C o n v e n t i o n  o f  t h e  F e d e r a 
t i o n  i n  t h e  C i t y  o f  B u f f a l o ,  N e w  Y o r k .  M r .  E m e r s o n  o r d e r e d  t h is  
i n v i t a t i o n  f i l e d  w i t h  t h e  S e c r e t a r y ,  a n d  e x p l a i n e d  t h a t  t h e  t e n t a t i v e  
s e t t i n g  o f  N e w  Y o r k  C i t y  a s  t h e  p l a c e  o f  t h e  1 9 4 1  C o n v e n t i o n  a t  th e  
O c t o b e r ,  1 9 4 0 , B o a r d  m e e t i n g  h a d  r e s u l t e d  i n  v o l u m i n o u s  c o m m it t e e  
w o r k  a n d  t h e  m a k i n g  o f  a  g r e a t  m a n y  a r r a n g e m e n t s .  I n v i t a t i o n s  
h a d  b e e n  r e c e i v e d  f o r  t h e  1 9 4 1  a n d  o t h e r  C o n v e n t i o n s  f r o m  T u l s a ,  
C l e v e l a n d ,  a n d  m a n y  o t h e r  c i t i e s .  I t e m  5 , i t  w a s  m o v e d ,  s e c o n d e d , 
a n d  c a r r i e d  s h o u l d  h e  a d o p t e d  a s  r e a d .

I t e m  6 — I n c r e a s i n g  s c o p e  o f  J o u r n a l . “ Y o u r  C o m m i t t e e  fe e ls  
t h a t  i t  i s  e s s e n t i a l  t h a t  t h e r e  h e  e v e r y  e f f o r t  m a d e  t o  m a k e  th e  
J o u r n a l  m o r e  a t t r a c t i v e  t o  a n d  i n t e r e s t i n g  f o r  t h e  a v e r a g e  s e w a g e  
w o r k s  p l a n t  o p e r a t o r . ”  A d o p t e d  a s  r e a d .

I t e m  7 — B u d g e t  f o r  1 9 4 1  a n d  i n d i c a t e d  b u d g e t  f o r  1 9 4 2 .  A c t i o n  
t e m p o r a r i l y  d e f e r r e d .

I t e m  8 — A f f i l i a t e  m e m b e r s  o f  M e m b e r  A s s o c i a t i o n s .  T h i s  i t e m  
d e a l i n g  w i t h  a f f i l i a t e s  o f  M e m b e r  A s s o c i a t i o n s ,  w i l l  r e q u i r e  a n  
a m e n d m e n t  o f  t h e  B y - L a w s .  I t  w a s  m o v e d ,  s e c o n d e d  a n d  c a r r i e d  
t h a t  t h i s  i t e m  b e  a d o p t e d  a s  r e a d  a n d  t h a t  t h e  r e c o m m e n d a t i o n  o f  
t h e  C o m m i t t e e  o n  M o t i v a t i o n  h e  s u b m i t t e d  t o  t h e  E x e c u t i v e  C o m 
m i t t e e  f o r  s t u d y  a n d  p r o m p t  r e p o r t  t o  t h e  B o a r d  o f  C o n t r o l .  T h e  
r e c o m m e n d a t i o n  w a s  a s  f o l l o w s :  “ Y o u r  C o m m i t t e e  r e c o m m e n d s  th e  
a m e n d m e n t  o f  S e c t i o n  1 ,  A r t i c l e  I I  o f  t h e  B y - L a w s ,  ‘ C l a s s i f i c a t i o n  
o f  M e m b e r s , ’  t o  p e r m i t  M e m b e r  A s s o c i a t i o n s  t o  h a v e  a f f i l i a t e s  f o r  
w h o m  t h e  M e m b e r  A s s o c i a t i o n s  w i l l  m a k e  n o  p a y m e n t  t o  t h e  F e d 
e r a t i o n  a n d  w h i c h  a f f i l i a t e s  w i l l  n o t  r e c e i v e  t h e  J o u r n a l .  Y o u r  
C o m m i t t e e  r e c o m m e n d s  t h a t  t h e  p r o c e d u r e  a d o p t e d  b y  t h e  N e w  
Y o r k  S t a t e  S e w a g e  W o r k s  A s s o c i a t i o n  b e  u s e d  b y  t h e  M e m b e r  
A s s o c i a t i o n s  a s  a  g u i d e .  S e c t i o n  6 , A r t i c l e  I I I ,  o f  t h e  p r o p o s e d  
C o n s t i t u t i o n  o f  t h e  N e w  Y o r k  S t a t e  S e w a g e  W o r k s  A s s o c i a t i o n  
r e a d s  a s  f o l l o w s :  1 A ffilia tes.  S e w a g e  p l a n t  o p e r a t o r s  i n  t h e  G r a d e  
I I I  o r  l o w e r  c l a s s i f i c a t i o n s  a n d  s e w e r a g e  m a i n t e n a n c e  m e n  i n  th e
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s m a l l e r  c o m m u n i t i e s  m ay  u p o n  t h e i r  s p e c i f i c  r e q u e s t  a n d  w i t h  t h e  
a p p r o v a l  o f  t h e  E x e c u t i v e  C o m m i t t e e  b e c o m e  A f f i l i a t e s  o f  t h i s  a s s o c i 
a t i o n .  S u c h  A f f i l i a t e s  m a y  b e c o m e  m e m b e r s  o f  L o c a l  S e c t i o n s  o f  t h e  
N .  Y .  S .  S .  W .  A . ,  b u t  s h a l l  n o t  h a v e  v o t i n g  p r i v i l e g e s  i n  t h e  P a r e n t  
B o d y  a n d  w i l l  n o t  r e c e i v e  t h e  p u b l i c a t i o n s  o f  t h e  F e d e r a t i o n . ’  ”  

I t e m  9— C o n t r i b u t i o n  f r o m  W a t e r  a n d  S e w a g e  W o r k s  M a n u f a c 
t u r e r s ’ A s s o c i a t i o n .  T h e r e  w a s  c o n s i d e r a b l e  d i s c u s s i o n  o n  t h i s  
i t e m , a n d  i t  w a s  f i n a l l y  d e c i d e d  t h a t  t h e  o f f e r  o f  t h e  M a n u f a c t u r e r s  
w a s  o n e  i n  g o o d  f a i t h ,  t h a t  t h e y  w o u l d  g a i n  b y  t h e  a r r a n g e m e n t  a s  
t h e  F e d e r a t i o n  w o u l d  g a i n  a n d  w o u l d  d o  n o t h i n g  t o ,  a s  i t  w e r e ,  
“ f o u l  t h e i r  o w n  n e s t . ”  A  m o t i o n  w a s  m a d e , s e c o n d e d , a n d  c a r r i e d  
t h a t  I t e m  9 b e  a d o p t e d ,  r e a d i n g  a s  f o l l o w s  :

“ 9 . C ontribution  fro m  W a ter  and Sew age W orhs M anu factur
e r s ’ A ssociation.

“ Y o u r  C o m m i t t e e  h a s  r e c e i v e d  a  p r o p o s a l  f r o m  t h e  W a t e r  a n d  
S e w a g e  W o r k s  M a n u f a c t u r e r s ’  A s s o c i a t i o n  o f f e r i n g  t o  c o n t r i b 
u t e  $ 5 0 0 0 .0 0  p e r  y e a r  t o  t h e  g e n e r a l  f u n d s  o f  t h e  F e d e r a t i o n  t o  
b e  u s e d  a s  t h e  F e d e r a t i o n  s e e s  f i t  i n  a d v a n c i n g  i t s  i n t e r e s t s .  
I n  r e t u r n ,  t h e  M a n u f a c t u r e r s  r e q u e s t  t h e  p r i v i l e g e  o f  t a k i n g  
c h a r g e  o f  t h e  e x h i b i t s  a t  t h e  A n n u a l  M e e t i n g s  o f  t h e  F e d e r a t i o n .  
Y o u r  C o m m i t t e e  r e c o m m e n d s  t h e  a c c e p t a n c e  o f  t h i s  c o n t r i b u t i o n  
f r o m  t h e  W a t e r  a n d  S e w a g e  W o r k s  M a n u f a c t u r e r s ’  A s s o c i a t i o n  
o n  t h e  b a s i s  i n d i c a t e d ;  t h a t  i s ,  o n  a  m u t u a l l y  a g r e e a b l e  b a s i s  t o  
b e  w o r k e d  o u t  b y  t h e  E x e c u t i v e  C o m m i t t e e  a n d  t h e  M a n u f a c t u r 
e r s ’ A s s o c i a t i o n . ”

I t e m  1 0 — I n c o r p o r a t i o n  o f  t h e  F e d e r a t i o n .  P r o v i d e s  f o r  i n c o r 
p o r a t i o n  i n  t h e  S t a t e  o f  I l l i n o i s  a s  a n  a s s o c i a t i o n  n o t  f o r  p r o f i t .  
A d o p t e d  a s  r e a d .

M r .  O r c h a r d  i n t e r j e c t e d  a  r e m a r k  a t  t h i s  p o i n t ,  s t a t i n g  t h a t  i n  v i e w  
o f  t h e  a c t i o n  o n  I t e m  9 a s  a b o v e , t h e  T r e a s u r e r  o f  t h e  F e d e r a t i o n  h a d  
a t  h is  d i s p o s a l ,  w h e n  h e  a s k s  f o r  i t ,  $ 5 0 0 0 .0 0  f r o m  t h e  M a n u f a c t u r e r s ’ 
A s s o c i a t i o n .  H e  s t a t e d ,  f u r t h e r ,  t h a t  t h e  D i r e c t o r s - a t - L a r g e  d e s i g 
n a t e d  b y  t h e  E x e c u t i v e  C o m m i t t e e  o f  t h e  S e w a g e  W o r k s  D i v i s i o n  o f  
th e  W a t e r  a n d  S e w a g e  W o r k s  M a n u f a c t u r e r s ’ A s s o c i a t i o n  w e r e  a s  
f o l l o w s  :

T e r m  e x p i r i n g  O c t o b e r ,  1 9 4 2 — M r .  L .  E .  R e i n ,  P a c i f i c - F l u s h  T a n k  C o m 
p a n y

T e r m  e x p i r i n g  O c t o b e r ,  1 9 4 3 — M r .  W m .  J .  O r c h a r d ,  W a l l a c e  &  T i e r n a n  
C o . ,  I n c .

T e r m  e x p i r i n g  O c t o b e r ,  1 9 4 1 — M r .  I ) .  S .  M c A f e e ,  T h e  D o r r  C o m p a n y ,  
I n c .

A  m o t i o n  w a s  m a d e , s e c o n d e d  a n d  c a r r i e d  t h a t  t h e s e  D i r e c t o r s - a t -  
L a r g e  b e  a c c e p t e d .

T h e  B o a r d  t h e n  p r o c e e d e d  t o  c o n s i d e r a t i o n  o f  t h e  b u d g e t ,  I t e m  7 ,  
o f  t h e  C o m m i t t e e ’ s r e p o r t .  T h i s  w a s  r e a d  a n d  e x p l a i n e d  b y  M r .
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O r c h a r d ,  a n d  i t  w a s  m o v e d , s e c o n d e d  a n d  c a r r i e d  t h a t  t h e  b u d g e t  as 
d r a w n  b y  t h e  C o m m i t t e e  b e  a d o p t e d .

O n  m o t i o n  d u l y  m a d e  a n d  s e c o n d e d , i t  w a s  u n a n i m o u s l y

R e s o l v e d , T h a t  t h e  F e d e r a t i o n ,  t h r o u g h  i t s  S e c r e t a r y ,  t e n d e r s  
i t s  s i n c e r e  t h a n k s  t o  t h e  C h e m i c a l  F o u n d a t i o n  f o r  i t s  h e l p  a n d  c o 
o p e r a t i o n  i n  y e a r s  p a s t ; a n d

F u r t h e r  r e s o l v e d ,  T h a t  C h e m i c a l  F o u n d a t i o n ,  I n c . ,  b e  r e q u e s t e d  
a n d  a u t h o r i z e d  t o  c o n t i n u e  i t s  p r e s e n t  r e l a t i o n s  a n d  f u n c t i o n s  as 
B u s i n e s s  M a n a g e r  o f  t h e  F e d e r a t i o n  u n t i l  M a r c h  3 1 ,  1 9 4 1 ,  o r  u n t i l  
s u c h  e a r l i e r  d a t e  a s  m a y  h e  m u t u a l l y  a g r e e d  b e t w e e n  t h e  o ffic e r s  o f  
C h e m i c a l  F o u n d a t i o n ,  I n c . ,  a n d  t h e  P r e s i d e n t  a n d  T r e a s u r e r  o f  th e  
F e d e r a t i o n  o f  S e w a g e  W o r k s  A s s o c i a t i o n s ,  a t  w h i c h  t i m e  t h e  C h e m i 
c a l  F o u n d a t i o n  is  i n s t r u c t e d  t o  d e l i v e r  t o  t h e  a f o r e s a i d  o ffic e r s  o f  
t h e  F e d e r a t i o n  w i t h  p r o p e r  a c c o u n t i n g ,  a l l  b o o k s , r e c o r d s  a n d  f u n d s  
o f  t h e  F e d e r a t i o n  w h i c h  m a y  b e  i n  i t s  c h a r g e  a n d  c u s t o d y .  S u c h  
a c c o u n t i n g  a n d  d e l i v e r y  s h a l l  a u t o m a t i c a l l y  r e l i e v e  C h e m i c a l  F o u n 
d a t i o n ,  I n c . ,  o f  a l l  r e s p o n s i b i l i t y  t o  t h e  F e d e r a t i o n  o f  S e w a g e  W o r k s  
A s s o c i a t i o n s .

T h e  r e c o m m e n d a t i o n s  o f  t h e  M o t i v a t i n g  C o m m i t t e e  w i t h  r e s p e c t  to  
C o m m i t t e e  M e m b e r s h i p s  t o  O c t o b e r ,  1 9 4 1 ,  w e r e  r e a d ,  a n d  a f t e r  c e r t a in  
c h a n g e s  a g r e e d  t o  b y  t h e  B o a r d  t h e  r e c o m m e n d a t i o n s  w e r e  a d o p t e d  on 
m o t i o n  d u l y  m a d e , s e c o n d e d  a n d  c a r r i e d .  T h e  c o m m i t t e e s  t h u s  e s t a b 
l i s h e d  a r e  a s  f o l l o w s :

E xecu tive  C om m ittee  ( P r e s i d e n t  a n d  f o u r  D i r e c t o r s )
A .  S .  B e d e l l  ( N e w  Y o r k )
W m .  J .  O r c h a r d  ( M a n u f a c t u r e r s )
W m .  M .  P i a t t  ( N o r t h  C a r o l i n a )
C .  G .  H y d e  ( C a l i f o r n i a )

General P o licy  C om m ittee  ( L a t e s t  L i v i n g  P a s t  P r e s i d e n t  a s  C h a i r m a n , 
t h r e e  D i r e c t o r s ,  a n d  t h r e e  M e m b e r s - a t - L a r g e .  T h r e e  o f  t h e  t o 
t a l  n u m b e r  t o  b e  o p e r a t o r s )

D irectors:
H .  E .  M o s e s  ( P e n n s y l v a n i a )
H a r r y  R .  H a l l — o p e r a t o r  ( M a r y l a n d )
L i n n  H .  E n s l o w  ( N e w  Y o r k )

M em bers-a t-L arge:
C a r l  E .  G r e e n  ( O r e g o n )
G e o r g e  J .  S c l i r o e p f e r — o p e r a t o r  ( M i n n e s o t a )
L .  L .  L u t h e r — o p e r a t o r  ( N e w  Y o r k )

P ublications C om m ittee  ( E d i t o r  a n d  a t  l e a s t  f o u r  M e m b e r s - a t - L a r g e )  
E d i t o r
F .  W .  G i l c r e a s — C h a i r m a n  ( N e w  E n g l a n d )
L e R o y  W .  V a n  K l e e e k  ( C o n n e c t i c u t )
F .  C .  R o b e r t s  ( A r i z o n a )
C h a s .  V e l z y  ( N e w  Y o r k )
R o l f  E l i a s s e n  ( N e w  Y o r k )
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J a m e s  L .  F e r e b e e  ( W i s c o n s i n )
W .  W .  T o w n e  ( S o u t h  D a k o t a )

Organization C om m ittee  ( A t  l e a s t  t h r e e  M e m b e r s - a t - L a r g e )
H .  W .  S t r e e t e r — C h a i r m a n  ( F e d e r a l )
E a r n e s t  B o y c e  ( K a n s a s )
N .  G .  D a m o o s e  ( M i c h i g a n )

Seivage W orks Practice C om m ittee  ( E d i t o r  a n d  a t  l e a s t  f o u r  M e m b e r s -  
a t - L a r g e )

E d i t o r
F .  W .  M o h l m a n — C h a i r m a n  ( I l l i n o i s )
J .  J .  W i r t s  ( O h i o )
G e o .  H .  C r a e m e r  ( C o n n e c t i c u t )
M o r r i s  C o h n  ( N e w  Y o r k )
G a i l  P .  E d w a r d s  ( N e w  Y o r k )
B .  A .  P o o l e  ( I n d i a n a )
C .  E .  K e e f e r  ( M a r y l a n d )

Research C om m ittee  ( A t  l e a s t  f i v e  M e m b e r s - a t - L a r g e )
W i l l e m  R u d o l f s — C h a i r m a n  ( N e w  J e r s e y )

U p o n  m o t i o n  m a d e , s e c o n d e d  a n d  c a r r i e d ,  i t  w a s  u n a n i m o u s l y

R e s o l v e d ,  T h a t  W m .  J .  O r c h a r d  s h o u l d  a t  h i s  e a r l y  c o n v e n i e n c e  
t u r n  o v e r  t o  t h e  T r e a s u r e r  o f  t h e  F e d e r a t i o n  t h e  f u n d s  r e m a i n i n g  i n  
t h e  a c c o u n t  o f  t h e  1 9 4 0  C o n v e n t i o n  F i n a n c e  C o m m i t t e e ; a n d

F u r t h e r  r e s o l v e d ,  T h a t  t h e  T r e a s u r e r  a n d  S e c r e t a r y  b e  b o n d e d  
a t  t h e  F e d e r a t i o n ’ s e x p e n s e  a s  s t a t e d  i n  t h e  n e w  C o n s t i t u t i o n  a n d  
B y - L a w s ; a n d

F u r t h e r  r e s o l v e d ,  T h a t  t h e  T r e a s u r e r  b e , a n d  h e  h e r e b y  i s ,  
a u t h o r i z e d  t o  o p e n  a  b a n k  a c c o u n t  f o r  t h e  F e d e r a t i o n  i n  a  b a n k  o f  
h is  c h o o s i n g  i n  C h i c a g o ; t h a t  h e  is  f u r t h e r  a u t h o r i z e d  t o  c o m p l e t e  
a n d  s u b m i t  t o  t h e  S e c r e t a r y  f o r  t r a n s m i t t a l  t o  t h e  b a n k  t h e  n e c e s s a r y  
r e s o l u t i o n s  r e q u i r e d  b y  t h e  b a n k  f o r  t h e  a c c o u n t ; a n d  t h a t  t h e  s i g n a 
t u r e s  r e q u i r e d  f o r  w i t h d r a w a l  s h a l l  b e  t h o s e  o f  t h e  P r e s i d e n t ,  V i c e  
P r e s i d e n t ,  o r  T r e a s u r e r  o f  t h e  F e d e r a t i o n  w h e n  c o u n t e r s i g n e d  b y  
e i t h e r  t h e  S e c r e t a r y  o r  T r e a s u r e r  o f  t h e  F e d e r a t i o n .

U p o n  m o t i o n  d u l y  m a d e , s e c o n d e d , a n d  c a r r i e d  u n a n i m o u s l y ,  i t  w a s

R e s o l v e d , T h a t  i n  r e c o g n i t i o n  o f  t h e  m a n y  y e a r s  o f  f a i t h f u l  s e r v 
ic e  o f  M r .  H .  E .  M o s e s  t o  t h e  F e d e r a t i o n ,  M r .  M o s e s  b e  m a d e  H o n 
o r a r y  S e c r e t a r y  o f  t h e  F e d e r a t i o n  w i t h  h i s  p r e s e n t  c o m p e n s a t i o n  
c o n t i n u e d  t o  J u n e  1 ,  1 9 4 1 .

F u r t h e r  r e s o l v e d ,  T h a t  t h e  M o t i v a t i o n  C o m m i t t e e  c o n s i d e r s  t h e  
F e d e r a t i o n  v e r y  f o r t u n a t e  t h a t  D r .  M o h l m a n  is  a g r e e a b l e  t o  c o n t i n u e  
a s E d i t o r  o n  a  b a s i s  t o  b e  d e t e r m i n e d  b y  t h e  E x e c u t i v e  C o m m i t t e e .  
T h e  E x e c u t i v e  C o m m i t t e e  is  a u t h o r i z e d  t o  m a k e  s u c h  a r r a n g e m e n t s .  
M r .  W i s e l y  i s  t o  b e , a n d  h e  h e r e b y  i s ,  i n s t r u c t e d  t o  a s s i s t  D r .  M o h l 
m a n  a s  M a n a g i n g  E d i t o r .
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U p o n  m o t i o n  d u l y  m a d e , s e c o n d e d  a n d  c a r r i e d ,  i t  w a s  u n a n i m o u s l y

B e s o l v e d ,  T h a t  a  C o n v e n t i o n  M a n a g e m e n t  C o m m i t t e e ,  c o n s i s t i n g  
o f  t h e  C h a i r m a n ,  t w o  m e m b e r s  o f  t h e  F e d e r a t i o n ,  a n d  t w o  m e m b e r s  
o f  t h e  M a n u f a c t u r e r s ’  A s s o c i a t i o n ,  b e  c r e a t e d .

U p o n  m o t i o n  m a d e , s e c o n d e d  a n d  c a r r i e d  u n a n i m o u s l y ,  a  v o t e  o f  
t h a n k s  w a s  t e n d e r e d  t o  t h e  C o m m i t t e e  o n  M o t i v a t i o n  f o r  t h e  f i n e  w o r k  
i t  h a d  d o n e  i n  e x p e d i t i n g  t h e  w o r k  o f  t h e  d a y ’ s m e e t i n g s .

T h e  S e c r e t a r y  w a s  i n s t r u c t e d  t o  w r i t e  a  l e t t e r  o f  t h a n k s  t o  t h e  H o t e l  
P e n n s y l v a n i a  i n  N e w  Y o r k  C i t y  f o r  t h e i r  c o o p e r a t i o n  i n  f u r n i s h i n g  a 
r o o m  f o r  t h e  m e e t i n g .

T h e r e  b e i n g  n o  f u r t h e r  b u s i n e s s  t h e  m e e t i n g  a d j o u r n e d  a t  6 : 3 7  P . M .
H .  E .  M o s e s , 

Secretary-T reasurer.



R e v i e w s  a n d  A b s t r a c t s

E X P E R I E N C E S  I N  O P E R A T I N G  A  C H E M I C A L - M E C H A N I C A L  

S E W A G E  T R E A T M E N T  P L A N T

B y  George J .  Schroepeer 
Proceedings, A .  S. C. E . ,  67, 61 (J a n ., 1941)

The Minneapolis-St. Paul sewage treatment plant has been in operation since June 
1,1938. Th e  author presents data on the performance of the plant an d the cost of opera
tion and maintenance, as well as on the improvement of the Mississippi River during 
the course of the first two years of operation. T h e  plant has a design capacity of 134 
M.G-.D. an d has the flow sheet of a chemical precipitation plant, plus magnetite filters 
for the effluent, and v a c u u m  filters and incinerators for the sludge. T h e  plant w a s  de
signed so that treatment by  a variety of processes could be provided to meet varying river 
requirements. Operation during the first two years indicated that with all of the units 
in operation, the following removals could be expected :

Treatment Process 5-day B.O.D. Suspended Solids
Sedimentation o n ly ...................................................................................  40 to 4 5 %  70 to 7 5 %
Flocculation plus sedimentation.................................................... 45 to 50 %  75 to 8 0%
Flocculation and sedimentation, plus effluent filtration. . 50 to 55%  80 to 85%
Flocculation w ith chemicals, sedimentation, and effluent

filtration (dependent upon quantities of chemicals). . 55 to 7 0 %  85 to 95%

Wi t h  an average detention period of only 1.5 hours, the average removal of suspended 
solids wa s  69 per cent an d  of 5-day B.O.D. 38 per cent. During four months of 1939 an d 
1940, detention periods averaging 2.4 hours were used an d the removal of suspended solids 
averaged 74.4 per cent a n d the B.O.D. 42.9 per cent. B y  using all of the settling tanks, 
a detention period of 3.2 hours could be obtained at present flows, which should result 
in still higher removals. These are not desired until further plants are constructed along 
the Mississippi River to care for wastes f r o m  neighboring communities. Difficulty was 
experienced in the handling of scum. T h e  suction an d  discharge lines of the s c u m  p u m p s  
frequently became clogged an d  required the addition of large quantities of water to trans
port it. After four mont hs of operation, the s c u m  discharge line had been reduced to 
one-tenth of its original area b y grease incrustations. After consideration of a n u m b e r  
of methods of handling, the ejection method w a s  selected because of its possibilities of 
handling relatively dry scum, assisting in the final disposal. N o  difficulties were experi
enced with freezing of sewage in the settling tanks or effluent filters during the winter 
months w h e n  temperatures went as low as 25° F. below zero. S e w a g e  temperatures 
dropped only about 4° F. through the plant. B y  careful control of sludge pumping, it 
has been possible to remove sludge fr o m the tanks averaging between 7-8 per cent solids. 
In order to handle heavy sludge without frequent stoppages, it wa s found necessary to 
make provisions for blowing back suction lines with plant effluent or compressed air. 
Except under conditions of storm flow, the usual practice is to operate the sludge p u m p s  
three times daily, continuing p u m p i n g  as long as the sludge remains heavy. A s  a m e an s 
of maintaining as concentrated a sludge as possible, specific gravities are determined by 
weighing calibrated containers of sludge periodically during the p u m p i n g  period. In con
nection with combined sewers, it w a s  found that settling tank an d sludge p u m p i n g  diffi
culties were encountered w h e n  flows greater than 250 per cent of the average were taken 
into the plant. Samples taken at half-hour intervals before, during, an d after rains in the 
early s u m m e r  indicated suspended-solids strength u p  to 6000 p.p.m., compared with aver
ages of approximately 275 p.p.m.

357
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Operation of the v a c u u m  filters over the two year period showed that an average filter 
rate of 4.87 lb./sq. ft./hr. could be maintained. In the early period of operation, filter 
cloths generally h a d  to be re moved after about 150 hours of use. Lime-blinding necessi
tated higher chemical dosages an d m o r e  frequent washings, and ripping or rotting at seams 
required the use of a large n u m b e r  of tin patches, (as m a n y  as 30 to 40 on a filter) even 
with this short life. W i t h  reduced lime dosage, the economical cloth life has been increased 
to s o me wh at  mo r e  than 300 hours an d as m u c h  as 500 to 600 hours for several months. 
B e y o n d  this time increased chemical feed is required, incommensurate with the cost of 
cloth replacement. Chemical dosages of approximately 2 per cent ferric chloride and 5 
per cent lime are n o w  being used.

Incineration of the sludge brought to light several interesting facts. T h e  original 
estimate showed that approximately $2,500 worth of fuel oil a m o n t h  would be required 
to support combustion. Instead, it w a s  found that under practically all conditions of 
operation an excess of heat existed and no fuel w a s  required for actual incineration. It 
wa s found necessary to dissipate m o r e  than 6,000,000 B.T.U. per hour per incinerator. 
T h e  manufacturers first attempted to accomplish this by  inti’oducing water into the fur
nace through sprays. This w a s  unsatisfactory to the Sanitary District, and a by-pass 
wa s  finally installed to conduct pre-heated air direct to the stack. In this way, air at 
r o o m  temperature could be used for combustion, a n d  the water would be reduced to rea
sonable quantities and its addition required on less frequent occasions. A  total of 182,097 
tons of filter cake were incinerated during the first two years. T h e  average B.T.U. per 
p o u n d  of combustible solids in the sludge w a s  10,800 a n d  the average volatile solids in 
the sludge cake w a s  58.5 per cent, with a moisture content of 65.1 per cent. The sludge 
cake w a s  reduced by incineration to an ash containing less than 2 per cent volatile matter. 
T h e  guaranteed capacity of each incinerator w a s  60 tons of dry solids per 24 hours. D u r 
ing the test run as m u c h  as 78.5 tons were incinerated in 24 hours. Experiments were 
m a d e  on the production of partly dried material by  removal of a portion of the sludge 
fr o m  the top parts of the incinerator, using the heat of the remainder of the sludge in
cinerated for drying purposes. Studies are n o w  being carried out at the Agricultural 
College of the University of Minnesota on uses of the sludge cake, dry sludge, or ash. The 
cost analysis shows that filtration an d  the conditioning cost $2.56 per dry ton and in
cineration costs $1.01 per dry ton, giving a total of $3.57 per ton of solids on a dry basis, 
or an average cost of $11,260 per m o n t h  to handle 3,150 tons of dry sewage solids.

A  m a r k e d  improvement in the physical, bio-chemical, an d  bacteriological condition of 
the Mississippi River w a s  noted. T h ro u g h the T w i n  Cities, the floating scum, sleek and 
large masses of sludge, which in former s u m m e r s  covered as m u c h  as 50 per cent of the 
water surface in so me areas, had practically disappeared. Foul odors of past years were 
no longer in evidence an d g a m e  fish were returning. Recreational uses such as boating 
a n d  fishing were in evidence. T h e  river below the T w i n  Cities has s h o w n  an improvement, 
although it is still seriously affected by the untreated sewage an d packing plant wastes from 
South St. Paul an d  Newport, having a population equivalent of f r o m  200,000 to 400,000, 
depending u p o n  the animals killed. T h e  data taken at the T w i n  City L o c k  an d D a m  on 
the Mississippi River s h o w  that dissolved oxygen averaged 6.6 p.p.m. during 1939, 
whereas in 1935 it avei’aged as low as 1.7 p.p.m. T h e  B.O.D. of the river at this point 
averaged 1.85 p.p.m. as against values above 4 previously. T h e  total bacteria count per 
ml. showed an average of 11,000 as against 400,000 or over, previously. River bottom 
analyses were also made. A  complete evaluation of the recovery of the Mississippi River 
will not be possible until the other communities install treatment plants. T h e  author 
had previously m a d e  calculations on which the degree of treatment decided u p o n  was 
based. It is ho pe d that these calculations can be checked by  actual observation and a 
determination m a d e  of several factors affecting deoxygenation an d  reaeration. Pre
liminary calculations which have been m a d e  indicate that the type of treatment selected 
will meet m a x i m u m  requirements of the Mississippi River a n d at the sa m e time will per
mit variations of treatment to cope with different river dilution conditions an d require
ments.

R o l f  E l i a s s e n
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W O R L D ’ S  L A R G E S T  S E W A G E  D I S P O S A L  P L A N T  W I L L  B E  

D O U B L E D  I N  S I Z E

Engineering News-Record, 125, 698 (N o v . 2 1, 1940)

The completion of the p r o g r a m  for the complete treatment of all sewage fr om  Chicago 
and neighboring communities will be brought about b y the expansion of the Southwest 
sewage treatment plant of the Sanitary District of Chicago. T h e  present capacity of 400 
M.G.D. will be increased to provide activated sludge treatment for 900 M.G.D. of sewage.

T o provide further purification of the Imhoff tank effluent at the W e s t  Side sewage 
treatment plant, studies were carried on over a period of four years on six different 
processes to determine the best method. After review by  an independent board of engi
neers, a decision w a s  reached to treat the effluent b y the activated sludge process. Cost 
studies showed that it would be m o r e  economical to accomplish this treatment by  an a d 
dition to the Southwest plant rather than building a separate activated sludge plant at 
the We s t Side. T h e  elevation of the Imhoff tanks above the water surface of the aeration 
tanks at the Southwest plant will provide adequate head for gravity flow through 4,100 
ft. of conduits, meters, and gates.

The contemplated enlargement to 900 M.G.D. capacity will be m a d e  in two stages. 
The first stage includes the installation of one turbo-blower of 100,000 c.f.s. capacity, the 
construction of 16 final settling tanks and 4 sludge concentration tanks, the enlargement 
of the sludge disposal plant, and the addition of facilities for handling screenings, scum, 
grit, coal, and fertilizer. Completion of this w o r k  will bring the rate of capacity to 500 
M.G.D. and provide sludge disposal equipment for the ultimate 900 M.G.D. to be treated. 
The second stage will include the construction of a conduit fr o m  the W e s t  Side works with 
meter vaults and gate house. Eight aeration tanks, similar to those n o w  in use, twenty- 
four final settling tanks, two additional blowers, operating galleries, service tunnels, effluent 
conduits, and appurtenances will be constructed.

Storm runoff equivalent to 50 per cent of normal dry-weather sewage flow will re
ceive primary sedimentation, but only that part equivalent to 115 per cent of dry-weather 
flow will receive complete treatment. Excess solids will be stored for short peiiods in the 
aeration system by increasing the concentration of the mixed liquor as high as 4500 p.p.m. 
to smooth out the storm m a x i m a  and reduce the a m ou nt of sludge disposal equipment 
that would be required to remove solids as fast as they are received. Th e  mixing of 
Imhoff tank effluent with the settled sewage of the Southwest plant will also smooth out 
the large variations in strength of the latter due to the periodic discharge of highly con
centrated wastes fr om  the stockyards an d packing houses.

R o l f  E l i a s s e n

H E A T  T R E A T M E N T  A S  A N  A I D  T O  S L U D G E  D E W A T E R I N G

B y  C. L u m b  
The Surveyor, 98, 287-291 (Dec. 6, 1940)

The author describes the installation, operating troubles, ten mon t hs ’ full scale 
operating results an d  operating costs of an installation at Halifax, England, for pre
treating h u m u s  (from settling tanks following trickling filters) and waste activated sludge 
prior to dewatering by  filter pressing methods. T h e  process is k n o w n  as the “Porteous” 
heat treatment process and is designed to deal with 25,000 gallons of r a w  sludge, con
taining approximately 5 to 1 b y weight of dry h u m u s  to activated sludge solids, respec
tively, in an 8-hour day.

The process is as follows: r a w  sludge f r o m  a storage tank is p u m p e d  through a 
heat exchanger against steam pressure into cooking vessels in which the preheated sludge 
is cooked for 15 minutes at a temperature of 360 deg. P. at 150 lb. pressure. Th e 
sludge is then settled an d decanted, the supernatant liquor d r a w n  off and the settled 
residue piped to a thickened sludge storage tank. Th e thickened, heat treated sludge is 
filtered in filter presses. T h e  deeantate an d  press filtrate are settled in a separate tank
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k n o w n  as an effluent tank. T h e  settled effluent is returned to the r a w  sewage; the sludge 
is p u m p e d  to the thickened sludge storage tank.

Th e heat exchanger comprises eighty-eight 25-ft. lengths of concentric double steel 
tubes. T h e  inner tube is 2 y 2 in. in diameter with the outer tube providing a %  in. 
annular space around the former. T h e  tubes are set vertically in a steel shell and 
coupled together in series so that cold r a w  sludge enters the outer space at one end of 
the system an d hot treated sludge enters the central core at the other end an d  the two 
sludges pass in countercurrent through these sections for about % - mi le to effect heat 
exchange. Velocity of the sludge in the inner tube is about 3 ft. per second an d about 
5 ft. per second in the outer tube.

T h e  cooking vessels are of steel, each of gross capacity of 1500 gals., but intended to 
treat about 800 gal. per charge. S t e a m  is passed into the vessels during the time they 
are filled an d emptied. Sludge is not wi thdr awn until it has been cooked for 15 min. 
at 360 deg. F.

T h e  heat treated sludge is decanted in tw o steel tanks having ho pp er bottoms. Each 
tank has a capacity of 14,000 gallons, equivalent to about four hours’ production of 
treated sludge.

T h e  thickened sludge storage tank is of reinforced concrete, circular in plan, and 
equipped with a stirring device.

T h e  effluent tank used to settle decantate a n d  press filtrate is of reinforced concrete 
having a capacity of 32,000 gallons.

There are three filter presses, by  S. H .  Johnson &  Co., Ltd., of 2800 to 2900 lb. 
capacity each per discharge. T h e  filter press cake is further dried in a shed heated by 
unit heaters.

T h e  steam plant comprises tw o wT.ater-tube boilers each rated at 3,000 lb. of steam 
per hour at 180 lb. per square inch. T h e  boilers are stoker-fired with recovered cinders, 
of calorific value 8,000 to 10,000 B.t.u. per pound, f r o m  the Corporation’s refuse dis
posal works. O n e  boiler only is used at a time, the other serving as stand-by.

T h e  contract cost wxas £22,000.
M a i n  operating troubles were due to difficulties in empt ying the cooking vessels to 

synchronize with sludge p u m p i n g  schedule, clogging of the sludge p u m p s  an d loss of 
output capacity due to inability to attain desired temperatures in the cooking vessels 
in the normal operating period. This latter difficulty w a s  b o u n d  u p  with questions of 
boiler pressure an d of gas liberated fr o m  the sludge o n cooking. L o w  grade fuel makes 
it difficult to maintain boiler pressure a n d  it has at times been necessary to shut down 
the process to wait for the boiler pressure to pick up. G a s  vented f r o m  the cooking 
vessels caused so me odor w h e n  exhausted through the chimney stack. This difficulty was 
eliminated b y  burning the gas under the boilers.

Operating results for the period, December, 1939 to September, 1940, inclusive are 
briefly as follows:

T a b l e  2.—Moisture Content

Month Raw Sludge
Thickened Sludge after 
Heat Treatment and 

Décantation
Per Cent Per Cent

December, 1939................... ... 94.7 87.6
January, 1940..................... ... 94.8 90.2
February, 1940................... . . 94.7 88.0
March, 1940...................... . . 94.9 88.7
April, 1940........................ . 95.0 87.9
M a y ,  1940........................ 94.9 89.8
June, 1940........................ . . 95.5 91.4
July, 1940......................... . . . 94.7 89.4
August, 1940...................... . 93.9 88.7
September, 1940.................. 94.0 90.5

Weighted average over full period 94.7 89.3
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T a b l e  3.

Average Pressing 
Time (Hours)

Average Cake 
Moisture

Average Age of 
Press Cloths

Nature of 
Press Cloths

Per Cent Weeks
December........... 3.9 46.7 3.0 Cotton
January ............. 5.2 43.4 6.5 Cotton
February ............ 6.3 45.8 10.0 Cotton
M a r c h ............... 4.2 42.5 2.0 Cotton and jute
April................ 4.3 40.1 4.1 Cotton and jute
M a y ................. 3.9 37.4 2.5 Jute
June................. 4.0 37.6 2.7 Cotton and jute
July................. 4.1 42.3 2.5 Cotton
August.............. 3.9 41.8 2.5 Cotton
September........... 4.0 40.6 2.5 Cotton

Weighted average.... 4.2 41.3 All states of cloths

T a b l e  4.—Average Analyses of Sludges (Dry Basis)

Original Raw Dried Cake
Sludge Leaving Site

Received (Final Product)
Per Cent Per Cent

Organic and volatile matter...... ...... 63.6 51.2
Total nitrogen, as N .............. .....  3.88 2.00
Phosphoric acid, as P 20 6.......... ...... 3.33 4.26
Potash, as I C O ................... .....  0.31 0.23

T a b l e  5.— Steam, Consumption and Heat Recovery

Overall Figure, Including Warming-up 
Each Morning

Net Operating Figure Not 
Including Warming-up

Steam Consumption, Lb. 
per Gallon Sludge Treated

Percentage Heat 
Recovery

Steam,
Lb. per Gallon

Percentage Heat 
Recovery

December............ 1.26

Per Cent 
66.8

January .............. 1.24* 68.4 —
February ............. 1.06 72.6 — -
M a rc h................ 0.85 77.4 — —
April................. 0.80 78.3 0.67 81.8
M a y .................. 0.78 78.5 — —
June.................. 0.69 80.7 — —
July.................. 0.62 82.4 — —
August............... 0.60 83.0 — —
September............ 0.68 81.0 — —

* First fortnight not included, readings not available.
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Table 6.—Average Analysis of Decántale and Press Liquor
Parts per 100,000

Total solids...............................  1,135
Total solids, a s h ........................... 165
4 Hours oxygen absorbed.................  301
5-day B . O . D ............................... 422
Albuminoid nitrogen......................  46.5
Kjeldahl nitrogen.........................  163

Ov er the full period, the volume of liquor has averaged 0.21 per cent of the sewage 
flow, although the ratio during actual hours of p u m p i n g  (approximately 100 hours 
weekly) has exceeded this value.

Personnel employed to operate the plant comprise a plant superintendent, a boiler 
attendant an d three laborers. Operating costs per ton are stated as follows:

Cost per Ton, Pence
Wages, including running repairs......................  9.5
Power, including effluent p u m p i n g ....................  1.6
Fuel, including cake drying............................ 4.0
Press cloths............................................  2.0
Water, including boiler conditioning................... 0.6
Sundry material and stores............................  1.0

18.7
Less revenue from dried cake.......................... 3.5

Ne t cost per t o n..................................  15.2

K. V. H il l

C I T Y  O F  W O R C E S T E R ,  M A S S A C H U S E T T S ,  D E P A R T M E N T  

O F  P U B L I C  W O R K S ,  B U R E A U  O F  S E W E R S

A n n u a l  R e p o r t  o f  t h e  S u p e r i n t e n d e n t  o f  S e w e r s  f o r  t h e  Y e a r  E n d i n g
D e c e m b e r  3 1 ,  1 9 3 9

S E W A G E  T R E A T M E N T  W O R K S

N o  c h a n g e s  w e r e  m a d e  i n  t h e  g e n e r a l  m e t h o d  o f  o p e r a t i o n  o f  th e  
s e w a g e  t r e a t m e n t  w o r k s .  C o n t i n u e d  p r o g r e s s  is  m a d e  e a c h  y e a r  in  
m a i n t e n a n c e  w o r k  s o  t h a t  a s i d e  f r o m  p o o r  p a i n t  c o n d i t i o n  o f  t h e  i r o n  
w a l k s  a n d  r a i l i n g s  a t  t h e  I m h o f f  t a n k s ,  i n  p a r t i c u l a r ,  t h e  W o r k s  c a n  be 
c o n s i d e r e d  a s  b e i n g  i n  e x c e l l e n t  c o n d i t i o n .

Sew age Flow.  T h e  t o t a l  s e w a g e  f l o w  d u r i n g  1 9 3 9  w a s  7 4 7 2 .5 2  
m i l l i o n  g a l l o n s ; a  d a i l y  a v e r a g e  o f  2 0 .4 7  m i l l i o n  g a l l o n s .  I t  is  i n t e r 
e s t i n g  t o  n o t e  t h a t  t h e  m a x i m u m  s e w a g e  f l o w  f o r  a n y  d a y ,  7  A . M .  to  
7  A . M . ,  d u r i n g  1 9 3 9  w a s  o n l y  4 4 .5 5  m i l l i o n  g a l l o n s .  T h e  n o r m a l  f i g u r e  
g e n e r a l l y  f a l l s  b e t w e e n  5 0  a n d  5 8  m i l l i o n  g a l l o n s .

G rit Cham bers.  E a c h  g r i t  c h a m b e r  w a s  f l u s h e d  a n d  c l e a n e d  s e v e n  
t i m e s  d u r i n g  t h e  y e a r .  F r o m  7 4 7 2 .5  m i l l i o n  g a l l o n s  o f  s e w a g e  t h e r e  
w e r e  d e p o s i t e d  8 7 6 .6  c u b i c  y a r d s  o f  m a t e r i a l ,  w h i c h  w e r e  r e m o v e d  f r o m  
t h e  c h a m b e r s .  T h i s  r e p r e s e n t s  a n  a v e r a g e  o f  3 . 1 7  c u b i c  f e e t  o f  m a t e r i a l  
p e r  m i l l i o n  g a l l o n s  o f  s e w a g e . T h e  t o t a l  c o s t  o f  c l e a n i n g  t h e  c h a m b e r s  
w a s  $ 3 3 9 .9 0 , a n  a v e r a g e  o f  3 8 .8  c e n t s  p e r  c u b i c  y a r d  o f  m a t e r i a l  r e m o v e d .
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T h e  s a n d  f i l t e r  o n  t o  w h i c h  t h e s e  f l u s h i n g s  a r e  d i s c h a r g e d  w a s  
c le a n e d  i n  A u g u s t .  T h e  B a r b e r - G r e e n e  l o a d e r ,  o u r  o w n  t w o  t r u c k s  
a n d  w e l f a r e  l a b o r  w e r e  u s e d . T h e  c o s t  o f  r e m o v i n g  1 0 9 0 .7  c u b i c  y a r d s  
o f  m a t e r i a l  t o  a  l o w  a r e a ,  7 0 0  t o  1 0 0 0  f e e t  d i s t a n t ,  w a s  $ 7 1 5 . 3 7 ,  a n  
a v e r a g e  o f  6 5 .6  c e n t s  p e r  c u b i c  y a r d .

Screening o f Sew age.  B o t h  s c r e e n  i n s t a l l a t i o n s  r e c e i v e d  n e e d e d  
o v e r h a u l i n g  o f  t h e  r a k i n g  m e c h a n i s m . I n  a d d i t i o n  t o  n e w  c h a i n s  a n d  
u p p e r  s p r o c k e t  w h e e l s , t h e  l o w e r  w h e e ls  w e r e  r e p l a c e d  a n d  t h e  c h a i n  
r u n s , b o t h  u p p e r  a n d  l o w e r ,  w e r e  r e f i t t e d  w i t h  l o w e r  p l a t e s  o r  b o t t o m s .  
T h e  l a t t e r  r e p a i r  w a s  t h e  f i r s t  o f  i t s  k i n d  m a d e  s in c e  t h e  r a k e s  w e r e  
i n s t a l l e d  i n  N o v e m b e r ,  1 9 3 0 .

T h e r e  w e r e  r e m o v e d  f r o m  7 4 7 2 .5  m i l l i o n  g a l l o n s  o f  s e w a g e , a  t o t a l  
o f  1 3 ,9 2 0  c u b ic  f e e t  o f  s c r e e n i n g s , r e p r e s e n t i n g  a n  a v e r a g e  o f  1 .8 6  c u b ic  
fe e t  p e r  m i l l i o n  g a l l o n s  o f  s e w a g e  s c r e e n e d .

T h e  c o s t  o f  s c r e e n  o p e r a t i o n  a c c o r d i n g  t o  t h e  W o r k s  p a y r o l l  w a s  
$ 1 1 4 8 .1 1 .  T h i s  r e p r e s e n t s  $ 3 .1 4  p e r  d a y ;  8 .2  c e n t s  p e r  c u b i c  f o o t  o f  
s c r e e n in g s  r e m o v e d  t o  a  l o w  a r e a  5 0 0  f e e t  a w a y ;  1 5 .2  c e n t s  p e r  m i l l i o n  
g a llo n s  o f  s e w a g e  s c r e e n e d .

Im hoff Tanks.  T h e  I m h o f f  t a n k s  h a v e  g i v e n  n o  d i f f i c u l t i e s  c o n c e r n 
i n g  t h e i r  o p e r a t i o n .  T h e  q u a n t i t y  o f  s e w a g e  t r e a t e d  b y  t h e  t a n k s  w a s  
7 3 7 6 .8 2  m i l l i o n  g a l l o n s , a  d a i l y  a v e r a g e  o f  2 0 .2 1  m i l l i o n  g a l l o n s .  T h e  
a v e r a g e  d e t e n t i o n  p e r i o d  o f  t h e  s e w a g e  w a s  2 .9  h o u r s .

T h e  g r e a s e  a c c u m u l a t i o n  r e m o v e d  f r o m  t h e  t a n k s  a m o u n t e d  t o  4 ,5 6 3  
c u b ic  f e e t ;  t h i s  is  t h e  l a r g e s t  y e a r l y  a c c u m u l a t i o n  s in c e  1 9 3 4 . T h e  
g r e a s e  is  r u n  t o  d i k e d  a r e a s  a n d  b u r i e d .

T h e  s l u d g e  p r o d u c t i o n  d u r i n g  t h i s  p a s t  y e a r  t o t a l l e d  1 2 ,8 4 1 ,8 1 0  
g a ll o n s , o r  a l m o s t  f o u r  m i l l i o n  g a l l o n s  m o r e  t h a n  i n  1 9 3 8 . T h e  t a n k  
i n fl u e n t  t o t a l l e d  a l m o s t  9 0 0  m i l l i o n  g a l l o n s  le s s  i n  1 9 3 9  t h a n  i n  1 9 3 8 . 
T h e  f a c t s  a r e  ( 1 )  p a r t  o f  t h e  s e w e r a g e  s y s t e m  is  o n  t h e  c o m b i n e d  p l a n ,  
( 2 )  t h e  a n n u a l  r a i n f a l l  o f  1 9 3 9  w a s  3 .2  in c h e s  le s s  t h a n  n o r m a l ,  ( 3 )  
i n d u s t r i a l  a c t i v i t i e s  i n c r e a s e d  c o n s i d e r a b l y  d u r i n g  t h e  l a t t e r  h a l f  o f  
th e  y e a r  a n d  ( 4 )  n o r m a l l y ,  t h e  s e w a g e  c o n t a i n s  a  d a i l y  a v e r a g e  o f  
f r o m  t h r e e  t o  f o u r  m i l l i o n  g a l l o n s  o f  i n d u s t r i a l  w a s t e  l i q u o r s .  O p 
e r a t i o n  d a t a  p e r t a i n i n g  t o  t h e  s e w e r a g e  s y s t e m  a n d  t o  s e w a g e  t r e a t 
m e n t , i f  p r a c t i c e d , a r e  v a l u a b l e  w h e n  c o n s i d e r i n g  t h e  p r o b l e m  o f  s e w a g e  
t r e a t m e n t .

T h e  s l u d g e  d r a w n  f r o m  t h e  t a n k s  h a d  a  s p e c i f ic  g r a v i t y  o f  1 .0 2 8 ;  
p e r c e n t a g e  d r y  s o l i d s , 6 .5 2  a n d  p H  6 .7 .  T h e  d e n s i t y  o f  t h e  s l u d g e  w a s  
a b o u t  t h e  s a m e  a s  i n  p a s t  y e a r s ; t h e  p H  d r o p p e d  f r o m  6 .8  t o  a  n e w  
lo w  o f  6 .7  w i t h  a p p a r e n t l y  n o  i l l  e f f e c t  u p o n  s l u d g e  d i g e s t i o n .

T h e  s l u d g e  w a s  w e l l  d i g e s t e d ; t h e  p e r c e n t a g e  o f  v o l a t i l e  m a t t e r  i n  
th e  d r i e d  s o l i d s  a v e r a g e d  4 4 .1 0 .  T h e  p e r c e n t a g e  o f  n i t r o g e n  i n c r e a s e d  
n e a r l y  0 .5  p e r  c e n t  a s  c o m p a r e d  w i t h  t h e  p a s t  t w o  y e a r s .  T h e  p e r 
c e n ta g e  o f  i r o n  d e c r e a s e d  t o  3 .6 9 .

T h e  d a t a  i n  T a b l e  I  i n d i c a t e  t h a t  t a n k  t r e a t m e n t  o f  t h e  s t r o n g e r  s e w 
a g e  o f  1 9 3 9  p r o d u c e d  a n  e f f lu e n t  c o n t a i n i n g  le s s  s e t t l e a b l e  a n d  s u s p e n d e d  
s o lid s  t h a n  t h a t  o f  1 9 3 8 . T h e  s u s p e n d e d  s o l i d s  c o n t e n t  o f  t h e  t a n k  
e fflu e n t a v e r a g e d  8 8  p a r t s  p e r  m i l l i o n .  T h e  b i o c h e m i c a l  o x y g e n  d e m a n d
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o f  t h e  e f f l u e n t  a v e r a g e d  1 1 5 .8  p a r t s  p e r  m i l l i o n ,  a n  i n c r e a s e  o f  1 4 .2  p a r t s ,  
a s  c o m p a r e d  w i t h  1 9 3 8 .

D osing Tanks.  N o  d i f f i c u l t i e s  h a v e  b e e n  e n c o u n t e r e d  w i t h  d o s i n g  
t a n k  o p e r a t i o n  t h r o u g h o u t  t h e  y e a r .  R e p l a c e m e n t s  w e r e  m a d e  o f  th e  
p o o r e s t  s e c t i o n s  o f  d o s i n g  t a n k  c o v e r s  a s  a  p a r t  o f  a n  a n n u a l  p r o g r a m  
f o r  u n i f o r m  m a i n t e n a n c e  e x p e n d i t u r e s .

T rick ling  F ilte rs .  T h e  t r i c k l i n g  f i l t e r s  t r e a t e d  7 1 3 6 . 1 2  m i l l i o n  g a l 
l o n s  o f  I m h o f f  t a n k  e f f l u e n t ;  a n  a v e r a g e  o f  1 9 .5 5  m i l l i o n  g a l l o n s  d a i l y .  
T h e  a v e r a g e  r a t e  o f  f i l t r a t i o n  w a s  1 .5 0  m i l l i o n  g a l l o n s  p e r  a c r e  p e r  d a y .

T h e  u s u a l  f i l t e r  f l o o d i n g  f o r  f l y  c o n t r o l  w a s  p r a c t i c e d  f r o m  M a y  to  
S e p t e m b e r  a n d  n o  c o m p l a i n t s  w e r e  r e c e i v e d  c o n c e r n i n g  f i l t e r  flie s . 
N o z z l e  c l o g g i n g  w a s  m o r e  p r e v a l e n t  t h a n  u s u a l  d u r i n g  t h e  l a s t  t w o  
m o n t h s  o f  t h e  y e a r  o w i n g  t o  c o n t i n u e d  h i g h  w i n d s ,  d a y  a f t e r  d a y .

I n  t h e  1 9 3 8  r e p o r t ,  i t  w a s  s t a t e d  t h a t  f i l t e r  u n l o a d i n g  h a d  b e e n  a lm o s t  
e n t i r e l y  a b s e n t  d u r i n g  t h e  f a l l  m o n t h s .  F i l t e r  u n l o a d i n g  o c c u r r e d  f r o m  
A p r i l  t h r o u g h  A u g u s t ,  1 9 3 9 , a n  u n u s u a l l y  l o n g  p e r i o d  a n d  d u r i n g  N o 
v e m b e r  a n d  D e c e m b e r ,  i t  h a s  b e e n  g r e a t e r  t h a n  i n  1 9 3 8 , d e s p i t e  th is  
m a r k e d  u n l o a d i n g  e a r l i e r  i n  t h e  y e a r .

A n a l y s i s  o f  a l l  o f  t h e  d a t a  c o n c e r n i n g  t r i c k l i n g  f i l t e r  o p e r a t i o n  is 
s h o w n  i n  T a b l e  I  a n d  is  s u m m a r i z e d  a s  f o l l o w s :

S t r o n g e r  s e w a g e  a n d  I m h o f f  t a n k  e f f l u e n t  p l a c e d  a  h e a v i e r  l o a d  o f  
o r g a n i c  m a t t e r  u p o n  t h e  f i l t e r s ; c o n s e q u e n t l y ,  t h e  f i l t e r  e f f l u e n t  c o n 
t a i n e d  m o r e  o r g a n i c  m a t t e r  t h a n  i n  1 9 3 8 . T h e  s a m e  s t a t e m e n t  is  t r u e  
c o n c e r n i n g  t h e  i r o n  c o n t e n t  o f  t h e  e f f l u e n t .

D u r i n g  J a n u a r y  a n d  F e b r u a r y  t h e r e  w a s  a  p e r i o d  o f  f i f t e e n  d a y s  
w h e n  a l l  e n d  n o z z l e s  w e r e  o u t  o w i n g  t o  l o w  a t m o s p h e r i c  t e m p e r a t u r e .  
T h e  i n f l u e n t  d i s c h a r g e d  f r o m  t h e  e n d  n o z z l e s  w a s  n o t  p u r i f i e d .  T h e  
c o l d  t e m p e r a t u r e  c a u s e d  ic e  f o r m a t i o n  o v e r  t h e  e n t i r e  f i l t e r  a r e a  a n d  
t h e  i n f l u e n t  d i s c h a r g e d  u p o n  t h e  f i l t e r s  w a s  n o t  w e l l  p u r i f i e d .  M e n t i o n  
h a s  b e e n  m a d e  t h a t  M a r c h  a n d  A p r i l ,  1 9 3 9 , w e r e  c o l d e r  t h a n  t h e  c o r r e 
s p o n d i n g  m o n t h s  o f  1 9 3 8 . A l l  o f  t h e s e  c o n d i t i o n s  r e s u l t e d  i n  f i l t e r  
e f f l u e n t  o f  i n c r e a s i n g  d e t e r i o r a t i o n  o f  q u a l i t y  d u r i n g  t h e  f i r s t  f o u r  
m o n t h s  o f  1 9 3 9 .

A l t h o u g h  f i l t e r  u n l o a d i n g  e a r l y  i n  t h e  y e a r  c o n t i n u e d  f o r  a n  u n 
u s u a l l y  l o n g  t i m e ,  t h e  q u a l i t y  o f  t h e  f i l t e r  e f f l u e n t  i m p r o v e d  q u i c k l y  u p o n  
o b t a i n i n g  w a r m e r  a t m o s p h e r i c  t e m p e r a t u r e  a n d  d e c r e a s e d  r a t e  o f  f i l t e r  
o p e r a t i o n .

T h e  f i l t e r s  s u c c e s s f u l l y  t r e a t e d  s t r o n g e r  i n f l u e n t  d e m o n s t r a t i n g  t h a t  
f i l t e r  ic e  c o n d i t i o n s  a n d  l o w  a t m o s p h e r i c  t e m p e r a t u r e  a r e  t h e  f a c t o r s  
a f f e c t i n g  w i n t e r  r e s u l t s  o f  o p e r a t i o n .

T h e  r e s u l t s  o f  f i l t e r  o p e r a t i o n  d u r i n g  D e c e m b e r ,  1 9 3 9 , w h e n  i t  w a s  
n e c e s s a r y  t o  r e m o v e  e n d  n o z z l e s  f o r  4 8  h o u r s  d u r i n g  a  p e r i o d  o f  e ig h t  
d a y s  o f  l o w  a t m o s p h e r i c  t e m p e r a t u r e  s h o w e d  a  d r o p  i n  e f f l u e n t  s t a b i l i t y  
a n d  i n c r e a s e d  o r g a n i c  c o n t e n t  o f  t h e  e f f l u e n t .  T h e  d u r a t i o n  o f  t h i s  c o ld  
s p e l l ,  D e c e m b e r  2 3  o n ,  w a s  n o t  l o n g  e n o u g h  t o  a f f e c t  t h e  d i s s o l v e d  
o x y g e n  a n d  n i t r a t e  n i t r o g e n  c o n t e n t s  o f  t h e  e f f l u e n t  d u r i n g  D e c e m b e r .

Secondary  Tanks.  T h e  s e c o n d a r y  s e t t l i n g  t a n k s  h a n d l e d  7 1 3 6 .1 2  
m i l l i o n  g a l l o n s  o f  t r i c k l i n g  f i l t e r  e f f l u e n t , a n  a v e r a g e  o f  1 9 .5 5  m i l l i o n
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g a llo n s  d a i l y .  T h e  a v e r a g e  d e t e n t i o n  p e r i o d  o f  t h e  t r i c k l i n g  f i l t e r  e f 
flu e n t i n  t h e  s e c o n d a r y  o r  f i n a l  s e t t l i n g  t a n k s  w a s  2 . 1  h o u r s .

E f f i c i e n t  o p e r a t i o n  o f  t h e  f i n a l  s e t t l i n g  t a n k s  s h o w s  t h a t  t h e  a v e r a g e  
s u s p e n d e d  s o l i d s  o f  t h e  f i l t e r  e f f l u e n t , 1 2 6  p a r t s  p e r  m i l l i o n ,  w a s  r e d u c e d  
to  60 p a r t s .  T h e  b i o c h e m i c a l  o x y g e n  d e m a n d  r e d u c t i o n  w a s  f r o m  2 4 .9  
to  1 7 .8  p a r t s  p e r  m i l l i o n .  T h e  d i s s o l v e d  o x y g e n  c o n t e n t  o f  t h e  f i l t e r  
e fflu e n t w a s  b u t  s l i g h t l y  r e d u c e d  d u r i n g  i t s  d e t e n t i o n  i n  t h e  f i n a l  s e t t l i n g  
t a n k s . T h e  r e l a t i v e  s t a b i l i t y  o f  t h e  f i n a l . e f f l u e n t  a v e r a g e d  9 1 +  p e r  
c e n t o r  t h e  s a m e  a s  t h a t  o f  t h e  f i l t e r  e f f l u e n t .

S l u d g e  w a s  p u m p e d  f r o m  t h e  t a n k s  o n c e  e a c h  w e e k ;  d u r i n g  t h e  
s u m m e r , t o  t h e  s l u d g e  c o n c e n t r a t i o n  t a n k s  a n d  t h e n  t o  t h e  s m a l l  d r y i n g  
b e d s a n d  d u r i n g  t h e  r e m a i n d e r  o f  t h e  y e a r  t o  t h e  w i n t e r  b e d  a r e a .

T a b l e  I.—Suspended Solids, Biochemical Oxygen Demand

Susp. Solids 
P.P.M.

Per Cent 
Removal

B. O. D. 
P.P.M. 5 Days 20 C.

Per Cent 
Removal

Sew. Imhoff
Eff.

Tr.
Fil.
Eff.

Sec.
Tk.
Eff.

Imhoff
Treat.

Sec.
Tr. Sew. Imhoff

Eff.
Tr.
Fil.
Eff.

Sec.
Tk.
Eff.

Imhoff
Treat.

Entire
Plant

January.... 183 85 85 55 53.5 69.9 170.6 115.3 25.8 23.9 32.4 86.0
February. . 213 85 93 61 60.1 71.4 161.4 110.1 28.2 24.0 31.8 85.2
M a rc h ..... 163 82 90 59 49.7 63.9 140.9 99.1 26.2 20.1 29.7 85.8
April....... 146 69 122 70 52.7 52.1 114.7 80.8 20.1 13.7 29.5 88.0
M a y ....... 224 95 213 78 57.5 65.2 186.8 124.8 30.4 20.1 33.2 89.3
June....... 258 99 213 66 61.6 74.4 193.4 137.0 36.7 23.7 29.2 87.8
July....... 236 79 172 59 66.5 75.0 211.6 134.4 24.3 14.9 36.5 93.0
August.... 253 100 136 60 60.5 76.3 200.0 117.2 18.2 11.8 41.4 94.1
September. . 264 100 98 47 62.1 82.2 208.1 123.6 12.0 8.1 40.6 96.1
October. . . . 279 96 82 44 65.6 84.2 210.9 122.6 20.2 11.5 41.9 94.6
Nov e mb e r. . 251 82 114 53 67.3 78.9 209.7 127.1 27.4 19.4 39.4 90.8
December . . 278 97 120 58 65.1 79.2 198.8 127.5 27.3 19.6 35.9 90.2

1939 223 88 126 60 60.5 73.1* 178.5 115.8 24.9 17.8 35.1 90.0

1927 288 127 55.9 150.5 88.6 31.1 27.0 41.1 82.1
1928 275 114 120 77 58.6 35.9 152.9 98.6 20.4 18.8 35.4 87.8
1929 317 118 142 84 62.8 40.8 178.5 114.0 22.6 17.8 36.2 90.1
1930 291 117 165 86 59.8 47.9 211.6 142.5 31.0 24.4 32.6 88.5
1931 229 101 140 64 55.9 54.3 196.0 136.5 29.7 22.2 30.4 88.7
1932 219 94 143 62 57.1 56.6 211.5 140.0 34.0 22.7 33.8 88.3
1933 224 97 118 53 56.7 55.0 213.5 139.6 34.4 23.8 34.6 88.9
1934 240 95 97 55 60.4 43.3 241.0 147.6 43.9 35.8 38.7 85.2
1935 233 96 105 52 58.8 50.5 200.5 123.0 33.5 25.6 38.7 87.2
1936 256 97 92 55 62.2 40.2 207.2 129.5 36.9 29.1 37.5 86.0
1937 264 100 104 55 62.1 47.1 204.0 122.9 30.7 24.0 39.7 88.3
1938 207 89 100 54 57.0 73.9* 162.5 101.6 20.9 15.7 37.5 90.3
1939 223 88 126 60 60.5 73.1* 178.5 115.8 24.9 17.8 35.1 90.0

* Entire Plant.

Sludge D isposal.  T h e  s l u d g e  d r y i n g  b e d  a r e a  i s  i n  t h r e e  p a r t s ;  
s u m m e r  I m h o f f  t a n k  s l u d g e  is  d r i e d  o n  2 1  o n e - q u a r t e r  a c r e  b e d s ; s u m 
m e r  s e c o n d a r y  t a n k  s l u d g e  a f t e r  c o n c e n t r a t i o n  is  d r i e d  o n  3 2 - 1 8  X  1 1 0
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f t .  b e d s  a n d  d u r i n g  t h e  w i n t e r ,  b o t h  s l u d g e s , t h e  s e c o n d a r y  w i t h o u t  
c o n c e n t r a t i o n ,  a r e  p u m p e d  t o  4 3  o l d  o n e  a c r e  b e d s . T h e  e n t i r e  a r e a  is 
c o m p o s e d  o f  f o r m e r  s a n d  f i l t e r s  u s e d  f o r  i n t e r m i t t e n t  f i l t r a t i o n  o f  
s e w a g e .

W e l f a r e  h e l p  w o r k i n g  w i t h  t r u c k s  h a v e  b e e n  e m p l o y e d  t h r o u g h o u t  
t h e  s e a s o n  c l e a n i n g  b e d s  i n  t h e  f i r s t  t w o  a r e a s ; i n  a d d i t i o n ,  s l u d g e  w a s  
r e m o v e d  f r o m  q u i t e  a  f e w  o f  t h e  w i n t e r  b e d s . F r o m  S e p t e m b e r  1 4  to  
D e c e m b e r  1 4 ,  t h r e e  m o n t h s ,  a b o u t  1 0  t o  1 2  t e m p o r a r y  l a b o r e r s  w e r e  
e m p l o y e d  c l e a n i n g  w i n t e r  b e d s . F u n d s  f o r  s l u d g e  r e m o v a l  w e r e  l i m 
i t e d  a s  w e l l  a s  t h e  a m o u n t  o f  a v a i l a b l e  w e l f a r e  h e l p .  A t  t h i s  t i m e , 
t h e r e  a r e  f o u r t e e n  o n e - a c r e  b e d s  f r o m  w h i c h  t h e  s l u d g e  w a s  n o t  
r e m o v e d .

T h e  s u m m a r y  o f  c o s t s  o f  s l u d g e  r e m o v a l  i s  a s  f o l l o w s :

Welfare Cubic Yards
Cost

Total Cubic Yard
Trucks Labor*

Imhoff sludge......... 6694.2 $1212.86 $2658.63 $3871.49 $ .578

Secondary sludge...... 793.3 232.05 434.77 666.83 .841

Winter sludge......... 4753.5 959.47 2139.32 3098.79 .652

Temporary:
Winter sludge......... 6822.0 1454.64 3168.60 4623.24 .677

Total............. 19,063.0 $3859.02 $8401.32 $12,160.34 .643

* N o  foreman charge. All labor at 50 cents per hour.

