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A REMINDER . . . 

The Second Annual Convention
o f  th e  F E D E R A T IO 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 il 

b e  held T H IS  Y E A R  in N e w  Y ork  C ity , on O c to b e r  9 th , lOth, Nth . .

T o  O u r  M em bers a n d  F riends

A rrange  a F a l l  vacation  in 
N ew  Y o rk  C it y  during the week 
ending  O cto ber 11, 1941, and 
attend the Convention.

Com e on along, come on along 
and bring the w ife and fa m ily . . .  
. . . and have  a grand tim e.

L e t ’s a ll p lan  N O W  to meet 
in  N ew  Y o rk  on October 9th, 
10th and 11th.

T o  the Exh ib ito rs—  

O ld  a n d  N e w

W e  extend a h earty  welcome 
back to the fifty-five (55) Ex h ib i
tors a t last yea r’s Convention ; and, 
an in v ita tio n  to the m any other 
progressive companies who desire 
to exhibit th is year. Y o u r wishes 
w ill be given our prom pt a tten 
tion.

M a y  we suggest th a t you m ake 
your space reservations early.

T o  O u r  M a n y  Advertisers

A  S p e c ia l issue o f S e w a g e  
W o r k s  Journal w ill be published 
in  place o f the regular Septem ber 
issue, in  com m em oration o f the 
Second A n n u a l Convention .

W I L L  Y O U R  C O M P A N Y  
R E Q U I R E  A D D IT IO N A L  A D 
V E R T I S I N G  S P A C E  T H E R E 
I N ?  P lease  advise our ad vertis 
ing m anager o f yo u r wishes.

T o  the N e w  Advertisers

P la n  N O W  to  advertise  in  the 
C O N V E N T IO N  N U M B E R  o f 
S e w a g e  W o r k s  Journal, an ou t
standing issue w h ich  w ill conta in , 
am ong o th e r fe a tu re s , sp ec ia l 
artic les on p lan t operation ; fu ll 
d a ta  on the C onven tion , its  m eet
ings, exhibits, en terta inm ent, e tc .; 
C onvention  ed ito ria ls ; and, data  
on m an y new  developm ents in  
sewage equipm ent.

A D V E R T I S E  I N  T H E  C O N V E N T I O N  N U M B E R  

O F  S E W A G E  W O R K S  J O U R N A L  

E X H I B I T  A T  T H E  C O N V E N T I O N

For advertising rates a n d  other relevant data, write to 

A R T H U R  A . C L A Y , A d vertisin g  M an ager

FEDERATION OF SEWAGE WORKS ASSOCIATIONS 

6 5 4  Madison Avenue N ew  York, N. Y.
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THE BIOFILTRATION SYSTEM
S U C H  P O P U L A R I T Y  M U S T  B E  D E S E R V E D

Camarillo State Hospital, Cal. 
San Mateo, Cal.

m i
Healdsburg, Cal.
Modesto, Cal.

Dayton, Wash.
Petaluma, Cal.
Placerville, Cal.
Turlock, Cal.
Walla Walla State School, 

Wash.
¡939

Covina, Cal.
Lakeport, Cal.
Loveland, Colo.
Monterey County Hospital, 

Cal.
San Leandro, Cal.
Santa Paula, Cal.
Sonoma State Home,

Eldrtdge, Cal.
Stockton State Hospital, Cal.

1940
Auburn, Cal.
Camp Edwards, Falmouth, 

Mass.
Camp Haan, Riverside, Cal. 
Camp Livingstone, Alexan

dria, La.
Camp Stewart, Ga.
Cenfralia, Mo.
Ceres, Cal.

5  Ó  Biofiltration Systems are today 
in operation or under construction. 
Never in our experience has any new 
process aroused such broad interest 
among members of the profession 
— been adopted so rapidly by new 
plants seeking a more efficient meth
od of treatment.

The Biofiltration System (a) gives 
uniform effluents with fluctuating 
feeds (b) permits filter loadings up to 
10  times normal with 3  foot media 
depths and (c) costs 2 5 -5 0  percent 
less to operate than Standard Trick
ling Filters or the Activated Sludge 
Process.

B io filtra tio n —W hat It Is
The Biofiltration System comprises 

one or more combinations of a Clari
fier and a Filter wherein unthickened 
filter discharge is recycled back to 
the Clarifier. Single or Multiple Stage 
Systems may be employed to qive 
results comparable with (1) Chemical 
Precipitation (2) Standard Trick
ling Filters or (3) Activated Sludge 
Process.

Chesterfield County, Va. 
Crownsville State Hospital, 

Md.
Dyersville, Iowa

Federal Correction Inst , 
Sandstone, Minn.

Fort Bragg, N. C. 
Goldendale, Wash.

Leavenworth, Wash.
Liberty, N. Y.
Marine Rifle Range, San 

Diego, Cal.
Mendocino State Home, Tal- 

mage, Cal.
Nevada, Iowa 
Oakdale, Iowa 
Plainview, Minn.
Prineville, Ore.
San luan, Cal.
Scranto, Iowa 
Seminole, Okla.
Walla Walla Camp, Wash. 
Wellman, Iowa 
Yountville Vet. Home, Cal.

/j months) 
Camp Elliott, San Diego, Cal. 
Camp Polk, Leesville, La. 
Camp Roberts, Nacimiento, 

Cal.
Camp Wallace, Hitchcock, 

Texas 
Camp Wolters, Mineral 

Wells, Texas 
Fort Sill, Okla.
Fort Warren, Wyo.
Hill Field, Utah 
Langley Field, Va.
Naval Air Station, Seattle, 

Wash.
North Girard, Pa.
San Diego Housmg, Cal.

Performance ia well doc mented in the technical press by articles containing flowsheets, operating data, initial and operating costs and typical layouts. Reprints your6 for the asking. 
Write for your copies today.

THE

ATLANTA

D O R R  C O M P A N Y

E N G I N E E R S  • 5 7 0  L e x in g t o n  A v e . ,  N e w  Y o r k
TORONTO CHICAGO

IN C .

LOS A N G I K S
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PLnin sEDimEnTRTion e r
CHEIWCRL PRECIPITRTI0 I1 b *
HCTIURTED SLUDGE ST
TRICKLIRG FILTER EFFLUERTS e r
UIRTER PURIFICRTIOn S '

2. Close up of mag
netic bed cleaning 

element

1. Magnetite Filter installed integral with round clarifier tank

atse  n u T o m n n c  m n c n E T i i E  f i l t e r s

A U TO M A TIC M agnetite F ilters have demon- 
C - '* -  strated their value as important steps in all 
the commonly used processes of sew age treatment. 
Under all conditions they polished plant effluents to 
a uniform degree and rem oved the finest solids at a 
lower cost per ton than any other piece of equip
m ent operating over the sam e range.

The Automatic M agnetite Filter consists of a 3 
inch layer of carefully sized m agnetic iron ore, sup
ported by a non-corrosive screen, and agitated by a 
moving solenoid which periodically lifts and releases 
a narrow strip of ore. A counter-flow of wash 
water, introduced as the layer is lifted, carries off 
the fine particles caught by the bed and renews the 
life of the filter m edium .

W rite for your copy of the Autom atic M agnetite 
Filter Bulletin.

A P P L IC A T IO N
In Plain Sedimentation 
Less settling capacity re
quired and a 40 per cent im
provement in effluent.

In Chemical Precipitation 
50 per cent less chemical 
consumption; less time for 
coagulation and settling.

In Activated Sludge 
Less settling and aeration 
tank capacity; less com
pressed air.

In Trickling Filters 
If ahead, less primary settling 
tank capacity. If behind, less 
humus tank capacity.

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  East 40th Street Sales O ffice New York, N. Y.
COARSE SCREENS • AUTOMATIC MAGNETITE FILTERS . CONKEY VACUUM FILTERS
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ALUMINUM, 
DEFENSE, 
AND YOU

O N LY  TW O  O R  THREE YEA R S  A G O , peace-time 
consumption was down around the level o f th a t 
horizontal line.

N O TW ITH STA N D IN G , even before the tragedy of 
D unkerque started Am ericans th inking  in  term s 
o f scores o f thousands of planes, A lcoa  w en t 
“ a ll o u t”  w ith  a program  w hich  w ill m ean the 
expenditure of nearly  $200,000,000 o f its  own 
cap ita l, so as to  be ready for unprecedented 
demand.

THAT IS EXA C TLY  W H Y  defense is getting N O W  
every  m onth, m illions of pounds m ore a lum inum  
th an  was offic ia lly anticipated would be neces
sary. W e  produced 50,000,000 pounds last m onth 
against an average of 14,000,000 during  the 
peace-time years 1930-8.

ALTH O UGH  W E  A R E  G O IN G  A H EA D  w ith  fu r 
ther expansion because o f an unforeseen need for 
a lum inum , we are a b it proud th a t through our 
efforts to date, a lum inum  production is now  Zx/ i 
tim es the requirem ents of 1930 to 1938.

THE SECOND GU ESS, like h indsight, is a lw ays 
m ore in te llig e n t, even  w h en  its  figu res  are 
almost astronom ical.

BUT IT W A S  THE C O U R A G E  to spend our own 
m oney, before there w as tim e for a  second guess, 
th a t is delivering the a lum inum  for defense today.

ALCOAl
A L U M IN U M  C O M P A N Y  O F  A M E R IC A
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AND THAT’S NOT ALL AERO-FILTER WILL DO!

CONSULTING
ENGINEER

THE REX 
MAN

A E R O - F I L T E R  C U T S  FILTER 8 E V

V O L U M E  A S  M U C H  A S  8 5 % !

©  AERO-FILTER IS SMALLER! Filter bed
volume is 1/7  to 1/9  the size of conven
tional filters. This is made possible be
cause ofAero-Filter’s efficient distribution 
of sewage to the filter bed. It also has 
other low-cost a d v a n ta g e s !.....................

©  NO COSTLY PUMPING for recircula
tion, nor oversize primary settling tanks 
are required with Aero-Filter’s rain-like 
distribution. Maintenance and power 
costs are lowered. Lower initial plant 
cost also reduces fixed charges. . . .

(3) REX SANITATION EQUIPMENT also in
cludes other vital equipm ent for the 
Aero-Filter plant . . . bar screens, tritura- 
tors, grit collectors and washers, con
veyors, Tow-Bro sludge collectors, rapid 
and Slo-Mixers, etc. Get copies of cata
log on those items you find interesting.

@  AND AERO-FILTER SLUDGE can be con
centrated in the primary tank, combin
ing it with the primary sludge before 
pumping to the digesters. This reduces 
to a minimum the heat loss and the 
supernatant so lid s d ischarge due to 
sludge pumping.

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



Motor Operati

APPLICATION OF THE CHAPMAN 
MOTOR UNIT TO SEWAGE WORKS
C h ap m an  M o to r  U n its  are  e x c e p tio n a lly  

a d ap ted  to the o p eratio n  o f  v a lv e s , s lu ice  

ga tes  an d  flo orstan d s in  se w a g e  w o rk s . 

T h e  unit is w e a th e rp ro o f, su itab le  fo r  o p e r

ation  in-the-open or in  d am p  p laces. T h e  

m otor w in d in g s  are im p reg n a te d  to resist 

both oil and m oisture. In  case  o f  e m e r

gen cy  one m an  can o p erate  the v a lv e , even  

under ful l  p ressu re .

T h e  C h ap m an  M o to r O p e ra te d  F lo o rsta n d  

is a com p lete , m otorized , se lf-co n ta in ed  

u nit, second to none in o p e ra tin g  effic iency 

and d u rab ility .

Chapman 
Motor Operated 

Floorstand

T h e  C h a p m a n  V a l v e



T H E  IM PRO VED

M O TO R  U N I T
A p p lic a tio n  o f  e lectrica l con tro l fo r v a lv e s , slu ice  gates and floorstand s has becom e 

w id e sp re a d  p ractice  in the sew ag e  fie ld . C h ap m an  M o to r  U n its  are g iv in g  fine service 

in  th is fie ld , and  fo r  g o o d  reason. W e  h ave  been m ak in g  v a lv e  eq u ip m en t fo r  sew ag e  

w o rk  fo r m an y years. W e  k n o w  fro m  lo n g  exp erien ce  the requ irem en ts an d  o p e ra tin g  

conditions. O u r M o to r U n it, w ith  its v a rio u s  m ou n tin gs, its ru g ged n ess an d  extrem e 

s im plic ity , is e sp e c ia lly  ad ap ted  to the service in v o lved . It h as p ro v en  so effic ient and 

d ep en d ab le  th at in sta lla tio n s a re  stead ily  in creasin g  in  new  an d  e n la rg e d  sew ag e  p lan ts. 

W e  recom m end the C h ap m an  M o to r  U n it  fo r  sew ag e  w o rk s w ith  com p lete  confidence 

in its e ffectiven ess and  su p erio r q u alification s.

OUTSTANDING FEATURES OF 
THE CHAPMAN MOTOR UNIT
W eatherproof, steam tight— can be 

used in-the-open or in damp places.
A ll  parts ruggedly constructed. 

Extrem ely sim ple— few er parts.
Fu ll protection from  damage to 

valve in  case o f obstruction.
Positively connected fo r m otor op

eration. Shifts instantly to hand 
control when desired. H and wheel 
is stationary when m otor operates.

M icrom eter-adjusted lim it switch 
controls seating tightness.

N o  d rift— spur gears, sm all ratio. 
Slow  speed, high torque motors.

Chapman Motor Unit 
Showing Internal 
Working Parts

M a n u f a c t u r i n g  C o .
• - - -

" s
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V L IS W  W

ASSURE BEST RESULTS FROM

"or.

B I O - F I L T R A T I O N  t r e a t m e n t ;

•  Much of th e  effective 
n e s s  of th is  s y s te m  de 
p e n d s  on  th e  reaction  
b e tw e e n  th e  f ilte r  effli 
e n t a n d  th e  ra w  o r  parti 
t r e a te d  se w a g e  in  pri 
mary a n d  se c o n d a ry  de 
te n tio n  t a n k  o r  tanks 
R e c t a n g u l a r  t a n k  
e a u ip p e d  w ith  Link-Be 
S t r a ig h t l in E c o l l e c  
to rs  a n d  c irc u la r  tank  
w ith  C ir c u l in e  collec
tors for larger installa 
tions, are ideal for us 
with this process. Man 
Bio-filtration plants no; 
in service are provinj 
the efficiency of Linl 
Belt Collectors with thi 
system. Send for specii 
Folder No. 1881.

S IN G L E - S T A G E  
C O M P L E T E  T R E A T M E N T

T W O  - S T A G E  
C O M P L E T E  T R E A T M E N T

This treatment consists of primary settling, biological treat
ment in a sprinkling filter and secondary settling. Part of 
the flow from the filter is returned to the primary tank in
fluent. The sludge from the secondary settling tank can be 
returned to the primary influent or go direct to the digestion 
tank. The B.O.D. of the effluent from the secondary tank 
is generally equal to that of a standard filter.

This treatment has primary settling, series filtration an 
secondary settling. The effluent from the primary filter an 
the sludge from the secondary tank is returned to the pri 
mary tank. Part of the effluent from the secondary tail 
is recirculated to the secondary filter. This arrangemei 
has exceptional flexibility, and strong domestic sewage 5 
trade wastes can be successfully handled by such a plan

^  T
S T R A I G H T L I N E  C O L L E C T O

Link-Belt STRAIGHTLINE Sludge Collectors for the remon 
of sludge from rectangular settling tanks consist of tv 
strands of especially processed malleable chain from whid 
are suspended at uniform intervals scraper flights usuall 
made from red wood. Features are peak-cap bearing! 
pivoted flights, cross collectors for larger tanks, and posith 
sludge removal at a slow, uniform speed. Automatic 
semi-automatic skimming equipment is furnished when re 
quired. Send for Book No. 1742.

SECONDARY
effluent * 
recirculated
TO SECONDARY

PRIMARY
BIO-FILTER
EFFLUENT
RECIRCULATED TO
PRIMARY
INFLUENT

RECIRCULATING

RECIRCULATING PUMP

T w o - S f a q e  C o m p le ie  T r e a + m e n i
SLAJDÖE 
PUMP X

C i R C U L I N E  C O L L E C T O R S  mm^
Link-Belt CiRCULINE Collectors for the removal 
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 trav
els around the circumference of the tank. Fea
tures are positive slow uniform speed, positive 
sludge removal and excellent distribution of flow 
throughout the tank. Automatic skimming is 
furnished when desired. Send for Book No. 1642.J Philadelphia 

Los Angeles

L I N K - B E L T  C O M P A N YSpecialists in the Manufacture of Equipment Jot Water and Sewage Treatment Plants
Chicago 

Toronto
Cleveland IndiaI

Offices in principal
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98.57» SOLIDS REDUCTION 
WITH GENERAL CHEMICAL 

ALUMINUM SULFATE

Chemical Treatment Reduces River Pollution 
Resulting from Cannery, Broom Factory, Milk 
and Soy Bean Plant and Domestic Wastes

D o m e s t ic  
sewage and

wastes from  sm all industries in  a mid- 
w estern  to w n  are com bined and pass 
th rough  fine screens to  flash m ixers and 
then th rough  s lo w  m ix in g  o r flo ccu la ting  
cham bers to  the sed im entation  basins.

Because o f efficient p lan t operation , re 
d u ctio n  o f 6 3 %  o f suspended so lids and 
5 3 %  o f B .O .D . is accom plished  d u ring  
those m onths w h en  chem ica ls are no t used 
fo r coag u la tion  and  c la rifica tion .

H o w e ve r , d u rin g  w a rm  sum m er m onths 
w h en  r iv e r  f lo w  is low est and  the o rgan ic  
load  is greatest, ad d itio n a l rem ova ls o f 
suspended and  d isso lved  o rgan ic  m atter 
are requ ired  so as to  p reven t ob jectionab le  
p o llu tio n  o f the r iv e r  in to  w h ic h  the 
effluent flows.

G en e ra l C h em ica l A lu m in u m  Su lfate , 
fed in  am ounts o f 50 to  85 parts per m il
lio n , jum ps suspended solids rem ova l to 
an  average o f 8 3 %  and  a m ax im um  o f 
98 .5% . S im ila r ly , B .O .D . reduction  is in 
creased to  an average o f 7 3 %  and  ranges 
as h igh  as 8 8 % . These rem arkab le  reduc-

TREATED
WITH

ALUMINUM
SULFATE

98.5%
REMOVAL UNTREATED

SEWA6E

83.0%
REMOVAL

SUSPENDED SOLIDS 
REMOVAL

TREATEO
WITH

ALUMINUM
SULFATE

88.0%
REMOVAL UNTREATED

SEWASE

53.2%
REMOVAL

BIOCHEMICAL OXYGEH 
DEMAND REMOVAL

tions in  suspended and  disso lved organ ic  
m atter resu lt from  effective coagu lation  
and settling  o f the coagu lated  m ateria l. 
Patches o f crystal c lear w a te r are seen in  
the floccu lators and a clear, co lorless efflu
ent flow s from  the se ttling  basins to  the 
river.

Sew age p lan t operators and consu lting  
engineers hav in g  s im ila r prob lem s are 
offered, w ith o u t ob liga tion , the coopera
tion  o f G en era l C h em ica l T e ch n ica l Se rv 
ice to w ard  the so lu tion  o f the ir problem s.

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

Sales Offices: Atlanta • Baltimore • Boston . Bridgeport (Conn.) . 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. )Pacifie Coast Sales Offices: San Francisco • Los Angeles Pacific Northwest Sales Offices: Wenatchee (Wash.) • Yakima (Wash.)In Canada: The Nichols Chemical Company, Ltd. • Montreal • Toronto • Vancouver
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S T A R T IN G  right at insta lla tion , J- M  T ran s ite  
Sew er P ipe makes im portan t contribu tions to  

more efficient, econom ical sewage disposal. M a d e  
o f asbestos and cement, it  comes in light, easy-to- 
handle, 13-foot lengths th a t speed up insta lla tion , 
reduce the num ber o f jo in ts and fac ilita te  lay in g  to  
accurate grades. It s  unusual corrosion resistance 
keeps m aintenance low. Jo in ts  are t igh t to begin 
w ith  . .  . stay tigh t in service. A nd  T ra n s ite ’s sm ooth 
interior (n-.OlO) frequently  perm its the  use o f f la t
ter grades, shallower trenches or sm aller pipe w ith  
no sacrifice o f carry ing  capac ity .

M o re  and more com m unities are tak in g  ad van 
tage of the savings offered b y  T ran s ite  Sew er P ipe . 
W h y  not get the facts? W r i t e  for brochure T R - 2 1 A . 
A nd  if  you ’re interested in bette r w a te r service, 
send for T ran s ite  W a te r  P ip e  brochure T R - 1 1 A . 
Joh n s-M an ville , 22 E .  40th S t., N e w  Y o rk , N .  Y .

FOR BETTER 

SEWER LINES 

a t  a  S A V I N G -

FORCE MAINS are easy to Install 
when J-M Transite Pipe is used. Its 
long lengths, light weight and 
simple assembly speed up work, 
cut costs. And joints stay tight.

I I  JOHNS-MANVILLE TRANSITE PIPE
The MODERN Material for Sewer and Water Lines
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BUILD 

FROM 

BEDROCK

in your Public Works Layouts!

Start with Instrumentation by 
the Originators of Modern Proc
ess Control!
Before you lay out water works 

or sewerage installations, consider 
the progressive approach to design
ing which has proved so effective in 
recent plants. You may project far 
greater efficiency throughout de
signs by pre-planning instrumenta
tion as an integral, “working” part 
of the process, instead of accessory 
equipment!
Leading engineers are turning 

more and more to Foxboro for such 
instrumentation. Foxboro engineers 
pioneered modern process control 
for public works and industry . . .

originated many “key” instruments, 
such as flow controllers, recording 
controllers and throttling control
lers with automatic reset. Their ex
perience may furnish constructive 
suggestions for your projects.
Write for Foxboro Bulletins 232 

on sewage plants and 233 on water 
works. The Foxboro Company, 
162 Neponset Avenue, Foxboro, 
Massachusetts, U. S. A. Branches 
in 25 principal cities.

t O X B O R OI REG. U. S. PAT. OFF.

Jnslrumen iation
FOR WATER WORKS AND SEWERAGE SYSTEMS



In the endless w o rk  o f N o rto n  scientists  to 
make be tte r porous plates and tubes, re fractories , 
g rin d in g  w heels and o ther p roducts m any e xp e ri
m ents fa il to achieve the goal desired. But these 
fa ilu res result in the e lim ination  o f means and m eth 
ods that w ill not w o rk  and a ctu a lly  are stepping  
stones that b ring  advances th rough  the process o f 
e lim ination .

Long before the in d u stry  was co n fro n te d  w ith  its 
present huge task, N o rto n  research was doubled. 
Research th rough  the lean years has resulted in d is 
coveries w h ich  are im portant to you  today.

W h e n  you sp ec ify  N o rto n  Porous M ed ium s you are 
taking advantage o f th is research— plus the a dvan 
tages o f over f i f t y  years’ experience in the m anufac
tu re  o f ceram ic products, over fo rty  years’ experience  
in the p rodu ction  o f e le c trica lly  fused alum ina 
and over fifte e n  years’ experience in the m aking o f 
porous plates and tubes fo r sewage disposal p lants.

N O R T O N  C O M P A N Y ,  Worcester ,  M

N o r t o n  P o r o u s  M e d iu m
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— b ecause  you  w o u ld  s t il l  be e lim in a tin g  costly  

in c in e ra tin g  o r b u ry in g . B u t  u sers  of R o y e r

Sew ag e  S lu d g e  D is in te g ra to rs  d on ’t h a v e  to g ive  th e ir  s ludge a w a y — it ’s a t a  p rem iu m  

w h en  it ’s p rop erly  a e ra ted , sh redd ed , fu r th e r  d ried  and  p repared  fo r use  b y  g row ers , 

go lf c lubs, p a rks  and  cem e te ries . T h e y  a re  w illin g  to p ay  good m o n ey  fo r th is  b en e 

fic ia l so il b u ild e r. R o y e r  u se rs  p ro fit fro m  the sa le  of s ludge and  e lim in a te  d isposal

costs— tw o-fo ld  benefits . T h a t ’s w h y  p rog ress ive  sew- 

age p lan ts  o ve r the  cou n try  a re  pu tting  R o y e r s  to w o rk .

S e n d  fo r portfo lio  o f a u th en tic  in fo rm atio n  tha t has 

b een  g a th e red  tog ether on the  su b ject.

The beautiful main building of the up-to-the-minute 
Fort Wayne, Ind. Sewage Treatment Plant. A 
Royer Model “ SO” , as shown—one of 12 electric, 
gasoline and tractor driven portable and stationary 
models—is used to convert drying sludge cake into 
a useful marketable product.

ROYER FOUNDRY & MACHINE CO.
1 7 6  P R I N G L E  S T . ,  K I N G S T O N ,  P A .
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E M C O  f a c i a l  SEWAGE GAS METERS
F O R

EFFICIENT GAS UTILIZATION

Efficient gas utilization in sewage 
plants requires the accurate measurement 
of all gas generated. Present practice calls 
for the use of sewage meters at the follow 
ing points in treatment plants:

1. To measure the entire gas flow 
from each digestion tank.

2. To m e asu re  the  gas u sed  by- 
burners or gas engines.

3. To measure the gas wasted or 
exhausted to atmosphere.

E M C O  S e w a g e  G as  M e te rs  are 
especia lly  constructed from carefully se
lected materials to stand up under the 
corrosive and erosive effects of this gas. 
Positive and accurate measurement is 
provided by the diaphragm bellows d is
placement principle. Accuracy, reduction 
in servicing costs, ease of service and a 
minimum of interference with the con
tinuous operation of the meter are out
standing characteristics of EM C O  Meters. 
There's a type and size for every measure
ment requirement.

A sk  for bulletins 1031 and 1042.

PITTSBURGH EQUITABLE METER COMPANY
aurauo MERCO NORDSTROM VALVE COMPANY
atw roan Tuna Main Otticai. Pittsburgh. Pa. DI, „o,,,, aovtioa
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Which
subject

C H E c k  " n R t i .• ■ • t o  s i m p l i f y  jo in t i * *  S  S B  R S "

1  f

resserCatalog**o. 36

P , * E  C OUPliIJV
brad_

liberty, n . y
3 V i ? f ; ^  Prob,em on 
[a'd mostly X l  outfall lir 
b u s y  h i g h w a y ^ ? ®  a a c i . u n d i  tain r » ^  Wastr»̂ o\__“ U?y nighWa = -uu und,
‘ a,n IXTmi,,, '“ '»)»! 
Respite severe " i  tlghfn
cver-present geounwrat,°n <Prevent infilSL^-water-

ment); (c) pnU ies in tr,
simPiy, q u U r ^ 1 thecost Dtelser ¿^’u“ d «  Jo«
the ge Board enab three requirements? meet



16 S E W A G E  W O R K S  J O U R N A L

36-inch cast iron pipe being installed by Central Delaware 
County (Pa.) Authority for an outfall sewer

C A S T  i r o n  p i p e  p l a y s  a n  i m p o r t a n t  p a r t  i n  

a  v a s t  p r o g r a m  o f  s e w a g e  w o r k s  c o n 

s t r u c t i o n .  M o r e  t h a n  9 0 %  o f  t h e  p i p e  u s e d  

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

a n d  t h e  t r e n d  t o  c a s t  i r o n  s e w e r s  i s  m o r e  

m a r k e d  e a c h  y e a r .

Look for the “Q-Check” registered trade mark.
Cast Iron pipe Is made In diameters from 1% 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 IP 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

S T U D I E S  O F  S E W A G E  P U R I F I C A T I O N

XV. EFFECTIVE BACTERIA IN PURIFICATION BY 
TRICKLING FILTERS

B y  C . T .  B u t t e r f i e l d  a n d  E l s i e  W a t t ie

Principal Bacteriologist, and Asst. Bacteriologist, TJ. S. Public Jleallh Service,
Stream Pollution Investigations, Cincinnati, Ohio

Tn s tu d ie s  o f  the  a c t iv a te d  s lu d g e  p ro c e s s  o f  se w a g e  p u r if ic a t io n , it  
w a s  sh o w n  1 th a t the  p re d o m in a n t  b a c te r ia  in  a c t iv a te d  s lu d g e  b e lo n g e d  
to  a g ro u p  re p re s e n te d  b y  zo o g le a l fo rm a t io n s . S u b s e q u e n t ly  i t  w a s 
d e m o n s tra te d  2 th a t  these b a c te r ia  a re  the  a c t iv e  a g e n ts  in  a c t iv a te d  
s lu d g e , b e in g  ca p a b le  in  p u re  c u ltu re  o f  p ro d u c in g  n o t o n ly  a c t iv a te d  
s lu d g e  b u t  a lso  p o s s e s s in g  the  p o w e rs  o f  o x id a t io n  a n d  p u r if ic a t io n  in 
h e re n t  to  n a tu r a l  a c t iv a te d  s lu d g e .

I n  th e  t r ic k l in g  f i l t e r  p ro c e s s  o f  sew age  p u r if ic a t io n , a lso  b io lo g ic a l 
in  n a tu re , th e  fu n d a m e n ta l s e t -u p  o f  the  p ro c e s s  w o u ld  s u g g e s t th a t  the 
a c t iv e  a g e n ts  m ig h t  be the  sam e o rg a n is m s  as th o se  o f  a c t iv a te d  s lu d g e . 
T h a t  is , w ith  b o th  p ro ce sse s  the  success o f  the  p u r if ic a t io n  d e p e n d s  on 
the  p re se n c e  o f  th re e  e s s e n tia l e lem en ts , ( 1 ) b a c te r ia l m asses o r  floes, 
( 2 ) fo o d  s u p p ly  f o r  these b a c te r ia , i .e.  p o l lu t in g  m a te r ia l,  a n d  (3 )  a c o n 
t in u o u s  so u rc e  o f  o x y g e n . T h e  p ro c e s s  is  a lso  d e p e n d e n t u p o n  a p h y s 
ic a l m eans o f  k e e p in g  these  th re e  e lem ents  d is p e rs e d  a n d  c o n t in u o u s ly  
in  c o n ta c t w ith  each o th e r. I n  the  a c t iv a te d  s lu d g e  p ro c e s s  th e  c o n ta c t 
a n d  m ix in g  is  b ro u g h t  a b o u t b y  an  a g ita t io n  o f  the s lu d g e -s e w a g e  m ix  
w ith  c o m p re sse d  a ir  w h ic h  a lso  p ro v id e s  a c o n t in u o u s  so u rc e  o f  o x y g e n . 
I n  the  t r ic k l in g  f i l te r  th e  s lu d g e  m ass is  h e ld  d is p e rs e d  on  a f ra m e w o rk  
o f  sto n e s , o r  o th e r  m a te r ia l,  w h ile  the  sew age  t r ic k le s  o v e r  the s u rfa c e s  
o f  the  s lu d g e . T h e  in te rs t ic e s  o f  th is  f ra m e w o rk  p ro v id e  an  a m ple  a ir  
re s e r v o ir  a n d  the c ir c u la t io n  o f  th is  c o n ta in e d  o x y g e n  is  a id e d , in  p a r t ,  
b y  the f lo w  o f l iq u id  th ro u g h  the  sys te m . W i t h  in te rm it te n t  flo w , tim e  
is  p ro v id e d  f o r  the  s lu d g e  to u t i l iz e  the a d s o rb e d  su b sta n ce s . M o re o v e r ,  
the  su c c e s s fu l p e rp e tu a t io n  o f  b o th  p ro ce sse s  is  d e p e n d e n t o n  the f r e 
q u e n t o r  c o n t in u o u s  re m o v a l o f  excess a n d , f r e q u e n t ly ,  d e tr im e n ta l b y 
p ro d u c ts . S o lu b le  f ra c t io n s  o f  su ch  b y -p r o d u c ts  a re  re m o v e d  w it h  the 
effluent in  b o th  p ro ce ss e s . S u s p e n d e d  m a tte r  is  re m o v e d  c o n t in u o u s ly  
in  the  a c t iv a te d  s lu d g e  p ro c e s s  b y  th e  w ith d r a w a l o f  excess s lu d g e  w h ile  
in  the  t r ic k l in g  f i l t e r  su ch  w ith d ra w a ls  a re  a cc o m p lish e d  b y  a c o n t in u o u s  
b u t  m o d e ra te  u n lo a d in g  a n d  b y  a p e r io d ic  s lo u g h in g  o ff  o f  the  a ccu m u la 
t io n s  on  th e  f i l te r  stones. W i t h  b o th  p ro ce ss e s  the  re m o v a l o f  excess 
m a te r ia l is  a id e d  p ro b a b ly  b y  su cce ss ive  g ro w th s  o f  v a r io u s  b io lo g ic a l 
fo rm s . T h e  la t te r  fa c to r  is  p ro b a b ly  m o re  s ig n if ic a n t  in  the  t r ic k l in g  
f i l t e r  w h e re  such b io lo g ic a l g ro w th s  a re  m o re  v a r ie d  a n d  m o re  a b u n d a n t.

039
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TV b ile  th e  tw o  p ro c e ss e s  a re  fu n d a m e n ta lly  s im ila r ,  i t  does n o t  n e c e s 
s a r i l y  fo l lo w  th a t the  a c t iv e  b a c te r ia l  a g e n ts  a re  th e  sam e o r  e ve n  b e lo n g  
to  th e  sam e g ro u p  o r  g e n u s . C o n s e q u e n t ly , i t  a p p e a re d  d e s ira b le  to  
s t u d y  the  b a c te r ia l f lo ra  o f  t r i c k l in g  f ilte rs , to  is o la te  th e  p re d o m in a n t 
b a c te r ia  in  a fe w  in s ta n c e s , to  d e te rm in e  th e  a b i l i t y  o f  these  o rg a n is m s  
in  p u re  c u ltu re  to  c a r r y  o n  th e  t r ic k l in g  f i l t e r  p ro c e s s , a n d  i f  such  b a c 
te r ia  a p p e a re d  to  be s im ila r  to  th o se  o b ta in e d  f ro m  a c t iv a te d  s lu d g e , to  
m ake a c o m p a ra tiv e  p u r e  c u ltu re  s tu d y  o f  th e  tw o  ty p e s  e m p lo y in g  b o th  
a c t iv a te d  s lu d g e  a n d  t r i c k l in g  f i l t e r  s e t -u p s . C o n s id e ra t io n  is  n o w  
g iv e n  to the  re s u lts  o f  s tu d ie s  w h ic h  m a y  c l a r i f y  these  q u e s tio n s .

O p e r a t i o n  o f  E x p e r i m e n t a l  U n i t

A n  e x p e r im e n ta l t r i c k l in g  f i l t e r ,  30 in . s q u a re  a n d  6 f t .  d e e p , c o n 
s t ru c te d  in  th re e  e q u a l se c tio n s  to  a llo w  f o r  th e  c o lle c t io n  o f  s a m p le s , 
s e rv e d  as a n  im m e d ia te  s o u rc e  o f  m a te r ia l  f o r  th is  s tu d y . T h e  f i l t e r  
w a s  fe d  w ith  s e tt le d  n a t u r a l  sew a ge  in  s ta n d a rd  fa s h io n  ( in  in t e r m it 
te n t c y c le s ) ,  u s u a lly  a t a ra te  o f  3 m il l io n  g a llo n s  p e r  a c re  p e r  d a y  c o n 
t in u o u s ly  th ro u g h o u t  th e  2 4 -h o u r p e r io d . T h e  se w a g e  e m p lo y e d  w a s  
f r o m  T h i r d  S t re e t  s e w e r, C in c in n a t i ,  O h io , w h ic h  c a r r ie s  p r i n c ip a l l y  a 
d o m e stic  sew a ge  f ro m  a r e s id e n t ia l  se c tio n .

F r o m  th e  s ta r t  o f  th e  f lo w  o f  se w a g e  th ro u g h  th is  f i l t e r ,  f r e q u e n t  
m a c ro s c o p ic  a n d  m ic ro s c o p ic  e x a m in a tio n s  (th e  la t t e r  o f  b o th  w e t  a n d  
d r y  s ta in e d  p re p a r a t io n s )  w e re  m ade  o f  c o m p o s ite  sa m p le s  o f  m a te r ia l  
s c ra p e d  f ro m  the  sto n e s  o f  th e  f i l t e r .  B e s u lts  o f  these  e x a m in a t io n s  
in d ic a te d  a v e r y  m a rk e d  s im i la r i t y  b e tw e e n  th e  g ro w th s  o n  th e  s to n e s  
o f  th e  t r i c k l in g  f i l t e r  a n d  th e  g ro w th s  o f  a c t iv a te d  s lu d g e  p r e v io u s ly  
s tu d ie d  a n d  r e p o r t e d .1 T h is  a g re e m e n t w a s  p a r t ic u la r l y  a p p a re n t  in  
th e  b a c te r ia l  se c tio n  o f  th e  b io lo g ic a l e le m e n ts  in v o lv e d .  W i t h  r e g a r d  
to  b io lo g ic a l fo rm s , o th e r  th a n  b a c te r ia , th e  p re se n c e  o f  flie s  a n d  f ly  
la r v a e  (w d iic li a re  n e v e r  fo u n d  in  a c t iv a te d  s lu d g e )  a n d  o f  c e r ta in  v a 
r ie t ie s  o f  w o rm s  ( o n ly  r a r e ly  o b s e rv e d  in  a c t iv a te d  s lu d g e )  in  th e  
g ro w th s  o f  th e  t r i c k l in g  f i l t e r  h a v e  been n o te d . T h e s e  o b s e rv a t io n s  
h a v e  been  c o n firm e d  re p e a te d ly  b y  th e  re s u lts  o f  a s tu d y  o f  th e  m a t e r ia l  
o n  s to n e s  o b ta in e d  f ro m  tw o  m u n ic ip a l t r ic k l in g  f i l t e r  p la n ts .

P u r e  C u l t u r e  Is o l a t i o n s
A s  so o n  as th is  t r ic k l in g  f i l t e r  h a d  d e v e lo p e d  a n o rm a l p u r if ic a t io n  

ra te , as m e a s u re d  b y  th e  re d u c t io n  in  th e  B .O .D .  o f  th e  se w a g e  p a s s in g  
t h ro u g h  th e  f i l t e r  an  in te n s iv e  b a c te r io lo g ic a l s t u d y  w a s  in s t i t u t e d  o f  
th e  g ro w th s  w h ic h  h a d  d e v e lo p e d  o n  th e  s to n e s . T h i s  s t u d y  in v o lv e d  
th e  is o la t io n , in  p u re  c u ltu re , o f  th e  p re d o m in a n t  b a c te r iu m  p re s e n t  in  
th e  g ro w th s  a n d  in  som e in s ta n c e s  a n  a tte m p t to  d e te rm in e  th e  r e la t iv e  
n u m b e r o f  su ch  b a c te r ia  p e r  m l. o f  g r o w t h .  I n  m a k in g  th e se  o b s e rv a 
t io n s , tw o  m e th o d s  w e re  fo llo w e d . W i t h  b o th  m e th o d s  a n u m b e r o f  
s to n e s , w it h  t h e i r  a d h e re n t g r o w t h ,  w e re  se le c te d  a t ra n d o m  f r o m  v a r i 
ous se c tio n s  o f  th e  f i l t e r .  A f t e r  a  g e n t le  p r e l im in a r y  w a s h in g  w it h  
s te r i le  d i lu t io n  w a te r  to  re m o v e  e x t ra n e o u s  a n d  lo o s e ly  a tta c h e d  m a te 
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r ia l  and  o rg a n is m s , the a d h e re n t  g ro w th s  w e re  c a r e fu l ly  s c ra p e d  f ro m  
the stones w ith  s te r ile  in s t ru m e n ts  an d  th e  re m o v e d  m a te r ia l a ccu m u 
la te d  in  a s te r i le  p e t r i  d is h . F r o m  th is  p o in t  one o f  the f o l lo w in g  tw o  
m ethods w e re  a p p lie d .

M e t h o d  N o .  1 .— T h e  a ccu m u la te d  g ro w th  w a s  m ix e d  th o ro u g h ly ,  a 
o n e -te n th  m l. p o r t io n  w a s w ith d ra w n , a n d  e xa m in e d  c a r e fu l ly  u n d e r  lo w  
p o w e r m a g n if ic a t io n . T y p ic a l  m assed b a c te r ia l  fo rm a t io n s , w h ic h  a p 
p e a re d  to  re p re s e n t  the p re d o m in a n t  ty p e  o f  b a c te r ia  in  the  m ix tu re , 
w e re  se le cte d , p ic k e d  w ith  s te r ile  c a p i l la r y  p ip e tte s  a n d  c a re fu l ly  
w a sh e d  b y  p a s s in g  them , w ith  a p p ro p r ia te  a g ita t io n , th ro u g h  a se rie s  
o f  s te r i le  d ilu t io n  w a te rs . W h e n  these m assed  fo rm a t io n s  o f  b a c te r ia  
ha d  been p re s u m e d ly  w a s h e d  r e la t iv e ly  f re e  o f  e x t ra n e o u s  b a c te r ia  and  
a d h e re n t m a te ria l, the b a c te r ia  in  th e  m asses w e re  d is p e rs e d  b y  p re s s u re  
b e tw e e n  tw o  s te r ile  g la s s  s u rfa c e s . S im u lta n e o u s ly , s te r i le  d ilu t io n  
w a te r  w a s a d d e d  a n d  a f a i r l y  th o ro u g h  s e p a ra t io n  o f  the  c lu m p e d  b a c 
te r ia  w as o b ta in e d . T h e  o rg a n is m s , th u s  d is p e rs e d , w e re  p la n te d  in  
s e r ia l d ilu t io n  in  tu b e s  o f  b ro th  a n d  s y n th e t ic  sew age . T h e  tu b e s  w e re  
in c u b a te d  a t 20° C . a n d  e x a m in a tio n s  w e re  m ade a t 2 4 -h o u r in te r v a ls  f o r  
96 h o u rs . U s u a l ly  g r o w t h  o c c u rre d  in  a ll  d ilu t io n s  u p  to  a n d  in c lu d in g  
the 0.00001 d i lu t io n  a n d  a ll  g ro w th s  a b o ve  the 0.01 d i lu t io n  a p p e a re d  to  
be p u re  a n d  o f  the  sam e ty p e  o f  o rg a n is m . Is o la t io n s  m ade f ro m  the  
h ig h e s t  d ilu t io n s  w e re  su b je c te d  to  a d d it io n a l p u r if ic a t io n  a n d  h e ld  f o r  
f u r t h e r  s tu d y .

M e t h o d  N o .  2 *— T h e  a ccu m u la te d  g ro w th , r e fe r r e d  to  a b o ve , w a s  
m ix e d  th o r o u g h ly  a n d  a one m l. o r  la r g e r  p o r t io n  w a s re m o v e d  a n d  
p la ce d  in  a o n e -o u n ce  s te r i le  g ro u n d -g la s s  s to p p e re d  b o tt le  w ith  g la ss  
beads. S te r i le  d i lu t io n  w a te r  w a s  th e n  a d d e d  to m ake 10 m l. a n d  the 
m ix tu re  sh a k en  a t f u l l  sp eed  in  the  s h a k in g  m a ch in e  f o r  10  m in u te s . 
Im m e d ia te ly  a f te r w a r d  the  n o w  f in e ly  d iv id e d  m ix tu re  w a s  d ilu te d  f u r 
th e r  a n d  p la n te d  in  s e r ia l d i lu t io n  in  tu b es o f  b ro th  o r  s y n th e t ic  sew age . 
T u b e s  th u s  in o c u la te d  w e re  in c u b a te d  a t 20° C . f o r  96 h o u rs . G r o w th  
u s u a lly  o c c u rre d  in  a ll  d ilu t io n s  u p  to  the 0.00001 o r  0.000001 d i lu t io n  
a n d  ju d g in g  f ro m  m ic ro s c o p ic  o b s e rv a t io n s  a ll  g ro w th s  f ro m  tubes 
a bo ve  the  0.01 to  the  0.001 d ilu t io n  c o n ta in e d  p u re  c u ltu re s . T o  in s u re  
the p u r i t y  o f  these c u ltu re s  t ra n s fe r s  w e re  m ade f ro m  th e  h ig h e s t  d i lu 
t io n s  s h o w in g  g ro w th . A f t e r  these t ra n s fe r s  h a d  been in c u b a te d  f o r  
6-8 h o u rs  ( i.e . a f te r  som e g ro w th  h a d  o c c u rre d  b u t  b e fo re  su ffic ie n t

* Method No. 1 outlined above was the procedure followed in the original work with 
activated sludge as reported in reference (1 ) . Shortly after this article appeared a fa ir  and 
just criticism was voiced to the effect that this method of selection of the portion of sludge 
for examination introduced a personal equation in the selection which might m ateriały affect 
the result. That is, a mass might be selected which did not represent the predominant or
ganism in the mixture. However, this presumption does not appear probable when it  is con
sidered that the worker responsible for the selection had been making daily intensive micro
scopical study of the material over a period of several months. A  study of means of dispersing 
bacteria massed in the gross mixture, which may be reported later, resulted in the development 
of Method No. 2. I t  should be noted here that since then, the work reported in  reference (1 ) 
has been repeated employing Method No. 2 without any variation in the type of organism 
isolated as the predominant bacterium in activated sludge. This Method No. 2 is not pre
sented as a perfect procedure as it  has many inherent errors. However, it  does avoid some of 
the errors of procedure No. 1, and the fact that the same type of bacterium is obtained by 
both methods goes fa r  toward establishing the results presented.
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g r o w th  h a d  ta k e n  p la ce  to  p ro d u c e  a n y  c r o w d in g  o r  c lu m p in g  o f c e l ls ) ,  
th e y  w e re  p la n te d  o u t in  s e r ia l d i lu t io n  011 d ilu te  n u t r ie n t  a g a r p la te s . 
( W h i le  these  o rg a n is m s  d o  n o t g r o w  w e ll 011 s ta n d a rd  n u t r ie n t  a g a i 
th e y  w i l l  p ro d u c e  c o lo n ie s  o f  a b o u t 1.0  m m . d ia m e te r  a f te r  in c u b a t io n  
f o r  4 to  6 d a ys  a t 20° C . 011 d ilu te  (1 -3 )  n u t r ie n t  a g a r . )  S e le c t in g  p la te s  
w h ic h  co n ta in e d  n o t  m o re  th a n  20 to  30 c o lo n ie s  p e r  p la te , t r a n s f e is  
w e re  m ade f ro m  t y p ic a l  c o lo n ie s . T h is  p ro c e s s  o f  s l io r t -t im e  in c u b a 
t io n  in  l iq u id  m ed ia  fo llo w e d  b y  p la n t in g  011 s o lid  m e d ia  w a s re p e a te d  
tw o  o r  th re e  tim e s  f o r  each is o la t io n . C o lo n ia l a p p e a ra n c e , m ic ro s c o p ic  
e x a m in a tio n  o f  s ta in e d  sm e a rs  a n d  a d d it io n a l ch e m ica l te sts  h a ve  in d i 
ca ted  the p u r i t y  o f  the  c u ltu re s  th u s  o b ta in e d . S u c h  c u ltu re s  w e re  h e ld  
f o r  f u r t h e r  s tu d y .

F o u r  su ch  c u ltu re s  o f  th e  p re s u m e d ly  p re d o m in a n t  b a c te r ia  in  the  
g ro w th s  011 th e  sto n e s  o f  the  e x p e r im e n ta l t r ic k l in g  f i l t e r  h a v e  been 
is o la te d  a n d  s u b je c te d  to  s tu d y . I n  a d d it io n , c u ltu re s  h a v e  been is o 
la te d  f r o m  h v o  m u n ic ip a l sew a ge  t r ic k l in g  f i l t e r  p la n ts .

T h e s e  f o u r  is o la t io n s  f r o m  the  e x p e r im e n ta l f i l t e r  w e re  m ade f r o m  
sa m p le s  co lle c te d  at v a r io u s  p e r io d s  d u r in g  the  y e a r  as f o l lo w s :  ( 1 ) one 
in  M a rc h  w h e n  te m p e ra tu re s  w e re  n e a r  f r e e z in g  a n d  th e  f i l t e r  w a s  o v e r 
lo a d e d , (2 )  tw o  in  J u n e  w h e n  the  te m p e ra tu re  w a s  a b o u t th e  a v e ra g e  
f o r  the  y e a r  a n d  the  f i l t e r  w a s  b e in g  fe d  a t a n o rm a l ra te  o f  a b o u t  3 
m ill io n  g a llo n s  p e r  a c re  p e r  d a y , a n d  (3 )  one in  A u g u s t  w h e n  th e  h ig h e s t  
te m p e ra tu re s  o f  th e  y e a r  p r e v a i le d  a n d  th e  f lo w  o f  sew age  to  th e  f i l t e r  
w a s  a t a n o rm a l ra te . T h e  a v e ra g e  p u r if ic a t io n  e ffic ie n cy  o f  th e  f i l t e r  
f o r  each m o n th  in  w h ic h  these  c u ltu re s  w e re  is o la te d , e x p re s s e d  in  te rm s  
o f  th e  p e rc e n ta g e  o f  th e  5 -d a y  B .O .D .  re m o v e d , w a s  f o r  (1 )  50.4 p e r  ce n t, 
f o r  (2 )  92.8 p e r  ce n t, a n d  f o r  (3 )  93.9 p e r  cent.

T h e  results obtained while these cultures were being isolated s h o w  
that these bacteria are present in the filter growth at least to the extent 
of 300,000,000 per ml. of growth. This figure is cited as representing a 
m i n i m u m  n u m b e r  for it is not reasonable to p r e s u m e  that an accurate 
enumeration w a s  obtained. A s  it w a s  not possible to m a k e  direct counts 
of the bacteria present in such a mass, recourse Avas h a d  to procedures 
which Avould disperse the bacteria so that plate counts or m o s t  probable 
n u m b e r  estimations based 011 growth in serial dilutions could be made. 
T o  m a k e  an accurate enumeration by such a procedure, tAvo assumptions 
m u s t  be m a d e :  (1) that all clumps or'masses of bacteria w e r e  c o m 
pletely broken up, and (2) that no cells Avere killed, or injured sufficiently 
to prevent gro.wth, by  the dispersion procedure. W h i l e  the latter as
sumption cannot be tested, microscopic examination of the treated 
sample s h o w e d  definitely that the dispersion of the m a s s e d  organisms 
Avas not complete. Consequently, it is knoAvn that the 300 million count 
given is a Ioav figure a n d  does not represent the m a x i m u m  n u m b e r  of 
this type of bacterial cells. I 11 this connection, it is noted that pure cul
ture trickling filter growths free f r o m  detritus or any other material 
(Avhicli Avill be discussed presently) yielded a count of 880,000,000 bac
teria per ml. of accumulated growth. T h e  accuracy of this count is sub
ject to the s a m e  two assumptions.
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C o n s t r u c t io n  a n d  O p e r a t io n  o f  P u r e  C u l t u r e  F i l t e r

T h e  d e v e lo p m e n t o f  a p p a ra tu s  to  e x p lo re  the  a b i l i t y  o f  th ese  b a c 
te r ia , u n d e r  p u re  c u ltu re  c o n d it io n s , to  re p ro d u c e  the  t r ic k l in g  f i l te r  
p ro ce ss  o f  sew age  p u r if ic a t io n  re q u ire d  c o n s id e ra b le  tim e a n d  w a s a c 
co m p a n ie d  b y  n u m e ro u s  fa ilu r e s  b e fo re  a f a i r  m e a su re  o f  success w a s 
a tta in e d . T h e  a p p a ra tu s  e m p lo ye d  in  the  s tu d ie s  h e re  re p o rte d  is  
sh o w n  d ia g ra m m a t ic a lly  in  F i g .  1. A s  the  a ssem b le d  s e t -u p  w a s to o  
la rg e  to  be s te r i l iz e d  in ta c t , p r o v is io n  w a s m ade f o r  a d iv is io n  in to  sec
t io n s  f o r  s te r i l iz a t io n . T h e s e  se c tio n s , U n i t  A ,  s to ck  s u p p ly  o f  s te r ile  
s y n th e t ic  sew age ; U n i t  B ,  e q u a liz in g  r e s e r v o ir  f o r  m a in ta in in g  a p p r o x i 
m a te ly  a c o n s ta n t p re s s u re  on  the  fe e d  l in e ;  U n i t  C , t r ic k l in g  f i l te r  w ith  
p r o v is io n  f o r  in f lo w  a n d  o u tf lo w  o f  l iq u id , a n d  U n i t  D , c o n t ro l  d e v ice  f o r  
in te rm it te n t  flow , a re  in d ic a te d  in  th e  f ig u re . U n i t s  A ,  B  a n d  C  w e re  
s te r i l iz e d  b y  a u to c la v in g  w ith  t h e ir  tu b e s  f o r  su b s e q u e n t in te rc o n 
n e c tio n s  a d e q u a te ly  p ro te c te d  f ro m  c o n ta m in a t io n  b y  c o tto n  p a c k in g . 
U n i t  D , w h ic h  d id  n o t com e in  d ire c t  c o n ta c t w it h  th e  f i l t e r  o r  fe e d  m a 
te r ia l,  w a s  n o t  s u b je c te d  to  s te r i l iz a t io n .

A s  f a r  as is  k n o w n  th is  is  the  f ir s t  t im e  th a t  an e f fo r t  h a s  been  m ade 
to o p e ra te  a t r ic k l in g  f il te r  u n d e r  p u re  c u ltu re  c o n d it io n s . C o n s e 
q u e n t ly , a d e ta ile d  d e s c r ip t io n  o f  the  v a r io u s  p a r t s  o f  the  a p p a ra tu s  
a n d  th e ir  fu n c t io n  m a y  be o f  in te re s t . R e f e r r in g  to  th e  d e s ig n a tio n s  
as g iv e n  in  F ig .  1, th e  c o m p o n e n t p a r ts  o f  the s e t -u p  m a y  be d e s c r ib e d  
as f o l lo w s :  (a)  f iv e -g a llo n  p v r e x  c a rb o y , (b )  s ix te e n  l it e r s  o f  s te r ile  
s y n th e t ic  sew age  ( f o r  c o m p o s it io n , e tc., see R e fe re n c e  2 ) , ( c )  m e ta l 
c o l la r  a n d  c la m p  a rra n g e d  to  h o ld  ru b b e r  s to p p e r  w ith  its  g la ss  tu b e  
o u tle t  f ir m ly  in  p la ce , [cl) a t th is  a n d  o th e r  p o in ts , c o tto n  p a c k in g  so 
p la ce d  as to  p re v e n t  th e  e n tra n c e  o f  e x tra n e o u s  b a c te r ia , m o ld s , e tc., 
( d 1) f i l te rs  o f  6 to  12  in . o f  lo o s e ly  p a c k e d  c o tto n  in  a ll  a ir  l in e s , ( e ) 
s c re w  c la m p  on  ru b b e r  hose  c o n n e c tio n  ( th is  c la m p  w a s  le f t  ope n  d u r 
in g  s t e r i l iz a t io n  to .a llo w  f re e  e xch a n g e  o f  a i r  a n d  steam  w h e n  c a rb o y  
w a s u p r ig h t ,  b u t  w a s  c lo se d  d u r in g  the a ss e m b lin g  o f  th e  a p p a ra tu s  
u n t i l  the tim e  o f  s a m p lin g  the  s y n th e t ic  sew a ge , th e  c o n n e c tin g  o f  i t  to  
U n i t  B  a n d  th e  s t a r t in g  o f  the  f lo w  th ro u g h  the  sys te m , (/ )  p y r e x  g la ss  
tu b e  c o n s ta n t le v e l s ip h o n  ( th is  tube  m u st h a v e  its  lo w e r  e n d  b e ve le d  to 
fa c il i ta te  th e  f lo w  o f  a i r  to  (a)  w h e n  the le v e l o f  the sew age  in  (g)  d ro p s  
a n d  sew age  b e g in s  to  f lo w  in to  ( g ) ,  {g)  th is  is  a 500 m l. p y r e x  b o tt le  
w ith  s ide  d e l iv e r y  o u tle t  a t the  b o tto m , f it te d  w ith  a tw o -h o le d  ru b b e r  
s to p p e r , one h o le  f o r  in le t  sew a ge  tu b e , the  o th e r ho le  f o r  f ilte re d  a ir  in 
take as sew a ge  is  d is c h a rg e d , ( h )  m e ta l s c re w  c la m p  o n  ru b b e r  tu b in g , 
( i )  to  re g u la te  th e  ra te  o f  flo w  o f  s y n th e t ic  sew a ge , (,/) p y r e x  g la s s  tube  
w ith  c o n s tr ic te d  t ip  to  a id  in  re g u la t io n  o f  flo w , (A- ) p y r e x  g la s s  c y l in d e r  
30 in . lo n g  a n d  2 in . in  d ia m e te r. ( T h e  o v e ra ll  le n g th  o f  tu b e  ( k ) w a s  
l im ite d  to 30 in .,  p r o v id in g  f o r  a f i l te r  d e p th  o f  a b o u t o n e -th ird  th a t  o f  
a n o rm a l t r ic k l in g  f i l te r ,  b ecause  no  g re a te r  le n g th s  c o u ld  be p la c e d  in  
th e  a u to c la v e  a n d  s te r i l iz e d . F o r  p u re  c u ltu re  s e t -u p s  su ch  s te r i l iz a t io n  
w a s e s s e n t ia l) ,  (I)  g r a v e l  o f  A t to  y 2 in . d ia m e te r w h ic h  f il le d  tu b e  (A ) 
to  a d e p th  o f  22 in ., ()//) t ig h t -f i t t in g  ru b b e r  s to p p e r  fo rc e d  e n t i r e ly  in to
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F ig. 1.— Diagrammatic sketch of pure culture trickling filter set-up.
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lo w e r  end  o f  ( k ) ,  ( n )  e ffluent tu b e  e x te n d in g  th ro u g h  (m )  w ith  lo w e r  en d  
b e ve le d  to  a id  f lo w  a n d  a i r - l iq u id  in te rc h a n g e , (o )  la rg e  g la ss  tube  used  
as a sh ie ld  f o r  ( n ) ,  th e  a n n u la r  r in g  o f  ru b b e r  in  the  ru b b e r  s to p p e r  b e 
tw ee n  ( n ) a n d  (o )  w a s  le f t  in  p la ce  to  a id  in  h o ld in g  tu b e  (o )  f irm  a n d  
r ig id ,  ( p )  an  e le c tro m a g n e t w h ic h  w h e n  a c t iv a te d  closes on  tu be  (? ) c o l
la p s in g  i t  a n d  s to p p in g  the  flo w  o f  sew a ge , (q)  a 2.0 v o l t  ce ll con n ected  
to e le c tro m a g n e t th ro u g h  a m ake a n d  b re a k  c ir c u it ,  ( r ) co m m u ta to r 
w h e e l p r o v id e d  w ith  ten  e q u a lly  spaced  c o n ta c t segm en ts fa s te n e d  on 
the e x te n d e d  a x is  o f  the h o u r  h a n d  s h a ft  o f  a c lo ck , th u s  p r o v id in g  in  
each o n e -h o u r  p e r io d  10  th re e -m in u te  p e r io d s  in  w h ic h  sew age w as 
d is t r ib u te d  to  the f i l t e r  a t the  e s ta b lis h e d  ra te  a n d  10  th re e -m in u te  
p e r io d s  in  w h ic h  no  sew age f lo w  o c c u rre d , v a r ia t io n s  in  the  f lo w  a n d  re s t  
p e r io d s  o f  the f il te r  m a y  he p ro v id e d  b y  v a r y in g  th e  n u m b e r a n d  size  o f 
co n ta c t segm en ts o n  th is  c o m m u ta to r ( r ) ,  ( s )  the  c lo ck  w h ic h  m o tiv a te d  
th e  c o m m u ta to r ( r ) ,  a n d  ( t ) a s l id in g  c o n ta c t f o r  th e  segm en ts o f  ( r )  in  
the  c ir c u it  o f  the tw o  v o l t  ce ll.

M e t h o d s  o f  D e v e l o p in g  G r o w t h

Tn the  d e ve lo p m e n t o f  a p p ro p r ia te  g ro w th s  o n  th is  e x p e r im e n ta l 
t r ic k l in g  f i l t e r  tw o  m e th o d s  w e re  t r ie d  f o r  th e  in i t ia l  s e e d in g  o f  the 
sto n e s . I n  m e th o d  N o . 1 a sm a ll a m o u n t, 10 m l. o f  a b ro th  c u ltu re  o f  the 
o rg a n is m  u n d e r  t r ia l ,  w a s  d ro p p e d  s lo w ly  o n to  the  to p  sto n e s  o f  the 
f i l t e r  a n d  a llo w e d  to  t r ic k le  th ro u g h . T h e  f i l t e r  th e n  s to o d  f ro m  one to 
tw o  h o u rs  b e fo re  the f lo w  o f  s te r i le  s y n th e t ic  sew age  w a s  s ta rte d . T h is  
in te r v a l  p e rm itte d  the a d d e d  b a c te r ia  to  becom e so m e w h a t m o re  f ir m ly  
a tta c h e d  to the  sto n e s . I n i t ia l  f lo w  o f  sew age  f o r  th e  f ir s t  d a y  o r  tw o  
w a s a lw a y s  c a r r ie d  on  a t a s lo w  ra te  o f  less  th a n  1.0  m ill io n  g a llo n s  p e r  
a c re  p e r  d a y . S u c h  lo w  flow s p ro v id e d  a m ple  fo o d  f o r  th e  sm a ll n u m 
b e rs  o f  b a c te r ia  p re s e n t  a n d  d id  n o t  p ro d u c e  a n y  v io le n t  w a s h in g  a c t io n  
to  c a r r y  a w a y  b a c te r ia l in o c u la t io n  b e fo re  g ro w th  h a d  becom e e s ta b 
lis h e d . W i t h  th is  m e th o d  one w e ek  w a s  re q u ire d  to o b ta in  a s a t is fa c 
t o r y  g ro w th  th ro u g h o u t  the  f i l t e r  a n d  tw o  w eeks w e re  re q u ire d  f o r  the 
f il te r  to  re a c h  m a x im u m  effic ien cy .

W i t h  se e d in g  m e th o d  N o . 2 e ig h t  l i t e r s  o f  s te r i le  s y n th e t ic  sew age  
w e re  in o c u la te d  w it h  the  te s t  o rg a n is m  a n d  a e ra te d  a t 20° C . f o r  48 to  
96 h o u rs . U n d e r  su ch  c o n d it io n s  a h e a v y , f lo c c u le n t g ro w th  o f  these  
b a c te ria  w o u ld  d e v e lo p . T h e s e  8- l i t e r s  o f  g ro w th  w e re  p a sse d  s lo w ly  
th ro u g h  the  g r a v e l  o f  th e  e x p e r im e n ta l t r ic k l in g  f i l t e r  h y  m eans o f  a 
s te r ile  s ip h o n , w h ile  th e  f i l t e r  d ra in a g e  w a s  c a r e fu l ly  re g u la te d  b y  
v a lv e s . B y  w a tc h in g  th e  lo c a tio n  o f  the  a c c u m u la tio n  o f  g ro w th  add ed  
in  th is  m a n n e r a n d  m a k in g  a p p ro p r ia te  v a r ia t io n s  in  the  ra te  o f  flo w , 
a v e r y  e ve n  d is t r ib u t io n  o f  th e  b a c te r ia l m asses th ro u g h o u t  th e  f i l t e r  
c o u ld  be o b ta in e d . W i t h  th is  p ro c e d u re  the  seeded f i l te r  w a s  a lso  a l 
lo w e d  to s ta n d  f o r  an  h o u r  o r  tw o  a f te r  se e d in g  b e fo re  the  in it ia l  s lo w  
flo w  o f sew a ge  w a s s ta rte d . U s in g  m e th o d  N o . 2, as m uch  g ro w th  c o u ld  
be o b ta in e d  in  one d a y  on  the  f i l t e r  as in  a w e ek  w ith  m e th o d  N o . 1. 
M o re o v e r ,  w ith  m e th o d  N o . 2 m a x im u m  effic iencies w o u ld  be o b ta in e d  in  
a w eek. A  p h o to g ra p h  o f  a p o r t io n  o f  th is  e x p e r im e n ta l f i l t e r  w ith  a n d
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W ith o u t  a  t a l l y  d e ve lo p e d  g ro w th  o f  these  b a c te r ia  in  p u r e  c u ltu re  o n  the  
g r a v e l  o f  th e  f ilte r  is  sh o w n  in  F i g .  2. I t  is  n o te d  th a t  the stones a n d  
a d jo in in g  sections o f  the  r e ta in in g  w a lls  a re  c o v e re d  h e a v ily  v i t i  
g r o w th .  T h is  g ro w th  is  s p o n g y  a n d  c o n ta in s  la rg e  a m o u n ts  o f  m o is 
tu re . M ic ro s c o p ic  e x a m in a tio n s  in d ic a te d  th a t  i t  w a s  com p osed  e n 
t i r e ly  o f  b a c te r ia l ce lls . A s  o b s e rv e d  a b o ve , th is  g r o w th  m ass y ie ld e d  
a m in im u m  b a c te r ia l c o u n t o f  880 m ill io n  p e r  m l. o f  m o is t g ro w th  m ass.

A  B

P ig . 2.— Photograph of sections of pure culture trick ling filter. A. Unseeded sterile filter.
B. F ilte r  seven days a fte r seeding.

T e s t i n g  P r o c e d u r e s

T h e  e x te n t  o f  p u r if ic a t io n  o f  the  s y n th e t ic  se w a g e  a c c o m p lis h e d  as i t  
p a sse d  th ro u g h  these p u re  c u ltu re  t r ic k l in g  f i l t e r s  w a s  m e a s u re d  b y  
c o m p a r in g  the 5 -d a y  B .O .D .  o f  th e  in f lu e n t  w ith  th e  c o r r e s p o n d in g  5 -d a y  
B .O .D .  ot the  f il te r  effluent. T h e s e  d e te rm in a t io n s  w e re  m a d e  in a c 
c o rd a n c e  w ith  the  S ta n d a rd  p ro c e d u re . S a m p le s  o f  in f lu e n t  a n d  e fflu 
e n t w e re  p u t  u p  f o r  th is  d e te rm in a t io n  in  a p p r o p r ia te  d i lu t io n  a n d  
seeded . T h e  seed u se d  (o n e  m l. p e r  l i t e r  o f  d i lu t io n )  in  each  case c o n 
s is te d  o f  se ttle d  d o m e stic  se w a g e  a f te r  a e ra t io n  f o r  2 4 -l io u rs  a t ro o m  
te m p e ra tu re .

R a te s  o f  f lo w  o f  th e  s y n th e t ic  se w a g e  th ro u g h  th ese  p u r e  c u ltu re  
f i l te rs  w e re  v a r ie d  f ro m  less  th a n  0.5 to  6.0 o r  m o re  m i l l io n  g a llo n s  p e r
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a cre  p e r  d a y . I n  the  zone  o f  1.0 to  3.0 m ill io n  g a llo n s  p e r  a c re  p e r  d a y  
te s ts  m ade w e re  re p e a te d  w it h  g re a te r  f re q u e n c y . T h e s e  re p e t it io n s  
w e re  m ade a t v a r io u s  tim e s d u r in g  th e  l i f e  o f  th e  i i l t e r  to p r o v id e  o b 
s e rv a t io n s  on  a n y  v a r ia t io n s  in  g ro w th  o r  in  the  c o n d it io n  o f  th e  f i l te r  
as i t  aged . I n  a ll  cases w h e n  a change  in  ra te  o f  f lo w  w a s m ade, the 
A lte r  w as a llo w e d  to  r u n  a t the  n e w  ra te  f o r  a p e r io d , a t le a s t o v e r  n ig h t , 
to  a llo w  f o r  a n  a d ju s tm e n t to  the  n e w  c o n d it io n s  o f  f lo w  b e fo re  a te s t 
w as m ade.

R e s u l t s  w i t h  P u r e  C u l t u r e  T r i c k l in g  F i l t e r

R e s u lts  o b ta in e d  in  th is  m a n n e r b y  p u re  c u ltu re  t r ic k l in g  f il te rs  d e 
v e lo p e d  (1 )  b y  C u ltu r e  87 is o la te d  as th e  p re d o m in a n t  o rg a n is m  in  the 
g ro w th  m ass on the sto n e s  o f  a t r ic k l in g  f i l t e r  fe d  w ith  n a tu r a l  sew age , 
a n d  (2 )  b y  C u ltu r e  86, a t y p ic a l  z o o g le a l b a c te r iu m , is o la te d  as the 
p re d o m in a n t  o rg a n is m  in  a c t iv a te d  s lu d g e , a re  p re s e n te d  in  T a b le  I .  
T h e  sam e re s u lts  a re  sh o w n  g r a p h ic a l ly  in  F i g .  3.

Table I .— Relative Purification Produced by Pure Culture Trickling Filler Growths Developed
in an Experimental Trickling Filter

B y  A : Culture 86, a predominant bacterium in activated sludge, and 
B y  B  '■ Culture 87, a predominant bacterium in trickling filters.

Range of 
Flow in 

M.G.A.D.

A. With Culture 86 B. With Culture S7

Avg. Flow 
for Period

No. of 
Tests 

Included 
in Avg.

Percentage 
of 5-day 
B.O.D. 

Removed
Avg. Flow 
for Period

No. of 
Tests 

Included 
in Avg.

Percentage 
of 5-day 
B.O.D. 

Removed

0.0 to 0.49........ 0.34 1 71.1 0.39 1 78.6
0.5 to 0.99........ 0.92 3 52.1 0.75 5 62.7
1.0 to 1.49........ 1.21 10 57.1 1.22 5 50.0
1.5 to 1.99........ 1.80 10 49.1 1.78 3 35.8
2.0 to 2.49........ 2.22 10 43.1 2.25 5 40.5
2.5 to 2.99........ 2.68 8 38.6 2.73 6 35.6
3.0 to 3.49........ 3.17 5 32.6 3.28 2 29.8
3.5 to 3.99........ 3.70 1 22.7 3.78 4 31.0
4.0 to 4.99........ 4.51 3 23.2 4.51 2 24.5
5.0 to 5.99........ 5.37 1 14.2 5.00 1 29.2
6.0 to 6.99........ 6.26 1 16.0 6.07 1 27.6
7.0 to 7.99 7.46 1 21.2

T h r e e  o b s e rv a t io n s  m a y  be m ade re g a r d in g  th e  re s u lts  p re s e n te d . 
F i r s t ,  a m a rk e d  p u r if ic a t io n  o f  the s y n th e t ic  sew age o c c u rs  as i t  passes 
th ro u g h  th e  f i l te r .  S e co n d , th e re  is  a d e fin ite  c o r r e la t io n  b e tw e e n  the  
ra te  o f  f lo w  a n d  the  e x te n t  o f  p u r if ic a t io n . A n d  t h i r d ,  the  p u r if ic a t io n  
a c c o m p lish e d  b y  th e  tw o  p u re  c u ltu re  sys te m s is  q u ite  s im ila r .  T h a t  is , 
ju d g in g  f ro m  the re s u lts  o b ta in e d , these tw o  o rg a n is m s , one p re d o m i
n a n t in  t r ic k l in g  f ilte rs , the  o th e r  in  a c t iv a te d  s lu d g e , m a y  be u se d  in t e r 
c h a n g e a b ly  in  p u re  c u ltu re  t r ic k l in g  f il te rs  w ith o u t  a p p a re n t  v a r ia t io n  
in  p u r if ic a t io n  e ffic ien cy . C e r ta in  c o n d it io n s  a ffe c t in g  th ese  o b s e rv a 
t io n s  w i l l  be c o n s id e re d .
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W it h  re g a r d  to  the  o v e ra ll  p u r if ic a t io n  a cco m p lish e d  b y  these p u re  
c u ltu re  t r ic k l in g  f i l te r  sys te m s , i t  w a s  p la n n e d  a t the s ta r t  o f  th e  w o r k  
to  m ake d ir e c t  c o m p a r is o n  o f  the  re s u lts  o b ta in e d  w ith  those  o b s e rv e d  
in  p la n t  s ize  u n its  o p e ra te d  u n d e r  n a tu r a l  c o n d it io n s  w ith  a ll th e  f lo ra  
an d  fa u n a  o f  d o m e stic  sew age . T h e  re q u ire m e n ts  f o r  a p u re  c u ltu re  
s e t-u p  e s ta b lis h e d  l im its  w h ic h  p re v e n te d  su ch  a d ire c t  c o m p a ris o n . 
F o r  in s ta n c e , as n o te d  a b o ve , the  d e p th  o f  g r a v e l  in  the  p u re  c u ltu re  
f ilte r  w a s  l im ite d  to  22 in . b y  th e  s te r i l iz a t io n  fa c il i t ie s ,  w h ile  the d e p th  
o f  stone  in  a n o rm a l f i l te r  is  a bout 60 to  72 in . C o r re s p o n d in g ly ,  the 
tim e o f  f lo w  th ro u g h  the  s ton es o f  the p u re  c u ltu re  f i l t e r  w a s  less  th a n  
one m in u te  (a b o u t  55 se c o n d s) w h ile  flo w  th ro u g h  a n o rm a l f ilte r  r e 
q u ire s  3 to  4 m in u te s .

C o n s e q u e n t ly , the e x te n t o f  p u r if ic a t io n  in  a s im ila r  f i l t e r  fe d  w ith  
ra w  d o m e stic  sew age c o n ta in in g  a ll  o f  i ts  n o rm a l f lo ra  a n d  fa u n a  w as 
d e te rm in e d . I n  each case the  p u r if ic a t io n  w it h  th e  p u re  c u ltu re s  a p 
p ro a c h e d  th a t o b s e rv e d  w it h  a s im ila r  f i l t e r  c o n ta in in g  th e  n o rm a l f lo ra  
a n d  fa u n a .

W h i le  d e fin ite  e v id e n ce  is  n o t a v a ila b le  to  sh o w  th a t  th e  e x te n t  o f  
p u r if ic a t io n  in  a t r ic k l in g  f i l t e r  v a r ie s  d ir e c t ly  w it h  the d e p th  o f  the  
f i l te r  o r  w ith  the tim e  th e  sew age is  in  c o n ta c t w it h  the  g ro w th  on  the  
f ilte rs , p re s u m p t iv e  e v id e n ce  s u g g e s ts  th a t  th is  is  the  case. T h e r e fo r e ,  
the  p u r if ic a t io n  a cco m p lish e d  b y  th e  f i l t e r  o f  60 to  72 in . d e p th  m ig h t  be 
assum ed  to  be a b o u t th re e  tim e s as g re a t  as th a t  o b s e rv e d  w it h  a 22 in . 
f i l te r . T h a t  is , on th is  b a s is , th e  p u r if ic a t io n  o f  a b o u t 33 p e r  ce n t o b 
s e rv e d  w ith  the  22 in . f i l t e r  a t a f lo w  o f  3 m ill io n  g a llo n s  p e r  a c re  p e r  d a y  
w o u ld  be e xp e c te d  to  be 90 to  100 p e r  cen t w ith  a f i l t e r  o f  n o rm a l d e p th . 
O r  c o n s id e re d  f r o m  a n o th e r a n g le , th e  22 in . f i l te r  f lo w in g  a t a ra te  o f  
one m ill io n  g a llo n s  p e r  a c re  p e r  d a y  m ig h t  be e xp e c te d  to  a c c o m p lish  
the p u r if ic a t io n  o f  a n o rm a l d e p th  f i l t e r  f lo w in g  at a ra te  o f  th re e  m ill io n  
g a llo n s  p e r  a c re  p e r  d a y . O n  the  la t t e r  b a s is , th e  p e rc e n ta g e  o f  the 
5 -d a y  B .O .D .  re m o v e d  w o u ld  be in  th e  ra n g e  o f  50 to  60 p e r  cent. W it h  
su ch  a llo w a n c e s  th e  d e g re e  o f  p u r if ic a t io n  a c c o m p lish e d  b y  these p u re  
c u ltu re  f ilte rs  w o u ld  be o f  a lm o st the  sam e o rd e r  o f  m a g n itu d e  as o b 
s e rv e d  in  a n o rm a l f il te r . T h u s  th e  p u r if ic a t io n  a c c o m p lish e d  b y  the  
p u re  c u ltu re  t r ic k l in g  f il te rs  d e ve lo p e d  b y  th e  p re d o m in a n t  b a c te r ia  
is o la te d  f ro m  a n a tu r a l  a c t iv a te d  s lu d g e  e q u a lle d  th a t  a cc o m p lish e d  b y  
a s im ila r  t r ic k l in g  f i l t e r  d e ve lo p e d  b y  th e  p re d o m in a n t  b a c te r iu m  in  a 
t r ic k l in g  f il te r .

P u r e  C u l t u r e  T r i c k l in g  F i l t e r  O p e r a t e d  as  C o n t a c t  F i l t e r

A t  th e  c o n c lu s io n  o f  each r u n  w h e n  the  p u re  c u ltu re  f i l t e r  w a s  o p 
e ra te d  as a t r ic k l in g  f i l te r ,  i t  w a s  o p e ra te d  f o r  a tim e  as a c o n ta c t f i l t e r  
to  c o m p a re  th e  p u r if ic a t io n  b ro u g h t  a b o u t b y  these  tw o  m e th o d s . T o  
c a r r y  o u t th is  p ro c e d u re  th e  o u tle t  ( n )  o f  th e  f i l t e r  (see  F i g .  1 ) , w a s  
c lo se d  b y  a t ta c h in g  a s h o r t  p iece  o f  s te r i le  ru b b e r  tu b in g  w ith  a c la m p . 
T h e  f i l t e r  w a s  th e n  s lo w ly  f ille d  to  th e  to p  le v e l o f  the  s ton es a n d  a llo w e d  
to  s ta n d  th u s  f o r  one h o u r . T h e  effluent w a s  th e n  s lo w ly  d ra in e d  o ff  
a n d  th e  f i l te r  a llo w e d  to  re s t  f o r  a t  le a s t th re e  h o u rs  b e fo re  th e  te s t  w a s



6 5 0 S E W A G E  W O R K S  J O U R N A L July, liOt

re p e a te d . T h e  d e g re e  o f  p u r if ic a t io n  w a s  d e te rm in e d  b y  c o m p a r in g  the  
5 -d a y  B .O .D .  o f  the in flu e n t w ith  th e  c o r r e s p o n d in g  B .O .D .  o f  th e  of  u -  
e n t. T h is  te s t as a c o n ta c t f i l t e r  w a s  re p e a te d  se v e n  tim e s u s in g  s> n 
th e t ic  se w a ge , e leve n  t im e s  w it h  s te r i l iz e d  n a t u r a l  se w a g e , a n d  five  tim e* 
w ith  r a w  n a tu ra l se w a ge . T h e  la t t e r  te s ts  w e re  c o n d u c te d  on  the  sam e 
d a y  a t the end o f  th e  r u n  so th a t  th e  a d d it io n a l in o c u lu m  in tro d u c e d  w  it  1 
th e  r a w  sew age w o u ld  n o t h a v e  t im e  to  d e v e lo p  s u ffic ie n t ly  to  a ffe c t t le  
re s u lts  m a te r ia lly .  T h e  a v e ra g e s  o f  th e  re s u lts  o b ta in e d  f ro m  these 
ru n s  as a c o n ta c t f i l t e r  a re  g iv e n  in  T a b le  I I .

T a b l e  I I . — P u re  Culture Trickling Filter (Culture 86, Table /) Operated as a 
Contact Filter irith Various Feeds

Nature of 
Influent

Number of 
Tests

Average Contact 
Period

Per Cent of Purification 
as Measured by 5-day 

B.O.D. of Influent 
and Effluent

Synthetic Sewage.............. 7 1 hr. 2S.2
Sterilized N atu ra l Sew age .. . . 11 1 hr. 51.3
R a w  N atu ra l Sew age................ 5 1 hr. 61.1

T h e  a m o u n t o f  sew a ge  re q u ire d  to  f i l l  th is  u n it  as a c o n ta c t  f i l t e r  w a s  
a q u a n t it y  w h ic h  w o u ld  p r o v id e  a n  h o u r ’s f lo w  a t a ra te  o f  a b o u t 3.35 
m ill io n  g a llo n s  p e r  a c re  p e r  d a y . C o n s e q u e n t ly , as th e  se w a g e  w a s  h e ld  
in  c o n ta c t f o r  one h o u r  th e  e x te n t  o f  p u r if ic a t io n  m a y  be c o m p a re d  w it h  
th e  t r ic k l in g  f i l t e r  re s u lts  w h e n  o p e ra te d  at 3.35 m ill io n  g a l lo n  ra te . 
T h is  ra te  o f  o p e ra t io n  as a t r ic k l in g  f i l t e r  (see  F i g .  3 ) h a d  g iv e n  a n  
a v e ra g e  re d u c t io n  o f  th e  5 -d a y  B .O .D .  o f  a b o u t 30 p e r  ce n t. T h e  p u r i 
f ic a t io n  a c c o m p lis h e d  b y  the  c o n ta c t p ro c e s s , w ith  s y n th e t ic  se w a g e  in  
w h ic h  a l l  co m p o n e n ts  a re  in  s o lu t io n , is  a p p ro x im a te ly  th e  sam e as th e  
a v e ra g e  o b ta in e d  b y  the  s p r in k l in g  p ro c e d u re . H o w e v e r ,  th e  p u r if ic a 
t io n  a c c o m p lis h e d  b y  th is  p ro c e s s  w ith  s te r i l iz e d  n a t u r a l  se w a g e  a n d  
w it h  r a w  se w a g e  is  c o n s id e ra b ly  g re a te r  th a n  w ith  s y n th e t ic  se w a g e . 
T h is  m a y  be e x p la in e d  b y  a s s u m in g  f o r  th e  c o n ta c t m e th o d  a 100 p e r  
ce n t w e t t in g  o f  a ll o f  the  a c t iv e  b io lo g ic a l s u r fa c e s  w h ile  w i t h  th e  
s p r in k l in g  m e th o d  som e o f  th e  s u rfa c e s  m a y  escape  s u c h  c o n ta c t . T h e  
m o re  re a s o n a b le  e x p la n a t io n  is , th a t w it h  n a t u r a l  s e w a g e , s t e r i l iz e d  o r  
ra w , a c o n s id e ra b le  p o r t io n  o f  the  5 -d a y  B .O .D .  is  c o n ta in e d  in  c o l lo id a l  
a n d  s u sp e n d e d  m a tte r . T h is  f r a c t io n  w o u ld  be re m o v e d  e f f e c t iv e ly  b y  
th e  f i l t e r ,  w h ile  in  s y n th e t ic  sew age  n o  su ch  s u s p e n d e d  s o lid s  w e re  p r e s 
en t. I t  w a s n o t  p o s s ib le  to  m ake these  o b s e rv a t io n s  s a t is f a c t o r i l y  w it h  
n a t u r a l  sew age  on  the  p u re  c u ltu re  t r i c k l in g  f i l t e r  as th e  p a r t ic le s  p r e s 
e n t in  th e  sew age  in te r fe re d  w it h  th e  e s ta b lis h m e n t o f  a c o n t in u o u s ly  
u n ifo r m  flo w  a t the  lo w  ra te s  re q u ire d .

R e s u l t s  w i t h  P u r e  C u l t u r e  A c t i v a t e d  S lu d g e

U s in g  the  sam e p u r e  c u ltu re s , X o .  87 is o la te d  f r o m  a t r i c k l in g  f i l t e r ,  
N o . 86 is o la te d  f ro m  a c t iv a te d  s lu d g e , a n d  a n e w  c u ltu re ,  X o .  103, is o 
la te d  f ro m  a t r ic k l in g  f i l t e r ,  p u r e  c u ltu re  a c t iv a te d  s lu d g e s  w e re  d e 
v e lo p e d  a n d  t h e ir  o v e r a l l  p u r if ic a t io n  e ffic ie n cy  u s in g  s y n th e t ic  sew age
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T a b le  I I I .— Overall Purification by Pure Culture Activated. Sludges Developed by 
Bacteria Isolated f rom Various Purification Systems

Desig- Cultures Used Source of Culture
Amount of 
Sludge in

No. of 
Tests

Per Cent of 5-day B.O.D. Removed 
after Aeration of:

P.P.M. Made
1 hr. 3 hrs. 5 hrs. 24 hrs.

A 86 Activated
Sludge

877 4 34.9 52.0 62.2 01.0

B 87 and 103 Trickling
F ilte r

700 4 43.4 00.7 75.8 80.3

C 1,4 and 9 Activated
Sludge

1793 5 34.0 78.1 82.1 88.S

Averaee of A and < ' ........ 34.8 65.0 72.2 74.9

w a s  d e te rm in e d  b y  the  m e th o d s  d e s c r ib e d  in  re fe re n c e  ( 1 ) .  T h e  r e 
s u lts  o b ta in e d  f ro m  these te s ts  a re  p re s e n te d  in  T a b le  IT T .

F o r  p u rp o s e s  o f  c o m p a ris o n , the  a v e ra g e  re s u lts  f ro m  a p re v io u s  
s im ila r  s t u d y 2 w it h  a c t iv a te d  s lu d g e  b a c te r ia , zo o g le a l c u ltu re s  N o s . 1, 
4 a n d  9, a re  in c lu d e d  in  th is  ta b le . T h is  g iv e s  an o p p o r t u n it y  to  co m 
p a re  the  re s u lts  o b ta in e d  w it h  the  o ld e r  p u re  c u ltu re  s lu d g e s  ( w i t h  a 
m uch h e a v ie r  g ro w th , 1793 p .p .m . v s . 877 p .p .m . o f  su sp e n d e d  s o l id s ) ,  
w ith  the  n e w e r s lu d g e  d e ve lo p e d  w it h  C u lt u r e  86.

T h e  a m o u n t o f  p u r if ic a t io n  a c c o m p lish e d  b y  th e  p u re  c u ltu re  a c t i 
v a te d  s lu d g e s  p ro d u c e d  b y  C u ltu r e s  87 a n d  103, is o la te d  as th e  p r e 
d o m in a n t o rg a n is m s  o f  t r ic k l in g  f ilte rs , exceeds th a t  a cco m p lish e d  b y  
the  a c t iv a te d  s lu d g e  p ro d u c e d  b y  C u lt u r e  86, is o la te d  f r o m  a c t iv a te d  
s lu d g e , b u t  does n o t  ecpial the  e a r l ie r  re s u lts  o b ta in e d  w it h  a c t iv a te d  
s lu d g e  C u ltu r e s  N o s . 1, 4 a n d  9. I t  m u s t be n o te d , h o w e v e r , th a t  these 
p re v io u s  s lu d g e s  w e re  d e v e lo p e d  u n t i l  th e y  c o n ta in e d  a m u ch  la r g e r  
n u m b e r o f  b a c te r ia  as m e a s u re d  b y  the  a m o u n t o f  s lu d g e  p ro d u c e d . 
T h e  a v e ra g e  o v e ra ll  p u r if ic a t io n  a c c o m p lish e d  b y  p u re  c u ltu re  s lu d g e s  
p ro d u c e d  b y  a c t iv a te d  s lu d g e  b a c te r ia  C u ltu r e s  1, 4, 9 a n d  86 ( th a t  is , 
the  a v e ra g e  o f  A  a n d  C  as g iv e n  in  T a b le  I I I )  a p p ro x im a te ly  e q u a ls  th a t  
a cco m p lish e d  b y  the  a c t iv a te d  s lu d g e s  p ro d u c e d  b y  t r ic k l in g  f i l t e r  b a c 
te r ia ,  C u ltu r e s  87 a n d  103. T h u s  i t  is  o b s e rv e d  th a t  th e  p re d o m in a n t  
b a c te r ia  o f  a t r ic k l in g  f i l t e r  can  p ro d u c e  a p u re  c u ltu re  a c t iv a te d  s lu d g e  
w h ic h  fu n c t io n s  a t le a s t as e f fe c t iv e ly  as a s im ila r  s lu d g e  p ro d u c e d  b y  
the n o rm a l a c t iv a te d  s lu d g e  b a c te r ia .

R e s u l t s  w i t h  B a c t e r ia -O n l y , T r i c k l i n g  F il t e r s  a n d  A c t iv a t e d  
S l u d g e s  D e v e l o p e d  b y  S e v e r a l  S t r a in s  o p  

Z o o g l e a l  B a c t e r ia

D e ta ile d  s tu d ie s  o f  th e  c h a ra c te r is t ic s  o f  the  zo o g le a l b a c te r ia  is o 
la te d  f ro m  a c t iv a te d  s lu d g e s  a n d  f ro m  t r ic k l in g  f i l te rs ,  w h ic h  m a y  be 
p re s e n te d  in  a fu tu re  p a p e r , h a ve  y ie ld e d  in te re s t in g  in fo rm a t io n . F o r
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in s ta n c e , th e  v a r io u s  s t ra in s  w e re  id e n t ic a l, w it h  r e g a r d  to  c e rta in  rna .jo i 
c h a ra c te r is t ic s . T h e y  w e re  a ll  a e ro b ic , g ra m -n e g a t iv e  ro d s , p ro d u c in g  
c a p s u le s , n o t  fo rm in g  c h a in s , f o r m in g  z o o g le a l floes o r  h u g e  co lon  h s  m  
l iq u id  m ed ia  u n d e r a e ra t io n , a n d  f a i l in g  to  fe rm e n t  th e  o r d in a r y  s u g a rs  
w it h  ga s  p ro d u c t io n . T h e y  d if fe re d  in  c e r ta in  m in o r  c h a ra c te n s  i c s  
su ch  as the d ig e s tio n  o f  c a se in , th e  p ro d u c t io n  o f  in d o l, a n d  the  n t i  iz a  
t io n  o f  n itra te s .

T h e s e  d iffe re n c e s  in  a c t iv i t y  s u g g e s t  th a t  w h ile  the  e x te n t  o f  p u n  
ca tio n  p ro d u c e d  b y  s lu d g e s  d e v e lo p e d  b y  these  b a c te r ia , each in  p u r e  cu  -  
tu re , w as a p p ro x im a te ly  th e  sam e, th e  su b sta n ce s  u t i l iz e d  b y  the  v a n o u s  
s lu d g e s  m a y  h a v e  v a r ie d  in  q u a l i t y  i f  n o t  in  q u a n t ity . T h is  s u g g e s ts  
f u r t h e r  th a t  a b a c te r ia -o n ly  a c t iv a te d  s lu d g ’e o r  t r ic k l in g  f i l t e r  p ro d u c e d  
b y  the  co m b in e d  g ro w th s  o f  s e v e ra l o f  these  s t ra in s  ot b a c te r ia  w o u ld  
b r in g  a b o u t a m o re  co m p le te  p u r if ic a t io n . I f  these b a c te r ia  w e re  th e  
a c t iv e  a g e n ts , th is  p u r if ic a t io n  w o u ld  a p p ro a c h  m o re  u n if o r m ly ,  e v e n  
w ith  a fe e d  w h ose  c o n s t itu e n ts  v a r ie d ,  th e  p u r if ic a t io n  p ro d u c e d  b y  a 
n o rm a l t r ic k l in g  f i l te r ,  o r  a c t iv a te d  s lu d g e .

A c c o r d in g ly ,  an  e x p e r im e n t  w a s  c a r r ie d  o u t to  d e te rm in e  th e  p u r i f i 
c a t io n  a c c o m p lish e d  b y  a  b a c te r ia -o n ly  g ro w th  in  a t r ic k l in g  f i l t e r  a n d  in  
a c t iv a te d  s lu d g e  w h e n  th e  b a c te r ia  in v o lv e d  w e re  a  m ix tu r e  o f  p u r e  
s t ra in s  o f  zo o g le a l o rg a n is m s . N in e  p u re  cu ltu i'e  s t ra in s  w e re  se le c te d  
f o r  th is  p u r p o s e ;  C u ltu r e s  N o s . 53, 83, 85, 86 a n d  88 w h ic h  h a d  b e e n  
is o la te d  f ro m  a c t iv a te d  s lu d g e s , a n d  C u ltu r e s  N o s . 87, 100, 102 a n d  103, 
w h ic h  h a d  been  o b ta in e d  f ro m  the g ro w th s  on  the  s to n e s  o f  t r i c k l in g  
f i l te rs .  I n  p ro d u c in g  su ch  g ro w th s  each o f  n in e  fla sk s  c o n ta in in g  100 
m l. o f  b ro th  w a s in o c u la te d  w ith  one o f  these s t ra in s  in  p u r e  c u ltu re . 
T h e y  w e re  h e ld  a t 20° C . f o r  48 h o u rs . B y  th is  tim e  a ll  n in e  fla sk s  h a d  
d e v e lo p e d  a h e a v y  ilo c c u le n t g ro w th . T h e  e n t ire  c o n te n ts  o f  e ach  o f 
the  n in e  fla sk s  w e re  th e n  in t ro d u c e d  in to  an  a e ra t io n  b o t t le  c o n ta in in g  
e ig h t  l i t e r s  o f  s y n th e t ic  sew age , a n d  a e ra t io n  w a s  s ta r t e d  w i t h  s to ra g e  
a t 20° C . W h ile  i t  w a s  n o t  p o s s ib le  to  fo l lo w  th e  r e la t iv e  g r o w t h  o f 
each o f  th e  n in e  s t ra in s  p re s e n t  in  th e  a e ra t io n  b o t t le , i t  w a s  f e l t  th a t  
th e  m a ss ive  in i t ia l  in o c u la t io n  e m p lo ye d  w o u ld  g iv e  ea ch  s t r a in  a n  e x 
c e lle n t o p p o r t u n it y  to  be w e ll re p re s e n te d  in  the  f in a l g r o w t h  s u b je c te d  
to  te s t. S lu d g e s  p ro d u c e d  in  th is  m a n n e r w i l l  be r e f e r r e d  to  as “ m ix e d  
p u re  c u l t u r e ”  g ro w th s .

T h e  8- l i t e r  p o r t io n  o f  s y n th e t ic  se w a g e , th u s  in o c u la te d  a n d  in c u 
b a te d  a t 20 C . u n d e r  a e ra t io n , w a s  fe d  d a i ly  w it h  f r e s h  s y n th e t ic  s e w 
age  b y  the f i l l -a n d -d r a w  m e th o d . T h a t  is ,  once  d a i ly ,  a e ra t io n  w a s  
s to p p e d , the b a c te r ia l s lu d g e  w a s  a llo w e d  to  s e tt le  f o r  30 m in u te s , f iv e  
l i t e r s  o f  c le a r s u p e rn a ta n t  w e re  re m o v e d  u n d e r  a s e p t ic  c o n d it io n s  w it h  
a  s te r i le  s ip h o n , five  l i t e r s  o f  s te r i le  s y n th e t ic  se w a g e  w e re  a d d e d , a n d  
a e ra t io n  w a s re su m e d . W h e n  n e c e s s a ry , a d ju s tm e n ts  w e re  m a de  w it h  
s te r i le  s o lu t io n s  to  keep th e  h y d r o g e n - io n  c o n c e n tra t io n  in  th e  ra n g e  o f  
p H  6.6 to  7.4. A f t e r  a p e r io d  o f  a b o u t  30 d a y s , w h e n  b a c te r ia l  s lu d g e  
h a d  d e ve lo p e d  to  the  e x te n t  o f  a b o u t  1500 p .p .m . in  te rm s  o f  s u sp e n d e d  
s o lid s  ( d r y  w e ig h t  at 105° C . )  th e  e ig h t  l i t e r s  w e re  t h o r o u g h ly  m ix e d  
a n d  d iv id e d  in to  tw o  e q u a l p o r t io n s .  T h e  s lu d g e  o f  one p o r t io n  w a s
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^  t r a n s fe r r e d  a t once to  a s te r ile  t r ic k l in g  f i l te r  s e t -u p , u s in g  m e th o d  N o . 2
a b o ve , f o r  o b s e rv a t io n s  on  its  e ffic ie n cy in  p u r i f y in g  s y n th e t ic  sew age 

111 u n d e r  these c o n d it io n s . ( F o r  re s u lts  see T a b le  I V ,  E x p e r im e n t  1 - X . )
r̂s T e s ts  w e re  m ade o n  the  p u r if ic a t io n  a cco m p lish e d  w ith  v a r io u s  ra te s  o f

flo w  d u r in g  th e  n e x t  se ve n  d a y s . T h e  o th e r p o r t io n  o f  th is  “ m ix e d  
lza~ p u re  c u l t u r e ”  a c t iv a te d  s lu d g e  w a s c o n t in u o u s ly  m a in ta in e d  as an a c t i 

v a te d  s lu d g e  w ith  d a i ly  fe e d in g s  as d e s c r ib e d  a b o ve . T e s ts  w e re  m ade 
in®' o f  its  p u r if ic a t io n  e ffic ien cy , as an a c t iv a te d  s lu d g e , o n  the  f ir s t  ( E x p e r i -
icul- m en t 1 - A ) ,  t h i r d  (E x p e r im e n t  1 -B )  a n d  se v e n th  (E x p e r im e n t  1 -C )
nous d a y  o f  fe e d in g  f ro m  the  tim e  the  p o r t io n  w a s  w ith d ra w n  to  s ta r t  the
gests t r ic k l in g  f i l t e r  s e t -u p . (S e e  T a b le  V  f o r  r e s u lts .)
luced A f t e r  the  s lu d g e  o f  1 - X  h a d  been in  s e rv ic e  f o r  th ir te e n  d a y s  as a
mild t r ic k l in g  f i l t e r  s lu d g e , i t  w as c o m p le te ly  re m o v e d  f ro m  the  s ton es w ith
'e the a s e p tic  p re c a u t io n s  a n d  p u t  on  te s t  a t once as an a c t iv a te d  s lu d g e . T h e
even re s u lts  f ro m  th is  te s t w ith  th is  s lu d g e , 1 - X ,  a re  p re s e n te d  in  T a b le  V .

■ k  a I t  is  n o te d  th a t  in  th is  e x p e r im e n t p r a c t ic a l ly  n o n e  o f  th e  b a c te r ia l
s lu d g e  w a s lo s t  e ith e r  as i t  w a s  a d d e d  to  o r  re m o v e d  f ro m  th e  t r ic k l in g  

purii- f i l te r  s e t -u p . T h is  is  sh o w n  b y  a p p ro x im a te ly  th e  sam e su sp e n d e d
and in s o lid s  co n te n t f o r  p o r t io n s  1 -C  a n d  1 -X .
f pm T h e s e  o b s e rv a tio n s  w it h  a c t iv a te d  s lu d g e  a n d  t r ic k l in g  f i l t e r  p u r i -
eleeted f ic a t io n  b y  “ m ix e d  p u re  c u l t u r e ”  g ro w th s  w e re  re p e a te d  u n d e r  id e n t i -
d been ca l p ro c e d u re s  in  E x p e r im e n t  N o s . 2 -A ,  2 -B  a n d  2 - X .  T h e  o n ly  v a r ia -
iid 103, t io n  n o te d  in  E x p e r im e n t  2 is  th a t a p p a re n t ly  a b o u t o n e -th ird  o f  the
idling b a c te r ia l s lu d g e  w a s lo s t  e ith e r  in  t r a n s f e r r in g  th e  p o r t io n  o f  s lu d g e  to ,
ng 100 o r  re m o v in g  i t  f ro m , the  t r ic k l in g  f i l te r .  T h is  is  s h o w n  b y  the  v a r ia -
'iiltine. t io n  in  su sp e n d e d  s o lid s  c o n te n t ; 1666 f o r  2 -B  a n d  904 f o r  2 - X .  T h e  re 

s u lts  o b ta in e d  in  these tw o  e x p e rim e n ts , w ith  a v e ra g e s , a re  p re s e n te d  
ad of in  T a b le s  I V  a n d  V .

D i s c u s s i o n  o f  R e s u l t s
storage
iwthof C o n s id e r in g  f ir s t  the f in d in g s  f ro m  th e  t r ic k l in g  f i l t e r  s tu d ie s , i t  is
Jjlat n o te d , as h a s  been o b s e rv e d  in  th e  p re c e d in g  e x p e rim e n ts  w ith  p u re  c u l-
aiiex- tu re  t r ic k l in g  f ilte rs , th a t e x c e lle n t re s u lts  w e re  o b ta in e d  u n t i l  p a r t ia l  o r

jjjectml co m p le te  p o n d in g  o f  the f i l t e r  o c c u rre d . C o r re c t io n  o f  th is  d if f ic u lty ,
“jiisol b y  s t i r r in g  the g ra v e l  in  the p o n d e d  a re a , u s u a lly ,  b u t  n o t  a lw a y s , r e 

s to re d  n o rm a l o p e ra t io n  a f te r  a fe w  d a y s . I t  is  assum ed  w h e n  n o rm a l 
j  ¡0. re s u lts  w e re  n o t  o b ta in e d  a g a in  th a t  th e  p o n d in g  a c t io n  h a d  b lo ck e d  o ff
'cset. c e r ta in  p o r t io n s  o f  the  g ro w th  in  th e  f i l t e r  e ve n  th o u g h  an  a p p a re n t ly
2 0  n o rm a l re s u m p t io n  o f  f lo w  h a d  o c c u rre d . S u c h  an  e ffe ct m ig h t  m a -
, ^  t e r ia l l y  re d u ce  the  o p p o r t u n it y  f o r  co n ta c t b e tw e e n  som e o f  the b a c -

te r ia l  m asses a n d  th e  in f lo w in g  b a c te r ia l fo o d  a n d  at the  sam e tim e  
m] w o u ld  h a ve  a te n d e n c y  to c re a te  a n a e ro b ic  a re a s .
rjfh C o m p a r in g  th e  re s u lts  p re s e n te d  in  T a b le  I  w ith  th o se  in  T a b le  I V ,
, 0f i t  is  a t once a p p a re n t  th a t  in  the  t r ic k l in g  f i l t e r  s e t -u p  th e  “ m ix e d  p u re
jov c u l t u r e ”  g ro w t h  w a s m o re  e ffe c t iv e  th a n  the  g ro w th  o f  a n y  one p u re
e(j  c u ltu re . T h is  d iffe re n c e  w a s d e f in ite ly  in  th e  f a v o r  o f  th e  “ m ix e d  p u re
j  c u l t u r e ”  g ro w th  w h e n  th e  ra te  o f  f lo w  w a s  a p p ro x im a te ly  th re e  m ill io n
g g a llo n s  p e r  a cre  p e r  d a y . H o w e v e r ,  w h e n  th e  f lo w  w a s n e a r  th e  ra te  o f
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one m ill io n  g a llo n s  p e r  a c re  p e r  d a y , the  in c re a s e d  e ffic iency o f  the  
“ m ix e d  p u re  c u ltu r e ”  g ro w th  w a s  the  m o re  m a rk e d . T h is  la t te r  ra te  
o f  f lo w  as w a s n o te d  a b o ve  is  p r o b a b ly  a b o u t the  o p tim u m  f o r  sh a l ow 
f i l te rs  o f the  d e p th  re q u ire d  f o r  the  p ro d u c t io n  o f  a s e t -u p  u n d e r p u re  
c u ltu re  c o n d it io n s . T h u s  th e  re s u lts  o b ta in e d  w ith  th e  “ m ix e d  p u re  
c u l t u r e ”  g ro w th , re a c h in g  a m a x im u m  e ffic ie n cy  o f  re m o v in g  a p p r o x i 
m a te ly  90 p e r  cen t o f  th e  5 -d a y  B .O .D .  o f  the in flu e n t, a p p ro a c h  v e r y  
c lo s e ly  the c o n d it io n s  o f  a n o rm a l t r ic k l in g  f ilte r . T h is  su g g e s ts  v e r y  
d e fin ite ly  th a t  these  b a c te r ia  a re  th e  a c t iv e  a gen ts  in  th is  p u r if ic a t io n  
p ro ce ss .

T h e  re s u lts  p re s e n te d  in  T a b le s  I I I  a n d  V  p ro v id e  f o r  a s im ila r  c o m 
p a r is o n  w h e n  the  g ro w th s  o f  these  sam e o rg a n is m s , in  p u re  c u ltu re , a n d  
in  “ m ix e d  p u re  c u l t u r e ,”  a re  u sed  as an  a c t iv a te d  s lu d g e . A g a in  i t  is  
o b s e rv e d  th a t  th e  “ m ix e d  p u re  c u l t u r e ”  g ro w th  is  the  m o re  e ffe c t iv e . 
T h e  m a x im u m  d if fe re n c e , a b o u t 40 p e r  ce n t, is  fo u n d  in  the  a v e ra g e s  f o r  
the  re s u lts  o b ta in e d  a t the  o n e -h o u r  a e ra t io n  p e r io d . T h e  d if fe re n c e s  
o b s e rv e d  a t th e  3 , 5 a n d  2 4 -h o u r a e ra t io n  p e r io d s  w e re  c o n s id e ra b ly  le ss

T a b le  IV .— Purification Accomplished hy a Trickling Filter Developed by the Growth 
of a Mixture of 9-Pure Cultures of Zoogleal Bacteria

Experiment 1-X* Experiment 2-Xf

Hours
from
Start

Rate of 
Flow 

M.G.A.D.

% of 5-day 
B.O.D.

Re
moval

Remarks
Hours
from
Start

Rate of 
Flow 

M.G.A.D.

% of 
5-day 

B.O.D.
Re

moval
Remarks

20 0.74 80.6 48 0.87 65.2
44 1.78 78.0 72 1.47 66.6
48 2.13 88.0 74 1.43 66.9
68 2.88 86.6 76 1.43 66.2
70 1.09 89.4 96 3.72 23.6 F lo w  s u d d e n ly  in 

creased a t sampling 
period

72 0.93 91.2 98 1.36 27.9
117 1.10 77.6 120 1.02 58.1 Ponding observed at 

interva ls
119 0.68 84.2 Ra te  increased as 

soon as sampled
124 1.12 58.0

121 4.14 44.6 144 0.88 54.5
140 5.04 31.3 148 1.02 68.5
142 3.41 12.8 Ponding complete. 

F ilte r stones 
stirred up

168 1.12 61.4

164 2.89 70.2 216 1.80 28.4 Ponding complete F i l 
ter stones stirred up

* See Table V  for purification accomplished b y  aliquot portions of the same mixed bacterial 
growths under conditions of activated sludge operation. Test 1—A  made at 20-hour period, 1-B 
a t 68-hour period, 1-C at 164-hour period, and 1-X w ith  sludge washed from the growth on the 
stones of this filter.

t See Table V  for purification accomplished b y  aliquot portion of the same mixed bacterial 
growths under conditions of activated  sludge operation. Test 2-A made at 72-hour period, 2-B 
at 168-hour period, and 2-X w ith  sludge washed from the growth on the stones of this filter.
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T a b le  V .— Purification Accomplished by Activated Sludge * Developed by the Growth 
of a Mixture of 9-Pure Cultures of Zoogleal Bacteria

Experiment No.
Amount

of
Sludge
P.P.M.

Percentage of S-day B.O.D. 
Removed after Aeration for:

Percentage of 5-day B.O.D. 
Oxidized after Aeration for:

1 hr. 3 hrs. 5 hrs. 24 hrs. 1 hr. 3 hrs. 5 hrs. 24 hrs.

l- A f 1536 34.3 40.8 86.4 90.7 - — — —
1-B 1628 64.9 82.1 83.9 88.7 — — — —
1-C 1558 53.7 77.7 81.2 81.5 38.4 62.2 67.9 84.6
1-X 1598 57.9 84.8 79.8 81.4 23.6 43.0 52.9 63.6

2-A 67.7 83.5 89.2 87.3 — — — — .

2-B 1666 50.5 85.1 89.7 85.1 23.3 43.7 48.6 59.7
2-X 904 31.2 64.3 65.4 71.0 15.5 34.7 42.5 58.5

Avg. 1-A, 1-B, 
1-C, 2-A, 
and 2-B

54.2 73.8 86.1 86.7 30.8 52.9 58.2 72.2

Avg. 1-X and 2-X 44.6 74.6 72.6 76.2 19.6 38.8 47.7 61.0

* Sludges produced by the mixed growth of nine pure cultures of zoogleal bacteria, Cultures 
No. 53, 83, 85, 86, 87, 88, 100, 102 and 103.

t Sludges 1-A, 1-B, 1-C, 2-A and 2-B produced and continuously maintained under aeration as 
an activated sludge. Sludges 1-X and 2 - X  developed as an activated sludge for about 30 days 
as an aliquot portion of 1-A and 2-A, then at the time tests of 1-A and 2-A were made sludge 
portions 1-X and 2 -X  were put on sterile trickling filters and used as a trickling filter for 13 days, 
then growth on stones of filter vras washed off and tested at once as an activated sludge in 1-X 
and 2-X.

b u t the “ m ix e d  p u re  c u l t u r e ”  s lu d g e  c o n s is te n t ly  p ro d u c e d  a h ig h e r  
p e rc e n ta g e  o f  B .O .D .  re m o v a l.