W h y  h a n d l e  s e c o n d a r y  t a n k  s l u d g e  o n  s m a l l  b e d s  a f t e r  c o n c e n t r a t i o n  
i n s t e a d *  o f  o n  t h e  w i n t e r  b e d s  a t  le s s  c o s t  p e r  c u b i c  y a r d  o f  d r i e d  s lu d g e  
f o r  r e m o v a l ?  T h e  t o t a l  o f  a p p r o x i m a t e l y  8 0 0  c u b i c  y a r d s  o f  d r i e d  
s l u d g e  r e p r e s e n t s  t h e  d r y i n g  o f  a l m o s t  t h e  e n t i r e  s l u d g e  p r o d u c t i o n  
f r o m  A p r i l  t o  D e c e m b e r  o n  1 .5  a c r e s  o f  b e d  a r e a .  F l e x i b i l i t y  o f  b e d  
o p e r a t i o n  ; s l u d g e  d r y i n g  a n d  r e m o v a l  o f  t h e  d r i e d  s l u d g e  a n d  r e s e r v a 
t i o n  o f  o n e - a c r e  b e d s  f o r  w i n t e r  s l u d g e  d i s p o s a l  r e p r e s e n t  $ 1 6 0 .0 0  w e ll 
e x p e n d e d .

C o s t  o f  S e w a g e  T r e a t m e n t  

T h e  c o s t  o f  s e w a g e  t r e a t m e n t  is  s u m m a r i z e d  a s  f o l l o w s :
Total Per Million Gallons

Grit C h a m b e r ....................  I 716.14 $0.09
Screen..............................  2,237.11 0.30
Imhoff T a n k s ......................  8,524.64 1.14
Trickling Filters.................... 8,620.8! 1.15
Secondary T a n k s ................... 5,687.86 0.76
Sludge Disposal..................  11,023.90 1.48
Laboratory.........................  5,175.98 0.*69

$41,986.44 $5.61
Real Estate......................  980.25

$42,966.69
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T h e  e x p e n d i t u r e  o f  $ 4 1 ,9 8 6 .4 4  r e p r e s e n t s  a  c o s t  o f  $ 5 .6 1  p e r  m i l l i o n  
g a llo n s  o f  s e w a g e  t r e a t e d  b y  t h e  W o r k s .  T h e  c o s t  p e r  c a p i t a  s e r v e d  
w a s  a p p r o x i m a t e l y  2 2 .1  c e n t s  f o r  t h e  y e a r — 1 .8 4  c e n t s  p e r  m o n t h .

W e l f a r e  l a b o r  i s  n o t  i n c l u d e d  i n  t h e s e  f i g u r e s .  T h e  c o s t  o f  r e m o v a l  
o f  d r i e d  s l u d g e  f r o m  t h e  b e d s  b y  w e l f a r e  l a b o r  w a s  $ 5 ,2 3 2 .7 2 , u s i n g  5 0  
c e n ts  p e r  h o u r  a s  t h e  r a t e .  A l l  o t h e r  c o s t s  a r e  i n c l u d e d  i n  t h e  f i g u r e  
a b o v e . T h e  c o s t  o f  w e l f a r e  l a b o r  i n c r e a s e s  t h e  t r e a t m e n t  c o s t  p e r  
m i l l i o n  g a l l o n s  o f  s e w a g e  t o  $ 6 .3 1 .

P R O C E E D I N G S  O F  T H E  F O U R T E E N T H  A N N U A L  C O N F E R E N C E  

O F  T H E  M A R Y L A N D - D E L A W A R E  W A T E R  A N D  

S E W E R A G E  A S S O C I A T I O N

The Biofiltration System as a Means for Varying the Degree of Sewage Treatment. 
B y  A. J. Fischer, pp. 11-27. This article gives a description of various applications of 
the biofiltration system, together with a discussion of factors influencing design and opera
tion, B.O.D. loading, recirculation, clarifier design, dosing rates, filter bed design and dis
tributors. Te n drawings an d photographs and nine tables of operating data giving dosing 
rates, B.O.D. loading and per cent reductions are used to supplement and support the 
author’s discussion.

The author concludes as follows:

1. Th e degree of treatment of sewage m a y  be varied over a wide range by the use of 
the biofiltration system.

2. Th e single-stage process in which one filter and one clarifier is used, will effect
B.O.D. reductions of 50-60 per cent.

3. Th e single stage complete system, using one filter an d two elarifiers will give B.O.D. 
reductions of 75-80 per cent.

4. In the two-stage system where two filters and two elarifiers are used, B.O.D. reduc
tions of 90-95 per cent m a y  be effected.

5. The chief factors that influence the design an d operation of all types of biofilter 
plants are B.O.D. loading on the filter, the volume of recirculated flow, and the clarifier 
overflow rate and detention.

6. The capacity of a filter for removing B.O.D. apparently varies with the strength 
and characteristics of the applied sewage. W i t h  normal strength domestic sewage, a 
m a x i m u m  of 2.0 lb. of B.O.D. per cu. yd. of filter m e d i u m  per da y can be removed.

7. Recirculation of filter effluent back to the detention tank is of material aid in con
trolling the degree of purification obtained. In general the recirculation ratio should be 
increased in proportion to the increase in strength of the r a w  sewage. In the case of 
normal strength sewage this ratio should be about 2.0 for single stage intermediate treat
ment, 1.5 for single stage complete treatment and 1.0 for two-stage treatment.

8. The detention tank design becomes increasingly mo re  important as B.O.D. load on 
the filters is increased. Th e  average clarifier overflow rate should not exceed 800-1000 
gallons per square foot per 24 hours in the case of the two-stage plants. Average clari
fier detentions should not be less than 1.5-2.0 hours.

9. Within a range of about 8.0 to 100 m.g.a.d. dosing rates apparently do not affect 
the action in the filter bed as long as the B.O.D. load is not excessive.

10. Increasing the filter bed depth beyond 3 feet gives only a slight improvement in 
results.

11. Th e biofilter system m a y  be applied for the pre-treatment of very strong indus
trial wastes. In the case of distillery wastes having a B.O.D. of about 20,000 p.p.m. over 
90 per cent reduction in B.O.D. m a y  be effected in a single-stage 3 ft. depth filter.

12. In the treatment of strong wastes such as distillery waste, very high B.O.D. load
ings m a y  be applied to the filters without seriously affecting their efficiency. In the case
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of distillery waste, B.O.D. loadings of 18-20 lb. per cubic yard per da y were applied. 
Th e  removals in the filters were 15-18 lb. per cubic yard per day.

Discussion. B y  F. S. Friel, pp. 28-32. Further discussion of the design, operation 
and application of the biofiltration system is given. T h e  influence of temperature on filter 
efficiency is emphasized.

Digestion tanks for the plant employing biofiltration should be larger than those e m 
ployed for the standard trickling filter plant since no digestion occurs in the filter proper 
and the moisture content of the biofilter sludge is higher than that fr o m  the standard filter. 
Digestion space between 3 an d  4 cu. ft. per capita is recommended.

Experiments with Iligli-Eate Trickling Filters at Baltimore, Maryland. B y  C. E. 
Keefer and H e r m a n  Kratz, Jr., pp. 33-42. Discussion, L i n n  H. Enslow, pp. 42-44. 
A  small portion of the existing trickling filters at the Baltimore plant w a s  used for the 
experiments. These filters contain trap rock varying in size f r o m  1 in. to 2.5 in. and are 
8.5 ft. deep. A t  the start of the experimental w o r k  the filter stone w a s  in good condition 
with no evidence of clogging. T w o  eight-arm rotary distributors each 47.5 ft. in diam
eter were erected on the filter. Throughout .the experiments a portion of one of the exist
ing filter beds adjacent to the experimental units w a s  operated at a rate of 3 m.g.a.d. as a 
control.

T h e  sewage applied to the filter ha d passed through bar screens with 0.75 in. clear 
openings an d ha d  been settled in primary tanks equipped for mechanical sludge removal. 
Th e  primary tanks have an average theoretical detention period of tw o hours. Samples 
of the filter influent an d  effluent were collected hourly, composited for a 24 hour period 
an d analyzed. T h e  filter effluent samples were thoroughly stirred before analysis so that 
the analyses would be representative of the entire effluent.

Three groups of experiments were carried out. Experimental data are presented in 

tables an d by m e a n s  of graphs.
Based on the experimental evidence the following conclusions which apply particu

larly to Baltimore conditions were reached.
1. There is no reason to believe that ponding will occur at an y rate of flow from 6.5 

to 30 m.g.a.d.
2. A s  the rate of flow increases, a gradual increase in the B.O.D. of the effluent and a 

decrease in nitrification can be expected. This decrease in B.O.D. removal w a s  not marked 
even w h e n  the flow w a s  10.0 m.g.a.d.

3. E v e n  at high rates of application (26 m.g.a.d.) a reduction of approximately 30 
per cent can be expected in the B.O.D. in winter an d 70 per cent or m o r e  in summer.

4. A  considerable portion of the B.O.D. can be removed in s u m m e r  by  shallow filters 
varying fr o m  2 to 4 ft. deep w h e n  the rate is as high as 10 m.g.a.d. T h e  removal would 

undoubtedly be less in winter.
5. If an effluent is to be better than that f r o m  sedimentation tanks an d inferior to 

that fr o m  a low-rate trickling filter, a high rate filter m a y  serve. Treatment comparable 
to chemical precipitation or sedimentation and magnetite filters can be obtained by sedi
mentation an d high-rate trickling filters. T h e  degree of treatment depends u p o n  the rate 

of applying the sewage an d the depth of the filters.
Inexpensive Contrivances Which Have Improved the Operation of a Small Seicage 

Treatment Works. B y  C. G. Weber, pp. 78-89. This is a s u m m a r y  of experiences at 
the Annapolis, Maryland, sewage treatment plant with chlorination, grit removal, sludge 
filtration and elutriation. Eight sketches an d photographs illustrate methods an d equip
ment. T h e  improvements which were conceived and carried out by  plant personnel have 
resulted in substantial savings in operating costs an d improved plant performance.

This paper is discussed by H .  R. H a n c o c k  an d A. L. Genter, pp. 90-97.

The Effect of the Washington Sewage Disposal P lant on the Potomac River. B y  
P a u l  D. M c N a m e e ,  pp. 61-70. This paper presents a s u m m a r y  of a study m a d e  of the bac
teriological an d  chemical quality of the P o t o m a c  River during 1938 a n d  1939. Sampling 
points corresponded to those used in surveys b y  the U. S. Public Health Service before 
the plant w a s  installed. T h e  data are c o m p ar ed  with the results of the prior surveys and 
correlated with stream flow an d  temperature. T h e  plant has been of value in raising the
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dissolved oxygen concentration in the section of the river which needs it most. A p p r o x i 
mately 20 tons of 5-day B.O.D. and 12 tons of heavy solids are removed daily by  the 
treatment plant.

Discussion. B y  R a l p h  E. F u h r m a n ,  pp. 70-73. A  discussion of certain charac
teristics of the Po t o m a c  River which affect its ability to absorb the imposed sewage load. 
Of particular importance are the tidal flats which, through the agency of the vegetative 
growths, furnish large amounts of oxygen to the water.

Discussion. B y  R. E. Tarbett. Past studies by the U. S. Public Health Service 
indicated that the Po t o m a c  River tidal flats produced oxygen during the s u m m e r  period at 
a rate of 17.7 pounds per acre per day.

The author notes that physical changes taking place in an d around the Washin gt on 
area, particularly those affecting the flats, will eventually have a considerable effect up o n 
the river pollution problems an d will m a k e  it difficult to show by future studies just what 
effect the treatment of the Wa sh in gt on sewage has ha d u p o n  river conditions.

The problem of water pollution control within the District is one that mu st be con
sidered mainly fr om  the standpoint of recreational use of the stream.

P a u l  D. H a n e y

F L A S H  D R Y I N G  O F  S L U D G E

Chemical and Metallurgical Engineering, 48, 10 8 -111 (Ja n u a ry , 1941)

A  brief discussion of the flash-drying system employed by the Chicago Sanitary Dis
trict is given. Twelve actual photographs' of the Southwest sewage treatment plant are 
used to supplement the plant flow sheet which shows diagrammatically the various steps 
in the entire sewage treatment and sludge disposal processes.

Pa u l  D. H a n e y
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O F F I C E R S  O F  M E M B E R  A S S O C I A T I O N S

Arizona Sewage and W ater W orks Association

President: A. W .  Miller, Phoenix.
First Vice-President: G. A. Rhoads, Safford.
Second Vice-President: G. W .  Seeley, Tucson.
Secretary-Treasurer: F. C. Roberts, Jr., Phoenix.
Directors: Phil J. Martin, Jr., Tucson; Robert M .  Cushing, Phoenix; A. L. Frick, 

Jr., Los Angeles; D a v e  Ostrander, Holbrook; Bernard Schiller, Y u m a ;  J. P. Sexton, 

Casa Grande.
Director, Board of Control: Phil J. Martin, Jr., Tucson.

California Sewage W orks Association

President: Ha ro l d F. Gray, Berkeley.
First Vice-President: F r e d  D. Bowlus, Lo s Angeles.
Second Vice-President: Carl M .  Hoskinson, Sacramento.
Secretary-Treasurer: William T. Ingram, Stockton.
Directors: H. W .  Jewell, Los Angeles; B. D. Phelps, S a n  Diego; C. F. Tennant, 

L o n g  Beach; R. R. Ribal, Oakland; A. J. Castro, Jr., Santa Clara.
Director, Board of Control: C. G. Hyde, Berkeley.

Central States Sewage W orks Association

President: C. C. Larson, Springfield, 111.
First Vice-President: George Martin, Gr ee n Bay, Wis.
Second Vice-President: K e r w i n  L. Mick, St. Paul, Minn.
Third Vice-President: D o n  E. Bloodgood, Indianapolis, Ind.
Past President: B. A. Poole, Indianapolis, Ind.
Secretary-Treasurer: E. J. Beatty, Madison, Wis.
Director, Board of Control: George J. Schroepfer, St. Paul, Minn.

Dakota W ater and Sewage W orks Conference

N o r t h  D a k o t a  S e c t i o n
President: R. M .  Jenson, G r a n d  Forks.
Vice-President: E. J. Pearson, Minot.
Secretary-Treasurer: Lloyd K .  Clark, Bismarck.

S o u t h  D a k o t a  S e c t i o n
P residen t: J. E. Holst, Mitchell.
Vice-President: W .  P. Wells, Aberdeen.
Secretary-Treasurer: W .  W .  To wne, Pierre.
Directors: S. W .  Swanson, R a p i d  City; H . J. Steckler, Ya nk t o n;  E. R. S. Mc- 

Gillicuddy, El k Point; M .  T. Wyatt, Pine Ridge; B. Percy, W i n n e r ;  B. A. Nagle, Belle 
Fourche; G. T. Gunderson, Madison.

Director, Board of Control: W .  W .  Towne, Pierre.
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Federal Sewage Research Association
President: C. C. Ruchhoft, Cincinnati, Ohio.
Vice-President: R. W .  Kehr, Cincinnati, Ohio.
Secretary-Treasurer: C. T. Carnahan, Cincinnati, Ohio.
Members, Executive Committee: 0. C. Hopkins, Watertown, Mass.; M .  D. Hollis, 

Cincinnati, Ohio.

Director, Board of Control: A. P. Miller, N e w  Y o r k  City.

Georgia W ater and Sewage Association

President: George H .  Sparks, East Point.
First Vice-President: II. E. Whelchel, College Park.
Second Vice-President: W .  H . Weaver, Decatur.
Secretary-Treasurer: Paul Weir, Atlanta.
Director, Board of Control: G. R. Frith, Atlanta.

Iowa Wastes Disposal Association

President: George C. Ahrens, De s  Moines.
Vice-President: T. R. Lovell, Fort Dodge.
Secretary-Treasurer: Lindon J. M u r p h y ,  Am es .
Directors: Paul Winfrey, D e s  Moines; R. G. Miller, Yinton.
Director, Board of Control: M a x  Levine, Ames.

Kansas W ater and Sewage W orks Association
President: Robert Peart, Sterling.
Vice-Presidents: W a r r e n  Johnson, Wichita; Levi B. Smith, Paola; William O ’Day, 

Coffeyville; F. W .  Sieker, Yates Center.
Secretary-Treasurer: Earnest Boyce, Lawrence.
Director, Board of Control: Earnest Boyce, Lawrence.

Maryland-Delaware W ater and Sewerage Association
President: George E. Harrington, Washington, D. C.
First Vice-President: Jack M .  Jester, Hyattsville, M d .
Second Vice-President: Robert A. Norris, Sykesville, M d .
Secretary-Treasurer: Chesley F. Garland, Baltimore, M d .
Executive Committee: R. J. Stewart, Edge wood , M d . ; E. C. Cromwell, Colgate, M d . ; 

Clarke Gardner, Salisbury, Md.; J. W .  Alden, Wilmington, Del.; A. M .  Tawney, Fort 
Meade, Md., Ex-Officio.

Director, Board of Control: H a r r y  R. Hall, Hyattsville, Md .

Michigan Sewage W orks Association

President: A. B. Cameron, Jackson.
Vice-President: J. C. Marshall, Charlevoix.
Secretary-Treasurer: W .  F. Shephard, Lansing.
Directors: J. F. Leemaster, Jackson; Allan Kronback, Monroe.
Director, Board of Control: N. G. Damoose, Battle Creek.

Missouri W ater and Sewerage Conference

Chairman: J o h n  Allgeyer, St. Louis.
Vice-Chairman: M a j o r  C. Hagar, Boonville.
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Secretary-Treasurer : W .  A. K r am er ,  Jefferson City.
Executive Committee : E d w a r d  Myers, Maryville; George Russell, St. Louis; John 

Frie, Springfield; H . E. Newall, W e b b  City.
Director, Board of Control: George S. Russell, St. Louis.

New England Sewage W orks Association

President: Walter J. Shea, Providence, R. I.
First Vice-President : S a m u e l  M .  Ellsworth, Boston, Mass.
Second Vice-President : R. H .  Suttie, N e w  Have n, Conn.
Secretary-Treasurer : L e R o y  W .  V a n  Kleeck, Hartford, Conn.
Directors: Herbert B. Allen, Fitchburg, Mass.; Walter M .  Kunsch, Danbury, Conn.; 

Leonard W .  Träger, Concord, N. H.
Director, Board of Control: F. W .  Gilcreas, Albany, N. Y.
Ex-Officio Member: Ar th ur D. Weston, Boston, Mass.

New Jersey Sewage Conference

Chairman: Wi l l e m Rudolfs, N e w  Brunswick.
Vice-Chairman : Asher Atkinson, N e w  Brunswick.
Secretary: Richard C. Smith, Glen Ridge.
Treasurer: W i ll em  Rudolfs, N e w  Brunswick.
Director, Board of Control: W i l l e m  Rudolfs, N e w  Brunswick.

New York State Sewage W orks Association

President: Herbert H .  Wagenhals, Syracuse.
Vice-President : Robert C. Wheeler, Albany.
Advisory Member: C. George Anderson, Rockville Centre.
Secretary-Treasurer : A. S. Bedell, Albany.
Assistant Treasurer: J. C. Brigham, Albany.
Assistant Secretary: A. W .  Eustance, Albany.
Executive Committee: R o d n e y  E. Cook, Riverhead; Channel Samson, K e n m o r e ;  H. 

W .  Wagenhals, Syracuse; William Raisch, Forest Hills, L. I.; Joseph E. Rehler, Olean; 
Robert C. Wheeler, Albany; Lawrence L. Luther, Freeport; W .  L. Malcolm, Ithaca; 
Charles R. Velzy, Buffalo.

Director, Board of Control: N. L. Nussbaumer, Buffalo.

North Carolina Sewage W orks Association

Chairman: S. 0. True, Greensboro.
Vice-Chairman: W .  H .  Hall, D u r h a m .
Secretary-Treasurer : R. S. Phillips, D u r h a m .
Director, Board of Control: W .  M .  Piatt, D u r h a m .

Ohio Sewage W orks Conference Group

President: C. D. McGuire, Columbus.
Vice-President: Floyd G. Browne, Marion.
Secretary-Treasurer : F r a n k  W o o d b u r y  Jones, Cleveland.
Director, Board of Control: F r a n k  W o o d b u r y  Jones, Cleveland.

Oklahoma W ater and Sewage Conference

President : E l m e r  Edge, O k l a h o m a  City.
Vice-President: L. H .  Scott, O k l a h o m a  City.
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Secretary-Treasurer: H .  J. Darcey, O k l a h o m a  City.
Director, Board of Control: H. J. Darcey, Ok l a h o m a  City.

Pacific Northwest Sewage W orks Association
President: A. D. Butler, Spokane, W a s h .
First Vice-President: C. D. Forsbeek, Tacoma, W a s h .
Second Vice-President: R. E. Ko on , Portland, Ore.
Secretary: Fr ed  Merryfield, Corvallis, Ore.
Director, Board of Control: J o h n  W .  Cunningham, Portland, Ore.

Pennsylvania Sewage Works Association
President Emeritus: Elton D. Walker, State College.
President: George P. Searight, Carlisle.
First Vice-President: E. B. Swinehart, Pottstown.
Second Vice-President: Theodore S. Bogardus, Meadville. 
Secretary-Treasurer: Bernard S. Bush, Wilkes-Barre.
Editor: J. R. Iloffert, Harrisburg.
Director, Board of Control: H.  E. Moses, Harrisburg.

Rocky Mountain Sewage W orks Association
President: Paul S. Fox, Santa Fe, N e w  Mexico.
Secretary-Treasurer: D a n a  E. Kepner, Denver, Colo.
Directors: F r a n k  C. Hill, Montrose, Colo.; J. E. A m e n d ,  Brighton, Colo. 
Director, Board of Control: Chas. A. Davis, Denver, Colo.

Sanitary Engineering Division of the Argentine Society of 
Engineers (Argentina)

President: Julio Vela Huergo, Buenos Aires.
Secretary: Carlos Santos Rossell, Buenos Aires.
Director, Board of Control:

Sewage Division, Texas Section, S. W . W . A.

President: D. B. Dickson, Wichita Falls.
First Vice-President: S. C. Clark, S a n  Benito.
Second Vice-President: M .  J. Salmon, Commerce.
Third Vice-President: R o y  Matthews, Albany.
Fourth Vice-President: W .  F. Hicks, Paris.
Secretary: V. M .  Ehlers, Austin.
Assistant Secretary-Treasurer: Mrs. Earl H.  Goodwin, Austin.
Trustee: T o m  Green, Austin.
Chairman, Sewage Research: R. M .  Dixon, Dallas.
Director, Board of Control: V. M .  Ehlers, Austin.

The Canadian Institute on Sewage and Sanitation

Past President: W .  H . Riehl, Stratford, Ont.
President: Stanley Shupe, Kitchener, Ont.
Vice-President: W .  L. McFaul, Hamilton, Ont.
Trustees: B. F. Lamson, St. Catherines, Ont.; H .  S. Nicklin, Guelph, Ont. 
Secretary-Treasurer: Albert E. Berry, Toronto, Ont.
Director, Board of Control:
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The Institute of Sewage Purification (England)

President: Charles H. Ball, Davy hulme, Manchester. 
Secretary-Treasurer: W .  F. Freeborn, H a mp to n - o n -T ha me s,  Middlesex. 
Director, Board of Control: J. H .  Garner, Wakefield.

The Institution of Sanitary Engineers (England)

President: D a v i d  M .  Watson, Westminster.
Hon. Treasurer: J. W .  H a m m o n d ,  Ro mf o r d,  Essex.
Acting Secretary: Mrs. E. M .  Kerry, Westminster.
Director, Board of Control: J o h n  E. Farmer, Worthing, Sussex.
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Arizona Sewage and W ater W orks Association
M r. F .  C. Roberts, J r . ,  Secretary-Treasurer, State Board of Health, Phoenix, A r iz .

Adams, E .  H . ,  Pittsburgh Equitable Meter 
Co., 2808 E .  12th S t., Lo s Angeles, C alif. 
Calif.

Brown, Ike F . ,  Supt. of W ater & Sewerage, 
City H a ll, W illiam s, A r iz .

Carollo, John A . ,  Headman-Furgeson Co., 
Homebuilders B ld g ., Phoenix, A r iz .

Cushing, Robert, 319 Homebuilders B ld g ., 
Phoenix, A r iz .

Denison, W . R . ,  M g r., A jo  Improvement Co., 
A  jo, A r iz .

Dunnam, Herm an, Asst. W ater Supt., C ity 
H all, Flagsta ff, A r iz .

Follett, E l i , R . 2, Bo x 22, Glendale, A r iz .
Gilbert, A .  J . ,  W ater Service Forem an, So. 

Pacific R . R ., Tucson, A r iz .
H all, H illia rd  D ., Grand Canyon, A r iz .
Harwell, A .  A . ,  Glendale, A r iz .
Hircock, Chas. W ., 322 W . B . A v e ., Glendale, 

A riz .
Keye, Harm on Ed w a rd , 452 Carnegie A ve ., 

Clairton, P a .
Lewis, E .  S ., Non-Corrosive Products Co., 607 

N . 19th A v e ., Phoenix, A r iz .
Martin, Ph il. J . ,  C ity W ater D e p t., Tucson, 

A riz .

M athis, Alice, Engineering D e p t., C ity H a ll, 
Phoenix, A r iz .

Meade, F .  Griffith, 2211 N .  Ross S t., Santa 
A n a , C alif.

M iller, Alden W ., 1833 N .  13th A v e ., Phoenix, 
A r iz .

Pearce, Geo. W ., 106 S. 1st S t., Glendale, A r iz .
Randall, Odie L . ,  29 S. 3rd S t., Glendale, A r iz .
Roberts, F .  C ., J r . ,  State San. Engineer, State 

Board of Health, State Bldg. Annex, 
Phoenix, A r iz .

Saunders, James B ., Home Realty Co., 2547 
S. 6th A v e ., Tucson, A r iz .

Schiller, Bernard, Co. Sanitary Engineer, 
County Court House, Yu m a , A r iz .

Seeley, Geo. W ., C ity Engineer, C ity H a ll, 
Tucson, A r iz .

Sexton, J .  P . ,  D is t. Manager, Arizona Edison 
Co., Casa Grande, A r iz .

Smalley, R . T . ,  Gen. M g r., Arizon a Edison Co., 
Douglas, A r iz .

Tra vain i, Dario, 3rd F L ,  C ity H a ll, Phoenix, 
A r iz .

Wiekenburg, Town o f, c/o Mildred L .  Alrich , 
Wickenburg, A r iz .

Woods, F .  X . ,  B o x 13, Wenden, A r iz .

California Sewage Works Association
M r. W m . T .  Ingram , Secretary-Treasurer, P .O . B o x 1 1 1 , Stockton, California.

Adams, Allen A . ,  Sterling Electric Motors, 
5401 Telegraph R d ., Los Angeles, C alif.

Adams, W . K . ,  C ity  E n g r ., C ity  H a ll, Redding, 
Calif.

Albers, J .  C ., C ity  Engineer, Public Service 
Bldg., 120 N .  How ard S t., Glendale, C alif.

Aldrich, L lo y d , C ity Engineer, Room 600, C ity 
H all, Los Angeles, C alif.

Allen, W m . A . ,  Asst. S upt., C ity  H a ll, Pasa
dena, C alif.

American Cast Iro n  Pipe Co., A t t .  : W . R . 
Blair, 55 N ew  Montgomery S t., San F r a n 
cisco, C alif.

Anaya, M arvin , San. E n g ., Designer, 367 City 
H all, San Francisco, C alif.

A ppel, A lv in  A rth u r, J r .  C iv. E n g ., 7 1 1  W .
123rd S t., Los Angeles, C alif.

A rno ld, G . E . ,  San Francisco W ater Dept..
M illbrae, C alif.

Banks, H arvey O ., 803 State B ld g ., Lo s A n 
geles, C alif.

B anta, A .  Pe rry, Engineer, 110 S. Broadway, 
4th F lo o r, Los Angeles, C alif.

Ba rdo ff, Ju lia n  L . ,  J r . ,  E n g r ., 3022 Encinal 
A v e ., Alameda, C alif.

Barnard, Archer E . ,  601 W . 5th S t., Suite 905, 
Lo s  Angeles, C alif.

Bates, John S ., Cons. E n g ., 3134 E to n  A ve ., 
Berkeley, C alif.
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B a tty , Frederic A . ,  Supt. of Sewers, 942 S. 
Brouson A v e ., Lo s Angeles, C a lif.

Baugh, Charles, Chemist, 110 S. Broadw ay, 
Lo s Angeles, C a lif.

Bell, Alexander, Pacific Coast M g r., Wallace 
& Tiernan Co., In c ., 1 7 1  2nd S t., San F r a n 
cisco, C a lif. (Deceased.)

B e lt, Elm er B ., Ow ner, Squires Belt M aterial 
Co., 37736 28th S t., San Diego, C a lif.

Benas, Benjam in, Richmond Sunset Sewage 
Treatm ent P la n t, 4545 Lincoln W a y , San 
Francisco, C alif.

Bennett, S. G ., c/o C ity  H a ll, Santa Paula, 
C a lif.

Best, G . R . ,  Comm. E n g ., General Electric Co., 
212 N .  Vignes S t., Lo s Angeles, C a lif.

Beyer, A .  C ., Wallace & Tiernan Co., In c ., 1 7 1  
2nd S t., San Francisco, C a lif.

Bishop, H .  N . ,  C ity  E n g ., P . O . B o x 333, 
Sunnyvale, C a lif.

Borough, Reuben W ., Member B d . of Public 
W ks., L .  A . ,  C ity  H a ll, 402 La to n a  A ve ., 
Lo s Angeles, C a lif.

Bowen, M . R ., 205 N .  Greenleaf S t., W hittie r, 
C a lif.

Bowlus, F re d  D . ,  110 S. Broadw ay, 4th F lo o r, 
Lo s  Angeles, C alif.

B o xall, F .  G ., C ity  H a ll, Brea, C alif.
Boyle, J .  R . Lester, C ity  Engineer, C ity  H a ll, 

Lagu n a  Beach, C a lif.
Brookm an, H .  R ., Sales M g r., S . L .  A b b o tt 

C o., 135 K in g  S t., San Francisco, C a lif.
Brow n, Kenneth W ., 374 W . Santa Clara S t., 

San Jose, C a lif.
B row n, R . F . ,  745 C ity  H a ll , Lo s  Angeles, 

C a lif.
Burnson, B la ir I . ,  Asst. San. E n g ., E a s t B a y  

M unicipality D is t., 512 16th S t., Oakland, 
C a lif.

Byxbee, J .  F . ,  C ity  E n g ., P . O . B o x 450, Palo 
A lto , C a lif.

C a lif. Assoc. Cone. Pipe M fr s ., P .  O . Bo x 
914, Fresno, C a lif. A t t . : I I .  W . Chutter, 
Pres.

C alifornia Corrugated Culvert C o., 7 th & 
Parker Sts., Berkeley, C a lif. A t t . : M r. A .  
W . Fra te rs , Secy.

California Institute o f Technology, A t t . : 
Fra n k lin  Thomas, P r o f . o f C ivil Engineer
ing, Pasadena, C a lif.

California Packing Corp., 101 California S t., 
San Francisco, C a lif.

Carey, James L . ,  Chief Electrician, Sewer 
Maintenance, 3155 Budau, Lo s Angeles, 
C a lif.

Casey, Jo h n  J . ,  C ity  H a ll, C ity  E n g r ., San 
Francisco, C a lif.

Castello, W . O ., Supt. o f Sewer D e p t., City 
H a ll, Sacramento, C a lif.

Castro, A .  J . ,  J r . ,  P la n t Operator, 1303 Fra n k 
lin S t., Santa Clara, C a lif.

Ceriat, Eugene, Construction Engineer, 1220 
S . La k e  S t., Lo s  Angeles, C a lif.

Chapman, Clarke, Asst. O p r., 122 W . 4th St., 
Covina, C a lif.

Chiarolla, F ra n k  V ito , Douglas A irc ra ft Co., 
854 N .  Figueroa S t., Lo s  Angeles, Calif.

Clark, J .  C ., Chief O p r. H untington Beach 
P la n t, 518 11th  S t., H untington Beach, 
C a lif.

Clark, Jo h n  A . ,  2644 D w ight W a y , Berkeley, 
C a lif.

Clark & Sons, N . ,  c/o Bradley W . W yatt, 
Supt. 4th & Pacific, Alam eda, C alif.

Clements, Pau l N . ,  Gas Survey Forem an, 1412 
W . 82nd S t., Lo s  Angeles, C alif.

Collins, A .  Preston, 307 W . 1st S t., 400 
K lin k e r B ld g ., Lo s Angeles, C alif.

Compton, C. R . ,  110 S. Broadw ay, 4th Floor, 
Lo s Angeles, C a lif.

Conger, Charles C ., C ity  E n g ., 145 W . Com
mercial S t., Chino, C a lif.

Cook, Lawrence H . ,  B o x 696, Menlo Park, 
C a lif.

Cook, M a x E . ,  100 Bush S t., San Francisco, 
C alif.

Cooley, E .  C ., 625 M arket S t., Room 1414, San 
Francisco, C a lif.

Corrao, Joseph, Supt. of Pum ping Plants, 286 
C ity  H a ll , San Francisco, C a lif.

Cortelyou, H .  P . ,  E n g . Disposal of Waste, City 
H a ll, Room 606, Lo s  Angeles, C alif.

Crane, H .  R . ,  Salesman, 9059 Venice Blvd., 
Lo s  Angeles, C a lif.

Creears, T .  H . ,  1824 S. Hope S t., Lo s Angeles, 
C a lif.

Cromer, Lio n e l, O p r ., N o rth  Disposal Plant, 
R . 2, B o x 183, Stockton, C a lif.

Curfew , L .  S ., M g r ., V apo r Recovery Systems 
Co., 2820 N .  Alameda S t., B o x 628, Comp
ton, C a lif.

Currie, D a vid  H . ,  E n g ., 1564 Arrowhead, San 
Bernardino, C a lif.

Currie, F ra n k  S ., Con. E n g ., 219 Andreson 
B ld g ., San Bernardino, C a lif.

D a k an , E a r l  W ., Industrial Hygiene Serv., 
State D e p t, o f Public H e alth , 2002 Acton 
S t., Berkeley, C alif.

Darnell, F .  M ., Asst. C iv. E n g ., 708 C ity  H all, 
Lo s  Angeles, C a lif.

D avey, H .  W ., P la n t Mechanic, Bakersfield 
Treatm ent P la n t, 1021 Q . S t., Bakersfield, 
C alif.
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Davids, E .  M ., Vice Pres., Gladding, Mc-Bean 

Company, 2901 Lo s F e liz  B lv d ., Lo s  A n 
geles, C a lif.

Davidson & Fu lm o r, C ivil E n g rs ., 3646 7th 
S t., Riverside, C a lif.

de Leon, Gregorio, Chief E n g ., Metropolitan 
Water D is t., 176 Arroceros, M anila, P .  I .

De M artini, F ra n k  E . ,  U .  S . Public Health 
Service, 3rd & K ilgo u r Sts., Cincinnati, 
Ohio.

Derby, R a y  L . ,  San. E n g ., D e pt, o f W ater & 
Power, 3669 Term inal An n ex, Los Angeles, 
Calif.

Dodson, Roy E . ,  J r . ,  E n g ., 816 Oregon B ld g ., 
Portland, Ore.

Dommes, Sid F . ,  J r . ,  Asst. San. E n g ., 244 5tli 
St., Richmond, C alif.

Duncan, Roland F . ,  Operator, Sewage Disposal 
Plant, R . R . 1 , B o x 64—A , Santa Paula, 
Calif.

Dunstan, Gilbert H . ,  Asst. P r o f . San. E n g ., 
University o f Alabam a, B o x 1996, U n ive r
sity, A la .

Ea rly, Fre d  J . ,  J r . ,  E a r ly  Engineering Corp., 
Inc., 369 Pine S t., San Francisco, C alif.

Eastman, T .  F . ,  701 C ity  H a ll, E n g . D e p t., 
Oakland, C alif.

Edwards, H .  L . ,  C ity  E n g ., 4852 Cypress S t., 
L a  Mesa, C alif.

Egan, J .  H . ,  e/o Crane Company, 321 E .  3rd 
S t., Los Angeles, C a lif.

Ellinger, M orris, E n g ., La k e  Arrowhead, C alif.
Erickson, Una H . ,  Sr. E n g ., Pla nt O p r ., C ity 

H a ll, Bakersfield, C alif.
Everts, W . S ., Canners League o f C a lif., 64 

Pine S t., San Francisco, C alif.
Faccinia, F ra n k , Operator, South Plant Stock

ton, 427 S. Harrison S t., Stockton, C alif.
Fairbanks, E .  G ., H ealth & Safety Comm., 

Box 66, Manteca, C a lif.
Farrar, J .  H . ,  Chief O p r., C ity  H a ll, Ontario, 

Calif.
Fiscus, A . E . ,  Chief O p r., 1547 Ravenna A ve ., 

Wilmington, C a lif.
Fitch, T .  A . ,  826 Yale S t., Lo s Angeles, C alif.
Foreman, Merle S ., Bacteriologist-Chemist, 

State D e pt, of Public Health, 3093 L i fe  
Science B ld g ., Berkeley, C alif.

Foster, Herbert B ., J r . ,  Asst. San. E n g ., State 
Dept, of Health, 479 Kentucky A v e ., Berke
ley, C alif.

Foster, W illiam  F lo y d , E n g ., Sewer & Storm 
Drain Design, 7th F lo o r, 333 W . 2nd S t., 
Los Angeles, C a lif.

Fraschina, Keeno, Asst. Supt. & Technician, 
Richmond Sunset Sewage T r . P la n t, 4545 
Lincoln W a y , San Francisco, C alif.

F ric k , A .  L . ,  J r . ,  2311 E .  8tli S t., Lo s  A n 
geles, C a lif.

Frickstad, W alter N . ,  803 C ity  H a ll, Oakland, 
C a lif.

Froehde, F .  C ., C ity  E n g . and Supt. of 
Streets, C ity  H a ll, Pomona, C alif.

Fulm e r, F .  B ., Sect.-Treas., N .  A .  P .  R . E . ,  
589 Sycamore S t., Oakland, C a lif.

Gardner, R . T . ,  Wallace &  Tiernan, 2311 E .  
8th S t., Los Angeles, C alif.

Gascoigne, Geo. B . ,  Cons. E n g ., 1140 Leader 
B ld g ., Cleveland, Ohio. (Deceased.)

General Electric Company, 212 N .  Vignes, Lo s 
Angeles, C a lif. A t t :  W . I .  K y te , Comm. 
E n g r.

Gilkey, A .  E . ,  O p r. Sewage Treatment P la n t, 
332 Pleasant S t., Roseville, C alif.

Gillespie, C . G ., San. E n g ., State D e p t. Public 
H ealth, 3093 L i fe  Science B ld g ., Berkeley, 
C alif.

Gladding, Charles, Pres., Gladding Bros. M fg . 
C o., 3rd & Keys Sts., San Jose, C a lif.

Goodridge, H a r ry , C ity  E n g r ., C ity  H a ll, 
Berkeley, C alif.

Goudey, R . F . ,  W ater & Power D e p t., B o x 240, 
Arcade An n ex, Lo s Angeles, C alif.

G ra n t, A .  J . ,  Ass. O p r., 621 Thalia S t., L a 
guna Beach, C alif.

G ra y, Harold F . ,  Sanitary & Hydraulic E n g i
neer, 2540 Bonvenue A v e ., Berkeley, C a lif.

Gregory Sanitary & Municipal Reference L i 
b ra ry, Jo h n  H . ,  C ity  H a ll, Columbus, Ohio.

Gregory, Ted. R ., San. E n g ., 199 Hilside, 
Kentfield, C alif.

Grunsky, Eugene L . ,  Con. E n g ., 833 Market 
S t., Room 110 1, San Francisco, C alif.

Gruss, A .  W ., Ag e n t, The American Brass Co., 
235 Montgomery S t., San Francisco, C alif.

Hapgood, E .  P . ,  C ity  H a ll, Anaheim, C alif.
H a rd in g , Robert G ., Cons. E n g ., 606 U ta h  

Savings & Trust B ld g ., Salt La k e  C ity , 
U ta h .

H arm an, Judson A . ,  703 State B ld g ., Lo s A n 
geles, C a lif.

H arrington , J .  H . ,  C ity H a ll, Signal H ill , 
C alif.

H ayle r, Geo. R ., Asst. C ity  Engineer, City 
H a ll, San Diego, C alif.

H e n ry, B . F . ,  Chief Operator, Pomona Sewage 
P la n t, P . O . B o x 286, Pomona, C alif.

H ilto n . E lto n  M ., San. Inspector, National 
P a rk  Service, Yosemite, C alif.

Hitehner, A .  H . ,  E n g ., Oliver United Filte rs, 
In c ., 2900 Glascock S t., Oakland, C alif.

Hommon, H .  B . ,  U .  S. Public Health Service, 
Federal Office B ld g ., Room 112 , San F r a n 
cisco, C alif.
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H o rto n , F .  C ., O p r., Term inal Island, W . 118th 
Place, Lo s  Angeles, C alif.

Hoskinson, Carl M ., Chief E n g ., W ater W orks, 
C ity  H a ll , Sacramento, C alif.

Huebner, Lu d w ig , O p r ., Palo A lto  Sewage 
Treatm ent P la n t, Station A ,  Palo A lto , 
C a lif.

H u th , Norm an A . ,  C ity  E n g ., C ity  H a ll, V isa 
lia, C alif.

H y d e , Charles Gilm an, P r o f. in San. E n g r ., 
University of California, 11 Engineering 
B ld g ., Berkeley, C a lif.

Ingra m , F re d  R ., 826 Shattuck, Berkeley, 
C a lif.

Ingra m , W m . T . ,  P . O . Bo x 1 1 1 , Stockton, 
Calif.

Jacobson, Jo h n , Supt. o f Repair & Power, U .
C. F a r m , D a vis, C a lif.

Je ffre y , H .  I I . ,  C ity  H a ll , R m . I l l ,  Sacra
mento, C alif.

Jenks, H a r r y  N . ,  Cons. San. E n g ., 345 M a 
drono A v e ., Palo A lto , C alif.

Jennings, J .  C ., 112  C ity  H a ll , Sacramento, 
C a lif.

Jewell, H .  W ., Chief E n g ., Pacific Clay P ro d 
ucts, 304 W . A ve . 26, Lo s Angeles, C alif.

Je w ett, H e rb e rt, 727 West Arden A v e ., Glen
dale, C alif.

Johnson, Verner C ., Supt. Disposal P la n t, 227 
S. Hollenbeck S t., Covina, C a lif.

Jones, W ayland, Supt. N o rth  Disposal P la n t, 
R . 2, Bo x 182, Stockton, C alif.

Jorgenson, H .  W ., State B u r. of San. E n g ., 
3093 L i f e  Science B ld g ., Berkeley, C a lif.

K e lly , E a r l  M ., E n g ., 811 W . 7th S t., 301 S ig 
nal O il B ld g ., Lo s  Angeles, C alif.

Kem pkey, A . ,  Cons. E n g ., 1218 H o b a rt B ld g ., 
San Francisco, C a lif.

Kennedy, C . C ., Atlas B ld g ., 604 Mission S t., 
San Francisco, C alif.

Kennedy, D . R ., Cons. S upt., C ity  H a ll , Lo n g  
Beach, C a lif.

Kennedy, R . R . ,  604 Mission S t., San F r a n 
cisco, C a lif.

Kinsm an, Frederick, 725 W alnut S t., B u r
lingame, C alif.

K im b a ll, Ja c k  I I . ,  Asst. Supt. W ater & Sewer 
D iv ., 740 Dartm outh S t., Palo A lto , C alif.

K iv a r i, A .  M ., 8 11 W . 7tli S t., 301 Signal O il 
B ld g ., Lo s  Angeles, C alif.

K je llb e rg , G ., Supt. of Sewers, 4411 Roubi- 
doux, Riverside, C a lif.

Knoedler, H .  A . ,  Inertol C o., 64 S. P a rk , San 
Francisco, C a lif.

Kn ow lto n, W . T . ,  C ity  H a ll (7 0 5 ), Los 
Angeles, C a lif.

Koebig & Ko eb ig, Cons. E n g rs ., 458 S. Spring 
S t., Lo s Angeles, C a lif.

K o lb , F re d . W ., Rep. fo r Proportioneers, Inc. 
and Bldrs. Iro n  Fo u n d ry , 598 Monadnock 
B ld g ., San Francisco, C a lif.

Kressly, Pau l E . ,  Cons. E n g ., C ity  Hall, 
Azu sa , C a lif.

K ro h n , W illiam , Supt. W ater and Sewers, City 
H a ll , T ra c y , C a lif.

Langelier, W . F . ,  D e pt, o f C ivil E n g ., Univer
sity of California, Berkeley, C alif.

La w to n , R . W ., Cons. E n g ., 1115  S. Hope St., 
Lo s Angeles, C a lif.

Le e , Charles H . ,  Cons. Hydraulic E n g ., 58 Sut
ter S t., San Francisco, C alif.

Le fe ve r, R . W ., Sewer Maintenance, Asst. Elec
trician, 3110 W . 59th S t., Los Angeles, 
C alif.

Lo s Angeles Public L ib ra ry , Serials Division, 
530 S. Hope S t., Lo s Angeles, C alif.

Lo s Angeles Public L ib r a r y , Municipal Refer
ence L ib r a r y , 300 C ity  H a ll, Los Angeles, 
C a lif.

Lo w the r, B urton, Cons. E n g r ., 710 Colorado 
B ld g ., Denver, Colo.

Lu d w ig , H a rve y  F . ,  c/o Ea s t B a y  Cities Sew
age Disposal Survey, C ity  H a ll, Berkeley, 
C a lif.

Lu ip p o ld , G . T . ,  Luippo ld Engineering Sale 
Co., 1930 W . Olym pic, Lo s Angeles, Calif.

L u n d , Ralph F . ,  Chief Chemist, Lo s Angeles 
La b o ra to ry, 4277 10th A v e ., Los Angeles, 
C a lif.

Macabee, L lo y d  C ., Cons. E n g ., 131 University 
A v e ., Palo A lt o , C a lif.

M acDonald, H u g h  H . ,  Deputy C ity Attorney, 
415 C ity  H a ll , Lo s Angeles, C alif.

M atsumaru, Isao, Chief Chemist, D iv . of M u
nicipal Sewage Research, 3168 Izumumachi 
Suita near Osaka, Ja p an .

M attim oe, George E . ,  Sewage Works Opr., 
Veterans Hom e, Yo un tville , C a lif.

M auldin, P .  L . ,  O p r. Hyperion Pla n t L .  A ., 
1252 W . 97th S t., Los Angeles, C alif.

M a y , H arold L . ,  Chief O p r. Palo A lto  Plant, 
1192 Briton A v e ., San Jose, C alif.

M cBride, J .  L . ,  C ity  E n g ., C ity H a ll, Santa 
A n a , C a lif.

M cDuell, Jo h n  W ., Sale E n g ., 5330 Aldama 
S t., Lo s Angeles, C a lif.

M c K in la y , Daniel, Sales A g t ., International 
F ilte r C o., 611 How ard S t., San Francisco, 
C alif.

M cM illan, Donald C ., C ity M g r., 12 1 S. Coro
nado S t., V entura, C a lif.



Vol. 13, No. 2 MEMBERS OF FEDERATION 381
McMorrow, Bernard J . ,  San. E n g r. & Health 

Officer, Island o f H a w a ii, P . O . Bo x 916, 
H ilo , H aw aii.

Mechler, Louis W ., Camarillo State Hospital, 
Camarillo, Ventura County, C alif.

Meyer, Louis P . H . ,  Police S. F .  Asst. Inspec., 
583 Dolores S t., San Francisco, C alif.

Miick, Fred E . ,  E n g ., L in k  Belt Company, 361 
S. Anderson S t., Los Angeles, C alif.

Mittelstaedt, R . E . ,  Manager of W ater D e pt., 
City H a ll, Sacramento, C alif.

Molitor, Pa u l, Supt. Madison Chatham Sew
age Treatment P la n t, 4 W illow S t., Chatham, 
New Jersey.

Morris, A rva l, Sales E n g r ., Sterling Electric 
Motors, In c ., Telegraph R d . at Atlantic 
Blvd., Los Angeles, C alif.

Morrison, C. B ., 708 C ity  H a ll, Lo s Angeles, 
Calif.

Munson, Lau ra  A . ,  M rs., Bo x 200, La fa ye tte , 
Calif.

Neville, Jabez E . ,  Neville Agric. Supply Co., 
13(10 Factory Place, Lo s Angeles, C alif.

Norris, Fin la y  J . ,  Operator, 538 Fra n k lin , 
Whittier, C alif.

O ’Connell, W m . J . ,  Wallace & Tiernan, 137 
Castilian W a y, San Mateo, C a lif.

Ogle, H a rry  B ., Sales M g r., Valley Cone. Pipe 
& Products C o., P . O . Box 402, Chico, C alif.

Ojai, C ity o f, C ity H a ll, O ja i, C alif.
Olney, H .  Ross, Sewer Repair Forem an, 4215 

W . Ave. 40, Los Angeles, C alif.
O ’Neill, Ralph W ., 2722 18th S t., Bakersfield, 

Calif.
Ongerth, H .  J . ,  J r .  San. E n g ., C alif. State 

Board of Health, 19 11B -Berrym an , Berke
ley, Calif.

Pacific Foundry Company, 3100 19th S t., San 
Francisco, C alif.

Painter, Carl E . ,  W ater Works Equipment 
Co., 149 W . 2nd South Salt Lak e  C ity , U ta h .

Palmer, Harold K . ,  Rm . 400, 110 S. Broadway, 
Los Angeles, C alif.

Parkes, G . A . ,  Asst. E n g r ., Lo s Angeles C ity, 
705 City H a ll, Los Angeles, C alif.

Parr, James, Pla nt O p r., C ity H a ll, Manteca, 
Calif.

Parsons, F .  W ., Asst. E n g r ., C ity  H a ll, Los 
Angeles, C alif.

Patterson, R . L . ,  C ity  Engineer, C ity H a ll, 
Newport Beach, C alif.

Payton, L y le , C ity H a ll, Stockton, C a lif.
Peterson, J .  H . ,  Staff M g r. Transite Pipe 

Dept., Johns Manville C o., 116 N ew  M on t
gomery S t., San Francisco, C a lif.

Phelps, B . D . ,  Asst. C ity  E n g r ., Rm . 266, Civic 
Center, San Diego, C alif.

Phelps, Tracy I . ,  Asst. E n g ., San. & Storm 
Drain D iv . Office of Los Angeles Co. E n g r ., 
716 Union League B ldg., 2nd & H ill  Sts., 
Lo s Angeles, C a lif.

Pickett, A rth u r G ., Deputy County E n g r ., 700 
Union League B ld g ., Lo s Angeles, C alif.

Pierce, C. L . ,  1628 Wayne S t., South Pasadena, 
C alif.

Pleasanton, Town o f, Town H a ll, Pleasanton, 
C alif.

Pomeroy, Richard, Chemist, Bo x 353, Harbor 
C ity , C alif.

Popp, W . L . ,  C ity Engineer, C ity  H a ll, San 
Jose, C alif.

Porter, H . ,  Asst. C ity E n g r ., C ity H a ll, San 
Mateo, C alif.

Post, F re d  W ., Sewage Pla nt M g r., R . 3, Box 
433, L o d i, C alif.

Prim m er, B . J . ,  Dist. M g r., American Cone. & 
Steel Pipe Co., P .  O . B o x 13 M ain Station, 
San Diego, C alif.

Ramseier, Roy E . ,  2813 Parker S t., Berkeley, 
C alif.

Ranagan, Fre d  E . ,  823 W . 5th S t., Pardee 
Engineering Co., Los Angeles, C alif.

Rantsma, W . F . ,  C ity  H a ll, Fresno, C alif.
Raw n, A .  M ., Lo s Angeles County San. Dists., 

110 S. Broadway, 4th F lo o r, Los Angeles, 
C alif.

Reinke, Ed w ard A . ,  State Dept, of Public 
Health, 3093 L i f e  Sciences B ld g ., Berkeley, 
C alif.

Reinoehl, Don, Associate Engineer, 131 U n i
versity A v e ., Palo A lto , C alif.

Reynolds, Leon B ., P r o f ., C ivil Engineering 
D e p t., Stanford U n iv ., Palo A lto , C alif.

R ibal, Raymond R o b t., 701 C ity  H a ll, Oakland, 
C alif.

Roberts, W . C ., D ir . Pacific E n g r. L a b ., 604 
Atlas B ld g ., San Francisco, C alif.

Robinson, W illis S ., 152 E .  Louise S t., Lo n g  
Beach, C alif.

Robles, George G ., O p r., 604 N .  Church S t., 
L o d i, C alif.

Rowntree, Bernard, Asst. Secy., Carmel Sani
tary District, P . O . B o x 83, Carmel, C alif.

R u th , Leo W ., J r . ,  Asst. E n g r. Cook Research 
La b s ., Menlo P a rk , C alif.

Sanchis, Jos. M ., San. E n g ., c/o American 
Consulate, Caracas, Venezuela, S. A .

Sauer, Victor W ., 701 C ity  H a ll, Oakland, 
C alif.

Schapp, A . ,  A tto rne y, 501 H o bart B ld g ., San 
Francisco, C alif.

Segel, A . ,  Civil Engineer, 817 M attei B ldg., 
Fresno, C alif.
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Senseman, W m . B . ,  Pacific Coast M g r., Com
bustion Engineering Co., 406 S. M ain S t., 
Lo s Angeles, C a lif.

Shaw, Pau l R ., c/o Fis h  & Game Commission, 
F e r ry  B ld g ., San Francisco, C a lif.

Shearer, A .  B ., San. D is t. N o . 1 M arin , 11 
L ib ra ry  Place, San Anselmo, C a lif.

Shelton, M . J . ,  C ity  E n g ., C ity  of E l  Centro, 
E l  Centro, C a lif.

Shook. H .  E . ,  Great Western Electro Chemical 
Co., 9 M ain  S t., San Francisco, C a lif.

Silberbauer, W alter R . ,  Inspector, Campbell 
San. D is t., B o x 614, Campbell, C a lif.

Singer, Lew is P . ,  J r . ,  P .  O . B o x 554, Asst. 
E n g ., C ity  E n g r . ’ s Office, L o d i, C a lif.

Skinner, Jo hn  F . ,  1610 Idlewood R d ., Glen
dale, C alif.

Skinner, W ., Supt. W ater & Sewer D e p t., City 
H a ll, B o x 22, Escondido, C alif.

Sm ith, A lv a  J . ,  Cons. E n g ., 810 Boylston S t., 
Pasadena, C alif.

Sm ith, Chester A . ,  Burns & M cDonnell, Cons. 
E n g rs ., 107 W . Linw ood A v e ., Kansas C ity , 
M o.

Sm ith, F ra n k  E . ,  Operator Santa A n a , 1100 
E .  Broadw ay, Anaheim , C alif.

Sm ith, H .  O ., E n g . of Sewer Design, C ity  of 
Lo s  Angeles, 745 C ity  H a ll , Lo s Angeles, 
C a lif.

Sm ith, J .  F . ,  Great Western Electro-Chemical 
Co., 9 M ain S t., San Francisco, C a lif.

Soroker, Sam, D is t. Sewer Forem an, 4900 
M eridian S t., Lo s Angeles, C alif.

Softer, R . R . ,  Chief O p r. Engineer, 4545 L i n 
coln W a y , Richmond Sunset Sewage T r . 
P la n t, San Francisco, C a lif.

Souther, Fre d  L . ,  B o x 2270, San Diego, C alif.
Stevenson, Ralph A . ,  641 Gibbons S t., Lo s 

Angeles, C a lif.
Stewart, Morgan E . ,  Contra Costa C o., H ealth 

D e p t., Room 125, H a ll o f Records, M artinez, 
C a lif.

Stites, H .  L . ,  C ity  E n g r ., 272 N .  Olive A v e ., 
Bu rbank, C alif.

Strangard, Ed w a rd  L . ,  O p r ., Disposal Pla n t 
c/o Public W orks, U .  S. N a va l A ir  Station, 
Alam eda, C a lif.

Strayer, Elm e r C ., C iv. E n g ., 204 S. Olive 
A v e ., Alham bra, C a lif.

Stu a rt, Archer B ., C ity  E n g ., P . O . B o x 21, 
Healdsburg, C a lif.

Studley, E .  G ., 705 C ity  H a ll, Lo s Angeles, 
C a lif.

Swanson, S. C ., U tility  M a n , P . O . B o x 506, 
Manteca, C a lif.

Ta g g a rt, J .  M ., O p r., 533 W . W ilshire, F u lle r
ton, C alif.

Talbo t, F ra n k  D .,  Cons. Engineer, 804 Forum 
B ld g ., Sacramento, C a lif.

Tegtm eyer, L .  G ., Asst. E n g ., 368 C ity Hall, 
San Francisco, C a lif.

Tennant, Carl F . ,  142 W . Artesia B lv d ., Long 
Beach, C a lif.

Thatcher, L y n n  M ., State San. E n g ., 126 
State Capitol, Salt La k e  C ity , U ta h .

Thews, Vernon W ., 2300 Pacific, San Pedro, 
C a lif.

Tillotson, Jo h n , Operator T ra cy, 4 E .  3rd St., 
T ra c y , C a lif.

Tom an, R . S ., Local M g r. “ Chemeo,”  911 
Harrison S t., San Francisco, C a lif.

Towers, Charles, W arden, Pollution Detail 
State D iv . o f F is h  & Game, State Bldg., 
Lo s Angeles, C a lif.

T s u ji, To ta ro , Chem. Division, Industrial 
Wastes Research, 933 Sliojii, Kishibe Mura, 
Mishim agun, Osakafu, Japan .

U llrich, C. J . ,  Cons. E n g ., 422 Ness Bldg., 
Salt La k e  C ity , U ta h .

U nger, Carl, Sewage Works O p r., 522 Oak 
S t., Petalum a, C a lif.

University of California L ib r a r y , Division of 
Serials and Exchange, Berkeley, Calif.

University o f Southern California Lib ra ry, 
U niversity P a rk , Lo s Angeles, C alif.

U pdegraff, W . R . ,  Western C ity  Magazine, 458 
S. Spring S t., Lo s Angeles, C a lif.

V a n  N orm an, James H . ,  330 Lom a Vista St., 
E l  Segundo, C a lif.

V apor Recovery Systems, A t t .  Promotional 
D e p t., Draw er 231, Compton, C alif.

Vaughan, E .  A . ,  K .  o f P .  B ld g ., Lompoc, 
C a lif.

V illa ru z, Prim o , Ass. San. E n g r ., 374 W. 
Santa Clara, San Jose, C a lif.

W aggoner, E .  R . ,  306 West A v e ., 26, Los A n 
geles, C a lif.

W alker, W alter J . ,  O p r ., Sewage Treatment 
P la n t, 409 Railroad A v e ., Deeoto, C alif.

W alters, Grover L . ,  123 W . Wilshire Ave., 
Fulle rto n, C a lif.

W arren, A .  K . ,  110 S. Broadway (4th F I .) ,  
Lo s Angeles, C a lif. (Deceased.)

W atkins, H .  I I . ,  E n g . and Secy., Cleaves 
B ld g ., H ig h  S t., Auckland Suburban Drain 
age B d ., Auckland, N e w  Zealand.

W ebb, L .  C ., C ity  o f G ridley, Gridley, Calif.
Weed, Sam A . ,  D raftsm a n, E m . 701 C ity H a ll, 

Oakland, C a lif.
West, E z r a , 308 N .  10th, Colton, C a lif.
W hite, Geo C ., D is t. E n g ., Wallace & Tiernan, 

17 1  2nd S t., San Francisco, C a lif.
W hite, R . E . ,  Cons. E n g ., 2617 20th St., 

Bakersfield, C a lif.
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White, W . W ., State San. E n g ., 25 Fordonia 

Bldg., Reno, N e v.
Wilder, A .  D . ,  Director, Dept. Public W ks., 

Rm. 360 C ity H a ll, San Francisco, C alif. 
Wintersgill, A .  T . ,  B o x 145, Station A ,  Los 

Angeles, C a lif.

W irt, J .  B ., Operator, San Leandro, 735 Juana 
A v e ., San Leandro, C alif.

Woodward, R . D . ,  Chief O p r. & Mechanic, 463 
M yrtle  S t., Laguna Beach, C alif. 

Zuekweiler, G . C ., 739 4th S t., San Diego, 
Calif.

Central State Sewage W orks Association
E .  J .  B e a tty , Secretary-Treasurer, State Board o f H e alth , Madison, Wise.

Abplanalp, C. C ., Wallace & Tiernan Co., 809 
W . Washington B lv d ., Chicago, 111.

Adams, Chas. L . ,  202 Elk s  B ld g ., Jo lie t, 111.
Algonquin, Village o f, M cH en ry County, A l 

gonquin, 111.
Allen, William G ., 5315 N .  Laram ie A v e ., Chi

cago, 111.
Anderson, Geo. I I . ,  Annex B ld g ., H e rrin , 111.
Anderson, Herbert A . ,  Asst. State San. E n g ., 

Wisconsin State Board of Health, C ity H a ll, 
Rhinelander, Wise.

Anderson, Newell, Moose La k e , M inn.
Anderson, N orval E . ,  C ivil Engineer, San. 

Dist. of Chicago, 618 Catherine A ve ., L a  
Grange, 111.

Arbogast, Joseph, Naperville, 111.
Arford, W m ., 2310 Roosevelt A ve ., New  

Castle, Ind.
Arner, Charles, 247 E .  150th S t., H arve y, 111.
Ashby, Paul, R . R . 3, Muneie, In d.
Ashdown, W . L . ,  Supt. Sewage Treatment 

Plant, Bloom Township San. D is t. Chicago, 
Heights, 111.

Ashley, Clifford A . ,  506 N .  West S t., Wheaton, 
111.

Austin, R . J . ,  11316 Avenue L ,  Chicago, 111.
Babbitt, H .  E . ,  San. Engineer, 204 Engineer

ing H a ll, University o f Illinois, Urbana, 111.
Backmeyer, D a vid, Lib e rty  A ve ., Richmond, 

Ind.
Baetz, C. C ., Bo x 51, Appleton, Wise.
Baillie, E .  P . ,  2700 Regent S t., Madison, Wise.
Baker, C. M ., 2 S. Carroll S t., Madison, Wise.
Barnes, L .  T . ,  S upt., “Wheaton San. D is t., 825 

Irving A v e ., Wheaton, 111.
Barnett, G . R ., 519 Comm. Bank B ldg., 

Peoria, 111.
Barnhill, John T . ,  c/o State Dept, of Public 

Health, D iv . San. Engineering, Springfield, 
III.

Barth, John R ., Room 108, Decatur Club 
Bldg., Decatur, 111.

Bass, Frederic, C iv. E n g ., U niversity of M in 
nesota, Minneapolis, M inn.

Batchelor, W ., 240 W . 43rd S t., Indianapolis, 
Ind.

B a xte r, Richard M ., 51 F o x  S t., Au ro ra , 111.
Baylis, John R ., 1643 E .  86th S t., Chicago, 111.
B e a tty, E .  J . ,  State Board o f Health, M a d i

son, Wise.
Beaudoin, Robert E . ,  3424 Arden A v e ., H o lly 

wood, 111.
Beck, A .  J . ,  215 Southcote R d ., Riverside, 111.
Bender, Dw ight O ., 932 N .  Hawthorne Lan e , 

Indianapolis, In d.
Benson, R . W ., 4604 2nd A v e ., S ., Minneapolis, 

M inn.
Berke, J .  I I . ,  740 N .  Plankinton A v e ., M il

waukee, Wise.
Bernauer, George, Asst. San. E n g ., District 

H ealth Office, Rm . 378, State Office B ld g ., 
Madison, Wise.

B e rry, George A . ,  R . 2, B o x 440, Indian
apolis, In d .

Besozzi, Le o , 314 Hammond B ld g ., Ham mond, 
In d.

Birdsall, L .  I . ,  General Chemical C o., 105 W . 
Madison S t., Chicago, 111.

Birkeness, O . T . ,  Section 7 , 809 W . Washing
ton B lv d ., Chicago, 111.

Bjelajac, Vaso, 811 S. 1st S t., Milwaukee, 
Wise.

Black, Hayse H . ,  Asst. San. E n g ., State Dept, 
of Public Health, Springfield, 111.

Black & Veatch, 4706 Broadway B ld g ., K a n 
sas C ity , M o.

Bloodgood, Donald E . ,  R . F .  D . 3, Bo x 976 H . ,  
Indianapolis, In d.

Boeke, H arley C ., Sewage Treatment P la n t, 
S. M ain S t., Racine, Wise.

Bogema, M arvin, 132 Bla ir S t., Ithaca, N .  T .
Boley, A rth u r L . ,  Asst. C ity E n g ., C ity  H a ll, 

Sheboygan, Wise.
Borchelt, T .  C ., Bo x 52, Trem ont, 111.
Bragg, Robert E . ,  5859 N .  New  Jersey S t., 

Indianapolis, In d.
Bragstad, R . E . ,  C ity  H a ll, Sioux Fa lls , S. 

D a k.
Brensley, A .  A . ,  Supt. o f Sewers, C ity  H a ll, 

Kankakee, 111.
B rod y, James, 417 Melrose A v e ., Glen E lly n , 

111.
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B rook, H a r r y , Osgood, In d .
Brow er, James, 3021 N .  36th S t., Milwaukee, 

Wise.
B row n, George L . ,  C ity  H a ll , A u stin , M inn .
Browne, F lo y d  J . ,  San. E n g ., M arion B ld g ., 

M arion, Ohio.
Bruden, C. O ., 21 E .  Gorham S t., Madison, 

Wise.
Brunner, Pau l L . ,  1229 Swinney A v e ., F o r t  

W ayne, In d .
Buchholz, Richard, Nekoosa, Wise.
Bunger, F re d  C ., D e p t, o f Sanitation, Bloom 

ington, In d .
Burgeson, J .  H . ,  O p r., Sewage Treatment 

P la n t, 301 Anderson B lv d ., Geneva, 111.
Burlingam e, Hitchcock & Estabrook, A t t . :  M r. 

Jos. B . Estabrook, 521 Sexton B ld g ., M in 
neapolis, M inn.

B u rrin , Thomas J . ,  Sewage Treatm ent P la n t, 
R . R . 1 , Kokom o, In d .

Bushee, Ralph J . ,  1502 M ichigan A v e ., L a  
Po rte, In d .

Caccia, P io , 528 S. Halsted S t., Chicago, 111.
Caldwell, D a vid  I I . ,  113 Talbot L a b ., U n ive r

sity of Illinois, U rba na , 111.
Caldwell, H .  J . ,  803 W . College A v e ., Jackson

ville, 111.
Callen, L o y  A . ,  5245 W . Hirscli S t., Chicago, 

111.
Calvert, C . K . ,  951 W . 20th S t., Indianapolis, 

In d.
Carey, W m . N . ,  420 Guardian B ld g ., S t. Pa u l, 

M inn.
Carpenter, Carl B ., 5618 Calumet A v e ., H a m 

mond, In d .
C ity  of Casey, Casey, 111.
Caster, A rth u r, c/o C. H .  H u r d , Cons. E n g ., 

1039 Architect & Bldrs. B ld g ., 333 N .  Penn 
S t., Indianapolis, In d .

Chamberlain, L .  H . ,  836 S. M ichigan A v e ., 
Chicago, 111.

Clieadle, W ilfo rd  G ., 4224 42nd A v e ., S ., M in 
neapolis, M inn.

Clark, E .  S ., Bacteriologist, D iv . of San. E n 
gineering, State D e p t, of Public H e alth, 
Springfield, 111.

Clodfelter, How ard T . ,  Calumet Sewage T re a t
ment W ks., 126th S t. & Cottage Grove A v e ., 
Chicago, 111.

Cole, Chas. W ., 220 W . L a  Salle A v e ., South 
Bend, In d.

Combs, H .  F . ,  435 E .  88th Place, Chicago, 111.
Consoer, A rth u r W ., Consoer, Townsend & 

Quinlan, 205 W . Wacker D rive , Chicago, 
111.

Cornilsen, C. K . ,  W orks O p r ., Bloom Town
ship, San. D is t., P .  O . B o x 1 , Chicago 
H eights, 111.

Corr, R a y  H . ,  S upt. o f Sewers, Woodstock, 111.
Corrington, C. E . ,  S upt. Clinton San. Dist., 

Clinton, 111.
Corrington, K ingsley, Chemist, 310 W . M ul

berry S t., N orm a l, 111.
Cotton, H a r r y  E . ,  Arm co Culvert M fg s. Assn., 

M iddletown, Ohio.
Cowing, R o y T . ,  821 La k e  S t., Oak P a rk , 111.
C raig, Clifford, 310 Hum iston S t., Pontiac, 111.
Crask, R e x, Greencastle Sewage Treatment 

P la n t, Greencastle, In d .
Cropsey, W . H . ,  C ity  Engineer, S. St. Paul, 

M inn.
D a llavia, Lo u is, D iv . Public W orks, C ity Hall, 

D u lu th , M inn .
Da rlin g , O rin  M ., Cons. C ivil E n g ., 2615 West 

D rive , F o r t  W ayne, In d.
Davidson, P h ilip , c/o A .  J .  Je n n y , 4136 W. 

Palm er, Chicago, 111.
Dawson, F .  M ., Dean o f College of Engineer

ing, State U n iv . o f Iow a, Iowa C ity , Iowa.
D eB erard, W . W ., M g r., 520 N .  Michigan 

A v e ., Chicago, 111.
D e B ru n , John W ., J r . ,  Resident E n g ., Taylor- 

ville, 111.
Decker, W alter G . Supt. o f Public Works, 

Lawrenceburg, In d.
Deckert, Christ, Sewage Treatment Works, 

Delavan, Wise.
D e Le u w , C. E . ,  20 N .  Wacker D rive , Chicago, 

111.
D e P o y , A .  G ., 1 1 7  6th A v e ., S ., South St. 

P a u l, M inn.
Deuchler, W alter E . ,  63 S. LaSalle St., 

Au ro ra , 111.
Diam ond A lk a li C o., A t t . : Clayton H o yt,

2427 Oliver B ld g ., Pittsburgh, 22, Pa.
D ic k , Robert, 267 Columbia A v e ., Elmhurst, 

111.
Dietrich, P a u l, Ea gle  S t., Crystal La k e , 111.
D ie tz , Jo h n , P la n t O p r ., Mundelein, 111.
Division Sanitary Engineering, Dept. Public 

H e alth , State House, Springfield, 111.
Dom ogalla, Bernhard, D r .,  C ity  Board of 

H e alth , 110 N .  Ham ilton S t., Madison, Wise.
Donohue, Je rry , P .  O . B o x 489, Sheboygan, 

Wise.
Doubleday, Arnold R . ,  6815 M errill Ave., 

Chicago, 111.
Downer, W m . J . ,  D e p t, of Public Health, 

Springfield, 111.
Drake, James A . ,  R .F .D .  4, Au stin , M inn.
Dudley, Charles E . ,  O p r. Sewage W orks, Flora, 

111.
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Dundas, W m . A . ,  Chicago San. D is t., 910 S. 
Michigan A v e ., Chicago, 111.

Duvall, A rn d t J . ,  1509 Pioneer B ld g ., S t. Pau l, 
Minn.

Duv, C ., 625 Lebanon S t., Au ro ra , 111.
Ebaugh, G . M ., 447 Standard Office B ld g ., 

Decatur, 111.
Eliasson, R o lf, Assoc. P r o f. of San. E n g ., N .  

Y .  University, University Heights, N .  Y .
Ellis, Albe rt, Indiana State F a rm , Green 

Castle, In d.
Epler, J .  E . ,  Danville San. D is t., Danville, 111.
Erickson, Carl V . ,  320 Fo u rth  S t., LaS a lle, 

111.
Erzen, C. A . ,  508 South Goodwin A p t , 5, U r- 

bana, 111.
Evans, R . W ., Versailles, Ind.
Everson M fg . Co., 214 W . Huron S t., Chicago, 

111.
Farnsworth, George L . ,  J r . ,  230 Christie S t., 

Ottawa, 111.
Feltz, Fred C ., S upt., Sewage Treatment Pla n t, 

Box 261, West M cH en ry, 111.
Ferebee, James L . ,  B o x 116 7, Milwaukee, 

Wise.
Finch, Lewis S ., 276 Century B ld g ., Indianapo

lis, Ind.
Fisher, Homer G ., 140 W . Webster, Benton, 111.
Flickinger, Llo y d  H . ,  Diablo Heights, Canal 

Zone.
Ford, Robert, E n g r ., Centerville, In d.
Forsberg, Ole, c/o Oliver Iron M ining Co., 

Hibbing, M inn.
Frazier, R . W ., C ity  H a ll— Sewerage Commis

sion, Oshkosh, Wise.
Fredson, Anthony, O p r., Grays La k e , 111.
Freeland, B . H . ,  Supt. of Utilities, Bluffton, 

Ind.
Fulmer, F ra n k  E . ,  e/o Greeley & Hansen, Tulla- 

homa, Tenn.
Fulton, E .  A . ,  3 S. Meramec A ve ., St. Louis, 

Mo.
Gail, A . L . ,  N orth  Shore San. D is t., 1015 St. 

Johns A ve ., H ighland P a rk , 111.
Garrison, Peter L . ,  1246 N .  E lm  S t., Muncie, 

Ind.
Gartner, W . H . ,  R . 7 , F o r t  W ayne, In d .
Gerard, F .  A . ,  Asst. C ivil E n g ., Chicago San. 

Dist., 242 Columbia A v e ., P a rk Ridge, 111.
Geupel, Louis A . ,  C ity  C ivil E n g . & D ir . of 

Public Works, 531 Rockerwood A ve ., Eva n s
ville, In d.

Giesey, J .  K . ,  Civil & San. E n g r ., 2121 Glen- 
wood A v e ., Toledo, Ohio.

Gifford, J .  B ., Chemist, Sewage Disposal Pla n t, 
312 W . 8th S t., Michigan C ity , In d.

Ginsberg, S. D . ,  4731 Ingleside A v e ., Chicago, 
111.

Gneagy, H aro ld , 1709 Cypress S t., H ighland, 
111.

Golly, M . R ., Dist. Health Office, Xe n ia , 111.
Goodman, Arnold H . ,  363 Downing R d ., R ive r

side, 111.
Gottschalk, H a r ry , 617 S. Clinton, F o r t  Wayne, 

In d.
Grabbe Construction Co., H .  A . ,  500 Belle S t., 

A lto n , 111.
Greek, Ed w ard B ., O p r., 26 E .  Fo u rth  S t., 

Hinsdale, 111.
Greeley, Samuel A . ,  6 N .  Michigan A v e ., Chi

cago, 111.
Griffin, Ralph J . ,  Box 391, Rantoul, 111.
Gross, Carl D„, E n g ., State Dept, o f Health, 

Springfield, 111.
Grosshans, Ed w ard W ., 508 Lake S t., Baraboo, 

Wise.
Hageman, Roy C ., 39th St. & 52nd A ve ., South

west Sewage Treatment Works, Cicero P .  O ., 
Chicago, 111.

H ager, F re d , O p r., 426 June Terrace, B a r
rington, 111.

Hagestad, Herman T . ,  Cons. E n g ., River Falls, 
Wise.

H a h n , How ard, Sewage Pla n t, Dixon State 
Hospital, D ixon , 111.

Hallden, John T . ,  Vienna, 111.
Ham mond, F .  D . ,  Pla nt Supt., 433 N .  M ain 

S t., Canton, 111.
H aney, Joseph E . ,  F irs t Trust B ldg., H a m 

mond, In d.
Hanke, Carl C ., 10061 S. Wood S t., Chicago, 

111.
Hansen, Pa u l, 6 N .  Michigan A ve ., Chicago, 

111.
Hardm an, Thomas T .,  2 11 S. Center S t., Terre 

H au te , In d.
Harmeson, D . K . ,  San. E n g r. D iv . o f San. 

Engineeirng, Dept, of Public Health, Spring
field, 111.

Harm on, Jacob A . ,  Cons. E n g r ., 945 Je ffe r
son B ld g ., Peoria, 111.

H arper, Charles E . ,  C ity  L ig h t & W ater Pla nt, 
N .  5th S t., Goshen, Ind.

H arris, George C ., Sewage Treatment Works, 
Arlington Heights, 111.

H artm an , B . J . ,  E n g r ., P . O . Box 489, She
boygan, Wise.

H artm an , Byron K . ,  300 W . Pershing R d ., 
Chicago, 111.

H a rtu n g , N .  E . ,  627 Seminary S t., Richland 
Center, Wise.

Hasfurther, W m . A . ,  1813 Noble A v e ., Spring
field, 111.
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Haste, J .  R . ,  Asst. Pla nt O p r ., 521 Green S t., 
Rockford, 111.

Hatfield, W . D . ,  Decatur San. D is t., Decatur, 
111.

H ath a w ay, A .  S ., 1930 Sherman A v e ., Eva n s 
ton, 111.

Heger, H aro ld , 646 N .  Jefferson A v e ., In d i
anapolis, In d .

H eider, Robert N . ,  1098 W . Michigan A v e ., 
Indianapolis, In d .

H e in , W alter E . ,  St. Charles, 111.
Heiple, Loren  R ., San. E n g r ., 224 W . N .  S t., 

Hinsdale, 111.
H eisig, H e n ry M ., Sewerage Comm., Bo x 2079, 

Milwaukee, Wise.
H e n d rix, George K . ,  D iv . San. E n g r ., State 

Health D e p t., Springfield, 111,
Heneghan, George P . ,  1925 S. 54tli A v e ., 

Cicero, 111.
H e nn , Donald E . ,  De K a lb  Sanitary D is t., 922 

Grove S t., De K a lb , 111.
Herm ann, F ra n k , 3209 39th A v e ., South, M in. 

neapolis, M inn.
H errick, T .  L . ,  7 17  N .  Washington S t., P a rk 

Ridge, 111.
H e rsiz, S. B ., Renville, M inn.
Hetherington, W . G ., O p r., Sewage W orks, 211 

W . Second S t., Sparta, 111.
H eydon, F .  G ., 660 W . 8th A v e ., G a ry , In d .
Hicks, Geo. W ., Chicago Pum p Co., 2336 W o l

fram  S t., Chicago, 111.
H ill , K .  V . ,  Greeley & Hansen, 6 N .  Michigan 

A v e ., Chicago, 111.
H o dgin, S. W ., C ity  C ivil Engineer, C ity  B ld g ., 

Richmond, In d.
Hoganson, Lester O ., 485 Frederick S t., B u r 

lington, Wise.
H olderly, J .  M ., Neenah Menasha Sewerage 

Comm., Menasha, Wise.
Holderman, John S ., 434 S. 4th S t., Kankakee, 

111.
Honens, R . W ., 503 5th A v e ., Sterling, 111.
H o th , Fre d , B a rtle tt, 111.
Howson, L .  R . ,  A lvo rd , Burdick & Howson, 

Suite 1401, 20 N .  Wacker D r ., Chicago, 111.
Hrom ada, F ra n k  M ., U . S. Southwestern Re

form atory, E l  Reno, Okla.
Hudson, L a  Verne D . ,  State Health D e p t., D iv . 

of San. E n g r ., Springfield, 111.
H u ll, S. P . ,  c/o Culligan Zeolite C o., N o rth 

brook, 111.
H u n t, L .  W ., Supt. Galesburg Sanitary D is t., 

Galesburg, 111.
H u n te r, H a r r y , 202 Center S t., West Chicago, 

111.
H u p p , John E . ,  J r . ,  720 Weller A v e ., L a  Porte, 

In d .

H u r d , Charles H . ,  333 N .  Pennsylvania St., 
Indianapolis, In d .

H u r d , E d w in  C ., San. E n g r ., 5821 Washington 
B lvd ., Indianapolis, In d .

H ursting, R . C ., 115 S. 5tli S t., Richmond, Ind.
H u r w itz , Em anuel, 5017 M ozart S t., Chicago, 

111.
Hutchins, W ill A . ,  Freeport, 111.
Indiana State Board of H e alth , Bureau of San. 

Engineering, 1098 W . Michigan A ve ., In d i
anapolis, In d ., A t t . : B . A .  Poole, Chief En g .

International F ilte r  C o., 325 W . 25th Place, 
Chicago, 111.

Jackson, James A . ,  1098 W . Michigan St., 
Indianapolis, In d .

Je u p , Bernard H . ,  2415 N .  Talb o tt, Indiana
polis, In d .

Johnson, A rth u r N . ,  513 24th S t., Moline, 111.
Johnson, F lo y d  E . ,  471 Barrett S t., Elg in , 111.
Johnson, L .  J . ,  1327 Sheridan R d ., c/o Lim e

stone Products Co., Menominee, Mich.
Johnson, L lo y d  M ., 910 S. Michigan A ve ., Chi

cago, 111.
Johnson, R . J . ,  731 L in n  S t., Peoria, 111.
Johnson, W . T . ,  Columbia A lk a li Corp., 220 

Tribune Tower, Chicago, 111.
Jonas, M ilton R ., 5496 Cornell A v e ., Chicago, 

111.
Jones, How ard H . ,  Chief O p r ., Sewage Treat

ment W orks, 122 N .  Calumet A v e ., Michigan 
C ity , In d .

K a fk a , Jo h n , Sewage Treatm ent Pla nt, Clin- 
tonville, Wise.

Kalste, A rth u r, O p r ., Sewage Treatment Plant, 
Cedar Grove, Wise.

K a n e , James I . ,  O p r ., Calumet Sewage Treat
ment W k s., 2122 W . 35th S t., Chicago, 111.

Kasser, Victor H . ,  202 E .  Chicago S t., Elgin , 
111.

Kew er, J .  F . ,  P . O . B o x 152, Waukesha, Wise.
K in g , H e n ry  R . ,  The Flam ingo H o te l, 5520 S. 

Shore D rive , Chicago, 111.
K in g , Richard, 133 Prospect S t., Willimantic, 

Conn.
Kingsbury, H arold N . ,  D is t. Health Office, 

Vaughn L ib r a r y  B ld g ., Ashland, Wise.
Kingston, P a u l, Public Health Engineer, Minn. 

De pt, o f H e alth, C ity  H a ll, Rochester, Minn.
Kin n e y, E .  F . ,  Route 13, B o x 43-B, Indiana

polis, In d .
Kinsey, L .  B ., C ivil E n g ., Pe kin , 111.
K irchoffer, W . G ., Vrom an Block, Madison, 

Wise.
K irkp a tric k , John W ., 1098 W . Michigan St., 

Indianapolis, In d .
Klassen, C. W ., Chief San. E n g ., State Dept, 

o f Public H e alth , Springfield, 111.
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Kleiser, Paul J . ,  Asst. San. E n g r ., 925 E .  D o n 
ald S t., South Bend, In d.

Kneehtges, O ., 1110  Vilas A ve ., Madison, 
Wise.

Koch, Phillip L . ,  947 E .  Johnson S t., Madison, 
Wise.

Koetz, Lester, 2505 Elisha A v e ., Zio n , 111.
Korfmacher, John A . ,  A p t . 508, 100 Academy 

Ave., Pittsburgh, P a .
Kramer, H a rry  P . ,  4017 W . E n d  A v e ., Chicago, 

111.
Kraus, L .  S ., Chemist, 510 A lb a n y, Peoria, 

111.
Kuhl, F .  A . ,  O p r., Sewage Treatment W orks, 

Breese, 111.
Kuhner, Fra n k  G ., N .  E lm  & 13th S t., Muncie, 

Ind.
Kulin, Harvey J . ,  118 Conradt A v e ., P .  O . Box 

299, Kokomo, In d .
ICulisch, H a r ry , 2918 N .  Menard A ve ., Chicago, 

111.
Lakeside Engineering Corp., 222 W . Adams 

St., Chicago, 111.
Lam b, Miles, S upt., 227 W . Marshall S t., Bel- 

videre, 111.
Lang, L lo y d , 420 M ain S t., K im berly, Wise.
Langwell, Lo uie , 305 W . M arket S t., Salem, 

Ind.
Larsen, Stanley J . ,  c/o Minneapolis-St. Paul 

San. D ist., P . O . Box 3598, St. Paul, M inn.
Larson, C. C ., Springfield San. D is t., Spring

field, 111.
Larson, K eith D ., South S t. Paul Sewage 

Treatment Pla n t, South St. Pa u l, M inn.
Larson, L .  L . ,  1715 Crescent A v e ., F o r t  Wayne, 

Ind.
Lea, W m . L . ,  State Laboratory of Hygiene, 

Madison, Wise.
Lee, Oliver, 102 N . 4th S t., M t. Iloreb, Wise.
Lehmker, W illiam , 2616 182nd S t., Lansing, 

111.
Leland, Ben J . ,  San. E n g r ., 737 S. Wolcott 

S t., Chicago, 111.
Leland, Raymond I . ,  San. E n g r ., Manteno 

State Hospital, Manteno, 111.
Lentfoehr, Charles E . ,  Pla nt O p r., 322 N .  Main 

St., M ayville, Wise.
Leonard, O . M ., c/o Oliver Leininger, Ak ro n , 

Ind.
Lessig, D . H . ,  W arsaw, In d .
Lewis, R . K . ,  5009 P a rk A v e ., Indianapolis, 

Ind.
Lind, A .  Carlton, Chain Belt Co., 1600 W . 

Bruce S t., Milwaukee, Wise.
Lind, Gunner W ., 4245 Snelling A ve ., M in 

neapolis, M inn.

L in k  Belt Company, 300 W . Pershing R d ., 
Chicago, 111.

Linsley, Scott E . ,  1557 Holton A v e ., St. Pa u l, 
M inn.

Lo n g , I I .  M aynard, Hillsboro, 111.
L o rd , Herbert O ., 308 Tenney B ld g ., Madison, 

Wise.
Louis, Le o , 1098 W . Michigan A v e ., Indiana

polis, In d.
Lueck, Bernard F . ,  621 Maple S t., Neenah, 

Wise.
Lu s tig , Joseph, C ity E n g r ., Janesville, Wise.
M cAnlis, Chauncey R ., C ity E n g r ., D ept, of 

Public W orks, F t .  W ayne, In d.
M cCarty, J .  J . ,  C ity H a ll, Racine, Wise.
McClenahan, W . J . ,  910 S. Michigan A ve ., 

Chicago, 111.
McClure, Erne st, Galva, 111.
M cCoy, M . I I . ,  1541 Chicago R d ., Chicago 

Heights, 111.
M cllvaine, W m . D ., J r . ,  Electrical E n g r ., 

M inn .-St. Paul San. D is t., Box 3598 Childs 
R d ., S t. Pa u l, M inn.

M cIn tyre, John C ., San. E n g r., Sewage Tre at
ment P la n t, Cedar Rapids, Iowa.

M cKee, Fra n k J . ,  1110  Harrison S t., Madison, 
Wise.

M acDonald, J .  C ., O p r., Sewage P la n t, B ra zil, 
In d.

Mackin, John C ., Nine Springs Sewage Tre at
ment W ks., Madison, W is.

Madison, James W ., Plainfield, 111.
Martens, L .  P . ,  715 Central A v e ., Wilmette, 

111.
M artin , George C ., 314 N .  Oneida S t., Green 

B a y , Wise.
M a rtin , Sylvan C ., D iv . o f San. Engineering, 

State Dept, of Public Health, Springfield, 
111.

Mason, Clarence A . ,  C ity H a ll, Ham mond, In d.
Mathews, L .  R ., Three Rivers Filtra tio n  Pla nt, 

F t .  W ayne, In d.
Mathews, W . W ., 220 W . 44th A ve ., G a ry , Ind.
Mattheis, Clarence, 209 Spring S t., A n n a , 111.
Mattson, W a lfrid , I . ,  3220 2nd Ave. W ., H ib - 

bing, M inn.
Mauer, Peter J . ,  303 S. 3rd A ve ., S. St. Paul, 

M inn.
Meadors, L .  B ., 228 S. 17th  S t., New Castle, 

In d.
M erz, H .  Spencer, 3227 W . Gate Parkw ay, 

Rockford, 111.
Merwin, W illard, 714 E .  Th ird  A ve ., M on

mouth, 111.
M etz, Roy L . ,  Supt., Sewage Treatment Works, 

Carthage, 111.
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M ick, K .  L . ,  Chief Chemist, M in n .-S t. Paul. 
San. D is t., P . O . Bo x 3598, S t. P a u l, M inn.

Mickle, Chas. T . ,  804 N .  7th A v e ., L a  Grange, 
111.

Malinowski, A rth u r S ., 1 4 1 1  Pioneer B lv d ., St. 
P a u l, M inn.

M iller, D avid R ., 1318 W . Sycamore, Kokom o, 
In d .

M iller, E .  P . ,  1070 Elm ore S t., Green B a y , 
Wise.

M iller, L .  A . ,  712 E .  M ain S t., Streator, 111.
M illin g, M artin  A . ,  3931 Lom ond A v e ., I n 

dianapolis, In d .
Minneapolis-St. Paul San. D is t., Bo x 3598, St. 

Pa u l, M inn.
Mohlm an, P . W ., D r ., 910 S. Michigan A v e ., 

Chicago, 111.
Moore, H e rbe rt, 904 S. La y to n  B lv d ., M il

waukee, Wise.
Moore, R . B ., 930 K  of P  B ld g ., Indianapolis, 

In d.
M organ, P h ilip P . ,  356 N .  Y o rk  S t., Elm hurst, 

111.
M orkert, Kenneth, 54 S. Williams S t., F r a n k 

fo rt, In d.
Muegge, O . J . ,  Asst. San E n g r ., State Board 

o f H e alth , Madison, Wise.
M ulvaney, M . B ., 128 %  Lincoln S t., Marseilles, 

111.
M urphy, Jo hn  A . ,  1 1 7  W . B la ir S t., West C h i

cago, 111.
M yers, H a r ry  L . ,  9541 S. Oakley A v e ., Chicago, 

111.
N a d in , Joe W ., 402 E .  Court S t., Paris, 111.
Nash, D . A . ,  1028 N .  Leam ington A v e ., C h i

cago, 111.
N atio na l Alum inate C orp., 6216 W . 66th 

Place, Chicago, 111.
Neim an, W . T . ,  Cons. E n g r ., Freeport, 111., 

10 W . Douglas St.
Nelle, Richard S ., State D e pt, o f Public 

H e alth , Springfield, 111.
Nelson, C. L . ,  Henney B ld g ., Freeport, 111.
Nelson, George I . ,  1626 Highland A v e ., Chi

cago, 111.
New lund, W alter W ., 913 M a ry  S t., Pekin, 111.
Nicholas, Forrest A . ,  7236 McCook A v e ., H a m 

mond, In d.
Nichols, M . S ta rr, Chemist, Wise. State L a b 

oratory of Hygiene, Madison, Wise.
Nie m i, A rth u r G ., 220 W . H o w ard S t., H ib - 

bing, M inn.
Nordell, Carl H . ,  Advance Engineering Corp., 

Board of Trade B ld g ., Chicago, 111.
Obm a, Chester A . ,  State Board o f Health— 

D is t. N o . 3, Fo n d  du L a c , Wise.

Ockershausen, R . W ., General Chemical Co., 
105 W . Madison S t., Chicago, 111.

Oeffler, W . A . ,  S upt., Treatm ent P la n t, Jason- 
ville, In d .

Oku n, Daniel A . ,  Public H ealth Service, 1309 
Engineering B ld g ., Cincinnati, Ohio.

Olson, F ra n k  W ., 16 S. M allory S t., Batavia, 
111.

O ’M ara, Richard, Mech. E n g ., c/o Western 
Precipitation Corp., 1016 W . 9th S t., Los 
Angeles, C a lif.

O rw icz, Bernard, 2939 W . Division S t., Chi
cago, 111.

Pacific Flush T a n k  Co., 4241 Ravenswood 
A v e ., Chicago, 111.

Page, R . W ., 986 N .  Court S t., Rockford, 111.
Palm er, Jo h n  R .,  1321 Monroe S t., Evanston, 

111.
Palm er, Ralph M ., 1818 Melrose A ve ., Duluth, 

M inn.
Patterson, Orville W ., 308 N .  Clay S t., E d in 

burg, In d .
Pearse, Lan gdo n , Chicago San. D is t., 910 S. 

M ichigan A v e ., Chicago, 111.
Peck, E .  M ., Brineliman B ld g ., Michigan City, 

In d .
Pecker, Joseph S ., 10 11 Chestnut S t., Phila

delphia, P a .
Peirce, W . A . ,  Racine W ater D e p t., C ity Hall, 

Racine, Wise.
Pekin , C ity  o f, A t t . :  W m . M aurer, Sewage 

W ks. Operator, Pekin, 111.
Peller, Le o  R .,  824 S. 17th  A v e ., Maywood, 111.
Peterson, Iva n  C ., 130 N .  Wells S t., Chicago, 

111.
Peterson, M yhern C ., D is t. Public Health E n 

gineer, B o x 308, B e m idji, M inn.
Peterson, R . W ., 126th S t. & Cottage Grove 

A v e ., Chicago, 111.
Pfe ile r, L .  F . ,  6210 K im b a rk A ve ., Jackson 

P a rk  S ta ., Chicago, 111.
Pierce, George O ., Asst. P r o f . of Public 

Health E n g r ., U nive rsity o f Minnesota, 
Room 112 , M illard H a ll , Minneapolis, Minn.

Plum m er, Raym ond Benton, 1743 N .  Adams 
S t., South Bend, In d .

Poindexter, G . G ., 1179  S. H arvey A ve ., Oak 
P a rk , 111.

Poole, B . A . ,  E n g ., 333 W . Ham pton Drive, 
Indianapolis, In d .

Powell, J .  C ., O p r ., Sewage Treatm ent Works, 
Princeton, 111.

Price, R . C ., 14 Rokeby A v e ., Garrett Park, 
M d .

Prough, F re d  K . ,  421 E .  Ohio S t., Bluffton, 
In d .

Raeek, L ., J r . ,  Sauk C ity , Wise.



Vol. 13, No. 2 MEMBERS OE FEDERATION 389
Raiter, Clifford R .,  M in n .-S t. Paul San. D is t., 

Box 3598, S t. P a u l, M inn.
Ralston, Geo. E . ,  1207 W . Pleasant S t., Fre e

port, 111.
Randolph, Verdun, San. E n g r ., 36% S. Loc-ust 

St., Pana, 111.
Rankin, R . S ., E n g r ., The D o rr Company, 221 

N . LaSalle S t., Chicago, 111.
Ray, Frederick, 1124 V icto ry Court, Anderson, 

Ind.
Read, Homer V . ,  General Delivery, Olney, 111.
Ream, Edw ard F . ,  J r . ,  4241 N .  Ravenswood 

Ave., Chicago, 111.
Reardon, W m . R ., 1036 N .  17th  S t., M an i

towoc, Wise.
Red Wing Sewer Pipe Corp., Red W in g , M inn.
Reed, Paul W ., 1098 W . M ichigan, In dian 

apolis, In d.
Rees, N .  B ., 415 W illard A v e ., Bloomington, 

H I.
Regan, T .  H . ,  510 Sheridan S t., Rockford, 111.
Rein, L .  E . ,  Pacific Flush Tan k Co., 4241 E .  

Ravenswood A v e ., Chicago, 111.
Reybold, D . C ., E n g ., The D o rr Company, 221 

N . LaSalle S t., Chicago, 111.
Richards, P .  W ., 4720 G u ilfo rd , Indianapolis, 

Ind.
Richgruber, M artin , 521 Walroth S t., Sparta, 

Wise.
Riehmen, W . F . ,  I l l  E .  Sanborn S t., Winona, 

Minn.
Richter, Paul O ., I l l  W . Washington S t., Rm . 

548, Chicago, 111.
Riedesel, H e nry A . ,  Spring Creek R d ., Rock

ford, 111.
Roab, F .  H . ,  M g r., W ater & L ig h t D e p t., Co

lumbus, Wise.
Robins, Maurice L . ,  M in n .-S t. Paul San. D is t., 

P . O . Box 3598, S t. Pa u l, M inn.
Roe, Fra n k  C ., The Carborundum Company, 

Niagara Fa lls , N .  Y .
Rogers, H arvey G ., State Board of H ealth, 

University Campus, Minneapolis, M inn.
Rogers, W . H . ,  S upt., Downers Grove San. 

Dist., Downers Grove, 111.
Rohlicli, Gerald A . ,  Dept, o f C ivil E n g ., C ar

negie Inst, of Tech., Pittsburgh, P a .
Roland, Robert J . ,  2 N .  Weinbacli, Evansville, 

Ind.
Romaine, B u rr, 237 Vincent S t., Fo n d  du 

Lac, Wise.
Rosemeyer, A lfre d , Bo x 155, Red B u d , 111.
Ross, W . E . ,  S upt., Richmond Sewage Tre a t

ment W ks., 435 S. 9th, Richmond, In d.
Rowen, R . W ., Vice Pres., Nichols E n g . & 

Research Corp., 60 W all Tower, N ew  Y o rk , 
N . Y .

Rowinski, N .  M ., Oneida Bank B ld g ., Rhine
lander, Wise.

Ruble, E .  H . ,  Duluth Health D e p t., 409 C ity 
H a ll, D u luth, M inn.

Ruchlioft, C. C ., U .  S. P .  H .  S ., E .  3rd & 
K ilgour Sts., Cincinnati, Ohio.

Rugdal, H .  T . ,  S upt., Sewage Treatment 
P la n t, Kenosha, Wise.

Rule, H a r r y  A . ,  S t. Elm o , 111.
Russell, J .  H . ,  Works O p r., Rochelle, 111.
R ya n , Joseph P . ,  7746 Coles A v e ., Chicago, 111.
Sager, John C ., San. E n g ., M in n .-S t. Paul 

San. D is t., B o x 3598, S t. Pa u l, M inn.
Sakellariou, Eva n s N . ,  4033 W . E n d  A v e ., 

Chicago, H I.
Sanders, M . D . ,  Res. Chemist, S w ift & Co., 

Chem. L a b ., Union Stock Yard s, Chicago, 
111.

Sargent, H .  H . ,  S upt., Sewage Treatment 
W ks., 320 N .  Locust S t., Sycamore, 111.

Sawyer, Clair N . ,  2280 Lo rin g  Place, B ron x, 
N .  Y .

Schaller, N orbert C ., 4408 Towle A v e ., H a m 
mond, In d .

Seheidt, Burton A . ,  1700 W . 91st Place, Chi
cago, 111.

Seliier, Lester C ., 206 W . Saveland A v e ., M il
waukee, Wise.

Schildman, W . H . ,  922 Doolin A v e ., Jackson
ville, 111.

Schlenz, H .  E . ,  Pacific Flush Tank Co., 4241 
Ravenswood A v e ., Chicago, 111.

Schmidt, O tto  J . ,  3 711 Greenview A v e ., Chi
cago, 111.

Schneider, J .  J . ,  6155 S. Alb a n y A v e ., Chi
cago, 111.

Schriner, P . J . ,  Chemist, 195 S. Fraser, K a n 
kakee, H I.

Sehroepfer, Geo. J . ,  B o x 3598, S t. P a u l, M inn.
Schwark, W m . A . ,  Railroad A v e ., Glenview, 

111.
Schwartz, Oswald, Street Commissioner, Ce- 

derburg, Wise.
Sehwob, Carl E . ,  1800 W . Film ore S t., Chi

cago, 111.
Scott, Cliffton A . ,  The American W ell W orks, 

Au ro ra , H I.
Scott, Roger J . ,  3522 Jackson B lv d ., Chicago, 

111.
Shubart, C. A . ,  Princeton, In d .
Sidwell, Clarence G ., Chemist, 601 E .  Cali

fornia, Urbana, 111.
Sieg, J .  G ., 1 2 1 %  S. Side Square, Macomb, 

111.
Simplex Eje cto r & Aerator Corp., 2400 W . 

Madison S t., Chicago, 111.



390 SEWAGE W O R K S  JOURNAL March, 1941

Slagle, Elm er C ., Room 115 , Court House, 
D u lu th , M inn.

Sleeger, W arren H . ,  P . O . B o x 3598, S t. P a u l, 
M inn .

Sm ith, D e ll, 420 W . 4th S t., Rochester, In d .
Sm ith, E .  E . ,  E lg in  Sanitary D is t., E lg in , 111. 

(Deceased.)
Sm ith, F re d  J . ,  908 W . 2nd S t., Rock Fa lls , 

111.
Sm ith, J .  Irw in , 1503 Vine S t., H a rve y , 111.
Sm ith, R . Trum bull, Sales E n g r ., Wallace & 

Tiernan C o., 416 Flo u r Exchange B ld g ., 
Minneapolis, M inn.

Sorrell, W . H . ,  223 S. Washington, Knights- 
town, In d.

Spaeder, H aro ld J . ,  218 W . Chester, M onti- 
cello, 111.

Spencer, C. C ., The D o rr Company, 221 N .  
L a  Salle S t., Chicago, 111.

Sperry, W alter A . ,  P .  O . B o x 241, A u ro ra , 111.
Spiegel, M ilton, 6334 N .  Oakley A v e ., Chicago, 

111.
Spiess, Reinhold, Litchfield, 111.
Stapleton, K .  K . ,  C ity  E n g ., C ity  H a ll, Ja c k 

sonville, 111.
Stau ff, Pau l V . ,  P a rk  H o te l, Eveleth, M inn.
Steffen, A .  J . ,  San. E n g r . D is t. N o . 2, E lk - 

liorn, Wise.
Steffes, Arnold M ., Rollingstone, M inn.
Steindorf, R . T . ,  Chain B elt Co., 20 N .  Waeker 

D rive , Chicago, 111.
Stemper, J .  A le x ., O p r., Sewage Treatm ent 

W orks, Oconomowoc, Wise.
Storey, Ben M ., 2240 Edgecombe R d ., St. 

Pa u l, M inn .
Sund, Gustrom, P la n t O p r., Altoona, Wise.
Suter, M a x , 405 W . E lm  S t., U rbana, 111.
Swope, Gladys, Sewage Treatm ent W ks., 

Dahringer R d ., Waukegan, 111.
T an a ri, M yron , P . O . B o x 66, L a d d , 111.
Tapleshay, John A . ,  4102 Harw ood R d ., South 

Eu c lid , Ohio.
Tap p in g , C. I I . ,  7718  Cornell, Chicago, 111.
Tempest, N .  F . ,  Portland Cement Assoc., 33 

W . Grand B lv d ., Chicago, 111.
Thalheimer, Marce, E .  Pearl S t., Batesville, 

In d .
Thayer, Pau l M ., 3933 N .  Prospect A v e ., M il

waukee, Wise.
Th olin , A .  L . ,  6701 Oconto A v e ., Chicago, 111.
Thomas, Arie l A . ,  State & Tru st Bank B ld g ., 

H ig h la n d , 111.
Thornton, A rth u r F . ,  Russell B . Moore Co., 

930 K .  of P . B ld g ., Indianapolis, In d .
To dd, J .  A . ,  103 W . Oak S t., Kewanee, 111.
Tom ek, A .  O ., Sewage Disposal P la n t, Two 

Rivers, Wise.

Townsend, D a rw in  W ., 839 N .  Marshall St., 
Milwaukee, Wise.

Tra vis , F ra n k  D .,  Inertol C o., In c ., 437 O r
leans S t., Chicago, 111.

Tre nth a rt, L .  S ., 1319 E .  3rd S t., Duluth, 
M inn.

Troemper, A .  Pa u l, San. E n g ., Dept, of Pub
lic H e alth , Division of San. Engineering, 
Springfield, 111.

Trulander, W m . M ., 1316 7th S t., S ., M in
neapolis, M inn.

Tubich, George, 113 Talbot Laboratory, U r 
bana, 111.

T u rp in , U .  F . ,  2518 Ridgeway A ve ., Evans
ton, 111.

U nger, Gilbert C ., J r . ,  Imperial Hotel, 7th & 
Jefferson, Louisville, K y .

U rb a n , W . J . ,  c/o Consoer, Townsend & Quin
lan, 2 11 W . Waeker D rive , Chicago, 111.

U rbana & Champaign San. D is t., P .  O . Box 
18, U rb a n a , 111.

V a n  Breda, A .  J . ,  Gilm an, 111.
V a n  P raa g , A le x , J r . ,  447 Standard Office 

B ld g ., Decatur, 111.
V ig n a , Jo hn  B ., Supt. Public Works, Collins

ville, 111.
W ahlstrom, Carl A . ,  419 N .  23rd S t., La  

Crosse, Wise.
W albridge, Thornton, S upt., Sewage Treat

ment W orks, Dahringer R d ., Waukegan, 111.
W alker, Donald, 555 W alnut S t., Aurora, 111.
W alker, Vernon L . ,  State D e pt, of Public 

H e alth, D iv . San. Engineering, Springfield, 
111.

W alraven, W . B . ,  Springfield San. Dist., 
Springfield, 111.

W alton , Graham , Instructor H y d r . and San. 
Engineering, U niversity o f Wisconsin, 
Madison, Wise.

W a rd , C. N . ,  Meade, W a rd & H u n t, State 
Journal B ld g ., Madison, Wise.

W a rd , Oscar, 4100 S. Cedar S t., Marshfield, 
Wise.

W ardwell, T .  M ., C ity  M g r., Rhinelander, 
Wise.

W a rrick, L .  F . ,  State Board of H ealth, Madi
son, Wise.

W atters, T .  G ., 824 E .  Washington St., 
Hoopeston, 111.

W e a rt, James G ., 811 S. State S t., Springfield,
111.

Weber, E .  J . ,  P la n t O p r ., Oconomowoc, Wise.
Weeber, W . K e ith , D is. H e alth U n it, c/o 7 

C ity  H a ll , Springfield, 111.
W eil, M . L . ,  Pres., Chicago Pum p Co., 2336 

W o lfram  S t., Chicago, 111.



Vol. 13, No. 2 MEMBERS OF FEDERATION 391

Wells, E .  R o y , Civil E n g ., Court House, 
Geneva, 111.

West, A .  W ., Asst. San. E n g ., Wise. State 
Board of Health D is t. Office N o . 7 , Rutledge 
Charity B ld g ., Chippewa Fa lls , Wise.

Wheeler, C. E . ,  J r . ,  Calumet Sewage T re a t
ment Works, 125th S t. & Cottage Grove 
Ave., Chicago, 111.

Wheeler, Duane, 4037 Gilliot S t., Duluth, 
Minn.

Whittaker, H .  A . ,  Chief San. E n g r ., State 
Dept, of Health, University Campus, M in 
neapolis, M inn.

Whittemore, L .  C ., E n g r ., Chicago Sanitary 
Dist., 910 S. Michigan A v e ., Chicago, 111. 
(Deceased.)

Wilbur, C. C ., 2760 Thomas A v e ., S ., M in 
neapolis, M inn.

Wileman, C. S ., 548 Rockefeller B ld g ., Cleve
land, Ohio.

Wiley, John S ., Room 304, 210 State S t., 
New Orleans, L a .

Wiley, Ralph B ., School o f C iv. E n g ., Purdue 
University, West La fa y e tte , In d.

Willett, C. K . ,  E n g r ., C ity National Bank 
Bldg., Dixon, 111.

Williams, Clyde E . ,  2180 Hollywood Place, 
South Bend, In d.

Williams, Leon, 2231 Glenwood, Toledo, Ohio.
Williams, W illiam D ., 522 S. 6th S t., S till

water, Minn.

Williamson, F .  M a rtin , 117 4  Wesley A ve ., 
Oak P a rk , 111.

W ills, W alter, Lin to n , In d.
Wilson, H a r ry  L . ,  3634 47th A v e ., S ., M in 

neapolis, M inn.
Wilson, J .  B ., 5300 Boulevard Place, Indian

apolis, In d.
W ilson, Jo h n, 610 Torrey B ld g ., D uluth, 

M inn.
W irth , H a rve y E . ,  B u r. o f San. E n g ., 1 W . 

Wilson S t., Madison, Wise.
Wisely, F .  E . ,  4101 La fa y e tte  A ve ., S t. Louis, 

M o.
W isely, W . H . ,  M g r., Urbana & Champaign 

San. D is t., U rbana, 111.
Wisniewski, Tlieo., C ity  H a ll Annex, State 

Board o f H ealth, Green B a y , Wise.
W ittenborn, E .  L . ,  D iv . of San. E n g ., State 

Health D e p t., Springfield, 111.
W oltm ann, J .  J . ,  Cons. E n g ., 225 U n ity  B ld g ., 

Bloomington, 111.
Woodman, Lo rrin  E . ,  I l l  Dean S t., Wood- 

stock, 111.
Woodward, F .  L . ,  Public Health E n g ., Bureau 

of H ealth, Public Safety B ld g ., St. Pau l, 
M inn.

Yeomans Brothers Company, 1433 Dayton 
S t., Chicago, 111.

Zack, S. I . ,  Filtra tio n  Equipm ent Corp., 10 E .  
40th S t., N ew  Y o rk , N .  Y .

Zurbueh, N .  F . ,  Dim e Bank B ld g ., F o r t  
W ayne, In d.

Dakota W ater and Sewage ^/Vorks Conference
(North D akota Section)

Llo yd  K .  Clark, Secretary-Treasurer, State Dept, of Health, Bismarck, N .  Dak.

Bavone, A .  L . ,  Asst. San. E n g r ., State Dept.
of Health, Bismarck, N .  D a k .

Clark, L .  K . ,  State Health D e p t., Bismarck, 
N . Dak.

Lauster, K .  C ., State D e pt, o f H ealth, B is
marck, N .  D a k.

Lindsten, H .  C ., 301 Ham ilton B ld g ., W in ni
peg, M anitoba, Canada.

Pinney, F .  W ., 1401 8th S t., N . ,  Fa rg o , N .  
D a k .

Tom an, George J . ,  Assoc. San. E n g r ., State 
D e pt, o f Health, Bismarck, N .  D a k.

(South Dakota Section)

W. W . Towne, Secretary-Treasurer, Division of Sanitary Engineering, S. D . State Board of
H ealth, Pierre, S. Dak.

Berry, S. C ., C ity Engineer, Le a d , S. D a k. 
Bragstead, R . E . ,  C ity  Engineer, C ity H a ll, 

Sioux Falls, S. D a k.
Buck, W . H . ,  Asst. San. E n g ., State Board of 

Health, Pierre, S. D a k.
Carl, Charles E . ,  In st, o f Civil E n g r ., S. D a k. 

State College, Brookings, S. D a k .

Cochrane, W . F . ,  4925 M ilita ry A v e ., Omaha, 
N eb r.

Doerr, E a r l , Waterworks S upt., Centerville, 
S. D a k.

H olst, J .  S ., S upt., Sewage W orks, Mitchell,
S. Dak.



392 SEWAGE W O K K S  JOURNAL March, 1941

M anne, A rth u r S ., C ivil E n g ., Aberdeen, S. 
D a k .

M ather, Ed w a rd  K . ,  Dakota Engineering Co., 
309 Western B ld g ., M itchell, S . D a k .

Mathews, E .  E . ,  San. E n g ., State Board o f 
H e alth, Pierre, S. D a k .

M itchell, Bobert D . ,  c/o Malcolm Pirn ie , 25 
W . 43rd S t., N ew  Y o r k , N .  Y .

M orris, Le e , W ater & Sewer S upt., Custer,
S. D a k .

Murschel, Jacob, Supt. W ater & Sewage, 
Webster, S. D a k .

Poston, B . P . ,  San. E n g ., Wilson D a m , A la .
Price, Charles B ., Supt. Sewage Treatm ent 

P la n t, B o s 590, Bapid C ity , S. D a k .

Beed, Balph, Asst. C ity  E n g r ., W atertown, S. 
D a k .

Bobinson, J .  C ., M ilk  Sanitation E n g r ., State 
Board of H ealth, Pierre, S. D a k .

Sc-hroeder, W . L . ,  W ater & Sewer Comm., 
M iller, S. D a k .

Schulz, E .  H . ,  S u p t., Sewer and W ater De
partm ent, B o x 235, W atertown, S. Dak.

Sorbel, J .  L . ,  Asst. San. E n g r ., Pierre, S. Dak.
Spieker, B o y G ., San. E n g ., Pennington 

County U n it , Bapid C ity , S. D a k .
Spies, Kenneth H . ,  Asst. San. E n g ., State 

Board o f H e alth , Pierre, S. D a k .
Towne, W . W aldo, D i r ., D iv . of San. En g ., 

Capitol An n ex, Pierre, S . D a k .

Federal Sewage Research Association
Charles T .  Carnahan, Secretary-Treasurer, U .  S. P .  H .  S ., E a s t T h ird  and K ilgo u r Sts.,

Cincinnati, Ohio.

B e rry, C. B a d fo rd , 1215 N .  2nd S t., H a rris 
burg, P a .

Bibelhausen, L .  A . ,  U .  S. Indian Service, 
P .  O . B o x 93, N eo pit, Wise.

Butterfield, C. T . ,  U .  S. Public H ealth Serv
ice, 3rd & K ilgo u r Sts., Cincinnati, Ohio.

Carlson, H .  B ., San. E n g . As st., U .  S . Public 
H ealth Service, Boom 112 , Federal Office 
B ld g ., San Francisco, C a lif.

Carnahan, Charles T . ,  U .  S. Public Health 
Service, E .  3rd & K ilgo u r Sts., Cincinnati, 
Ohio.

Chambers, Cecil W ., Ohio D e p t, o f Health 
L a b ., Ohio State U nive rsity, Columbus, 
Ohio.

Cohen, Stuart, U . S. Public Health Service, 
E .  3rd & K ilgo u r Sts., Cincinnati, Ohio.

Collins, W . D . ,  U .  S . Geological Survey, I n 
terior B ld g ., W ashington, D .  C.

Croliurst, H a r r y  B ., U .  S. Public H ealth Serv
ice, Boom 1309, En qu irer B ld g ., Cincinnati, 
Ohio.

Dopmeyer, A .  L . ,  U .  S. Public H e alth  Serv
ice, Boom 112 , Federal Office B ld g ., San 
Francisco, C a lif.

E ttin g e r, M . B ., U .  S. Public H ealth Service, 
E .  T h ird  & K ilg o u r Sts., Cincinnati, Ohio.

Fisher, Lawrence, U .  S. P .  H .  S ., Biggs Bank 
B ld g ., 14th S t. & P a rk  B d ., Washington,
D . C .

F ra n k , Leslie C ., U .  S. P .  H .  S ., 19tli & Con
stitution A v e ., W ashington, D . C .

Freem an, A .  B ., U .  S. P . H .  S ., Biggs Bank 
B ld g ., Washington, D .  C.

Fuchs, Abraham  W ., U .  S. P . H .  S ., 19th & 
Constitution A v e ., W ashington, D . C.

Fuhrm an , Balph E . ,  Sewage Treatment Plant, 
Blue Plains, D . C.

Gordon, J .  B ., Bm . 309, District B ld g ., Wash
ington, D .  C.

H erringer, E .  J . ,  U .  S. P .  H .  S ., 857 U . S. 
Court House, Chicago, 111.

H o llis, L .  M ., U .  S. P .  H .  S ., Bm . 1309, E n 
quirer B ld g ., Cincinnati, Ohio.

Hom m on, H .  B ., The District Engineer, U . S. 
P . H .  S ., B m . 210, Federal Office B ldg., San 
Francisco, C a lif.

H opkins, Om ar C ., 38 Standish B d ., Water
town, Mass.

Hoskins, J .  K . ,  25th & E .  Sts., N .  W ., Wash
ington, D . C.

Jones, S. L e a r y , Health & Sanitation Section, 
Tennessee V alle y A u th ., Wilson D am ., Ala.

Kachm ar, Jo hn  F . ,  U .  S . P .  H .  S ., E .  3rd & 
K ilgo u r Sts., Cincinnati, Ohio.

K e h r, Bobert W ., U .  S. P .  H .  S ., 3rd & K il
gour Sts., Cincinnati, Ohio.

K in g , Kenneth K . ,  S r. San. E n g r ., 448 W . 68th 
Terrace, Kansas C ity , M o.

Kochtitsky, O . W ., J r .  San. E n g r ., 3 Shadow- 
lawn D rive , Chattanooga, Tenn.

Lacke y, James B ., U .  S. P .  H .  S ., 3rd & K il
gour Sts., Cincinnati, Ohio.

Lam oureux, V .  B ., U .  S . P .  H .  S ., Bm . 112, 
Federal Office B ld g ., San Francisco, Calif.

LeBosquet, M ., B m . 1309 Enquirer B ldg., Cin
cinnati, Ohio.

L e  V a n , J .  H . ,  N ational In st, o f Health, Div. 
o f In d . Hygiene, Bethesda, M d .

Linders, Ed w a rd , Gordon H o te l, 916 16tli St., 
N .  W ., Washington, D .  C.



Vol. 13, No. 2 MEMBERS OP FEDERATION 393
MacKenzie, Vernon G ., U .  S. P . H .  S ., E .  3rd 

& Kilgour Sts., Cincinnati, Ohio.
Maier, F .  J . ,  U .  S. P .  H .  S ., Subtreasury B ldg., 

Wall, Pine & Nassau Sts., N ew  Y o r k , N .  Y .  
McCallum, G . E . ,  Sanitation Section, U .  S. P .

H . S., 25th & E .  Sts., Washington, D . C. 
McNamee, Paul D ., Sewage Treatment Pla n t, 

Blue Plains, D . C.
Megregian, Stephen, J r .  Chemist, U . S. P . H .

5., E .  3rd & K ilgo u r Sts., Cincinnati, Ohio. 
Middleton, Francis M ., J r . ,  U .  S. P .  H .  S ., E .

3rd & Kilgo u r Sts., Cincinnati, Ohio.
Miller, A .  P . ,  Sub-Treas., W all & Pine Sts., 

New Y o rk , N .  Y .
Moore, W . A . ,  Chemist, U . S . P .  H .  S ., 3rd & 

Kilgour Sts., Cincinnati, Ohio.
Moss, F .  J . ,  U .  S. P . Id. S ., 19th & Constitu

tion A ve ., N .  W ., Washington, D . C.
Nesheim, Arnold, 924 E lm  S t., Salt Lake  C ity, 

Utah.
Norris, Francis I . ,  J r .  Chemist, U . S. P . IT.

5., E .  3rd & Kilgo u r Sts., Cincinnati, Ohio. 
Old, H . N . ,  U . S. P .  H .  S ., Washington, D .  C. 
Placek, 0 . R ., J r .  Chemist, E .  3rd & Kilgour

Sts., Cincinnati, Ohio.
Purdy, William C ., E .  3rd & Kilgo u r Sts., C in

cinnati, Ohio.
Eeed, Geo. D . ,  3931 Plainville R d ., Cincinnati, 

Ohio.
Eicketts, Allen T . ,  Brookmont, Georgetown 

Station, Washington, D . C.

Robertson, J .  L . ,  J r . ,  Rm . 327, Federal B ld g ., 
Memphis, Tenn.

Ruchhoft, C. C ., P rin . Chemist, U .  S. P . H .  S .,
E .  3rd & K ilgo u r S t., Cincinnati, Ohio.

Scott, G u y  R .,  Tennessee Valley Au th o rity, 
Sanitation Section, Wilson Dam , A la .

Shaw, Fra n k  R ., U .  S. P . IT. S ., Rm . 857, U . S. 
Court House, Chicago, 111.

Sm ith, Russell S ., U . S. P . H .  S ., E .  3rd & K i l 
gour Sts., Cincinnati, Ohio.

Snapp, Russell G ., U .  S. P . H .  S ., 3rd &  K i l 
gour Sts., Cincinnati, Ohio.

Streeter, H .  W ., E .  3rd & Kilgo u r Sts., C in
cinnati, Ohio.

Sullivan, E .  C ., San. E n g r ., Interstate Sani
tary D ist. N o . 4, Rm . 304, N ew  Orleans, L a .

Tarb e tt, R . E . ,  U .  S. P . H .  S ., 19th & Consti
tution A v e ., N  W ., Washington, D . C.

Tate , G u y M ., J r . ,  c/o Jefferson County Board 
o f H e alth, Birm ingham, A la .

Theriault, E .  J . ,  N ational In st, o f Health, 
Bethesda, M d.

W alker, W illiam  W ., D r ., U . S. P . H .  S ., E .  
3rd & Kilgo u r Sts., Cincinnati, Ohio.

Weibel, S. R . ,  U .  S. P .  H .  S ., Rm . 1309, E n 
quirer B ld g ., Cincinnati, Ohio.

Woodward, R . L . ,  U . S. P . H .  S ., Rm . 1309, E n 
quirer B ld g ., Cincinnati, Ohio.

W rig h t, Charles T . ,  U .  S. P . H .  S ., Interstate 
San. D ist. N o . 6, San Ju a n , P .  R .

Y a iïe , C. D ., S upt., State Dept, of Health, Co
lumbus, Ohio.

Georgia W ater and Sewage Association
Paul W eir, Secretary-Treasurer, Superintendent Filtra tio n , Atlan ta  W ater Works, 

1194 Hem phill A v e ., A tla n ta , Ga.

Brockman, J .  C ., D r ., University of Georgia, 
P. 0. Box 45, Athens, Ga.

de Jarnette, N .  M ., Director W ater Lab oratory, 
State Board of H ealth, State Capitol, A t 
lanta, Ga.

English, W . B ., Supt. of Sewage Treatment, 
Cedartown, Ga.

Enloe, V . P . ,  S upt., R .F .D .  5, A tla n ta , Ga.
Frith, G . R ., 136 V id a l B lv d ., Decatur, Ga.
Gran, John E . ,  D r ., L ib ra ry  of Chemistry, 

University of Alabam a, U niversity, A la .
Gray, Odell W ., Chemist W ater Softening 

Plant, Thomasville, Ga.
Handley, L .  W ., W ater Pla nt O p r., L a  Grange, 

Ga.
Hansell, W m . A . ,  Asst. Chief Const. & E n g r. 

of Sewers, C ity  H a ll, A tla n ta , Ga.
Hoy, J .  R ., San E n g r ., 408 Hildebrandt B ld g ., 

Jacksonville, F la .

Huckeba, W . L . ,  Supt. Filtra tio n , Carrollton, 
Ga.

Jacobs, L .  L . ,  Supt. Filtra tio n , Newnan W ater 
W orks, New nan, Ga.

Jones, T .  A . ,  Supt. L ig h t &  W ater D e p t., F o r t  
Valley, Ga.

K a h n , J .  M ., 42 W . 25th S t., Atla n ta , Ga.
Keow n, R o y L . ,  Master Mechanic & Chief 

E n g r ., Clark Thread Co., Clarkdale, Ga.
Kn ap p , H .  A . ,  Supt., Intrenchment Creek D is

posal P la n t, Boulder Crest Drive , S. E .  A t 
lanta, Ga.

Le itch, Jo hn  C ., E n g r. National Tube Co., 
1532 Chandler B ld g ., Atla n ta , Ga.

Le n e rt, Lo u va  G ., D iv . San. E n g r ., State Dept, 
o f Health, P . O . B o x 88, Swainsboro, Ga.

Low e, Thomas M ., P r o f ., Head P r o f. Dept, of 
C ivil E n g ., Alabam a Polytechnic Institute, 
Au bu rn , A la .
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Mathews, H e n ry  M ., Supt. W ater & L ig h t 
D e p t., Thomasville, Ga.

New ton, B . O ., Bep., W . S. Dickey Clay M fg .
C o., 686 Greenwood A v e ., A tla n ta , G a . 

Shelton, E d w . N . ,  Tennessee Corp., 621 Gran t 
B ld g ., A tla n ta , G a .

Simonton, Lew is, Supt. Filtra tio n , Griffin 
W ater W orks, Griffin, Ga.

W allis, L .  E . ,  Supt. W ater W orks, Elberton, 
Ga.

W eaver, W . H . ,  Supt. W ater W orks, Decatur, 
G a.

W e ir, P a u l, S u p t., F iltra tio n  A tla n ta  Water 
W orks, 1194 Hem phill A v e ., A tla n ta , Ga. 

Whelchel, H .  E . ,  S upt., F ilte r  P la n t, College 
P a rk , Ga.

Iowa Wastes Disposal Association

Lin d o n  J .  M urphy, Secretary-Treasurer, Iow a State College, Ames, Iowa.

Ahrens, G . C ., Asst. San. E n g r ., State D e pt, 
of H e alth, 1207 Des Moines S t., Des Moines, 
Iowa.

Alden, Tow n o f, c/o G . F .  Bigelow, Town 
Clerk, Alden, Iow a.

Baker, Stanley L . ,  C ity  E n g r ., New ton, Iowa.
Bartow , Ed w a rd , P r o f ., Besearch Lab orato ry, 

Johns M anville Corp., M anville, N .  J .
Caine, Bichard, S upt., Duluth Sewage Disposal 

P la n t, 706 W . 7th S t., D u lu th , M inn.
Currie, C. H . ,  Pres., Currie Engineering Co., 

Webster C ity , Iow a.
Dawson, F .  M ., Dean o f College of Engineer

ing, State University of Iow a, Iow a C ity , 
Iowa.

Des Moines, C ity  o f, c/o Pau l W in fre y , C ity 
En g in e e r’s Office, Des Moines, Iow a.

D ixon , C . S ., 4501 Washburn A v e ., South, M in 
neapolis, M inn.

Doonan, B . E . ,  C ity  S upt., C ity  o f W averly, 
W averly, Iow a.

D ye , Elm er E . ,  Chief Chemist, J .  E .  Decker & 
Sons, Mason C ity , Iowa.

Edw ards, B . E . ,  Supt. o f Sewage W orks, W e b
ster C ity , Iow a.

Garwood, K i r k , Operator Sewage P la n t, 
Grinnell, Iow a.

Green, H ow ard B ., 208-210, Bever B ld g ., 
Cedar Bapids, Iow a.

H a ll , M . G ., H a ll Engineering Company, Cen
terville, Iow a.

H inm an , Ja ck J . ,  C hief, W ater Lab orato ry 
Division, State Hygienic La b s ., Iow a C ity , 
Iow a.

K lip p e l, F lo y d , C ity  Manager, 321 Stevens S t., 
Iow a Fa lls , Iowa.

K ra m e r, D a vid , Supt. o f Sewers, Allison, Iow a.
Le vin e , M a x , Bacteriology Departm ent, Iow a 

State College, Ames, Iow a.
Lo ve ll, Theodore B .,  E n g r ., Sewage P la n t, ' 

C ity  H a ll , F o r t  Dodge, Iowa.
M arze k, E .  J . ,  3231 Fo u rth  A v e ., Sioux C ity , 

Iowa.

M iller, Bobert G ., Supt. Sewage Pla nt, 807 
F o u rth  A v e ., Y in to n , Iow a.

M orrell &  Com pany, Jo h n , A t t . : M r. Frank C. 
Baney, P u r. A g t ., Ottum w a, Iowa.

M urphy, Lin d o n  J . ,  Engineering Extension 
Service, Iow a State College, Ames, Iowa.

Nemmers, W . P . ,  Nemmers and Clark, Hubbell 
B ld g ., Des Moines, Iow a.

Bichey, C. E . ,  D is t. Public Health Office, Cen
terville, Iowa.

Bostenbach, Boyal E d w in , U .  S. P .  I I .  S ., Bm. 
1309 En qu irer B ld g ., Cincinnati, Ohio.

Bussell, Don B ., C ity  E n g r ., Oskaloosa, Iowa.
Sampson, J .  A . ,  Public Health District N o . 4, 

Court House, F o r t  Dodge, Iowa.
Schenk, E .  E . ,  Cons. E n g r ., Waterloo, Iowa.
Schliekelman, B . J . ,  D is t. Public Health Office, 

Journal B ld g ., W ashington, Iowa.
Schrack, B e rt, 621 1st S t., S. W . Oelwein, 

Iowa.
Sedlacek, A .  J . ,  Supt. o f Sewage Works, Poca

hontas, Iow a.
Sm ith, Charles E . ,  Supt. o f Utilities, Winter- 

set, Iow a.
Spragg, H .  J . ,  S u p t., Iow a Great Lakes Sew

age W orks, B o x 18 7, Arnolds P a rk , Iowa.
Stanley, C. M ., Y o un g and Stanley, Inc., 211 

Iowa A v e ., Muscatine, Iow a.
Strelow, J .  L ., Supt. o f Sewage W orks, 2324 

E a s t S t., Davenport, Iow a.
W aterm an, Ea rle  L . ,  P r o f. o f San. En g r., 

State U niversity of Iow a, Iowa C ity, Iowa.
Whisler, Ben A . ,  C ivil Engineering D ept., Iowa 

State College, Am es, Iow a.
Wieters, A .  I L ,  Chief E n g r ., State Dept, of 

H e a lth , Des Moines, Iow a.
W ilson, C. T . ,  620 W . T h ird  S t., Waterloo, 

Iowa.
W oolley, B . C ., C ity  Engineer, L e  Mars, Iowa.
Y o u n g , F ra n k  E . ,  C ity  E n g r ., C ity  H a ll, Cedar 

Bapids, Iow a.
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Kansas W ater and Sewage W orks Association

Earnest Boyce, Secretary, State Board of H ealth, Lawrence, Kansas.

Boyce, Earnest, E n g r ., State Board of Health, 
Lawrence, Kans.

Boyer, J .  A . ,  Chemist, W ater D e p t., F o r t  
Scott, Kans.

Burns & McDonnell, Cons. E n g rs ., 107 N .  Lin - 
wood B lvd ., Kansas C ity , M o .

Frerking, A .  G ., c/o W . S. Dickey Co., Kansas 
City, Mo.

Haney, Pa u l, Asst. E n g r ., 1745 Louisiana S t., 
Lawrence, Kans.

Johnson, W arren W ., 443 N .  Exposition A ve ., 
Wichita, Kans.

Kaler, P . E . ,  1522 W . 16th S t., Topeka, Kans.
Lewis, Clay W ., Western Sales M g r., Marble

head Lim e Co., 1220 R . A .  Lo n g  B ld g ., K a n 
sas C ity , Mo.

Lingo, H .  L . ,  W ater & L ig h t S upt., H o rton , 
Kans. O

Meeker, Robert H . ,  W ichita W ater Co., W ich
ita, Kans.

Mitchell, Ansel N . ,  310 W ard Pa rkw ay, K a n 
sas C ity , Mo.

Paulette, R . J . ,  Cons. E n g r ., National Service 
Reserve L i f e  B ld g ., Topeka, Kans.

Pe art, Robert, C ity  Manager, Sterling, Kans.
Pensinger, L .  C ., 1332 Oak S t., Kansas C ity , 

M o.
Sm ith, L e v i B . ,  W ater S upt., Paola, Kans.
Spaeth, Ju liu s, Bo x 746, Salina, Kans.
Staley, H .  H . ,  Cons. E n g r ., 372 N ew  England 

B ld g ., Topeka, Kans.
Sulentic, S. A . ,  327 N ew  England B ld g ., T o 

peka, Kans.
Wilson, M urray A . ,  Paulette & Wilson, Salina, 

Kans.
W ood, Lawrence E . ,  County San. E n g r ., 

M arion, Kans.
Y o un g, Lewis A . ,  1704 Mississippi S t., L a w 

rence, Kans.

Maryland-Delaware W ater and Sewerage Association
Chesley F .  Garland, Secretary-Treasurer, State Dept, of H ealth, 2411 N .  Charles Street,

Baltim ore, M d.

Armeling, Geo. K . ,  4031 Bonner R d ., B a lti
more, M d.

Bingley, W . M cLean, 4011 Monticello S t., 
Richmond, V a .

Blohm, A .  W ., 2411 N .  Charles S t., Baltimore, 
Md.

Clement, R . C ., 6629 32nd S t., N .  W ., W ash
ington, D . C.

Cromwell, Ed w ard C ., Baltimore Sewage Tre at
ment Pla n t, Colgate, M d.

Enoch P ra tt Free L ib ra ry , Periodicals D e pt., 
Cathedral, Fra n k lin  & Mulberry Sts., B a lti
more, M d.

Finek, G . E . ,  Bureau o f Sewers, Municipal 
B ldg., Baltimore, M d.

Funk, John B ., C ity  Engineer, Brunswick, M d.
Garland, Chesley F . ,  J r . ,  Asst. San. E n g r ., 

M d. State Dept, o f Health, 2411 N .  Charles 
S t., Baltimore, M d.

Genter, Albert L . ,  W ym an P a rk Apartments, 
Baltimore, M d.

Hall, H a rry  R ., Deputy Chief Engineer, Wash
ington Surb. San. D is t., H yattsville, M d.

Hopkins, E d . S ., Montebello Filte rs, Hillen 
R d ., Baltimore, M d.

Keefer, C. E . ,  1918 M t. Royal Terrace, B a lti
more, M d .

Kenney, Norm an D .,  Assoc. E n g r ., W hitm an, 
Requardt & Smith, W . Biddle St. at Charles, 
Baltimore, M d.

K r a t z , Herm an,, 4200 Connecticut A v e ., B a lti
more, M d.

M acM urray, L .  C ., Res. E n g r ., M d . State Dept, 
o f Health, 2411 N . Charles S t., Baltimore, 
M d.

M aryland State Dept, of Health, 2411 N . 
Charles S t., Baltimore, M d.

Munroe, W . C ., Chief E n g ., Anne Arundel 
County San. District, Glen Burnie, M d.

Owings, Noble L . ,  Asst. E n g ., Washington Su
burban San. D is t., Hyattsville, M d.

Powell, S. T . ,  Professional B ld g ., 303 N . 
Charles S t., Baltimore, M d.

Sm ith, Paul L . ,  5404 Tramore R d ., Baltimore, 
M d.

W hitm an, Requardt & Smith, Charles & Biddle 
Sts., Baltimore, M d.

Williamson, A .  E . ,  San. E n g ., State Board of 
H ealth, Jacksonville, F la .

Wolman, Abel, P r o f. of San. E n g ., Johns 
Hopkins University, Latrobe H a ll, Hom e
wood, Baltim ore, M d.
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M i c h i g a n  S e w a g e  W o r k s  A s s o c i a t i o n

W . E .  Shephard, Secretary-Treasurer, State Dept, of Health , Lansing, Mich.

Adams, M ilton  P ., Secy. Stream Control Com
mission, Lansing, M ich.