I n  the  a v e ra g e s  p re s e n te d  in  T a b le  V  an  in te re s t in g  d iffe re n c e  is  
o b s e rv e d  b e tw e e n  the  p u r if ic a t io n  p ro d u c e d  b y  s lu d g e s  1 - A ,  1 -B ,  1 -C ,  
2 -A ,  a n d  2 -B  (w h ic h  h a d  been p ro d u c e d  a n d  c o n t in u o u s ly  m a in ta in e d  
u n d e r  a e ra t io n  as an  a c t iv a te d  s lu d g e ) a n d  th e  p u r if ic a t io n  b ro u g h t  
a b o u t b y  s lu d g e s  1 - X  a n d  2 - X  (w h ic h  w h ile  o r ig in a l ly  p ro d u c e d  as an  
a c t iv a te d  s lu d g e  h a d  been in  s e rv ic e  o n  a t r ic k l in g  f i l te r  f o r  the  th ir te e n  
d a y s  im m e d ia te ly  p re c e d in g  these te s ts ) .  W i t h  b u t  one e x c e p t io n  th e  
s lu d g e s  c o n t in u o u s ly  m a in ta in e d  as a c t iv a te d  s lu d g e s , p ro d u c e d  the 
h ig h e r  d e g re e  o f  o v e ra ll  p u r if ic a t io n . T h e  one e x c e p t io n , th e  3 -h o u r 
p e r io d , w a s  p r o b a b ly  ca u se d  b y  one u n u s u a lly  h ig h  re s u lt  in  E x p e r i 
m en t 1 - X ,  a t the  3 -h o u r  a e ra t io n  p e r io d . T h is  d iffe re n c e  b e tw e e n  the  
a c t iv i t y  o f  th e  tw o  d iv e r s e ly  t re a te d  s lu d g e s  w a s  m o re  m a rk e d  w h e n  
m e a su re d  b y  th e  p o r t io n  o f  th e  5 -d a y  B .O .D .  o x id iz e d  * d u r in g  th e  
v a r io u s  a e ra t io n  in te rv a ls .  T h e  “ m ix e d  p u re  c u l t u r e ”  s lu d g e  in  each

* I t  may be pertinent to distinguish here the differences between the terms B.O .D . removed 
and B.O .D. oxidized, which are explained in  detail in reference (2 ) . W hen an activated sludge 
or a trick ling filter is fed with sewage the in itia l but continuous step in the purification process 
is adsorption followed by oxidation and by synthesis of the adsorbed material into new bac
teria l protoplasm through growth and reproduction of cells. The B.O .D. removed is a measure 
of the overall, or total, purification produced by the combined activities of adsorption, oxida
tion and synthesis. The B.O .D. oxidized includes only that portion of the overall purification 
which has been produced by actual oxidation.
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in s ta n c e  p ro d u c e d  a g re a te r  a m o u n t o f  o x id a t io n , th e  g re a te s t d i f 
fe re n c e  b e in g  o b s e rv e d  d u r in g  th e  f ir s t  h o u r  o f  a e ra t io n . _

T h is  d iffe re n c e  in  a c t iv i t y  b e tw e e n  th e  a c t iv a te d  a n d  t r ic k l in g  e i 
s lu d g e s  is  p ro b a b ly  b ro u g h t  a b o u t b y  th e  c o n d it io n  o f  th e  s lu d g e s . e 
s lu d g e s  w h ic h  b a d  been m a in ta in e d  u n d e r  c o n t in u o u s  c o n d it io n s  o t ac 1 
v a t io n  w e re  fe d  b y  th e  f i l l -a n d -d r a w  m e th o d . A t  th e  tim e  o f tes , 
h o u rs  b a d  e la p se d  s in ce  th e  la s t  fe e d in g  a n d  these s lu d g e s  w e re  p io  
a b ly  r e la t iv e ly  f re e  o f  a d s o rb e d  m a te r ia l. T h e  o th e r  s lu d g e s  use m  
t r ic k l in g  f il te rs  im m e d ia te ly  p r i o r  to  these  te sts  u n d e r  c o n d it io n s  o 
a c t iv a te d  s lu d g e  o p e ra t io n , b a d  been  fe d  c o n t in u o u s ly  u p  to  the  tim e  
o f  re m o v a l f ro m  th e  f ilte rs . T h e s e  s lu d g e s  w e re  p ro b a b ly  m o d e l a te  y  
lo a d e d  w ith  a d s o rb e d  m a te r ia l w h e n  a e ra t io n  w a s s ta rte d . T b e i i  g i  a d - 
u a l im p ro v e m e n t in  p u r i f y i n g  p o w e r  at each subseq u en t a e ra t io n  in te i  - 
v a l  s u p p o rts  th is  a s s u m p tio n .

P e rh a p s  th e  m o st in te re s t in g  o b s e rv a t io n  m ade in  th is  s tu d y  o f  th e  
b a c te r ia  o f  t r ic k l in g  f il te rs  is  th a t  the  zo o g le a l o rg a n is m s  fo u n d  to  be 
p re d o m in a n t  in  t r ic k l in g  f il te rs  a n d  in  a c t iv a te d  s lu d g e  floe m a y  be 
use d  in te rc h a n g e a b ly  in  p u re  c u ltu re  s e t -u p s  w ith o u t  a n y  m a te r ia l v a r ia 
t io n s  in  th e  p u r if ic a t io n  e ffic ie n cy o b ta in e d . T h is  in te rc h a n g e a b il i t y  in  
p u re  c u ltu re  t r ic k l in g  f il te rs  is  sh o w n  q u ite  d e f in ite ly  in  th e  re s u lts  p r e 
se n te d  in  T a b le  I  a n d  in  F ig .  3. T h e  sam e in te rc h a n g e a b il i t y  in  p u r i 
f ic a t io n  b y  th e  a c t iv a te d  s lu d g e  p ro c e ss  is  sh o w n  in  th e  r e s u lt s  o f  
T a b le  I I I .

1 1 1 1
FIG. E

1
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O v e r a l l  P urification  P roduced

-

b y  A c t iv a t e d  S lu dge D e v elo p e d  
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Z o o g l e a l  B a c t e r ia
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T ime in Hours
24

U. S. PUBLIC HEALTH SERVICE
STREAM POLLUTION WVESTIGATHDNS STA
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F ig . 4.

T h is  in te rc h a n g e  fu n c t io n  o f  th e se  zo o g le a l b a c te r ia  in  a c t iv a te d  
s lu d g e  is  sh o w n  m o re  c le a r ly  in  F i g .  4. H e r e  th e  a v e ra g e  p u r if ic a t io n  
a cco m p lish e d  b y  a c t iv a te d  s lu d g e s , each d e v e lo p e d  b y  a p u r e  c u ltu re  o f
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zo o g le a l b a c te r ia  is o la te d  f ro m  n a tu r a l  a c t iv a te d  s lu d g e , is  c o n tra s te d  
w ith  the  p u r if ic a t io n  o b ta in e d  w it h  a c t iv a te d  s lu d g e s  d e ve lo p e d  b y  a 
p u re  c u ltu re  is o la te d  f ro m  a n o rm a l t r ic k l in g  f i l te r .  I n  the a v e ra g e  f o r  
s lu d g e s  d e ve lo p e d  b y  b a c te r ia  is o la te d  f ro m  a c t iv a te d  s lu d g e , n in e  e x 
p e rim e n ts  a re  in c lu d e d , tw o  w ith  C u ltu r e  N o . 1, one w ith  C u ltu r e  N o . 4, 
tw o  w ith  C u lt u r e  N o . 9, a n d  f o u r  w ith  C u lt u r e  N o . 86 ; w h ile  fo u r  e x p e r i 
m ents, tw o  w it h  C u lt u r e  N o . 87 a n d  tw o  w ith  c u ltu re  N o . 103, a re  in 
c lu d e d  in  th e  a v e ra g e  f o r  s lu d g e s  d e ve lo p e d  b y  b a c te r ia  is o la te d  f ro m  
n o rm a l t r ic k l in g  f ilte rs . R e m a rk a b le  a g re e m e n t a t a ll  a e ra t io n  in t e r 
v a ls  is  n o te d  b e tw e e n  the  p u r if ic a t io n  a cco m p lish e d  b y  th e  p u re  c u ltu re  
a c t iv a te d  s lu d g e s  d e ve lo p e d  b y  the  zo o g le a l b a c te r ia  f ro m  the tw o  
so u rc e s , a c t iv a te d  s lu d g e s  a n d  t r ic k l in g  f ilte rs . M o re o v e r ,  the  s lig h t  
d iffe re n c e  in  p u r if ic a t io n  n o te d , w h ic h  is  w it h in  the  l im its  o f  v a r ia t io n  
o b s e rv e d  b e tw een  d if fe re n t  c u ltu re s , fa v o r s  th e  a c t iv a te d  s lu d g e s  d e 
v e lo p e d  b y  b a c te ria  is o la te d  f ro m  t r ic k l in g  f ilte rs .

T h e  re s u lts  o b ta in e d  w ith  the  m ix tu re  o f  n in e  p u re  c u ltu re s  o f  these 
zo o g le a l b a c te r ia , f o u r  is o la te d  f ro m  t r ic k l in g  f il te rs  a n d  f iv e  f ro m  
a c t iv a te d  s lu d g e s , a re  a lso  s h o w n  in  F i g .  4. I t  is  n o te d  th a t  th is  “ m ix e d  
p u re  c u l t u r e ”  s lu d g e  p ro d u c e d  a m o re  e x te n s iv e  p u r if ic a t io n  a t each 
a e ra t io n  in te r v a l ,  w it h  the  g re a te s t  ch a n g e  tq k in g  p la ce  d u r in g  the  
f ir s t  h o u r .

S u m m a r y

T h e  is o la t io n  in  p u re  c u ltu re  o f  the  p re d o m in a n t  b a c te r ia  fo u n d  in  
the  g ro w th s  on th e  stones o f  e x p e r im e n ta l a n d  m u n ic ip a l t r ic k l in g  f i l t e r  
sew age p la n ts  is  re p o rte d . T h e s e  b a c te r ia  a re  p re s e n t  a t le a s t to  the  
e x te n t o f  300 m ill io n  p e r  m i l l i l i t e r  o f  f i l te r  g ro w th . T h e  o rg a n is m s  th u s  
is o la te d  a n d  s tu d ie d  a re  zo o g le a l in  n a tu re  a n d  a re  s im ila r  to  th e  p r e 
d o m in a n t b a c te r ia  fo u n d  in  a c t iv a te d  s lu d g e .

T h e  c o n s tru c t io n , m e th o d  o f  in o c u la t io n , a n d  o p e ra t io n  o f  a t r ic k l in g  
f i l te r  u n it  u n d e r  p u re  c u ltu re  c o n d it io n s  is  d e s c r ib e d  in  d e ta il.

T h e s e  b a c te r ia  is o la te d  in  p u re  c u ltu re , w h e n  a p p lie d  to  th is  t r ic k l in g  
f il te r  u n it ,  p ro d u c e d  a g ro w th  on  the  ston es o f  th e  f i l t e r  w h ic h  s im u 
la te d  a n o rm a l t r ic k l in g  f i l te r  b o th  in  a p p e a ra n c e  a n d  in  p u r if ic a t io n  
p ro p e rt ie s .

T h e  p re d o m in a n t  b a c te r ia  o f  a c t iv a te d  s lu d g e  in  p u re  c u ltu re  a re  
sh o w n  to  h a v e  the  sam e a b i l i t y  to  p ro d u c e  a d h e re n t  g ro w th s  o n  the  
stones o f  a f i l te r  w h ic h  in  g ro s s  a p p e a ra n c e  a n d  in  p u r i f y in g  p o w e r  
s im u la te  a n o rm a l t r ic k l in g  f il te r .

C o n v e rs e ly ,  it  is  d e m o n s tra te d  th a t  th e  b a c te r ia  is o la te d  as the 
p re d o m in a n t  o rg a n is m s  in  a t r ic k l in g  f i l t e r  w i l l  in  p u re  c u ltu re  p ro d u c e  
a floe o f  the  sam e g e n e ra l a p p e a ra n c e  as a c t iv a te d  s lu d g e . T h a t  is , 
these  t r ic k l in g  f i l te r  b a c te r ia  a lso  h a v e  the  a b i l i t y  to  g ro w  in  a l iq u id  
m e d iu m  in  a m assed  floe o r  c o lo n y  w h ic h  b in d s  i t s e lf  to g e th e r  te n a 
c io u s ly  e n o u g h  to  re m a in  in ta c t  u n d e r  the  a g ita t io n  o f  th e  a e ra t io n  
re q u ire d  to  keep it  su sp e n d e d  a n d  to  m a in ta in  a e ro b ic  c o n d it io n s . T h is  
p u re  c u ltu re  a c t iv a te d  s lu d g e  d u r in g  a 5 -h o u r  a e ra t io n  in te r v a l  re m o v e d  
a b o u t 76 p e r  cen t o f  th e  5 -d a y  B .O .D .  o f  p o llu te d  w a te rs .
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A  m ix tu re  o f  n in e  p u re  c u ltu re s  o f  these  zo o g le a l b a c te ria , in  b o th  
t r ic k l in g  f i l t e r  and in  a c t iv a te d  s lu d g e  s e t -u p s , w a s  m o re  e ffe ctive  th a n  
a n y  one s t ra in  in  p u re  c u ltu re . T h e  e x te n t  o f  p u r if ic a t io n  b ro u g h t  
a b o u t b y  such  a m ix tu re  w a s  e q u iv a le n t  to  th a t  p ro d u c e d  b y  a t r ic k l in g  
f i l t e r  o r  b y  an a c t iv a te d  s lu d g e  c o n ta in in g  a ll  o f  th e  f lo ra  an d  fa u n a  o 
n o rm a l sew age.

T h e  re s u lts  o b ta in e d  s h o w  th a t  th e  p re d o m in a n t  zo o g le a l b a c te iia  
o f  t r ic k l in g  f il te rs  a n d  o f  a c t iv a te d  s lu d g e s  m a y  be u se d  in te rc h a n g e a b  y 
w ith o u t  im p a irm e n t  o f  p u r if ic a t io n  e ffic ie n cy a n d  these re s u lts  a ls o  
in d ic a te  v e r y  d e f in ite ly  th a t  th e  m em b e rs  o f  th is  g ro u p  o f  b a c te iia  a ie  
the  a c tiv e  a g e n ts  in  p u r if ic a t io n  b y  b io lo g ic a l p rocesses a n d  s u g g e s t  th a t  
th e  m a in te n a n c e  o f  c o n d it io n s  f a v o r in g  th e ir  g ro w th  w o u ld  e x p e d ite  
such  p u r if ic a t io n  p ro c e d u re s .

A c k n o w l e d g m e n t

A p p r e c ia t io n  is  e x p re s s e d  to  P r in c ip a l  C h e m is t C . C . K u c h h o f t  a n d  
th e  s ta ff  o f  the  C h e m ic a l L a b o r a t o r y  f o r  th e ir  a id  in  c a r r y in g  o n  th e  
o x id a t io n  o b s e rv a t io n s  p re s e n te d  in  T a b le  V  a n d  f o r  m a k in g  th e  d e te r 
m in a t io n s  on  su sp e n d e d  s o lid s . S p e c ia l c o n s id e ra t io n  is  d ue  a ls o  to  
S r .  S a n i t a r y  E n g in e e r  J .  K .  H o s k in s  f o r  h is  m o st h e lp fu l  s u g g e s t io n s  
a n d  g u id a n c e  th ro u g h o u t  th is  in v e s t ig a t io n .
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N u m e ro u s  a r t ic le s  h a ve  been w r it te n  in  th e  p a s t  fe w  y e a rs  c a llin g  
a t te n t io n  to  th e  p ro b le m  o f  in d u s t r ia l  w a s te  a n d  p o in t in g , o u t th a t in  
m a n y  cases the  in d u s t r ia l  w a s te  is  so e n o rm o u s  in  c o m p a r is o n  w ith  
d o m e stic  w a s te  th a t  i t  c o m p le te ly  o v e rs h a d o w s  th e  la t te r .  W h e r e  such  
c o n d it io n s  e x is t  the  b u ild in g  o f  sew age tre a tm e n t p la n ts  seem s a lm o st 
u se less  i f  the  in d u s t r ia l  w a s te  is  c o m p le te ly  fo rg o t te n  a n d  a llo w e d  to  
f lo w  u n tre a te d  in to  r iv e r s  o r  o th e r  s u rfa c e  w a te rs . S u c h  has been the 
case in  the  F o x  R iv e r  V a l le y  in  W is c o n s in  w h e re  th e  in d u s t r ia l  w a s te  
f ro m  f o u r  su lfite  m ills  has a p o p u la t io n  e q u iv a le n t  tw e n ty  t im e s  as g re a t  
as th a t  o f  the  d o m e stic  w a s te . H e r e  th e  p ro b le m  h a s  n o t  gon e  e n t i r e ly  
u n c h a lle n g e d  f o r  the  G re e n  B a y  M e t ro p o li ta n  S e w e ra g e  D is t r ic t  h a s u n 
d e rta k e n  an  in v e s t ig a t io n  o f  th e  p o s s ib i li t ie s  o f  b io lo g ic a l t re a tm e n t o f  
the w a s te . I n  a d d it io n  to  th is  the  D is t r ic t ,  in  c o -o p e ra t io n  w ith  the  S ta te  
B o a rd  o f  H e a lth , re c e n t ly  co m p le te d  a n d  p u b lis h e d  t h e ir  re p o r t  o n  an  e x 
te n s iv e  s a n ita r y  s u r v e y  o f  th e  p o llu te d  a re a s  in  a n d  a b o u t th e  C i t y  o f  
G re e n  B a y ,  a re p o r t  th a t  n e c e s s a r ily  d e a lt  la r g e ly  w it h  w a s te  su lfite  l iq 
u o r  a n d  its  p o llu t io n a l e ffe cts . A  d ir e c t  e ffe c t o f  th is  w o r k  w a s  the  
a ro u s in g  o f  in te re s t  a m o n g  th e  su lfite  m ill  o ffic ia ls  to  th e  e x te n t  th a t  an  
o rg a n iz a t io n  w a s  fo rm e d  b y  these  m ills  to  e s ta b lis h  a re s e a rc h  p ro g ra m  
to  s tu d y  m e th o d s  o f  t re a t in g  th e ir  w a s te .

F o r  the  p a s t  s e v e ra l y e a rs  c o n s id e ra b le  w o r k  has been  don e  b y  the  
G re e n  B a y  M e t ro p o lita n  S e w e ra g e  D is t r ic t  in  s tu d y in g  th e  p ro b le m  o f 
w a s te  s u lfite  l iq u o r .  A b o u t  tw o  y e a rs  ago  th e  q u e s tio n  a ro se  as to  
w h e th e r o r  n o t th e  G re e n  B a y  sew age  tre a tm e n t w o rk s  c o u ld  ta ke  the  
effluent f ro m  a l im e -p re c ip ita te d  w a s te  su lfite  l iq u o r  t re a tm e n t p la n t  
a n d  w h a t th e  B .O .D .  w o u ld  be o f  th e  co m b in e d  effluent. T o  d e te rm in e  
th is  w e ra n  a se rie s  o f  te sts  a n d  fo u n d  th a t  th e re  w a s an  e n o rm o u s  
in c re a se  in  B .O .D .  a n d  th a t  s lim e  g ro w th s  in c re a s e d  to  su ch  an  e x te n t 
th a t  t ro u b le  w a s  a n t ic ip a te d . I n  fa c t , th e  f iv e -d a y  B .O .D .  o f  the  com 
b in e d  w a ste s  in c re a s e d  f ro m  a b o u t 200 p .p .m . to  950 p .p .m ., in d ic a t in g  
th a t  the  B .O .D .  o f  the  lim e  p re c ip ita te d  w a s te  s u lfite  l iq u o r  effluent w a s  
a p p ro x im a te ly  4,700 p .p .m ., w h ic h  re s u lts  w e re  q u ite  s u r p r is in g  as th e y  
w e re  a b o u t e ig h t  tim e s  as h ig h  as those  w h ic h  h a d  p r e v io u s ly  been  r e 
p o r te d . T h is  in c re a s e  in  B .O .D .  d u e  to  th e  m ix in g  o f  sew age  w ith  the  
lim e  p re c ip ita te d  w a s te  su lfite  l iq u o r  in d ic a te d  th a t  th e  sew age  f u r 
n is h e d  c e r ta in  e ss e n tia l m a te r ia l n e c e s s a ry  f o r  the  p ro m o tio n  o f  b a c te 
r ia l  g r o w th  w h e re a s  the  p re v io u s  B .O .D .  te s ts  h a d  been  r u n  w ith  
sa m p le s  o f  w a s te  d ilu te d  w ith  s ta n d a rd  b ic a rb o n a te  w a te r  w h ic h  lacks 
th ese  e ss e n tia ls . A l l  th is  le d  to  f u r t h e r  s tu d y  a n d  a s e a rc h  o f  th e
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l i t e r a t u r e  p ro v e d  th a t th is  sam e p h e n o m e n o n  h a d  been e n co u n te ie c  )} 
L e a  a n d  H o ld e r b y  w o r k in g  w it h  v a r io u s  in d u s t r ia l  w a s te s .1 T  lese 
f i r s t  o b s e rv a tio n s  w e re  la te r  fo llo w e d  b y  th e  w o rk  o f  L e a  and N ic  10 s, 
in  w h ic h  the use o f  a s u p p le m e n te d  d i lu t io n  w a te r  c o n ta in in g  c o m p a ra 
t i v e l y  la rg e  a m o un ts  o f  n it r o g e n  a n d  p o ta s s iu m  w a s  p ro p o s e d .

A d d it io n a l  w o r k  o n  th is  p a r t ic u la r  p ro b le m  o f  wraste s u lfite  l iq u o r  
w a s  u n d e rta k e n  d u r in g  th e  w in te r  o f  1938 an d  the  re s u lts  sh o w  th a  a 
la rg e  d iffe re n c e  in  B .O .D .  w a s  o b ta in e d  f o r  the sam e w a s te  su l te 
l iq u o r  w h e n  m ix e d  w it h  s ta n d a rd , su p p le m e n te d , a n d  r i v e r  d i lu t io n  
w a te rs . T h is  w a s  fo llo w e d  b y  a f u r t h e r  s tu d y  o f  the p ro b le m  in  o u le i  
to  a r r iv e  a t m o re  d e fin ite  c o n c lu s io n s  as to  a s a t is fa c to ry  d i lu t io n  w a te i 
f o r  w a s te  s u lfite  l iq u o r  a n d  to  d e te rm in e  the effect o f  th e  w a s te  o n  
v a r io u s  s u rfa c e  w a te rs .

W a s te  su lfite  l iq u o r  is  u n u s u a l in  th a t  i t  is  a w a s te  in  w h ic h  a ll  th e  
so lid s  p re s e n t  a re  in  s o lu t io n  o r  in  such  a s ta te  o f  c o llo id a l d is p e rs io n  as 
to  a p p ro a c h  t ru e  s o lu t io n . T h e r e fo r e ,  the  B .O .D . is  the  o n ly  c r i t e r io n  
o f  th e  p o l lu t io n  c h a ra c te r is t ic  o f  th e  w a s te  (a u th o r it ie s  h a v in g  d e n ie d  
a n y  p o s s ib le  t o x ic  e ffe c t o f  the  w a s te  a t the  lo w  c o n c e n tra tio n s  g e n e r a lly  
fo u n d  in  f lo w in g  s tre a m s 3) a n d  th e  m e th o d  e m p lo ye d  in  d e te rm in in g  
th is  v a lu e  is  o f  g re a t  im p o rta n c e .

T h e  tw o  m a in  c o n s t itu e n ts  o f  w a s te  s u lfite  l iq u o r  a re  l ig m n , p re s e n t  
in  th e  fo rm  o f  c a lc iu m  l ig n o -s u lf ite , a n d  c a rb o h y d ra te s , w it h  th e  l ig n in  
a c c o u n t in g  f o r  50 to  60 p e r  cent o f  the  to ta l so lid s  an d  the  c a rb o h y d ra te s  
20 to  30 p e r  cent. T h e s e  tw o  su b sta n ces a re  f a r  a p a r t  in  t h e ir  r e la t iv e  
a v a i la b i l i t y  as b a c te r ia l fo o d , th e  c a rb o h y d ra te s  b e in g  p re s e n t  la r g e ly  
in  th e  fo rm  o f  r e a d i ly  a v a ila b le  s u g a rs  an d  the l ig n in  in  a c o l lo id a l  s ta te  
n e c e s s ita t in g  an  in it ia l  b re a k d o w n  to  t ru e  s o lu t io n  b e fo re  b e in g  a v a i l 
ab le  f o r  b a c te r ia l a s s im ila t io n . I t  a lso  m a y  be w e ll  to  m e n t io n  h e re  
th a t  th e  w a s te  is  a lm o st c o m p le te ly  la c k in g  in  b o th  p h o s p h o r u s  and  
n it ro g e n .

I n  o rd e r  to  m ake th is  s tu d y  f a i r l y  re p re s e n ta t iv e  a n u m b e r o f  f iv e - 
g a llo n  sa m p le s  w e re  o b ta in e d  f ro m  the  fo llo w in g  W is c o n s in  r i v e r s  a n d  
o th e r  s u rfa c e  w a t e r s :

1. W is c o n s in  R iv e r  o n e -h a lf  m ile  a b o ve  B r o k a w
2 . S tu rg e o n  B a y  S h ip  C a n a l
3. G re e n  B a y  a t M o u th  o f  F o x  R iv e r
4. F o x  R iv e r  ju s t  above  D e P e re  D a m
5. E a s t  R iv e r  a bove  the  C i t y  o f  G re e n  B a y

A s  these w a te rs  a ll h a d  an  in it ia l  B .O .D .  o f  f r o m  2 p .p .m . to  10 p .p .m ., 
i t  w a s  n e c e s s a ry  to  a llo w  them  to  age u n t i l  th is  d e m a n d  w a s  a lm o s t s a t is 
fied , th a t  is , u n t i l  the dem and  w a s lo w  e n o u g h  to  a llo w  a t le a s t  5 p .p .m . 
o f  d is s o lv e d  o x y g e n  a t the en d  o f  a t w e n t y -d a y  in c u b a t io n  p e r io d .  T h i s  
re q u ire d  a b o u t t h i r t y  d a y s  f o r  th e  t w e n t y -d a y  B .O .D .  d e te rm in a t io n s  
w h e re a s  te n  d a y s  a g in g  p ro d u c e d  a s a t is fa c t o r y  w a t e r  f o r  f iv e -d a v  
B . O . D . ’s.

I n  a d d it io n  to  a g in g , these  w a te rs  re q u ire d  som e t re a tm e n t  b e fo re  
b e in g  use . A s  the su sp e n d e d  s o lid s  w e re  q u ite  h ig h , a p e r io d  o f  q u ie s 
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ce n t s e t t l in g  o f  s e v e ra l d a y s  w a s  a llo w e d , a f te r  w h ic h  the  c le a r s u p e r 
n a ta n t  w as d e ca n te d . T h is  d e ca n te d  w a te r  w a s  th e n  a e ra te d  e v e ry  
f iv e  to  s ix  d a y s  to  keep  th e  w a te r  as n e a r s a tu ra t io n  as p o s s ib le . T h e  
fo r t if ie d  a n d  b ic a rb o n a te  w a te rs  w e re  seeded w it h  1  m l. p e r  l i t e r  o f 
c la r if ie d  sew age  f o r  th e  t w e n ty -d a y  ru n s , w h e re a s  f o r  the  s h o r te r  ru n s  
the fo r t if ie d  w a te r  w a s  seeded w ith  10  m l. p e r  l i t e r  o f  f re s h  r i v e r  w a te r .
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T h e  n a tu r a l w a te rs  w e re  n o t seeded a f te r  a g in g  e xc e p t f o r  the  te n -d a y  
ru n s  on  sa m p les N o . 3 a n d  N o . 4 w h ic h  w e re  seeded w it h  f re s h  F o x  
R iv e r  w a te r .

B e ca u se  o f  the  la rg e  B .O . I ) .  o f  w a s te  s u lfite  l iq u o r  i t  w a s  n e c e s s a ry  
to  d ilu te  th e  w a ste  b e fo re  a d d in g  to  the  B .O .D .  b o ttle s . I n  d o in g  th is  
i t  w a s  fo u n d  th a t  g re a te r  a c c u ra c y  c o u ld  be o b ta in e d  w h e n  the  o r ig in a l
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w a s te  w a s  d ilu te d  so th e  sam e v o lu m e  c o u ld  be a d d e d  to the B .O .D .  
b o tt le s  o v e r  th e  d ilu t io n  ra n g e . A s  th e  c o n c e n tra t io n  o f  the  w aste  a f te r  
d i lu t in g  in  the  B .O .D .  b o tt le s  v a r ie d  f ro m  1  in  3,000 to  1 in  -5 ,00  , i 
c a n  be r e a d i ly  seen th a t  th e  m e th o d  a n d  a c c u ra c y  o f  these d ilu t io n s  
p la y s  an  im p o rta n t  p a r t  in  o b ta in in g  c o r re c t  re s u lts . T h e r e f o ie ,  t e 
f o l lo w in g  p ro c e d u re  w a s  a d o p te d :

1 . 10  m l. o f  c o n c e n tra te d  w a s te  su lfite  l iq u o r  w e re  m ade u p  to
1.000 m l. -w ith  d is t i l le d  w a te r  in  a l i t e r  g ra d u a te  an d  t h o r o u g h ly  sh a k e n .

2. 10 m l. p o r t io n s  o f  th is  in i t ia l  d i lu t io n  w e re  a dd e d  to  the  300 m l. 
B .O .D .  b o tt le s  to  g iv e  a w a s te  su lfite  l iq u o r  c o n c e n tra tio n  o f  1 in  3,000.

3. 500 m l. o f  th e  in i t ia l  d i lu t io n  (S te p  N o . 1) w e re  th e n  m ade u p  to
1.000 m l. w it h  d is t i l le d  w a te r  in  a l i t e r  g ra d u a te . A f t e r  th o ro u g h  s h a k 
in g , 10 m l. o f  the  m ix tu re  w e re  a d d e d  to  th e  B .O .D .  b o ttle s  f o r  th e  n e x t  
lo w e r  c o n c e n tra tio n  o f  w a s te  su lfite  l iq u o r .

4. 500 m l. o f  th e  d i lu t io n  f ro m  ste p  N o . 3 w e re  f u r t h e r  d ilu te d  in  th e  
sam e m a n n e r a n d  10 m l. o f  th is  d i lu t io n  w e re  a d d e d  to  th e  B .O .D .  b o tt le s . 
T h is  p ro c e d u re  w a s  re p e a te d  u n t i l  th e  e n t ire  d ilu t io n  ra n g e  w a s  c o v e re d .

T h is  m e th o d  p ro v e d  v e r y  s a t is fa c to ry ,  a n d  g a v e  a u n ifo rm  p ro c e d u re  
w it h  s m a ll chance  f o r  e r r o r .  B . O . D . ’s w e re  d e te rm in e d  e v e r y  d a y  
th ro u g h o u t  the  r u n  f o r  each d i lu t io n  w a te r  a n d  the  c o r re s p o n d in g  b la n k s  
w e re  a n a ly z e d  e v e r y  o th e r d a y . T h e  d is s o lv e d  o x y g e n  d e te rm in a t io n s  
w e re  m ade b y  u s in g  a m o d ifie d  W in k le r  m e th o d  in  w h ic h  2 m l. o f  e ach  
re a g e n t  w e re  u se d  a n d  a t h i r t y  second  p e r io d  o f  s h a k in g  a llo w e d . N u 
m e ro u s  te s ts  sh o w e d  th a t  th is  m e th o d  g a v e  re s u lts  c o m p a ra b le  to  th e  
a lk a lin e  h y p o c h lo r ite  m e th o d  a f te r  the  f ir s t  d a y  o f  in c u b a t io n . A p 
p a r e n t ly  th e  su lfite s  a n d  p o ly th io n a te s  a re  o x id iz e d  in  th is  p e r io d  a n d  
no  lo n g e r  in te r fe r e  w ith  th e  d is s o lv e d  o x y g e n  d e te rm in a t io n s .

I n  o rd e r  to  b e tte r  in te r p r e t  the  B .O .D .  d a ta  th e  f o l lo w in g  c h e m ic a l 
a n a ly s is  o f  th e  v a r io u s  d i lu t io n  w a te rs  w e re  o b ta in e d :

Sample pH
Total
Hard
ness

Alka
linity

Total
Solids Ash Ammonia

Nitrogen
Total

Organic
Nitro
gen

Soluble
Phos

phorus
Total
Phos
phorus

Wisconsin R ive r . . . . 8.10 56 50 102 65 0.17 0.21 .02 0.02
Sturgeon B a y ........... 8.32 120 120 157 95 0.10 0.56 .01 0.02
Green B a y ................ 8.15 172 154 259 143 0.09 0.92 .00 0.01
Fox R iv e r ................. 8.32 168 158 239 143 0.10 0.60 .09 0.12
Ea s t R iv e r ................ 8.10 510 404 663 428 0.11 0.70 .02 0.03
Fortified W a te r ........ 8.00 - 146 160 147 0.60 __ .03 0.03
Bicarbonate W a te r . . 8.05 — — 210 210 — — —

O f  the  above  d a ta , th o se  o f  g re a te s t  in te re s t  a re  th e  n it r o g e n  a n d  
p h o s p h o ru s  f ig u re s , because o n  t h e ir  p re s e n c e  d e p e n d s  to  a la r g e  e x 
te n t  th e  d e g re e  o f  b a c te r ia l a c t iv i t y .  A  r a t h e r  in te r e s t in g  fa c t  w a s  
n o te d  in  the  com p le te  la c k  o f  s o lu b le  p h o s p h o ru s  in  th e  G r e e n  B a v  
sa m p le , a lth o u g h  the  F o x  R i v e r  sa m p le  w a s  c o m p a r a t iv e ly  h ig h  in  th is
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su b sta n ce . T w o  la rg e  su lfite  m ills  d u m p  th e ir  w a s te  b e tw e e n  these tw o  
s a m p lin g  s ta t io n s  a n d  a p p a re n t ly  th e  so lub le  p h o s p h o ru s  is  e ith e r  used  
u p  b y  the tre m e n d o u s  b a c te r ia l a c t iv i t y  o c c u r r in g  u n d e r  th e  c o n d it io n s  
o f  a la rg e  fo o d  s u p p ly  a n d  fa v o ra b le  c o n d it io n s  f o r  g ro w th  o r  th e  p h o s 
p h o ru s  is  re n d e re d  in s o lu b le  b y  th e  la rg e  a m o u n t o f  ca lc iu m  in  the

w a s te  l iq u o r .  I n  e ith e r  case the  fa c t  th a t  th e  s o lu b le  p h o s p h o ru s  is  
c o m p le te ly  re m o v e d  is  o f  g re a t  im p o rta n c e  because o f  th e  ch a n g e  in  
b a c te r ia l a c t iv i t y  th a t  is  ca u se d  a n d  th e  co n se q u e n t s lo w in g  d o w n  o f  th e  
ra te  o f  p u r if ic a t io n  o f  the  s tre a m . T h a t  th e  ra te  o f  a c t iv i t y  is  m a rk e d ly  
lo w e r  is  sh o w n  b y  a c o m p a ris o n  o f  th e  tw o  c u rv e s  f o r  G re e n  B a y  a n d  
F o x  R iv e r  d i lu t io n  w a te rs .
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Type of Dilution Water

Green Bay
Days P.p.m. B.O.D. P.p.m. B.O.D.

2 7,500 4,500
3 17,000 7,500
4 29,000 11,000
5 35,000 15,000
6 42,500 19,000

T h is  d a ta  is  sh o w n  g r a p h ic a l ly  o n  c u rv e s  N o . 3 and  N o . 4.
T h e  w a s te  l iq u o r  th e re fo re  a p p a re n t ly  does c o n s id e ra b le  d a m a g e  

in  excess o f  i t s  h ig h  B .O .D .  b y  c o m p le te ly  u p s e tt in g  th e  b a la n c e  o f  
e ss e n tia l m in e ra l e lem ents  in  th e  w a te r  in to  w h ic h  i t  is  d u m p e d . T h e  
b ic a rb o n a te  w a te r , h a v in g  n o  p h o s p h o ru s  o r  n it ro g e n  p re s e n t , c o u ld  
h a r d ly  be e xp e c te d  to  g iv e  a n y  in d ic a t io n  o f  the  e ffect o f  the  w a s te  s u lf ite  
l iq u o r  u n d e r  n a tu r a l c o n d it io n s . I t s  use f o r  a n y  in d u s t r ia l  w a s te  lo w  
in  p h o s p h o ru s  a n d  n it r o g e n  is  w o rs e  th a n  use less , g iv in g  e r ro n e o u s  r e 
s u lts  w h ic h  a re  m is le a d in g . F o r  e xa m p le , one ty p e  o f  t re a tm e n t p r o 
d u ce d  th e  fo l lo w in g  d a ta  b y  u s in g  s ta n d a rd  b ic a rb o n a te  d i lu t io n  w a t e r :

W .S .L . before treatm en t......................... 3,162 p.p.m. five-day B .O .D .
Treated effluent........................................ 548 p.p.m.

Reduction .......................................... 2,614 p.p.m.
Reduction .......................................... 82.6 per cent

B y  u s in g  E a s t  R iv e r  d ilu t io n  w a te r  the  fo llo w in g  d a ta  w a s  p ro d u c e d  :

W .S .L . before treatm ent  24,200 p.p.m. five-day B .O .D .
Treated effluent...................................... 18,500 p.p.m.

Reduction ........................................ 5,700 p.p.m.
Reduction ........................................ 23.6 per cent

T h is  w id e  v a r ia t io n  in  the  p e rc e n ta g e  o f  re d u c t io n  f ro m  82.6 to  23.6 p e r  
cen t is  th e  re s u lt  o f  o n ly  one set o f  d a ta , b u t  n e v e rth e le s s  i t  d oe s i l lu s 
t ra te  th a t  th e re  is  a g re a t  d iffe re n c e  in  d i lu t io n  w a te rs  a n d  th a t  th e  
e ffe ct o f  th e  v a r io u s  w a te rs  is  n o t the sam e on  b o th  t re a te d  a n d  u n 
t re a te d  w a s te  su lfite  l iq u o r .

B ic a rb o n a te  w a te r  n o t o n ly  ru n s  c o n s is te n t ly  lo w e r  th a n  th e  n a t u r a l  
d i lu t io n  w a te rs  b u t  is  m uch  m o re  e r ra t ic ,  g iv in g  re s u lts  th a t  c a n n o t be 
checked in  c o n s e c u tive  ru n s . A  c o m p a ris o n  o f  b ic a rb o n a te  a n d  F o x  
R iv e r  w a te rs  fo llo w s  (C u r v e s  N o . 4 a n d  N o . 7 ) :

Type of Dilution Water

Days Fox River 
P.p.m. B.O.D. Bicarbonate 

P.p.m. B.O.D.

2 7,500 3,500
3 17,000 4,500
4 29,000 5,000
5 35,000 5,500
6 42,500 6,500

T h e  fo r t if ie d  w a te r  o f  L e a  an d  N ic h o ls , u s in g  c la r if ie d  se w a g e  f o r  seed 
in g , g iv e s  re s u lts  th a t  a re  m o re  n e a r ly  c o m p a ra b le  to  th e  n a t u r a l  d ilu
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tion waters but are still low in  most cases. How ever, upon seeding the 
fortified w ater w ith  natu ra l surface w ater the results compare much 
better. (C urves No. 4, No. 8, and No. 9.)

T y p e  o f D ilu t io n  W a ter

Days
Fortified Seeded 
with Sewage P.p.m. B.O.D.

Fortified Seeded with Fox River Water 
P.p.m. B.O.D.

Fox River 
P.p.m. B.O.D.

2 14,000 12,500 7,500
3 18,500 24,000 17,000
4 22,000 32,500 29,000
5 25,000 37,500 35,000
6 27,500 41,000 42,500



6 66 SEWAGE WORKS JOURNAL July, 1941

A s  the in itia l runs using natu ra l surface waters were not seeded a er 
aging, a few  runs were made using fresh  w ater from  the same souice 
fo r seeding w ith the effect of increasing the rate of the B .O .D . A  com 
parison  of the results thus obtained follows (C u rve  No. 9 ) :

T y p e  o f D ilu t io n  W ater

Days
Fox River No Fresh Seed 

P.p.m. B.O.D.
Fox River 

Fresh Seed Added P.p.m. B.O.D.

2 7,500 12,500
3 17,000 32,500
4 29,000 41,500
5 35,000 46,000
6 42,500 49,000

11 55,000 55,000

The five-day B .O .D .’s of 13.2 per cent total solids waste sulfite liquor ob-
tained by using the various dilution waters were as follows :

Water Five-Day B.O.D., p.p.m., 20° C.

Wisconsin River................................. ......... 22,500
Wisconsin River (Fresh Fox River Seed) .........  37,500
Sturgeon Bay.................................... ......... 27,500
Green Bay......................................... ......... 15,000
Fox River......................................... ......... 37,500
Fox River (Fresh Fox River Seed)........ ......... 46,000
East River........................................ ......... 30,500
Fortified Water.................................. ......... 25,000
Fortified Water (Fresh Fox River Seed). .........  37,500
Bicarbonate Dilution Water................ ......... 5,500

A n  average of 2,500 gallons of waste sulfite liquor having  a strength 
of approxim ately 13.8 per cent is made per ton of a ir  d ry  pu lp  m anu
factured. U s ing  this inform ation and the above data along w ith  the 
population equivalent of 0.167 lbs. of five-day B .O .D . per cap ita  per day, 
the follow ing values were ca lcu lated :

, Population Equivalent of a
Water 100-Ton Sulfite Mill

Wisconsin River...............................................  283,000
Wisconsin River (Fresh Fox River Seed)..............  471,000
Sturgeon Bay...................................................  346,000
Green Bay.......................................................  188,500
Fox River........................................................  471,000
Fox River (Fresh Fox River Seed)....................... 579,000
East River.......................................................  384,000
Fortified Water................................................. 314,000
Fortified Water (Fresh Fox River Seed)...............  471,000
Bicarbonate Dilution Water...............................  69,000
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In  the determ ination of the B .O .D . of surface waters polluted w ith 
waste sulfite liquor to such an extent that dilution is required to obtain 
the B .O .D . data, it was found that considerably lower results were ob
tained when using standard bicarbonate water in comparison to a nat
u ra l d ilution water. A p p aren tly  dilutions of even two parts of stand
ard bicarbonate w ater to one part of a polluted sample so upset the 
essential m ineral balance that the biochemical a c tiv ity  is g rea tly  re 
duced. The data obtained on 2 :1 diluted samples follows :

B .O .D .  o f Green B a y  W a ter at M o u th  o f F o x  R iv e r , 1/24140

Days
Bicarbonate Dilution Water 

P.p.m. B.O.D.
River Dilution Water 

P.p.m. B.O.D.

2 3.3 9.9
5 7.5 16.2
7 8.4 21.0

10 12.6 19.8
15 15.0 26.4
17 15.7 27.0

B .O .D .  o f Green B a y  W ater at M o u th  o f F o x  R iv e r , 2/2/40

3 7.2 12.0
5 9.0 16.2
7 11.7 16.8

10 14.1 19-.2
14 17.1 23.1
20 16.2 28.2

The results using the r iv e r  dilution w ater are nearly  100 per cent higher 
than those obtained w ith  the standard dilution water. Fu rth e r  proof 
of the inaccuracy of the standard dilution w ater is evidenced by the 
fact that no increase in B .O .D . is shown between the sampling station 
above the two Green B a y  sulfite m ills and below their outlets, whereas 
using r iv e r  dilution water, an increase between these two points of 
12 p.p.m. in  B .O .D . was observed. Th is  increase fo r the flow of the 
Fo x  R iv e r  is equivalent to a population load of 1,000,000 people.

C o n c lu s io n s

In  the study of the B .O .D . of a waste such as waste sulfite liquor it 
is advisable to use as d ilution w ater the w ater into which the waste is 
to be dumped. The w ater should be aged a sufficient length of time to 
satisfy  most of the B .O .D . o rig ina lly  present— ten to tw enty days should 
suffice— keeping it  w ell aerated during the aging period. The w ater 
should be seeded w ith  fresh  w ater from  the same source w ith  an amount 
of about 10 ml. per liter.

In  the study of the pollutional results of waste sulfite liquor it  is 
h ard ly  sufficient to d raw  conclusions based on any p articu la r proportion 
of the B .O .D . cu rve ; that is, the five-day B .O .D . m ay or m ay not be a 
large percentage of the total B .O .D . The only satisfactory method is 
to determ ine a ten to twenty-day curve on the waste and to in terpret the 
pollutional load from  this curve.
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W h en  it is necessary to obtain the B .O .D . of a w ater polluted w ith  
waste sulfite liquor, aged dilution w ater from  the same stream  should 
be used if  results of value are to be obtained.

W aste  sulfite liquor apparently exerts a great influence upon the 
natu ra l balance of the essential m ineral element by com pletely effecting 
the removal of soluble phosphorus.

The actual population equivalent of a 100-ton sulfite m ill w ill v a ry  
w ith  the surface w ater into which it is dumped. These values w ill range 
from  283,000 to 579,000.

The population equivalent of the load added by the Green B a y  sulfite 
m ills was checked by a series of samples and proved to be s ligh tly  over 
a m illion, a figure that checks w ith  the calculated data using the B .O .D . 
of waste sulfite liquor obtained w ith  Fo x  B iv e r  d ilution w ater.
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R E P O R T  O N  T H E  C O O P E R A T I V E  S T U D Y  O F  D I L U 

T I O N  W A T E R S  M A D E  F O R  T H E  S T A N D A R D  

M E T H O D S  C O M M I T T E E  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

B y  C. C. R u c h h o f t

P r in . C h e m ist, TJ. S . P u b lic  B e a lt l i  S e rv ice , S tream  P o llu t io n  In v e s t ig a t io n s , C in c in n a ti, O h io

A  meeting of the Standard  Methods Committee of the Federation  
of Sewage W o rks  Associations was held at Chicago, October 4, 1940. 
A t  this meeting it was decided to make a cooperative study of dilution 
w ater to be used in the 5-day B .O .D . determ ination. Though it was 
generally agreed that m ineralized phosphate buffered w ater of the 
type proposed by T h e r ia u lt1 was desirable, there was some objection 
to recommending such a w ater as a standard w ithout fu rther study. A  
b rief set of instructions fo r m aking the study was prepared and sent 
to members of the Committee who were interested. Some of these 
found it impossible to take part in the study, and consequently a few  
cooperators from  outside the orig inal Committee were found.

The men who cooperated in  the study are as follows :

E .  H urw itz , Southwest Treatm ent P lan t, San. D ist. of Chicago, 111.
D r. W . D. Hatfield, Decatur Treatm ent P lan t, San. D ist. of Decatur, 111. 
W .  S. M ahlie, Sewage Treatm ent P lan t, C ity  of F o r t  W o rth , Texas 
R . K . Lew is, Sewage Treatm ent P lan t, C ity  of Ind ianapolis, Ind.
E .  F .  E ld ridge , Eng ineering  Experim en t Station , M ich. S tate  Coll.,

E .  Lansing, Mich.
F .  W . G ilcreas, D iv is ion  of Laboratories, N ew  Y o rk  S ta te  Dept, of

Health , A lbany, N. Y .
D r. G a il P . Edw ards, W a rd s  Is land  P lan t, New  Y o rk  C ity , N. Y .
G. R . Barnett, P eo ria  Laborato ry , San. D ist. of Chicago
R . R . Pow ell, U . S. Pub lic  H ea lth  Serv . H osp ita l Sewage Treatm ent 

P lan t, Lexington, K y .
J .  F .  Kachm ar and 0 . G. Pettijohn , IT. S. Pub lic  H ea lth  Serv ice  Stream  

Po llu tion  Invest. Station , C incinnati, Ohio

P ro c ed u re  of S tu d y

In  this study it was desired to obtain com parative 5-day B .O .D . re 
sults upon a w ide va r ie ty  of samples, using standard sodium bicarbonate 
w ater and the m ineralized phosphate buffered (Fo rm u la  C ) w ater in 
parallel. I t  was suggested that the cooperators could collect im portant 
data w ith  a small amount of additional w ork w ith  the Fo rm u la  C water, 
but w ith  no other change in their routine laborato ry  B .O .D . practice. 
Seve ra l of the routine samples which were regu la rly  put up in bicarbon
ate d ilution w ater were also diluted w ith  Fo rm u la  C w ater on one or
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two days eacli week. Seve ra l of the cooperators put up their samples 
in both dilution waters every day. The same procedures in m aking 
dilutions, seeding- (when necessary), incubation, and in  the dissolved 
oxygen determinations were followed upon the samples diluted w ith  
both waters. The following instructions fo r p rep aring  the d ilution 
waters to be studied were sent to a ll in ves tig a to rs :

1. The sodium bicarbonate w ater should be p repared  w ith  well 
aerated good quality  distilled water, using 0.3 g. per lite r  of C .P . sodium 
bicarbonate follow ing the precautions given in the E ig h th  E d it io n  of 
Standard  Methods (page 155— 1.1).

2. The phosphate buffered Fo rm u la  C w ater should be p repared  as 
follows: The four stock m ineral solutions required are p repared  by 
dissolving the C .P . salts in lite r quantities of d istilled  w a te r :

( A )  F e r r ic  chloride— .25 g. F e C l3.6 H 20
( B )  Calcium  chloride— 11. g. C aC l2 (A n h yd .)
( C )  Magnesium  sulphate— 10. g. M g S 0 4.7 H 20
( D ) Phosphate buffer stock solution. D isso lve 34 g. of potassium  acid

phosphate ( K H 2P 0 4) in  about 500 ml. of d istilled  w ater. A dd  
1 N  sodium hydroxide (40 g. N a O H  per lite r ) un til a p H  of 7.2 
is reached. About 175 ml. of 1 N  N a O H  w ill be required. The 
m ixture is then diluted to one liter.

The fo llow ing amounts of each of the above stock solutions are added 
to distilled w ater (same quality  as used fo r bicarbonate d ilu tion  w a te r) 
to prepare the Fo rm u la  C dilution w a te r :

A .  0.5 ml. per 1. or 8.0 ml. per 16-liter carboy,
B .  2.5 ml. per 1. or 40.0 ml. per 16-liter carboy,
C .  2.5 ml. per 1. or 40.0 ml. per 16-liter carboy,
D .  1.25 ml. per 1. or 20.0 ml. per 16-liter carboy.

A f te r  almost 800 samples had been studied, the trends w ith  Fo rm u la  
C and bicarbonate w ater had been rather defin itely established. N ich 
ols 2-3-4 has advocated the addition of n itrogen in  an ava ilab le  form  
to a ll d ilution waters to ensure the requisite quantities of this element 
fo r metabolic needs when carbonaceous wastes, such as paper m ill waste, 
are under examination. In  the la tter p a rt of this study, therefore, the 
results w ith  the I  orm ula C w ater fortified w ith  ammonium su lfate  were 
compared w ith  bicarbonate or Fo rm u la  C w ate r w ithout the addition 
of nitrogen. I  or this p art of the study the fo llow ing  instructions were 
sent out fo r preparing  the ammonia-supplemented m inera l d ilu tion  
w ater from  two stock solutions.

S t o c k  S o l u t i o n  A .

CaCL, anhyd. (C.P.)   3.0 g.
MgS04.7H,0 ....................................  3.0 g.
FeCl3.6H20 (1% solution) .................  1 ml.
Distilled water to make......................  1000 ml.

F o r  best results these salts should be added in the order given.
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S t o c k  S o l u t i o n  B .

Dissolve 34 g. of K H 2P 0 4 in about 500 ml. of distilled water. Add  
1 N  sodium hydroxide solution (40 g. N aO H  per lite r) until a p H  of 7.2 
is reached. About 175 ml. of 1 N  N aO H  w ill be required. Then add 
1.5 grams of (N H 4) 2S 0 4 and dilute to 1 liter.

To make the nitrogen-supplemented m ineral d ilution water, add 
10 ml. of stock solution A  and 1.25 ml. of stock solution B  to each lite r 
of a good grade of d istilled water.

Th is makes a m ineralized buffered dilution w ater containing 94.13 
p.p.m. of total solids in the fo llow ing p roportions:

FeCl, 06 p.p.m.
CaCl,....................  30.00 p.p.m.
MgSO,............................. 14.70 p.p.m.

47.50 p.p.m.
1.87 p.p.m.

Total....................  94.13 p.p.m.

The above procedure seems advantageous because only two stock 
solutions are required. How ever, neither the one per cent fe rr ic  
chloride solution used fo r p reparing  stock solution A , nor stock solu
tion A  keeps ve ry  well because of a tendency of the fe rr ic  chloride to 
hydrolize in  these concentrations. I t  is believed, therefore, that the 
orig inal procedure employing four stock solutions is preferable. In  
either case, however, when the w ater is to be supplemented w ith  n itro 
gen, the ammonium sulfate should be added to the stock phosphate 
buffer solution.

A n a l y t ic a l  D ata

In  this study a total of 1123 samples were diluted in the w aters be
ing compared. These samples included r ive r w ater and sewage in all
stages of purification from  a va r ie ty  of treatm ent plants. The numbers 
and kinds of samples compared from  a ll laboratories are shown in  the 
follow ing table.

O f these 1123 samples, 785 were compared in the m ineralized phos
phate buffered (Fo rm u la  C ) w ater and standard bicarbonate water, 
277 were compared in nitrogen-supplemented Fo rm u la  C w ater and 
standard bicarbonate w ater and 61 were compared in  the Fo rm u la  C 
w ater w ith  and w ithout supplemental nitrogen.

C o m pa r a t iv e  B .O .D . in  F o r m u la  C and  B ic a rbo n a te  W a ter

The com parative data on B .O .D . in the Fo rm u la  C and bicarbonate 
waters are presented in  Tables I ,  I I  and I I I  fo r raw  and p r im a ry  effluent 
sewage, completely treated effluents and miscellaneous samples, respec
tively. Percentage B .O .D . deviation frequency curves fo r these data 
are plotted in  F ig s . 1 and 2.

The data in  Table I  indicate that the mean B .O .D . obtained on raw  
and settled sewage was generally  s lightly higher in  Fo rm u la  C w ater

KNaHP04)
k h ,po 4 I 
(NH4)2S04
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T o ta l N um ber o f Sam ples C om pared  in  the D ilu t io n  W aters

Laboratory Contributin Raw
Sewage

PrimaryEffluent
AerationEffluent

ActivatedSludgeEffluent
Filter
Effluent FinalEffluent River Total

Chicago South West Plant. 
Decatur Plant......

3
150

31 35
149

5 74
299

Fort Worth Plant.. 58 49 49 34 f 49 53 292
Indianapolis Plant...........
Michigan Eng. Exp. Station 
New York State Bd. of 

Health.....................

11
10*

7

21

2

11 11

4

42 96
10

13
Ward’s Island, New York 

City............. 51 51 31 133
San. Dist. of Chicago, 

Peoria, 111.................... 69Í 69
U. S. P. H. S. Hosp., Lexing

ton, Ky........... 22 20 17 59
U. S. P. H. S. Stream Poll. 

Invest. Sta., Cincinnati, 
0 ................................ 41 20 17 78

Totals............................ 381 146 60 148 66 206 116 1123

* Beet sugar factory wastes.
t The results on these samples are not included with the activated sludge data. This is be

cause these B.O.D. results are so high that they are not comparable with the other activated 
sludge effluent data.

Í Forty-one (41) of these samples are river water containing glucose.

than in  bicarbonate water. The mean deviations between the Fo rm u la  
C and bicarbonate dilution w ater data in this table va ried  from  7.0 to 
39.9 p.p.m. and the standard deviation varied  from  +  4.4 to +  18.7 per 
cent. Bo th  the mean deviation and standard deviation  seem to be 
s ligh tly  lower for p r im ary  treated sewage than fo r raw  sewage. The 
deviation frequency curve fo r the raw  and settled sewage samples (F ig . 
1) follows an approxim ately norm al frequency d istribu tion  except fo r 
a shift of the maximum point of the curve to the r igh t of the y  axis. 
Th is  shows that the Fo rm u la  C w ater usua lly  gave s ligh tly  h igher re 
sults on this series of 399 raw  and p r im a ry  treated  samples.

Table I I ,  which summarizes the results fo r filter effluent, activated 
sludge effluent and final effluent samples indicates that the va ria tions  
between the results obtained in  these d ilu tion  w aters depend to a con
siderable extent upon the kind of sample under exam ination. The poor
est checks and greatest mean percentage deviation  and standard  d ev ia 
tion are obtained on activated sludge effluent samples. W ith  these 
samples higher results are usua lly  obtained w ith  bicarbonate water. 
Th is  is well illustrated  by the frequency curve of B .O .D . deviations fo r 
activated sludge samples in F ig . 2. Th is  figure shows a skew frequency 
d istribution  and indicates the great tendency fo r the B .O .D . of these 
samples to be higher in  bicarbonate w ater.

The data fo r final effluent samples from  sprinkling  filter p lants sum
m arized in Table I I  shows lower standard deviations (+  7.9 to +  26.4
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T abl e I.—S u m m a ry  o f Com parative  B .O .D .  D a ta  Obtained on R a w  Sewage a nd  P r im a r y  E fflu e n t  
Sam ples w ith  F o rm u la  C  a nd  B icarbonate  D ilu t io n  W ater

Laboratory Contributing
Month
1940 and1941

Description
of

Samples

No. of Samples 
Com
pared

Mean 5-day B.O.D., P.P.M. MeanDeviation,
P.P.M.±

Standard 
Devi
ation 
in Per 
Cent 
d=

For
mula
C

Bicar
bonate

Southwest Treatment Works,
Chicago, 111................................ — Settled 28 158 147 20.5 18.7

Decatur, Illinois............................ Oct.-
Nov. Raw 36 252 215 39.9 17.1

Decatur, Illinois............................ Dec. Raw 30 254 227 19.9 8.7
Decatur, Illinois............................ Jan. Raw 30 256 234 21.5 10.4
Decatur, Illinois............................ Feb. Raw 27 287 295 19.2 10.5

Fort Worth, Texas......................... Nov.-
Feb. Raw 31 258 250 17.6 9.7

Fort Worth, Texas......................... Nov.-
Feb. Pri. eff. 22 207 207 7.7 5.2

Fort Worth, Texas......................... Sec. eff. 28 216 214 7.0 4.4

Indianapolis, Indiana..................... Mar.- Screened
Apr. settled

clar.* 31 249 249 13.0 6.1
Lexington, Ky. U. S. P. H. S. Hos

pital ......................................... Jan.-
Mar. Raw 22 356 347 48.4 17.7

Lexington, Ky. U. S. P. H. S. Hos
pital ......................................... Jan.-

Mar. Pri. eff. 20 222 245 21.2 15.3
New York State.............: ............. Raw and

settled 6 280 258 34.7 —
Ward’s Island Plant, New York City. Nov.-

Feb. Raw 31 184 180 16.8 13.0
Ward’s Island Plant, New York City. Nov.-

Feb. Pri. eff. 31 199 199 12.7 9.5
Stream Pollution Invest. Station,

Cincinnati, 0 .............................. Jan.
1941 Raw 29 263 249 25.3 17.0

On all of above samples.................... — — 402 240 231 20.9 12.6

* Eight (8) plain aeration effluent samples are included in this group.

per cent) and does not indicate any tendency fo r higher B .O .D . results 
in bicarbonate water. A n  examination of the frequency curve fo r these 
data (also shown in F ig . 2) indicates a more norm al frequency d istribu 
tion but w ith  a slight tendency for more frequent high results in 
Fo rm u la  C water. The frequency distribution fo r sprinkling filter 
plant final effluent samples lies between the raw  sewage samples and 
the activated sludge effluent samples frequency distribution. H owever, 
it resembles the raw  sewage sample B .O .D . deviation frequency d is tr i
bution much more nearly  than the activated sludge frequency distribu-
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tion. Though there were only 38 filter effluent samples compared, 
h ard ly  enough for a satisfactory frequency curve, these results also are 
summarized in Table I I  and the deviation frequencies are  plotted m  
F ig . 2.

■ 1 I 1 1 i i i i i 
FIGURE 1

FREQUENCY OF BOD DEVIATIONS ON Raw _
and Settled Sewage Samples(5 day BO.D. Deviations in Percent or

BOD in Formula C-BOD. in Bicarbenote % |QOj- BOD m Formula C

/

Result« on o Serie# of 399 Samples

Higher Results in J V Higher Results in
Bicarbonate Water j \ Mineralized Phosphate

J
\ Buffered Woter (Formula C)

. , ... _____i_____ 1__—i----------------
-40 -2 0 0 +20 *40

Percent BO.D. Deviotion

i 1 i '

—X———* Final Effluent 149 Samples 
o——o Activated Sludge 99 "-- £ Fi|ter £ff|uent 3Q

T " 1 1 '1 ... 1 " '
FIGURE 2

Frequency of B.O.D. Deviations on Filter _ 
Effluent, Activated Sludge and Final 

Effluent Samples (5 da. B O D. Deviations in Percent or 
B.O.D. in Formula C-BOD. in Bicarbonate 

I BO.D in Formula C

Higher Results in 
Bicarbonote Water 1 \ Higher Results in 

x\ Mineralized Phosphate 
\ * Buffered Water (Formula C) —

o So  /  '
J '  /  *A /

o__2---''o'®

\ \
A —

i - r — , 1 i-80 -40 0 +40 +80
Percent B.O.D. Deviotion

The beet sugar factory waste data in  Tab le  I I I  indicate that h igher 
mean B .O .D . results can be expected w ith  Fo rm u la  C w ate r than w ith  
bicarbonate w ater on this kind of sample. The m ean deviation  was 
128 p.p.m. and the standard deviation  16.2 per cent. The r iv e r  w a te r 
data also summarized in  Tab le I I I  are quite variab le , depending ap 
p aren tly  upon the stage of purification  reached in  the r ive r. There  
are h ard ly  enough data to w a rran t any conclusion, except that b i
carbonate water m ay tend to give h igher results when the r iv e r  w ater 
is approaching n itrification  as at P e o r ia  and Ind ianapolis.
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T abl e II.—S u m m a ry  o f Com parative  B .O .D .  D a ta  Obtained on  F ilte r  E fflu en t, A ctiva ted  S ludge  
Effluent a nd  F in a l  E fflu e n t Sam ples w ith  F o rm u la  C  a nd  B icarbonate  D ilu t io n  W ater

Mean 5-day MeanMonth No. of B.O.D.
Laboratory Contributing 1940 Samples ation,P.P.M.and Com in Per1941 pared Formula Bicar Cent

C bonate ±

Filter Effluent Samples

Fort Worth, Texas.................................. Nov.-
Feb. 21 37.1 37.1 1.5 7.0

Stream Pollution Invest. Sta..................... Jan.
1941 17 30.8 31.8 4.5 34.0

Activated Sludge Effluent Samples

Southwest Treatment Wks. Chicago........... _ 29 10.9 15.9 5.1 61.0
Indianapolis, Indiana............................... — 8 4.6 6.6 2.2 47.5
Lexington, Ky. U. S. P. H. S. Hospital...... Jan.-

Mar. 17 16.6 26.4 10.6 85.0
Ward’s Island Plant, New York................ Nov.-

Feb. 31 8.6 11.2 2.7 41.7
Stream Pollution Invest. Sta..................... Jan. i

1941 14 14.4 14.2 .8 11.5

Final Effluent Samples

Decatur, Illinois...................................... Oct.-
Nov. 35 25.1 20.7 5.6 26.4

Decatur, Illinois...................................... Dec. 27 26.7 25.2 2.5 15.8
Decatur, Illinois...................................... Jan. 31 25.7 23.7 2.7 13.4
Decatur, Illinois...................................... Feb. 28 27.0 28.9 2.3 12.1
Fort Worth, Texas.................................. Nov.-

Feb. 25 24.4 25.4 1.1 7.9
New York State...................................... — 3 65.0 61.0 10.0 —

All filter effluent samples.......................... 38 34.3 34.8 2.9 25.9
All activated sludge effluent samples*......... 99 11.1 15.2 4.5 54.6
All final effluent samples.......................... 149 26.6 25.3 1.2 17.3

All of above three groups......................... 286 22.2 23.1 3.6 35.8

* Fort Worth not included in this group.

C o m pa r iso n  of A m m o n ia  S u p p l e m e n t e d  F o r m u la  C W a ter  
and  B ic a rbo n a te  W a t er

A  sum m ary of the results obtained w ith  the Fo rm u la  C w ater supple
mented w ith  ammonium sulfate and standard bicarbonate w ater is 
presented in Table IV .  I t  w ill be noted that the B .O .D . agreement on 
raw  sewage and p rim ary  treated samples seems to be good. Bo th  the 
mean and standard deviations obtained on a series of 120 raw  and 
settled sewage samples in  these waters are lower than were obtained 
in  the longer series of such samples in  Fo rm u la  C and bicarbonate
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T abl e I I I.— S u m m a ry  o f Com parative  B .O .D . D a ta  O bta ined  on  M isce lla neou s  Sam ples w ith  F o rm u la
C  a nd  B icarbonate D ilu t io n  W ater

Laboratory Contributing Month
No. of 
Samples 
Com
pared

Mean 5-day B.O.D. Mean 
Devi
ation, P. P.M.

Standard 
Devi
ation 
in Per 
Cent ±Formula

C Bicar
bonate

Beet Sugar Factory Waste

Michigan Engineering Exp. Sta................. — 10 820 694 128 16.2

Glucose in Illinois River Water*

1941
Peoria Lab., Sanitary Dist. of Chicago....... Jan.-

Feb.
41 4.88 4.78 0.22 5.5

River Water

Southwest Treatment Wks. Chicago........... _ 5 41.8 40.0 2.2 —
Indianapolis, Indiana............................... — 32 13.1 15.3 2.4 55.0
Peoria Lab., San. Dist. of Chicago............. — 28 2.3 2.4 .3 17.7

All river water samples............................ 65 10.7 11.6 1.5 39.9

* These samples contained from ]Ą  to 10 P.P.M. of glucose.

waters. The B .O .D . deviation frequency d istribution fo r this series of 
120 samples, while not shown, is ve ry  sim ilar to F ig . 1. The results ob
tained w ith  a ll other kinds of samples are also shown in  Tab le  IV .  The 
results, while not sufficiently numerous fo r frequency d is tribu tion  plot
ting, seem in general to be sim ilar to the results on Fo rm u la  C and 
bicarbonate w ater a lready discussed. I t  is in teresting to note that the 
mean B .O .D . for this series of 35 activated sludge effluent samples was 
again  s lightly higher in the bicarbonate water, even when the Fo rm u la  C 
w ater was supplemented w ith  ammonia. The skew frequency distribu- 

. tion and the much higher standard deviation were evident again  in  these 
activated sludge effluent results.

A  sum m ary of the com parative B .O .D . data obtained in  Fo rm u la  C 
w ater w ith  and w ithout supplemented ammonia is g iven  in  Tab le  V  for 
31 raw  sewage and 30 final effluent samples from  Decatur. On both raw  
sewage and final effluent samples the am monia fortified  w ate r gave 
s lightly  higher mean results. A  lower mean deviation  (8.4 p.p.m .) was 
obtained than in either of the other series of raw  sewage samples. The 
standard deviation was 10.1 per cent, an in term ediate va lue  between 
those obtained on the other two series. On the final effluent the mean 
deviation was 2.2 p.p.m. or s ligh tly  h igher than was obtained on the 
other series of samples. The standard deviation  was 12.4 per cent 
which was again interm ediate between that obtained in  the first two 
series of samples. A  condensed sum m ary perm itting  a com parison be-
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T abl e IV.—S u m m a ry  o f Com parative  B .O .D .  D a ta  Obtained on  V a r io u s  Sam ples w ith  F o rm u la  C  
W ater Supplem ented w ith  A m m o n iu m  S u lfa te  and S ta n d a rd  B icarbonate  W ater

Description of 
Samples

No. of
Mean 5-day B.O.D.

Mean Standard
Laboratory Contributing Samples

Compared Formula C -KNIimSOł Bicarbonate
Deviation,P.P.M. in Per Cent ±

Ward’s Island, New 
York City............ Raw sewage 32* 191 190 15.3 10.9

Fort Worth, Tex....... Raw sewage 27 305 310 16.8 7.8
Indianapolis, Ind...... Raw sewage t 9 291 279 14.3 5.7
Ward’s Island, New 

York City............ Settled sewage 25 Í 162 157 10.6 9.9
Fort Worth, Tex....... Settled sewage 27 207 208 5.5 3.3

All raw and settled sewage samples. .. 120 222 219 12.4 8.3

Fort Worth, Tex...... Aeration eff. 305 191 189 4.8 3.6
Fort Worth, Tex...... Secondary 

tank eff. 28 188 186 7.5 5.0
Fort Worth, Tex. Filter eff. 28 43.8 43.9 2.4 7.3
Fort Worth, Tex...... Final eff. 28 28.1 27.9 1.1 5.9
Ward’s Island, New 

York City............ Activated 
sludge eff. 3311 10.2 11.7 2.2 35.0

Indianapolis, Ind. . . . River water 10 20.6 22.0 2.0 12.6

* This group includes 3 samples from the Sanitary Dist. of Chicago Southwest Plant, 8 from 
the Stream Pollution Investigations Station and 1 from the New York State Board of Health.

f These include screened, settled and clarified sewage samples.
I This group includes 3 samples from the Sanitary Dist. of Chicago Southwest Plant and 2 

from the New York State Board of Health.
§ This group includes 6 samples from the Sanitary Dist. of Chicago Southwest Plant, 1 from 

the New York State Board of Health and 6 from the Stream Pollution Investigations Station.
|| This group includes 3 samples from Indianapolis, Ind.

tween the results obtained in these three series of samples in the three 
pairs of dilution waters is presented in  Table V I .  In  the B .O .D . deter
mination, checks w ithin  10 per cent on duplicate determ inations are usu
a lly  considered as satisfactory. The percentage of the com parative re 
sults agreeing w ith in  10 per cent are shown in this tab le ; and w ith  
Fo rm u la  C and bicarbonate waters v a ry  from  24 per cent on activated

T able V.—S u m m a ry  o f Com parative  B .O .D .  D a ta  Obtained on  R a w  Sewage and  F in a l  E fflu en t  
Sam ples w ith  F o rm u la  C  w ith  and  w ithout A m m o n iu m  Su lfa te

Laboratory Contributing Description of 
Samples

No. of Samples 
Compared

Mean 5-day B.O.D. MeanDeviation,P.P.M.
Standard 
Deviation in Per Cent

Formula C
-KNH4)2S04 Formula C

Raw sewage 
Final eff.

31* 
30 f

308
27.2

304
25.5

8.4
2.2

10.1
12.4

* This group includes four (4) samples from the Stream Pollution Investigations Station, 
t This group includes two (2) samples from the Stream Pollution Investigations Station.
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sludge to 76 per cent on raw  sewage. W h en  Fo rm u la  C w ater fortified  
w ith  ammonia is compared to bicarbonate w ater the checks w ith in  10 per 
cent were 85 to 86 per cent fo r final effluents, filter effluents and raw  
sewages, but fe ll to 50 per cent on r iv e r  w ater and to 24 per cent on acti
vated sludge effluents. V e ry  sim ilar values were obtained for the per
centage of results checking w ith in  10 per cent when Fo rm u la  C w ater 
and Fo rm u la  C w ater w ith  ammonium sulfate were compared on raw  
sewage and final effluents. I t  is notable that the percentages of com
parative results checking w ith in  10 per cent are in  good agreement in 
the A  and B  columns. Th is indicates that the Fo rm u la  C water, 
whether supplemented w ith ammonia or not, w ill give results which bear 
essentially the same relation to the bicarbonate results.

The percentage of times that the Fo rm u la  C w ater gave results equal 
to or higher than the bicarbonate w ater are also shown in Table V I .  
These data show that the Fo rm u la  C w ater, either w ith  or w ithout sup
plemental ammonia, can be expected to give equal or higher results from  
66 to 72 per cent of the time on raw  or p r im ary  treated sewages, from  
62 to 71 per cent of the time on final effluents, about 50 per cent of the 
time on filter effluents and only 17 to 18 per cent of the time on activated 
sludge effluents. A ga in  there is a great s im ila rity  in the com parative 
data obtained whether the Fo rm u la  C w ater contained ammonia or not.

W hen  the Fo rm u la  C waters w ith  and w ithout ammonia are com
pared, equal or higher results are obtained in the Fo rm u la  C w ater w ith 
out ammonia only 30 per cent of the time on final effluents and 39 per 
cent of the time on raw  sewage. These data therefore indicate that 
slightly higher results can be expected in  the ammonia-supplemented 
water. Th is is not in perfect agreement w ith  the ind irect data in  col
umns A  and B .

S u m m a r y

A  com parative study of the 5-day B .O .D . results obtained in  a m in
eralized phosphate buffered water, w ith  and w ithout ammonia, and in  
the standard bicarbonate water, has been made. A  sum m ary of the 
data obtained and the deviation frequency distributions have been p re 
sented. The relationship between the results obtained in  the m inera l
ized phosphate buffered (Fo rm u la  C ) w ater and in the present standard 
bicarbonate w ater is not altered by the addition of the small amount of 
ammonium sulfate to the m ineralized phosphate buffered w ater that is 
recommended as a supplemental source of nitrogen. In  general, 
s lightly higher 5-day B .O .D . results can be expected in  strong industria l 
wastes, raw  and p rim ary  treated sewage and in effluents from  sprinkling 
filter plants in the m ineralized phosphate buffered water. Effluents 
from  activated sludge plants, on the other hand, can be expected to give 
higher results in  bicarbonate water, also when the phosphate buffered 
w ater is supplemented w ith  ammonia. N orm al deviation frequency 
distributions were obtained on raw  sewage and p rim ary  effluents, while 
a skew deviation frequency distribution was obtained on activated 
sludge effluents. The standard deviations between the results in  the
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m ineralized phosphate buffered w ater and the bicarbonate w ater were 
as follows :

Per Cent
Raw and settled sewage.............................. 12.6
Final effluents (sprinkling filter plants) ---  17.3
Filter effluents..........................................  25.9
River water .............................................  39.9
Activated sludge effluents ..........................  54.6

On the basis of this study it is believed that the m ineralized phos
phate buffered d ilution w ater is superior to the b icarbonate w ate r for 
the determ ination of 5-dav B .O .D . in sewage treatm ent practice, where 
the efficiency of a treatm ent process is to be followed. W h e re a s  the 
ammonia-supplemented m ineralized phosphate buffered w a te r is su
perior fo r the determ ination of B .O .D . 011 n itrogen deficient wastes and 
is en tire ly  satisfactory fo r sewage and sewage effluents ( it  hav ing  been 
shown to give lower B .O .D . values than bicarbonate w ater on activated 
sludge effluents) it is recommended that a m ineralized phosphate buf
fered w ater supplemented w ith  the amount of ammonium su lfate used 
in  this study be adopted as standard. Because the description  of the 
w ater as a m ineralized phosphate buffered nitrogen supplem ented water 
is too long and the name nitrogen supplemented Fo rm u la  C  w a te r seems 
undesirable, it is suggested that this w ater be called the Theriau lt- 
N ichols dilution water.
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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 .  I N E R T  M A T E R I A L S

B y  H a rry  W .  G e h m

A s so c ., D e p t. W a te r  a nd  Sew age  R esearch, N e w  B ru n s w ic lc , N .  J .

E a r ly  in  the practice of chemical treatm ent of sewage, more or less 
inert m aterials were added in  a finely divided state to produce or aid 
coagulation. The theory behind the use of these m aterials was that 
they would settle rap id ly  on account of their re la tive ly  h igh specific 
g rav ity  and ca rry  w ith them a portion of the finely divided sewage 
solids. I t  was also believed that when incorporated in  a hydrous floe, 
formed in sewage by the addition of a coagulant, they would render the 
floe particles heavier, hence more read ily  settleable and productive of a 
more dense sludge.

Some of the m aterials used in eaidy practice were m arl, peat, clay, 
chalk and limestone (1 ). M illed  paper was employed in  one of the 
processes used recently in this country (2 ). Lab o ra to ry  and plant 
tria ls have been made w ith  activated carbon (3 ) and silica. P ap e r  
rap id ly  fe ll into disuse because the benefits derived did not ju s tify  the 
expense involved. In  general, none of the m aterials employed have 
shown much promise of im proving present methods of chemical coagula
tion of sewage.

A t  present some new inert m aterials, industria l residues, are a va il
able in different localities at ve ry  low costs. Some of these might prove 
more effective than the m aterials fo rm erly  tried. There are also some 
m aterials on the m arket which could possibly be effective, because of 
some inherent properties. In  the form er group are spent tan bark, 
flue dust, sludge ash and iron  oxide waste from  copperas roasters. In  
the latter category such m aterials as bleaching clays, activated carbon, 
bentonite and diatomaceous earth m ay be included.

Th is paper deals w ith  experiments made w ith  various m aterials in 
respect to their effect on clarification and sludge volume when used 
alone and in conjunction w ith  chemical coagulants.

P ro ced u re

The general methods employed were identical to those reported in 
form er papers of this series (4 ) (5 ). The inert m aterials used were 
weighed and added to the sewage p rio r to treatm ent w ith  the coagulant. 
The range of dosage included amounts exceeding practica l quantities in 
order that any effect, even i f  small, could be demonstrated. A l l  of the 
waste m aterial was ground to pass a 200 mesh sieve, while the com
m ercial products were applied as received. In  these experiments 0, 50, 
100, 500, 800 and 1,000 parts per m illion of the inert m aterial were added

* Journal Series Paper, N. J. Agricultural Experiment Station, Dept. Water and Sewage 
Research, New Brunswick, N. J.
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to each of six one-liter portions of sewage w ith  rap id  s tirr in g  to insure 
dispersion. The samples were flocculated th ir ty  m inutes and settled 
fo r two hours. C larification was evaluated by m easuring tu rb id ity  re 
m ain ing in  the supernantants. The sludge volum e was m easured d i
rectly. This procedure was repeated fo r each dosage of coagulant Used 
w ith  six other one-liter portions of the same sewage. The procedure 
was identical fo r each inert substance w ith  the exception of the coagu
lant dosage, which was varied  according to the requirem ents of the sew
age. Domestic sewage only was selected fo r this work.

B y -pro d ucts

S p e n t  T a n  B a r k —  This m aterial consists of the residue rem ain ing 
after tan bark has been leached in the m anufacture of tannic acid. The 
residue consists m ain ly  of cellulosic and ligneous m aterials  and a small 
quantity of residual tannin and tannic acid. Th is  m ateria l was selected 
because tannins have been shown to have concentrating and dew atering 
action on sewage sludge.

I t  was found that the finely d ivided spent tan bark  d ispersed w e ll in 
sewage. Ra the r than aiding clarification, however, it  was found to he 
detrim ental. F ig u re  1 A  shows that 100 p.p.m. e ither prevented clarifi-

F ig. 1. Effect of tan bark on clarification and sludge volume.

cation entirely, when fe rr ic  chloride was applied, or added tu rb id ity  
which was not removed by the coagulant. In  e ither case the tu rb id ity  
in the supernatant w ith  and w ithout fe rr ic  chloride treatm ent rem ained 
the same. Dosages of tan bark up to 1,000 p.p.m. y ie lded  supernatants 
of lesser c la r ity  than obtained when the sewage was flocculated and 
settled w ithout the addition of chemicals.
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Tan  bark can influence strongly the compacting qualities of a chemi
cal sludge. A s shown in F ig . 1 B ,  tan bark increased the sludge volume 
when no coagulant was applied. W h en  ten parts per m illion fe rr ic  chlo
ride as iron were applied, 100 p.p.m. of tan bark reduced the volume 40 
per cent, while 200 p.p.m. reduced it over 50 per cent. H igher dosages 
of tan bark effected no fu rther reduction.

F l u e  D u s t .— The addition of flue dust to sewage p rio r to coagulation 
w ith fe rric  chloride im proved clarification somewhat. W ith  100 p.p.m. 
of dust, clarification increased 8 per cent, and w ith  1,000 p.p.m., 22 per 
cent, when sufficient coagulant was added to give a high degree of c la r i
fication. The effectiveness of the dust in  aid ing clarification  was gen
era lly  in  proportion to the coagulant dosage. W ith  no coagulant no 
clarification was produced by the flue dust itself. The results are illu s 
trated in F ig . 2 A .
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F ig . 2.— Efïee t of flue dust on clarification and sludge volume.

800

F lu e  dust did not appear to be p articu la rly  effective in decreasing 
the sludge volume. Inspection of F ig . 2 B  shows that significant reduc
tions in sludge volume occurred only when 400 p.p.m. or more of dust 
was applied, and the sewage was treated w ith  a coagulant dosage suffi
cient to give almost complete clarification (25 p.p.m. of iron ).

I r o n  O x i d e .— Iro n  oxide ( F e 20 3), despite its high specific g rav ity , 
dispersed and remained in  suspension during flocculation surp ris ing ly  
well. H owever, when ve ry  large dosages were used (500 p.p.m. or 
m ore) some of this m aterial settled im m ediately. W ith  50 p.p.m. of the 
oxide and dosages of fe rr ic  chloride sufficient to give p a rtia l c larifica
tion, increases in  tu rb id ity  rem oval were noted as high as 13 per cent 
which could be attributed to the oxide. W ith  a sufficient dosage of 
fe rr ic  chloride to give good clarification no added clarification was a t
tained. The results are g raph ica lly  shown in  F ig . 3 A .
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F ig. 3.— Effect of iron oxide on clarification and sludge volume.

The effect of this m aterial on the sludge volume was m arked when 
the sewage was coagulated w ith  fe rr ic  chloride. F ig u re  3 B  shows that 
the effect was greater w ith high chemical dosages. W h e n  the demand 
dosage of fe rr ic  chloride was added (20 p.p.m.), 100 p.p.m. of oxide re
duced the volume of sludge by 8 per cent, 200 p.p.m. by 28 per cent and 
400 p.p.m. oxide about 50 per cent. L a rg e r  dosages of oxide did not 
have appreciable additional effect.

D i g e s t e d  S l u d g e  A s h .-— The ash used was collected from  an inciner
ator in which digested sludge is burned completely, leav ing  a v e ry  finely 
d ivided ash free of organic m atter.

In  the clarification experiments the sludge ash appeared to give defi
nite aid to the fe rr ic  chloride (F ig . 4 4 ) .  W h ile  dem onstrating no 
c la r ify in g  power of its own, 100 p.p.m. ash decreased the dosage of co
agulant necessary fo r complete clarification  by 33 per cent. L a rg e r

PPM. IRON FE C LS PPM. R IPE SLUDGE ASH

F ig. 4.— Effect of ripe sludge ash on clarification and sludge volume.
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quantities of the ash did not cause an appreciable fu rther reduction in  
the coagulant demand.

The results 011 sludge volume experiments in F ig . 4 B  demonstrate 
that the ash was effective in  reducing the sludge volume only when ap
plied in large dosages to sewage treated w ith  higher dosages of fe rr ic  
chloride. F o r  instance, 100 p.p.m. reduced the volume 4 per cent, while 
1,000 p.p.m. reduced it about 30 per cent.

I n d u st r ia l  P roducts

The second group of m aterials investigated were those which have 
been shown to be effective fo r other purposes in w ater or sewage trea t
ment. These m aterials were obtained as m anufacturers’ samples. E x 
periments w ith these substances followed the same general pattern  as 
those made w ith the waste products.

A c t i v a t e d  C a r b o n .— A  finely divided common brand of activated car
bon was used in these experiments. The in ab ility  of this m aterial to aid 
m ateria lly  in the clarification of sewage is shown in  F ig . 5 A .  No

P.RM. ACTIVATED CARBON

F ig . 5.— Effect of activated carbon on clarification and sludge volume.

marked improvement in the rem oval of tu rb id ity  was evident either with 
or w ithout the use of a coagulant, even when 1,000 p.p.m. was applied.

A s  could be expected the sludge volumes obtained were not m ateri
a lly  affected by the carbon. Dosages up to 200 p.p.m. in conjunction 
w ith  the demand dosage of fe rr ic  chloride reduced the volume slightly, 
while higher dosages increased it considerably (F ig . 5 B ) .

B l e a c h i n g  C l a y .— The type of c lay used in w ater coagulation was 
selected fo r these experiments. Th is substance dispersed exceedingly 
well and settled read ily  w ith  the settleable solids a fter flocculation. 
C la rify in g  power, however, was not demonstrated to any appreciable
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F ig . 6.— Effect of bleaching clay on clarification and sludge volume.
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extent (F ig . 6 A ) .  Th is substance had the p rop erty  of changing the 
character of the floe to a rem arkable degree. A s  little  as 50 p.p.m. ap
plied p rio r to fe rr ic  chloride treatm ent produced a sm all dense floe 
which settled ve ry  rap id ly .

A c t iv ity  of the c lay  in  reducing sludge volum e was slight, except 
when excessive quantities were used. F ig u re  6 B  shows that 500 p.p.m. 
of bleaching c lay  was required to effect a 20 per cent reduction  in  sludge 
volume when the coagulant dosage was sufficient to g ive complete c la r i
fication. Reductions in volume accomplished by sm aller dosages were 
insignificant.

D i a t o m a c e o u s  E a r t h .-— The low  priced va r ie ty  of this m ate ria l was 
used in  these experiments. Sum m arized data are shown in  F ig . 7 A .

PPM. IRON

F ig . 7.— Effec t of diatomaceous earth on clarification and sludge volume.
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Application  of even 1,000 p.p.m. of this m aterial showed little  effect on 
clarification, increasing the tu rb id ity  rem oval less than 10 per cent.

The application of diatomaceous earth m ateria lly  increased the vo l
ume of sludge collected, whether a coagulant was employed or not (F ig . 
I B ) .

B e n t o n i t e .— To obtain good dispersion, a suspension of commercial 
bentonite in  w ater rather than the d ry  substance was employed. Tim e 
is required fo r the bentonite to absorb w ater and assume a gel form  in 
which it  is supposed to have its most effective coagulating properties. 
Otherwise the experimental method was the same as it  was fo r the other 
substances. I t  was found that 100 p.p.m. of this m ateria l had a s lightly 
beneficial effect on clarification. Increasing  the dosage to 800 p.p.m. 
had a small additional beneficial effect, hut the degree of additional 
clarification was not appreciable. H ow ever, the same degree of c la r i
fication could be obtained w ith  30 per cent less fe rr ic  chloride when 800 
p.p.m. of bentonite was used as shown in  F ig . 8 A .

PPM. IRON ( F E C L j )  PPM BENTONITE

F ig. 8.—Effect of bentonite on clarification and sludge volume.

The curves in F ig . 8 B ,  showing sludge volumes produced at va ry in g  
dosages of bentonite and fe rr ic  chloride, indicate increased sludge vo l
ume, p a rticu la rly  when the coagulant was applied. E v e n  p a rtia l dos
ages of fe rr ic  chloride at a bentonite concentration of 100 p.p.m. gave 
high sludge volumes. W h en  the demand dosage of fe rr ic  chloride was 
applied w ith  100 p.p.m. of bentonite, the volume after two hours settling 
was nearly  four times greater than when no bentonite was used.

D isc u ss io n

None of the waste m aterials used in  these experiments, w ith the pos
sible exception of sludge ash, showed promise of being p a rticu la rly
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useful in  practice as aids in clarification  and accelerants in sludge com
pacting. Tan  bark speeded compacting but prevented c larification ; 
flue dust aided clarification slightly, but was not p a rt icu la r ly  effective 
in  compacting the sludge ; and iron  oxide helped com pacting but aided 
clarification only when a p a rtia l dosage of coagulant was applied.

D igested sludge ash, applied at the rate of 100 p.p.m. lowered the 
coagulant demand 33 per cent and accelerated sludge com pacting to a 
sm all degree. W hether the decrease in coagulant demand was due to 
soluble or insoluble m atter in  the ash, or both, was not determ ined. The 
ash contained some calcium oxide, which substance could affect the re
sults. I t  is extrem ely doubtful, however, if  sufficient CaO  w ere present 
to account fo r the results obtained.

The addition of 100 p.p.m. of ash in a p lant would necessitate the re
use of ash, because a m illion gallons of sewage m ay produce on ly  from  
300 to 750 pounds instead of 830 pounds per m illion  gallons treated. 
W h e th er the ash would be effective on second passage is questionable 
and whether the saving in  coagulant effected would w a rra n t the neces
sa ry  equipment and operation is doubtful.

In  general the commercial m aterials were no m ore effective than the 
wastes. A ctiva ted  carbon had little  effect on c larification  or compact
in g ; the m erit of bleaching c lay  la y  in  the production of a somewhat 
better floe ; diatomaceous earth was p rac tica lly  valueless ; and bentonite 
produced excessive volumes of sludge.

I t  appears that the addition of various inert m ateria ls  to sewage as 
an aid to chemical c larification  is not justified as a general practice. 
There seems to be no need to supply nuclei fo r floe fo rm ation  in  sewage 
because there are sufficient present. The fact that the coagulant affects 
the dissolved as w ell as the finely d ivided suspended m atter of sewage 
reduces the possib ility  of a id  by in e rt substances. Kep lacem ent of co
agulant by chem ically inactive  substances capable of absorption re 
quires excessive dosages to produce desired results. I t  is, therefore, a 
m atter of c larification  and sludge volume production, w hich in  turn  
affect operation and economics. The acceleration in  the com pacting of 
sludge would be advantageous i f  sm all quantities could be em ployed fo r 
effective results. H ow ever, in  most cases the q u an tity  of in ert m atter 
necessary is too great to be p ractica l. M o reover the add ition  of large 
quantities of in ert substances means the ir handling through the plant 
units. Th is  adds expense and in  some cases attending difficulties. I t  
m ay be possible that certa in  in e rt m ateria ls  could be treated  or acti
vated in  some m anner to make them more effective.

S u m m a r y

Lab o ra to ry  experim ents w ith  wastes from  in d u str ia l processes (tan  
bark, flue dust, iron  oxide and sludge ash) and inert com m ercial p rod 
ucts (activa ted  carbon, bleaching clay, diatomaceous earth  and benton
ite ) to determ ine the ir effect on clarification  of sewage and com pactai«- 
of sludge show that : a
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(1 ) In e rt m aterials are in general of little  value in aiding the process 
of chemical treatm ent of sewage.

(2) Such substances can accelerate the compacting of chemical 
sludge but in  general too great a quantity is necessary to produce the 
desired results.

(3 ) Digested sludge ash gave the best overall results of a ll m aterials 
tried.
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A  S U G G E S T E D  P R O C E D U R E  F O R  T H E  

D E T E R M I N A T I O N  O F  G R E A S E

B y  H a r v ey  F .  L u d w ig
E n g in e e r in g  A s s is ta n t , E a s t  B a y  C it ie s  Sew age  D is p o s a l S u rv e y , BerTceley, C a lifo r n ia

This discussion summarizes observations made in  the laboratories 
of the E a s t  B a y  Cities Sewage D isposal Su rve y  on various methods of 
extracting grease from  domestic sewages and industria l wastes.^ A  new 
procedure is suggested for the determ ination of grease which elim inates 
the necessity of evaporating the sample to dryness, and which is be
lieved to be sufficiently dependable and simple fo r most sewag’e testing 
work.

R o u t i n e  T e s t s  b y  t h e  E a s t  B a y  C i t i e s  S e i v a g e  D i s p o s a l  S u r v e y .—  
The routine testing work of the survey included lab o ra to ry  grease 
analyses of some 300 composited samples of domestic sewages and of 
wastes from  numerous industries. The test procedure adopted fo r  this 
work is a modification of the d ry  extraction procedure of S tandard  
Methods, as used by the Richmond-Sunset Sewage T reatm ent P la n t  of 
San  Francisco , Califo rn ia. Th is procedure comprises ac id ify in g  the 
sample w ith  hydrochloric acid, evaporating to dryness w ith  the water- 
bath and drying  oven, and extracting the grease by rubbing the solvent 
into the residue w ith a glass rod. The solvent contain ing the dissolved 
grease is filtered, the filtrate evaporated on the water-bath, and the 
residue dried, cooled, and weighed. Chloroform  was used as the ex
tracting  agent. Th is procedure was selected because it  is simple, and 
because it was thought to be sufficiently accurate fo r the purposes of the 
survey.

I t  became apparent, however, during the progress of the work, that 
the adopted procedure had serious shortcomings as an an a ly tica l test. 
Duplicate determinations sometimes did not check. Fu rth e r , in  some 
of the industria l wastes analyses, chloroform-soluble substances were 
exti acted which had little  or no grease-like properties. Th is  was p a r
ticu la rly  true of those wastes from  pain t and chem ical m anufacturing  
industries, from  which crysta lline  substances w ere freq uen tly  obtained.

A  number of synthetic samples were p repared  by adding known 
weights (about 100 mgm.) of various fa t ty  acids (s tearic , palm itic, 
lau i ic , and m yris tic ) to 500 c.c. portions of sewage of v e ry  low  grease 
content (5 p.p.m.). The fa tty  acids were dispersed by heating and 
ag itating the m ixture. Fo llow in g  the d ispersion about 500 p.p.m. C aC l2 
was also added. These modified sewages were then analyzed fo r grease 
by the routine dry-chloroform  procedure described, and it was found 
that only a variab le fraction  of the added fa tty  acids could be recovered. 
I t  was observed during filtration  of the solvent contain ing the extracted 
substances that these substances tended to crysta llize  along the top e d °’e 
of the filter paper. Fu rth e r , the residue obtained by evaporating  the 
filtrate was hard and glassy, and redissolved in  ch loroform  only w ith
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difficulty. I t  is concluded from  these observations that when the acid i
fied sample is evaporated to dryness in  the presence of an appreciable 
concentration of calcium  or other polyvalent cations, the fa tty  acids w ill 
be transform ed into soaps of these cations which are only s lightly solu
ble in the extracting- agent. W h en  a Soxhlet extraction is made, as in 
Standard  Methods, it  is probable that a ll the fa tty  acids m ay he re 
covered ; but even in  this case the residue w ill contain a variab le amount 
of calcium and other polyvalent cations.

P r o p o s e d  G r e a s e  T e s t .— In  order to overcome these difficulties it 
seemed desirable to elim inate the operation of evaporating the sample 
to dryness, and accordingly a wet-extraction procedure was studied. 
The procedure used was as fo llo w s :

1. A c id ify  a 500 or 1000 c.c. sample w ith  hydroch loric acid (add 
about 10 c.c. of 1:1 HC1, or make red to m ethyl orange), and boil fo r 
about 15 minutes or until the fats and oils have collected in  a surface 
film.

2. P lace  beaker in re frige ra to r fo r several hours (over n ight), a llow 
ing the grease to so lid ify  into a solid or v e ry  viscous mass.

3. F ilte r , washing the beaker and filter paper w ith  cold water. R e 
turn filter paper to beaker, and place in  d rying  oven fo r about 15 m in
utes, to remove moisture and to w arm  the grease so that it w ill be read ily  
soluble in  the solvent.

4. Ex tra c t  the grease by use of a Soxhlet apparatus or, more simply, 
by direct solution. In  either case add enough solvent to wet the filter 
paper thoroughly. U sing  a glass rod swab the sides of the beaker w ith  
the filter paper, and transfer the paper and solvent to either the Soxhlet 
thimble or to a small beaker. R inse the large beaker w ith  small por
tions of solvent to insure complete transfer.

5. In  the case of direct solution, stir the contents of the small beaker, 
and refilter the supernatant into a weighing receptacle. A dd  more solv
ent and repeat the washing to insure complete transfer of the grease. 
G enera lly  about three washings w ill be adequate. The solvent contain
ing the dissolved grease is evaporated on the water-batli, and the residue 
is dried, cooled, and weighed.

B y  this procedure soaps and fa tty  acids w ill be recovered as fa tty  
acids. Trig lycerides w ill be recovered as trig lycerides, as these are not 
broken down by acidification. In  Step 1 of the procedure, the operation 
of boiling insures complete reversion of the insoluble soaps to the fa tty  
acid form . I t  is the experience of soap chemists that in  a cold process 
there w ill be incomplete reversion even under h ighly acid conditions. 
The operation of boiling also concentrates the grease at the surface; 
and, i f  desired, a large portion of the underly ing solution m ay be drawn 
off.

The separation of the grease from  the liquid medium by filtration  in  
Step  3 is based on the assumption that in Step  2 the grease m aterials 
w ill either so lid ify  or become too viscous to pass through the filter paper. 
There m ay be present low titre  fa tty  acids or light m ineral oils which in
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the pure state would not be retained by the filter paper. In  practice, 
however, there w ill generally be present some high titre  fa t ty  acids, and 
as a result a ll the fats and oils present w ill tend to so lid ify  in  a single 
mass. There is the possibility that v e ry  vo latile  m inera l oils m ay not 
enter into this solidification and thereby be lo s t ; however, it is question
able as to whether it is desired to recover these oils. I t  m ight be argued 
that those fats and oils which are retained by the filter paper under the 
conditions defined are fa ir ly  representative of that fraction  of the total 
fats  and oils which has true san ita ry  significance.

In  addition to the fats and oils which are extracted by this procedure, 
there w ill also be present in  the residue any solvent-soluble non-grease 
m aterials which are retained by the filter paper in  S tep  3. The error 
due to these m aterials should be appreciab ly less by this procedure than 
by d ry  extraction procedures or by wet extraction procedures in  which 
the solvent is added d irectly  to the sewage sample.

Th is boiling-freezing procedure was tested on synthetic samples pre
pared as previously  described, using stearic, palm itic, lau ric , m yristic, 
and oleic acids, and o rd inary  motor lubricating oil. In  a ll cases p rac ti
ca lly  complete recoveries were obtained. The oleic acid and lub ricat
ing oil did not solid ify, but were sufficiently viscous to he reta ined  by 
the filter paper.

The method was then applied to ten different samples of p r im a r ily  
domestic sewages, in  conjunction w ith  the routine d ry  extraction  pro
cedure, using the same number of extractions w ith  the same volum es of 
solvent fo r both methods. These results are tabu lated :

Sample
No.

Procedure (1): Dry Extraction, 
Without Soxhlet, P.P.M.

Procedure (2): 
Boiling-freezing, 
Without Soxhlet, P.P.M.

Percentage (1) of (2)

1 69 78 88
2 168 199 84
3 23 27 85
4 64 80 80
5 41 48 85
6 37 38 98
7 59 67 888 150 146 1039 57 59 9710 180 179 100Mean — — 91

The data indicate that fo r domestic sewages the weights obtained by the 
d ry  extraction procedure are somewhat less than those obtained w ith 
the boiling-freezing procedure. I t  is regretted that S tan d ard  Methods 
Soxhlet extractions were not made fo r these same samples.

S u m m a r y

W h en  an acidified sewage sample is evaporated to dryness, the fa t tv  
acids m ay reve rt to calcium  and magnesium soaps, which are only
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slightly soluble in  chloroform  or sim ilar extracting agents. Complete 
recoveries are possible, under these circumstances, only by continuous 
extraction, as w ith  a Soxlilet apparatus.

A  boiling-freezing procedure, which elim inates the necessity of 
evaporating to dryness, is suggested fo r the determ ination of grease. 
The boiling is necessary to insure the complete reversion of soaps to 
fa tty  acids, and also serves to concentrate the grease in a surface layer. 
Low  tem peratures are then employed to change this grease to a solid or 
ve ry  viscous form  ; it m ay then be separated from  the liqu id  medium by 
filtration. I t  is believed that the method is sufficiently simple fo r gen
eral testing work.

The method was tested on synthetic samples prepared by adding- 
fa tty  acids and a lubricating oil to sewage of low grease content, and the 
recoveries were p ractica lly  complete. I t  is believed that the residue ob
tained by the method w ill include p ractica lly  a ll the grease m aterials of 
san itary  significance. The residue m ay also contain some solvent- 
soluble non-grease m aterials, but this e rro r w ill be elim inated,to the ex
tent by which these m aterials are not retained by the filter paper in  the 
operation of separating the w ater from  the solidified grease.

A c k n o w l e d g m e n t .— Charles G ilm an Hyde, H aro ld  Fa rn sw o rth  G ray , 
and A . M. R aw n  constitute the B oa rd  of Consulting Eng ineers fo r the 
E a s t  B a y  C ities Sewage D isposal Su rvey. R . R . R ib a l is P r in c ip a l A s 
sistant Eng ineer. The author is indebted to these gentlemen fo r the 
suggestions and assistance which they provided. (See  paper by Okun, 
H urw itz  and Mohlm an.1)

i This Jo u r n a l, May, 1941.



P l a n t  O p e r a t i o n

C U R R E N T  D E V E L O P M E N T S  A N D  T R E N D S  I N  

S E W A G E  T R E A T M E N T  *

B y  A . J .  F is c h e r

D e ve lo p m e n t D e p t., T h e  D o r r  C o m p a n y , In c . ,  N e w  Y o r lc , N .  Y .

Fu tu re  trends in  sewage treatm ent w ill be la rg e ly  influenced by cur
rent developments. These to a great extent are concerned w ith  im 
provements of equipment and processes that have been introduced dur
ing the past decade. M ost of these have been publicized in the technical 
lite ra tu re— a few  perhaps too optim istically. W id e  acceptance of new 
ideas, however, is generally  a slow process and usua lly  fo llows labora
to ry  or pilot p lant work, a representative fu ll p lan t scale demonstration, 
and then the evidence of satis facto ry  operation of a num ber of typ ical 
installations.

Due to differences in  sewage characteristics, the fact that a certain 
process works sa tis facto rily  in  one c ity  or lo ca lity  does not necessarily 
mean that it w ill be u n ive rsa lly  successful. L ikew ise, an occasional 
fa ilu re  should not condemn a process or device, as there m ay be exten
uating circumstances affecting occasional plants. S a n ita ry  engineers 
and public health bodies are as a rule conservative in  eva luating  new 
ideas because of the large number of questionable p ro p r ie ta ry  processes 
that have been proposed in the past. Such  conservatism  is, however, 
often extreme and in  m any instances retards w orthw h ile  developments. 
The caution being- taken in  accepting high rate filters in some sections is 
an example of this ultra-conservatism .

On the other hand it is recognized that sewage treatm ent runs in 
cycles, and that these cycles are u sua lly  stim ulated by in tensive com
m ercia l a c t iv ity  along certa in  lines. The trend aw ay  from  activated 
sludge treatm ent toward chem ical precip itation , and then to high rate 
filters exemplifies this cyclic trend. Th is  com m ercial stim u lation  is of 
benefit to the science of sewage treatm ent and has been responsible for 
a considerable portion  of the m ajo r developments in  m odern sewage 
tieatm ent practice. B u t, this a c t iv ity  often requires a brake, otherwise 
p lants m ay be overburdened w ith  unnecessary equipment that would be 
costly to operate, or a treatm ent process m ay be adopted that is inade
quate to meet the local requirem ents. Ju s t  because sludge incineration  
is satis facto ry  fo r Chicago or B u ffa lo  is no reason w hy it  should be 
adopted elsewhere where the sludge m ay be more econom ically hauled 
to dumps or used as a fertilizer. S im ila r ly  chem ical p recip ita tion  m ay

* Presented at the Thirteenth Annual Meeting of the California Sewage Wn,-v„ a 
tion, San Diego, Sept. 16, 1940. 8 ks Associa-
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be adaptable in  some plants where only seasonal treatm ent is required 
and where extrem ely low  B .O .D .’s are not necessary, but m ay be en
tire ly  out of place where requirements are more exacting.

Regardless of how or by whom a process or p a rticu la r piece of 
equipment is introduced in the san ita ry  field, it w ill not survive  i f  it 
cannot show definite advantages. These advantages m ay be tangible, 
in that better results are secured or that savings in  insta llation  or op
erating costs w ill result. O r they m ay be intangible in that greater ease 
of operation, a better appearance, or elim ination of odors, etc. are ob
tained. These intangible advantages often seem remote from  the dollar 
sign, but nevertheless they are ve ry  real.

W ith  these facts in mind, a more concise evaluation of past and cur
rent developments and their effect on future trends in  sewage treatm ent 
m ay be obtained.

Considerable progress has been made in  un it operations and in 
processes or flow sheets com prising combinations of these unit steps. 
O f the former, the advances made in screening, aeration, trick ling  filters, 
effluent filters, digestion and various methods of sludge dewatering are 
outstanding. L ikew ise, m ajor process developments have dealt w ith  
raw  sewage flocculation, high rate filtration  and sludge elutriation. 
N oteworthy work is also being done on im provements in  grease rem oval, 
sedimentation, chemical treatm ent and sludge drying. T im e would not 
perm it a detailed discussion of all of these phases of sewage treatment. 
M oreover, in v iew  of the excellent review  presented by D r. Mohlm an 
in  the Feb ru ary , 1940, issue of W a t e r  W o r k s  a n d  S e w e r a g e ,  such a de
tailed discussion would be superfluous in  certain of its aspects. The 
intention here is rather to present the w r ite r ’s opinions regard ing the 
possible future outlook of sewage treatm ent in  relation  to past and 
present developments and present trends.

S c r e e n in g

A t  an overwhelm ing number of plants being designed or under con
struction, sewage screenings w ill be ground and returned to the raw  
sewage. In  the Un ited  States “  Com m inutors”  are being used ex
tensively fo r small plants, while separate screens and shredders appear 
to be favored fo r the la rger installations. In  En g land  and Holland, 
where most of the san itary  a c tiv ity  in  Eu rop e  has been going on since 
the outbreak of the w ar, a shredder pump known as the “ G arg an tu a ”  
d isintegrator is being w ide ly  used, m ostly in  connection w ith  mechani
ca lly  cleaned bar screens. F ig u re  1 shows the vertica l type of this unit. 
One form  of this d isintegrator is capable of delivering the ground 
screenings against high heads. Such an arrangem ent would be ideal 
for the preferable introduction of the screenings d irectly  into a digester. 
U nfortunate ly , however, a large volume of liquid is necessary to convey 
the screenings through the unit, and therefore this procedure is not 
practical.

Regard less of the type of screenings shredder employed, it appears



that the quantity of scum in the subsequent settling unit is increased 
when the ground screenings are returned to the sewage. G rea ter d i
gester scum difficulties have also been reported. O verload ing  of sepa-
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F ig. 1. Electrically driven self-contained type vertical spindle “ Gargantua”  disintegrator.

rate shredders is often encountered when a screen rake dumps its  load. 
The operation of the screen rake, conveyor and shredder m ay be regu 
lated by an interlocking tim ing  device.
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G r it  R em o va l

Mechanical rem oval and washing of g rit is being and should be 
more generally adopted in  both small and large plants. A re a  rather 
than velocity is now considered the most im portant factor in g rit 
chamber design. Proportionate  flow weirs are unsatisfactory in regu
lating velocities in  g rit channels because although they m aintain  a 
constant average velocity, a re la tive ly  high ve locity  is set up along the 
channel floor. Th is  ve locity is often of such in tensity that settling fine 
g rit is carried  out over the w e ir of the collecting channel.

W e ll  washed g rit is satisfactory fo r use as fill, fo r roadw ay surfac
ing around plants and as a substitute fo r sand in  replenishing sludge 
d rying  beds.

G r ea se  R em o va l

Pre-aeration of sewage fo r grease rem oval is now generally  re 
stricted to plants receiving considerable quantities of industria l waste 
such as packinghouse waste. The use of chlorine fo r increasing the 
separation of grease is being tried  at a number of plants. To  date 
there is no conclusive proof availab le that chlorine is beneficial in this 
step.

Regardless of the efficiency of grease separating tanks built to date, 
a considerable portion of the grease separated from  sewage is released 
in the p r im a ry  sedimentation tank. E ffo rts  are now being made to 
secure an almost complete separation in  specially designed skimming 
units.

Outside of C alifo rn ia , where grease and scum problems are more 
acute, than in other sections of the country, it is questionable whether 
grease skimming w ill be adopted in  the future except possibly in a few  
large plants, chiefly of the activated sludge type.