Anderson, Herb, C ity  of B a d  Axe, M ich.
Anderson, R . A., Supt. Sewage Treatm ent 

P lan t, Muskegon Heights, M ich.
Bean, Geo. E . , C ity  M gr., Eseanaba, M ich.
Bowers, T . C., 202 E .  Ganson St., Jackson, 

Mich.
Boyd, J .  W ., 442 Grant St., Grand Haven, 

Mich.
Brown, C. U ., Cass C ity, M ich.
Brum m , A llen  S., Nashville, M ich.
Butler, Emmet, Box  81, M ilfo rd , M ich.
Carney, George, Brighton, M ich.
Clark, M . S., 1853 E .  Beardsley, E lkh art, Ind .
Corson, H . C., C ity  Eng ., B irm ingham , M ich.
Crawn, R . D., 1208 W . Ganson St., Jackson, 

Mich.
Croom, Thomas G., 340 W . 55th St., New  

York , N . Y .
Damoose, N . G., R . R . 6, Box  535, B a tt le  

Creek, M ich.
DeHooghe, Bernard  A ., 818 Minnesota, G lad

stone, M ich.
DeLano, Huntley, 138 W itlie y  St., Grand 

Rapids, M ich.
Dickman, Dorian H ., Box 1808, R . R . 1, Royal 

Oak, M ich.
Dickson, H arvey, 2983 A lte r Rd., Detroit, 

Mich.
Burley , F red  H ., 9300 W . Jefferson, Detroit, 

Mich.
Chamier, A lbert, 9300 W . Jefferson, Detroit, 

Mich.
Doane, E rce ll J . ,  106 E . Ash, Mason, M ich.
Dodge, H . P ., 809 Rose Ave., Ann, Arbor, 

Mich.
Dornbush, Don, 25 W . Maple, Frem ont, M ich.
Dorr, Fred., 113 N . Gainsborough, Roya l Oak, 

Mich.
Dowd, Ira , 1813 Be lle  Ave., F lin t , M ich.
Doyle, Thomas J . ,  274 E .  Boulevard  N., 

Pontiac, M ich.
Durand, Ed w in  M., 259 P a r is  Ave., S. E . , 

Grand Rapids, M ich.
Edgecomb, G. O., 311 S. C lay St., Greenville, 

Mich.
Eh lers, Ra lph  B ., Dow Chemical Company, 

M idland, M ich.
Eld ridge, E .  F ., Eng . Exp . Sta., M ich igan  

State College, E .  Lansing, M ich.
E llis , Norm an T., 213 Clinton St., Grand 

Haven, M ich.

Fargo  Engineering Company, Jackson, Mich.
Fishbeck, Kenneth, 2117 W . St. Joseph, Lan 

sing, M ich.
Forton, R . G., 319 Barlow , Traverse City, 

Mich.
Francis, Geo. W ., F ranc is  Engineering Com

pany, Ed d y  B ldg ., Saginaw, M ich.
Gahagan, H . B ., Armour Leather Co., Holland, 

Mich.
Gates, L lo yd  R ., Dr., U n ivers ity  of Michigan, 

140 W . M edical B ldg., Ann  Arbor, Mich.
Graham, Jam es E ., Berrien  Springs, Mich.
Green, R . A., 600 N . Pleasant, Jackson, Mich.
Groen, M ichael A ., 7446 Ternes, Dearborn, 

Mich.
Gustafson, Iv a r, 311 N . Harrison St., Luding- 

ton, M ich.
Habermehl, C. A., 14521 Strathmoor, Detroit, 

M ich.
Hauer, Gerald, 921 Jo s lin  St., S., Grand 

Rapids, M ich.
Hawken, Dalton, Rochester, M ich.
H ayw ard , Homer, M ich igan Dept, of Health, 

Bureau of Engineering, Lansing, Mich.
Heeg, H . H ., 403 Je w e tt St., Howell, Mich.
Hoad, W . C., Col., 2108 Melrose St., Ann 

Arbor, M ich.
Ja cka , S. C., C ity  Engineer, Lansing, Mich.
Jackson, R . B ., 527 W . Ganson St., Jackson, 

Mich.
Jackson, T. L ., St. Ignace, M ich.
Je llem a, Jo h n  F ., 526 Central Ave., Holland, 

M ich.
Jennings, L .  R., 508 E .  M a in  St., Owosso, 

M ieli.
Jones, F rank , 802 W . Genesee, Lansing, Mich
Kam m erling, Lane, 194 E .  7th St., Holland, 

Mich.
Kelley , R . E . , 119 S. M aple St., Sturgis, Mich.
K illm ar, C. M., Health  D ist. 4, Rogers City, 

Mich.
K lang , M arv in  F ., 8070 E lg in  Ave., Detroit, 

Mich.
Kronbach, A llen, 218 M aple Ave., Monroe, 

Mich.
Kunze, A lbert T., 797 Central Ave., W yan 

dotte, M ich.
Ladue, Charles, Clio, M ich.
Lan igan , J .  A ., 797 Central Ave., Wyandotte, 

Mich.
Lawton, George, Law ton, M ich.
Leemaster, J .  F .,  1036 Lansing  Ave., Jackson, 

Mich.
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Lehner, W a lte r J . ,  76 S. W ilson B lvd ., M t. 
Clemens, M ich.

Lenderink, Andrew, 222 Commerce Bldg., 
Kalamazoo, M ich.

Leonhard, H arold  M ., 3107 V an  Alstyne, 
Wyandotte, M ich.

Leslier, C. E ., 550 Grove St., Ea s t Lansing, 
Mich.

Liddle, E .  G., 16880 Fie ld ing, Detroit, M ich.
Lucas, W . R., 16190 Arehdale Ave., Detroit, 

Mich.
McGrath, C. P ., 116 Clinton St., M t. Clemens, 

Mich.
McKenna, Harold  R., 520 E . 3rd St., F lin t, 

Mich.
MacFarlane, W . D., 14365 Marlowe Ave., De

troit, Mich.
McRae, John, 612 S. 17th St., Escanaba, 

Mich.
Mailman, W . L., M ichigan State College, Ea s t  

Lansing, Mich.
Mallory, Howard, 811 Barton  Drive, Ann  

Arbor, Mich.
Marshall, J .  C., Charlevoix, M ich.
Matthews, Richard, Analyst, C ity  Testing 

Lab., Muskegon, M ich.
Max, John, 1105 W . Cross St., Ypsilanti, 

Mich.
May, D. C., Ayres, Lewis, Norris & M ay, 

Wolverine Bldg., Ann Arbor, Mich.
Meserva, Charles, Chelsea, M ich.
Mogelnicki, Stan ley J . ,  M unicipal Bldg., B i r 

mingham, Mich.
Montgomery, J .  Robert, Disposal P la n t Opr., 

c/o Caro State Hospital, Caro, M ich.
Morrill, Arthur, Engr. of Sewage Treatment, 

9300 W . Jefferson Ave., Detroit, M ich.
Mudgett, C. T., Sewage Treatment Works, 

Muskegon, M ich.
Musgrove, Robert, Sewage Treatment Works, 

Grand Rapids, M ich.
Muskegon, C ity  of, c/o Carl Peterson, C ity  

Mgr., Muskegon, M ich.
Norgaard, John, 1501 27th St., S. E ., W ash 

ington, D. C.
Oehlke, H enry E ., 505 8th Ave., Manistee, 

Mich.
Oeming, L . F ., 1534 E .  Grand R iver, Lansing, 

Mich.
Ohr, M ilo F ., 742 College Ave., S. E ., Grand 

Rapids, Mich.
Older, Fred, C ity  of Ypsilan ti, Ypsilanti, 

Mich.
Olson, Herbert A., 205 S. State St., Ann  

Arbor, M ich.
Orton, J .  W ., 9206 Sorrento Ave., Detroit, 

Mich.

Packard , O. E . , Charlotte, M ich.
Patriarche, John  M., C ity  H a ll, E a s t Lansing, 

Mich.
Pierce, W . E ., W hitehall, M ich.
Pierson, Otto J . ,  Northern Mich. Tuberculosis 

San., Gaylord, M ich.
Pomeroy, C., H artfo rd , M ich.
Ponto, W ., 513 Fountain, Ann Arbor, M ich.
Potts, H a rry  G., Pennsylvania Sa lt Co., W ya n 

dotte, Mich.
Powers, Thos. J . ,  R . F . D. 4, M idland, M ich.
Raymond, N . I., 610 P ine  St., Owosso, M ich.
Reedy, Tim othy D., Supt., Sewage Treatment 

Plan t, F lin t, M ich.
Reynolds, M . W ., 313 Shiawassee St., Durand, 

Mich.
R itter, Bruce, Lake Odessa, Mich.
Rooks, C. P ., Zeeland, M ich.
Rudd, W m . C., Bureau of W ater, Rm. 241, S. 

P ie r  4, Delaware & Chestnut Sts., Dept, of 
Wharves, Docks, & Ferries, Philadelphia, 
Pa .

Rumsey, Jam es R., 1265 A llen  Rd., S. E . , R . R. 
6, Grand Rapids, Mich.

Sageman, Norman, 216 Moores R iver Drive, 
Lansing, M ich.

Shephard, W . F ., M ich. Dept, of Health, 
Lansing, M ich.

Slausson, J .  B ., 223 S. Rogers St., Mason, 
Mich.

Smith, Harold  L ., 525 Center, Alma, M ich.
Smith, Robert J . ,  M ichigan Department of 

Health, State Office Bldg., Lansing, Mich.
Smith, S. H ., Supt. Board  of Public Works, 

South Haven, Mich.
Smith, W a lte r E ., W a llace & Tiernan Com

pany, Inc., 415 B ra inard  St., Detroit, M ich.
Snedeker, L .  L a  Verne, Sewage Treatment 

P lan t, Adrian, M ich.
Stegeman, Pau l, W ater Dept., M idland, M ich.
Stewart, H ., 5264 Argyle, Dearborn, M ich.
Stielstra, Clarence, 3811 Concord St., Midland, 

Mich.
Sullivan, J .  Donald, A lm a Savings Bank  

Bldg., Alma, Mich.
Tarbell, J . ,  1404 4th St., Jackson, Mich.
Theroux, Frank  R., C ivil Engineering School, 

Mich. State College, Ea s t Lansing, M ich.
Venn, Frank, Pentwater, M ich.
Vermette, F .  L ., Sewage Treatment P lan t, 

Pontiac, M ich.
Weeber, Ea r le  R., 420 Federal Sq. Bldg., 

Grand Rapids, M ich.
Wegner, Herm an R., 3527 David Scott Bldg., 

Detroit, M ich.
W elch, P ie rre  R., The M ichigan A lka li Com

pany, Wyandotte, Mich.
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W hitm ore, E a r l  E . , C ity  Eng r., P o rt  Huron, 
Mich.

W ig g , C. V ., Box  697, Bessemer, M ich. 
W illiam s, W . B ., W illiam s & W orks, County 

Bldg., Grand Eap ids, M ich.
W iteher, C. Preston, 707 W . Washington, Ann  

Arbor, M ich.

Wolohan, L .  J . ,  7719 Ind iana  Ave., Dearborn, 
Mich.

W y llie , George F-, E .  1, Box  424, Lansing, 
Mich.

Young, Eobert A ., c/o Consoer, Townsend & 
Quinlan, 211 W . W acker Drive, Chicago, 111. 

Zimmer, W a lte r E . , Eng., W olverine Engr. 
Co., Mason, M ich.

M i s s o u r i  W a t e r  a n d  S e w e r a g e  C o n f e r e n c e

W arren  K ram er, Secretary-Treasurer, S tate  Board  of Health , 200 Monroe Street,
Jefferson C ity, Mo.

Bridges, F .  B ., Supt. W a te r & L ig h t Dept., 
Kahoka, Mo.

Haskins, Clias. A., Cons. Eng., F inance B ldg., 
Kansas C ity, Mo.

Kehr, W m . Q., State Board  of Health , Je ffe r 
son C ity, Mo.

L indell, O. Y ., The Dorr Company, 6315 
Brookside Plaza, Kansas C ity, Mo.

Luebbers, Ea lp h  H ., College of Engineering, 
U n ivers ity  of M issouri, Columbia, Mo.

Menefee, Jam es H ., P .  O. Box  71, W ebb City, 
Mo.

Bussell, George, Mun. and San. Engr., 7025 
E tze l Ave., U n ivers ity  C ity, Mo.

St. Lou is Pub lic  L ib ra ry , O live & 14th Sts., 
St. Louis, Mo.

W lieatly , W m . D., Chemist, P ittsburgh Plate  
Glass Co., C rystal C ity, Mo.

W ilke , H arvey  B ., Supt., Columbia Sewage 
Disposal P lan t, Lo w ry  B ldg ., Columbia, Mo.

N e w  E n g l a n d  S e w a g e  W o r k s  A s s o c i a t i o n

L e B o y  W . V an  Kleeck, Secretary-Treasiirer, S tate Dept, of Health , State Office Bldg.,
H artfo rd , Conn.

Abrams, M ilton  F ., 17 B a tte ry  Place, New  
York , N . Y .

Adams, George O., Lawrence Experim ent S ta 
tion, State Department of Health , Lawrence, 
Mass.

Agar, Charles G., D iv . o f Sanitation, State  
Dept, of Health, A lbany, N . Y .

Albertson, Jo h n  G., 886 M idland Ed ., Oradell, 
N . J .

A llen, Herbert B ., Sewage Treatm ent P lan t, 
Fitchburg, Mass.

Almquist, Frederick O. A., Conn. State Dept, 
of Health, State Office B ldg., H artfo rd , 
Conn.

Ba ird , Charles O., J r . ,  Teacher, Northeastern  
University, 316 Huntington Ave., Boston, 
Mass.

Ba ldw in , C. W ., Syntron Company, 230 Con
gress St., Boston, Mass.

Balm er, Eobert E . , J r . ,  State Engr., 4 F e d 
eral Court, Springfield, Mass.

Barbour, F ra n k  A ., Cons. Engr., 1120 Tremont 
B ldg., Boston, Mass.

Bauer, H en ry  W ., Supt., 181 E idge Ed ., M id 
dletown, Conn.

Benford , W illiam  E ., B row n  U n ivers ity , P ro v i
dence, E .  I .

Berg , Stan ley Edw ard , 65 South St.., Stan
ford, Conn.

Bogren, George G., W eston and Sampson, 14 
Beacon St., Boston, Mass.

Bolde, Abraham  C., Em . 511—A  State House, 
Boston, Mass.

Bolieau, C lifton  W ., c/o Malcolm  Pirn ie, 25 
W . 43rd St., N ew  York , N . Y .

Bond, Ph ilip  E . , 189 H igh  St., Holyoke, Mass.
Bowers, Samuel W ., e/o M acKenzie & Bowers, 

Southington, Conn.
Bow ler, Edm ond W esley, P ro f., Un ivers ity  of 

N ew  Hampshire, Durham, N . H .
Bradlee, W arren  E ., W incliendon, Mass.
Brigham , H aro ld  L ., W a te r & Sewer Commis

sion, M arlboro, Mass.
Brooks, Joh n  H ., J r . ,  E .  Worcester St., W o r

cester, Mass.
Bru le , Abundius A ., 157 Chestnut St., Central 

Fa lls , E .  I .
B ryan t, H . M., P . O. Box 102, M ilton, N , H.
Buck, Eobinson D., 650 M ain  St., Hartford, 

Conn.
Bugbee, Ju liu s  W ., Supt. Sewage Disposal 

W orks, 25 New  Y o rk  Ave., Providence, E . I.
Bugbee, Eaym ond C., 17 Monument St., Gro

ton, Conn.
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Burden, H a rry  P ., Assoc. P ro f., Tu fts College, 
Medford, Mass.

Burdoin, A llen J . ,  Cons. Engr., 85 W ash ing 
ton St., W ellesley H ills , Mass.

Burr, R. S., American Brass Company, Water- 
bury, Conn.

Burrell, Robert, Opr., 39 Howard St., W est 
Haven, Conn.

Camp, Thomas R., Assoc. P ro f., Massachu
setts Inst, of Tech., Cambridge, Mass.

Campbell, A rthur T., S tate Engr., 165 Capitol 
Ave., Hartford , Conn.

Carpenter, Howard F ., 25 New  York  Ave., 
Providence, R . I .

Carson, Caryl C., Box 1139, H artfo rd , Conn.
Cary, W illis  E ., 5 Chesterfield Rd., Worcester, 

Mass.
Chase, E . Sherman, M etcalf & Eddy, 1300 

Statler Bldg., Boston, Mass.
Clark, H. W ., Cons. Engr., 89 Broad St., Bos

ton, Mass.
Clarke, V . B ., Box 582, Ansonia, Conn.
Cobb, Edw in  B ., 142 Vernon St., Norwood, 

Mass.
Coburn, S. E ., 1300 Statler Bldg., Boston, 

Mass.
Cohn, Morris M., 1101 Lexington Ave.,

Schenectady, N . Y .
Cook, Horace J . ,  Sewer Supt., 268 Court St., 

Auburn, Me.
Copeland, W illiam  R., Rm. 317, State Office 

Bldg., Hartford, Conn.
Copley, Charles H.,, 513 W inthrop Ave., New  

Haven, Conn.
Coy, Arthur H., W a te r & Sewer Dept., W es

terly, R. I .
Craemer, George H ., Opr., M unicipal Bldg., 

Hartford, Conn.
Craig, W . Allen, M fgr., 21 Berkeley Rd., 

Avondale Estates, Ga.
Cutting, M erritt E ., Auburn St., Cherry V a l

ley, Mass.
Damon, Nelson A., 34 Spring St., Amherst, 

Mass.
Damon, W ayne F ., 161 W est St., Leominster, 

Mass.
Darby, George M., c/o The Dorr Company, 

Westport, Conn.
Darling, Fred  A., Sewer Supt., Frank lin , Mass.
DeHaas, Nicholas, Box  176, Linwood, Mass.
Dept, of C iv il Engineering, Un ivers ity  of 

Maine, W ingate H a ll, Orono, Me.
Dion, Clarence K .,  28 Chester Ave., Westerly, 

R. I.
Disario, G. M., Fed. Engr., Chief of San. Div., 

Ministry of Pub lic  Works, Caracas, Vene
zuela, S. A.

Donnini, F rank  L ., 19 M itchell St., New  
B rita in , Conn.

Dudley, R ichard E ., Rm. 410, C ity H all, 
Springfield, Mass.

Dyer, Samuel, Memorial B ldg., Framingham, 
Mass.

Eddy, Harrison P ., Jr . ,  3100 Statler Bldg., 
Boston, Mass.

Ellsworth, Samuel M., Cons. Engr., 12 Pea rl 
St., Boston, Mass.

Fa ir , Gordon M., Prof., 7 Scott St., Cambridge, 
Mass.

Fairfie ld  State Hospital, Newtown, Conn.
Fales, Almon L ., c/o M etcalf & Eddy, Statler 

Bldg., Boston, Mass.
Farnham , A rthur B ., C ity  Engineer, Pittsfield, 

Mass.
Ferris , Jam es E ., Electro  Bleaching Gas Co., 

60 E .  42nd St., New York, N . Y .
Fitzgerald, J .  E . , J r . ,  F ie ld  Po in t M fg. Corp., 

Edgewood Station, Providence, R . I .
Flem ing, Pau l V ., 1272 Massachusetts Ave., 

North Adams, Mass.
Flood, F rank  L ., c/o M etcalf & Eddy, Statler 

Bldg., Boston, Mass.
Foote, Kenneth E ., Rm. 501, H a ll of Records, 

New  Haven, Conn.
Gilereas, F .  Wellington, Secy., D ivision of 

Laboratories & Research, New Scotland 
Ave., A lbany, N . Y .

Giles, J .  H enry L ., State Dept, of Health, 
State Office Bldg., H artford , Conn.

Gisborne, F rank  R., Opr., A rcad ia Rd., Old 
Greenwich, Conn.

Gladue, Donat J . ,  210 H igh St., Bristo l, R. I .
Goff, Jam es S., Sewer Supt., P . O. Box 298, 

Hyannis, Mass.
Graemiger, Joseph A., 7 E a r l  St., W est W a r 

wick, R . I .
Greenleaf, John  W ., J r . ,  232 Pond St., W est

wood,, Mass.
Green, Herbert, Mun. Engr., C ity  H all, W o r

cester, Mass.
Greenwich, Sewer Commission, Rm. 7, Town 

Bldg., Greenwich, Conn.
Griffin, Guy E ., 6 Grove St., Cos Cob, Conn.
Hanrath, W illiam  J . ,  Sewage Pumping Sta., 

Pittsfield, Mass.
Hanson, George I. , Boston Post Rd., Marlboro, 

Mass.
Harper, M . J . ,  Merco Nordstrom Valve Co., 50 

Church St., New York, N . Y .
Healy, W illiam  A., 83 M ain St., Exeter, N . H .
H ill, G. Everett, 15 B e ll St., Orange, N . J .
H ille r, Pau l W ., Inn is Speiden & Co., 117 L ib 

erty St., New York, N . Y .
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Holmes, H a r ry  E . ,  Mass. State Dept, of 
Health , 511-A State House, Boston, Mass.

Holmgren, R ichard  F ., Chief Engr., W a te r R e 
sources Board, Concord, N . H .

Hoover, Charles R., P ro f., 8 P ik e  Place, M id 
dletown, Conn.

Horne, Ralph W ., 11 Beacon St., Boston, Mass.
Houser, George C., 220 Clyde St., Brookline, 

Mass.
Howard, P . F ., 138 B a rtle tt Rd., W inthrop, 

Mass.
Jackson, J .  Frederick, Cons. Engr., 36 Cannon 

St., Hamden, Conn.
Jenckes, J .  F rank lin , Jr . ,  F ie lds Po in t M fg . 

Corp., Providence, R . I .
Johnson, E s k il C., D iv. of San. Engr., 335 

State Office B ldg., Providence, R . I .
Jo rdan , Edw ard  C., 147 H igh  St., Reading, 

Mass.
Jo y , C. Fred , Jr . ,  50 Meredith Circle, M ilton, 

Mass.
Kappe, Stanley E . , 2019 Rittenhouse Sq., 

Philadelphia, Pa .
Karalekas, Peter C., S tate Engr., Westfield 

State Hospital, Westfield, Mass.
Kelsey, W a lte r, Lo rd  & Burnaham  Co., Ir v in g 

ton, N . Y .
Know lton, Kenneth F ., 11 Rosbury Ave., N a 

tick, Mass.
Kunsch, W a lte r, 25 E . P ea rl St., Danbury, 

Conn.
Lam b, Clarence F ., W aterm an Engineering  

Co., 86 Weybosset St., Providence, R . I .
Langford , Leonard L ., 441 Lexington Ave., 

New York , N . Y .
Lannon, W illiam , 21 Bridge St., Putnam , Conn.
Lanphaer, R oy  S., Worcester Sewage T reat

ment P lan t, Post Office Sta. C., Worcester, 
Mass.

Lebetkin, George, Bureau of Pub lic  Works, 
Engineering Dept., H artfo rd , Conn.

Lehr, Eugene L ., 15 Summit St., Manchester, 
Conn.

Locke, Edw . A ., 21 Forster St., H artfo rd , 
Conn.

Lounsbury, E lm er Irv ing , Darien, Conn.
MacLeod, Myron, 470 Fourth  Ave., New  York  

City.
Maguire, Chas., 613 Turks Head Bldg., P ro v i

dence, R . I .
Mannheim, Robert, The Mathieson A lk a li Wks., 

In c., 911 Hospital Trust B ldg., Providence, 
R . I .

M ariner, W . S., 82 H igh  St., Canton, Mass.
M artzell, P au l C., 60 Mead Ave., Po rt Chester, 

N . Y .

M cCall, Joseph F ., U . S. Veterans’ Bureau 
Hospital, Bedford, Mass.

McDonald, John , 67 H artfo rd  Terrace, Spring
field, Mass.

M cKee, Ja c k  E ., 112 Pierce H a ll, Harvard 
Univers ity , Cambridge, Mass.

McMahon, W a lte r A., 76 Brookside Ave., Tor- 
rington, Conn.

M errill, W a lte r E . , 511-A State House, Boston, 
Mass.

Meyer, Carl F ., P ro f. of C iv il Eng., W or
cester Po ly . Institu te, Worcester, Mass.

Moat, C. P ., Chemist, 2 Colchester Ave., Bur
lington, V t.

Moore, Edw ard  W ., 7A  Pierce H all, Harvard 
Univers ity , Cambridge, Mass.

Morgan, Edw ard  F ., J r . ,  Supt. of Publie 
W orks, Hudson, Mass.

Muldoon, Joseph A ., 849 Hancock Ave.,
Bridgeport, Conn.

N aylo r, W illiam , Supt., W a te r and Sewers, 
M aynard , Mass.

Newland, Jam es A., Pres., H enry Souther 
Engineering Co., 11 Lau re l St., Hartford, 
Conn.

N ico li, F ran k  A ., 56 How ard St., Springfield, 
Mass.

Olmsted, C. Henry, 740 M a in  St., Eas t Hart
ford, Conn.

Palm er, Ben jam in  M., 114 Thayer Bldg., Nor
wich, Conn.

P e rry , E a r l  R., C ity  H a ll, Worcester, Mass.
Petrie , W illiam  P ., Supt., Servage Disposal 

P lan t, Norwalk, Conn.
Pool, Charles L ., R . I .  Pub lic  Health Com

mission, 335 State Office Bldg., Providence, 
R . I .

P ra tt , G ilbert H ., 350 Newbury St., Boston, 
Mass.

Proudman, Chester F ., New  Canaan Sewage 
Disposal P lan t, New  Canaan, Conn.

Pu ffer, Stephen P ., Town H a ll, Amherst, 
Mass.

Quinn, F rancis T., 116 South St., Westboro, 
Mass.

Quinn, Thomas A., 116 South St., Westboro, 
Mass.

Raymond, Herbert E . , W ater, Sewer & Drain 
Dept., C ity  H a ll, Keene, N . H .

Richardson, Charles G., Builders Iron  Foun
dry, Providence, R . I.

Robb, Charles G., Engineering Dept., Munici
pal B ldg., H artfo rd , Conn.

Roche, Edw ard  C., 5020 Stiekney Ave., Cleve
land, Ohio.

Roche, J .  P ., Camp Lonergan, C. C. C., Volun- 
town, Conn.
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Rogers, John  A ., Opr., 6 Central Ave., M il

ford, Conn.
Sanderson, W . W ., 11 S. Lake Ave., A lbany, 

N. Y .
Sawyer, Robert W ., J r . ,  25 W . 43rd St., New  

York, N . Y .
Scott, W arren J . ,  34 Garfield Rd., W est H a r t 

ford, Conn.
Shea, W a lte r J . ,  327 State Office Bldg., P ro v i

dence, R. I .
Sheppard, Frederick, “ Municipal San itation ,”  

24 W . 40th St., New York  City.
Sherman, Leslie K ., 1131 Cottage Grove Rd., 

Bloomfield, Conn.
Sieverding, O. C., 25 Somerset St., Elmwood, 

Conn.
Smithwick, John  J . ,  699 Stanley St., New  

Britain, Conn.
Snell, J .  R., Dr., 17 Evere tt St., Cambridge,

Snow, W illis  J . ,  State Engr., State W ater  
Commission, State Office Bldg., H artford , 
Conn.

Solander, A rvo A., 1407 21st Ave., S., Nash
ville, Tenn.

Soule, Ralph M., 511-A State House, Boston, 
Mass.

Stearns, Donald E ., Rhode Is land State Col 
lege, Kingston, R. I.

Sterling, Clarence I. ,  Westfield State Hospital, 
Westfield, Mass.

Stock, M itchell B ., P . O. Box 804, Bridgeport, 
Conn.

Sullivan, Ernest J . ,  511-A State House, Bos
ton, Mass.

Suttie, R. H., P ro f., Dept, of C iv il Engineer
ing, Yale University, New Haven, Conn.

Tarlton, E llis  A lvord, Salem & Beverly  W ater  
Supply Board, F iltra tion  P lan t, Beverly, 
Mass.

Tentschert, Francis P ., c/o The Dorr Co., Inc., 
570 Lexington Ave., New  York, N . Y .

Thayer School of Civ. Eng., Edw ard  S. Brown, 
Jr ., Dartmouth College, Hanover, N . H .

Thompson, E .  H ., 1308 E lm  St., Stratford , 
Conn.

Thompson, Robert B ., The Dorr Company, Inc., 
Westport, Conn.

Tierney, Lawrence J .  J . ,  518 Rice Bldg., 10 
H igh  St., Boston, Mass.

Träger, Leonard W ., N . H . State Board of 
Health, Concord, N . H .

Tuttle, Leon E ., Mun. Engr., Town H all, 
Stamford, Conn.

Van  A tta , John  W ., Ralph B . Carter Pump  
Co., 53 P a rk  Place, New York, N . Y .

Van  Kleeck, LeR oy  W ., State Dept, of Health, 
State Office Bldg., Hartfo rd , Conn.

Wadhams, S. I I . ,  Gen., State W ater Commis
sion, State Office B ldg., Hartfo rd , Conn.

W alker, Ph ilip  B ., 18 Summit St., W hitinsville, 
Mass.

Watertown F ire  D istrict, Watertown, Conn.
W atters, George E ., 536 Montauk Ave., New  

London, Conn.
Wentworth, John  P ., 1300 Statler Bldg., Bos

ton, Mass.
Weston, A rthur D., Rm. 511, State House, 

Boston, Mass.
Weston, R . S., Cons. Engr., 14 Beacon St., 

Boston, Mass.
Whipple, M elville C., 112 Pierce H all, Cam

bridge, Mass.
W hitlock, H enry C., C ity  H a ll, W aterbury, 

Conn.
W iggin , David C., J r . ,  773 Farm ington Ave., 

W est Hartfo rd , Conn.
W inch, Norman M., 46 B irds H il l  Ave., Need

ham, Mass.
Woodward, W illiam  H., 159 Sumner Ave., 

Springfield, Mass.
Worthington, Erastus, Insurance Bldg., Ded

ham, Mass.
W righ t, Edw ard , State Engr., Mass. State  

Dept, of Health, 511-A, State House, Bos
ton, Mass.

W ura ftic , Joseph, 335 State Office Bldg., P ro v i
dence, R. I.

N e w  J e r s e y  S e w a g e  C o n f e r e n c e

Richard C. Smith, Secretary, 29 H igh  Street, Glen Ridge, N . J .

Burack, W . D., 90 Sycamore Ave., Livingston, 
N. J .

Cameron, Geo., 1905 Kuehnle Ave., Venice 
Park , A tlantic  City, N . J .

Campbell, W in., Jr . ,  136 Russell Rd., Fan- 
wood, N . J .

Capalbo, Jam es, Lower Notch Rd., L it t le  Falls, 
N. J .

Adams, J .  K ., Sewage Disposal P lan t, Tenafly, 
N. J .

Atkinson, Asher, C ity  Engr., C ity  H all, New  
Brunswick, N . J .

Bear, E .  J . ,  107 H ills ide Ave., Livingston, 
N. J .

Bonaeci, L . N ., Research Corporation, Bound  
Brook, N . J .

Boreiszo, J . ,  39 C lay St., M illtown, N . J .
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Chamberlain, Noel S., 492 Rutherford Ave., 
Trenton, N . J .

Cleary, Ed w ard  J . ,  Old Quarry Rd., Upper 
M ontclair, N . J .

Corson, B . I. , Camden County Vocational 
School, Merchantville, N . J .

Cowles, M . W ., Hackensack W a te r Company, 
Dept., F iltra t io n  & Sanitation, N ew  M ilford , 
N . J .

Decker, E .  P ., C ity  H a ll, Newark, N . J .
Devoe, Kerm it, South R iver Sew. Division, 

South R iver, N . J .
Evans, F .  M ., Boro Engineer, Glen Rock, N . J .
Farren t, Jam es, 443 E .  29th St., Paterson, 

N. J .
Ferguson, Gerald, 225 N . B ridge St., Somer

ville, N . J .
Fontenelli, Louis, 109 W inslow  Place, G ar

wood, N . J .
Franzozo, Anthony, M anville Sewage Works, 

M anville , N . J .
Frenchman, J .  L ., 68 M anning Place, Keans- 

burg, N . J .
Gadomski, A lbert J . ,  709 Pa rker St., Perth  

Amboy, N . J .
Gehm, H a r ry  W illa rd , Agric. Experim ent S ta 

tion, N ew  Brunswick, N . J .
Gibbons, M . M ., 961 Frelinghuysen Ave., 

Newark, N . J .
H arley, F ra n k  E ., F a ir  Law n  Radburn Trust 

Co. B ldg., F a ir  Law n , N . J .
Heinemann, B ., 945 E .  163rd St., New York, 

N . Y .
Henderson, C. N ., N . J .  Agricu ltu ra l Exp eri

ment Station, New  Brunswick, N . J .
Heukelekian, H ., Short Course Bldg., Agric. 

Experim ent Station, New  Brunswick, N . J .
Ingols, Robert, Agric. Experim ent Station, 

New  Brunswick, N . J .
Kachorsky, M . S., M anville  Sewerage W orks, 

M anville , N . J .
Kee, W illiam  J . ,  Supt., Middlesex Borough  

Sewage Treatment Works, R iver Rd., Eas t  
Bound Brook, N . J .

K illam , E .  T., 142 Maiden Lane, New  York, 
N . Y .

Küpper, C. J . ,  Bound Brook, N . J .
Lehmann, A rthu r F ., 31 M artin  Terrace,

Hackensack, N . J .
Lendall, H a r ry  N ., P ro f., Dept, of M unicipal 

and San. Eng ., Rutgers Un iversity , New  
Brunswick, N . J .

L ittm an , M . L ., 22 Yates Ave., Newark, N . J .
Long, Jam es C., Box  82, N . J .  S tate Hospital, 

Greystone Pa rk , N . J .
McMenam in, C. B ., 302 Melrose Ave., Bound  

Brook, N . J .

M allalieu, W . C., P . O. Box  384, Boonton, N . J .
M iles, H enry  J . ,  Dept, of Civ. Eng., Un iver

s ity  of F lo rida, Gainesville, F la .
Moggio, W m . A ., D iv. of Pub lic  Health, U n i

versity of N orth  Carolina, Chapel H ill, N . C.
N ichol, Gordon B ., Dept, of W a te r & Sewage, 

N . J .  A g ircu ltu ra l Experim ent Station, New  
Brunswick, N . J.

Nisnevitz, Oscar, Je rsey  Homestead, N . J .
Norcom, George D., 90 Broad  St., New York, 

N . Y .
Ocean C ity  Sewer Service Co., Ocean City, 

N. J .
Orchard, W m . J . ,  Sales M gr., W a llace & Tier- 

nan Co., Newark, N . J .
Pope, Lester, 656 Schiller Ave., Trenton, N . J .
Porges, Ralph, 411 A tlan ta  Ave., Sheffield, 

A la.
Ridenour, G. M., Assoc. P ro f., Dept, of Civil 

Eng ., The Pennsylvania State College, State 
College, P a .

Roberts, L . M ., 219 W illo w  St., Bound Brook, 
N . J .

Roznoy, Lou is W ., 2481 Vaux H a ll Rd., Union, 
N . J .

Rudolfs, W illem , Dr., Short Course Bldg., A gri
cultural Exp . Station, New  Brunswick, N. J .

Rush, De W it t  E . , 190 M ain  St., Sayreville, 
N . J .

Sandford, Chester, 223 Lenox Ave., South Or
ange, N . J .

Seid, Sol., 58 Suydam St., New  Brunswick, 
N . J .

Setter, L lo yd  R., 50-18 217th St., Bayside, 
N . Y .

Seydel, Herman, 135 H a lladay  St., Je rsey City, 
N . J .

S ib ila , Rocco, 19 Canal St., Raritan , N . J .
Simmerman, Joh n  S., 215 W ildwood Ave., P i t 

man, N . J .
Slagle, B .  A., Dr., 100 Hudson Ave., North 

Pla infield , N . J .
Sm ith, P . A., 66 Stanley Rd., South Orange, 

N . J .
Sm ith, R . C., 24 H igh  St., Glen Ridge, N. J .
Superintendent, Englewood Sewerage Com

pany, Englewood, N . J .
Tozzi, John , 87 E .  M a in  St., Somerville, N. J .
Trubnick, Eugene, Anheuser-Busch, Inc., Old 

Bridge, N . J .
Weiss, H ., Sewer Supt., Eas t Paterson, N . J .
W est, Leslie E . , 105 M ill Rd., Irvington, N . J .
W itte r , Carl W ., Anheuser-Busch, Inc., Old 

Bridge, N . J .
W ittw er, Norman C., 36 E lm hurst Ave., Tren

ton, N . J .
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N e w  Y o r k  State S e w a g e  W o r k s  As so ci a t io n

A. S. Bedell, Secretary-Treasurer, State

Abrams, M. F ., 17 Ba tte ry  Place, New York,
N. Y .

Aeryns, Albert N ., 716 Greenwood Ave., Brook
lyn, N. Y .

Agar, Charles C., D iv. of Sanitation, State 
Dept, of Health, A lbany, N . Y .

Agostinelli, Anthony J . ,  P lan t Opr., 38 Holden 
St., Charlotte Station, Rochester, N . Y .

Albertson, J .  G., 663 Orchard St., Oradell,
N. J .

Aldrich, E . H ., c/o Reeves Newsom, 500 F if th  
Ave., New York, N . Y .

Allen, A. F ., State Dept, of Health, State 
Office Bldg., A lbany, N . Y .

Alsdorf, W illiam  R., 91 M t. Ave., H ighland  
Falls, N . Y .

Althouse, Raymond R., 95 Elmwood Ave., 
Union, N. J .

American W e ll Works, Inc., 165 Broadw ay, 
New York, N . Y . A tt .: M r. F . J .  Smith, 
Mgr.

Anderson, C. George, 66 Sherman Ave., Rock
ville Centre, N . Y .

Anderson, Arthur W ., 760 Lincoln B lvd., Long  
Beach, L . I., N . Y .

Anderson, S. P., P ilg rim  State Hospital, 
Brentwood, N . Y .

Andres, W illiam  II . ,  Gowanda State Hospital, 
Collins, N. Y .

Andrews, H a rry  S., 601 Oneida St., Fulton,
N. Y.

Angell, J .  M., Jr . ,  G illette Publishing Co., 155 
E. 44th St., New York, N . Y .

Armstrong, F rank  W ., 13 Hubble St., Bath,
N. Y .

Artes?, Philip, 751 E . 224th St., Bronx, N . Y .
Asch, Abram B., 10 E .  40tli St., New York,

N. Y.
Ashe, John R., 22 Homan B lvd., Hempstead, 

Long Island, N . Y .
Bachmann, Frank, 110-56 71st Ave., Forest 

Hills, Long Island, N . Y .
Badger, Irv in  S., 723 Ackerman Ave., S y ra 

cuse, N. Y .
Baker, Roy, 70 S. Bayles Ave., Po rt W ash 

ington, N . Y .
Barasch, W illiam , 2300 Ocean Ave., Brooklyn,

N. Y.
Bardet, Paul E ., Jam aica  Disposal P lan t, 

150th Ave. & 132nd St., South Ozone Park ,
N. Y .

Barker, Stanley T., L t .  Comdr., C. E .  C.
U. S. N. R., Room 2436, N avy  B ldg., W ash 
ington, D. C,

Department of Health, A lbany, N . Y .

Barnes, Robert J . ,  20 5th Ave., Oneonta, N . Y .
Barnh ill, Kenneth G., 25 E .  99th St., New  

York, N . Y .
Barron, Jam es L ., 121 Fu lton  Ave., Hem p

stead, Long Island, N . Y .
Bates, R . D., State Dept, of Health, 65 Court 

St., Buffalo , N . Y .
Baum gartner, W illiam  H ., E .  I .  Du Pont de 

Nemours & Co., Grasselli Chemicals Dept., 
W ilm ington, Del.

Becker, John, 505 V ine St., Liverpool, N . Y .
Bedell, A . S., D iv. of Sanitation, State Dept, 

of Health, A lbany, N . Y .
Be ll, E .  Arthur, Box 41, Essex Falls, N . J .
Berg, Stan ley E . , 9413 74th St., Woodhaven, 

N . Y .
Bernhardt, Carl J . ,  P . O. Box 707, Jamestown, 

N . Y .
Bersten, M urray, 230 Ross St., Brooklyn, 

N . Y .
Besselievre, Edm und B., Paseo Colon 285, 

Buenos Aires, Argentine, S. America.
Best, Robert B ., 71 Maple St. Great Neck, 

N . Y .
Besthoff, Silas, 22 E .  40th St., New  York, 

N. Y .
Bevan, John  G., Guggenheim Bros., 3771 10th 

Ave., New York, N . Y .
B idw ell, M ilton H., 70 Stevens St., Oceanside, 

N . Y .
B ie le , F .  J . ,  184 Nassau Ave., Huntington, 

N . Y .
Binger, W a lte r D., Commr. of Borough Works, 

M unicipal Bldg., New York, N . Y .
Bishop, M arshall H ., 143 S. M idler Ave., 

Syracuse, N . Y .
Board  of W ater, L ig h t & Sewer Commis

sioners, Ham ilton, N . Y .
Bogert, C. L., 30 Church St., New York, N . Y .
Bowe, Thomas F ., 110 W illiam  St., New  

York, N . Y .
Boyce, Ralph E ., 555 Rugby Rd., Brooklyn, 

N. Y .
Brad ley, John  L., 140 W . M ain  St., Goshen, 

N. Y .
Bradner, B .  E ., 240 Halstead Ave., Harrison, 

N . Y .
B ra llie r, Pau l S., P .  O. Box 616, N iagara  

Falls , N . Y .
Brender, M ax M., Ferndale, N . Y .
Breuehaud, Ju les R., 155 E .  44th St., New  

York, N . Y .
Brigham , John  C., State Dept, of Health, 

State Office Bldg., A lbany, N . Y .
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Brigham , Jo h n  0., J r . ,  56 Church St., M ont
clair, N . J .

Broderick, Joseph A., 26 N . Eck a r St., Ir v in g 
ton, N . Y .

Brow er, J .  Singleton, 39 Center St., Wood- 
mere, Long Island, N . Y .

Brown, Edw ard  J . ,  188 St. Johns Place, 
Brooklyn, N . Y .

Brumbaugh, W . V ., N ational L im e Associa
tion, 927 15th St., N . W ., Washington, D. C.

Buck, Geo. H ., 3100 Connecticut Ave., W ash 
ington, D. C.

Bumstead, John  C., 368 Broadw ay, Saratoga  
Springs, N . Y .

Burczak, W illiam  J . ,  8 B y rd  St., Glen Cove, 
N . Y .

Burgess, Harold, 212 5th Ave., N ., Troy, N . Y .
Bu rr, George H ., 314 Pleasant Ave., H am 

burg, N . Y .
Byb le , Duane, 287 Spring St., Ossining, N . Y .
Caird, Jam es M ., Cannon B ldg., Troy, N . Y .
Capen, Charles H ., Jr . ,  8 Florence Place, W est 

Orange, N . J .
Carbone, Edw ard  A., 3150 B a ile y  Ave., Bronx, 

N . Y .
Carmichael, D avid  W ., 225 Bam ford  Ave., 

Hawthorne, N . J .
Carpenter, George D., C ity  H a ll, Ithaca, N . Y .
Carpenter, H a r ry  C., 218 W isner Ave., M id 

dletown, N . Y .
Carpenter, L .  Y ., N ew  Y o rk  Un iversity , U n i

versity Heights, New  York , N . Y .
Carpenter, W illiam  T., 125 W orth  St., New  

York , N . Y .
Carter Co., Ralph  B ., A tt .:  M r. J .  W . V an  

A tta , 53 P a rk  Place, New  Yo rk , N . Y .
Cerny, P au l J . ,  441 Lexington Ave., Room 

1102, New  York , N . Y .
Chamberlain, W m . T., 75 Pierrepont St., 

Brooklyn, N . Y .
Chase, E .  Sherman, M etcalf & Ed d y , 1300 

S tatler B ldg., Boston, Mass.
Chicago Pum p Company, 2336 W o lfram  St., 

Chicago, 111.
Chisholm, Colin B ., B ir d  Is land  Sewage T rea t

ment W ks., Buffa lo , N . Y .
Christian, Jam es B ., 197 M aple Ave., Rock

ville Centre, N . Y .
Cipriano, Anthony G., 691 7th St., Buffalo , 

N . Y .
Clark, Robert N., S tate Dept, of Health , Old 

Court House, Ithaca , N . Y .
Clementi, P au l T., 168 W . 77th St., N ew  York , 

N . Y .
C lift , M . A ., N ichols Eng . & Research Corp., 

60 W a ll  Tower, N ew  York, N . Y .

Coates, Jo h n  J . ,  c/o Sheppard T. Powell, 
Chem. Eng., 330 N . Charles St., Baltimore, 
Md.

Cohn, M orris M ., 1101 Lexington Ave.,
Schenectady, N . Y .

Cole, E .  Shaw, 125 W ildwood Ave., Upper 
M ontclair, N . J .

Collyer, Joseph C., Room 2100, Municipal 
B ldg., New  York , N . Y .

Comstock, W a lte r C., 135 N . 11th St., New 
H yde Park , Long Island, N . Y .

Conklin, Chester A., 180 Forest H il l  Drive, 
Syracuse, N . Y .

Cook, Rodney E ., M a in  St., Riverhead, Long 
Is land, N . Y .

Copeland, W illiam  R., State Office Bldg., 
H artfo rd , Conn.

Cordell, Mona, Miss, W ards Island Sew. 
Treatm ent P lan t, New  York, N . Y .

Costello, Jo h n  J . ,  631 Perine  St., E lm ira , N. Y.
Cottrell, H . S., 117 L ib e rty  St., New York, 

N . Y .
Cowell, Jo h n  E ., 160 School St., Oyster Bay, 

N . Y .
Cowles, M . W arren , Hackensack W ater Com

pany, New  M ilfo rd , N . J .
Cox, C. R., S tate Dept, o f Health, Albany, 

N . Y .
Craig, W . A llen, 7816 Cedarbrook St., Ph ila 

delphia, P a .
Crawford, H . V ., General E lec tric  Co., Sche

nectady, N . Y .
Cullison, Eugene F ., 1 Cooks Lane, Highland 

Fa lls , N . Y .
Dappert, Anselmo F ., 64 W inn ie Rd., Delmar, 

N . Y .
Davidson, F .  G., V a lle y  Cottage, Lake Rd., 

Nyack, N . Y .
Davis, W a lte r S., 686 M yrtle  Ave., Albany, 

N. Y .
Dayton, A lfred  E ., 273 M u rray  St., Newark, 

N . J .
D eBrito , F .  Saturnino, Jr . ,  Ciaxo Postal 1631, 

Rio  de Janeiro , B raz il, S. America.
DeGroat, F ra n k  N ., Birehwood Ave., Nyack, 

N . Y .
Deming, H aro ld  A., 412 W ilson Ave., East 

Rochester, N . Y .
DeMunn, E .  M ., M a in  St., Genesee, N . Y .
Denise, W m . D., 486 Denise Rd., Rochester, 

N . Y .
Dennis, C. E . , 102 Seneca St., W atk ins Glen, 

N . Y .
Devendorf, E a r l,  State Dept, of Health, A l

bany, N . Y .
Diehl, H . B ., Reeves Pu lle y  Co., 76 Dey St., 

N ew  York , N . Y .
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Dobson, W illiam  T., 4851 Grand Central 

Terminal, New  York, N . Y .
Dobstaff, Robert, J r . ,  4867 Seneca St., 

Ebenezer, N . Y .
Dobstaff, Robert W ., Sr., 135 Aurora Ave., 

Gardenville, N . Y .
Dolomite Products Co., 750 L . A. Bank  Bldg., 

Rochester, N . Y .
Doman, Joseph, 291 W h ite  St., H artford , 

Conn.
Donaldson, W ellington, 125 W orth  St., Dept, 

of Public Works, New York , N . Y .
Dougherty, Jam es E ., J r . ,  2600 Davidson Ave., 

New York, N . Y .
Dougherty, R ichard J . ,  2857 Sedgwick Ave., 

Bronx, N. Y .
Downes, John  R., Supt. Jo in t  Sewage T reat

ment Works, Bound Brook, N . J .
Dresselt, Edw ard  L ., 7 North St., Cobleskill, 

N. Y .
Drexel, Frederick, 6266 60th Drive, Maspeth, 

Long Island, N . Y .
Driscoll, Timothy J . ,  217 Benziger Ave., New  

Brighton, N . Y .
Duane, John M., Street & Sewer Comm’r., 

Minoa, N . Y .
Dufficy, Frank  J . ,  3370 Decatur Ave., Bronx, 

N. Y.
Dunne, E .  R., Professional B ldg , Lynbrook, 

N. Y.
Dyckman, W arren  W ., Room 2100, M unicipal 

Bldg., New York, N . Y .
Eager, Yernon, 60 Dewey Ave., Buffalo , N . Y .
Edinger, H arry  F ., 110 Prince St., K ingston, 

N. Y .
Edwards, Gail P ., W ards Is land Treatment 

Plant, W ards Island, N . Y .
Edwards, W illiam  L ., Gowanda State Hos

pital, Gowanda, N . Y .
Ehle, V irg il, 21 Grand St., Gloversville, N . Y .
Ehler, John A., 306 M ilton  Rd., Rye, N . Y .
Eich, Henry F ., 1333 Decatur St., Brooklyn, 

N. Y.
Electro Refractories & A lloys Corp., A t t . : 

Mr. L . U . M ilward , 622 Andrews Bldg., 
Buffalo, N . Y .

Enslow, L . H ., 155 E . 44th St., New York, 
N. Y.

Epstein, Harold, Room 1038, C ity H a ll, B u f 
falo, N. Y .

Erdwurm, Em il, 1137 Roanoke Ave., F a r  
Rockaway, Long Island, N . Y .

Eustance, A rthur W ., State Dept, of Health, 
State Office B ldg., A lbany, N . Y .

Eustance, H a r ry  W ., 159 Rock Beach Rd., 
Rochester, N . Y .

Evansky, F ran k  J . ,  1332 Fe lle r Ave., New  
York, N . Y .

Faber, H a r ry  A., 50 E .  41st St., New York, 
N . Y .

F a ir , Gordon M., 7 Scott St., Cambridge, 
Mass.

Farre ll, Eugene J . ,  774 M t. Prospect Ave., 
Newark, N . J .

Farre ll, M ichael, 222 Mason St., Canandaigua, 
N . Y .

Fassnacht, George G., 5805 Lowell Ave., In 
dianapolis, Ind.

Fenaughty, Thomas, 315 E .  4tli St., W atk ins  
Glen, N . Y .

Fenger, J .  W ., 24 Idlewood Place, Hamburg, 
N . Y .

Fenton, Joh n  V ., Professional B ldg., L y n 
brook, N . Y .

Fernandez, Joh n  U., 1950 E . 29th St., B rook
lyn, N . Y .

Ferris , J .  E ., E lectro  B leaching Gas Co., 60 
E .  42nd St., New York, N . Y .

Fie ld , W . T., W atertown, N . Y .
F irth , E lm er W ., Borough H a ll, K ew  Gardens, 

N . Y .
Fischer, Anthony J . ,  e/o The Dorr Company, 

570 Lexington Ave., New  York, N . Y .
Fischer, Ph ilip  C., 110 Bennett Ave., Yonkers, 

N . Y .
Fitzgerald , J .  A ., 271 M ain  St., Hudson Falls , 

N . Y .
FitzSimons, R ichard H ., 225 Raymond St., 

Rockville Centre, N . Y .
F ive , Helge, 680 Northern B lvd., Great Neck, 

N. Y .
Fleet, Gerald A., State Dept, of Health, 65 

Court St., Buffalo, N . Y .
Foley, W illiam  M., Schenectady County Home, 

Hetcheltown Rd., Schenectady, N . Y .
Forbes, A lbert F ., Box 285, W atkins Glen, 

N . Y .
Forster, M . H ., 154 Woodward Ave., Buffalo, 

N. Y .
Fo rt, Edw in  J . ,  Huntington, Long Island, 

N . Y .
Fortenbaugh, J .  W arren, 155 H am lin  Rd., 

Buffalo, N . Y .
Fraw ley, Daniel, 308 Bronson St., Painted  

Post, N . Y .
Fu ller, Andrew J . ,  57 Maxwell Ave., Geneva, 

N . Y .
Fuller, N . M., 302 Laurens St., Olean, N . Y .
Galata, R ichard L., 8829 F t .  Ham liton P a rk 

way, Brooklyn, N . Y .
Ganshaw, Elm er, Supt. of Public Works, 

Springville, N . Y .
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Gardner, Geo. W ., M ille r B ldg., Lowville , 
N . Y .

Gascoigne, Geo. B ., San. Eng., Eu c lid  Ave. at 
E .  9th St., Cleveland, Ohio. (Deceased.)

Gates, Ju s t in  F ., Jam es St., Middletown, N . Y .
Gavett, Weston, 973 Kenyon Ave., Plainfield, 

N . J .
Gelbke, A rthu r W ., Apartado 655, Guayaquil, 

Ecuador, S. America.
Gerardi, Angelo P ., 1782 Westchester Ave., 

Bronx, N . Y .
Gere, W ill ia m  S., 117 Jam es St., Syracuse, 

N . Y .
Germond, E a r l, 315 Grove St., M ontclair, N . J .
Gilcreas, F .  W ellington, D iv . of Labs., State  

Dept, of Health , A lbany, N . Y .
G ill, J .  Francis, Comm, of W orks, W . Oneida 

St., Oswego, N . Y .
Gillespie, Robert L ., Jr . ,  1119 E .  10th St., 

Brooklyn, N . Y .
Gilman, F loyd , 19 South Ave., Manchester, 

N . Y .
Glace, I.  M ., 22 S. 22nd St., Harrisburg, P a .
Glynn, W illiam  J . ,  F raz ier St., Brockport, 

N . Y .
Goldsmith, Ph ilip , 589 F latbush Ave., B rook 

lyn, N . Y .
Goodenough, F ra n k  H ., 90 Concord Ave., 

W h ite  P la ins, N . Y .
Gorman, R ichard  C., J r . ,  44 Genesee St., 

Hornell, N . Y .
Gould, R ichard  H ., 125 W o rth  St., New  York, 

N . Y .
Grace, Franc is J . ,  174 W . 65tli St., New York, 

N . Y .
Graham, Edw ard  J . ,  1810 3rd Ave., W aterv liet, 

N . Y .
Greig, Joh n  M . M., 30 Church St., New  York, 

N . Y .
Grelick, David, 110 V an  Cortland Park , S., 

New  York , N . Y .
Grieff, V ic to r C., 173 Beach 139th St., Be lle  

Harbor, Long Island, N . Y .
Griffin, F .  T., 2220 16th St., Troy, N . Y .
Grover, Robert H ., 18 Princeton St., W illis ton  

Pa rk , Long Island, N . Y .
Gyatt, W . P ., 169 M ilnor Ave., Syracuse, 

N . Y .
Haberer, Joh n  C., 254 Delaware Ave., Delmar, 

N . Y .
Haemmerlein, V ic to r E . , V illag e  H a ll, Ea s t  

Aurora, N . Y .
H ale, A rnold H ., 365 Linden Rd., R . 1, 

Brighton, N . Y .
H a ll, F ra n k  H ., 341 W ill is  Ave., Mineola, 

N . Y .
H a ll, Frederic H ., 36 State St., A lbany, N . Y .

Halloek, Emerson C., 6 Northview  Place, 
W h ite  P la ins, N . Y .

Halm , Ernest W ., 112-18 205th St., Hollis, 
Queens, N . Y .

H alp in , John , 18 P a rk  Ave., P o rt  Washing
ton, N . Y .

Halstead, Douglas M ., 110 7th St., Garden 
City, N . Y .

Hamm, W illiam  C., 9 Locust Ave., Po rt  Wash
ington, N . Y .

Hammond, F .  G., 1 P a rk  Place, Canton, N . Y .
Hansen, August E ., 415 Lexington Ave., New 

York , N . Y .
Hanson, Jo h n  R., 9 Douglas Ave., Babylon, 

N . Y .
Hardenbergh, W . A., 310 E .  45th St., New 

York , N . Y .
Harding, J .  C., 19 E .  M a in  St., M t. Kisco, 

N . Y .
Hardinge Company, F .  E .  F inch , Rep., York, 

Pa .
Harrison, Ed w ard  F ., 2450 N . Broad St., 

Philadelphia, P a .
H art, Charles G., 424 Durston Ave., Syracuse, 

N . Y .
H arvey, Carl, 4819 S. P a u l B lvd ., Rochester, 

N . Y .
H aw ley, A rthu r A ., 25 7th St., Woodlawn, 

Lackawanna, N . Y .
Hayes, Joh n  A., South Street Extension, 

W arw ick , N . Y .
Hazen, R ichard, c/o Malcolm  P irn ie , 25 W. 

43rd St., New  York , N . Y .
Hedgepeth, L .  L ., Penn. Sa lt Co., 1000 

W idener B ldg., Ph iladelphia, Pa .
Hedges, Horace P ., 72 S. Bayles Ave., Port 

Washington, N . Y .
Henderson, Chas. F .,  10 School St., Port 

Washington, Long Island, N . Y .
Hendon, H . H ., 216 Court House, Birm ing

ham, A la .
Henel, W m . F ., 47 Spooner St., Hugenot, 

Staten Island, N . Y .
Henkel, George E ., 348 S. Union St., Cran

ford, N . J .
Henry, Augustine, 105-27 87th St., Ozone 

Pa rk , N . Y .
Herberger, A rthu r Henry, 205 S. Long Beach 

Ave., Freeport, Long Island, N . Y .
Hess, Seth G., 242 W . 76th St., New York, 

N . Y .
Heubi, Thomas, 45 Washington Ave., Fre- 

donia, N . Y .
H iggins, W illiam  J . ,  118 W . 84th St., New 

York , N . Y .
H ighberger, W . W ., 158 Sum mit Ave., Mt. 

Vernon, N . Y .
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H ill, G. Everett, 15 B e ll St., Orange, N . J .
Hirschel, Leslie, 226-15 139th Ave., Laurelton, 

Long Island, N . Y .
Hoefling, W m . L ., General Chemical Co., 1 W . 

Genesee St., Buffa lo , N . Y .
Hoey, John  B ., 477 M iddle Neelt Rd., Great 

Neck, N . Y .
Hogan, Jam es W . T., 551 W ales Ave., New  

York, N . Y .
Hogan, W illiam  J . ,  574 W illo w  Ave., Cedar- 

hurst, Long Island, N . Y .
Holbrook, A. R., 2104 W h ite  Ave., Knoxville, 

Tenn.
Holland, F rank  H ., 312 Archer St., Freeport, 

N. Y .
Holloway, F rank  M., Vapor Recovery Systems 

Co., 30 Church St., Suite 2214, New York, 
N. Y .

Holmes, Glenn D., 615 Starrett-Syracuse Bldg., 
Syracuse, N . Y .

Ilolmquist, Chas. A., S tate Dept, of Health, 
Albany, N . Y .

Honigman, Elkono G., 125 W orth  St., Room 
823, New York, N . Y .

Hopkins, L .  S. R .,.76 W illiam  St., New York, 
N. Y .

Hopper, A llen O., 217 Eas t Ave., Rochester, 
N. Y .

Horton, Theodore, Sandwich, Cape Cod, Mass.
Hotchkiss, H . T., J r . ,  Supv. Chemist, M unici

pal Bldg., Larchmont, N . Y .
Howson, J .  T., 28 M arket St., Westfield, N . Y .
Hubbard, W in fred  D., 145 Pea rl St., K in g s 

ton, N . Y .
Huber, Harold J . ,  139 Broadw ay, Lancaster, 

N. Y .
Hulak, S. M., 717 M ain  St., N iagara  Falls, 

N. Y .
Hults, W illiam  S., Jr . ,  54 Irm a Ave., Po rt  

Washington, N . Y .
Hurst, W illiam  O., M illbrook, N . Y .
Hutcheson, H . D., 604 Colton Ave., Newark, 

N. Y .
Illig, Louis, Harlem  V a lley  State Hospital, 

Wingdale, N . Y .
Industrial Chemical Sales Co., Inc., 230 P a rk  

Ave., New York, N . Y ., A t t . : Noel Statham.
Inertol Company, 401 Broadw ay, New York, 

N. Y .
Iscol, George, 125 W orth  St., Room 816, New  

York, N . Y .
Johns-Manville Corp., A t t . : C. A. McGinnis, 

22 E .  40th St., New York, N . Y .
Johnson, Clement, 171 N . Forest Ave., Rock

ville Centre, N . Y .
Johnson, Herbert O., 10 Broadw ay, Great 

Neck, N . Y .

Johnson, John  W ., 65 Tillinghast Place, B u f 
falo, N . Y .

Jones, Daniel, 54 Centre Ave., New Rochelle, 
N . Y .

Jones, E .  M ., 68th & Upland Sts., Ph ilade l
phia, Pa .

Jordan, H a r ry  B ., 22 E .  40th St., Room 2601, 
New  York, N . Y .

Ka iser, W illiam  B ., Harlem  State Hospital, 
Wingdale, N . Y .

Kappe, S. E ., 627 W . K ingsley St., Ph ilade l
phia, Pa .

Kass, Nathan I., 167 Beaumont St., Brooklyn, 
N . Y .

Keeler, J .  Harold, 795 Lake St., W h ite  Plains, 
N . Y .

Kehoe, Daniel J . ,  78 W . 7th St., Oswego, N . Y .
K a irn , K .  A., 293 La rk in  St., Buffalo , N . Y .
Kelleher, Joseph A., 157-24 27th Ave., F lush 

ing, Long Island, N . Y .
Keller, Jacob, E a s t Ave., Shortsville, N . Y .
Keller, Lyndon M., 217 L a rk  St., A lbany, 

N . Y .
Kellogg, Clarence E ., 3 Barone Ave., M t. 

Morris, N . Y .
K e lly , Clarence, 403 Westm inster Rd., Cedar- 

hurst, N . Y .
Kem p, Harold  A., Office of Chief of Engrs., 

U . S. A ., Washington, D. C.
Kennedy, W illiam , Huntington Sewer P lan t, 

Huntington, Long Island, N . Y .
Kennedy, W . Russell, 4 “ B ” St., N iagara  

Falls , N . Y .
Ketcham, Charles G., 479 Auburn Ave., B u f 

falo, N . Y .
Ketcham, Joseph M., Gilbert St., Nortliport, 

N . Y .
K iker, John  E., Jr . ,  N . Y . State Dept, of 

Health, 35 M arket St., Poughkeepsie, N . Y .
K ilcaw ley, Edw ard  J . ,  Rensselaer Polytechnic  

Inst., Troy, N . Y .
K im ler, Alexander, 608 Osborn St., Brooklyn, 

N . Y .
K in , Stephen R., 33 Bogardus St., Buffalo, 

N . Y .
K irsner, Charles, 125 Spruce St., Cedarhurst, 

Long Island, N . Y .
K ive ll, W ayne A., c/o The Dorr Company, 

570 Lexington Ave., New  York, N . Y .
Klegerman, M. H., 50 Church St., New York, 

N . Y .
K linck , Frank , 408 Westminster Rd., Cedar

hurst, Long Island, N'. Y .
Knez, Cosmo M., 2433 Yates Ave., Bronx, 

N . Y .
Knox, Stuart K ., 25 W arfield  Rd., Montclair, 

N. J .
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Koplowitz, Sol., 112 M atoaka Ct., W illiam s
burg, V a .

Kozina, A lbert B ., 43 Barrow s Ave., Ru ther
ford, N . J .

K re ll, A . J . ,  e/o W . Raiseh Associates, 227 
Fu lton  St., New  York , N . Y .

K reuter, Clarence, 116 E .  W illiam  St., W a te r 
loo, N . Y .

Kriege l, Pau l, Box  214, A ttica , N . Y .
Ku lberg , Abraham  J . ,  125 W orth  St., Room 

823, N ew  York , N . Y .
Kunowski, Peter, 389 Je w e tt Ave., P o rt  R ich 

mond, Staten Is land, N . Y .
Lam bert, F ranc is  J . ,  Sewage Disposal P lan t, 

B a tav ia , N . Y .
Lange, Jo h n  F ., 72 School St., Glen Cove, 

N . Y .
Langford , Leonard L ., 441 Lexington Ave., 

New  York , N . Y .
La rk in , W . EL, State Dept, of Health , 34 

South St., Middletown, N . Y .
Larsen, Ernest A., 34 Grove St., Geneva, N . Y .
Laughlin , W illiam  G., 270 Madison Ave., New  

Y ork , N . Y .
LaV a lle y , Edw ard  0., 130 Melbourne Ave., 

Syracuse, N . Y .
Lave rty , F ranc is  J . ,  3900 Spuyten D uyv il 

Parkw ay, N ew  York , N . Y .
Law lo r, Jerom e N ., 120 Farring ton  Ave., 

N orth  Tarrytown, N . Y .
Law lo r, Thomas F ., 140 S. Cherry St.,

Poughkeepsie, N . Y .
Lawrence, John , 43 Columbia St., L iberty , 

N . Y .
Lawrence, W illiam  H., 510 McDonough St., 

Brooklyn, N . Y .
Ledford, Geo. L ., 8943 Jo lie t  Ave., N iagara  

Fa lls , N . Y .
Ledw ith, Jam es J . ,  Dept, of Pub lic  Works, 

125 W orth  St., New  York , N . Y .
LeFebure, Fab ian  J . ,  148-32 60th Ave.,

F lushing, N . Y .
Lehm an Sewer P ip e  Co., Inc., 32 Court St., 

Brooklyn, N . Y ., A tt .:  M r. A . R . D ’Aleo.
Le iby, F .  E ., 78 Elm wood Ave., Rye, N . Y .
Levy, H a r ry  W ., 2129 M unicipal B ldg., New  

York , N . Y .
Lew is, Jo h n  V ., 54 Court St., Rochester, N . Y .
Lieber, Maxim , L t., P .  O. Box  17, F t .  Be lvo ir, 

Va.
Limestone Products Corp. of Amer., Spring  

St., Newton, N . J . ,  A tt . :  M r. R . L .  Quait.
L in k  B e lt  Company, M . B .  Tark, Rep., P h ila 

delphia, P a .
L ippelt, Hans B ., 9428 78th St., Ozone Pa rk , 

N . Y .

Loomis, H a r ry  E . , 1112 Teall Ave., Syracuse, 
N . Y .

Lo rd  & Burnham  Co., 2 M a in  St., Irvington, 
N . Y .

Lose, Charles, J r . ,  221 N . Ave. E ,  Cranford, 
N . J .

Lose, Charles, I I I ,  40 P a y n  Ave., Chatham, 
N . J .

Losee, Jam es R ., 25 Rosehill Ave., Tarrytown, 
N . Y .

Lozier, W illiam  S., 10 Gibbs St., Rochester, 
N . Y .

Luther, L .  L ., 46 N . Ocean Ave., Freeport, 
N . Y .

Lynch, Daniel E . , J r . ,  810 Ocean Ave., Brook
lyn, N . Y .

Lynch, Jam es T., 86 Genesee St., Auburn, 
N . Y .

MacCallum, C., 12 R e id  Ave., P o rt  W ashing
ton, Long Is land, N . Y .

MacCrea, J .  M ., 153 Oakland St., Syracuse, 
N . Y .

M cLaughlin , Carroll W ., 266 Fu lton  Ave., 
Hempstead, N . Y .

Magee, George W ., Hudson R iver State Hos
p ital, Poughkeepsie, N . Y .

M alick, Anthony J . ,  312 E .  Oak St., Olean, 
N . Y .

Malcolm , W . L ., Cornell U n ivers ity , Ithaca, 
N . Y .

M allory, Edw ard  B ., 169 E .  Clinton Ave., 
Tenafly, N . J .

Manalian, Pa trick , Supt. of Sewage Disposal 
W orks, B r ia rc lif f  Manor, N . Y .

Mann, A lfred  H ., I l l  N . 18th St., Olean, 
N . Y .

Mann, U h l T., 6 Samson St., Cortland, N . Y .
M arrs, P au l, Box  87, Comack, N . Y .
M arshall, E .  A ., 167 La faye tte  Ave., Geneva, 

N . Y .
M arshall, W . B ., 2314 E .  W yom ing Place, 

A pt. E ,  M ilwaukee, W ise.
M artin , A . E . , 35 M ang Ave., Kenmore, N . Y .
M artin , Alexander G., 36 K in sy  Ave., K en 

more, N . Y .
M artin , Ed w ard  J . ,  J r . ,  24 S. Washington St., 

Tarrytown, N . Y .
M artin , Geo. H ., J r . ,  107 Lake Ave., Tuckahoe, 

N . Y .
M artin , W arren  S., Grenada Place, Massa- 

pequa, N . Y .
M arx, F rank , H ighland, N . Y .
Mathers, George, 112 Roosevelt Ave., Garden 

City, N . Y .
Maxwell, W . E . , P . O. Box 92, Schenectady, 

N . Y .
M cBreen, Charles, Orangeburg, N . Y .
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McCarthy, Ju s t in  J . ,  69 School St., Arlington, 
Mass.

McCarty, W illiam  F ., 112 M cA llister Ave., 
Syracuse, N . Y .

McDonald, M ichael D., N . Y . State Dept, of 
Public Health, 65 Court St., Buffa lo , N . Y .

McDonald, Roland G., 409 Madison St., Ea s t  
Rochester, N . Y .

McDonnell, George H ., 24 Canal St., South 
Hadley Falls , Mass.

Mclnerney, Gerald J . ,  544 S. M a in  St., E l 
mira, N . Y .

McKeeman, Ed w in  C., 154 Colonial Ave., 
Freeport, Long Island, N . Y .

McLaughlin, R . M., 11 Gene Place, W h ite  
Plains, N . Y .

McLean, Clement, Io la  Sanitarium , Rochester, 
N. Y .

McPhail, Jam es L ., 141 M t. V iew  Ave., 
Staten Island, N . Y .

McShea, James, Box 121, Wassaic, N . Y .
Meiers, W a lte r W ., 195-10 42nd Ave., F lu sh 

ing, N . Y .
Mendelsohn, I.  W ., 3412 Oliver St., N . W ., 

Washington, D. C.
Meneke, K . E ., F iltra tio n  Engineering, Inc., 

205 W . W acker Drive, Chicago, 111.
Meron, L .  A., C ity  H a ll, Glens Fa lls , N . Y .
Michaels, John, Bureau of Sewers, Borough  

Hall, Kew  Gardens, N . Y .
Miljevic, Nicholas, 31 Gates Ave., L acka 

wanna, N . Y .
Miller, Fred  M., 30 Chestnut St., Glen Cove, 

N. Y .
Miller, W allace T., M unicipal B ldg., Ossining, 

N. Y .
Milliken, Harold  E ., P lan t Opr., 101 S w ift  

St., Auburn, N . Y .
Mitchell, Louis, College of Applied Science, 

Syracuse University, Syracuse, N . Y .
Monsell, H a rry  M., 525 1st St., Greenport, 

N. Y .
Mooney, E a r l  E ., 845 Busti Ave., Buffalo, 

N. Y .
Moore, George W ., 26 Culver Parkw ay,

Rochester, N . Y .
Morey, Burrows, Apt. D-12, 703 W . Fe rry  St., 

Buffalo, N . Y .
Morgenroth, F ritz , c/o Mrs. S. Saphir, 1544

E . 17th St., Brooklyn, N . Y .
Mowbray, George A., 31 H obart Ave., Po rt  

Chester, N . Y .
Mower, Stanley E ., 923 U n ivers ity  B lk ., S y ra 

cuse, N . Y .
Mulcahy, Jam es P ., 49 Forest Row, Great 

Neck, N . Y .

Munding, Germaine G. (M is s ), 51 Morton St., 
New  York , N . Y .

Mundt, Charles H ., 316 Grey St., Buffalo, 
N . Y .

Murphy, Reginald A., W illa rd , N . Y .
Nesbit, George H ., 67 Adams St., Ea s t Rock- 

away, N . Y .
Nesin, Ben j. C., 230 H a r t  St., Brooklyn, N . Y .
Netto, J .  P .  DeLemos, Caixa Postal 3244, 

R io  de Janeiro , B raz il, S. America.
Neves, Lourenco Baeta, Dr., P ro f. da Uni- 

versidade de M inas Ceraesm, Rua Claudio 
Manoel, 1185, Bello  Horizonto, M inas  
Geraes, B raz il, S. America.

N evitt, I .  H ., 1091 Eastern  Ave., Toronto, 
Ont., Canada.

Newsom, Reeves, 500 5th Ave., New  York, 
N . Y .

Nichols, A rthur E ., 495 V an  Cortland P a rk  
Ave., Yonkers, N . Y .

Nicholson, C. P ., 93 Pierce Ave., Hamburg, 
N . Y .

Nielsen, A . F ., 120 Broadway, New York, 
N . Y .

Nussbaumer, Newell L ., 327 Frank lin  St., 
Buffalo, N . Y .

Nussberger, Fred., 44 14th Rd., B road  Chan
nel, N . Y .

O ’Brien , E a r l F ., 3613 M idland Ave., S y ra 
cuse, N . Y .

O ’Brien , Jam es E ., 335-B New Scotland Ave., 
Albany, N . Y .

O ’Connor, W illiam  F ., Jr . ,  14 Bay le y  Ave., 
Yonkers, N . Y .

O ’Dell, W . H ., 30 W . M ain  St., Webster, 
N . Y .

Ogden, H enry N., 416 Hanshaw Rd., Ithaca, 
N . Y .

O ’H ara, F rank lin , 75 Stowe St., Lowville, 
N . Y .

Okun, Abraham H., 4 Lakewood Ave., Monti- 
cello, N . Y .

Okun, W . H., 125 W orth  St., New York, N . Y .
O ’Leary, W illiam  A., 2728 Hendrick Hudson 

Parkw ay, Apt. B-66, Bronx, N . Y .
Owen, M ark  B ., Hudson House, Ardsley-on- 

Hudson, N . Y .
Pardee Engineering Co., Inc., e/o W allace & 

Tiernan, Newark, N . J .
Parker, Charles F ., Box 93, North W indham, 

Me.
Patterson, Roy K ., 61 Sprague Rd., Scarsdale, 

N . Y .
Paul, Lew is G., R. F . D. 3, Hamburg, N . Y .
Peck, Lawrence J . ,  Box  387, Delmar, N . Y .
Pecker, Joseph S., 524—7 V icto ry  B ldg., 1011 

Chestnut St., Philadelphia, Pa .
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Pennsylvan ia S a lt  M fg . Co., A t t . : M r. P .  G. 
Eodenburgli, 9 E .  41st St., New  York , N . Y .

Perlstein, Edw ard , South Fallsburgli, N . Y .
Perrine, J .  F rank lin , Hunterspoint Ave., 

Borough H a ll, Long Island, N . Y .
Perroni, Joseph, 183 M arine Ave., Brooklyn, 

N . Y .
Peterson, E a r l  L ., P . O. Box  261, Nyack, 

N . Y .
Phelps, E .  B ., P ro f., 630 W . 168th St., New  

York , N . Y .
Phelps, E .  K ., 322 Fairm ount Ed ., Eidge- 

wood, N . J .
Ph illips, H . N ., 140 St. Andrews Lane, Glen 

Cove, N . Y .
Ph ilion , W . I. , 49 E lm  St., Hudson Falls, 

N . Y .
Pincus, Sol, 225 W . 86th St., New  York, 

N . Y .
P inkey, Glenn E . ,  40 South Ave., Webster, 

N . Y .
P itk in , W a rd  H ., 70 B a y  D rive  Harbour, 

Green, Massapequa, N . Y .
P ittsburgh  Equ itab le Meter, 607 Iroquois 

Bldg., P ittsburgh, Pa ., A t t . : C. F .  Thomas.
Polakov, N icholas N ., N . Y . C. Dept, of San i

tation, 45 La faye tte  St., Eoom 808, New  
York , N . Y .

Pollock, Joh n  M., 28 Amherst Ed ., Po rt  
Washington, N . Y .

Porter, W illiam , 55 Dnion St., Balston  Spa, 
N . Y .

Potter, Alexander, 50 Church St., New  York , 
N . Y .

Potts, Clyde, 30 Church St., New  York , N . Y .
Powell, A . E ., D r., Koppers Eesearch Corp., 

Köppers B ldg ., Pittsburgh, Pa .
Powell, W . B ., C ity  H a ll, Long Beach, N . Y .
Provost, Andrew J . ,  J r . ,  Darien, Conn.
Purdie, D avid  J . ,  Eoom 904, 20 Vesey St., 

N ew  York , N . Y .
Quaely, M artin  F ., Guggenheim Bros., 202nd 

St. & 10th Ave., New  York, N . Y .
Quigley, T. T., 2422 E .  74th St., Chicago, 111.
Baiscli, W illiam , 6945 Manse St., Forest H ills , 

N . Y .
Eath , H en ry  M ., 27 Center Drive, M alba, 

Long Island, N . Y .
Eeardon, Joseph F ., Westside Ave., Garners- 

ville, N . Y .
Eeed, P au l H ., 447 Clinton Ave., S., Eochester, 

N . Y .
Eegelsen, A lfred  E ., 65 W . Sunrise H ighw ay, 

Freeport, Long Island, N . Y .
Eehler, Joseph E ., I l l  Monroe Terrace, Olean, 

N . Y .

Beisch, Eugene A., 33 K erm it Ave., Buffalo, 
N . Y .

Eeisert, M ichael J . ,  488 Oakland Ave., Ce- 
darhurst, Long Island, N . Y .

Eequardt, G. J . ,  B idd le  & Charles Sts., B a lt i 
more, Md.

Eibner, M orris, M t. Prospect Lab ., 355 Park  
Place, Brooklyn, N . Y .

E ice, Lawrence G., 908 College Ave., N iagara  
Fa lls , N . Y .

Eice, Lawrence H ., 2161 Tiebout Ave., New 
York , N . Y .

E ichter, Ernest W ., 13 LeGrande Ave., Tarry- 
town, N . Y .

E ickard , Grover E ., No. 11 C ity  H a ll, City 
W ater W orks, Burlington, V t.

E idd ick, Thomas M., 369 E .  149th St., New 
York , N . Y .

Eiedel, Jo h n  C., 505 Macon St., Brooklyn, 
N . Y .

E iley , H arley  M., N . Y . State Health  Dept., 
Em . 709, Press Bldg., Binghamton, N . Y .

Biordan, J .  T., 1091 210th St., Queens, Long 
Is land, N . Y .

Eobert, C. B ., Dr., 524 W . 57th St., New York, 
N . Y .

Eoberts, Ja ck , 515 Dorlands Ave., Toronto, 
Ont., Canada.

Eobinson C lay Products Co., The, c/o A. T. 
Case, Em pire State B ldg ., N ew  York, N . Y .

Eobinson, George L ., 4851 Grand Central Ter
m inal, N ew  York , N . Y .

Eocco, John , 20 Queen St., Freeport, N . Y .
Eock, H arold  F ., S tate Dept, of Health, 16 

Dietz St., Oneonta, N . Y .
Eocker, Christian G., 202 M aple Ave., Bock- 

ville Centre, N . Y .
Eoe, F ran k  C., Carborundum Company, c/o 

Porous Products & Lab . W are  Dept., 
N iagara  Fa lls , N . Y .

Eogers, A llan  H ., 1110 Seventh St., Garden 
City, N . Y .

Eowan, Thomas C., Garnersville, N . Y .
E yan , J .  Samuel, 99 Olean St., Bo liver, N . Y .
Eyan , W m . A ., 107 E idge Ed ., E a s t Eochester, 

N . Y .
Eyon , Henry, State Dept, of Pub lic  Works, 

A lbany, N . Y .
Saetre, L e if ,  Box  484, Great Neck, N . Y .
Sage, How ard D., 192 S. M a in  St., Meehanic- 

ville, N . Y .
Salle, Anthony, 81 Buffa lo  Ave., Long  Beach, 

N. Y .
Salvato, Joseph, c/o N . Y . State Dept, of 

Health, 35 M arket St., Poughkeepsie, N . Y .
Sammis, L .  A., P . O. Box 96, E a s t Northport, 

Long Island, N . Y .
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Samson, Channel, 100 M idland Ave., Kenmore, 
N. Y .

Sanborn, J .  F ., 30 Church St., New York, 
N. Y .

Sanderson, W a llace  W ., 58 Glendale St., A l 
bany, N . Y .

Santilli, Frank , 125 W orth  St., Rm. 823, New  
York, N . Y .

Savage, Edward , 120 Broadw ay, New York, 
N. Y .

Saville, Thorndike, Dean, Box 65, New York  
University, U n ivers ity  Heights, N . Y .

Schaefer, Edw ard  J . ,  111-21 125th St., Ozone 
Park, N . Y .

Scheller, Geo. M., 26 Proctor Ave., Buffalo, 
N. Y .

Seherer, Pau l, 718 E . 53rd St., Brooklyn, 
N. Y .

Schmidt, W illiam  F ., 53 Pierce St., Concord, 
S. I., N . Y .

Schmuller, Frederick M., Rm. 823, 125 W orth  
St., New York, N . Y .

Schreiner, W . R., c/o Dr. Burke Diefendorf, 
412 Rogers Bldg., Glens Fa lls , N . Y .

Schwartz, Louis, 396 E .  3rd St., Brooklyn, 
N. Y .

Scott, Rossiter S., 112 P a rk  Ave., New York, 
N. Y .

Scott, Roy D., State Hospital, Central Is lip , 
N. Y .

Scott, W a lte r M., 145 S. Third Ave., Mount 
Vernon, N . Y .

Scovill, John  R., 138 Forest Ave., Pea rl R iver, 
N. Y .

Scudder, Aubrey P ., 80 Ham ilton St., Rock
ville Centre, N . Y .

Searls, Glenn, P ine  Grove Ave., Rochester, 
N. Y .

Seifert, W illiam  P ., 77 H ighview  Ave., Tucka- 
hoe, N . Y .

Semon, H . G., Sewage Disposal P lan t, Tona- 
wanda, N . Y .

Shapiro, Charles M., 4552 Bedford Ave., 
Brooklyn, N . Y .

Shapiro, Robert, 30-07 88th St., Jackson  
Heights, L .  I. , N . Y .

Sheppard, Frederick, 24 W . 40th St., New  
York, N . Y .

Sheridan, Thomas J . ,  200 C. Northern B lvd., 
Albany, N . Y .

Shockley, Homer, G., 7004 Colonial Rd., Brook
lyn, N . Y .

Shurtleff, L .  B ., Supt. of Pub lic  Works, L iv e r 
pool, N . Y . (Deceased.)

Sibbald, Charles T. A., I l l  Delaware Ave., 
Albany, N . Y .

Sickler, Archie, H ., 52 Dellwood Rd., Eggerts- 
ville, N . Y .

Sigworth, E .  A ., 48 M inell Place, Teaneck, 
N . J .

Simon, Samuel S., 125 W orth  St., Rm. 816, 
New York, N . Y .

Simplex Valve & Meter Co., 342 Madison Ave., 
New York, N . Y .

Simpson, R. W ., 112 Culver Rd., Buffalo, N . Y .
Simson, P au l W ., State Dept, of Health, 34 

South St., Middletown, N . Y .
Skinner, J .  F ., 3333 W . 4tli St., Los Angeles, 

Calif.
Slocum, Adelbert I. , 515 Beach 68th St., Ar- 

verne, N . Y .
Slough, John, 117 Scott Ave., W ellsville, N . Y .
Smith, Benjam in L ., Rm. 808, 11 N . Pearl St., 

Albany, N . Y .
Smith, E .  A . Cappelen, 120 Broadway, New  

York, N . Y .
Smith, Edw ard  J . ,  1112 F e rry  Ave., N iagara  

Falls, N . Y .
Smith, Harold, 143 North Long Beach Rd., 

Rockville Centre, N . Y .
Smith, L . R., 4 P ine  St., Canton, N . Y .
Smith, W a lte r R., 28 Harrison Ave., Kenmore, 

N . Y .
Snow, W illiam  J . ,  State Engr., State W ater 

Comm., State Office Bldg., H artford , Conn.
Snyder, N . S., 995 E llico tt Square, Buffalo, 

N. Y .
Solomon, G. R., 257 Broadway, Troy, N . Y .
Solvay, Sales Corp., 40 Rector St., New York, 

N . Y . A t t . : M r. C. Grossman.
Soper, Romayne, 82 Cayuga St., Seneca Falls, 

N . Y .
Soreff, Joseph, 777 E .  175th St., Bronx, N . Y .
Sparr, A . E ., 4825 40th St., Sunnyside, L .  I., 

N. Y .
Speirs, George W ., 115-91 223rd St., St. A l 

bans, N . Y .
Spencer, A lbert M., 38 E lm  St., Hudson Falls, 

N . Y .
Spier, Daniel R., 1800 W . Colvin St., Syracuse, 

N. Y .
Sp litt, Howard A., 325 H aw ley St., Rochester, 

N. Y .
Spry, F red  J . ,  Lincoln  H all, Cornell U n iver

sity, Ithaca, N . Y .
Stache, Paul, Box 339, K ings Park , L .  I., 

N. Y .
Stalbird, Jam es A., State Engr., Pau l Smith 

Bldg., Saranac Lake, N . Y .
Stanley, W m . E ., Engr., School of Civ. Engr., 

Cornell University, Ithaca, N . Y .
Steffensen, S. W ., 125 W orth  St., Rm. 821, 

New York, N . Y .
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Stepanek, Charles I I .  B ., 506 E . 19th St., New  
York , N . Y .

Stepsis, Joh n  S., Central Is lip  State Hospital, 
Central Is lip , L .  I. ,  N . Y .

Sterns, Edw ard  A., 207 Long Ave., Hamburg, 
N . Y .

Stevenson, A lbert H ., c/o Malcolm  P irn ie , 25 
W . 43rd St., New  York , N . Y .

Stilson, A lden E ., 216 E .  45th St., New York, 
N . Y .

Stolz, Stanley B ., State Dept, of Health, 34 
South St., Middletown, N . Y .

Stra it, Ernest C., 5 Brandreth  St., Ossining, 
N . Y .

Straub, Conrad P ., 806 E .  Seneca St., Ithaca, 
N . Y .

Strong, Bruce F ., 1111 Washington St., Olean, 
N . Y .

Strowbridge, John  C., Supt. of W a te r & Sew 
ers, Dundee, N . Y .

Stuart, F red  E ., Activated  Alum. Corp., Curtis 
B a y , Baltim ore, Md.

Sullivan, Leroy E . , Jr . ,  62 Gould Place, Cald
well, N . J .

Svenson, Sven II . ,  957 E .  F e rry  St., Buffalo , 
N . Y .

Swanz, Howard G., 29 Woodlawn Ave., Buffalo , 
N . Y .

Sweeney, R . C., 217 La rk  St., A lbany, N . Y .
Sweeney, W illa rd  G., 2 Clare Rd., E a s t  Hem p

stead, N . Y .
Sylvester, W illiam  L ., 336 Kenmore Rd., 

Douglaston, N . Y .
Symons, G. E . , B ird  Is land Laboratory, 

Buffa lo , N . Y .
Taggart, Robert S., 268 Guy P a rk  Ave., A m 

sterdam, N . Y .
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Ohio.

Taylor, F rank  S., C ity  H all, Defiance, Ohio.
Tenenbaum, Meyer, W esterly Sewage T reat

ment Wks., Bu lk ley  B lvd . at W . 58th St., 
Cleveland, Ohio.

Tolies, F rank  C., 1140 Leader Bldg., Cleve
land, Ohio.

Turner, J .  R., Sewage Disposal P lan t, M ans
field, Ohio.

Wahmhoff, John  J . ,  Supt., Sewage Treatment 
Works, 427 E .  Harmon St., Delphos, Ohio.

W alker, C. C., 1826 W . 1st Ave., Columbus, 
Ohio.

W aring , F .  H., Chief Engr., State Health  
Dept., c/o Pure O il B ldg., Columbus, Ohio.

Wenger, J .  H ., 83 N . Broadway, Westerville, 
Ohio.

W h ir l, W illiam  H ., 1406 Eastview  Ave., Co
lumbus, Ohio.

W illiam s, P . A., 1101 Brown St., Akron, Ohio.
W illis , Robert E ., 411 N . North St., W ash 

ington, C. II . ,  Ohio.
W irts , J .  J . ,  Easterly  Sewage Treatment 

W orks, 14101 Lake Shore Drive, Cleveland, 
Ohio.

Young, F . D., 1140 Leader Bldg., Cleveland, 
Ohio.

O k l a h o m a  W a t e r  a n d  S e w a g e  C o n f e r e n c e

H. J .  Dareey, Secretary-Treasurer, Oklahoma City, Okla. State Health  Dept.

Stapley, Edw ard  R., 27 College Circle, S t il l 
water, Okla.

Pacific N o r t h w e s t  S e w a g e  W o r k s  A s so ci at io n

Fred  Merryfield, Secretary-Treasurer, C iv il Engineering Dept., Oregon State College,
Corvallis, Oregon.

Bamford, J .  H ., W ater Supt., Dayton, Wash.
Barney, J .  W ., C ity  M gr., Hillsboro, Ore.
Barthlow, C. L ., Supt., W ater & Sewer, Zillah, 

Wash.
Blezard, J . ,  W a te r Supt., K im berley, B ritish  

Columbia, Can.
Bow, W ilson F ., San. Engr., Court House, 

Bellingham, Wash.
Briggs, Raymond J . ,  Cons. Engr., 210 Noble 

Bldg., Boise, Idaho.
Butler, A. D., C ity  Engr., Spokane, Wash.
Campbell, Maxwellton S., 1412 Smith Tower, 

Seattle, Wash.
Carter, Isaac Newton, P ro f. School o f Engi- 

nering, Un iv . of Idaho, Moscow, Idaho. 
(Deceased.)

Charlton, David, Dr., 2340 S .W . Jefferson St., 
Portland, Ore.

Chase, H . W ., W a te r Supt., Colfax, Wash.
Clare, H . C., c/o State D iv. Pub lic  Health, 

State Chemist’s Office, Boise, Idaho.
Cloyes, W . J . ,  Lane County Health  Dept., 

Court House, Eugene, Ore.
Clubb, W illiam  C., C ity  Engr., Eugene, Ore.
Corey, R . H ., Cons. Engr., 909 Bedell Bldg., 

Portland, Ore.
Culp, K in g , San. Engr., Wenatchee, Wash.

Cunningham, John  W ., Spalding Bldg., P o rt 
land, Ore.

Davis, J .  H ., C ity  Engr., Salem, Ore.
Ea r ly , M art, W ater Supt., Moscow, Idaho.
Eriksen, Arne, Chemist, State Pollution Com

mission, G ig Harbor, Wash.
Everts, C. M., J r . ,  816 Oregon Bldg., P o rt 

land, Ore.
Forsbeck, C. D., C ity  Engr., Dept, of Public  

Works, Tacoma, Wash.
Gearhart, John  C., c/o Stevens & Koon, 1203 

Spalding Bldg., Portland, Ore.
Gilman, N . A., W ater Supt., Yakim a, Wash.
Gooch, E .  W ., C ity Engr., Bellingham, Wash.
Green, Carl E ., 816 Oregon Bldg., Portland, 

Ore.
H all, Claude, Asst. Supt. of U tilities, 703 E .  

3rd St., Ellensburg, Wash.
H a ll, G. D., 416 A. E . Larson Bldg., Yakim a, 

Wash.
Ham ilton, R. F ., 116 Engineers Camp M urray, 

Fo rt Lewis, Wash.
Harris, Roy M., 1412 Smith Tower, Seattle, 

Wash.
Harrison, Bert, Harrison P ipe  Co., 3615 E .  B  

St., Tacoma, Wash.
Heiss, Edward, D istrict Engr., W allace & 

Tiernan Sales Corp., 917 Terminal Sales 
Bldg., Seattle, Wash.
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H ill, W . R., Parker & H ill,  2021 Sm ith Tower, 
Seattle, Wash.

Hockley, C. P ., Cons. Engr., Guardian Bldg., 
Portland, Ore.

Holter, A . L ., Assoc. Engr., County C ity  Bldg., 
Seattle, Wash.

Howard, C. M., Concrete P ipe  M frs. Assoc., 92 
Nickerson St., Seattle, Wash.

Hoydar, A . L ., W a te r & Sewer Dept., Selah, 
Wash.

Hughes, W . P ., C ity  W a te r Supt., Lewiston, 
Idaho.

Irw in , G. M., C ity  Engr. & W a te r Commis
sioner, C ity  Engineers Office, V ictoria , B r i t 
ish Columbia, Can.

Jackson, T. B ., Pres. & Gen. M gr., Boise 
W ate r Corp., 623 Idaho St., Boise, Idaho.

Jensen, Em il C., San. Engr., C ity  County 
H ealth  Dept., Yakim a, Wash.

K n itte l, E .  A., W a te r & Sewage Supt., Lynden, 
Wash.

Koon, R a y  E ., Spalding B ldg., Portland, Ore.
Kretschm ar, Dr. G. G., W a lla  W a lla  College, 

College Place, Wash.
Leonard, W . V ., State San. Engr., D iv. of 

Pub lic  Health, Boise, Idaho.
Love joy, W . L ., C ity  Eng r. and W a te r Supt., 

Hoquiam, Wash.
McCleary, E .  L ., Supt., Silverton W a te r Com

mission, Silverton, Ore.
M cGuire, M . H ., General M gr., W a te r & L ig h t  

Dept., M cM innville , Ore.
M cLean, R . P ., Supt., W a te r Dept., W a lla  

W a lla , W ash.
M cNam ara, W . P ., Eng r. C ity  E n g ’g. Dept., 

402 County C ity  B ldg., Seattle, Wash.
M aelntire , Kenneth, Y ak in a  Fa rm  Labor 

Camp, P . O. Box  1312, Yakim a, Wash.
M alony, W . L ., 414 Symons B ldg., Spokane, 

W ash.
Mathews, F rank  E ., P . O. Box 487, Ellenburg, 

W ash.
M erryfield, Fred , C iv il E n g ’g. Dept., Oregon 

State College, Corvallis, Ore.
Morrow, Ben., Eng r. & General M gr., Bureau  

of W a te r W orks, Portland, Ore.
Nasi, K aarlo , San. Engr., Te rrito ria l Dept, of 

Health , Juneau, A laska.

Nelson, Ben  C., C ity  M gr., Pu llm an, Wash.
Nichols, V . R ., W a te r Supt., W apato , Wash.
Nolte, F red  W ., San. Inspector, W a te r Dept., 

C ity  H a ll, Bellingham , W ash.
Pierron , W m ., Sr., San  Inspector, C ity  H all, 

Bellingham , W ash.
Seufer, P au l E ., Asst. Pu b lic  Health  Engr., 

State Dept, of Health , Sm ith Tower, 
Seattle, W ash.

Shera, B ryan , Engr., Penna. Sa lt M fg . Co., 
Tacoma, Wash.

Sh irley, Donald L., Mgr., L in k  B e lt  Company, 
1637 N . W . 14th Ave., Portland, Ore.

Signor, C. V ., C ity  Engr., Grants Pass, Ore.
Sm all, R . L ., Sanitarian , 420 Ea s t A . St., 

Moscow, Idaho.
Sm ith, B .  G., C ity  Engr., Camas, Wash.
Sm ith, C. H ., Sewer Engr., C ity  H a ll, Po rt

land, Ore.
Smith, H arvey  J . ,  C ity  Engr., Moscow, Idaho.
Sm ith, W endell H ., C ity  Engr., St. Anthony, 

Idaho.
Snyder, P ro f. M . K ., C iv il Engineering Dept., 

W ashington State College, Pullm an, Wash.
Stockman, L . R., Cons. Engr., Box 635, Baker, 

Ore.
Sylliassen, M . O., 986 Dexter-Horton Bldg., 

Seattle, Wash.
Sylvester, Robert O., San. Engr.,' Cowlitz 

County H ea lth  Dept., Courthouse, Kelso, 
Wash.

Turner, E .  S., W . S. Turner & Co., Pacific 
B ldg ., Portland, Ore.

Tyler, R . G., P ro f., Dept, of C iv il Engineer
ing, U n ivers ity  of W ashington, Seattle, 
W ash.

V an  Horn, R . B ., P ro f., Exec. Head, Dept, of 
C iv il Engineering, U n iv . of Washington, 
Seattle, Wash.

Vognild, R . O., Hooker Electro-Chemical Co., 
Tacoma, Wash.

W ard , Pau l, Asst. State San. Engr., Division 
of Pub lic  Health , Boise, Idaho.

W illiam s, Chas. H ., C ity  Engr., Olympia, 
Wash.

W ilson, Thomas M ., Sanitarian , Pub lic  Health  
Dept., K lic k ita t  Co., Goldendale, Wash.

P e n n s y l v a n i a  S e w a g e  W o r k s  A s s o c i a t i o n

Bernard  S. Bush, Secretary-Treasurer, P a . Dept, of Health , K ir b y  Health  Center,
W ilkes-Barre, Pa .

Alexander, J .  D., C ity  Councilman, C ity  B ldg., 
New  Castle, Pa .

Allison, T . I I . ,  Plum ber, Tresslers Orphans 
Home, Loysville , Pa .

Anderson, W . R., Borough Supt., 228 M arket 
St., N ew  W ilm ington, P a .

Armstrong, P a u l A., Chemist, P a . San itary  
W ater Bd ., 824 Po rte r St., Easton, P a .
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Bailey, S. C., Danville  State Hospital, D an 
ville, Pa .

Bainbridge, David  W ., 208 Yeakel Ave., Chest
nut H ill, Philadelphia, Pa .

Barrick, M . J . ,  D ist. Engr., Dept, of Health, 
28 E . 3rd St., W illiam sport, Pa .

Baum, H . J . ,  C ity  Engr., 3205 Broad Ave., 
Altoona, Pa .

Beckett, R. C., S tate San. Engr., State Board  
of Health, Dover, Del.

Boardman, John, San. & H yd r. Engr., 426 
Walnut St., Philadelphia, Pa .

Boardman, W m . Hunter, J r . ,  C ivil, H yd . & 
San. Engr., 426 W a lnu t St., Philadelphia, 
Pa.

Bogardus, Theodore S., Asst. C ity  Engr., 
Meadville, Pa .

Bolenius, Robert M., Chemist, 115 N . F ra n k 
lin St., Lancaster, Pa .

Boone, George H ., Chief Opr., Sewage T reat
ment P lan t, 713 Church St., Norristown, 
Pa.

Brown, Dr. Glenn V ., 312 E .  M ain  St., Me- 
chanicsburg, Pa .

Brumbaugh, W . Vernon, National L im e Assn., 
927 15th St., N . W ., Washington, D. C.

Buck H ill Fa lls  Co., A t t . : E ll io t  W ells, Rep., 
Buck H ill Falls, Pa .

Burnside, Lewis E ., C ity  Engr., Sharon, Pa .
Bush, Bernard S., Asst. Engr., P a . Dept, of 

Health, K irb y  Health  Center, Wilkes- 
Barre, Pa .

Campbell, John, Cons. Engr., The Chester E n 
gineers, 210 E .  Parkw ay, Pittsburgh, Pa .

Carpenter, J .  D., C ivil Engr., 600 N . 2nd St., 
Harrisburg, Pa .

Carpenter, Lew is V ., New Y o rk  University, 
University Heights, Box 106, New  York, 
N. Y . (Deceased.)

Chambersburg, Boro of, J .  Hase Mowrey, 
Rep. Public U tilities, Chambersburg, Pa .

Chase, Sherman E ., M etcalf & Eddy, Statler 
Bldg., Boston, Mass.

Cleland, R . R., 222 Hartsw ick Ave., State  
College, Pa.

Clouser, L . H., Tenn. V a lley  Authority, Rm. 
615, Union B ldg., Knoxville, Tenn.

Colitz, M ichael J . ,  Ass. San. Engr., K irb y  
Health Center, W ilkes-Barre, Pa .

Copple, Isaac, Opr., Providence Rd., Media, 
Pa.

Craig, Robert H ., Cons. Engr., Chamber of 
Commerce B ldg., Harrisburg, Pa .

Cunningham, H . L ., Allentown State Hospital, 
Allentown, P a .

Daniels, F .  E ., 2115 N . 2nd St., Harrisburg, 
Pa.

Darby, W . A., The Dorr Co., 570 Lexington  
Ave., New York, N . Y .

Davis, E .  Watson, Asst. C ivil Engr., Rm. 506, 
S. Office B ldg., Harrisburg, Pa .

Dawson, La fayette  W m ., Borough of Jersey  
Shore, 1102 Locust St., Je rsey Shore, P .  O. 
Box 303, P a .

Dawson, Thomas T., Harwood Beebe Co., 
Montgomery Bldg., Spartansburg, S. C.

Dechant & Sons, W . FI., F .  H . Dechant, Rep., 
632 Washington St., Reading, Pa .

Dept, of Streets & Public  Im p., South Sewage 
Treatment Wks., Lancaster, Pa .

Diefendorf, Fred  G., Supt., 346 W . 8th St., 
Erie , Pa .

Douglas, R. M., C ivil Engr., 912 Columbia 
Bank  Bldg., P ittsburgh, Pa .

Eastburn, W . I I . ,  Rep., The Mathieson A lka li 
Wks., Inc., W idener B ldg., Philadelphia-, 
Pa .

Edgerley, Edw ard , 343 N . W est En d  Ave., 
Lancaster, Pa .

Emerson, C. A., Havens & Emerson, Wool- 
worth Bldg., New  York, N . Y .

Em igh, W illiam  C., Coatesv.ille, Pa .
Epp ley, Robert G., 722 Lehigh Ave., L a n 

caster, Pa .
Evans, David A., San. Disposal Engr., c/o 

P . O. Box 862, Reading, Pa .
Faber, H a rry  A., San. Engr., Chlorine In s t i

tute, 50 E . 41st St., New York, N . Y .
Fales, Almon L ., M etcalf & Eddy, Statler 

Bldg., Boston, Mass.
Flanagan, Joseph E ., Jr . ,  Ass. San. Engineer, 

U . S. Pub lic  Health  Service, 418 Oakland 
Ave., Greensburg, Pa .

Flem ing, M . C., Engr., Hardinge Company, 
Inc., York, Pa .

Freeburn, H . M., Chief Engr., Ph ila . Sub
urban W ater Co., 1251 Montgomery Ave., 
Wynnewood, Pa .

Freund, J .  P ., Vice-Pres. & P lan t Engr., 
Wyomissing V a lley  Disposal Co., P . O. Box  
940, Reading, Pa .

Frie l, F .  S., A lbright & F rie l, 1520 Locust 
St., Philadelphia, Pa.

Foster, Norman, Cons. Engr., Damon & Foster, 
Chester P ike  & H igh  St., Sharon H ill, Pa .

Gascoigne, Geo. B ., 1140 Leader B ldg., Cleve
land, Ohio. (Deceased.)

Gidley, H . K ., c/o State Health  Dept., 
Charleston, W . Va.

Gilbert, J .  J . ,  San. Engr., 201 Wheatsheaf 
Lane, Abington, Pa .

G ill, Paul, 725 Chestnut St., Indiana, Pa .
Glace, I.  M., 22 S. 22nd St., Harrisburg, Pa .
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Glace, I .  M ., Jr . ,  Asst. Engr., I .  M . Glace & 
Assoc., 22 S. 22nd St., Harrisburg, Pa .

Goff, W illiam  A., Cunard B ldg ., Philadelphia, 
P a .

Gorman, W illiam  A., P a . Dept, of Health, 
H arrisburg, P a .

Grabowski, Jo h n  J . ,  18 N . 4th St., Sharps- 
burg, P a .

Grace, C. F ., Po lk  State School, Po lk , Pa .
Grossart, L .  J .  H ., 816 Chew St., Allentown, 

Pa .
Gulden, H . B ., Borough Engr., S tate College, 

Pa .
Gwin, Lew is L ., Reg. P ro f. Eng ., 106 A ldrich  

Ave., Llyswen, Altoona, Pa .
Haddock, F red  R., Chief Engr., Roberts F ilte r  

M fg . Co., Darby, P a .
H art, W . B ., Supt., Gas, Acid  &  Drainage  

Dept., 602 M anor Rd., Penfield, Upper 
D arby, P a .

Hartzell, E .  F ., Supt., Palm erton Disposal 
Co., Palm erton, P a .

H arvey, J .  R., P a . Dept, of Health , 609 Trust 
Bldg., M eadville, P a .

Haseltine, T. R., 2310 “ B ”  Street, Bakers
field, Calif.

Haworth, J .  V ictor, Boro Sec., M oylan, Rose 
Valley , Pa .

Haydock, Chas., Cons. Engr., 311 Commercial 
Trust B ldg., Philadelphia, Pa .

Hedgepeth, L .  L ., Research Chemist, P a . Sa lt 
M fg . Co., 1000 W idener B ldg ., Ph ilade l
phia, P a .

H err, H . N ., 114 Ja v a  Ave., Hershey, P a .
Hess, Joseph C., J r . ,  Chairman, Sewer Com., 

Ambler Boro  Council, 412 Tennis Ave., 
Ambler, P a .

H ew itt, A . C., Chief Engr., Am erican L im e & 
Stone Co., Bellefonte, Pa .

Hibschman, Charles A ., Supt., Ambler B o r 
ough, Ambler, Pa .

H ilborn, Gerald, Supt., Sewage Disposal P lan t, 
233 Bridge St., Spring C ity, Pa .

H ill, Theo. C., H il l  & H ill, Engrs., North Eas t, 
Pa .

Hoak, R ichard  D., Mellon Institu te of Indus
tr ia l Research, P ittsburgh, Pa .

Hodge, W . W ., Head, Dept, of Chemical E n 
gineering, W est V irg in ia  Un iversity , M o r
gantown, W . V a .

Hoeflich, G. C., 619 Saude Ave., Essington, P a .
Hoff, Clarence W ., Asst. Supt. of San. D ra in 

age, Low er M erion Township, 75 E .  L a n 
caster Ave., Ardmore, P a .

Hoffert, J .  R., P a , Dept, of Health , H a rr is 
burg, Pa ,

Hynes, H . A., Supt., Disposal P lan t, 414 E . 
19th St., Chester, P a .

Im bt, M . Russell, Sales Eng r., Stroudsburg 
Septic Tank Co., 312 M a in  St., Strouds
burg, P a .

Jenne, L y le  L ., Cons. Engr., 819 C ity  H all 
Annex, Philadelphia, P a .

Johnson, E a r le  P ., F lannery  B ldg., P it ts 
burgh, 13, P a .

Johnson, H . B ., Sewer Supt., Media, Pa .
Jones, Eve re tt M., Sales M gr., Simplex Valve 

& M eter Co., 68th & Upland Sts., Ph iladel
phia, P a .

Jones, F ra n k  W oodbury, Havens & Emerson, 
Leader B ldg ., Cleveland, Ohio.

Kappe, S. E ., 627 W . K ingsley  St., Ph iladel
phia, Pa .

Kasperski, F ra n k  E ., Asst. San  Engr., 2225 
Taggart St., Ph iladelphia, P a .

Keatley , C. R., A rm y Engineers, c/o The E n 
gineer Board, F o r t  Belvo ir, Va .

Keefer, R . K ., Supt., Sewage Treatment Plant, 
339 South St., Clarion, P a .

Kelsey, W a lte r, Lo rd  & Burnham  Co., Irv ing 
ton on Hudson, N . V .

K inse l, H . L ., Asst. Engr., Bureau of Water, 
317 E .  Gorgas Lane, Ph iladelphia, Pa .

Kochin, M ilton, Chemist, P a . Dept, of Health, 
1602 Center Ave., P ittsburgh, P a .

Krem er, Robert W ., P a . Dept, of Health, 1st 
N ational B a n k  B ldg., Greensburg, Pa .

K rum m , H a r ry  J . ,  C ity  Chemist, Jefferson & 
Lawrence, A llentown, P a .

Krum m , H a r ry  J . ,  J r . ,  Chemist, P a . Dept, of 
Health, 608 Crawford County Trust Bldg., 
M eadville, P a .

Langford , L .  L ., Eastern  Sales M gr., Pacific 
Flush  Tank Co., 441 Lexington Ave., New 
York , N . Y .

Lauer, Charles N ., Supt., Sewage Disposal 
P lan t, C ity  H a ll, York , Pa .

Leahy, S. Jam es, Eng r., Research Labora
tories, Lancaster Iron  W orks, Inc., 85 Za- 
briskie St., Hackensack, N . J .

Leh, W illa rd , Asst. San. Engr., 1376 Perki- 
omen Ave., Reading, Pa .

L in k  B e lt  Company, M . B . Tark, Rep., Ph ila 
delphia, P a .

Long, George S., Designing Engr., R . D. 4, 
Elizabethtown, K y .

Lubrecht, F ra n k  S., Consulting Engr., 310 
Hazleton N ational B a n k  B ldg., Hazleton, 
P a .

Lutz, Howland C., F ie ld  Asst., 1413 W est St., 
Annapolis, Md.
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Mallory, E .  B ., D irector, Research Labs., L a n 
caster Iron  W orks, Inc., 85 Zabriskie St., 
Hackensack, N . J .

Mansfield, M . G., Rep., M orris Knowles, Inc., 
507 Westinghouse Bldg., P ittsburgh, Pa .

Manz, E rw in  C., 584 E .  M artin  St., Rox- 
borough, Philadelphia, Pa .

Matter, L .  D., 2536 Lexington St., H a rr is 
burg, Pa .

McAdoo & A llen W e lting  Co., S. Hellertown  
Ave., Quakerstown, Pa .

McAllister, P au l J . ,  Engr., L in k  B e lt  Com
pany, 2045 Hunting P a rk  Ave., Ph ilade l
phia, Pa .

Menantico Sand &. Gravel Co., P . O. Box 65, 
Millville, N . J .

Merkel, Pau l P., Cons. Chemist, 1528 N . l l t l i  
St., Reading, P a .

Miller, J .  John, Asst. San. Engr., 308 W arren  
St., New Cumberland, Pa .

Miller, Roy, Treatment P la n t Opr., 1640 L in 
coln Ave., Northampton, P a .

Milligan, Francis B ., 2314 W a lnu t St., Camp 
Hill, Pa .

Molitor, Paul, Sr., Cons. Operating Engr., 
Chatham, N . J .

Monn, Edgar P ., Opr., Sewage Treatment 
Plant, M t. A lto  Sanatorium, Fayetv ille , Pa .

Monroe, Lowell W ., Borough M gr., C ity  Bldg., 
Elwood C ity, Pa .

Montagna, S. D., Box  308, Cecil, Washington  
Co., Pa .

Moore, Charles A., Opr., Sewage Disposal 
Plant, 450 Green St., Royersford, Pa .

Morgan, L . S., D istrict Engr., Pa . Dept, of 
Health, Rms. 410-417, F irs t  National Bank  
Bldg., Greensburg, Pa .

Morris, P au l J . ,  Sewage Treatment P lan t, 
319 S. 6th St., Reading, Pa .

Moses, H . E ., 1522 N . 2nd St., Harrisburg, 
Pa.

Mount Penn, Borough of, A t t . : A lv in  G. 
Binkley, Rep., 2054 Fairv ievr St., Mount 
Penn, Reading, Pa .

Mowry, Robert B ., D istrict Engr., W allace & 
Tiernan Co., Inc., 1505 Race St., Ph ilade l
phia, Pa .

Murdock, W illiam , San. Engr., 1123 Cornell 
St., Pittsburgh, Pa .

Nazareth Sewerage Co., Andrew G. Kern , 
Treas., The Trumbower Co., Inc., Easton  
Rd., Nazareth, Pa .

New Eastern State Pen itentiary, R ichard B . 
Paul, Sewage Opr., Grateford, Pa .

Nugent, F rank lin  J . ,  10 N . Greenwood St., 
New Castle, P a .

O ’Donnell, R., 119 S. Atherton St., State Col
lege, Pa .

Olewiler, G rant M., Asst. Supt., Health  & 
Drainage, 75 E .  Lancaster Ave., Ardmore, 
Pa.

Palm er, I .  Charles, City-County Bldg., Rm. 
423, Bureau of Sewers, P ittsburgh, Pa .

Palm er, G ilbert, Supt., Disposal P lan t, 19 
Second St., Stroudsburg, Pa .

Payrow , H a rry  G., Rep., Asst. P ro f. San itary  
Engineering, Dept, of C ivil Engineering, 
Lehigh University, Bethlehem, Pa .

Pearson, S. R ., Chief Opr., Conshohocken 
Sewage Treatment P lan t, Conshohocken, 
Pa .

Pecker, Joseph S., Cons. Engr., 900 V icto ry  
Bldg., 1011 Chestnut St., Philadelphia, Pa .

Pfre im er, Harold  A., San. Engr., The Alturns, 
1509 16th St., N . W ., Washington, D. C.

Ph ila . Bureau of Engineering Surveys & 
Zoning, C ity  of Philadelphia, 1103 C ity  
H a ll Annex, Philadelphia, Pa .

Ph illips, Roy L ., C ity  Engr., Meadville, Pa .
Ralston, W ilm er R., Sewerage Opr., 214 W i l 

liam  St., Downingtown, Pa .
Reed, J .  H ., Diamond A lka li Co., 2400 Oliver 

Bldg., Pittsburgh, Pa .
Re illy , Jo h n  J . ,  Cons. Engr., 500 Newrose 

Bldg., M ain  & Spring Sts., P ittston, Pa .
Reuning, Howard T., Engineering Dept. E lk  

Tanning Co., 330 Allenhurst Ave., Ridg- 
way, Pa .

Rhoads, Edw ard  J . ,  Supt., Sewage Treatment 
P lan t, C ity  of Lancaster, 531 Chester St., 
Lancaster, Pa .

Rice, John  M., Cons. Engr., 2502 Grant Bldg., 
Pittsburgh, Pa .

Ricker, W . H ., Jr . ,  Dept, of C iv il Eng ineer
ing, 523 W . Beaver Ave., State College, Pa .

Rogers, D . Pau l, Sr. Chemist, State Health  
Dept., Harrisburg, P a .

Rogers, H . L ., Sew. Treat. P lan t Opr., C ity  of 
Easton, C ity  H all, Easton, Pa .

Rosengarten, W . E ., Twp. Engr., 75 E . L a n 
caster Ave., Ardmore, Pa .

Ross, John  T., Director, Streets & Public  
Im pr. Sewage Disposal P lan t, C ity  of 
Chester, F t .  of Clayton St., Chester, Pa .

Rutter, Lee D., Supt. of Sewers, C ity  H all, 
Lebanon, Pa .

St. Michaels Industria l School, John  McGough, 
Rep., Hoban Heights, Pa .

Schaut, George G., 1308 W . Ontario St., 
Philadelphia, Pa .

Scheffer, Louis K ., 1013 Green St., H a rr is 
burg, Pa .
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Sehnupp, Leonard J . ,  702 Westmoreland Ave., 
Jeannette, Pa .

Schwartz, H . L ., Eastern  D istrict Rep., The 
Am erican W e ll W orks, Inc., 515 Commer
cial Trust B ldg., Ph iladelphia, Pa .

Searight, Geo. P ., Borough M gr., Carlisle, Pa .
Seltzer, J .  M ., Chief Chemist, Rep., E lk ins  

Tannery, E lk ins, W . Va.
Setter, L lo yd  R., 50-18 217th St., Bayside, 

N . Y .
Shaw, George H ., Parkm an Rd., H illandale, 

S ilve r Spring, Md.
Sheen, Robert T., Ch.E ., 7711 Orchard W ay , 

Chestnut H ill, Pa .
Shelley, H a rry , P a . Dept, of Health, H a rr is 

burg, Pa .
Shertzer, J .  H ., C ity  Eng r., Lancaster, P a .
Shifter, J .  Pau l, Sewer Commissioner, E liz a 

bethtown, P a .
Siebert, Christian L ., Exec. Engr., San itary  

W ater Board, P a . Dept, of Health , H a rr is 
burg, P a .

Sm ith, M arv in  L ., Asst. San. Engr., P a . Dept, 
of Health, K irb y  Health  Center, Wilkes- 
Barre , Pa .

Sm ith, M erlin  D., Sewage P lan t Opr., Laurel- 
ton State V illage, Laurelton, Pa .

Snelsire, W illiam , Rep., P a . Sa lt M fg . Co., 
641 Union Trust B ldg., P ittsburgh, P a .

Spear, W illiam  B ., Sewage Disposal P lan t, 
R . D . 7, Chambersburg, Pa .

Speiden, H . W ., Dept, of C iv il Engineering, 
W est V irg in ia  Un ivers ity , Morgantown, 
W . Va .

Stevenson, W . L ., 2214 N . 2nd St., H a rr is 
burg, P a . (Deceased.)

Stewart, H . M., 35th & Allegheny Ave., P h ila 
delphia, P a .

Stiles, Morrison N ., Supt., Radnor-Haverford  
Sewage Treatm ent P lan t, Glendale Rd., 
R . F .  D . 1, New'ton Square, P a .

Swab, Be rn a l H., San. Engr., 713 1st Ave., 
Altoona, Pa .

Sw inehart, Eugene B ., Chief Opr., Pottstown  
Boro  Sewage Disp. P lan t, 1133 South St., 
Pottstown, P a .

Tarm an, John  E ., W . H . & L .  D. Betz, Chem. 
Engrs., 235 W . W yom ing Ave., Ph ilade l
phia, Pa .

Taylor, H en ry  W ., Cons. Engr., 11 P a rk  Place, 
N ew  York , N . Y .

Thorn, W m . J . ,  B ranch  M gr., 401 N . Broad  
St., Inn is, Speiden & Co., Ph iladelphia, P a .

Trebler, H . A., Chemical Engr., 1403 Eu taw  
Place, Baltim ore, Md.

Trescott, Boyd, 230 E .  F ro n t St., Berw ick, 
Pa .

Tygert, C. B ., Rep., W a llace  & Tiernan Co., 
Inc., 208 Jackson Ave., Rutherford, N . J .

Umbenhauer, E .  J . ,  1815 Rosaria  St., Laredo, 
Texas.

W agner, Ed w in  B ., Downingtown, Pa .
W alker, Ed w ard  A ., Asst. San. Engr., 17 

College Ave., Mount P leasant, P a .
W alker, E lton  D., Dept, of Eng ., P a . State 

College, State College, P a .
W arren  State Hospital, H . A. Otterson, Rep. 

W arren , Pa .
W ayne Laboratories, The, A t t . : J .  J .  Shank, 

17 E .  M a in  St., Waynesboro, Pa .
W eachter, Horace, Rep., Boro of Lansdale, 

110 Courtland St., Lansdale, Pa .
W eisel, W . O., C ity  Engr., Supt. of Public 

W orks, 68 H ills ide Ave., Doylestown, Pa.
W elsford, H . R., Pa . State Dept, of Health, 

1st N ational Bank  B ldg ., Greensburg, Pa.
W ertz, C. F ., Cons. Engr., 1522 Woohvorth 

Bldg., New  York , N . Y .
Weston, Roy F ., 3144 Passyunk Ave., Ph ila 

delphia, Pa .
W h itby , Steve, Culbert-Whitby Co., 2019 Rit- 

tenhouse St., M iddle C ity  Station, Philadel
phia, Pa .

Whitcom b, Leon R ., 408 W est Ave., Jenkin- 
town, P a .

W h ite  Haven Sanatorium, A tt .: R . A . Dodson, 
Rep., W h ite  Haven, Pa .

W iest, Gordon J . ,  Chemist, 1214 Pine Lane, 
Chester, Pa .

W illiam s, A . C., Township Engr., Haverford  
Township, Upper D arby Post Office, Oak- 
mont, Pa .

W illiam s, Jam es C., Opr., Sewage Treatment 
P lan t, Danville State Hospital, Danville, Pa.

W ilt , M arlin  E . , Pa . Dept, of Health, H arris
burg, Pa .

W ir t , R . M ., San. Engr., Court House, A rling
ton, Va.

Woodring, R . W ., C ity  Chem. & Bac., Bethle
hem C ity  Lab., 3rd & Adams Sts., Bethlehem, 
Pa .

Woodward, Jo h n  D., Chief Opr. & Chem., 
Conshohocken Sewage Treatment P lan t, Con- 
shohocken, P a .

Yenchko, John , Asst. San. Engr., Pa . Dept, of 
Health, ■ K irb y  Health  Center, Wilkes-Barre, 
Pa .

Yerkes, M ilton  R., Engr., Radnor Twp., Wayne, 
Pa .

Young, C. H ., D ist. Engr., P a . Dept, of 
Health , 608-09 Crawford County Trust 
Bldg., Meadville, P a .
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Young, F .  D., Cons. Engr., 1140 Leader Bldg., Young, Norman C., Borough Manager, Bor- 
Cleveland, Ohio. ough Iia ll )  p ]10enixville, Pa .

R o c k y  M o u n t  S e w a g e  W o r k s  A s so ci at ion

Dana E .  Kepner, Secretary, 1921 B lake Street, Denver, Colo.

Amend, J .  E ., W a te r & Sewer Supt., C ity H all, 
Brighton, Colo.

Burnite, T. B ., 1863 Wazee St., Denver, Colo.
Cederberg, C. R., 1420 Dahlia, Denver, Colo.
Coberly, Carroll H ., Cons. Engr., 1441 W elton  

St., Denver, Colo.
Coy, Burgis, C ity Engr., C ity  H a ll, F t .  Col

lins, Colo.
Davis, Charles A., C ity  San. Engr., C ity  and 

County Bldg., Denver, Colo.
Denver Public L ib ra ry , A t t . : M r. F .  M .

Veatch, Technical Dept., C ivic Center, 
Denver, Colo.

Donnell, Geo. M., Cons. Engr., W orland, W yo.
Dorr Company, Inc., The, A t t . : E .  C. Reybold, 

See. Rep., 1009 17th St., Denver, Colo.
Elliot, S. F ., C ity  Engr., C ity  H a ll, Pueblo, 

Colo.
Gelder, R . W ., Cons. Engr., 1629 13th Ave., 

Greeley, Colo.
Goldenberg, Charles N ., Cons. Engr., P .  O. 

Box 822, Santa Fe , N . M.
Grand Junction, C ity  of, c/o Bruce Bronson, 

City Mgr., Grand Junction, Colo.
Gross, Dwight D., Chief Engr., Bd . of W ater  

Comm., C ity & County Bldg., Denver, Colo.
Heaslit, W alter, W a te r & Sewer Supt., Arvada, 

Colo.
Hendrie & Bolthoff M fg. & Supply Co., Capt., 

J .  S. Smith, Vice-Pres. Rep., 1635 17th St., 
Denver, Colo.

H ill, F rank  C., W ater & Sewer Supt., C ity  
Hall, Montrose, Colo.

Holden, E .  G., Supt., R. R. 2, Box 30, Pueblo, 
Colo.

Howe, Ben Y ., State San. Engr., Argonaut 
Hotel, Denver, Colo.

Howell, Eugene, San. Engr., 130 Frederick  
St., San Francisco, Calif.

Jenks, Glen, Sewage P lan t Supt., 150 W . 
Heald St., Sheridan, W yo .

Kepner, Dana E ., 1921 B lake St., Denver, 
Colo.

Lewiston, C ity  of, c/o Jos . M. Schmit, C ity  
Engr., C ity  H all, Lewiston, Mont.

Lock Jo in t  P ipe  Co., A tt .:  M r. W m . B . F ree 
man, Branch Mgr., 1716 California St., 
Denver, Colo.

Luton, Max, W a te r & Sewer Supt., C ity  H all, 
Gillette, W yo.

Lyndes, H . E ., Mgr., General Chemical Co., 
Denver, Colo.

McClintock, H . C., C ity Mgr., Boulder, Colo.
New Mexico Bureau of Pub lic  Health, A tt. : 

P a u l S. Fox, San. Engr., P . O. Box 711, 
Santa Fe, New  Mexico

Nisbet, Geo. A ., W ater & Sewer Supt., P a l i 
sade, Colo.

Osborn, L .  C., C ity  Engr., Loveland, Colo.
Pacific Flush Tank Co., 4241 Ravenswood Ave., 

Chicago, 111.
Schirk, J .  M., P . O. Box 1611, Casper, W yo.
Sheridan, C ity  of, c/o F rank  Scullin, W ater  

Comr., Sheridan, W yo.
Simson, George, Jr . ,  V ice Pres., Denver Sewer 

P ipe & C lay Co., P . O. Box 2329, Denver, 
Colo.

Slee, Angus E ., C ity  Engr., C ity  H a ll, Long 
mont, Colo.

Streeter, Robert L ., C ivil Engr., Gillette, W yo.
Watson, H enry G., C ity  Engr., 102 C ity  & 

County Bldg., Cheyenne, W yo.
W illiam s, L . O., State San. Engr., State House, 

Cheyenne, W yo.

S e w a g e  Di vi s i on — T e x a s  Section, S. W .  W .  A.

Y . M. Ehlers, Secretary-Treasurer, State Department of Health, Austin, Texas.

Baugh, W . L ., J r . ,  Regional Engr., Box 1495, 
Lubbock, Texas.

Becker, Ph ilip  G., Jr . ,  1009 Orange St., Fo rt  
Worth, Texas.

Berg, E .  J .  M., Route 7, Box 186, San Antonio, 
Texas.

B illings, C. H ., J r . ,  State Dept, of Health, 
P . O. Box 385, Weslaco, Texas.

Bureau of San itary Engineering, State Dept.
of Health, Austin, Texas.

Connell, Dr. C. H., Box 43, Facu lty  Exchange, 
College Station, Texas.

Crockett, V . P ., Engr., Collin County Health  
Unit, M cKinney, Texas.

Dickson, D. B ., Supt. & Chemist, Box 1739, 
W ich ita  Falls , Texas.
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Gauntt, W . C., Box 113, M cK inney, Texas.
Green, Tom C., Supt., C ity  Sewage Treatment 

P lan t, Austin, Texas.
Ilanem an, A., J r . ,  P . O. Box 2138, Corpus 

Christi, Texas.
H ardy, W . R., San. Engr., C ity  Health  Dept., 

P o rt W orth , Texas.
Hatch, G. M., J r . ,  San. Engr., C ity  Health  

Dept., Dallas, Texas.
Helland, H . R . P ., Cons. Engr., F rost National 

Bank  Bldg., San Antonio, Texas.
H inyard , J .  N ., c/o C ity  W a te r Dept., E l  Paso, 

Texas.
Jo iner, W . N ., W a te r W orks Supt., San M a r

cos, Texas.
Livingston, L .  E . , 3921 Purdue St., Dallas, 

Texas.
Mahlie, W . S., C ity  Chemist, W a te r F iltra tio n  

P lan t, P o rt  W orth , Texas.
Moor, W . C., Chemist, Armour & Co., Stock 

Yards Station, P o rt W orth , Texas.

Powell, W . L ., 2022 Republic B an k  Bldg., 
Dallas, Texas.

Ryan, T. J . ,  C ity  San. Engr., C ity  Health  
Dept., Houston, Texas.

Smallhorst, David, P .  O. Box  358, Austin, 
Texas.

Steel, E .  W ., P ro f., Texas A . & M . College, 
College Station, Texas.

Thomas, P .  W ., 1135 S. Trenton St., Tulsa, 
Okla.

Tinning, J .  D., W a te r & Sewer Supt., E ldo 
rado, Texas.

Weiss, R . H ., P . O. Box 533, K errv ille , Texas.
W ells, W illiam  N ., Chemist, c/o O. C. Watson, 

2517 B rid le  Path , Austin, Texas.
Whedbee, Edgar, Sr. Engr., C ity  W a te r Dept., 

Dallas, Texas.
W ilk ins, Homer J . ,  Cons. Engr., B a y  City, 

Texas.

T h e  C a n a d i a n  Institute o n  S e w a g e  a n d  Sanitation

A lbert E .  Berry , Secretary-Treasurer, San ita ry  Enigneering D iv., Ontario Dept, o f Health,
Toronto, Ontario, Canada.

Adams, F .  P ., C ity  Engr., C ity  H a ll, B ra n t 
ford, Ontario, Canada.

Anderson, C. S., Engr., Tisdale Twp., South 
Porcupine, Ontario, Canada.

Archibald, S. W ., Cons. Engr., 489 Richmond 
St., London, Ontario, Canada.

Armstrong, C. G. R ., Cons. Engr., B a rtle tt  
B ldg., W indsor, Ontario, Canada.

Babe, W . K ., Sales Mgr., Road M aterials Div., 
The Ped lar People, Ltd ., Oshawa, Ontario, 
Canada.

B a ird , E .  M ., Township Engr., 11 Avalon  
B lvd ., Scarborough, Ontario, Canada.

B a ll, P ran k  C., Sewer Engr., C ity  H a ll, Lo n 
don, Ontario, Canada.

B a ty , J .  Bernard , Dept, of C iv il Eng., Queen’s 
University , K ingston, Ontario, Canada.

B e rry , A . E ., D irector, San itary  Eng . Div., 
Ontario Dept, of Health , 235 Gainsboro 
Rd., Toronto, Ontario, Canada.

B ieth , Robert, M ayor, Preston, Ontario, Can
ada.

B ird , T. A., Ass. Sewage Disp. Opr., 12 Horne 
St., London, Ontario, Canada.

Bowness, G. W ., Gen. M gr., Nichols Eng . & 
Research Corp. of Canada, Ltd ., U n ivers ity  
Tower B lvd ., Montreal, Quebec, Canada.

B rad ley , H arold  D., Deputy St., Commr., 90 
A lbert St., Toronto, Ontario, Canada.

Brakenridge, Charles, C ity  Engr., C ity  Hall, 
Vancouver, B .  C., Canada.

Brereton, W . P ., C ity  Engr., e/o Greater 
W innipeg San. Dis., 223 Jam es Ave., W in n i
peg, Manitoba, Canada.

Brereton, W . P ., Greater W inn ipeg Sanitary  
D istrict, Sewage Treatm ent P lan t, Old 
K ilfonan , Manitoba, Canada.

Bryce , W . P . M ., Sewer Engr., Transportation 
Bldg., Ottawa, Ontario, Canada.

■ Burnett, A . H ., Supt., Union Sewerage Comm., 
Town H a ll, Mim ico, Ontario, Canada.

Burnett, J .  A ., Eng r. in Charge Street Clean
ing Dept., 90 A lbert St., Toronto, Canada.

Byram , A rthu r T., Asst. San. Engr., Ontario 
Dept, of Health , 312-A Quebec Ave., 
Toronto, Ontario, Canada.

Casey, W m ., Pres., Canadian Locomotive Co., 
Ltd ., 610 Federal B ldg., Toronto, Ontario, 
Canada.

Cleveland, E .  A ., Chairman, Vancouver & 
Dists. Jo in t  Sewerage & Drainage Board, 
1303 Sun Bldg., Vancouver, B .  C., Canada.

C liff, D. P ., Chairman, Sewers Committee, Dun- 
das, Ontario, Canada.

Collins, W . H ., Sewer Engr., C ity  o f H am il
ton, 16 Senator Ave., Ham ilton, Canada.

Cooke, P .  N ., Sales M gr., Norton Co. of Can
ada, Ltd ., Ham ilton, Ontario, Canada.
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Cousineau, A., Supt., Engr., D iv. of San ita 
tion, Dept, of Health, C ity  H a ll Annex, 
Montreal, P . Q., Canada.

Cyr, Rene, Asst. Chief Engr., M in istry  of 
Health, 89 E .  Notre Dame St., Montreal, 
Quebec, Canada.

Darling, E .  H ., Cons. Engr., 513 P igo tt Bldg., 
Hamilton, Ontario, Canada.

Desmaris, R . J . ,  C ity Engr., 451 P a rk  St., W ., 
Windsor, Canada.

Durrant, W . K .  F ., Chief Opr., Sewage D is
posal Works, P . O. Box 43, Moose Ja w , Sas
katchewan, Canada.

Edmonds, W . R., Asst. San. Engr., Ont. Dept, 
of Health, 25 St. Leonards Ave., Toronto, 
Ontario, Canada.

Falls, O M., Comm, of Works, Township of 
York, 40 Ja rv is  St., Toronto, Ontario, 
Canada.

Ferguson, G. H ., Chief Engr., Dept, of Pen 
sions & National Health, D a ly  Bldg., 
Ottawa, Ontario, Canada.

Francis Hankin & Co., Ltd ., 2028 Union Ave., 
Montreal, Canada.

Fraser, Charles E ., Fraser, Brace, Ltd ., 107 
Craig St., W . Montreal, Canada.

French, R. Del., P ro f., H ighw ay & Mun. 
E n g ’g., M cG ill University, Montreal, Can
ada.

Gibeau, H . A., Asst. Chief C ity  Engr., 5618 
Phillips Ave., Montreal, Quebec, Canada.

Gill, A. F ., National Research Council, Ottawa, 
Ontario, Canada.

Goforth, W . W ., Mgr., Canadian Institu te of 
Plumbing & Heating, Canada Cement Bldg., 
Montreal, Quebec, Canada.

Grassie, C. A ., Town Engr., Po rt Colborne, On
tario, Canada.

Hamel, Edouard, Chief Engr., C ity  H all, Que
bec, P . Q., Canada.

Hanenberg, A . L ., Supv., Spring V a lley  Sew
age Treatment P lan t, 94 Fa irv iew  Ave., 
Kitchener, Ontario, Canada.

Hansford, A lbert E ., Chief Opr., Stratford  
Sew. Disposal P lan t, 70 Argyle St., S tra t
ford, Ontario, Canada.

Harris, R . C., Commissioner of Works, C ity 
Hall, Toronto, 2, Canada.

Hawtrey, R. O., Asst. Engr., Yo rk  Twp., 40 
Ja rv is  St., Toronto, Canada.

Hitchcock, Simon E ., Opr., Sewage Disposal 
Plant, 39 Oxford St., Woodstock, Ontario, 
Canada.

Hobson, N . C., Asst. W ks. Mgr., Canadian In 
dustries, Ltd ., Sa lt & A lka li Div., Toronto 
Ontario, Canada.

Hogg, Alex. M., Town Engr., P . O. Box 85, 
Noranda, Quebec, Canada.

Howard, N . J . ,  Director, F iltration  P lan t 
Laboratory, 410 Lake Shore Rd., Centre I s 
land, Toronto, Ontario, Canada.

Hubei, J .  H ., Chem. Engr., Development Dept., 
Canadian Industries, Ltd ., Montreal, P . Q., 
Canada.

Ja ck , D., Asst., Engr., Dept, of National 
Health, 22 Bank of Nova Scotia Bldg., St. 
Catherines, Ontario, Canada.

Ja ck , Grant R ., Comm, of Works, Township 
of Ea s t York, 787 Coxwell Ave., Toronto, 
Ontario, Canada.

K a y , L . A ., Asst. San. Engr., Ontario Dept, of 
Health, 807 Richmond St., W ., Toronto, On
tario, Canada.

K inney, J .  B ., Mgr., W allace & Tiernan Co., 
Ltd ., 345 Sorauren Ave., Toronto, Ontario, 
Canada.

Kn ight, R ay  R., Toronto Mgr., Francis H an 
kin & Co., 165 Spadina Ave., Toronto, On
tario, Canada.

Lafreniere, Theo J . ,  P rovincial San. Engr., 
Bureau of Health  of Quebec, 89 E .  Notre 
Dame, Montreal, Quebec, Canada.

Lamson, B . F ., C ity  Engr., St. Catharine, 
Ontario, Canada.

Lawson, W . S., Chief Eng., Dept, of Justice, 
Confederation Bldgs., Ottawa, Ontario, 
Canada.

Lea, W . S., Cons. Eng., 1226 University St., 
Montreal, P . Q., Canada.

McCannel, D. A . R., C ity  Eng., C ity H all, R e 
gina, Saskatchewan, Canada.

M cFau l, W . L ., C ity  Engr., Ham ilton, Ontario, 
Canada.

McNieee, L . G., Town Engr., O rillia , Ontario, 
Canada.

M cW illiam s, D. B ., Mgr., Dresser M fg. Co., 
Ltd ., 60 Front St., W ., Toronto, Ontario, 
Canada.

MacDonald, G. A., Cons. Eng., Bank  of H am 
ilton Bldg., 67 Yonge St., Toronto, Ontario, 
Canada.