C la r if ic a t io n

Research  work on clarification has been m ain ly  along the lines of 
im proving feed d istribution and effluent take-off. A  number of model 
tests based on hydrau lic  sim ilitude have been made wherein dye deten
tion periods were observed. Such tests while interesting are of little  
direct value in  determ ining the effectiveness of a settling tank fo r re 
m oving solids. Tank surface area and not detention period is the chief 
factor that influences clarification. Th is is true in  raw  sewage as well 
as activated sludge settling. The present tendency is to use design 
overflow rates of not more than 800 gal./sq. ft./24 hrs. in  sm all plants 
for a ll classes of settling. Overflow rates not exceeding 1200 gal./sq. 
ft./24 hrs. are frequently used fo r large plants.

Two-stage p r im ary  settling, such as is being practised at Mogden, 
Eng land, has been found to be only s lightly  better than single-stage set
tling. In  other En g lish  plants two-stage settling of activated sludge 
has been likewise found to be ineffective as fa r  as the c la r ity  of the 
effluent is concerned. How ever, a more read ily  settleable activated 
sludge has been obtained by return ing only coarser sludge that settled 
in  the first tank.
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R a w  S ew a g e  F lo c c u la t io n

I t  lias been am ply demonstrated and is now an accepted fact that 
m echanical flocculation w ill increase the efficiency of ra w  sewage c la r i
fication. Table I  shows some typ ical p lan t results. A t  Y ps ilan ti,

T a b l e I — P la n t  R esu lts— R a w  Sewage F lo c c u la tio n

Plant

Detention, hrs.

Cla
rif
ier
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Solids,
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Ypsilanti, 0.40 1.87 805 155 66 57.4 Parallel tests Fischer and Hillman,

Mich. 0 2.31 790 155 82 47.2 Sewage TFfcs. J o u r . ,
March, 1940

Cedar Rapids, 0.67 1.90 662 208 96 53.7 Parallel test Fischer and Hillman,
Iowa 0 1.90 662 208 126 39.3 Domestij sewage Sew age W k s . J o u r . ,

March, 1940
Los Angeles, 0.50 2.0 — 275 64 76.8 Parallel tests Smith and Studley,

Calif. 0 2.0 — 286 91 68.2 Experimental Sew age IFfcs. J o u r . ,
plant July, 1940

Denver, 0.33 2.79 628 145 43 70.0 1939 plant opera C. P. Gunson, Supt.
Colo. 0.33 2.79 628 145 35* 75.8 tion Denver Sew. Disp.

Plant, 1939 O p e ra tin g
R e p o rt

Cedar Rapids, 0.58 1.67 ea. 733 490 143 70.8 Pre-settling ahead Green and McIntyre,
Iowaf of flocculation W a te r IF/cs. a n d  Sew .,

and settling October, 1937
0.50 3.00 440 517 112 78.4 Clarifiers in

parallel after
flocculation

* Effluent after filtration through magnetite filters, 
t Packing house waste.

Cedar Rap ids and Los Angeles, results d irectly  com parable w ith  plain 
settling were obtained. Tests have been made and are s till under way 
to determine the effect of the addition of various types of sludge to raw  
sewage ahead of flocculation.

S tr ik in g  results have been obtained where 2.0 per cent activated 
sludge was added. Results are g iven in  Tab le I I .  These results indi-

T abl e II. E ffec t o f  A d d in g  A ctiva ted  S lu d ge  in  R a w  Sewage F lo c c u la tio n

Floe.
Time SettlingTime Suspended Solids, p.p.m. Per Cent 

Removal*
Raw Sewage........... 0 0 368
Raw Sewage........... 0 60 166 54 8Raw Sewage........... 30 30 103 71.5
Raw Sewage + Activated Sludge.. . 0 0 497
Raw Sewage + Activated Sludge. . . 0 60 132 64.0Raw Sewage + Activated Sludge.. . 30 30 44 88.0

* All removals based on raw sewage.
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cate distinct possibilities for bio-flocculation wherein a small amount of 
raw  sludge is activated and used as a source of return  sludge. A t  H il- 
versum, Holland, the return  of humus sludge in sufficient quantity  to 
double the amount of d ry  solids in  the feed to a combination type 
flocculator-clarifier, g rea tly  im proved the settling efficiency of trick ling  
filter effluent.

The frag ile  nature of raw  sewage floes cannot be overemphasized. 
G reat care must be exercised in transferring  the sewage from  the floc- 
culator to the clarifier. Sudden change in  direction, and velocities in  
excess of 1.5 ft. per second w ill at least p a rt ia lly  undo some of the work 
accomplished by the flocculation step.

M ore benefit m ay be derived from  flocculation by increasing re 
movals at norm al clarification periods and overflow rates than by a t
tempting to obtain the same removals at lower detentions. Ind ications 
are that flocculation to im prove the efficiency of raw  sewage and trick 
ling filter effluent settling w ill be used extensively in  the future  here 
and abroad.

C h e m ic a l  T r e a t m e n t

The boom days of chemical p recip itation  are over. Th is  does not 
mean, however, that chemical treatm ent is a thing of the past, but 
rather that it has found its proper niche. I t  still deserves considera
tion where only seasonal or part-time treatm ent is required, as an 
adjunct to biological treatment, where industria l wastes are discharged 
into the sewerage system, or fo r odor control.

I t  still remains a puzzle w hy alum is superior to fe rr ic  salts as a 
coagulant for some sewages while the reverse is true of others. I t  
is equally strange that pre-settling reduces the coagulant requirements 
of some sewages while it increases that of others.

Carbonation of h ighly alkaline sewage has been found to reduce 
chemical requirements and also aids in  subsequent biological treatment. 
Tests on sewage ozonation have been made and have given some prom 
ising indications where iron  was present in the raw  sewage. Th is 
method of treatm ent lias not been carried  along fa r  enough, however, 
to be seriously considered in  fu ture  p lan t design.

A s  a rule chemical treatm ent cannot compete w ith  biological proc
esses in  producing an effluent of low  B .O .D . I t  can, however, produce 
sparkling clear effluents low in suspended solids.

A er a t io n

La rg e  activated sludge plants have been of the diffused a ir  type w ith  
average aeration periods of five to six hours. Sm a ll plants most 
usually  use m echanical aerating devices. A  considerable number of 
the la tter have been of the combination type, wherein the aeration and 
settling compartments are in  a single tank. The trend is tow ard con
servatism  in  establishing design aeration periods in the small plants, 
a m inim um  of eight hours being preferred. I t  is hoped that the days
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of impossible guarantees regard ing power requirem ents and effluent 
standards are over in  regard to m echanical aerators.

O n ly  two combination paddle-wheel diffused a ir  types of aerators 
have been installed recently. In  both cases the paddles are in  the last 
ha lf of the tank.

Considerable attention has been given to “ tap e red ”  aeration. In  
one form , a ll the settled sewage is adm itted at the head end of the 
aerator and the a ir  is tapered, while in  another the a ir  is held sub
s tan tia lly  constant along the channel, but fractions of the settled sewage 
are admitted at various points along the first h a lf of the aeration  unit. 
Bo th  methods have points in  their favo r. A ttem pts have been made, 
however, to m athem atically determine exact a ir  d istribution , return  
sludge requirements, etc. Ev idence  to date indicates that a ll such 
form ulae are em pirical and are not genera lly  applicable. A p p a ren tly  
the safest w ay  to determine a ir  requirem ents and d istribu tion  is by 
frequent dissolved oxygen tests at various points along the aeration 
channels. A s  a rule where about 2.0 p.p.m. of dissolved oxygen is m ain
tained, satisfactory aeration should result. Developm ent w ork  is now 
under w a y  on an autom atic dissolved oxygen recorder. Such  an instru 
ment should be of inestimable value to the p lant operator.

There has been renewed interest in En g lan d  regard ing  pressure 
aeration, wherein  the tanks are covered and a pressure h igher than 
atm ospheric m aintained above the liqu id surface. The theory  behind 
this system is that the increased pressure increases the d issolved oxygen 
content of the mixed liquor and so increases the aeration  efficiency. 
C laim s have been made that detention can be reduced to one-quarter 
and a ir  requirements to one-eighth. I t  is v e ry  doubtful w hether com
p ara tive  tests would show such advantages. Rep o rts  some years  ago 
on a commercial sized unit in  Germ any were not too enthusiastic.

Should the progress in  high rate filters continue a t its  present pace, 
the use of the activated sludge process w ill be restricted  chiefly to large 
plants in  the future.

T r ic k l in g  F il t e r s  and  H ig h  R a t e  F il t r a t io n

The considerable advances in  trick ling  filter and d is tribu to r de
sign, and the world-wide acceptance of “ h igh r a te ”  filters indicate 
that this method of treatm ent is here to stay. A t  present two high 
rate systems are being advocated. These are the “ B io f i l t e r ”  and the 
“ A e ro filte r.”  B io filtra tion  covers a system  w herein  filte r discharge 
m aterial is recircu lated to a c larifie r ahead of the filter. The  aerofilter 
covers a process invo lving  the un ifo rm ity  of app lication  of the filter 
feed over the surface of the filter bed.

Another type of filter that has had a more lim ited  use in  the U n ited  
States on packinghouse waste, is the “ washable f ilte r ”  wherein  the filter 
unit is back-washed w ith  a ir  and effluent according to a fixed procedure 
when it  becomes clogged. In  En g lan d  considerable success has been 
reported on the treatm ent of m ilk  wastes by ‘ ‘ reversib le  filters, ’ ’ where 
two filters are operated in  series, the sequence of operation being re 
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versed when the p r im a ry  unit becomes clogged. In  Eng land , Germ any 
and South A fr ic a , “ enclosed filte rs ”  have been built, wherein the filter 
bed was entirely enclosed, ventilation  of the bed being obtained by a 
suction fan.

From  representative data obtained to date, it appears that artific ia l 
ventilation of the bed is not required, at least where shallow beds or an 
adequate underdrainage system is provided. A lso shallow beds are fa r  
more efficient than deep beds per unit of volume where both low and high 
rates of filtration  are used. F ilte rs  should be rated on their capacity 
to remove B .O .D . rather than on the dosing rate of the applied sewage. 
B io filte r test data indicates that the B .O .D . loading varies w ith  the 
strength and characteristics of the sewage. F ig u re  2 shows B .O .D . re 

movals at various loadings and w ith  different strength sewages fo r filter 
beds three feet in  depth. I t  indicates that the removals increase as the 
strength of the sewage increases. W ith  d is tille ry  waste having a 
B .O .D . of 18,000 p.p.m., rem ovals of 16 lb./cu. yd ./day have been ob
tained. W h ere  ve ry  strong sewages are encountered or where a high 
quality  effluent is desired, a two-stage filter system should be employed. 
Such a system has recently gone into operation at L ib e rty , N . Y ., where 
the sewage is v e ry  strong during the summer months. A lthough this 
p lant has been operating less than twro months, it has been turn ing out 
a satisfactory effluent w ith  daytim e raw  sewage B .O .D .’s of over 
500 p.p.m.
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D istribu tors of various designs are now ava ilab le  that assure ap 
proxim ate un iform ity of d istribution under a w ide va ria tio n  in  flow con
ditions. P rov ided  the maximum perm issible B .O .D . loading of the filter 
is not exceeded, satisfactory operation of the filter m ay be obtained at 
dosing rates up to the point where flooding of the bed occurs. W ith  
norm al sizes of filter stone, this is 100-120 m.g.a.d. I t  is questionable 
whether there is any “ tw ilight zone”  between dosing rates of 4 to 10 
m.g.a.d. where it  has been reported that a filter w ill clog. To  date no 
synthetic m aterial has been produced that can complete econom ically 
w ith  crushed rock as a filter medium.

Acceptance of high rate filters fo r large p lants w ill p robab ly be de
layed pending the accumulation of long-time reliab le records of small 
installations.

E f f l u e n t  F il t e r s

Continued use of effluent filters is predicted where “ po lished ”  efflu
ents are desired. In terest is also being given to the d irect filtra tion  of 
raw  sewage and trick ling  filter effluents w ith  and w ithout pre-floccula
tion. I t  would appear, however, that at least a short period  of pre
lim in a ry  settling w ill be required in  the case of ra w  sewage. The most 
recent magnetite filter insta llation  at L ib e rty , N. Y ., is reducing the sus
pended solids and B .O .D . of the two-stage biofilter effluent from  30 
p.p.m. down to less than 15 p.p.m., while the tu rb id ity  is reduced from  
10 p.p.m. to 5 p.p.m.

Downflow c ircu la r magnetite filters have been found to be more 
satisfactory than rectangular or upflow c ircu la r units. F in e  sand is 
p referred  w ith  average filter rates of 2.0 gal./sq. ft./m in.

S lu d g e  D ig est io n

Two-stage digestion w ith  flexible p ip ing systems so arranged  that 
the digesters m ay be operated in  p a ra lle l is the rule. The question 
whether or not m ixing in a digester is beneficial is ap p a ren tly  s till a 
controversia l one. I t  is rap id ly  being clarified, however, b y  an ever in 
creasing accumulation of data that tends to show that s tir r in g  is of 
benefit in  increasing gas production and reducing scum. A  new  type of 
m ixer, first installed at Yak im a, W ash ., showed that surface scum could 
read ily  be pulled from  the periphery to the center of a 40 ft. dia. tank 
and submerged at ve ry  low power consumption. The com parative  tests 
at Los Angeles showed the most s trik ing  differences in  gas production 
w ith  and w ithout mixing. A  su rvey of long-time p lan t records com
piled by F .  Gr. Nelson has shown that it  is difficult to correlate digestion 
results at different plants. S tr ik in g  differences in  gas production, how
ever, were noted w ith  and w ithout stirr ing . These differences are 
shown g raph ica lly  in  F ig . 3.

In terest in  therm ophilic digestion has been rev ived  by the reports of 
the Los Angeles tests. Contem plated large-scale operations w ill be 
watched w ith  interest.
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The digestion of activated sludge continues to be a problem because 
of the low solids concentration of the sludge a fte r digestion, and the 
high solids content of the supernatant liquor. Some thought has been 
given to the elim ination or m inim izing of overflow liquor by concentrat
ing the sludge ahead of digestion, or to the treatm ent of the overflow 
before it is returned to the plant. U p w ard  filtration  of supernatant 
liquor through a bed of V2 in. stone has long been practiced at B irm in g 
ham, England. H ere  the supernatant was heated to 72° F .  and re 
turned to the digester fo r the purpose of heating the digesting sludge. 
W hether this scheme would work w ith  high solids in the liquor would 
have to be determined.

GAS PRODUCTION — Effect of Rapid Stirring

F ig . 3.

The B irm ingham  sludge heating scheme would not w ork if  higher 
digester temperatures were required, as the solids contained therein 
would become colloidal in nature. Ex te rn a l sludge heaters are becom
ing more popular in Eu rop e  but have not been w ide ly  adopted in this 
country. Should stage therm ophilic digestion become established, it is 
almost certain  that external heaters w ill be required.

“ D r y ”  digestion or stabilization of raw  sludge dewatered on d rying  
beds or by filters or centrifuges is still in the experim ental stage. Th is 
process is aerobic and therm ophilic. I t  is doubtful whether it w ill 
prove com m ercially attractive  in the near future.

S lu d g e  D e w a t e r in g

The vacuum filter is still the p referred  device fo r dewatering sludge. 
In  small or medium sized plants, however, unless unusual conditions
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preva il, the use of anyth ing but sand-drying beds fo r dew atering d i
gested sludge is questionable.

Sludge élutriation is being used to a g reater extent. I t s  use is well 
justified on digested mixed sludges which o rd in a rily  requ ire  v e ry  heavy 
doses of conditioner. The general inclination  is aw ay  from  p r im a ry  
raw , or raw  mixed sludge filtration  in  favo r of first d igesting the p r i
m ary  sludge fraction. A  p lant is at present under design fo r  Colne 
V a lle y , Eng land, where the p r im ary  raw  sludge w il l  be digested, e lu tr i
ated and then mixed w ith  thickened' activated sludge ahead of the f iltra 
tion step.

In  En g lan d  a method of heat conditioning ra w  sludge ahead of 
thickening and dewatering by vacuum  filters or filter presses has been 
developed. In  this method the sludge was pressure cooked at 150 lb. 
Advantages are that no conditioning chemicals are required, and high 
filter rates and low  cake moistures are obtained. D isadvantages are 
that the process has m any complications, is odorous, and produces a 
separated w ater high in  B .O .D . that would require bio logical treatm ent. 
I t  is doubtful whether this process would be at a ll applicab le in  the 
U n ited  States or find any extended application abroad.

A  considerable amount of experim ental w ork has been ca rried  out 
w ith  centrifuges fo r the purpose of concentrating activated  sludge 
ahead of digestion, and fo r dewatering raw  and digested sludges for 
final disposal. F o r  waste activated sludge concentration, it  has been 
conclusively shown that thickeners are more sa tis facto ry  and economical 
than the centrifuges that have been tried  to date. C h lo rina tion  is of 
decided advantage in the thickening step.

In  dewatering raw  and digested sludges the app lication  of centri
fuges appears to have lim itations, due to the re la t ive ly  h igh solids con
tent of the centrifuge effluent. In  the case of both sludges, the fine 
solids in  the effluent w ill resettle when recycled to the ra w  sewage ahead 
of clarification.

I t  has been demonstrated at two plants that raw  sludge m ay be satis
fa c to r ily  handled w ithout build ing up an excessive q u an tity  of fines in 
the circu it or causing an increase in  suspended solids in  the clarifier 
effluent. A t  both plants the p lant rem ovals did not exceed 50 per cent 
and the sludge vo latile  m atter content was norm al. In  the case of d i
gested sludge, however, fines did build up in  the c ircu it to a point where 
the i  ecoverv of solids in the centrifuge fe ll below the point of economical 
operation. D igested sludge or raw  sludge that centrifuges w ith  high 
solids loss in  the effluent can be handled, provided  the effluent is not re
turned to the system, or if  on ly part of the to ta l sludge production is 
centrifuged. A  possible app lication  is where existing sludge dew ater
ing facilities are overloaded.

Open c ircu it test data obtained at R ed  Bank , N . J . ,  on ra w  and d i
gested sludges are shown in  F ig s . 4 and 5. I t  w ill be noted that h igher 
recoveries were obtained w ith  the ra w  sludge.

A  continuous type of solid bowl centrifuge, as shown in  F ig . 6 such 
as was used in  these tests, has been in operation at Cedar Rap ids, la
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for dewatering digested sludge.' The cake is removed continuously 
from this unit by a sp ira l conveyor which rotates at a s lightly  higher 
speed than the conical bowl.

S lu d g e  D r y in g  and  I n c in er a t io n

In terest in  sludge d rying  is mounting at the expense of incineration. 
This is due to the present m arket available fo r the sale of dried sludge 
as a fertilizer or as a fertilizer base. Experiences at Chicago and else
where should be ample evidence of the fact that where incineration  is

F ig. 4.—Raw sludge, Red Bank, N. J. 18 in. Bird centrifuge open circuit operation feed 
rate vs. per cent recovery and cake moisture.

Primary clarifier removal =  46 per cent.
Bowl speed =  2000 R.P.M.
Conveyor differential =  12.5 R.P.M.
Bowl volume =  5 gal.

considered justified, provision  should be made in the design of the in 
cinerator unit fo r operating it as a d ryer when occasion demands.

A ll  types of incinerators are costly to operate and require close 
supervision. Th e ir use in  small or medium-sized plants should be 
avoided unless other means of ultim ate sludge disposal are not a va il
able. How ever, where a cheap source of fuel such as digester gas is 
available, d rying  the sludge fo r use as a fertilize r m ay be justified even 
in small plants,
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G e n e r a l  O u t lo o k

A s  no basically new methods of sewage treatm ent have as ye t ap
peared on the horizon, it is possible that fu ture  trends and develop
ments w ill continue along the lines of im proving  present un it operations 
and combining them in  various ways. In  the U n ited  S ta tes  consider
able emphasis w ill undoubtedly be given to the needs fo r  sm all plants 
and improvements to existing installations. The num ber of new  large 
plants to be built appear to be re la t ive ly  few.

Bowl speed =  2000 R.P.M. 
Conveyor differential =  25 R.P.M. 
Bowl volume =  5 gallons.

The rest of the w orld  seems to be now defin itely fo llow ing  our lead 
in a ll types of treatm ent. P rog ress  has been slowed down in  Eu rope 
due to the w ar, but latest advices are  that public works program s have 
been instituted in the occupied countries of C en tra l Eu ro p e , chiefly in 
H o lland , where plants using raw  sewage flocculation, high rate  filters 
and sludge e lu tria tion  and filtration  are being designed. In  Germ any 
there is a definite sw ing in  opinion aw ay  from  land disposal back to
w ard  biological treatm ent, but as fa r  as is known, no new plants are at 
present being projected. The activated  sludge process is still the most 
popular method of complete treatm ent in  En g land , although consider
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able interest is being now given to high rate filters. W o rk  on the p a r
t ia lly  completed activated sludge plants at P a r is  and M ad rid  has been 
resumed. The first modern treatm ent plant in  Portuga l, a combination 
chemical treatment-activated sludge p lant at B ra g a  is under construc
tion. In  South A m erica  a number of modern types of plants have been 
installed or are contemplated. These include plants w ith chemical p re 
cipitation, high rate filters and stage digestion. In  Jap an , where acti
vated sludge treatm ent has been used extensively, a ll sewage treatm ent 
plant construction has been halted, due to the w ar, but there has been 
increased ac tiv ity  in Ind ia  and in South A fr ica .

F ig. 6.

Considering all facts at hand, it is apparent that there should be a 
construction boom in  Eu rope  and other foreign countries at the end of 
the present hostilities, and that a good share of this work w ill be a l
lotted to sewage treatm ent p lant construction. In  this country where 
we have more direct interests, the general outlook should also be bright 
and w ill undoubtedly be bolstered by intensive ac tiv ity  in industria l 
waste treatment.

D isc u ss io n  

B y  H arold  F a r n sw o r t h  G-ray

S a n ita ry  and  H y d r a u l ic  E n g in e e r , B e rk e le y

Dr. F isch er has presented an excellent exposition of the subject. 
There are however, a few  points on which either an accentuation is de
sirable, or a different viewpoint m ay be useful.

H e  says “ cycles are usually stimulated by intensive commercial ac
t iv ity  along certain  lines. The trend aw ay from  activated sludge trea t
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ment tow ard  chemical precipitation, and then to high rate filters ex
emplifies this cyclic trend .”  I t  m ay be significant that the patents on 
activated sludge treatm ent ran  out about the time the trend aw ay from  
it  began, and the trend toward high rate filtra tion  began about the time 
that several patents were taken out on certa in  features perta in ing  to 
methods of application, recirculation, etc., though the basic idea of high 
rate filtration  is probably not patentable.

The tendency has been fo r engineers of inadequate experience or 
tra in ing  to s lav ish ly  fo llow  the current trend in  treatm ent, perhaps as 
the line of least resistance either to the im portunities of equipm ent rep
resentatives, or to the demands of lion-technical c ity  fa thers  fo r the 
latest mode or fashion in sewage treatm ent. In  the o rig in a l m anuscript 
of the Report of the Committee on Sewage Research  of the Federation , 
published in  the M arch, 1938, issue of S e w a g e  W o r k s  J o u r n a l ,  I  wrote 
(see page 190) “ I t  is interesting to note that eight of the th irteen  new 
plants on the R a r ita n  R iv e r  watershed are chemical p recip ita tion  plants, 
which indicates either a special adap tab ility  of this process to that par
t icu lar situation (perhaps a wide seasonal fluctuation in  requirem ents) 
or possibly there has been a too slavish  aping of the cu rren t mode in 
sewage treatm ent.”  How ever, P ro fesso r Phe lps thought that the last 
clause of m y statement was either tactless or too emphatic, and that 
part of it was elim inated from  the printed  report. B u t  as a generaliza
tion the criticism  had and still has a va lid  basis.

The current trend needs to be viewed a lw ays w ith  the cold eye of 
suspicion, fo r fashions come and go, but princip les rem ain. M uch of 
our difficulties in the field of sewage treatm ent lie in  the unwillingness 
of public bodies, especially in  the sm aller cities, to support the expense 
and time and carefu l study required fo r rea lly  adequate analys is  of all 
the conditions controlling any sewage disposal s ituation ; another con
tributing  factor is the fa ilu re  of some engineers to appreciate the neces
s ity  of m aking such adequate studies, of selecting the type of treatm ent 
process according to conditions rather than of fashions, and of having 
sufficient backbone to tell the c ity  council, ra ther than of hav ing  the city 
council tell them.

W ith  regard to screening, I  am still unconvinced as to the advisab il
it y  of return ing  ground screenings to the influent. I f  you have once 
taken the stuff out, w hy put it  back? I  feel that this m atter deserves 
the application of better logic, plus some m echanical ingenuity.

D r. I  ischer states “ I t  is questionable whether grease skim m ing w ill 
be adopted in  the future except possibly in  a few  large plants, chiefly of 
the activated sludge typ e .”  I  th ink that here he has fa iled  to visualize 
the problem of disposal of large volumes of p a rt ia lly  treated  sewage 
into oceans, bays and estuaries, where grease rem oval m ay be desirable 
to reduce field v is ib ility  or to m inim ize beach or shore contam ination.

M y  p rio r rem arks concerning a too eager tendency to fo llow  the p re
va ilin g  mode or fashion in  sewage treatm ent applies w ith  special empha
sis to high rate filtration, which D r. F is ch e r  has review ed conciselv 
and well. Th is is most im portant where large quantities of effluent are



returned for dilution or the smoothing out of loadings. The added con
struction costs fo r the accessories such as extra settling basins, pumps, 

:r and piping, and added power, repa ir and maintenance costs, need fur-
.1' ! ther analysis and comparison. A  ve ry  sceptical comparison of com

plete and accurate cost data is much needed here. The speaker is still 
fa r from  convinced as to the long range economics of high rate filtration, 
in spite of the rather roseate picture painted in some reports. F u rth e r 
more, there seems to he need fo r a distinction between the functions of 
rock filters, both standard and high rate, as flocculating devices and as 
oxidizing devices. There is need fo r fu rther investigation into these 
associated but perhaps re la tive ly  independent phenomena.

D r. F is c h e r ’s last paragraph regard ing a construction boom in sew
age treatm ent seems to me to be overly  optim istic. The current hostili
ties appear to me to be but one active phase in a clash of ideologies 
which m ay continue fo r possibly a century or more before a final settle
ment is achieved ; peace w ill be m erely armed truces as resting periods 
for recuperation in the m ain conflict. A t  the conclusion of the present 

pern® active hostilities Eu rope  probably w ill be too broke and too exhausted
for much new construction in  the field of sanitation, and the fo rw ard  
view  is fo r a marked im pairm ent of the public health as a result. In  

ic, and L this country, the continuous p iling up of a ll forms of public debt, even if
genert we succeed in avoiding, fo r the present, actual w ar and its end results

of panic and depression, w ill in  the not too distant future result in  the 
cold ev drying up of all form s of public credit, and the p ractica l cessation of
i. Mri public works construction. I t  w ill also cu rta il industria l activ ity , and

reduce any possib ility of expansion in  the field of industria l wastes 
tI|.; treatment,

liras ofi 
note 
e tie m  

f tieate 
i of kc 
ingtlec

lad®- 
lavs ®
>r
itr.
MW!1 
0 1  
risaal 
1 sett

les! rai- 
:atiot- 

fie ptf 
empk 
ocisel! 

nt art

3ttb,19t Vol 13; Nq 4 CURRENT DEVELOPMENTS AND TRENDS 709



A C H I E V E M E N T S  I N  S E W A G E  T R E A T M E N T  I N  

N E W  Y O R K  S T A T E  D U R I N G  T H E  

P A S T  D E C A D E  *

B y  E a r l  D ev en d o r f

A s s is ta n t  D ir e c to r , D iv is io n  o f  S a n ita t io n , S ta te  H e a lth  D e p a rtm e n t, A lb a n y ,  N .  T .

The increasing ly im portant p a rt being taken by  the U n ited  States 
in a complicated and war-torn w orld  has served to subordinate all 
o rd inary  functions of local, state, and national governm ent activities 
and to place emphasis oirthose functions dealing w ith  nationa l defense.

A t  first thought it  m ight seem, therefore, somewhat out of place to 
discuss the accomplishments in  sewage treatm ent in  N ew  Y o rk  State 
on the theory that sewage treatm ent is an o rd in a ry  function  of govern
ment. I t  must be acknowledged, however, that the protection  of the 
health and w elfare  of the nation is of first im portance in  any  program  
relating  to national defense.

Today  great emphasis is being placed on the im portance of the pro
tection of a ll public u tilities to prevent sabotage that m ay affect the 
lives as well as the industries of the nation. The equal im portance of 
sewage treatm ent becomes apparent when it  is considered that the 
w ater supplies of about three-quarters of the population of our state are 
derived from  surface w ater sources, some of which a few  years  ago were 
at certa in  times polluted beyond the ab ility  of safe treatm ent as based 
on recognized standards of safe, raw  w ater supplies.

A lthough the abatement of stream  pollution has been one of the main 
functions of the S ta te  H ea lth  Departm ent since the passage of the so- 
called Anti-Po llu tion  B i l l  in 1903, the efforts to clean up stream  pollu
tion in N ew  Y o rk  S tate  were g rea tly  intensified beginning in  1930. As 
a result of this intensified program  and the opportun ity  of obtaining 
Fed e ra l aid, more persons are served by sewage treatm ent p lants con
structed during the past ten years than were served by p lants con
structed during the previous th ir ty  years. T h is  intensified program  
provided fo r the abatement of stream  pollution  as rap id ly  as possible 
w ith in  economic lim itations. M oreover the sewage treatm ent plant 
program  also acted as a means of afford ing  re lie f of unemployment 
during the period of the depression and was financed la rg e ly  w ith  F e d 
era l aid at a great saving to the taxpayers. Th is  p rogram  was both 
tim ely  and fortunate from  the standpoint of p reparing  our cities and 
industries to shoulder the ir share of the defense p rogram  of the nation.

A n  account of the “ Po lic ies  and P rog ress  in  Sew age T reatm ent in 
N ew  Y o rk  S ta te ”  was outlined at length in  a previous paper w hich was 
published in the M arch, 1936, issue of T h i s  J o u r n a l .  M oreover, papers 
on pollution abatement in the Lon g  Is land , W estchester, M etropolitan ,

* Presented at the Thirteenth Annual Meeting of the New York State Sewage Works Asso
ciation, New York City, January 18, 1941.
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Table I .— L is t  o f Com pleted P . W . A .  Sew er a nd  Sewage T rea tm ent P rojects fro m  193j-19j0

Municipality Nature ol Work Estimated Cost

Albany-Schenectady Road
District......................... . Sewer system and sewage treatment plant.... ......  $ 225,000

Albany ............................ . Relocation Beaver Ck. sewer....................... ......  88,075
Alfred.............................. . Improvements and enlargements to treatment plant 36,000
Ardsley............................ . Comprehensive system............................... ......  190,000
Auburn............................ . Intercepting sewers and treatment plant....... ......  830,000
Ballston Spa..................... . Treatment plant enlarged and improved....... ......  82,000
Bath................................ . Sewer system and sewage treatment plant.... ......  147,000
Belgrave District............... . Treatment works....................................... ......  115,000
Buffalo............................. . Interceptors and treatment plant................. ......  15,000,000
Canajoharie...................... . Sewage treatment works and incinerator....... ......  60,000
Canton............................ . Treatment works....................................... ......  44,000
Carmel District No. 1, Lake

Mahopac....................... . Sewer system............................................ ......  75,000
Cedarhurst....................... . System and treatment works....................... ......  460,000
Cedarhurst....................... . Storm drains............................................. ......  15,013
Chatham.......................... . Sewer system and treatment plant............... ......  225,000
Chappaqua District........... . System..................................................... ......  31,000
Clinton............................ . Sewage treatment plant.............................. ......  50,000
Cobleskill......................... . Sewage treatment plant and incinerator........ ......  77,000
Cornwall.......................... . System and treatment plant........................ ......  213,000
Cornwall District.............. . Sewer system and sewage treatment plant. . . . ......  210,000
Cortland.......................... . Sewage treatment plant.............................. ......  314,700
Croton-on-Hudson............. . Storm drains............................................. ......  46,000
Delmar-Elsmere District,

Bethlehem Town............ . Additions to sewage treatment plant and sewer ex
tensions ................................................. ......  180,000

Elmira............................. . Sewage treatment plant.............................. ......  359,400
Elmira............................. . Sewer extensions........................................ ......  148,000
Elmira............................. . Intercepting sewers.................................... ......  439,000
Elmsford.......................... . Comprehensive system............................... ......  260,000
Freeport.......................... . Improvements to treatment plant................ ......  56,000
Garden City..................... . Additions to sewage treatment plant............ ......  70,000
Geneva............................ . Treatment works....................................... ......  180,000
Geneva............................ . Mile Point sewage treatment plant.............. ......  27,500
Glens Falls....................... . Sewage treatment plant.............................. ......  230,000
Goshen............................ . Improvements to treatment plant................ ......  52,000
Grand Island District No. 2 . . Sewer system and treatment plant............... ......  40,000
Great Neck...................... . System and treatment works....................... ......  665,000
Greece Dist. No. 1............. . Sewer system and treatment plant............... ......  1,075,000
Green Acres Dist., Hemp

stead Town................... . Sewer system and treatment plant............... ......  160,000
Hamburg......................... . Additions to sewage treatment works........... ......  59,716
Hastings-on-Hudson.......... . Connections to trunk sewer......................... ......  22,430
Haverstraw....................... Interceptors and sewage treatment plant...... ......  367,900
Hempstead....................... . Sewer extensions........................................ ......  26,639
Hempstead....................... . Sewer extensions........................................ ......  659,361
Herkimer......................... . Treatment plant and incinerator.................. ......  80,000
Highland District.............. . System and treatment works....................... ......  150,000
Highland Falls.................. . System and treatment plant........................ ......  273,000
Hudson Falls.................... Sewer system and treatment plant............... ......  268,300
Ithaca.............................. Additions to treatment plant....................... 125,000
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T able I .—Continued

July, 1941

Municipality Nature of Work Estimated Cost

Livonia. . . Sewer system and treatment plant........................ 80,000
Lockport. . . Interceptors and treatment plant.......................... 1,250,000
Lowville. . . Sewage treatment plant.............. i ...................... 45,000
Lyons....... Additions to sewage treatment plant..................... 60,000
Malone. . . Intercepting sewers and sewage treatment works.... 40,000
Manchester. . . . . Sewer system and treatment plant........................ 135,000
Maybrook.. . . . Completion of system and construction of treatment

plant............................................................. 66,000
Mohawk........ . . . Sewage treatment plant....................................... 26,600
Mount Morris.............. . . . Additions to sewage treatment plant..................... 14,364.
Newfane District.......... . . . System and treatment plant................................ 147,000
New York City............. . . . Coney Island treatment works............................. 1,900,000
New York City.............. . . . Ward’s Island sewage treatment plant.................. 25,245,000
Niagara Falls.................. . . . Interceptors and treatment plant.......................... 2,575,000
North Collins.................. . . Sewer system and treatment plant........................ 88,000
Norfolk District............... . . Sewer system and treatment plant........................ 92,000
North Tarrytown............. . . Interceptors and treatment plant.......................... 400,000
Nyack............................ . . Interceptors and treatment plant.......................... 120,000
'Orchard Park................. . . Sewage treatment plant....................................... 268,300
Ossining (2 plants)........... . . Interceptors and treatment plant.......................... 300,000
Oswego........................... . . Interceptors and treatment plant.......................... 160,000
Pearl River District.......... . . Sewer system and treatment plant........................ 525,000
Penn Yan....................... . . Additions to sewage treatment plant..................... 49,350
Peru............................... . . Sewer system and treatment plant........................ 85,000
Pleasantville.................... . . Sewer extensions............: ........................... 52,566
Plattsburg....................... . . Interceptors and treatment plant................... 340,000
Port Leyden.................... . . Sewer system and treatment plant.............. 60,000
Rensselaer....................... . . Sewer extensions..................... 12,606
Riverhead District........... . . Sewer system and sewage treatment plant.......... 459,000
Rockville Centre.............. . . Sewer extensions..................... 275,000
Rochester........................ . . Treatment works (duplication of Irondequoit plant) 423,000Rochester........................ . . Sewer tunnel...................... 905,000Scarsdale......................... . . Sewer extensions............... 64,823
Schuylerville.................... . . Sewer system and treatment plant. . . . 164,000
Sheldrake Dist., Fallsburg 

Town....................... . . Sewer system and treatment tvorks............ 88,000Shortsville.................. . . Sewer system and treatment plant......... 160,000
South Fallsburg Dist.......... . Sewer system and treatment plant....... 279.000
South Nyack................... . . Sewage treatment plant........... 50,000Stella District............... . . System in town of Dickinson.......... 69,000Stillwater.................. . . Sewer system and treatment plant............ 90,000Suffern............... . Sewer system and treatment works............. 185,000Tarrytown................ . Sewage treatment plant........................ 389,400Tonawanda................ . Sewage treatment and incinerator............ 515,600Tonawanda Dist. No. 2...... . Additions and alterations to sewage treatment plant 96,000Walden................. . System and treatment works.................... 225,000Watervliet............... . Sewage treatment and incinerator............. 354.000

79.000
80.000 
58,000

360.000 
2,085,000

Wallkill............... . Sewer system and treatment plant. . . .
Warsaw............................ . Sewage treatment plant........................
Watkins Glen.................... . Treatment plant..................................
Westchester County........... . Saw Mill project trunk sewers................
Westchester County........... . No. Yonkers trunk sewers.....................

---—------ .--- ---- —---------.-----
* Under construction.
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Westchester County......... . . . Blind Brook trunk sewers....................... ........... 209,000
Westchester County......... . . . So. Yonkers trunk sewers....................... ........... 928,000
Westfield..................... . . . . Sewage treatment plant......................... ........... 125,000
West Haverstraw........... . . . . System and treatment plant................... ........... 155,000
West Long Beach Dist.. . , . . . Treatment works.................................. ........... 50,000
Woodridge.................... . . . . System and treatment works.................. ........... 115,000
Yonkers......................... . . . Sewer extensions................................... ........... 289,000
Yonkers......................... . . . Sewer system improvements................... ........... 38,500
Yonkers...................... . . . . Sewer extensions................................... ........... 403,000
Yonkers......................... . . . Sewer extensions................................... ........... 571,100
Youngstown.................. . . . . Sewer system and treatment plant.......... ...........  121,000

Total number of projects . ........... 108
Total estimated cost.........................................................................
Storm Sewer Projects Not Included:

...........  $69,103,143

Buffalo......................... . . . . Storm sewer......................................... ........... $ 2,500,000
Buffalo......................... . . .. Filmore-Lovejoy................................... ........... 1,401,108
Tonawanda................... . ... Storm sewer (state ditch)....................... ........... 60,018

$ 3,961,126

and New Y o rk  C ity  areas presented, respectively, by Jam es L . B a rron , 
Director, D ivision  of San itation, Nassau County Departm ent of Health , 
Seth G. Hess, Chief Engineer-Executive Secretary, In terstate  S an ita 
tion Commission, and R . I I .  Gould, A cting  D eputy Commissioner, New 
Y o rk  C ity  Departm ent of Pub lic  W o rks, last Ja n u a ry  before the A m eri
can Society of C iv il Eng ineers at the A nnua l Meeting, were published 
in the M ay, Ju ly ,  and August, 1940, issues of C i v i l  E n g i n e e r i n g .

I  w ill endeavor to present a sum m ary review  of the achievements 
in sewage treatment construction in New  Y o rk  State  during the past 
decade, which have been almost exclusively undertaken w ith  Fed era l 
aid under the various Fed e ra l agencies. Obviously, it would be im 
possible w ith in  the short time availab le to discuss any details of ind i
vidual projects, which are recorded in  the appended tables.

These records m ay be summarized as fo llo w s :

I .  P . W . A . S e w e r  and  S ew a g e  T r e a t m e n t  P la n t  C o n stru c t io n  
in  N e w  Y o rk  S t a t e , 1934—1940, I n c l u s iv e

A  total of 111 projects costing a total of some $73,000,000 were con
structed in New  Y o rk  State  during this period w ith  P . W . A . aid. In 
cluded in this program  were 68 new sewage treatm ent plants, 15 recon
structed and enlarged treatm ent plants, and 29 storm and san itary  
sewer projects. The largest projects were the two plants constructed 
by N ew  Y o rk  C ity  w ith  P . W . A . aid, namely, Coney Is land  and W a rd s  
Is land  plants costing some $27,000,000. In  addition, N ew  Y o rk  C ity  
has completed and placed in operation the Tallm ans Is land  and Bo w e ry
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B a y  (p a r t ) plants, costing an add itional $19,000,000. These plants 
provide treatm ent at present of over one-third of the c it y ’s sewage, at 
an estimated cost of $46,000,000 of which about $12,000,000 is the amount 
of Fed e ra l grants received fo r the two plants (C oney  Is lan d  and W ard s  
Is la n d ) built as P . W . A . projects. The p lacing  in  operation of these 
plants has resulted in  reducing m ate ria lly  the pollution  and im proving 
the condition of the waters in  the N ew  Y o rk  m etropolitan  area. Mr. 
Gould has estimated the cost of additional works to complete the pro
gram  to be approxim ately $154,000,000.

Another undertaking of large magnitude was the e lim ination  of the 
serious pollution of the N iag ara  R iv e r  by construction of sewage treat
ment plants to treat sewage of Bu ffa lo  at a cost of $15,000,000 (together 
w ith  storm  re lie f sewer consti’uction at a cost of $3,900,000); of Tona- 
wanda at a cost of $515,000; of N iag ara  F a lls  at a cost of $2,575,000; 
of Youngstown and F o r t  N iag ara  at a cost of $200,000. The placing in 
operation of these plants has elim inated a serious public health  menace 
to the public w ater supplies of the cities taking the ir supplies from  this 
stream.

Table I I .— Sewage Trea tm ent P la n t  P ro jects  U nd e rtak e n  u n d e r T .  E .  R . A .  P ro g ra m
(1933-1934)

Municipality Nature of the Work Estimated Cost

Aurora............................. . Sanitary sewer system and sewage treatment plant.... $ 40,915
Ballston........................... . Construction of sludge beds and cleaning of trunk sewer 7,461
Beacon............................. . Sewage treatment plant.................................... 119,475
Brighton........................... . Rich’s dugway and Allen’s Creek disposal plant......... 21,875
Brockport......................... . Additions to sewage treatment plant............ 11,929
Glen Cove........................ . Repairs to sewage treatment plant............ 5,962
Jamestown....................... . Repairs to sewage treatment plant............... 3,310
Maybrook........................ . Sewer system and manholes..................... 21,967
Oneida............................. . Reconstruction of sludge bed—sewage treatment plant 235
Otsego County Home......... . Reconstruction of sewage treatment plant....... 7,858
Rome............................... . Alterations to sewage disposal plant........ 6,462
Roscoe District, Rockland

Town............................ . Sewer system............ 12,117
Seneca Falls.................... . Repairs to sewage treatment plant....... 4,671
Syracuse......................... . Cleaning and repairing.......... 47,601

(Hiawatha and Eastwood
plants)

Webster................... . Sanitary sewer system and sewage treatment plant.... 135,196

$457,042

The completion and p lacing in operation of the large num ber of 
sewage treatm ent plants constructed under P .  W .  A . has resulted in 
g reatly  reducing the pollution of our N ew  Y o rk  S ta te  w aters and elim 
inating  m any conditions detrim ental to public health w hich fo rm erly  
existed as a result of the d irect discharge of large volum es of untreated 
sewage.
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Table I I I .— L is t  o f W . P . A .  Sewerage a nd  Sewage Treatm ent P rojects  Com pleted o r under  
C onstruction  1936-1940 In c lu s ive

Municipality Nature of Work Cost to Datef Status*

Alden .................................... Sewer system and disposal plant $463,897 c
Alplaus.................................. Sewer system and disposal plant 21,650 c
Amherst Sewer District No. 1.. . . Emergency pump installation 7,766 c
Arcade................................... Sewer system and disposal plant 129,731 A
Attica.................................... Sewer system and disposal plant 99,470 A
Auburn.................................. Outfall extension, alterations to weir 

chamber and construction of a relief 
sewer at disposal plant

16,682 C

Baldwinsville.......................... Sewer system and two disposal plants 695,114 A
Batavia................................. Additional sludge lagoon 1,026 C
Boonville............................... Reconstruction of disposal plant 31,814 c
Brighton................................ Additions to disposal plant 1,841 c

Sludge bed ramps at Rich’s dugway 
D.P.—culverts at Allens Creek plant

16,882 c

Additions to Rich’s dugway plant 108,840 c
Brockport.............................. Additions to disposal plant 3,873 c
Camillus................................ Sewer system and disposal plant 153,308 c
Canisteo................................ Sewer system and disposal plant 213,988 A
Celoron.................................. Sewer system and disposal plant 227,363 A
Cheektowaga.......................... Construction pumping stations 28,630 C

Install settling tanks and sludge pump 55,529 C
Colonie, Latham S. D............... Sewer system and disposal plant 37,963 A
Corning................................. Dike around disposal plant 31,613 C
Dansville............................... Additions to disposal plant 16,006 A
Falconer................................ Disposal plant 302,605 C
Franklinville........................... Additions and reconstruction of dispo

sal plant
21,988 C

Fort Ann............................... Sewer system and disposal plant 44,982 C
Glen Cove.............................. Additions to disposal plant 98,337 C
Gloversville............................ Improvements to disposal plant 65,669 A
Greenport.............................. Sewer system and disposal plant 435,495 A
Goshen.................................. Reconditioning disposal plant 2,097 A
Hadley.................................. Sewer system and disposal plant 33,117 C
Honeoye Falls......................... Sewer system and disposal plant 362,937 C
Ilion...................................... Disposal plant and refuse incinerator 200,284 C
Indian Lake............................ Sewer system and two disposal plants 117,117 c
Irvington............................... Trunk sewer and disposal plant 148,277 A
Ithaca.................................... Outfall sewer extension 14,886 C
Lackawanna........................... Repairs to sewer system and disposal 

plant
209,972 A

Lake George........................ Sewer system and disposal plant 131,352 c
Lakewood............................... Sewer system and disposal plant 439,785 A
Ley Creek, Onondaga Co.......... Interceptor and disposal plant 3,361,298 C
Lancaster............................... Improvements to disposal plant 1,879 c
Mechanicville.......................... Interceptor, pumping stations and dis

posal plant
207,095 A

Minoa.................................... Sewer system and disposal plant 199,423 C
Newark.................................. Additions to disposal plant 3,334 c
Oakfield................................. Additions to disposal plant 31,271 c
Olean..................................... Pumping station and disposal plant 229,924 c
Pittsford................................ Sewer system and disposal plant 322,935 c
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Municipality Nature of Work Cost to Datef Status*

Ripley....... Sewer system and disposal plant 111,865 A
Rome....... To continue construction of disposal 3,446 C

plant started under T. E. R. A.
Additional work to disposal plant 13,828 C

Roscoe S. D., Town of Rockland.. Sewer system and disposal plant 29,441 C
Rotterdam............ Sewer system and disposal plant 308,918 A
Royalton Town, Gasport S. D.. . . Sewer system and disposal plant 28,000 A
Saugerties.................. Additions and alterations to disposal 112,087 C

plant
Saratoga Spgs.......................... Cleaning stones in filter beds 65,558 C
Schenectady.......... Improvements and additions to dis 48,403 C

posal plant
Scotia..................................... Disposal plant 70,280 C
South Glens Falls.................... Interceptor and disposal plant 51,329 C
Spring Valley.......................... Additions and alterations to disposal 89,967 A

plant
Springville.............................. Sewer system and disposal plant 102,364 A
Stillwater Town, S. D. No. 1. . . . Sewer system and disposal plant Just started A

1/8/41
Syracuse................................. Rehabilitation of disposal plants $ 73,480 A

Chlorination plant 7,830 A
Tivoli..................................... Sewer system, disposal plant 86,193 C
Waterloo................................ Additions and alterations to disposal 6,005 C

plant
West Seneca............................ Rehabilitation of disposal plants Nos. 21,901 C

5 and 6
Utica.................................... 53,940 c

Total $10,633,872

Total number of projects—61
New...........................
Reconstruction of old . . .

Completed.........................
Active...............................

* C = Completed.
A = Active as of December 1, 1940.

t Cost as of December 1, 1940.

I I .  S to rm  and  S a n it a r y  S e w e r s  and  S e w a g e  T r e a t m e n t  P r o je c t s  
C o n stru c ted  u n d e r  T . E .  R . A . P ro g ra m , 1933-1934

U nder the T . E .  R , A . P rog ram , 1255 projects o f storm  and sani
ta ry  sewer and sewage treatm ent p lants were constructed at a cost of 
$16,284,000. U nd er this p rogram  three new sewage treatm ent plants 
were constructed and twelve treatm ent p lants were enlarged and im
proved at a total cost of approxim ate ly $500,000.

The greater p a rt of this program  consisted of sewer construction 
which could be undertaken as a means of employm ent of re lie f  labor 
w ithout de lay from  engineering investigations and the p repara tion  of 
engineering plans.

34
27
40
21
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I I I .  S ew era g e  and  S ew a g e  T r e a t m e n t  P la n t  P r o jec t s  C o n stru c ted  
u n d e r  W . P . A . fo r  1936-1940, I n c l u s iv e

Table I I I  is a lis t of W .  P . A . sewerage and sewage treatm ent p lant 
projects completed or under construction between 1936 and 1940, in 
clusive. U nder this program  34 new sewage treatm ent plants have been 
constructed and 27 treatm ent plants enlarged and improved. F o r ty  of 
these projects have been completed and 21 are still under construction. 
The estimated cost of this work is $10,600,000.

Table IV.—W . P . A .  Sew er System s P roposed, A ctive  or Com pleted, 1936-1940, In c lu s ive

Municipality Status Total Cost*

Belden Center Sewer District.................................................... Completed $ 77,597
Dannemora............................................................................ Active 40,888
East Greenbush Sewer District No. 1......................................... Completed 226,417
Hartsdale Lawns Sewer District, Town of Greenburgh.................  Active 144,710
Huntington Estates Sewer District............................................  Active 35,053
Lyncourt Lawns Sewer District, Town of Salina..........................  Completed 401,938
Mattydale Sewer District, Town of Salina..................................  Not released 801,743
Owasco Sewer District.............................................................  Completed 295,176
Park Hill District...................................................................  Completed 253,482
West Ellieott Sewer District No. 3............................................  Not released 321,427
West Glen Sewer District.........................................................  Completed 103,529
West View Sewer District......................................................... Completed 70,328

Total..............................................................................  $2,772,288
6 Complete.
3 Active.
2 Not released.

* Actual cost, if completed; estimated cost if active or not released.

In  Table IV ,  12 projects fo r san ita ry  sewer construction proposed 
or completed w ith  W . P .  A . aid are listed. The amount of funds spent 
to December 1, 1940 on this work is $2,772,000.

In  Table V , 14 sewage treatm ent p lant projects are listed which have 
been submitted to and approved by the W o rk s  Pro jects  Adm in istration  
but work on which has not actually  started. The estimated cost of these 
projects is $4,470,000. In  addition, 205 projects covering sanitary, 
combined, and trunk sewer construction were completed by the W . P . A . 
from  1936 to 1939, inclusive, on which $5,943,000 was spent. A lso, 123 
relief, combined, and san ita ry  sewer extension projects were approved 
during the year 1940, the total estimated cost of which is $3,680,000.

Th is summation of W .  P . A . san ita ry  sewers and sewage treatment 
plant construction gives some indication of the enormous amount of 
this type of construction work that has been undertaken by W . P . A . in 
New  Y o rk  State. M an y  of these projects are of large magnitude, 
among which m ay be mentioned the L e y  Creek p lant at Syracuse 
built at a cost of over three m illion d o lla rs ; and a m illion dollar storm 
relief pressure tunnel trunk sewer in Schenectady. Other unusual types
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Table V.—IF. P . A .  Sewerage a nd  Sewage Trea tm ent P ro jects  W h ic h  H a ve  been P rop ose d  or
Steps T a k e n  in  In it ia te

Municipality Nature of Work
Total Esti
mated Cost

Catskill............ Intercepting sewers and disposal plant............. . . ..  $ 214,953
East Greenbush Sewer Dist.

No. 2............ . Sewer system and disposal plant...................... 284,742
Elmira Heights........... . Sewer system and disposal plant...................... 348,650
Horseheads............... . Sewer system and disposal plant...................... 386,223
Kingston..................... Intercepting sewers and disposal plant............. 376,477
Menands.......................... Intercepting sewers and disposal plant............. 175,085
Mexico.................. . Intercepting sewers and disposal plant............. 77,392
Newburgh........................ . Intercepting sewers and disposal plant............. 728,744
Northville........................ . Sewer system and disposal plant...................... 99,475
Oswego............................ . Intercepting sewer.........................................

Intercepting sewer and sanitary sewers............. 257,180
Peekskill........................... . Intercepting sewers and disposal plant.............
Poughkeepsie.................... . Intercepting sewers and two disposal plants . . . ___  1.147,000
Salamanca........................ . Intercepting sewers........................................ 60,469
Utica............................... . North side interceptor.................................... 287,302

Total (14).................. S4,469,598

of sewer construction carried  out by W . P . A . included a la rge  storm  re
lie f sewer tunnel in  Rochester, and a trunk sewer and sewage treatm ent 
p lant pro ject fo r Irv ing ton , where a large portion  of the trunk  sewer 
is constructed as a tunnel.

These la rger projects which have been sponsored by local m unici
palities are the result of sound engineering advice furn ished by con
sulting engineers employed by the sponsoring agencies.

The changing character of the w ork p rogram  ca rried  out in  New 
Y o rk  State  under W .  P . A . is well illustra ted  by the fo llow ing  excerpt 
from  an address given by M r. C larence W .  Post, C h ie f En g in ee r and 
A ssistant A dm in istrato r of the S ta te  W o rk s  P ro jec ts  A dm in istration , 
before the New  Y o rk  S ta te  Society  of P ro fess ion a l En g in ee rs  in  A lbany 
on M arch  9, 1940.

In view of the fact that 83 per cent of the W. P. A. workers are doing construction 
work, we require engineering plans and specifications for all classes except the simplest 
types of work. Not only must the work be well planned by municipal engineers or their 
consultants, but also those plans and specifications must be reviewed and cleared for 
thoroughness and practicability by independent and unrelated boards of engineers. For 
instance, all matters pertaining to sewage treatment or water supply are routed to the 
engineers of the State Health Department for conformity with recognized practice; all 
plans for school buildings and grounds are routed to the engineers and architects of the 
Department ot Education in keeping with sound practice; all plans for river improve
ments, stream control are routed to the engineers of the War Department for clearance; 
all plans for dams, bridges, reservoirs are routed to the State Department of Public 
Works and to the Engineering Review Division, Washington, for approval. We are 
endeavoring, with the assistance of the State Department of Public Works, to require 
submission of plans for all rural highway improvements, thereby giving the State which 
furnishes part of the money for rural highways, the opportunity to disapprove the utili
zation of funds on town roads which should be abandoned. The magnitude of the work
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warrants such a course. The engineer is capable of that responsibility. The public is 
entitled to that protection.

Sum m arizing the above our N ew  Y o rk  S ta te  m unicipalities during 
the period from  1933 to 1940, inclusive, have constructed 108 new sewage 
treatment plants, and 54 sewage treatm ent plants have been modified 
and enlarged. Th is  w ork has been undertaken almost exclusively w ith 
Federa l aid under the various agencies outlined above. The cost of 
this construction program  fo r sewers and sewage treatm ent is some
thing over $113,000,000, of which $59,000,000 was Fed e ra l aid through 
the various agencies.

I t  is to he n a tu ra lly  expected that w ith  the pick-up in  employment 
incidental to the national defense program , the amount of available 
relief labor w ill be curtailed. Experience thus fa r  indicates, however, 
that in the la rger cities, at least fo r the coming year, there w ill be suffi
cient unemployed common labor to w a rran t a continuation of W . P . A . 
even though on a reduced scale from  that experienced during the past 
year. F o r  the immediate future, at least, the la rger m unicipalities m ay 
take advantage of the opportunity of obtaining Fed e ra l aid in  carry ing  
out needed san ita ry  sewer and sewage treatm ent p lant construction 
through W . P . A . There are, in  fact, a number of projects of large 
magnitude which are planned fo r operation this coming year.



I n d u s t r i a l  W a s t e s

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

S T A N D P O I N T  O F  C I T Y  A D M I N I S T R A T I O N  *

B y  W .  T. K n o w lt o n

S a n ita ry  E n g in e e r , S e w er D e s ig n  D iv is io n , B u re a u  o f  E n g in e e r in g , C i t y  o f  L o s  A n g e le s

The problems of industria l wastes from  the standpoint of the city 
adm inistration commence when a c ity  is formed. A s  the c ity  increases 
in population, these problems increase in  im portance. In  a sm all resi
dential city, it is doubtful i f  there are any industria l wastes to be en
countered other than those from  a laund ry  and the oil wastes from 
garages and service stations. W h en  cleaning and dyeing p lants are 
established, and other industries are started that desire to dispose of 
their waste water, the problem begins to a ttrac t the attention  of the 
c ity  adm inistration. In d u str ia l p lants that requ ire some means of 
disposal fo r the ir wastes are w illing  that the c ity  adm in istration  shall 
look a fte r such disposal.

In  Vo l. I l l  of A m e r i c a n  S e w e r a g e  P r a c t i c e  by M e tca lf and Eddy, 
as revised in 1935, industria l waste is defined as waste w aters carry ing  
suspended, colloidal, and dissolved m atters produced by m anufacturing 
processes and discharged therefrom  as being of no com m ercial value. 
A s  the usual custom in  cities is to discharge these waste w aters into 
the public sewers, the w rite r  has prepared  this paper w ith  special re f
erence to such disposal and the problems produced thereby.

In  retu rn  fo r the c ity  provid ing  fo r the d isposal of the industria l 
wastes, it  has been suggested that the industries should bear some part, 
i f  not all, of the cost of p re lim in ary  treatm ent of such wastes, when the 
c ity  finds that such treatm ent is necessary. Industries  cannot in  all 
cases solve the problem of disposal, but they should co-operate w ith  the 
c ity  in  the m atter. E a ch  has a p a rt in  p rov id ing  fo r the w e lfa re  of the 
community.

The problem of industria l waste disposal is v e ry  puzzling at times 
to the c ity  official when he realizes that on one hand the in d ustry  is a 
large corporation paying  a generous share of the taxes, w hile on the 
other hand this industry  is creating a serious condition or nuisance that 
affects the health of the community, and demands relief.

The technical problems perta in ing  to industria l waste d isposal are 
more va ried  and complex than those which have been solved in  sewage 
treatm ent, and the cost of industria l waste treatm ent m ay be as great 
as that of completing the sewage disposal projects of the nation  (1 ).

* Presented at the Thirteenth Annual Pall Convention of the California Sewage Works
Association, San Diego, September 17, 1940.
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K i n d s  o f  I n d u s t r i e s .— In  1904 Los Angeles had 814 industria l plants 
w ith a total of 10,000 employees. The number of plants increased to 
3,192 in  1937, w ith  77,000 employees. Am ong those industries where 
the liqu id wastes have generally  been discharged into sewers are fru it, 
vegetable, and fish canneries, creameries, dairies and ice cream plants, 
cleaning and dyeing establishments, laundries, overa ll and rag  cleaning 
plants, breweries, cooperage, soap plants, meat packing and slaughter
houses, and the wastes from  garages and auto service stations.

Other industries which m ay have wastes that w ill affect the sewers 
are gas works, m arble works, oil refineries, chemical works, sugar re 
fineries, bottling works, baking plants, w ine plants, m oving picture 
plants, paper plants, p ou ltry  dressing houses, and sausage casing 
factories.

D i v i s i o n  o f  I n d u s t r i a l  W a s t e s  i n t o  G r o u p s .— A s  suggested some 
years ago (2 ), industria l wastes m ay be d ivided into four groups in 

is ft: connection w ith  their disposal.

F i r s t :  Those wastes which can be discharged into sewers w ithout any 
p re lim in ary  treatment.

S e c o n d :  Those which require some adjustm ent of the amount of flow, 
but no p re lim in ary  treatm ent before disposal into sewers.

T h i r d :  Those which can be admitted into sewers a fter some p re lim inary  
treatm ent of the waste.

F o u r t h :  Those which should not be perm itted to be discharged into 
^  sewers,
icte

W h ere  the volume of the waste does not m ateria lly  increase the 
cost of sewer maintenance or the cost of sewage treatment, and where 
the waste has no in ju rious effect on the sewers or sewage treatment, 
such waste belongs in  the first group.

Should the waste discharge into the sewer occur in term itten tly  so 
as to overtax the sewer capacity, such wastes are in  the second group, 
and the discharge should be controlled at a reasonable and uniform  rate 
over several hours, or at specified periods. A n  illustration  of this dis
charge is seen where sewer connections are desired from  swimming 
pools and cooling tanks, when there are no storm  drains in  the v ic in ity  
into which such discharge could be made.

The th ird  group includes those wastes which contain acids, oils, 
grease and other substances that would form  deposits in  the sewers, 

ryi or overload the sewage treatm ent plant. W h en  canneries in  this group
fa il to provide the p re lim in ary  treatm ent required, the sewage treat
ment p lant w ill frequently show evidence of skins and peelings that 
should have been intercepted at the p lant of the industry.

In  the fourth  group are those industria l plants which discharge live 
0 : steam, scalding liquids, vo latile  inflammable liquids or gases, and un-
iTfr; polluted cooling and condensing w ater that could p roperly  be carried
[i into a storm  drain, if  available. The discharge of such wastes in  this

fourth group should not be put into the sewers unless the sewers are of 
the combined type which ca rry  both sewage and drainage. C erta in ly  no
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storm  w ater can be perm itted to be discharged into a sewer of the 
separate type.

The d ivision of the industria l wastes into these fou r groups shows 
that, fo r each application from  an in d ustr ia l p lan t fo r a sewer con
nection, the character, quantity, and rate of discharge of the waste 
should be known, i f  possible, and sa tis facto ry  arrangem ents fo r the 
waste disposal therefrom  should be made before the p lan t is erected. 
Occasionally those who are p lanning the in d ustria l p lan t have gone 
ahead w ith  the ir project, and when the p lant was erected, applied for 
the sewer connection, and then found that the existing sewer was too 
small.

A m o u n t  o f  W a s t e s .— The amount of wastes va ries  w ith  each in 
dustry and also among the various plants in  the same type of industry. 
Sometimes the amount of waste in  an in d ustry  m ay be less than the 
amount of domestic sewage therefrom . H ow ever, fo r those industries 
listed in  the first parag raph  of Section 2 hereof, the volume of waste is 
apt to be more than the amount of sewage therefrom , and such condi
tions affect the capacity of the sewer receiving  the waste.

In  Los Angeles, laundries and other in d ustria l p lants have at times 
been established in  residential d istricts, which genera lly  have small 
sewers. Th is has caused the amount of waste to exceed the available 
capacity of the sm all sewer, and thus required the construction of an 
additional or re lie f sewer. Due to the much la rg er amount of solids in 
industria l wastes than are found in sewage, the d isposal of industria l 
sludge is a problem as difficult and more costly to solve than occurs in 
sewage treatm ent. The size of a p lant required fo r the treatm ent of a 
m illion gallons per day of industria l waste is la rger and its  w ork more 
complicated than that required fo r treating  the same volum e of sewage.

The volume of liquid waste from  various industries in  Lo s  Angeles 
form s an appreciable percentage of the to tal flow of sewage. A n  esti
mate of the volume of laund ry  waste w ater gives an average flow of 12 
m.g.d., that from  meat packing p lants and slaughter houses m ay have an 
average flow of 8 m.g.d., and that from  cream eries and da iries  m ay have 
an average flow of 5 m.g.d. A dd ing  to these wastes, those from  brew er
ies, overa ll and rag  cleaning plants, and m oving p icture studios, w ill 
give a total volume of more than 26 m.g.d., which is 20 per cent of the 
present average flow of sewage discharged into the ocean from  the 
H yp erio n  screening plant.

A n a l y s e s  o f  W a s t e s ,  { a )  S u s p e n d e d  S o l i d s .— The suspended solids 
in sewage m ay average 250 p.p.m. by weight, but those in  industria l 
wastes m ay average from  50 to 3000 p.p.m. or more.

In  meat packing plants in Los Angeles, the content of suspended 
solids in  the liqu id waste m ay v a ry  from  500 to 3000 p.p.m. W a s te  rag 
laundries have shown a va ria tio n  in  such content from  800 to 6000 p.p.m. 
O vera ll cleaning plants v a ry  from  500 to 1100 p.p.m. F is h  cannery 
waste has shown a varia tion  from  2000 to 3000 p.p.m.

( b )  G r e a s e .— The content of grease, or ether-soluble m atter, in  sew
age from  16 different cities was found to average 53 p.p.m., or .05 lb.
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per cap ita  per day. (3 ) The average grease content in sewage in  M as 
sachusetts was estim ated at 97 p.p.m.

The grease content in  the fish cannery waste has varied  from  400 to 
1000 p.p.m. In  meat packing plants records from  600 to 900 p.p.m. 
grease have been noted, while in  waste rag  laundries grease content in 
the waste has va ried  from  600 to 3600 p.p.m.

(c ) B . O . D .— In  m eat packing p lant wastes, the B .O .D . content varies 
from 600 to 1500 p.p.m. B rew eries  are next to meat packing houses in 
such content. A  barre l of beer produces wastes whose B .O .D . is equiva
lent to the sewage of 20 persons.

H a r m f u l  E f f e c t s  o f  W a s t e s .— Concrete sewers are subject to de
terioration from  some industria l wastes, as acid pick ling liquids. To 
prevent such action, the p H  value of the waste must not be perm itted to 
fa ll too much on the acid side of the scale. In  Ba ltim o re  the c ity  ord i
nances require that the p H  content in the discharge from  industria l 
plants shall not be less than four. A n  En g lish  recommendation is to 
keep the p H  of influents to activated sludge plants not lower than six 
for. optimum results.

O il refinery wastes affect w ater supplies, recreation and aquatic life, 
and cause agricu lture to be damaged by the brine in the oil. The brine 
should be evaporated or diluted before disposal onto land (4 ). These 
wastes m ay increase the chlorine demand, and the tastes and odors in 
the w ater supply.

The discharge of waste oil into the sewers is a serious m atter, as it 
interferes w ith  the proper m aintenance of the system, and because the 
presence of gasoline coming from  such discharge m ay cause an ex
plosion or fire in the sewers. Such a result would affect the public 
health and welfare, as well as the sewerage system. A s  is done in  Los 
Angeles, other cities should conduct explosive gas surveys in  the sewer 
manholes in order that where the conditions are found to be dangerous, 
the gas companies can be notified and the trouble remedied. I f  the 
cause is from  some source other than natu ra l gas, efforts should be made 
to locate the source, and elim inate the cause.

W ithou t the use of grease traps or intercepting basins, sewers have 
been clogged repeated ly by grease coming from  industria l plants, or 
from places where food in large quantities is prepared fo r human con
sumption. Paten ted  grease traps on the market, that guarantee high 
efficiencies, do not solve the problem when the grease intercepted is not 
removed from  the trap. The rem edy should be in periodic and fre 
quent rem oval of the grease by those in  charge of the premises, and a 
constant inspection by the c ity  to see that this remedy is carried  out.

C o n t r o l  o f  W a s t e  D i s p o s a l .— Some cities in the U n ited  States have 
laws prohib iting  the discharge of certain  industria l wastes into the 
sewers. In  Fosto ria , Ohio, the discharge of iron and carbon in wastes 
is controlled by requ iring  definite amounts of flow fo r va ry in g  content of 
iron and carbon in the wastes. These requirements necessitate that the 
flow be gauged every  two or three months.

The S ta te  Board s  of H ea lth  in Pennsy lvan ia , Connecticut, Rhode
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Is land , Ohio and Massachusetts have power to enforce laws restricting  
the disposal of industria l wastes. H ow ever it  is preferab le  to have the 
state or c ity  obtain the approval and cooperation of the industry , as has 
been done in  M ary land , M ichigan, Ohio, Pen n sy lvan ia  and W isconsin .

In  Los Angeles, it  is un law fu l to discharge into any  sewer or drain 
any liquid waste containing chemicals, grease, oil, tar, or other m atter 
in  solution which shall clog or fill the sewer or in te rfe re  w ith  its effec
tive use. I t  is also un law fu l to discharge any liqu id  waste having a 
tem perature greater than 100° F ., or which shall contain more than 
600 p.p.m. of oil or grease by weight, or which shall contain more than 
1000 p.p.m. of suspended solids by weight.

These lim its of perm issible content of oil or grease, and suspended 
solids in  liquid wastes discharged into any public sewer were proposed 
a fter a survey by the w rite r  of existing conditions in  the Los  Angeles 
system in  1936. A t  about the same time (although then unknown to the 
w r ite r ) the S ta te  B o a rd  of H ea lth  of Massachusetts fixed the ir lim its 
fo r these contents at 300 p.p.m. and 500 p.p.m. fo r grease and suspended 
solids, respectively, in  the Essex  County Sew erage D istric t.

In  Madison, W isconsin , the M adison Sew erage D is tr ic t  requires that 
packinghouse wastes reaching the D is tr ic t  sewage treatm ent p lan t shall 
have no greater strength than domestic sewage. In  A ustin , M innesota, 
the H orm el Pack ing  Co. has a volume of waste equal to, or g reater than 
the volume of c ity  sewage, but the strength of this waste is much greater 
than the sewage. The company is now planning to reduce this waste so 
that the effluent from  its p lant shall not contain over 600 p.p.m. of
B.O .D ., or 200 p.p.m. of suspended solids.

In  Manchester, Eng land , the perm issible lim its suggested fo r  waste 
disposal from  industria l p lants are 428 p.p.m. fo r both grease and oil, 
and suspended solids.

To  control to some extent the amount of grease and solids in  the 
liqu id wastes entering the Los Angeles sewers from  in d ustr ia l plants, 
studies have been in  progress by the B u re au  of En g in ee rin g  of the C ity  
of Los Angeles fo r quite a time as to the benefit that could be derived  by 
requ iring  a ll industria l waste to pass through in tercepting  tanks or 
clarifiers before discharge of the waste into the sewer. Th is  p re lim i
n a ry  treatm ent would require that the va ry in g  amounts of grease and 
solids that would be collected in  the c la rifie r should be rem oved there
from  at proper in terva ls, so that the effluent would have its content of 
grease and solid thus reduced to an allowable lim it. The dimensions of 
the clarifiers would v a ry  w ith  the type and size of the industries.

Sand  traps not over two feet in  dimensions have been specified in 
Los  Angeles ordinances fo r some years. Such traps how ever are not 
of sufficient capacity  to give the detention period requ ired fo r  the col
lection and rem oval of grease and solids in  the wastes discharged 
thereinto.

S e w a g e  a n d  G v e a s e  T e s t s  i n  L o s  A n g e l e s  S y s t e m .— In  connection 
w ith  the studies noted hereafter in  this paper, the B u re a u  of En g in ee r
ing of the C ity  of Los Angeles has made period ical tests of the ra w  sew
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age at various manholes in the sewerage system of the city. These tests 
include the tem perature of the sewage, its p H  content, and the content 
of hydrogen sulfide, settleable solids, suspended solids (the la tter d i
vided into total and vo latile  content), and grease.

In  connection w ith  the determ ination of grease, a local committee of 
chemists has assisted this Bu reau  in  studying the effect of various 
solvents of grease in  tests of sewage, sewage sludge and industria l 
waste. Th is  committee intends to present its findings in a report that 
w ill be published in  some technical journal. I t  is thought that the pro
cedure now given as a standard fo r its determ ination, can p roperly  be 
revised, and such revision  has been used by this Bureau .

To assist this committee, a questionnaire was sent recently to several 
sanitary engineers and chemists throughout our country concerning 
their practice and thoughts as to a revision  of the present procedure fo r 
determination of grease content. A lthough chloroform  seems to be the 
popular solvent in the central states, and petroleum ether in the eastern 
cities, the local committee favored  the use of mixed hexane fo r the rea 
son that this solvent would perm it extraction of grease in  the sample to 
be tested w ithout d ry ing  the sample (as now required by the Standard  
procedure), and fo r the fu rth er reason that other solvents tend to re 
move hexane-insoluble substances which fo r the greater p art should not 
be included w ith  grease.

C o n c lu s io n s

A  start has been made in  this country in solving the problem of in 
dustria l waste disposal. Our technical publications have devoted in 
creasingly more space in  their pages to this problem during each of the 
past four years. In  its issue fo r November, 1939, 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  published thirteen papers on waste disposal p re 
sented at the 1939 Boston meeting of the Am erican  Chemical Society.

The S a n ita ry  D is tr ic t of Chicago has fo r some years been studying 
this problem, although it has not as yet drafted an ordinance to cover 
the matter. In  this study, the D is tric t has investigated over 200 d iffer
ent establishments fo r at least two weeks in  each case to determine what 
discharge is tak ing place. In  this connection, it should be noted that 
the D is tric t has established legal control of its wastes by having an A ct 
passed by the S ta te  Leg is la tu re  authorizing the D is tric t to levy  a charge 
on industries fo r a ll volumes of waste exceeding 3,650,000 gallons in  any 
12-month period received fo r disposal by the D istrict.

Th is idea of lim iting  the amount of the volume of industria l waste 
that can be discharged into a sewer w ithout any especial charge there
for, w ill be a m atter that should interest c ity  adm inistrations. I f  car
ried out, this m ight provide funds fo r the treatm ent and disposal of the 
industria l waste entering the sewers. Comments on this idea in recent 
proceedings of the Institu te  of Sewage Purifica tion  of Eng land  (6 ) state 
that “ great courage on the part of local authorities w ill be required to 
determine whether or not to bring into force the whole of the powers 
which the A c t provides. I f  carried  out too much, new industries may
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be kept out; and if  too little, some of the income to which the A c t would 
entitle the C ity  m ay be lo st,”

The A c t just mentioned is llie  Pu b lic  H ea lth  A c t of 1937, and com
ments of En g lish  engineers as given in  the S u r v e y o r  of Aug. 25, 1939, 
indicate that this A c t had created certa in  p rescrip tive  rights that would 
prevent local authorities from  charg ing fo r a ll discharge into the sewer. 
“ P ro p e r  knowledge of volume of trade effluent discharge m ust be had 
before such rights are determ ined.”  Expressions in  the A c t as “ so 
fa r  as is p rac tica l”  and “ w ithout unreasonable cost”  were considered 
too indefinite, as they do not make the A c t water-tight. Some fam ili
a r ity  w ith  this En g lish  law  is recommended, as it has a bearing on the 
Illin o is  revised statutes that controls the paym ent fo r disposal of in 
dustria l waste into the sewers of the S a n ita ry  D is tr ic t of Chicago.

Poss ib ly  the exact lim its fo r the content of grease and suspended 
solids m ay depend on the re la tive  volumes of domestic sewage and in 
dustria l waste. A s  the re la tive  concentration of industria l waste in 
creases, it m ay become necessary to reduce the perm issible lim its of 
grease and suspended solids. Thus the volume of waste is probably a 
factor that should be specified in  the contro lling ordinance.

The subject of financial returns from  the recoveries of wastes by the 
industry  should be considered (5 ). In  meat packing p lants and fish 
canneries, such recoveries cannot be overlooked, as the va lue of by
products is as im portant as the treatm ent of the wastes.

M ost industries are assets to the com m unity as they are tax payers 
and give employment to m any people. A cco rd ing ly  the in d ustry  should 
be encouraged, and not driven  aw ay by un friend ly  measures. H owever, 
the in d ustry  should conform  to the laws in the operation of its plant, 
and in  so doing should bear a reasonable proportion  of the cost of treat
ment of the wastes. The basis of determ ining such a proportion  should 
include the relation  of quantity  of flow from  the in d ustry  to the amount 
of flow in the sewerage system of the city, and the amount of suspended 
solids and grease in the effluent from  the industria l p lant m ust be given 
attention.
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D is c u ss io n  

B y  W i l l ia m  T. I n g ra m

San itary  Engineer, San  Joaqu in  Loca l Health  D istrict

I  hesitate to comment on this excellent paper, but, 011 the other hand, 
I  feel that the presentation of some recent investigations made in  con
nection w ith  the handling of waste solids from  Stockton canneries m ay
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b e o f  so m e  v a lu e  a n d  w ill ,  I  h o p e , b r in g  to  a t te n t io n  fu r th e r  in fo r m a t io n  
a lo n g  th e s e  l in e s .

T h e  C ity  o f  S to c k to n  h a s  a n  o r d in a n c e  w h ic h  p r o h ib its  th e  d is p o s a l  
o f  “ a n y  fish , f r u it ,  or  v e g e ta b le  w a s te ,  or  o th e r  s o lid  m a tte r s , or  m a te 
r ia ls  or  o b s tr u c t io n s  o f  a n y  k in d  w h a ts o e v e r  o f  su c h  n a tu r e  or in  su ch  
q u a n tit ie s  a s  s h a ll  c lo g , o b s tr u c t, or  fill su ch  p u b lic  s e w e r  . . .  or  w h ic h  
w ill in te r fe r e  w ith  th e  effic ien t a n d  s u c c e s s fu l o p e r a t io n  o f  a n y  s e w a g e  
d is p o s a l w o r k s . . . . ”  T h is  o r d in a n c e  h a s  b e e n  u se d  to  e f fe c t  so m e  
c o n tr o l o f  g r e a s e ,  g a s o l in e  an d  o il  w a s te s ,  d r y  c le a n in g  w a s te s ,  an d  
m a n y  o th e r s , b u t  c o m p lic a t io n s  e n te r  w h e n  it  is  a p p lie d  to  c a n n e r y  
w a ste s .

In  in d u s tr ie s  o f  th is  n a tu r e  th e r e  is  a  c e r ta in  s p ir i t  o f  c o m p e t it io n .  
C h a m b ers o f  C o m m er ce , w ith o u t  fu l l  r e a liz a t io n  o f  th e  p r o b le m s  in 
v o lv e d , f r e q u e n t ly  in v it e  in d u s t r y  to  a  c i ty  w h ic h  is  n o t  in  a p o s it io n  
to h a n d le  w a s te  p r o d u c ts  in  a s a t i s f a c t o r y  m a n n er . I  s a y  th is ,  n o t  in  a 
sp ir it  o f  c r it ic is m , b u t a s  a  s ta te m e n t  o f  fa c t .  T h e r e  is  m u ch  to  b e d o n e  
in  th e fie ld  o f  e d u c a t io n  w ith  su ch  b o d ie s  a s  m a y  b e  r e s p o n s ib le  f o r  th e  
b u ild in g  o f  a  c ity .

W ith  th is  b a c k g r o u n d  in  m in d , i t  s e e m s  a p p lic a b le  to  a d is c u s s io n  
o f M r. K n o w lto n ’s p a p e r  to  o ffe r  a f e w  b its  o f  in fo r m a t io n  c o n c e r n in g  
the u se  an d  d e s ig n  o f  s c r e e n s  a s  a  m e a n s  o f  p r e - tr e a tm e n t  o f  c a n n e r y  
w a ste s .

I n  C a lifo r n ia , th e r e  is  l i t t le  in fo r m a t io n  o n  th e  u se  o f  sc r e e n s .
T h e  V a l- V ita  C o m p a n y , F u l le r to n , h a s  a 5 f t .  d ia m e te r  b y  10 f t .  lo n g  

screen  u s in g  f iv e  1 6 -m e sh  f r a m e s , on e  3 2 -m e sh  fr a m e , a n d  e ig h t  4 0 -m esh  
fr a m e s . T h e  s p e e d  o f  th e  s c r e e n  is  24  r .p .m . T h e  w a s te  flo w s o u tw a r d  
and  s o lid s  a r e  c o lle c te d  an d  r e m o v e d  b y  a  s p ir a l c o n v e y o r . T h e  sc r e e n  
is  c lea n ed  w ith  a c o n t in u o u s  w a te r  j e t ,  an d  b y  s tr e a m  th r e e  or fo u r  t im e s  
a d a y . O p e r a tin g  a t  11 .4  to n s  p e r  h o u r , th is  sc r e e n  r e m o v e d  4 50  g a llo n s  
o f  w a s te  fr o m  125 to n s . S u s p e n d e d  s o l id s  r e m o v a l is  e s t im a te d  a t  16  
p er  cen t.

T h e  U . T . C. C a n n e r y , B u e n a  P a r k , h a s  a 3 f t , d ia m e te r  b y  11 f t . 
lo n g  r o ta r y  sc re en . T h e  p la te  is  p e r fo r a te d  w ith  %  in . h o le s . W a te r  
flow s o u tw a r d , a n d  th e  sc r e e n  is  c le a n e d  b y  w a te r  sp r a y . S o lid s  a re  
re m o v ed  b y  s p ir a l  c o n v e y o r . T h is  in s ta l la t io n  r e m o v e s  w h o le  or  
b rok en  to m a to e s  o n ly , an d  on e  o p e r a te s  on  a lo a d  o f  7 to n s  p e r  h ou r. 
O th er d a ta  a r e  in c o m p le te .

S u t te r  P a c k in g  C o m p a n y , P a lo  A lto , h a s  a f lex ib le  b e lt  sc r e e n  12 in . 
w id e  w ith  i/2  in . o p e n in g s ,  t r a v e l in g  a t  8 f t ,  p e r  m in u te . F lo w  v a r ie s  
fro m  400  to  700  g .p .in . T r o u b le  h a s  b een  e n c o u n te r e d  w ith  c lo g g in g  
and  c le a n in g . T h e  in s ta lla t io n  r e m o v e s  w h o le  or  s lic e d  m a te r ia l an d  
so m e  sk in s .

E ls e w h e r e ,  in fo r m a t io n  is  l i t t le  m o re  co m p le te .
“ C a n n e r y  W a s t e  T r e a tm e n t  S t u d ie s ,”  c o n d u c te d  b y  O h io  C a n n er s  

A s s o c ia t io n , a n d  th e  A s s o c ia t io n  o f  N e w  Y o r k  S ta t e  C a n n e r ie s , In c ., 
m e n tio n s  th a t  40  b y  60  m e sh  r o ta r y  sc r e e n s  a t  4  r .p .m . w ill  h a n d le  
2 g’.p .m . p e r  sq u a r e  fo o t . T h e  sc r e e n  r e q u ir e s  250 g a llo n s  o f  w a te r  p e r  
h o u r  to  k e e p  it  c lea n .
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M ic h ig a n  E x p e r im e n t  S ta t io n  B u l l e t i n ,  13 , N o . 4, m e n t io n s  40  m e sh  
s c r e e n s  o n  a n  a v e r a g e  flow  o f  295  g .p .m . p e r  to n  o f  r a w  m a te r ia l .  I t  
r e m o v e d  a n  a v e r a g e  o f  1 74  g a l lo n s  p e r  h o u r  o n  to m a to  w a s t e ,  c o n ta in in g  
1 .19  p e r  c e n t  s o lid s . T h e  s c r e e n  w a s  4  f t .  d ia m e te r  b y  4  f t .  lo n g . T h e  
s c r e w  c o n v e y o r  w a s  n o t  s a t i s f a c t o r y  a n d  w a s  r e p la c e d  b y  a r o t a r y  p u m p . 
T h e  s p e e d  o f  th e  s c r e e n  w a s  n o t  g iv e n .

I o w a  S ta te  D e p t , o f  P u b lic  H e a lth ,  in  c o r r e s p o n d e n c e , in d ic a t e s  th a t  
r o t a r y  sc r e e n s  w ith  30 to  40  m e s h  g iv e  g o o d  s e r v ic e  o n  c o r n , b e a n s , c a r 
r o ts , a n d  b e e ts . S c r e e n s  h a v e  b e e n  in  s e r v ic e  tw o  a n d  th r e e  y e a r s — no  
o th e r  d a ta  w a s  g iv e n  o n  s c r e e n  s iz e s  o r  s p e e d s .

I l l in o is  S ta t e  D e p t , o f  H e a lth  in  c o r r e s p o n d e n c e  m e n t io n s  th a t  s iz e  o f  
sc r e e n  is  a  m a tte r  o f  d e c is io n  on  e a c h  p a r t ic u la r  w a s t e  ; p r in c ip a l  w a s te s  
in  I l l in o is  a r e  p e a s  a n d  co rn . N o  c o n c lu s iv e  d a ta  a r e  a v a ila b le  o n  ra te  
o f  flow  p e r  u n it  o f  s c r e e n  s u r fa c e . S o l id s  a r e  r e m o v e d  b y  m e c h a n ic a l  
c o n v e y o r . H ig h  p r e s s u r e  w a te r  s p r a y  i s  d e s ir a b le  f o r  c le a n in g , and  
p u m p in g  o f  w a s t e  p r io r  to  s c r e e n in g  sh o u ld  b e  a v o id e d .

A  m a n u fa c tu r e r  in  c o r r e sp o n d e n c e  b r in g s  o u t t h e s e  i t e m s :

T w e n ty -m e s h  m o n e l m e ta l  c lo th  is  e f fe c t iv e .  F o r t y - m e s h  c lo g s  and  
n e c e s s i t a t e s  o v e r s iz e  s c r e e n s . R e m o v a ls  o f  75 p e r  c e n t  o f  th e  su s 
p e n d e d  s o l id s  on  to m a to  a n d  p e a  w a s t e s  m a y  b e e x p e c te d  o n  lo w  so lid s  
c o n c e n tr a t io n  (6 0 0  to  800  p .p .m .) ,  50 to  70  p e r  c e n t  r e m o v a l m a y  be  
e x p e c te d  o n  2 ,000  p .p .m . s u s p e n d e d  s o lid s .  O r d in a r i ly , 25 p e r  c e n t  re 
m o v a l w o u ld  b e c o n s id e r e d  a s  p r o b a b le , a n d  a  3 f t .  d ia m e te r  b y  3 ft. 
lo n g  sc r e e n , 2 0 -m e sli, w il l  h a n d le  338  g .p .m . o r  12 g .p .m . p e r  sq u a r e  fo o t  
o f  s c r e e n  s u r fa c e . S p e e d  o f  s c r e e n  i s  v a r ia b le ,  a n d  is  n o t  g iv e n . S o lid s  
a r e  r e m o v e d  b y  c o n v e y o r .

A n o th e r  m a n u fa c tu r e r  u s in g  th e  v ib r a t in g  t y p e  o f  s c r e e n s  s ta te s  
th a t  2 f t .  b y  4  f t .  4 0 -m e sh  s c r e e n  a t  2 ,100  v ib r a t io n s  p e r  m in u te  w ill  
h a n d le  300  g .p .m ., or  37 .5  g .p .m . p e r  sq u a r e  f o o t  o f  s c r e e n  su r fa c e .  
S o lid s  v ib r a te  d o w n w a r d , a n d  a re  r e m o v e d  b y  b e lt  o r  c o n v e y o r . T h is  
n e c e s s i t a t e s  a  g r a v i t y  flow  o n  to  th e  sc re en .

I n  a  p a p e r  e n t it le d , “ E f f e c t  o f  C a n n e r y  W a s t e s  o n  O p e r a tio n  o f  
S e w a g e  T r e a tm e n t  P l a n t s ”  ( T h i s  J o u r n a l ,  12 , N o . 1, J a n . 1 9 4 0 ) ,  R y a n  
f ig u r e d  o n  a  w e t  b a s is  th a t  4 0 -m e sh  sc r e e n  w i l l  r e m o v e  30  to  35 p e r  ce n t  
s u s p e n d e d  s o lid s  o n  to m a to  w a s te s .

A  sh a k e r  ty p e , 6 0 -m e sh  lin k  b e lt  s c r e e n  h a s  w o r k e d  w e ll  a t  o n e  la r g e  
p la n t . ( T y p e  o f  w a s t e  n o t  sp e c if ie d .)

T h e  N e w  Y o r k  S ta t e  D iv is io n  o f  S a n it a t io n  in  “ T h e  T r e a tm e n t  o f  
C a n n in g  W a s t e ,”  m e n tio n s  th a t  a  4 0 -m e sh  s c r e e n  i s  v e r y  s a t i s f a c t o r y  
fo r  m o s t  w a s t e s ,  b u t 2 0 -m e sh  sh o u ld  b e u se d  o n  to m a to  w a s te .  T w e n ty -  
m e sh  is  a d e q u a te  w h e n  p r e c e d in g  c h e m ic a l p r e c ip it a t io n . F o r t y  sq u a r e  
f e e t  o f  sc r e e n  a r e a  w a s  su ffic ien t fo r  20 0 ,0 0 0  g a l lo n s  p e r  d a y . S c r e e n s  
r e q u ir e  fr e q u e n t  in s p e c t io n . A  w a te r  s p r a y  a n d  s te a m  j e t t in g  a r e  r e 
q u ir e d  w h e n  lo a d e d  a t  th e  r a te  o f  3 .5  g .p .m . p e r  sq u a r e  f o o t  o f  sc r e e n  
a r e a . S p e e d  o f  s c r e e n  w a s  n o t  s ta te d .

I t  m a y  b e th a t  s c r e e n in g  is  n e c e s s a r y  to  r e m o v e  s o l id s  f r o m  th e
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w a s te ,  b u t  i t  sh o u ld  b e  o b v io u s  th a t  m o r e  e f f e c t iv e  r e m o v a l is  p o s s ib le ,  
i f  c lo s e r  s u p e r v is io n  o f  o p e r a t io n  is  p r a c t ic e d .

R e d u c t io n  o f  w a s t e  c a n  b e  a c c o m p lish e d  i f  g o o d  q u a lity  m a te r ia ls  
are  b r o u g h t  in  f r o m  th e  fie ld . S p il le d  ju ic e , c u t t in g s  an d  w a s te s  ca n  
be s e g r e g a te d  a t  th e  p la n t  i f  p r o p e r  ca r e  is  ta k e n  in  th e  p la n t  se tu p . 
T h e la t t e r  p a r t ic u la r ly  a p p lie s  to  th e  w a s t e  p r o d u c ts  o f  th e  to m a to  
p u lp e r . A t  c le a n  u p  t im e , g a r b a g e  w a s t e s  c le a n e d  u p  s e p a r a te ly  or  
d iv e r te d  o u t  o f  th e  s e w a g e  flow  w o u ld  le s s e n  th e  a m o u n t o f  s o lid s  in  
th e  se w a g e .

S u m m a r iz in g  th is  in fo r m a t io n , w h ic h  I  g r a n t  is  in c o m p le te , i t  is  
a p p a r e n t  th a t  th e  u s e  a n d  d e s ig n  o f  fin e  s c r e e n s  is  r a th e r  v a r ie d . I t  
w o u ld  a p p e a r  th a t  s c r e e n s  sh o u ld  b e a t  le a s t  20 m e sh , a n d  n o t  o v e r  
40. D r u m  s c r e e n s  m a y  h a n d le  flo w s o f  2 g a llo n s  p e r  m in u te  p e r  sq u a r e  
fo o t  o f  s u r fa c e  to  12  g .p .m . p e r  sq u a r e  f o o t  o f  s c r e e n  su r fa c e . V i 
b r a t in g  s c r e e n s  m a y  h a n d le  u p  to  37 g .p .m . p e r  sq u a r e  fo o t  o f  sc r e e n  
su r fa c e . B a n d  sc r e e n s  m a y  h a n d le  a s  m u ch  a s  87 g a llo n s  p e r  m in u te  
p er  sq u a r e  f o o t  o f  e x p o s e d  s u r fa c e , b u t  c lo g g in g  c a n  b e  e x p e c te d  a t  th is  
ra te .

F r o m  10 to  25 p e r  c e n t  r e m o v a l o f  s o lid s  m a y  b e  e x p e c te d , a lth o u g h  
b oth  m o r e  a n d  le s s  h a v e  b e e n  r e p o r te d .

W a te r  s p r a y s  a n d  s te a m  j e t s  fo r  c le a n in g  p u r p o s e s  sh o u ld  b e  p r o 
v id e d  in  m o s t  in s ta l la t io n s .

C o n v e y o r s , p u m p s , or  o th e r  e q u ip m e n t a r e  n e c e s s a r y  to  c a r r y  th e  
g a r b a g e  w a s te  a w a y  fr o m  th e  sc r e e n . T h e  g a r b a g e  w a s te  m a y  be  
e lim in a te d  a t  s e v e r a l  p o in t s  in  th e  p r o d u c tio n  p r o c e s s  b y  c a r e fu l o p 
er a t io n  an d  su ita b le  e q u ip m en t.

I t  a p p e a r s , h o w e v e r , th a t  c i t ie s  w o u ld  be ju s t if ie d  in  r e q u ir in g  th a t  
g a r b a g e  w a s t e s  sh o u ld  b e r e m o v e d  fr o m  th e  s e w e r s  b y  so m e  m eth o d .  
C lose  s u p e r v is io n  a n d  a d e q u a te  e q u ip m e n t  to  d iv e r t  su ch  w a s t e s  in  th e  
p la n t  a r e  d e s ir a b le  a s  b e in g  a  so lu t io n  a lo n g  m o r e  e c o n o m ic  l in e s ;  fo r  
su ch  w a s te  o n ce  m ix e d  w ith  w a te r  is  h a r d  to  re m o v e , a n d  n o t  so  e a s i ly  
h a n d led  a f te r  a d m ix tu r e .

I f  th is  c a n n o t  b e d o n e  f a i th f u l ly ,  th e n  p r e -tr e a tm e n t, c o n s is t in g  o f  
fine m e sh  s c r e e n s  c o n s tr u c te d  w ith o u t  b y -p a s s e s , sh o u ld  b e in s ta lle d .  
D e v ic e s  fo r  m a c e r a t in g  g a r b a g e  w a s te  sh o u ld  n o t b e in s ta lle d  in  a n y  
ca n n ery .

D is c u s s io n  

B y A l b e r t  C a s tr o

Chemist, Sante Clara, California

A s  M r. K n o w lto n  s a y s  “ I n d u s t r ia l  p la n ts  th a t  r e q u ir e  so m e  m e a n s  
o f  d is p o s a l  f o r  th e ir  w a s t e s  a re  w il l in g  th a t  th e  c ity  a d m in is tr a t io n  sh a ll  
lo o k  a f te r  su c h  d is p o s a l .”  W h ile  i t  is  tr u e  th a t  th e r e  a re  d iffe r e n t  d e 
g r e e s ,  th e r e  a re  t im e s  th e  in d u s tr y  p r e fe r s  to  tu r n  a d e a f  e a r  to  th e  
p le a s  f r o m  c i ty  o ffic ia ls  fo r  c o -o p e r a tio n  in  s o lv in g  th e  p r o b le m  c r e a te d  
b y  th e  d u m p in g  o f  tr a d e  w a s t e s  in to  th e  c i ty  s e w e r a g e  s y s te m s .
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T h e  d e f in it io n  o f  in d u s t r ia l  w a s t e s  a s  d e fin e d  b y  M e t c a lf  a n d  E d d y ,  
“ w a s t e  m a t t e r s  c a r r y in g  s u s p e n d e d , c o l lo id a l,  a n d  d is s o lv e d  m a tte r s  
p r o d u c e d  b y  m a n u fa c tu r in g  p r o c e s s e s  a n d  d is c h a r g e d  t h e r e fr o m  a s  b e
in g  o f  n o  c o m m e r c i a l  v a l u e ”  m ig h t  in  i t s e l f  b e  th o u g h t  o f  a s  a  s o r t  o f  
y a r d s t ic k , fo r ,  a s  M r. K n o w lto n  p o in t s  o u t, th e  v a lu e  o f  r e c o v e r y  o f  
b y -p r o d u c ts  fr o m  a n  in d u s t r y  is  a  sc o r e  w h ic h  m u s t  n o t  b e  o v e r lo o k e d .  
A s  is  g e n e r a l ly  k n o w n , it  m a y  b e p o s s ib le  in  m a n y  c a s e s  to  r e d u c e  th e  
a m o u n t o f  w a s t e s  d u m p e d  in to  th e  s e w e r s  b y  th is  m e a n s .

B e s id e s  th e  g e n e r a l  d iv is io n  o f  in d u s t r ia l  w a s t e s  in to  g r o u p s  as  
g iv e n  b y  M r. K n o w lto n , a  g o o d  c la s s if ic a t io n  o f  in d u s t r ia l  w a s t e s  on  
th e  b a s is  o f  th e ir  q u a li ta t iv e  n a tu r e  a lo n e  a n d  g e n e r a l  m e th o d s  f o r  th e ir  
tr e a tm e n t  c a n  h e  fo u n d  on  p a g e  3 52  o f  th e  1 938  E d it io n  o f  M o d e r n  S e w 
a g e  D i s p o s a l .

I n  r e g a r d s  to  th o s e  w a s t e s  w h ic h  r e q u ir e  s o m e  a d ju s tm e n t  o f  th e  
a m o u n t  o f  f lo w  a lo n e , o n e  s e t  o f  j a r  e x p e r im e n ts  a t  th e  S a n t a  C lara  
la b o r a to r y  sh o w e d  th a t  in  th e  c a s e  o f  w a s t e s  f r o m  p r u n e  a n d  a p r ic o t  
p a c k in g  th e  w a s t e s  c o u ld  b e m ix e d  w ith  th e  r a w  s e w a g e  u p  to  th e  p o in t  
w h e r e  th e  p e r c e n ta g e  o f  th e  t o ta l  v o lu m e  f o r  p r u n e  w a s t e s  w a s  5 p er  
ce n t , a p r ic o ts  15 p e r  c e n t , a m ix tu r e  o f  5 0  p e r  c e n t  a p r ic o t s  a n d  50  p er  
c e n t  p r u n e s  to  th e  e x te n t  o f  5 p e r  c e n t , w ith o u t  th e  m ix tu r e s  tu r n in g  
so u r  a f t e r  s ta n d in g  19 h o u r s . A l l  p e r c e n t a g e s  a b o v e  th is  w e r e  sou r  
a f t e r  th is  p e r io d  o f  s ta n d in g . N a tu r a l ly  to o  m u c h  e m p h a s is  m u s t  not 
be p u t  o n  o n e  e x p e r im e n t  b u t i f  fu r th e r  s t u d ie s  p e r m it  u s  to  d r a w  the  
sa m e  c o n c lu s io n s  a s  th e  f ir s t  w e  m a y  b e  a b le , b y  c o n t r o l l in g  th e  flow  of 
th e s e  w a s t e s  w h ic h  a r e  n o r m a lly  d u m p e d  in to  th e  s e w e r s  a t  a b o u t  5 :00 
P .M . in  th e  e v e n in g , to  e l im in a te  th e  “ tu r n in g  o v e r ”  o f  th e  c o n te n ts  o f  
o u r  c la r if ie r  w h ic h  o c c u r s  r e g u la r ly  a t  a b o u t  7 :00 P .M . e v e r y  e v e n in g  
th e  c a n n e r ie s  a r e  in  o p e r a t io n .

T o  d a te , b e fo r e  a  c o m m u n ity  d e c id e s  w h a t  p e r c e n t a g e  o f  th e  a d d i
t io n a l  c o s t s  n e c e s s a r y  fo r  th e  p r o p e r  t r e a tm e n t  o f  w a s t e s  f r o m  a n  in 
d u s t r y  sh o u ld  b e  b o r n e  b y  th e  in d u s t r y  i t s e l f ,  th e r e  a r e  m a n y  fa c to r s  
b e s id e s  s t r e n g t h  a n d  v o lu m e  o f  w a s t e s  to  b e  c o n s id e r e d  in  a d d in g  up  
th e  sc o r e . A t  th e  p r e s e n t  t im e  it c a n  b e o n ly  a f t e r  c a r e f u l ly  w e ig h in g  
th e  a s s e t s  o f  th e  in d u s tr y  th a t  a c o n c lu s io n  o f  s o m e  s o r t  m a y  b e a r r iv e d  
a t.

W h ile  it  is  tr u e  th a t  th e  n a tu r e s  o f  th e  v a r io u s  w a s t e s  a r e  a s  v a r ia b le  
a s  th e  in d u s t r ie s  t h e m s e lv e s  a n d  m a y  v a r y  f o r  th e  s a m e  in d u s t r y  in  d i f 
f e r e n t  lo c a le s , S ta t e ,  i f  n o t  F e d e r a l  le g is la t io n  s e t t in g  u p  m a x im u m  
s t r e n g t h s  a llo w a b le  f o r  e a c h  g e n e r a l  t y p e  o f  w a s t e  a n d  a m in im u m  fe e  
p e r  to n  o f  w a s t e s  d u e  a  c i ty  f o r  t r e a tm e n t  o f  th e s e  w a s t e s  w o u ld , b e 
s id e s  o v e r c o m in g  th e  p o s s ib i l i t y  th a t  in d u s t r ie s  m ig h t  b e  d r iv e n  a w a y  
f r o m  a  c o m m u n ity  b e c a u s e  o f ,  a s  t h e y  f e e l ,  u n f r ie n d ly  m e a s u r e s ,  a lso  
h e lp  t h o s e  c o m m u n it ie s  w h ic h  a r e  a t  p r e s e n t  s h o u ld e r in g  th e  f u l l  e x 
p e n s e  o f  th e  t r e a tm e n t  o f  th e s e  w a s te s .



D E V E L O P M E N T S  IN  C A N N E R Y  W A S T E  S T U D IE S  
A T  P A L O  A L T O *

B y  J a c k  H . K i m b a l l  a x d  H a r o l d  L . M a y

Asst. Superintendent, Water and Sewer Division, and Chief Operator, Sewage Treatment Plant,
Palo Alto, Calif.

T h e  s t u d ie s  o n  c a n n e r y  w a s t e s  w h ich  h a v e  b e e n  u n d e r ta k e n  a t  P a lo  
A lto  h a v e  b e e n  o f  a g e n e r a l  n a tu r e  o n ly , a s  i t  h a s  n o t  b e e n  p o s s ib le  f o r  
th e w r ite r s  to  sp e n d  th e ir  f u l l  t im e  a n d  e n e r g y  o n  th is  w o r k  d u e to  o th e r  
d e p a r tm e n ta l d u t ie s . H o w e v e r ,  th e  r e s u lt s  o b ta in e d  so  f a r  do re flec t  a  
p ic tu r e  o f  th e  p r o b le m  w h ich  m u st  b e  so lv e d  in  th e  n e a r  fu tu r e  i f  s a t i s 
fa c to r y  t r e a tm e n t  i s  to  b e  o b ta in e d .

T h e  p r o b le m  is  c r e a te d  b y  th e  a d d it io n  o f  c a n n e r y  w a s t e s  a t  th e  r a te  
o f a p p r o x im a te ly  o n e  m illio n  g a llo n s  p e r  d a y  to  d o m e s t ic  s e w a g e  a t  a 
p o in t o n e  h o u r ’s  d is ta n c e  f r o m  th e  s e w a g e  t r e a tm e n t  p la n t . T h e  r a t io  
o f  th e  v o lu m e  o f  c a n n e r y  w a s te  to  th e  v o lu m e  o f  d o m e s t ic  s e w a g e  i s  2 
to  1 d u r in g  lo w  d o m e s tic  f lo w s, a n d  1 to  2 d u r in g  p e a k  d o m e s t ic  f lo w s. 
B y  th e  t im e  th e  m ix tu r e  e n te r s  th e  c la r if ie r  th e  p H  h a s  d r o p p e d  to  6.0  
and g a s  i s  f o r m in g  to  su ch  a n  e x te n t  th a t  p r a c t ic a l ly  a ll  s lu d g e  r i s e s  im 
m e d ia te ly  to  th e  to p . M o st o f  th is  f lo a t in g  s lu d g e  i s  c a r r ie d  o v e r  th e  
effluent w e ir  a n d  o u t  to  S a n  F r a n c is c o  B a y .

Fig. 1.— Tomato and peaeli cannery waste floating on surface of clarifier. Palo Alto sewage
treatment plant.

♦Presented at the Thirteenth Annual Fall Convention of the California Sewage Works
Association, San Diego, September 17, 1940.
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T h e  p r o b le m  a t  P a lo  A lt o  is  to  d e te r m in e  th e  m o s t  p r a c t ic a l  a n d  
e c o n o m ic a l m e th o d  b y  w h ic h  a n  efflu en t c a n  b e  p r o d u c e d  d u r in g  th e  fo u r -  
m o n th  c a n n in g  s e a s o n  w h ich  is  c o m p a r a b le  to  th e  efflu en t p r o d u c e d  d u r 
in g  th e  r e s t  o f  th e  y e a r .

S t u d ie s  U n d e r t a k e n

E f f e c t  o f  C a m i e r y  W a s t e  on  Q u a n t i t y  o f  S e w a g e  R e c e i v e d  a t  T r e a t 
m e n t  P l a n t . — F ig u r e  2 sh o w s  th e  a v e r a g e  d a i ly  f lo w  f o r  s e v e n -d a y  in

Fig. 2.—Effect of cannery waste on quantity of sewage received at treatment plant as 
shown by average daily flow for seven day intervals for the six year period 1934^1940, Palo 
Alto, California.

t e r v a ls  f o r  th e  s ix -y e a r  p e r io d , 1 9 3 4 -1 9 4 0 . W e e k ly  a v e r a g e s  w e r e  u sed  
in  o r d e r  to  sm o o th  o u t  e x tr e m e  v a r ia t io n s .  T h e  v o lu m e  o f  w a te r  c o n 
tr ib u te d  b y  th e  c a n n e r y  d u r in g  e a c h  s e a s o n  c a n  b e  c o m p a r e d  w ith  th e  
n o r m a l d r y  w e a th e r  flow  o f  1 .4  m .g .d . j u s t  a f t e r  S ta n fo r d  U n iv e r s i t y  h a s  
c lo s e d  ( la t t e r  p a r t  o f  J u n e )  a n d  j u s t  p r io r  to  th e  a p r ic o t  s e a s o n .

A  c o n s id e r a b le  r e d u c t io n  in  th e  a m o u n t o f  w a te r  u s e d  b y  th e  c a n 
n e r y  m a y  be n o te d  f o r  th e  y e a r s  1937 , ’38  a n d  ’39  a s  c o m p a r e d  w ith  th e  
y e a r s  1935  a n d  ’36 , e v e n  th o u g h  th e  a m o u n t  o f  m a te r ia l  h a n d le d  b y  th e  
c a n n e r y  h a s  s t e a d i ly  in c r e a s e d . T h is  r e d u c t io n  w a s  a c c o m p lis h e d  by  
r e -c ir c u la t in g  r e c la im e d  w a te r  th r o u g h  th e  flo o r  d r a in s  r a th e r  th a n  
u s in g  f r e s h  w a te r . T h e  v o lu m e  o f  w a te r  u s e d  d u r in g  th e  1 9 4 0  p ea ch  
s e a s o n  h a s  in c r e a s e d  d u e  to  a  p r o p o r t io n a l  in c r e a s e  in  th e  to n s  o f  f r u it  
p a ck ed . T h e  v o lu m e  o f  w a te r  u s e d  p e r  to n  o f  r a w  f r u i t  h a s  b e e n  d e 
te r m in e d  f o r  th e  1 940  s e a s o n  a s  sh o w n  in  T a b le  I.

E f f e c t  o f  C a n n e r y  W a s t e  on  S t r e n g t h  o f  S e w a g e  R e c e i v e d  a t  T r e a t 
m e n t  P l a n t . — F ig u r e  3 sh o w s  th e  B .O .D . v a lu e s  o f  24  h r . c o m p o s ite  
s a m p le s  o f  r a w  a n d  s e t t le d  s e w a g e  f o r  th e  s ix - y e a r  p e r io d  1 9 3 4 -1 9 4 0 .  
A n  a v e r a g e  w e ig h te d  c u r v e  f o r  th is  s ix - y e a r  p e r io d  w a s  d r a w n  to  sh o w  
th e  r e la t iv e  s t r e n g th  o f  th e  d o m e s t ic  s e w a g e  w ith  a n d  w ith o u t  c a n n e r y
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T a b l e I .—Strength of Cannery Wastes 
1940 Season Compared With 1936 Season

Season Spinach Apricots Peaches-Pears Tomatoes

Maximum Pack—Raw Fruit, 1940 85 180 357 111 675
Tons per Day 1936 71 120 208 41 196

Cases per Ton of Raw Fruit 1940 46 58 45 38 38
1936 — — — — —

Volume of Waste Water, 1940 7,400 4,700 2,900 2,000
Gallons per Ton 1936 8,100 2,500 5,180 3,600

B.O.D. in p.p.m. (Five Day) 1940 615 1,020 1,340 _*
1936 730 380 1,350 990

Population Equivalent, 1940 230 250 200 100
Persons per Ton 1936 290 49 179 180

Population Equivalent for 1940 20,000 45,000 93,000 67,500
Maximum Pack, Total 
Persons

1936 20,800 5,900 37,300 35,300

* 1936 B.O.D. used in computing population equivalent.

w a ste . T h e  o n ly  v a lu e  o f  th is  c u r v e  is  th a t  i t  e m p h a s iz e s  th e  f a c t  th a t  
w a ste s  fr o m  th e  c a n n e r y  n u l l i fy  th e  e f f e c t iv e n e s s  o f  th e  tr e a tm e n t  p la n t  
fo r  a t le a s t  fo u r  m o n th s  o u t o f  e v e r y  y e a r ,  th u s  d e f e a t in g  th e  o r ig in a l  
p u r p o se  o f  th e  p la n t .

C h lo r in e  R e q u i r e m e n t s  o f  D o m e s t i c  S e w a g e  w i t h  C a n n e r y  W a s t e .—  
In  1938 a  s e r ie s  o f  t e s t s  w e r e  ru n  a t  th e  s u g g e s t io n  o f  M r. C a r l B e y e r ,

F ig . 3.— Effec t of cannery waste on strength of sewage received at treatment plant as 
shown by B.O .D . of 24 hr. composite sample of raw  and settled sewage for the six year period 
1934-1940, Pa lo  A lto , California.
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D is t r ic t  M a n a g e r , W a lla c e  a n d  T ie r n a n  S a le s  C o r p o r a t io n , to  o b ta in  
in fo r m a t io n  011 th e  h o u r ly  v a r ia t io n  in  s t r e n g t h  o f  d o m e s t ic  s e w a g e  and  
s e w a g e  w ith  d if fe r e n t  c a n n e r y  w a s t e s ,  a s  m e a s u r e d  b y  i t s  c h lo r in e  d e 
m a n d . F ig u r e  4  sh o w s  th e  v a r ia t io n  in  H 2S , r a te  o f  flow , a n d  ch lo r in e

d em a n d  o f  d o m e s t ic  s e w a g e  b e tw e e n  th e  h o u r s  o f  6 :0 0  A .M ., a n d  10:00  
P .M . A  r e s id u a l o f  0 .3  p .p .m . o f  c h lo r in e  a f t e r  a  f iv e -m in u te  co n ta ct  
p e r io d  w a s  a r b it r a r i ly  u se d  f o r  c o m p a r is o n  o f  c h lo r in e  d e m a n d . T h e  
c u r v e s  s h o w  th a t  w h e n  th e  s e w a g e  f lo w  w a s  a t  i t s  p e a k , 12 o ’c lo ck  n oon , 
th e  s t r e n g th  o f  th e  s e w a g e  w a s  a ls o  a t  a  m a x im u m . In  o r d e r  to  sh o w  
th e  t o ta l  lo a d  r e c e iv e d  a t  th e  p la n t  d u r in g  e a c h  h o u r ly  p e r io d  o f  th e  d ay , 
th e  r a te  o f  f lo w  w a s  co m b in e d  w ith  th e  c o r r e s p o n d in g  c h lo r in e  d em an d  
a n d  th e  r e s u lt s  e x p r e s s e d  in  r a te  o f  c h lo r in e  a p p lic a t io n , lb . p e r  24  hr., 
th a t  w o u ld  be r e q u ir e d  to  s a t i s f y  th e  t o ta l  d e m a n d . T h e s e  v a lu e s  are  
r e p r e s e n te d  b y  th e  lo w e r  c u r v e  o n  F ig u r e  4 , a n d  in d ic a te  t h a t  a  m a x i
m u m  r a te  o f  600  lb. p e r  24  h r . w a s  r e q u ir e d  f o r  d o m e s t ic  s e w a g e .

F ig u r e  5 sh o w s  a s im ila r  s e r ie s  o f  t e s t s  o n  d o m e s t ic  s e w a g e  c o n ta in 
in g  p e a c h  c a n n in g  w a s te s .  A  m a x im u m  r a te  o f  9 0 0  lb . p e r  24  h r. w a s  
r e q u ir e d  u n d e r  th e  e x i s t in g  c o n d it io n s .  D u r in g  th e  1 9 4 0  s e a s o n , h o w 
e v e r , th e  c a n n e r y  p a ck ed  p e a c h e s  a t  th e  m a x im u m  c a p a c ity ,  w h ich  w a s  
th r e e  t im e s  g r e a t e r  th a n  th e  q u a n t it y  p a c k e d  in  1938 , w h e n  th e  t e s t s  
w e r e  ru n . T h e  c h lo r in e  d e m a n d  fo r  d a y s  o f  m a x im u m  p a c k  w ill  c o n s e 
q u e n t ly  b e  h ig h e r  th a n  s h o w n  b y  F ig .  5 , a n d  w il l  e x te n d  o v e r  a  lo n g e r  
p e r io d  o f  t im e —-abou t s ix t e e n  h o u r s .

S im ila r ly ,  F ig .  6 sh o w s  a  s e r ie s  o f  t e s t s  on  d o m e s t ic  s e w a g e  c o n ta in 
in g  to m a to  w a s te s .  T h e  m a x im u m  r a te  o f  c h lo r in e  a p p lic a t io n  r e q u ir e d
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F ig . 5.
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w a s  a b o u t th e  sa m e  a s  fo r  d o m e s t ic  s e w a g e  a lo n e , 600  lb . p e r  2 4  h r ., b ut  
c o n t in u e d  o v e r  a  lo n g e r  p e r io d  o f  t im e . T h e s e  v a lu e s ,  a s  f o r  p e a c h e s ,  
d o n o t  r e p r e s e n t  m a x im u m  c o n d it io n s  a t  th e  p r e s e n t  t im e . D u r in g  the  
1 940  s e a s o n  se v e n  t im e s  a s  m a n y  to m a to e s  w e r e  p a c k e d  in  o n e  d a y  a s  on  
th e  d a y s  w h en  th e s e  t e s t s  w e r e  ru n .

P e a r s  a re  a lso  p a c k e d  b y  th e  c a n n e r y  in  c o n s id e r a b le  q u a n t it ie s ,  but 
o n ly  a t  t im e s  w h e n  p e a c h e s  o r  t o m a to e s  a r e  a ls o  b e in g  w o r k e d , and  
c o n se q u e n tly , is o la te d  t e s t s  o n  d o m e s t ic  s e w a g e  c o n t a in in g  p e a r  w a s te s  
co u ld  n o t  b e o b ta in e d .

F ig u r e s  5 a n d  6 in d ic a te  th a t  a  c o n s id e r a b le  lo a d  i s  p la c e d  o n  the  
tr e a tm e n t  p la n t  w h e n  o n ly  o n e  p r o d u c t  i s  b e in g  p a c k e d . D e p e n d in g  
u p o n  th e  s e a s o n , h o w e v e r , th e r e  is  a  p e r io d  o f  tw o  w e e k s  o r  so  w hen  
p e a c h e s , p e a r s  a n d  to m a to e s  a r e  b e in g  p a c k e d  a t  th e  s a m e  t im e . I t  is  
d u r in g  th is  p e r io d  th a t  th e  q u a n t ity  a n d  s t r e n g t h  o f  th e  c a n n e r y  w a ste  
i s  l ik e ly  to  b e a t  a m a x im u m , a n d  p la n s  f o r  fu t u r e  t r e a tm e n t  sh o u ld  be 
b a s e d  on  th e s e  c o n d it io n s .

S t r e n g t h  a n d  Q u a n t i t y  o f  C a n n e r y  W a s t e . — T e s t s  h a v e  a ls o  b e e n  run  
o n  th e  s t r a ig h t  c a n n e r y  w a s te  f r o m  t im e  to  t im e  in  o r d e r  to  d e ter m in e  
i t s  s t r e n g th  in  t e r m s  o f  b io c h e m ic a l o x y g e n  d e m a n d . A lt h o u g h  the  
n u m b e r  o f  t e s t s  h a v e  b e e n  l im ite d , th e  r e s u lt s  o b ta in e d  h a v e  m a d e  it 
p o s s ib le  to  d e te r m in e  r o u g h ly  th e  p o p u la t io n  e q u iv a le n t  o f  e a c h  w a ste . 
T h e  q u a n t ity  o f  f r u it  p a c k e d  a n d  th e  v o lu m e  o f  w a te r  u s e d  f o r  each  
d a y ’s ru n  h a s  b e e n  o b ta in e d  f r o m  th e  s u p e r in t e n d e n t ’s  office f o r  each  
y e a r  s in c e  1936 . W ith  th is  in fo r m a t io n  o n  h a n d , t e s t s  r u n  a t  th e  tr e a t 
m e n t  p la n t  c a n  b e c o r r e la te d  w ith  th e  q u a n t ity  o f  c a n n e r y  w a s te  re 
c e iv e d  f o r  a n y  p a r t ic u la r  d a y .

D u r in g  th e  la s t  s e v e r a l  y e a r s  th e  c a n n e r y  h a s  b e e n  im p r o v e d  a n d  en 
la r g e d  to  a  c o n s id e r a b le  e x te n t . T a b le  I  s h o w s  th e  tr e m e n d o u s  in 
c r e a s e  in  th e  m a x im u m  d a ily  c a p a c ity  a s  c o m p a r e d  w ith  1936 , w h e n  the  
f ir s t  s tu d ie s  w e r e  m a d e  o n  th e  c a n n e r y  w a s t e s .  T h e  a m o u n t  o f  w a ste  
r e a c h in g  th e  t r e a tm e n t  p la n t  o n  a m a x im u m  d a y  i s  in d ic a te d  b y  th e  to ta l  
p o p u la t io n  e q u iv a le n t . T h e  w a s t e  fr o m  p e a c h e s  a n d  p e a r s  o n  a  d a y  of  
m a x im u m  p a c k  is  e q u iv a le n t  to  th e  s e w a g e  o f  9 3 ,0 0 0  p e o p le .  T h e  n u m 
b e r s  o f  su ch  d a y s  f o r t u n a te ly  do n o t  o cc u r  v e r y  o f te n  d u r in g  a n y  one  
s e a s o n . T h e  a v e r a g e  d a y ’s p a c k  i s  u s u a lly  f r o m  50  to  75  p e r  c e n t  o f  the  
m a x im u m  c a p a c ity  o f  th e  c a n n e r y .

A s  th e  p la n t  n o w  s e r v e s  a  t o ta l  p o p u la t io n  o f  2 3 ,0 0 0  a n d  w a s  d e
s ig n e d  f o r  o n ly  2 7 ,0 0 0  p e o p le , o n e  c a n n o t  e x p e c t  a  s a t i s f a c t o r y  effluent 
w h e n  w a s t e s  e q u iv a le n t  to  5 0 ,0 0 0  or so  p e o p le  a r e  a d d e d  to  th e  d o m e stic  
s e w a g e .

R e m o v a l  o f  S m a l l  S o l i d s  w i t h  a  F i n e r  S c r e e n . — D u r in g  th e  S e w a g e  
P la n t  O p e r a to r s  R e g io n a l  C o n fe r e n c e  a t  S a n t a  C la r a  o n  J u n e  27, 1940, 
a s  a r r a n g e d  b y  M r. G. E . A r n o ld ,  C h a ir m a n  o f  th e  C o m m itte e  o n  S c h o o ls  
a n d  C e r tif ic a t io n , th e  su b je c t  o f  f in e  s c r e e n s  f o r  c a n n e r y  w a s t e  t r e a t 
m e n t  w a s  d is c u s s e d  a lo n g  w ith  o th e r  s u b je c ts .  A s  a  d ir e c t  r e s u lt  o f  th is  
d is c u s s io n  a  r e c o m m e n d a t io n  w a s  m a d e  to  th e  c a n n e r y  t h a t  t h e y  in s ta l l  
a se c o n d  s c r e e n  w h ic h  w o u ld  r e m o v e  a s  m u c h  o f  th e  s o l id s  a s  p r a c t ic a b le ,  
b u t s m a ll e n o u g h  to  c a tc h  to m a to  sk in s .



Mi
U p  to  th is  t im e  a ll  w a s t e s  w e r e  ru n  th r o u g h  a  */> in . b y  1 in . sc r e e n  

w h ich  r e m o v e d  th e  b u lk  o f  th e  m a te r ia l .  S lic e d  p e a c h e s , a p r ic o t  p it s .  
^  p e a r  c o r e s , to m a to  sk in s , e tc ., h o w e v e r , w o u ld  s l ip  b y  a n d  en d  u p  f lo a t

in g  on  to p  o f  th e  c la r if ie r  a t  th e  t r e a tm e n t  p la n t . T h e  fine sc r e e n  w h ich  
w a s in s ta l le d  b y  th e  c a n n e r y  w a s  q u ite  s u c c e s s fu l in  r e m o v in g  th e  sm a ll  
so lid s , e x c e p t  f o r  th e  to m a to  sk in s . M a n y  o f  th e  sk in s  w o u ld  n o t  w a sh  
d ow n  in to  th e  d is c h a r g e  b u c k e ts , b u t  w o u ld  r id e  o v e r  a n d  b e  w a sh e d  o ff  
b y  th e  s c r e e n e d  se w a g e . T h e  fin e  sc r e e n  d o e s , h o w e v e r , r e m o v e  ap - 

dj. p r o x im a te ly  1 cu . y d . f o r  e v e r y  9 cu. y d . r e m o v e d  b y  th e  c o a r se  sc re en .
A lth o u g h  th is  s c r e e n  h a s  im p r o v e d  c o n d it io n s  a t  th e  p la n t  in  r e g a r d  to  
so lid  m a te r ia l ,  i t  i s  o n ly  th e  f ir s t  s t e p  to w a r d  a d e q u a te  tr e a tm e n t.

I n f o r m a t i o n  on  th e  C o a r s e  S c r e e n . — T h e  c o a r se  s c r e e n  is  20 in . w id e  
w ith  V2 in . b y  1 in . o p e n in g s  a n d  h a s  b u c k e ts  sp a c e d  e v e r y  9 in c h e s . T h e  
screen , w h ich  is  o f  th e  c o n t in u o u s  ty p e , is  d r iv e n  b y  a 2 h p . m o to r  a t  a  
lin ea r  sp e e d  o f  0 .68  f t .  p e r  se co n d .

I n f o r m a t i o n  on  th e  F i n e  S c r e e n . — T h e  fin e sc r e e n  is  10 in . w id e , w ith  
o p e n in g s  a p p r o x im a te ly  %  in . w id e , a n d  h a s  b u c k e ts  sp a c e d  e v e r y  1 f t .  
5 in ch es . T h is  s c r e e n  is  s u p p o r te d  b y  a  c o a r s e  sc r e e n  s im ila r  to  th e  
ab ove, an d  is  d r iv e n  b y  a  114 h p . m o to r  a t  a  l in e a r  sp e e d  o f  1 .21  f t .  p e r  
secon d .

C h e m ic a l  E x p e r im e n t s  o n  S ew age  C o n t a in in g  C a n n e r y  W asteor«
In  an  e f fo r t  to  find  a  m e a n s  o f  p r e v e n t in g  s lu d g e  fr o m  r is in g  in  th e  

jste: c la r ifier , th e  e f fe c ts  o f  f e r r ic  c h lo r id e , l im e  an d  c h lo r in e  w e r e  in v e s t i 
ga ted .

A ll  s a m p le s  t r e a te d  w e r e  ca tc h  sa m p le s  o f  r a w  s e w a g e  a s  r e c e iv e d  
at th e  tr e a tm e n t  p la n t , ta k e n  n e a r  m id -d a y , w h e n  th e  s e w a g e  w a s  ju d g e d  
to  be th e  s tr o n g e s t .  I n  a ll  th e  t e s t s  p e r fo r m e d , s lu d g e  v o lu m e s  w e r e  
reco rd ed  w h e n  p o s s ib le .  T h e s e  v o lu m e s  r a n g e d  fr o m  34  to  163 m l . / l i t e r  

iiII. fo r  2 hr. s e t t l in g  p e r io d .
T h e  s lu d g e  in  m o s t  o f  th e  s a m p le s  u se d  a s  c o n tr o ls  ca m e to  th e  s u r 

fa c e  im m e d ia te ly . F o r t y  m in u te s  w a s  th e  lo n g e s t  t im e  th e  s lu d g e  re -  
nvr; m a in ed  d o w n  in  a n  u n tr e a te d  sa m p le . T h e  c a n n e r y  w a s  p a c k in g  ch ie fly
ofi to m a to e s  a n d  p e a r s  d u r in g  th is  s e r ie s  o f  t e s t s .

F e r r i c  C h lo r i d e . — S a m p le s  w e r e  d o se d  w ith  f e r r ic  c h lo r id e  fr o m  20  
-jsJ. to 300 p .p .m . e q u iv . C l2, m ix e d  f o r  30  se c o n d s  a n d  flo cc u la te d  f o r  30
i|£ m in u tes . C o n tr o l s a m p le s  w e r e  s e t  u p  a t  th e  sa m e  tim e , r e c e iv in g  th e
0  sa m e m e c h a n ic a l t r e a tm e n t  o f  m ix in g  a n d  f lo cc u la tio n .

S a m p le s  c o n ta in in g  f e r r ic  c h lo r id e  w e r e  b u t s l ig h t ly  b e t te r , in  g en -  
jji era l, th a n  th e  c o n tr o ls .  M ix in g  a n d  f lo c c u la tio n  h a d  th e  e f fe c t  o f  r e le a s 

in g  th e  g a s e s  in  th e  s e w a g e , a l lo w in g  th e  s lu d g e  to  s e tt le .  H o w e v e r ,  
; g a s e s  so o n  fo r m e d  a g a in  b r in g in g  th e  s lu d g e  to  th e  su r fa c e .

O ne s a m p le  w ith  a  d o se  o f  50  p .p .m ., s ta y e d  d o w n  2 h r., w ith  th e  con -  
tr o l r e m a in in g  d o w n  50  m in u te s . A n o th e r  sa m p le  w ith  70 p .p .m . r e 
m a in e d  d o w n  2 h r. a n d  15 m in . w ith  1 h r. a n d  28 m in . fo r  th e  c o n tro l.

I t  se e m s , t h e r e fo r e ,  th a t  to  p r e v e n t  th e  s lu d g e  fr o m  r is in g , th e  g a s e s  
m u st  b e  r e le a s e d  fr o m  th e  s e w a g e  a s  i t  i s  r e c e iv e d  a n d  th e  fo r m a tio n  o f

J.H
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t h e s e  g a s e s  m u s t  be r e ta r d e d  u n t i l  th e  s lu d g e  c a n  b e  s e t t le d  a n d  re
m o v e d  fr o m  th e  c la r if ie r .

E f f e c t  o f  L i m e .— S a m p le s  w e r e  d o s e d  w ith  l im e  f r o m  10 to  7 50  p .p .m ., 
m ix e d  f o r  30  se c o n d s  a n d  f lo c c u la te d  f o r  30  m in u te s ,  to g e th e r  w ith  con
tr o ls .

Fig. 9.—Laboratory. Palo Alto sewage treatment plant.

Fig. 10.—Imhoff cones. Showing volume of settleable solids in domestic sewage containing
cannery wastes.

L im e  w a s  n o t  e f f e c t iv e  u n t i l  th e  d o s e  w a s  la r g e  e n o u g h  to  b r in g  the  
p H  o f  th e  s a m p le  a b o v e  7 .0 . T h e  m in im u m  d o s e  to  e f f e c t  th is  in  the  
s a m p le s  tr e a te d  w a s  2 50  p .p .m ., th e  m a x im u m  600  p .p .m . I n  a ll  sa m p le s  
w h e r e  th e  p H  h a d  b e e n  r a is e d  to  7 .0 , th e  s lu d g e  s t a y e d  d o w n  o v e r  18
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h o u rs. T h e  m a x im u m  tim e  f o r  th e  s a m p le s  w ith  a  p H  o f  6 .8  or  b e lo w  
w a s 1 h r. a n d  25 m in u te s .

L im e  p lu s  m ix in g  a n d  f lo c c u la tio n  w o u ld  s o lv e  th e  p ro b lem , b u t th e  
q u a n tit ie s  o f  lim e  to  e f fe c t  th is  a r e  c o n s id e r a b le .

E f f e c t s  o f  C h l o r i n e .— T h e  c h lo r in e  d em a n d  o f  th e  sa m p le s  w a s  f ir s t  
d e ter m in ed  a n d  th e y  w e r e  th e n  d o se d  w ith  q u a n t it ie s  a b o v e  an d  b e lo w  
the d em a n d . T h e  d e m a n d  r a n g e d  fr o m  a  m in im u m  o f  20 p .p .m . to  a  
m a x im u m  o f  70  p .p .m . I n  e a c h  c a s e  th e  sa m p le  p lu s  c h lo r in e  w a s  m ix e d  
m o d e r a te ly  f o r  5 m in u te s .

In  th e  m in im u m  a n d  m a x im u m  c a s e s , 15 p .p .m . a n d  60  p .p .m ., th e  
slu d g e  r e m a in e d  d o w n  m o r e  th a n  4  h o u r s . D o s e s  b e lo w  15 p .p .m . w e r e  
but l i t t le  m o r e  e f f e c t iv e  th a n  th e  c o n tr o ls .

C h lo r in e  a lso  w o u ld  s o lv e  th e  p r o b le m , b u t a g a in , th e  q u a n tit ie s  
n eed ed  a re  c o n s id e r a b le .

I t  w a s  th o u g h t  th a t , p e r h a p s , th e  a m o u n t o f  c h lo r in e  m ig h t  b e cu t  
dow n, i f  e i th e r  th e  c a n n e r y  w a s te  or  th e  d o m e s t ic  s e w a g e  w e r e  c h lo 
r in a ted  b e fo r e  b e in g  m ix e d . T o  th is  en d  c a tc h  s a m p le s  o f  e a c h  w e r e  
taken , co m b in e d  a n d  m ix e d  in  th e  la b o r a to r y  a s  n e a r ly  a s  p o s s ib le  to  
sim u la te  th e  c o n d it io n s  th a t  e x i s t  w h ile  m ix in g  a n d  f lo w in g  th r o u g h  th e  
sew er  d o w n  to  th e  p la n t . T o  p r o d u c e  th e  sa m e  r e s u lt s  i t  to o k  a p p r o x i
m a te ly  o n e -h a lf  a s  m u c h  c h lo r in e  to  c h lo r in a te  th e  d o m e s t ic  b e fo r e  
m ix in g  w ith  th e  c a n n e r y  w a s te , th a n  c h lo r in a t in g  th e  c a n n e r y  w a s te  
alone, an d  a p p r o x im a te ly  o n e -fo u r th  th e  a m o u n t n e e d e d  i f  c h lo r in a t io n  
w as p e r fo r m e d  a t  th e  p la n t . H o w e v e r , s e v e r a l  o th e r  f a c to r s  m a k e  th e  
c h lo r in a tio n  o f  th e  d o m e s t ic  s e w a g e  b e fo r e  m ix in g  w ith  th e  c a n n e r y  
w a ste  im p r a c t ic a l.

I t  s e e m s , th e n , th a t  c h lo r in a t io n  o f  th e  c a n n e r y  w a s te  b e fo r e  e n te r in g  
the d o m e s tic  s e w e r s  w o u ld , in  o u r  c a s e , b e th e  m o s t  lo g ic a l  p o in t  fo r  
ch lo r in a tio n . C h lo r in a tio n  a t  th e  c a n n e r y  w o u ld  m a k e  p o s s ib le  th e  p u r 
ch ase o f  c h lo r in e  in  ta n k  ca r  lo t s ,  d u e  to  th e  sp u r  tr a c k  f a c i l i t ie s .  A c 
cu ra te  c o n tr o l o f  th e  r a te  o f  a p p lic a t io n  w o u ld  a lso  b e p o s s ib le , s in c e  
v a r ia t io n  in  s t r e n g th  a n d  q u a n t ity  o f  th e  c a n n e r y  w a s te  w o u ld  be  
r e a d ily  a p p a r e n t.

C o n c l u sio n s

T e s t s  p e r fo r m e d  so  f a r  h a v e  n o t  b e e n  e x te n s iv e  e n o u g h  to  a r r iv e  a t  
a n y  d e fin ite  c o n c lu s io n s  a n d  m o r e  w o r k  m u st  be d o n e  b e fo r e  a c tu a l  
re c o m m e n d a tio n s  c a n  b e m a d e .

O ne d e f in ite  p a r t  o f  th e  t r e a tm e n t  th a t  m u s t  b e p e r fo r m e d  a t  th e  
ca n n ery , h o w e v e r , is  th e  in s t a l la t io n  o f  a  s c r e e n  fin e e n o u g h  to  p r e v e n t  
a ll to m a to  sk in s  fr o m  e n te r in g  th e  se w e r .

I t  is  f e l t  th a t  th e  s tu d ie s  so  fa r  h a v e  sh o w n  th a t  so m e  so r t  o f  t r e a t 
m en t, su ch  a s  c h lo r in a t io n  o f  th e  c a n n e r y  w a s te  b e fo r e  i t  is  d is c h a r g e d  
in to  th e  d o m e s t ic  s e w e r , is  n e c e s s a r y  b e fo r e  i t  w il l  be p o s s ib le  to  r e m o v e  
se t t le a b le  s o lid s , an d  th a t  fu r th e r  tr e a tm e n t  o f  so m e  s e c o n d a r y  n a tu r e  
is  n e e d e d  to  p r o d u c e  a n  effluent w h ich  is  c o m p a r a b le  to  th a t  p ro d u c e d  
d u r in g  th e  b a la n c e  o f  th e  y e a r .



B y  M il t o n  P .  A dam s
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T h e  G r e a t  L a k e s  a n d  th e ir  c o n n e c t in g  w a te r s  fo r m  o n e  o f  th e  lo n g 
e s t  a n d  m o s t  p e a c e fu l  f r o n t ie r s  in  th is  tr o u b le d  o ld  w o r ld  to d a y . The 
I n te r n a t io n a l  T r e a t y  o f  1907  b e tw e e n  th e  U n ite d  S t a t e s  a n d  C anad a  
s e t s  f o r th  th e  r e la t io n s  w h ic h  sh o u ld  e x i s t  in  o r d e r  to  m a in ta in  th is  
lo n g s ta n d in g  f r ie n d s h ip . T h e  s u b s e q u e n t  r e p o r t s  o f  th e  In te r n a tio n a l  
J o in t  C o m m iss io n  d is c lo s e d  th e  e x is te n c e  o f  c e r ta in  p o llu t io n  p ro b lem s  
a lo n g  th is  b o u n d a r y  w h ic h  m e r ite d  a t te n t io n  a n d  c o r r e c t io n . A s  the 
S t a t e  o f  M ic h ig a n  a n d  th e  P r o v in c e  o f  O n ta r io  o c c u p y  m u c h  o f  th is  
co m m o n  fr o n ta g e ,  c e r ta in  p r o b le m s  h a v e  f a l le n  u p o n  th e m  to  so lve . 
T h e s e  a r e  n o t  u n lik e  c e r ta in  in t e r s t a t e  p r o b le m s  w it h in  th e  U n ite d  
S ta t e s .  T h e y  h a v e  b r o u g h t  t o g e th e r  in  c o n fe r e n c e ,  b o th  o ffic ia lly  and  
u n o ffic ia lly  o n  p a s t  o c c a s io n s , o ffic ia ls  o f  th is  P r o v in c e  a n d  th e  D o m in 
io n , w ith  c o r r e s p o n d in g  o ffic ia ls  o f  m y  s t a te  a n d  th e  U n ite d  S ta t e s  P u b 
lic  H e a lt h  S e r v ic e .  A s  S e c r e t a r y - E n g in e e r  fo r  th e  p a s t  te n  y e a r s  to 
M ic h ig a n ’s  w a te r  p o llu t io n  c o n tr o l a g e n c y , I  m a y  h a v e  s o m e  o b se r v a 
t io n s  a n d  e x p e r ie n c e s  w h ic h  w ill  b e c o n s id e r e d  p e r t in e n t .

T h e  m e a n s  o f  c o r r e c t io n  o f  p o llu t io n  d u e  to  s e w a g e  a r e  w e ll  u n d er
s to o d  a n d  s ta n d a r d iz e d  to d a y . O n e, o r  a c o m b in a t io n , o f  s e v e r a l  w ell- 
k n o w n  m e th o d s  w il l  c a r r y  th e  t r e a tm e n t  to  v a r io u s  d e g r e e s  o f  p u r ifica 
t io n , d e p e n d in g  u p o n  lo c a l r e q u ir e m e n ts . I n d u s t r ia l  w a s t e s ,  on  the 
o th e r  h a n d , c r e a te  a  la r g e r  n u m b e r  o f  in ju r ie s  to  th e  p u b lic  w a te rs  
th a n  d o e s  s e w a g e . L e s s  is  k n o w n  a s  to  p r a c t ic a l  m e a n s  o f  co rrectio n . 
W e r e  w e  o n ly  c o n c e r n e d  w ith  th e  c o r r e c t io n  o f  th e  in ju r y  w ith o u t  the  
e v e r - p r e s e n t  c o m p e t it iv e  a n d  e c o n o m ic  f a c t o r s ,  o u r  ta s k  w o u ld  b e r e la 
t iv e ly  e a s y .

M ic h ig a n  is  b u t o n e  o f  th e  s e v e r a l  c e n tr a l s t a t e s  w h ic h  h a v e  m ade  
m a r k e d  p r o g r e s s  d u r in g  th e  p a s t  fiv e  y e a r s  in  s e w a g e  c o l le c t io n  and  
tr e a tm e n t . D u r in g  th e  p e r io d  f r o m  1935  to  1 9 4 0 , th e  u r b a n  p o p u la tio n  
p r o v id in g  s e w a g e  c o l le c t io n  a n d  tr e a tm e n t  f a c i l i t i e s  h a s  in c r e a s e d  from  
19 to  83  p e r  ce n t. I n c id e n t a l ly ,  th e  1 0 0 -o d d  s e w a g e  t r e a tm e n t  p la n ts  
th a t  n o w  o p e r a te  in  M ic h ig a n  a r e  s o lv in g  a la r g e  n u m b e r  o f  in d u s tr ia l  
w a s te  p r o b le m s  th a t  w o u ld  o th e r w is e  b e s e t  u s.

T h e  m a jo r  a n d  la r g e r  in d u s t r ia l  p r o b le m s , h o w e v e r , e i th e r  b eca u se  
o f  th e ir  s iz e  o r  lo c a t io n , o r  f o r  so m e  o th e r  r e a s o n , a r e  n o t  su sc e p t ib le  
o f  s o lu t io n  in  m u n ic ip a l p la n ts .

O n e o f  th e  im p o r ta n t  a n d  n e c e s s a r y  r e a s o n s  f o r  im p r o v e d  co n tro l  
o f  so m e  in d u s t r ia l  w a s t e s  i s  f o r  p r o t e c t io n  o f  th e  m u n ic ip a l se w a g e  
p la n t  fu n c t io n .

S u c h  p r o b le m s  a r e  m o s t  c o m m o n ly  e n c o u n te r e d  in  th e  sm a ll ,  so-

* Presented before the Canadian Institute on Sewage and Sanitation, Toronto, Ontario, 
October 24, 1940.
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ca lled  s in g le - in d u s t r y  to w n . L o c a l o ffic ia ls  f r e q u e n t ly  u n fa m ilia r  w ith  
the l im ita t io n s  o f  th e ir  s e w a g e  t r e a tm e n t  p la n ts  a r e  in c lin e d  to  o ffe r  
fr e e  s e r v ic e  a lo n g  w ith  f r e e  b u ild in g  s i t e s  a n d  o th e r  in d u c e m e n ts  to  
a ttr a c t  in d u s t r ia l  p a y r o lls .  S u c h  l ib e r a l i t y  is  o c c a s io n a lly  a t te n d e d  
b y  a s e r io u s  p o llu t io n  “ h a n g o v e r ,”  m u n ic ip a l h e a d a c h e s  a p le n ty , a n d  
su b se q u en t o u t la y s  o f  a d d it io n a l p u b lic  fu n d s . T h in g s  h a v e  r e a c h e d  
a c r is is  w h e n  fish  d ie , c o m p la in ts  a r is e , a n d  s t a te  o ffic ia ls  find  it  n e c e s 
sa r y  to  p o in t  o u t  th a t  th e  lo c a l m u n ic ip a l p la n t , o th e r w is e  a f fo r d in g  
s a t is fa c to i’y  c o n tr o l,  h a s  n o w  b e e n  r e n d e r e d  in a d e q u a te  b y  a n e w  in 
d u str ia l lo a d in g . H e r e  a r e  a f e w  e x a m p le s  :

A  sm a ll to w n  in  w e s te r n  M ic h ig a n  p r o v id e d  a s e p t ic  ta n k  a n d  sa n d  
filter in s ta l la t io n  b a ck  in  1934 . I t  h a d  a g o o d  r e c o r d  o f  o p e r a t io n  u n t il  
th is sp r in g . T h e  p la n t  s e r v e d  n o t  m o r e  th a n  a to ta l  p o p u la t io n  o f  
1,300, p lu s  th e  w a s t e s  o f  a  s m a ll m ilk -r e c e iv in g  s ta t io n . L a s t  D e c e m b e r  
the la t te r  w a s  ta k e n  o v e r  b y  a  c o t ta g e  c h e e s e  m a n u fa c tu r e r . T h e  to w n  
m a rsh a ll o f fe r e d  th e  u s e  o f  th e  c i t y ’s  s e w a g e  p la n t  f a c i l i t i e s ,  n o t  o n ly  
fo r  th e  n o r m a l m ilk  p la n t  w a s t e s  b u t f o r  w h e y , c h e e se  w a s h in g s ,  an d  
other r e s id u e , a s  w e ll .  I n  J u n e , w e  w e r e  v is i t e d  su d d e n ly  w ith  c o m 
p la in ts  o f  a s e r io u s  lo c a l o d o r  n u is a n c e  a n d  f ish  d is t r e s s ,  s ic k n e s s  o f  
liv e sto ck  a n d  u n s a t is f a c t o r y  a p p e a r a n c e  o f  th e  s tr e a m . T h is  to w n  is  
n ow  c o n fr o n te d  w ith  th e  n e c e s s i t y  o f  r e b u ild in g  c o m p le te ly  i t s  sa n d  
filter in s t a l la t io n s  r u in e d  in  th e  e x p e r im e n t , a n d  th e  w h e y  h a s  b e e n  
d iv er te d  to  a s to r a g e  ta n k  fo r  r e tu r n  to  fa r m e r s  fo r  s to c k  fe e d in g .  
T h is, o f  c o u r s e , i s  h o w  it  sh o u ld  h a v e  b e e n  d is p o s e d  o f  in  th e  f ir s t  p la ce . 
O ther r e s id u a l m ilk  w a s te s  w i l l  b e  t r e a te d  b y  th e  in d u s t r y  on  a n e w  
b io lo g ic a l f ilte r  p r io r  to  d is c h a r g in g  th e  effluent to  th e  m u n ic ip a l s e w a g e  
tre a tm en t p la n t .

A t  a n o th e r  p la c e  w ith  a s im ila r  p r o b le m , th e  m u n ic ip a l p la n t  h a s  
b een  p r o g r e s s iv e ly  le s s  a b le  th r o u g h  th e  y e a r s  to  h a n d le  i t s  lo a d  s a t i s 
fa c to r ily . T h e  c i ty  h a d  m a d e  a n e w  c o n tr a c t  w ith  th e  in d u s t r y  a n d  
p ro ceed ed  to  s e t  u p  i t s  p la n s  a n d  v o t e  a lo c a l b o n d  is s u e .  T h is  w a s  in  
a n tic ip a tio n  o f  m o d e r n iz in g  th e  lo c a l w a s te  d is p o s a l  f a c i l i t ie s .  W h e n  
the p e o p le  h a d  a u th o r iz e d  th e  o u t la y , f in a l a p p r o v a l o f  p la n s  w a s  so u g h t  
o f th e  M ic h ig a n  D e p a r tm e n t  o f  H e a lth . O u r s a n it a r y  e n g in e e r , s i t t in g  
in  on  th e  c o n fe r e n c e , h a d  to  ta k e  is s u e  w ith  th e  a d e q u a c y  o f  th e  p r o p o s e d  
in s ta lla t io n . A s  a r e s u lt  o f  s u b se q u e n t  t e s t s ,  th e  o r ig in a l p la n s  h a v e  
b een  r e v a m p e d . T h e  c o m p a n y  i s  to  m a k e  i t s  c o n tr ib u t io n  in  a s o m e 
w h at la r g e r  a m o u n t th a n  o r ig in a l ly  a n t ic ip a te d  a n d , in  a d d it io n , is  to  
p ro v id e  p r e - tr e a tm e n t  b e fo r e  p a s s in g  i t s  w a s t e s  a n d  i t s  r e s p o n s ib i l i t ie s  
to th e  c ity .

W e  h a v e  a ls o  e n c o u n te r e d  s it u a t io n s  w h e r e  th e  w a s te s  fr o m  c e r ta in  
in d u s tr ia l p la n ts  h a v e  e x h ib ite d  d e f in ite  to x ic  e ffe c ts .  In  m u n ic ip a l  
se w e r a g e  s y s te m s , th e y  h a v e  h a d  th e  e f fe c t  o f  d e s t r o y in g  th e  b a c te r ia l  
l i f e  e ith e r  in  th e  d ig e s t e r s  o f  s e w a g e  t r e a tm e n t  p la n ts ,  or r u in in g  th e  
a c t iv a te d  s lu d g e  floe. T h is  s e e m s  to  be c a u se d  m o s t  f r e q u e n t ly  b y  
d isc h a r g e s  o f  c o p p e r  o r  o th e r  m e ta ll ic  b e a r in g  s a lt s .  O c c a s io n a lly  th e y  
are  p r e s e n t  w ith  c y a n id e  w a s te s .  W h e n  a d ig e s t e r  s to p s  w o r k in g  or
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w h e n  th e  p u r if ic a t io n  e n d  o f  th e  s e w a g e  t r e a tm e n t  p r o c e s s  c e a s e s  b e
c a u s e  o f  in d u s t r ia l  c o n tr ib u t io n , w e  h a v e  jo in e d  w ith  th e  M ic h ig a n  D e
p a r tm e n t  o f  H e a lth  to  r e q u ir e  th e  in d u s t r y  to  s e g r e g a te  a n d  p r e -tr e a t  
i t s  w a s t e s .  T h e  d is c h a r g e  sh o u ld  n o t  im p a ir  th e  m u n ic ip a l  se w a g e  
t r e a tm e n t  fu n c t io n . L o c a l o ffic ia ls  a r e  r e lu c ta n t  g e n e r a l ly  to  ex e r c ise  
th e ir  r ig h t  o f  c o n tr o l o v e r  th e ir  s e w e r  s y s t e m s  a n d  p la n ts .  T h e  effect  
o f  th is  s i tu a t io n  i s  to  im p o s e  a  g r e a te r  b u r d e n  o n  th e  s t a t e  a d m in 
is t r a t iv e  a g e n c y  i f  p r o p e r  p o llu t io n  c o n tr o l i s  to  r e s u lt .

T h e  s o u r c e s  o f  M ic h ig a n ’s p r in c ip a l  in d u s t r ia l  w a s t e  p r o b le m s  are  
fo u n d  in  th e  d is c h a r g e s  f r o m  13  b e e t  s u g a r  p la n t s ,  52  p a p e r  a n d  10 pulp  
m ills ,  81 c a n n e r ie s ,  9 ta n n e r ie s ,  14  t e x t i le  p la n t s ,  2 ,9 0 0  o il  w e lls ,  27 re
f in e r ie s , 34  b r e w e r ie s  a n d  d is t i l le r ie s ,  55 g a s  p la n t s ,  24  g r a v e l  and  
c r u s h e d  s to n e  w a s h in g  p la n ts ,  1 50  m e a t  p a c k in g  p la n t s ,  3 50  m ilk  p ro d 
u c ts  p la n ts ,  23 s a l t  a n d  c h e m ic a l p la n ts ,  25 m e ta l  w o r k in g  a n d  p la tin g  
p la n ts ,  a n d  2 s t e e l  m ills .

F o r  th e  m o s t  p a r t ,  th e  w a s t e s  d is c h a r g e d  fr o m  th e s e  in d u s t r ie s  p ass  
d ir e c t ly  th r o u g h  c o m p a n y  s e w e r s  o r  d r a in s  or  p o n d s  a n d  o c c a s io n a lly  
w a s t e  tr e a tm e n t  p la n ts  to  th e  s t r e a m s  or w a te r s  o f  th e  s ta te .  W a ste s  
fr o m  a f e w  o f  th e  a b o v e  in d u s t r ie s  fin d  m e a n s  o f  d is p o s a l  in  th e  sew a g e  
tr e a tm e n t  p la n ts  p r e v io u s ly  m e n tio n e d .

S o m e  o f  th e  in ju r ie s  w e  h a v e  e n c o u n te r e d  d u e  to  in d u s t r ia l  p o llu tio n  
a r e  a s  f o l l o w s :

W a s t e  o il  f ie ld , s a l t  a n d  c h e m ic a l p la n t  b r in e s  c a u s e  c h e m ic a l p o llu 
t io n  o f  s t r e a m s , im p a ir in g  th e ir  v a lu e  f o r  p u b lic  o r  in d u s t r ia l  o r  a g r i
c u ltu r a l w a te r  s u p p lie s .

O ily  w a s te s  in  s m a ll q u a n t it ie s  a r e  f r e q u e n t ly  a e s t h e t ic a l ly  o ffe n siv e . 
W h e r e  p r e s e n t  in  su ffic ien t a m o u n t  to  c a u s e  “ f i lm ,”  o il  w i l l  r e ta r d  re
a e r a t io n  o f  th e  s tr e a m , n o t  to  m e n t io n  th e  d e s t r u c t iv e  p h y s ic a l  effect  
o n  fish  a n d  c e r ta in  s p e c ie s  o f  w ild l i f e .

P h e n o l ic  a n d  c r e s o lic  t a in t  is  f r e q u e n t ly  im p a r te d  to  w a te r s  r e c e iv 
in g  th e  w a s te s  f r o m  o il  r e f in e r ie s , g a s  p la n ts  a n d  c e r ta in  o r g a n ic  ch em i
c a l p la n ts .  P u b lic  w a te r  s u p p lie s  a n d  th e  e d ib i l i t y  o f  g a m e  o r  com 
m e r c ia l  f ish  h a v e  s u ffe r e d  f r o m  th is  t y p e  o f  p o llu t io n .

T h e  w a s t e s  f r o m  p a p e r  m il ls ,  t a n n e r ie s ,  c a n n e r ie s ,  t e x t i le  p la n ts , 
b e e t  s u g a r  p la n ts ,  m e a t  p a c k in g  a n d  m ilk  p r o d u c ts  h a v e  th e  com m on  
p r o p e r t y  o f  h ig h  o x y g e n  d e m a n d  w it h  i t s  r e s u lta n t  i l l  e f f e c t  o n  fish  life , 
w a te r  s u p p lie s  a n d  r ip a r ia n  la n d  v a lu e s .  S e t t le a b le  s o l id s  fr o m  th ese  
in d u s t r ie s  n o t  o n ly  r u in  fish  f e e d in g  a n d  s p a w n in g  b e d s , b u t, se a so n a lly ,  
a r e  th e  f r e q u e n t  c a u s e  o f  o d o r  n u is a n c e .

A c id , a lk a li  a n d  c y a n id e  w a s t e s  f r o m  m e ta l  w o r k in g  a n d  o th e r  in 
d u s t r ie s  c a u s e  u n e x p e c te d  a n d  n o to r io u s  f ish  k i l l in g s ,  s o m e t im e s  on  a 
la r g e  s c a le . I n  a  s m a ll s o u th -c e n tr a l M ic h ig a n  to w n , c y a n id e  w a s te s  
c a u s e d  tw o  s e r io u s  c a t t le  k i l l in g s  b e fo r e  th e  p r o b le m  w a s  p la c e d  u n d er  
w h a t  w e  h o p e  w il l  n o w  p r o v e  to  b e  a d e q u a te  c o n tr o l.

T h e  a b o v e  g e n e r a l ly  o u t lin e s  th e  s c o p e  o f  o u r  M ic h ig a n  p ro b lem s. 
O u r e x p e r ie n c e  s e e m s  to  in d ic a te  th a t  s a t i s f a c t o r y  s o lu t io n s  co m e  o n ly  
w h e n  s e v e r a l  c o n tr ib u to r y  fa c t o r s  a r e  p r e s e n t .  E a c h  h a s  i t s  im p o r ta n t  
p a r t  to  p la y .
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F ir s t  o f  a l l  is  T h e  L aw— n o t  o n ly  th a t  c r e a t in g  th e  a d m in is tr a t iv e  
a g e n c y  b u t th e  u n d e r ly in g  co m m o n  or  c o u r t-m a d e  la w  o f  th e  j u r is d ic 
tion .

S e c o n d ly , th e  P olicy  a n d  F in a n c ia l  S u ppo r t  p o s s e s s e d  b y  th e  
a g e n c y  o r  a g e n c ie s  c h a r g e d  w ith  th e  a d m in is tr a t io n  o f  p o llu t io n  c o n 
tr o l m e a su r e s .

T h ir d , R e se a r c h  a n d  p r o v is io n  f o r  th e  s e c u r in g  o f  a d d it io n a l in 
fo r m a tio n  a s  r e q u ir e d .

F o u r th , s t r e a m  o r  W ater  S tandards an d  P o ll u t io n  R e st r ic t io n s .
F if th ,  C o-o peratio n  b y  th e  o ffe n d e r .

W h e n  I  ca m e  to  L a n s in g  so m e  te n  y e a r s  a g o , I  r e c a ll  th e  C o m m is
s io n er  o f  H e a lth  s a id  to  m e :— “ N o w , A d a m s , y o u  c a n  h a n d le  th e  e n g i
n eer in g  s id e  o f  th is  jo b  O K , b u t th e  r e a l p r o b le m  is  in  th e  la w . Y o u  
g iv e  th a t  s p e c ia l  a t t e n t io n .”  W ith  th e  A t t o r n e y  G e n e r a l o f  th e  s ta te  a  
m em ber o f  th e  C o m m iss io n , I  c o u ld  s e e  n o  p r o b le m  o n  th a t  sc o r e , b u t  
for  g o o d  m e a su r e , I  d id  jo in  a  n ig h t  s tu d y  c la s s  c o n d u c te d  b y  a  lo c a l  
c ircu it ju d g e  an d  s tu c k  to  i t  f o r  th e  b e t te r  p a r t  o f  fo u r  y e a r s .

T h is  an d  o th e r  s tu d ie s  b r in g  m e to  th e  c o n c lu s io n  th a t  th e r e  sh o u ld  
be lit t le  n e c e s s it y  fo r  a  s ta te  a g e n c y  to  c o n tr o l p o llu t io n  in  M ic h ig a n —  
th at is , i f  a l l  th e  a g g r ie v e d  in d iv id u a ls ,  to w n s h ip  h e a lth  h o a r d s , v i l la g e s  
and c it ie s  o f  th e  s e v e r a l  c la s s e s  a s su m e d  th e  r e s p o n s ib i l i t ie s  u n d e r  th e  
law  w h ich  a r e  g iv e n  th e m . I t  is  b e c a u se  lo c a l g o v e r n m e n t  h a s  f a i le d  or  
su b s ta n tia lly  f a i le d  to  fu n c t io n  in  th is  p a r t ic u la r  th a t  th e  s t a te  m u s t  
assu m e th e  r e s p o n s ib i l i ty ,  f o r  th e  p r e s e n t  a t  le a s t .

N o w  th e r e  s e e m s  to  b e a n  in c r e a s in g  se n t im e n t  a c r o s s  th e  b o rd er , 
p a r t ic u la r ly  a m o n g  c e r ta in  s p o r t s m e n ’s  g r o u p s , th a t  e v e n  th e  s t a te s  
h ave “ fa lle n  d o w n ”  on  th e  jo b , a n d , th e r e fo r e , th e  f e d e r a l g o v e r n m e n t  
sh ou ld  u n d e r ta k e  it.

T h e  L aw

T o  p r e v e n t  d e tr im e n ta l p o llu t io n  o c c u r r in g  or c o n t in u in g  in  th e  
s tre a m s or  w a te r s  o f  th e  s t a te  h a s  b e e n  th e  w o r k  o f  th e  M ic h ig a n  S tr e a m  
C on tro l C o m m iss io n  s in c e  1929. T h is  s e p a r a te  s t a te  a g e n c y  w a s  c r e 
a ted  b y  A c t  245 , P u b lic  A c t s  o f  1929 , o f  th e  M ic h ig a n  L e g is la tu r e .  T h e  
C o m m iss io n  w a s  e s ta b lis h e d  a p p a r e n t ly  fo r  th e  p u r p o s e  o f  s t r e n g t h 
en in g  th e  s t a t e ’s p o s it io n  in  d e a lin g  w ith  p o llu t io n  m a tte r s . T h is  w a s  
to be a c c o m p lish e d  b y  c o -o r d in a t in g  a n d  c o r r e la t in g  th e  in te r e s t  an d  
a c t iv it ie s  o f  th e  h e a lth  a n d  c o n s e r v a t io n  d e p a r tm e n ts , to g e th e r  w ith  
th o se  o f  a n y  o th e r  in te r e s te d  s ta te  a g e n c ie s . T h e r e  h a d  b e e n  t im e s  
p rio r  to  1929  w h e n  th e s e  tw o  d e p a r tm e n ts  h a d  b een  d u p lic a t in g  each  
o th e r ’s w o rk , or  h a d  b e e n  o p e r a t in g  a t  c r o s s  p u r p o s e s , a lth o u g h  th e  
com m on  o b je c t iv e  o f  b e t te r  p o llu t io n  c o n tr o l c o n fr o n te d  b o th  d e p a r t 
m en ts. T h is  S tr e a m  C o n tr o l C o m m iss io n , th e n , is  c o m p o se d  o f  th e  
C o m m iss io n e r  o f  H e a lth  a n d  D ir e c to r  o f  C o n se r v a t io n , a n d , in  a d d it io n ,  
th e  S ta te  H ig h w a y  C o m m iss io n e r , C o m m iss io n e r  o f  A g r ic u ltu r e ,  an d  
th e A t t o r n e y  G e n e ra l. B r o a d  p o w e r s  h a v e  b e e n  c o n fe r r e d  u p o n  th e  
C o m m iss io n  b y  th e  s ta tu te . H a n d -in -h a n d  w ith  th is  p o w e r  is  c o n fe r r e d
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a u th o r it y  to  e x e r c is e  w id e  d is c r e t io n  b o th  in  s e t t in g  u p  s t r e a m  s ta n d 
a r d s  a n d  p o llu t io n  r e s t r ic t io n s ,  a s  w e ll  a s  f ix in g  th e  d a te  o r  t im e  in  
w h ic h  su c h  c h a n g e s  a r e  to  b e c o m e  e f f e c t iv e .

P o l lu t io n  in ju r io u s  to  p u b lic  h e a lth  o r  w h ic h  t e n d s  to  d e s t r o y  fish  
l i f e  is  d e c la r e d  u n la w fu l,  b u t p e r h a p s  th e  m o s t  u n iq u e  s e c t io n  o f  the  
la w  is  th a t  p a r a g r a p h  w h ic h  c o n fe r s  u p o n  th e  C o m m is s io n  “ a u th o r ity  
to  ta k e  a n y  a p p r o p r ia te  a c t io n  to  p r e v e n t  a n y  p o llu t io n  d e e m e d  un 
r e a s o n a b le  b y  th e  C o m m iss io n  in  v ie w  o f  th e  e x i s t in g  c o n d it io n s  in  any  
la k e , r iv e r , s tr e a m , o r  o th e r  w a te r s  o f  th e  s t a t e . ”  T h e  e f f e c t  o f  th is  
p r o v is io n  a s  in te r p r e te d  b y  v a r io u s  a t to r n e y s  g e n e r a l  i s  to  g iv e  the 
C o m m iss io n  n o th in g  le s s  th a n  a r b it r a r y  a u th o r it y  to  a c t  to  p r e v e n t  
e v e n  th r e a te n e d  p o llu t io n  in  o th e r w is e  c le a n  w a te r s  o f  th e  s ta te ,  and  
p a r t ic u la r ly  th o s e  w h ic h  n o w  p o s s e s s  h ig h  n a tu r a l  q u a l i ty  a n d  u tility .  
O n th e  o th e r  h a n d , in  w a te r s  o f  th e  s t a te  w h ic h  f o r  m a n y  y e a r s  h ave  
b e e n  h e a v i ly  p o llu te d  w ith  s e w a g e  o r  in d u s t r ia l  w a s t e s ,  a p p a r e n t ly  it 
h a s  b e e n  th e  in te n t  o f  th e  L e g is la t u r e  to  d ir e c t  th e  C o m m is s io n  to  p ro 
c e e d  w ith  c a u t io n  a n d  c a r e  to  th e  c o r r e c t io n  o f  p r o b le m s  o f  th is  n atu re.

I t  w il l  b e n o te d  th a t  th e  s t a tu t e  c r e a t in g  th e  C o m m is s io n  t ie s  in to  a 
fa v o r it e  co m m o n  la w  p h r a s e  w h e n  it  m e n t io n s  “ u n r e a s o n a b le  p o llu t io n ”  
a n d  a c c o r d s  to  th e  C o m m iss io n  c e r ta in  a u th o r it y  t o w a r d  i t s  co rrectio n . 
B y  in fe r e n c e ,  th is  m e a n s  th e r e  i s  su c h  a  t h in g  a s  a  r e a s o n a b l e  p o llu tio n . 
A n d  a s  w e  a ll  k n o w , c o u r ts  o f  e q u ity  w i l l  n o t  e n jo in  o r  h a lt  su c h  p o llu 
t io n . A  r e a s o n a b le  p o l lu t io n  is  a lw a y s  t ie d  c lo s e ly  to  c o n s t itu t io n a l  
r ig h t s  o f  u s e  a n d  e n jo y m e n t  o f  p r o p e r ty .  I n  m y  o p in io n , fa ilu r e  to 
u n d e r s ta n d  th is  p o l ic y  o f  th e  c o u r ts  h a s  le d  to  m u c h  c r it ic i s m  o f  p ast  
p o llu t io n  c o n tr o l e f fo r t s .

T h e  r ig h t s  o f  a n  in d u s tr y  to  th e  u s e  a n d  e n jo y m e n t  o f  i t s  p ro p e r ty  
in c lu d e  a  q u a lif ie d  r ig h t  to  th e  u s e  o f  th e  s u r fa c e  w a te r s  b o r d e r in g  or 
t r a v e r s in g  th e  p r e m is e s ,  le t  u s  s a y , f o r  w a te r  s u p p ly  a n d  w a s t e  d isp o sa l  
p u r p o s e s .  T h is  r ig h t  m u s t  be e n jo y e d  a n d  e x e r c is e d  in  co m m o n  w ith  
o th e r  r ip a r ia n  o w n e r s  s im ila r ly  s i tu a te d . I t  is  w h e n  in d u s t r y  or a 
c i t y  f o r g e t s  th a t  a s  a  r ip a r ia n  it  e n j o y s  a  q u a lif ie d  r a th e r  th a n  an  ex 
c lu s iv e  r ig h t  to  th e  u se  o f  w a te r  th a t  w e  fin d  th e m  v u ln e r a b le .

T h e  S tr e a m  C o n tr o l C o m m is s io n  s t a tu t e  h a s  b e e n  in  e f fe c t  e lev en  
y e a r s  in  M ic h ig a n  w ith o u t  a m e n d m e n t. T h e r e  a r e  s o m e  c h a n g e s  that  
sh o u ld  b e  m a d e . F e w  s e s s io n s  o f  th e  L e g is la t u r e  h a v e  c o m e  a n d  gone  
w ith o u t  e f fo r t s  o n  th e  p a r t  o f  so m e  to  e l im in a te  th e  S tr e a m  C on tro l 
C o m m is s io n  a n d  i t s  j u r is d ic t io n . T h e s e  e f f o r t s  g e n e r a l ly  o r ig in a te  in  
s e c t io n s  o f  th e  s ta te  w h e r e  i t  h a s  b e e n  a c t iv e .

T h e  C o m m is s io n  is  b y  n o  m e a n s  th e  o n ly  p o l lu t io n  c o n tr o l a g en cy . 
I t  d e p e n d s  u p o n  th e  M ic h ig a n  D e p a r t m e n t  o f  H e a lt h  f o r  a p p r o v a l of 
p la n s  a n d  su b se q u e n t  s u p e r v is io n  o f  s e w a g e  p la n t  o p e r a t io n  f o r  co n tro l 
o f  m u n ic ip a l p o llu t io n . T h e  P e tr o le u m  D iv is io n  o f  th e  D e p a r tm e n t  o f  
C o n s e r v a t io n  is  c h a r g e d  w ith  th e  r e s p o n s ib i l i t y  o f  p r e v e n t in g  o il  field  
p o llu t io n . A n o th e r  m e m b e r , th e  S ta t e  H ig h w a y  C o m m is s io n e r , a t 
t e m p ts  to  p r o h ib it  th e  c o n n e c t io n  o f  s e w a g e  o r  s e p t ic  ta n k  e fflu en t to  
s t a t e  h ig h w a y  d r a in s .
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T h e s ta te  d r a in a g e  c o d e  a d m in is te r e d  b y  so m e  68  d if f e r e n t  d r a in  
c o m m iss io n e r s  in  a s  m a n y  c o u n t ie s  o f  th e  s t a te  is  a s  y e t  a  so r e  s p o t  
in  th e  p r e v e n t io n  o f  p o llu t io n  in  su b u r b a n  a n d  r u r a l a r e a s .

I n s o fa r  a s  s a n it a r ia n s  in  d is t r ic t  a n d  c o u n ty  h e a lth  d e p a r tm e n ts  o f  
the s ta te  c a n  a s s u m e  a n d  d is c h a r g e  in d u s tr ia l  p o llu t io n  c o n tr o l s u p e r 
v is io n  an d  a ll ie d  o b lig a t io n s ,  th e ir  s e r v ic e s  a r e  b e in g  in c r e a s in g ly  
u tilized .

F in a lly ,  w e  d e p e n d  u p o n  so m e  110  m u n ic ip a l p la n t  m a n a g e m e n ts  
and a g r o w in g  n u m b e r  o f  in d u s tr ia l  m a n a g e m e n ts  th r o u g h o u t  th e  s ta te  
to a ssu m e  th e  r e s p o n s ib i l i ty  o f  k n o w in g  th a t  p r o b le m s  w ith in  th e ir  
im m ed ia te  c o n tr o l a re  fu n c t io n in g  p r o p e r ly .

P olicy a n d  F in a n c ia l  S u ppo r t  of A d m in ist r a t iv e  A g en cy

U n d e r  a la w  a s  f le x ib le  a s  o u r s , p o lic y  f r o m  m o n th  to  m o n th  an d  
y ear to  y e a r  d e te r m in e s  to  a la r g e  e x te n t  th e  p r o g r e s s  th a t  w il l  b e m a d e . 
F in a n c ia l s u p p o r t  w il l  d e te r m in e  th e  a d e q u a c y  or  in a d e q u a c y  o f  s ta f f  
in v e s t ig a t iv e  e f fo r t s  a n d  c o n ta c t  w ork .

W e h a v e  fo u n d  in  M ic h ig a n  th a t  th e  la r g e  r e c e n t  in c r e a s e  in  n u m b er  
of m u n ic ip a l in s t a l la t io n s  h a s  n o t  d e c r e a s e d , b u t, on  th e  o th e r  h a n d , h a s  
in creased  C o m m iss io n  r e s p o n s ib i l i t ie s .  W h e r e  w e  u se d  to  s a y  th a t  w e  
had a  p r o b lem  a t  B a t t le  C reek , f o r  in s ta n c e ,  w e  n o w  h a v e  fo u r  or  five  
p rob lem s a t  B a t t le  C reek  w ith  a  fin e  m u n ic ip a l p la n t  in  o p e r a t io n .  
T h ese “ n e w ”  so u r c e s  o f  p o llu t io n  w e r e  a lw a y s  p r e s e n t ,  b u t w e r e  
sh ie ld ed  b y  th e  p r e s e n c e  o f  th e  m a jo r  m u n ic ip a l p r o b le m . T h e  m in o r  
p rob lem s m u s t  a lso  be e l im in a te d  b e fo r e  p o llu t io n  w ill  r e a l ly  b e  u n d er  
con tro l a t th is  p la ce .

A s  th e  C o m m iss io n  is  c o m p o se d  o f  fiv e  e le c t iv e  or  a p p o in t iv e  s ta te  
officials, w e  h a v e  d iff ic u lty  a t  t im e s  in  o b ta in in g  a  w o r k in g  q u o ru m  o f  
v o tin g  m em b e rs . E a c h  m em b e r  h a s  h is  o w n  d e p a r tm e n ta l r e s p o n s ib i l i 
t ies. G r a tu ito u s  s e r v ic e  o n  th e  C o m m iss io n  n e c e s s a r i ly  su ffe r s  w h en  
m a tter s  se e m  n o t  to  co m e a t  th e  r ig h t  t im e . E v e n  so , p r e s e n t  c o n d it io n s  
are a  g r e a t  im p r o v e m e n t  o v e r  te n  o r  m o r e  y e a r s  a g o  w h e n , a s  C o lo n e l 
R ich  h a s  sa id , “ T h e  o n ly  tim e  p r o g r e s s  w a s  m a d e  on  p o llu t io n  c o n tr o l  
w as d u r in g  f iv e  o r  s ix  m o n th s  in  th e  se c o n d  y e a r  o f  a  tw o -te r m  g o v 
e r n o r .”

T h e r e s is ta n c e  on  th e  p a r t  o f  in d u s t r y  to  a  r e a so n a b le  p o llu t io n  c o n 
tro l p r o g r a m  is  m u ch  le s s  in  e v id e n c e  to d a y  th a n  a t  a n y  t im e  in  th e  p a s t .  
A  s tr o n g e r  a n d  s tr o n g e r  p u b lic  s e n t im e n t  h a s  h e lp e d  to  b rea k  d o w n  th e  
r e s is ta n c e . W h e n  th e  d o u b le  o b je c t iv e  o f  re d u c e d  p o llu t io n  an d  s a l
v a g ed  m a te r ia ls  o r  b y -p r o d u c ts  g o  h a n d -in -h a n d , th e  le a s t  d ifficu lty  is  
en co u n tered .

T h e  s t a f f  p r o v id e d  fo r  th is  w o rk  in  M ic h ig a n  is  so  sm a ll th a t  w e  h a v e  
r e a lly  in  e f fe c t  o n ly  a  tr o u b le -s h o o t in g  o r g a n iz a t io n . W e  h a v e  b een  
u n ab le  to  d e v o te  su ffic ien t t im e  to  th e  s o lu t io n  o f  a n y  on e  p ro b lem . W e  
k now  th a t  p r o v is io n  o f  f a c i l i t i e s  a lo n e  d o e s  n o t  a s s u r e  fr e e d o m  fr o m  in 
d u s tr ia l w a s te  p o llu t io n . T h e  m a tte r  o f  m o n th ly  r e p o r ts  su c h  a s  a re  
su b m itte d  b y  m u n ic ip a l w a te r  an d  s e w a g e  p la n ts  d o e s  n o t  se em  to  be
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th e  a n sw e r . F r e q u e n t  c a l ls  b y  q u a lif ie d  m en , c o m in g  in  u s u a l ly  w ith 
o u t  n o t ic e  to  ch eck  u p  o n  th e  c u r r e n t  s t a tu s  o f  w a s te  d is p o s a l ,  s e e m s  to 
b e th e  o n ly  w a y  b y  w h ic h  so m e  m a n a g e m e n ts  a r e  k e p t  o n  t h e ir  toes. 
W h e n e v e r  a  m a n a g e m e n t  is  s o ld  o n  w a s t e  d is p o s a l  or  s a lv a g e  r e c la m a 
t io n  a s  p a r t  a n d  p a r c e l  o f  th e  in d u s t r ia l  p r o c e s s ,  th e  m o s t  s a t is fa c to r y  
r e c o r d  o f  c o n tr o l i s  m a in ta in e d . I n c id e n t a l ly ,  th is  in v o lv e s  th e  le a st  
a m o u n t o f  s t a te  s u p e r v is o r y  e f fo r t .

R e se a r c h  a n d  M e t h o d s  of C o ntro l

L it t le  p r o g r e s s  in  in d u s t r ia l  w a s t e  c o n tr o l w o u ld  b e  u n d e r  w a y  to d a y  
w e r e  i t  n o t  f o r  th e  p a s t  a n d  p r e s e n t  r e s e a r c h  f in d in g s  o f  en g in e e r s , 
c h e m is ts  a n d  in d u s t r ia l  a s s o c ia t io n s .  M u ch  m o r e  r e m a in s  to  b e done 
in  th is  fie ld , n o tw it h s ta n d in g  th e  a c c o m p lis h m e n ts  a lr e a d y  m a d e . In  
fa c t ,  th is  i s  th e  k e y , a s  w e  se e  i t ,  to  th e  a c tu a l a c c o m p lis h m e n t  o f  the 
d e s ir e d  o b je c t iv e .

A f t e r  a s c e r ta in in g  th e  a m o u n t, s t r e n g th  a n d  c h a r a c te r  o f  a  g iven  
in d u s t r ia l  w a s te ,  th e  n e x t  th in g  w e  a r e  in te r e s t e d  in  i s  w h a t  co n st itu e n t  
o r  c o n s t it u e n t s  m a y  b e s a lv a g e d  o r  th r o u g h  p r o c e s s e s  o f  s c r e e n in g  or 
s e t t l in g  m a d e  a v a i la b le  f o r  s a lv a g e .  A n y t h in g  t h a t  w i l l  p a y  i t s  w a y  or 
h e lp  to  p a y  i t s  w a y  in  th is  h ig h ly  c o m p e t it iv e  e r a  h e lp s  th e  c a u s e  o f  p o l
lu t io n  c o n tr o l. W e  do n o t  s h a r e  th e  id e a , h o w e v e r , th a t  th e  l im it  o f  in 
d u s t r ia l  w a s t e  c o n tr o l is  m a r k e d  b y  th e  e x t e n t  to  w h ic h  m a te r ia l ,  sa l
v a g e a b le  b y  in d u s tr y ,  c a n  b e  d e v e lo p e d . W e  g o  b a ck  to  th a t  “ r e a so n 
a b le  u s e ”  y a r d s t ic k  a n d  m a k e  th e  b e s t  in te r p r e ta t io n  w e  c a n  o f  i t s  p rob 
a b le  r e q u ir e m e n ts .

T h e  E n g in e e r in g  E x p e r im e n t  S ta t io n  o f  M ic h ig a n  S ta t e  C o lle g e  at 
E a s t  L a n s in g  h a s  b e e n  a n  im p o r ta n t  r e s e a r c h  a id  to  th e  C o m m iss io n  and  
i t s  w o rk . T h e  s t a t io n  is  e n g a g e d  a t  th is  t im e  in  c o n d u c t in g  e x p e r i
m e n ta l w o r k  on  th e  t r e a tm e n t  o f  p a p e r  m il l  w a s t e s  in  th e  K a la m a z o o  
V a lle y .  F o l lo w in g  a  h e a r in g  la s t  D e c e m b e r  in  L a n s in g ,  th e  C o m m is
s io n  p r e v a i le d  u p o n  th e  p a p e r  m ill  m a n a g e m e n ts  to  fo r m  a co m m ittee  
f o r  th e  p u r p o s e  o f  f in a n c in g  a n d  c o n d u c tin g  su ch  a p r o g r a m . T h e  p rob 
le m  d if f e r s  f r o m  th o s e  o f  W is c o n s in  a n d  o th e r  p la c e s — a h ig h  p e r c e n t
a g e  o f  “ d e - in k in g ”  w a s t e s  a r e  p r e s e n t  c o u p le d  w ith  a  s t r e a m  o f  re la 
t iv e ly  lo w  flo w  a n d  d i lu t in g  v a lu e .  W it h in  a  y e a r  o r  so , w e  e x p e c t  both  
th e  C o m m iss io n  a n d  th e  K a la m a z o o  m il ls  w i l l  k n o w  th e  a n s w e r  to  th e ir  
p r o b le m  in  te r m s  o f  s a lv a g e ,  i f  a n y , a s  w e l l  a s  th e  d e g r e e  o f  im p r o v e 
m e n t  th a t  s e t t l in g  w ith  a n d  w ith o u t  c o a g u la t io n  w i l l  a ffo r d .

T h e  q u a lif ie d  c o n s u lt in g  e n g in e e r ,  c h e m is t ,  t e c h n ic a l  r e s e a r c h  a s s o 
c ia t io n  a n d  c e r ta in  e q u ip m e n t  c o m p a n ie s  h a v e  m u ch  to  th e ir  c r e d it  in  
a d v a n c in g  th e  c a u se  o f  in d u s t r ia l  p o l lu t io n  c o n tr o l.

T h e  d e v e lo p m e n t  o f  th e  c o n tr o l o f  th e  b e e t  s u g a r  w a s te  p r o b le m  in  
M ic h ig a n  m a y  b e w o r th y  o f  s p e c ia l  m e n tio n . H e r e  is  a  s h o r t , s e a so n a l,  
f in a n c ia l ly -d is tr e s s e d  in d u s t r y  o f  16  s t a te  u n it s ,  n in e  o f  w h o s e  p la n ts  
u n d e r  f o u r  d if f e r e n t  m a n a g e m e n ts  w e r e  lo c a te d  in  o u r  S a g in a w  V a lle y  
in  1935  a lo n g  w ith  p le n ty  o f  o il  f ie ld  b r in e , r e f in e r y , c h e m ic a l p la n t  and  
s e w a g e  p o llu t io n  p r o b le m s . S e a s o n a l  fish  k i l l in g s  f o r  y e a r s  h a d  b een



Vol. 13, No. 4 TREATMENT AND CONTROL OF INDUSTRIAL WASTES 749

n o to r io u s , n o t  to  m e n tio n  th e  s e a s o n a l t a in t in g  o f  th e  p u b lic  w a te r  su p 
p lie s  a t  D u n d e e , M id la n d , S a g in a w  a n d  B a y  C ity . P le n t y  o f  p r e d ic t io n s  
w ere h e a r d  th a t  th e  s u g a r  p la n ts  co u ld  do n o th in g , or  i f  r e q u ir e d  to  do  
so, w o u ld  g o  o u t  o f  b u s in e s s .

A t  th e  C o m m is s io n ’s s u g g e s t io n , a  te c h n ic a l c o m m itte e  o f  th e  F a r m 
ers an d  M a n u fa c tu r e r s ’ B e e t  S u g a r  A s s o c ia t io n  w a s  fo r m e d  e a r ly  in
1935 to  find  a n s w e r s  to  th e ir  p r o b le m s . T h e  E n g in e e r in g  E x p e r im e n t  
S ta tio n  w e n t  to  w o r k  o n  b e e t  s u g a r  w a s te s ,  w h ile  th e  C o m m iss io n  w a s  
se tt lin g  o r d e r s  u p o n  o il  f ie ld  b r in e  a n d  c h e m ic a l p la n t  p r o b le m s.

F ir s t  th r o u g h  la b o r a to r y  e x p e r im e n t, th e n  a p i lo t  p la n t  a t  B a y  C ity  
in  the f a l l  o f  1935 , fo l lo w e d  b y  o n e  u n it  o f  a p la n t -s iz e  s c a le  o p e r a t io n  in
1936 an d  1937 w e r e  u n d e r ta k e n . T h e  r e s u lt s  o f  p la in  s e t t l in g  w ith  an d  
w ith o u t c o a g u la t io n  w e r e  a s c e r ta in e d  a s  w e ll  a s  th e  l im ita t io n  o f  p u r i
fica tion  b y  a e r a t io n  or b y  b io lo g ic a l  f iltr a t io n . N o  s a lv a g e a b le  b y 
p rod u ct a p p e a r e d  to  h e lp  m e e t  th e  c o s ts ,  w ith  th e  p o s s ib le  e x c e p t io n  o f  
the s e tt le d  w a s te  w a te r  i t s e l f .

A  m e e tin g  w ith  th e  in d u s t r ia l  m a n a g e m e n ts  w a s  sc h e d u le d  in  S e p te m 
ber, 1937. B o th  th e  s t a te  a n d  th e  in d u s tr y  k n e w  w h a t  c o u ld  b e a c c o m 
p lish ed  a s  th e  r e s u lt  o f  th e  w o r k  h e r e to fo r e  u n d e r ta k e n . T h e  C o m m is
sion  p la c e d  a  l im ita t io n  o n  p r o c e s s  w a s t e s  o f  a ll  p la n ts  in  th e  s ta te  
a m ou n tin g  to  5 p o u n d s  o f  5 -d a y  B .O .D . p e r  to n  o f  b e e ts  p r o c e s se d , e f fe c 
tive a s  o f  S e p te m b e r , 1939 . T h is  w a s  to  r e p r e s e n t  a  50 to  60  p e r  c e n t  
im p ro v em en t o v e r  w a s te  s t r e n g th  a s  th e n  d isc h a r g e d , o r  a b o u t 200  
p.p.m . S te f f e n s  w a s t e  d is c h a r g e s  w e r e  to  be d is c o n t in u e d  e n t ir e ly  b e 
g in n in g  w ith  1940 . T h e  m e e t in g  e n d e d  w ith  th e  d is t in c t  im p r e s s io n  
that th e o r d e r  w o u ld  b e c o n te s te d  in  th e  c o u r ts . A  su b se q u e n t  c o n c e s 
sion  w a s m a d e  to  on e  p la n t  fo r  th e  u se  o f  S te f f e n s  w a s te  a s  a  c o a g u la n t, 
p rov id ed  th e  f in a l effluent w a s te  sh o u ld  n o t  e x c e e d  th e  5 p o u n d  B .O .D . 
lim ita tio n .

I  am  g la d  to  r e p o r t , h o w e v e r , th a t  fo l lo w in g  th e  F e b r u a r y , 1939 , m e e t 
ing, th e t id e  h a d  d e f in ite ly  tu r n e d . A l l  c o m p a n ie s  a re  n o w  p r o c e e d in g  
in  v a r io u s  w a y s  to  m e e t  th e  te r m s  o f  th e  C o m m is s io n ’s o rd er . B y  
e s ta b lish in g  a u n ifo r m  lim it  o f  B .O .D ., e v e n  th o u g h  in  a m o u n t g r e a te r  
than  co u ld  be s a t is f a c t o r i ly  a s s im ila te d  in  a ll  s tr e a m s , a ll  p la n ts  w er e  
p laced  on  th e  sa m e  b a s is  a t  th e  b e g in n in g . A ll  c o m p a n ie s  w e r e  g iv e n  
the o p p o r tu n ity  o f  m e e t in g  th a t  r e s tr ic t io n  in  a n y  w a y  th e y  ch o se . T h is  
open ty p e  o f  s p e c if ic a t io n  h a s  d e v e lo p e d  so m e  v e r y  u n iq u e  r e m e d ie s .

A n  o u ts ta n d in g  a c c o m p lish m e n t  w a s  m a d e  b y  on e  o f  th e  s u g a r  co m 
p a n ies  lo c a te d  a t  B l is s f ie ld  la s t  fa l l .  F o r  th e  f ir s t  t im e  in  18 y e a r s ,  no  
fish w er e  r e p o r te d  k ille d  in  th e  R a is in  R iv e r  b e lo w  th is  p la n t . I n s te a d  
of m e e tin g  a 5 -p o u n d  lim it  o f  B .O .D ., th e  co m p a n y , th r o u g h  r e -u se  o f  i t s  
se tt le d  w a s te  w a te r , d r o p p e d  i t s  w a s te  lo a d  d o w n  to  a b o u t tw o  p o u n d s .

C o n tin u in g  c h a n g e s  a re  u n d e r  w a y  th is  y e a r  a t  o th e r  p la n ts . A s  a 
resu lt, w e  e x p e c t  th e  1940  c a m p a ig n  w ill  sh o w  r e d u c e d  B .O .D . lo a d in g s  
per m ill o v e r  th o s e  r e p o r te d  in  1939. A n o th e r  tw o  or  th r e e  y e a r s  sh o u ld  
p lace u n d e r  c o n tr o l a n  in d u s tr ia l  p r o b le m , w h ich  a t  th e  o u ts e t  o ffe r e d  
lit t le  or  n o  p r o s p e c t  o f  so lu t io n .
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S tanda rds a n d  R e st r ic t io n s

O n e d o e s  n o t  p r o c e e d  f a r  in to  th e  f ie ld  o f  in d u s t r ia l  w a s t e  co n tro l 
w ith o u t  h a v in g  to  a n s w e r  th e  p r o b le m  o f  ‘ ‘ h o w  m u ch  tr e a tm e n t  ’ ’ is  re 
q u ir e d  o r  “ is  su ch  a n d  su c h  a p la n  g o in g  to  s a t i s f y  th e  C o m m is s io n .”  
F ir s t  o f  a ll, k n o w le d g e  is  r e q u ir e d  a s  to  s t r e a m  flow  v a r ia t io n  in  the  
c a s e  o f  a  r iv e r  f o r  th e  p u r p o s e  o f  c a lc u la t in g  th e  o x y g e n  r e s o u r c e s  a v a il
a b le  a s  an  a id  to  p u r if ic a t io n  o f  a  g iv e n  t r a d e  w a s t e .  T h e  s a n it a r y  su r
v e y  to  d is c lo s e  n e ig h b o r in g  o r  d o w n s tr e a m  w a te r  u s e s  is  a ls o  n e c e s sa r y  
to  a n sw e r  th e  q u e s t io n s  o f  d e g r e e  o f  im p r o v e m e n t  o r  t r e a tm e n t  to  be 
r e q u ir e d  o f  a  g iv e n  in d u s tr ia l  p r o b le m .

W e  find  a  g e n e r a l  r e lu c ta n c e  th r o u g h o u t  th e  s t a t e s  to  o ffic ia lly  ad op t  
s tr e a m  s ta n d a r d s  a n d  p o llu t io n  r e s t r ic t io n s .  T h e  s u b je c t  n e v e r  f a i ls  to 
r a is e  an  a r g u m e n t. T h e  q u e s t io n  is  a lw a y s  p r e s e n te d  a s  to  w h eth er  
su ch  r e s tr ic t io n , i f  m a d e , sh o u ld  b e b a s e d  o n  th e  n e c e s s a r y  re q u ir em en t  
to  se c u r e  d e f in ite  r e l ie f  fr o m  g iv e n  in ju r ie s  o r  sh o u ld  i t  b e  b a s e d  on  w hat 
is  p r e s e n t ly  k n o w n  r e la t iv e  to  a c c o m p lis h in g  l im ite d  p r o g r e s s  tow ard  
th a t  o b je c t iv e .

P e r s o n a l ly ,  I  f a v o r  th e  fo r m e r  c o u r s e , le t t in g  th e  t im e  e le m e n t  in  the 
o r d e r  b e su b je c t  to  m o d if ic a t io n  w h e r e  n e c e s s a r y  to  m e e t  c u r r e n t  eco
n o m ic  a n d  te c h n ic a l u n k n o w n s . T h e  s t r e a m  o r  w a te r  s ta n d a r d , is, 
m o r e o v e r , m u c h  e a s ie r  to  a g r e e  u p o n  th a n  th e  r e s t r ic t io n  o n  p o llu t io n  of 
th e  in d iv id u a l  o ffe n d e r . W ith  o n ly  o n e  s o u r c e  o f  p o l lu t io n  p r e s e n t ,  the 
r e s t r ic t io n  ca n  a u to m a t ic a lly  p r o d u c e  th e  d e s ir e d  s ta n d a r d . B u t  w ith  
s e v e r a l  o r  v a r ia b le  p o llu t io n  s o u r c e s  p r e s e n t ,  th e  p r o b le m  o f  a p p o r tio n 
in g  e q u ita b le  r e s t r ic t io n s  b e c o m e s  a n  e x c e e d in g ly  c o m p le x  p rob lem , 
le g a l ly ,  m a th e m a tic a lly ,  a n d  b io c h e m ic a lly .

A b o u t  th e  o n ly  d e f in ite  c o n c lu s io n  o n  s t a n d a r d s  c o m in g  o u t o f  the 
r e c e n t  r e p o r t  o f  th e  C o m m itte e  o n  W a t e r w a y s  P o l lu t io n  o f  th e  C o n fe r 
en c e  o f  S ta t e  S a n it a r y  E n g in e e r s  h e ld  in  D e t r o i t  so m e  tw o  w e e k s  a g o  is  
th a t  l ik e - s ta n d a r d s  a n d  r e s t r ic t io n s  a r e  n o t  a p p lic a b le  in  a ll  p a r t s  o f  the 
U n ite d  S ta te s .

Y e t ,  i f  o n e  o f  th e  s e v e r a l  fo r m s  o f  f e d e r a l  p o l lu t io n  le g is la t io n  p en d 
in g  b e fo r e  th e  la s t  th r e e  s e s s io n s  o f  C o n g r e s s  is  to  b e c o m e  la w , fe d e r a l  
s tr e a m  s ta n d a r d s  m u s t  b e a d o p te d . I t  is  c le a r , th e r e fo r e ,  th a t  th e  p rob 
le m  o f  s ta n d a r d s  m u s t  b e  fa c e d  a n d  s o lv e d , e i th e r  b y  s t a t e s ,  r e g io n s ,  or 
o n  a n a t io n a l  b a s is .

T h e  a c t  c r e a t in g  o u r  M ic h ig a n  c o m m is s io n  c o n fe r s  u p o n  i t  th e  a u 
th o r ity  to  a d o p t  b o th  s t r e a m  s ta n d a r d s  a n d  in d iv id u a l  p o llu t io n  r e s tr ic 
t io n s .  A s  w e  u n d e r s ta n d  it ,  h o w e v e r , a l l  su c h  a c ts  a r e  su b je c t  to  r e 
v ie w  in  o u r  s t a te  c o u r ts . I f  fo u n d  u n r e a s o n a b le ,  o r  su c h  a s  to  d ep r iv e  
th e  p o llu te r  o f  h is  la w f u l  a n d  c o n s t it u t io n a l  r ig h t s ,  i t  i s  c le a r  th a t  n e ith e r  
f e d e r a l  n o r  s ta te  s ta n d a r d s  a n d  p o llu t io n  r e s t r ic t io n s  w o u ld  p r o v e  of 
v a lu e .

W e  h a v e  n o t  h a d  a v a ila b le  th e  n e c e s s a r y  f u n d s  n o r  m a n  p o w e r  in  
M ic h ig a n  to  e n te r  u p o n  su ff ic ie n tly  d e t a i le d  fie ld  o r  la b o r a t o r y  w o r k  to  
w a r r a n t  r e c o m m e n d in g  a d o p t io n  o f  s ta te -w id e  o r  w a te r s h e d  s tr e a m  
s ta n d a r d s  a n d  p o llu t io n  r e s t r ic t io n s .
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Y e t  in  p r e p a r a t io n  f o r  th e  d a y  th a t  m u s t  e v e n tu a lly  co m e , w e h a v e  
h een  su m m a r iz in g - o u r  s t a f f  id e a s  a n d  c o n c lu s io n s  on  .the su b je c t . T h e y  
h ave b een  a c c u m u la tin g - d u r in g  so m e  te n  y e a r s ’ c o n ta c t  w ith  o u r  M ic h i
g a n  p r o b lem s.

C e r ta in  m in im u m  r e q u ir e m e n ts  sh o u ld  b e o b se r v e d  fo r  th e  h a n d lin g  
o f w a s te s  fr o m  v a r io u s  ty p e s  o f  in d u s tr ie s .  A d d it io n a l tr e a tm e n t  is  
n e c e s sa r y  in  sp e c if ic  in s ta n c e s  c o n t in g e n t  u p o n  a b n o r m a lly  lo w  s tr e a m  
flow s, or g r e a te r  th a n  a v e r a g e  d e v e lo p m e n t  a n d  su b se q u e n t  u se  o f  th e  
r e c e iv in g  w a te r s .  T h e  o b je c t iv e s  to  b e so u g h t  a re  fr e e d o m  fr o m  a p 
p rec ia b le  b o tto m  o r  s lu d g e  d e p o s it s ,  a p H  v a lu e  o f  th e  w a s te  d isc h a r g e d  
ra n g in g  b e tw e e n  5 .8  a n d  8.2  (a c id i ty — a lk a lin ity  r a n g e ) ,  fr e e d o m  fro m  
su rfa ce  o il  film , n o  t a in t in g  n o r  t o x ic  s u b s ta n c e s , 110 m a te r ia l  ch em ic a l  
ch a n g es, a n d  a t  le a s t  fo u r  (4 )  p .p .m . o f  d is s o lv e d  o x y g e n  in  th e  r e c e iv 
in g  w a te r s .

In  a d d it io n , w a te r s  fr o m  w h ich  p u b lic  w a te r  s u p p lie s  a re  d e v e lo p e d  
sh ou ld  b e a s  f r e e  a s  p o s s ib le  fr o m  s e w a g e  c o n ta m in a t io n  a n d  in  n o  ca se  
exceed  a  c o lifo r m  in d e x  o f  4 ,500 . T h e  s ta n d a r d  fo r  r e c r e a t io n a l w a te r s  
is  m uch  h ig h e r — n o t  to  e x c e e d  a c o l ifo r m  in d e x  o f  1 ,000 , p lu s  s a t i s f a c 
tory  s a n it a r y  s u r v e y  f in d in g s . T e n ta t iv e  s ta n d a r d s  o f  th e  U n ite d  
S ta tes  P u b lic  H e a lth  S e r v ic e  s u g g e s t  a  c o l ifo r m  in d e x  o f  50.

Q u a lity  in  p u r e ly  in d u s tr ia l  w a te r s  n e e d  n o t  b e a s  h ig h  a s  a v e r a g e ,  
b ein g  g o v e r n e d  in  m o s t  c a s e s  b y  th e  c r it e r ia  o f  n a v ig a t io n  a n d  o th e r  
in d u str ia l u se s .

In  m a k in g  r e g u la t io n s  a n d  o r d e r s  r e s t r ic t in g  th e  p o llu t in g  c o n te n t  o f  
in d u str ia l w a s te s ,  th e ir  v o lu m e  an d  c h a r a c te r is t ic s ,  th e  a m o u n t an d  c o n 
d itio n s o f  s tr e a m  flow  a v a ila b le  f o r  d ilu t io n  a n d  su b se q u e n t  w a te r  u s e s  
are p e r t in e n t  f a c to r s  to  b e r e c o g n iz e d .

T e n t a t iv e  W aste D isposal  C ode

O ur g e n e r a l su m m a r y  o f  r e c o m m e n d e d  w a s te  d is p o s a l  r e q u ir e m e n ts  
is  a s  f o l l o w s :

1. B e e t  S u g a r — ‘ ‘ S tr a ig h t  h o u se  ’ ’ w a s t e  s h a ll  n o t  e x c e e d  fiv e  p o u n d s  
o f 5 -d a y  B .O .D . p e r  to n  o f  b e e ts  p r o c e s s e d . N o  S te f f e n s  w a s te  to  be  
d isch a rg e d . R e -u s e  s e t t le d  p r o c e s s  w a te r  w h e n e v e r  p o ss ib le ;  C o n 
tin u e r e se a r c h  o n  b y -p r o d u c ts  an d  fu r th e r  tr e a tm e n t  to  m e e t  s p e c ia l  
ca ses.

2. P u lp  a n d  P a p e r — L im it  fib er d is c h a r g e  to  o n e  p e r  c e n t  o f  p r o d u c 
tion  ; w a s te  w a te r  v o lu m e  to  20 ,000  g a llo n s  p e r  to n  o f  p r o d u c t. E ffic ien t  
se t t l in g  o f  s tr a w b o a r d  o r  o th e r  w a s te ,  h ig h  in  s u sp e n d e d  s o lid s , is  in d i
ca ted  a s n e c e s s a r y . C h e m ica l c o a g u la t io n  a s  a n  a id  to  s e t t l in g  m a y  be 
n e c e s sa r y  s e a s o n a l ly .  S u lf ite  a n d  s u lf a te  liq u o r s  p o se  sp e c ia l  p r o b le m s.

3. C a n n e r y — M e c h a n ic a l fin e  s c r e e n in g  fo llo w e d  b y  effic ien t s e t t l in g  
fo r  r e m o v a l o f  s u s p e n d e d  s o l id s  w h e r e  n e c e s s a r y . S e d im e n ta t io n  m a y  
be a id e d  b y  c h e m ic a ls . F u r th e r  tr e a tm e n t, i f  r e q u ir e d , th r o u g h  b io lo g i
cal p r o c e s s e s .  S e a s o n a l  im p o u n d in g  o f  h ig h  B .O .D . w a s te  i s  r e q u ir e d  
in  e x tr e m e  c a s e s .

4. T a n n e r y — F in e - s c r e e n in g  fo r  r e m o v a l o f  f le sh in g s  a n d  h a ir . E f 
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f ic ie n t  s e t t l in g  fo r  r e m o v a l o f  s u s p e n d e d  s o l id s .  C o lo r  r e m o v a l in v o lv e s  
e x c e s s iv e  e x p e n se .. F u r th e r  r e s e a r c h  is  r e q u ir e d  to  m e e t  s p e c ia l  p ro b 
le m s.

5. M ilk  P r o d u c ts — R e d u c e  m ilk  lo s s e s  w ith in  th e  p la n t  to  a  m in im u m . 
B io lo g ic a l  f i lt r a t io n  o f  th e  w a s t e s  is  n e c e s s a r y  in  c a s e s  o f  l im it e d  strea m  
d ilu t io n . W h e y , b u tte r m ilk , sk im m e d  m ilk  or  s p o ile d  m ilk  a r e  n e v e r  to 
b e d is p o s e d  o f  to  s t r e a m s  or  la k e s . R e tu r n  to  f a r m e r s  o r  d is p o s e  o f  it 
on  s u ita b ly  lo c a te d  la n d .

6 . O il F ie ld  a n d  C h e m ic a l B r in e s — H o ld  d is c h a r g e  o f  w a s t e  b r in e  to 
a  m in im u m  a t  a l l  t im e s  in  w a te r s  c o n n e c t in g  w ith  t h o s e  f r o m  w hich  
p u b lic  or  in d u s t r ia l  w a te r  s u p p lie s  a r e  d e v e lo p e d . W a t e r  su p p ly  
so u r c e s  c o n ta in in g  b r in e  p o llu t io n  in  e x c e s s  o f  a n  in d ic a te d  100  p.p .m . 
o f  c h lo r id e  c o n te n t  im p a ir s  a n d  c o r r o d e s  b o ile r s ,  c a u s e s  “ r e d  w a t e r ”  
in  h o t w a te r  p lu m b in g  a n d  e x c e s s iv e  s o f t e n in g  c o s ts .  B r in e  p o llu ted  
w a te r  c o n ta in in g  400  p .p .m . c h lo r id e  i s  th e  l im it  b e y o n d  w h ic h  in ju ry  
is  c a u se d  to  b ro o k , r a in b o w  a n d  b r o w n  tr o u t  a n d  th e ir  p r o p a g a tio n .  
W a te r s  s u b je c t  to  b r in e  p o llu t io n  m u s t  c o n ta in  a t  n o  t im e  in  e x c e s s  of 
4 ,000  p .p .m . to  p r e v e n t  in ju r y  to  l iv e  s to c k , a g r ic u lt u r a l  la n d s  su b ject  
to  f lo o d in g , a n d  to  b a s s , p ik e  a n d  p e r c h  w a te r . C a r e fu l  “ d r i l l in g  in ”  
o f  w e lls  a n d  o b se r v a n c e  o f  a p p r o v e d  r e g u la t io n s  o f  th e  S u p e r v is o r  of 
W e lls  to  p r e v e n t  th e  c r e a t io n  o f  u n n e c e s s a r y  w a s t e  b r in e  is  o f  first 
im p o r ta n c e . P r o d u c e d  b r in e , n o t  c o n s t r u c t iv e ly  u s e d  f o r  d u s t  la y in g , 
e tc ., is  f i lte r e d  a n d  r e tu r n e d  to  u n d e r g r o u n d  f o r m a t io n s  u n d e r  S u p e r 
v is o r  o f  W e l ls  ju r is d ic t io n . P o n d in g  h a s  b e e n  g e n e r a l ly  d isc r e d ite d  
a n d  e v a p o r a t io n  is  im p r a c t ic a b le  in  o u r  c lim a te .

7. P h e n o ls — T h e  d is c h a r g e  o f  w a s t e s  b e a r in g  p h e n o l o r  cr eso lic  
c o m p o u n d s  o r ig in a t in g  e i th e r  in  c h e m ic a l o r  c r e o s o t in g  p la n ts  or oil 
r e f in e r ie s , o r  o th e r  s o u r c e s  s h a ll  b e  h e ld  to  a n  ir r e d u c ib le  m in im u m  at 
a ll  t im e s . T h e  ta s te  th r e s h o ld  f o r  p h e n o l is  o n e  p a r t  in  2 00  m illion  
p a r t s  o f  w a te r  ( in  p u b lic  w a te r  s u p p lie s  u t i l iz in g  c h lo r in a t io n ) .  The  
r e m e d y  i s  in  s e g r e g a t io n  a n d  im p o u n d in g , r e c o v e r y  o f  n e c e s s a r y  w a ste  
w h e r e  p o s s ib le ,  f i lt r a t io n  o f  e fflu en ts  u n d e r  c o n tr o lle d  t e m p e r a tu r e  con
d it io n s  a n d  p o n d in g  b e fo r e  d is c h a r g e .

8 . M e ta l T r e a t in g  a n d  P la t in g — N e u tr a l iz e  a c id  a n d  c a u s t ic  w a ste s  
p r io r  to  d is c h a r g e . R e m o v e  c y a n id e  c o m p le te ly  f r o m  p la t in g  room  
w a s t e s  b e fo r e  d is c h a r g e . B u r y  a c c u m u la te d  c y a n id e  s lu d g e s — n ev er  
d is c h a r g e  w ith  w a s t e  w a te r . C a r e fu l d is p o s a l  n e c e s s a r y  to  p r e v e n t  
su b s e q u e n t  h u m a n  c o n ta c ts  o r  a v a i la b i l i t y  to  liv e s to c k .

9. T e x t i le s — N e u tr a liz a t io n ,  r e m o v a l o f  c o lo r  a n d  u p  to  75 p e r  cent 
o f  th e  o x y g e n  d e m a n d  o f  su c h  w a s t e s  b y  s e t t l in g ,  a id e d  b y  ch em ica ls .  
F u r th e r  r e s e a r c h  is  in  o rd er .

1 0 . O il— N o  w a s t e  o il  to  b e  d is c h a r g e d  o r  p e r m it te d  to  f lo w  fr o m  o il 
p ip e l in e ,  o il  f ie ld  o r  r e f in e r y  o p e r a t io n s .  C o n s ta n t  p a tr o l  a n d  m a in te 
n a n c e  o f  p ip e l in e  a n d  o il  f ie ld s  is  r e q u ir e d  to  p r e v e n t  w a s te .  R e f in e r ie s  
p r o v id e  a d e q u a te  a n d  a p p r o v e d  s e p a r a to r s  w ith in  d ik e d  s it e s .  R o u tin e  
d a i ly  a t te n t io n  to  s e p a r a to r  a n d  d is p o s a l  o f  sc u m  a n d  a c c u m u la te d  
s lu d g e s .  W h e r e  o il  is  s t i l l  p r e s e n t  in  s e p a r a to r  efflu en t, s u p p le m e n t  the  
t r e a tm e n t  b y  p r o v id in g  r e m o v a b le  a n d  r e n e w a b le  s t r a w  o r  h a y  f ilter s .
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U p to tw o or th ree  se ts  o f filters in  a s in g le  d ra in a g e  line m ay  be n eces
sary. P r e v e n t th e  d isch a rg e  o f p h en o l-creso l w a ste s  fro m  the refin ery  
by su b stitu tin g  so lid , a d so rp tiv e  filter  m ed ia  fo r  “ w a te r -w a sh in g ”  o f  
gasoline. S e g r e g a te  and  e lim in a te  fro m  w a ste  lin es  the con cen trated  
“ d o cto r”  and ca u stic  so lu tio n s  or p ro cess  w a ste s . C on tin u in g  research  
is in d icated  as n ecessa ry .

C ooperation

M uch m a y  b e s a id  a s  to  th e  p a r t  w h ic h  c o o p e r a t io n  p la y s  b e tw e en  
sta te  an d  in d u s tr y  in  th e  m a tte r  o f  a c c o m p lis h in g  th e  b e s t  r e su lts .  F e w  
term s a re  a s  m is u s e d  or  m is c o n s tr u e d  a s  th is  o n e . M a n y  a re  th e  s in s  
of c o m m iss io n  an d  o m is s io n  th a t  h a v e  b een  d o n e  u n d er  th e  n a m e o f  
“ c o o p e r a t io n .”  M y  d e f in it io n , h o w e v e r , is  c o m p lia n c e  or  g o o d  fa ith  
attem p t a t  c o m p lia n c e  w ith o u t  r e s o r t  to  c o u r t  a c tio n .

T h is  c o o p e r a t io n  g e n e r a l ly  s t a r t s  a f t e r  th e  e x is te n c e  o f  a  p ro b lem  
and th e  n e e d  o f  i t s  c o r r e c t io n  h a v e  b e e n  o ffic ia lly  d e c la r e d . O n th e  p a r t  
of the in d u s tr y  n o t  o n ly  v a r ia b le  c a s h  o u t la y s  a n d  te c h n ic a l s tu d ie s  an d  
ch an ges a re  r e q u ir e d , b u t a  w il l in g n e s s  to  su r r e n d e r  c e r ta in  r ig h t s  o f  
w ater u se  p r e v io u s ly  e n jo y e d . W h e n  c o o p e r a t io n  f a i l s  in  p a r t  an d  it  
b ecom es n e c e s s a r y  to  o b ta in  th e  la t t e r  b y  c o u r t  a c t io n , d e c is io n s  th a t  
have com e to  m y  a t te n t io n  h a v e  s e e m e d  to  c o n d it io n a lly  c o u n te n a n c e  
certa in  in d u s tr ia l  p o llu t io n s ,  w h e r e a s  c o r r e s p o n d in g  m u n ic ip a l in ju r ie s  
have b een  r e s tr a in e d .

T h e lo w e r  R a is in  R iv e r  a s  i t  jo in s  L a k e  E r ie  p r e s e n ts  su ch  a  c a se . 
H e a v y  p a p e r  m ill  d is c h a r g e s  co m b in e d  w ith  th o s e  o f  th e  C ity  o f  M o n ro e  
to p ro d u c e  s e a s o n a l ly  a cu te  o x y g e n  d e p le t io n  an d  s o lid s  d e p o s it s  in  a  
sh ort n a v ig a b le  w a te r w a y . T h e  d e v e lo p m e n t  o f  a  r e c e n t ly  a cq u ire d  
sta te  p a r k  a d ja c e n t  to  th e  r iv e r  m o u th  in  L a k e  E r ie  h a s  b e e n  a r r e s te d  
u n til c o n d itio n s  a r e  im p r o v e d . T h e  c i ty  an d  on e  o f  th e  sm a lle r  m ills  
are n o w  p r o v id in g  a d e q u a te  s e w a g e  a n d  w a s te  d is p o s a l.  T w o  la r g e  
m ills  a re  s t i l l  e x p e r im e n t in g .

T h e  l i t ig a t io n  r e fe r r e d  to  o c c u r r e d  so m e  15 y e a r s  a g o . I t  is  c o m 
m on ly  sp o k e n  o f  a s  th e  C a rp  P o n d  C a se  fo u n d  in  V o l. 240 , M ich ig a n  
R e p o r ts , p a g e  279. S u it  w a s  b r o u g h t  b y  th e  o w n e r  o f  a  ca r p  p o n d  c o n 
n ec tin g  w ith  th e  lo w e r  r iv e r . H is  fish  f in a lly  g o t  th in  a n d  d ie d  a n d  h is  
b u sin ess  d is a p p e a r e d  a s  a  r e s u lt  o f  p o llu t io n  o f  th e  R a is in  R iv e r  a t  th is  
p oin t. T h e  s ta te ,  u n fo r tu n a te ly ,  d id  n o t  in te r v e n e  a n d  d id  n o t  b ecom e  
a p a r ty  to  th e  su it . S o m e  tr o u b le so m e  la w  h a s  b e e n  m a d e  a s  a  r e su lt  
o f th is  c o u r t  d e c is io n . T h e  e f fe c t  o f  th e  d e c is io n  w a s  to  p la c e  a  p r e 
m ium  u p o n  ig n o r a n c e  o n  th e  p a r t  o f  in d u s t r y  in  th e  h a n d lin g  o f  i t s  
w a ste  d is p o s a l  p r o b le m . T h e  in d u s tr ie s  s u c c e s s f u l ly  d e fe n d e d  so m e  
lon g  an d  e x p e n s iv e  l i t ig a t io n ,  a lth o u g h  p a y in g  in  th e  en d  su ffic ien t  
d a m a g e s  to  p e r m it  th e  ca r p  p o n d  o w n e r  to  m o v e  h is  b u s in e s s  e lse w h e r e .

T h e  d e c is io n  b o th  o f  th e  lo w e r  c o u r t  a n d  o f  th e  S u p r e m e  C o u r t in  
th is  m a tte r  w a s  p r e d ic a te d  u p o n  th e  s h o w in g  m a d e  b y  th e  m ill m a n a g e 
m en ts  th a t  th e r e  w a s  n o  w a y  in  w h ic h  th e y  c o u ld  o p e r a te  w ith o u t  c a u s 
in g  th e  p o llu t io n . I t  h a s  ta k e n  y e a r s  to  c o n v in c e  th e s e  p a p e r  m ill  m a n 
a g e m e n ts  th a t  th is  p r o b le m  w a s  s u s c e p t ib le  o f  im p r o v e m e n t. T h e  p r o b 
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le m  a t  th is  p la c e  is  b y  110 m e a n s  s e t t le d  a lth o u g h  so m e  r e a l  p r o g r e s s  h as  
b e e n  m a d e . T h e  w a te r  q u a li ty  r e q u ir e m e n ts  to d a y  a r e  n e c e s s a r i ly  
h ig h e r  th a n  th e y  w e r e  13 y e a r s  a g o . I t  w i l l  b e  so m e  y e a r s  y e t  b e fo r e  
th e  e f fe c t  o f  m a n y  y e a r s  o f  d is c h a r g e  o f  p a p e r  m ill  p u lp  a n d  r e f u s e  w ill 
d is a p p e a r  f r o m  th e  s h o r e s  o f  L a k e  E r ie  a t  t h is  p la c e . B u t  i t  h a s  been  
n e c e s s a r y  to  o v e r c o m e  th e  e f fe c t  o f  th is  fo r m e r  c o u r t  d e c is io n  b y  actu a l 
d e m o n s tr a t io n  t r e a tm e n t  b e fo r e  a n y th in g  c o u ld  b e  a c c o m p lis h e d .

C o o p e r a t io n  i s  s o l ic it e d  w h e r e v e r  p o s s ib le  o n  a g r o u p  b a s is .  S om e  
se v e n  c o m m it te e s  h a v e  b e e n  a c t iv e  a t  v a r io u s  t im e s  d u r in g  th e  p a s t  15 
y e a r s  in  M ic h ig a n . T h e y  h a v e  a id e d  a n d  s p o n s o r e d  r e s e a r c h  f o r  the  
d e v e lo p m e n t  o f  w a y s  a n d  m e a n s  o f  c o r r e c t in g  c e r ta in  w a s te  p ro b lem s  
an d , in  so m e  c a s e s ,  b y  a id in g  in d iv id u a l  in d u s t r ie s  to  p o l ic e  th e ir  ow n  
d o o r s te p s .  T h e s e  c o m m it te e s  a r e :

1. B r in e  D is p o s a l  C o m m itte e  o f  th e  O il a n d  G a s  A s s o c ia t io n .
2. T e c h n ic a l C o m m itte e  o f  th e  F a r m e r s  a n d  M a n u fa c tu r e r s  B e e t  S u g a r

A s s o c ia t io n .
3. S tr e a m  P o l lu t io n  C o m m itte e  o f  A l l ie d  D a ir y  A s s o c ia t io n .
4. M ic h ig a n  P a p e r  M ill W a s t e  C o m m itte e .
5. T e c h n ic a l C o m m itte e  o f  th e  T a n n in g  I n d u s t r y .
6 . M ic h ig a n  C a n n e r s ’ C o m m itte e  on  W a s t e  D is p o s a l .
7. M ic h ig a n  G a s A s s o c ia t io n .

S o m e  o f  t h e s e  e f fo r t s  h a v e  b e e n  v e r y  e f f e c t iv e  a n d  o th e r s  h a v e  not. 
I  h a v e  b e e n  to ld  th a t  th e  o r ig in a l  p a p e r  m ill  c o m m it te e  w a s  fo r m e d  to 
b a tt le  th e  s t a te  w h e n  th is  m a tte r  ca m e  to  a c r is i s  in  1 923 .

W e  fin d  i t  n e c e s s a r y  to  u n d e r s ta n d  s o m e th in g  o f  th e  in d u s t r ia l  p ro c 
e s s e s ,  r e q u ir e m e n ts  a n d  v ie w p o in t  to w a r d  t h e s e  p r o b le m s  a s  w e ll  a s  our 
o w n . W h e n  w e  h a v e  f a i le d  to  o b ta in  c o o p e r a t io n  b y  p r e v a i l in g  on  a 
g iv e n  in d u s t r y  to  t r y  r e m e d ie s  w h ic h  h a v e  r e s u lte d  in  im p r o v e m e n t  e ls e 
w h e r e , w e  g e n e r a l ly  h a v e  b r o u g h t  th e s e  m a t t e r s  to  th e  a t t e n t io n  o f  the 
C o m m iss io n . S p e c if ic  n o t ic e s  o f  f a i lu r e  to  c o n tr o l p o l lu t io n  o r  c lean -u p  
o r d e r s  a r e  th e n  m a d e . T h e  w o r k in g  r e la t io n s h ip  w h ic h  e x i s t s  b etw e en  
th e  s t a f f  a n d  th e  C o m m is s io n  i t s e l f  i s  o n e  o f  b r in g in g  to  i t  o n ly  th o se  
p r o b le m s  w h ic h  d o  n o t  s e e m  to  s o lv e  t h e m s e lv e s  a f t e r  a r e a s o n a b le  tr ia l  
p e r io d . I t  h a s  fu r th e r  b e e n  n e c e s s a r y  to  p la n  th e  C o m m is s io n ’s w ork  
a s  s t a te d  p r e v io u s ly  b y  ta k in g  th e  w o r s t  p r o b le m s  f ir s t  r a th e r  th a n  by  
c le a n in g  u p  e n t ir e  w a te r s h e d s .  T h e  la w  u n d e r  w h ic h  w e  o p e r a te  v ir 
t u a l ly  m a k e s  su c h  a c t io n  n e c e s s a r y .  W e  h a v e  fo u n d  in  f o l lo w in g  th is  
p r o c e d u r e  th a t  m a n y  o f  th e  le s s e r  p r o b le m s  a u to m a t ic a l ly  s o lv e  th e m 
s e lv e s  w ith o u t  m u c h  e f fo r t , p e r h a p s  f r o m  th e  e x a m p le  s e t  b y  th e  la r g e r  
in s t a l la t io n s .

I t  i s  w ith in  th is  f ie ld  o f  c o o p e r a t io n  th a t  th e  s t a te  r e p r e s e n ta t iv e  
m e e ts  h is  g r e a t e s t  c h a lle n g e . T o  g e t  s o m e th in g  d o n e  f o r  a w o r th w h ile  
c a u s e  b y  p r e v a i l in g  u p o n  m a n a g e m e n ts  to  d o  th e  r ig h t  th in g  in  th e  p u b 
lic  in t e r e s t  is  s a le s m a n s h ip  a t  i t s  b e st .