McDonald, N . G., Cons. Eng., 1130 B a y  St., 
Toronto, Ontario, Canada.

MacKenzie, C. J . ,  Dean of Engineering, U n i
versity of Saskatchewan, Saskatoon, Sas
katchewan, Canada.

M acLaren, J .  F ., Cons. Engr., 1130 B a y  St., 
Toronto, Ontario, Canada.

M acLaren, L .  A., 31 Granville Rd., Ham p
stead, Montreal, P . Q., Canada.

MacLean, J .  D., Town Engineer, Box 433, 
Timmins, Ontario, Canada.
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M acN icol, N., W orks Comm., 333 Lonsdale Rd., 
Eorest H ill,  Ontario, Canada.

Malcolm , W m . L ., D ir. C iv il Engineering, 
Cornell Un iversity, Ithaca , N . Y .

Manning, P ., Comm, of Works, P o rt  Dalhousie, 
Ontario, Canada.

Marsh, H . M., V ice  Pres., W . J .  W estaw ay  
Co., Ltd ., Ham ilton, Ontario, Canada.

M axwell, G. E . , Supt., Pub lic  U tilit ies  Comm., 
Simeoe, Ontario, Canada.

Menzies, D. B ., Prov. San. Engineer, 218 A d 
m inistration Bldg., Edmonton, A lberta, 
Canada.

Menzies, J .  Ross, 170 Place d ’Youville, M on
treal, Quebec, Canada.

M iller, W . C., C ity  Engineer, 67 Gladstone St., 
St. Thomas, Ontario, Canada.

M ills, S. W ., 105 Glengrove Ave., Toronto, On
tario, Canada.

Moloney, Grant, Ed ito r, Canadian Engineer, 
341 Church St., Toronto, Ontario, Canada.

M ontreal Sewers Comm., C ity  H a ll, Montreal, 
Quebec, Canada.

M ott, C. A., C ity  Engineer, Belleville, Ontario, 
Canada.

Munroe, E .  H ., Supt., Disposal P lan t York  
Twp., 18 Normanna Ave., Toronto, Ontario, 
Canada.

Murdock, Charles R., Town Engineer, Ka- 
puskasing, Ontario, Canada.

Necker, C. E . , Town Engineer, Town H a ll, 
W aterloo, Ontario, Canada.

N ick lin , H . S., C ity  Engineer, C ity  H a ll, 
Guelph, Ontario, Canada.

Oke, Ernest E .  W ., Manager and Engineer, 
Pub lic  U tilit ies  Comm., Cochrane, Ontario, 
Canada.

Owen, M ark  B ., Hudson House, Ardsley-on- 
Hudson, N . Y .

Palm er, F red  C., 147 O 'Connor Drive, Toronto, 
Canada.

Parsons, R . H ., C ity  Engr., 133 Simcoe St., 
Peterborough, Ontario, Canada.

Patterson, W . E . , Chief Chemist, Sternson 
Labs., B rantfo rd , Ontario, Canada.

Perry , A . H ., Asst. Engr., P . O. Box 1012, 
Vancouver, B . C., Canada.

Phelps, Geo., Eng r. of Sewers, Dept, of Works, 
C ity  H a ll, Toronto, Ontario, Canada.

Plamondon, Sarto, San. Engr., Amos, Quebec, 
Canada.

Pontbriand, P .  N ., K .  C., Adm inistrator & 
Solicitor, Sorel, Quebec, Canada.

Potter, R . E ., C ity  Engr., Nelson, B ritish  Co
lumbia, Canada.

Pring le, H . L ., Mgr., Pub lic  U tilit ies  Comm., 
W h itby , Ontario, Canada.

Rawson, E .  Otto, Town Eng., Ba rrie , Ontario, 
Canada.

Redfern, W . B ., Cons. Eng ., Excelsior L ife  
B ldg., 36 Toronto St., Toronto, Ontario, 
Canada.

Riehl, W . H ., C ity  Eng., C ity  H a ll, Stratford, 
Ontario, Canada.

Roberton, L .  T., Sewage Disposal Eng., 565 
W illiam  St., London, Ontario, Canada.

Robinson, B ., D ist. M gr., Hardinge Co., Inc., 
159 B a y  St., Toronto, Ontario, Canada.

Robinson, I .  P ., Contractor fo r Removal of 
Sludge, 28 Langarth  St., London, Ontario, 
Canada.

Roe, F ra n k  C., San. Eng., Canadian Car
borundum Co., Ltd ., N iagara  Falls , N . Y .

Rogers, M . W ., M gr. Pub lic  U tilit ies  Comm., 
Carleton Place, Ontario, Canada.

Russell, J .  P ., Ed ito r, Engineering & Con
tract Record, 347 Adelaide St., W ., Toronto, 
Ontario, Canada.

Seheak, H . M., 75 Rosedale Heights, Toronto, 
Ontario, Canada.

Scott, W . M., Chairman of Comm., Greater 
W inn ipeg  San. Dist., 185 K in g  St., W in n i
peg, Canada.

Shook, H . R., Asst. Sales M gr., National 
Sewer P ip e  Co., 44 V ic to ria  St., Toronto, 
Ontario, Canada.

Sliupe, S., C ity  Eng., C ity  H a ll, Kitchener, 
Ontario, Canada.

Smith, W . T. E ., Sales Eng., L in k  B e lt  Ltd., 
791 Eastern  Ave., Toronto, Ontario, Canada.

Spellman, W . A., Eng.-Tech. Twp., K irk land  
Lake, Ontario, Canada.

Stalker, W . D., M gr. Pub. U til. Comm., Sim 
coe, Ontario, Canada.

Storrie, W m ., Cons. Eng., 1130 B a y  St., To
ronto, Ontario, Canada.

Symes, C. B ., C ity  Engineer, F o rt  W illiam , 
Ontario, Canada.

Ternent, A ., Comm, of Works, 83 De Forest 
Rd., Swansea, Ontario, Canada.

Theaker, K ., Chief Opr. Sewage Disposal 
P lan t, Guelph, Ontario, Canada.

Thomas, A. H . R., Supt. Pub lic  U tilit ies  Com
mission, 874 Lake Shore Rd., New  Toronto, 
Ontario, Canada.

Thomson, W illiam  R., 99a B loor St., W ., To
ronto, Ontario, Canada.

U re, W ilf re d  Gordon, C ity  Eng., Woodstock, 
Ontario, Canada.

V an  Benschoten, J . ,  M gr. Paterson Engineer
ing Co., of Canada, Ltd ., 58 Pelham  Ave., 
Toronto, Ontario, Canada.

Veitch, W m . M., C ity  Engineer, C ity  H all, 
London, Ontario, Canada.
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Watmough, W . W ., Supt. Chemist, Depew 
Disposal P lan t, 57 E r ie  Ave., Ham ilton, 
Ontario, Canada.

Williamson, R . C., Technical Service, Canadian 
Industries, L td . House, Montreal, Quebec, 
Canada.

Wood, J .  R., Asst. C ity  Eng., C ity  H all, 
Calgary, A lberta, Canada.

Young, C. R., P ro f., Dept, of C iv il Eng ineer
ing, Un ivers ity  of Toronto, Toronto, On
tario, Canada.

Sa n i ta ry  E n g i n e e r i n g  Di vi si on  of A r g e n t i n e  So ciety of E n g i n e e r s

Carlos Santos Rossell, Secretary, Centro Argentino de Ingenieros, Cerrito, 1250,
Buenos Aires, S. A.

Barbeito, A rturo Auderut, Anchorena 1451, Carrique, Carlos S., Gral. Paz. 1856, Buenos 
3rd Floor, Buenos Aires, Argentina, S. AireSj g. America.
America.

T h e  Institute of S e w a g e  Purification— E n g l a n d

J .  H . Garner, Secretary, 28 Aberford Road, Wakefield, Yorks., England.

Alford, J .  S., 11 V icto ria  St., Westminster, 
London, S .W . 1, England.

Allen, A . J . ,  H a lf  Moon St., Sherborne, 
Dorset, England.

Allen, F . W ., Hacken Sewer W orks, Great 
Lever, Bolton Lancs., England.

Artist, L . J . ,  Sewage Works, Calder Vale, 
Wakefield, Yorks., England.

Balfour & Sons, D., 45 South St., Durham, 
England.

Barker, A., Bankside, Greenfield, N . Oldham, 
England.

Barraclough, D. H ., Sewage Works, Denton, 
N. Manchester, England.

Bell, H . D., Sewage Works, Burton  Grange, 
Barnsley, England.

Beswick, G., Sewage Works, Slacks Valley, 
Middleton Junction, N . Manchester, E n g 
land.

Bolton, J .  F ., Ames Crosta M ills  & Co. Ltd ., 
Moss Iron  Works, Heywood, Lancs., E n g 
land.

Calvert, A., 43 Station Rd., Darnall, Sheffield, 
England.

Campbell, J .  L ., Manor Farm  Sewage Works, 
Reading, Berkshire, England.

Clifford, W ., “ M a ye ro ft”  Stourbridge Rd., 
Wombourn, Wolverhampton, England.

Cockroft, T. N., Sewage Works, Leigh, Lancs., 
England.

Covill, R . W ., Sewage Works, Denton, Grave
send, Ken t, England.

Drummond, A . H ., Sewage Works, Hook Rd., 
Epsom, Surrey, England.

Duxbury, S., Bungalow, Summerhouse H ill, 
Cardington, Beds., England.

Edmondson, J .  H ., Sewage Works, Wincobank, 
Sheffield, England.

Etheridge, W ., 37 Bag inton Rd., Coventry, 
England.

Evans, S. C., Coseley Sewage Works, Fox- 
yards, Tipton, Staffordshire, England.

F id ler, G. C., 122 Standen Rd., Wincobank, 
Sheffield, England.

F inch, J . ,  Sewage Works, A ldwarke, Park- 
gate, Rotherham, England.

Flowers, E ., B a lb y  Sewage Works, Woodfield 
Rd., Doncaster, England.

Fowler, G., Brighouse Sewage Works, Cooper 
Bridge, M irfield, Yorks., England.

Fow ler, G. J . ,  M ackay ’s Garden Annexe, 
Graemes Rd., Cathedral, P . O., Madras, 
Ind ia.

Freeborn, W . F ., 34 C ard ina l’s W a lk , Hamp- 
ton-on-Thames, Middlesex, England.

Furphy, H . G., 465 Collins St., Melbourne, 
Victoria, Australia.

Garner, J .  H ., Brynfield, 28 Aberford Rd., 
Wakefield, Yorks., England.

Gillard, J .  E ., Sewage Works, Leamington, 
Warwickshire, England.

Goldthorpe, H . H ., Shelley, Huddersfield, En g 
land.

Gough, T., Sewage Works, The Bottoms, 
Heckmondike, Yorkshire, England.

Graham, J .  A., Sewage Works, Naburn, York, 
England.

Hambleton, F .  T., O utfa ll Works, Prestbury, 
N . Macclesfield, England.

Ham lin, C. H., Sewage Works, W indm ill Rd., 
Luton, Beds., England.

Hicks, R., Sewage Works, Hamilton, Scotland.
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Hodgson, E . , Irr ig a tio n  Farm , Harrington  
Ed ., S. Norwood, London, S .E ., England.

Hodgson, H . J .  N ., 22 B rae  Rd., Glenelg 
Gardens, S. Australia.

Holroyd, A., Chemist, Dagenham Urban  D is 
tric t Council, Riverside Sewage Works, 
Rainham , Essex, England.

Houlihan, J .  E . , 4 Strongbow Rd., Eltham , 
London, S .E . 9, England.

How arth, J .  P ., Sewage Disposal Works, 
Longford  Rd., Cannock, Staffs., England.

Hoyle, W . H ., “ Dilkusha, ”  47 V ic to ria  Rd., 
Topsham, N r. Exeter, Devon, England.

Hum phrey & Sons, Howard, 17 V ic to ria  St., 
Westminster, London, S .W . 1, England.

Hunter, A ., Sewage Dept., C ity  Chambers, 50 
Joh n  St., Glasgow, Scotland.

Hurley, J . ,  Sewage W orks, Tettenhall, W o lve r
hampton, England.

Ja rv is , Alee. C., Capt., Jen s  Kofoedsgade 4, 
Copenhagen, Denmark.

Jennings, A., 327 W alm ersley Rd., Bu ry , 
Lancs., England.

Jepson, C., Sewage W orks, Davyhulme, M an 
chester, England.

Jog lekar, N . D., W aterworks & Mech. Engr. 
Baroda M unicipa lity , Baroda, Ind ia.

Johnson, W . H ., 32 St. Jo h n ’s Rd., Corstor- 
phine, Ed inburgh 12, Scotland.

Jones, C. B .  O., C ity  of Coventry Chemical 
Lab ., W h itley , Cov., England.

Kershaw, Arnold, Chippenham Lane, Slough, 
Buckinghamshire, England.

Kessener, Ir .  H ., J .  P .  Coenstraat 1, ’S-
Gravenhage, The Hague, Holland.

Kum ra, Mohan La i, San ita ry  Supt., Con
servancy Lines, W h ite  Rd., Quetta, Ind ia.

Lam b, P ., Esq., Sewage Disposal W orks, 
Brom wich Rd., Worcester, England.

Lea, J .  E ., The Lea  Recorder Cornbrook P a rk  
Rd., Manchester 15, England.

Leigh, H . G., 28, W . Le igh  Rd., Blackburn, 
Lancs., England.

Lockett, W . T., W est Middlesex M a in  D ra in 
age W orks, Oak Lane, Isleworth, M idd le
sex, England.

Lovett, M ., Sewage W orks, Tettenhall, W o l
verhampton, England.

Lumb, C., Salterhebble, H a lifax , England.
Makepeace, W . H ., Sewer Engineer ’s Office, 

Leek Rd., Stoke-on-Trent, England.
Meats, G. R . E . ,  Fairle igh , Coventry Rd., 

Burbage, H ick ley, England.
M iller, A . S., Sewage W orks, M anor Farm , 

Reading, Berks., England.
Modak, B .  L ., Rao Bahadur, Teshoda Dliam, 

Post Deccan, Gymkhana, Poona, 4, Ind ia.

Modak, N . V ., C ity  Eng., Bom bay M unici
pa lity , Bombay, Ind ia.

M ountfort, L . F ., ‘ ‘ Claverings, ”  Montagu  
Rd., Edmonton, London, N . 9, England.

Mumford, G., Mrs., c/o A ctivated  Sludge, Ltd., 
100 V ic to ria  St., London, S .W . 1, England.

M yatt, H ., Sewage W orks, To ll End , Tipton, 
Staffs, England.

Parker, R . J . ,  c/o Geo. Ken t, Ltd ., Luton, 
Bedfordshire, England.

Pledger, A., “ G ra n ta ”  Camels Head, Wol- 
seley Rd., Plym outh, England.

Poole, S. B ., 11 Clive Ave., Dales Lane, Wliite- 
field, Manchester, England.

Price , D. H . A ., Sewage W orks, Roch Mills, 
Rochdale, Lancs., England.

Proctor, J .  W ., Sewage Disposal Works, 
Knostrop, Leeds, England.

Reynolds, A . V ., Sewage Farm , Blurton  
W aste, Longton, Staffs., England.

Ribbius, F .  J . ,  V an  Boetzelaerlaan 71, The 
Hague, Holland.

Scott, W ., Sewage W orks, Bu ry , Lanes., En g 
land.

Scouller, W . D., Sewage Disposal Works, 
Deighton, Huddersfield, England.

Sidle, R . S., H . M . Office of Works, Storey’s 
Gate, Westm inster, London, S .W . 1, En g 
land.

Smith, G. C., Sewage Works, Campbell Rd.,
. Swinton, Manchester, England.
Spacey, T., Sewage W orks, Harpenden, Herts, 

England.
Stanbridge, H . H ., Sewage W orks, Hook Rd., 

Epsom, Surrey, England.
Staynes, E .  H ., Sewage W orks, Mitchell 

Laithes, Dewsbury, England.
Stone, A . R., Stoke Farm , Stoke Bardolph, 

Nottingham, England.
Taylor, H., Stalybridge and Dukinfield Jo in t  

Sewage W orks, B rad ley  H irst, Dukinfield, 
England.

Taylor, H . W ., 1 Saville  Place, Neweastle-on- 
Tyne, England.

Taylor, Harold , Regal Chambers, Cavendish 
St., Chesterfield, England.

Taylor, J . ,  “ Langw ood”  Foxdenton Lane, 
Chadderton, Oldham, England.

Thompson, J .  T., Sewage W orks, Knostrop, 
Leeds, England.

Thornhill, S., Sewage W orks, Newbridge Lane, 
Old W h ittington, Chesterfield, England.

Townend, C. B ., W est Middlesex M a in  D rain 
age W orks, Isleworth, Middlesex, England.

W ard , A . R., Sewage W orks, Heathside Farm , 
Cheadle Heath, Stockport, England.
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Wardman, F .  L ., B road  Street Chambers, 44, 
Easy  Row, Birm ingham , England.

Watson, W ., Sewage Works, Dockfield, Sh ip 
ley, Yorks., England.

Waterhouse, A . G., c/o Peter Spence & Co., 
Ltd., N ational B ldg., St. M a ry ’s Parsonage, 
Manchester, England.

W eir, E . McG., 61 Colne Rd., Burnley, Lancs., 
England.

W ilkinson, F ., Red L io n  Farm , Norton Canes, 
Cannock, Staffs, England.

W ishart, J .  M ., “ S ilver L e a ,’ ’ L it t le  Sutton 
Rd., Four Oaks, Warwickshire, England. 

Wontner-Smith, H ., Sewage Works, Esholt 
H all, N . Shipley, Yorks., England.

W rig ley , Frank , County Medical Officer’s 
Dept., Shire H a ll, Nottingham, England.

T h e  Institution of S a n i t a r y  E n g i n e e r s — E n g l a n d

Mrs. E .  M . K e rry , Acting Secretary, 118 V icto ria  Street, Westminster, S. W . 1, England.

Alford, John  S., M . Inst., C. E ., F . I .  S. E., 
11, V icto ria  St., London, S .W . 1, England.

Armstrong, J .  D., A . I .  S. E ., Messrs. Trin idad  
Leaseholders, Ltd ., Pointe-A P ierre, T r in i
dad, B . W . I.

Ashby, E .  Ham ilton, E .  S. I., M . R . R . P .  H . 
H. M. I.  S. E ., 1 M itre Court Bldg., Inner 
Temple, London, E .C . 4, England.

Aslamidis, A ., F .  F .  Sco. A. M. I .  S. E ., 6 
Vernon Rd., Busliey, Herts., England.

Balsom, E .  V., A . M . I .  Mech. E ., F . I .  S. E ., 
100, V icto ria  St., London, S .W . 1, England.

Barclay, W . G., M . R. San. I. , M . I.  S. E ., 71 
Wensleydale Rd., Hampton, “ C arlis le ’ ’ 
Middlesex, England.

Behah, Zadik, A. I .  S. E ., 77 Russell St., Lo n 
don, W .C. 1, England.

Binding, C., M . S. I .  A., A . M . I .  S. E ., 11 
Burntwood Close, London, S .W . 18, E n g 
land.

Blizard, W . D., B . Sc., M . Inst., C. E ., F .  I. 
S. E ., Lansdowne House, Castle Lane, 
Southampton, England.

Brassey-Edwards, S., c/o Messrs. Ames Crosta 
Mills & Co., Ltd ., Abbey House, V icto ria  
St., London, S .W . 1, England.

Brown, W . Fillingham , B . Sc., A . M. I.  C. E ., 
M. I.  S. E ., Claxton, Copthorne Rd., Rick- 
mansworth, Herts., England.

Burnet, J .  G., A . M . I.  S. E . ,  Knox Manor, 
Knox St., Double B a y , Sydney, N . S. W ., 
Australia.

Clark, H . W ., Stud. Inst., C. E ., A . M . I.  M . 
& Cy., A. M . I .  S. E ., 16 Edison Rd., W e l
ling, Kent, England.

Collard, A. E . , 24 St. M a ry ’s Rd., Ea ling , 
London, W . 5, England.

Collier, H., Esq., A . M . I.  S. E ., A. R. San. I., 
Mena, Garstang Rd., Broughton, Near 
Preston, England.

Coombs, E .  P ., A . M. I .  S. E ., 2 V icto ria  Ave., 
Finchley, London, N . 3, England.

Cotterell, G. T., A . P .  I .  Cotterell & Son, 54 
V icto ria  St., Westminster, London, S .W . 1, 
England.

Davies, A . T., 16 Ja n  Smuts Ave., Parktown, 
Johannesburg, S. A frica .

Easdale, W . C., F . I .  S. E ., M . S. E ., 1 V ic 
toria St., London, S .W . 1, England.

E ly , E .  H ., B . Sc., Assoc. M. Inst., C. E ., 
A . M . I .  S. E . , 14 Spencer Rd., London, 
S .E . 24, England.

Fah , C. Thum, Stud. I .  S. E ., 778 Club Rd., 
Ipoh, F .  M . S., M alaya.

Farm er, J .  E ., A . M . I .  S. E ., 14 Homefleld 
Rd., W orth ing, Sussex, England.

Faulkner, T. G., 41 W antage Rd., Didcot, 
Berkshire, England.

Fraser, Francis Ernest, c/o Messrs. Dawson & 
Fraser, San. Engineers, Pretoria, S. A frica .

G illet, R. T., Chief A rch itect’s Division, H . M. 
Office of Works, S to rey ’s Gate, London, 
S .W . 1, England.

Gregory, L .  L ., Corporation Sewage Works, 
Salisbury, W ilshire, England.

Haworth, W . D., Assoc. M . I.  C. E ., M . S. E .,
A . M. I.  S. E ., St. Martins, Pwllgles, Mold 
Flintshire, Wales.

Hesford, L., M . R. San. I., F . I .  S. E., 
“ Dorian ,’ ’ Scalford Rd., Melton Mowbray, 
Leicestershire, England.

Hodges, H . E .  W ., M . R . San. I., A . M . I .  
S. E . , 13 Braundton Ave., Sidcup, Kent, 
England.

Hoskins, Nandy, M. S. E ., F .  I .  S. E ., 18 
Bolingbroke Grove, London, S .W . 11, E n g 
land.

Lawson, A. M., A. M. I .  S. E ., e/o Richard 
son & Cruddas, F irs t  Line, Beach, Madras, 
Ind ia.

McCrae, K . C., Stud. Inst., C. E ., A . M . I .  
S. E ., The Limes, W est Bergholt, Essex, 
England.

M artin , A rthur J . ,  108 St. Georges Square, 
London, S .W . 1, England. (Deceased.)
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Montes, Jose-Garcia, J r . ,  Avenida de Belg ica  
4, Habana, Cuba.

Moore, E .  Owen, c/o Messrs. John  Taylo r & 
Sons, Caxton House, Westminster, S .W . 1, 
England.

Munro, A . D., Pub lic  W orks Dept., P . O. Box  
3142, Johannesburg, 8. A frica .

M urray, A . E .  Scott, Barnfield, B ly the  Rd., 
Brom ley, Ken t, England.

Noguera, Gustavo S., C ivil Engineer, Apartado  
1509, Bogota, Columbia, S. America.

Porteous & Company, W . K ., Abbey House, 
V icto ria  House, Westm inster, London, S .W . 
1, England.

Renfrew , J .  Harvey, c/o Mrs. W . J .  Pullene- 
gagem, The Temple, Bam balap itiga, Co
lombo, Ceylon, Ind ia.

Sciver, A., 28 V ic to ria  St., London, S .W . 1, 
England.

Shete, V . G., P . O. Box 39, Poona, Ind ia.
Stanley, Stephen, A stra l Court, K ingsford , 

N . S. W . (Ra inbow  & W ill is  S ts .), Aus
tra lia .

Streeter, S. H ., Capt., “ Santasu, ”  W arren  
Rd., Guilford, Surrey, England.

Summers, M . W ., Assoc. M . Inst. C. E ., A . M. 
Inst. W . E ., F .  I .  S. E ., “ A r ra n ”  Broom  
W ay , Oatlands Pa rk , W eybridge, England.

Taylor, Godfrey M. C., M . C., M . Inst. C. E.,
F . I .  S. E . , Caxton House, Westminster, 
London, S .W . 1, England.

T igar, Leonard A ldridge, 105 Richmond Park  
Rd., Bournemouth, Hampshire, England.

W alker, P . S., The W innats, Castleton Drive, 
Banstead, Surrey, England.

W arren , L .  B ., A . M . I.  S. E ., St. George’s 
B ldg ., Chater Rd., Hong Kong, China.

W atson, David  M., 3 Central Bldgs., W est
minster, London, S .W . 1, England.

Wennholm, S. V ., “ Glendon,”  Rutland St., 
Kogarah, New  South W ales, Australia.

Westwood, H . W ., D. Sc. (E n g .) F .  R . S. A., 
Assoc. M . Inst. C. E ., A . I .  A . S., M . I. 
S. E ., 87 Egerton Pa rk , Rock Ferry , Chesh
ire, England.

W illiam s, G. Bransby, M . Inst. C. E ., F . I.  
S. E ., 28 V ic to ria  St., London, S .W . 1, En g 
land.

Young, C. H ., A . M . I .  S. E ., 7 H ale St., 
Ipoh, Fed . M a lay  States.
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N O N - A S S O C I A T I O N  S U B S C R I B E R S  T O  S E W A G E  
W O R K S  J O U R N A L  I N  T H E  U N I T E D  S T A T E S  

A S  O F  D E C E M B E R  3 1 ,  1940

Alabama

State Board of Health, Bureau of San ita 
tion, 519 Dexter Ave., Montgomery, A la.

Tenn. Coal, Iron  & R. R . Co., c/o M r. A. 
Clinton Decker, San itary  Engr., Birm- 
ham, Ala.

Arkansas

Arkansas State Board of Health, A tt. : M r. 
E . L . McDonald, State San. Engr., L ittle  
Rock, Ark.

University of Arkansas, General L ib ra ry , 
Fayetteville, Ark.

California

Stanford University, L ib ra ry , Stanford  
University, Calif.

Twining Laboratories, The, P . O. Box 1320, 
Fresno, Calif.

Colorado

Great Western Sugar Co., The, Technical 
L ib rary , P . O. Box 5308, Term inal Annex, 
Denver, Colo.

University of Colorado, L ib ra ry , Boulder, 
Colo.

Connecticut

Fuller & McClintock, Fairfie ld  Woods Rd., 
Fairfield, Conn.

General Medical L ib ra ry , Sterling H a ll of 
Medicine, 333 Cedar St., New Haven, 
Conn.

State Dept, of Health, 165 Capitol Ave., 
Hartford, Conn.

Wesleyan University, L ib ra ry , Middletown, 
Conn.

District of Columbia

George Washington University, L ib rary , 
2023 G. St., N .W ., Washington, D. C.

Sanborn, N . H ., National Canners Associa
tion, 1739 I I  St., N .W ., Washington, D. C.

Scientific L ib ra ry , Patent Office, Commerce 
Bldg., Washington, D. C.

U. S. Dept, of Agriculture, L ib ra ry , W ash 
ington, D. C.

Florida

Bureau of Agricu ltural Chemistry and E n g i
neering, U . S. Dept, of Agriculture, H . 
W . von Loesecke, U . S. Citrus Prod. S ta 
tion, Box 83, W in te r Haven, F la .

State Board  of Health, L ib ra ry , Jackson
ville, F la .

U n iversity of Florida, Un iversity L ib ra ry , 
Gainesville, F la .

Georgia

Ga. Dept, of Public Health, Rm. 149, State 
Capitol, A tt.: W . H . W e ir, Atlanta, Ga.

Wiedeman & Singleton, Inc., Box 1878, A t 
lanta, Ga.

Illinois

Armour College of Engineering, L ib ra ry , 
3300 Federal St., Chicago, 111., A tt .: Miss 
N ell Steele.

C lay Products Association, 111 W . W ash 
ington St., Chicago, 111.

Conover, George, The American C ity, D aily  
News Bldg., Chicago, 111.

Conquest, V ictor, Chemical Research Dept., 
Armour & Co., Union Stock Yards, Chi
cago, 111.

Cutler, Charles E ., 224 W . Washington St., 
Freeport, 111.

Greater Peoria San itary & Sewage Disposal 
District, F t . of Darst St., Peoria, 111.
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Atliens, Paris , 9e, France.

Germany

Bach, Dr. Herman, 9 Hewaldstr. Berlin- 
Schoenberg, Germany.

Bibliothek der Technischen Hochschule, 
Berlinerstr. 171-172, Berlin-Charlotten- 
burg 2, Germany.

Deutsche Chemische Gesellschaft, S ig is
mundstrasse 4, Berlin  W . 35, Germany.

Emschergenossenschaft, Postfach 219, K ro n 
prinzenstrasse No. 24, Essen, Germany.

Hirschwaidsche Buchhandlung, Unter den 
Linden 60, Berlin  N .W . 7, Germany.

Im hoff, Dr. K a r l,  Hansa-Haus, Essen, Ger
many.

Rohde, Herbert, Dr. Ing., Ruhryerband, 
Kronprinzenstrasse 37, Essen, Germany.

Ruhrverband, Kronprinzenstrasse 37, Essen, 
Germany.

Scheuring, Dr. L ., Bayer Biologische V er
suchsanstalt, Veterinarstr. 6, München 2, 
Germany.

Sierp, Dr. F ., Staatwald, Eichbenstr. 70, 
Essen, Germany.

Tierärztliches Institu t der Universität, 
Veterinarstrasse 6, München, Germany.

Holland

Dorr-Oliver, N . Y ., A t t . : C. A. Hoogterp, 
40 Wassenaarseheweg, The Hague, H o l
land.

Oostwoud W ijdenes, Ir .  J .  M . J .  W ., Alber- 
dingk Thijm laan 4, Bussum, Holland.
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Hungary

Kozponti Csatorna es Szivattyutelep, Go- 
roksari ut 31, Budapest I X ,  Hungary.

India

Apte, V . G., B .E .  (C iv i l) ,  D istrict Engr., 
W ater Supply & Dr. D istrict, Holkar 
State, Indore, Ind ia.

Dani, P .  P ., B .E . ,  Duncan, Stratton & Co.,
5 Bank  St., F o rt  Bombay, Ind ia.

Delhi Jo in t  W ater & Sewage Board, Engr.
6  Secretary, New Delhi, Ind ia .

Director, The, A ll Ind ian  Institu te of H y 
giene, San. Engineering Dept., Calcutta, 
Ind ia.

D ivisional Engineer, The, Maintenance D i
vision, Drainage Dept., Hyderabad, Dec
can, Ind ia.

Dyer, B r ian  R., 24 R a ja  Santosh Rd., Ali- 
pore, Calcutta, Ind ia.

K in g  Institu te, Director, Guindy, Saidapet, 
P . O. Madras, So. Ind ia.

Ko tw al, Y . N ., B .A ., B .S c .A .I.I.S c ., M an 
ager, Chemist, Sewage Purification Works, 
Tulsi, P ipe  Rd., Dadar, Bombay, Ind ia. 

Mehta, R . S., S tate Engr., Drainage Section, 
Bhavnagar, P .W .D ., Ind ia.

San itary  Engineer, Bureau of San. Engineer
ing Dept, of Pub lic  Health, Mysore State, 
Bangalore, Ind ia.

Ireland

U n ivers ity  College, The L ib ra ry , Period ical 
Dept., Cork, Ireland.

Italy

Bib lio teca Institu to  di San ita  Pubblica, 
Y ia le  Regina M argherita 299, Roma, Ita ly . 

Cambi, Ing . Franco, Piazza L .  D a  V in c i 7, 
Milano, Ita ly .

Dorr, O liver, S .A .I., Corso del L itto rio  3, 
Milano, Ita ly .

En te  Autonomo, Acquedotto Pugliese, Fog- 
gia, Ita ly .

N eri, F ilippo , P ro f., D irettore dell Institu to  
d ’igene e Batteria log ie dell R . Universita, 
V ia  S. Giacomo 12, Bologna, Ita ly .

Ufficio Technico Del Comune, di Livorno, 
Ita ly .

Japan

‘ ‘ Doboku ’ ’ Engineering College, Kyushu  
Im peria l Un iversity, Fukuoka, Japan .

Ford, J .  B ., c/o Sanki K .K .K . ,  Sanshin 
Bldg., H ib iyam , Tokyo, Japan .

‘ ‘ Gesui K a , ”  e/o Maruzen Co., Ltd., 
(B ran ch  Office) San jo  Dori, Kyoto, 
Japan .

G ifushi Suido Jim usho, The, M iedera Maehi, 
G ifu  Shi, Jap an .

Hirose, K ., P ro f., Dr., c/o Institu te  of C ivil 
Engineering (Doboku Kyosh itse ), F a c 
u lty of Engineering, Tokyo Im perial 
University, Hongo, Tokyo, Japan .

Ito , Sumio, 9 Kommatsu-cho 1 chome, 
Chikusaku, Nagoya, Japan .

Kosei Kagaku  Kenkyusho/M Z, Inst, of 
Pub lic  Health, Shirokane D ai Maehi, 
Shiba, Tokyo, Japan .

N agoya Shiyakusho, Shomubo Keirika, 
M inam i Sotobori Cho, N ishiku, Nagoya, 
Jap an .

Nankodo K yo to  Branch, Termaehi Oike, 
K yo to  C ity, Japan .

N iig a ta  U n ivers ity  of Medicine, The L i 
brary, N iigata , Jap an .

N ishihara, S., 12, 1 chome, Tamachi, Shiba- 
ku, Tokyo, Japan .

Nonaka, Hachiro, c/o M r. Ueda, No. 30, 
Miyazono-Dor, 5 chome Nakano-Ku, 
Tokyo, Japan .

Osaka Sh iritsu  E ise i Shikensho, The K ita  
Ohgimaehi K itaku , Osaka, Japan .

Shibata, Saburo, c/o Mikawashima-Osui- 
Shobunjo, Mikawashima-Machi, Arakawa- 
K u , Tokyo, Japan .

Suidobu, O. S., c/o Maruzen Co., Osaka 
Branch, Bakurom achi, Osaka, Japan . 

Suidobu Shomuka, The, c/o Maruzen Co., 
Kobe Branch, Akashimaehi, Kobe, Japan . 

Tairiku , Kagaku in , The, Toshoshitsu, Hsin- 
king, Manehoukuo.

Tanaka, A k ira , No. 301, Asagaya 3 chome, 
Suginami-ku, Tokyo, Jap an .

Yam anashi Koto  Kogyo Gakko, Yamanashi 
Technological College, K o fu , Yamanashi, 
Japan .

Yokohama W a te r W orks Office, Yokohama 
C ity  Office, Yokohama, Japan .

Yonemoto, S., Cons. Engr., Pub lic  Works  
Bureau  of Home Dept., 96 1 chome, 
Sugamomaclii, Tokyo, Japan .

New Zealand

Under-Secretary, The, Dept, o f In terna l A f 
fa irs, W ellington, New  Zealand.

Palestine

None.
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Portugal

Garcia, P a u l Ressano, R . Marquez da 
Fronteira  133-3-E, Portugal, Lisboa.

Prazeres, Agnelo C., 14—R, Joaquim  B o n i
facio, Lisbon, Portugal.

Romania

Institu tu l di Ig iene si Ig iena Sociala, Uni- 
versitatea din Cluj, C luj, Romania.

Russia

Arkhitekt, S tro it Ekspertn. Sowet, P L  
Ostrowskogo 7, Leningrad, U . S. S. R.

Below, P .  S., P ro f., N ow aja  Basmannaja, 
1-y, Basm anniy per 12, kw. 15, Moskva, 
U . S. S. R.

Centr. Naughnoj, Sei. Khoz, Bib-ke, Orlikov. 
per 1/11. Moskva, U . S. S. R.

Cent. Stro iteljn . B ib  K a , Bagazh. Moskva 
2, U . S. S. R.

Giprobum Tekhnich. Bib-ke, Institutsk. per 
5, Leningrad Lesnoje, U . S. S. R .

Gl. Pochtamt, Jaseh ik  939, Moskva, U . S. 
S. R .

Glav. Pochtamt, Pocht. Jaseh ik  500/1111, 
Moskva, U . S. S. R .

Glav. Pochtamt, Pocht. Jaseh ik 100, N . 21, 
Moskva, U . S. S. R .

Gorjkovsk. Obi. N . T. Bib-ke, Universitetsk  
ul 28, G o rjk ij, U . S. S. R.

Gos. Nauchnoj Medicinskoj Bib-ke, N K X ,  
S S S R , Sadovaja Kudrinska ja  N . 1, 
Moskva 69, U . S. S. R.

K h a r jk  Inzh. S tro it Inst. T. Bib-ke, Shati- 
lowka pr. S P  Lenina 2, K harjow , U . S. 
S. R.

Leningr. Nauch Issled Ins. Tut, Kommun. 
Khoz W A , P r .  Yolodarskogo N . 22, 2-J, 
E t  Leningrad 104, U . S. S. R.

Mosk. In-t Inzhen, Komm unaljn, Stroitel- 
jstwa, Tverskoj-Jam akoj per 17, Moskva, 
U. S. S. R.

Naughnoj, B ib lioteke Industria l Institu ta, 
ul. Prosveschenija N . 120, Novocherkassj, 
U. S. S. R.

Nautschnoi B ib-Ke Narkomtiash., Delovoi 
Dvor-IV , Podiesd. Moskva, U . S. S. R.

Tekhnich Bib-ke Centrospecstroja, Pokrovka  
37, Moskva, U . S. S. R.

Upraw l Stro iteljstw a, Dworea Sowetow, 
Tekhn. B ib-Ka, K ropotkinskaja Nab. 
45/1, Moskva, 19, U . S. S. R.

Vsesojuz Nauch. Issled Ins. Tut, Vodgeo 
Nauch Tekh. Bib-Ka., B . Kochki D .N . 17 
A, Moskva, 48, U . S. S. R.

Wses Institu tu  Kom m unaljn Sanitari, 
Pogodinskaja, U l  10, Moskva, 48, U . S. 
S. R.

Scotland

Babtie, Shaw & Morton, 17 Blythswood  
Square, Glasgow C. 2, Scotland.

Glasgow Corporation, C ity A n a lys t’s Dept., 
20 Trongate, Glasgow, Scotland.

Stephen, F .  M ., Esq., County Drainage E n 
gineer, 23, Clydesdale St., Ham ilton, 
Lanarkshire, Scotland.

Thomson, A. L ., Sewage W ks. M gr., H igh  
Rd., Motherwell, Lanarkshire, Scotland.

South America

Altoberro, J .  C., 2029 Charrúa St., Monte- 
video-Uruguay, S. America.

deFreitas, V a lle  Filho, J .  Dr., Rua Domin
gos de Moraes 300, Sao Paulo, Braz il, 
S. America.

Dempsey, W . T., c/o Colombian Petroleum  
Co., Apartado 100, Cueuta, Colombia, S. 
America.

Dirección de Saneamiento Sección Estudios, 
Soriano 882, Montevideo, Uruguay, S. 
America.

Dirección General de Aprovisionamiento del 
Estado, Casilla 24-D, Santiago, Chile, S. 
America.

Director del Departamento de H idráulica, 
Dirección General de Obras Publicas, 
Santiago, Chile, S. America.

Dorgival Olivera, Rué da Im peratriz 58, 
Recife, B raz il, S. America.

Ferreira, M ario  Lea l, Dr., Caixa Postal 
1280, R io  de Janeiro , B raz il, S. America.

Harmanos, Broquetas, Colonia 1133, Monte
video, Uruguay, S. America.

Ortiz, Pedro C., Calle 18-A, No. 1-75, B o 
gota, Colombia, S. America.

R io  de Jane iro  C ity  Improvements Co., 69 
Santa Luzia, Caixa 403, R io  de Janeiro , 
Braz il, S. America.

Rubio, Sr. L .  Pedro, Diagonal Norte 567, 
Buenos Aires, Argentina, S. America.

Sanazar, M irza, Calle Cordoba 1336, Buenos 
Aires, S. America.

Señores Caja  Habilacion Popular, Departa
mento Técnico, Sección Ingeniería, Avda
B . O ’H iggins 1489, Santiago, Chile, S. 
America.
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M unicipal Engineer, The, Sewerage Dept., 
M unicipal Offices, Singapore, S tra its  Set
tlements.

Sweden

Aktiebolager Noridska Bokhandeln, Drot- 
tinggatan 7, Stockholm, Sweden.

Boras Stads Byggnadskontor, Boras, Swe
den.

Byggnadskontoret, Norrkoping, Sweden.
K g l. Tekniska, Hoegskolans B ib lio tek  Yal- 

hallavaegen, Stockholm, Sweden.
Spak, D r. Hakan, Holm gatan, Karlskrona, 

Sweden.
Tillsynsm yndigliet, roronde Vattenfarore-  

ningar, Drottningholm, Sweden.
Vattenbyggndasbyran, A. B ., Humlegars- 

gatan 29, Stockholm, Sweden.

Straits Settlements Switzerland
Versuchsanstalt f. Wasserbau, E .  T. H., 

Beratungsstelle f. Abwasserreiugigung & 
Trinkwasserversorgung, Gloriastrasse 37, 
Zurich 7, Switzerland.

W aser, E ., P ro f. Dr., Kantonschemiker, 15 
Felirenstrasse, Zurich 7, Switzerland.

Turlcey

Robert College, L ib ra ry , Bebek, Istanbul, 
Turkey.

Wales

Unifloc Reagents Lim ited , 2/3 St. M a ry  St., 
Swansea, Wales.

Yugoslavia

Boreic, B .  Dr., Institu te o f Hygiene, Miro- 
gojska cesta 4—48, Zagreb, Jugoslavia.
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Abell, D. S. N orth  Carolina.
Abplanalp, C. C. Central States.
Abrams, M . F .  New  York.
Adams, Chas. L . Central States.
Adams, E .  H . Arizona.
Adams, F .  P .  Canada.
Adams, George O. New England.
Adams, J .  K . New  Jersey.
Adams, M ilton  P . M ichigan.
Adams, W . K .  California.
Aeryns, A. N . New. York.
Agar, Charles G. New York.
Agostinelli, Anthony J .  New  York. 
Ahrens, G. C. Iowa.
Albers, J .  C. California.
Albertson, J .  G. New York.
Alden, Town of. Iowa.
Aldrich, E .  I I .  New  York.
Aldrich, Lloyd. California.
Alexander, J .  D. Pennsylvania.
Alford, John  S. England  ( I .  S. E . ) .  
Algonquin, V illage of. Central States. 
Allen, A. F .  New York.
Allen, A. J .  Eng land  ( I .  S. P . ) .
Allen, F . W . England ( I .  S. P . ) .
Allen, Herbert B .  New England.
Allen, Wm . A. California.
Allen, W illiam  G. Central States.
Allison, T. H . Pennsylvania.
Allton, Robert A . Ohio.
Almquist, Frederick O. A. New England. 
Alsdorf, W illiam  R . New York.
Althouse, Raymond R . New York.
Amend, J .  E .  Rocky Mountain.
American Cast Iron  P ipe Co. California. 
American W e ll W orks Inc. New York. 
Anaya, M arvin . California.
Andersen, C. George. New York. 
Anderson, A rthur W . New York. 
Anderson, C. S. Canada.
Anderson, Geo. H . Central States. 
Anderson, Herbert A. Central States. 
Anderson, Herb. M ichigan.
Anderson, Newell. Central States. 
Anderson, Norval E .  Central States. 
Anderson, R. A. M ichigan.
Anderson, S. P . New  York.
Anderson, W . R . Pennsylvania.
Andres, W illiam  I I .  New York.
Andrews, H a rry  S. New  York.
Andrews, John . North Carolina.
Angell, J .  M., J r .  New York.
Appel, A lv in  Arthur. California.
Arbogast, Joseph. Central States.
Arford, W m . Central States.
Armeling, Geo. K . Maryland-Delaware. 
Armstrong, C. G. R. Canada.
Armstrong, F rank  W . New  York.

Armstrong, J .  D. England ( I .  S. E . ) .  
Armstrong, Pau l A . Pennsylvania.
Arner, Charles R . Central States.
Arnold, G. E .  California.
Artese, Ph ilip . New York.
Artist, L . J .  Eng land ( I .  S. P . ) .
Asch, Abram  B . New York.
Ashby, E .  Ham ilton. England ( I .  S. E . ) .  
Ashby, Pau l. Central States.
Ashdown, W . L .  Central States.
Ashe, John  F . New York.
Ashley, Clifford A . Central States. 
Aslamidis, A. F .  England ( I .  S. E . ) .  
Atkinson, Asher. New Jersey.
Austin, R . J .  Central States.
Avery, J .  W . Ohio.

Babb itt, I I .  E .  Central States.
Babe, W . E .  Canada.
Bachmann, Frank . New  York.
Backherms, A . B . Ohio.
Backherms, Louis E .  Ohio.
Baekmeyer, David. Central States. 
Badger, Ir v in  S. New York.
Baetz, C. C. Central States.
Ba iley , S. C. Pennsylvania.
Ba illie , E .  P . Central States.
Ba in , Ernest B . North Carolina. 
Bainbridge, David  W . Pennsylvania. 
Ba ird , Charles O., J r .  New England. 
Ba ird , E .  M . Canada.
B a ity , H . G. North Carolina.
Baker, C. M . Central States.
Baker, Roy. New York.
Baker, Stanley L .  Iowa.
Baldw in, C. W . New England.
B a lfo u r & Sons. England ( I .  S. P . ) .
B a ll, F rank  C. Canada.
Balm er, Robert R., J r .  New England. 
Balsom, E .  V . England ( I .  S. E . ) .  
Bam ford, J .  H . Pacific Northwest.
Banks, H . O. California.
Banta , A. Perry . California.
Barasch, W illiam . New York.
Barbeito, A rturo Auderut. Argentina. 
Barbour, F rank  A . New  England. 
Barclay , W . G. England ( I .  S. E . ) .  
Bardet, P au l E . New York.
Bardoff, Ju lian  L., J r .  California.
Barker, A . England ( I .  S. P . ) .
Barker, Stanley T. New York.
Barnard , Archer F .  California.
Barnes, George E .  Ohio.
Barnes, L . B . Ohio.
Barnes, L .  T. Central States.
Barnes, Robert J .  New York.
Barnett, G. R. Central States.
Barney, J .  W . Pacifie.

441
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Barnh ill, John  T. Central States. 
Barnh ill, Kenneth G. New  York. 
Barraclough, D. H . Eng land  ( I .  S. P . ) .  
Ba rrick , M . J .  Pennsylvania.
Barron, Jam es L . New  York.
Barstow , E .  D. Ohio.
Ba rth , Joh n  R . Central States.
Barth low , C. L .  Pacific.
Barton , Ben  H . Ohio.
Bartow , Edw ard . Iowa.
Bartow , Leslie W . Ohio.
Bass, Frederic. Central States. 
Batchelor, W . Central States.
Bates, Joh n  S. California.
Bates, R . D. New  York .
B a tty , F .  A . California.
B a ty , J .  Bernard. Canada.
Bauer, H enry  W . New  England.
Baugh, Charles. California.
Baugh, W . L ., J r .  Texas.
Baum gartner, W m . H . N ew  York. 
Baum , H . J .  Pennsylvania.
Bavone, A . L .  Dakota.
Baxter, R ichard M . Central States. 
B aylis , John  R . Central States.
Bean, Geo. E .  M ichigan.
Bear, E .  J .  New  Jersey.
Beatty , E .  J .  Central States.
Beaudoin, Robert E .  Central States. 
Beck, A . J .  Central States.
Becker, John . New  York.
Becker, Ph ilip  G., J r .  Texas.
Beckett, R . C. Pennsylvania.
Bedell, A . S. New  York .
Behah, Zadik. Eng land  ( I .  S. E . ) .  
Behnke, George C. Ohio.
B e ll, E .  A rthur. N ew  York.
B e ll, H . D. England ( I .  S. P . ) .
B e lt, E lm er B .  California.
Benas, Ben jam in . California.
Bender, D w ight O. Central States. 
Benford , W illiam  R . N ew  England. 
Bennett, S. G. California.
Benson, R . W . Central States.
Berg , E .  J .  M . Texas.
Berg , Stan ley E .  N ew  York .
Berke, J .  H . Central States.
Bernauer, George F .  Central States. 
Bernhardt, Carl J .  New  York.
B e rry , A . E .  Canada.
B e rry , C. Radford . Federal.
B e rry , George A . Central States.
Be rry , S. C. Dakota.
Bersten, M urray. N ew  York .
Besozzi, Leo. Central States. 
Besselievre, Edm und B . N ew  York. 
Best, Robert B .  New  York.
Besthoff, Silas. N ew  York .
Beswiek, G. Eng land  ( I .  S. P . ) .
Bevan, Jo h n  G. N ew  York .
Beyer, A. C. California.
Bibelhausen, L .  A . Federal.
B idw e ll, M ilton  H . New  York .

B ie le , F .  J .  New  York.
B ie th , Robert. Canada.
B illings, C. H . Texas.
B ind ing , C. Eng land  ( I .  S. E . ) .
B inger, W a lte r  D . N ew  York .
B ing ley, W . M cLean. Maryland-Delaware. 
B ird , T. A . Canada.
B irdsa ll, L .  I .  Central States.
Birkeness, O. L .  Central States.
Bishop, H . N . California.
Bishop, M arshall H . N ew  York .
B je la jae , Vaso. Central States.
B lack , Hayse H . Central States.
B la ck  & Yeateh. Central States.
Blanchard, H . E .  Ohio.
Blezard, J .  Pacific.
B lizard , W . E .  Eng land  ( I .  S. E . ) .  
Bloodgood, Donald E .  Central States. 
Blosser, D. S. Ohio.
Board  of W ater, L ig h t & Sewer Commis

sioners. New  York.
Boardm an, John. Pennsylvania.
Boardm an, W m . Hunter, J r .  Pennsylvania. 
Boeke, H arle y  C. Central States.
Bogardus, Theodore S. Pennsylvania. 
Bogema, M arvin . Central States.
Bogert, C. L .  N ew  York .
Bogren, George G. New  England.
Bolde, Abraham  C. N ew  England.
Bolenius, Robert M . Pennsylvania.
Bo ley, A rthu r L .  Central States.
Bolieau, C lifton  W . N ew  England.
Bolton, J .  F .  Eng land  ( I .  S. P . ) .
Bonacci, L .  N . New  Jersey.
Bond, Ph ilip  E .  N ew  England.
Booker, W arren  H . N orth  Carolina.
Boone, George H . Pennsylvania.
Borchelt, T . C. Central States.
Boreiszo, J .  New  Jersey.
Borough, Reuben W . California.
Bowe, Thomas F .  N ew  York.
Bowen, M . R . California.
Bowers, Samuel W . New  England.
Bowers, T . C. M ichigan.
Bow ler, Edm ond W esley. New England. 
Bowlus, F red  D. California.
Bowness, G. W . Canada.
Bow , W ilson  F .  Pacific.
Boxall, F .  G. California.
Boyce, Earnest. Kansas.
Boyce, Ralph  E .  N ew  York .
Boyd, J .  W . M ichigan.
Boyer, J .  A . Kansas.
Boyle, J .  R . Lester. California.
Bradlee, W arren  R . N ew  England.
Brad ley, H aro ld  D. Canada.
Brad ley , Jo h n  L .  N ew  York .
Bradner, B a s il E .  N ew  York .
Bradney, Leland. Central States.
Bradshaw, W . L . Ohio.
B ragg , Robert E .  Central States.
Bragstad, R . E .  Dakota, Central States. 
Brakenridge, Charles. Canada.
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Brallie r, P a u l S. New  York.
Brannock, D. York . North  Carolina. 
Brassey-Edwards, S. England ( I .  S. E . ) .  
Brender, M ax M . New York.
Brensley, A. A. Central States.
Brereton, W . P . Canada.
Breuchaud, Ju les  R . N ew  York.
Bridges, F .  B . Missouri.
Briggs, O. L ., Sr. North Carolina.
Brigham, Harold  L .  New England.
Brigham, John  C., J r .  New  York.
Brigham, J .  C. New York.
Briggs, Raymond J .  Pacific  Northwest.
Britt, C. E . Ohio.
Brockman, C. J .  Georgia.
Broderick, Joseph A . New York.
Brody, Jam es. Central States.
Broestl, Andrew J .  Ohio.
Brook, H arry . Central States.
Brookman, H . R . California.
Brooks, John  H ., J r .  New  England.
Brower, James. Central States.
Brower, J .  Singleton. New York.
Brown, C. U . M ichigan.
Brown, Edw ard  J .  New York.
Brown, George L .  Central States.
Brown, Glen V . Pennsylvania.
Brown, Ike F .  Arizona.
Brown, John  L., J r .  North Carolina.
Brown, Kenneth W . California.
Brown, R . F .  California.
Brown, W . F illingham . England ( I .  S. E . ) .  
Browne, F loyd  G. Ohio, Central States. 
Bruden, C. O. Central States.
Brule, Abundius A. New England. 
Brumbaugh, W . V . New  York, Pennsylvania. 
Brumm, Allen S. Michigan.
Brunner, Pau l L . Central States.
Bryant, C. T. Ohio.
Bryant, H . M . New  England.
Bryce, W . F .  M . Canada.
Buchholz, Richard. Central States.
Buck, George H . New  York.
Buck H ill F a lls  Co. Pennsylvania.
Buck, Robinson D. New  England.
Buck, W . H . Dakota.
Budd, Chester B . Ohio.
Bugbee, Ju liu s  W . New England.
Bugbee, Raymond C. New England. 
Bumstead, John  C. New  York.
Bunger, Fred  C. Central States.
Bunker, F .  L . N orth  Carolina.
Burack, W . D. New  Jersey.
Burchard, Edw in  Day. North Carolina. 
Burezak, W illiam  J .  New York.
Burden, H a rry  P . New  England.
Burdoin, A llen J .  New England.
Burger, A . A . Ohio.
Burgeson, J .  H . Central States.
Burgess, Harold. New  York.
Burlingame, Hitchcock & Estabrook. Central 

States.
Burnet, J .  G. Eng land  ( I .  S. E . ) .

Burnett, A . H . Canada.
Burnett, J .  A . Canada.
Burnite, T. B .  Rocky Mountain.
Burnside, Lew is E .  Pennsylvania.
Burnson, B la ir  I .  California.
Burns & McDonnell. Kansas.
Bu rr, George H . New York.
Bu rr, R . S. New England.
Burre ll, Robert. New  England.
Burrin , Thomas J .  Central States.
Bushee, Ralph J .  Central States.
Bush, Bernard S. Pennsylvania.
Butler, A . D. Pacific Northwest.
Butler, Emmet. M ichigan.
Butterfield, C. T. Federal.
Byb le, Duane. New  York.
Byram , A rthur T. Canada.
Byxbee, J .  F .  California.

Caccia, P io . Central States.
Caine, Richard. Iowa.
Caird, Jam es M. New York.
Caldwell, David H . Central States.
Caldwell, H . L . Central States.
Calderara Orall J .  New  England.
California Corrugated Culvert Co. California. 
California Packing Corporation. California. 
Calkins, L y le  W . Ohio 
Callen, Lo y  A . Central States.
Calvert, A . England ( I .  S. P . ) .
Calvert, C. K .  Central States.
Cameron, A . B . Ohio.
Cameron, Geo. New Jersey.
Camp, Thomas R . New England.
Campbell, A rthu r T. New England. 
Campbell, H a rry  M. Central States. 
Campbell, John. Pennsylvania.
Campbell, J .  L .  England ( I .  S. P . ) .  
Campbell, M . S. Pacific Northwest. 
Campbell, W m ., J r .  New Jersey.
Capalbo, James. New Jersey.
Capen, Charles H ., J r .  New York.
Carbone, Edw ard  A . New York.
Cardwell, Edw ard  C. Central States.
Carey, Jam es L .  New York.
Carey, W m . N . Central States.
Carl, Charles E .  Dakota.
Carlson, H . R . Federal 
Carmichael, David W . New York.
Carnahan, Charles T. Federal.
Carney, George. Michigan.
Carollo, John. Arizona.
Carpenter, Carl B . Central States.
Carpenter, George D. New  York.
Carpenter, H a rry  C. New  York.
Carpenter, Howard F . New England. 
Carpenter, J .  D. Pennsylvania.
Carpenter, W illiam  T. New York.
Carrique, Carlos S. Argentine.
Carson, Caryl. New England.
Carter Co., Ralph B . New York.
Cary, W illis  E .  New England.
Case School of Applied Science. Ohio.
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Casey, C ity  of. Central States.
Casey, John  J .  California.
Casey, W illiam . Canada.
Castello, W . O. California.
Caster, A rthur. Central States.
Castro A . J . ,  J r .  California.
Cederberg, C. R . Rocky Mountain.
Ceriat, Eugene. California.
Cerny, P a u l J .  New York.
Chambers, Cecil W . Federal.
Chamberlain, L .  H . Central States. 
Chamberlin, Noel S. New  Jersey. 
Chamberlain, W m . T. New  York. 
Chambersburg, Boro of. Pennsylvania. 
Chapman, Clarke. California.
Charlton, David. Pacific  Northwest.
Chase, E .  Sherman, New  York , N ew  Jersey. 
Chase, H . W . Pacific  Northwest.
Clieadle, W ilfo rd  G. Central States. 
Chiarolla, F ran k  Y . California.
Chicago Pum p Company. N ew  York. 
Chisholm, Colin B . N ew  York.
Christian, Jam es B . New  York.
Cipriano, Anthony G. New  York.
Clapp, M ilton  J r .  North  Carolina.
Clare, H . C. Pacific  Northwest.
Clark, E .  S. Central States.
Clark, H . W . Eng land  ( I .  S. E . ) .
Clark, H . W . N ew  England.
Clark, John  A . California.
Clark, J .  C. California.
Clark, L .  K .  Dakota.
Clark, M . S. Central States.
Clark, Robert N . New  York.
Clarke, V . B .  New  England.
Cleary, Edw ard  J .  N ew  Jersey.
Cleland, Ralph  R . Pennsylvania.
Clement, R . C. Maryland-Delaware.
Clementi, P a u l T. New  York.
Clements, P a u l N . California.
Cleveland, E .  A . Canada.
Cliff, D. P . Canada.
Clifford, W . Eng land  ( I .  S. P . ) .
C lift, M . A . New York.
Clodfelter, Howard T. Central States. 
Clouser, L .  H . Pennsylvania.
Clover, I .  N . Ohio.
Cloyes, W . J .  Pacific  Northwest.
Clubb, W illiam  C. Pacific  Northwest.
Coates, Joh n  J .  New  York.
Cobb, Ed w in  B . New  England.
Coberly, Carroll H . Rocky Mountain. 
Coblentz, J .  M . Iowa.
Coburn, S. E .  New  England.
Cochrane, W . F .  South Dakota.
Coekroft, T. N . England. ( I .  S. P . ) .  
Cohen, Stuart. Federal.
Cohn, M orris M . N ew  York , Central States. 
Cole, Charles W . Central States.
Cole, E .  Shaw. New  York.
Colitz, M ichael J .  Pennsylvania.
Collard, A . E .  Eng land  ( I .  S. E . ) .
Collier, H . Eng land  ( I .  S. E . ) .

Collier, Jam es. Ohio.
Collins, A . Preston. California.
Collins, W . D . Federal.
Collins, W . H . Canada.
Collyer, Joseph C. N ew  York.
Combs, Harold  F .  Central States.
Compton, C. R . California.
Comstock, W a lte r C. N ew  York .
Conger, Charles C. California.
Conklin, Chester A . New7 York .
Connell, C. H . Texas.
Consoer, A rthu r W . Central States.
Cook, Horace J .  N ew  England.
Cook, Lawrence H . California.
Cook, M ax E .  California.
Cook, Rodney E .  New  York .
Cooke, P . N . Canada.
Cooley, E .  C. California.
Coombs, E .  P . Eng land  ( I .  S. E . )  
Copeland, W illiam  R . N ew  England. 
Copley, Charles H . N ew  England.
Copple, Isaac, Pennsylvania.
Corbett, W a lte r E .  New  England.
Cordell, M iss Mona. N ew  York.
Corey, R . H . Pacific  Northwest.
Cornilsen, C. K .  Central States.
Corr, R a y  H . Central States.
Corrao, Joseph. California.
Corrington, C. E .  Central States. 
Corrington, K ingsley. Central States. 
Corson, B . I .  New  Jersey.
Corson, H . C. M ichigan.
Cortelyou, H . P .  California.
Costello, John  J .  New  York.
Cotterell, G. T. Eng land  ( I .  S. E . ) .  
Cotton, H a r ry  E .  Central States.
Cottrell, H . S. New York.
Cousineau, A . Canada.
Covill, R , W . Eng land  ( I .  S. P . ) .
Cowell, John  E ., New  York.
Cowing, Roy T. Central States.
Cowles, M. W . New  Jersey.
Cox, C. R . New  York.
Coy, A rthu r H . N ew  England.
Coy, Burgis. Rocky Mountain.
Craemer, George H . N ew  England.
Craig, Clifford. Central States.
Craig, Robt. H . Pennsylvania.
Craig, W . A llan. New  England.
Crane, H . R . California.
Crask, Rex. Central States.
Craun, J .  M . Ohio.
Crawford, H . V . New  York.
Crawn, R . D. M ichigan.
Creears, T. H . California.
Critser, W . H . Ohio.
Crockett, V . P . Texas.
Crohurst, H a r ry  R . Federal.
Croll, J .  B .  Eng land  ( I .  S. P . ) .
Cromer, Ly le . California.
Cromwell, Edw ard  C. Maryland-Delaware. 
Croom, Thomas G. M ichigan.
Cropsey, W . H . Central States.
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Cullison, Eugene F . New York.
Culp, K in g . Pacifie Northwest.
Cummings, G. J .  California.
Cummins, W a lte r. Ohio.
Cunningham, A . C. New  England. 
Cunningham, H . L . Pennsylvania. 
Cunningham, Jo h n  W . Pacific  Northwest. 
Curfew, L .  S. California.
Currie, C. H . Iowa.
Currie, David H . California.
Currie, F ran k  S. California.
Cushing, Robert. Arizona.
Cushman, S. P .  Central States.
Cutler, Charles E .  Central States.
Cutting, M erritt E .  New England.
Cyr, Rene. Canada.

Dallavia, Louis. Central States.
Damon, Nelson A . New England.
Damon, W ayne F .  New England.
Damoose, N . G. Michigan.
Daniels, F . E .  Pennsylvania.
Dappert, Anselmo F .  New York.
Darby, George M. New England.
Darby, W . A. New England.
Darling, E .  H . Canada.
Darling, Fred  A . New England.
Darling, Orrin M . Central States.
Darnell, F . M . California.
Davey, H . W . California.
Davids, E .  M . California.
Davidson, F .  G. New  York.
Davidson & Fulmor. California'.
Davidson, Ph ilip . Central States.
Davis, Charles A . Rocky Mountain.
Davis, E .  Watson. Pennsylvania.
Davis, H . F .  North Carolina.
Davis, J .  H . Pacific  Northwest.
Davis, P .  D. North Carolina.
Davis, W a lte r S. New York.
Dawson, F .  M . Central States.
Dawson, La fayette  W in. Pennsylvania. 
Dawson, Thomas T. Pennsylvania.
Dayton, A lfred  E . New  York.
Deberard, W . W . Central States.
Debrito, Jr . ,  F . Saturnino. New York. 
Debrun, John  W ., J r .  Central States. 
Dechant, F .  D . Pennsylvania.
Deeker, E .  P . New Jersey.
Decker, W alter. Central States.
Deckert, Christ. Central States.
Degroat, F rank  N . New  York.
Dehaas, Nicholas. New England.
Dehooge, Bernard  A . Michigan. 
Dejarnette, N . M . Georgia.
Delano, Huntley. M ichigan.
De Leon, Gregorio. California.
Deleuw, C. E .  Central States.
Demartini, F rank  E .  Federal.
Deming, Harold A . New York.
Demunn, E .  M . New York.
Denise, W m . D. New  York.
Denison, W . R . Arizona.

Dennis, C. E .  New York.
Depoy, A . G. Central States.
Derby, R a y  L . California.
Desmarais, R . J .  Canada.
Des Moines, C ity of. Iowa.
Deucliler, W a lte r E .  Central States. 
Devendorff, Ea r l. New York.
Devoe, Kerm it. New Jersey.
Diamond A lka li Co. Central States.
Dick, Robert. Central States.
Dickman, Dorian H . Michigan.
Dickson, D. B . Texas.
Dickson, Harvey. Michigan.
Dickson, W . K . North Carolina.
Dieffendorf, Fred  G. Pennsylvania.
Diehl, H . B . New York.
Dietrich, Pau l. Central States.
Dietz, Jess C. Central States.
Dietz, John. Central States.
Dilles, P a u l F . New York.
Dion, Clarence K .  New England.
Disario, G. M . New England.
Dixon, C. S. Central States.
Dixon, G. Gale. Ohio.
Doane, E rce ll J .  M ichigan.
Doan, Norman D. North Carolina.
Dobson, W illiam  T. New  York  .
Dobstaff, Robert, J r .  New  York.
Dobstaff, Robert W ., Sr. New York.
Dodge, H . P . Michigan.
Dodson, Roy E ., J r .  California.
Doerr, E a r l.  Dakota.
Doggett, F .  G. North Carolina.
Dolomite Products Co. New York.
Doman, Joseph. New York.
Domke, L . C. Central States.
Dommes, S id  F .  California.
Domogalla, Bernhard. Central States. 
Donaldson, Wellington. New York.
Donnell, Geo. M. Rocky Mountain.
Donohue, Je rry . Central States.
Doonan, R. E .  Iowa.
Dopmeyer, A . L . Federal.
Dornbush, Don. Michigan.
Dorr, Company, Inc., The. Rocky Mountain. 
Dorr, Fred  M. Michigan.
Doubleday, Arnold R. Central States. 
Dougherty, Jam es E ., J r .  New York. 
Dougherty, Richard J .  New  York.
Douglass, R. M. Pennsylvania.
Dowd, Ira . Michigan.
Downer, Wm . J .  Central States.
Downes, John R. New York.
Doyle, Thomas J .  Michigan.
Drake, Jam es A . Central States.
Dresselt, Edw ard  L . New  York.
Drexel, Frederick. New York.
Driscoll, Timothy J .  New York.
Drummond, A . H . England ( I .  S. P . )
Duane, John M . New York.
Dudley, Charles E .  Central States.
Duerr, A rlie. Ohio.
Dufficy, F rank  J .  New York.
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Duffy, John  J .  New  York.
Dumonte, Robert. Ohio.
Duncan, Roland F .  California.
Dundas, W m . A . Central States.
Dunnam, Herman. Arizona.
Dunne, E .  R . New  York.
Dunstan, G ilbert H . California.
Durand, Ed w in  M. M ichigan.
Durham W a te r Dept. N orth  Carolina. 
Durrant, W . K .  F . Canada.
D uvall, A rndt J .  Central States.
Duxbury, S. Eng land  ( I .  S. P . ) .
Duy, C. Central States.
Dyckman, W arren  W . New  York.
Dye, E lm er E .  Iowa.
Dyer, Samuel. New  England.