C o o p e r a t io n  b y  in d u s t r y  u n d e r  su ch  p r e s s u r e  a s  i s  n e c e s s a r y  c r e a te s  
c e r ta in  p r o b le m s  a t  t im e s  th a t  r e q u ir e  n o t  o n ly  t e c h n ic a l  f i tn e s s  b u t  h ig h  
d e v o t io n  to  d u ty  on  th e  p a r t  o f  th e  g o v e r n m e n ta l  e m p lo y e e .
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O ne o f  th e  m o s t  s a t i s f a c t o r y  c o m p e n s a t io n s  th a t I  k n o w  o f , h o w e v e r ,  
is  w h en  “ in d u s t r y  f in a lly  c o m e s  t h r o u g h ”  a n d  d o e s  a r e a l jo b  o f  c le a n 
in g  u p . I t  w il l  ta k e  a s  m u c h  or  m o r e  p r id e  th a n  y o u  d o  in  th e  a c c o m 
p lish m e n t, p a r t ic u la r ly  i f  th e  m a n a g e m e n t  f e e ls  th e  a c c o m p lish m e n t  w a s  
m ade “ on  th e ir  o w n ”  an d  w ith o u t  b e in g  p r e s s e d  to o  m u ch  to  d o  it. 
In  th is  r e s p e c t , in d u s t r ia l  r e a c t io n  d if f e r s  fr o m  th a t  in  th e  m u n ic ip a l  
field. T h e  c i ty  o ffic ia ls  g e n e r a lly  find  it  n e c e s s a r y  to  le a n  on  s ta te  
p r e ssu r e  to  j u s t i f y  ta p p in g  th e  p u b lic  t r e a s u r y  fo r  su ch  im p r o v e m e n ts  
as th e c i ty  m u s t  m a k e . T h e  “ s k in ”  o f  in d u s tr y ,  o n  th e  o th e r  h a n d , is  
m uch m o re  s e n s i t iv e  to a d v e r s e  p u b lic  c r it ic is m  th a n  is  th e  m u n ic ip a l  
ep id erm is.

S u m m a r y

In d u s tr ia l  w a s te  t r e a tm e n t  a n d  c o n tr o l i s  s u s c e p t ib le  o f  a c c o m p lish 
m ent a lth o u g h  p r o g r e s s  g e n e r a lly  t r a i l s  th a t  b e in g  m a d e  in  th e  m u n ic i
p al field . I t  is  n e c e s s a r y  f o r  r e s to r a t io n  a n d  m a in te n a n c e  o f  th e  v a lu e  
of a  s t a t e ’s w a te r  r e s o u r c e s  in  o r d e r  th a t  th e y  m a y  b e s t  s e r v e  th e  p u b lic  
in te re st  in  th e  m a n y  w a y s  w h ic h  o n ly  th e s e  w a te r s  c a n  a n d  m u st  se r v e .  
T r ea tm en t a n d  c o n tr o l o f  in d u s tr ia l  w a s te  is  a ls o  f r e q u e n t ly  n e c e s s a r y  
as an  a d ju n c t  to  s u c c e s s fu l  m u n ic ip a l s e w a g e  p la n t  o p e r a t io n .

V a r io u s  fa c t o r s ,  w h e n  p r e s e n t  in  th e ir  p r o p e r  r e la t io n  an d  e f f e c t iv e 
n ess, c o n tr ib u te  to  th e  s u c c e s s fu l  c o n tr o l o f  in d u s tr ia l  w a s te s .  T h e r e  
is—

F ir s t :  T h e  la w  o f  th e  ju r is d ic t io n , in c lu d in g  th a t  c r e a t in g  th e  a d m in 
is t r a t iv e  c o n tr o l a g e n c y .

S eco n d : S ta t e  p o l ic y  a n d  f in a n c ia l su p p o r t  o f  th e  a c t iv ity .
T h ir d : R e s e a r c h  a n d  m e th o d s  o f  c o n tro l.
F o u r th :  S tr e a m  s ta n d a r d s  an d  p o llu t io n  r e s tr ic t io n s ,  an d  
L a s t : C o o p e r a t io n  b y  in d u s tr y .

N o n e  o f  u s  c a n  a c c u r a te ly  fo r e s e e ,  p e r h a p s , th e  e ffe c t  o f  th e  m a n y  
w ar in d u s tr ie s  a n d  a c t iv i t ie s  o n  su ch  c o n tr o l p r o g r a m s . O b v io u s ly , 
the n a t io n a l d e fe n s e  m u s t  co m e f ir s t , an d  t im e  is  o f  th e  e s se n c e . M o st  
of th e a c c o m p lish m e n ts  n o w  m a d e  w e r e  u n k n o w n  d u r in g  th e  la s t  
em erg en cy .

W ith in  th e  p a s t  m o n th  in  M ic h ig a n , b o th  m il i ta r y  an d  in d u s tr ia l  
in q u ir ie s  h a v e  b e e n  r e c e iv e d  to  a s c e r ta in  th e  e x te n t  o f  s e w a g e  or w a s te  
d isp o sa l r e q u ir e m e n ts  w ith  r e s p e c t  to  sp e c ific  or  a n tic ip a te d  d e v e lo p 
m en ts. W e  h a v e  in d ic a te d  o u r  d e s ir e  to  a id  in  e v e r y  p o s s ib le  w a y , an d  
our s u g g e s t io n s  h a v e  b e e n  c h e e r fu lly  r e c e iv e d . W e  r e g a r d  th is  as  
sig n ifica n t. I t  in d ic a te s  th a t  a ll  th e  b a r s  a g a in s t  p o llu t io n  sh o u ld  n o t  
h ave to  b e ta k e n  d o w n  d u r in g  th is  p e r io d . W e  e n te r ta in  th e  b e lie f  th a t  
new  ca m p  d e v e lo p m e n ts  a n d  in d u s tr ie s  a r e  d e p e n d e n t  u p o n  th e  w a te r  
re so u rc es  p r o te c t io n  th a t  o n ly  th e  M ic h ig a n  D e p a r tm e n t  o f  H e a lth  an d  
the S tr e a m  C o n tr o l C o m m iss io n  c a n  g iv e .  I f  su ch  be th e  c a se , th e  
e m e r g e n c y  u s e r s  o f  o u r  w a te r  r e s o u r c e s , sh o u ld  be ab le  to  c o m p ly  w ith  
re a so n a b le  s t a te  r e q u ir e m e n ts  fo r  th e  p r o te c t io n  o f  o th e r s .
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T H E  N A T U R A L  P U R IF IC A T IO N  O F  R I V E R  M U D S  A N D  
P O L L U T IO N A L  S E D IM E N T S  *

B y G o r d o n  M . F a ir ,  E d w a r d  W . M o o r e , a n d  
H a r o ld  A . T h o m a s , J r .

Harvard Graduate School of Engineering, Cambridge, Mass.

I V . E ffe c t  of S ludg e  T e m pe r a t u r e  u p o n  R ate  of D eco m po sitio n

T e m p e r a tu r e  c h a n g e s ,  r u n n in g  th e ir  s e a s o n a l  c o u r s e  in  lakes, 
s tr e a m s , a n d  o th e r  b o d ie s  o f  w a te r ,  e x e r t  p r o f o u n d  e f f e c ts  u p o n  the 
r a te  o f  d e c o m p o s it io n  o f  r iv e r  m u d s  a n d  p o llu t io n a l  s e d im e n ts .  C hem i
c a l a n d  b io lo g ic a l a c t iv i t ie s ,  r a te s  o f  d if fu s io n , v i s c o s i t y  a n d  d e n s ity  of 
in te r io r  flu id s , a n d  th e  s o lu b i l i t y  o f  g a s e s  a r e  a ll f u n c t io n s  o f  tem p era 
tu r e . A s  th e  d e p o s it s  w a r m  u p  in  th e  s p r in g , c h e m ic a l a n d  b io log ica l 
a c t iv i t ie s  a r e  s t im u la te d , d if fu s io n  is  in c r e a s e d , a n d  v is c o s i t y ,  d en sity  
a n d  th e  s o lu b i l i t y  o f  g a s e s  a r e  r e d u c e d . M o s t  o f  t h e s e  c h a n g e s  com bine 
to  p r o m o te  d e c o m p o s it io n  b u t, a t  th e  sa m e  t im e , to  e n d a n g e r  i t s  ord erly  
p r o g r e s s  b y  e x h a u s t io n  o f  d is s o lv e d  o x y g e n , th e  l ib e r a t io n  o f  g a s  bub
b le s , a n d  th e  g a s - l i f t in g  a n d  f lo ta t io n  o f  b o tto m  d e p o s i t s .  F a l l in g  tem 
p e r a t u r e s  e x e r t  th e  o p p o s it e  e f f e c ts ,  b u t  ic e  c o v e r  m a y  b r in g  about 
o b je c t io n a b le  c o n d it io n s  in  th e  w a te r  o v e r ly in g  s lu d g e  d e p o s it s  b y  pre
v e n t in g  a tm o s p h e r ic  r e a e r a t io n .

T h e  te m p e r a tu r e  o f  b o tto m  s e d im e n ts  is  n o t  th e  sa m e  a s  th a t  o f  the 
s u p e r n a ta n t  w a te r . A s  sh o w n  b y  B ir g e  a n d  J u d a y  ( 1 3 ) , f  th e  mud  
te m p e r a tu r e  is  le s s  th a n  th a t  o f  th e  w a te r  in  s u m m e r  a n d  m o re  in 
w in te r . T h e  d e e p e r  th e  m u d , th e  g r e a t e r  i s  t h is  d if fe r e n c e . A s  a re
su lt ,  th e r e  is  a  t e n d e n c y  f o r  d e c o m p o s it io n  to  b e  d e c r e a s e d  in  sum m er  
a n d  in c r e a s e d  in  w in te r  r e la t iv e  to  th e  w a te r  te m p e r a tu r e .

E x p e r i m e n t a l  P r o c e d u r e s .— A  r iv e r  m u d  r a th e r  th a n  a  sew age  
s lu d g e  w a s  u s e d  in  th e  a u t h o r s ’ s t u d ie s  o f  th e  e f f e c t  o f  te m p e ra tu r e  
u p o n  r a te  o f  d e c o m p o s it io n . T h e  c h a r a c te r  o f  th e  d e p o s i t  em p loyed  
h a s  b e e n  d e s c r ib e d  in  S e c t io n  I  o f  th is  s e r ie s  o f  p a p e r s  (T a b le  I )  and 
is  fu r th e r  e la b o r a te d  in  T a b le s  X I ,  X I I I  a n d  X I V  o f  S e c t io n  V . It 
m a y  b e  c o n c lu d e d  fr o m  th e s e  p h y s ic a l  p r o p e r t ie s  a n d  c h e m ic a l a n a ly ses  
th a t , a t  th e  t im e  o f  i t s  c o l le c t io n  in  th e  la t e  f a l l  o f  th e  y e a r ,  th e  sed i
m e n t  h a d  p r o b a b ly  e n te r e d  th e  th ir d  p e r io d  o f  b e n th a l d ec o m p o sit io n ,
i .e . ,  q u ie s c e n t  s ta b i l iz a t io n , a n d  th a t  th e  a n a e r o b ic  c o m p o n e n t  o f  d ecom 
p o s it io n  h a d  b e e n  n e a r ly  c o m p le te d . D im in is h e d  a n a e r o b ic  a c t iv i ty  is

* This is tlie second group in a series of papers on this subject. The first group appeared 
in the March, 1941, issue of This Journal, pp. 270 to 307, and contained the following discus
sions: I. Benthal Decomposition—General Concepts; II. Rates of Benthal Decomposition; and 
III. Effect of Sludge Depth upon Rate of Decomposition.

t References 1 to 12 are appended to Sections I to III of this series of papers.
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c h a r a c te r is t ic  o f  d e p o s it s  in  th is  s t a g e  o f  d e c o m p o s it io n , b u t d o e s  n o t  
im p ly  th a t  th e ir  o x y g e n  d em a n d  h a s  b e e n  f u l ly  s a t is f ie d .

T h e a p p a r a tu s  e m p lo y e d  in  th e  b e n th a l s tu d ie s  w a s  s im ila r  to  th a t  
d escr ib ed  in  S e c t io n  I , F ig .  2, e x c e p t  th a t  th e  th r e e  s a m p le s  o f  r iv e r  
m ud w er e  p la c e d  in  4 - lite r  b o tt le s  a n d  im m e r s e d  in  c o n s ta n t - te m p e r a tu r e  
baths. E a c h  b o tt le  c o n ta in e d  in  e x c e s s  o f  2 k g . o f  m u d  w h ich  f ille d  th e  
b ottles  to  a  d e p th  o f  10 cm . an d  p r e s e n te d  a s u r fa c e  o f  198 sq . cm . to  
the flow in g  w a te r . T h e  b a th s  w e r e  m a in ta in e d  a t  10, 17 .5  a n d  2 5 °  C., 
r e sp e c tiv e ly , i .e . ,  w ith in  th e  u p p e r  r a n g e  o f  r iv e r  t e m p e r a tu r e s  fo r  w h ich  
d eco m p o sit io n  is  m e a s u r a b ly  la r g e . A s  in  th e  “ d e p th  s t u d ie s ”  o f  S e c 
tion  I I I ,  th e  p r o g r e s s  o f  b e n th a l d e c o m p o s it io n  w a s  c o m p a r e d  w ith  th a t  
ob ta in in g  (1 )  u n d e r  e s s e n t ia l ly  a e r o b ic  a n d  (2 )  e s s e n t ia l ly  a n a e r o b ic  
co n d itio n s. F o r  a e r o b ic  d e c o m p o s it io n  a  s in g le  te m p e r a tu r e  o f  23° C. 
w as em p lo y ed , fo r  a n a e r o b ic  d e c o m p o s it io n  th e  sa m e  th r e e  t e m p e r a 
tu res (10 , 17.5 a n d  25° C .) a s  f o r  b e n th a l d e c o m p o s it io n .

A s  in  “  th e  d e p th  s tu d ie s , ’ ’ to o , th e  c h a n g e s  ta k in g  p la c e  in  th e  m u d s  
w ere e v a lu a te d  in  th e  f o l lo w in g  w a y s :

1 . M e a su r e m e n t o f  (a )  th e  o x y g e n  a b so r b e d  fr o m  th e  su p e r n a ta n t  
w a ter; (b )  th e  a e r o b ic  o x y g e n  d e m a n d , or  lo n g -t im e  B .O .D . o f  th e  
s lu d g e ; an d  (c )  th e  v o lu m e  an d  c o m p o s it io n  o f  th e  g a s  lib e r a te d  d u r in g  
an aerob ic  d ig e s t io n  o f  th e  s lu d g e .

2. M e a su r e m e n t o f  (a )  th e  lo s s  o f  n itr o g e n  fr o m  th e  d e p o s it ;  ( b ) th e

ch a n g es in  i t s  ir o n  c o n te n t;  a n d  (c )  th e  r e d u c t io n  in  i t s  f u e l  v a lu e .
O n ly  th e  f ir s t  g r o u p  o f  o b s e r v a t io n s  w il l  b e d is c u s s e d  in  th e  p r e s e n t  

sectio n  o f  th is  p a p e r .
E x p e r i m e n t a l  R e s u l t s .-—T h e  c h a n g e s  o b se r v e d  d u r in g  145 d a y s  o f  

b en th a l d e c o m p o s it io n  a t  10, 17 .5  a n d  25° C ., 10 d a y s  o f  a e r o b ic  d e 
co m p o sitio n  a t  23° C ., an d  201 d a y s  o f  a n a e r o b ic  d e c o m p o s it io n  a t  17.5  
and 25° C. a re  sh o w n  in  F ig s .  12 to  14.* A t  10° C., n o  m e a su r a b le  
am oun t o f  g a s  w a s  e v o lv e d  d u r in g  a n a e r o b ic  d ig e s t io n .

T h ese  r e s u lts  co n firm  th e  c o n c lu s io n s  d r a w n  p r e v io u s ly  fr o m  an  
ex a m in a tio n  o f  th e  p h y s ic a l  p r o p e r t ie s  an d  c h e m ic a l a n a ly s e s  o f  th e  
river  m u d : th a t  th e  d e p o s it  e m p lo y e d  h a d  b een  la id  d o w n  o v e r  a c o n 
sid er a b le  p e r io d  o f  t im e  a n d  h a d  re a c h e d  a r e la t iv e ly  a d v a n c e d  s ta g e  
o f s ta b iliz a t io n  b e fo r e  i t  w a s  b r o u g h t  in to  th e  la b o r a to r y  fo r  in v e s t i 
g a tio n . T h e  o b se r v e d  p r o g r e s s  o f  b e n th a l a n d  a n a e r o b ic  d e c o m p o s it io n  
(F ig s .  12 a n d  1 4 ) is  s e e n  to  h a v e  b e e n  s lo w  a n d  so  l i t t le  a f fe c te d  b y  
fu r th e r  c h a n g e s  in  r a te  o f  d e c o m p o s it io n  an d  a m o u n t o f  d ec o m p o sa b le  
m a te r ia l r e m a in in g  a s  to  y ie ld  a lm o s t  s t r a ig h t - l in e  v a r ia t io n s ,  or su b 
s ta n t ia lly  c o n s ta n t  r a te s , e v e n  d u r in g  lo n g -t im e  e x p o s u r e s  in  th e  la b o r a 
to ry . N e v e r th e le s s ,  th e  r e s u lt s  o b ta in e d  a r e  b e lie v e d  to  b e a m en a b le  
to p a r t ia l n u m e r ic a l g e n e r a liz a t io n  b y  d e p a r t in g  fr o m  th e  c o n v e n t io n a l  
fo r m u la t io n  o f  th e  e f fe c t  o f  t e m p e r a tu r e  u p o n  th e  a m o u n t o f  m a te r ia l  
th a t is  d e c o m p o sa b le . T h e  e n fo r c e d  d e p a r tu r e , in c id e n ta lly , is  b e lie v e d  
to b e b ack ed  b y  t h e o r e t ic a l  c o n s id e r a t io n s . A e r o b ic  d e c o m p o s it io n  a t  
th e  s in g le  te m p e r a tu r e  o f  2 3 °  C. ( F ig .  13) is  s e e n  to  h a v e  b e e n  o f  n o rm a l

* Figures 1 to 11 are found in Sections I to III of this series of papers.



758 SEWAGE WORKS JOURNAL July, 1941

r a p id it y  ( k u =  0 .2 3 ) a f t e r  a  la g  p e r io d  o f  a b o u t  2 d a y s .  T h is  p e r io d  
o f  a d ju s tm e n t  is  s o m e w h a t  o b sc u r e d  in  i t s  e f f e c ts  u p o n  th e  c o u r s e  o f  
th e  B .O .D . b y  th e  e x e r t io n  o f  th e  im m e d ia te  o x y g e n  d e m a n d  o f  th e  m ud.

Time in Days
Fig. 12.—Observed course of bentlial oxygen demand of river mud at 10, 17.5 and 25° C. 

The change in demand with time is so small that, for purposes of comparison, the rate may be 
assumed to be uniform over the period of observation.

Fig. 13.—Observed biochemical oxygen demand of river mud at 23° C. High initial de
mand and lag combine to obscure the normal course of B.O.D. The constants of the fitted 
unimolecular curve are: hu =  0.236 close to the normal value for polluted water (2.303 X 0.1) 
and Lu — 99.2. The calculated lag is 2.1 days.

T h e  m e a s u r e d  f ir s t -h o u r  d e m a n d  w a s  16 .5  g r a m s  p e r  k g . o f  v o la t i le  
s o l id s  in i t ia l ly  p r e s e n t ,  b u t  th is  m a y  n o t  b e  a  t r u e  d e te r m in a t io n  o f  th e  
im m e d ia te  d e m a n d  ( 5 ) .  T h e  u lt im a te  f ir s t - s ta g e  d e m a n d  w a s  c lo s e  to  
1 0 0  g r a m s  p e r  k g . o f  v o la t i le  m a tte r .
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M a t h e m a t i c a l  F o r m u l a t i o n s  o f  th e  E f f e c t  o f  T e m p e r a t u r e  on  D e c o m 
p o s i t io n .— I n  S e c t io n  I I  o f  th is  s e r ie s  o f  p a p e r s ,  th e  p r o g r e s s  o f  d e 
co m p o sit io n  w a s  fo r m u la te d  in  te r m s  o f  th e  f o l lo w in g  c o n c e p t s :

y  — th e  a m o u n t o f  m a te r ia l d e c o m p o se d  or th e  o x y g e n  d em a n d  
e x e r te d  in  t im e  t ( y u in  th e  s im p le  u n im o le c u la r  f o r m u la t io n ) ;

L  =  th e  u lt im a te  a m o u n t o f  d e c o m p o sa b le  m a te r ia l  or u lt im a te  
o x y g e n  d e m a n d  ( L« in  th e  s im p le  u n im o le c u la r  f o r m u la t io n ) ;

k  =  th e  r e a c t io n  v e lo c it y  c o n s ta n t , r e f le c t in g  th e  in it ia l  a v a ila b il
i t y  o f  th e  s u b s tr a te  a n d  d e p e n d in g  u p o n  th e  ty p e  o f  o r g a n ic  
m a tte r  p r e s e n t  an d  th e  c o n d it io n  o f  th e  p h y s ic a l e n v ir o n m e n t  
(ku in  th e  s im p le  u n im o le c u la r  f o r m u la t io n ) ; 

and a  =  th e  co e ffic ien t o f  r e ta r d a t io n , d e p e n d in g  u p o n  th e  ty p e  o f  o r 
g a n ic  m a tte r  p r e s e n t  a n d  th e  c o n d it io n  o f  th e  e n v ir o n m e n t  
( a  — 0 in  th e  s im p le  u n im o le c u la r  f o r m u la t io n ) .

Time in Days
Eig. 14.—Observed course of gas production of river mud during anaerobic digestion at 

17.5 and 25° C. At 10° C., release of gas was too small to be recorded. Changes in gasifica
tion are so small that, for purposes of comparison, the rate may be taken as uniform over the 
period of observation.

T h e v a r ia b le s  y  an d  t  a r e  h e r e  lin k e d  b y  th e  co e ffic ien ts  L ,  k,  an d  a, 
w hich  s in g ly  or  in  c o m b in a tio n  w o u ld  n o r m a lly  be e x p e c te d  to  v a r y  in  
m a g n itu d e  w ith  te m p e r a tu r e . H o w  su ch  v a r ia t io n  m a y  b e fo r m u la te d  
h as b een  sh o w n , b y  S tr e e te r  a n d  P h e lp s  (1 4 ) ,  in  c o n n e c t io n  w ith  th e  
s im p le  u n im o le c u la r  fo r m u la t io n  o f  b io c h e m ic a l o x y g e n  d em a n d . F o r  
g a s  p r o d u c tio n  b y  s e w a g e  s lu d g e , i t  h a s  b een  d o n e , in  s im ila r  fa sh io n ,  
by F a ir  a n d  M o o r e  (1 5 ) .

B e c a u s e  o f  th e  c h a r a c te r  o f  th e  d e p o s it  e m p lo y e d  in  th e  “ te m p e r a 
tu re  s tu d ie s , ’ ’ th e  m a th e m a tic a l e v a lu a t io n  o f  th e  p a r a m e te r s  L , k, an d  
a  w a s  n o t  c o n s id e r e d  su ffic ien tly  r e lia b le  to  p e r m it  th e  c a lc u la t io n  o f  
se p a r a te  te m p e r a tu r e  c h a r a c te r is t ic s  f o r  th e s e  p a r a m e te r s . I t  b eca m e  
n e c e s sa r y , th e r e fo r e ,  to  “ cu t  th e  s u it  to  fit  th e  c lo t h ”  b y  lu m p in g  th e  
te m p e r a tu r e  e f f e c ts  an d  d e v e lo p in g  a n  o v e r a ll  te m p e r a tu r e  c h a r a c te r 
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i s t ic  in  p la c e  o f  in d iv id u a liz e d  c h a r a c t e r is t ic s  fo r  r a te  a n d  u lt im a te  
m a g n itu d e  o f  d e c o m p o s it io n .

S tr e e te r  a n d  P h e lp s ,  p r o c e e d in g  f r o m  th e  s im p le  u n im o le c u la r  eq u a
t io n  ( 2 a ) ,  r e la t in g  y  a n d  t  b y  m e a n s  o f  th e  p a r a m e te r s  k  a n d  L ,  fou n d  
th a t  th e  v a r ia t io n  o f  k  w ith  te m p e r a tu r e  c o u ld  b e r e p r e s e n te d  c o n v e n 
ie n t ly  b y  th e  v a n ’t H o f f -A r r h e n iu s  e q u a tio n , w h ile  th a t  o f  L  w a s  s a t is 
f ied  a p p r o x im a te ly  b y  th e  s im p le  l in e a r  r e la t io n s h ip  :

L t 2 =  -ZvTifl +  C  l ( T  2 — P i ) ]  (3)

w h ere  L t 2 an d  L t i  =  th e  v a lu e s  o f L  a t  te m p e r a tu r e s  T 2 a n d  T u re
s p e c t iv e ly ;

a n d  C L =  th e  te m p e r a tu r e  c o e ffic ie n t for L ,  th e  tem p era tu re
g e n e r a lly  b e in g  ex p re sse d  in  d eg re es  ce n tig r a d e .

T h e  v a n ’t  H o ff-A rr h e n iu s  e q u a tio n  it s e lf  rea d s  a s  fo llo w s  :

E T2- T 1
k r 2 =  k r xe?  ( ^ + 273.1) ( ^ + 273.1) (4 )

w h ere  k r 2 a n d  k r 2 =  th e  v a lu e s  o f  k  a t  te m p e r a tu r e s  T 2 a n d  T h re
sp e c t iv e ly ;

R  =  th e  g a s c o n s ta n t  =  1 .99  ca lo r ie s  p er  g ra m  m o l;
E  =  th e  e n e r g y  o f  a c t iv a t io n , a  c o n s ta n t  eq u a l to  the

a m o u n t  o f  e n e r g y  t h a t  a  m o le c u le  m u s t  p o ssess  in
ord er to  u n d er g o  th e  r e a c t io n  in  q u e s t io n  ; 

a n d  e =  th e  N a p e r ia n  b a se  =  2 .7 1 8 .

W ith in  th e  lim its  o f  n a tu r a l w a te r  te m p e r a tu r e s , a s  sh o w n  b y  S treeter
E  1

a n d  P h e lp s , a p o r t io n  o f  th e  e x p o n e n t , n a m e ly  -  —  +  2 7 3  — —  +  ^

is  s u b s ta n t ia l ly  c o n s ta n t  a n d  can  b e  re p la ce d  b y  th e  te m p e r a tu r e  coef
f ic ien t, Ck- E q u a t io n  (4) th e n  rea d s  a s  fo llo w s  :

k r  2 =  kTle Ck<'T2~ Tx) (4a)

E x p a n s io n  p la c e s  th is  e q u a tio n  in  th e  fo llo w in g  fo rm  :

k r 2 =  k r l  1 +  C k( T 2 -  7 \ )  +  \ C k\ T 2 -  T , Y
+  \ C k \ T 2 -  T , y  + • • • ]  (4b)

a n d  e s ta b lish e s  a c lo se  a n a lo g y  to  e q u a tio n  (3 ) w h ic h  is se e n  to  p ossess  
b u t  th e  first tw o  te r m s o f  a  s im ila r  e x p a n s io n  o f  :

L t 2 =  L T le CL<-T2~ Tl'). (3a)

S u b s t itu t io n  o f th e  e x p o n e n tia l e q u a tio n  (3 a ) for th e  lin ea r  eq u a tio n  
(3) is  m a th e m a tic a lly  w a rr a n ted  in  v ie w  o f th e  fa c t  t h a t  C L is  sm all. 
M o r e o v e r , th e r e  a p p ea rs  to  b e  so m e  th e o r e t ic a l ju s t if ic a t io n  for the  
e x p o n e n tia l fo r m u la t io n  b a se d  u p o n  th e  fa c t  th a t  L  is  p ro p o r t io n a l to  
th e  fin a l c o n c e n tr a tio n  o f th e  e n d  p r o d u c ts  o f  th e  b io c h e m ic a l p rocesses  
of d e c o m p o s it io n . A s  sh o w n  b y  v a n ’t  H o ff  (1 6 ) , th e  c o n c e n tr a t io n  of 
th e se  p r o d u c ts  d e p e n d s  u p o n  te m p e r a tu r e  a cc o rd in g  to  a n  e x p o n e n tia l



Vol. 13, No. 4 R IV ER  MUDS AND POLLUTIONAL SEDIMENTS 761

re la tion sh ip  o f a  form  id e n tic a l w ith  th a t  o f e q u a tio n  (4 ). W h ile  v a n ’t  
H off’s e q u a tio n  is d er iv ed  th e o r e tic a lly  o n ly  for rev ersib le  re a ctio n s , it  
m ay be re a so n a b ly  a ssu m e d  th a t  a  s im ila r  fo rm u la tio n  ap p lies  to  certa in  
irreversible r e a c tio n s , su ch  as th e  b io c h e m ic a l o x id a tio n s  occu rrin g  d u r in g  
the s ta b iliz a t io n  o f p o llu tio n a l se d im e n ts . In  a n y  e v e n t , in su ffic ien t  
in form ation  is  a v a ila b le  a t  p resen t to  d ec id e , w ith  a n y  d egree o f f in a lity ,  
w hether e q u a tio n  (3) or e q u a tio n  (3a ) is  m o st  n ea r ly  in  a ccord an ce  w ith  
fact. I t  w ill b e  sh o w n , h o w e v er , th a t  a d o p tio n  o f th e  ex p o n en tia l e x 
pression fa c il ita te s  th e  o v er a ll fo rm u la tio n  of th e  in flu en ce  o f tem p era tu re  
upon th e  ra te  o f d e c o m p o sit io n .

H a v in g  d ec id e d  u p o n  th e  form  in  w h ich  te m p e r a tu r e  e ffec ts  are to  be  
eva lu a ted , w e m u s t  n e x t  find  a w a y  b y  w h ich  th e se  e v a lu a t io n s  m a y  be  
ad apted  to  th e  ex ig en c ie s  o f th e  m a te r ia l u sed  in  th e  tem p e ra tu r e  stu d ie s  
and th e  e x p er im en ta l f in d in g s w h ich , as s ta te d  b efore , d o  n o t  p erm it  
sa tisfa cto ry  se p a r a tio n  o f th e  e ffec ts  o f te m p e r a tu r e  u p o n  ra te  an d  u lt i
m ate e x te n t  o f d ec o m p o sit io n . In  S e c t io n  I I I  o f th is  series o f p ap ers, it  
was sh ow n  th a t  th e  ra te  o f b e n th a l d e c o m p o s it io n  m a y  b e exp ressed  as  
fo llo w s :

y '  =  —  =  ------- — --------  (Id )*
y  dt  (1 +  a t)k/a+1 K }

where y '  =  d y / d t  is  th e  ra te  o f d ec o m p o sit io n  or th e  ra te  o f o x y g en  
dem and ex e r ted  a t  t im e  t. F or ou r p u rp o ses, e q u a tio n  (Id )  m a y  be tra n s
form ed to  r e a d :

y '  =  k' L '  (5)

where L ' =  ------- ^  - =  th e  a m o u n t of d eco m p o sa b le  m a te r ia l in  th e
(1 +  af)

d e p o s it  a t  th e  t im e  o f s a m p l in g ;
k

and k'  =     =  th e  re a c tio n  v e lo c ity  a t  th e  t im e  o f c o lle c tin g  th e
(1 +  at)

river d e p o s it  in  th e  field  an d  b rin g in g  it  in to  th e  
la b o r a to r y  for s tu d y .

U se of th e  p ro d u c t k 'L '  m a k e s  i t  u n n e c e ssa r y  to  e v a lu a te  L , k  an d  a  an d  
to k n ow , or d e ter m in e , t. I f  on e  sa m p le  o f r iver  m u d  is p erm itte d  to  
d ecom p ose a t  a  tem p e ra tu r e  T x an d  a n o th er  sa m p le  o f th e  sa m e m u d  a t  
a tem p era tu re  T 2, th e  o b ser v ed  ra te s  o f d ec o m p o sit io n  are y iV  =  /c r /L r ,'  
and y r 2' =  k r J L r J . I f  w e a ssu m e  th a t  k'  a n d  L '  are a ffec ted  b y  te m 
perature in  a m a n n er  s im ila r  to  k  a n d  L  in  th e  s im p le  u n im o le cu la r  fo rm u 
lation  o f re a c tio n  v e lo c it ie s , i t  fo llo w s from  e q u a tio n s  (3 a ), (4 a ), an d  (5) 
t h a t :

yT<i — y T \  0/ (^ ^ 7) (^2 ^1)

and if w e le t  CV +  C L> =  C

y r 2' =  yTi'ec('Ti~ Tl). (5a)

H ere, w e m a y  ca ll C  th e  o v er a ll te m p e ra tu r e  ch a ra c ter istic  an d  so lv e  for

* Equations 1 a, b, c, d and 2 a, b, c, d are found in Sections II and III of this series of 
papers.
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it  b y  w ritin g  :

c  -  r .  (5b)

T h e  v a lu e  o f C  m a y  b e  d e te r m in e d  m o s t  r e a d ily  fro m  th e  s lo p e  of a 
s tr a ig h t lin e  p lo t  b a sed  u p o n  e q u a tio n  (5 a ) in  lo g a r ith m ic  fo rm  :

l o g V— , =  0 .4 3 4 3  C  ( T 2 -  7 \ ) ;  (5c)
y r  1

b u t a p r e c is e  e v a lu a t io n  o f  C  r e q u ir e s  a  le a s t  s q u a r e s  a n a ly s is  b ased  
u p o n  e q u a tio n  (5 a )  i t s e l f .

E x p r e s s e d  in  g e n e r a l  t e r m s , e q u a tio n  ( 5 a )  s t a t e s  t h a t  th e  p e r c e n ta g e  
in c r e a s e  in  th e  r a te  o f  d e c o m p o s it io n  p e r  u n it  in c r e a s e  in  te m p e r a tu r e  
is  a p p r o x im a te ly  e q u a l to  100  C *  A  v a lu e  o f  C  —  0 .0 6 , f o r  ex a m p le , 
s ig n if ie s  th a t  th e  r a te  o f  d e c o m p o s it io n  in c r e a s e s  b y  a b o u t  6 p e r  cent  
fo r  e a c h  d e g r e e  o f  r is e  in  t e m p e r a tu r e .  T h e  o v e r a ll  t e m p e r a tu r e  ch ar
a c te r is t ic ,  th e r e fo r e ,  is  a n a lo g o u s  to  a  r a te  o f  c o m p o u n d  in te r e s t .

C a l c u l a t e d  T e m p e r a t u r e  C h a r a c t e r i s t i c s .— T h e  o v e r a l l  te m p e r a tu r e  
c h a r a c t e r is t ic s  c a lc u la te d  b y  m e a n s  o f  e q u a t io n  (5 b )  f r o m  th e  r e su lts  
p r e s e n te d  in  F ig s .  12 a n d  24  a r e  s h o w n  in  T a b le  X  * t o g e t h e r  w ith  
o th e r  v a lu e s  o f  C  c o m p u te d  fr o m  p u b lis h e d  d a ta  fo r  t h o s e  b io ch em ic a l  
p r o c e s s e s  th a t  p la y  a  c o n tr o l l in g  p a r t  in  th e  n a tu r a l  p u r if ic a t io n  of 
p o llu t io n a l  s e d im e n ts .

T h e  v a lu e s  o f  C  a p p e a r  to  f a l l  n a tu r a l ly  in to  tw o  c la s s e s  th a t  c o r re 
s p o n d  to  th e  ty p e  o f  d e c o m p o s it io n  to  w h ic h  th e  m a te r ia l  i s  su b jec ted . 
F o r  a e r o b ic  d e c o m p o s it io n , a s  m e a s u r e d  b y  B .O .D ., C  s e e m s  to  lie  in  
th e  n e ig h b o r h o o d  o f  0 .070 . F o r  t o ta l  g a s  p r o d u c t io n  in  a n a e r o b ic  d e
c o m p o s it io n , th e  a v e r a g e  v a lu e  o f  C  i s  0 .095 . T h e  tw o  r e s u lt s  ca lcu 
la te d  f o r  b e n th a l o x y g e n  d e m a n d  a l ig n  t h e m s e lv e s  w it h  th e  a v e r a g e  
fo r  a e r o b ic  d e c o m p o s it io n  (b u t  s e e  b e lo w ) ,  w h i le  a n a e r o b ic  d e c o m p o s i
t io n  o f  la k e  a n d  r iv e r  m u d s  s e e m s  to  b e a f fe c te d  b y  te m p e r a tu r e  to  m uch  
th e  sa m e  d e g r e e  a s  a n a e r o b ic  d e c o m p o s it io n  o f  s e w a g e  s o l id s .  I t  m ay  
b e n o te d , in  p a s s in g ,  th a t  th e  v a lu e s  o f  C  f o r  a e r o b ic  p r o c e s s e s  w ou ld  
a b o u t  d o u b le  th e  r a te  o f  d e c o m p o s it io n  f o r  a  r i s e  in  t e m p e r a tu r e  o f  
1 0 °  C. F o r  a n a e r o b ic  p r o c e s s e s ,  C  i s  o f  s u c h  m a g n itu d e  a s  to  in c r e a se  
th e  r a te  a b o u t  2.5  t im e s . T h e  f ig u r e  0 .0 7 3  o b ta in e d  b y  A l lg e ie r  an d  h is  
c o w o r k e r s  f o r  th e  a n a e r o b ic  d e c o m p o s it io n  o f  m u d  fr o m  L a k e  M en d o ta  
is  lo w . I t  i s  b a se d , h o w e v e r , o n  th e  p r o d u c t io n  o f  m e th a n e  r a th e r  th an  
t o ta l  g a s .  T h e  r e d u c e d  s o lu b i l i t y  o f  c a r b o n  d io x id e  a t  h ig h e r  te m p e r a 
tu r e s  m a y  a c c o u n t  f o r  th is  o b s e r v a t io n . I t  s h o u ld  b e  e m p h a s iz e d  th a t  
v a lu e s  o f  C  r e c o r d e d  in  T a b le  X  a r e  a v e r a g e s  o v e r  th e  r a n g e  o f  tem -

* For (T2 — T\) = 1, equation (5a) states that yT2' — VTi = VTi(^c — 1) and, by expan-
sion :

VTl  VTl_ = (1 +  C +  i C2 +  1C3.
y r  i

or, since C is small:
100 VT* =  100 C.

VTx
* Tables I to IX appear in Sections I to III of this series of papers.
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Table X .—Overall Temperature Characteristics of Aerotnc, Anaerobic and Renthal Decomposition

Type of Decomposition Material Refer Temperatures— ° Centigrade
Characteristic

Remarksence
C

(1) (2) (3) (4) (5) (6)t (7)

Aerobic Domestic sew
age and pol
luted river

14 8, 10, 20, 30, 37.5 0.068 1.070 Computed from 
ec* = 1.047 and 
CL = 0.02.

water 10 9, 20, 30 0.072 1.075 Based on observed initial 
slopes of curves.

Domestic sew * 5, 7.5, 10, 20 0.083 1.087 Based on “least square”
age * 5, 7.5, 10, 20 0.071 1.074 determinations of Ck

* 0.5, 1,2.5, 5 0.139 1.149 and Ci.
River water * 0.5, 2.5, 5, 7.5, 10, 

20
0.054 1.055

Anaerobic Lake mud 4 23, 37, 55 0.073 1.076 Based on methane pro
duction.

Lake mud 17 4, 21 0.092 1.097 Based on total gas pro
duction.

River mud — 17.5, 25 0.102 1.107 This study.
Seeded sewage t 15 to 30 0.102 1.107 Computed from

solids e°k = 1.073 and 
CL = 0.027.

Unseeded sew 18 10, 18, 24, 29.5 0.091 1.095 Computed from curves.
age solids

Benthal Unseeded sew
age solids

1 22.3, 28.7 0.075 1.078 Computed from rate of 
oxygen demand in 35.5 
days.

River mud — 10, 17.5, 25 0.065 1.067 This study.

* E. W. Moore. This Journal, 13, 561 (1941).
t From a statistical study of a wide range of data.
|  This column expresses the temperature characteristic in the manner proposed by Streeter 

and Phelps (14).

p e r a tu r e s  in d ic a te d . I t  is  n o t to  be in fe r r e d  th a t  th e  te m p e r a tu r e  c h a r 
a c te r is t ic  is  a  c o n s ta n t  o v e r  th e  e n t ir e  r a n g e  o f  n a tu r a l w a te r  te m p e r a 
tu res. A s  sh o w n  in  T a b le  X , a p p r e c ia b le  c h a n g e s  m a y  o ccu r , p a r t ic u 
la r ly  in  th e  lo w e r  r a n g e  o f  te m p e r a tu r e s .

T h a t  th e  m a g n itu d e s  o f  th e  te m p e r a tu r e  c h a r a c te r is t ic s  fo r  b e n th a l  
o x y g en  d em a n d  a n d  a n a e r o b ic  g a s if ic a t io n  a re  s ig n if ic a n t ly  d if fe r e n t  is  
in a g r e e m e n t  w ith  th e  a u t h o r s ’ th e o r y  o f  th e  m e c h a n ism  o f  b e n th a l 
d ec o m p o sit io n , a c c o r d in g  to  w h ic h  th e  tw o  m o d e s  o f  s ta b il iz a t io n  a re  
ca r r ied  fo r w a r d  in d e p e n d e n tly . A n a e r o b ic  a c t iv i ty ,  w h ich  p r e d o m i
n a te s  in it ia l ly ,  r u n s  i t s  c o u r s e  to w a r d s  c o m p le t io n  in  a d v a n c e  o f  a er o b ic  
d e c o m p o s it io n  b e c a u se  a e r o b ic  s ta b il iz a t io n  is  r e ta r d e d  b y  c e r ta in  
p h y s ic a l b a r r ie r s  th a t  o b s tr u c t  th e  f r e e  m o v e m e n t o f  g a s e s  an d  liq u id s  
w ith in  th e  b o tto m  d e p o s it s .  A e r o b ic  d e c o m p o s it io n , w h ic h  is  m o re  
ra p id  in  n o r m a l e n v ir o n m e n ts  th a n  a n a e r o b ic  d e c o m p o s it io n , is  c o n 
tro lled , u n d e r  b e n th a l c o n d it io n s , n o t so  m u ch  b y  th e  r a te  a t  w h ich  th e
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en d  p ro d u cts  o f the a n aerob ic  p h a se  o f d eco m p o sitio n  are  lib e r a te d , as 
b y  th e  ra te  at w hich  th ese  p ro d u cts  are tr a n sp o r te d  to  th e  o x y g en a ted  
su r fa ce  zone. C on seq u en tly , the tw o  b io ch em ica l p h a se s  o f  benthal 
d eco m p o sitio n  are n o t d ir e c tly  con n ected  bu t p ro ceed  a t r a te s  in d e
p en d en t o f  one an oth er , and  it  is  e n tir e ly  rea so n a b le  th a t th e  tem p era 
tu re  ch a ra cter istic  o f  th e  in d iv id u a l p r o c e sse s  sh o u ld  a lso  be in d e
p en d en t.

S in c e  it  h a s  b een  s u g g e s t e d  th a t  th e  r a te  o f  b e n th a l o x y g e n  d em a n d  
is  c ir c u m sc r ib e d  b y  th e  r a te  o f  t r a n s p o r t  o f  th e  in te r io r  f lu id s  o f  th e  d e 
p o s it  to  th e  s lu d g e -w a te r  in te r f a c e ,  i t  is  a  m a tte r  o f  in t e r e s t  to  a s c e r ta in  
w h e th e r  or  n o t  th e  e f fe c t  o f  t e m p e r a tu r e  u p o n  th is  r a t e  i s  in  a g r e e m e n t  
w ith  th is  s ta te m e n t . A s  s u g g e s t e d  in  S e c t io n s  I  a n d  I I I  o f  th is  s e r ie s  
o f  p a p e r s , th e  u p w a r d  p a s s a g e  o f  o x id iz a b le  c o m p o u n d s  d e p e n d s  u p on  
th e  o p e r a t io n  o f  p r o c e s s e s  o f  c o n s o lid a t io n  a n d  d if fu s io n  t h a t  a r e  g o v 
e r n e d  in  th e ir  r a te s  b y  th e  co e ffic ie n t o f  p e r m e a b il i ty  o f  th e  d e p o s it  and  
th e  co e ffic ien t o f  d if fu s io n  o f  th e  in te r io r  flu id . B o th  o f  t h e s e  co effic ien ts  
a r e  fu n c t io n s  o f  th e  v is c o s i t y  o f  th e  flu id . C o n s e q u e n t ly , d if fe r e n c e s  in  
te m p e r a tu r e  c a u se  c h a n g e s  in  v i s c o s i t y  a n d  t h e r e w ith  in  th e  r a te  at 
w h ic h  o x id iz a b le  in te r io r  c o m p o u n d s  a r e  t r a n s p o r te d  u p w a r d  in to  th e  
z o n e  o f  s u r fa c e  o x id a t io n . I f  th e  e f fe c t  o f  t e m p e r a tu r e  u p o n  co n ce n 
t r a te d  s o lu t io n s  o f  o r g a n ic  c o m p o u n d s  o f  th e  t y p e  f o u n d  in  p o llu t io n a l  
s e d im e n ts  is  fo r m u la te d  a s  in  e q u a t io n  ( 5 a ) ,  th e  c a lc u la te d  v a lu e s  o f  C  
a r e  fo u n d  to  b e o f  th e  sa m e  o r d e r  o f  m a g n itu d e  a s  th o s e  o b ta in in g  in  
b e n th a l o x id a t io n  (0 .0 6  to  0 .0 7 ) .  T h is  o b s e r v a t io n  w o u ld  a p p e a r  to  len d  
a d d it io n a l s u p p o r t  to  th e  a u t h o r s ’ th e o r y  th a t  c o n s o l id a t io n  a n d  d if 
f u s io n  c o n tr o l th e  r a te  o f  b e n th a l o x y g e n  d em a n d .

S a m p l e  C a l c u l a t i o n s .— I n  S e c t io n  I I I  o f  th is  s e r ie s  o f  p a p e r s  i t  w a s  
sh o w n  th a t  d e c o m p o sa b le  m a tte r  a c c u m u la t in g  d u r in g  th e  w in te r  to  a 
d e p th  o f  a b o u t  2 in . in  a  p o n d  c o v e r in g  a n  a r e a  o f  10  a c r e s  w o u ld  e x e r t  
( a )  a n  in i t ia l  o r  m a x im u m  r a te  o f  d e m a n d  o f  3 .18  g r a m s  p e r  sq .m . d a ily  
a n d  ( b )  a  d e m a n d  a f t e r  2 00  d a y s  o f  b e n th a l d e c o m p o s it io n  a t  su m m er  
t e m p e r a tu r e s  (2 0  to  2 5 °  C .) o f  0 .70  g r a m s  p e r  sq .m . d a ily .  I f  C  i s  ta k en  
a t  0 .0 6 5 , th e s e  r a te s  w o u ld  b e  r e d u c e d  a t  w in te r  t e m p e r a t u r e s  (5  to  10° 
C .) to  th e  f o l lo w in g  v a lu e s  in  a c c o r d a n c e  w ith  e q u a t io n  ( 5 a ) .

(a) In it ia l or m a x im u m  r a te  a t  7 .5 °  C . ( T 2 — Th =  — 15),
y '  =  3 .1 8 e - °  065X15 =  3 .1 8  2 .6 4 ,

or y '  =  1 .2  g ra m s p er  sq .m . d a ily  or 1 .2  X  8 .9 2
=  10 .7  lb . p er  a cre  d a ily .

(b ) R a te  w h en  d e c o m p o s it io n  h a s  b een  carried  to  th e  sa m e  s ta g e  a t  
7 .5 °C . a s  i t  w a s a t  2 2 .5 °C .,

y '  =  0 .7 0  e-°-°“ xi5 =  0 .7 0  4- 2 .6 4 , 
or y '  =  0 .2 6  g ra m s p er sq .m . d a ily  or 0 .2 6  X  8 .9 2

=  3 .0  lb . p er acre d a ily .

C a lc u la t io n  o f  th e  a c tu a l b e n th a l o x y g e n  d e m a n d  e x e r t e d  in  a  g iv e n  
t im e  a t  a  t e m p e r a tu r e  o th e r  th a n  20  to  2 5 °  C. m u s t  a w a it  in d e p e n d e n t  
e v a lu a t io n s  o f  th e  te m p e r a tu r e  c h a r a c te r is t ic s  f o r  r a t e  a n d  u lt im a te  
m a g n itu d e  o f  b e n th a l o x y g e n  d e m a n d .
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I

Temperature Difference O 2 ‘T0 in °C '
Fig. 15.—Ratios of rates of decomposition for various differences in temperature and mag

nitudes of the overall temperature characteristic.
yx,' and y r i  =  rates of oxygen demand or gas production at temperatures T i and T2 respectively. 

Ti and T\ =  temperatures in °C.
C =  overall temperature characteristic.

_  eC (T ,-T t )
yr,'

v a lu es  o f  th e  t e m p e r a tu r e  r a te  c h a r a c te r is t ic .  T h is  d ia g r a m  is  b a se d  
u pon  e q u a tio n  ( 5 a )  in  th e  fo l lo w in g  fo r m :

V—  =  e c ‘ T* - T^  (5d)
y r i

and g iv e s  th e  r a t io  o f th e  ra te s  o f d ec o m p o sit io n  a t  d ifferen t tem p e ra tu r es  
(y r t' /y T i ')  for  g iv e n  te m p e r a tu r e  d ifferen ces ( T 2 -  T i) an d  tem p era tu re  
rate c h a ra c ter is tic s  (C ). I n  th e  e x a m p le  ju s t  g iv e n , C =  0 .0 6 5  an d  
( T 2 — T i)  =  — 15° C . R e a d  in  F ig . 15 y r 2 / y r i  — 0 .3 8  an d  c a lcu la te

for y r i  — 3 .1 8 , y r i  =  3 .1 8  X  0 .3 8  =  1.2

or for yTi =  0 .7 0 , y r i  =  0 . / 0  X  0 .3 8  =  0 .2 1

b oth  as fo u n d  b efore .

F ig u r e  15 s im p lif ie s  c a lc u la t io n  o f  th e  e x p e c te d  r a te  o f  d e c o m p o s it io n  
(o x y g e n  d em a n d  o r  g a s  p r o d u c tio n )  a t  d if fe r e n t  te m p e r a tu r e s  f o r  k n o w n

Temperature Difference (T?“T|) in °C- 
-2 -4 -6 -8 -IO -12 -14 -16 -18 -20 -22 -24 -26 -28 -3(̂ Q

TD
C(0

IO | 
Q

O
W) a>

0-03
<r

Use Upper and Right Hand 
Scales

Use Lower and Left Hand 
Scales
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V . C h a n g e s  i n  N it r o g e n , I ro n  a n d  F u e l  V a l u e  of D e c o m po sin g

B ottom  D e po sit s

A m o n g  th e  m a n y  c o n s t it u e n t s  o f  d e c o m p o s in g  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 , th e  n itr o g e n o u s  m a te r ia ls ,  th e  ir o n -b e a r in g  co m 
p o u n d s , a n d  th e  c a lo r if ic  s u b s ta n c e s  w e r e  s e le c te d  f o r  s t u d y  e ith e r  b e
c a u se  o f  th e ir  r e la t io n  to  th e  q u a li ty  o f  th e  s u p e r n a ta n t  w a te r  or  b e
c a u s e  o f  th e  a d d e d  l ig h t  th a t  th e ir  c h a n g in g  c o n c e n tr a t io n  a n d  c o n s t i
tu t io n  th r o w  u p o n  th e  n a tu r e  o f  th e  p r o c e s s e s  o f  d e c o m p o s it io n  th a t  are  
su ch  im p o r ta n t  fo r c e s  in  th e  c o n s e r v a t io n  o f  o u r  n a tu r a l  d r a in a g e  ch a n 
n e ls .  C h a n g e s  in  b io c h e m ic a l o x y g e n  d e m a n d  w ill  b e d is c u s s e d  in  a 
la te r  se c t io n  o f  th is  s e r ie s  o f  p a p e r s .

A s  s ta te d  b e fo r e ,  th e  a u t h o r s ’ s t u d ie s  d e a lt  w ith  tw o  t y p e s  o f  d e
p o s it s  in  tw o  d if f e r e n t  w a y s .  T o  d e te r m in e  th e  e f f e c t  o f  d e p th  o f  d e
p o s it  u p o n  th e  p r o g r e s s  o f  d e c o m p o s it io n  a  m ix tu r e  o f  f r e s h  se w a g e  
s lu d g e  a n d  in e r t  m a te r ia ls  w a s  e m p lo y e d ; th is  w ill  b e r e f e r r e d  to  a s  the 
s a m p le  o f  s e w a g e  s lu d g e .  T o  g a g e  th e  e f fe c t  o f  t e m p e r a tu r e  u p o n  the  
r a te  o f  d e c o m p o s it io n , a  n a tu r a l  r iv e r  m u d  w a s  b r o u g h t  in to  th e  la b o ra 
t o r y ;  th is  w il l  b e  r e fe r r e d  to  a s  th e  sa m p le  o f  r i v e r  m u d .  S in c e  i t  w as  
n o t  p r a c t ic a b le  to  c o l le c t  a n  “ u n d is t u r b e d ”  s a m p le ,  in te r p r e ta t io n  of  
th e  r e s u lt s  o b ta in e d  m u s t  b e a r  th is  f a c t  in  m in d .

B e h a v i o r  o f  N i t r o g e n .— A n a e r o b ic  d e c o m p o s it io n  o f  n itr o g e n o u s  or
g a n ic  m a tte r  i s  k n o w n  to  y ie ld  a m m o n ia  a n d  i t s  s a l t s .  U n d e r  aerob ic  
c o n d it io n s , th e  a m m o n ia  i s  o x id iz e d  to  n i t r i t e s  a n d  n i t r a t e s  w ith in  the  
n itr o g e n  c y c le  ( 1 9 ) .  T h e  f o r m a t io n  o f  e le m e n ta l n it r o g e n  a n d  g a se o u s  
n itr o g e n  o x id e s  in  b o th  a e r o b ic  a n d  a n a e r o b ic  d e c o m p o s it io n  is  c la im ed  
b y  so m e  a u th o r it ie s  a n d  d e n ie d  b y  o th e r s  (2 0 )  ( 2 1 ) .  A t  p r e s e n t ,  the  
w e ig h t  o f  e v id e n c e  in d ic a t e s  th a t  g a s e o u s  f o r m s  o f  n it r o g e n  m a y  b e r e 
le a s e d  b y  a n a e r o b ic  d e c o m p o s it io n  o n ly  p r o v id e d  th a t  n itr o g e n  i s  p r e s 
en t  a s  n it r it e  o r  n itr a te .

I n  b e n th a l d e c o m p o s it io n , th e  s o lu b le  n it r o g e n  p r o d u c ts  m a y  be 
le a c h e d  awrny b y  th e  f lo w in g  w a te r  a n d  e x e r t  in  i t  a  d e la y e d  o x y g e n  d e 
m a n d . D u r in g  th e  p r im a r y  p e r io d  o f  a c t iv e  a n a e r o b ic  d e c o m p o s it io n  
in  b e n th a l d e p o s it s ,  f e r m e n t a t io n  m a y  b e  so  v ig o r o u s  a s  to  o c c a s io n  the  
e s c a p e  o f  la r g e  a m o u n ts  o f  a m m o n ia  a n d  o r g a n ic  n it r o g e n  in to  the  
s u p e r n a ta n t  w a te r . In  la t e r  s t a g e s  o f  d e c o m p o s it io n , h o w e v e r , n i t r i f y 
in g  b a c te r ia  w i l l  h a v e  e s ta b lis h e d  t h e m s e lv e s  u p o n  th e  m u d  s u r fa c e  and  
m a y  o x id iz e  th e  a m m o n ia  a s  f a s t  a s  i t  i s  t r a n s p o r te d  f r o m  th e  in te r io r  
to  th e  s u r fa c e  z o n e .

R e s u l t s  o f  N i t r o g e n  D e t e r m i n a t i o n s .— I n  th e  a u t h o r s ’ s t u d ie s  o f  se w 
a g e  s lu d g e , th e  s a m p le s  p a s s e d  t h r o u g h  th e  f ir s t  p e r io d  o f  in te n s iv e  
a n a e r o b ic  f e r m e n ta t io n  in  th e  la b o r a to r y ,  a n d  la r g e  p r o p o r t io n s  o f  the  
s o lu b le  n itr o g e n  in i t ia l ly  p r e s e n t  in  th e  s lu d g e  w e r e  r e le a s e d  to  the  
f lo w in g  w a te r ,  p r in c ip a l ly  in  th e  fo r m  o f  a m m o n ia . T h e  sa m p le  o f  
r iv e r  m u d , o n  th e  o th e r  h a n d , h a d  c o m p le te d  th e  f ir s t  s t a g e  o f  b e n th a l 
d e c o m p o s it io n  b e fo r e  it  w a s  b r o u g h t  in to  th e  la b o r a to r y , a n d  th e  so lu b le  
n itr o g e n  tr a n s fe r r e d  fr o m  i t  to  th e  f lo w in g  w a te r  w a s  s m a lle r  in  q u a n 
t i t y  a n d  c o n ta in e d  a c o n s id e r a b le  p r o p o r t io n  o f  n i t r a te s  a n d  n it r i t e s .
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C u r v e s  sh ow in g- th e  c u m u la t iv e  r e le a s e  o f  th e  v a r io u s  fo r m s  o f  n itr o 
gen  to  th e  s u p e r n a ta n t  w a te r  a r e  p r e s e n te d  in  F ig s .  16 a n d  17. A ll  
v a lu es  a re  e x p r e s s e d  a s  p e r c e n ta g e s  o f  th e  to ta l  n itr o g e n  o r ig in a l ly

Pig. 16.-—Observed recovery of nitrogen in the form of ammonia, nitrite and nitrate at 
10, 17.5 and 25° C. in water overlying river mud.

p r e se n t. E x c e p t  fo r  g r e a te r  ir r e g u la r ity ,  th e  c u r v e s  a re  r e m in isc e n t  o f  
b io ch em ica l o x y g e n  d e m a n d  c u r v e s , a lth o u g h  m e a su r a b le  lib e r a t io n  o f  
n itr o g e n  c e a s e s  lo n g  b e fo r e  th e  c e s s a t io n  o f  m e a su r a b le  o x y g e n  d em a n d . 
In  th e  e x p e r im e n ts  o n  s e w a g e  s lu d g e , th e  d e e p e r  sa m p le s  g a v e  u p  a
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g r e a t e r  p r o p o r t io n  o f  th e ir  t o ta l  n i t r o g e n  to  th e  s u p e r n a ta n t  w a te r ,  
p r o b a b ly  b e c a u se  th e  r e le a s e  o f  g a s  p e r  u n it  s u r fa c e  a r e a  w a s  g r e a te r  
th a n  in  th e  sh a llo w e r  o n e s  a n d  b e c a u s e  t h e y  w e r e  s u b je c te d  to  g r e a te r  
c o n s o lid a t io n  an d  r e s u lt in g  u p w a r d  t r a n s p o r t  o f  in te r n a l  f lu id s . I n  the  
c u r v e s  fo r  n itr o g e n  d if fu s io n  f r o m  th e  r iv e r  m u d  ( F i g .  1 6 ) ,  th e  r e la t io n 
s h ip s  b e tw e e n  th e  v a r io u s  p o s s ib le  f o r m s  o f  s o lu b le  n it r o g e n  a r e  c le a r ly  
sh o w n . A t  10° C., a m m o n ia  c o n s t it u t e d  84  p e r  c e n t  o f  th e  s o lu b le  n itr o 
g e n  tr a n s fe r r e d  to  th e  w a te r , th e  r e m a in d e r  b e in g  in  th e  fo r m  o f  n itr a te  
a n d  n itr it e ;  a t  1 7 .5 °  C ., th e  p e r c e n ta g e  o f  a m m o n ia  w a s  o n ly  23 , an d  at 
2 5 ° C ., o n ly  14.5 . T h e  a m o u n t  o f  n it r it e  w a s  r e la t iv e ly  s m a ll  a t  a l l  te m 
p e r a tu r e s . I t  is  e v id e n t  th a t  o x id a t io n  o f  s o lu b le  n i t r o g e n  p r io r  to  its  
l ib e r a t io n  to  th e  f lo w in g  w a te r  w a s  p r o m o te d  a t  th e  h ig h e r  te m p e r a tu r e s  
so  th a t  n itr a te  b e c a m e  th e  p r e d o m in a n t  fo r m  o f  n it r o g e n  r e le a s e d .

F ig . 17.— Observed recovery of ammonia nitrogen in water overlying varying  depths
of sewage sludge.

B e c a u s e  o f  th e  e r r o r s  in h e r e n t  in  th e  d e te r m in a t io n  o f  th e  s m a ll  co n 
c e n tr a t io n s  o f  n itr o g e n  e x i s t in g  in  th e  s u p e r n a ta n t  w a te r ,  i t  i s  n o t  co n 
te n d e d  th a t  th e s e  c u r v e s  r e p r e s e n t  a c c u r a te ly  a ll  n i t r o g e n  lo s t  to  the  
w a te r . T h e  c h a n g e s  o c c u r r in g  in  th e  d e p o s it s  a r e  c o n s id e r e d  q u a n t ita 
t iv e ly  o n ly  w ith  r e s p e c t  to  t o ta l  a m o u n t  a n d  t o ta l  t im e , a n d  a r e  b a s e d  on  
d e te r m in a t io n s  m a d e  d ir e c t ly  on  th e  s lu d g e  a n d  m u d , b e fo r e  a n d  a fte r  
d e c o m p o s it io n . T h e  c h a n g e s  n o te d  a r e  s u m m a r iz e d  in  T a b le  X I .  F o r  
c o n v e n ie n c e  o f  c o m p a r is o n , th e  r e s u lt s  a r e  ( 1 )  e x p r e s s e d  o n  a  p e r c e n t 
a g e  b a s is  a n d  ( 2 )  a c c o m p a n ie d  b y  th e  r e s u lt s  o f  th e  a n a e r o b ic  s tu d ie s  
th a t  w e r e  c a r r ie d  o n  in  p a r a l le l  w ith  th e  b e n th a l e x p e r im e n ts .

E x a m in a t io n  o f  T a b le  X I  sh o w s  m a r k e d  d if f e r e n c e s  in  th e  b e h a v io r  
o f  n itr o g e n  in  th e  v a r io u s  s a m p le s  t e s te d . I n  th e  s lu d g e  s t u d ie s ,  th e  or-
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T able XI.—Changes in the Nitrogen Content of Benthal and Anaerobic Sludge and River Deposits
A. Decomposition of Varying Depths of Sewage Sludge at 20 to 25° C. 

Organic nitrogen at start: 6.28 grams per kg. of dry solids. 
Ammonia nitrogen at start: 1.07 grams per kg. of dry solids.

Benthal Decomposition for 450 Days

Anaerobic Decomposition for 495 Days
Mean Depth, cm............................................... 10.2 4.75 2.55 1.42 1.42 11.3
Volatile Matter

Initial, kg. per sq. m..................................... 3.77 1.38 0.513 0.188 0.188 2.69
Organic Nitrogen

Final, grams per kg. of dry solids.............. 4.28 4.02 3.91 3.51 3.48 3.93
% of initial organic N lost *........................ 68.4 49.7 45.7 48.6 48.7 39.5

Ammonia Nitrogen
Final, grams per kg. of dry solids.............. 0.0374 0.0189 0.0171 0.0167 0.0165 1.71
Change as % of initial*................................ -98 .3 -98.6 -98.7 -98.7 -98.7 +54.3

Total Nitrogen Recovered in Supernatant
Water, % of initial total N ..................... 60.0 39.1 31.1 21.4 21.1 23.0

Total Nitrogen Unaccounted for, % of ini
tial to ta lN ................................................. 13.1 17.7 22.4 34.3 33.0 3.0

Total Nitrogen Remaining in Deposit,
% of initial total N .................................. 26.9 43.2 46.5 44.3 45.9 74.0

B. Decomposition of River Mud at Different Temperatures 
Organic nitrogen at start: 10.11 grams per kg. of dry solids. 
Ammonia nitrogen at start: 0.089 gram per kg. of dry solids.

Benthal Decomposition for 145 Days Anaerobic Decomposition for 201 Days
Temperature, 0 C............................................... 10.0 17.5 25.0 10.0 17.5 25.0
Initial Depth, cm.............................................. 10.0 10.0 10.0 12.9 13.0 11.3
Volatile Matter

Initial, kg. per sq. m..................................... 4.65 4.56 4.98 6.02 5.97 5.64
Organic Nitrogen

Final, grams per kg. of dry solids.............. 8.29 7.74 7.58 7.38 7.29 7.41
% of initial organic N lost *........................ 16.5 23.1 25.2 26.3 27.3 26.3

Ammonia Nitrogen
Final, grams per kg. of dry solids.............. 0.139 0.162 0.204 0.406 0.498 0.613
Change as % of initial *.............................. +69 +80 +  125 +350 +450 +570

Total Nitrogen Recovered in Supernatant
Water, % of initial total N ..................... 0.77 2.34 1.92 — — —

Total Nitrogen Unaccounted for,
% of initial total N *................................ 15.1 20.0 22.1 23.1 23.2 21.1

Total Nitrogen Remaining in Deposit,
% of initial total N .................................. 80.8 74.3 73.6 72.9 73.2 73.8

* With due regard to reduction in dry solids during decomposition and samples removed during 
course of test.

g a n ic  n itr o g e n  lo s t  fr o m  th e  d e p o s it s  d u r in g  450  d a y s  o f  b e n th a l d e 
c o m p o s it io n  r a n g e d  fr o m  68 .4  p e r  c e n t  in  th e  10 .2-cm . sa m p le  to  45 .7  p e r  
cen t in  th e  2 .55-cm . sa m p le . T h is  d if fe r e n c e  is  p r o b a b ly  a s s o c ia te d  w ith  
th e m o r e  a c t iv e  fe r m e n ta t io n  a n d  g a s  e b u llit io n  o f  th e  d e e p e r  sa m p le .
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T h e  o b s e r v e d  lo s s  o f  o r g a n ic  n it r o g e n  w a s  r e la t iv e ly  g r e a t e r  f r o m  the  
s lu d g e  th a n  fr o m  th e  m u d  in  w h ic h  d e c o m p o s it io n  w a s  l e s s  a c t iv e .  T h e  
d is s o lu t io n  o f  o r g a n ic  n itr o g e n  w a s  g r e a te r  d u r in g  b e n th a l d e c o m p o s i
t io n  o f  th e  s e w a g e  s lu d g e  th a n  d u r in g  i t s  a n a e r o b ic  d e c o m p o s it io n , and  
th is  e x c e s s  is  a c c o u n te d  f o r ,  in  th e  m o s t  p a r t ,  b y  th e  a m m o n ia  r e c o v e r e d  
fr o m  th e  effluent. D ig e s t io n  a n d  c o n s o lid a t io n  o f  th e  a n e r o b ic  s lu d g e  
d e p o s it  l e f t  a  c le a r  s u p e r n a ta n t  l iq u id  t h a t  c o n ta in e d  23  p e r  c e n t  o f  th e  
in i t ia l  to ta l  n itr o g e n  in  th e  s a m p le . T h e  r iv e r  m u d  h a d  a lr e a d y  b een  
c o n s o lid a te d  in  n a tu r e , an d  n o  s u p e r n a ta n t  la y e r  w a s  o b s e r v e d  in  it .

T h e  c h a n g e s  in  th e  a m m o n ia  c o n te n t  o f  th e  d e p o s it s  r a n g e  fr o m  a 
lo s s  o f  a lm o st  100  p e r  c e n t  in  th e  b e n th a lly  d e c o m p o s in g  s e w a g e  s lu d g e  
to  a  g a in  o f  5 7 0  p e r  c e n t  in  th e  a n a e r o b ic a l ly  d e c o m p o s in g  r iv e r  m ud  
in c u b a te d  a t 2 5 °  C. T h is  d if fe r e n c e  a g a in  a p p e a r s  to  b e  a t tr ib u ta b le  
ch ie fly  to  d if fe r e n c e s  in  p h y s ic a l  e n v ir o n m e n t , r e la t iv e  a c t iv i t y  o f  f e r 
m e n ta t io n , a n d  v a r ia t io n  in  in i t ia l  c o n c e n tr a t io n s  o f  a m m o n ia  in  th e  
tw o  d e p o s it s  in v e s t ig a t e d .  A s  p r e v io u s ly  m e n t io n e d , n i t r o g e n  w a s  r e 
le a s e d  to  th e  s u p e r n a ta n t  w a te r  in  th e  fo r m  o f  a m m o n ia  f r o m  th e  se w a g e  
s lu d g e  a n d  a s  a m m o n ia , n i t r i t e ,  a n d  n it r a te  f r o m  th e  r iv e r  m u d . T h e  
a m o u n ts  r e c o v e r e d  v a r y  fr o m  60  p e r  c e n t  in  th e  d e e p e s t  b e n th a l sa m p les  
o f  s lu d g e  to  0 .8  p e r  c e n t  in  th e  b e n th a l s a m p le  o f  m u d  h e ld  a t  10° C. 
T h is  v a r ia t io n  r e f le c ts  ( 1 )  d if f e r e n c e s  in  th e  d e g r e e  o f  d is tu r b a n c e  of 
th e  s a m p le s  d u e  to  g a s  e b u ll it io n , a n d  ( 2 )  la c k  o f  s e n s i t iv i t y  in  th e  a n a 
ly t ic a l  p r o c e d u r e s  a v a ila b le  f o r  th e  d e te c t io n  o f  s m a ll  a m o u n ts  o f  a ll 
f o r m s  o f  n itr o g e n  e x c e p t  n it r it e .  In  th e  s m a lle r , s h a l lo w e r  s a m p le s  o f  
s e w a g e  s lu d g e  a s  w e ll  a s  th e  le s s  a c t iv e ,  c o ld e r  s a m p le s  o f  r iv e r  m ud, 
p a r t  o f  th e  n itr o g e n  w a s  p r o b a b ly  n o t  su ff ic ie n tly  c o n c e n tr a te d  to  b e d e
te c te d , a n d  a s m a lle r  p e r c e n ta g e  o f  r e c o v e r y  h a d  to  b e  r e p o r te d  fo r  
th e s e  s a m p le s .  A n  a d d it io n a l r e a s o n  f o r  th e  d is p a r i t y  in  th e  n itr o g e n  
b a la n c e  is ,  q u ite  p o s s ib ly ,  th e  d e n itr if ic a t io n  o f  n i t r i t e s  a n d  n it r a t e s  w ith  
th e  e s c a p e , in  th e  f lo w in g  w a te r , o f  e le m e n ta l  n it r o g e n ,  o r  p e r h a p s  n itr o 
g e n  o x id e s ,  a s  g a s  o r  in  s o lu t io n . E v e n  in  th e  a n a e r o b ic  s a m p le s ,  i t  is  
c o n c e iv a b le  th a t , d u r in g  th e  lo n g  p e r io d  r e q u ir e d  f o r  d e c o m p o s it io n , a 
c e r ta in  a m o u n t  o f  o x y g e n  r e a c h e d  th e  sa m p le  th r o u g h  th e  s e a l  o f  sa lt  
s o lu t io n  in  th e  g a s  c o l le c to r  a n d  p r o d u c e d  n itr if ic a t io n  w h ic h  w a s  f o l 
lo w e d  b y  d e n itr if ic a t io n  w ith  r e le a s e  o f  n it r o g e n  f r o m  th e  s y s te m . T h e  
p r e s e n c e  o f  n itr o g e n  in  th e  g a s  e v o lv e d  f r o m  th e  d e p o s i t s  w a s ,  in  fa c t ,  
r e c o r d e d  b y  a n a ly s e s .  I t  s e e m s  q u ite  p r o b a b le , th e r e fo r e ,  th a t  th e  co n 
d it io n s  in  p a r t ia l ly  s ta b i l iz e d  r iv e r  m u d s , u n lik e  t h o s e  o b ta in in g  in  o r d i
n a r y  s lu d g e  d ig e s t io n ,  m a y  p e r m it  so m e  d e n itr if ic a t io n  w ith  th e  fo r m a 
t io n  a n d  e s c a p e  o f  e le m e n ta l n itr o g e n . T h is  is  a  m a tte r  o f  c o n s id e r a b le  
in te r e s t  in  c o n n e c t io n  w ith  th e  n a tu r a l  p u r if ic a t io n  a n d  f e r t i l i t y  o f  r e 
c e iv in g  w a te r s  in  r e la t io n  to  p la n k to n  g r o w th s .  F u r t h e r  e v id e n c e  on 
th is  p o in t  is  n e e d e d , h o w e v e r , b e fo r e  d e f in ite  c o n c lu s io n s  c a n  b e  d ra w n .

T h e  p r o p o r t io n s  o f  t o t a l  n itr o g e n  r e m a in in g  in  th e  s a m p le s  a t  th e  
c o n c lu s io n  o f  th e  e x p e r im e n ts  r a n g e  f r o m  to  V2 f o r  th e  b e n th a lly  d e 
c o m p o s in g  s e w a g e  s lu d g e  to  a b o u t  %  f o r  th e  a n e r o b ic  s lu d g e  a n d  th e  
b e n th a l o r  a n a e r o b ic  r iv e r  m u d . T h e  v a r ia t io n s  m a y  b e  a s c r ib e d  to  (1 )  
d if f e r e n c e s  in  p h y s ic a l  e n v ir o n m e n t , in c lu d in g  d e n s i t y  o f  d e p o s it  an d
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ad m ix tu re  o f  in e r t  m a te r ia ls ;  ( 2 )  d if fe r e n c e s  in  th e  d is tu r b a n c e  c a u se d  
by a n a ero b ic  a c t iv i t y  in  th e  d e p o s it ;  a n d  ( 3 )  d if fe r e n c e s  in  th e  le n g th  o f  
tim e fo r  w h ich  th e  d e p o s it s  w e r e  u n d e r  o b se r v a tio n .

B e h a v i o r  o f  I r o n  in  R i v e r  D e p o s i t s .— T h e  ir o n  c o n te n t  o f  s tr e a m  
w a te rs  i s  o f  in te r e s t  b e c a u se  o f  th e ir  p o te n t ia l  u t i l i ty  in  m u n ic ip a l or  
in d u str ia l w a te r  s u p p ly . I t  is o f  im p o r ta n c e , th e r e fo r e , to  d e te r m in e  
w h eth er th e  ir o n  c o n ta in e d  in  r iv e r  m u d s  is  b o u n d  u p  in  th e  d e p o s it s  fo r  
all tim e , or  w h e th e r  it  ca n  be r e le a s e d  on  o c c a s io n  to  a u g m e n t th e  ir o n  
con ten t o f  th e  f lo w in g  w a te r . T h e  e x p e r im e n ts  d e sc r ib e d  in  th is  s e r ie s  
of p a p e r s  fu r n is h  a t  le a s t  a p a r t ia l  a n s w e r  to  th is  q u e s tio n . B e fo r e  
citin g  th e  e x p e r im e n ta l e v id e n c e , h o w e v e r , le t  u s  c o n s id e r  th e  g e n e r a l  
b eh av ior  o f  ir o n  in  s tr e a m  w a te r s  a n d  r iv e r  m u d s.

C om b in ed  ir o n  m a y  e x is t  in  th e  d iv a le n t , or  f e r r o u s ,  a n d  th e  tr i-  
va len t, o r  fe r r ic ,  s ta te .  A n y  fe r r o u s  ir o n  p r e s e n t  in  o x y g e n a te d  w a te r  
is  o x id iz e d  to  f e r r ic  ir o n  a t  a  r a te  d e p e n d in g  m a in ly  on  th e  h y d r o g e n -  
ion  c o n c e n tr a tio n  a n d  te m p e r a tu r e  o f  th e  w a te r . T h e  t im e  n e c e s s a r y  
for  c o m p le te  o x id a t io n  w ill  r a n g e  f r o m  an  h o u r  or so  to  s e v e r a l d a y s .  
M oreover, th e  s o lu b i l i t ie s  o f  b o th  fo r m s  o f  ir o n  in  n a tu r a l w a te r s  a re  
co n tro lled  b y  th e  s o lu b il ity -p r o d u c t  e q u ilib r ia  o f  th e ir  h y d r a te s ,  w h ich  
are, in  tu r n , c o n tr o lle d  b y  th e  h y d r o g e n -io n  c o n c e n tr a t io n s  o f  th e  w a te r s .  
A t a g iv e n  p H  v a lu e , th e r e fo r e ,  n o  m o re  th a n  a c e r ta in  d e fin ite  a m o u n t  
of iro n  can  b e ta k e n  in to , or  r e ta in e d  in  so lu t io n , a n d  th is  a m o u n t is  
gre a ter  f o r  f e r r o u s  th a n  f o r  f e r r ic  ir o n . T a b le  X I I  g iv e s  th e  s o lu b il i
tie s  o f  fe r r o u s  a n d  f e r r ic  ir o n  in  w a te r s  o f  v a r io u s  p H  v a lu e s .

Table XII.-—Effect of the Hydrogen-ion Concentration of Water on the 
Solubilities of Ferrous and Ferric Iron

Solubility of Iron, in p.p.m. as Fe
pH Value Ferrous Iron Ferric Iron

4.0 9.18 X 1010 6.15 X 10^
3.0 9.18 X 10s 6.15 X 10~5
6.0 9.18 X 106 —
7.0 9.18 X 101 —
8.0 9.18 X 102 —
9.0 9.18 —

10.0 9.18 X 10“2 —

B r ie f  in s p e c t io n  o f  th is  ta b le  w il l  sh o w  th a t  v e r y  l i t t le  f e r r ic  ir o n  
can be d is s o lv e d  in  n a tu r a l  s u r fa c e  w a te r s . S in c e  d is s o lv e d  fe r r o u s  
iron  is  s lo w ly  o x id iz e d , th e  b u lk  o f  th e  ir o n  c o n te n t  o f  s u r fa c e  w a te r s  
m u st b e in  th e  fo r m  o f  c o l lo id a l fe r r ic  h y d r a te . T h is  c o llo id  m a y  be  
p a r t ia lly  s ta b il iz e d  b y  o r g a n ic  su b s ta n c e s  su ch  a s  th e  ta n n in s . In  a n y  
ev en t, ir o n  c a n n o t  b e ta k e n  in to  tr u e  so lu t io n  fr o m  a r iv e r  d e p o s it  i f  it  
e x is ts  th e r e  in  th e  f e r r ic  fo r m .

T h e r e  a r e  tw o  p o s s ib le  w a y s  in  w h ich  ir o n  ca n  b e  ta k en  up  b y  w a te r  
flow in g  o v e r  a d e c o m p o s in g  r iv e r  m u d :

1. I r o n  is  r e d u c e d  to  th e  f e r r o u s  s t a te  in  th a t p o r t io n  o f  th e  d e p o s it  
that is  u n d e r g o in g  a n a e r o b ic  d e c o m p o s it io n . T h is  fe r r o u s  ir o n  w ill
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d if fu s e  th r o u g h  th e  m u d  o r  b e  d is p la c e d  b y  c o n s o lid a t io n  o f  th e  d ep o s it ,  
a n d  w il l  e v e n tu a lly  r e a c h  th e  a e r o b ic  z o n e . U p w a r d  t r a n s p o r t  m a y  be 
fu r th e r  p r o m o te d  b y  s e e p a g e  o f  g r o u n d  w a te r  in to  th e  s t r e a m  th ro u g h  
th e  r iv e r  b ed  d u r in g  p e r io d s  o f  lo w  w a te r .  T h e  r e la t iv e  r a t e s  o f  d is 
p la c e m e n t , u p w a r d  d if fu s io n , o r  t r a n s p o r ta t io n ,  w i l l  d e te r m in e  w h a t  w ill 
h a p p e n  in  th is  zo n e . S o m e  o f  th e  f e r r o u s  ir o n  w i l l  b e  o x id iz e d  an d  held  
a s  f in e ly  d iv id e d  f e r r ic  o x id e  a  s h o r t  d is ta n c e  b e lo w  th e  s u r f a c e  o f  the 
m u d . T h is  e f fe c t  is  r e a d i ly  o b s e r v e d  in  s a m p le s  o f  s lu d g e  o r  m u d  stored  
u n d e r  w a te r  in  g la s s  c o n ta in e r s .  A n o th e r  p o r t io n  o f  th e  f e r r o u s  iron  
m a y  d iffu s e  o u t in to  th e  r iv e r  a n d  w il l  th e n  b e o x id iz e d  to  c o l lo id a l ferr ic  
o x id e  a s  i t  m o v e s  d o w n s tr e a m .

2. T h e  g a s e s  o f  d e c o m p o s it io n  a c c u m u la te  in  su ff ic ien t a m o u n t to 
b r e a k  th r o u g h  th e  d e p o s it ,  d is r u p t in g  th e  s u r fa c e  a n d  c a r r y in g  in to  the 
s tr e a m  th e  f in e ly  d iv id e d  f e r r ic  o x id e  p r e v io u s ly  fo r m e d  in  th e  su rfa ce  
la y e r s .  P a s s a g e  o f  f e r r o u s  ir o n  in to  th e  f lo w in g  w a te r  i s  a ls o  a cc e ler 
a te d  b y  th is  s t ir r in g  a c t io n  o f  th e  g a s e s .

3. I f  a p p r e c ia b le  q u a n t it ie s  o f  h y d r o g e n  s u lp h id e  a r e  p r o d u c e d  in  
th e  a n a e r o b ic  z o n e , th e  m e c h a n is m  o f  ir o n  t r a n s f e r  is  m o d if ie d  b y  the 
fo r m a t io n  o f  in s o lu b le  f e r r o u s  s u lp h id e . T h is  s u b s ta n c e  is  tr a n sp o r te d  
in to  th e  a e r o b ic  zo n e  b y  g a s  a c t io n  a n d  is  th e r e  c o n v e r te d  to  f e r r ic  oxide. 
T h e  p r in c ip le s  in v o lv e d  r e m a in  e s s e n t ia l ly  th e  sa m e  a s  t h o s e  p r e v io u s ly  
d e sc r ib e d . A  f a c t o r  o f  so m e  im p o r ta n c e  in  f ix in g  th e  r a te  o f  tr a n s fe r  
o f  ir o n  f r o m  th e  m u d  is  th e  ir o n  c o n te n t  o f  th e  f lo w in g  w a te r  itse lf . 
T h is  m a y  c h a n g e  c o n s id e r a b ly  f r o m  s e a s o n  to  s e a s o n . A t  t im e s , the 
c o n c e n tr a t io n  o f  ir o n  in  th e  w a te r  m a y  b e  su ff ic ien t to  c a u s e  p r e c ip ita 
t io n  o f  ir o n  u p o n  th e  s u r fa c e  o f  th e  d e p o s it .  O r d in a r i ly ,  h o w e v e r , the 
ir o n  c o n te n t  o f  th e  m u d — p a r t ic u la r ly  i f  th e  s e d im e n t  i s  c o m p o se d  of 
p a r t ia l ly  s ta b il iz e d  c o m p o u n d s  o r  m in e r a ls  c o n t a in in g  r e la t iv e ly  la rg e  
a m o u n ts  o f  ir o n — is  su ff ic ie n tly  h ig h  to  m a k e  th e  r a te  o f  ir o n  t r a n s fe r  to 
th e  f lo w in g  w a te r  p r o c e e d  u n if o r m ly  r e g a r d le s s  o f  th e  c o n c e n tr a t io n  of 
ir o n  in  it .

R e s u l t s  o f  I r o n  D e t e r m i n a t i o n s .— T h e  c h a n g e s  in  q u a n t it y  a n d  con
d it io n  o f  ir o n  in  th e  b e n th a l d e p o s it s  s tu d ie d  b y  th e  a u th o r s , to g e th e r  
w ith  th e  c h a n g e s  o c c u r r in g  in  th e  c o r r e s p o n d in g  a n a e r o b ic  s a m p le s , are 
s u m m a r iz e d  in  T a b le  X I I I .  F o r  p u r p o s e s  o f  c o m p a r is o n , th e  ch a n g es  
a r e  e x p r e s s e d  a s  p e r c e n ta g e s .

I n s p e c t io n  o f  T a b le  X I I I  le a d s  to  th e  f o l lo w in g  c o n c lu s io n s :

1. B e n th a l  d e c o m p o s it io n  in v o lv e s  a n  a p p r e c ia b le  lo s s  o f  ir o n  from  
b o tto m  d e p o s it s .  T h e  a m o u n t  o f  ir o n  r e m a in in g  in  th e  s e w a g e  s lu d g e  
a t  th e  c o n c lu s io n  o f  th e  e x p e r im e n t  r a n g e d  fr o m  69  p e r  c e n t  in  th e  d e e p 
e s t ,  m o s t  a c t iv e , sa m p le  to  79  p e r  c e n t  in  th e  s h a llo w e s t  s a m p le ;  in  the  
r iv e r  m u d  th e  r a n g e  w a s  f r o m  82  p e r  c e n t  in  th e  sa m p le  in c u b a te d  at 
2 5 °  C. to  89 p e r  c e n t  in  th a t  h e ld  a t  1 7 .5 °  C. O n  th is  b a s is ,  th e  p e r c e n t 
a g e s  o f  th e  t o ta l  ir o n  t r a n s fe r r e d  to  th e  f lo w in g  w a te r  r a n g e d  fr o m  21 to  
31 p e r  c e n t  f o r  th e  s e w a g e  s lu d g e ,  a n d  fr o m  11 to  18  p e r  c e n t  f o r  th e  
r iv e r  d e p o s it .  S in c e  th e  in i t ia l  c o n c e n tr a t io n  o f  ir o n  p e r  u n it  w e ig h t  o f  
d r y  s o l id s  w a s  c o n s id e r a b ly  g r e a t e r  in  th e  r iv e r  d e p o s it  th a n  in  th e



XIII.—Changes in the Iron Content of Benthal and Anaerobic Sludge and River Deposits
A. Decomposition of Varying Deptlis of Sewage Sludge at 20 to 25° C.

Total iron (Fe) at start: 6.97 grams per kg. of dry solids.
Ferrous iron (Fe) at start: 1.22 grams per kg. of dry solids = 17.5% of total iron.
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Benthal Decomposition for 450 Days

Anaerobic Decomposition for 495 Days
Mean Depth, cm............................................... 10.2 4.75 2.55 1.42 1.42 11.3
Volatile Matter

Initial, kg. per sq. m..................................... 3.77 1.38 0.513 0.188 0.188 2.69
Total Iron (Fe)

Final, grams per kg. of dry solids.............. 10.9 7.42 6.93 6.69 6.70 7.18
Ferrous Iron (Fe)

Final, grams per kg. of dry solids............... 0.93 0.75 0.59 0.25 0.34 1.49
% of total iron.......................................... 8.5 10.1 8.5 3.7 5.1 20.7

Total Iron Remaining in Deposit, % of
initial *........................................................ 68.5 77.7 80.0 77.8 79.0 100.0

B. Decomposition of River Mud at Different Temperatures 
Total iron (Fe) at start: 48.2 grams per kg. of dry solids.
Ferrous iron (Fe) at start: 7.3 grams per kg. of dry solids = 15% of total iron.

Benthal Decomposition for 145 Days Anaerobic Decomposition for 201 Days
Temperature, ° C............................................... 10.0 17.5 25.0 10.0 17.5 25.0
Initial Depth, cm............................................... 10.0 10.0 10.0 12.9 13.0 11.3
Volatile Matter

Initial, kg. per sq. m..................................... 4.67 4.56 4.98 6.02 5.97 5.64
Total Iron (Fe)

Final, grams per kg. of dry solids.............. 39.6 43.0 39.5 48.2 48.2 48.2
Ferrous Iron (Fe)

Final, grams per kg. of dry solids.............. 5.5 5.6 5.7 6.3 5.7 5.7
% of total iron.......................................... 13.9 13.0 14.4 13.1 11.8 11.8

Total Iron Remaining in Deposit, % of
initial *........................................................ 84.2 89.4 81.7 100.0 100.0 100.0

* With due regard to reduction in dry solids during decomposition and samples removed during 
course of test.

se w a g e  s lu d g e , th e  a c tu a l a m o u n t o f  ir o n  tr a n s fe r r e d  to  th e  flo w in g  
w a te r  p e r  u n it  w e ig h t  o f  r iv e r  m u d  w a s  m o r e  th a n  tw ic e  th a t  fo r  th e  
se w a g e  s lu d g e . T h e  g r e a t e r  p r o p o r t io n  o f  t o ta l  ir o n  c o n te n t  g iv e n  up  
b y  th e  s e w a g e  s lu d g e , a s  c o m p a r e d  w ith  th e  r iv e r  m u d , is  e x p la in e d
(a )  b y  g r e a t e r  d is tu r b a n c e  o f  th e  s lu d g e  d u e  to  a n a e r o b ic  a c t iv ity ,
(b )  b y  lo o s e r  s tr u c tu r e  a n d  lo w e r  sp e c ific  g r a v i t y  o f  th e  s lu d g e , a n d
(c )  b y  th e  lo n g e r  t im e  a llo w e d  fo r  th e  d e c o m p o s it io n  o f  th e  s lu d g e . 
T h is  i s  c o n firm ed  in  p a r t  b y  c o m p a r iso n  o f  th e  b e h a v io r  o f  th e  d e e p e r  
an d  th e  s h a llo w e r  s lu d g e  s a m p le s ; th e  fo r m e r , b e in g  s t ir r e d  to  a g r e a te r  
e x te n t  b v  g a s if ic a t io n , g a v e  u p  a  h ig h e r  p r o p o r t io n  o f  th e ir  iro n . T h e  
r e a d e r  m a y  fin d  it  c o n fu s in g  to  le a r n  f r o m  T a b le  X I I L d  th a t  th e  c o n 
c e n tr a t io n  o f  ir o n  p e r  u n it  w e ig h t  o f  d r y  s o l id s  a c tu a lly  in c r e a s e d  in
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so m e  o f  th e  e x p e r im e n ts ,  d e s p it e  th e  lo s s  o f  ir o n ;  b u t t h is  i s  r e a d i ly  
e x p la in e d  b y  th e  f a c t  th a t  s o l id s  o th e r  th a n  ir o n  w e r e  lo s t  in  g r e a te r  
a m o u n t.

A s  i s  to  b e e x p e c te d , 110 c h a n g e s  in  th e  t o ta l  ir o n  c o n te n t  o f  the  
a n a e r o b ic  s a m p le s  w e r e  o b s e r v e d .

2. T h e  r e la t iv e  a m o u n t  o f  to ta l  ir o n  p r e s e n t  in  th e  f e r r o u s  s ta te  in  
th e  s e w a g e  s lu d g e  d e c r e a s e d  m a r k e d ly  d u r in g  th e  c o u r s e  o f  b en th a l  
d e c o m p o s it io n , w h e r e a s  th a t  in  th e  r iv e r  m u d  d e c r e a s e d  o n ly  s l ig h t ly .  
T w o  o p p o s in g  f a c t o r s  g o v e r n  th e  f e r r o u s  ir o n  c o n te n t  o f  th e  d e p o s it s  : 
(1 )  th e  r a te  o f  fo r m a t io n  o f  f e r r o u s  ir o n  b y  r e d u c t io n  in  th e  a n a ero b ic  
zo n e , a n d  (2 )  th e  r a te  a t  w h ic h  th is  f e r r o u s  ir o n  i s  lo s t  b y  d if fu s io n  and  
o th e r  fo r m s  o f  tr a n s p o r t .  I t  m u s t  b e  in fe r r e d ,  t h e r e fo r e ,  th a t , d e sp ite  
th e  h ig h  d e g r e e  o f  a n a e r o b ic  a c t iv i t y  in  th e  s e w a g e  s lu d g e , f e r r o u s  iro n  
w a s  lo s t  fr o m  it  m o r e  r a p id ly  th a n  it  w a s  r e p la c e d . O 11 th e  o th e r  h and , 
th e  r iv e r  m u d  p r o d u c e d  f e r r o u s  ir o n  a t  a  r a te  m o r e  n e a r ly  e q u a l to  
th a t  a t  w h ic h  i t  w a s  lo s t  f r o m  th e  d e p o s it .  T h e  s h a l lo w e r  s a m p le s  o f  
s e w a g e  s lu d g e  g e n e r a l ly  lo s t  a  h ig h e r  p r o p o r t io n  o f  t h e ir  f e r r o u s  iron  
c o n te n t  th a n  th e  d e e p e r  o n e s ;  in  th e  s h a l lo w e r  s a m p le s  th e  a n a ero b ic  
z o n e  w a s  sm a ll, a n d  f e r r o u s  ir o n  p r o d u c t io n  w a s  c o n s e q u e n t ly  lim ited , 
w ith o u t  a  c o r r e s p o n d in g  l im it a t io n  in  th e  r a te  a t  w h ic h  i t  w a s  lo s t .  In  
th e  v e r y  d e e p e s t  sa m p le , h o w e v e r , th is  tr e n d  w a s  r e v e r s e d , p r o b a b ly  
b e c a u s e  o f  th e  v io le n c e  o f  s t ir r in g  b y  g a s e o u s  e b u llit io n , w h ic h  o cca 
s io n e d  a  r a te  o f  f e r r o u s  ir o n  lo s s  m o r e  th a n  su ffic ien t to  c o u n te r b a la n c e  
th e  h ig h  r a te  o f  p r o d u c tio n .

I 11 th e  a n a e r o b ic  s a m p le s ,  o n e  w o u ld  e x p e c t  th a t , so  lo n g  a s  co n d i
t io n s  r e m a in e d  t r u ly  a n a e r o b ic , th e  p r o p o r t io n  o f  f e r r o u s  ir o n  w o u ld  
te n d  to  in c r e a s e .  A n a e r o b ic  d e c o m p o s it io n  o f  th e  s e w a g e  s lu d g e  d o es , 
in  f a c t ,  g iv e  r i s e  to  su ch  b e h a v io r . A n a e r o b ic  d e c o m p o s it io n  o f  th e  
r iv e r  d e p o s it ,  h o w e v e r , r e v e r s e s  th e  e x p e c te d  tr e n d , s h o w in g  g r e a t e r  d e 
c r e a s e s  in  p e r c e n ta g e  o f  f e r r o u s  ir o n  th a n  t h o s e  o b s e r v e d  in  b e n th a l d e
c o m p o s it io n  o f  th e  sa m e  m a te r ia l .  I t  m u s t  b e  a d m it te d  th a t  th is  is  a 
s tr o n g  in d ic a t io n  th a t  g a s  p r o d u c t io n  f r o m  th e  s a m p le s  o f  r iv e r  m ud  
w a s  n o t  su ffic ien t to  m a in ta in  t r u ly  a n a e r o b ic  c o n d it io n s  a t  a ll  t im e s  
a g a in s t  th e  d if fu s io n  o f  g a s e o u s  o x y g e n  th r o u g h  c o n n e c t io n s  o f  ru b b er  
tu b in g  a n d  th r o u g h  th e  c o n f in in g  liq u id  in  th e  g a s  c o l le c to r . T h is  co n 
c lu s io n  is  in  l in e  w ith  th a t  r e a c h e d  r e g a r d in g  th e  lo s s  o f  n itr o g e n  in  
g a s e o u s  fo r m  fr o m  th e s e  s a m p le s .

W h e th e r  th e  f e r r o u s  ir o n  th a t  w a s  lo s t  u s e d  u p  d is s o lv e d  o x y g e n  b y  
b e in g  o x id iz e d  b e fo r e  le a v in g  th e  e x p e r im e n ta l  c o n ta in e r  c o u ld  n o t  be 
d e f in ite ly  d e te r m in e d . T h is  w o u ld  d e p e n d  c o n s id e r a b ly  011 th e  d e te n 
t io n  p e r io d  o f  th e  c o n ta in e r  u s e d  ; it  is  p r o b a b le  th a t  in  th e  e x p e r im e n ts  
011 s e w a g e  s lu d g e  a c o n s id e r a b le  p r o p o r t io n  o f  th e  o x id a t io n  o f  th e  
f e r r o u s  ir o n  d id  ta k e  p la c e  b e f o r e  th e  w a te r  le f t  th e  c o n ta in e r ,  a n d  so  
w a s  in c lu d e d  in  th e  o v e r -a l l  o x y g e n  b a la n c e  m e a s u r e d  in  th e  sa m p le s . 
O n th e  o th e r  h a n d , th e r e  i s  e v id e n c e  th a t , in  th e  e x p e r im e n ts  o n  r iv e r  
m u d , a t  le a s t  a t  th e  lo w e r  t e m p e r a tu r e s ,  a  g o o d  p a r t  o f  th e  f e r r o u s  ir o n  
w a s  n o t  so  o x id iz e d .

I t  sh o u ld  b e n o te d  in  p a s s in g  th a t  p u b lis h e d  a n a ly t ic a l  m e th o d s  fo r
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the d e te r m in a t io n  o f  sm a ll q u a n t it ie s  o f  f e r r o u s  ir o n  p r o v e d  u n s a t is 
fa c to r y  fo r  m u d s  a n d  s lu d g e s . I t  w a s  t h e r e fo r e  n e c e s s a r y  to  d e v is e  a  
su ita b le  m e th o d , w h ic h  i s  d e sc r ib e d  in  th e  a p p e n d ix  to  P a r t  V .

C h a n g e s  in  F u e l  V a l u e s .— T h e  p u r p o s e  o f  d e te r m in in g  th e  fu e l  v a l 
ues o f  th e  s lu d g e  a n d  m u d  u n d e r g o in g  d e c o m p o s it io n  w a s  to  e s t im a te

Table XIV.—Changes in Fuel Value of Benthal and Anaerobic Sludge and River Deposits
A. Decomposition of Varying Depths of Sewage Sludge at 20 to 25° C. 

Fuel value at start: 1,420 B.t.u. per lb. of dry solids, or 
10,200 B.t.u. per lb. of volatile solids.

Benthal Decomposition for 450 Days

Anaerobic Decomposition for 495 Days

Mean Depth, cm................................................ 10.2 4.75 2.55 1.42 1.42 11.3
Volatile Matter

Initial, kg. per sq. m..................................... 3.77 1.38 0.513 0.188 0.188 2.69
Fuel Value

Final, B.t.u. per lb. of dry solids................ 1,140 935 915 925 904 930
Final, B.t.u. per lb. of volatile solids......... 9,850 10,400 10,300 10,500 10,100 10,800
Loss, % of initial fuel value of sample *... 62.0 48.6 43.7 40.3 40.5 36.5

B.O.D. Loss, % of initial B.O.D..................... 80.1 82.1 83.3 93.6 92.2 43.3
Grams 0 2 per kg. of volatile solids............. 665 682 693 778 766 360

Ratio of % Fuel Value
Loss to % B.O.D. Loss................................ 0.776 0.593 0.526 0.430 0.438 0.843

Ratio of Fuel Value
Loss to B.O.D. Loss, calories per gram of

5,300 8,710 6,450 5,020 5,180 5,820

B. Decomposition of River Mud at Different Temperatures 
Fuel value at start: 1,950 B.t.u. per lb. of dry solids, or 

8,080 B.t.u. per lb. of volatile solids.

Benthal Decomposition for 145 Days Anaerobic Decomposition for 201 Days

Temperature, 0 C............................................... 10.0 17.5 25.0 10.0 17.5 25.0
Initial Depth, cm............................................... 10.0 10.0 10.0 12.9 13.0 11.3
Volatile Matter

Initial, kg. per sq. m..................................... 4.67 4.56 4.98 6.02 5.97 5.64
Fuel Value

Final, B.t.u. per lb. of dry solids................ 1,950 1,935 1,920 1,920 1,920 1,920
Final, B.t.u. per lb. of volatile solids......... 8,200 8,230 8,540 8,040 8,310 8,310

Loss, % of initial fuel value of sample *....... — 0.66 2.25 1.41 1.21 2.12
B.O.D. Loss, % of initial B.O.D.................... 25.6 33.2 34.0 29.4 30.2 33.5

Grams 0 2 per kg. of volatile solids............. 19.7 29.3 33.8 22.6 26.6 33.3
Ratio of % Fuel Value

Loss to % B.O.D. Loss................................ — 0.0199 0.0663 0.0480 0.0400 0.0633
Ratio of Fuel Value 

Loss to B.O.D. Loss, calories per gram of
oxygen demand lost.................................. —■ 1,010 2,960 2,780 2,030 2,670

* With due regard to reduction in dry solids during decomposition and samples removed during 
course of test.
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th e  e n e r g y  c o n te n t  o f  th e  s u b s ta n c e s  d e c o m p o se d . T h e  p r e c is io n  o f  the  
f u e l-v a lu e  d e te r m in a t io n , u n f o r tu n a te ly ,  is  o f  a  so m e w h a t  lo w  o r d e r  due 
to  e r r o r s  in h e r e n t  in  s a m p lin g , w h ic h  a r e  p a r t ic u la r ly  la r g e  in  b en th a l 
d e p o s it s  th a t  in c lu d e  la r g e  a d m ix tu r e s  o f  n o n -c o m b u s t ib le  s o l id s ,  and  
to  th e  d iff ic u lty  o f  c o n tr o l l in g  a n d  c o r r e c t in g  f o r  th e  r a d ia t io n  o f  h eat  
th a t  ta k e s  p la c e  in  th e  c o u r s e  o f  c o m b u s t io n  o f  th e  s a m p le . O n ly  by  
r e p e a te d  t e s t s  c a n  th e  r e s u lt  b e d e te r m in e d  to  th r e e  s ig n if ic a n t  fig u res .

R e s u l t s  o f  F u e l  V a l u e  D e t e r m i n a t i o n s .— T h e  r e s u lt s  o b ta in e d  are 
su m m a r iz e d  in  T a b le  X I V .  A  s ig n if ic a n t  r e d u c t io n  is  n o te d  in  th e  fu e l 
v a lu e  p e r  u n it  w e ig h t  o f  d r y  s o l id s  in  th e  c o u r s e  o f  b o th  b e n th a l and  
a n a e r o b ic  d e c o m p o s it io n . T h is  r e d u c t io n  is  m o r e  m a r k e d  f o r  the 
y o u n g e r ,  le s s  c o m p a c te d  s a m p le s  o f  s e w a g e  s lu d g e  th a n  f o r  th e  re la 
t iv e ly  s ta b le  r iv e r  m u d s . C o m p u te d  o n  th e  b a s is  o f  v o la t i le  so lid s  
p r e s e n t  a t  th e  b e g in n in g  a n d  en d  o f  th e  e x p e r im e n ts ,  th e  f u e l  v a lu es , 
w ith  f e w  e x c e p t io n s ,  h a v e  a  t e n d e n c y  to  in c r e a s e .  T h is  in d ic a te s  th at  
th e  a v e r a g e  f u e l  v a lu e  o f  th e  v o la t i le  m a tte r  r e m a in in g  in  th e  d e p o s its  
is  so m e w h a t  h ig h e r  th a n  t h a t  o f  th e  v o la t i le  m a tt e r  lo s t .  I t  fo llo w s  
th a t  d e c o m p o s it io n  m a y  in v o lv e ,  a t  f ir s t , s u b s ta n c e s  o f  r e la t iv e ly  low  
fu e l  v a lu e ,  w h ile  s u b s ta n c e s  o f  h ig h e r  f u e l  v a lu e  a r e  n o t  so  re a d ily  
a tta c k e d .

T h e  r e la t io n s h ip  b e tw e e n  th e  f u e l  v a lu e  lo s s  a n d  th e  lo s s  o f  first- 
s t a g e  b io c h e m ic a l o x y g e n  d e m a n d  d u r in g  d e c o m p o s it io n  f u r n is h e s  som e  
in fo r m a t io n  a s  to  th e  ty p e  o f  o r g a n ic  m a te r ia l  d e c o m p o se d . E x p r e s s e d  
in  te r m s  o f  c a lo r ie s  lo s t  p e r  g r a m  o f  o x y g e n  d e m a n d  lo s t  ( s e e  T ab le  
X I V ) ,  i t  sh o w s  th a t  th e  m a te r ia l  a t ta c k e d  w a s  o f  c o n s id e r a b ly  h ig h er  
a v e r a g e  f u e l  v a lu e  in  th e  s e w a g e  s lu d g e  th a n  in  th e  r iv e r  d e p o s it .  F u r 
th e r m o r e , th e  a v e r a g e  f u e l  v a lu e  o f  th e  m a te r ia l  a t ta c k e d  i s  a b o u t the 
sa m e  w h e th e r  d e c o m p o s it io n  is  b e n th a l o r  a n a e r o b ic . A lt h o u g h  sp ec u 
la t io n  m a y  n o t  be c a r r ie d  to o  fa r ,  in  v ie w  o f  u n c e r ta in t ie s  in h e r e n t  in  
th e  e x p e r im e n ta l ly  d e te r m in e d  m a g n itu d e s  o f  B .O .D . a n d  f u e l  v a lu es , 
i t  m a y  b e  o f  in te r e s t  to  c o m p a r e  th e  d a ta  c ite d  in  T a b le  X I V  w ith  
v a lu e s  d e r iv e d  fo r  c e r ta in  o r g a n ic  c o m p o u n d s , a s s u m in g  c o m p le te  o x id a 
t io n  o f  th e s e  c o m p o u n d s  (T a b le  X V ) .

T a b l e XV .—Fuel Value and Biochemical Oxygen Demand of Certain Organic Compounds

Compound Formula CaloriesperGram
Biochemical Oxygen Demand, Grams per Gram

Calories per Gram of B.O.D.

Formic acid................... HCOOH 1,360 0.348 3,900
Acetic acid.................... c h 3c o o h 3,480 1.065 3,260
Stearic acid................... C]sH3602 9,550 2.92 3,270
Lactic acid.................... C3EUO3 3,620 1.068 3,380
Sucrose.......................... C12H22O11 3,960 1.12 3,540
Benzene......................... VHc 10,000 3.08 3,240

T h e  v a lu e s  a p p e a r  to  c lu s te r  a b o u t  3 ,5 0 0  c a lo r ie s  p e r  g r a m  o f  o x y g e n  
d e m a n d , a n d  it  m a y  b e r e a s o n e d  fr o m  th is  th a t  in  s e w a g e  s lu d g e  th e  lo s s  
o f  f u e l  v a lu e  e x c e e d s  th a t  w h ic h  c a n  b e a c c o u n te d  f o r  b y  lo s s  in  o x y g e n -



d e m a n d in g  p o w e r , w h e r e a s  in  th e  r iv e r  d e p o s it  th e  r e v e r s e  is  tr u e .  
O ne m ig h t  in fe r  th a t  c o m p le te  o x id a t io n  w a s  n o t  r e a liz e d  f o r  a ll  su b 
s ta n c es  in  th e  s e w a g e  s lu d g e , w h ile  th e  r iv e r  d e p o s it  c o n ta in e d  m in e r a l  
su b sta n ces  r e q u ir in g  o x y g e n  b u t p o s s e s s in g  n o  f u e l  v a lu e .

T h e r e la t io n s h ip  o f  f u e l  v a lu e  lo s s  a n d  lo s s  o f  f ir s t - s ta g e  b io c h e m ic a l  
o x y g en  d e m a n d  m a y  a lso  h e  e x p r e s s e d  in  te r m s  o f  th e  r a t io  o f  th e  p e r 
ce n ta g e s  o f  e a c h  lo s t .  I n  th is  fo r m , i t  fu r n is h e s  c e r ta in  in fo r m a t io n  a s  
to th e  r e la t iv e  d u r a b il i ty  o f  th e  s u b s ta n c e s  c o n s t it u t in g  th e  f u e l  v a lu e ,  
and th o se  c o n s t it u t in g  th e  B .O .D . I t  w i l l  b e s e e n  in  T a b le  X I V  th a t  th e  
ra tio  o f  p e r c e n ta g e  f u e l  v a lu e  lo s s  to  p e r c e n ta g e  o x y g e n  d em a n d  lo s s  is  
m uch g r e a te r  f o r  th e  s e w a g e  s lu d g e  th a n  f o r  th e  r iv e r  d e p o s it .  T h is  
m ay m ea n  th a t  th e r e  e x is t  r e s id u a l  m a te r ia ls ,  n o t  s u b s ta n t ia l ly  d eco m 
p o sed  b y  b io c h e m ic a l a c t io n  w ith in  th e  t im e  l im it s  o f  th e s e  e x p e r im e n ts ,  
but p o s s e s s in g  r e la t iv e ly  h ig h  f u e l  v a lu e s .  T h e s e  a re  p r o b a b ly  a n a lo 
gou s to  th e  o r g a n ic  r e s id u e s  fo u n d  in  n a tu r a l s o ils .  I t  is  e v id e n t ly  p o s 
sib le  fo r  a d e p o s it  to  b eco m e  c o m p le te ly  s ta b il iz e d  w ith  r e s p e c t  to  B .O .D . 
and s t i l l  to  p o s s e s s  a  m e a s u r a b le  c o n te n t  o f  o r g a n ic  m a tte r .

S u m m a r y  of P arts  TV a x d  V

T h e v a r y in g  t e m p e r a tu r e s  o f  s p r in g , su m m er , f a l l  a n d  w in te r  d e te r 
m ine th e  r a te  o f  a c t iv i ty  o f  th e  b io lo g ic a l  a g e n t s  o f  n a tu r a l p u r if ic a t io n  
in  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  a s  w e ll  a s  in  th e ir  o v e r ly in g  
w a ters . T h e  t e m p e r a tu r e  o f  b o tto m  d e p o s it s  la g s  s l ig h t ly  b e h in d  th a t  
of th e  w a te r  a n d  d o e s  n o t  r e a c h  th e  sa m e  e x tr e m e s  o f  h e a t  o r  co ld . In  
d eep  la k e s , th e r m a l s tr a t if ic a t io n  m a y  h o ld  th e  te m p e r a tu r e  u n ifo r m ly  
c lose to  th a t  o f  m a x im u m  w a te r  d e n s it y  a n d  so  s u p p r e s s  th e  e f fe c t  o f  th e  
se a so n s  u p o n  th e  d e p o s it s  in  d e e p  b o d ie s  o f  w a te r .

A s  sh o w n  in  P a r t  TV o f  th is  d is c u s s io n , th e  e f fe c t  o f  te m p e r a tu r e  
upon  r a te  o f  d e c o m p o s it io n  m a y  b e  e v a lu a te d  in  te r m s  o f  a  c h a r a c te r 
is t ic  b a se d  u p o n  th e  v a n ’t H o ff -A r r h e n iu s  e q u a tio n . F o r  th e  r iv e r  m u d  
stu d ied  b y  th e  a u th o r s , th is  c h a r a c te r is t ic  i s  sh o w n  to  c h a n g e  th e  o v e r 
a ll r a te  o f  b e n th a l o x id a t io n  b y  a b o u t 6.7  p e r  c e n t  c o m p o u n d e d  f o r  ea ch  
d eg ree  c e n t ig r a d e  o f  s h if t  in  te m p e r a tu r e .

T h is  v a lu e  is  o f  th e  sa m e  o r d e r  o f  m a g n itu d e  a s  th a t  r e p o r te d  f o r  th e  
rate o f  b io c h e m ic a l o x y g e n  d e m a n d  o f  p o llu te d  w a t e r ; h u t i t  i s  a lso  c lo se  
to th e c h a n g e  in  m a g n itu d e  o f  th e  v is c o s i t y  o f  in te r io r  flu id s  w h ich  d e 
ter m in es  th e  r a te  o f  t r a n s p o r t  o f  o x id iz a b le  su b s ta n c e s  to  th e  su r fa c e  
zone o f  b e n th a l d e p o s it s .  U n d e r  a n a e r o b ic  c o n d it io n s , th e  o b se r v e d  
te m p e r a tu r e  r a te -c h a r a c te r is t ic  o f  th e  m u d  w a s  h ig h e r  (10 .2  p e r  c e n t)  
and a p p r o x im a te ly  e q u a l to  th a t  o f  d ig e s t in g  s e w a g e  s lu d g e . F r o m  
w h at h a s  b e e n  s a id  in  c o n n e c t io n  w ith  r a te s  o f  b e n th a l a n d  a n a e r o b ic  
d e c o m p o s it io n  in  P a r t  I I I  o f  th is  s e r ie s  o f  d is c u s s io n s ,  i t  w o u ld  a p p e a r ,  
th e r e fo r e , th a t  a lth o u g h  th e  s t r ic t ly  a e r o b ic  s ta b il iz a t io n  o f  p o llu t io n a l  
d e p o s its  i s  fu n d a m e n ta l ly  m o r e  r a p id , th e  a n a e r o b ic  p h a s e  o f  b e n th a l  
d e c o m p o s it io n  m a y  a c tu a lly  c o m p le te  i t s  c o u r s e  in  a d v a n c e  o f  th e  
a ero b ic  p h a s e  b e c a u se  th e  o p p o r tu n ity  f o r  a er o b ic  s ta b il iz a t io n  i s  a 
fu n c tio n  o f  th e  r a te  o f  v e r t ic a l  tr a n s p o r t  o f  o x id iz a b le  su b sta n c e  to  th e  
zon e o f  o x id a t io n  in  c lo s e  p r o x im ity  to  th e  s lu d g e -w a te r  in te r fa c e .
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T h e  q u a n t it ie s  o f  s o lu b le  n itr o g e n  p r o d u c ts  in  w a te r  f lo w in g  o v er  
r iv e r  m u d s  a n d  p o llu t io n a l s e d im e n ts  a r e  sh o w n  to  b e  in c r e a s e d  m e a su r 
a b ly  a n d  a p p e a r  to  b e d e te r m in e d  in  m a g n itu d e  a n d  c h a r a c te r  b y  p h y s 
ic a l  c o n d it io n s  o f  e n v ir o n m e n t , r e la t iv e  a c t iv i t y  o f  f e r m e n ta t io n  and  
v a r ia t io n s  in  in it ia l  c o n c e n tr a t io n  a n d  c o n s t i t u t io n  o f  n it r o g e n o u s  m a t
te r s  in  th e  d e p o s it s .  W ith in  th e  l im it s  o f  th e  a u t h o r s ’ t e s t s ,  f r o m  Ya to 
%  o f  th e  t o ta l  n itr o g e n  w a s  o b s e r v e d  to  r e m a in  in  th e  d e p o s it s .  M uch  
o f  th e  n itr o g e n  lo s t  w a s  r e c o v e r e d  in  th e  o v e r ly in g  w a te r ,  b u t th e r e  is  
e v id e n c e  o f  so m e  d e n itr if ic a t io n  w ith  th e  fo r m a tio n  a n d  e s c a p e  o f  e le 
m e n ta l n itr o g e n  fr o m  th e  s y s te m .

A  s ig n if ic a n t  p r o p o r t io n  o f  th e  ir o n  c o n te n t  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  is  lo s t  d u r in g  b e n tlia l d e c o m p o s it io n . P o ss ib le  
m e c h a n ism s  w h e r e b y  th is  lo s s  m ig h t  ta k e  p la c e  a r e  d is c u s s e d  in  th e  body  
o f  th e  p a p e r . T h e  ir o n  w a s  fo u n d  to  e x i s t  in  b o th  th e  f e r r o u s  an d  fe r 
r ic  s t a te s  in  th e  d e p o s it s ,  a n d  th e  r a t io  b e tw e e n  th e  tw o  f o r m s  d e c r e a se d  
m a r k e d ly  d u r in g  d e c o m p o s it io n  o f  th e  s e w a g e  s lu d g e  a n d  r e m a in e d  a p 
p r o x im a te ly  c o n s ta n t  in  th e  r iv e r  m u d . In  b e n th a l d e c o m p o s it io n , the  
d iv id in g  lin e  b e tw e e n  th e  a e r o b ic  a n d  a n a e r o b ic  r e g io n s  in  th e  d e p o s its  
w a s  c le a r ly  m a r k e d  b y  th e  p r e c ip it a t io n  o f  r e d  f e r r ic  h y d r a te . T he  
z o n e  o f  p r e c ip it a t io n  w a s  Ys  to  Ya in c h  b e lo w  th e  s u r f a c e  o f  th e  d ep o sit . 
T h e  o b s e r v e d  lo s s  o f  ir o n  b y  th e  d e p o s it s  s h o w s  th a t  th e  ir o n  c o n te n t  of 
th e  o v e r ly in g  w a te r  m u s t  in c r e a s e  a n d  th a t  w a te r  f lo w in g  o v e r  e x te n s iv e  
d e p o s it s  m a y  r e c e iv e  m a te r ia l  a d d it io n s  o f  ir o n .

A  s ig n if ic a n t  lo s s  o f  f u e l  v a lu e  a c c o m p a n ie d  d e c o m p o s it io n . T he  
f u e l  v a lu e  p e r  u n it  w e ig h t  o f  v o la t i le  s o l id s ,  h cn vever , m a n ife s te d  a 
te n d e n c y  to  in c r e a s e . B e n th a l  d e c o m p o s it io n , th e r e fo r e ,  m a y  in v o lv e  
in  p a r t ic u la r ,  o r  in i t ia l ly ,  s u b s ta n c e s  o f  r e la t iv e ly  lo w  f u e l  v a lu e .
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Appendix to Pa rt V 
Determination o f Ferrous Iron in River ilu d s  and Pollutional Sediments 

The reagents and procedure for determining ferrous iron were as follows:

R e a ge n ts  :

1. Hydrochloric acid, approximately 3X. One volume concentrated C .P. acid to 3 
volumes of distilled water.

2. Potassium thioeyanate. Two g. dissolved to make 100 ml. of solution.
3. Potassium permanganate, approximately N/5. Dissolve 6.3 g. in distilled water 

and make up to 1 liter.

P ro c e d u re  :

Weigh to the nearest 0.01 g. a suitable sample (usually 1 or 2 g.) of the wet material. 
Add to this a mixture of 100 ml. distilled water and 10 ml. 3N hydrochloric acid. F ilte r 
through a rapid filter paper, repeating filtration until a reasonably clear filtrate is 
obtained.

Take two equal aliquot portions of the filtrate, of such size as to contain 0.05 to
0.15 mg. of iron, and place them in 50-ml. Xessler tubes. Add to each a sufficient amount 
of 3N hydrochloric ac-id to bring the total acid concentration up to 1 ml. of 3N acid. 
(Unless very large aliquot portions are taken, it w ill be sufficient merely to add 1 ml. 
of the acid to each sample.) Add to one of the tubes, one or two drops of potassium 
permanganate solution, adding more if  the color does not persist for five minutes.

Dilute both tubes to the mark with distilled water, and add 5 ml. of thioeyanate 
solution. Compare at once with temporary or permanent standards. The difference 
between the two readings is equal to the mg. of ferrous iron in the aliquot portion taken.
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S T R E A M  P O L L U T I O N  A N D  C O N T R O L  *

B y R o b e r t  S p u r r  W e s t o n
Weston and Sampson, Consulting Engineers, 14 Beacon St., Boston, Mass.

W it h  th e  r e v iv a l  o f  in d u s t r y  a n d  w ith  th e  m a n u fa c tu r e  o f  m u n it io n s  
a n d  d e f e n s e  e q u ip m e n t, in c r e a s e d  p o llu t io n  o f  s t r e a m s  m a y  b e  e x p e c te d  
to  fo llo w . T h is  c o n d it io n  c o n c e r n s  s a n it a r y  e n g in e e r s  to  w h o m  stre a m  
p o llu t io n  a n d  c o n tr o l a r e  m a tte r s  to  w h ic h  s e r io u s  a n d  in c r e a s in g  con 
s id e r a t io n  m u s t  b e g iv e n . I t  t h e r e fo r e  s e e m s  f i t t in g  to  r e v ie w  th e  so c ia l  
a n d  le g a l  c ir c u m sta n c e s  in  th e ir  c o n n e c t io n .

I n  th e  la s t  f e w  w e e k s , th o u s a n d s  o f  P e n n s y lv a n ia n s  a n d  o th e r  A m e r i
c a n s  h a v e  g o n e  to  r iv e r s ,  la k e s  a n d  p o n d s  to  fish . S o m e  o f  th e s e  h ave  
co m e b ack  d is s a t is f ie d , a n d , e s p e c ia l ly  i f  th e ir  c r e e ls  w e r e  e m p ty , th e y  
h a v e  tr ie d  to  e x p la in  w h y  th e ir  c a tc h e s  h a v e  n o t  b e e n  w h a t  t h e y  w e r e  in  
f o r m e r  y e a r s .  S o m e  o f  th e s e  r e c r e a t io n is t s  h a v e  o b s e r v e d  p o llu tin g  
d is c h a r g e s  f r o m  f a c t o r ie s  a n d  s e w e r s  a n d  p la c e d  th e  b la m e  th ereon . 
L a t e r  o n  in  th e  y e a r ,  b e c a u se  o f  p o llu t io n , in d u s t r ia l  a n d  d o m e stic , 
h e a lth  a u th o r it ie s  m a y  b e  le d  to  f u r th e r  r e s t r ic t  th e  a r e a s  w h e r e  b a th in g  
is  a llo w e d  a n d  th o s e  f r o m  w h ic h  sh e ll f is h  m a y  b e  g a th e r e d .

I t  is  a  p e r f e c t ly  n a tu r a l  th in g  fo r  th o s e  a f fe c te d , e s p e c ia l ly  i f  th ey  
b e s o c ia l ly  in f lu e n t ia l or  p o l i t ic a l ly  p o w e r fu l ,  to  t r y  to  h a v e  r e s to re d  
b y  g o v e r n m e n t  a c t io n  th a t  o f  w h ic h  t h e y  h a v e  b e e n  d e p r iv e d . L aw s, 
g o o d  a n d  b a d , a r e  th e n  p a s s e d . A s  y o u  k n o w , a la w  w a s  p a s s e d  b y  th is  
C o m m o n w e a lth  th r e e  y e a r s  a g o .

T h e  h a p p e n in g s  in  R h o d e  I s la n d  d u r in g  th e  p a s t  t h ir ty  y e a r s  are  
i l lu s t r a t iv e .  R h o d e  I s la n d , a s  y o u  k n o w , is  o u r  s m a l le s t  a n d  m o st  
d e n s e ly  p o p u la te d  s ta te .  I t s  p o p u la t io n  d e n s i t y  in  193 0  w a s  6 44  p er  
s q u a r e  m ile , o r  a b o u t  th r e e  t im e s  t h a t  o f  P e n n s y lv a n ia .  G e o g r a p h i
c a l ly ,  i t  i s  a  r in g  o f  c i t ie s  a n d  to w n s  a b o u t  N a r r a g a n s e t t  B a y  in to  w h ich  
a b o u t  a  d o z e n  in d u s tr ia l  s t r e a m s  tu m b le  f r o m  m ill  p o n d  to  m ill  p ond , 
f u r n is h in g  p r o c e s s  w a te r  a n d  p o w e r  a s  th e y  g o .

T h e  b a y  is  a  g a t h e r in g  g r o u n d  f o r  o y s t e r s .  A b o u t  tw e n ty - f iv e  y e a r s  
a g o  th is  in d u s t r y  b e g a n  to  b e  a f fe c te d , n o t  o n ly  b y  p o llu t io n  b y  fa c to r y  
w a s t e s  a n d  s e w a g e  b u t b y  th e  d is c h a r g e  o f  f u e l  o il  f r o m  ta n k e r s  and  
o th e r  v e s s e ls .  T h e n  fo l lo w e d  a  la w  w h ic h  w a s  b y  n o  m e a n s  d r a s t ic  or 
s u m p tu a r y . I t  fo l lo w e d  c o n fe r e n c e s  a m o n g  a ll  p a r t ie s  co n c e r n e d .

E n fo r c e m e n t  o f  th e  la w  b e g a n , a n d  s e v e r a l  c i t ie s  a n d  f a c t o r ie s  b u ilt  
t r e a tm e n t  w o r k s . T h e n  c a m e  th e  d e p r e s s io n , a n d  e n fo r c e m e n t  w a s  
n e c e s s a r i ly  r e la x e d . R e c e n t ly ,  fo l lo w in g  b e t te r  b u s in e s s  a n d  in c r e a s in g  
d e m a n d  f o r  s t r ic t e r  e n fo r c e m e n t , a  c o m m it te e , in c lu d in g  in te r e s te d  
p a r t ie s  a n d  a d v is e d  b y  a  p r o f e s s o r  o f  s a n it a r y  e n g in e e r in g , h a s  m a d e  a 
r e p o r t , a n d  i t  i s  l ik e ly  th a t  s o m e th in g  m o r e  w il l  b e d o n e .

R h o d e  I s la n d  is  a  m a n u fa c tu r in g  s ta te .  T h e  v a lu e  o f  i t s  m a n u fa c 
tu r e d  p r o d u c ts  is  a b o u t  5 00  m il l io n  d o lla r s  p e r  a n n u m  a s  c o m p a r e d  w ith  
a b o u t  65 m ill io n  d o lla r s  f o r  fa r m  p r o d u c ts  a n d  le s s  th a n  2 m il l io n  d o l-

* Presented at the Fourteenth Annual Conference of the Pennsylvania Sewage Works
Association, State College, June 27, 1940.
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la r s  fo r  f ish e r ie s . T h is  m e a n s  th a t  th e  m ills  m u s t  be ta c t fu l ly  p e r 
su ad ed  to  d o  th e ir  b it  in  th e  p u b lic  in t e r e s t ; o th e r w is e  th e y  w ill  th r e a te n  
to m o v e , th u s  d e s t r o y in g  th e  m a r k e t  fo r  fa r m  p r o d u c ts  an d  o y s te r s .  '

M a n y  p u b lic -s p ir ite d  m a n u fa c tu r e r s  h a v e  d o n e  m u ch  to  r e d u c e  p o l
lu tion , ju s t  a s , w ith  th e  c o o p e r a t iv e  le a d e r s h ip  o f  D r . S te v e n s o n , M r. 
M oses, M r. S ie b e r t ,  a n d  th e  S a n it a r y  W a te r  B o a r d , th e y  h a v e  d o n e  in  
P e n n s y lv a n ia .

P e n n s y lv a n ia  h a s  a  m o r e  d r a s t ic  la w , th e  o n e  p a s s e d  th r e e  y e a r s  a g o , 
w hich , i f  s t r ic t ly  in te r p r e te d , m e a n s  th a t  i f  y o u  sh o u ld  d e s tr o y  a lg a e  
by a d d in g  c o p p e r  s u lfa te  y o u  w o u ld  d o  s o m e th in g  “ in im ic a l an d  in 
ju r io u s  to  a q u a t ic  l i f e , ”  a n d  a r e , th e r e fo r e ,  c r e a t in g  a n u is a n c e ;  or, i f  
you  sh o u ld  h a p p e n  to  k il l  a  f e w  p e r c h  o r  p ic k e r e l,  y o u  w o u ld  b e d o in g  
so m eth in g  “ in ju r io u s  to  a n im a l l i f e , ”  a n d  b o th  a c ts  w o u ld  b e cu lp a b le  
w h eth er  th e  S a n ita r y  W a te r  B o a r d  “ s h a ll so  d e c la r e  or  n o t .”

L a w s or n o  la w s , on e  c a n ’t g o  b a ck  to  th e  c o n d it io n s  w h ich  th e  
h u n ter a n d  th e  tr a p p e r  m e t  a n d  e n jo y e d ;  n e ith e r  sh o u ld  on e  su ffe r  
from  n u isa n c e  a n d  w a te r b o r n e  d is e a s e .

B e c a u s e  in d u s tr y  is  r e v iv in g , th e  in s is t e n c e  u p o n  a c t io n  is  b e co m in g  
m ore u r g e n t , n o t  o n ly  b y  th e  r e c r e a t io n is t s  a n d  n a tu r e  lo v e r s  b u t a lso  
by th e  s a n it a r y  a u th o r it ie s .  C le a n  r iv e r s  a r e  b e in g  c la s s e d  m o r e  an d  
m ore w ith  b e a u t ifu l  p u b lic  b u ild in g s  a n d  p a r k s  a s  g o a ls  fo r  m u n ic ip a l  
s tr iv in g . T h e  p r o b le m  is  n o t  e a s y  s in c e  i t  in v o lv e s  th e  u se  o f  s tr e a m s ,  
on th e  o n e  h a n d , a n d  th e  a v o id a n c e  o f  th e  a b u se  o f  th e m , on  th e  o th er .

S o m e  y e a r s  a g o , th e  w r ite r  e x p r e s s e d  h is  id e a  o f  th e  p r o b le m  a s  
fo llo w s— (1 )

Rivers attract population, and population demands disposal of sewage, as well as 
water supply. On some industrial rivers the prohibition of pollution would so hamper 
industry that manufacturers would he forced to go out of business or move away; con
sequently, many rivers must necessarily be used for manufacturing, drainage and water 
supply. Others may become unfit for water supply and be relegated to drainage and 
manufacturing uses only. Each stream, in other words, must be used for the best in
terests of all riparian owners and with due regard for the right and convenience of all.

O n h a n d in g  d o w n  th e  o p in io n  o f  th e  U n ite d  S ta t e s  S u p r e m e  C o u rt  
on th e  D e la w a r e  E lv e r  C a se  ( N e w  J e r s e y  v . N e w  Y o r k ) ,  M r. J u s t ic e  
O liver W e n d e ll H o lm e s  s ta te d  th a t  “ a r iv e r  is  m o r e  th a n  an  a m e n ity ,  
it  is  a  tr e a s u r e . I t  o f fe r s  n e c e s s it ie s  o f  l i f e  th a t  m u s t  b e r a t io n e d  a m o n g  
th ose w h o  h a v e  p o w e r  o v e r  it . ’ ’

I t  h a s  b e e n  s u g g e s t e d  th a t  s t r e a m s  m ig h t  b e  c la s s if ie d  a n d  r e le g a te d  
to sp ec ific  u s e s , fo r  e x a m p le ,—

1. T h o se  p r e s e r v e d  in  n e a r ly  th e ir  n a tu r a l c o n d it io n  an d  r e s e r v e d  fo r
w a te r  su p p ly .

2. T h o se  u s e d  f o r  s e w a g e  d is p o s a l  a f te r  tr e a tm e n t  o f  th e  s e w a g e , an d
fo r  w a te r  s u p p ly  a f te r  p u r if ic a t io n  o f  th e  w a te r .

3. T h o se  u s e d  f o r  s e w a g e  d is p o s a l  a f te r  su c h  tr e a tm e n t  o f  s e w a g e  an d
in d u s t r ia l  w a s te  a s  i s  n e c e s s a r y  to  p r e v e n t  n u isa n c e .

T h e r e fo r e , g r e a t  n e e d  e x i s t s  fo r  c a r e  a n d  ju d g m e n t , f o r  s tu d y  b y  
sta te  a n d  f e d e r a l  d e p a r tm e n ts  fo r  th e  c o n tr o l o f  in te r s ta te  d r a in a g e
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a r e a s  (w h ic h  is  a  b e t te r  m e th o d  th a n  c o n tr o l b y  a f e d e r a l  c o m m is s io n ) ,  
a n d  f o r  c o n s tr u c t iv e  p r o g r a m s  n o t  to o  b u r d e n so m e  f o r  in d u s t r y .  C on 
tr o l  co u ld , o f  c o u r s e , b e v e s t e d  in  a  F e d e r a l  D e p a r tm e n t ,  b u t  i t  is  b e
l ie v e d  th a t  c o n tr o l b y  a g r e e m e n ts  a m o n g  th e  s t a t e s  o r  o th e r  in te r e s te d  
p a r t ie s  i s  a  b e t te r  m e th o d .

T h e  U n ite d  S t a t e s  N a t io n a l  R e s o u r c e s  C o m m itte e  h a s  w e ll  s ta te d  the  
s it u a t io n  a s  fo l lo w s — (2 )

The essential approach to the problem of ridding stream waters of undesirable industrial 
wastes lies in the active cooperation of the industries involved, always assuming, how
ever, flexible and reasonably administered water pollution legislation. The problem can
not be settled by abstract studies on the part of government nor by inflexible and arbi
trary state or federal legislation. Waste materials are so diverse and so complex that 
each industry, and possibly each plant, presents a special problem.

I n s te a d  o f  “ in d u s t r ie s  in v o lv e d ,”  o n e  m ig h t  w e ll  s u b s t it u t e  “ all 
p a r t ie s  in v o lv e d . ’ ’

P o l l u t io n  L oad

W h ile  d o m e s t ic  s e w a g e  p r e s e n ts  a s e r io u s  d is p o s a l  p r o b le m , th a t  
in v o lv e d  in  th e  d is p o s a l  o f  f a c t o r y  w a s t e s  i s  q u ite  d if f e r e n t  b eca u se  
o f  th e ir  g r e a t  d e m a n d  u p o n  th e  o x y g e n  r e s o u r c e s  o f  th e  s tr e a m .

W is e ly  a n d  K la s s e n  (3 )  sh o w e d  th a t  in  th e  P e o r ia - P e k in  m e tr o p o li
ta n  a r e a  o f  I l l in o i s  th e  co m b in e d  h u m a n  p o p u la t io n  c o n tr ib u t in g  se w a g e  
i s  1 30 ,000 , w h e r e a s  th e  in d u s t r ie s  c o n tr ib u te  a  p o llu t io n  lo a d  e q u iv a le n t  
to  m o r e  th a n  1 ,0 0 0 ,0 0 0  p e o p le ,  la r g e ly  in  th e  fo r m  o f  d is t i l l e r y  w a ste s .

C a lv e r t  a n d  P a r k s  (4 )  c o m p a r e d  th e  in d u s t r ia l  w a s t e s  o f  In d ia n 
a p o lis .  T a b le  I  is  ta k e n  fr o m  th e ir  f ig u r e s .

T a b l e I.—Population-Equivalents of Wastes

Waste Volume of Work Done Total Population- Equivalent
Laundry................ 2,800 lb. dirty clothing................. ...........  668
Creamery.................. 8,000 lb. butter made.................... ...........  736
Dairy......................... . . 155,000 lb. raw milk received.......... ...........  11,782
Canning.................... . . 309,700 lb. pork and beans.............. ...........  8,429
Starch........................ . . 21,574 bu. corn................................. ...........  90,965
Five meatpackers . . . . . 20,280 equivalent hogs.................... ...........  267,728
Paperboard............... 102.1 tons produced...................... ...........  5,978
Garbaee.................... . . 72.9 tons ¡rreen e-arhaorp 12 271

T h e  o r d in a r y  o x y g e n  d e m a n d  (B .O .D .)  o f  s e w a g e  f r o m  A m e r ic a n  
r e s id e n t ia l  c o m m u n it ie s  w ith  s e p a r a te  s e w e r s  w i l l  a v e r a g e  le s s  th a n  
150 p a r t s  p e r  m illio n , or  57  g r a m s  p e r  c a p ita ,  w h e r e a s  th e  o x y g e n  d e
m a n d  o f  th e  in d u s t r ia l  w a s t e  in  a n  A m e r ic a n  m a n u fa c tu r in g  c i ty  w ith  
s e p a r a te  s e w e r s  w il l  u s u a l ly  e x c e e d  th a t  o f  th e  s e w a g e . T h e  o x y g e n  
d e m a n d  a s  w e ll  a s  th e  s u s p e n d e d  r e s id u e  a n d  th e  o x y g e n  c o n su m e d  o f  
c e r ta in  w a s t e s  a r e  g iv e n  in  T a b le  I I .

S o m e  f a c t o r y  w a s t e s  r e q u ir e  s p e c ia l  c o n s id e r a t io n . T h is  h a s  b een  
g iv e n  to  m a n y  o f  t h e s e  b y  th e  P e n n s y lv a n ia  D e p a r t m e n t  o f  H e a lth .  
L ig n e o u s ,  r e s in o u s ,  g r e a s y ,  n i tr o g e n o u s ,  s o a p y , h ig h  in  s u s p e n d e d  m at-
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T a b l e II.—Five-Day Oxygen Demand of Wastes

Kind of Waste
Parts per Million

B.O.D. (5-day) Suspended Residue Oxygen Consumed

Mixed caustic and peroxide kier 
liquor................................................ 1,241 1,685 2,842

Wool scouring waste, Plant A .......... 4,464 15,000 7,900
Wool scouring waste, Plant C .......... 216 700 230
Tannery waste..................................... 5,000 5,150 2,000
Paper sizing waste.............................. 610 120 236
Sulfite pulp liquor............................... 9,000 600 60,000
Paper machine waste......................... 70 1,160 250
Slaughterhouse.................................... 600 3,600 356
Creamery waste.................................. 1,200 — 500

ter, acid , a lk a lin e , or p o is o n o u s — ea c h  p r e s e n ts  i t s  o w n  p r o b le m , an d  
som e p r e s e n t  p r o b le m s  w h ic h  a r e  a s  y e t  u n so lv e d .

M an y  o b je c t io n a b le  c o n d it io n s  a re  d u e  to  b a tc h  d is c h a r g e s ,  a s  fr o m  
w o o l-w a sh in g  b o w ls , b le a c h e r y  k ie r s , or  fr o m  d y e h o u s e  or  ta n n e r y  
vats. I n  m a n y  c a s e s  th e s e  d is c h a r g e s  w o u ld  b e  in n o c u o u s  i f  th e y  
w ere d is tr ib u te d  th r o u g h o u t  th e  t w e n ty - fo u r  h o u r s .

F is h  a re  s e n s i t iv e  to  a lk a li  an d  o f te n  su ccu m b  -when e x p o s e d  to  th e  
d isch a rg es  o f  c a lc iu m  h y d r o x id e  fr o m  ta n n e r ie s , a m m o n ia  liq u o r s , or  
lau n d ry  w a s te s .  S p e c ie s  o f  fish  v a r y  g r e a t ly  in  th e ir  r e s is ta n c e  to  p o l
lution. T h e  in tr o d u c t io n  o f  s i l t  in to  a  n o n -s ilt -b e a r in g  s tr e a m  is  o f te n  
d isa stro u s  to  fish  l if e .  T h is  d is c h a r g e , h o w e v e r , is  r a r e ly  p r o h ib ite d  
by s ta tu te , f o r  la w m a k e r s  e v id e n t ly  a s s u m e  th a t  w h a t  a M is s is s ip p i  
catfish  can  s ta n d  a S ta te -o f -M a in e  tr o u t  o u g h t  to . S u s p e n d e d  m a tte r , 
like p a p e r  fib er ( 5 ) ,  is  n o t  o n ly  in ju r io u s  to  fish  b u t m a y  a lso  a f fe c t  
o y sters  ( 6 ) .

S e l f - P u r ific a t io n

N a tu r a l p u r if ic a t io n  in  s tr e a m s  is  e f fe c te d  ch ie fly  b y  b a c te r ia l  o x id a 
tion  ; th a t is ,  th e  b a c te r ia  f e e d  011 th e  o r g a n ic  m a tte r  an d  o x y g e n  in  th e  
w ater a n d  p r o d u c e  a n  in n o c u o u s  o x id iz e d  p r o d u c t. T h e  e f fe c t iv e n e s s  
of the b a c te r ia  is  d e p e n d e n t  u p o n  th e  a m o u n t o f  o x y g e n  p r e s e n t  in  th e  
body o f  w a te r  a t  th e  p o in t  o f  d is c h a r g e  o f  s e w a g e  or w a s te , p lu s  th e  
am ount th a t  is  a d d e d  b y  d ilu t io n  a n d  r e a e r a t io n .

T h e a m o u n t o f  o x y g e n  r e q u ir e d  is  th e  “ b io c h e m ic a l o x y g e n  d e m a n d ”  
(B .O .D .), a n d  th is  i s  b a la n c e d  a g a in s t  th e  a v a ila b le  a s s e t  o f  d is s o lv e d  
o x y g en  to  g iv e  th e  “ o x y g e n  b a la n c e ,” — p o s it iv e  or  n e g a t iv e .

F r o m  th e  c la s s ic  s tu d ie s  o f  A d e n e y  (7 )  in  G r e a t  B r ita in  an d  P h e lp s  
(8 ) in  th is  c o u n tr y , fo llo w e d  b y  th o s e  o f  T h e r ia u lt  ( 9 ) ,  F r o s t  (1 0 ) ,  
S tr e e te r  ( 1 1 - 1 2 ) ,  F a ir  ( 1 2 A )  a n d  o th e r s , th e  h n v s r e g a r d in g  o x y g e n  
dem and, r e a e r a t io n , a n d  th e  o x y g e n  b a la n c e  ( th e  m a in  fa c to r s  o f  s e lf -  
p u r ifica tio n  in  r iv e r s  a n d  h a r b o r s )  h a v e  b e e n  n o t  o n ly  e lu c id a te d  b u t  
m a th e m a tic a lly  e x p r e s s e d .

T h e p r o g r e s s iv e  c h a n g e s  in  th e  b io c h e m ic a l o x y g e n  d em a n d  o f  p o l
lu ted  s t r e a m  w a te r s  a r e  b e c o m in g  w e ll  k n o w n . T h e y  a r e  m o d ified , h o w 
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e v e r ,  b y  a d d it io n a l p o llu t io n , in flo w  o r  d ilu t io n , s e d im e n ta t io n  a n d  ab 
so r p t io n , c h a n n e l s c o u r in g , a n d  th e  p r e s e n c e  o f  a n  “ im m e d ia te ”  or  
“ e n z y m ic ”  o x y g e n  d e m a n d . T h e y  a r e  m o d if ie d  b y  th e  c h a r a c te r s  o f  
p o llu t in g  d is c h a r g e s .

B e c a u s e  s e lf -p u r if ic a t io n  is  a c o m b in e d  b io lo g ic a l ,  c h e m ic a l, and  
p h y s ic a l  p r o c e s s , it  is  e v id e n t  th a t  d is c h a r g e s  o f  h o t  a lk a lin e  a n tis e p tic  
w a s t e s ,  lik e  k ie r  liq u o r , o r  th o s e  h ig h  in  s u s p e n d e d  m a tte r ,  lik e  w ool-  
s c o u r in g  w a s te ,  m a y  d e la y  s e lf -p u r if ic a t io n , f ir s t ,  b y  in h ib it in g  or d e
s t r o y in g  th e  g r o w th  o f  s t r e a m - p u r i fy in g  b a c te r ia ,  a n d  se c o n d , b y  fo r m 
in g  s lu d g e  b a n k s  a n d  in tr o d u c in g  r e s i s t a n t  f a t s .  T h is  d e la y  m a y  la s t  
u n t il  th e  d ilu t io n  o f  th e  w a s t e  is  la r g e .

T h e  s ig n if ic a n c e  o f  s lu d g e  b e d s  w a s  s t r e s s e d  b y  R u d o lf s  (1 3 )  in  the  
c a s e  o f  C o n n e c tic u t  v . M a s s a c h u s e t t s  (C o n n e c t ic u t  R iv e r  C a s e ) ;  th e ir  
p u r if ic a t io n  r e q u ir e m e n ts  h a v e  b e e n  e s t im a t e d  b y  s e v e r a l  in v e s t ig a to r s ,  
n o ta b ly  b y  th e  U . S . P u b lic  H e a lt h  S e r v ic e  g r o u p , a n d  th e ir  re q u ir e 
m e n ts  u n d e r  a e r o b ic  c o n d it io n s  h a v e  b e e n  c a lc u la te d  b y  th e  e x p e r i
m e n ts  o f  B a i t y  ( 1 4 ) .

S tanda rds  for  P o ll u t e d  W aters

I n  e s ta b lis h in g  s ta n d a r d s  f o r  w a te r s  p o l lu te d  b y  in d u s t r ia l  w a ste s , 
i t  is  g e n e r a lly  c u s to m a r y  to  u s e  c e r ta in  v a lu e s ,  su c h  a s  m in im a l d is
s o lv e d  o x y g e n , fr e e d o m  fr o m  a c c u m u la t in g  s lu d g e  d e p o s it s ,  o r  lim itin g  
b a c te r ia l  c o n te n t , a ll d e p e n d e n t  u p o n  th e  u s e s  o f  th e  s tr e a m .

T h e s e  s ta n d a r d s  r a n g e  f r o m  th o s e  o f  f r e e d o m  f r o m  n u isa n c e , to 
th o s e  o f  s u it a b i l i ty  f o r  th e  s u p p ly  o f  w a te r  p u r if ic a t io n  p la n ts .  W h en  
in d u s tr ia l  w a s t e s  a r e  d is c h a r g e d , th e  p h y s ic a l  a n d  c h e m ic a l lo a d in g  is  
m o r e  im p o r ta n t  th a n  th e  b a c te r ia l  c o n te n ts .  I n  th e  c a s e  o f  d o m estic  
s e w a g e , th e  o p p o s it e  is  u s u a lly  th e  c a s e .

T h e  o x y g e n  d e m a n d  o f  n o r m a l s e w a g e  f r o m  s e p a r a te  s e w e r s  in  a  r e s i
d e n t ia l  to w n  is  a b o u t  55 g r a m s  p e r  c a p ita ,  in  la r g e  in d u s t r ia l  c it ie s  as 
h ig h  a s  150  g r a m s  p e r  c a p ita . T h is  m e a n s  th a t  th e  d is c h a r g e  o f  se w a g e  
b y  1000  p e o p le  w o u ld  b e e q u iv a le n t  to  f r o m  55  to  1 50  k g . (1 2 0  to  330  lb s.)  
a  d a y .

I n  24  h o u r s  a  f a ir  s iz e d  w o o le n  m ill  w i l l  d is c h a r g e  a b o u t  7 0 ,000  g a l
lo n s  o f  w a s t e  h a v in g  a  B .O .D . o f  a b o u t  9 0 0 0  p a r t s  p e r  m illio n . T h is  is  
a n  o x y g e n  d e m a n d  o f  2 363  k g . (5 2 0 0  lb s .)  d a i ly  o r  th e  e q u iv a le n t  o f  the  
se w a g e  o f  a n  o r d in a r y  c i ty  h a v in g  a p o p u la t io n  o f  3 1 ,0 0 0  p e o p le .

I n  so m e  w a s t e s  th e  s e t t le a b le  s o l id s  a r e  e x c e s s iv e  a n d  m a y  a m o u n t to  
2 0  p e r  c e n t  o f  th e  v o lu m e  o f  w a s te .  F u r th e r m o r e ,  th e  d i lu t in g  p o w e r  of  
s tr e a m s  r e c e iv in g  w a s t e s  w ith  h ig h  a m o u n ts  o f  in e r t  s e t t le a b le  so lid s  is  
le s s  th a n  th a t  o f  s t r e a m s  r e c e iv in g  w a s t e s  w ith  lo w  a m o u n ts . T he  
e f fe c t  o f  s lu d g e  d e p o s it s  o n  f ish  l i f e  i s  o f t e n  d is a s t r o u s ,  a s  H u b b s  p o in te d  
o u t  ( 1 5 ) .

B e c a u s e  f e w  in d u s tr ia l  w a s t e s  a r e  o f  h u m a n  o r ig in ,  a lth o u g h  som e  
a r e  o f  a n im a l o r ig in ,  a n d  b e c a u s e  so m e  o f  th e  m o s t  t r o u b le s o m e  on es  
a r e  s t e r i le  w h e n  d is c h a r g e d , th e  c h e m ic a l c r i t e r ia  a r e  g e n e r a l ly  m ore  
im p o r ta n t  th a n  th e  b a c te r ia l .  H o w e v e r ,  s t u d ie s  b y  th e  U n ite d  S ta te s  
P u b lic  H e a lt h  S e r v ic e  h a v e  in d ic a t e d  th a t  th e  l im it  o f  to le r a n c e  fo r
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w a ter  p u r if ic a t io n  p la n ts  e m p lo y in g  c h e m ic a l tr e a tm e n t  a n d  c h lo r in a 
tion  is  a b o u t 5 ,0 0 0  B .  c o l i  p e r  m il l i l i t e r .

T h a t a n a ly t ic a l  m e th o d s  a r e  n o t  a ll-d e te r m in in g  is  w e ll  k n o w n . In  
s tu d y in g  th e  b io lo g y  o f  s tr e a m  p o llu t io n , C la a se n  (1 6 )  u s e d  sc h o o ls  o f  
m in n ow s f o r  t e s t s ,  h u t e v e n  th e s e , v a lu a b le  a s  th e y  a re , sh o w  th e  c o n 
d ition  a t th e  t im e  o f  e x p o s u r e  o n ly , j u s t  a s  c h e m ic a l t e s t s  sh o w  th e  c o n 
d ition  a t  th e  t im e  o f  s a m p lin g  o n ly . T h is  c o n s t itu te s  a n  a r g u m e n t fo r  
in te g r a te d  r a th e r  th a n  fo r  ca tc h  c h e m ic a l sa m p le s  f o r  a n a ly s is .

I t  n a tu r a l ly  f o l lo w s  th a t  a s t u d y  o f  th e  p la n k to n  o f  a  s tr e a m , w h ich  
is  a p e r f e c t ly  in te g r a t e d  in d e x , i s  o f  g r e a t  a s s is ta n c e  in  th e  s tu d y  o f  
p o llu tio n  a n d  se lf -p u r if ic a t io n . F o r  e x a m p le , th e  f in d in g  o f  th e  la r v a e  
of ca d d is  f lie s  is  a n  in d e x  o f  to le r a b le  c o n d it io n , w h ile  th e  p r e se n c e  o f  
blood w o r m s ( C h i r o n o m i d a e ) o r  a f u n g u s  su ch  a s L e p t o m i t u s  in d ic a te s  
the o p p o s ite .

T h e a m o u n t o f  s e lf -p u r if ic a t io n  p e r fo r m e d  b y  th e  p la n ts  a n d  a n i
m als in  a  s tr e a m  is  n o t  g e n e r a l ly  r e c o g n iz e d , a lth o u g h  th e s e  fa c to r s  a re  
su b sta n tia l. S tu d ie s  b y  th e  M . I . T . S a n it a r y  R e s e a r c h  L a b o r a to r y  (1 7 )  
of th e C o w e e s e t  R iv e r  r e c e iv in g  t r e a te d  B r o c k to n  s e w a g e  sh o w e d  th a t  
the r iv e r  r e c e iv in g  th e  efflu en t la y s  d o w n  a “ p o llu t io n  c a r p e t ”  c o n ta in 
in g  an  a b n o r m a l n u m b e r  o f  o r g a n is m s , b e g in n in g  w ith  th e  lo w e s t  fo r m s  
and e n d in g  w ith  th e  h i g h e s t ; e a c h  g r o u p  a p p e a r s  a lo n g  w ith  a d e fin ite  
food  m a te r ia l .

W h en  th e  C o w e e s e t  R iv e r  w a s  d is c h a r g in g  le s s  th a n  5 m .g .d . a n d  w a s  
re c e iv in g  a b o u t 2 m .g .d . o f  sa n d  b ed  effluent, th e  m o s t  im p o r ta n t  c h a n g e s  
occurred  in  th e  f ir s t  m ile  o f  flow . H o w e v e r ,  th e  r e tu r n  o f  th is  s tr e a m  to  
its  n o rm a l c h e m ic a l c o n d it io n  w a s  n o t  so  r a p id  a s  i t s  r e tu r n  to  i t s  n o r m a l  
b io lo g ica l c o n d it io n . H e r e , a s  in  E u r o p e  (1 8 ) ,  w h e r e  fish  p o n d s  a re  
u sed  fo r  th e  t r e a tm e n t  o f  s e w a g e , th e  v a lu e  o f  sh a llo w  s to r a g e  in  th e  
cou rse o f  th e  s tr e a m  w a s  sh o w n .

In  m a n y  p o llu te d  s tr e a m s  th e  d is s o lv e d  o x y g e n  te n d s  to  d e c r e a s e  
u ntil th e  e x c e s s iv e  g r o w th  o f  a n im a l l i f e  w h ich  is  fa v o r e d  b y  p o llu t io n  
cea ses. T h e  r a te  o f  th is  d e c r e a s e  is  u s u a lly  h ig h e r  th a n  th e  n o r m a l  
rate o f  r e a e r a t io n  o f  th e  s tr e a m  b y  a b s o r p tio n  fr o m  th e  a tm o sp h e r e , b y  
p la n t g r o w th , or  b y  b o th .

C o n c l u sio n

I t  w ill  be r e a liz e d  th a t  th e  p r o b le m  is  n o t  o n ly  on e  o f  p e r c e n ta g e -  
p u r ifica tio n  o f  s e w a g e  o r  w a s t e s ,  b u t o f  w h a t  th e  c o n d itio n s  re q u ir e .

T h e  m o s t  im p o r ta n t  f a c t o r s  a re  w h a t  th e  s tr e a m  ca n  do an d  w h a t  is  
the lo a d  u p o n  it . F o r  s a t i s f a c t o r y  c o n d it io n s  th e  fo r m e r  m u st  be h ig h e r  
than  th e  la t te r ,  th e  d e g r e e  o f  e x c e s s  b e in g  d e p e n d e n t  u p o n  th e  u s a g e  o f  
the s tr e a m .

E a c h  c a s e  i s  u n iq u e . E a c h  r e q u ir e s  a  s tu d y  to  d e te r m in e  th e  v o l 
um es a n d  c h a r a c te r s  o f  s e w a g e  o r  w a s te .  T h is  s tu d y  sh o u ld  be th o r 
o u g h ly  m a d e . F r e q u e n t ly  a  s tu d y  w ill  sh o w  th a t  p a r t  o f  th e  w a s te  fr o m  
certa in  in d u s t r ie s  m a y  b e  d is c h a r g e d  w ith o u t  tr e a tm e n t, w ith  c o n s e 
q uent r e d u c t io n  in  c o s t  o f  c o n s tr u c t io n  an d  o p e r a t io n . F r e q u e n t ly  i t  is  
sh ow n  th a t  r e c o v e r y  o f  b y -p r o d u c ts  is  w o r th  w h ile . F o r  e x a m p le , r e 
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s e a r c h  f o r  th e  p a p e r  in d u s tr y  h a s  r e s u lte d  in  s a v in g  m u c h  f ib e r ;  w oo l 
g r e a s e  i s  n o w  b e in g  r e c o v e r e d  p r o f ita b ly  f r o m  w o o l- s c o u r in g  w a s t e ; and  
e v e n  s u lf ite  p u lp  liq u o r  is  y ie ld in g  v a lu a b le  b y -p r o d u c ts  ( 1 9 ) .

R e c e n t ly ,  m u ch  o f  th e  w o r k  o f  G e r m a n  s e w a g e  w o r k s  c h e m is t s  and  
e n g in e e r s  h a s  b e e n  in  th is  d ir e c t io n , lo o k in g  f o r  p r o d u c ts  o f  m ilita r y  
v a lu e  o r  to w a r d s  th e  N a h r u n g s f r e i h e i t  o f  G e r m a n y  ( 2 0 ) .

A f t e r  th e  f a c t s  a n d  p o s s ib i l i t ie s  a r e  k n o w n , th e n  f o l lo w s  in  lo g ic a l  
o r d e r  th e  t r e a tm e n t  n e c e s s a r y  to  p r e s e r v e  th e  s t r e a m  o r  o th e r  b o d y  of  
w a te r  f o r  i t s  m o s t  u s e f u l  p u r p o s e ,  w h e th e r  i t  b e  f o r  s e w a g e  o r  w a ste  
d is p o s a l ,  a n g lin g , sh e llf is h  c u ltu r e , r e c r e a t io n , o r  w a te r  su p p ly . In  
e v e r y  c a s e  th e  c a p a c ity  o f  th e  r e c e iv in g  a n d  d i lu t in g  w a te r  i s  th e  m ost  
im p o r ta n t  fa c to r .  T h is  m e th o d  h a s  b e e n  e x e m p lif ie d  in  th e  w o r k  o f  the 
P e n n s y lv a n ia  S a n it a r y  W a t e r  B o a r d , o f  w h ic h  a ll  a r e  a w a r e .

I n  a n  a d d r e s s  w h ic h  w a s  g iv e n  le s s  th a n  tw o  w e e k s  a g o  in  an oth er  
b e a u t ifu l  c o l le g e  to w n , M r. J u s t ic e  F r a n k f u r t e r  e m p h a s iz e d  tw o  A m e r i
c a n  c a n o n s  or  p r in c ip le s  w h ic h  m ig h t  b e a p p lie d  to  th e  c o n tr o l of 
s tr e a m s , n a m e ly , th e  s ta te m e n t  in  th e  B i l l  o f  R ig h ts  r e g a r d in g  “ life , 
l ib e r ty  a n d  th e  p u r s u it  o f  h a p p in e s s ,”  a n d  L in c o ln ’s s ta te m e n t  re g a rd 
in g  th e  “ g o v e r n m e n t  o f  th e  p e o p le , b y  th e  p e o p le  a n d  f o r  th e  p e o p le .”  

S o , th o s e  u s in g  s t r e a m s  sh o u ld  c o n s id e r  n o t  o n ly  th e  l i f e  o f  th e  fish  
a n d  th e  h a p p in e s s  o f  th e  a n g le r  b u t  a ls o  th e  l i f e  o f  th e  m il l  o w n e r  and  
th e  h a p p in e s s  o f  th o s e  w h o  m u s t  u s e  th e  w a te r s  f o r  d o m e s t ic  su p p ly . 
T h e  l ib e r t y  o f  o n e  m u s t  n o t  d e s t r o y  th e  l i f e  o r  h a p p in e s s  o f  a n o th er .

L ik e w is e ,  fo l lo w in g  L in c o ln , th e  c o n tr o l o f  th e  s t r e a m  sh o u ld  he de
te r m in a te d  b y  a ll  th o s e  w h o  h a v e  r ig h t s  th e r e in ,  a n d , h a v in g  so  d eter 
m in e d , th e y  sh o u ld  e x e r c is e  i t  f o r  th e  b e s t  g o o d  o f  a ll.
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T H E  O P E R A T O R ' S  C O R N E R
Conducted by W. H. W ISELY, Executive Secretary*

Federation of Sewage Works Associations 
Box 18 • • Urbana, Illinois

NO “FLASH IN THE PAN” . . .

we h o p e , i s  th e  in flu x  o f  e x c e l le n t  c o n tr ib u t io n s  w h ich  fo llo w e d  th e  
d is tr ib u tio n  o f  th e  M a y  is s u e  o f  Sew age W o rk s  Jo u rn a l, c o n ta in in g  
the in it ia l  a p p e a r a n c e  o f  “ T h e  O p e r a to r ’s C o r n e r .”  W e  ta k e  th is  
o p p o r tu n ity  o f  e x p r e s s in g  o u r  s in c e r e  th a n k s  f o r  th e  a c k n o w le d g m e n ts  
w hich  h a v e  b e e n  r e c e iv e d , an d  tr u s t  th a t  th e s e  w il l  p r e fa c e  a  s te a d y  
flow o f  th e  p r a c t ic a l,  u s e f u l  an d  in te r e s t in g  ty p e  o f  m a te r ia l  th a t  w e  
aim  to  p r e s e n t .

A n  e n d e a v o r  su ch  a s  th is  is  d e p e n d e n t  u p o n  e x c h a n g e  o f  e x p e r ie n c e .  
W e m u st  c o n t r i b u t e  i f  w e  h o p e  to  r e c e iv e .  C a ll i t  a  g a m e  o f  “ P u t  an d  
T a k e ,”  i f  y o u  w ill , an d  i f  w e  a ll  d e te r m in e  to  b e  “ P u t t e r s ”  i t  m u s t  f o l 
low  th a t  w e  s h a ll  h e  ‘ ‘ T a k e r s  ’ ’ a s  w e l l !

A s  a  g e n t le  r e m in d e r , y o u  c a n  p a r t ic ip a te  b y  s e n d in g  u s  in te r e s t in g  
o p e r a tio n  p r o b le m s  a n d  y o u r  s o lu t io n s , d e s c r ip t io n s  o f  “ g a d g e t s ”  th a t  
you  h a v e  d e v is e d  to  s im p li fy  o r  a s s i s t  in  so m e  r o u t in e  o p e r a t io n , c o p ie s  
o f a n n u a l r e p o r ts ,  p h o to g r a p h s  i l lu s t r a t in g  s itu a t io n s  o f  in te r e s t  to  
p la n t o p e r a to r s  a n d  n e w s  i te m s  w h ic h  m ig h t  r e m o v e  a w r in k le  or tw o  
from  a w o r r ie d  b ro w . I t  i s  u n d e r s to o d , o f  c o u r se , th a t  p r e p a r e d  a r t i 
cles or  p a p e r s  a r e  e s s e n tia l;

R a lp h  W a ld o  E m e r s o n  w r o te  th a t  “ N o th in g  g r e a t  w a s  e v e r  a c h ie v e d  
w ith o u t e n t h u s ia s m ,”  w h ic h  s e n t im e n t  is  e n d o r se d  b y  th e  F e d e r a t io n ’s 
P r e s id e n t , C h a r le s  A . E m e r s o n  an d  i t s  o th e r  officers w h o  a re  g iv in g  so  
u n se lf ish ly  o f  th e ir  t im e  a n d  e n e r g y  to  a c h ie v e  th e  a im s  an d  o b je c t iv e s  
of th e  o r g a n iz a t io n . I f  w e  a ll  ad d  o u r  sm a ll c o n tr ib u t io n s  to  th e  a c t iv i
ties  o f  th e  v a r io u s  M em b er A s s o c ia t io n s  a n d  to  th e  p a r e n t  F e d e r a t io n ,  
su r p r is in g  r e s u lt s  ca n  b e a c h ie v e d .

L a s t ,  b u t n o t  le a s t ,  r e m e m b e r  th a t

IT’S NEW YORK IN OCTOBER!

E X P E R I E N C E S  IN  D IG E S T IO N  T A N K  S C U M  C O N T R O L

T h a t so m e  fo r m  o f  d ig e s t io n  ta n k  sc u m  p r o b le m  e x is t s  in  o n e -fo u r th  
o f a ll s e w a g e  t r e a tm e n t  w o r k s  e m p lo y in g  th e  p r o c e s s  i s  b e lie v e d  to  be  
a c o n s e r v a t iv e  e s t im a te .  W h e r e  th e  p r o b le m  is  e n c o u n te r e d , th e  r e 
su lt in g  in te r fe r e n c e  w ith  p r o p e r  d ig e s t e r  o p e r a t io n , th e  e v e r -p r e s e n t

* Also Engineer-Manager, Urhana and Champaign Sanitary District.
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h a z a r d  to  s tr u c tu r e s  an d  e q u ip m e n t , a n d  th e  d iff ic u lty  in  e l im in a t in g  or  
c o n tr o l l in g  th e  c a u se  m a k e s  i t  a  m o s t  v e x in g  o n e  to  o p e r a t io n  p e r so n n e l.

I n  r e p ly  to  a n u m b e r  o f  in q u ir ie s  a d d r e s s e d  to  o p e r a t o r s  o f  p la n ts  
lo c a te d  th r o u g h o u t  th e  c o n t in e n t , th e  C o r n e r  h a s  r e c e iv e d  s e v e r a l  in 
t e r e s t in g  c o n tr ib u t io n s  to  th is  c o m p ila t io n  o f  e x p e r ie n c e  in  d ig e s te r  
sc u m  co n tr o l. W e  a r e  in d e b te d  to  th e  f o l lo w in g  f o r  th e ir  e a r n e st  
c o o p e r a t io n :

H . W . B a u e r , S u p e r in te n d e n t ,  M id d le to w n , C o n n e c t ic u t
L e la n d  B r a d n e y , C h e m is t , S io u x  F a l l s ,  S o u th  D a k o ta
R . W . F r a z ie r ,  S u p e r in te n d e n t ,  O sh k o sh , W is c o n s in
J . K . F r e i ,  S a n it a r y  E n g in e e r ,  S p r in g f ie ld ,  M is s o u r i
E . W . G r o sh a n s , E n g in e e r ,  B a r a b o o , W is c o n s in
A . L . H a n e n b e r g , S a n it a r y  E n g in e e r ,  K itc h e n e r ,  O n ta r io
W . H . H a tfie ld , S u p e r in te n d e n t ,  D e c a tu r ,  I l l in o i s
W . A . H u tc h in s , S u p e r in te n d e n t ,  F r e e p o r t ,  I l l in o i s
J a c o b  K le in ,  S u p e r in te n d e n t ,  S h e b o y g a n , W is c o n s in
C. C. L a r s o n , C h e m is t , S p r in g f ie ld  ( I l l in o is )  S a n i t a r y  D is t r ic t
H . A . R ie d e s e l ,  E n g in e e r ,  R o c k fo r d  ( I l l in o i s )  S a n i t a r y  D is tr ic t
J .  R . T u r n e r , S u p e r in te n d e n t ,  M a n sfie ld , O h io
J . B . W ir t ,  S u p e r in te n d e n t ,  S a n  L e a n d r o , C a lif o r n ia

M o s t  o f  th e  s i tu a t io n s  d is c u s s e d  h e r e  a r e  e x tr e m e , a n d  in  so m e  ca ses , 
d u e  to  u n u s u a l lo c a l c o n d it io n s . C o n s e q u e n t ly , th e r e  c a n  b e  110 reflec
t io n  u p o n  th e  v a r io u s  t y p e s  o f  d ig e s t io n  ta n k  e q u ip m e n t  in v o lv e d .

S c u m  C o n tro l in  F ix e d -Co ver  D ig e s t e r s

K i t c h e n e r ,  O n t a r i o .— M a tte d  h a ir  f r o m  t a n n e r ie s  a n d  m e a t  p a ck in g  
p la n ts  a n d  f e l t  f ib e r s  f r o m  f e l t  f a c t o r ie s  c r e a te  su c h  a  d e n s e  scum  
b la n k e t  in  th e  d ig e s t e r s  o f  K it c h e n e r ’s  M a in  S e w a g e  T r e a tm e n t  P la n t  
th a t  s t r u c tu r a l  d a m a g e  h a s  r e s u lte d  to  th e  m e c h a n ic a l sc u m  b reak er  
a r m s. T h e  tw o  d ig e s t e r s  a t  th is  p la n t  w e r e  c o n v e r te d  to  tw o -s ta g e  
o p e r a t io n  in  1939  a n d  sc u m  a c c u m u la t io n s  a s  g r e a t  a s  11 f t .  th ic k  h ave  
b e e n  e x p e r ie n c e d  in  th e  f ir s t  s t a g e .  T h e  m a te r ia l  c o m p a c ts  in  th e  gas  
d o m e s  a n d  o c c a s io n a lly  in  th e  g a s  p ip in g , th u s  in t e r f e r in g  w ith  g a s  
c o l le c t io n  a s  w e ll  a s  o v e r lo a d in g  th e  m e c h a n ism .

T h e  o v e r lo a d  in d ic a to r  o n  th e  d ig e s t e r  m e c h a n is m  is  c a r e fu lly  
w a tc h e d  a n d  th e  s c u m  is  m a n u a lly  r e m o v e d  b y  d ip p in g  f r o m  th e  m a n 
h o le  w h e n  th e  p o in t e r  a p p r o a c h e s  c r it ic a l  v a lu e s .  A 11 a v e r a g e  o f  440 
cu . f t .  p e r  w e e k  d u r in g  194 0  a n d  a lm o s t  6 00  cu . f t .  p e r  w e e k  d u r in g  the  
f ir s t  th r e e  m o n th s  o f  1941  w a s  r e m o v e d  in  th is  m a n n e r .

T h e  c o m p a c te d  sc u m  in  th e  g a s  d o m e s  is  p e r io d ic a l ly  b r o k e n  u p  and  
s o f te n e d  b y  w a te r  u n d e r  p r e s s u r e  in tr o d u c e d  a t  th e  g a s  d o m e  in sp e c t io n  
p o r t s .  T h is  h a s  b e e n  fo u n d  to  r e d u c e  th e  sc u m  la y e r  to  so m e  e x te n t  
b y  s e t t l in g  a  p o r t io n  o f  th e  m a te r ia l  in to  th e  s lu d g e  a c c u m u la tio n . Oc
c a s io n a l ly  i t  i s  a ls o  n e c e s s a r y  to  m a n u a lly  d ip  th e  s c u m  fr o m  th e  g a s  
d o m e s  a n d  e x tr e m e  c a u t io n  i s  e x e r c is e d  d u e  to  th e  la r g e  a m o u n t  o f  g a s  
w h ic h  i s  r e le a s e d .

T h e  sc u m  ta k e n  fr o m  th e  d ig e s t e r s  i s  h a u le d  in  in d u s t r ia l  d u m p  ca r s
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to  t h e  l o w - ly in g  r i v e r  f l a t s  a d j a c e n t  t o  t h e  p l a n t  w h e r e  d r i e d  s lu d g e  i s  
a ls o  d e p o s i t e d .

C i t y  S a n i t a r y  E n g i n e e r  A .  L .  H a n e n b e r g  i s  o f  t h e  o p in io n  t h a t  t h i s  
d if f ic u lt  p r o b le m  c a n  b e  e l i m i n a t e d  b y  t h e  i n s t a l l a t i o n  o f  f in e  s c r e e n s  
b e tw e e n  t h e  d e t r i t u s  a n d  p r i m a r y  s e d im e n t a t io n  t a n k s ,  t h u s  a s s u r i n g  
p o s i t i v e  r e m o v a l  o f  t h e  h a i r  a n d  f ib r o u s  m a t e r i a l  w h ic h  p r e d o m in a t e s  
in  th e  d ig e s t e r  s c u m .  A n  a l t e r n a t e  m e t h o d  o f  r e l i e f  m a y  b e  p o s s ib le  
t h r o u g h  t h e  p r o v i s i o n  o f  a d e q u a t e  p r e l i m i n a r y  t r e a t m e n t  o f  t h e  t r o u b l e 
so m e w a s t e s  b y  t h e  i n d u s t r i e s  a t  w h i c h  t h e y  o r i g in a t e .

S i o u x  F a l l s ,  S o u t h  D a k o t a .— A  s e w a g e  c o n t a in in g  5 4  p e r  c e n t  p a c k 
in g h o u s e  w a s t e  i s  r e s p o n s ib le  f o r  a n  e x t r e m e  s c u m  c o n t r o l  p r o b le m  a t  
S io u x  F a l l s ,  d e s p i t e  t h e  f a c t  t h a t  t h e  p a c k in g h o u s e  w a s t e s  a r e  p a s s e d  
t h r o u g h  f in e  s c r e e n s  b e f o r e  d i s c h a r g e  t o  t h e  c i t y  s e w e r s .  T h r e e  h e a t e d  
d ig e s t e r s ,  e a c h  85  f t .  i n  d i a m e t e r  a n d  27  f t .  d e e p ,  a r e  e q u ip p e d  w i t h  
s lu d g e  s t i r r i n g  a n d  s c u m  b r e a k e r  e q u ip m e n t  a n d  a r e  o p e r a t e d  i n  s in g le  
s ta g e .

D u r i n g  t h e  s u m m e r  o f  1 9 4 0 , d ig e s t e r  s c u m  a c c u m u la t e d  to  s u c h  a n  
e x te n t  t h a t  t h e  b r e a k e r  a r m s  b e c a m e  i n e f f e c t i v e  a n d  c o m p le t e l y  s t a l l e d .  
B y  N o v e m b e r ,  t h e  s c u m  b e c a m e  s o  d e n s e  a n d  h e a v y  t h a t  t h e  g a s  o u t l e t s  
o f o n e  t a n k  b e c a m e  s e a le d  a n d  s u f f ic ie n t  p r e s s u r e  d e v e lo p e d  to  b r e a k  
lo o s e  a n d  r a i s e  t h e  r o o f  a  d i s t a n c e  o f  a b o u t  s ix  in c h e s .

A  s c h e d u le  o f  d a i l y  r e c i r c u l a t i o n  o f  t h e  s lu d g e  i n  e a c h  t a n k  a t  a  r a t e  
o f  1500 g .p .m .  f o r  t w o  h o u r s  d a i l y  b r o u g h t  im m e d ia t e  r e l i e f  a n d  b r o u g h t  
th e  s i t u a t i o n  u n d e r  c o n t r o l .  T h e  r e c i r c u l a t i o n  h a s  a ls o  b e e n  f o u n d  
b e n e f ic ia l  i n  i n c r e a s i n g  g a s  p r o d u c t io n  a n d  i m p r o v i n g  d ig e s t io n .  N o  
a t t e m p t  w a s  m a d e  to  r e m o v e  t h e  s c u m  f r o m  t h e  d ig e s t e r s .

A t  t h i s  t im e ,  h ig h - s p e e d  s t i r r i n g  e q u ip m e n t  ( t u r b o - m ix e r s )  a r e  b e 
in g  i n s t a l l e d  i n  a l l  o f  t h e  d ig e s t e r s  a n d  o p e r a t i o n  i s  b e in g  c o n v e r t e d  to  
tw o - s ta g e ,  w i t h  t w o  p r i m a r y  a n d  o n e  s e c o n d a r y  u n i t .  C h e m i s t  L e l a n d  
B r a d n e y  d o e s  n o t  a n t i c i p a t e  c o n t in u a t i o n  o f  t h e  s c u m  c o n t r o l  p r o b le m  
w h e n  t h e  c u r r e n t  i m p r o v e m e n t s  a r e  c o m p le t e d .

M a n s f i e ld ,  O h io .— S u p e r i n t e n d e n t  J .  R .  T u r n e r  h a s  a d o p t e d  a  “ n o n 
i n t e r v e n t i o n i s t ”  p o l i c y  i n  r e g a r d  t o  d ig e s t e r  s c u m  c o n t r o l ,  w h ic h  is  
u n d o u b t e d ly  p r o p e r  i n  m a n y  c a s e s  w h e r e  t h e  p r o b le m  i s  n o t  s e v e r e .  
T h e  f ix e d - c o v e r  d ig e s t e r s  a t  M a n s f i e ld  a r e  e q u ip p e d  w i t h  r e m o v a b le  
h e a t in g  c o i l s  a n d  w i t h  “ t u r b o - m ix e r s ”  w h ic h  a r e  o p e r a t e d  c o n t in u o u s l y .

O n  o n l y  o n e  o c c a s io n  s in c e  1 9 3 7 , d u r i n g  a  c a s e  o f  f o a m in g ,  h a s  a n y  
s c u m  b e e n  r e m o v e d  f r o m  t h e  d ig e s t e r ,  a n d  t h a t  w a s  o n l y  a  s m a l l  p o r t i o n  
f r o m  i m m e d ia t e l y  b e n e a t h  t h e  m a n h o le  o p e n in g .  A t  t h i s  t im e  t h e r e  a p 
p e a r e d  t o  b e  a b o u t  t w o  f e e t  o f  s c u m ,  c o m p o s e d  p r i n c i p a l l y  o f  h a i r ,  i n  t h e  
u n it .  T h e  b u lk  o f  t h e  a c c u m u la t io n  w a s  l e f t  u n d i s t u r b e d  w i t h o u t  d e t r i 
m e n t a l  e f f e c t .

S p r i n g f i e l d ,  M i s s o u r i .— 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 n a i l  s h e l l s  
in  t h e  h u m u s  s lo u g h e d  f r o m  t h e  t r i c k l i n g  f i l t e r s  i s  r e s p o n s ib le  f o r  t h e  
a t t e n t io n  r e q u i r e d  t o  c o n t r o l  d ig e s t e r  s c u m  i n  t h i s  p la n t .  D i g e s t i o n  
f a c i l i t i e s  c o m p r i s e  t w o  h e a t e d  u n i t s  o p e r a t e d  i n  s in g le  s t a g e ,  o n e  o f  
w h ic h  i s  e q u ip p e d  w i t h  a  f ix e d  c o v e r  a n d  m e c h a n ic a l  s lu d g e  s t i r r i n g  
a n d  s c u m  b r e a k e r  a r m s  a n d  t h e  o t h e r  e q u ip p e d  w i t h  a  f lo a t in g  c o v e r .
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T h e  s n a i l  s h e l l s  c o l l e c t  t o  s u c h  a n  e x t e n t  t h a t  r e m o v a l  m u s t  b e  e f 
f e c t e d  a b o u t  o n c e  e v e r y  n i n e t y  d a y s .  T h e  p r o c e d u r e  o f  S u p e r i n t e n d e n t  
J o h n  K .  F r e i  i s  t o  p l a n  t o  r e m o v e  s c u m  a f t e r  s l u d g e  i s  w i t h d r a w n  a n d  
d r a i n i n g  o f f  t h e  s c u m  t h r o u g h  p i p i n g  p r o v i d e d  f o r  t h e  p u r p o s e  a s  th e  
d ig e s t e r  l e v e l  i s  r a i s e d  b y  p u m p in g  t h e r e t o .  I t  i s  u s u a l l y  n e c e s s a r y  to  
u s e  w a t e r  u n d e r  p r e s s u r e  t o  b r e a k  u p  a n d  d i l u t e  t h e  m a t e r i a l  t o  o b ta in  
f lo w .

T h e  s c u m  p i p i n g  a r r a n g e m e n t  p e r m i t s  w i t h d r a w a l  t o  t h e  s lu d g e  
d r y i n g  b e d s  w h e n c e  d i s p o s i t i o n  i s  b y  h a u l i n g  a w a y  f o r  u s e  a s  f i l l .

S h e b o y g a n ,  W i s c o n s i n .— I n  D e c e m b e r ,  1 9 4 0 , o n e  o f  t h e  f ix e d - c o v e r ,  
p r i m a r y  d ig e s t i o n  t a n k s  “ e x p l o d e d ”  b y  b u r s t i n g  o p e n  a t  t h e  e d g e  o f  
t h e  d o u b le - s la b  c o n c r e t e  r o o f ,  c a u s i n g  a b o u t  $ 1 0 ,0 0 0  d a m a g e .  T h is  
s e r io u s  o c c u r r e n c e  h a s  b e e n  a t t r i b u t e d  t o  a n  8  t o  1 0  f t .  a c c u m u la t io n  
o f  s c u m ,  w h i c h  p r e v e n t e d  r e l e a s e  o f  g a s  a n d  c a u s e d  a  g r a d u a l  in c r e a s e  
o f  p r e s s u r e  u n t i l  t h e  u n i t  w e ig h t  o f  t h e  r o o f  w a s  e x c e e d e d .

T h e  S h e b o y g a n  p l a n t  r e c e i v e s  a  c o n s i d e r a b l e  v o l u m e  o f  t a n n e r y  
w a s t e s  w h i c h  c o n t a in  s c r a p s  o f  h id e ,  h a i r  a n d  l im e .  M u c h  o f  t h i s  p a s s e s  
t h e  b a r  s c r e e n s  a n d  i s  r e m o v e d  a t  t h e  p r i m a r y  t a n k s  w i t h  t h e  s lu d g e ,  
w h e n c e  i t  i s  p u m p e d  t o  t h e  d ig e s t e r s .  A l t h o u g h  t h e  f i r s t - s t a g e  d ig e s t e r s  
a r e  e q u ip p e d  w i t h  m e c h a n i c a l  m ix e r s ,  t h e  s c u m  i s  s o  f ib r o u s  a n d  d e n s e  
t h a t  t h e  m i x e r s  w e r e  n o t  e f f e c t i v e  a n d  t h e  d e e p  l a y e r  o f  s c u m  r e s u lt e d .

F ig. 1.— Digestion Ta n k “ Eruption”  at Sheboygan, Wisconsin, Caused by Excessive Scum
Accumulation.

N o  e v id e n c e  o f  i g n i t i o n  o f  g a s  w a s  n o t e d  f o l l o w i n g  t h e  “ e x p lo s io n , ”  
i t  b e i n g  f a i r l y  e v id e n t  t h a t  p r e s s u r e s  i n s id e  t h e  t a n k  b e c a m e  s o  g r e a t  
t h a t  t h e  r o o f  ( n o t  a n c h o r e d  t o  t h e  w a l l s )  w a s  l i f t e d  a t  o n e  s id e ,  r e l e a s in g  
g a s  a n d  s lu d g e  u n d e r  s u c h  p r e s s u r e  a s  t o  b lo w  d o w n  m u c h  o f  t h e  b r i c k  
v e n e e r  i n s u l a t i n g  w a l l  a n d  t o  s p e w  s lu d g e  f o r  a  d i s t a n c e  o f  f i f t y  f e e t .  
I n s p e c t i o n  o f  t h e  g a s  p ip i n g ,  m e t e r s ,  f la m e  t r a p s  a n d  p r e s s u r e  c o n t r o l  
d e v i c e s  r e v e a l e d  a l l  o f  t h i s  e q u ip m e n t  t o  b e  i n  n o r m a l  c o n d i t i o n .  T h e
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s lu d g e  t r a n s f e r  p i p i n g  w a s  k n o w n  t o  b e  o p e n  t h i r t y  m in u t e s  p r i o r  to  
th e  a c c id e n t  a n d  t h e  t a n k  i s  e q u ip p e d  w i t h  a n  e m e r g e n c y  o v e r f lo w  f o r  
p r o t e c t io n  a g a i n s t  d a m a g e  d u e  t o  s t o p p a g e s  i n  t h e  t r a n s f e r  l in e s .  T h e  
t h e o r y  e x p r e s s e d  a b o v e ,  c o n c e r n i n g  t h e  e f f e c t s  o f  t h e  s c u m  b la n k e t ,  i s  
w e l l  s u b s t a n t i a t e d  b y  t h e  f a c t s  a t  h a n d .

S u p e r i n t e n d e n t  J a c o b  K l e i n  s u g g e s t s  t h e  f o l l o w in g  p o s s ib le  m e t h o d s  
o f  p r e v e n t i o n  o f  s i m i l a r  d a m a g e  i n  t h e  f u t u r e :

1. R e m o v a l  o f  t h e  h a i r ,  h id e  s c r a p s  a n d  o t h e r  t a n n e r y  w a s t e  c o n s t i t u 
e n t s  r e s p o n s ib le  f o r  t h e  d e n s i t y  o f  t h e  d ig e s t e r  s c u m ,  b y  m e a n s  
o f  f in e  s c r e e n s  o r  s i m i l a r  e q u ip m e n t .

2. I n s t a l l a t i o n  o f  “ e x t r a  h e a v y  d u t y ”  s c u m  s t i r r i n g  e q u ip m e n t ,  d e 
s ig n e d  f o r  t h e  r i g o r o u s  s e r v i c e  d e m a n d e d  i n  t h i s  c a s e .

3. R e m o v a l  o f  t h e  s c u m  f r o m  t h e  d ig e s t e r s  b e f o r e  i t  a c c u m u la t e s  t o  a
d a n g e r o u s  e x t e n t .  T w o  a d d i t i o n a l  d ig e s t io n  u n i t s  h a v e  j u s t  
b e e n  c o m p le t e d ,  w h i c h  e x t r a  c a p a c i t y  i s  e x p e c t e d  to  m a k e  p o s 
s ib le  t h e  d e w a t e r i n g  a n d  c l e a n in g  o f  e a c h  u n i t  a t  r e g u l a r  i n t e r 
v a l s .

R o c k f o r d , I l l i n o i s .— D i s t r i c t  E n g i n e e r  H .  A .  R i e d e s e l  r e p o r t s  a n  
u n u s u a l  m e t h o d  o f  e x p e d i t i n g  w i t h d r a w a l  o f  a  d e n s e  s c u m  b la n k e t  i n  
th e  f ix e d - c o v e r  t a n k s  a t  t h i s  p la n t .  T h e  t a n k s  a r e  n o t  e q u ip p e d  w i t h  
m e c h a n ic a l  s lu d g e  o r  s c u m  s t i r r i n g  d e v ic e s .

Fig. 2.— Digester S c u m  Flushing Arrangement Used at Rockford, Illinois. H. A. Riedesel,
Superintendent.

A  t r i p o d  w i t h  a  b lo c k  a t  t h e  v e r t e x  ( F i g u r e  2 )  w a s  e r e c t e d  o v e r  t h e  
g a s  d o m e  o p e n in g  o f t e r  t h e  d o m e  w a s  r e m o v e d .  A  r o p e  w a s  i n s e r t e d  
t h r o u g h  t h e  p u l l e y ,  h a v i n g  a t t a c h e d  to  o n e  e n d  a  l a r g e  n u m b e r  o f  x/2 
to  3/4-in . l i n k  c h a in s ,  a g g r e g a t i n g  a b o u t  75  p o u n d s  i n  w e ig h t .  T h e s e  
c h a in s  w e r e  “ s l u s h e d ”  i n t o  t h e  s c u m  a s  i t  i v a s  f o r c e d  to  t h e  w i t h d r a w a l
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p ip e  a t  t h e  c e n t e r  o f  t h e  t a n k  b y  m e a n s  o f  a  h o s e  s t r e a m  a n d  t h e  h e a v y  
s c u m  a c c u m u la t i o n  w a s  t h u s  s u c c e s s f u l l y  r e m o v e d  b y  g r a v i t y  f lo w .

S c u m  C o n t r o l  a t  F l o a t i n g - C o v e r  D i g e s t e r s

S p r i n g f i e l d ,  M i s s o u r i .— R e f e r  t o  c o m m e n t s  o n  t h i s  p l a n t  in c lu d e d  
u n d e r  t h e  d i s c u s s io n  o f  f ix e d - c o v e r  u n i t s .

O s h k o s h ,  W i s c o n s i n .— T h i s  p l a n t  i n c lu d e s  t w o  h e a t e d ,  f lo a t in g - c o v e r  
d ig e s t i o n  t a n k s ,  o p e r a t e d  i n  t w o - s t a g e ,  w i t h  2 0 ,0 0 0  c u .  f t .  o f  g a s  s t o r a g e  
a f f o r d e d  i n  t h e  s e c o n d a r y  u n i t .  A  h e a v y  s c u m  b l a n k e t  i s  e n c o u n t e r e d  
i n  t h e  f i r s t - s t a g e  o r  p r i m a r y  d ig e s t e r ,  c r e a t i n g  a  p r o b l e m ,  b u t  n o  d if f i 
c u l t y  o f  t h i s  k i n d  h a s  b e e n  e x p e r ie n c e d  i n  t h e  s e c o n d a r y  s t a g e .

T h e  s c u m  c o m p r i s e s  t h e  u s u a l  b u o y a n t  a n d  d ig e s t i o n - r e s i s t a n t  m a t e 
r i a l  r e m o v e d  f r o m  t h e  s e w a g e  a t  t h e  s c u m  t r o u g h s  o f  t h e  p r i m a r y  s e d i 
m e n t a t i o n  t a n k s ,  c o n t a in in g  l e a v e s ,  s t i c k s ,  t i n  f o i l ,  h a i r ,  s e e d s ,  e tc .

A t t e m p t s  t o  r e m o v e  t h e  s c u m  b l a n k e t  b y  m e a n s  o f  w a t e r  j e t s  a n d  
b y  d r a i n a g e  t o  t h e  s lu d g e  d r y i n g  b e d s  y i e l d e d  u n s a t i s f a c t o r y  r e s u l t s .  
J e t t i n g  w a s  f o u n d  t o  w a s h  a w a y  t h e  o r g a n i c  m a t t e r  a d h e r i n g  to  th e  
f l o a t in g  m a t e r i a l ,  b u t  m o s t  o f  t h e  m a s s  s t i l l  f lo a t e d .  E f f o r t s  t o  d r a in  
o f f  t h e  s c u m  w e r e  d e e m e d  u n s u c c e s s f u l  d u e  t o  t h e  d i f f i c u l t y  i n  o b t a in in g  
f lo w ,  e v e n  w h e n  w a t e r  j e t s  a n d  p a d d l e s  w e r e  e m p lo y e d .

T h e  p r e s e n t  m e t h o d  o f  r e m o v i n g  s c u m  i s  b y  m a n u a l  d i p p i n g  w i t h  
s p e c i a l l y  d e s ig n e d  im p le m e n t s  ( F i g .  3 )  w h i c h  f i t  b e t w e e n  t h e  s id e  o f

Fig. 3.— Digester S c u m  Removal Implements Used at Oshkosh, Wisconsin. R. W .  Frazier,
Superintendent.
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th e  c o v e r  a n d  t h e  t a n k  w a l l .  T h e  d i p p e r  m a r k e d  “ A ”  i s  u s e d  f o r  d r y  
m a t e r i a l  a n d  t h a t  l a b e l l e d  “  R  ”  w h e n  t h e  s c u m  i s  m u s h y .  T h e  m a t e r i a l  
is  h a u l e d  i n  w h e e lb a r r o w s  to  a  m a r s h y  a r e a  i n  t h e  p l a n t  g r o u n d s  a n d  
c o v e r e d  w i t h  l im e  a n d  e a r t h .  S u c h  m a n u a l  r e m o v a l  i s  n e c e s s a r y  a t  
v a r i a b l e  i n t e r v a l s .

S u p e r i n t e n d e n t  R .  W .  F r a z i e r  i n d i c a t e s  t h a t  a n  a t t e m p t  w i l l  b e  
m a d e  t h i s  s u m m e r  t o  e l i m i n a t e  t h i s  p r o b le m  b y  p u m p in g  t h e  s c u m  f r o m  
th e  p r i m a r y  s e d im e n t a t io n  t a n k s  d i r e c t l y  t o  c o m p a r t m e n t s  p a r t i t i o n e d  
o ff  i n  o n e  o f  t h e  s lu d g e  d r y i n g  b e d s ,  t h u s  r e l i e v i n g  t h e  d ig e s t io n  u n i t s  
o f  t h i s  lo a d .  T h e  s c u m  w i l l  b e  t r e a t e d  w i t h  l im e  o r  c h l o r in e  to  p r e c lu d e  
o d o r s  a n d  w i l l  b e  r e m o v e d  t o  t h e  d u m p  a f t e r  d r y i n g .

F r a z i e r  a ls o  o f f e r s  t h e  o p in i o n  t h a t  d ig e s t e r  s c u m  c a n  b e  c o m p le t e l y  
e l im in a t e d  b y  t h e  u s e  o f  f in e  s c r e e n s  a n d  s c r e e n in g s  i n c i n e r a t i o n  f a c i l i 
t ie s ,  a l t h o u g h  h e  p o in t s  o u t  t h a t  t h i s  p r a c t i c e  m a y  r e s u l t  i n  l o w e r  g a s  
p r o d u c t io n  d u e  t o  t h e  r e d u c e d  c h a r g e  o f  v o l a t i l e  s o l id s  t o  d ig e s t e r s .

S p r i n g f i e l d ,  I l l i n o i s .— F o l l o w i n g  l a b o r i o u s  e n d e a v o r s  t o  k e e p  h is  d i 
g e s t io n  t a n k s  c l e a r  o f  s c u m  i n  t h e  f i r s t  y e a r  o r  t w o  o f  o p e r a t io n ,  C h e m is t
C . C .  L a r s o n  c a m e  t o  t h e  c o n c lu s io n  t h a t  h i s  p r o b le m  w a s  n o t  so  s e r io u s  
a n d  t h a t  a  “ l e a v e  i t  a l o n e ”  p o l i c y  c o u ld  b e  s a f e l y  f o l l o w e d .  P e r i o d i c  
o b s e r v a t io n s  o f  t h e  a c c u m u la t io n  b e n e a t h  t h e  f lo a t in g  c o v e r s  h e r e  h a v e  
s h o w n  t h a t  i t  r e m a in s  f a i r l y  s o f t  a n d  v a r i e s  i n  t h i c k n e s s  f r o m  a  n e g l i 
g ib le  a m o u n t  t o  a  d e p t h  o f  18  in c h e s .

T h i s  e x p e r ie n c e  p a r a l l e l s  t h a t  o f  T u r n e r  a t  M a n s f i e ld ,  O h io ,  w h e r e  
th e  p r o b le m  i s  a ls o  n o t  a  s e r io u s  o n e .

B a r a b o o ,  W i s c o n s i n .— S u p e r i n t e n d e n t  E .  W .  G r o s h a n s  h a s  b e e n  s u c 
c e s s fu l  i n  r e d u c in g  d ig e s t e r  s c u m  a c c u m u la t io n  to  12 to  15  in .  i n  t h i c k 
n e s s  b y  o c c a s i o n a l l y  r a i s i n g  t h e  d ig e s t e r  t e m p e r a t u r e  to  9 5 °  t o  1 0 0 °  F .  
f o r  a b o u t  4 8  h o u r s .  H e  h a s  f o u n d  t h a t  t h e  s o l id s  c o n t e n t  o f  t h e  s u p e r 
n a t a n t  l i q u o r  i s  i n c r e a s e d  d u r i n g  t h e  t r e a t m e n t  b u t  t h a t  t h e  s c u m  
b la n k e t  i s  e f f e c t i v e l y  c o n t r o l l e d .

F r e e p o r t ,  I l l i n o i s .— W i t h  r a w  s e w a g e  c h l o r i n a t i o n  b e in g  p r a c t i c e d  
d u r in g  s u m m e r  m o n t h s  o n ly ,  S u p e r i n t e n d e n t  W i l l  A .  H u t c h i n s  h a s  h a d  
o p p o r t u n i t y  t o  o b s e r v e  t h e  e f f e c t s  o f  c h l o r in e  o n  d ig e s t e r  s c u m  a c c u m u 
la t io n .  H i s  e x p e r ie n c e ,  s i m i l a r  t o  t h a t  a t  m a n y  o t h e r  p la n t s ,  h a s  b e e n  
t h a t  t h e  s c u m  b l a n k e t  i s  n e g l ig i b le  d u r i n g  c h l o r i n a t i o n  b u t  t h a t  a  2 to  
3 f t .  l a y e r  d e v e lo p s  d u r i n g  t h e  t im e  t h a t  c h l o r in e  i s  n o t  u s e d .

H u t c h i n s  r e p o r t s  f u r t h e r  t h a t  t h e  b la n k e t  w a s  s u c c e s s f u l l y  r e d u c e d  
o n  t w o  o c c a s io n s  b y  i n c r e a s i n g  t h e  d ig e s t io n  t e m p e r a t u r e  f o r  a  d a y  o r  
tw o , a s  p r a c t i c e d  a t  B a r a b o o ,  W i s c o n s i n ,  b u t  t h a t  t h i s  p r o c e d u r e  w a s  
n o t  p a r t i c u l a r l y  e f f e c t i v e  t h e  l a s t  t im e  i t  w a s  a t t e m p t e d .

S c u m  C o n t r o l  o n  Im h o f f  T a n k s

U r b a n a - C h a m p a i g n ,  I l l i n o i s .— A  s t r o n g  d o m e s t i c  s e w a g e ,  h a r d  p u b 
l i c  w a t e r  s u p p l y  a n d  m u l t i t u d e s  o f  t r i c k l i n g  f i l t e r  s n a i l  s h e l l s  a r e  b e 
l i e v e d  t o  b e  p r i m a r i l y  r e s p o n s ib le  f o r  g a s  v e n t  s c u m  a c c u m u la t io n s  
r a n g in g  f r o m  3 f t .  i n  t h i c k n e s s  i n  s u m m e r  to  12  f t .  d e e p  d u r i n g  f r e e z i n g  
w e a t h e r .  T h e r e  i s  n o  d e f i n i t e  p r o o f  o f  t h e  in f lu e n c e  o f  t h e  h a r d n e s s  i n  
t h e  p u b l i c  w a t e r  s u p p l y  (2 9 6  p .p .m . )  b u t  i t  a p p e a r s  l o g i c a l  t h a t  m u c h
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o f  t h e  e x t r a o r d i n a r y  a m o u n t  o f  s o a p  c u r d  i n  t h e  s e w a g e  w o u ld  f in d  i t s  
w a y  i n t o  t h e  s c u m  l a y e r s .  T h e  r e t u r n  o f  g r o u n d  s c r e e n in g s  t o  t h e  
s e w a g e  f lo w  m a y  a ls o  t e n d  t o  i n c r e a s e  t h e  s c u m  a c c u m u l a t i o n ; h o w e v e r ,  
t h i s  i s  n o t  b o r n e  o u t  b y  p l a n t  o p e r a t o r s  w h o  h a v e  h a d  o p p o r t u n i t y  to  
o b s e r v e  c o n d i t i o n s  b e f o r e  t h i s  m e t h o d  o f  s c r e e n in g s  d i s p o s i t i o n  w a s  
p r a c t i c e d  a n d  w h o  i n d i c a t e  t h a t  t h e r e  w a s  n o  v i s i b l e  e v id e n c e  o f  a n  
i n c r e a s e  i n  s c u m  a f t e r  g r o u n d  s c r e e n in g s  w e r e  t a k e n .

I n  t h e  l a t e  w i n t e r  a n d  e a r l y  s p r i n g  m o n t h s ,  t h e  s c u m  a c c u m u la t io n  
i s  o f  s u c h  d e p t h  a n d  d e n s i t y  t h a t  g a s  c a n n o t  e s c a p e  f r o m  t h e  v e n t s .  
T h i s  r e s u l t s  i n  e b u l l i t i o n  o f  g a s  t h r o u g h  t h e  s l o t  a n d  b e l c h i n g  u p  o f  l a r g e  
c h u n k s  o f  s l u d g e  i n t o  t h e  s e d im e n t a t i o n  c h a n n e ls ,  g r e a t l y  i n c r e a s i n g  th e  
l a b o r  r e q u i r e m e n t s  i n  s k im m in g .  I n  n o n - f r e e z in g  w e a t h e r ,  p a s t  p r a c 
t i c e  h a d  b e e n  t o  c h u r n  t h e  s c u m  i n  t h e  g a s  v e n t s  w i t h  a  h e a v y  h o s e  
s t r e a m ,  w h i c h  w a s  e f f e c t i v e  i n  r e l e a s i n g  t h e  g a s  b u t  c a u s e d  a p p r e c ia b le  
d i s t u r b a n c e  i n  t h e  s e d im e n t a t i o n  c h a n n e ls .  H o s i n g  o f  t h e  v e n t s  r e 
q u i r e d  a b o u t  10  t o  2 0  m a n - h o u r s  p e r  w e e k  o f  t im e  b y  o p e r a t i o n  p e r 
s o n n e l .  R e m o v a l  o f  t h e  s c u m  t o  t h e  s lu d g e  d r y i n g  b e d s  r e s u l t e d  in  
im p r o v e m e n t  l a s t i n g  o n l y  a b o u t  t w o  w e e k s  a n d  t h e  d i f f i c u l t y  i n  d r y i n g  
t h e  m a t e r i a l  m a k e s  t h i s  p r a c t i c e  u n d e s i r a b l e .

I n  A u g u s t ,  1 9 4 0 , o b s e r v a t i o n s  o f  t h e  e f f e c t  o f  a  f in e  s p r a y  o f  w a t e r  
( f r o m  t h e  p l a n t  e f f lu e n t  s y s t e m )  s h o w e d  s o m e w h a t  p r o m i s i n g  p o s s i 
b i l i t i e s .  A  p ip e  m a n i f o l d  f i t t e d  w i t h  s p r a y  n o z z le s  s p a c e d  t o  f i t  t h e  g a s  
v e n t s  w a s  f i r s t  t r i e d  o n  o n e  e n d  o f  t h e  v e n t s  o f  o n e  t a n k  a n d  t h e  e f f e c t i v e 
n e s s  o f  t h e s e  w a s  i m m e d i a t e l y  e v id e n t .  T h e  s p r a y  s y s t e m  w a s  e x t e n d e d  
t o  a l l  f o u r  t a n k s  b e f o r e  t h e  e n d  o f  S e p t e m b e r .

F ig . 4.— Imlioff Ta nk Gas Vent Sprays at Urbana-Champaign, Illinois.

T h e  a r r a n g e m e n t  o f  t h e  s p r a y  s y s t e m  i s  s h o w n  i n  F i g .  4. T h e  m a n i 
f o l d  p ip e s  a r e  I 1/?, i n .  i n  d i a m e t e r ,  w h i c h  i s  r e d u c e d  t o  %  i n .  a t  e a c h  
n o z z le .  O r d i n a r y  g a r d e n  h o s e  n o z z le s  w e r e  f o u n d  t o  b e  m o s t  a d a p t a b l e
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s in c e  t h e y  c o s t  o n l y  25  c e n t s  e a c h ,  g i v e  a n y  d e s i r e d  i n t e n s i t y  o f  s p r a y ,  
c a n  b e  c o m p le t e l y  s h u t  o f f  a n d  a r e  n o t  s u b je c t  t o  c lo g g in g  e v e n  t h o u g h  
p la n t  e f f lu e n t  i s  u s e d  a s  t h e  w a t e r  s o u r c e .  T h e  p i p i n g  l a y o u t  i s  e c o 
n o m ic a l  a s  f o u r  t a n k s  a r e  c o m p le t e l y  s e r v e d  b y  2 5 0  f t .  o f  lV i i- in .  p ip e  
a n d  75 f t .  o f  % - i n .  p ip e .  T h e  c o s t  o f  t h e  p ip e ,  f i t t in g s  a n d  n o z z le s  w a s  
$151.69 a n d  t h e  i n s t a l l a t i o n  w a s  a c c o m p l i s h e d  b y  r e g u l a r  p l a n t  p e r 

s o n n e l.

Fig. 5.— Close-up View of Gas Vent Spray at Urbana-Champaign.

O p e r a t i o n  o f  t h e  s p r a y s  f r o m  30  to  9 0  m in u t e s  a  d a y  h a s  b e e n  f o u n d  
s u f f ic ie n t  t o  b r i n g  a b o u t  s a t i s f a c t o r y  r e s u l t s .  W h e n  t h e  s c u m  l a y e r  i s  
m o r e  t h a n  4  f t .  t h i c k ,  o p e r a t i o n  o f  t h e  s p r a y s  f o r  a b o u t  45  m in u t e s  i n  
t h e  m o r n in g  a n d  a g a i n  i n  t h e  e v e n in g  i s  b e s t  b e c a u s e  o v e r lo n g  o p e r a t io n  
a t  o n e  t im e  u n d e r  s u c h  c o n d i t i o n s  c a u s e s  s o m e  f in e  s o l id s  t o  r i s e  t h r o u g h  
th e  s lo t .  N o  a t t e m p t  h a s  b e e n  m a d e  to  u s e  t h e  s p r a y s  i n  c o ld  w e a t h e r  

b e c a u s e  o f  t h e  i c e  w h i c h  w o u ld  r e s u l t .
E i g h t  m o n t h s  e x p e r ie n c e  w i t h  t h e  s p r a y s  h a s  le d  t o  t h e  f o l l o w in g  

c o n c lu s i o n s :

1. R e l e a s e  o f  g a s  i s  u n q u e s t i o n a b l y  e x p e d i t e d  b y  t h e  s o f t e n in g  o f  t h e  
s c u m .  A c t i v e  g a s  e b u l l i t i o n  i s  n o t e d  o n l y  2 o r  3 m in u t e s  a f t e r  

t h e  s p r a y s  a r e  t u r n e d  o n .
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2. T h e  s c u m  a c c u m u la t i o n  i s  k e p t  u n d e r  c o n t r o l .  E a c h  t im e  t h e  s p r a y s
a r e  o p e r a t e d ,  p a r t  o f  t h e  s o l id s  a r e  d e p o s i t e d  i n  t h e  s lu d g e  c o m 
p a r t m e n t  w h e r e  m u c h  r e m a in s .  S c u m  l a y e r s  1 2  f t .  t h i c k  in  
M a r c h ,  1 9 4 1 , w h e n  t e m p e r a t u r e s  m o d e r a t e d  s u f f i c i e n t l y  to  p e r m i t  
u s e  o f  t h e  s p r a y s ,  w e r e  r e d u c e d  t o  5 t o  7 f t .  b y  A p r i l .

3 . I t  i s  b e l i e v e d  t h a t  m o s t  o f  t h e  o r g a n i c  a c id s  i n  t h e  s c u m  a r e  w a s h e d
o u t ,  t h u s  r e d u c in g  a n y  t e n d e n c y  t o w a r d  s e r io u s  f o a m in g .  O n e  
o r  t w o  in s t a n c e s  o f  m i l d  f o a m in g  w e r e  r e a d i l y  c o n t r o l l e d  b y  u s e  
o f  t h e  s p r a y s  a n d  i t  i s  c e r t a i n  t h a t  t h e r e  w o u ld  b e  n o  d i f f i c u l t y  
i n  c o n f in in g  f o a m  to  t h e  v e n t s  s h o u ld  a  b a d  c a s e  d e v e lo p .

4. T h e  s p r a y s  d o  n o t  d r i v e  d o w n  m a t e r i a l  s u c h  a s  s t i c k s ,  h a i r ,  a n d  o th e r
m a t e r i a l s  w h i c h  a r e  b u o y a n t  a n d  a lm o s t  n o n - d ig e s t ib le  a n d  s u c h  
s u b s t a n c e s  m u s t  s t i l l  b e  d i r e c t l y  r e m o v e d  f r o m  t h e  v e n t s  b y  o th e r  
m e t h o d s .

T r a c y ,  C a l i f o r n i a .— I t  i s  r e p o r t e d  t h a t  g a s  v e n t  s p r a y s  h a v e  b e e n  
i n s t a l l e d  a n d  f o u n d  b e n e f i c i a l  i n  f h i s  p l a n t ;  h o w e v e r ,  d e t a i l s  a r e  n o t  
a v a i l a b l e  a t  t h i s  t im e .

D e c a t u r ,  I l l i n o i s .— N u m e r o u s  s n a i l  s h e l l s  f r o m  t h e  t r i c k l i n g  f i l t e r s  
c o l l e c t  b e n e a t h  t h e  g a s  c o l l e c t o r s  b u i l t  i n  t h e  I m h o f f  t a n k  g a s  v e n t s  h e re ,

F ig. 6.— Gas D o m e  S c u m  Spray at. Decatur, Illinois, W .  D. Hatfield, Superintendent.

n e c e s s i t a t i n g  o c c a s i o n a l  m a n u a l  r e m o v a l  a n d  o t h e r  a t t e n t io n .  A n  u n 
u s u a l  n o z z le ,  u s e d  s u c c e s s f u l l y  b y  S u p e r i n t e n d e n t  W .  D .  H a t f i e l d  to  
s o f t e n  a n d  r e d u c e  t h e  a c c u m u la t i o n s  a t  t h e  g a s  c o l l e c t i o n  d o m e s  i s  p i c 
t u r e d  i n  F i g u r e  6.

C o n c l u s i o n s

T h e  C o r n e r  t a k e s  t h e  l i b e r t y  o f  a n a l y z i n g  t h e  m a t e r i a l  s u b m i t t e d  
a n d  d e v e l o p i n g  g e n e r a l  c o n c lu s io n s  t h e r e f r o m .  A l t h o u g h  t h e  c o n t r o l  
o f  d i g e s t e r  s c u m  is  n o t  d i f f i c u l t  i n  m a n y  p l a n t s ,  i t  i s  e v i d e n t  t h a t  t h e
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p r o b le m  m a y  h a v e  s e r io u s  a s p e c t s  a n d  t h a t  c o g n iz a n c e  o f  i t  i s  w e l l  
j u s t i f i e d  b y  s e w a g e  w o r k s  d e s ig n e r s  a n d  o p e r a t o r s .  T h e  f o l l o w in g  
c o n c lu s io n s  a r e  o f f e r e d  :

1. C o n s id e r a t i o n  o f  t h e  p o t e n t i a l  s c u m  p r o d u c i n g  c o n s t i t u e n t s  o f  i n 
d u s t r i a l  w a s t e s  p r i o r  to  d e s ig n  o f  t r e a t m e n t  f a c i l i t i e s  i s  u n 
d o u b t e d l y  w a r r a n t e d .  W h e r e  s u c h  i n v e s t i g a t i o n  i n d i c a t e s  
t h a t  a  p r o b le m  is  l i k e l y  t o  r e s u l t ,  t h e  f o l l o w in g  s u g g e s t io n s  
a r e  l i s t e d  f o r  t h e  g u id a n c e  o f  t h e  d e s i g n e r :

A .  R e q u i r e m e n t  o f  p r e l i m i n a r y  t r e a t m e n t  f a c i l i t i e s  b y  t h e  i n 
d u s t r i e s  p r o d u c i n g  w a s t e s  a n t i c i p a t e d  t o  c a u s e  t r o u b le .

B .  I n c l u s i o n  o f  s p e c i a l  p r e l i m i n a r y  t r e a t m e n t  f a c i l i t i e s  i n  t h e  
s e w a g e  t r e a t m e n t  w o r k s  to  r e m o v e  a n d  d is p o s e  o f  s c u m - f o r m 
i n g  c o n s t i t u e n t s  b e f o r e  d ig e s t io n  u n i t s  a r e  a f f e c t e d .  P i n e  
s c r e e n s  w i t h  s c r e e n in g s  i n c i n e r a t i o n  h a s  b e e n  s u g g e s t e d  a s  
o n e  m e t h o d  o f  a c c o m p l i s h i n g  t h is .

C.  T h e  p r o v i s i o n  o f  s c u m  c o n t r o l  e q u ip m e n t  a d a p t e d  t o  t h e  t y p e  
o f  p r o b le m  e x p e c t e d ,  w h e r e  c o m p le t e  p r e l i m i n a r y  r e m o v a l  o f  
s c u m - f o r m in g  c o n s t i t u e n t s  m a y  n o t  b e  f e a s ib le .  I t  i s  e v id e n t  
t h a t  u n u s u a l l y  p o w e r f u l  c o n t r o l  d e v ic e s  w o u ld  b e  n e c e s s a r y  
t o  h a n d le  s o m e  o f  t h e  v e r y  h e a v y  a c c u m u la t io n s  d e s c r ib e d  
a b o v e .

D .  T h e  d i f f i c u l t y  i n  f o r e c a s t i n g  d ig e s t e r  s c u m  a c c u m u la t io n s  in  
m a n y  s i t u a t i o n s  w h e r e  t h e  s e w a g e  t o  b e  t r e a t e d  i s  o f  o r d i n a r y  
d o m e s t i c  c h a r a c t e r  s u g g e s t s  t h a t  t h e  d e v e lo p m e n t  o f  a  w o r k 
a b le ,  c o n v e n ie n t ,  a n d  f le x ib le  s c u m  w i t h d r a w a l  p i p i n g  a r 
r a n g e m e n t  a t  d ig e s t io n  t a n k s ,  is  j u s t i f i e d .

2. I f  h e  w i s h e s  t o  a v o i d  t h e  d a m a g e  a n d  h a z a r d  e x p e r ie n c e d  a t  S h e 
b o y g a n  a n d  o t h e r  p la c e s ,  t h e  o p e r a t o r  m u s t  e x e r c i s e  t h e  
u t m o s t  v i g i l a n c e  i f  d ig e s t e r  s c u m  f o r m a t i o n  i s  l i k e l y  to  p r e 
v e n t  r e l e a s e  o f  g a s  o r  t o  c lo g  o v e r f lo w ,  t r a n s f e r  o r  g a s  p ip in g .  
P e r i o d i c  i n s p e c t i o n  o f  t h e  b la n k e t  i s  d e s i r a b l e  i n  e v e r y  p la n t ,  
w i t h  t h e  f r e q u e n c y  o f  o b s e r v a t i o n  d e p e n d e n t  u p o n  l o c a l  c o n 
d i t i o n s .  W h e n  t h e  a c c u m u la t io n  i s  r e a s o n a b l y  s o f t  a n d  n o t  
e x c e s s iv e  i n  t h i c k n e s s ,  i t  a p p e a r s  u n n e c e s s a r y  to  r e s o r t  t o  
u n u s u a l  o p e r a t i o n  p r o c e d u r e s  t o  e f f e c t  c o n t r o l .  W h e n  r e 
d u c t io n  o f  t h e  a c c u m u la t io n  d o e s  a p p e a r  to  b e  n e c e s s a r y ,  t h e  
f o l l o w in g  o p e r a t i o n  m e a s u r e s  h a v e  b e e n  f o u n d  e f f e c t i v e  :

A .  P r e c h l o r i n a t i o n ,  w h i c h  m a y  b e  b o th  p r e v e n t i v e  a n d  r e m e d ia l .
B .  R e c i r c u l a t i o n  o f  t h e  d ig e s t e r  c o n t e n t s .
C.  T e m p o r a r y  i n c r e a s e  o f  d ig e s t io n  t e m p e r a t u r e s  to  a b o u t  9 5 °  F .  

f o r  4 8  h o u r s .
D .  U s e  o f  w a t e r  j e t s  o r  s p r a y s  ( b e s t  s u i t e d  to  c o n t r o l  o f  Im h o f f  

t a n k  s c u m ) .
E .  W i t h d r a w a l  o r  m a n u a l  r e m o v a l  t o  s lu d g e  d r y i n g  b e d s  o r  

d u m p s .  V a r i o u s  m e t h o d s  o f  f a c i l i t a t i n g  r e m o v a l  a r e  d e 

s c r ib e d .
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A n y o n e  h a v i n g  a d d i t i o n a l  c o m m e n t s  o n  t h e  a b o v e  c o m p i l a t i o n  o f  
e x p e r i e n c e  i s  c o r d i a l l y  i n v i t e d  to  c o n t r i b u t e .  A  s i m i l a r  s y m p o s i u m  on  
“ E x p e r i e n c e s  i n  O d o r  C o n t r o l ”  i s  p l a n n e d  f o r  t h e  C O N V E N T I O N  
N U M B E R  ( S e p t e m b e r  i s s u e )  o f  t h e  J o u r n a l ,  a n d  c o n t r i b u t i o n s  o n  th i s  
s u b j e c t  a r e  cdso w e l c o m e .  C o n t r i b u t i o n s  m u s t  be  r e c e i v e d  b e f o r e  A u 
g u s t  1.

IN TEREST IN G  EXTRACTS FROM 
OPERATION REPO RTS 

Toledo Division of Sewage Disposal (1940)
B y  A .  H .  N i l e s , S u p e r i n t e n d e n t

S l u d g e  f o r  F e r t i l i z e r — “  T o l - e - G r o . ” — A l t h o u g h  s e w a g e  s lu d g e  w a s  
f i r s t  s o ld  i n  1 9 3 4 , i t  w a s  s o ld  i n  b u lk  w i t h  n o  p r e p a r a t i o n  f o r  t h e  f i r s t  t w o  
y e a r s .  I t  w a s  f i r s t  p r e p a r e d  i n  a  c r u d e  w a y  i n  t h e  f a l l  o f  1 9 3 5  a n d  
s a c k e d  i n  u s e d  b u r l a p  s a c k s — c a l c iu m  c h l o r id e  b a g s  o b t a i n e d  f r o m  th e  
D i v i s i o n  o f  S t r e e t s .  I n  1 9 3 6 , b e t t e r  e q u ip m e n t  f o r  i t s  p r e p a r a t i o n  w a s  
o b t a in e d  b y  t r a d i n g  s e w a g e  s lu d g e  t o  t h e  C i t y ’s  W e l f a r e  F a r m  a t  W h i t e -  
h o u s e  f o r  a  h a m m e r  m i l l  t h e y  w e r e  n o  l o n g e r  u s in g .  T h i s  w a s  h o u s e d  in  
a  m a k e s h i f t  t a r p a p e r  s h a c k .  A l l  t h i s  t im e  a t t e m p t s  w e r e  m a d e  t o  g e t  a  
W .  P .  A .  p r o j e c t  t h r o u g h  f o r  t h e  c o n s t r u c t i o n  o f  a  m o d e r n  s lu d g e  g r i n d 
i n g  p l a n t  a n d  a  w a r e h o u s e  t o  h o ld  a b o u t  5 0 0  t o n s .  T h i s  W .  P .  A .  p r o j e c t  
w a s  f i n a l l y  c o m p le t e d  l a t e  i n  1 9 3 7  a n d  t h e  f o l l o w i n g  y e a r  m o d e r n  s lu d g e  
g r i n d i n g ,  c o n v e y in g ,  e l e v a t i n g  a n d  s t o r a g e  e q u ip m e n t  w a s  i n s t a l l e d  f o r  
r e d u c in g  t h e  c o s t  o f  p r e p a r a t i o n  o f  s e w a g e  s lu d g e  f o r  f e r t i l i z e r .  A t t e n 
t i o n  w a s  t h e n  t u r n e d  m o r e  a c t i v e l y  t o  m a r k e t i n g ,  a n d  a t  t h e  M u n i c i p a l  
E x p o s i t i o n  h e ld  i n  J u n e ,  1 9 3 8 , t h e r e  w a s  a  c o n t e s t  f o r  n a m in g  t h e  n e w  
f e r t i l i z e r .  “ T o l - e - G r o ”  w a s  t h e  n a m e  p i c k e d  f r o m  s o m e  t h i r t y  n a m e s  
w h i c h  w e r e  s u b m i t t e d .  I n  t h e  f a l l  o f  1 9 3 8  a n  a u t o m a t i c  b a g  f i l l i n g  a n d  
w e ig h in g  m a c h in e  w a s  c o n t r a c t e d  f o r  o n  a  r e n t a l  b a s is .  T h i s  m a c h in e  
f i l l s  p r i n t e d ,  p r e c lo s e d ,  m u l t i - w a l l  p a p e r  b a g s  t h r o u g h  a  p a p e r  v a l v e .  
T h e  s p r i n g  o f  1 9 3 9  w a s  t h e  f i r s t  t im e  a n  a t t r a c t i v e  l o o k in g  p a c k a g e  w a s  
u s e d — o n e  w i t h  a n  i d e n t i f y i n g  n a m e  to  b u i l d  u p  g o o d  w i l l .  D u r i n g  t h e  
s u m m e r  a n d  f a l l  o f  1 9 3 8  a n d  t h e  s p r i n g  o f  1 9 3 9  a  s a l e s m a n  w a s  s e n t  
o u t  t o  a c q u a in t  t h e  d e p a r t m e n t  s t o r e s ,  t h e  h a r d w a r e  d e a l e r s  a n d  g r a i n  
e l e v a t o r s  w i t h  T o l- e - G r o .  L i t e r a t u r e  a n d  s a le s  h e l p s  w e r e  p r e p a r e d  
f o r  t h e  d e a l e r s .  T o  g i v e  a n  i d e a  o f  h o w  t h e  s a le  o f  t h e  b r a n d e d  m e r 
c h a n d is e ,  T o l- e - G r o ,  h a s  i n c r e a s e d  t h e  f o l l o w i n g  t a b l e  i s  s h o w n  c o m p a r 
i n g  s o m e  o f  t h e  l a r g e r  d e a l e r s  i n  T o l e d o  a n d  D e t r o i t  t e r r i t o r y .