Eager, Vernon. New  York.
E a r ly , F red  J . ,  J r .  California.
E a r ly , M art. Pacific  Northwest.
Easdale, W . C. Eng land  ( I .  S. E . ) .  
Eastburn, W . H . Pennsylvania.
Eastm an, T. F .  California.
Ebaugh, G. M . Central States.
Ebert, R . E .  North  Carolina.
Ecusta Paper Corp. North  Carolina.
Eddy, Harrison P ., J r .  New England.
Edge, L .  C. Georgia.
Edgecomb, George. M ichigan.
Edgehoffer, A lbert. New York.
Edgerley, Edw ard. Pennsylvania.
Edinger, H a r ry  F .  New  York.
Edmonds, W . R . Canada.
Edmondson, J .  H . Eng land  ( I .  S. P . ) .  
Edw ard , W illiam  L .  New York.
Edwards, B .  E .  Iowa.
Edwards, G a il P .  New  York.
Edwards, H . L .  California.
Egan , J .  H . California.
Eggert, E .  G. Georgia.
Eh le, V irg il. New York.
Eh ler, John  A . New York.
Ehlers, Ralph  B . M ichigan.
E ich , H enry  F .  New  York.
Eldridge, E .  F .  M ichigan.
Electro  Refractories & A lloys Corp. New  

York.
Eliassen, R o lf. New  York.
E llinger, Morris. California.
E llio t , S. F .  Rocky Mountain.
E llis , A lbert. Central States.
E llis , Norman T. M ichigan.
Ellm s, J .  W . Ohio.
E llsworth, Samuel M . New  England.
E ly ,  E .  H . England ( I .  S. E . ) .
Emerson, C. A . Pennsylvania.
Em igh, W illiam  C. Pennsylvania.
Englewood Sewerage Company. New  Jersey. 
English, C. C. Ohio.
English, Jam es A . North  Carolina.
English, W . B . Georgia.
Enloe, V . P .  Georgia.

Enoch P ra tt  F ree  L ib ra ry . Maryland-Dela- 
ware.

Enslow, L . H . New  York.
Ep ier, J .  E .  Central States.
Epp ley, Robert G. Pennsylvania.
Epstein, Harold. New  York .
Erd le, Gardner F .  New York.
Erdw urm , Em il. N ew  York.
Erickson, Carl V . Central States.
Erickson, U n a  H . California.
Eriksen, Arne. Pacific  Northwest.
Erzen, C. A . Central States.
Etheridge, W . Eng land  ( I .  S. P . ) .
Ettinger, M . B . Federal.
Eustanee, A rthu r W . N ew  York.
Eustance, H a r ry  W . N ew  York .
Evans, D avid  A . Pennsylvania.
Evans, F .  M . N ew  Jersey.
Evans, R . W . Central States.
Evans, S. C. Eng land  ( I .  S. P . ) .
Evans, W m . J .  North  Carolina.
Evansky, F ra n k  J .  N ew  York .
Everson, M fg . Co. Central States.,
Everts, C. M., J r .  Pacific  Northwest.
Everts, W . S. California.

Faber, H a r ry  A . New  York.
Faccin ia , F rank . California.
Fah , C. Thum. Eng land  ( I .  S. E . ) .
F a ir , Gordon M . New  England, New  York. 
Fairbanks, E .  G. California.
Fairfie ld  State Hospital. New  England. 
Fales, Alm on L .  New  England.
Falls , O. M . Canada.
Fargo  Engineering Co. M ichigan.
Farm er, J .  E .  Eng land  ( I .  S. E . ) .
Farnham , A rthu r B . N ew  England. 
Farnsworth, George L ., J r .  Central States. 
Farran t, Jam es. New  Jersey.
Fa rra r, J .  H . California.
Fa rre ll, Eugene J .  N ew  York.
F a rre ll, M ichael. New  York.
Farries, Gerald E .  Central States.
Fassnacht, George G. N ew  York.
Faulkner, T . G. Eng land  ( I .  S. E . ) .
Feltz, F red  C. Central States.
Fenaughty, Thomas. New York.
Fenger, J .  W . New York.
Fenton, Joh n  V . New  York.
Ferebee, Jam es L .  Central States.
Ferguson, G. H . Canada.
Ferguson, Gerald. New  Jersey.
Fernandez, Joh n  U . N ew  York.
Ferris, Jam es E .  New York.
F id ler, G. C. Eng land  ( I .  S. P . ) .
F ie ld , W . T. New  York .
Finch, J .  Eng land  ( I .  S. P . ) .
F inch, Lew is S. Central States.
F inck , G. E .  Maryland-Delaware.
F irth , E .  W . N ew  York .
Fischer, Anthony J .  N ew  York.
Fischer, Ph ilip  C. New  York .
Fiscus, A . E .  California.
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Fishbeck, Kenneth. M ichigan.
Fisher, Homer C. Central States. 
Fisher, F .  P . Ohio.
Fisher, L . M . Federal.
F itch , T. A . California.
Fitzgerald, J .  A . New York. 
Fitzgerald, J .  E ., J r .  New England. 
Fitzsimons, R ichard H . New  York. 
Five, Helge. New York.
Flanagan, Jr . ,  Joseph E .  Federal. 
Fleet, Gerald A . N ew  York.
Fleming, M . C. Pennsylvania.
Fleming, P a u l V . N ew  England. 
Flickinger, L loyd  H . Central States. 
Flood, F ra n k  L .  New  England. 
Flower, G. E .  Ohio.
Flowers, E .  England ( I .  S. P . ) .
Foley, W illiam  M. New York.
Follett, E l i .  Arizona.
Fontenelli, Louis. New  Jersey.
Foote, Kenneth E .  New England. 
Forbes, A lbert F .  New York.
Ford, Curry E .  Ohio.
Ford, Robert. Central States.
Foreman, Merle S. California. 
Forsbeck, C. D. Paeifie Northwest. 
Forsberg, Ole. Central States.
Forster, M . H . New  York.
Fort, Ed w in  J .  New  York. 
Fortenbaugh, J .  W arren. New  York. 
Forton, R . G. M ichigan.
Foster, Herbert B., J r .  California. 
Foster, Norman. Pennsylvania.
Foster, W illiam  Floyd. California. 
Fowler, G. England ( I .  S. P . ) .  
Francis Ilan k in  & Co., L td . Canada. 
Francis, Geo. W . Michigan.
Frank, Leslie C. Federal.
Franklin , W . M. North Carolina.
Franzozo, Anthony. New  Jersey. 
Fraschina, Keeno. California.
Fraser, Charles E .  Canada.
Fraw ley, Daniel. New York.
Frazier, R. W . Central States. 
Fredson, Anthony. Central States. 
Freeborn, W . F .  Eng land  ( I .  S. P . ) .
Freeburn, H . M . Pennsylvania.
Freeland, B . H . Central States. 
Freeman, A . B .  Federal.
French, R . Del. Canada.
Frenchman, J .  L .  New Jersey. 
Frerking, A . G. Kansas.
Freund, J .  P . Pennsylvania.
Frick, A . L . California.
Frick, Edw ard  J .  Ohio.
Frickstad, W a lte r N . California.
Frie l, F .  S. Pennsylvania.
Frisk, Pau l W . North Carolina.
F rith , G ilbert R. Georgia.
Froehde, F .  C. California.
Fuchs, A . W . Federal.
Fuhrm an, Ralph  E .  Federal.
Fu ller, Andrew J .  New York.

Fu ller, N . M. New York.
Fulmer, F . B .  California.
Fulm er, F rank  E .  Central States.
Fulton, E .  A. Central States.
Funk, John  B . Maryland-Delaware.
Furphy, H . G. England ( I .  S. P . ) .

Gadomski, A lbert J .  New Jersey.
Gahagan, H . B .  M ichigan.
Gail, A . L . Central States.
Galata, R ichard L . New York.
Ganshaw, Elm er. New York.
Gardner, George W . New York.
Gardner, R . T. California.
Garland, Chesley F .  Maryland-Delaware. 
Garner, J .  H . England ( I .  S. P . ) .
Garrison, Peter L . Central States.
Garthe, E .  C. Federal.
Gartner, W . H . Central States.
Garwood, K irk . Iowa.
Gates, Ju s tin  F .  New  York.
Gates, L loyd  R . M ichigan.
Gauntt, W . C. Texas.
Gavett, Weston. New York.
Gearhart, John  C. Pacific  Northwest.
Gehm, H a rry  W illa rd . New Jersey.
Gelbke, A rthur W . New  York.
Gelder, R . W . Rocky Mountain.
General E lectric  Company. California. 
Genter, A lbert L .  Maryland-Delaware. 
Gerard, F . A . Central States.
Gerardi, Angelo P . New York.
Gerdei, W . E .  Ohio.
Gere, W illiam  S. New  York.
Gerecke, Edw ard  R . New York.
Germond, E a r l. New  York.
Geupel, Louis A . Central States.
Geyer, Joh n  C. Maryland-Delaware.
Gibbons, M . M . New Jersey.
Gibeau, H . A . Canada.
Gidley, H . K .  Pennsylvania.
Giesey, J .  K .  Central States.
Gifford, J .  B .  Central States.
Gilbert, A . J .  Arizona.
Gilbert, Joseph J .  Pennsylvania.
Gilcreas, F .  Wellington. New Jersey, New  

York
Giles, J .  H enry L .  New England.
Gilkey, A. E .  California.
G ill, A . F . Canada.
G ill, J .  Francis. New  York.
Gill, Paul. Pennsylvania.
G illard, J .  E .  England ( I .  S. P . ) .
Gillespie, C. G. California.
Gillespie, J r . ,  Robert L .  New York.
Gillet, R. T. England ( I .  S. E . ) .
Gilman, Floyd . New York.
Gilman, N . A. Pacific Northwest.
Ginsberg, S. D . Central States.
Gisborne, F rank  R. New England.
Glace, I .  M . Pennsylvania.
Gladding, Charles. California.
Gladue, Donat J .  New England.



448 SEWAGE W O R K S  JOURNAL March,

Glynn, W illiam  J .  New  York.
Gneagy, Harold. Central States.
Goff, Jam es S. New  England.
Goff, W illiam  A . Pennsylvania.
Goforth, W . W . Canada.
Goldenberg, Charles N . Rocky Mountain. 
Goldsmith, Ph ilip . New York.
Goldthorpe, H . H . Eng land  ( I .  S. P . ) .  
Golly, M . R. Central States.
Gooch, E .  W . Pacific  Northwest. 
Goodenough, P ran k  H . N ew  York .
Goodman, Arnold H . Central States. 
Goodridge, H arry . California.
Gordon, J .  B . Federal.
Gorman, R. C. New  York.
Gorman, W illiam  A . Pennsylvania.
Gotaas, Harold B . North  Carolina. 
Gottschalk, H arry . Central States.
Goudey, R . P . California.
Gough, T. England ( I .  S. P . ) .
Gould, R ichard H . New  York.
Grabbe Construction Co. Central States. 
Grabowski, Jo h n  J .  Pennsylvania.
Grace, C. P .  Pennsylvania.
Grace, F rancis J .  N ew  York.
Grady, Robert H . North  Carolina. 
Graemiger, Joseph A . New  England. 
Graham, Edw ard  J .  New York.
Graham, J .  A . Eng land  ( I .  S. P . ) .
Graham, Jam es E .  M ichigan.
Gran, Jo h n  E .  Georgia.
Grand Junction , C ity  of. Rocky Mountain. 
Grant, A rthu r J .  California.
Grassie, C. A . Canada.
Gray, D. M . Ohio.
Gray, H arold  P . California.
Gray, Odell W . Georgia.
Greek, Edw ard  B .  Central States.
Greeley, Samuel A. Central States.
Green, Carl E .  Pacific  Northwest.
Green, Herbert. New England.
Green, Howard R . Iowa.
Green, R . A. M ichigan.
Green, Tom C. Texas.
Greendale, V illage  of. Central States. 
Greenleaf, Jo h n  W ., J r .  N ew  England. 
Greenlee, J .  L .  N orth  Carolina.
Greenwich Sewer Commission. New  England. 
Gregory, L .  L . Eng land  ( I .  S. E . ) .
Gregory, Robert W . North  Carolina. 
Gregory, Ted R . California.
Greig, Joh n  M . M . N ew  York.
Greliek, David. New  York.
Grieff, V icto r C. New  York.
Griffen, P .  T. New  York.
Griffin, Guy E .  New  England.
Griffin, Ra lph  J .  Central States.
Grinnell Co., Inc. North Carolina.
Groeu, M ichael A . M ichigan.
Gross, Carl D. Central States.
Gross, D w ight D. Rocky Mountain.
Grossart, L .  J .  H . Pennsylvania.
Grosshans, Edw ard  W . Central States.

Grover, R . H . N ew  York.
Growdon, How ard C. Ohio.
Grunsky, Eugene L . California. 
Gruss, A . W . California.
Gulden, H . B .  Pennsylvania. 
Gustafson, Iv a r. M ichigan.
Gwin, Lew is L .  Pennsylvania.
Gyatt, W . P .  N ew  York .

Haberer, Joh n  C. N ew  York . 
Habermehl, C. Austin. M ichigan. 
Haddock, F red  R . Pennsylvania. 
Haemmerlein, V ic to r E .  New  York. 
Hageman, R oy  C. Central States. 
Hager, Fred . Central States.
H agerty, L .  T. Ohio.
Hagestad, Herm an T. Central States. 
Hahn, Howard. Central States.
Hale, Arnold H . N ew  York.
H a ll, Claude R . Pacific  Northwest. 
H all, G. A lbro. Ohio.
H a ll, G. D. Pacific  Northwest.
H a ll, P ran k  H . New  York.
H a ll, F red  B . New York.
H all, H illia rd  D. Arizona.
H a ll, H a r ry  R . Maryland-Delaware. 
H all, M . G. Iowa.
H a ll, W . H . North  Carolina.
Hallden, Jo h n  T. Central States. 
Hallock, Emerson C. New  York. 
Halm , Ernest W . New  York.
H alp in , John . N ew  York.
Halstead, Douglas M . New  York . 
Hambleton, F .  T. England ( I .  S. P . ) .  
Hamel, Edouard. Canada.
Ham ilton, R. F . Pacific Northwest. 
Ham lin, C. H . Eng land  ( I .  S. P . ) .  
Hamm, W illiam  C. New  York. 
Hammond, F .  D. Central States. 
Hammond, F .  G. New  York.
Handley, L . W . Georgia.
Haneman, A., J r .  Texas.
Hanenberg, A . L . Canada.
Haney, Joseph E . . Central States. 
Haney, Pau l. Kansas.
Hanke, Carl C. Central States. 
Hanrath, W illiam  J .  New England. 
Hansell, W m . A. Georgia.
Hansen, August E .  New  York. 
Hansen, Pau l. Central States. 
Hansford, A lbert E .  Canada.
Hanson, George I .  New  England. 
Hanson, Joh n  R. N ew  York . 
Hapgood, E .  P . California. 
Hardenbergh, W . A. New  York. 
Harding, J .  C. New  York.
Harding, Robert G. California. 
Hardinge, Company. New  York . 
Hardm an, Thomas J .  Central States. 
H ardy, W . R . Texas.
H arley, F ran k  E .  New  Jersey. 
Harmeson, D. K .  Central States. 
Harmon, Jacob  A . Central States.
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Harmon, Judson A . California.
Harper, Charles E .  Central States.
Harper, M . J .  New England.
Harrington, J .  H . California.
Harris, C. H . Ohio.
Harris, George C. Central States.
Harris, R . C. Canada.
Harris, Roy M . Pacific Northwest.
Harrison, Bert. Pacific  Northwest.
Harrison, Edw ard  F . New York.
Harroun, F . E .  Ohio.
Hart, Charles G. New York.
Hart, W . B . Pennsylvania.
Hartman, B . J .  Central States.
Hartman, B yron  K .  Central States.
Hartung, N . E .  Central States.
Hartzell, E . F .  Pennsylvania.
Harvey, Carl. New York.
Harvey, J .  R. Pennsylvania.
Harwell, A . A . Arizona.
Ilaseltine, T. R . Pennsylvania.
Hasfurther, W illiam  A . Central States. 
Haskins, Chas. A. Missouri.
Haste, J .  R . Central States.
Hatch, B . F .  Ohio.
Hatch, G. M . Texas.
Hatfield, W . D. Central States.
Hathaway, A. S. Central States.
Hauck, Charles F .  Ohio.
Hauer, G. E .  M ichigan.
Havens, W illiam  L .  Ohio.
Hawken, Dalton. M ichigan.
Hawley, A rthur A. New York.
Haworth, J .  V ictor. Pennsylvania.
Haworth, W . D. England ( I .  S. E . ) .  
Hawtrey, R . O. Canada.
Hay, Ju lian  A . Central States.
Haydoek, Chas. Pennsylvania.
Hayes, John A . New York.
Hayler, Geo. R. California.
Hayward, Homer. M ichigan.
Haywood, R. W ., J r .  North Carolina.
Hazen, Richard. New York.
Healy, W illiam  A. New England.
Heaslit, W a lte r. Rocky Mountain.
Hedgepeth, L . L . Pennsylvania.
Hedges, Horace P . New York.
Heeg, Herman H . M ichigan.
Ileffelfinger, D. D. Ohio.
Heger, Harold. Central States.
Heider, Robert W . Central States.
Hein, W a lte r E .  Central States.
Heinemann, B . New  Jersey.
Heiple, Loren R . Central States.
Heisig, H enry M. Central States.
Heiss, Edw ard  A . Pacific Northwest. 
Heiland, H . R . F .  Texas.
Henderlite, J .  H . North  Carolina.
Henderson, Chas. F .  New York.
Henderson, C. N . New Jersey.
Hendon, H . H . New York.
Hendrie & Bolthoff M fg . & Supply. Rocky 

Mountain.

Hendrix, George K .  Central States. 
Heneghan, George P . Central States. 
Henel, Wm . F . New  York.
Henkel, George E . New Jersey.
Henn, Donald E .  Central States. 
Henry, Augustine. New York.
Henry, B . F .  California.
Herberger, A rthur Henry. New York. 
Hermann, Frank. Central States.
Herr, H . N . Pennsylvania.
Herrick, T. L . Central States. 
Herringer, E lm er J .  Federal.
Hersig, S. B . Central States.
Hesford, L . England ( I .  S. E . ) .
Hess, Joseph C., J r .  Pennsylvania. 
Hess, Seth G. New York.
Hetherington, W . G. Central States. 
Heubi, Thomas. New York. 
Heukelekian, H . New Jersey.
Hew itt, A . C. Pennsylvania.
Heydon, F .  G. Central States. 
Heyward, T. C. North Carolina. 
Hibschman, Charles A. Pennsylvania. 
Hicks, Geo. W . Central States.
H icks, R . England ( I .  S. P . ) .
H iggins, W illiam  J .  New York. 
Highberger, W . W . New York. 
Hilborn, Gerald. Pennsylvania.
H ill, F rank  C. Rocky Mountain.
H ill, G. Everett. New York.
H ill, K .  V . Central States.
H ill, Theo. C. Pennsylvania.
H ill, W . R . Pacific  Northwest.
H ille r, P au l W . New  England.
H ilton, E lton  M . California.
Hinman, Ja c k  J .  Iowa.
H inyard , J .  N . Texas.
H ircock, Chas. W . Arizona.
Hirschel, Leslie. New York.
Hitchcock, Simon E .  Canada.
H itchner, A . H . California.
Hoad, W illiam  C. M ichigan.
Hoak, R ichard D. Pennsylvania. 
Hobson, N . C. Canada.
Hockley, C. P .  Pacific Northwest. 
Hodge, W . W . Pennsylvania.
Hodges, I I .  E .  W . Eng land  ( I .  S. E . ) .  
Hodgin, S. W . Central States.
Hodgson, E .  England ( I .  S. P . ) .  
Hodgson, H . J .  N . England ( I .  S. P . ) .  
Hoeflich, G. C. Pennsylvania.
Hoefling, W m . L . New York.
Hoey, John  B . New York.
Hoff, Clarence W . Pennsylvania. 
Hoffert, J .  R . Pennsylvania.
Hogan, J .  W . T. New York.
Hogan, W illiam  J .  New  York. 
Hoganson, Lester O. Central States. 
Hogg, Alex M . Canada.
Holbrook, A. R . New  York.
Holden, E .  G. Rocky Mountain. 
Holderby, J .  M . Central States. 
Holderman, John  S. Central States.
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Holland, E ran k  H . New  York.
Hollis, L .  M . Federal.
Hollow ay, F ra n k  M . New  York .
Holmes, Glenn D. N ew  York .
Holmes, H a r ry  E .  New  England.
Holmgren, R ichard  F .  New England. 
Holmquist, Chas. A . N ew  York .
Holroyd, A. Eng land  ( I .  S. P . ) .
Holst, J .  S. Dakota.
Holter, A . L . Pacific  Northwest.
Holtkamp, Leo. Iowa.
Holway, O. G. Central States.
Hommon, H . B . Federal.
Honens, R . W . Central States.
Honigman, Elkono G. New  York.
Hoover, C. B .  Ohio.
Hoover, Charles R . New  England.
Hopkins, E .  S. Maryland-Delaware.
Hopkins, L .  S. R . N ew  York .
Hopkins, O. C. Federal.
Hopper, A llen  O. New  York.
Horne, Ralph W . N ew  England.
Horton, F .  C. California.
Hoskins, J .  K .  Federal.
Hoskins, Nandy. Eng land  ( I .  S. E . ) .  
Hoskinson, Carl M . California.
Hotchkiss, H . T., J r .  New  York.
Hoth, Fred . Central States.
Houlihan, J .  E .  Eng land  ( I .  S. P . ) .
Houser, C. S. Ohio.
Houser, George C. New  England.
Houston, W . J .  Georgia.
Howard, C. M . Pacific  Northwest.
Howard, N . J .  Canada.
Howard, P . F . New  England.
Howarth, J .  P .  Eng land  ( I .  S. P . ) .
Howe, Ben  V . Rocky Mountain.
Howell, Eugene M . Rocky Mountain. 
Howland, W . E .  Central States.
Howson, J .  T. New  York.
Howson, L .  R . Central States.
H oy, J .  R . Georgia.
Hoydar, A . L .  Pacific  Northwest.
Hoyle, W . H . Eng land  ( I .  S. P . ) .
Hromada, F ra n k  M . Central States. 
Hubbard, W in fre d  D. New  York.
Hubel, J .  H . Canada.
Huber, Harold  J .  New  York .
Huekeba, W . L . Georgia.
Hudson, Laverne D. Central States. 
Huebner, Ludw ig. California.
Hughes, W . P .  Pacific  Northwest.
H u lak , S. M . New  York.
H ull, S. P . Central States.
Hults, W illiam  S., J r .  New  York .
Hum phrey & Sons, How ard. Eng land  ( I .  

S. P . ) .
Hunt, L .  W . Central States.
Hunter, A . England  ( I .  S. P . ) .
Hunter, H a rry . Central States.
Hupp, Jo h n  E ., J r .  Central States.
Hurd, Charles H . Central States.
Hurd, Ed w in  C. Central States.

Hurley, J .  Eng land  ( I .  S. P . ) .
Hurst, W illiam  C. New  York .
Hursting, R . C. Central States.
Hurw itz, Em anuel. Central States. 
Hutchins, W i l l  A . Central States. 
Hutcheson, H . D . N ew  York .
Huth, Norman A . California.
Hyde, Charles Gilman. California. 
Hynes, H . A . Pennsylvania.

Il l ig , Louis. New  York.
Illino is  Dept, of Pub lic  Health . Central 

States.
Im bt, M . Russell. Pennsylvania.
Ind iana State Board  of Health . Central 

States.
Industria l Chemical Sales Co. Inc. New  

York.
Inerto l Company. New  York .
Ingols, Robert. N ew  Jersey.
Ingram , F red  R . California.
Ingram , W m . T . California. 
In ternational F ilte r  Co. Central States. 
Irw in , G. M . Canada.
Iscol, George. New  York .

Ja ck , D. Canada.
Ja ck , G rant R . Canada.
Ja cka , S. C. M ichigan.
Jackson, J .  Frederick. New  England. 
Jackson, Jam es A . Central States. 
Jackson, R . B .  M ichigan.
Jackson, T . B .  Pacific  Northwest. 
Jackson, T. L .  M ichigan.
Jacobs, L .  L .  Georgia.
Jacobson, John . California.
Ja rre tt, J .  M . N orth  Carolina.
Ja rv is , A lec C. Eng land  ( I .  S. P . ) .  
Je ffrey , H . H . California.
Je llem a, Jo h n  F .  M ichigan.
Jenckes, J .  F rank lin , J r .  New  England. 
Jenks, Glen. Rocky Mountain.
Jenks, H a r ry  N . California.
Jenne, L y le  L .  Pennsylvania.
Jennings, A . Eng land  ( I .  S. P . ) .  
Jennings, L .  R . M ichigan.
Jensen, Em il C. Pacific  Northwest. 
Jepson, C. Eng land  ( I .  S. P . ) .
Jeup , Bernard  H . Central States.
Jew ell, H . W . California.
Jew ett, Herbert A . California. 
Johns-Manville Corp. N ew  York. 
Johnson, A rthu r H . Central States. 
Johnson, Clement. N ew  York .
Johnson, E a r le  P . Pennsylvania. 
Johnson, E s k il C. N ew  England. 
Johnson, F lo yd  E .  Central States. 
Johnson, Franc is M . North  Carolina. 
Johnson, H a rry  B . Pennsylvania. 
Johnson, Herbert O. N ew  York. 
Johnson, John  W . New  York.
Johnson, L . J .  Central States.
Johnson, L loyd  M . Central States.
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Johnson, R . J .  Central States. 
Johnson, Yerner C. California. 
Johnson, W . T. Central States. 
Johnson, W arren  W . Kansas. 
Johnson, W . I I .  Eng land  ( I .  S. P . ) .  
Jo iner, W . H . Texas.
Jonas, M ilton R . Central States. 
Jones, C. B .  O. England  ( I .  S. P . ) .  
Jones, Daniel. New York.
Jones, Evere tt M. Pennsylvania. 
Jones, Frank . M ichigan.
Jones, F rank  Woodbury. Ohio. 
Jones, Howard H . Central States. 
Jones, S. Leary . Federal.
Jones, T . A . Georgia.
Jones, W ayland. California.
Jordan, Edw ard  C. New England. 
Jordan, H a rry  B . New York. 
Jorgensen, Homer W . California. 
Joy , C. Fred, J r .  New England.

Kaehmar, John  F .  Federal. 
Kachorsky, M . S. New  Jersey. 
K afka , John. Central States.
Kaiser, W illiam  B . New York. 
Kaler, P .  E .  Kansas.
Kalste, Arthur. Central States. 
Kämmerling, Lane. M ichigan.
Kane, Jam es I .  Central States. 
Kappe, S. E .  Pennsylvania. 
Karalekas, Peter C. New England. 
Karsa, W illiam  J .  New York. 
Kasperski, F rank  E .  Pennsylvania. 
Kasser, V icto r H . Central States. 
Kass, Nathan I .  New  York.
Kay, L . A . Canada.
Kearney, E .  W . North Carolina. 
Keatly, C. R . Pennsylvania.
Kee, W illiam  J .  N ew  Jersey.
Keefer, C. E .  Maryland-Delaware. 
Keefer, R . K .  Pennsylvania.
Keeler, J .  Harold. New York. 
Kehoe, Daniel J .  New York.
Kehr, Robert W . Federal.
Kehr, W m . Q. Missouri.
Keirn, K . A . New York.
Kelleher, Joseph A . New York. 
Kelleher, Joseph A . New Jo rk . 
Keller, Jacob. New York.
Keller, Lyndon M . New  York. 
Kelley, R . E .  M ichigan.
Kellogg, Clarence E .  New York. 
Kellogg, Jam es W . North Carolina. 
Kelly, Clarence. New  York.
Kelly, E a r l  M . California.
Kelsey, W a lte r. Pennsylvania. 
Kempkey, A . California.
Kemp, Harold  A . New York. 
Kennedy, C. C. California.
Kennedy, D. R . California. 
Kennedy, R . R- California. 
Kennedy, W illiam . New York. 
Kennedy, W . R. New York.

Kenney, Norman D. Maryland-Delaware. 
Keown, Roy L .  Georgia.
Kepner, Dana E .  Rocky Mountain. 
Kershaw, Arnold. England ( I .  S. P . ) .  
Kessener, Ir .  H . England ( I .  S. P . ) .  
Kessler, Lew is H . Central States. 
Ketcham, Charles G. New York. 
Ketcham, Joseph M. New York.
Kewer, J .  F .  Central States.
Keyes, Harmon Edward. Arizona.
K iker, John  E ., J r .  N ew  York. 
K ilcaw ley, Edw . J .  New York.
K illam , E .  T. New Jersey.
K illm ar, C. M. Michigan.
K im ball, Ja ck  H . California.
Kim berly, A . E .  Ohio.
K im ler, Alexander. New York.
K ing , H enry R . Central States.
K ing , Kenneth K . Federal.
K ing , Richard. Central States.
K in g , W illiam  B . North Carolina. 
Kingsbury, N . H . Central States. 
Kingston, P a u l S. Central States.
K in , Stephen R . New  York.
K inney, E .  F .  Central States.
K inney, J .  B . Canada.
Kinsel, H . L .  Pennsylvania.
K insey, L .  B . Central States.
Kinsm an, Frederick. California. 
Kirchoffer, W . G. Central States. 
K irkpatrick , John  W . Central States. 
Kirsner, Charles. New  York.
K iv a r i,  A . M. California.
K ive ll, W . A . New York.
K je llberg , G. California.
K lang , M arvin . M ichigan.
Klassen, C. W . Central States. 
Klegerman, M . H . New York.
K le iser, P au l J .  Central States.
Klemme, W m . W . New  York.
K linek, F rank. New York.
K line, H . S. Ohio.
K lingbeil, R a y  J .  Ohio.
K lippel, F loyd. Iowa.
Knapp, H . A . Georgia.
Knechtges, O. Central States.
Knez, Cosmo M . New York.
Kn ight, R a y  R . Canada.
K n itte l, E .  A . Pacific Northwest. 
Knoedler, H . A . California.
Knowlton, Kenneth F .  New England. 
Knowlton, W . T. California.
Knox, Stuart K .  New  Jersey.
Knox, W . I I .  Ohio.
Koch, Ph ilip  L .  Central States.
Kochin, M ilton. Pennsylvania. 
Kochititzky, O. W ., J r .  Federal.
Koebig & Koebig. California.
Koetz, Lester. Central States.
Kolb, F red  W . California.
Koon, R ay  E .  Pacific Northwest. 
Koplowitz, Sol. New  York.
Korfmacher, John  A . Central States.
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Kozma, A lbert B .  New  York.
K ra f t ,  George M . Central States.
Kram er, David. Iowa.
Kram er, H a r ry  P . Central States.
K ra tz , Herm an. Maryland-Delaware.
K raus, L . S. Central States.
K re ll, A . J .  New  York.
Krem er, Robert W . Pennsylvania.
Kressly, P a u l E .  California.
Kretsehmar, G. G. Pacific  Northwest. 
Kreutter, Clarence. New  York.
Kriege l, P a u l O. New York.
Kronbach, A llan. M ichigan.
Krohn, W illiam . California.
Krum , H a r ry  J .  Pennsylvania.
Krum m , H a r ry  J .  Pennsylvania.
Krun ick , M .D. Ohio.
Kuh l, F .  A . Central States.
Ku lberg , Abraham  J .  New  York.
K u lin , H arvey  J .  Central States.
Kulisch, H arry . Central States.
Kühner, F rank  G. Central States.
Kunowski, Peter. N ew  York.
Kunsch, W a lte r. New  England.
Kunze, A lbert T. M ichigan.
Küpper, C. J .  N ew  Jersey.
K y te , W . O. California.

Lackey, J .  B . Federal.
Ladue, Charles J .  M ichigan.
Lafreniere , Theo. J .  Canada.
Lakeside Engineering Corp. Central States. 
Lam b, Clarence F . New  England.
Lam b, Miles. Central States.
Lam b, P . Eng land  ( I .  S. P . ) .
Lam bert, F rancis J .  New  York.
Lamoureux, V incent B . Federal.
Lamson, B . F .  Canada.
Lan igan , Joh n  A . M ichigan.
Lang, Lloyd. Central States.
Langdon, L .  E .  Central States.
Langdon, P au l E .  Central States.
Lange, John  F . New  York.
Langelier, W ilfre d  F .  California.
Langford , Leonard L . New  York.
Langweil, Louie. Central States.
Lannon, W illiam . New  England.
Lanphear, Roy S. New  England.
La rk in , W . H . New  York.
Larsen, Earnest A . New  York.
Larsen, Stan ley J .  Central States.
Larson, C. C. Central States.
Larson, K e ith  D. Central States.
Larson, L .  L .  Central States.
Lassiter, Leroy Irv ing . North  Carolina. 
Lauer, Charles N . Pennsylvania.
Laughlin , W . C. New York . .
Lauster, K .  C. Dakota.
Lava lley , Edw ard  C. New York.
Lave rty , F rancis J .  New  York.
Law lor, Jerom e N . New York.
Lawrence, John. N ew  York.
Lawrence, W illiam  H . New  York.

Lawson, W . S. Canada.
Lawton, George. M ichigan.
Lea, J .  E .  Eng land  ( I .  S. P . ) .
Lea, W m . L .  Central States.
Lea, W . S. Canada.
Leach, W a lte r L . Ohio.
Leahy, S. Jam es. New  York.
Lebetkin, George. New  England.
Lebosquet, M ., J r .  Federal.
Leclerc, A rthu r B . N orth  Carolina.
Ledford, George L .  New  York.
Ledwith, Jam es J .  N ew  York.
Lee, Charles I I .  California.
Lee, O liver. Central States.
Leemaster, J .  F .  M ichigan.
Lefebvre, Fab ian  J .  N ew  York.
Lefever, R . W . California.
Leh, W illa rd . Pennsylvania.
Lehm an Sewer P ipe  Co., Inc. New  York. 
Lehmann, A rthu r F .  New Jersey.
Lehmker, W illiam . Central States.
Lehner, W a lte r J .  M ichigan.
Lehr, Eugene L .  N ew  England.
Le iby, F .  E .  New  York.
Leigh, H . G. Eng land  ( I .  S. P . )
Le ist, E r v in  F .  Ohio.
Leitch, John  C. Georgia.
Leland, Ben  J .  Central States.
Leland, Raymond I .  Central States.
Lendall, H a r ry  N . New  Jersey.
Lenderink, Andrew. M ichigan.
Lenert, Louva G. Georgia.
Lentfoehr, Charles E .  Central States. 
Leonard, O. M . Central States.
Leonard, W . V . Pacific  Northwest.
Leonhard, Harold  M . M ichigan.
Lesher, C. E .  M ichigan.
Lesher, Carl. Ohio.
Lessig, D. H . Central States.
Lesslie, Joh n  N ., J r .  North  Carolina.
Levan, J .  H . Federal.
Levine, Max. Iowa.
Levy, H a rry  W . New  York.
Lew is, C lay W . Kansas.
Lew is, E .  S. Arizona.
Lew is, Jo h n  V . N ew  York.
Lew is, R . K .  Central States.
Lewiston, C ity  of. Rocky Mountain.
Lidd le, E .  G. M ichigan.
Lieber, Maxim. New  York .
Limestone Products Corp. of America. New  

York.
L ind , A . Carlton. Central States.
L ind , Gunner W . Central States.
Lindell, O. V . Missouri.
Linders, Edw ard . Federal.
Lindsten, H . C. North  Dakota.
L in k  B e lt  Company. N ew  York , Pennsyl

vania, Central States.
Lingo, H . L . Kansas.
Linsley, Scott E .  Central States.
Lippelt, Hans B . New  York .
L ittm an , M . L .  New  Jersey.
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Livingston, L . E .  Texas.
Lock Jo in t  P ipe  Co. Rocky Mountain. 
Locke, Ed w in  A . New  England.
Lockett, W . T. Eng land  ( I .  S. P . ) .
Long, I I .  M aynard. Central States.
Long, George S. Pennsylvania.
Long, Jam es C. New  Jersey.
Loomis, H a rry  E .  New York.
Lord & Burnham  Co. New  York.
Lord, Herbert O. Central States.
Los Angeles Pub lic  L ib ra ry . California  
Lose, Charles, I I I .  New York.
Lose, Charles, J r .  New  York.
Losee, Jam es R . New  York.
Louis, Leo. Central States.
Lounsbury, E lm er Irv ing . New England. 
Lovejoy, W . L .  Pacific  Northwest.
Lovell, M . L .  North  Dakota.
Lovell, Theodore R . Iowa.
Lovett, M . England  ( I .  S. P . ) .
Lowe, Thomas M . Georgia.
Lower, J .  R . Ohio.
Lowther, Burton. CaliforniS,.
Lozier, W illiam  S. New  York.
Lubow, Louis A. North Carolina.
Lubreeht, F rank  S. Pennsylvania.
Lucas, W . R . M ichigan.
Ludwig, H arvey F . California.
Luebbers, Ralph H . Missouri.
Lueck, Bernard  F .  Central States.
Luff, Reginald. Pennsylvania.
Luippold, G. T. California.
Lumb, C. Eng land  ( I .  S. P . ) .
Lund, Ralph F .  California.
Lustig, Joseph. Central States.
Luther, L .  L .  New York.
Luther, Robert W . North Carolina.
Luton, Max. Rocky Mountain.
Lutz, Howland G. Pennsylvania.
Lynch, Daniel E ., J r .  New  York.
Lynch, Jam es T. New  York.
Lyndes, H . E .  Rocky Mountain.
Lyon, A . S. North Carolina.

McAdoo & A llen W e lting  Co. Pennsylvania. 
McAllister, P au l J .  Pennsylvania.
McAnlis, Chauneey R . Central States. 
McBreen, Charles. New  York.
McBride, J .  L . California.
McCall, Joseph F .  New England.
McCallum, G. E .  Federal.
McCannel, D . A . R . Canada.
McCarthy, J .  J .  Central States.
McCarthy, Ju s tin  J .  New York.
McCarthy, W illiam  F .  New  York.
McCleary, E .  L .  Pacific  Northwest. 
McClenahan, W . J .  Central States. 
McClintock, H . C. Rocky Mountain. 
McClure, Ernest. Central States.
McCoy, M . H . Central States.
McCrae, K .  C. England ( I .  S. E . ) .
M cD ill, B ruce M . Ohio.
McDonald, John. New  England.

McDonald, M ichael D. New York. 
McDonald, N . G. Canada.
McDonald, Roland G. New York. 
McDonnell, George H . New York. 
McDuell, John  W . California. 
M cFarlane, W . D. Michigan.
M cFau l, W . L .  Canada.
McGrath, C. P . Michigan.
McGuire, C. D. Ohio.
McGuire, M . H . Pacific Northwest. 
M ellvaine, W m . D., J r .  Central States. 
Mclnerney, Gerald J .  New York. 
M cIn tyre , F rank  J .  Ohio.
M cIn tyre , John  C. Central States. 
M cKee, F rank  J .  Central States. 
M cKee, Ja c k  E . New England. 
McKeeman, Edw in  C. New  York. 
McKenna, H arold  R . Michigan. 
M cK in lay , Daniel. California. 
M cLaughlin , Carroll W . New York. 
M cLaughlin, R. M. New York. 
M cLean, Clement. New York.
M cLean, R . F .  Pacific Northwest. 
McMahon, W a lte r A . New England. 
McMenamin, C. B .  New Jersey. 
M cM illan , Donald C. California. 
MeMorrow, Bernard J .  California. 
McNam ara, W . P . Pacific Northwest. 
McNamee, P a u l D. Federal.
McNeal, Leonard. Ohio.
McNiece, L .  G. Canada.
M cPha il, Jam es L .  New York.
McRae, John. M ichigan.
McShea, Jam es. New  York. 
M cW illiam s, D. B .  Canada.
MaeAbee, L . Cedric. California. 
MaeCallum, C. New York.
MacLeod, Myron. New England. 
MacCrea, J .  M . New  York.
MacDonald, G. A. Canada.
MacDonald, Hugh H . California. 
MacDonald, J .  C. Central States. 
MacDowell, R . F .  Ohio.
M acln tire , Kenneth. Pacific Northwest. 
MacKenzie, C. J .  Canada.
MacKenzie, Vernon G. Federal. 
M acK in , John  C. Central States. 
MacLachlan, Angus. Ohio.
MacLean, J .  D. Canada.
MaeLaren, J .  F .  Canada.
M acLaren, L .  A . Canada.
M acM urray, L . C. Maryland-Delaware. 
MacNicol, N . Canada.
Madison, Jam es W . Central States. 
Magee, George W . New York.
Mahlie, W . S. Texas.
Maier, F .  J .  Federal.
Malcolm, W m . L .  New York, Canada. 
Maliek, Anthony J .  New York. 
Mallalieu, W . C. New Jersey. 
Mallmann, W . L . M ichigan.
M allory, Edw ard  B . New York.
Malloy, Howard. M ichigan.



454 SEWAGE W O R K S  JOURNAL March, 1941

Malone, J .  R . North  Carolina.
M alony, W . L .  Pacific  Northwest.
Makepeace, W . H . Eng land  ( I .  S. P . ) .  
Maguire, Chas. C. N ew  England.
Mann, A lfred  H . New  York.
Mann, U h l T. N ew  York.
Mannes, A rthu r S. Dakota.
Mannheim, Robert. New  England.
Manning, P . Canada.
Mansfield, M . G. Pennsylvania.
M anteufel, Lawrence A . Central States. 
Manz, E rw in  C. Pennsylvania.
M ariner, W . S. N ew  England.
M arrs, Pau l. N ew  York.
Marsh, H . M . Canada.
M arshall, E .  A . N ew  York.
M arshall F ie ld  Co. North  Carolina.
M arshall, J .  C. M ichigan.
M arshall, Leslie S. N ew  York.
M arshall, W . B . New  York.
Martens, L . P .  Central States.
M artin , A. E .  N ew  York .
M artin , Alexander G. New  York.
M artin , Edw ard  J . ,  J r .  N ew  York.
M artin , George C. Central States.
M artin , Geo. H ., J r .  N ew  York.
M artin , P h il  J .  Arizona.
M artin , Sy lvan  C. Central States.
M artin , W arren  S. N ew  York.
M arx, F rank . New  York.
M aryland State Dept, of Health. Maryland- 

Delaware.
Marzec, E .  J .  Iowa.
Mason, Clarence A . Central States.
Mather, Edw ard  K .  Dakota.
Mathers, George. N ew  York.
Matthew, R . P . California.
Mathews, E .  R . Dakota.
Mathews, F ra n k  E .  Pacific  Northwest. 
Mathews, H en ry  M . Georgia.
Mathews, L .  R . Central States.
Mathews, R ichard. M ichigan.
Mathews, W . W . Central States.
Mathis, A lice. Arizona.
M atter, L .  D. Pennsylvania.
Mattheis, Clarence. Central States.
Mattimoe, George E .  California.
Mattson, W a lfr id  I .  Central States.
Mauldin, P . L .  California.
Maurer, Peter J .  Central States.
M ax, John . M ichigan.
Maxwell, G. E .  Canada.
Maxwell, W . E .  New  York.
M ay, D . C. M ichigan.
M ay, H aro ld  L .  California.
Meade, F .  Griffith. Arizona.
Meadors, L . B .  Central States.
Meats, G. R . E .  Eng land  ( I .  S. P . ) .  
Mechler, Lou is W . California.
Meeker, Robert H . Kansas.
Megregian, Stephen, J r .  Federal.
Meiers, W a lte r W . New  York.

Menantico Sand & Gravel Company. Pennsyl
vania.

Mendelsohn, I .  W . New  York .
Menefee, J .  H . M issouri.
Meneke, K .  E .  Central States.
Mengel, Carl W . N orth  Carolina.
Menzies, D. B .  Canada.
Menzies, J .  Ross. Canada.
Markel, P a u l P .  Pennsylvania.
Meron, L .  A . New  York .
M errill, W a lte r  E .  N ew  England.
M erritt, W i l l  D . N orth  Carolina.
Merryfield, Fred . Pacific  Northwest.
Merwin, W illa rd . Central States.
Merz, H . Spencer. Central States.
Meserva, Charles. M ichigan.
Metz, R oy  L .  Central States.
Meyer, Carl F .  N ew  England.
Meyer, Louis. California.
Miehaels, Joh n  M . E .  N ew  York .
M ick, K .  L .  Central States.
M ickle, Chas. T. Central States.
Middleton, F ranc is  M . Federal.
M iick , F red  E .  California.
M iles, H en ry  J .  N ew  Jersey.
M ilinowski, A rthu r S. Central States. 
M iljev ic , Nicholas. N ew  York .
M iller, A . J .  Central States.
M iller, A . P .  Federal.
M ille r, A . Stuart. Eng land  ( I .  S. P . ) .
M iller, A lden W . Arizona.
M iller, D avid  R . Central States.
M iller, E .  P .  Central States.
M iller, F red  M . New  York.
M iller, J .  John . Pennsylvania.
M iller, L .  A . Central States.
M iller, Robert G. Iowa.
M iller, Roy. Pennsylvania.
M iller, W . C. Canada.
M iller, W a llace  T . New  York.
M illigan , F ranc is  B .  Pennsylvania.
M illiken, H . E .  N ew  York.
M illing , M a rtin  A . Central States.
M ills, S. W . Canada.
Minneapolis-St. P a u l San. D ist. Central 

States.
M itchell, Ansel N . Kansas.
M itchell, Geo. W .
M itchell, Louis. N ew  York.
M itchell, Robert D. South Dakota. 
M ittelstaedt, R . E .  California.
Moat, C. P . N ew  England.
Mock, A lv in  M . Ohio.
Mogelnicki, S tan ley J .  M ichigan.
Moggio, W m . A . N orth  Carolina.
Mohlman, F .  W . Central States.
Molitor, Pau l. California.
Moloney, Grant. Canada.
Monn, Ed g a r P .  Pennsylvania.
Monroe, Low e ll W . Pennsylvania.
Monroe, S. G. Federal.
Monsell, H a r ry  M . N ew  York.
Montagna, S. D. Pennsylvania.
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Montes, Jose Garcia, J r .  Eng land ( I .  S. E . ) .  
Montgomery, J .  Robert. Michigan.
Montreal Sewers Comm. Canada.
Mooney, E a r l  E .  New  York.
Moor, W . C. Texas.
Moore, Charles A . Pennsylvania.
Moore, Edw ard  W . New  England.
Moore, F .  Owen. England  ( I .  S. E . ) .
Moore, G. W . New  York.
Moore, George S. North Carolina.
Moore, Herbert. Central States.
Moore, R . B .  Central States.
Moore, W . A . Federal.
Morgenroth, F r itz . New  York.
Morehouse, W . W . Ohio.
Morey, Burrows. New  York.
Morgan, Edw ard  F ., J r .  New England. 
Morgan, L .  S. Pennsylvania.
Morgan, P .  F .  Central States.
Morkert, Kenneth. Central States.
Morrell & Company, John . Iowa.
Morrill, Arthur. M ichigan.
Morris, A rval. California.
Morris, Lee. Dakota.
Morris, P au l J .  Pennsylvania.
Morrison, C. B .  California.
Morrow, Ben. Central States.
Moseley, H a rry  H . Ohio.
Moses, H . E .  Pennsylvania.
Moss, F . J .  Federal.
Mott, C. A. Canada.
Mount Penn, Borough of. Pennsylvania. 
Mountfort, L . F .  England ( I .  S. P . ) .  
Mowbray, George A. New  York.
Mower, Stanley E .  New York.
Mowry, Robert B .  Pennsylvania.
Mudgett, C. T. M ichigan.
Muegge, O. J .  Central States.
Mulcahy, Jam es P . N ew  York.
Muldoon, Joseph A. New England.
Mulvaney, M . B .  Central States.
Munding, Germaine G. New York.
Mundt, Charles H . New York.
Munford, G. England  ( I .  S. P . ) .
Munro, A. D. England  ( I .  S. E . ) .
Munroe, E .  H . Canada.
Munroe, W . C. Maryland-Delaware.
Munson, Lau ra  A. California.
Murdock, Charles R . Canada.
Murdock, W illiam . Pennsylvania.
Murphy, John  A . Central States.
Murphy, Lindon J .  Iowa.
Murphy, Reginald A . New  York.
Murray, A . E .  Scott. England ( I .  S. E . ) .  
Murschel, Jacob. Dakota.
Musgrove, Robert. M ichigan.
Muskegon, C ity  of. M ichigan.
M yatt, H . Eng land  ( I .  S. P . ) .
Myers, H a rry  L . Central States.

Nadin, Jo e  W . Central States.
Nagel, W . B . Ohio.
Nance, E .  N . North Carolina.

Nash, D. A . Central States.
Nasi, Kaarlo . Pacific Northwest.
National A lum inate Corp. Central States. 
Naylor, W illiam . New England.
Nazareth Sewerage Company. Pennsylvania. 
Necker, C. E .  Canada.
Neiman, W . T. Central States.
Nelle, R ichard S. Central States.
Nelson, Ben  O. Pennsylvania.
Nelson, C. L .  Central States.
Nelson, Frederick G. Ohio.
Nelson, George I .  Central States.
Nemmers, W . P .  Iowa.
Nesbit, George H . New York.
Nesheim, Arnold. Federal.
Nesin, Ben j. C. New York.
Netto, J .  P .  De Lemos. New York.
Neves, Lourenco Baeta. New York.
Neville, Jabez E .  California.
N evitt, I .  H . New York.
Newell, Town of. Iowa.
Newland, Stewart H .
Newlands, Jam es A. New England. 
Newlund, W a lte r W . Central States.
New Mexico Bureau of Pub lic  Health. Rocky 

Mountain.
Newsom, Reeves. New  York.
Newton, R . O. Georgia.
Nichol, Gordon B . New Jersey.
Nichols, Y . R . Pacific Northwest.
Nichols, A rthur E .  New York.
Nichols, M . Starr. Central States.
Nicholas, Forrest A . Central States. 
Nicholson, C. P . New York.
N ick lin , H . S. Canada.
N ico li, F ran k  A. New  England.
Nielsen, A . F .  New  York.
Niem i, A rthu r G. Central States.
N iles, A . H . Ohio.
Nisbet, George A . Rocky Mountain. 
Nisnevitz, Oscar. New Jersey.
Nolan, George H .
Nolte, F red  W . Pacific Northwest.
Norcom, George D.
Nordeil, Carl H . Central States.
Norgaard, John.
Norris, F in la y  J .  California.
Norris, Francis I. , J r .  Federal.
Norris, Harold E .
Noth, M elvin  J .  Central States.
Nugent, F rank lin  J .  Pennsylvania. 
Nussbaumer, Newell L .  New York. 
Nussberger, Fred. New York.

Obma, Chester A . Central States.
O ’Brien , E a r l F .  New  York.
O ’Brien , Jam es E .  New York.
Ocean C ity  Sewer Service Co. New Jersey. 
Oekershausen, R. W . Central States. 
O ’Connell, W m . J .  California.
O ’Connor, W illiam  F ., J r .  New York. 
O ’Dell, W . I I .  New York.
O ’Donnell, Frank. New York.
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O ’Donnell, R . Pennsylvania.
Oeffler, W . A . Central States.
Oehlke, H enry  E .  M ichigan.
Oeming, L .  P .  M ichigan.
O ’F laherty , Fred . Ohio.
Ogden, Henry. New  York.
Ogle, H a rry  B .  California.
O ’H ara, Frank lin . New  York.
Ohr, M ilo  F .  M ichigan.
O jai, C ity  of. California.
Oke, Ernest E .  W . Canada.
Okun, Abraham H . New York.
Okun, Daniel A . Central States.
Okun, W . H . New  York.
Old, H . N . Federal.
Older, Fred. M ichigan.
O ’Leary , W illiam  A . New York.
Oleri, F ran k  J .
O lewiler, Grant M . Pennsylvania.
Olmsted, C. H enry  New  England.
Olney, H . Ross. California.
Olsen, W m . C. North  Carolina.
Olson, F ran k  W . Central States.
Olson, Herbert A . M ichigan.
O ’M ara, R ichard. Central States.
O ’N eill, Ra lph  W . California.
Ongerth, H en ry  J .  California.
Orchard, W . J .  New  Jersey.
Ortiz, Pedro C.
Orton, J .  W . M ichigan.
Orwicz, Bernard . Central States.
Osage, C ity  of.
Osborn, L .  C. Rocky Mountain.
Owen, M ark  B . New  York.
Owings, Noble L .  Maryland-Delaware.

Pacific Flush Tank Co. Central States, Rocky  
Mountain.

Pacific  Foundry Company, California. 
Packard , O. E .  M ichigan.
Page, R. W . Central States.
Pa ige , F . O. Central States.
Pa in ter, Carl E .  California.
Pallo , Peter E .
Palm er, Ben jam in  M . New England.
Palm er, Fred  C. Canada.
Palm er, G ilbert. Pennsylvania.
Palm er, Harold  K . California.
Palm er, I .  Charles. Pennsylvania.
Palm er, Jo h n  R . Central States.
Palm er, Ralph M. Central States.
Palocsay, F rank  S. Ohio.
Pardee Engineering Co., In c . New  York. 
Parkes, G. A . Calif.
Parker, Charles F .  New  York.
Parker, J .  C. North Carolina.
Parker, R. J .  Eng land  ( I .  S. P . ) .
Parks, W . J . ,  J r .  North Carolina.
Pa rr , Jam es. California.
Parsons, F .  W . California.
Parsons, Norm an W .
Parsons, R . H . Canada.
Patterson, W . E .  Canada.

Patterson, O rville W . Central States. 
Patterson, R ichard L .  California  
Patterson, Roy K .  N ew  York .
Patriarche, Jo h n  M . M ichigan.
Paul, Lew is C. New  York.
Paulette, R . J .  Kansas.
Payrow , H a r ry  G. Pennsylvania,
Payton , Ly le . California.
Pearce, Geo. W . Arizona.
Pearse, Langdon. Central States.
Pearson, S. R . Pennsylvania.
Pease, Maxfield. Ohio.
Peart, Robt. Kansas.
Peek, E .  M . Central States.
Peck, Lawrence J .  New  York.
Pecker, Joseph S. Pennsylvania.
Peirce, W . A . Central States.
Peirson, N at. D. N orth  Carolina.
Pekin, C ity  of. Central States.
Peiler, Leo R . Central States.
Pennsylvania Sa lt M fg . Co. New  York. 
Pensinger, L .  C. Kansas.
Perkins, J .  L . North Carolina.
Perlstein, Edw ard . New  York.
Perrine, J .  F . New York.
Perroni, Joseph. N ew  York.
Perry , A . H . Canada.
Perry , E a r l  R . New England.
Peterson, E a r l  L . N ew  York.
Peterson, Iv a n  C. Central States.
Peterson, J .  H . California.
Peterson, M yhren C. Central States. 
Peterson, R . W . Central States.
Petrie , W illiam  P .  N ew  England.
Pe ttit , Charles. Ohio.
P fe ife r , W illa rd . Central States.
P fe ile r, L . F .  Central States.
Pfreim er, Harold  A . Pennsylvania.
Phelps, B . D. California.
Phelps, E .  B .  New  York.
Phelps, E .  K .  N ew  York.
Phelps, Geo. Canada.
Phelps, T. I .  California.
Philadelphia, C ity  of. Pennsylvania.
Philion, W . I .  New  York .
Ph illips, H . N . New  York.
Ph illips, Roy L .  Pennsylvania.
Ph illip s, R . S. North Carolina.
P ia tt, W m . M . N orth  Carolina.
P ickett, A rthu r G. California.
Pierce, C. L .  California.
Pierce, George O. Central States.
Pierce, W . E .  M ichigan.
Pierron, W m ., Sr. Pacific  Northwest. 
Pierson, Otto J .  M ichigan.
Pincus, Sol. N ew  York .
Pinkney, Glenn E .  N ew  York.
Pinney, F .  W . North Dakota.
P itk in , W a rd  H . New  York .
P ittsburgh Equ itab le M eter Co. N ew  York. 
Placek, O. R., J r .  Federal.
Plamondon, Sarto. Canada.
Pleasanton, Town of. California.
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Pledger, A . England  ( I .  S. P . ) .
Plum m er, Raymond Benton. Central States. 
Poindexter, G. G. Central States.
Polakov, N icholas N . New  York.
Pollock, John  M . New York.
Pollock, Jo h n  M. North Carolina.
Pomeroy, Clarence. Michigan.
Pomeroy, R ichard. California.
Pontbriand, P .  N . Canada.
Ponto, W illa rd . M ichigan.
Pool, Charles L .  New England.
Poole, B .  A . Central States.
Poole, S. B . Eng land  ( I .  S. P . ) .
Pope, Lester. New  Jersey.
Popp, W . L .  California.
Porges, Ralph. New Jersey.
Porteous &  Company, W . K .  Eng land  ( I .  S. 

E . ) .
Porter, Harold. California.
Porter, W illiam , New York.
Post, Fred  W . California.
Poston, R. F .  South Dakota.
Potter, Alexander. New York.
Potter, R . E .  Canada.
Pottingham, W . P .  Central States.
Potts, Clyde. New  York.
Potts, H a rry  C. M ichigan.
Powell, A . R . New York.
Powell, J .  C. Central States.
Powell, S. T. Maryland-Delaware.
Powell, W . B . New  York.
Powell, W . L .  Texas.
Powers, Thos. J .  M ichigan.
Pra tt, G ilbert H . New England.
Pra tt, Ja c k  W . California.
Price, Charles R . South Dakota.
Price, D. I I .  A . England ( I .  S. P . ) .
Price, R . C. Central States.
Primmer, B .  J .  California.
Pringle, H . L .  Canada.
Proctor, J .  W . Eng land  ( I .  S. P . ) .  
Proudman, Chester F . New England. 
Prough, Fred  K .  Central States.
Provost, Andrew J . ,  J r .  New  York.
Puffer, Stephen P . New England.
Purdie, David J .  New York.
Purdy, W illiam  C. Federal.
Purser, John  R., J r .  North Carolina.

Quaely, M artin  F .  New  York.
Queens Borough Pub lic  L ib ra ry . New York. 
Queen’s Un ivers ity  L ib ra ry . Canada.
Quigley, T. T. Central States.
Quinn, Francis T. New  England.
Quinn, Thomas A . New England.

Racek, L ., J r .  Central States.
Raisch, W illiam . New York.
Raiter, Clifford R . Central States.
Ralston, George E .  Central States.
Ralston, W ilm er R. Pennsylvania.
Ramseier, Roy E .  California.
Ranagan, Fred  E .  California.

Randall, C. C. North Carolina.
Randall, Odie L . Arizona.
Randolph, Verdun. Central States.
Rankin, R . S. Central States.
Rantsma, W . F . California. •
Rath, Henry M . New York.
Rawn, A . M. California.
Rawson, E .  Otto. Canada.
Raymond, Herbert E .  New England. 
Raymond, Nelson I .  Michigan.
Ray, Frederick. Central States.
Read, Homer V . Central States.
Ream, Edw ard  F ., J r .  Central States. 
Reardon, Joseph F . New York.
Reardon, W m . R . Central States.
Redding, H arry  P . North Carolina.
Redfern, W . B . Canada.
Red W ing  Sewer P ipe Corp. Central States. 
Reed, Geo. D. Federal.
Reed, J .  H . Pennsylvania.
Reed, P au l W . Central States.
Reed, Ralph. South Dakota.
Reedy, Timothy D. Michigan.
Rees, N . B .  Central States.
Regan, T. H . Central States.
Regelsen, A lfred  E . New York.
Regester, Robert T. Ohio.
Re illy , John  J .  Pennsylvania.
Rein, L . E .  Central States.
Reinke, Edw ard  A . California.
Reinoehl, Don. California.
Reisch, Eugene A . New York.
Reisert, M ichael J .  New York.
Renfrew, J .  Harvey. England ( I .  S. E . ) .  
Requardt, G. J .  New  York.
Reuning, Howard T. Pennsylvania.
Reybold, D. C. Central States.
Reynolds, A . V . England ( I .  S. P . ) .  
Reynolds, Leon B . California.
Reynolds, M . W . Michigan.
Rhoads, Edw ard  J .  Pennsylvania.
Rhyne, C. E .  North Carolina.
R ibal, Raymond Robt. California.
Ribbius, F .  J .  Eng land ( I .  S. P . ) .
Ribner, Morris. New York.
Rice, John  M . Pennsylvania.
Rice, Lawrence G. New  York.
Rice, Lawrence H . New York.
Rice, Palm er J .  North Carolina.
Richards, P . W . Central States.
Richardson, Charles G. New England. 
Richardson, Charles S. New England. 
Richey, C. E .  Iowa.
Richgruber, M artin . Central States. 
Richmen, W . F .  Central States.
Richter, P au l O. Central States.
Rickard, Grover E .  New  York.
Ricker, W . H ., J r .  Pennsylvania.
Ricketts, A llan  T. Federal.
Riddick, Thomas M . New York.
Ridenour, G. M . New Jersey.
Riedel, John  C. New York.
Riedesel, H enry A. Central States.
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Riehl, W. H. Canada.
Riley, Iiarley M. New York.
Riordan, James T. New York.
Ritter, Bruce. Michigan.
Roab, F. H. Central States.
Robb, Charles G. New England.
Roberton, L. T. Canada.
Roberts, C. R. New York.
Roberts, F. C., Jr. Arizona.
Roberts, Jack. New York.
Roberts, L. M. New Jersey.
Roberts, W. C. California.
Robinson, B. Canada.
Robinson Clay Products Co. New York. 
Robinson, George L. New York.
Robinson, I. F. Canada.
Robinson, J. C. South Dakota.
Robinson, T. C. North Carolina.
Robinson, W illis S. California.
Robins, Maurice L. Central States.
Robles, George C. California.
Rocco, John. New York.
Roche, Edward C. New England.
Roche, J. P. New England.
Rocker, Christian G. New York.
Roekne, T. B. Central States.
Roe, Frank C. New York, Central States, 

Canada.
Rogers, Allan H. New York.
Rogers, D. Paul. Pennsylvania.
Rogers, Harvey G. Central States.
Rogers, H. L. Pennsylvania.
Rogers, John A. New England.
Rogers, M. W. Canada.
Rogers, W. H. Central States.
Rohlich, Gerald A. Central States.
Roland, Robert J. Central States. . 
Romaine, Burr. Central States.
Rooks, C. P. Michigan.
Rosemeyer, Alfred. Central States. 
Rosengarten, W. E. Pennsylvania.
Ross, John T. Pennsylvania.
Ross, W. E. Central States.
Rostenbach, Royal Edwin. Iowa.
Roth, B. F. Ohio.
Rowan, Thos. C. New York.
Rowen, R. W. Central States.
Rowinski, N. M. Central States.
Rowntree, Bernard. California.
Roznoy, Louis W. New Jersey.
Ruble, E. II. Central States.
Ruehhoft, C. C. Central States, Federal. 
Ruck, Franklin. Ohio.
Rudd, Wm. C. Michigan.
Rudolfs, Willem. New Jersey.
Rugdal, H. T. Central States.
Rule, Harry A. Central States.
Rumsey, James R. Michigan.
Rupp, Daniel H. Ohio.
Rush, Dewitt E. New Jersey.
Rush, Frank O. Central States.
Russell, Don B. Iowa.
Russell, George. Missouri.

Russell, J. H. Central States.
Russell, J. P. Canada.
Ruth, Leo. W., Jr. California.
Rutter, Lee D. Pennsylvania.
Ryan, Joseph P. Central States.
Ryan, J. Samuel. New York.
Ryan, T. J. Texas.
Ryan, Wm. A. New York.
Ryon, Henry. New York.

Saetre, L eif. New York.
Sage, Howard D. New York.
Sageman, Norman. Michigan.
Sager, John C. New England. 
Sakellariou, Evans N . Central States. 
Salle, Anthony. New York.
Salvato, Joseph A., Jr. New York. 
Sammis, L. A. New York.
Sampson, J. A. Iowa.
Samson, Channel. New York.
Sanborn, J. F. New York.
Sanders, M. D. Central States. 
Sanderson, W. W. New York.
Sanford, Chester. New Jersey.
Santilli, Frank. New York.
Sargent, H. H. Central States.
Savage, Edward. New York.
Saville, Thorndike. New York.
Sauer, Victor W. California.
Saunders, James B. Arizona.
Sawyer, Clair N . Central States. 
Sawyer, Robert W., Jr. New England. 
Sciver, A. England (I. S. E .) .
Schade, Willard F. Ohio.
Schaetzle, T. C. Ohio.
Schaefer, Edward J. New York. 
Schaller, Norbert C. Central States. 
Schapp, A. California.
Schaut, George G. Pennsylvania. 
Scheak, H. M. Canada.
Seheflfer, Louis K. Pennsylvania. 
Scheidt, Burton A. Central States. 
Scheller, Geo. M. New York.
Schenk, E. E. Iowa.
Scherer, Paul. New York.
Schier, Lester C. Central States. 
Schildmann, W. H. Central States. 
Schiller, Bernard. Arizona.
Schirk, J . M. Rocky Mountain.
Schlenz, H. E. Central States. 
Schliekelman, R. J. Iowa.
Schmidt, Otto J. Central States. 
Schmidt, W illiam F. New York. 
Schmuller, Frederick M. New York. 
Schneider, J. J. Central States. 
Schnupp, Leonard J. Pennsylvania. 
Schrack, Bert. Iowa.
Schreiner, W. R. New York.
Schriner, P. J. Central States. 
Schroeder, A. W. Central States. 
Schroeder, W. L. South Dakota. 
Schroepfer, George J. Central States. 
Schulz, E. H. South Dakota.
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Schwark, Wm. A. Central States.
Schwartz, H. L. Pennsylvania.
Schwartz, Louis. New York.
Schwartz, Oswald. Central States.
Schwob, Carl E. Central States.
Scott, Cliffton A. Central States.
Scott, Guy R. Federal.
Scott, R. D. Ohio.
Scott, Roger J. Central States.
Scott, Rossiter S. New York.
Scott, Roy D. New York.
Scott, W. England (I. S. P .).
Scott, Warren J. New England.
Scott, Walter M. New York.
Scott, W. M. Canada.
Scouller, W. D. England (I. S. P .).
Seovill, John R. New York.
Scudder, Aubrey P. New York.
Seaman, Henry. North Carolina.
Searight, Geo. P. Pennsylvania.
Searls, Glenn. New York.
Seely, Geo. A. Arizona.
Sedlaeek, A. J . Iowa.
Segel, A. California.
Seid, Sol. New Jersey.
Seifert, William P. New York.
Seltzer, J. M. Pennsylvania.
Semon, H. G. New York.
Senseman, Wm. B. California.
Setter, Lloyd R. New Jersey, Pennsylvania. 
Seufer, Paul E. Pacific Northwest.
Sexton, J. P. Arizona.
Seydel, H. New Jersey.
Shapiro, Charles M. New York.
Shapiro, Robert. New York.
Shaw, George H. Pennsylvania.
Shaw, Frank R. Federal.
Shaw, Paul A. California.
Shea, Walter J. New England.
Shearer, A. B. California.
Sheen, Robert T. Pennsylvania.
Sheets, W. D. Ohio.
Shelley, Harry. Pennsylvania.
Shelton, Edw. N. Georgia.
Shelton, M. J. California.
Shephard, W. F. Michigan.
Sheppard, Frederick. New York.
Shera, Bryan. Pacific Northwest.
Sheridan, City of. Rocky Mountain.
Sheridan, Thomas J. New York.
Sherman, Leslie K. New England.
Shertzer, J. H. Pennsylvania.
Shete, V. G. England (I. S. E .).
Shick, V. R. Ohio.
Shiffer, J. Paul. Pennsylvania.
Shirley, Donald L. Pacific Northwest. 
Shockley, Homer G. New York.
Shook, H. E. California.
Shook, Howard R. Canada.
Shubart, C. A. Central States.
Shupe, S. Canada.
Sibbald, Charles T. A. New York.
Sibila, Roceo. New Jersey.