I t  i s  t o  b e  n o t e d  t h a t  t h e  25  lb .  p a c k a g e  h a s  b e e n  m o r e  p o p u l a r  i n  
D e t r o i t  w h e r e  t h e  d e m a n d  o r i g i n a t e d  w i t h  t h e  L a z o e n  F e e d  a n d  G r a i n  
C o .  w h o  h a d  u s e d  t h a t  s iz e  p a c k a g e  e x c l u s i v e l y  i n  1 9 3 9 .

I n  1 9 4 0 , o u t  o f  t h e  1 ,0 1 8 .5 1  t o n s  s o ld ,  4 6 1 .1  t o n s  w e r e  i n  b u r l a p  b a g s  
w h ic h  w e r e  r e t u r n e d  f o r  r e f i l l i n g .  T h i s  t o n n a g e  w e n t  t o  f e r t i l i z e r  
m i x in g  p l a n t s  w h e r e  i t  i s  u s e d  a s  a  b a s e  f o r  r e g u l a r  s t a n d a r d  b a la n c e d
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Dealer’s Name Size Package
Tons Sold

(Pounds)
1939 1940

Tiedke Bros................ 80 56 75
17Sears Roebuck &  C o ........ 80 10

Lazoen Feed &  Grain C o ........ 80 57 92
Lazoen Feed &  Grain C o .................. 25 23 32
Michigan H a y  &  F e e d .................... 80 36 42
Michigan H a y  &  F e e d .................... 25 3

c h e m ic a l  f e r t i l i z e r s .  T h e  m a r k e t  p r i c e  f o r  t h i s  p u r p o s e  i s  q u i t e  u n 
s t a b le  a n d  p a p e r  b a g s  a r e  o f  n o  v a l u e  i n  b u i l d i n g  u p  g o o d  w i l l  i n  t h i s  
c la s s  o f  b u s in e s s .  H o w e v e r ,  i t  lo o k s  v e r y  m u c h  a s  t h o u g h  i t  w i l l  j u s t  
be a  m a t t e r  o f  t im e  w h e n  a l l  o f  t h e  a v a i l a b l e  s e w a g e  s lu d g e  c a n  b e  s o ld  
f o r  r e t a i l  t r a d e  i n  t h e  T o l- e - G r o  b a g s ,  w h i c h  w i l l  b e  a  v e r y  d e s i r a b le  
c o n d i t io n .  T h e  f o l l o w in g  t a b l e  s h o w s  t h e  c o s t  o f  p r o c e s s in g  p e r  t o n  
w h e n  p a c k e d  i n  t h e  t y p e  o f  p a c k a g e  in d i c a t e d .

Old Equipment 
Cost per Ton 

(1936)
New Equipment1 

Cost per Ton 
(1940)

New Equipment2 
Cost per Ton 

(1940)

Labor.............................. 12.18 $1.02 $0.58
Bags................................ .82 3 .204 1.215
Bag Ties............................ .04 .044 —
Electric P o w e r ..................... .41 .055 0.0665
Supplies and Repairs............... .18 .0510 0.0510
Rental of Packer................... — — 0.1525

Total Cost 13.63 $1.37 $2.0600

1 Bags filled by operator.
2 Bags filled by packer.
3 Including bags from Street Dept.
4 Cost of unusable burlap bags returned from fertilizer mfg.
6 Printed multi-wall paper bag cost.

T h e  n e t  p r o f i t  o n  s a le s  o f  f e r t i l i z e r  f o r  t h e  y e a r s  1 9 3 7 - 1 9 4 0  i s  s h o w n  
in  th e  t a b le  b e lo w .

1937 1938 1939 1940

Tons of fertilizer sold.....................
Total selling price........................
Processing or mfg. cost...................

Processing or mfg. profit.................
Less advertising expense.................
Less sales promotion and sales expense... .

Net profit except general overhead and 
fixed charges ...........................

957.66
$8,424.72
3,476.33

600.22
$6,186.25
1,266.46

1,265.15
$10,536.37

2,617.86

1,018.51
$8,656.58
1,780.50

4,948.39
150.83

4,919.79
172.21
866.53

7,918.51
268.65
487.50

6,876.08
198.35

$4,797.56 $3,881.05 $ 7,162.36 $6,677.73
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Summary of Operation Data.
Item

Sewage flow treated..........
Screenings and sc um removed .
Grit r e m o v e d ..................
Digested sludge (yearly totals):

31.30 m.g.d.
164 cu. yds. per mo nt h
83 cu. yds. per month

1940 Average

R e m o v e d  to m a r s h .......................... 40,905 cu. yds.
R e m o v e d  to drying be d s.................... 12,729 cu. yds.
Dried sludge from be ds ...................... 2,133 cu. yds.
Dried sludge pulverized for fertilizer........ . . . . 949.20 tons
Pulverized sludge sold as fertilizer........... . . . . 1,018.51 tons

Chlorination :
Total days applied during year.............. 44
Chlorine applied............................. 3,059 lbs. per day

Suspended solids:
R a w  sewage................................. 201 p.p.m.
Plant effluent (sedimentation only).......... 74 p.p.m.
Removal (sedimentation only).............. 62.8%

Setteable solids removal (sedimentation only).... 92 .1 %
5-day B.O.D. :

R a w  sewage................................. 211 p.p.m.
Plant effluent................................ 119 p.p.m.
Re mo va l (sedimentation only).............. 43.1%

Gas production : ................................. .... 8,377,900 c.f. per m o n t h
Used for heating buildings................... . . . . 606,900 c.f. per mo nt h
Used for heating digesters................... . . . . 631,500 c.f. per m o n t h
Used for power to p u m p  sewage............. . .. . 2,317,500 c.f. per m o n t h
Used for electric power generation.......... . . . . 1,674,400 c.f. per mo nt h
W a s t e d ...................................... . . . . 3,116,200 c.f. per mont h

Operation costs (per m.g. treated) :
P o w e r ....................................... 80.01
Supplies..................................... $0.92
Supervision and labor........................ $4.69
T  otal........................................ $5.62

N o t e :  A t t e n t i o n  i s  d i r e c t e d  to  t h e  f i g u r e s  p e r t a i n i n g  to  t h e  d i s p o s i 
t i o n  o f  d i g e s t e d  s l u d g e .  S i n c e  t h e  s l u d g e  d r a w n  to  t h e  d r y i n g  
b e d s  i s  t h e  s o u r c e  o f  T o l - e - G r o ,  i t  i s  i n d i c a t e d  t h a t ,  d u r in g  
1940, a p p r o x i m a t e l y  24 p e r  c e n t  o f  t h e  t o t a l  s l u d g e  o u t p u t  
w a s  m a r k e t e d  a s  f e r t i l i z e r .

Butler, Pennsylvania (January 1 to November 30, 1940)
B y  T .  R .  H a s e l t i n e , F o r m e r  S u p e r i n t e n d e n t

T r i t u r a t o r  E x p e r i e n c e . — T h e  o p e r a t i o n  o f  t h e  t r i t u r a t o r  w a s  a  n e w  
e x p e r ie n c e  f o r  a l l  o f  u s .  T h e  a r r a n g e m e n t  o f  t h e  s c r e e n  a n d  g r i n d e r  
d id  n o t  l e n d  i t s e l f  t o  e a s y  m e a s u r e m e n t  o f  t h e  a m o u n t  o f  s c r e e n in g s  to  
b e  g r o u n d ,  s o  w e  g o v e r n e d  o u r  r a t e  o f  f e e d  b y  t h e  s o u n d  o f  t h e  t r i t u 
r a t o r .  I n  o t h e r  w o r d s ,  w e  f e d  i t  j u s t  a s  f a s t  a s  w e  c o u ld  w i t h o u t  c a u s in g  
i t  t o  s l o w  d o w n .  A f t e r  s e v e r a l  w e e k s  o f  o p e r a t i o n ,  w e  b e g a n  t o  e x 
p e r i e n c e  t r o u b l e  d r a w i n g  s lu d g e  f r o m  t h e  p r i m a r y  c l a r i f i e r s  a n d  o c c a 
s i o n a l l y  a  s l u d g e  p u m p  w o u ld  b e c o m e  c lo g g e d  w i t h  lo n g ,  m a s t i c a t e d  
s t r i n g s  o f  r a g s .  O u r  f i r s t  s t e p  to  c o r r e c t  t h i s  t r o u b l e  w a s  t o  p la c e  t h e  
o ld  1 - in c h  b a r  s c r e e n  u n d e r  t h e  t r i t u r a t o r  d i s c h a r g e ,  b u t  a b o v e  t h e  s e w 
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a g e  l e v e l .  W e  f o u n d  t h a t  a lm o s t  10  p e r  c e n t  o f  t h e  t r i t u r a t o r  d i s c h a r g e  
c o u ld  n o t  b e  f o r c e d  t h r o u g h  t h i s  s c r e e n  e v e n  w h e n  a  h o s e  s t r e a m  w a s  
p la y e d  u p o n  i t .  A t  t h e  m a n u f a c t u r e r ’s s u g g e s t io n  w e  c h e c k e d  t h e  r a t e  
o f  i n p u t  to  t h e  s h r e d d e r  a n d  f o u n d  t h a t  w e  h a d  b e e n  f e e d in g  i t  a t  a b o u t  
60 cu . f t .  p e r  h o u r  a l t h o u g h  t h e  m a c h in e  w a s  o n l y  r a t e d  a t  20  c u . f t .  p e r  
h o u r .  S i n c e  t h e n  w e  h a v e  b e e n  f e e d in g  t h e  t r i t u r a t o r  a t  t h e  r a t e  o f  
a b o u t  12  t o  15  c u .  f t .  p e r  h o u r  a n d  h a v e  p r a c t i c a l l y  e l im in a t e d  a l l  t h e  
t r o u b le .  W e  s h a l l  k e e p  t h e  1 - in c h  s c r e e n  u n d e r  t h e  t r i t u r a t o r  d is c h a r g e ,  
h o w e v e r ,  j u s t  a s  a  p r e c a u t i o n a r y  m e a s u r e .  I t  c a t c h e s  a b o u t  1 p e r  c e n t ,  
o r  le s s ,  o f  t h e  m a t e r i a l  p a s s i n g  t h r o u g h  i t .

T h e  t r i t u r a t o r  t e e t h  w e r e  r e p l a c e d ,  a n d  t h e  o ld  o n e s  r e s h a r p e n e d ,  
on  S e p t e m b e r  1 5 th ,  a f t e r  a b o u t  t e n  m o n t h s  o f  s e r v i c e .

C h l o r in e  T r e a t m e n t  o f  F i l t e r  P o n d i n g .— O n  F e b r u a r y  13  w e  n o t i c e d  
so m e  p o n d in g  o n  t h e  w e s t  f i l t e r .  M i c r o s c o p i c a l  e x a m in a t i o n s  o f  t h e  
g r o w t h s  i n  t h e  f i l t e r s  s h o w e d  t h e m  to  c o n s i s t  m o s t l y  o f  f i l a m e n t o u s  
o r g a n is m s  w i t h  s o m e  z o o g lo e a  a n d  a  v e r y  f e w  p r o t o z o a .  A t  f i r s t  w e  
t h o u g h t  t h a t  p o n d in g  w a s  c a u s e d  b y  e x c e s s iv e  l o a d i n g  o f  t h e  w e s t  f i l t e r  
d u r in g  t h e  t im e s  t h e  e a s t  f i l t e r  w a s  b e in g  b y - p a s s e d .  B u t  s in c e  t h e r e  
w a s  n o  i m p r o v e m e n t  b y  F e b r u a r y  25  w e  b y - p a s s e d  b o th  f i l t e r s  u n t i l  
M a r c h  12. W h e n  w e  s t a r t e d  u p  a g a in ,  w e  c h l o r in a t e d  t h e  s e t t l e d  s e w 
a g e  u s in g  a b o u t  4 0 0  lb .  p e r  d a y  a n d  m a i n t a i n i n g  a  r e s i d u a l  o f  2 p .p .m .  
o r  m o r e .  A f t e r  f o u r  d a y s  w e  w e r e  g e t t in g  a  c h l o r in e  r e s i d u a l  o f  1 to
1.5 p .p .m .  i n  t h e  f i l t e r  e f f lu e n t ,  s o , d i s c o n t in u e d  c h l o r in a t i o n .  H o w e v e r ,  
th e r e  w a s  s t i l l  s o m e  p o n d in g  o n  t h e  w e s t  f i l t e r .  B y  A p r i l  9  t h e r e  w e r e  
s l ig h t  i n d i c a t i o n s  o f  p o n d in g  o n  t h e  e a s t  f i l t e r .  C o n d i t i o n  o f  b o th  f i l t e r s  
r e m a in e d  a b o u t  t h e  s a m e  u n t i l  A p r i l  25. I n  t h e  m e a n t im e  t h e  f in a l  
c la r i f i e r  h a d  f i n a l l y  b e e n  p u t  i n  s e r v i c e  o n  M a r c h  26  b u t  t h e  r e c i r c u l a t i o n  
o f  f r o m  0 .5  t o  1 .0  m .g .d .  o f  f in a l  e f f lu e n t  h a d  n o t  r e d u c e d  p o n d in g .

O n  A p r i l  25  w e  b y - p a s s e d  m o s t  o f  t h e  s e t t l e d  s e w a g e ,  c h l o r in a t e d  
th e  f in a l  t a n k  v e r y  h e a v i l y  (3 0 0  to  4 0 0  lb .  p e r  d a y ) ,  a n d  r e c i r c u l a t e d  t h e  
f in a l  e f f lu e n t  f i r s t  o n to  o n e  f i l t e r  f o r  a  d a y ,  a n d  t h e n  to  t h e  o t h e r  o n  t h e  
f o l l o w in g  d a y .  T h i s  w a s  c o n t in u e d  t h r o u g h  M a y  4  w i t h o u t  i n d u c in g  
u n lo a d in g .  T h e  f i l t e r s  w e r e  r e s t e d  o n  t h e  f i f t h .  F r o m  8 A . M .  to  5 P . M .  
o n  t h e  6 th ,  c h l o r in a t e d  e f f lu e n t  p lu s  s o m e  s e w a g e  w a s  p u m p e d  t o  th e  
w e s t  f i l t e r .  A  m a n  s t a t i o n e d  t h e r e  h e ld  t h e  d i s t r i b u t o r  a r m s  i n  o n e  
p la c e  f o r  a b o u t  %  h o u r  (2 0 ,0 0 0  t o  2 5 ,0 0 0  g a l . )  t h e n  r o t a t e d  t h e m  10  f t .  
a n d  r e p e a t e d .  T h i s  t r e a t m e n t  p r o d u c e d  v e r y  h e a v y  u n lo a d in g .  I t  
w a s  a p p l i e d  t o  t h e  e a s t  f i l t e r  o n  t h e  6 th ,  a n d  t o  t h e  w e s t  o n e  a g a in  o n  
th e  7 th  a n d  8 th .  T h e  f i l t e r s  w e r e  t h e n  p u t  i n t o  n o r m a l  o p e r a t io n  o n  
r e d u c e d  A o a v, a t  n o o n  o f  t h e  7 th .  S i n c e  M a y  11 t h e y  h a v e  t r e a t e d  p r a c t i 
c a l l y  a l l  o f  t h e  s e w a g e  f lo w  a n d  t h e r e  h a s  b e e n  n o  r e c u r r e n c e  o f  p o n d in g .  
H o w e v e r ,  t h e r e  h a s  b e e n  a  n o t i c e a b l e  i n c r e a s e  i n  f i l a m e n t o u s  g r o w t h s  
d u r in g  N o v e m b e r .  P s y c h o d i d a e  f l ie s  m a d e  t h e i r  f i r s t  a p p e a r a n c e  i n  
M a y  a t  a b o u t  t h e  t im e  t h e  f i l t e r s  s t a r t e d  t o  u n lo a d .  T h r o u g h o u t  t h e  
s u m m e r  t h e y  w e r e  v e r y  p l e n t i f u l .  W e  n o t e d  a  m a r k e d  d e c r e a s e  i n  
t h e i r  n u m b e r s  e a r l y  i n  N o v e m b e r  a t  a b o u t  t h e  s a m e  t im e  w e  n o t e d  a n  
i n c r e a s e  i n  f i l a m e n t o u s  g r o w t h s .  T h e  w r i t e r  d o e s  n o t  k n o w  w h e t h e r  
th e  p s y c h o d i d a e  l a r v a e  a c t u a l l y  d e s t r o y s  t h e  f i l a m e n t s  o r  w h e t h e r  t h e
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c h a n g e s  i n  n u m b e r s  o f  b o t h  o r g a n i s m s  a r e  d u e  m a i n l y  t o  t e m p e r a t u r e  
c h a n g e s .

F i l t e r  I n f l u e n t  S c r e e n s . — T h e  o r i g i n a l  d e s ig n  p r o v i d e d  f o r  s c r e e n in g  
t h e  s e t t l e d  s e w a g e  t h r o u g h  a  ^ - i n .  m e s h  s c r e e n  b e f o r e  p u m p in g  i t  to  
t h e  f i l t e r s .  W h e n  w e  s t a r t e d  o p e r a t i o n ,  w e  f o u n d  t h a t  t h i s  s c r e e n  b e 
c a m e  c lo g g e d  f r e q u e n t l y  i n  o n e  t o  t w o  h o u r s .  A t  t h e  d e s i g n e r ’s s u g 
g e s t io n ,  w e  a b a n d o n e d  t h e  u s e  o f  t h e s e  s c r e e n s  f o r  a  w h i l e ,  b u t  o n  M a y  
11 w e  c h a n g e d  t h e  s c r e e n s  t o  %  in .  m e s h  a n d  h a v e  u s e d  t h e m  e v e r  s in c e .  
T h e y  u s u a l l y  h a v e  t o  b e  c l e a n e d  a b o u t  t h r e e  t im e s  a  d a y .  D u r i n g  th e  
t im e  t h a t  n o  s c r e e n s  w e r e  i n  u s e  a n d  s e w a g e  w a s  b e in g  a p p l i e d  t o  b o th  
f i l t e r s ,  a n  a v e r a g e  o f  67  n o z z le s  p e r  d a y  r e q u i r e d  c l e a n i n g — a b o u t  33  
p e r  c e n t  o f  t h e  t o t a l  n o z z le s .  W h e n  o n l y  o n e  f i l t e r  w a s  i n  u s e ,  h ig h e r  
v e lo c i t i e s  p r e v a i l e d  a n d  o n l y  2 8  n o z z le s  p e r  d a y  r e q u i r e d  c le a n in g .  
N o r m a l l y ,  f r o m  6 t o  12  p e r  c e n t  r e q u i r e d  d a i l y  c l e a n i n g  a f t e r  t h e  % - i n .  
m e s h  s c r e e n s  w e r e  u s e d ,  b u t  d u r i n g  t h e  p e r i o d  o f  f a l l i n g  l e a v e s  th e  
p e r c e n t a g e  i n c r e a s e d  t o  t w e n t y .  T h i s  i s  d u e  p r i n c i p a l l y  t o  t h e  f a c t  
t h a t  t h e  f in a l  e f f lu e n t  t h a t  i s  r e c i r c u l a t e d  i s  n o t  s c r e e n e d  a n d  l e a v e s  w h ic h  
f a l l  i n t o  i t  a r e  c a r r i e d  o n to  t h e  f i l t e r s .  M u c h  o f  t h e  n o r m a l  c lo g g in g  is  
c a u s e d  b y  c h u n k s  o f  g r e a s e .  T h e  g r e a s e  p a s s e s  t h r o u g h  t h e  s c r e e n  b u t  
t h e n  c o n g e a l s  i n t o  a  h e a v y  c o a t i n g  o n  t h e  w a l l s  a n d  p ip e s  i n  t h e  w e t  
w e l l .  A t  t im e s ,  p ie c e s  o f  t h i s  c o a t in g  a r e  b r o k e n  o f f  a n d  c h u n k s  a r e  
p u m p e d  t o  t h e  f i l t e r .

S t o n e  D u s t  f r o m  F i l t e r s . — A f t e r  l e a v i n g  t h e  f i l t e r s ,  t h e  s e w a g e  f lo w s  
b y  g r a v i t y  t o  t h e  f in a l  c l a r i f i e r .  T h i s  t a n k  i s  5 0  f t .  i n  d i a m e t e r  a n d  
h a s  a  w a t e r  d e p t h  o f  1 0 .6 7  f e e t ; i s  a r r a n g e d  f o r  c e n t e r  f e e d  a n d  c i r c u m 
f e r e n t i a l  o v e r f l o w  a n d  i s  e q u ip p e d  w i t h  R e x - T o w - B r o  s lu d g e  r e m o v a l  
e q u ip m e n t  a s  m a n u f a c t u r e d  b y  t h e  C h a i n  B e l t  C o m p a n y .  A t  f i r s t  w e  
p u m p e d  t h e  s lu d g e  f r o m  t h i s  t a n k  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 ,  h o w 
e v e r ,  w e  f o u n d  t h a t  t h i s  s lu d g e  w o u ld  n o t  c o n c e n t r a t e  i n  t h e  t im e  a v a i l 
a b le .  O n  M a y  2 3  w e  s t a r t e d  p u m p in g  t h e  s l u d g e  d i r e c t l y  t o  t h e  n e w  
d ig e s t e r .  I n  o u r  e f f o r t  t o  d r a w  a s  h e a v y  a  s lu d g e  a s  p o s s ib le ,  w e  a p 
p a r e n t l y  f a i l e d  t o  d r a w  e n o u g h ,  f o r  o n  J u n e  4  t h e  o v e r l o a d  d e v i c e  t h r e w  
t h e  m e c h a n is m  o u t  o f  o p e r a t i o n .  W e  d r a i n e d  t h e  t a n k  a n d  p u m p e d  th e  
a c c u m u la t e d  s lu d g e  t o  t h e  d ig e s t e r .  F r o m  t h a t  t im e  o n ,  w e  h a v e  
p u m p e d  a  l a r g e  v o l u m e  o f  t h i n  s lu d g e  f r o m  t h i s  t a n k  b a c k  t o  t h e  r a w  
s e w a g e .  O n  A u g u s t  13  t h e  o v e r l o a d  d e v i c e  a g a i n  t h r e w  t h e  m e c h a n is m  
o u t  o f  o p e r a t io n .  T h i s  t im e  w h e n  w e  d r a i n e d  t h e  t a n k ,  w e  f o u n d  a n  
a c c u m u la t i o n  o f  f in e  s a n d  o r  l im e s t o n e  d u s t .  T w o  c u b i c  y a r d s  o f  t h is  
m a t e r i a l  w a s  s h o v e le d  o u t  a n d  s in c e  t h e n  w e  h a v e  h a d  n o  f u r t h e r  t r o u 
b le ,  a l t h o u g h  i n s p e c t i o n  o f  t h e  f i l t e r  u n d e r d r a i n s  s h o w s  t h a t  s o m e  s u c h  
m a t e r i a l  i s  s t i l l  b e in g  w a s h e d  o u t  o f  t h e  f i l t e r s .  I t  i s  n o t  d e f i n i t e l y  
k n o w n  w h e t h e r  t h i s  m a t e r i a l  w a s  s i m p l y  s t o n e  d u s t  p l a c e d  i n  t h e  f i l t e r s  
w i t h  t h e  o r i g i n a l  s t o n e  a n d  d id  n o t  w a s h  o u t  b e c a u s e  o f  t h e  h e a v y  
f i l a m e n t o u s  g r o w t h s ,  o r  w h e t h e r  i t  i n d i c a t e s  d i s i n t e g r a t i o n  o f  t h e  f i l t e r  
m e d ia  s in c e  i t  w a s  p la c e d .

N o t e :  I t  i s  n o t  u n c o m m o n  to  e n c o u n t e r  a p p r e c i a b l e  a c c u m u l a t i o n s  o f  
s t o n e  d u s t  i n  f i n a l  s e d i m e n t a t i o n  t a n k s  i m m e d i a t e l y  a f t e r  a  
n e w  t r i c k l i n g  f i l t e r  i s  p l a c e d  i n  o p e r a t i o n .
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A  T i p  a b o u t  G a s  E n g i n e s . — W e  h a d  o n e  o f  t h e  m a n u f a c t u r e r ’s m e 
c h a n ic s  a s s i s t  o u r  m e n  w h e n  t h e  e n g in e  w a s  t o r n  d o w n  i n  D e c e m b e r  a n d  
f o u n d  i t  t o  b e  i n  e x c e l le n t  c o n d i t i o n .  N o  n e w  p a r t s  w e r e  r e q u i r e d  o t h e r  
t h a n  g a s k e t s ,  o i l  r i n g s  a n d  o n e  n e w  s p a r k  p lu g .  I t  h a d  r u n  a b o u t  6 ,8 0 0  
h o u r s  s in c e  t h e  l a s t  o v e r h a u l .  A t  f i r s t  w e  h a d  c o n s id e r a b l e  t r o u b l e  
w i t h  s p a r k  p lu g s  b u t  a f t e r  a d o p t in g  t h e  p r a c t i c e  o f  c l e a n in g  a n d  a d 
j u s t i n g  t h e m  a t  e a c h  o i l  c h a n g e ,  w e  h a v e  h a d  l i t t l e  t r o u b l e .  P r i o r  to  
M a r c h  2 0 th  w e  h a d  t o  r e p l a c e  s e v e n  o f  t h e  t w e l v e  s p a r k  p lu g s .  O n  t h a t  
d a te  w e  p u t  i n  a l l  n e w  o n e s ,  c a r e f u l l y  a d ju s t e d ,  a n d  s in c e  t h e n  h a v e  
r e p la c e d  o n l y  t h r e e .

M uskegon Heights, M ich igan  (1940)

B y  R .  A .  A n d e r s o n , S u p e r i n t e n d e n t

E f f e c t s  o f  M e t a l - P l a t i n g  W a s t e s  o n  A c t i v a t e d  S l u d g e . — T h e  t r a d e  
w a s t e  r e c e i v e d  a t  t h e  t r e a t m e n t  p l a n t  d u r i n g  1 9 4 0  w a s  g r e a t l y  r e d u c e d  
i n  v o lu m e .  T h e  N o r g e  C o m p a n y  m a d e  m a n y  p lu m b in g  c h a n g e s  d u r in g  
t h e  e a r l y  p a r t  o f  t h e  y e a r  a n d  t o  a v o i d  e x t r a  e x p e n s e  o n l y  o n e  m a i n  l in e  
w a s  l a i d  t h r o u g h  t h e  f a c t o r y .  A s  t h e  c h e m ic a l  s o lu t i o n s  w h i c h  a r e  
h a r m f u l  t o  b io l o g i c a l  l i f e  a r e  s c a t t e r e d  t h r o u g h o u t  t h e  f a c t o r y ,  t h e  c o m 
p a n y  d e c id e d  to  r e t u r n  a l l  o f  t h e  w a s t e  t o  t h e  s t o r m  s e w e r  s y s t e m  w i t h  
t h e  e x c e p t io n  o f  o n l y  a  f e w  o f  t h e  s o lu t i o n s  w h i c h  w e r e  c o n n e c t e d  t o  t h e  
s a n i t a r y  s y s t e m  t h r o u g h  s e p a r a t e  l in e s .  T h e  w a s t e s  n o w  b e in g  r e 
c e iv e d  a t  t h e  t r e a t m e n t  p l a n t  a r e  t h e  42  p e r  c e n t  c a u s t i c  s o lu t io n ,  7 p e r  
c e n t  s u l f u r i c  a c id  a n d  a  n e w  s o lu t i o n  c a l l e d  “ o a k i t e ”  i n  w h i c h  t h e  m a in  
c h e m ic a l  u s e d  i s  p h o s p h o r i c  a c id .

I n v e s t i g a t i o n  a t  t h e  “ S e a l e d  P o w e r  P l a n t ”  i n d i c a t e d  t h a t  t h e y  d i s 
c h a r g e d  n e a r l y  a l l  o f  t h e  m a c h in e  o i l  a n d  s o lu b le  o i l  ( g r i n d i n g  e m u l 
s i o n ) .  A n  o i l  s e p a r a t o r  w a s  p u r c h a s e d  b y  t h e  c o m p a n y  t o  r e m o v e  t h e  
m a c h in e  o i l .  T h e  s o lu b le  o i l  a n d  s p e n t  g r e n a d in e  w a s t e s  h a v e  b e e n  
c o n n e c t e d  t o  t h e  s a n i t a r y  s y s t e m  a n d  t h e  o n l y  w a s t e  n o w  c o n n e c t e d  to  
t h e  s t o r m  s e w e r  i s  t h a t  f r o m  t h e  c a d m iu m  p l a t i n g  d e p a r t m e n t .  T h e  
s u l f u r i c - o x a l i c  a c id  m i x t u r e  i s  h a u l e d  to  a  d u m p  a s  t h i s  w a s t e  m ig h t  
s e r i o u s l y  i n j u r e  t h e  s e w e r .  A  n e w  e m p lo y e e  d u m p e d  t h i s  w a s t e  b y  
m is t a k e  i n t o  t h e  s a n i t a r y  s e w e r  o n  S e p t .  13, 1 9 3 9 , r e s u l t i n g  i n  a  t o t a l  
a c i d i t y  o f  3 ,0 0 0  p .p .m .  i n  t h e  r a w  s e w a g e  c o m p o s i t e .  T h e  a n a l y s i s  o f  
th e  c o m b in e d  t r a d e  w a s t e  f r o m  t h e  “ S e a l e d  P o w e r  C o m p a n y ”  i n d i 
c a t e d  t h a t  i t  w a s  r e s i n  s o a p  e m u l s io n  a n d  t h a t  i t  w a s  h a r m le s s  t o  
s e w a g e  o r g a n is m s .

T h e  c a u s t i c  a n d  a c id  w a s t e s ,  n i c k e l  s u l f a t e  a n d  t h e  s o d a  a s h  b o r a x  
s o lu t i o n  i n  t h e  p i c k l i n g  l i n e  i n  t h e  p o r c e l a i n  r o o m  a t  t h e  “ N o r g e  C o m 
p a n y ”  a r e  a l l  m o r e  o r  le s s  h a r m f u l  t o  b io l o g i c a l  s e w a g e  t r e a t m e n t  

p r o c e s s e s .
T h e  N o r g e  h a s  m a d e  p r o g r e s s  i n  t h e  m a n n e r  o f  h a n d l i n g  t h e  w a s t e s  

f r o m  t h e  n i c k e l  s u l f a t e  t a n k .  A t  p r e s e n t  a  c o ld  p r o c e s s  h a s  r e p l a c e d  
t h e  f o r m e r  h o t  p r o c e s s  a n d  a  l a r g e  p o r t i o n  o f  t h e  n i c k e l  s u l f a t e  s o lu t i o n  
i s  r e c o v e r e d  a n d  r e - u s e d  a f t e r  s e t t l i n g  o u t  t h e  s lu d g e  w h i c h  c o l l e c t s  i n
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t h i s  t a n k .  T h e  c e r a m i c  e n g in e e r  h a d  a s s u m e d  t h a t  t h i s  s l u d g e  w a s  
a lm o s t  e n t i r e l y  i r o n  o x id e  b u t  a n a l y s i s  s h o w e d  t h a t  t h e  d r i e d  s lu d g e  
c o n t a in e d  6 0 .2 5  p e r  c e n t  n i c k e l  s u l f a t e .  H o w e v e r ,  b e c a u s e  o f  t h e  im 
p r o v e d  m e t h o d  o f  h a n d l i n g ,  t h e  e f f e c t  o f  t h i s  w a s t e  u p o n  t r e a t m e n t  
p l a n t  p r o c e s s e s  i s  g r e a t l y  r e d u c e d .

T h e  s o d a  a s h  b o r a x  s o l u t i o n  w a s  r e p l a c e d  t e m p o r a r i l y  i n  D e c e m b e r  
w i t h  a  0 .2  p e r  c e n t  s o lu t i o n  o f  s o d iu m  c y a n id e .  T h e  e f f e c t  o f  t h i s  w a s t e  
u p o n  t h e  a c t i v a t e d  s lu d g e  w a s  s o  s e r io u s  t h a t  t h e  c o m p a n y  r e t u r n e d  to  
t h e  s o d a  a s h  b o r a x  m e t h o d .

F ig. 1.— A  V iew  in  the Muskegon Heights, M ichigan, P la n t Grounds.
R . A . Anderson, Superintendent.

T h e  c a u s t i c  a n d  a c i d  w a s t e s  s e v e r e l y  a f f e c t  t h e  p H  a n d  t h e  s e t t l in g  
c h a r a c t e r i s t i c s  o f  t h e  a c t i v a t e d  s lu d g e .  O c c a s i o n a l l y  t h e s e  w a s t e s  w i l l  
r e d u c e  t h e  r a t e  o f  g a s i f i c a t i o n  i n  t h e  d ig e s t e r s  f o r  a  f e w  d a y s .  I t  h a s  
b e e n  r e c o m m e n d e d  t h a t  a  n e u t r a l i z i n g  t a n k  b e  c o n s t r u c t e d  t o  h o ld  a l l  
o f  t h e  s p e n t  l i q u o r s  f r o m  t h i s  s t e e l  p i c k l i n g  l in e .

B e c a u s e  o f  a  s c a r c i t y  o f  t h e  m i n e r a l ,  t h e  u s e  o f  a n t i m o n y  i n  t h e  
p o r c e l a i n  f r i t  h a s  b e e n  d i s c o n t i n u e d  a n d  z i r c o n iu m  a n d  t i t a n i u m  a r e  
n o w  u s e d  a s  f iu x .  T h i s  w a s t e  is  b e in g  d i s c h a r g e d  t o  t h e  s t o r m  s e w e r  
b u t  s h o u ld  b e  r e t u r n e d  t o  t h e  s a n i t a r y  s y s t e m .

T h e r e  a r e  t w o  c h e m i c a l  u n i t s  w h i c h  u s e  c h r o m ic  a c i d  a s  a  w a s h  
w a t e r .  T h e  s m a l l e r  u n i t  u s e s  a b o u t  18  p o u n d s  p o t a s s iu m  d i c h r o m a t e  
p e r  d a y  a n d  h a s  b e e n  c o n t in u o u s l y  c o n n e c t e d  t o  t h e  s a n i t a r y  s y s t e m .  
T h e  l a r g e r  u n i t ,  w h i c h  i s  c o m b in e d  w i t h  t h e  g r e n a d i n e  p r o c e s s ,  u s e s  
7 2  p o u n d s  o f  p o t a s s iu m  d i c h r o m a t e  p e r  d a y  a n d  h a s  n e v e r  b e e n  c o n 
n e c t e d  t o  t h e  s a n i t a r y  s y s t e m  a n d  t h i s  w a s t e  c o n t a in s  5 4 0  p .p .m .  c h r o m ic  
a c id .  R e c e n t  l i t e r a t u r e  p o in t s  o u t  t h e  t o x i c i t y  o f  c h r o m ic  a c i d  t o  b io 
l o g i c a l  s e w a g e  t r e a t m e n t  p r o c e s s e s .  A  s e r i e s  o f  l a b o r a t o r y  t e s t s  w i t h  
w a s t e s  o b t a in e d  f r o m  t h e  l a r g e r  u n i t  c o n f i r m  t h i s  c h a r a c t e r i s t i c  o f  
c h r o m ic  a c id .  T h e  r e s u l t s  a r e  a s  f o l l o w s :

D i l u t i o n  o f  s e w a g e  w i t h  a n  e q u a l  q u a n t i t y  o f  t h i s  w a s t e  r e s u l t e d  
i n  k i l l i n g  16  p e r  c e n t  o f  t h e  b a c t e r i a l  l i f e  a f t e r  15  m in u t e s  c o n t a c t ;
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d i l u t i n g  25  p a r t s  o f  s e w a g e  w i t h  o n e  o f  w a s t e  r e s u l t e d  i n  1 4 .7  p e r  
c e n t  k i l l ; 5 0  p a r t s  s e w a g e  t o  o n e  w a s t e ,  1 2 .4  p e r  c e n t ; 1 0 0 0  p a r t s  
s e w a g e  t o  o n e  w a s t e ,  3 .3  p e r  c e n t .

I t  is  a ls o  r e p o r t e d  t h a t  i f  t h i s  w a s t e  i s  d i s c h a r g e d  a d j a c e n t  to  a  b a t h in g
b e a c h  i t  m a y  c a u s e  a  s k i n  r a s h  to  a p p e a r .

T h e  c o n d i t i o n  o f  t h e  s t r e a m  b e lo w  t h e  s t o r m  s e w e r  o u t l e t  d u r i n g
1940 w a s  p o o r  a n d  a  l a r g e  i n c r e a s e  i n  t u r b i d i t y  a n d  f lo a t in g  o i l  w a s t e s  
w e r e  n o t i c e a b le .

Summary of Operation Data.
Item 1940 Average

Tributary population............................................................................ 15,000
Sewage flo w ..................................................................................................  1.09 m.g.d.
Sewage flo w ............................................................................................ 73 g.c.d.
Screenings rem ova l.....................................................................................  1.5 c.f. per m.g.
G rit rem ova l................................................................................................  3.8 c.f. per m.g.

Volatile con ten t.................................................................................. 4 0 %
5-day B .O .D .:

R a w  sewage.................................................................................... 308 p.p.m.
P rim ary  effluent............................................................................  173 p.p.m.
Activated  sludge effluent............................................................. 9.7 p.p.m.
Rock filter effluent.............................................................................. 9.8 p.p.m.
Sand filter effluent..............................................................................  4.3 p.p.m.

Suspended solids:
R a w  sewage...................................................................................  364 p.p.m.
Prim ary  effluent............................................................................ 166 p.p.m.
Activated  sludge effluent............................................................  16 p.p.m.
Rock  filter effluent.......................................................................  18 p.p.m.
Sand filter effluent........................................................................  5 p.p.m.

Sludge digestion:
R a w  sludge quantity per m.g. sewage...................................... 8,292 gallons

Per cent so lids....................................................................... 3 .98%
Per cent vo la tile ........................................................................  67.2%

Reduction in volatile m a tte r........................................................... 63.2%
Digester loadings (lbs. per cu. ft. per m on th ):

Total so lids.......................................................................................... 1-69 lbs.
Volatile so lids......................................................................................  1.13 lbs.

Digested sludge per cent so lids..........................................................  6 .79%
Per cent vo la tile ................................................................................  43.0%

D a ily  gas production   21,580 cu. ft.
Per capita d a ily ............................................................................  1.44 cu. ft.
Pe r pound dry solids added .............................................................. 7.10 cu. ft.
Per pounds volatile solids added ...................................................  10.56 cu. ft.
Pe r pounds volatile solids digested...............................................  16.72 cu. ft.

Activated sludge:
Aeration period ............................................................................. 7.1 hours
Applied a i r ........................................................................................... 0.42 c.f. per gal.
Retu rn  sludge....................................................................................  35.1%

Solids content.......................................................................  4,600 p.p.m.
M ixed liquor so lids  1,300 p.p.m.
Sludge index ..................................................................................  185

Operation costs:
Per million gallons trea ted .......................................................... S36.53
Per capita connected...................................................................  5 0.97
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N o t e :  S u p e r i n t e n d e n t  A n d e r s o n  s u p p l e m e n t s  t h e  M u s k e g o n  H e i g h t s  
i n d u s t r i a l  w a s t e  s i t u a t i o n  b g  a  r e c e n t  l e t t e r  a d v i s i n g  o f  t h e  p r e s e n t  
s t a t u s :

“ B e c a u s e  o f  a n  u n w i l l i n g n e s s  o f  t h e  N o r g e  R e f r i g e r a t o r  C o m p a n y  
t o  c o - o p e r a t e  w i t h  t h e  C i t y  i n  t h e  t r e a t m e n t  o f  t h e i r  w a s t e s  t h e  e n t i r e  
t r a d e  w a s t e  p r o b le m  h a s  b e e n  p l a c e d  i n  t h e  h a n d s  o f  t h e  S t r e a m  C o n t r o l  
C o m m is s io n .

“ S o m e  t im e  a g o  t h e  r e t u r n  a c t i v a t e d  s lu d g e  w a s  a n a l y z e d  f o r  n ic k e l  
s u l f a t e  a n d  w e  l e a r n e d  t h a t  n i c k e l  w a s  p r e s e n t  i n  a n  a m o u n t  e q u a l  to  
6 p o u n d s  p e r  1 ,0 0 0  p o u n d s  o f  s lu d g e  o n  a  d r y  b a s is .  W i t h  t h i s  l o a d in g  
i t  w a s  im p o s s ib le  t o  o b t a i n  s a t i s f a c t o r y  o p e r a t i o n  ' o f  t h e  a c t i v a t e d  
s lu d g e  u n i t .  N i c k e l  s u l f a t e  d o e s  n o t  h a r m  s lu d g e  d ig e s t i o n  t o  a n y  
n o t i c e a b l e  e x t e n t .

1 ‘ T h e  a c id  p i c k l i n g  a n d  d e - e n a m e l  t a n k s  a n d  t h e  n i c k e l  s u l f a t e  s lu d g e  
h a v e  b e e n  r e m o v e d  f r o m  t h e  s a n i t a r y  s y s t e m  d u r i n g  t h e  p a s t  m o n t h  
a n d  t h e  r e s u l t s  o b t a in e d  a t  t h e  t r e a t m e n t  w o r k s  i s  n o w  m u c h  m o r e  
s a t i s f a c t o r y .  I t  i s  p l a n n e d  t o  d i s c h a r g e  t h e s e  w a s t e s  t o  a  s a n d  p i t  a t  
t h e  r e a r  o f  t h e  f a c t o r y .  ’ ’

B A R K  F R O M  T H E  D A I L Y  L O G

Ju l y  1— F o u n d  t h a t  a s e c t io n  o f  o u r  1 8 - in c h ,  S o u th  B r a n c h  in t e r c e p t in g  s e w e r ,  
p a r t ia l l y  e x p o s e d  a t  a c r e e k  c ro s s in g , h a d  b e e n  b r o k e n  b y  b o y s  w h o  h a d  a p p a r 
e n t ly  b e e n  p r a c t i c in g  b o m b in g  w i t h  lo o s e  r ip - ra p  s to n e s . Ju d g in g  b y  th e  c o n 
d it io n  o f  t h e  s e w e r ,  t h e  “ b l i t z k r i e g ”  m u s t  h a v e  b e e n  h ig h ly  s u c c e s s fu l— to  
th e  ra id e rs  !

M a d e  t e m p o r a r y  r e p a ir s  u n t i l  s u i t a b le  p e r m a n e n t  “ a r m a m e n t ”  c a n  be  
fu r n is h e d .

J u l y  3 — D a i ly  in s p e c t io n  re v e a le d  s l id in g  c u r r e n t  c o l le c t o r s  a t t r a c t io n  ty p e  
f in a l  c la r i f i e r  m e c h a n is m  to  b e  b e n t .  O r d e r e d  r e p a ir  p a r ts  a n d  d e c id e d  to  
e m p ty  t h e  u n i t  f o r  in s p e c t io n  a n d  p a in t in g  w h i l e  a w a i t in g  d e l iv e r y .  A c c o r d 
in g  to  a v a i la b le  re c o rd s , t h e  u n i t  h a d  n o t  b e e n  d ra in e d  fo r  s ix  y e a rs .

Im a g in e  o u r  s u r p r is e  to  f in d  e ig h te e n  f a t  c a r p  w e ig h in g  4  to  6  p o u n d s  in 
th e  t a n k  a f t e r  d r a in in g  i t !  D i r e c t e d  t h a t  t h e y  b e  p la c e d  in  c r e e k .

J u l y  5— In s p e c t e d  f in a l  c la r i f i e r  m e c h a n is m  a n d  f o u n d :
( a )  A b o u t  o n e  t h i r d  o f  th e  u n d e r - w a t e r  s te e l  s u r f a c e  to  b e  s t i l l  p ro 
t e c t e d  b y  th e  la s t  p a in t  a p p l ic a t io n  ( t w o  c o a t s  “ N o n - O x id e , ”  a p p l ie d  s ix  
y e a rs  a g o ) , t h e  r e m a in d e r  o f  th e  s u r f a c e  b e in g  r u s t y  a n d  p it t e d .
( b )  T h e  s h e e t  b ra ss  p lo w s  to  b e  c u r le d  a n d  a b o u t  2 0  p e r  c e n t  o f  th e m  

to  b e  so  b a d ly  to r n  as to  r e q u ir e  r e p la c e m e n t .  T h e  b a la n c e  w e r e  s t il l  
u s a b le  b y  s t r a ig h t e n in g  s o m e w h a t  a n d  r e v e r s in g  so  t h a t  a n y  r e m a in in g  
“ c u r l ”  w o u ld  b e  in  t h e  d ir e c t io n  o f  ro t a t io n .
( c )  W i t h  th e  e x c e p t io n  o f  s o m e  o f  th o s e  in  t h e  c e n t e r  s lu d g e  s u m p , th e  

s te e l p lo w  a rm s  w e r e  in  g o o d  c o n d i t io n .  C o n s id e r a b le  c o r r o s io n  o f  so m e  
o f  th e  c e n t e r  a rm s  w a s  n o te d .
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( d )  S te e l  c a p - s c re w s  w i t h  b ro n z e  n u t s  h a d  b e e n  u sed  to  f a s te n  th e  
p lo w s  to  t h e  p lo w  a rm s . T h e  c a p - s c re w s  w e r e  to o  f a r  g o n e  fo r  re-u se  
b u t  n e a r ly  a ll o f  t h e  n u t s  w e r e  fo u n d  to  re q u ir e  o n ly  re - th re a d in g .  
" N u t s ”  to  b u y in g  2 7 5  n e w  n u t s  a t  6  c e n t s  e a c h !

Ju ly  6— B e g a n  c le a n in g  u n d e r - w a te r  s te e l o f  c la r i f ie r s  in  p re p a ra t io n  fo r  r e 
p a in tin g . U s in g  s c ra p e rs  a n d  w i r e  b ru s h e s  to  re m o v e  a ll r u s t  a n d  s c a le  f o l 
lo w e d  b y  th o ro u g h  w a s h in g  w i t h  g a s o lin e  to  e l im in a t e  a n y  r e m a in in g  g re as e  
or o il f i lm .

Ju ly  8— C a lle d  lo c a l N a t io n a l  Y o u t h  A d m in is t r a t io n  o f f i c e  to  a s c e r t a in  p o s s i
b i l it ie s  o f  g e t t in g  a n  N .  Y .  A .  p r o je c t  f o r  D is t r i c t .  S u f f i c i e n t  e n c o u ra g e m e n t  
fo r th c o m in g  to  j u s t i f y  s u b m is s io n  o f  a n  a p p l ic a t io n ,  w h ic h  w a s  d o n e .

Ju ly  10— S ta r t e d  p a in t in g  c la r i f ie r  m e c h a n is m . M e t a l  a b o v e  w a t e r  h a d  b ee n  
p a in te d  w i t h  a v e r y  g o o d  a lu m in u m  p a in t .  T h e  f e w  p la c e s  a t  w h ic h  ru s t  
s h o w e d  w e r e  s c ra p e d , b ru s h e d  a n d  “ s p o t- p r im e d ”  w i t h  g r a p h it e  p r im e r .  
O n e  c o a t  o f  g o o d 'q u a l i t y  a lu m in u m  p a in t  is b e in g  a p p lie d .

Ju ly  11 — P r o fe s s o r  F. T .  M a v is  o f  P e n n s y lv a n ia  S t a t e  C o lle g e  p a id  us a v is i t .

Ju ly  15— B e g a n  a p p l ic a t io n  o f  th e  f i r s t  o f  t w o  c o a ts  o f  C i ls o n it e  p a in t  to  
u n d e r w a te r  p o r t io n  o f  c la r i f ie r  m e c h a n is m . I f  t h is  p a in t  jo b  fa ils ,  i t  w o n ’t  
be d u e  to  la c k  o f  e f f o r t  in  p r e p a r in g  th e  s u r f a c e !

Ju ly  2 0 — P a in t in g  o f  c la r i f ie r  m e c h a n is m  c o m p le te .  B e g a n  re p a ir in g , r e 
p la c in g  a n d  a d ju s t in g  p lo w s ; c le a n in g  a n d  p a in t in g  w a lk w a y  g ra t in g s , c re o so t-  
ing  w o o d  b a f f le s  a n d  s im i la r  s m a ll  job s .

Ju ly  2 4 — F in a l  c la r i f i e r  b a c k  in  s e r v ic e !  O u r  p la n  is to  d ra in ,  in s p e c t ,  r e p a ir  
and  p a in t  th is  u n i t  as  n e e d e d , a t  le a s t  o n c e  e a c h  y e a r  in  th e  fu tu r e .

Ju ly  2 5  — P o u r e d  n e w  c o n c r e t e  f lo o r  in  d r y  w e ’ll. A s  o r ig in a l ly  c o n s t ru c te d ,  
on e c o r n e r  o f  th is  f lo o r  w a s  6  in c h e s  lo w e r  th a n  th e  c o r n e r  in  w h ic h  th e  d r a in 
age s u m p  is lo c a te d . T h e  n e w  f lo o r  h as  p le n t y  o f  s lo p e  in  th e  r ig h t  d ir e c t io n  
a n d  w i l l  e l im in a t e  m o s t  o f  th e  d a m p n e s s  w h ic h  p r e v io u s ly  e x is te d  in  th e  d r y  
w e ll a n d  m o to r  ro o m  a b o v e .

Ju ly  2 8 — T h e  p la s t ic  c o i l  p a c k in g  u sed  in  th e  p a s t  o n  th e  v e r t ic a l  s h a f t ,  
c e n t r ifu g a l  s e w a g e  p u m p s  d o es  n o t  a p p e a r  p a r t i c u la r ly  good . T o d a y  w e  a re  
t r y in g  to p  a n d  b o t to m  e n d - r in g s  o f  s q u a re , p la ite d ,  a sb e s to s  p a c k in g  w i t h  tw o  
ring s  o f  th e  p la s t ic  p a c k in g  b e tw e e n .  ( L a t e r  e x p e r ie n c e  in d ic a t e s  th is  p a c k 
ing  a r r a n g e m e n t  to  b e  m u c h  m o re  e f f e c t iv e  a n d  la s t in g  th a n  th e  o ld  m e th o d . )

Ju ly  3 1 — R e m o v e d  8 .5  c u b ic  y a rd s  o f  g r i t  f ro m  o u r  s c re e n  c h a m b e r .  A l 
th o u g h  o u r  s e w e rs  a re  s u p p o s e d ly  u sed  o n ly  fo r  s a n it a r y  s e w a g e , a b o u t  2 5  
c u b ic  y a rd s  o f  g r i t  p e r  y e a r  o r  0 .3  c u b ic  fo o t  p e r  m i l l io n  g a llo n s  is r e m o v e d  

a t  th is  c h a m b e r .
W e  f a i le d  to  f in d  th e  s e t  o f  f a ls e  te e th  fo r  w h ic h  w e  w e r e  re q u e s te d  to  

lo o k  b y  o n e  o f  o u r  c u s to m e r s !

A u g u s t  2  A s  in d ic a t e d  p re v io u s ly ,  w e  a re  n o t  c o m p le te ly  so ld  o n  th is  v io le n t
h o s in g  o f  Im h o f f  t a n k  gas v e n t s ,  d e s p ite  th e  f a c t  t h a t  o u r  v e n t s  a c c u m u la t e  
s c u m  to  a d e p th  o f  5 to  12 fe e t ,  d e p e n d in g  u p o n  th e  se aso n .
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T o d a y ,  as a c r u d e  e x p e r im e n t ,  w e  p la c e d  a  g a rd e n  h o s e  so  t h a t  a f in e  
s p r a y  w a s  p r o je c te d  h o r iz o n t a l l y  o v e r  o n e  o f  t h e  v e n t s .  P la n t  e f f l u e n t  f ro m  
t h e  f lu s h in g  w a t e r  s y s t e m  w a s  u sed . A f t e r  a n  h o u r  o f  th is ,  t h e  8 - fo o t  s c u m  
la y e r  w a s  v e r y  s o f t  a n d  m u s h y  b e n e a th  th e  s p r a y  a n d  th e  g as  w a s  re le a s e d  
f r e e ly ,  y e t  th e r e  w a s  n o  d is tu r b a n c e  in  t h e  s e t t l in g  c h a n n e ls .  T h e s e  re s u lts  
w e r e  c o n s id e re d  s u f f i c ie n t l y  p r o m is in g  to  j u s t i f y  d e s ig n  o f  a m o re  e la b o r a te  
s p ra y  s y s te m  fo r  f u r t h e r  e x p e r im e n ta t io n  o n  o n e - e ig h th  o f  t h e  g as  v e n ts .  
( S e e  “ E x p e r ie n c e s  in  D ig e s te r  S c u m  C o n t r o l ”  e ls e w h e r e  in  th is  is su e , fo r  

a d d it io n a l  d e t a i l s . )

A u g u s t  3 — O n e  o f  th e  o p e ra to r s  s l ip p e d  a n d  f e l l  in t o  a n  Im h o f f  t a n k  g as  v e n t  
th is  m o rn in g ,  w h i l e  s k im m in g  th e  t a n k s .  H e  s u f f e r e d  a n  a b ra s io n  o n  h is  leg  
a n d  w a s  s e n t  im m e d ia t e ly  to  a d o c to r  fo r  f i r s t  a id  a n d  a t e t a n u s  “ s h o t . ”  
M a y b e  it  w a s  w e l l  t h a t  th e  v e n t  in  q u e s t io n  h a d  a s o l id  s c u m  la y e r  in  th is  
c a s e — s in c e  th e  m a n  h a r d ly  b ro k e  t h e  s u r f a c e  in  h is  d iv e !

A u g u s t  5 — In s t a l l e d  s c u m  s p ra y  s y s te m  a t  o n e  e n d  o f  th e  g a s  v e n t s  in  T a n k  
N o . 2 . T h e  p la n t  o p e ra to rs ,  w h o  p r e v io u s ly  s p e n t  1 0  to  2 0  h o u rs  w e e k ly  in 
h o s in g  th e  v e n t s ,  a re  a lr e a d y  “ s o ld ”  o n  th e  id ea .

A u g u s t  1 0 — In  th is  lo c a l i t y ,  a n  o r d in a r y  p a n e lle d  d o o r  s e e m s  to  p re s e n t  a 
s p e c ia l  c h a l le n g e  to  y o u th .  N o  less th a n  f i v e  o u ts id e  d o o rs  o f  v a r io u s  b u i ld 
in g s  a b o u t  th e  g ro u n d s  s h o w  s c a rs  o f  n u m e ro u s  a t t a c k s .

O u r  c a r p e n t e r  s t a r t e d  to d a y  a t  r e p la c e m e n t  o f  th e s e  d a m a g e d  d o o rs  by  
n e w  o n e s  m a d e  o f  1 - in ch  p ly - w o o d , f a c e d  w i t h  c a r  s id in g  (n a i le d  v e r t ic a l l y )  
a n d  w i t h  h in g e s  a n d  lo c k  h a s p s  s e c u r e ly  b o lt e d  t h e r e to .  W e ’ re  a lm o s t  in 
c l in e d  to  in v i t e  th e  n e ig h b o rh o o d  g a n g  to  k i c k  th e s e  in — if  t h e y  c a n !

A u g u s t  14— E n o u g h  is s u f f i c i e n t !  T h e  c h e c k  v a lv e  o n  o u r  3 .5  m .g .d . p u m p  
h as  b e e n  g iv e n  m in o r  r e p a ir s  a n u m b e r  o f  t im e s  d u r in g  th e  p a s t  f e w  y e a rs  b u t  
s t i l l  m a n a g e s  to  s t i c k  in  a n  o p e n  p o s i t io n  o n  o c c a s io n .  T o d a y  w e  o rd e re d  a 
n e w  d is c , y o k e ,  h in g e  a n d  h in g e - p in . A  c o m p le t e  o v e r h a u l  is o b v io u s ly  in  
o r d e r !  (O ld  v a lv e  u sed  fo r  17 y e a r s . )

A u g u s t  18— In s t a l le d  a s a n it a r y  d r in k in g  f o u n t a in  in  g ro u n d s  fo r  v is i t o r s  a n d  
p ic n ic k e r s  in  o u r  p a rk . F o r m e r ly ,  t h e  o n ly  h y d r a n t  a v a i la b le  w a s  lo c a te d  in  
t h e  g a ra g e  a n d  sh o p . T h e  s a v in g  in  to o ls  s h o u ld  s o o n  p a y  fo r  t h e  n e w  
f o u n t a i n !

A u g u s t  2 2 — L o c a l  N .  Y .  A .  o f f i c e  a d v is e s  t h a t  o u r  p r o je c t  a p p l ic a t io n  h ad  
b e e n  r e je c t e d  d u e  to  a r e c e n t  c h a n g e  in  p o l ic y  in  re g a rd  to  t r a in in g  o f  b o ys  
in  t r a d e s  e s s e n t ia l  to  N a t io n a l  d e fe n s e .  F e l t  t h a t  a n o t h e r  t r y  a t  t h is  w a s  
w o r t h w h i l e ,  s in c e  w e  h a d  g o o d  u se  fo r  s o m e  o f  th is  la b o r , so  a c a r e f u l l y  p r e 
p a re d  le t t e r  w a s  s e n t  to  th e  D i s t r i c t  N .  Y .  A .  o f f i c e  r e q u e s t in g  r e c o n s id e r a t io n  
o f  o u r  a p p l ic a t io n .  K e e p in g  f in g e r s  c ro s s e d .

A u g u s t  2 6 — B r ig h t e n in g  u p  t h e  s c r e e n  h o u s e  w i t h  p a in t .  W i t h  o p e n  
s c re e n s ,  th is  s p o t  c a n  h a r d ly  b e  m a d e  a t t r a c t i v e ,  b u t  c le a n l in e s s  a n d  f re s h  
p a in t  d o  m u c h  to  m in im iz e  th e  o b je c t io n a b le  a s p e c ts .

A u g u s t  2 8 — O n e  o f  th e  b e s t  p la n t  o p e r a t o r ’s m e e t in g s  w e  h a v e  b e e n  p r i v i 
le g e d  to  a t t e n d  is t h e  A n n u a l  F ie ld  D a y  s p o n s o re d  b y  t h e  I l l in o is  A s s o c ia t io n
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o f S a n i t a r y  D is t r ic t s .  T o d a y  w e  w e r e  th e  g u e s ts  o f  th e  R o c k fo r d  S a n i t a r y  
D is t r ic t  (H .  A .  R ie d e s e l ,  S u p e r in t e n d e n t )  a n d  th e  u s u a l h ig h  c a l ib e r  o f  th e s e  
c o n fe re n c e s  w a s  m a in t a in e d  in  f in e  fa s h io n .

A u g u s t  3 0 — T h e  f i r s t  h a r b in g e r  o f  w in t e r !  W e r e  v is i t e d  b y  r e p r e s e n ta t iv e s  
o f a lo ca l c o a l c o m p a n y  w h o  w is h e d  to  d is c u s s  o u r  w in t e r  fu e l  r e q u ir e m e n ts .  
W h o  w a n t s  to  t a lk  a b o u t  b u y in g  co a l w h e n  th e  m e r c u r y  s ta n d s  a t  9 0  in  th e  
sh a d e ?

O F F E R IN G S  O F  G A D G E T E E R S  

A n  Econom ical Safety Belt

M a n y  o f  u s  a r e  p r o n e  t o  d i s r e g a r d  t h e  h a z a r d s  i n v o l v e d  w h e n  i t  i s  
n e c e s s a r y  t o  e n t e r  s e w e r s  o r  m a n h o le s  w h e r e  t h e r e  m a y  b e  a  d e f i c i e n c y  
in  o x y g e n  o r  p r e s e n c e  o f  t o x i c  g a s e s .  N o  o n e  s h o u ld  b e  p e r m i t t e d  to  
e n t e r  s u c h  p la c e s  u n le s s  h e  w e a r s  a  d e p e n d a b le  s a f e t y  b e l t  w i t h  t h e  
r o p e  i n  t h e  h a n d s  o f  t w o  m e n  o n  t o p  t o  l i f t  h im  t o  s a f e t y  i n  c a s e  o f  
a c c id e n t ,

R .  D .  W o o d w a r d ,  C h i e f  O p e r a t o r  o f  S e w e r s  a t  L a g u n a  B e a c h ,  C a l i 
f o r n i a  h a s  d e v e lo p e d  a  r o p e  h i t c h  ( F i g u r e  1 )  w h ic h  m a y  b e  o f  i n t e r e s t

F ig . 1.— Home-made Sa fe ty  H itch, Developed by R . D. Woodward, Chief Operator of Sewers,
Laguna Beach, California.

to  s e w a g e  w o r k e r s  i n  m u n i c i p a l i t i e s  w h i c h  m a y  n o t  b e  a b le  t o  a f f o r d  
t h e  r a t h e r  e x p e n s i v e ,  s t a n d a r d  s a f e t y  h a r n e s s .  T h e  h i t c h  i s  e a s y  to  
m a k e ,  i n e x p e n s i v e  a n d  c o n v e n ie n t  t o  u s e .  T h e  u p p e r  r o p e  i s  p la c e d  
a r o u n d  t h e  b o d y  b e n e a t h  t h e  a r m s ,  t h e  t w o  l o w e r  r o p e s  a r e  s n a p p e d  
a r o u n d  t h e  t h i g h s  a n d  t h e  p u l l  r o p e  i s  f a s t e n e d  o n  t h e  u p p e r  r i n g  i n  
t h e  b a c k .
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M ov ing  Sludge by T ra c to r

T o  a d d  c o n v e n ie n c e  a n d  m in im iz e  c o s t s  i n  r e m o v a l  o f  s l u d g e  f r o m  
d r y i n g  b e d s ,  S u p e r i n t e n d e n t  W a l t e r  A .  S p e r r y  o f  t h e  A u r o r a  ( I l l i n o i s )  
S a n i t a r y  D i s t r i c t  u s e s  a  c a t e r p i l l a r  t r a c t o r  f i t t e d  w i t h  s id e  b in s  o r  
“ s a d d le  b a g s ”  o f  3  c u .  y d .  c a p a c i t y .  T h e  m a c h in e  i s  p i c t u r e d  i n  F i g 
u r e s  2  a n d  3.

F ig . 2.— Tractor Equipped w ith  Side B in s fo r H au ling Sludge at Aurora, Illino is.

F ig. 3.— A u ro ra ’s Sludge H au ling  Tractor in Service.

S p e r r y  r e p o r t s  t h a t  f i v e  m e n  ( i n c l u d i n g  t h e  t r a c t o r  o p e r a t o r )  c a n  
m o v e  9 0  c u .  y d .  o f  s l u d g e  p e r  d a y  f r o m  t h e  b e d s  t o  t h e  s t o c k  p i l e  w i t h  
t h e  t r a c t o r .  S l u d g e  r e m o v a l  c o s t s  h a v e  b e e n  c u t  f r o m  5 1 .6  c e n t s  to  
2 3 .4  c e n t s  p e r  c u .  y d . ,  a  r e d u c t i o n  o f  5 5  p e r  c e n t  f r o m  t h e  c o s t s  o f  r e 
m o v a l  b y  m e a n s  o f  t h e  o r i g i n a l  i n d u s t r i a l  d u m p  c a r  s y s t e m .

T h e  t r a c t o r  i s  a ls o  u s e d  t o  h a u l  g r i t  a n d ,  w h e n  e q u ip p e d  w i t h  a  b u l l 
d o z e r ,  f o r  c l e a r i n g  s n o w ,  g r a d i n g  r o a d w a y s  a n d  t r i m m i n g  t h e  s lu d g e  
s t o c k  p i l e .



A  s i m i l a r l y  e q u ip p e d  t r a c t o r  h a s  b e e n  s u c c e s s f u l l y  u s e d  f o r  m o v in g  
s lu d g e  a t  S p r i n g f i e l d ,  I l l i n o i s  f o r  s e v e r a l  y e a r s .

Glass-W are F lush ing  Jet

F i g u r e  4  i l l u s t r a t e s  a  j e t  d e v i s e d  b y  C h i e f  O p e r a t o r  F r a n k  F a c c i n i  
o f  t h e  N o r t h  S e w a g e  W o r k s  a t  S t o c k t o n ,  C a l i f o r n i a ,  f o r  u s e  i n  f lu s h in g
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F ig . 4.— Glass-ware Flushing Je t ,  Developed by Frank  Faccin i, Chief Operator of the North
P lan t at Stockton, California.

o u t  Im h o f f  c o n e s ,  s a m p le  b o t t le s ,  f la s k s ,  g r a d u a t e s  a n d  o t h e r  l a b o r a t o r y  
g la s s - w a r e  o f  t h e  “ t a l l ,  l o n g  a n d  n a r r o w ”  t y p e .

T h e  o b je c t  i s  m e r e l y  i n v e r t e d  o v e r  t h e  j e t ,  t h e  w a t e r  t u r n e d  o n , a n d  
a  t h o r o u g h  r i n s i n g  r e s u l t s .

O P E R A T I O N  O F  P R I M A R Y  T R E A T M E N T  U N IT S  *

B y  D .  C .  R e y b o l d

Engineer, The Dorr Company

O p e r a t i o n  o f  B a r  S c r e e n s  a n d  G r i t  C h a m b e r s .— B a r  s c r e e n s  a n d  g r i t  
c h a m b e r s  a r e  v e r y  e s s e n t i a l  p a r t s  o f  a  s e w a g e  t r e a t m e n t  p la n t .  A l 
th o u g h  t h e s e  u n i t s  d o  n o t  p l a y  a n  im p o r t a n t  p a r t  i n  s u s p e n d e d  s o l id s  o r
B . O . D .  r e m o v a l ,  t h e y  d o  r e m o v e  o b je c t io n a b le  m a t e r i a l s  t h a t  o t h e r w i s e  
h in d e r  t h e  e f f i c ie n c y  o f  s e d im e n t a t io n ,  d ig e s t io n  a n d  s e c o n d a r y  o x id a 
t io n  p r o c e s s e s .

I t  i s  a d v i s a b l e  f o r  t h e  o p e r a t o r  t o  r e m e m b e r  t h a t  b a r  s c r e e n s  a n d  
g r i t  c h a m b e r s  a r e  i n s t a l l e d  a s  p r o t e c t i v e  d e v ic e s  t o  r e l i e v e  p o s s ib le

* Presented at Second Sewage Operator’s Short Course held at University of Illinois, 
March 10-14, 1941.
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t r o u b l e s  i n  t h e  b a la n c e  o f  t l i e  p l a n t .  C o n s e q u e n t l y ,  t h e y  s h o u ld  b e  o p 
e r a t e d  e f f i c i e n t l y  a n d  k e p t  i n  g o o d  r e p a i r .

E v e r y  s e w a g e  p l a n t  h a s  i t s  p e c u l i a r i t i e s  a n d  s p e c i a l  p r o b le m s .  
H o w e v e r ,  t h e  f o l l o w i n g  g e n e r a l  o p e r a t i n g  r u l e s  a r e  a p p l i c a b l e  i n  th e  
m a j o r i t y  o f  c a s e s .

( 1 )  A l w a y s  k e e p  t h e  b a r  s c r e e n  a n d  g r i t  c h a m b e r  s t r u c t u r e s  a n d  s u r 
r o u n d in g s  n e a t  a n d  c le a n .  O p e r a t i o n  e f f i c i e n c y  s e e m s  t o  v a r y  d i 
r e c t l y  w i t h  c l e a n l in e s s .  N o t  o n l y  d o e s  a  g o o d  “ h o u s e - k e e p e r ”  
f in d  i t  e a s i e r  t o  k e e p  u n i t s  i n  g o o d  w o r k i n g  o r d e r ,  b u t  h is  r e p u t a 
t io n  a s  a n  o p e r a t o r  a n d  t h e  r e p u t a t i o n  o f  t h e  p l a n t  a s  a  w h o le ,  a r e  
i n c r e a s e d  e n o r m o u s l y .

( 2 )  P l a n t s  e q u ip p e d  w i t h  h a n d - c le a n e d  b a r  s c r e e n s  a n d  g r i t  c h a m b e r s  
s h o u ld  h a v e  a n  e s t a b l i s h e d ,  d a i l y  r o u t i n e  t o  r e m o v e  t h e  m a t e r i a l  
c o l l e c t e d  b y  t h e  u n i t s .  A t  t im e s  o f  s t o r m s  o r  h ig h  f lo w s ,  th e  
r o u t i n e  s h o u ld  b e  c h a n g e d  i n  o r d e r  t o  h a n d l e  t h e  i n c r e a s e d  f lo w .  
T h e  u n i t s  s h o u ld  n e v e r  b e  n e g le c t e d .

( 3 )  D o  n o t  l e a v e  t h e  h a n d - c le a n e d  s c r e e n in g s  a n d  g r i t  i n  p i l e s  f o r  l a t e r  
d is p o s a l .  T h e  m a t e r i a l  s h o u ld  b e  d i s p o s e d  o f  i m m e d i a t e l y  in  
o r d e r  t o  r e d u c e  o d o r s ,  f l i e s ,  a n d  g e n e r a l  u n c l e a n l i n e s s .  T h e  
s c r e e n in g s  s h o u ld  b e  b u r i e d  o r  b u r n e d  a n d  t h e  g r i t  b u r ie d .

( 4 )  I f  m e c h a n i c a l  e q u ip m e n t  i s  i n s t a l l e d ,  k e e p  t h e  u n i t s  p a i n t e d  a n d  
i n  g o o d  w o r k i n g  o r d e r .  A l w a y s  f o l l o w  t h e  m a n u f a c t u r e r ’s r e c o m 
m e n d a t io n  r e g a r d i n g  l u b r i c a t i o n ,  r e p a i r s  a n d  g e n e r a l  m a in t e 
n a n c e .

( 5 )  M a n y  m e c h a n i c a l  i t e m s  a r e  e q u ip p e d  w i t h  s h e a r  p i n s  t o  p r o t e c t  
t h e  u n i t s  a g a i n s t  u n u s u a l  o v e r l o a d s .  T h e  s h e a r  p i n  i s  a  p r o t e c 
t i o n  a g a i n s t  m o r e  s e r io u s  b r e a k d o w n s .  C o n s e q u e n t l y ,  b r o k e n  
s h e a r  p in s  s h o u ld  b e  r e p l a c e d  w i t h  n e w  p in s  o f  t h e  e q u ip m e n t  
m a n u f a c t u r e r ’s s p e c i f i e d  m a t e r i a l ,  a n d  n o t  w i t h  s e c t io n s  o f  s t e e l  
r o c k ,  b o l t s ,  o r  r i v e t s .  S u c h  s u b s t i t u t e  m a t e r i a l s  r e l i e v e  t h e  o p 
e r a t o r  o f  s h e a r  p i n  r e p l a c e m e n t s ,  b u t  o n  t h e  o t h e r  h a n d ,  e l im in a t e  
a l l  o v e r l o a d  p r o t e c t i o n  w i t h  t h e  p o s s i b le  r e s u l t  o f  s e r io u s  a n d  
e x p e n s i v e  b r e a k d o w n .

( C )  N e a r l y  a l l  m e c h a n i c a l  s c r e e n s  h a v e  s o m e  m e t h o d  o f  a u t o m a t i c a l l y  
c o n t r o l l i n g  t h e  o p e r a t i o n .  T h e  i d e a l  i n  s c r e e n  o p e r a t i o n  i s  to  
h a v e  t h e  m e c h a n is m  r u n  o n l y  a t  t h e  t im e  w h e n  s c r e e n in g s  h a v e  
b e e n  c o l l e c t e d  o n  t h e  b a r s .  A u t o m a t i c  t im e  c lo c k s  a r e  f u r n i s h e d  
o n  s o m e  i n s t a l l a t i o n s ,  a n d  t h e s e  c lo c k s  a r e  c a p a b le  o f  b e in g  s e t  
t o  o p e r a t e  t h e  m e c h a n is m  f o r  a n y  p r e d e t e r m i n e d  n u m b e r  o f  m in 
u t e s  o f  a n y  h o u r .  S c r e e n i n g s ,  p a r t i c u l a r l y  w i t h  v a r y i n g  f lo w s  o f  
s e w a g e ,  d o  n o t  b u i l d  u p  a t  c e r t a i n  p e r i o d s ,  a n d  c o n s e q u e n t l y ,  t im e  
c lo c k s  d o  n o t  p r o v i d e  c o n t r o l  o f  o p e r a t i o n  a t  t h e  c r i t i c a l  t im e .

S o m e  m e t h o d  o f  f lo a t  c o n t r o l  i s  m o r e  c e r t a i n .  A s  s c r e e n in g s  
b u i l d  u p  o n  a  b a r  s c r e e n ,  a d d i t i o n a l  h e a d  i s  r e q u i r e d  t o  h a n d le  
t h e  v o l u m e  o f  s e w a g e  t h r o u g h  t h e  s c r e e n .  T h e  a d d i t i o n a l  h e a d  
b a c k s  t h e  s e w a g e  u p  t h e  s e w e r ,  a n d  m a y  c a u s e  f lo o d in g ,  s e p t i c i t y  
a n d  o d o r s .  I n  a d d i t i o n ,  t h e  a d d i t i o n a l  h e a d  a l l o w s  s o m e  s c r e e n 
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i n g s ,  n o r m a l l y  h e ld  b a c k  b y  t h e  s c r e e n ,  t o  b e  f o r c e d  t h r o u g h  a n d  
c a r r i e d  o n  t o  t h e  o t h e r  u n i t s  i n  t h e  p l a n t .  D i f f e r e n t i a l  f lo a t  c o n 
t r o l s  h a v e  b e e n  d e v e lo p e d  t o  s t a r t  t h e  s c r e e n  w h e n  t h i s  a d d i t i o n a l  
h e a d  i s  b u i l t  u p .  T h e s e  f lo a t  c o n t r o l s  m in im iz e  o p e r a t i o n  p e r io d s  
a n d  h a v e  t h e  d i s t i n c t  a d v a n t a g e  o f  o p e r a t i n g  t h e  u n i t  o n l y  w h e n  
n e c e s s a r y .

( 7 )  I n  l a r g e  p l a n t s ,  c o a r s e  b a r  s c r e e n s  o r  r a c k s  s h o u ld  b e  i n s t a l l e d  
a s  a  p r o t e c t i o n  t o  t h e  b a r  s c r e e n  e q u ip m e n t .  T h e s e  r a c k s  h a v e  
3 in .  o r  4  in .  o p e n in g s  a n d  c a t c h  lo g s ,  t i n  c a n s ,  a n d  o t h e r  l a r g e  
o b je c t s .  I n  s m a l l  p l a n t s  s u c h  r a c k s  s h o u ld  b e  i n s t a l l e d  t o  p r o 
t e c t  c o m m in u t o r s .

( 8 )  I n  i n s t a l l a t i o n s  o f  c o m m in u t o r s  o r  g r i n d e r s ,  i t  i s  e s s e n t i a l  t o  k e e p  
t h e  c u t t i n g  m e c h a n is m s  s h a r p  a n d  i n  g o o d  w o r k i n g  o r d e r .  T h e  
p u r p o s e  o f  t h e s e  m e c h a n is m s  i s  t o  c h o p ,  g r i n d  o r  c o m m in u t e  t h e  
s c r e e n in g s  t o  a  s m a l l  s iz e  w h i c h  c a n  b e  s u c c e s s f u l l y  h a n d le d  i n  
t h e  b a la n c e  o f  t h e  p l a n t .  D u l l  c u t t in g - t e e t h  p r o d u c e  l a r g e  s iz e  
m a t e r i a l  t h a t  m a y  c a u s e  c o n s i d e r a b l e  t r o u b l e  i n  t h e  o t h e r  p l a n t  
u n i t s .

( 9 )  I n  h a n d - c le a n e d  g r i t  c h a m b e r s ,  i t  i s  a d v i s a b l e  to  r e m e m b e r  t h a t  
f in e  g r i t  w i l l  n o t  s t a y  s e t t l e d  a t  a  v e l o c i t y  o v e r  1 .2 5  f t .  p e r  s e c o n d .  
T h u s ,  h a l f - f i l l e d  g r i t  c h a m b e r s  m a y  i n c r e a s e  t h e  v e l o c i t y  t o  a  
p o in t  w h e r e  a d d i t i o n a l  g r i t  i s  n o t  r e m o v e d .

(1 0 )  A l l  m e c h a n ic a l l y - c l e a n e d  g r i t  c h a m b e r s  s h o u ld  h a v e  a  b a r  s c r e e n  
p r e c e d in g  i t  f o r  p r o t e c t i o n  a g a in s t  r a g s  a n d  o t h e r  s c r e e n in g s .  
T h e s e  m a t e r i a l s  h a v e  a  t e n d e n c y  t o  w i n d  a r o u n d  g r i t - c l e a n in g  
m e c h a n is m s ,  c r e a t i n g  a  g r e a t  d e a l  o f  t r o u b l e .

(1 1 )  " W a s h e d  g r i t  c a n  b e  u s e d  f o r  w a l k w a y s ,  r o a d s ,  s lu d g e  b e d  s a n d ,  
e tc .  E q u i p m e n t  i s  a v a i l a b l e  t o  w a s h  t h e  o r g a n ic  m a t t e r  f r o m  
g r i t ,  r e d u c in g  t h e  o d o r  a n d  f ly - b r e e d in g  p r o b le m .

O p e r a t i o n  o f  S e d i m e n t a t i o n  T a n k s .— T h e  s e d im e n t a t io n  t a n k  i n  a  
s e w a g e  t r e a t m e n t  p l a n t  p l a y s  a n  im p o r t a n t  r o l e  i n  t h e  r e s u l t s  o b t a in e d  
b y  a n y  t r e a t m e n t  p r o c e s s .

I n  p r i m a r y  t r e a t m e n t  p la n t s ,  t h e  s e d im e n t a t io n  t a n k  e f f i c ie n c y  d e 
t e r m in e s  t h e  d e g r e e  o f  t r e a t m e n t  a n d  t h e  c o n s e q u e n t  s o l id s  l o a d  i n  t h e  
e f f lu e n t .  I n  c o m p le t e  t r e a t m e n t  p la n t s ,  t h e  p r i m a r y  t a n k  e f f i c ie n c y  
d e t e r m in e s  t h e  l o a d  t h a t  m u s t  b e  h a n d le d  b y  t h e  m o r e  e x p e n s i v e ,  o x id a 
t io n  o r  s e c o n d a r y  t r e a t m e n t  p r o c e s s e s .  F i n a l  s e t t l i n g  t a n k s  a r e  n o t  
o n ly  u s e d  t o  c o l l e c t  a n d  s e p a r a t e  t h e  r e t u r n e d  s o l id s  f o r  m ix e d  l i q u o r  
t r e a t m e n t ,  b u t  t h e i r  e f f i c ie n c y  d e t e r m in e s  t h e  a p p e a r a n c e  a n d  s u s p e n d e d  
s o l id s  a n a l y s i s  o f  t h e  f in a l  e f f lu e n t .

T h e  s e w a g e  p l a n t  o p e r a t o r  s h o u ld  e n d e a v o r  to  o b t a in  t h e  m a x im u m  
e f f ic ie n c y  o f  h i s  s e t t l i n g  t a n k s .  T h i s  e f f i c ie n c y  s h o u ld  n o t  b e  i n t e r 
p r e t e d  a s  t h e  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 .  E v e r y  s e w a g e  
v a r i e s  i n  t h e  a m o u n t  o f  s u s p e n d e d  s o l id s  t h a t  w i l l  s e t t le ,  a n d  t h e  m o s t  
e f f ic ie n t  t a n k  c a n  o n l y  r e m o v e  1 0 0  p e r  c e n t  o f  t h e  s o l id s  t h a t  w i l l  s e t t le .  
T h e r e f o r e ,  i t  i s  t h e  s e t t l e a b le  s o l id s  r e m o v a l  t h a t  d e t e r m in e s  t h e  effi-
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c i e n c y  o f  a  s e t t l i n g  t a n k .  T h e  f o l l o w i n g  e x a m p le s  i n d i c a t e  t h e  p o in t  i n  
q u e s t io n .

P l a n t  A  h a s  v e r y  e f f i c ie n t  s e d im e n t a t io n ,  a n d  t h e  e f f i c i e n c y  c o m p a r e s  
f a v o r a b l y  w i t h  P l a n t  B .  T h e  d i f f e r e n c e  i n  s u s p e n d e d  s o l id s  r e m o v e d  
i s  d u e  t o  c h a r a c t e r i s t i c s  o f  t h e  s e w a g e : P l a n t  B  c o n t a in s  a  l a r g e  a m o u n t  
o f  l im e ,  w h i c h  c o a g u l a t e s  t h e  s u s p e n d e d  s o l id s .  A n y  s e t t l i n g  t a n k  t h a t  
c o n t in u o u s l y  r e m o v e s  o v e r  95  p e r  c e n t  o f  t h e  s e t t l e a b le  s o l id s  i s  p r a c 
t i c a l l y  p e r f e c t .

S e t t l i n g  t a n k s  b e lo w  a  95  p e r  c e n t  f i g u r e  o n  s e t t l e a b l e  s o l id s  r e m o v a l  
c a n  g e n e r a l l y  b e  im p r o v e d  b y  a d j u s t m e n t  o f  b a f f le s ,  w e i r s  a n d  e l i m i n a 
t i o n  o f  s h o r t  c i r c u i t i n g .  P l a n t s  o v e r lo a d e d  w i t h  r e s u l t i n g  s h o r t  d e t e n 
t i o n  p e r i o d s  a n d  h ig h  o v e r f lo w  r a t e s  w i l l ,  o f  c o u r s e ,  g i v e  p o o r  s e d im e n t a 
t i o n  e f f i c ie n c y ,  a n d  t h e r e  i s  l i t t l e  a n y  o p e r a t o r  c a n  d o  t o  i m p r o v e  th e  
r e s u l t s .

T h e  g r e a t e s t  f a i l u r e  o f  o p e r a t o r s  i n  a n y  s e w a g e  p l a n t  i s  i n  t h e  r e 
m o v a l  o f  s lu d g e .  T h e  r a t e  o f  s l u d g e  p u m p in g  i s  t o o  h ig h ,  a n d  th e  
a m o u n t  o f  s lu d g e  p u m p e d  i s  t o o  g r e a t .

I t  m u s t  b e  r e m e m b e r e d  t h a t  s lu d g e  f o r m s  a  l i g h t  b l a n k e t  i n  t h e  
h o p p e r  o f  a n y  s e d im e n t a t i o n  b a s in .  A  h ig h  p u m p in g  r a t e  f i r s t  p u l l s  
t h e  s lu d g e  d i r e c t l y  o v e r  t h e  w i t h d r a w a l  p ip e ,  a n d  t h e n  t h e  o v e r l y i n g  
s e w a g e ,  b e c a u s e  t h e  o u t e r  l a y e r s  o f  t h e  s l u d g e  b l a n k e t  w i l l  n o t  s lo u g h  
o f f  i n t o  t h e  h o p p e r  a s  f a s t  a s  t h e  p u m p  r e q u i r e s .  T h e  n e t  r e s u l t  is  
t h a t  a  g r e a t  d e a l  o f  s e w a g e  i s  p u m p e d  t o  t h e  d ig e s t i o n  t a n k  w i t h  v e r y  
l i t t l e  s lu d g e .  T h i s  s e w a g e  m u s t  b e  h e a t e d  i n  t h e  d ig e s t e r ,  a n d  a s  i t  
c a n n o t  p r o d u c e  g a s  t o  h e a t  i t s e l f ,  t h e  d ig e s t e r  b e c o m e s  c o o l .  I n  a d d i 
t io n ,  t h e  v o l u m e  o f  s u p e r n a t a n t  l i q u o r  r e t u r n e d  f r o m  t h e  d ig e s t e r  to  
t h e  s e t t l i n g  t a n k  i s  i n c r e a s e d ,  a n d  s in c e  t h e  s u p e r n a t a n t  l i q u o r  i s  r e l a 
t i v e l y  h ig h  i n  B . O . D .  a n d  s u s p e n d e d  s o l id s ,  t h e  p l a n t  e f f i c i e n c y  d r o p s .

M o r e  i m p o r t a n t ,  s u c h  p u m p in g  p r a c t i c e  l e a v e s  m o s t  o f  t h e  s lu d g e  
i n  t h e  s e t t l i n g  t a n k ,  w h e r e  i t  t u r n s  s e p t i c ,  b e c o m in g  m a lo d o r o u s  a n d  
p r o d u c i n g  l a r g e  a m o u n t s  o f  s c u m .

E x p e r i e n c e  h a s  s h o w n  t h a t  f r e q u e n t  p u m p in g  p e r i o d s  f o r  o n l y  a  
f e w  m in u t e s  a t  a  t im e ,  a n d  a t  a  l o w  p u m p in g  r a t e ,  g i v e  t h e  b e s t  r e s u l t s .  
S u p e r n a t a n t  l i q u o r  i s  r e d u c e d  i n  s t r e n g t h  a n d  v o l u m e ,  t h e  s e t t l i n g  
t a n k  i s  k e p t  c l e a n  a n d  f r e s h ,  a n d  d ig e s t i o n  c a p a c i t y  i s  i n c r e a s e d .

T h e  f o l l o w i n g  s u m m a r y  o f  r u l e s  t o  f o l l o w  i n  c l a r i f i e r  o p e r a t i o n  m a y  
b e  h e l p f u l :

( 1 )  K e e p  t h e  m e c h a n i c a l  e q u ip m e n t  w e l l  p a in t e d ,  l u b r i c a t e d  a n d  in  
g o o d  o p e r a t i n g  c o n d i t i o n .  F o l l o w  t h e  e q u ip m e n t  m a n u f a c t u r e r ’s 
r e c o m m e n d a t i o n s  r e g a r d i n g  r e p a i r s  a n d  m a in t e n a n c e .

( 2 )  K e e p  t h e  w e i r s  l e v e l  i n  o r d e r  t o  p r e v e n t  s h o r t - c i r c u i t i n g  a n d  p o o r  
s e t t l i n g  e f f i c ie n c y .

P lan t

Suspended 
Solids 

Per cent Rem oved

Settleable 
Solids 

Per cent Rem oved

A
B

45
81

97
96
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(3 )  K e e p  t a n k  c l e a r  o f  s c u m  b y  s k im m in g  f r e q u e n t l y .
(4 )  P u m p  s lu d g e  a t  a  l o w  r a t e  f r o m  t h e  t a n k .
(5 )  P u m p  s lu d g e  f o r  o n l y  a  f e w  m in u t e s  a t  a  t im e  b u t  a t  f r e q u e n t  i n t e r 

v a l s .
( 6 )  D o  n o t  a l l o w  s e t t l e d  s lu d g e  t o  b e c o m e  s e p t ic .
( 7 )  I f  o v e r f lo w  r a t e  a n d  d e t e n t io n  p e r i o d  a r e  s a t i s f a c t o r y  a n d  s e t t l e a b le  

s o l id s  r e m o v a l  i s  l o w ,  t h e n  a d ju s t m e n t  o f  b a f f le s ,  i n l e t  a n d  t a k e - o f f  
a r r a n g e m e n t s  s h o u ld  i m p r o v e  e f f ic ie n c y .

(8 )  R u n  m e c h a n is m s  t o  p r o d u c e  a s  t h i c k  a  s lu d g e  a s  p o s s ib le .  E x p e 
r i e n c e  w i l l  d i c t a t e  t h i s  p r o c e d u r e .

(9 )  A t  t im e s  o f  l o w  f lo w ,  r e c i r c u l a t i o n  o f  e f f lu e n t  b a c k  t h r o u g h  t h e  s e t 
t l i n g  t a n k  w i l l  r e d u c e  d e t e n t io n  p e r i o d  a n d  r e d u c e  o p p o r t u n i t i e s  
f o r  s e p t i c i t y .

E M B A R R A S S I N G  S H O R T  S T O R Y

O . P . R a t o r  h as  
T w o  p la n ts  to  u s e —
B o th  b y- p a sse d  
W i t h  n o  e x c u s e .
S t a t e  H e a lt h  m a n  c o m e s ,
In q u ir in g  f r o w n ;
R a t o r ’s c a u g h t  w i t h  
H is  p la n ts  d o w n  ! !

D E R I V A T I O N  O F  G A S  E N G I N E  O P E R A T I N G  C O S TS  *

B y  R .  W .  F r a z i e r , S u p e r i n t e n d e n t ,

Oshkosh, Wisconsin

I n  d e r i v i n g  c o s t s  o f  o p e r a t i o n  o f  a  g a s  e n g in e  i n  s e w a g e  p l a n t  o p 
e r a t io n ,  v a r i o u s  m e t h o d s  h a v e  b e e n  u s e d  i n  a r r i v i n g  a t  t h e s e  c o s ts .  
V a r i a b l e s  i n  p l a n t  i n s t a l l a t i o n s  a r e  s u c h  t l i a t  i n d i v i d u a l  c o n s i d e r a t io n  
h a s  to  b e  g i v e n  t o  e a c h  c a s e .  T h e  c o s t  p e r  K W H  a n d  n e t  s a v i n g s  o n  
th e  o p e r a t i o n  o f  t h e  g a s  e n g in e  i s  t h e  u l t im a t e  e n d  o f  t h e  a c c o u n t in g .  
T h e  q u e s t io n  is ,  h o w  t o  d e r i v e  t h e  f ig u r e s ,  a n d  w h a t  i s  to  b e  c o n s id e r e d  
in  t h e  c o s t  a c c o u n t in g .

A  n u m b e r  o f  g a s  e n g in e  i n s t a l l a t i o n s  h a v e  b e e n  m a d e  w i t h  t h e  a s 
s is t a n c e  o f  F e d e r a l  f u n d s ,  t o g e t h e r  w i t h  a p p u r t e n a n c e s  t o  t h e  o p e r a t io n  
o f  t h e  e n g in e .  S o m e  h a v e  c h a r g e d  o f f  t h e  p e r c e n t a g e  d o n a t e d  b y  t h e  
a g e n c ie s ,  w h i c h  n o  d o u b t  w i l l  s h o w  a  l a r g e r  s a v in g .  I f  t h e  a g e n c ie s  d id  
n o t  m a k e  a  d o n a t io n ,  t h e  o r i g i n a l  c o s t  w o u ld  s t i l l  h o ld  a n d  i f  t h e  n e w  
e n g in e s  w e r e  p u r c h a s e d ,  n o  h e lp  w o u ld  b e  f o r t h c o m in g .

A  q u e s t io n  a r i s e s ,  w h e t h e r  o r  n o t  a p p u r t e n a n c e s  s u c h  a s  g a s - h o ld e r s ,  
m e te r s ,  g a s  c o m p r e s s o r s ,  e l e c t r i c a l  e q u ip m e n t  a n d  b u i l d i n g s  s h o u ld  b e

* Presented at the Wisconsin Sewage Works Operator’s Conference, Sheboygan, Wisconsin,
May 20, 1941.
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c h a r g e d  a g a i n s t  t h e  e n g in e .  S o m e  o f  t h e  p l a n t s  h a v e  a  n u m b e r  o f  t h e  
a p p u r t e n a n c e s  m e n t io n e d ,  w h i l e  o t h e r s  d o  n o t .

I n  t h e  t r e a t m e n t  o f  s e w a g e  w h e r e  s lu d g e  i s  d ig e s t e d  a n d  g a s  g e n 
e r a t e d ,  s o m e  d i s p o s a l  o f  t h e  g a s  h a s  t o  b e  m a d e .  O n e  i n s t a n c e  I  k n o w  
o f ,  w h e r e  g a s  m e t e r s  a n d  h o ld e r s  a r e  i n s t a l l e d ,  t h e  g a s  i s  u s e d  o n l y  f o r  
h e a t in g ,  a n d  p r o d u c t i o n  b e i n g  o f  s u c h  n a t u r e ,  a l l  o f  t h e  g a s  i s  n o t  u s e d  
f o r  h e a t in g ,  s o  t h e  e x c e s s  i s  b u r n e d  i n  t h e  a t m o s p h e r e .  X o  d o u b t ,  a  
n u m b e r  o f  t h e  a p p u r t e n a n c e s  a r e  n e c e s s a r y  a d j u n c t s  t o  t h e  c o l l e c t i o n  
a n d  d i s t r i b u t i o n  o f  t h e  g a s ,  b u t  m a y  n o t  a f f e c t  t h e  o p e r a t i o n  o f  t h e  
e n g in e  a s  f a r  a s  o p e r a t i n g  c o s t s  a r e  c o n c e r n e d .

A  n u m b e r  o f  c o m m u n i t i e s  h a v e  t h e i r  o w n  e l e c t r i c  p l a n t s  a n d  i f  p o w e r  
i s  u s e d  u n d e r  t h i s  c o n d i t i o n ,  t h e  r a t e  o f  p o w e r  m a y  b e  s m a l l e r .  O t h e r s  
h a v e  t o  p u r c h a s e  p o w e r  o n  a n  i n d u s t r i a l  b a s i s ,  e i t h e r  o n  a  f l a t  r a t e  p e r  
K W H  o r  o n  a  g r a d u a t e d  s c a le .  O t h e r s  g e n e r a t e  p o w e r  a n d  s e l l  t h e i r  
e x c e s s  p o w e r  t o  t h e  e l e c t r i c  u t i l i t y  p o s s i b l y  a t  a  r a t e  i n  w h i c h  t h e y  p u r 
c h a s e  t h e i r  d e f i c i e n c y .  A l l  i n  a l l ,  t h i s  i s  v a r i a b l e  i n  e a c h  c o m m u n i t y .

I n  s u g g e s t i n g  a  s t a n d a r d  p l a n  t o  f o l l o w ,  c o n s i d e r a t i o n  s h o u ld  b e  
g i v e n  t o  t h e  k i n d  o f  a  r e p o r t  w h i c h  w i l l  a p p e a r  f a v o r a b l e  t o  t h e  g o v e r n 
i n g  b o d y  o r  c o m m u n i t y .  T h i s  r e p o r t  t o  s h o w  t h e  e s s e n t i a l s  t h a t  a r e  
o f  i m p o r t a n c e  t o  a l l .

T h e  f o l l o w i n g  i s  a  t e n t a t i v e  o u t l i n e  s u b m i t t e d  f o r  y o u r  c o n s i d e r a t i o n  
a n d  d is c u s s io n .

1. M a k e  o f  e n g in e  a n d  v e a r  i n s t a l l e d .
2 . S i z e — H . P . — X o .
3 . U s e — G e n e r a t o r ,  p u m p s ,  b lo w e r .
I .  C o s t  ( A c t u a l — d i s r e g a r d i n g  F e d e r a l  f u n d s ) .
5 . M a in t e n a n c e .
6 . R e p a i r s  ( G a s k e t s ,  r i n g s ,  p lu g s ,  e t c . ) .
7. S u p p l i e s  ( G r e a s e ,  o i l ,  e t c . ) .
8 . D e p r e c i a t i o n  ( A c t u a l  c o s t ) .
9. I n t e r e s t  o n  i n v e s t m e n t .

10 . I n s u r a n c e .
11 . L a b o r  ( O v e r h a u l ,  r e p a i r i n g ) .
1 2 . C o m p e n s a t io n  o n  l a b o r .
13 . T o t a l  c o s t  o f  o p e r a t io n .
11 . H o u r s  o p e r a t e d .
15 . K W H  ( G e n . ,  m .g .d .  p u m p a g e ,  c u .  f t .  a i r  p r o d u c e d ) .
1 6 . C o s t  o f  p o w e r  p u r c h a s e d  p e r  K W H .
1 7 . T o t a l  p o w e r  p u r c h a s e d .
18 . T o t a l  p o w e r  g e n e r a t e d .
1 9 . C o s t  o f  p o w e r  g e n e r a t e d  a t  u t i l i t y  r a t e .
20 . X e t  s a v i n g s  s h o w n  o f  p o w e r  g e n e r a t e d  o v e r  t h e  a m o u n t  i f  p o w e r

h a d  t o  b e  p u r c h a s e d .

F u r t h e r  c o s t  c a n  b e  s h o w n  o n  w h a t  t h e  a c t u a l  c o s t  w a s  f o r  t o t a l  
p o w e r  c o s t  p e r  K W H ; t h a t  i s ,  p o w e r  p u r c h a s e d  a n d  p o w e r  g e n e r a t e d .

I n  a l l  c a s e s ,  t h e  c o s t  o f  g a s  e n g in e  o p e r a t i o n  i s  t o  b r i n g  o u t  w h e t h e r  
o r  n o t  t h e  e n g in e s  a r e  a  p a y i n g  i n v e s t m e n t .
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G a s  E n g in e  O p e r a t io n  ( L e  R o i)

Sewage Treatm ent P lan t, Oshkosh, W is.
October 5, 1937 to February 12, 1941

No. 1 Engine No. 2 Engine
Labor— supervision for maintenance and re p a ir ...................................  §1,015.70 § 301.60
Compensation insurance on lab o r............................................................  17.06 4.07
Repairs— oil— grease— supplies.................................................................... 687.25 295.54
Depreciation  655.01 655.01
Interest on investm ent...............................................................................  357.26 357.26
Insurance......................................................................................................  67.46 67.46

Total operating cost........................................................................ §2,799.74 §1,680.94

No. 1 Engine operated 18,004 hours, generating.........................................................  562,928 K W H
No. 2 Engine operated 7,694 hours, generating.........................................................  226,692 K W H

Total power generated............................................................................................  789,620 K W H

Average K W  per hr.— No. 1 Engine— 31.2 @  cost of S.00497/KWH  
Average K W  per hr.— No. 2 Engine— 29.4 @ cost of 8.00741/KWH

, 4,480.68
Average tota l cost of power generated-----------= §.00567/KWH

789,620
Total power cost at p lant:

Power purchased............................. s.  § 5,676.85
Pena lty— min. charge....................................................................... 292.52
Operating cos t.........................................................  4,480.68

To ta l power cos t...................................................................  §10,450.05
K W H  purchased...............................................................................  279,312
K W H  generated................................................................................  789,620

Total generated and purchased  1,068,932 K W H
Total cost of power generated and purchased per K W H  = §.00977

Power generated @  P . S. Corp. rates— No. 1 Eng .— 562,928 X  .02.....................  §11,258.56
Power generated @ P . S. Corp. rates— No. 2 Eng .— 226,692 X  .02..................... 4,533.84

Value of power generated @  P . S. Corp. rate of .02 per K W H ........................................ §15,792.40
Operating cos t............................................................................................................................  4,480.68

N et savings on power generated— 3 M  yea rs ............................................................ §11,311.72

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

T w o  in s t a n c e s  i n  w h i c h  i n c r e a s e d  p r o d u c t i o n  b y  i n d u s t r i e s ,  d u e  to  
n a t io n a l  d e f e n s e  a c t i v i t y ,  h a v e  b r o u g h t  s e r io u s  p r o b le m s  to  m u n i c ip a l  
s e w a g e  t r e a t m e n t  w o r k s ,  w e r e  d is c lo s e d  d u r i n g  t h e  A p r i l  2 6 , 1 9 4 1 , m e e t 
in g  o f  t h e  W e s t e r n  S e c 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 ia t io n ,  h e ld  a t  L o c k p o r t ,  N e w  Y o r k .

A n  u n u s u a l  s i t u a t i o n  a t  D u n k i r k ,  N e w  Y o r k  w a s  d e s c r ib e d  b y  C a r l  
J .  B e r n h a r d t .  S o m e  t r o u b l e  h a d  b e e n  e x p e r ie n c e d  s in c e  1 9 3 4  w i t h  a  
s t e e l  p i c k l i n g  l i q u o r  d i s c h a r g e  o f  s o m e  5 0 0  g a l l o n s  p e r  w e e k  f r o m  th e  
A l l e g h a n y  L u d l u m  C o r p o r a t i o n .  T h e  p r e s e n t  d i s c h a r g e  i s  f r o m  1 ,8 0 0
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t o  2 ,0 0 0  g a l l o n s  p e r  w e e k ,  a n d  i t  i s  e x p e c t e d  t h a t  w i t h  i n c r e a s e d  p r o d u c 
t i o n  a n d  n e w  p l a n t  c a p a c i t y ,  t h e  d i s c h a r g e  w i l l  h e  a p p r o x i m a t e l y  5 ,0 0 0  
g a l l o n s  p e r  w e e k .  T h e  e f f e c t s  o f  t h i s  p i c k l e  l i q u o r  a p p e a r  i n  s e v e r a l  
i n s t a n c e s :  m e t a l  o r  b a r  s c r e e n s  a r e  c o r r o d e d  a n d  d i s s o l v e d  u n t i l  n o  
t h i c k e r  t h a n  a  k n i f e  b l a d e ; h o le s  a p p e a r  i n  p u m p  s u c t i o n  p ip e s  a n d  c o n 
c r e t e  h a s  b e e n  s p a l l e d  o f f .  D i g e s t i o n  o f  t h e  s lu d g e  h a s  n o t  b e e n  n o r m a l  
a n d  a f t e r  m o n t h s  o f  d ig e s t io n ,  t h e  d r i e d  s lu d g e  i s  s t i l l  n o n - s p a d a b le .  
W h e n  a c id s  a n d  l im e  h a v e  b e e n  d u m p e d  t o g e t h e r ,  t h e  v o l u m e  o f  s u s 
p e n d e d  m a t t e r  h a s  b e e n  e x c e e d in g l y  h ig h ,  w i t h  a n  I m h o f f  c o n e  t e s t  s h o w 
i n g  1 0 0  to  1 2 0  m l .  p e r  l i t e r .

W i t h  t h e  i n c r e a s e d  p r o d u c t i o n  i n  t h e  s t e e l  p l a n t ,  t h e s e  e f f e c t s  a r e  
e v e n  m o r e  n o t i c e a b l e ,  a n d  s o m e  f o r m  o f  p r e - t r e a t m e n t  a t  t h e  p l a n t  w i l l  
h e  a f f o r d e d .  N e u t r a l i z i n g  t a n k s  w i l l  h e  p l a c e d  i n  o p e r a t i o n  a n d  i t  is  
e x p e c t e d  t h a t  t h e  s lu d g e  q u a n t i t y  w i l l  a m o u n t  t o  2 %  t im e s  t h a t  n o w  p r o 
d u c e d ,  w i t h  a p p r o x i m a t e l y  2 t o  3 t o n s  p e r  d a y  o f  s l u d g e  f r o m  t h e  s t e e l  
p la n t .

F o l l o w i n g  t h e  i n t r o d u c t i o n  o f  p r e - t r e a t m e n t ,  i t  i s  e x p e c t e d  t h a t  d i 
g e s t i o n  t a n k  o p e r a t i o n  w i l l  b e  m o r e  n o r m a l  a n d  o t h e r  e f f e c t s  o n  th e  
t r e a t m e n t  p l a n t  s t r u c t u r e s  w i l l  b e  a b s e n t .  I t  w i l l ,  o f  c o u r s e ,  b e  n e c e s 
s a r y  t o  r e p l a c e  a  g r e a t  m a n y  m e t a l  p a r t s  a n d  f i x t u r e s  i n  t h e  p l a n t  a n d  
g u n i t e  t h e  c o n c r e t e  w a l l  t h a t  h a s  b e e n  p r e v i o u s l y  a t t a c k e d  b y  a c id  
s e w a g e .

I n c r e a s e d  a c t i v i t y  i n  t h e  H a r r i s o n  R a d i a t o r  C o m p a n y  p l a n t  a t  L o e k -  
p o r t ,  N e w  Y o r k ,  h a s  c o n t r i b u t e d  2 5 0  g a l l o n s  o f  o i l  d a i l y  a n d  a  s e r io q s  
p r o b le m  t o  I l b e r t  O .  L a c y ,  s u p e r i n t e n d e n t  o f  t h e  s e w a g e  t r e a t m e n t  
w m r k s  s e r v i n g  t h a t  c i t y .

T h i s  m a t e r i a l  c o l l e c t s  o n  t h e  s e d im e n t a t i o n  t a n k s  a n d  h a s  b e e n  
s k im m e d  o f f  w i t h  t h e  n o r m a l  s k im m in g  p r o c e s s  a n d  p u m p e d  t o  a  d i 
g e s t e r  w h i c h  h a s  4  t o  5 f e e t  o f  o i l  o n  i t .  T h e r e  h a s  b e e n  n o  d ig e s t io n  
f o r  s e v e r a l  m o n t h s ,  p o s s i b l y  p a r t l y  d u e  t o  t h e  o i l  a c c u m u la t i o n .

A l t h o u g h  i t  i s  n o t  t h e  i n t e n t i o n  t o  a t t e m p t  t o  h a n d l e  t h i s  o i l  t h r o u g h  
t h e  d ig e s t e r s ,  t h e r e  i s  n o  o t h e r  w a y  o f  r e m o v i n g  i t  f r o m  t h e  s e t t l in g  
t a n k s  a t  t h e  p r e s e n t  t im e .  D u e  t o  t h e  p r e s e n c e  o f  t h i s  e x c e s s  a m o u n t  
o f  o i l ,  t h e  s k im m in g  m e c h a n is m s  h a v e  w o r n  o u t  a n d  a r e  b e i n g  r e p l a c e d  
b y  t h e  m a n u f a c t u r e r .  S l u d g e  r e m o v e d  f r o m  t h e  d ig e s t i o n  t a n k  c o n t a in 
i n g  o i l  w a s  f o u n d ,  a f t e r  d r y i n g ,  t o  b u r n  f o r  s o m e  l i t t l e  t im e .  A  p u m p  
c a p a b le  o f  r e m o v i n g  t h e  o i l  f r o m  t h e  s e d im e n t a t i o n  a n d  t h e  s lu d g e  d i 
g e s t i o n  t a n k s  f o r  d i s p o s a l  o n  t h e  s l u d g e  b e d s  b y  b u r n i n g  h a s  b e e n  o r 
d e r e d .  T h e  c o m p a n y  n o w  l o s i n g  t h e  o i l  h a s  p l a n s  u n d e r  w a y  t o  i n s t a l l  
r e c o v e r y  s e p a r a t o r s  t o  p r e v e n t  t h e  lo s s  o f  t h e  o i l  t o  t h e  s e w e r s .

T I P S  A N D  Q U IP S  
• • •

C h i e f  O p e r a t i n g  E n g i n e e r  R .  R .  S o f t e r  o f  t h e  R i c h m o n d - S u n s e t  
W o r k s  a t  S a n  F r a n c i s c o ,  C a l i f o r n i a ,  s u g g e s t s  t h e  u s e  o f  i n f r a - r e d  l a m p s  
a t  t h e  b a c k  o f  t h e  s w i t c h b o a r d  t o  r e d u c e  c o n d e n s a t io n .
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W h i l e  d r a i n i n g  a  l a r g e  s lu d g e  s t o r a g e  t a n k  a f t e r  t h r e e  y e a r s  o f  
s e r v ic e ,  C h e m i s t  C .  C .  L a r s o n  o f  t h e  S p r i n g f i e l d  ( I l l i n o i s )  S a n i t a r y  D i s 
t r i c t  r e p o r t s  t h a t  t h e  l a s t  s e v e n  f e e t  o f  t h e  t a n k  c o n t e n t s  c o u ld  n o t  b e  
d r a w n  b y  g r a v i t y  b e c a u s e  o f  v e r y  u n u s u a l  p h y s i c a l  c h a r a c t e r i s t i c s .  A l 
t h o u g h  s h o w in g  a  m a x im u m  s o l id s  c o n t e n t  o f  15  p e r  c e n t ,  t h e  s lu d g e  h a d  
s o l id i f i e d  i n t o  a  g e l a t i n o u s ,  r u b b e r y  m a s s  w h i c h  c o u ld  b e  p u m p e d  o n l y  
a f t e r  i t  h a d  b e e n  t h o r o u g h l y  c h u r n e d  a n d  c o m m in u t e d  w i t h  a  h o s e  
s t r e a m .