Sickler, Archie H. New York.
Sidle, R, S. England (I. S. P .) .
Sidwell, Clarence G. Central States.
Siebert, Christian L. Pennsylvania.
Sieg, J. G. Central States.
Sieverding, 0 . C. New England.
Signor, C. V. Pacific Northwest.
Sigworth, E. A. New York.
Silberbauer, Walter R. California. 
Simmerman, John S. New Jersey.
Simon, Samuel S. New York.
Simonton, Lewis. Georgia.
Simplex Ejector & Aerator Corp. Central 

States.
Simplex Valve and Meter Co. New York. 
Simpson, R. W. New York.
Simpson, Jr., George. Rocky Mountain. 
Simson, Paul W. New York.
Singer, L. P., Jr. California.
Skinner, J. F. California.
Skinner, W. V. California.
Slagle, E. A. New Jersey.
Slagle, Elmer C. Central States.
Slausson, J. B. Michigan.
Slee, Angus E. Rocky Mountain.
Sleeger, Warren H. Central States.
Slocum, Adelbert I. New York.
Slough, John. New York.
Small, R. L. Pacific Northwest.
Smalley, R. T. Arizona.
Smallhorst, David. Texas.
Smedberg, C. W. North Carolina.
Smigel, Walter A. Ohio.
Smiley, Paul E. Ohio.
Smith Company, A. H. Ohio.
Smith, Alva J. California.
Smith, B. G. Pacific Northwest.
Smith, Benjamin L. New York.
Smith, Charles E. Iowa.
Smith, Chester A. California.
Smith, Dell. Central States.
Smith, E. A. Cappelen. New York.
Smith, Edward J. New York.
Smith, E. E. Ohio.
Smith, Frank E. California.
Smith, Fred J. Central States.
Smith, G. C. England (I. S. P .).
Smith, H. G. California.
Smith, Harold. New York.
Smith, Harold. Michigan.
Smith, Harvey J. Pacific Northwest.
Smith, J. F. California.
Smith, J. Irwin. Central States.
Smith, Levi B. Kansas.
Smith, L. R. New York.
Smith, Marvin L. Pennsylvania.
Smith, Merlin D. Pennsylvania.
Smith, P. A. New Jersey.
Smith, Paul L. Maryland-Delaware.
Smith, Ralph A. Central States.
Smith, R. C. New Jersey.
Smith, Robert J. Michigan.
Smith, Russell S. Federal.
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Smith, R. Trumbull. Central States.
Smith, S. H. Michigan.
Smith, Waymon, North Carolina.
Smith, W alter B. Michigan.
Smith, W alter R. New York.
Smith, Wendell H. Pacific Northwest.
Smith, W. T. E. Canada.
Smithwiek, John J. New England.
Snapp, Russell G. Federal.
Snedeker, L. Laverne. Michigan.
Snell, J. R. New England.
Snelsire, William. Pennsylvania.
Snow, Donald L. Central States.
Snow, W illis J. New England.
Snyder, M. K. Pacific Northwest.
Snyder, N. S. New York.
Snyder, R. F . Ohio.
Solander, Arvo A. New England.
Solomon, G. R. New York.
Solvay Sales Corp. New York.
Soper, Romayne. New York.
Sorbel, J. L. South Dakota.
Soreff, Joseph. New York.
Soroker, Sam. California.
Sorrell, W. H. Central States.
Sotter, R. R. California.
Soule, Ralph M. New England.
Souther, Fred L. California.
Spaeey, T. England (I. S. P .) .
Spaeder, Harold J. Central States.
Spaeth, Julius. Kansas.
Sparr, A. E. New York.
Spear, W illiam B. Pennsylvania.
Speiden, H. W. Pennsylvania.
Speirs, George W. New York.
Spellman, W. A. Canada.
Spence, W. O. North Carolina.
Spencer, Albert M. New York.
Spencer, C. C. Central States.
Sperry, W alter A. Central States.
Spiegel, Milton. Central States.
Spieker, Roy G. South Dakota.
Spier, D. R. New York.
Spies, Kenneth H. South Dakota.
Spiess, Reinhold. Central States.
Splitt, Howard A. New York.
Spragg, H. J. Iowa.
Spry, Fred J. New York.
St. Louis Public Library. Missouri.
St. Michaels Industrial School. Pennsylvania. 
Stache, Paul. New York.
Stalbird, James A. New York.
Staley, H. H. Kansas.
Stalker, W. D. Canada.
Stanbridge, H. H. England (I. S. P .) .  
Stanley, C. M. Iowa.
Stanley, Stephen. England (I. S. E .). 
Stanley, Wm. E. New York.
Stapleton, K. K. Central States.
Stapley, Edward R. Oklahoma.
Starling, Charles H. North Carolina.
Stauff, Paul V. Central States.
Staynes, E. H. England (I. S. P .) .

Stearns, Donald E. New England. 
Steel, E. W. Texas.
Steindorf, R. T. Central States. 
Steffen, A. J. Central States. 
Steffensen, S. W. New York.
Steffes, Arnold M. Central States. 
Stegeman, Paul. M ichigan.
Stemper, J. Alex. Central States. 
Stepanek, Charles H. B. New York. 
Stepsis, John S. New York.
Sterling, Clarence I. New England. 
Sterns, Edward A. New York. 
Stevenson, Albert H. New York. 
Stevenson, Ralph A. California. 
Stevenson, W. L. Pennsylvania. 
Stewart, F . D. Ohio.
Stewart, Henry. Michigan.
Stewart, H. M. Pennsylvania.
Stewart, Morgan E. California. 
Stielstra, Clarence. Michigan.
Stiles, Morrison N . Pennsylvania. 
Stilson, Alden E. New York.

' Stites, H. L. California.
Stock, Mitchell B. New England. 
Stockman, L. R. Pacific Northwest. 
Stone, A. England (I. S. P .) .
Storey, Ben M. Central States.
Storrie, Wm. Canada.
Stolz, Stanley B. New York.
Strait, Ernest C. New York. 
Strangard, Edward L. California. 
Straub, Conrad P . New York.
Strayer, Elmer C. California.
Streeter, H. W. Federal.
Streeter, Robert L. Rocky Mountain. 
Streeter, S. H. England (I. S. E .) . 
Strelow, J. L. Iowa.
Striger, R. M. Central States.
Strong, Bruce F . New York.
Strong, David H. M. Rocky Mountain. 
Strowbridge, John C. New York. 
Stuart, Archer B. California.
Stuart, F . E. New York.
Studley, E. G. California.
Stutz, C. N . Central States.
Sulentic, S. A. Kansas.
Sullivan, J. Donald. Michigan. 
Sullivan, E. C. Federal.
Sullivan, Ernest J. New England. 
Sullivan, L. E., Jr. New York. 
Summers, M. W. England (I . S. E .).  
Sund, Gutorm. Central States.
Susa, Stephen A. Pennsylvania.
Suter, Max. Central States.
Suttie, R. H. New England.
Svenson, Sven H. New York.
Swab, Bernal II. Pennsylvania. 
Swanker, R. L. Ohio.
Swanson, S. C. California.
Swartz, Martin. North Carolina. 
Swanz, Howard G. New York. 
Sweeney, R. C. New York.
Sweeney, W illard G. New York.
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Swine La r t , Eugene B. Pennsylvania.
Swope, Gladys. Central States.
Symes, C. B. Canada.
Symons, G. E. New York.
Sylliassen, M. O. Pacific Northwest. 
Sylvester, Robert O. Pacific Northwest. 
Sylvester, W illiam L. New York.

Taggart, J. M. California.
Taggart, Robert S. New York.
Talbot, F . D. California.
Tallamy, Bertram Dailey. New York.
Tanari, Myron. Central States.
Tapax Manufacturing Co. New York. 
Tapleshay, John A. Central States.
Tapman, Walter P. New York.
Tapping, C. II. Central States.
Tarbell, J. Michigan.
Tarbett, R. E. Federal.
Tarlton, E llis Alvord. New England. 
Tarman, John E. Pennsylvania.
Tate, Guy M., Jr. Federal.
Tatlock, M. W. Ohio.
Taylor, Frank S. Ohio.
Taylor, Godfrey M. C. England (I. S. E .). 
Taylor, H. England (I. S. P .) .
Taylor, Harold. England (I. S. P .) .
Taylor, II. W. England (I. S. P .) .
Taylor, Henry W. New York.
Taylor, J. England (I. S. P .).
Taylor, Warren G. New York.
Tegtmeyer, L. C. California.
Tempest, N. F. Central States.
Tenenbaum, Meyer. Ohio.
Tennant, Carl F. California.
Tentsehert, Francis F. New York, New Eng

land.
Terhoeven, G. E. New York.
Ternent, A. Canada.
Tetzlaff, Frank. New York.
Terwilliger, Frank. New York.
Thalheimer, Marce. Central States. 
Thamasett, Otto E. New York.
Thatcher, Lynn M. California.
Thayer, Paul M. Central States.
Thayer, R. H. New York.
Theaker, K. Canada.
Theriault, E. J. Federal.
Theroux, Frank R. Michigan.
Thews, Vernon W. California.
Tholin, A. L. Central States.
Thomas, Ariel A. Central States.
Thomas, A. II. R. Canada.
Thomas, E. R. North Carolina.
Thomas, Franklin. California.
Thomas, F . W. Texas.
Thomas, Howard S. New York.
Thomas, R. Allen. North Carolina. 
Thompson, E. H. New England.
Thompson, H. E. North Carolina.
Thompson, J. T. England (I. S. P .) . 
Thompson, M. H. New York.
Thompson, Robert B. New England.

Thompson, Thomas C. New York.
Thomson, F . N. New York.
Thomson, J. B. F. New York.
Thomson, William R. Canada.
Thorn, William J. Pennsylvania.
Thornhill, S. England (I. S. P .).
Thornton, Arthur F. Central States.
Tierney, Lawrence J. J. New England.
Tigar, Leonard Aldridge. England (I. S. E .). 
Tillotson, John. California.
Timmers-, Walter W. New York.
Tinning, J. D. Texas.
Todd, J. A. Central States.
Toledo, City of. Iowa.
Tolies, Frank C. Ohio.
Tolman, S. L. New York.
Toman, George J. North Dakota.
Toman, R. S. California.
Tomek, A. O. Central States.
Tompkins, James. New York.
Torpey, Wilbur N. New York.
Torrey, Wm. L. New York.
Tove, William B. New York.
Towers, Charles. California.
Towne, W. Waldo. South Dakota.
Townend, C. B. England (I. S. P .).  
Townsend, Darwin W. Central States.
Tozzi, John. New Jersey.
Träger, Leonard W. New England.
Travaini, Dario. Arizona.
Travis, Frank D. Central States.
Trebler, H. A. Pennsylvania.
Trenthart, L. S. Central States.
Trescott, Boyd. Pennsylvania.
Trimble, Earle J. New York.
Troemper, A. Paul. Central States.
Trotti, Patrick J. New York.
Trubnick, Eugene. New Jersey.
Trulander, Wm. M. Central States.
Tubich, George. Central States.
Tull, E. R. North Carolina.
Turbine Sewer Machine Sales Co. New York. 
Turner, E. S. Pacific Northwest.
Turner, J. R. Ohio.
Turpin, U. F . Central States.
Tuttle, Leon E. New England.
Tygert, C. B. Pennsylvania.
Tyler, R. G. Pacific Northwest.
Tyner, E. L., Jr. Central States.

Ullrich, C. J. California.
Umbenhauer, E. J. Pennsylvania. 
Underpinning & Foundation Co., Inc. New  

York.
Unger, Carl. California.
Unger, G. C., Jr. Central States.
University of California Library. California. 
University of Maine. New England. 
University of Southern California. California. 
Updegraff, W. R. California.
Urbana & Champaign San. District. Central 

States.
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Urban, W. J. Central States.
Ure, W ilfred Gordon. Canada.

Valerio, Paul F . New York.
Van Benschoten, J. Canada.
Van Breda, A. J. Central States.
Van Camp, Paul M. North Carolina.
Van Denburg, J. W. New York. 
Vanderlip, Arthur N . New York.
Van Deusen, E. J. New York.
Van Horn, R. B. Pacific Northwest.
Van Kleeck, Leroy W. New England. 
Van Norman, James H. California.
Van Praag, Alex., Jr. Central States.
Van Wyck, George W. New York. 
Vaughan, E. A. California.
Veateh, F . M., Jr. Central States.
Veigel, L. W. North Dakota.
Veitch, Wm. M. Canada.
Velz, C. J. New York.
Velzy, Charles R. New York.
Venn, Frank. Michigan.
Verdow, W illiam H. New York.
Vermette, Floyd. Michigan.
Vest, W. E. North Carolina.
Victoria, John. New York.
Viggo, Westergaard. New York.
Vigna, John B. Central States.
Villaruz, Primo. California.
Vognild, R. O. Pacific Northwest.
Voight, Richard C. New York.
Voorhis, Chester E. New York. 
Vredenburg, Edward L. New York. 
Vrooman, Morrell. New York.

Wadhams, S. H. New England. 
Wagenhals, H. H. New York.
Waggoner, E. R. California.
Wagner, Edwin B. Pennsylvania. 
Wagner, Edward P . New York. 
Wahlstrom, Carl A. Central States. 
Wahmoff, John J. Ohio.
Wailes Dove Hermiston Corp. New York. 
Walbridge, Thornton. Central States. 
Wald, David. New York.
Walker, C. C. Ohio.
Walker, Chas. L. New York.
Walker, Donald. Central States.
Walker, Edward A. Pennsylvania. 
Walker, Elton D. Pennsylvania.
Walker, J. W. Georgia.
Walker, Philip B. New England.
Walker, P. S. England (I . S. E .).  
Walker, Vernon L. Central States. 
Walker, Walter J. California.
Walker, W illiam W. Federal.
Walraven, W. B. Central States.
Walters, Grover L. California.
Walton, Graham. Central States. 
Wannenwetsch, T. A. New York.
Ward, A. R. England (I . S. P .) .
Ward, C. N . Central States.

Ward, George C. New York.
Ward, Oscar. Central States.
Ward, Paul. Pacific Northwest.
Wardle, J . McClure. New York. 
Wardman, F. L. England (I. S. P .) .  
Wardwell, T. M. Central States.
Ware, Howard. New York.
Waring, F. H. Ohio.
Warner, E. L. Pacific Northwest. 
Warren, A. K. California.
Warren, George D. New York.
Warren, L. B. England (I. S. E .). 
Warren State Hospital. Pennsylvania. 
Warrick, L. F. Central States.
Washburn, Howard C. New York. 
Waterhouse, A. G. England (I. S. P .). 
Waterman, Earle L. Iowa.
Watertown Fire District. New England. 
Waters, Leslie W. New York.
Watkins, H. H. New York.
Watkins, W illiam W. New York. 
Watmougli, W. W. Canada.
Watson, Carl H. New York.
Watson, David M. England (I. S. E .). 
Watson, Henry G. Rocky Mountain. 
Watson, W. England (I . S. P .) .
Watters, T. C. Central States.
W ayne Laboratories, The. Pennsylvania. 
Weachter, Horace. Pennsylvania.
Weart, James G. Central States.
Weaver, W. H. Georgia.
Webb, L. C. California.
Weber, E. J. Central States.
Wechter, W illiam H. New York.
Weeber, Earle R. Michigan.
Weeber, W. Keith. Central States.
Weed, Sam. California.
Wegner, Herman R. Michigan.
Weibel, S. R. Federal.
Weil, M. L. Central States.
Weir, E. McG. England (I. S. P .).
Weir, Paul. Georgia.
Weisel, W. O. Pennsylvania.
Weisler, Leonard. New York.
Weiss, H. New Jersey.
Weiss, R. H. Texas.
Welch, Pierre R. Michigan.
Welker, Leland A. New York.
Wells, E. Roy. Central States.
Wells, W illiam N . Texas.
Welsch, W. Frederick. New York. 
Welsford, H. R. Pennsylvania.
Welsh, William J. New England. 
Wegner, J. H. Ohio.
Wennholm, S. V. England (I . S. E .). 
Wentworth, John P . New England. 
Wertz, C. F. Pennsylvania.
W estcott, Arthur. New York.
Weston, Arthur D. New England. 
Weston Company, L. A. New York. 
Weston, Roy F. Pennsylvania.
Weston, R. S. New England.
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West, A. W. Central States.
W est, Ezra. California.
West, Leslie E. New Jersey.
Westwood, Hector W. England (I. S. E .). 
Wetherell, Joseph H. New York.
Wheatly, Wm. D. Missouri.
Whedbee, Edgar. Texas.
Wheeler, C. E. Central States.
Wheeler, Duane. Central States.
Wheeler, Robert C. New York.
Whelchel, H. E. Georgia.
Whipple, Melville C. New England.
Whirl, William H. Ohio.
Whisler, Ben A. Iowa.
Whitby, Steve. Pennsylvania.
Whitcomb, Leon R. Pennsylvania.
White, George C. California.
White Haven Sanatorium. Pennsylvania. 
White, R. E. California.
White, W. W. California.
Whitley, F. H. New York.
Whitlock, Henry C. New England.
Whitman, Requardt & Smith. Maryland- 

Delaware.
Whitmore, Earle R. Michigan.
Whittaker, H. A. Central States. 
Wickenburg, Town of. Arizona.
Wiest, Gordon J. Pennsylvania.
Wieters, A. H. Iowa.
Wigg, C. V. Michigan.
Wiggin, David C. New England.
Wigley, Chester G. New York.
Wilbur, C. C. Central States.
Wilder, A. D. California.
Wileman, Crozier S. Central States.
Wiley, John S. Federal.
Wiley, Ralph B. Central States.
Willcomb, George E. New York.
Willett, C. K. Central States.
Willey, Charles L. Pacific Northwest. 
Williams, A. C. Pennsylvania.
Williams, C. B. North Carolina.
Williams, Chas. H. Pacific Northwest. 
Williams, Clyde E. Central States.
Williams, G. Bransby. England (I. S. E .). 
Williams, James C. Pennsylvania.
Williams, L. O., Jr. Rocky Mountain. 
Williams, Leon G. Central States.
Williams, Macon M. North Carolina. 
Williams, P. A. Ohio.
Williams, R. L. New York.
Williams, Stanley D. New York.
Williams, W. B. Michigan.
Williams, W illiam D. Central States. 
Williamson, A. E. Maryland-Delaware. 
Williamson, F. Martin. Central States. 
Williamson, R. C. Canada.
Willis, Robert E. Ohio.
Wills, Walter. Central States.
Wilke, Harvey R. Missouri.
Wilkins, Homer J. Texas.
Wilkinson, F. England (I. S. P .) .
Wilson, C. R. New York.

Wilson, C. T. Iowa.
Wilson, Harry L. Central States.
Wilson, J. B. Central States.
Wilson, John. Central States.
Wilson, Murray A. Kansas.
Wilson, Thomas M. Pacific Northwest.
Wilt, Marlin E. Pennsylvania.
Winch, Norman M. New England.
Wing, Frederick K. New York.
Winnie, George. New York.
Winslow, George W. New York.
Wintersgin, A. T. California.
Wirt, J. B. California.
Wirt, R. M. Pennsylvania.
Wirth, Harvey E. Central States.
Wirts, J. J. Ohio.
Wisley, F. E. Central States.
Wisley, W. H. Central States.
Wishart, J. M. England (I. S. P .). 
Wisniewski, T. F. Central States.
Witcher, C. Preston. Michigan.
Wittenborn, E. L. Central States.
Witter, Carl W. New Jersey.
Wittwer, Norman C. New Jersey.
Woelfle, Arthur H. New York.
Woese, Carl F. New York.
Wolman, Abel. Maryland-Delaware.
Wolohan, L. J. Michigan.
Woltmann, J. J. Central States.
Wontner-Smith, H. England (I. S. P .). 
Wood, Herbert M. New York.
Wood, J. R. Canada.
Wood, Lawrence E. Kansas.
Woodhull, Charles R. New York.
Woodman, L. E. Central States.
Woodring, R. W. Pennsylvania.
Woods, F. X. Arizona.
Woodward, F. L. Central States.
Woodward, John D. Pennsylvania. 
Woodward, R. D. California.
Woodward, Richard L. Federal.
Woodward, William H. New England. 
Woolley, B. C. Iowa.
Wooten, M. Frank, Jr. North Carolina. 
Worthington, Erastus. New England. 
Worthington Pump & Mach. Corp. New 

York.
Wright, C. T. Federal.
Wright, Chilton A. New York.
Wright, Edward. New England.
Wrigley, Frank. England (I. S. P .). 
W uraftic, Joseph. New England.
Wyckoff, Charles R. New York.
Wyllie, George F. Michigan.

Yaffe, C. D. Federal.
Yatteau, George A. New York.
Yeager, Bert T. Central States.
Yenehko, John. Pennsylvania.
Yeomans Brothers, Company. Central States. 
Yerkes, Milton R. Pennsylvania.
Young, C. H. England (I. S. E .).
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Young, C. H. Pennsylvania. 
Young, C. R. Canada.
Young, E. D. Ohio.
Young, Frank E. Iowa.
Young, Lewis A. Kansas.
Young, Norman C. Pennsylvania. 
Young, Robert A. Central States. 
Youngs, Benjamin K. New York, 
Yow, W. E. North Carolina.

Zack, Samuel I. New York, Central States. 
Zeigler, Frederick C. New York.
Zeitler, Braman E. New York.
Zieres, Floyd B. New York.
Zimmer, W. E. Michigan.
Zöllner, Frederick D. New York. 
Zuckweiler, G. C. California.
Zuppinger, W illiam. New York.
Zurbuch, N. F . Central States.
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Here's the CORNERSTONE For 
Efficient Public Works Design...

A m o n g  th e  n e w  w a te r  w o r k s  
a n d  s e w a g e  p la n ts  th a t  s t a n d  o u t  
a s  m o d e ls  o f  a d v a n c e d  e f f i c ie n c y ,  
a  g r o w in g  n u m b e r  o w e  th e ir  l e a d 
e r s h ip  l a r g e l y  to  a  p r o g r e s s iv e  
p r in c ip le  in  d e s ig n in g .  L ik e  e f f ic i 
e n t  p r o c e s s  p la n ts  in  c o m m e r c ia l  
in d u s tr ie s ,  t h e y  a r e  la id  o u t fro m  
th e ir  v e r y  in c e p t io n  o n  a  b a s i s  o f 
c o m p le t e ,  c e n tr a l iz e d  in s tr u m e n ta 
t io n  b y  F o x b o r o .

M a n y  p u b lic  w o r k s  e n g in e e r s  
n o w  c o n s u lt  F o x b o r o  b e fo r e  th e  
p la n s  a r e  o n  th e  b o a r d s . F o x b o r o  
e n g in e e r s  w e r e  e a r l ie s t  p io n e e r s  
o f  m o d e r n  p r o c e s s  c o n tr o l in str u 
m e n t s  . . . th e  o r ig in a to r s  o f  m a n y  
im p o r ta n t  t y p e s ,  s u c h  a s  f lo w  c o n 
tr o lle r s , r e c o r d in g  c o n tr o lle r s  a n d

th r o tt lin g  c o n tr o lle r s  w ith  a u to 
m a t ic  r e s e t .  T h r o u g h  lo n g  e x p e r i 
e n c e  in  in s tr u m e n t in g  p r o c e s s e s  in  
in d u s tr y  a s  w e l l  a s  p u b lic  w o r k s ,  
t h e y  a r e  u n iq u e ly  e q u ip p e d  to  
h e lp  y o u .

W r ite  for  F o x b o r o  I n s tr u m e n ta 
t io n  B u lle t in s  2 3 2 , o n  s e w a g e  
p la n ts ,  a n d  233 , o n  w a te r  w o r k s .  
T h e  F o x b o r o  C o m p a n y , 162  N e p o n -  
s e t  A v e .,  F o x b o r o , M a ss .,  U . S . A . 
B r a n c h e s  in  p r i n c i p a l  c i t i e s  o f  
th e  U n ite d  S t a t e s  a n d  C a n a d a .

F O X B O R O
/  REG. U. S. PAT. OFF.

I n s t r u m  e n  t a  t i o n

FOR WATER WORKS AND SEWERAGE SYSTEMS



T n  t r i c k l i n g  f i l t e r s , a s  i n  s e w a g e  t r e a t m e n t  p r o c e s s e s  g e n e r a l l y ,  c a s t  

i r o n  p i p e  i n s t a l l a t i o n s  a r e  f o r  t h e  m o s t  p a r t  b e l o w  t h e  s u r f a c e .  T h a t  

i s  o n e  r e a s o n  w h y  c a s t  i r o n  p i p e  i s  s o  l a r g e l y  u s e d  f o r  s e w a g e  w o r k s  c o n 

s t r u c t i o n .  W i t h  p e r m a n e n t l y  t i g h t  j o i n t s  a n d  e f f e c t i v e  r e s i s t a n c e  t o  

c o r r o s i o n ,  c a s t  i r o n  p i p e  c a n  b e  i n s t a l l e d  w i t h  c o n f i d e n c e  u n d e r  c o n d i t i o n s  

w h e r e  r e p a ir s  w o u l d  b e  d i f f i c u l t  a n d  c o s t l y .  W e  c a r r y  l a r g e  s t o c k s  o f  

S u p e r - d e  L a v a u d  c e n t r i f u g a l l y  c a s t  p i p e ,  p i t - c a s t  p i p e  a n d  s t a n d a r d  f i t t in g s  || 

a t  p l a n t s  a n d  s t o r a g e  y a r d s  t h r o u g h o u t  t h e  U .  S .  A .

U N I T E D  S T A T E S  P I P E  A N D  F O U N D R Y  C O M P A N Y
G en era l O ffices: B U R L IN G T O N , N E W  JE R S E Y

Foundries and Sales Offices Throughout the United States

J. S. C A S T  I R O N  P I P E
f o r  s e w e r s  a n d  s e w a c r ^  t r M t m o n ł  ^ U n f o
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HOW " FLUSH -KLEEN” SYSTEM 
PREVENTS PUMP CLOGGING
R a g s  a n d  O t h e r  C o a r s e  S e w a g e  

M a t t e r  D o  N o t  P a s s  T h r o u g h  

I m p e l l e r s .

P u m p s  H a n d l e  S t r a i n e d  S e w a g e  
O n l y .

W h i l e  o n e  p u m p  i s  o p e r a t i n g ,  

s e w a g e  f l o w s  i n t o  b a s i n  t h r o u g h  

i d l e  p u m p .

F I L L IN G  W E T  W E L L
©  S e w a g e  f lo w s  t h r o u g h  i n l e t  p i p e .  

©  C o a r s e  s e w a g e  m a t t e r  i s  r e t a i n e d  

b y  s t r a in e r .

®  S t r a i n e d  s e w a g e  f l o w s  t h r o u g h  

i d l e  p u m p  t o  b a s in .

P U M P I N G
®  S t r a i n e d  s e w a g e  i s  p u m p e d  f r o m  

b a s in .  

©  C o a r s e  s e w a g e  m a t t e r  i s  b a c k -  

w a s h e d  f r o m  s t r a i n e r .  

© S p e c i a l  c h e c k  v a l v e  c l o s e s ;  

s e w a g e  a n d  c o a r s e  m a t t e r  a r e  

p u m p e d  t o  s e w e r .

Both pumps operate under peak flows. 

SEND FOR BULLETIN 122 WITH COMPLETE

Fig;. 2037—“Flush-Kleen” Sewage Pumping; 
Station. While one pump is operating;, sew
age flows into the basin through the idle 
pump, as indicated by arrows. Coarse sew
age matter is retained by the “Flush-Kleen” 
strainer in the idle pump (2). Only strained 
sewage passes through impeller to wet basin. 
When the idle pump operates, the coarse 
sewage matter in the strainer chamber is 
flushed out through the discharge pipe with 
the strained sewage from the wet basin. 
The check valve prevents operating; pump 
from discharging; back through the inlet 
line. In the meantime, sewage flows into the 
wet basin through the idle pump. Auto
matic Alternator transfers operation from 
one pump to the other. Both pumps may 
operate during peak flow, at which time sew
age inflow is through overflow strainer.

O Y E R  2 ,5 0 0 0  I N S T A L L A T I O N S  

I N  

S H I P S  

B U I L D I N G S  

I N S T I T U T I O N S  

M U N I C I P A L I T I E S  

A R M Y  A N D  N A V Y  P R O J E C T S

"FLUSH-KLEEN" ENGINEERING DATA

C H I C A G O  P U M P  C O 1 ■ SEWAGE EQUIPMENT DIVISION
----------------------------------------- --------------- . a

2336 Wolfram Sir*««, CHICAGO, ILL.
Phone BRUmwitli 4110 -------------

REPRESENTATIVES THROUGHOUT THE UNITED

—------------------------------L.“
V ACUUM— CONDENSATION — CIRCULATING — BILGE 
FIRE -  HOUSE -  SEWAGE -  SCRU-PELLER PUMPS 
AERATORS -  COMMINUTORS -  SAMPLERS

STATES AND FOREIGN COUNTRIES
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W O R T H I N G T O N  E Q U I P M E N T  

F O R  S E W A G E  P L A N T S

C E N T R IF U G A L  P U M P S
F O R  R A W  S E W A G E , S E W A G E  S L U D G E  A N D  G E N E R A L  S E R V IC E S

S E W A G E  G A S  E N G IN E S  D IE S E L  E N G IN E S  

C O N V E R T IB L E  G A S - D IE S E L  E N G IN E S

S T E A M  A N D  P O W E R  P U M P S  

T U R B I N E  W E L L ,  S U M P  A N D  D R A I N A G E  P U M P S  

S T E A M  C O N D E N S E R S  A N D  A U X I L I A R I E S  

F E E D W A T E R  H E A T E R S  

V A C U U M  P U M P S  S T E A M  J E T  E J E C T O R S

M O O R E  S T E A M  T U R B I N E S  

R E D U C I N G  A N D  I N C R E A S I N G  G E A R S  

S T A T I O N A R Y  A N D  P O R T A B L E  A I R  C O M P R E S S O R S  

R O C K  D R I L L S  A N D  C O N S T R U C T I O N  A I R  T O O L S  

M U L T I - V - B E L T  D R I V E S  A I R  L I F T S

•  D e s c r ip t iv e  l i t e r a t u r e  is  a v a i la b le  o n  r e q u e s t

WORTHINGTON PUMP AND MACHINERY CORPORATION
General Offices HARRISON, NEW JERSEY - Bionch Offices and Representatives in Principal Cihes throughout the World

W O R T H I N G T O N
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N E W  P U B L I C A T I O N S
o f  t h e

A m e r ic a n  P u b lic  H e a lth  A sso c ia tio n
■

D I A G N O S T I C  P R O C E D U R E S  A N D  R E A G E N T S
A n  a u t h o r i t a t iv e  v o lu m e  d e s c r ip t iv e  o f  te c h n ic s  for  t h e  la b o r a to r y  
+ua ^ c ° S1Sj a  c o n tr o l  o f  t h e  c o m m u n ic a b le  d ise a se s . P re p a r ed  b y  
t  e  s t a n d a r d  M e th o d s  C o m m it te e  o n  D ia g n o s t ic  P r o c e d u r e s  a n d  
R e a g e n ts ,  W illia m  A . S to v a l l ,  M .D . ,  C h a ir m a n .

3 6 8  p p . ,  c lo th  h o u n d  P r ic e  £2 76

T H E  C O N T R O L  O F  C O M M U N I C A B L E  D I S E A S E S
A  R e p o r t  b y  th e  C o m m it te e  o f  th e  sa m e  n a m e , H a v e n  E m e r so n ,  
M .D . ,  C h a ir m a n . R e v is e d ,  1 9 4 0 .

C O M M U N I T Y  O R G A N I Z A T I O N  F O R  H E A L T H  
E D U C A T I O N

A  R e p o r t  b y  t h e  C o m m it te e  o f  t h e  s a m e  n a m e , C . E . T u r n e r ,  
D r .P .H . ,  C h a ir m a n .

S T A N D A R D  M E T H O D S  F O R  T H E  E X A M I N A T I O N  
O F  D A I R Y  P R O D U C T S

E ig h t h  E d it io n .  R e v is e d .  I n c lu d e s  fo r  t h e  fir s t  t im e  m e th o d s  for  
t h e  m ic r o b io lo g ic a l  e x a m in a t io n  o f  fr o ze n  d e ss e r ts .

T R A N S A C T I O N S  O F  T H E  S E V E N T H  I N S T I T U T E  
O N  P U B L I C  H E A L T H  E D U C A T I O N

F if t e e n  d is c u s s io n  o u t l in e s  a n d  r e a d in g  l is t s  a n d  fo u r  m a jo r  p a p e r s .

9 6  p p . ,  p o c k e t e d i t io n ,  p a p e r  b o u n d P r ic e  $ .2 5  
Q u a n t i ty  q u o ta tio n s  o n  re q u est

1 3 6  p p . ,  p a p e r  b o u n d P r ic e  $ .0 9  (s ta m p s )

{ I n  p r e p a r a t io n ) P r ic e  $ 2 .5 0

9 3  p p . ,  p a p e r  b o u n d P r ic e  $ 1 .0 0

A m e r i c a n  P u b l i c  H e a l t h  A s s o c i a t i o n

1 7 9 0  B r o a d w a y N e w  Y o r k , N .  Y .
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C A S T A L O Y

L a b o r a t o r y  A p p l i a n c e s

E ach C astaloy clamp, holder and 
support has every detail designed to 
perform  its intended function m ore  
satisfactorily. U p-to-date laboratories 
now  use Castaloy Appliances exclu
sively  because of their utility, conven
ience and enduring service.

C astaloy appliances are stronger than  
those m ade of cast iron or stam ped  
steel. T h ey  do not rust; they  resist 
corrosion and have d istinctive m echani
cal features. Castaloy appliances cost 
less because they  last longer and they  
are a big im provem ent in appearance.

FISHER SCIENTIFIC  CO. 
7 1 1 - 7 2 3  F o r b e s  St., P ittsb u r g h , P a .

EIMER & AM END
2 0 5 - 2 2 3  T h ird  A v e .,N e w  Y o rk , N . Y.

H E L L I G E

AQUA TESTER
eN e rw ,  r a d i c a l l y  

i m p r o v e d  ¿ M o d e l

This new model is, 
we believe, the most 
advanced type ever 
brought on the mar
ket for the accurate 
analysis of water, sew
age, and industrial 
wastes.
Permanent reliability 
by the use of non
fading G lass Color

M A D E  ,N U . S . A .  Standards * .
ease of operation make this a most desirable 
piece of equipment for all popular A. P. H. A. 
and A. W. W. A. methods.
L I C I  I I k l ^  3718 northern blvd.
H C L I - I O C ,  I i l C .  LONG ISLAND CITY. N. Y.

P r e v e n t  W ea r  a n d  C u tt in g  o f  R o d s ,  

P lu n g e r s , S h a f t s  an d  V alve S t e m s

by using

MABBS RAWHIDE PACKING
Trade Mark

R ei. U. S. Pat. Off.

In Your Water Works aod Sewage Plants

It lasts longer, is antifrictional, saves 
power, labor and repairs. Will prove the 
m ost economical packing that can be 
bought. T hese are the reasons why the 
United States Government has been  
using M abbs Rawhide Packing on their 
hydraulic dredges for more than 35 years.

It Would PAY YOU to Use It on Your Water 
Works and Sewage Pumps and Valves.

Mabbs Hydraulic Packing Co.
Inc. 1892

4 3 1  S . Dearborn S t. C hicago, III.

J O I N

Y o u r  S ta te  o r  L o c a l

S E W A G E

W O R K S

A S S O C I A T I O N

A F F IL IA T E  W I T H  T H E  

N A T I O N A L  F E D E R A T I O N  

O F

S E W A G E  W O R K S  

A S S O C I A T I O N S
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5 0  Y E A R S

D r . E dw a rd  Goodrich A cheson whose 
inventive genius in  creating the fir s t  
m an-m ade g rin d in g  m ateria l gave such  
im petus to the developm ent o f abrasive  
products that th ey  have become all im 
p ortan t factors in  m a k in g  possible  
vastly increased production  and  greater 
precision  throughout all industry .

•  Never before in history has life been so 
enriched by scientific discovery and indus
trial progress as in the half century just com
pleted. We have seen amazing strides in 
means of transportation . . . the automobile, 
the airplane, the streamlined train of stain
less steel. The electric furnace has given in
dustry new chemicals, new steels, new alloys. 
We have witnessed the creation of new syn
thetics, the perfection of the machine tool, 
the enormous development of mechanical 
efficiency in every field and the production 
of countless commodities that promote and 
protect our way of life.
Of all these varied advances none surpass the 
progress made in the abrasive field. When 
Dr. Edward Goodrich Acheson created the 
first man-made abrasive fifty years ago, little  
did he foresee that modern abrasive products 
would become one of industry’s most 
important tools for the shaping, grinding 
and finishing of almost every device of the 
useful arts. It shapes the tiny balances of our 
watches. It smooths the massive casting. It 
grinds tons of wood pulp for paper making. 
It fashions marble and stone, finishes wood

and leather and sharpens the tools of every 
craft.
In other words manufactured abrasives are 
intimately integrated with the very struc
ture of industrial life . . . meeting its funda
mental needs, furthering its progress, trans
lating yesterday’s luxuries into today’s com
monplace necessities.
I t is with justifiable pride, therefore, that we 
of The Carborundum Company pay tribute 
to the late Dr. Edward Goodrich Acheson in 
commemorating the Fiftieth Anniversary of 
his creation of silicon carbide, trade named 
"Carborundum,” the first man-made abra
sive. It is fitting also that we choose this 
occasion to acknowledge the splendid co
operation of our friends in industry in bring
ing his work to fruition and to rededicate 
this Company’s efforts to a continuing serv
ice to industry and to the betterment of 
America’s way of life.

Vcr

FRANK J. TONE, P re s id e n t,
THE CARBORUNDUM COMPANY, 
NIAGARA FALLS, N. Y.
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D I R E C T O R Y  O F  E N G I N E E R S

A L B R I G H T  8C F R I E L ,  I N C .
Consulting Engineers

W ater, Sew erage, In du str ia l W aste , 
G arbage, P ow er P la n t and  

V a lu a tio n  P rob lem s
1520 L O C U S T  ST . 

P H IL A D E L P H IA ,  P E N N A .

Jo h n  W . A lvo rd  Lou is R . Howson 
Charles B . Bu rd ick  Donald  H . M axw ell
ALVORD, B U R D IC K  & H O W SO N

E n g in e e rs  
W ate r W orks, W a te r Pu rifica tion , 
Flood  Relief, Sewerage, Sewage 
Disposal, Drainage, A ppra isa ls, 

Po w er Generation 
C iv ic Opera B u ild in g  Chicago

BUCK, SEIFERT AND JOST
C o n s u lt in g  E n g in e e rs  

(FORMERLY NICHOLAS S. HILL ASSOCIATES)
Specializing in Sewerage and Sewage Disposal, 

Water Supply and Water Purification, 
Valuations and Reports 

Chemical and Biological Laboratories 
112 E a s t  19th Street New Y ork , N . Y .

T H E  C H E S T E R  E N G I N E E R S
C a m p b e l l , D a v i s  &  B a n k s o n

Water Supply and Purification, Sewerage 
and Sewage Treatm ent, Power D evelop
ment and Applications, Valuations and 
Rate Investigations.
210 E . P A R K  W A Y  A T  S A N D U S K Y  ST . 

P IT T S B U R G H , PA .

B L A C K  &  V E A T C H
Consulting Engineers 

4706 B ro ad w ay , Kansas C ity , Mo.
Sewerage, Sewage D isposal, W a te r  Supply, W a te r Pu rification , E le c tr ic  L igh ting , 
Po w er P lan ts , Va luations, Special Investigations, Reports and Lab o ra to ry  Service
E . B . B l a c k  N. T . V e a t c h , J e . A. P . L e a b n e d  H . F . L u tz

F . M. V e a t c h  J .  F . B e o w n  R . E .  L a w e e n c e  E .  L . F i l b y

G R E E L E Y  &  H A N S E N
E n g in e e rs

Sa m u e l  A. G r e e l e y  P a u l  H a n s e n
P a u l  E .  L angdon  K e n n e t h  V. H i l l
T h o m a s  M. N i l e s  S a m u e l  M. Cl a r k e  

W ater Supply, W a te r Purification, 
Sewerage, Sewage Treatment, Flood 
Control, Drainage, Refuse Disposal 

6 N . M ich igan Ave., Chicago

H A V E N S  A N D  E M E R S O N
(fo rm erly  Gascoigne &  Associates)

W . L . Havens C. A . Em erson 
A. A. Bu rg e r F . C. Tolles F . W . Jones

W ate r, Sewage, Garbage, In d u stria l 
W astes, Va luations.— Laboratories 

Leader B ldg . W oo iw orth  B ldg .
Cleveland N ew  Y o rk

M E T C A L F & EDDY
E n g in e e rs

W ater, Sewage, D rainage, Garbage and 
In d u s tria l W astes Prob lem s 

Laboratories Valuations
Boston, Mass.

S ta tle r Bu ild in g

M O R R IS K N O W L E S, In c .  
E n g in e e rs

W ate r Sup p ly  and Pu rifica tion , Sew er
age and Sewage D isposal, Va luations, 

Lab o ra to ry , C ity  P lann ing .

Westinghouse Bldg. Pittsburgh, Pa.

R O B E R T  T . R E G E ST E R  
C o n s u lt in g  E n g in e e r

Sewerage— Sewage Treatm ent 
W a te r W o rk s— In d u stria l W astes 

D rainage— Flood  Protection 
Advisory Service, Reports and Designs 

Ba ltim ore  L ife  B u ild in g  
Ba ltim ore, Md.

WHITMAN, REQUARDT AND SMITH
Engineers

Ezra B. Whitman Norman D. Kenney
Gustav J. Requardt A. Russell Vollmer
Benjamin L. Smith Theodore W. Hacker

WATER WORKS—SEWERAGE—UTILITIES
Baltim ore , Md. A lb any, N . Y .
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“ T a f f y ,”  “ c h lo r in e  g u m ,”  “ c h lo r in e  b u t 
t e r ,”  a n d  “ g o o ”  a r e  a  fe w  o f  th e  n a m e s  g iv e n  
t h i s  s t i c k y  m e s s  w h ic h  a t  t im e s  c lo g s  u p  t h e  g a s  
p a s s a g e s  a n d  o r if ic e s  o f  c h lo r in a t o r s .

Penn Salt 
Liquid Chlorine

“TAFFY" TROUBLE?

Y o u  c a n  c u r e  y o u r  ta ffy  t r o u b le s  b y  u s in g  taffy- 
f r e e  c h lo r in e  a n d  t ig h t e n in g  u p  c h lo r in a t o r  m a in 
t e n a n c e  t o  e x c l u d e  m o is t u r e ,  lu b r ic a n t s ,  b i t s  o f  
p a c k in g ,  a n d  o t h e r  f o r e ig n  m a t te r  fr o m  t h e  c h lo r in e  
l i n e s  a n d  c h a m b e r s .  S p e c ify  P e n n  S a lt  L iq u id  C h lo 
r in e  m a d e  i n  o u r  s p e c ia l  f r a c t io n a t in g  c o lu m n  
w h ic h  p r o d u c e s  g u m -fr e e  l iq u id  c h lo r in e .

Y o u  r e c e iv e  P e n n  S a lt  L iq u id  C h lo r in e  in  d o u b le -  
c h e c k e d  c y l i n d e r s  w h i c h  h a v e  b e e n  c a r e f u l l y  
c le a n e d ,  f i t t e d  w it h  n e w  o r  r e c o n d it io n e d  v a lv e s ,  
a n d  t w ic e  in s p e c t e d  a g a in s t  le a k s .

W r ite  u s  f o r  y o u r  f r e e  c o p y  o f  t h e  w a ll  d is p la y  
c a r d ,  “ H a n d l in g  L iq u id  C h lo r in e ” —u s e f u l  in fo r m a 
t io n  t o  h a n g  u p  n e a r  y o u r  c h lo r in a to r .  P e n n s y l 
v a n i a  S a l t  M a n u f a c t u r i n g  C o . ,  W i d e n e r  B l d g . ,  
P h i la d e l p h i a ,  P a . — N e w  Y o r k  • C h ic a g o  • S t. L o u is  
• P i t t s b u r g h  • T a c o m a  • W y a n d o tte .

P E N N S Y L V A N I A  S A L T
M A N  u/ T a/ c T U R I N G  C CWM P A N T

K ^ U 2 - jr ijU lj£ L JL 4 ~
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C o a g u l a n t  E c o n o m y  

c o m e s  t o  y o u  w i t h ^ >

Y O U  S A V E
•  B y  c o n d i t i o n i n g  s l u d g e  w i t h  f e r r i -  

f l o c .  A t l a n t a ’s  C l a y t o n  p l a n t  n o w  
u s e s  f e r r i - f l o c ,  a l o n e .  N o  l i m e  r e 
q u i r e d  t o  c o n d i t i o n  t h i s  s l u d g e .

•  Y O U  S A V E
** * * *  -*—»1 W h e n  y o u  u s e  f e r r i - f l o c  a s  a  c o a g u -

l a n t  f o r  a l l  t y p e s  o f  w a t e r  t r e a t m e n t
TENNESSEE CORPORATION a n d  s e w a g e .  A l s o  a d a p t a b l e  f o r

w a s t e  w a t e r  t r e a t m e n t .

G e t  a  s a m p l e  t o  t e s t  i n  y o u r  p l a n t  

•  Y O U  S A V E  w h e n  y o u  w r i t e  i m m e d i a t e l y  t o

TENNESSEE CORPORATION
A T L A N T A ,  G A .  L O C K L A N D ,  O H I O

,<  A  N E W ,  s m o o t h e r  o p e r a t i n g  

P E R I P H E R A L  D R I V E  C L A R I F I E R

•  I m p r o v e s  S e d i m e n t a t i o n

•  P r o d u c e s  C l e a r e r  E f f l u e n t
T h is  is the new, ultra-smooth Infilco P D  
Clarifier th a t provides better, more complete 
sedimentation and clearer effluents than con
ventional equipment.

Unexcelled performance is obtained in this 
new clarifier by the application o f power 
from a p o sitive  p er ip h era l drive. A stationary 
peripheral ring gear and pinion drives the 

rotating member at a constant, slow and uniform speed.
There are no disturbances with the P D  Clarifier— all vibrations and uneven motions 

have been eliminated. Anti-friction bearings are used throughout. All bearings and 
reduction gears are enclosed and operate in oil.

P D  Clarifiers are available from 30 ft. to  150 ft. in diameter— at size intervals o f 5 ft. 
Inquiries concerning this equipment are invited and will be answered promptly. W rite to:

INTERNATIONAL FILTER CO ., 3 2 5  W. 2 5 T H  PLA C E, CHICAGO, ILL.

EQUIPMENT FOR CHEMICAL. BIOLOGICAL AND MECHANICAL TREATMENT OF SEWAGE
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T H E S E  A R E  T H E  R E Q U I R E M E N T S .

C A N  Y O U  M E E T  T H E M ?

T O  I N C I N E R A T E  A  

C O M B I N A T I O N  O F  

G R E E N  G A R B A G E  A N D  

S E W A G E  F I L T E R  C A R E . . ,

T O  I N C I N E R A T E  

G R E E N  G A R B A G E  

A L O N E . . . .

T O  I N C I N E R A T E  

S E W A G E  F I L T E R  C A R E  

A L O N E . .

T O  

G U A R A N T E E  

P E R F O R M A N C E . . . ,

. .  .  S a i d  I n c i n e r a t i o n  H e a d q u a r t e r s !

' INCINERATION H E A D Q U A R T E R S
. . . the country’s most authoritative organization on all matters 
relating to the incineration of municipal wastes . . . maintains an 
integrated program of laboratory study, field research and plant 
 ̂design, assuring only equipment that is tried and proven.

N o w ,  l e t  t h e  R o c k  I s l a n d  A r g u s  t e l l  t h e  s t o r y

"On recommendation o f  the committee sent to 
Maryland and New Jersey last week to inspect 
incinerators, the council awarded the Nichols. 
Engineering and Research Corporation o f New  
York City the contract for furnishing and in
stalling incinerator equipment at a cost o f  
#68,750.

The committee reported that incineratorequip- 
ment costing about #50,000 less, on which bids 
were received last week, was unsatisfactory. 
Members explained the equipment would burn 
garbage alone and garbage and sewer sludge

combined, but would not burn sewer sludge 
alone, as will be necessary in Rock Island, with
out the use o f considerable additional fuel.

Committee members, in explaining their rec
ommendation for the purchase o f  the more ex
pensive incinerator equipment, said the cheaper 
equipment failed to burn the sludge and garbage 
thoroughly and that working conditions in plants 
where such equipment was in operation were 
far from proper.”

Q uoted  fro m  T h e  R ock  Is la n d  A rgus, 1-23-40

IW H O LS  E R E M E E R IR G  & RESEARCH I0 R P 0 R R T I0 R
60 WALL TOWER BLDG., NEW YORK, N. Y. UNIVERSITY TOWER BLDG., MONTREAL, P. Q.
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THEY "SHOW OP" 
IN SLUDGE LINES

Crane No. 778 
Light Standard 

Double Disc Gate Valves

A t a g la n c e ,  t h e s e  ir o n  b o d y  o u t s id e  

s c r e w  a n d  y o k e  v a lv e s  s h o w  e x a c t  

p o s i t io n  o f  th e  d is c .  I d e a l  fo r  m a n i

f o ld  s e r v ic e  in  s lu d g e  ta n k  l in e s .  

R a te d  at 1 0 0 - p o u n d s  w a te r , th e y  

sa v e  th e  e x tr a  c o s t  o f  h e a v ie r  v a lv e s .  

C r a n e  n o n - j a m m in g  d i s c  d e s ig n  

a ss u r e s  s m o o t h  o p e r a t io n  a n d  t ig h t  

s e a t in g .
•  •  •

For the right valves for specific working condi* 
tions, look to the Crane line of over 38,000 piping 
items for every service. There’s a Crane Branch 
or Wholesaler nearby—ready to serve you.

C R A N E

V A L V E S  •  F I T T I N G S  •  P I P E  •  P L U M B I N G  •  H E A T I N G  •  P U M P S

C R A N E  C O ., G E N E R A L  O F F IC E S : 8 3 6  S . M IC H IG A N  A V E .,  C H IC A G O
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DE LAVAL
C L O G L E S S  

P U M P S

1 Can be disassembled without disturbing piping.
2 The impeller has wide passages without sharp 

corners, but provides guidance for the water to 
obtain high efficiency.

3—Wearing rings protect both impeller and casing to 
reduce leakage. Can be sealed with clear water.

i —To reduce overhang of impeller, stuffing box is 
over hub of impeller, which is protected by a re
newable sleeve. Can be clear-water sealed.

5—Heavy shaft carried in ball bearings spaced well 
apart.

A s k  f o r  p a p e r  P - 3302 o n  S E W A G E  
P U M P S , b y  A .  P e te r s o n .

DE LAVAL STEAM  TURBINE CO.
TRENTON, N. J.

A D V E R T I S E  I N  

S E W A G E  W O R K S  J O U R N A L

It Gets Results

P r o o f — P a i d  a d v e r t i s i n g  i n c r e a s e d  3 9 %  i n  1 9 4 0 .  

T o t a l  s u b s c r i b e r s  a s  a t  D e c e m b e r  3 1 ,  1 9 4 0  —  3 2 0 0

For ra te  c a r d  a n d  o th e r  r e le v a n t d a ta  

w r ite  to :

A R T H U R  A .  C L A Y , B u sin e ss  M a n a g e r  

654 Madison Avenue 
N e w  Y o r k ,  N .  Y .

C e n t r i f u g a l  P u m p s

MORRIS MACHINE WORKS 
B A L D  W INS VILLE, N .Y .

High-efficiency

Non-clogging

SEWAGE
PUM PS

S e n d  
fo r  c a ta lo g
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5 E 111 H G E CHS 
COnTROL E- 
SBFETV DEVICES

Maintains upstream or 
downstream pressure to 
within 0.2" of water of 
predetermined pressure.

Standard working parts 
18-8 stainless steel with 
synthetic rubber diaphragm.

y2"  to 10".

"VAREC* A p p r o v e d
MANOMETERS

Single or Triple open or push 
button control types. Leakproof. 
Accurate. Aluminum housing, 
bronze fittings, pyrex glass.

FIGURE NO. 58C

"VAREC” A p p ro ved

PRESSURE RELIEF AND 
VACUUM BREAKER VALVE
WITH FLAME ARRESTER

Installed on digester and 
gas holder domes, affords 
Emergency Pressure and 
Vacuum Relief and pre
vents flame entrance from 
atmospheric disturbances.

Easy inspection and 
maintenance.

Pure aluminum construc
tion—noncorrosive.

2" to 10".

VAREC" A p p r o v e d  SUPER-SENSITIVE 
PRESSURE REGULATOR—DOUBLE PORT

"VAREC” A p p r o v e d  SAMPLING HATCH
COVERS

For use on digester 
domes. Noncorrosive, 
gastight, self-closing, 
sparkproof.

4" to 10".
FIGURE NO. 48

"VAREC"
A p p r o v e d
WASTE GAS 

BURNER

"VAREC" A p p r o v e d  MANHOLE COVERS

For use on di
gester and gas 
holder domes.
Sp ark proof.
Gastight. Easily 
accessible. FIGURE No. 220A

18" and 20".

FIGURE NO. 187

"VAREC” A p p ro ved
SENSITIVE PRESSURE 

REGULATOR 
SINGLE PORT

Maintains upstream or down
stream pressure to within 
0.5" of water of predeter
mined pressure.

2" to 6". FIGURE NO. 387 FIGURE No. 232D

FIGURE
No.

216A

"VAREC” A p p ro v e d  
SEDIMENT TRAP AND 

CONDENSATE DRIP TRAP 
ASSEMBLY

Cast iron construction 
—18-8 stainless steel 
working parts.

2" to 4".

V A R E C ”
A p p ro ved  

PRESSURE RELIEF 
AND FLAME TRAP 

ASSEMBLY
Diaphragm operated 
Regulator, Flame Trap 
and Thermal Shutoff 
Valve. Throttling 
Type—cannot chatter. 
Maintains predeter- 

F1GURE No. 440 mined back pressure,
passing surplus gas to burner. Stops flame.

Patented telescopic Flame Trap element simplifies 
inspection and maintenance.

Pure aluminum—18-8 stainless steel—non corrosive.
2" to 10".

"V A R E C ”
A p p ro v e d
FLAME TRAP 
ASSEMBLY
Patent No.
2068421

FlameTrapand FIGURE No. 450
Thermal Shutoff Valve.

It arrests and stops flame propagation.
Simplifies inspection and maintenance.

Pure aluminum and 18-8 stainless steel—non- 
““I corrosive. 2" to 10".

U  a  /  A  V'W t f  ¡1, the v a p o r  r e c o v e r y  system s com panyK III CONSUtlANIS. DESIGNERS. AND MANUFACTURERS OF GAS CONTROl AND TANK EQUIPMENT

APPROVED (Qj 2820 No. Alameda Street • Compton, California

Ejj u  i p  m  e  n  T
BRANCH OFFICES AND STOCKS Ne- York City Houston. Tc.a 

AGENCIES In Molt Principal Ciliei
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(above)
•  Control mechanism of 12"diameter Everdur float 
tubes. Designed and built by Krajewski-Pesant 
Mfg. Corp., for the Ward’s Island Sewage Treat
ment Works o f the City of New York. In the air 
filters in both primary and secondary rooms at 
Ward's Island, entire filter structures, filter holders, 
retaining mesh and rotating screen were made of 
Everdur by the American Air Filter Co., Inc., 
Louisville, Ky.

•  Two types o f Everdur screen frames used by New 
Haven Water Company at main outlets in reser
voirs. Principal uses of Everdur in reservoirs and 
water distribution systems include screens, fittings, 
bolts, steps, valve stems and pipe.

( above)
•  One of five easily hand-operated 
Everdur shut-off gates in the screen 
room of the Rahway Valley Joint 
Meeting Sewage Treatment Works, 
Rahway, N. J. The frame is cast 
Everdur, the plate is rolled Everdur, 
the 2Vi" spindle is machined Ever
dur rod. Height of frame—10' 3"; 
total weight only 1,624 lbs.

C O P P E R - S IL IC O N  A L L O Y
G e t s  t h e  C a l l  i n  S e w a g e  T r e a t m e n t

C o m b i n i n g  high  resistance to  corrosion w ith  
high  strength , ease o f  fabrication and ready w eldability , 
Everdur is un iquely  adapted to  lig h t w e ig h t structures 
built o f  w rough t m etal. O ver a period o f  14 years, this 
m oderately priced cop per-silicon  a lloy  has dem onstrated  
its superiority for sew age treatm ent equ ip m ent under a 
w ide variety o f  operatin g  con d itio n s . A naconda P ub li
cation  E - l l  conta ins detailed in form ation  o f  interest to  
sew age and water w orks engineers.

"EVERDUR” is a trademark of The American Brass Company, registered in the United States Patent Office.

A nacc^n d A

rrp A M E R I C A N  B R A S S  C O M P A N Y , G eneral Offices: W a t e r b u r y , C o n n e c t ic u t
G m a d a :  A n a c o n d a  AMBRtCAN Brass Ltd., New Toronto, Ont. - Subsid.ar, of Anaconda Copper Min,ng Co.pany
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ABANDON CENTRIFUGAL 

SEWAGE PUMPS 
ON SMALL FLOWS!

r j p H E  c e n t r i f u g a l  p u m p  c a n  b e  s c a l e d  

d o w n  t o  a  s i z e  t o o  s m a l l  f o r  e f f e c 

t i v e n e s s  . . . c a n  b e  m a d e  s o  s m a l l  t h a t  

i t  w i l l  n o t  p a s s  t h e  n o r m a l  a n d  t r o u b l e 

s o m e  s o l i d s  . . . a n d  t h e r e f o r e  r e q u ir e s  

a  c r u t c h ,  a  m e c h a n i c a l  s h r e d d e r ,  s c r e e n s ,  

e t c .  A t  t h i s  p o i n t  s e w a g e  e n g i n e e r 

in g  m u s t  s h i f t .  A n d  h e r e ’s  t h e  s i m p l e  

a n s w e r :

W H A T  

M E D I U M - T O - S M A L L
The YEOMANS “EXPELSOR”—One

D l  I W i i D l k i r  Q  V C T C  lu | C  h i c c n  of the four types of pneumatic sewage 
r  U IV 1 r  I IN 9 1 9  I t  IVIO IN C  C  U  pumping equipment for varying needs

Y e o m a n s  P n e u m a t ic  P u m p in g  S y s t e m s  w e r e  d e s ig n e d  fo r  t h a t  p la c e  
in  s e w a g e  w o r k . T h e y  h a n d le  a c t u a l  f lo w s  . . . a n d  s o  t h e y  d o  n o t  
a t t e m p t  t o  m a k e  a  p ie c e  o f  m a c h in e r y  d o  s o m e t h in g  i t  w a s n ’t  in 
te n d e d  t o  d o . ( I n s t e a d ,  Y e o m a n s  s u it s  t h e  e q u ip m e n t  t o  t h e  w o r k .)

Y e o m a n s  P n e u m a t i c  S y s t e m s  h a v e  n o  s c r e e n s ,  n o  s h r e d d e r s ,  
n o  i m p e l l e r s ,  n o  m o v i n g  p a r t s ,  n o  w e t  w e l l ,  n o  s e w a g e  g a s ,  
n o  c o m p l e x  p i p i n g ,  n o  e x t r a  e q u i p m e n t ,  n o  m u l t i p l i e d  m a i n 
t e n a n c e  p r o b l e m .  I n  g e n e r a l  t h e  c o s t  i s  n o  m o r e  a n d  o f t e n  
l e s s  t h a n  c e n t r i f u g a l s .

T h e y  m o v e  sm a ll  f lo w s  e f f e c t iv e ly ,  a n d  w i t h o u t  c o m p le x i t y .  I s n ’t  
t h a t  y o u r  id e a — a n d  i s n ’t  t h a t  t h e  o b j e c t  o f  g o o d  e n g in e e r in g  ?

W R I T E !  G E T  C O M P R E H E N S I V E  B U L L E T I N S

YEO M A N S  C O < MT pH A N Y

1 4 1 1  N .  D a y t o n  S t .  C H I C A G O ,  IL L .



GREASE FLOTATION IN DEFENSE PROJECTS
T h e  q u a n t i t y  o f  g r e a s e  fo u n d  in  s e w a g e  fr o m  M il i ta r y  C a m p s  i s  fr o m  t w o  to  th r e e  
t im e s  th a t  n o r m a l ly  fo u n d  in  d o m e s t ic  s e w a g e .  E x p e r ie n c e  w i t h  o ld e r  c a m p s  in d i
c a te s  c le a r ly  t h a t  s p e c ia l  g r e a s e  r e m o v a l  i s  r e q u ir e d .
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G r e a se  f lo a ts  a n d  a c c u m u la t e s  a s  a b la n k e t  o n  th e  q u ie s c e n t  ta n k  su r fa c e .

T H E  " A M E R I C A N  ” G R E A S E  F L O T A T IO N  U N IT
u t i l iz e s  a l o w  h e a d  p u m p  m e c h a n ic a l ly  e n tr a in in g  f in e ly  d iv id e d  a ir  w h ic h  is  e je c te d  
r a d ia lly  a c r o s s  th e  ta n k  flo o r  a t a  h ig h  v e lo c i ty .

S w ir lin g  e d d y  c u r r e n ts  a t  th e  ta n k  b o t to m  fo r m  a g r e a s e  fr o th  w h ic h  f lo a ts  to  th e  
q u ie t ta n k  s u r fa c e  w h e r e  i t  fo r m s  a b la n k e t .

F in e ly  d iv id e d  a ir  in t im a t e ly  d if fu s e d  th r o u g h o u t  th e  ta n k  e f fe c ts  60  to  70 p e r c e n t  

B .O .D . r e m o v a l .

T Y P IC A L  IN S T A L L A T IO N S
C a m p  C la ib o r n e , L o u is ia n a — C a m p  R o b in s o n , A r k a n s a s — F o r t  S ill,  O k la h o m a .

T H E  A M E R I C A N  W E L L  W O R K S
M A N UFA CTURERS

P U M P I N G  A N D  S A N I T A T I O N  E Q U I P M E N T

A U R O R A , IL L IN O IS
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I N D E X  T O  A D V E R T I S E R S
P a g e

A lb r ig h t  & F r ie l ,  I n c ........................................................................................... 2 4
A lu m in u m  Co. o f  A m e r i c a ............................................................................ 4
A lv o rcl, B u r d ic k  & IT ow son  .........................................................................  2 4
A m e r ic a n  B r a ss  C o ................................................................................................  31
A m e r ic a n  J o u r n a l  o f  P u b lic  H e a l t h ................................   21
A m e r ic a n  W e ll  W o r k s ......................................................................................  33
B la c k  & V e a t c h ....................................................................................................... 2 4
B u c k , S e i f e r t  & J o s t ...........................................................................................  2 4
C a r b o r u n d u m  C o m p a n y  .................................................................................  23
C a st Ir o n  P ip e  R e se a rc h  A s s n .......................................................................  16
C h a in  B e l t  C o m p a n y .........................................................................................  5
C h a p m a n  V a lv e  M fg . C o   6 a n d  7
C h ester  E n g in e e r s ,  T h e ...................................................................................  2 4
C h ic a g o  P u m p  C o m p a n y ................................................................................. 19
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D e  L a v a l S te a m  T u r b in e  C o ........................................................................... 29
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D r e s se r  M fg . C o .......................................................................................................  15
E im e r  & A m e n d ..............................................................................................   22
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M e tc a lf  & E d d y ....................................................................................................  2 4
M o rr is  M a ch in e  W o r k s  ....................................................................................  29
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N o r to n  C o m p a n y  ..................................................................................................  12
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P it t s b u r g h  E q u ita b le  M ete r  C o ...................................................................  14
R e g e s te r , R o b e r t  T .................................................................................................  2 4
R o y e r  F o u n d r y  & M a c h in e  C o ...................................................................... 13
T e n n e ssee  C o ..............................................................................................................  26
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V a p o r  R e c o v e r y  S y s te m s  C o ........................................................................... 30
W a lla c e  & T ie r n a n  C o m p a n y , I n c ..........................................  B a c k  C o v er
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A t  V eterans’’ H o m e, Y ountv ille , C a lif .,  2  V isib le  
V a cu u m  Chlorinators prechlorinate on a  schedule 
a n d  chlorinate f in a l  effluent p roportiona l to flo w .

S u b s t a n t i a l  c h l o r i n e  e c o n o m i e s  a r e  e f f e c t e d  b y  
t h i s  W & T  C h l o r i n a t o r  i n s t a l l a t i o n  f o r  p r e v e n t i n g  
o b n o x i o u s  o d o r «  a n d  d i s i n f e c t i n g  f i n a l  e f f l u e n t .

O d o r  p r e v e n t i o n  r e q u i r e s  a d e q u a t e  c h l o r i n a t i o n  o f  r a w  
s e w a g e .  T h e r e  i s  a  c h a n g i n g  c h l o r i n e  d e m a n d  . . . b e c a u s e  
o f  v a r i a t i o n s  i n  f l o w ,  c h a r a c t e r  a n d  s t r e n g t h  o f  r a w  s e w a g e  
a n d  t e m p e r a t u r e  i n f l u e n c e s .  A l l  t h e s e  v a r i a t i o n s  f o l l o w  a  
r e a s o n a b l y  c o n s i s t e n t  d a i l y  t i m e  c y c l e .

P r o g r a m  d e v i c e s  a u t o m a t i c a l l y  v a r y  t h e  f e e d  r a t e  f r o m  
o n e  W & T  V i s i b l e  V a c u u m  C h l o r i n a t o r  c o n f o r m i n g  t o  t h e  
f o u r  d i s t i n c t  s t e p s  o f  a  t i m e  c y c l e  i n d i c a t e d  b y  p l a n t  s t u d i e s .

S i m i la r  p r o g r a m m e d  i n s t a l l a t i o n s  h a v e  r e d u c e d  c h l o r i n e  
c o n s u m p t i o n  a s  m u c h  a s  5 0 % .

D i s i n f e c t i n g  t h e  s t a b i l i z e d  e f f l u e n t  f r o m  t h e  B i o - F i l t e r s  
r e q u i r e s  a  c o n s t a n t  r a t e  o f  c h l o r i n e  d o s a g e  a l w a y s  p r o p o r 
t i o n a l  t o  t h e  v a r y i n g  f l o w s .  A  W & T  A u t o m a t i c  V i s i b l e  
V a c u u m  C h l o r i n a t o r ,  w e i r  h e a d  c o n t r o l l e d ,  h a n d l e s  t h i s  
p h a s e  o f  t h e  p r o g r a m .

S p e c i a l i z e d  k n o w l e d g e — a c q u i r e d  o v e r  2 7  y e a r s  o f  e x 
p e r i e n c e  w i t h  o v e r  2 0 , 0 0 0  i n s t a l l a t i o n s ,  s o l v e s  c h l o r i n a 
t i o n  p r o b l e m s  l i k e  t h i s .  E n t r u s t  y o u r  p r o b l e m s  t o  W & T  
e q u i p m e n t  a n d  W & T  t r a i n e d  p e r s o n n e l .

A s k  f o r  a  c o p y  o f  T e c h n i c a l  P u b l i c a t i o n  4 7 3  " P r o b l e m s  

a n d  P r o g r e s s  i n  S e w a g e  C h l o r i n a t i o n ” — T o d a y !

“ T h e  O n l y  S a f e  S e w a g e  i s  S t e r i l i z e d  S e w a g e ”
SA-102

WALLACE &TIERNAN CO., Inc.
M a n u fa c tu re rs  o f  C h lo r in e  a n d  A m m o n ia  C o n tro l A p p a ra tu s  
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