L a r s o n  c l a im s  t o  h a v e  s e v e r e l y  t a x e d  h is  v o c a b u l a r y  i n  g e t t i n g  t h e  
t a n k  d r a i n e d  b u t  w a s  s t i l l  a b le  t o  r e f e r  t o  H a t f i e l d ’s s t u d i e s  o f  t h e  
t h ix o t r o p i c  p r o p e r t i e s  o f  a g e d  s lu d g e  i n  s t a t i n g  t h a t  t h e  s lu d g e  s t r u c 
t u r e  h a d  a p p a r e n t l y  b e c o m e  so  s t a b le  t h a t  i t  w a s  v i r t u a l l y  im p o s s ib le  to  
r e a c h  t h e  y i e l d  ( f l o w )  p o in t  b y  a g i t a t i o n .

«• • •

A t  t h e  r e c e n t  C a l i f o r 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  M e e t i n g ,  C h i e f  
O p e r a t o r  R .  D .  W o o d w a r d  o f  L a g u n a  B e a c h ,  C a l i f o r n i a ,  d i s p l a y e d  t e s t  
s a m p le s  o f  o r d i n a r y  i n s u l a t e d  w i r e  a n d  ‘ ‘ s y n t h o l e  ’ ’ w i r e  w h i c h  h a d  b e e n  
e x p o s e d  t o  ( a )  s u b m e r g e n c e  i n  s e w a g e  a n d  ( & )  s u s p e n s io n  i n  m o i s t  
g a s e s  a b o v e  f lo w in g  s e w a g e .  I n  b o t h  c a s e s  t h e  “ s y n t h o l e ”  i n s u l a t i o n  is  
r e p o r t e d  t o  h a v e  p r o v e n  s u p e r i o r .

• • •

A d d r e s s i n g  t h e  I l l i n o i s  A s s o c i a t i o n  o f  S a n i t a r y  D i s t r i c t s  r e c e n t l y ,  
P r o f e s s o r  H .  E .  B a b b i t t  o f  t h e  U n i v e r s i t y  o f  I l l i n o i s  o f f e r e d  t h e  f o l l o w 
in g  m a s t e r f u l  b i t  o f  p a r a p h r a s e d  S h a k e s p e a r e  :

“ The quality of sewage is most strange.
I t  droppeth as an awful, smelly stream  

Upon the place beneath.
I t  is twice fo u l’d.

F o u l’d by him that gives and bugs that work—■
’Tis mightiest of the mightiest.

I t  becomes the limpid stream 
Bette r than its source.”

• • •

E x p e r i m e n t a l  s t u d ie s  i n  t h e  a p p l i c a t i o n  o f  t r i c k l i n g  f i l t e r s  to  t h e  
t r e a t m e n t  o f  n i t r o g l y c e r i n e  m a n u f a c t u r i n g  w a s t e s  w e r e  a b a n d o n e d  a t  
o n e  o f  t h e  n a t i o n ’s l a r g e s t  m u n i t i o n s  p l a n t s  f o r  a  m o s t  u n u s u a l  r e a s o n .  
I n  th e  c o u r s e  o f  t h e  e x p e r im e n t s ,  i t  a p p e a r s  t h a t  t h e  f i l t e r  w a s  s h u t  d o w n  
f o r  a  f e w  d a y s ,  d u r i n g  w h ic h  t im e  t h e  s t o n e  b e c a m e  d r y .  W h e n  a  w o r k 
m a n  a c c i d e n t a l l y  s t r u c k  o n e  o f  t h e  r o c k s  w i t h  a  h a m m e r ,  a n  e x p lo s io n  
r e s u l t e d  w h i c h  i n j u r e d  t h e  m a n  s o  s e v e r e l y  t h a t  h is  a r m  w a s  a m p u t a t e d .

I t  s e e m s  t h a t  e n o u g h  o f  t h e  n i t r o g l y c e r i n e  h a d  c o l l e c t e d  o n  t h e  s u r 
f a c e  o f  t h e  s t o n e s  t o  c o n v e r t  t h e  i n n o c e n t  t r i c k l i n g  f i l t e r  in t o  a  p i l e  o f  

h a n d  g r e n a d e s !



E d i to r i a l

T H E  S E C O N D  A N N U A L  C O N V E N T I O N

T h e  S e c o n d  A n n u a l  C o n v e n t i o n ,  t o  b e  h e ld  i n  N e w  Y o r k  C i t y  f r o m  
O c t .  9 to  1 1 ,1 9 4 1 ,  w i l l  b e  n o t e w o r t h y  b e c a u s e  o f  t h e  a t t e n t i o n  t h a t  w i l l  b e  
g i v e n  i n  t h e  t e c h n i c a l  p r o g r a m  t o  t h e  n e e d s  a n d  i n t e r e s t s  o f  t h e  a v e r a g e  
p l a n t  o p e r a t o r .  M o n t h s  a g o  i t  w a s  d e c id e d  t h a t  t h e  p r o b le m s  a n d  p r a c 
t i c e s  o f  s e w a g e  w o r k s  o p e r a t i o n  w o u ld  b e  d is c u s s e d  h v  s e le c t e d  p e r s o n s  
w e l l  q u a l i f i e d  to  d is c u s s  t h e  t o p i c s  a s s i g n e d  t o  t h e m .  T h e  p r o g r a m  w a s  
t h e r e f o r e  p la n n e d  t o  i n c lu d e  a  f e w  p a p e r s  o f  h ig h - c la s s  r e s e a r c h  i n t e r 
e s t ,  p lu s  a  p r e p o n d e r a n c e  o f  p a p e r s  d e a l i n g  w i t h  p l a n t  o p e r a t i o n .

T h e r e  w i l l  b e  a  s y m p o s iu m  o n  c o n t r o l  a n d  o p e r a t i o n  o f  s e w a g e  t r e a t 
m e n t  u n i t s ,  a n d  s p e c i a l  t o p i c s  w i l l  i n c lu d e  t h e  h a n d l i n g  a n d  d is p o s a l  
o f  s c r e e n in g s ,  b i o l o g i c a l  f i l t e r s ,  s lu d g e  d ig e s t io n ,  a n d  r e c o r d  k e e p in g .  
W e l l - k n o w n  o p e r a t o r s ,  i n c l u d i n g  W e l l i n g t o n  D o n a ld s o n ,  M .  W .  T a t lo c k ,  
G .  E .  G r i f f i n ,  a n d  A r n o l d  H .  G o o d m a n  w i l l  b e  a s k e d  t o  d is c u s s  th e s e  
t o p i c s .  I t  i s  h o p e d  t o  h a v e  a  d i s c u s s i o n  o f  c o ld  w e a t h e r  o p e r a t i o n  b y  
D r .  A .  E .  B e r r y ,  o f  t h e  C a n a d i a n  I n s t i t u t e ,  w h o  w i l l  b e  a b le  t o  g i v e  g o o d  
a d v i c e  t o  m a n y  U .  S .  o p e r a t o r s  o f  t h e  n o r t h e r n  s t a t e s ,  w i t h  r e f e r e n c e  to  
t h e  m a in t e n a n c e  o f  t r e a t m e n t  w o r k s  i n  s u b - z e ro  t e m p e r a t u r e .

‘ ‘ S w e d e  ’ ’ L a r s o n ,  o f  S p r i n g f i e l d ,  I l l i n o i s ,  w i l l  b e  t h e  c o n t i n u i t y  m a n  
f o r  t h i s  s y m p o s iu m ,  a n d  h e  c a n  a d d  p e r s o n a l  e x p e r i e n c e s  a s  d is c u s s io n  
o f  m o s t  o f  t h e  p a p e r s  m e n t io n e d .

A n o t h e r  s e s s io n  w i l l  b e  l e d  b y  A .  M .  E a w n  ( w e  h o p e )  w h o  h o ld s  s o m e  
s o r t  o f  r e c o r d  f o r  w o r k i n g ,  a n d  p o s s i b l y  c o m m u t in g ,  b e t w e e n  W a s h i n g 
t o n ,  D .  C . ,  a n d  L o s  A n g e l e s .  A s  a  r e s r d t  o f  h i s  e x p e r i e n c e s  i n  W a s h i n g 
t o n ,  M r .  R a w n  w i l l  b e  p r o f i c i e n t  i n  s u p p l y i n g  t h e  r e d  t a p e  t o  t i e  t o g e t h e r  
v a r i o u s  t o p i c s  s u c h  a s  l a b o r a t o r y  t e s t s  f o r  p l a n t  c o n t r o l ,  h a n d l i n g  a n d  
d i s p o s a l  o f  g r i t ,  s a f e t y ,  a n d  c h l o r i n a t i o n  p r o b le m s .  T h i s  r o u n d - t a b le  
s e s s io n  f o l l o w s  t h e  O p e r a t o r s ’ B r e a k f a s t .  M r .  R a w n  w i l l  p r o b a b l y  
m a k e  t h i s  a s  e n t e r t a i n i n g  a s  t h e  “ L o s  A n g e l e s  B r e a k f a s t  C l u b , ”  w h ic h  
i s  b r o u g h t  t o  u s  e a c h  m o r n i n g  f r o m  h i s  n a t i v e  c i t y ,  v i a  r a d io .

O t h e r  o p e r a t i n g  p r o b le m s  t o  b e  d i s c u s s e d  i n  r e q u e s t e d  c o n t r i b u t io n s  
i n c l u d e :

U t i l i z a t i o n  o f  s lu d g e  g a s ,  b y  G e o r g e  M a r t i n  o f  G r e e n  B a y ,  W i s c o n s i n .
O p e r a t i o n  o f  s m a l l  p u m p in g  s t a t i o n s ,  b y  G r a n t  M .  O l e w i l e r  o f  P e n n 

s y l v a n i a .
O n e  o f  t h e  h ig h  s p o t s  o f  t h e  p r o g r a m  w i l l  b e  t h e  d i s c u s s i o n  o f  p r e 

p a r e d n e s s  a n d  m a in t e n a n c e  o f  s e w a g e  t r e a t m e n t  p l a n t s  a n d  s e w e r a g e  
s y s t e m s  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  p r e p a r a t i o n s  f o r  d e f e n s e .  T h i s  
t o p i c  w i l l  b e  p r e s e n t e d  b y  W a r r e n  J .  S c o t t ,  o f  C o n n e c t i c u t ,  a n d  i t  i s  
h o p e d  to  h a v e  p r e p a r e d  d i s c u s s i o n  b y  w e l l - k n o w n  e n g in e e r s .  T h i s  k e y 
n o t e  s y m p o s iu m  w i l l  b e  a n n o u n c e d  i n  m o r e  d e t a i l  i n  o u r  S e p t e m b e r  
i s s u e .
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I n  a d d i t i o n  t o  t h e s e  i n t e r e s t i n g  p a p e r s ,  t h e r e  a r e  s e v e r a l  o u t s t a n d in g  
p a p e r s  s c h e d u l e d :

M i l t o n  P .  A d a m s  h a s  a g r e e d  t o  d is c u s s  t h e  e f f e c t  o f  i n d u s t r i a l  w a s t e s  
on  s t r e a m  p o l l u t i o n .  T h i s  v a l u a b l e  c o n t r i b u t i o n  m a y  b e  g a u g e d  b y  r e f 
e r e n c e  to  M r .  A d a m s ’ p a p e r  o n  “ T r e a t m e n t  a n d  C o n t r o l  o f  I n d u s t r i a l  
W a s t e s ”  i n  t h i s  i s s u e .  T h e  w o r k  d o n e  b y  t h e  M i c h i g a n  S t r e a m  C o n t r o l  
C o m m is s io n ,  u n d e r  M r .  A d a m s ’ d i r e c t i o n ,  h a s  b e e n  o u t s t a n d in g ,  a n d  i t s  
w o r t h  h a s  n o t  b e e n  d u l y  a p p r e c i a t e d  t h r o u g h o u t  t h e  c o u n t r y .

G o r d o n  F a i r  h a s  p r o m i s e d  to  d is c u s s  t h e  “ E f f e c t  o f  L o a d  D i s t r i b u 
t io n  o n  t h e  A c t i v a t e d  S l u d g e  P r o c e s s . ”  T h i s  s h o u ld  b r i n g  o u t  a c t i v e  
d is c u s s io n  o f  t a p e r e d  a e r a t i o n ,  s lu d g e  r e a e r a t i o n ,  a n d  t h e  N e w  Y o r k  
s c h e m e  o f  s h o r t e n in g  a e r a t i o n  p e r i o d s  b y  p r o g r e s s i v e  i n t r o d u c t i o n  o f  
i n f lu e n t  s e w a g e  i n t o  t h e  a e r a t i o n  t a n k .  I t  i s  to  b e  h o p e d  t h a t  d a t a  w i l l  
b e  a v a i l a b l e  f r o m  o n e  o f  t h e  N e w  Y o r k  p l a n t s  t o  s h o w  c o m p a r i s o n s  o f  
r e s u l t s  w i t h  a n d  w i t h o u t  t h e  t a p e r e d  f e e d i n g  s y s t e m ,  a s  i n t r o d u c e d  a t  
T a l lm a n s  I s l a n d ,  w h e r e  t h e  f lo w  h a s  b e e n  i n s u f f i c i e n t  to  a f f o r d  c o m p a r i 
s o n s  u n d e r  c o n d i t i o n s  o f  l o a d  a s s u m e d  f o r  d e s ig n  p u r p o s e s .  P r o f e s s o r  
F a i r  w i l l  u n d o u b t e d l y  b e  a  p e e r le s s  l e a d e r  f o r  t h i s  i m p o r t a n t  p a r t  o f  t h e  
p r o g r a m ,  a n d  M r .  G o u ld  h a s  p r o m i s e d  to  d is c u s s  o p e r a t i n g  e x p e r ie n c e s  
i n  N e w  Y o r k .

O t h e r  p a p e r s  a r e  b e in g  s o u g h t ,  f r o m  D r .  H .  G .  B a i t y  o n  s t a n d a r d s  
a n d  c r i t e r i a  o f  s e w a g e  p l a n t  o p e r a t i o n ; a n d  f r o m  W .  S .  M a h l i e ,  t h e  o u t 
s t a n d in g  o p e r a t o r  i n  t h e  s o u t h w e s t ,  o n  r e l a t i o n s  o f  d e s ig n  t o  p r a c t i c a l  
o p e r a t io n .

T h i s  s u m m a r y  o f  a v a i l a b l e  i n f o r m a t i o n  o n  t h e  t e c h n i c a l  p r o g r a m  is  
s u f f ic ie n t  to  i n d i c a t e  h o w  i n t e r e s t i n g  t h e  s e s s io n s  w i l l  b e . I t  s h o u ld  h e  
n o te d  t h a t  a n  e f f o r t  h a s  b e e n  m a d e  t o  h a v e  s p e a k e r s  w h o  d id  n o t  a p p e a r  
o n  t h e  p r o g r a m  a t  t h e  F i r s t  C o n v e n t i o n  i n  C h ic a g o  l a s t  f a l l ,  a l t h o u g h  a  
f e w  d u p l i c a t i o n s  m a y  o c c u r .

I n  a d d i t i o n  to  t h e  t e c h n i c a l  p r o g r a m ,  t h e  e n t e r t a in m e n t  f e a t u r e s  o f  
th e  c o n v e n t i o n  w i l l  h a v e  t h a t  B r o a d w a y  f l a v o r  t h a t  c a n n o t  b e  d u p l i c a t e d  
a n y w h e r e  e ls e .

T h e  e x h ib i t s  p r o m i s e  t o  o u td o  e v e n  t h e  C h ic a g o  s h o w  i n  n u m b e r  a n d  
l a v i s h n e s s .  W e  n o w  h a v e  t h e  m a n u f a c t u r e r s  w o r k i n g  h a r m o n io u s l y  
w i t h  t h e  o f f ic e r s  o f  t h e  F e d e r a t i o n  t o  i m p r o v e  i t s  s t a t u s  a n d  s e r v i c e  to  
m e m b e r s .

F i n a l l y — w a t c h  f o r  t h e  S e p t e m b e r  i s s u e  f o r  t h e  m o r e  c o m p le t e  t e c h 
n i c a l  p r o g r a m ,  p lu s  t h e  s p e c i a l  e m p h a s i s  o n  o p e r a t io n ,  p lu s  t h e  m a n u 
f a c t u r e r s  ’ s e c t io n  o n  n e w  d e v e lo p m e n t s ,  a l l  a s  a  p r e l u d e  to  t h e  C o n v e n 
t io n .

T h e  N e w  Y o r k  C o n v e n t i o n  i s  c e r t a i n  to  h e  a  g r e a t  s u c c e s s .
F .  W .  M o h l m a s



P r o c e e d in g s  o f  L o c a l  A s s o c i a t io n s

C A L I F O R N I A  S E W A G E  W O R K S  A S S O C IA T IO N

Th irteen th  A nn u a l Sp ring  Conference, San ta  Cruz, C a lifo rn ia , A p r il  20-22, 1941

O n  S u n d a y  a f t e r n o o n ,  A p r i l  2 0 , P r e s i d e n t  H a r o l d  F a r n s w o r t h  G r a y  
a s s e m b le d  m a n y  o p e r a t o r s  a n d  o t h e r  i n t e r e s t e d  m e m b e r s  i n  t h e  B a y  
V i e w  R o o m  o f  t h e  C a s a  D e l  R e y  H o t e l  a t  4 :3 0  P . M .  f o r  t h e  p u r p o s e  o f  
c o n d u c t in g  a n  o p e r a t o r ’s s y m p o s iu m .  H i g h l i g h t s  o f  t h e  s y m p o s iu m  
w e r e  d is c u s s io n s  o n  d i g e s t e r  t r o u b l e s ,  s e w a g e  a n d  s lu d g e  p u m p s ,  s w i t c h  
b o a r d s ,  p u m p  s t a r t e r s ,  f lo a t  r o d s  a n d  f lo a t s .  R a l p h  S o t t e r  p r e s id e d  
o v e r  t h i s  s y m p o s iu m .

A t  7 :0 0  P . M .  m e m b e r s  a n d  g u e s t s  a s s e m b le d  i n  t h e  T r o c a d e r o  B o w l  
f o r  a  b u f f e t  s u p p e r .  C o n t i n u i n g  a lo n g  t h e  l i n e  o f  o p e r a t i o n ,  T .  R .  
H a s e l t i n e  p r e s e n t e d  a  v e r y  i n t e r e s t i n g  a n d  i n f o r m a t i v e  a d d r e s s  u n d e r  
t h e  g e n e r a l  t o p i c ,  “ O p e r a t i n g  P r o b l e m s  i n  O t h e r  P a r t s  o f  t h e  U n i t e d  
S t a t e s . ”

H a r o l d  M a y ,  C h a i r m a n  o f  t h e  L o c a l  A r r a n g e m e n t s  C o m m i t t e e ,  a s 
s e m b le d  t h e  e n t i r e  g r o u p  i n  t h e  l o b b y  o f  t h e  h o t e l  o n  M o n d a y  m o r n in g  
f o r  t h e  p u r p o s e  o f  f o r m i n g  a  c a r a v a n  t o  s e w a g e  t r e a t m e n t  p l a n t s  o f  
i n t e r e s t .  T h e  c a r a v a n  p r o c e e d e d  t o  t h e  M a i n  G a r r i s o n  o f  F o r t  O r d .  
T h e  A s s o c i a t i o n  w a s  t a k e n  o n  a  s h o r t  t o u r  t h r o u g h  t h e  g a r r i s o n  a n d  
t h e n  t o  t h e  n e w l y  c o m p le t e d  i n s t a l l a t i o n  o f  D o t e n  s e p t i c  t a n k s  u s e d  f o r  
t r e a t m e n t  o f  t h e  g a r r i s o n  s e w a g e .

T h e  n e x t  s t o p  w a s  m a d e  a t  C a r m e l .  B e r n a r d  R o w n t r e e  e x p l a in e d  
t h e  o p e r a t i o n  o f  t h e  v a r i o u s  f e a t u r e s  o f  t h e  p l a n t .

A  s t o p  w a s  m a d e  f o r  l u n c h e o n  a t  B i f f ’s P l a c e ,  n e a r  M o n t e r e y .  P a s t  
P r e s i d e n t  P a r d e e ,  c i t y  m a n a g e r  a t  M o n t e r e y ,  w a s  c a l l e d  o n  d u r i n g  th e  
l u n c h e o n  m e e t in g  f o r  a  f e w  r e m a r k s .

T h e  a c t i v a t e d  s lu d g e  t r e a t m e n t  p l a n t  a t  S a l i n a s  w a s  n e x t  o b s e r v e d .  
A s  t h i s  p l a n t  w a s  o u t  o f  s e r v i c e  f o r  r e p a i r  p u r p o s e s ,  m a n y  o f  t h e  g r o u p  
w e r e  g i v e n  t h e  o p p o r t u n i t y  o f  o b s e r v in g  t h e  c o n s t r u c t i o n  d e t a i l s  o f  t h i s  
t y p e  o f  p l a n t .

T h e  c a r a v a n  w a s  c o n c lu d e d  w i t h  a  v i s i t  t o  t h e  E a s t  G a r r i s o n  o f  
F o r t  O r d .  T h e  t r e a t m e n t  p l a n t  h e r e  i s  u n iq u e  i n  t h a t  a l l  s e w a g e  is  
p u m p e d  f r o m  t h e  c a m p  t o  t h e  t o p  o f  a  n e a r b y  h i l l ,  w h e r e  D o t e n  t y p e  
s e p t i c  t a n k s  a n d  d r a i n a g e  p o n d s  a r e  lo c a t e d .

M e m b e r s  a n d  g u e s t s  a s s e m b le d  a t  t h e  T r o c a d e r o  B o w l ,  i n  t h e  e v e 
n in g  f o r  t h e  S p r i n g  C o n f e r e n c e  b a n q u e t .  T h e  A s s o c i a t i o n  w a s  h o n o r e d  
b y  t h e  p r e s e n c e  o f  C .  A .  E m e r s o n ,  J r . ,  P r e s i d e n t  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  t h e  g u e s t  s p e a k e r  o f  t h e  e v e n in g .

B r i e f  t a l k s  o f  w e lc o m e  w e r e  g i v e n  t h e  g r o u p  b y  M a y o r  C .  D .  H i n k l e  
a n d  b y  C o u n t y  H e a l t h  O f f ic e r  J o h n  D .  F u l l e r ,  M . D .  P r e s i d e n t  G r a y  
p r e s e n t e d  P a s t - P r e s i d e n t s  G o u d e y ,  R e i n k e ,  H a s e l t i n e ,  a n d  R e y n o l d s  
d u r i n g  t h e  e v e n in g .
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P r e s i d e n t  G r a y  g a v e  a  f in e  e u l o g y  o f  P a s t - P r e s i d e n t  A l e x a n d e r  B e l l ,  
a n d  a d j o u r n e d  t h e  m e e t in g  i n  m e m o r y  o f  h im .

P r e s i d e n t  G r a y  c a l l e d  t h e  b u s in e s s  m e e t in g  o f  t h e  A s s o c i a t i o n  to  
o r d e r  i n  t h e  B a y  V i e w  R o o m  a t  9 :0 0  A . M .  o n  T u e s d a y ,  A p r i l  22 . D u r 
in g  t h e  m e e t in g ,  t h e  f o l l o w in g  r e p o r t s  w e r e  p r e s e n t e d  :

Constitutional Revision Committee— Progress R e p o r t  L .  B .  Reynolds
P u b lic ity  Committee ................................................................... W ayland  Jones
Award Committee ....................................................................... A lbert Castro
Legislative Committee ............................................................... Carl Hoskinson
Finance Committee ..................................................................... J .  F .  Sm ith
Certification Committee ............................................................. R . D. Woodward
Design Practice  Committee .......................................................R ichard Pomeroy
Industria l W astes Committee ...................... ............................W . T. Knowlton
Sa fe ty  Standards C om m ittee..................................................... Joseph Corrao
Program  Committee ................................................................... R a y  Goudey
Operators P a n e l ................ ...........................................................R . R . Sotter

A  r e p o r t  o n  s c h o o ls ,  s u b m i t t e d  b y  C h a i r m a n  R .  L .  D e r b y ,  w a s  r e a d  b y  
th e  S e c r e t a r y  a n d  s u p p le m e n t e d  b y  G .  E .  A r n o l d .  T h e  b u s in e s s  m e e t 
in g  w a s  a d j o u r n e d  a t  1 0 :3 0  A . M .

D u r i n g  t h e  t e c h n i c a l  s e s s io n  t h e  f o l l o w in g  p a p e r s  w e r e  p r e s e n t e d  :

“ H y d r o g e n  S u l f i d e  i n  S e w a g e ”  b y  F r e d  D .  B o w lu s .  
“ C o r r o s i o n  o f  I r o n  b y  S u l f i d e s ”  b y  R i c h a r d  P o m e r o y .
“ C r o s s  C o n n e c t io n s  i n  S e w e r a g e ”  b y  G .  E .  A r n o l d .

T h e  f o l l o w in g  p a r t i c i p a t e d  i n  a  d is c u s s io n  o f  t h e  a b o v e  p a p e r s  :

R o y  R a m s e i e r  R .  P .  G o u d e y
T e d  H a s e l t i n e  W i l l i a m  A .  A l l e n
R i c h a r d  P o m e r o y  H a r v e y  L u d w i g

A  lu n c h e o n  m e e t in g  w a s  h e ld  a t  t h e  T r o c a d e r o  B o w l  a t  12  :15 P . M .  
D u r i n g  t h i s  m e e t in g ,  T e d  H a s e l t i n e  p r e s e n t e d  a  r e v i e w  o f  t h e  C h e m is t s  ’ 
B r e a k f a s t  h e ld  t h a t  m o r n in g .  R .  D .  W o o d w a r d  o f  L a g u n a  B e a c h  p r e 
s e n t e d  a  l i f e - s a v i n g  d e v i c e  m a d e  o f  r o p e .  H e  a ls o  e x h ib i t e d  s o m e  e le c 
t r i c  w i r e  w i t h  a  s p e c i a l  p r o t e c t i v e  c o a t in g  w h i c h  s e e m e d  to  b e  q u i t e  s e r v 
i c e a b le  a r o u n d  s e w a g e  t r e a t m e n t  p la n t s .  T e c h n i c a l  s e s s io n s  w e r e  r e 
s u m e d  a t  2 :00  P . M .

T h e  f o l l o w in g  p a p e r s  w e r e  p r e s e n t e d  :

“ M e c h a n i s m  o f  F l o c c u l a t i o n  i n  W a t e r  a n d  S e w a g e  P r a c t i c e ”  b y  H .  P .
L u d w i g  a n d  R u s s e l l  G .  L u d w i g ,

“ U s e  o f  P o r t  O r f o r d  C e d a r  a t  S e w a g e  T r e a t m e n t  P l a n t s ”  b y  E d g a r  A .  
B r o w n ,

“ C o o l i n g  o f  S e w a g e  G a s  E n g i n e s ”  b y  J .  H .  W a l l a c e ,
“ D e t e c t i o n  o f  M e t a l l i c  a n d  W a r  G a s  P o i s o n s  i n  S e w a g e ”  b y  R .  F .  

G o u d e y ,
“ S e w e r a g e  F a c i l i t i e s  o f  A r m y  C a n t o n m e n t s ”  b y  D w i g h t  B i s s e l l ,  M . D .

H a r v e y  L u d w i g ,  T e d  H a s e l t i n e ,  H a r o l d  G r a y ,  E d g a r  B r o w n ,  W i l l i a m  
A l l e n ,  J o h n  S k i n n e r ,  J o h n  M a g a ,  H a r o l d  D a v e y ,  J .  H .  W a l l a c e ,  J .  C .  
C l a r k ,  R o y  E .  R a m s e i e r ,  a n d  D r .  D w i g h t  B i s s e l l  p a r t i c i p a t e d  i n  v e r y  
i n t e r e s t i n g  d is c u s s io n s  c o n c e r n in g  t h e  a b o v e  p a p e r s .
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T h e  8 3  m e m b e r s  a n d  32  g u e s t s  w h o  a t t e n d e d  t h e  C o n f e r e n c e  a d 
j o u r n e d  t o  t h e i r  v a r i o u s  w a y s  a t  5 :00  P . M .

W i l l i a m  T .  I n g r a m , S e c r e t a r y

S O U T H  D A K O T A  S E W A G E  W O R K S  S H O R T  C O U R S E

F irs t  A nn u a l M eeting , South  D ako ta  State College, M a y  19-21, 1941

T h e  D i v i s i o n  o f  E n g i n e e r i n g ,  S o u t h  D a k o t a  S t a t e  C o l l e g e ,  c o - o p e r a t 
i n g  w i t h  t h e  S o u t h  D a k o t a  S t a t e  B o a r d  o f  H e a l t h ,  h e l d  t h e  f i r s t  A n n u a l  
S o u t h  D a k o t a  S e w a g e  W o r k s  O p e r a t o r s ’ S h o r t  C o u r s e ,  M a y  1 9 , 2 0  a n d  
2 1 , 1 9 4 1 . T h e  c la s s e s  w e r e  c o n d u c t e d  i n  t h e  E n g i n e e r i n g  B u i l d i n g  o f  
S t a t e  C o l l e g e  i n  B r o o k i n g s ,  S o u t h  D a k o t a ,  a n d  t h e  l a b o r a t o r y  a n a l y s e s  
w e r e  r u n  i n  t h e  S a n i t a r y  E n g i n e e r i n g  L a b o r a t o r y ,  t h e r e  b e i n g  s u f f ic ie n t  
r o o m  a n d  e q u ip m e n t  f o r  t h e  r e g i s t r a n t s  t o  w o r k  i n d i v i d u a l l y .

A n n o u n c e m e n t s  w e r e  s e n t  t o  e v e r y  o p e r a t o r  i n  t h e  s t a t e  a  m o n t h  
p r i o r  t o  t h e  s t a r t  o f  t h e  s c h o o l ,  a n d  i n  t h e s e  a n n o u n c e m e n t s  i t  w a s  
e m p h a s iz e d  t h a t  t h i s  w a s  t o  b e  a  s c h o o l  a n d  n o t  a  c o n v e n t i o n .  E v e r y  
r e g i s t r a n t  w a s  e x p e c t e d  t o  a t t e n d  a l l  c la s s e s ,  p a r t i c i p a t e  i n  d is c u s s io n s  
a n d  t o  p e r f o r m  h is  o w n  l a b o r a t o r y  w o r k .  A s  a n  i n c e n t i v e  t o  t h e  f u l f i l l 
m e n t  o f  t h e s e  o b l i g a t i o n s  t h e  C o l l e g e  p r e s e n t e d  C e r t i f i c a t e s  o f  A t t e n d 
a n c e  t o  t h o s e  m e n  w h o  r e g i s t e r e d ,  a t t e n d e d  a l l  c la s s e s ,  a n d  d id  s a t i s 
f a c t o r y  w o r k .

A t  t h e  t im e  o f  r e g i s t r a t i o n  a l l  o f  t h e  r e g i s t r a n t s  r e c e i v e d  a  b o u n d  
n o t e b o o k  c o n t a in in g  i n f o r m a t i o n  r e l a t i n g  t o  t h e  c o u r s e ,  c e r t a i n  m a t e r i a l  
p r e p a r e d  b y  t h e  S t a t e  B o a r d  o f  H e a l t h  ( s a f e t y  p r e c a u t i o n s ,  c o n v e r s i o n  
f a c t o r s ,  t a b u l a t i o n  o f  c h e m ic a l s  u s e d  i n  s e w a g e  t r e a t m e n t ,  e t c . ) ,  p r o 
c e d u r e s  f o r  t h e  v a r i o u s  a n a l y t i c a l  d e t e r m in a t i o n s ,  d a t a  s h e e t s ,  c a l c u l a 
t i o n  a n d  n o t e  s h e e t s ,  a n d  p u b l i c a t i o n s  f r o m  a  f e w  c o m m e r c i a l  h o u s e s .  
I t  i s  p l a n n e d  t o  h a v e  t h e  l e c t u r e r s  ’ n o t e s  m im e o g r a p h e d  a n d  s e n t  t o  t h e  
r e g i s t r a n t s  s o  t h a t  t h e s e  n o t e s  m a y  b e  i n c o r p o r a t e d  i n t o  t h e  n o t e b o o k s .  
T h e  m e n  s e e m e d  t o  a p p r e c i a t e  t h e s e  b o o k s ,  w e r e  g l a d  t o  g e t  t h e  i n f o r m a 
t i o n  c o n t a in e d  t h e r e i n ,  a n d  b y  k e e p in g  n o t e s  o n  t h e  n o t e s h e e t s  b o u n d  in  
t h e  b o o k s  t h e y  h a d  a  c o m p le t e  r e c o r d  o f  t h e  c o u r s e  a s  w e l l  a s  a  s u p p l y  
o f  e s s e n t i a l  i n f o r m a t i o n  b e t w e e n  t w o  c o v e r s .

A r r a n g e m e n t s  w e r e  m a d e  t o  h o u s e  a l l  o f  t h e  m e n  u n d e r  o n e  r o o f  in  
o n e  o f  o u r  b o y s ’ d o r m i t o r i e s .  T h i s  p r o v e d  t o  b e  q u i t e  s a t i s f a c t o r y  a s  
t h e r e  w e r e  2 0  m e n  r e g i s t e r i n g  r e p r e s e n t i n g  s o m e  1 6  S o u t h  D a k o t a  c o m 
m u n i t i e s .  B y  h o u s i n g  t h e  m e n  u n d e r  o n e  r o o f  t h e y  b e c a m e  b e t t e r  a c 
q u a i n t e d ,  c o u ld  d is c u s s  a m o n g  t h e m s e lv e s  q u e s t io n s  t h a t  a r o s e  i n  c o n 
n e c t i o n  w i t h  t h e  s c h o o l  a n d  p r o b le m s  p e c u l i a r  t o  e a c h  o p e r a t o r ,  t h e i r  e x 
p e n s e s  f o r  t h e  s c h o o l  w e r e  m a t e r i a l l y  d e c r e a s e d ,  a n d  t h e y  s e e m e d  t o  f e e l  
t h a t  t h e y  w e r e  a  f r a t e r n a l  u n i t .

D u r i n g  t h e  f o r m a t i o n  o f  p l a n s  f o r  t h e  s h o r t  c o u r s e  a  d e f i n i t e  a t t e m p t  
w a s  m a d e  to  a s s i g n  a  c e r t a i n  g e n e r a l  s u b j e c t  t o  e a c h  i n s t r u c t o r  f o r  t h e  
d u r a t i o n  o f  t h e  c o u r s e .  O t h e r  m e n  w e r e  a s k e d  t o  g i v e  t a l k s  o n  m o r e  
s p e c i a l i z e d  t o p i c s  s u c h  a s  s e w a g e  b a c t e r i o l o g y ,  u t i l i z a t i o n  o f  s l u d g e  g a s ,
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c o n c r e t e  i n  s e w a g e  t r e a t m e n t  p la n t s ,  e t c .  T h e  i n s t r u c t i o n a l  w o r k  w a s  
h a n d le d  i n  t h i s  m a n n e r  b e c a u s e  i t  w a s  f e l t  t h a t  i f  o n e  m a n  h a n d le d ,  f o r  
in s t a n c e ,  s e w a g e  t r e a t m e n t ,  h e  s h o u ld  d e v e lo p  t h e  w o r k  f r o m  p r i m a r y  
s c r e e n in g  t h r o u g h  t h e  c o m p le t e  p r o c e s s  u p  t o  a n d  i n c lu d i n g  t h e  d i s p o s a l  
o f  t h e  e f f lu e n t .  I n  t h i s  w a y  d u p l i c a t i o n  o f  e f f o r t  w a s  l im i t e d ,  c o n f l i c t i n g  
o p in io n s  o f  t h e  v a r i o u s  s p e a k e r s  w e r e  k e p t  to  a  m in im u m ,  a n d  i t  w a s  
f e l t  t h a t  t h e  m e n  w o u ld  b e  b e t t e r  a b le  t o  f o l l o w  a  s in g le  i n d i v i d u a l ’s 
t r e n d  o f  t h o u g h t  o n  o n e  p a r t i c u l a r  s u b je c t  r a t h e r  t h a n  v a r y i n g  t h e  g e n 
e r a l  t r e n d  b y  h a v i n g  m o r e  t h a n  o n e  s p e a k e r  h a n d le  o n e  g e n e r a l  s u b je c t .

T h e  g e n e r a l  p l a n  o f  t h e  s c h o o l  w a s  t o  h a v e  c l a s s w o r k  i n  t h e  m o r n 
in g s ,  t h e  l e c t u r e  p e r i o d s  t o  c o r r e s p o n d  t o  t h e  r e g u l a r  C o l l e g e  r e c i t a t i o n  
p e r io d s ,  t h e r e  b e in g  a  t e n - m in u t e  r e s t  p e r i o d  b e t w e e n  c la s s e s .  T h e  a s k 
in g  o f  q u e s t io n s  d u r i n g  l e c t u r e s  w a s  d i s c o u r a g e d ;  i n s t e a d ,  t h e  m e n  w e r e  
a s k e d  t o  m a k e  a  n o t e  o f  a n y  c o m m e n t s  t h e y  c a r e d  to  m a k e  a n d  to  s a v e  
t h e m  a l l  u n t i l  t h e  r e s t  p e r i o d .  T h i s  p l a n  w o r k e d  v e r y  w e l l  i n  t h a t  a l l  
s p e a k e r s  c o m p le t e d  t h e i r  r e m a r k s  in  t h e  a l l o t t e d  t im e  a n d  m a n y  t im e s  
t h e r e  w e r e  l i v e l y  d is c u s s io n s  d u r i n g  t h e  t e n - m in u t e  f r e e  p e r i o d .  T h e  
a f t e r n o o n  p e r i o d s  w e r e  g i v e n  o v e r  t o  l a b o r a t o r y  d e m o n s t r a t io n s  a n d  
p r o c e d u r e s .  T h e  f i r s t  d a y  t h e  m e n  m a d e  a n  i n s p e c t i o n  t r i p  o f  t h e  
B r o o k in g s  d i s p o s a l  p l a n t ,  f i l l i n g  o u t  t h e  r e g u l a r  i n s p e c t i o n  f o r m s  o f  t h e  
S o u t h  D a k o t a  S t a t e  B o a r d  o f  H e a l t h .  T h e y  a ls o  c o l l e c t e d  s a m p le s  f r o m  
t h r e e  p o in t s  t h r o u g h o u t  t h e  p l a n t  a n d  b r o u g h t  t h e s e  s a m p le s  i n t o  t h e  
l a b o r a t o r y  to  b e  u s e d  i n  t h e i r  a n a l y t i c a l  w o r k .  T h e  s e c o n d  a f t e r n o o n  
s a m p le s  w e r e  b r o u g h t  i n  f o r  t h e  m e n  a n d  t h e y  p r o c e e d e d  w i t h  t h e  a n a 
l y t i c a l  d e t e r m in a t i o n s  a f t e r  l a b o r a t o r y  d e m o n s t r a t io n s .  E a c h  m a n  p e r 
f o r m e d  e a c h  d e t e r m in a t i o n  a n d  k e p t  i n d i v i d u a l  r e s u l t s  a n d  d a t a  s h e e t s ,  
a l l  o f  t h i s  m a t e r i a l  b e in g  k e p t  i n  t h e  n o t e b o o k s  t h a t  w e r e  h a n d e d  to  
th e  m e n  a t  t h e  s t a r t  o f  t h e  c o u r s e .

T h e  a n n u a l  b a n q u e t  w a s  h e ld  W e d n e s d a y  n o o n ,  M a y  21 , 1 94 1 . M r .  
W .  W .  T o w n e ,  D i r e c t o r ,  D i v i s i o n  o f  S a n i t a r y  E n g i n e e r i n g ,  S o u t h  D a 
k o t a  S t a t e  B o a r d  o f  H e a l t h ,  p r e s id e d  a n d  i n t r o d u c e d  t h e  m a in  s p e a k e r ,  
P r o f e s s o r  R .  L .  P a t t y ,  H e a d ,  D e p a r t m e n t  o f  A g r i c u l t u r a l  E n g i n e e r i n g ,  
S o u t h  D a k o t a  S t a t e  C o l l e g e .  P r o f e s s o r  P a t t y  d is c u s s e d  h is  w o r k  w i t h  
“ R a m m e d  E a r t h , ”  e l a b o r a t i n g  o n  i t s  q u a l i t i e s  a s  a  s t r u c t u r a l  m a t e r i a l .  
A t  t h i s  d i n n e r  m e e t in g  t h e  C e r t i f i c a t e s  o f  A t t e n d a n c e  w e r e  p r e s e n t e d  
to  t h e  r e g i s t r a n t s  b y  H .  B .  B l o d g e t t ,  H e a d ,  D e p a r t m e n t  o f  C i v i l  E n g i 
n e e r in g  a n d  A c t i n g  D e a n ,  D i v i s i o n  o f  E n g i n e e r i n g ,  S o u t h  D a k o t a  S t a t e  
C o l le g e .

T h e  S h o r t  C o u r s e  w a s  v e r y  f o r t u n a t e  i n  b e in g  a b le  to  o b t a i n  t h e  
s e r v i c e s  o f  J o h n  A .  L o g a n ,  A s s i s t a n t  P r o f e s s o r  o f  C i v i l  E n g i n e e r i n g ,  
U n i v e r s i t y  o f  M i s s o u r i .  P r o f e s s o r  L o g a n ,  i n  l in e  w i t h  t h e  p l a n  o u t 
l in e d  a b o v e ,  g a v e  a  s e r ie s  o f  t h r e e  l e c t u r e s .  T h e  f i r s t  t a l k ,  p r i m a r y  
t r e a t m e n t  o f  s e w a g e ,  d e a l t  w i t h  t h e  v a r i o u s  f o r m s  o f  p r i m a r y  t r e a t m e n t  
i n c lu d in g  r a c k s ,  s c r e e n s ,  g r i t  c h a m b e r s ,  s e d im e n t a t io n  u n i t s ,  I m h o f f  
a n d  s e p t i c  t a n k s .  P r o c e e d i n g  i n  a  c h r o n o lo g i c a l  o r d e r ,  h is  s e c o n d  t a l k  
c o v e r e d  t h e  s e c o n d a r y  t r e a t m e n t  o f  s e w a g e ,  d e a l i n g  w i t h  c o n t a c t  b e d s ,  
t r i c k l i n g  f i l t e r s ,  s a n d  f i l t e r s ,  a c t i v a t e d  s lu d g e ,  a n d  d i s p o s a l  b y  d i l u t i o n .  
I n  h i s  t h i r d  t a l k  P r o f e s s o r  L o g a n  c o v e r e d  e l e m e n t a r y  h y d r a u l i c s  o f
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s e w a g e  f lo w ,  f r i c t i o n  lo s s e s ,  t r a n s p o r t i n g  c a p a c i t y  o f  s e w a g e  a n d  n e c e s 
s a r y  v e lo c i t i e s  i n  s e w e r s ,  l e a d in g  u p  t o  a  d i s c u s s i o n  o n  s e w a g e  p u m p s  
a n d  s e w a g e  p u m p in g  s t a t i o n s .

A  s e c o n d  m a n  w h o  c a r r i e d  a  v e r y  l a r g e  s h a r e  o f  t h e  t e a c h i n g  l o a d  
w a s  K e n n e t h  S p i e s ,  A s s o c i a t e  S a n i t a r y  E n g i n e e r ,  S o u t h  D a k o t a  S t a t e  
B o a r d  o f  H e a l t h .  M r .  S p i e s  g a v e  p a p e r s  o n  s e w e r a g e  c h a r a c t e r i s t i c s ,  
s e w a g e  p l a n t  o p e r a t i o n  a n d  s lu d g e  d ig e s t io n .  E a c h  o f  h i s  p a p e r s  w a s  
v e r y  c o m p le t e l y  o u t l in e d ,  t h e  o u t l in e  b e i n g  p u t  o n  t h e  b l a c k b o a r d  a s  
h e  t a l k e d .  T h e  m e n  w e r e  v e r y  c a r e f u l  a b o u t  c o p y i n g  t h e s e  o u t l in e s  
a n d  m a n y  f a v o r a b l e  c o m m e n t s  w e r e  h e a r d  o n  t h i s  m e t h o d  o f  p r e s e n t a 
t io n .  M r .  S p i e s  h a d  c o m p i l e d  m u c h  i n t e r e s t i n g  a n d  v a l u a b l e  i n f o r m a 
t i o n  a n d  t h e  o p e r a t o r s  w i l l  p r o f i t  f r o m  b e in g  a b le  t o  g e t  d o w n  a l l  o f  
t h e  m a t e r i a l  t h a t  w a s  p r e s e n t e d .

W .  W .  T o w n e ,  D i r e c t o r ,  D i v i s i o n  o f  S a n i t a r y  E n g i n e e r i n g ,  S o u t h  
D a k o t a  S t a t e  B o a r d  o f  H e a l t h ,  g a v e  p a p e r s  o n  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 ,  s e w a g e  a r i t h m e t i c ,  c h e m i c a l s  i n  s e w a g e  t r e a t m e n t  
i n  t h e  a b s e n c e  o f  H .  E .  H o l s t ,  P r e s i d e n t  o f  t h e  S o u t h  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 ,  a n d  l e d  a  g e n e r a l  d i s c u s s i o n  o n  t h e  l a s t  
a f t e r n o o n  o f  t h e  s c h o o l .  M r .  T o w n e  h a s  s e r v e d  i n  h i s  p r e s e n t  c a p a c i t y  
f o r  a p p r o x i m a t e l y  1 2  y e a r s ,  c o n s e q u e n t l y  h e  i s  f a m i l i a r  w i t h  t h e  p r o b 
l e m s  t h e  o p e r a t o r s  h a v e  t o  f a c e  i n  t h i s  s t a t e .  I n  h i s  f i r s t  p a p e r  h e  
e l a b o r a t e d  o n  t h e  g r o w t h  i n  p e r c e n t a g e  o f  p e r s o n s  s e r v e d  b y  s e w a g e  
t r e a t m e n t  p l a n s  i n  S o u t h  D a k o t a  a n d  t h e  n a t i o n ,  s t r e s s e d  t h e  n e e d  f o r  
m o r e  c o m p le t e  s e w a g e  d i s p o s a l  u n i t s  b y  c i t i n g  i n s t a n c e s  o f  w a t e r - b o r n e  
e p id e m ic s ,  a n d  p r e s e n t e d  t o  t h e  o p e r a t o r s  t h e  r o l e  t h a t  t h e y  h a d  to  
p l a y  a s  p u b l i c  h e a l t h  a g e n t s .  H i s  p a p e r  o n  s e w a g e  a r i t h m e t i c  d e a l t  
w i t h  c o n v e r s i o n  f a c t o r s  o f  p a r t s  p e r  m i l l i o n  t o  g r a i n s  p e r  g a l l o n ,  g r a m s  
t o  p o u n d s ,  l i t e r s  t o  q u a r t s ,  c u b i c  f e e t  p e r  s e c o n d  t o  g a l l o n s  p e r  d a y ,  e tc .  
( a l l  o f  t h e s e  f a c t o r s  a n d  m a n y  m o r e  w e r e  c o m p o s i t e d  o n  o n e  s h e e t  a n d  
p la c e d  i n  t h e  n o t e b o o k s  d i s t r i b u t e d  t o  t h e  r e g i s t r a n t s ) .  M r .  T o w n e ’s 
p a p e r  o n  c h e m i c a l s  i n  s e w a g e  t r e a t m e n t  d e a l t  w i t h  t h e  g r o w t h  a n d  
p r e s e n t  s t a t u s  o f  c h e m i c a l  t r e a t m e n t  a s  w e l l  a s  d e s c r i b i n g  t h e  m e c h a n ic s  
o f  t h e  p r o c e s s .  T h e  d i s c u s s i o n  l e d  b y  h im  o n  t h e  l a s t  d a y  o f  t h e  s c h o o l  
w a s  g i v e n  o v e r  t o  t h e  p r o b le m s  f a c e d  b y  t h e  d i f f e r e n t  o p e r a t o r s ,  t h e  
c o n d i t i o n s  u n d e r  w h i c h  t h e  v a r i o u s  p l a n t s  h a v e  t o  o p e r a t e ,  a n d  t h e  a t t i 
t u d e  o f  t h e  S t a t e  B o a r d  o f  H e a l t h  i n  r e g a r d  t o  t h e  k e e p in g  o f  r e c o r d s ,  
s e w a g e  a n a l y s e s ,  e t c .  O n e  o f  t h e  m a j o r  i s s u e s  t a k e n  u p  w a s  t h e  t y p e  
o f  p a i n t  t o  b e  u s e d  i n  t a n k s  s u b j e c t  t o  a l t e r n a t e  w e t t i n g  a n d  d r y i n g .  I t  
w a s  s u g g e s t e d  t h a t  a l l  o p e r a t o r s  c o m m u n ic a t e  i m m e d i a t e l y  w i t h  t h e  
S t a t e  B o a r d  o f  H e a l t h  r e g a r d i n g  p a i n t  p r o b l e m s  a n d  s a t i s f a c t o r y  s o lu 
t io n s .  I t  w a s  a l s o  s u g g e s t e d  t h a t  t h e  S t a t e  o f f ic e  b e  c o n t a c t e d  o n  a n y  
o t h e r  m a j o r  p r o b le m s  a n d  t h e i r  p o s s ib le  s o lu t i o n s .

I n  a d d i t i o n  t o  t h e  a b o v e  n a m e d  s p e a k e r s ,  P r o f e s s o r  C a l v i n  C .  O le s o n ,  
D e p a r t m e n t  o f  C i v i l  E n g i n e e r i n g ,  S o u t h  D a k o t a  S t a t e  C o l l e g e ,  g a v e  a  
v e r y  i n t e r e s t i n g  t a l k  o n  ‘ ‘ C o n c r e t e  i n  S e w a g e  T r e a t m e n t  P l a n t s .  ’ ’ H i s  
p a p e r  d e a l t  w i t h  t h e  f u n d a m e n t a l s  o f  s o u n d  c o n c r e t e  l e a d in g  t o  a  d i s 
c u s s io n  o f  t h e  p r o p e r  m e t h o d  o f  m i x i n g  a n d  p l a c i n g  c o n c r e t e  s u b j e c t  to  
a l t e r n a t e  w e t t i n g  a n d  d r y i n g  i n  l o c a l i t i e s  w i t h  a  l a r g e  t e m p e r a t u r e  d i f 
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f e r e n t i a l .  I n  a n s w e r  t o  c e r t a i n  q u e s t io n s  h e  e l a b o r a t e d  o n  t h e  p r o p e r  
m e th o d  o f  r e p a i r i n g  u n s o u n d  c o n c r e t e  w a l l s .  A  v e r y  l i v e l y  d is c u s s io n  
c e n t e r e d  a r o u n d  h i s  p a p e r .

W .  I .  M e t z g e r ,  I n s t r u c t o r  i n  B a c t e r i o l o g y  a t  S o u t h  D a k o t a  S t a t e  
C o l le g e ,  p r e s e n t e d  a  p a p e r ,  “ B a c t e r i o l o g y  i n  S e w a g e  T r e a t m e n t . ”  H e  
d is c u s s e d  t h e  v a r i o u s  t y p e s  a n d  c l a s s i f i c a t i o n s  o f  b a c t e r i a  a n d  e l a b 
o r a t e d  o n  t h e  d i f f e r e n t  k i n d s  o f  b a c t e r i a l  a c t i o n  i n  e a c h  t y p e  o f  t r e a t 
m e n t .  H i s  d i s c u s s io n  o n  b a c t e r i a l  a c t i o n  i n  t r i c k l i n g  f i l t e r s  w a s  w e l l  
t a k e n  a n d  a f f o r d e d  a  s u b je c t  f o r  d is c u s s io n  a s  t h e  m a j o r i t y  o f  t r e a t m e n t  
p la n t s  i n  t h i s  s t a t e  h a v e  t r i c k l i n g  f i l t e r s  a n d  a t  t h e  p r e s e n t  t im e  m a n y  
o p e r a t o r s  a r e  e x p e r i e n c in g  d i f f i c u l t i e s  w i t h  t h e i r  f i l t e r s  d u e  to  s lo u g h in g .

M r .  L e l a n d  B r a d n e y ,  C h i e f  C h e m i s t  o f  t h e  S i o u x  F a l l s  p la n t ,  g a v e  
a n  i n t e r e s t i n g  t a l k  o n  t h e  “ U t i l i z a t i o n  o f  S l u d g e  G a s . ”  M r .  B r a d n e y  
s p o k e  a s  a  p r a c t i c a l  m a n ,  t h e  S i o u x  F a l l s  p l a n t  u t i l i z i n g  t h e  s lu d g e  
d ig e s t io n  g a s  i n  g a s  e n g in e s .  M r .  B r a d n e y  g a v e  c o s t s ,  o p e r a t i n g  d a t a ,  
d if f ic u l t ie s  e n c o u n t e r e d ,  a n d  p l a n s  f o r  f u t u r e  i n s t a l l a t i o n s .

M r .  K .  E .  B r a g s t a d ,  C i t y  E n g i n e e r  o f  S i o u x  F a l l s ,  p r e s e n t e d  a  p a p e r  
o n  “ C h o ic e  a n d  M a in t e n a n c e  o f  P r e - t r e a t m e n t  W o r k s ” ; M r .  C .  A .  
M c T a g g a r l ,  D a k o t a  P i p e  a n d  C u l v e r t  C o m p a n y ,  p r e s e n t e d  i n t e r e s t i n g  
i n f o r m a t io n  o n  t h e  “ M a n u f a c t u r e  a n d  U s e  o f  A r m c o  P i p e ” ; a n d  
C h a r le s  E .  C a r l  p r e s e n t e d  a  s h o r t  m o v ie  o n  s e w a g e  t r e a t m e n t  a n d  c o n 
d u c t e d  t h e  d e m o n s t r a t i o n a l  c la s s e s  f o r  t h e  v a r i o u s  a n a l y t i c a l  d e t e r 
m in a t io n s  t h a t  t h e  r e g i s t r a n t s  w e r e  to  m a k e .  T h e s e  t e s t s  c o n s i s t e d  o f  
( 1 )  m e t h o d s  a n d  p r o c e d u r e s  t o  b e  f o l l o w e d  i n  s a m p l in g ,  ( 2 )  t e m p e r a 
t u r e ,  ( 3 )  s e t t l e a b le  s o l id s ,  ( 4 )  r e l a t i v e  s t a b i l i t y  ( m e t h y l e n e  b l u e ) ,  ( 5 )  
d is s o lv e d  o x y g e n ,  a n d  ( 6 )  f i v e - d a y  B . O . D .  M r .  T o w n e ,  M r .  S p i e s ,  
P r o f e s s o r  L o g a n  a n d  M r .  C a r l  w o r k e d  t o g e t h e r  i n  t h e  l a b o r a t o r y  h e l p 
in g  t h e  m e n  p e r f o r m  t h e s e  t e s t s  a n d  a s s i s t i n g  t h e m  i n  m a k in g  t h e  n e c e s 
s a r y  c a l c u l a t i o n s .

C h a r l e s  E .  C a r l ,
S o u t h  D a k o t a  S t a t e  C o l le g e



R e v i e w s  a n d  A b s t r a c t s

E I G H T H  B I E N N I A L  R E P O R T  O F  T H E  S T A T E  W A T E R  

C O M M I S S I O N  F O R  Y E A R S  1 9 3 8 - 1 9 4 0

S t a t e  o f  C o n n e c t i c u t ,  P u b l i c  D o c .  N o .  7 8  ( 1 9 4 0 )

Following a general description of current changes in municipal sewage works, are 
so m e  brief notes on special industrial waste problems. In the manufacture of ball bear
ings, large volumes of an emulsion of oil in water are used. This can be cracked with 
acid an d ferric sulfate, so that the oil rises to the surface. T h e  settled sludge can be 
remove d an d after drying used for fill.

P a p e r  mill waste liquors, particularly f r o m  mills m a k i n g  low grade stock, m a y  con
tain over five pou n ds  of suspended solids per 1,000 gallons. B y  installing settling tanks, 
savealls, and filters, the solids can be cut below %  lb. per 1,000 gallons. Part of the 
recovered waste can be reused, an d  the clarified water recirculated.

In metal working mills, the waste liquors contain acid, salts of cadm ium, chromium, 
copper, iron, lead, zinc, etc., as well as cyanides. If collected a n d  diluted, the impurities 
can be reduced or remove d b y treatment. B a r i u m  sulfide, lime a n d  copper as added to 
plating r o o m  waste liquors containing acid, chromium, copper, etc., will reduce the 
c h r o m i u m  f r o m  the hexavalent to trivalent f o r m  a n d  precipitate the various metallic salts.

Pickling wastes result f r o m  cleaning metals for further processing. Research has 
developed electrolytic pickling for steel, but this is not applicable to all metallurgical 
industries. W h e n  used, the volume of waste is smaller, the acid content lower an d the 
iron content higher than in straight acid pickling.

Textile wastes m a y  be treated b y  copperas a n d  hydrated lime, removing over 75 
per cent of the color, organic matter, arid suspended solids. T h e  sludge, w h e n  dried, 
burns readily.

B. F. D o d g e  contributes a special report on the electrolytic regeneration of spent 
brass pickling liquor; the chemical methods for treatment of spent brass pickle liquors; 
an d a survey of pickling wastes f r o m  brass mills. Treatment is complicated if all the 
wastes are mixed. In the electrolytic process, the products are regenerated pickle liquor, 
metallic copper an d zinc, which can all be re-used in the brass plant. Ho we ve r, there 
is the cost of electric energy an d equipment. S o m e  modification of pickling technique 
m a y  be required. Chemical treatment uses simpler an d less expensive equipment, but 
m a y  utilize a zinc oxide sludge, as treatment agent. There is the d r a w ba c k of m a k i n g  a 

zinc salt for o p t i m u m  profit.
H e  considers electrolytic regeneration essentially a reversal of the chemical reac

tions occurring in the pickling operations with the aid of electric energy. T h e  chief 
factors involved are the concentrations of ions involved; acidity or p H ;  current density; 
temperature; degree of agitation; nature of diaphragm; nature of electrodes; addition 

agents.
A m o n g  the important findings a r e :

1. G o o d  copper deposition cannot be obtained until all the ehromate in the spent 
liquor has been reduced.

2. C o p p e r  deposition a n d  ehromate reduction are best done b y  chemical means, 
leaving zinc deposition an d  c h r o m i u m  oxidation for electrolytic handling.

3. Zinc concentration should exceed 30 to 40 g r a m s  per liter.
4. Presence of c h r o m i u m  complicates deposit of zinc.
5. Metals such as nickel, ca dmium, copper, arsenic, an d antimony, m u s t  be removed 

f r o m  solution before zinc can be satisfactorily deposited. This can be done b y  treatment 
with brass, followed by dosage with zinc dust. Iron can be tolerated u p  to 300 p.p.m.
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6. Deposit of copper and oxidation of c h r o m i u m  should be stopped well short of 
completion.

7. T h e  acid content of the usual spent chromate liquor is insufficient to allow the 
complete reduction of the chromate either b y electrolysis or brass. In a regeneration 
process, the acid can be built up. If sulfur dioxide is used for reduction, the acid con
tent is sufficient.

8. Temperature of cells should be kept low.
9. Th e  porosity of the diaphr ag m mu st be carefully chosen.
10. Inclusion of c h r o m i u m  in the zinc deposit m a y  occur if the C r +++ concentration 

runs high.

11. Small am ounts of colloidal organic material, such as glue, improve the zinc de
posit.

12. Buffering, agents, such as borax, improve the zinc deposit.
13. Acid concentration is critical. If too low, low anode current efficiency results, 

with spongy zinc deposit. If too high, zinc trees m a y  form, which m a y  injure dia
ph r a g m and cause low cathode current efficiency.

These conclusions are based on small batch cells, holding one liter, with active elec
trode 6 sq. in. S o m e  results are confirmed in continuous cells with electrode areas 100 
times as great.

Various diap hr ag m materials were tried. T h e  most promising is a stagnant layer 
of electrolyte, restrained b y  parallel fabrics stretched across the cell.

A m o n g  the quantitative results ar e:

Function of Cell Voltage
Current Density Current Efficiency

Amp. per sq. cm. Anode Cathode

Arsenic and antim ony rem ova l. . . . 2.5 0.5 .— . ___ ,

Chromate reduction........................ 3.8 2.0 60 100
Copper deposition............................ 3.2 1.0 85 90
Zinc deposition................................. 7.0 3.0 70 50

Subject to the operation of a pilot plant, the indications are the processes m a y  be 
profitable.

A m o n g  the chemical methods for treating spent pickle liquors is dilution an d dosage 
with lime. If chromate is present, it mu st be first reduced to trivalent chromium. This 
method is simple, but has the objections of the cost of lime and volume of sludge to be 
disposed of. W a s t e  zinc oxide sludge is being tried as a treating agent, on a laboratory 
scale. In chromium-containing liquors, the chromate is first reduced b y SO- or other 
suitable means. In liquors containing not m o r e  than 4 gr am s of c h r o mi u m per liter, 
copper can be re mo ve d b y  addition of waste zinc oxide to less than 100 p.p.m. with at 
least 75 per cent recovery of the zinc. This requires about 8 hours at 100 deg. C. In 
a two-stage process, the acid in the spent pickle is neutralized by  sludge f r o m  the second 
step. Next, the clear liquor f r o m  the first step is treated with zinc oxide sludge pro
duced f r o m  the skimmings of the brass melting operation, to precipitate copper and 
chromium. This operates wTell on liquors with low c h r o m i u m  content, producing a 
clear zinc sulfate solution, containing no chromium, little iron, an d  under 100 p.p.m. 
copper, in tw o hours’ time, with about 95 per cent recovery of zinc. Difficulties oc
curred with higher c h r o m i u m  contents.

In the brass industry, the pickling wastes vary greatly in concentration. T h e  pollu
tion load is split between spent pickle liquor and wa s h  water. Th e survey of a brass 
plant showed that 85 to 90 per cent of the total acid and metals were discharged in the 
form of dilute wastes. Su ch  wastes contained sulfuric acid, copper, zinc, chromium, 
and iron. Th e  study is n o w  focussed on methods for concentration of the dilute wastes, 
to combine with the spent liquor, for treatment.
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C. R. H o o v e r  adds a special report o n laboratory studies of industrial wastes. F o r  
c h r o m i u m  plating wastes, reduction an d  precipitation is suggested, effective reagents 
being sulfides of sodium a n d  barium, scrap iron an d  lime, an d  sulfur dioxide a n d  lime.

Color printing wastes m a y  be chlorinated before discharge into sewa ge for biolog
ical treatment. Textile wastes have also been studied.

In Meriden, during a 45-hour week, approximately 3.5 m.g. f r o m  30 processes in 
seven plants were discharged, containing, in particular, zinc, copper, nickel, cyanide, 
chromium, iron, aluminum, a n d  oil. Su c h  wastes w o ul d affect a sewage plant. Th e 
use of equalizing aeration a n d  dilution tanks is recommended.

In Danbury, f r o m  the hat industry, two tons of strong acid are discharged weekly 
into the city sewers.

Was t es  containing cutting an d soluble oil, with a B.O.D. of 6,500 p.p.m., can be 
treated with 5 lb. sulfuric acid an d 15 lb. ferric sulfate per 1,000 gal. at p H  4.8 and 
produce a clear effluent, with a B.O.D. of 230 p.p.m.

In Middletown, textile finishing wastes in the a m o u n t  of 10 per cent by  volume, is the 
m a x i m u m  that can be added to sanitary sewage, without decreasing the rate of sludge 
digestion. Th e waste discharge must be equalized so as not momentarily to exceed a 
proportion of 15 per cent as against S5 per cent sewage b y  volume.

Co p p e r  concentrates rapidly in settled sludge f r o m  relatively low traces in sewage; 
e.g., sewage containing 0.5 p.p.m. copper produced sludge with 100 p.p.m. C o p p e r  in 
sewage exceeding 1 p.p.m. decreases the efficiency of sludge digestion. Suggested treat
m e n t  is scrap iron filters for acid wastes, a n d  sodi um or calcium sulfides, followed by 
copperas with alkaline wastes. C h r o m i u m  wastes do not accumulate in sewage sludge 
to the s a m e  degree as copper, but if precipitated, s h o w  comparable harmful effects. 
If over 200 p.p.m. of precipitated c h r o m i u m  is present in sludge, the rate of digestion 
is markedly reduced. W h e n  m o r e  than 1 p.p.m. of c h r o m i u m  is present in sewage, 
arriving at a plant using sludge digestion, the c h r o m i u m  should be r e mo v e d at the source.

T h e  manufacturer should study plant processes to eliminate or decrease objection
able wastes.

L a n g d o n  P e a r s e

S E V E N T H  J O I N T  A N N U A L  R E P O R T  O N  S E W A G E  D I S P O S A L ,

J O H A N N E S B U R G

B y  H . W i l s o x  a n d  H . T. C l a u s e n  (1940)

Johannesburg is served b y  five disposal works. T h e  flow of sewage is 10,S64,000 
Im p . gal. (13,000,0000 U. S. gal.) per day. T h e  E u r o p e a n  population in 1939 was 
285,400; the non-European, 243,250. T h e  flow increased 653,100 I m p .  gal. per da y fr o m 
the previous year. T h e  revenue w a s  9,913. T h e  Klipspruit w o rk s is the largest, ac
counting for 6,921,296 Im p. gal. per day. This is being remodeled.

T h e  report contains a pa pe r b y  E. J. H a m l i n  a n d  H .  Wilson o n  “ Investigations 
on  Percolating Filters. Part II.” Trials at the Klipspruit pilot plant indicate an en
closed artificially ventilated trickling filter can treat 3 %  times the settled sewage that 
an  op e n filter can. Artificial ventilation of the enclosed filter is required for an effluent 
of 100 per cent stability at rates above 120 I m p .  (144 U. S.) gal. per d a y  per cu. yd. 
H e a t  conservation b y  the cover is of value.

T h e  1S93 w o r k  of L o w c o c k  in introducing air about 3 feet deep in a trickling filter 
w a s  repeated. T h e  air w a s  blown in through perforated pipes 2 ft. below the surface. 
T h e  air w a s  of little value.

M o r e  than twice as m u c h  sewage can be treated on an o p e n  filter in the s u m m e r  
as in the winter, sometimes as high as four times.

R u n n i n g  u p  the flow to 715 I m p.  (85S U. S.) gal. per cu. yd. per d a y  produced an 
inferior effluent. In another case, increased load f r o m  industrial waste produced an in
ferior effluent, but the total w o r k  done b y  tbe filter w a s  greater.

T h e  presence of C O .  in a filter is not injurious.
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Th e maintenance of a relatively high temperature in winter in a trickling filter m a y  
he helpful.

Another paper by H .  Wils on an d J. A. M c L a e h l a n  on the “ Ca rb on Dioxide P r o 
duction in the Activated Sludge Process” briefly reviews the literature, but questions 
whether the conclusions of A d e n e y  an d  others on the p h e n o m e n a  in the purification by  dilu
tion can be applied to trickling filters an d activated sludge. T h e  examination of the works 
results does not indicate that C 0 2 is the m a i n  end product in the activated sludge process. 
Laboratory tests s h o w  that w h e n  a carbon balance has been established, about 10 per 
cent of the transformation products of the carbon originally in the sewage appear as 
CO- in the effluent air. T h e  C O -  in the effluent liquor is approximately the same as in 
the original sewage. Carbon dioxide is not the ma jo r product of aerobic oxidation. T h e  
removal of hydrogen is of equal significance to the attachment of oxygen. Carbon, 
however, is transferred f r o m  sewage to sludge.

L a n g d o n  P e a e s e

M E L B O U R N E  A N D  M E T R O P O L I T A N  B O A R D  O F  W O R K S

( A U S T R A L I A )

R e p o r t  f o r  t h e  Y e a r  E n d i n g  J u n e  3 0 ,  1 9 4 0

T h e  total n u m b e r  of houses sewered on J u n e  30, 1940, w a s  274,974, serving 1,091,646 
population, or 3.97 persons per house. T h e  total cost of construction in the year en d
ing June 30, 1940, on the sewerage system w a s  £352,342, of which fa r m  purchase and 
preparation w a s  £39,192, an d treatment wo rk s £46,642. F o r  sewers of all sizes £266,863 
w a s  spent.

T o  restrain corrosion in the outfall sewer, mechanical ventilation is being installed.
T h e  net capital cost of the f a r m  is £1,298,930. After charging £34,703 as the 

operating cost of sewage disposal an d £56,357 as interest, an d crediting £9,574 as 
trading profit, the net cost of sewage purification w a s  £81,486, or 1 s. 6 d. per capita for 
the current year, c o mp a r ed  with 1 s. 4.7 d. last year.

T h e  operation of the f a r m  includes subsoiling, grading and seeding. A n  area of 
1,100 acres is being prepared for grass filtration in its natural state. In the f a r m  
nursery, 41,800 trees were planted out. 900 tons of ha y  were harvested for the fa rm  
horses. 440 acres were seeded an d 1,163 acres top dressed with superphosphate.

T h e  average yearly rainfall w a s  16.12 inches, as c ompared with a 46-year average 
of 18.28 inches.

49,600 sheep were purchased. T h e  wool clip returned £10,608. T h e  turnover of 
live stock (sheep, cattle, horses, skins, wool an d  hides) produced £80,535.

T h e  f a r m  staff totals 358.
L a n g d o it  P e a e s e

R E C E N T  C O N T R I B U T I O N S  T O  T H E  S T U D Y  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

The Surveyor, 99, 205-207 (M ar. 21, 1941)

Inauguration of the Public Health (Drainage of Trade Premises) Act, 1937, and 
wa r conditions have increased the interest of British sewage works managers in the treat
me nt  of industrial wastes. A m o n g  the problems which have arisen are the need for 
treatment of industrial wastes in separate plants at isolated sites; evacuation of civilians 
fr o m  industrial towns with consequent change in the characteristics of sewage to be 
treated in the t o w n  sewage treatment plant; and large increases in the amounts of in
dustrial wastes to be treated in existing sewage tieatment plants.

S e w a g e  works managers are anticipating treatment of canning wastes since the 
canning industry is almost -certain to be developed b y  the Government.
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T h e  quantities of pickling liquors a n d  iron wastes f r o m  metal industries has in
creased tremenduously an d  these wastes are hazardous to the operation of biological 
processes, particularly trickling filters. T h e  quantity of laundry wastes has greatly in
creased.

A t  one plant which has received wastes f r o m  a large wall pa pe r factory, operation 
of the works ha d been upset due to a falling off in the a m o u n t  of effluent f r o m  the factory. 
T h e  effluent contained China clay which assisted in the flocculation an d coagulation of the 
sewage.

Large quantities of coal-washery wastes are being treated in England. T h e  treat
m e n t  comprises sedimentation of the drainings containing the fines a n d  the slurry fr om 
the w a s h  boxes. T h e  overflow f r o m  the tank is used over again. L i m e  is added to the 
washery water, followed by  frozen farina or potato starch an d caustic soda which causes 
the slurry water to flocculate. T h e  slurry is then thickened a n d  filtered on v a c u u m  filters. 
T h e  cake is used for boiler fuel.

K .  Y .  H i l l

T H E  P O S S I B I L I T I E S  A N D  E C O N O M I C S  R E L A T I N G  T O  O R G A N I C  

M A N U R E  A S  A P P L I E D  T O  A I R - D R I E D  S L U D G E

The Surveyor, 99, 225-227 (M a r. 28, 1941)

Active salvage operations an d  the need for greater agricultural production appear 
to have stimulated the use of sewage sludge in Great Britain. A t  a meeting of the In
stitute of S e w a g e  Purification held at Leeds, Fe br ua ry 15, 1941, the entire meeting was 
given over to discussion of the use of sewage sludge as a fertilizer an d soil conditioner.

T h e  discussion brought out the following points: sludge h a d  about the sa me  fer
tilizer value as ma nu re ; it should not contain too m u c h  grease; it should be ground to a 
reasonable size to be readily spreadable; sludge gives u p  its nitrogen very slowly; it is 
a fine soil conditioner a n d  is especially go o d for keeping soil moist; it is go od  fertilizer 
for crops such as cabbage, kohlrabi a n d  other m e m b e r s  of the brassica familv.

K .  V. H i l l

D I S C U S S I O N  O N  T H E  U T I L I T Y  A N D  L I M I T A T I O N S  O F  T H E  

M E T H Y L E N E  B L U E  S T A B I L I T Y  T E S T  F O R  

S E W A G E  E F F L U E N T S

B v  H . M . de V a a l  and  G. J .  S ta n d e r  

Inst. Sewage Purif., P a r t  I I ,  355-360 (1939)

This is a discussion of the history of the test a n d  its shortcomings. T h e  authors were 
disturbed b y  the discrepancies between the B.O.D. test an d  the methylene blue stability 
test a n d  experimented on filter bed effluents an d settled sewages to which nitrites and 
nitrates h a d  been added. F r o m  the results cited, the conclusion is reached that the 
methylene blue test holds for filter bed effluents as a stability test, but not for all other 
sewages, as the disappearance of the blue color does not always coincide with the elimi
nation of the nitrate and nitrite oxygen. T h e  methylene blue test does not always dif
ferentiate between an  effluent with a B.O.D. of 20 a n d  one of 50 p.p.m. H e n c e  the 
methylene blue test is of little value in determining the approximate standard of effluent 
purity.

In the discussion, Wilson held that neither the B.O.D. test or the relative stability 
test w a s  entirely satisfactory. Dr. H a m l i n  noted that the tw o tests do not agree. 
Meyling pointed out that sometimes in samples of bad effluent the methylene blue de
colorizes rapidly a n d  later the color returns. T h e  presence of nitrite a n d  nitrate delays 
decolorization. Wooldrid ge an d Standfast are quoted as of the opinion that the rela
tive stabilitv test is an index of e n z y m e  activity.

L a n gd o n P earse
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P R O G R E S S  I N  T H E  M E T H O D S  O F  T R E A T M E N T  A N D  

D I S P O S A L  O F  S E W A G E  S L U D G E

B y  S. H. J e n k in s  

Inst. Sewage Purif., Part IT, 278-316 (1939)

This is a general review of progress in sludge disposal since 1S76, with data fr o m 
the U. S. an d Great Britain. T h e  most important methods are sea disposal, land dis
posal by irrigation, and ploughing in, or trenching; digestion in separate tanks, fol
lowed by sea disposal or drying on beds and dumping, or using dried sludge as fer
tilizer; filtration of sludge for disposal in the wet state or dried to recover grease or 
for fertilizer, or for destruction of organic matter by  incineration. T h e  poun ds of dry 
solids per person per a n n u m  vary f r o m  45.5 at Elizabeth, N. J., to 230 at Bradford, 
England. B i r m i n g h a m  M a i n  W o r k s  is 90.7 pounds.

A t  Wo lv er hampton, England, liquid sludge fr om 120,000 people is disposed of on 
land, by dosing once in three years, at the rate of about 27 square yards per person. 
Trenching requires f r o m  1.25 to 1.75 square yards per person. In 1910-1912, W h i t e 
head an d  O ’Shaughnessy pointed out the value of mixing crude sludge with a larger 
volume of sludge undergoing alkaline fermentation.

In open tanks, f r o m  2 to 8 cu. ft. per capita are required for digestion. Stage di
gestion is often used. M u c h  of the data on heated digestion comes f r o m  the U. S. Less 
volume is required in heated than in unheated tanks. T h e  practice in heating, charging, 
shape of tanks a n d concentration is noted. Activated sludge is reported to digest 
easily w h e n  mi xe d with crude sludge, with a m i n i m u m  of 15 per cent of r a w  sludge by 
volume. Th e  digester liquor is usually added to the r a w  sewage, in not less than 20 
volumes of sewage. S o m e  chemicals, such as chromium, retard decomposition. W i t h  
wastes f r o m  food industries, the sludge should be kept alkaline. T h e effect of gas liquor 
needs further research. Mineral oils m a y  be m o r e  resistant than animal grease.

Th e practice of gas collection an d utilization is growing. T h e  complexities of c h e m 
ical and physical changes during sludge digestion under anaerobic decomposition are 
discussed. T h e  composition of sludge gas is largely methane (59 to 77 per cent) and 
carbon dioxide (14.7 to 32.4 per cent), with a B.T.U. fr o m 570 to 742 per cu. ft. Sludge 
pressing in plate presses is still practiced in England. Grease is sometimes recovered. 
V a c u u m  filters are in the trial stage in England. Pa lm er ’s discovery of the beneficial 
effect of ferric salts in aiding filtration m a ke s v a c u u m  filters of value.

Air drying o n  op en air beds is hard to compare for various plants. Well-drained 
beds aid, but evaporation finishes the drying. Covered beds are not used in England. 
Mechanical methods of sludge drying have been neglected in Great Britain. Reference 
is m a d e  to the Chicago tests on dewatering and incineration. In Great Britain opinion 
varies as to the fertilizer value of sludge. A  f e w  works dispose of air-dried sludge, 
crude or digested, in some cases with a small return. On ly at Barnsley is activated 
sludge separately treated for fertilizer. Apparently proof of the fertilizer value by a 
recognized authority is required in Great Britain. A  bibliography of 70 items is a p 

pended.
T h e  discussion brought out the great variation in sludge offered to farmers; the 

injury to fertilizer value b y  lime added to facilitate pressing; the lack of uniformity 
of method for applying sludge and incorporation in the soil; the decreased use of sludge 
because of increased cost of transportation (20 years ago Glas gow loaded 50 wa go ns  
with a total of 400 tons of cake a day), which m a ke s the use of sludge uneconomical 
to the farmer. A t  Gl asgow sea disposal at 5 d. (10 cents) per ton takes care of 750,000 
tons per year. Halifax sells 3,000 tons a year at 10 s. 6 d. per ton at the works ($2.12 
per ton at 20 cents per shilling).

Lockett states that generally the belief w a s  that volatile sulfides were not produced 
w h e n  the water content of the sludge w a s  95 per cent or lower. However, in heated 
tanks he noted no odor with 2 or 3 per cent of solids.
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In closing, Jenkins believes that it is sound practice to m i x  chemical fertilizers with or
ganic fertilizer. Settled or digested sludge is slow acting, in the soil, a n d  has sometimes 
proved disappointing, whereas activated sludge has its nitrogen in a very easily nitrifi- 
able form, with its organic nitrogen almost as quick acting as sulfate of a m m o ni a , an d 
has been found to be a good fertilizer. Sludge m a y  be composted, with soil a n d  some 
nitrogenous material. O d o r  control is best attained b y  the larger a m o u n t  of seeding 
sludge used.

A t  Birmin gham , the cost of handling sludge has been reduced f r o m  12.74 d. (25.5 
cents) in 1923 to 9.8 d. (19.6 cents) in 1938 per ton of crude sludge containing 90 per 
cent water. This is the result of digesting over twice as m u c h  sludge in 1938, in the 
s a m e  plant, with heated digestion a n d  reduced charges for p o w e r  because of use of 
sludge gas, as well as other systematic economies.

L a n g d o n  P e a r s e

R I V E R S  P O L L U T I O N  P R E V E N T I O N  A S  A  P U B L I C  H E A L T H

S E R V I C E

B y  F r a n k  W r ig le y  

Inst. Sewage Purif., P a r t  I I ,  259-277 (1939)

This is a general discussion of the control of river pollution in Nottinghamshire, 
England, under a policy of obtaining results b y persuasion, assistance, an d  encourage
ment. In the C o un t y are 84 sewage works, including one bio-aeration plant unit on a 
portion of tank effluent, of which 56 are in rural districts. There are 147 parishes dis
charging so me  r a w  sewage and 18 giving partial tank treatment. T h e  predominating 
industry is coal mining. There are 39 mines, of which 26 have coal washing plants, 
varying f r o m  40 to 300 tons per hour. T h e  slurry is of a shaley or clayey nature, and 
m a y  be r e mo ve d b y  lagoons, settling tanks, or flocculation a n d  filter plants. In some 
cases settled effluent is treated b y  small final tanks an d filters or filtered through cinder 
barriers or passed into shallow lagoons. N i ne  collieries have m o d e r n  clarification plants. 
W a t e r  circulation is an essential feature, with removal of slurry, to avoid building up  
high concentration of suspended matter in the circulating system. In one case c h e m 
ical flocculation results in a sludge which is dewatered on a rotary filter for incinera
tion. If the ash is high, the filter is sometimes omitted. In one plant a rotary filter 
is used, without settling. Boiler water wastes, water softening wastes, a n d  oil, though 
intermittent, should be kept out of streams. Generally this is done b y  settling, followed 
b y  so m e  f o r m  of straining filter.

In the C o un ty  are two beet sugar works. In one, the extraction waters fr o m  the 
diffusion batteries an d pulp presses are treated in mechanically cleaned tanks and 
filters, with reuse of most of the filtrate. T h e  excess waste goes to the general settling 
ponds. T h e  carrying an d washing waters pass through dredgers a n d  screens, an d then 
to settling ponds. In the other works, complete separation of the waste waters is pro
vided. T h e  extraction wastes are fermented in separate ponds, a n d  settled. T h e  carry
ing a n d  washing waters are settled in another set of ponds. T h e  po nd s are created 
within earth dikes, an d  gradually fill up. T h e  efficiency of the po nd s decreases as the 
ca m p a i g n  progresses.

There are 9 gas works, of which 6 are connected to the sewers a n d  2 dispose of waste 
liquors on land. O n e  w a s  replaced by bought gas.

In the discussion, spillage of oil f r o m  oil vessels o n the river w a s  noted. In some 
cases the recovery of slack or po w d e r e d  coal m a y  p a y  for the cost of recovery.

Dr. Parker pointed out that the reuse of water in the beet sugar industry did not 
decrease the refined sugar an d did increase the molasses. H e  r e c o m m e n d e d  rapid, rough 
sedimentation, so the waste water does not stand an d become acid. Otherwise it m a y  prove 
corrosive.

L an gd o n P earse
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U T I L I Z A T I O N  O F  L I G N I N

B y  E d w in  C. Ja h n  

Ind. and Eng. Chemistry, News Edition, 18, 993 (Nov., 1940)

Disposal of lignin is the world’s greatest industrial waste an d stream pollution 
problem. In the United States alone 12,000,000 gallons of lignin solution mu st be dis
posed of daily. Logging, sawmilling an d w o o d  working industries add another 15,000,- 
000 tons of lignin annually in the f o r m  of sawdust, shavings an d w o o d  wastes. Straw, 
corn cobs, grain hulls an d other wastes of the agricultural industry contain 15 to 20 per 
cent of lignin an d  must be added to the total lignin waste whose disposal taxes the 
ingenuity of technical researchers.

Lignin wastes are derived f r o m  the soda an d sulfate process or f r o m  the sulfite 
process of pa pe r pulping. In the former process a large portion of the lignin is burned 
in the recovery of soda at the mills. T h e  sulfite process is the most important chemical 
pulping process. Nearly all the lignin in the fo rm  of lignin sulfonic acids is contained 
in the liquid waste liquors. Practically all of this is sewered and accounts for 1,000,000 
tons of lignin lost to the streams annually in the United States.

Attempts at salvaging this waste for useful purposes have not been too encouraging. 
S o m e  progress has been m a d e  in the use of lignin waste as a road binder, manufacture of 
vanillin and in plastics. M o s t  progress has been m a d e  in developments to overcome pollu
tion of streams. T h e  H o w a r d  process is particularly noteworthy. In this process 
calcium sulfite an d basic calcium lignosulfonic acid are recovered an d the primary 
organic residue is burned for p o w e r  production.

T o  date, use has been found for only a very small proportion of the waste produced.
Another interesting article on “ Utilization of Lignin W a s t e s ” is reported in Ind. 

and Eng. Chemistry, 32, 1049 (Aug., 1940).
E .  IL u r w it z

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

B y  C. R. H oover and J .  W . M a s s e ll i  

Ind. and Eng. Chemistry, 33, 131 (Ja n ., 1941)

Th e  discharge of wastes f r o m  c h r o m i u m  plating operations into sewers and streams 
has created a pollution problem in the stream an d  operation problems in biological sewage 
treatment works.

Analyses of the effluents f r o m  three metal finishing plants show:

Plant 1 Plant 2 Plant 3

Parts Per Million

P H ....................... 2.7 6.2 3.0
Total C r .................. 4.1 18.1 87

CrVI...................... 3.5 16.6 76

C u ........................ 7.1 2.0 32

N i ........................ 0.1 0.14 2

Z n ........................ 6.8 2.1 0

F e ........................ 2.3 3.1 2.3

SO«....................... 215. 65. 271.

C N ....................... 1.1 0.8 12.

Studies of methods to prevent the harmful effect of these wastes on streams and 
treatment plants an d  incidentally to recover valuable metal led to (1) a study in the



836 SEWAGE W O R K S  JOURNAL July, 1941

plant of m e a n s  to reduce the quantity of these wastes an d  (2) chemical m e a n s  of 
removing the metal f r o m  solutions.

It w a s  found feasible in so m e  plants to segregate the c h r o m i u m  plating solutions 
thus providing a m o r e  concentrated solution with which to work. T h e  range in c o m 
position of the segregated waste s h o w e d :

Total C r ..................................................87-643 p.p.m.
C rV I .............................................75-636
C u ................................................ 0.2-34
N i ................................................. T race— 6.4
F e ................................................. 0 SO
SO<............................................... 84.769
C N ............................................... 0-22.4

M inera l a c id ..........................................55-634

After extended tests in the laboratory four methods were selected for m o r e  detailed 
study on a semi-plant scale:

1. Reduction o f  Chromic Solutions with Sodium Sulfide and) A ddition  of Copperas to 
Remove Excess Sulfide Ion and to Clear the Solution.— H y d r o u s  c h r o m i u m  oxide is 
formed. In concentrations greater than 150 p.p.m. hexavalent C r  the addition of a 
small a m o u n t  of a strong oxidizing agent is necessary to clear the solution. Th e  pre
cipitate settles slowly, is difficult to filter on v a c u u m  filters a n d  dries slowly on sand beds.

2. Reducation of Chromic Solutions with Barium Chloride Followed bp Addition  
of Lime and Ferrous Sulfate.— T h e  ba ri um sulfate is added hot (60— 65° C)  in 30 per 
cent solution. Th e  precipitate obtained settles rapidly a n d  dewaters readily.

3. Reduction with Scrap Iron.— Complete reduction of chromic solutions were ob
tained in 4 hours w h e n  acidified with 3-4 pou n ds  sulfuric acid per 1000 gallons of waste. 
This process can be m a d e  continuous if 6 hours detention period are allowed in the 
reaction tower. After treatment with iron the effluent is treated with lime a n d  the pre
cipitated trivalent c h r o m i u m  is collected along with ferrous a n d  ferric iron. T h e  mixed 
precipitate settles well a n d  can be dried best o n sand beds. C o p p e r  is deposited on the 
scrap iron a n d  can be recovered.

4. Reduction with Sulfur Dioxide.— T h e  waste is treated with sulfur dioxide. After 
reduction is complete, excess S O ,  an d C N  are re mo ve d with air a n d  the trivalent chro
m i u m  precipitated with lime. This process can be manipulated so that a saleable 
c h r o m i u m  trioxide can he recovered.

T h e  costs of treatment b y  the four methods are given in the following table:

Reagent Lb. per 1000 
Gal. Treated

Secondary Reagents Sludge,
Per Cent of 

Total Volume
Cost per 1000 
Gal. Treated, 

CentsH"SO< Copperas CaO

N a 2S .................. 4 3 1-3 3 10 50
B a S .................... 7 — 1-3 4 6 54
Scrap iron........ 5 3-4 — 6 9 40
S O ,.................... 5 — — 7 11 42

E .  H u r w it z

P R E P A R A T I O N  O F  N E S S L E R ’ S  R E A G E N T

B y  A . P .  Vanselow 

Ind. and Eng. Chemistry, Anal. Edition, 12, 516 (Sept., 1940)

Phase rule consideration of the three co mp on en t system potassium iodide-mercuric 
iodide-water an d studies to determine the influence of the concentration of potassium
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iodide and potassium hydroxide in preventing the formation of the red precipitate that 
develops when some Nessler’s solutions are diluted led to the following recommendation 
for the preparation of an entirely satisfactory Nessler solution.

1. Dissolve 45.5 gms. of mercuric iodide and 34.9 grams of potassium iodide in as 
little water as needed.

2. Add 112 gms. of potassium livdroxide (140 c.c. of a solution sp. g. 15°/40° 
= 1.538).

3. Dilute to one liter.

Use 5 ml. of this solution with each 100 ml. final volume and compare with standards 
30 minutes after mixing. •

E . H u r w it z

D E T E R M I N A T I O N  O F  B I O C H E M I C A L  O X Y G E N  D E M A N D  

C O M P A R A T I V E  S T U D Y  O F  A Z I D E  A N D  R I D E A L -  

S T E W A R T  M O D I F I C A T I O N S  O F  W I N K L E R  

M E T H O D

B y  O. R . P la c a k  and C. C. R u ch h o e t  

Ind. and Eng. Chemistry, Anal. Edition, 13, 12 (Ja n ., 1941)

Comparison of the azide and Rideal-Stewart modification of the W inkler method 
for dissolved oxvgen determination are equally satisfactory for the determination of 
B.O.D.

An average of the B.O .D . of 1936 samples taken at various sampling stations on 
the Ohio R iver showed an average deviation of 0.06 p.p.m. in the 5-day B.O.D. The 
minimum deviation was 0.01 and the maximum 0.45 p.p.m.

Samples from the Scioto R iver, a small stream which carries a greater pollutional
load than the Ohio gave an average deviation of 0.10. N itrites are always found in 
the Scioto R iver varying from a few hundredths to several p.p.m.

Comparison of the Alsterberg procedure with prelim inary acid azide treatment in
dicated that from the standpoint of reliability there is no choice between the procedures. 
For routine work where no unusual conditions might arise, the Alsterberg procedure is 
recommended since it has the advantage of shortened time and ease of manipulation. 
The prelim inary acid azide treatment has greater flexibility and is recommended for 
use in any case when the period of alkalinization must be shortened.

Prelim inary treatment with acid and azide is advantageous in preventing oxidation 
when the determination of D.O. must be delayed as in shipping. In  this use it is
superior to complete W inkler treatment through the final acidification.

E .  H u r w it z

B . O . D .  R E M O V A L  F R O M  W A S T E  S U L F I T E  L I Q U O R - S E W A G E  

M I X T U R E S  B Y  A C T I V A T E D  S L U D G E

B y  G. N . S a w y e r  

Ind. and Eng. Chemistry, 33, 411 (M arch, 1941)

Studies on the rate of B.O .D . removal from mixtures of sewage containing 2 to 20 
per cent sulfite liquor showed evidence of some lim iting factor in concentrations from 
8 per cent up. Since sewage was added prim arily to furnish the phosphorus, nitrogen, 
etc., necessary for normal biological metabolism, it was considered possible that the 
capacity of sewage to furnish these substance had been overstepped and that an in- 
suitic-ient supply of these minerals affected the rate of stabilization.

Experiments were designed to prove this assumption by feeding nitrogen and 
phosphorus to sulfite waste-sewage mixtures. These tests showed that in a mixture
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containing 10 per cent sulfite waste the B.O .D . removed after 6 hours’ aeration with 
added nitrogen corresponded to an amount removed by 15 hours’ aeration from the 
unsupplemented mixtures. Phosphorus alone as a supplement appeared to have a little 
effect. The combination of nitrogen and phosphorus gave somewhat more rapid B.O .D. 
removal than nitrogen alone.

In  mixtures supplemented with nitrogen only the ratio of the B.O .D . removed to 
nitrogen utilized was approximately 11 to 1. In  mixtures supplemented with both 
nitrogen and phosphorus the B.O.D'. removed per unit of nitrogen was 14 units.

Treatment by supplementing sewage-sulfite waste mixtures with nitrogen and 
phosphorus would add a cost of approximately $2.65 per ton of pulp. In  a so highly 
competitive industry such an outlay would be untenable. However, the suggestion is 
advanced that part of this outlay can be recovered through lower capital costs since the 
installations can be sm aller; through sale of sludge as a fertilizer (24 tons of fertilizer 
would be produced per 10 0  tons of p u lp ); and through recovery of gas fo r heat and 
power production.

E . H u r w i t z

F L O W  O F  M U D S ,  S L U D G E S  A N D  S U S P E N S I O N S  

I N  C I R C U L A R  P I P E

B y  D. H . C a ld w e l l  and  H . E .  B a b b it t  

Ind. and Eng. Chemistry, 33, 249 (Feb ., 1941)

A  theoretical analysis of the flow of sludge through circular pipes led to the con
clusion that two distinct types of flow occur depending on the velocity of flow. These 
types have been termed “ plastic flow ”  and “ turbulent flow.”  The velocity at which 
plastic flow changes to turbulent flow is called the “ critical velocity.”

Equations have been developed and verified experimentally for determining friction 
loss for plastic flow and for turbulent flow in circular pipes.

Fo r plastic flow the equation is given as:

L [  6pD gpD2 J ’
where H = difference in static head between two points in a pipe.

L  = length of pipe in feet.
V = mean velocity of flow in  pipe, ft./sec.
D = diam eter of pipe, ft.
Ty = shearing stress at yield  point of plastic m aterial, called “  yield  value,”  

lb./sq.ft.
77 = coefficient of rig id ity, lb./sq.ft.
p = density of flowing substance, lb./cu.ft.
g = acceleration due to g ravity, ft./sec./sec.

Results of tests show that the friction factor— Reynolds number chart m ay be used 
for determ ining friction losses for turbulent flow if the viscosity of the dispersion 
medium is used in  determ ining the Reynolds number in place of the viscosity of a true 
liquid.

The equation for the critica l velocity is given for the lower critica l ve locity as:

„VIc — nDp
and for the upper critical velocity as:

1500 +  1500 yjv2+ ^ ~
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where
Vic = lower critical velocity, ft./sec. (Re = 2000),
Vuc = upper critical velocity, ft./sec. (Re = 3000).

Other symbols as given above.
E . H u r w i t z

C O L O R I M E T R I C  M E T H O D  F O R  D E T E R M I N A T I O N  O F  N I T R I T E

B y  M a r th a  B . Sh in n  

Ind. and Eng. Chemistry, Anal. Edition, 13, 33 (Ja n ., 1941)

The method employs sulfanilamide in place of sulfanilic acid and N-(l-naphthyl)- 
ethylene diamine dihydroehloride in place of alpha naphthylamine. F in a lly  inasmuch 
as sulfanilamide and nitrite react stoichiometrieally in the presence of a suitable excess 
of either, sulfanilamide is recommended for the prim ary nitrite standards.

The method as proposed follows:

Reagents—

1. Sulfanilam ide; 0.2 per cent solution in water. (Keep in refrigerator.)
2. Hydrochloric acid; 1 to 1 dilution of conc. HC1.
3. Sodium n itrite ; 0.1 per cent solution. (Keep in refrigerator.)
4. Ammonium sulfamate; 0.5 per cent solution in water.
5. N-(l-naphthyl)-ethylenediamine dihydroehloride; 0.1 per cent solution in water. 

Standardization of Sulfanilam ide Solution—

(1) D ry sodium nitrite (analytical reagent) for 24 hours in a desiccator. Make up 
a solution of one gram in 100 e.c. of water in a volumetric flask and assay by titration with 
potassium permanganate.

(2 ) From  this solution of sodium nitrite prepare accurately a solution containing
0.005 mg. nitrite per c.c. Transfer to each of two 50 c.c. volumetric flasks, 5 c.c. of this 
solution, add one e.c. of 1 :1 HC1 and 5 c.c. of 0.2 per cent sulfanilamide solution. A fter 
three minutes add 1 e.c. of ammonium sulfamate solution and then two minutes later 
1 c.c. of the ethylene diamine dihydroehloride solution and dilute to volume.

(3 ) Into two other 50 c.c. volumetric flasks measure 5 c.c. of a 1:100 dilution of 
the 0.2 per cent sulfanilamide solution. Add one c.c. of 1 :1  HC1, one e.c. of 0.1 per cent 
sodium nitrite and 5 c.c. of water. Allow  to stand 3 minutes, add one c.c. of ammonium 
sulfate solution and allow to stand 3 minutes longer. Add one c.c. of the ethylenediamine 
dihydroehloride and dilute to volume.

Solution 2 and 3 are read against each other in a colorimeter. W ith  a Duboseq 
colorimeter the nitrite equivalent of the sulfanilamide solution is :

S ^ H § * - . n o , , » ( 2>x 2o

= mg. N O 2 in one c.c. of 0.2 per cent sulfanilam ide solution. 

Procedure for determining nitrites:

(1) Samples should be either acid or neutral.
(2 ) To a sample containing between 0.0025 mg. and 0.05 mg. nitrite add one c.c. 

of 1 :1 HC1. and 5 c.c. of 0.2 per cent sulfanilamide solution and let stand 3 minutes.
(3) Add one c.c. of ammonium sulfamate and allow to stand 2 minutes.
(4 ) Add one c.c. of ethylenediamine dihydroehloride and dilute to volume.
(5) Prepare a nitrite standard as outlined in (2) under standardization of sul

fanilamide solution.
(6 ) Read the unknown against the standard and compute the nitrite present by the
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equation

Reading of Standard mg. N 0 2 in 1 c.c. of 0 .2 %  Sulfanilam ide----- .—E-------------
Reading of Unknown

M g - N 0 2 in sample.
20

The nitrite value of the sulfanilamide has been found to remain constant fo r at least 
a month. About 20 mg. per mg. of n itrite are required for complete recovery of nitrite. 
Excess up to 2000 mg. per mg. of n itrite gives no interference.

Ammonium sulfamate is used to remove the residual nitrite before addition of the 
N-(l-Naphthyl) ethylenediamine dihydrochloride.

The method, sim ilar to the sulfanilic acid-alpha naphtliylam ine method, depends on 
the diazotization of the sulfanilamide followed by coupling of the diazotized sulfanilamide 
with H -(l-N aphthyl) ethylenediamine dihydrochloride.

The method has an advantage in  that the reagents are water soluble; the time for 
color development is reduced to two minutes; the final color remains constant for several 
hours. The sulfanilamide is less sensitive to changes in pH  acting equally well in con
centrations of acid from 0.1 to 1.0 normal.

A C E T O N E - B U T Y L  A L C O H O L  F E R M E N T A T I O N  O F  W A S T E

S U L F I T E  L I Q U O R

B y  A v e r i l l  J .  W i le y ,  M a rv in  J .  Jo h n so n , E l iz a b e th  M cC oy and  W . H . P e te rso n  

Ind. and Eng. Chemistry, 33, 606 (M ay , 1941)

Utilization of the sugars present in waste sulfite liquors for the production of ace
tone and butyl alcohol shows promise of value in reducing the B.O .D . load on streams 
into which the sulfite waste liquor is discharged.

A  strain of clostridium butylicum was found to give the highest yields after treat
ment of the waste to remove sulfur-dioxide, lignin and calcium. Approxim ately 75 per 
cent of the sugar was recovered as a mixture containing 75 parts butyl alcohol, 20 parts 
acetone and 5 parts ethyl alcohol. The B.O .D . of the waste sulfite liquor was reduced 
from 28,150 p.p.m. to 5,425 p.p.m. Treatment of the waste to remove the sulfite and 
lignin complexes brought the B.O .D. down to 46.4 per cent of the original. Fermenta
tion of the sugars removed an additional 34.3 per cent of the original B.O .D . The over
all reduction by this process was 81.7 per cent.

N E W  S E W A G E  T R E A T M E N T  P L A N T  A T  A N D E R S O N ,  I N D I A N A

The city of Anderson, Indiana, is located on one of the state’s most important 
streams. Although used extensively for recreational and agricultural purposes, its chief 
use is as a source of water supply for the cities of Muncie, Anderson, and Indianapolis, 
w ith their estimated 1940 combined population of 484,505. In  addition to carrying the 
domestic sewage of its tributary population, it has been used extensively as a means of 
disposal of industrial wastes, chiefly of an organic nature. Recently, the completion of 
a number of sewage treatment plants has almost completed the cleaning up of the West 
Fo rk  of the W hite R iver above Indianapolis. Progress has also been made in the treat
ment of industrial wastes, although minor problems of this nature still exist.

The sewage treatment plant employs the bio-chemical or Guggenheim process. The 
flow sheet includes comminutors and a detritor preceding the main sewage pump. These 
are followed by prim ary clarifiers, aeration tanks, and final clarifiers. Sludge is thick
ened, then given partial digestion before vacuum filtration and incineration. The plant

E . H u r w it z

E . H u r w it z

B y  B .  A . P oole

Civil Engineering, 11, 275 (M ay , 1941)
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has been designed for an average flow of 8 m.g.d. an d a m a x i m u m  flow of 12 in.g.d. 
Chlorinated copperas is added to the sewage after primary sedimentation to the extent 
of approximately 4.5 p.p.m. as iron. A n  aeration period of 1.95 hours is provided with 
15 per cent returned sludge, a n d  approximately 0.63 cu. ft. of air per gallon of sewage.

Consideration ha d been given in former years to the use of the activated sludge or 
trickling filter processes. However, industrial wastes f r o m  a vegetable packing plant, 
a meat packing plant, a clay tile works, a small steel mill, and a l a m p  manufacturing 
plant m a d e  the situation s o me wh at difficult to be treated by ordinary biological processes. 
Iron content in the r a w  sewage averaged 12 p.p.m. an d chromates also presented a 
problem as they varied f r o m  0 to 50 p.p.m. on 24-hour composites. This bio-chemical 
process has given reductions in B.O.D. averaging approximately 85 per cent on a r a w  
sewage with a B.O.D. of 150 p.p.m., an d  a reduction of suspended solids of approxi
mately 85 per cent on the basis of a r a w  sewage with a suspended solids content of 
approximately 300 p.p.m. Detailed data are presented b y  the author to s h o w  operating 
characteristics of the plant. Detailed analyses of the cost of treatment per million gal
lons of sewage are also presented. Over a period of nine months, these average $10 for 
salaries and labor, $8 for power, including cost of p u m p i n g  sewage, $1.75 for chemicals 
for the treatment of the sewage an d $3.80 for chemicals for sludge conditioning, $3.00 
for fuel oil in sludge incineration, or a total of approximately $26 per million gallons.

R o l f  E l ia s s e n

S E W A G E  T R E A T M E N T  F O R  A R M Y  C A M P S

Engineering News-Record, 126, 479 (M arch  27, 1941)

In order to provide for adequate sewage treatment at the multitude of a r m y  c a mp s 
being constructed throughout the country, the consulting firms of Metcalf and E d d y  
and Greeley an d H a n s e n  were retained b y the W a r  Department. T h e y  were authorized 
to “ advise an d report as to the simplest sewage treatment plant at each project suit
able an d adequate to meet the m i n i m u m  requirements under local conditions.” Y e r v  
little information regarding the characteristics of sewage and sewage flow fr om a r m y  
camps w a s  available. M o s t  of the sewage woul d be discharged during 16 hours of the 
day and required the establishment of liberal detention periods based on the 24-hour 
average flow. T h e  per capita quantity of suspended solids is a good deal higher than 
is normally found in domestic sewage. This m a y  be accounted for b y  the adult and 
male character of the personnel an d  by the relatively large a m o u n t  of grease. Th e per 
capita quantity of B.O.D. is about the sa me as that in average domestic sewage but is 
somewhat higher than often found in residential sewage. T h e  per capita quantity of 
grease is two to three times that normally found in domestic sewage. In general, the 
sewage will be very fresh an d should have good settling characteristics and be readily 
amenable to treatment b y  biological processes.

Th e  following bases of design for sewage treatment plants were adopted by the con
sulting engineers:

1. Quantities: Av erage 70 gal. per capita per day; m a x i m u m  (for several hours) 
140 g.c.d.; peak 210 g.c.d.

2. S e w a g e  Characteristics: Suspended solids, 460 p.p.m.; B.O.D. 290 p.p.m.; other 
soluble material, 150 p.p.m. There will be 0.37 lb. suspended solids an d 0.17 lb. B.O.D. 

per capita per 24 hours.
3. Measuring Devices: Parshall flume, rectangular flume, Palmer-Bowlus or Venturi 

meter.
4. Grit Cham bers: Omit, except in special circumstances. If used, they should be 

hand cleaned, with disposal b y  burying.
5. B a r  Screens: H a n d  cleaned or mechanically cleaned as local conditions indicate. 

Screenings to be disposed of b y  burial or b y burning in a suitable incinerator. C o m -  
minutors or screenings grinders to be employed under some circumstances such as prox
imity of plant to occupied buildings. Clear space of bar screens, 1 to i y 2 in.
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6. P r i m a r y  Sedimentation T a n k s : Displacement period based o n  average flow. 
Sedimentation only or ahead of trickling filters 3.0 hr.; in case of high dilution of settled 
sewage 2.5 hr. m a y  be used. A h e a d  of activated sludge use 1.5 hr. based on  average flow. 
A h e a d  of biofilters, based on average flow, use 7.5 hr. for a dilution ratio of 1:1.5 
(single stage filtration) an d  use 6 hr. for a dilution ratio of 1 : 1  (two-stage filters).

7. Trickling Filters: (a) Standard, or lew-rate, trickling filters in southern locations 
with n o severe winter— not to exceed 5,000 population per acre-foot. W i t h  filters 6 ft. 
deep, this is 2.1 m.g.a.d. average at 70 g.c.d. In northern climates loadings should not ex
ceed 4,000 population per acre-foot. (b ) High-rate trickling filters to have loads not 
in excess of so me  3,000 po un ds  of B.O.D. applied per acre-foot, for c a m p s  in the south. 
This is equivalent to a population of 35,000 per acre-foot. In northern c a m p s  the load
ing should not exceed 30,000 per acre-foot.

8. Final Sedimentation T a n k s : ' F l o w  not to exceed 800 gal. per sq. ft. per 24 hr. 
an d  not less than 2.25 hr. displacement, both based o n the average flow, except w h e n  
following two-stagd biofilters with recirculation ratio of 1 : 1  f r o m  the secondary tank 
effluent to the influent of the second-stage filter, in which case the capacity of the sec
ondary tanks should be doubled. D e p t h  10 to 12 ft. with s o m e  reduction, or increase, in 
the depth in special cases.

9. Sludge Digestion T a n k s : F o r  plants of the trickling filter type for primary and 
secondary sedimentation an d with heated sludge tanks use 2.0 to 3.0 cu. ft. per capita. 
F o r  unheated sludge tanks in w a r m  climates, a d d  25 to 50 per cent to the foregoing, 
using the larger capacities in locations close to occupied buildings. F o r  plants of the 
activated sludge type, increase the foregoing allowances b y 50 per cent.

10. Sludge D r y i ng Beds: In w a r m  climates a n d  where the location permits, drying 
sludge in lagoons without underdrains or filter material is acceptable with 2.0 to 3.0 sq. 
ft. per capita. Sludge drying beds with underdrains a n d  filter material are also ac
ceptable. F o r  plants of the trickling filter type the area provided should be 0.5 to 1.0 
sq. ft. per capita, an d for plants of the activated sludge type this allowance should be 
increased to 1.0 to 1.5 sq. ft. per capita. T h e  lower unit in each ease applies to the most 
favorable conditions with opportunity for lagooning an y excess sludge.

11. Imhoff T a n k s : Sedimentation c o m p ar tm en t s a m e  as p r im ar y sedimentation 
tanks a n d  digestion co mpartm en t sa m e  as for unheated separate sludge digestion tanks. 
In northern climates use for the sludge co mp a r t m en t of Imhoff tanks: W i t h  plain sedi
mentation, 2.0-2.5 eu. ft. per capita, a n d  with plain sedimentation a n d  trickling filters, 
3.0-3.5 cu. ft. per capita.

T h e  article includes a table showing the design flow and type of treatment used for 
38 installations on s o m e  of the larger defense projects. This table shows that of the 
38 plants, 20 use s o m e  f o r m  of trickling filters, either high- or low-rate; 11 use primary 
treatment; 4  use activated sludge; 2 have connections to city sewer systems; a n d  1 uses 
slow sand filters.

R o l f  E l ia s s e n

I N T E R S T A T E  S A N I T A T I O N  C O M M I S S I O N  A N N U A L  R E P O R T — 1 9 4 0

R e p o r t  t o  t h e  G o v e r n o r s  o f  t h e  S t a t e s  o f  N e w  Y o r k  a n d  N e w  J e r s e y  b y  t h e  

C o m m i s s i o n e r s  o f  t h e  I n t e r s t a t e  S a n i t a t i o n  C o m m i s s i o n —

J a n u a r y  1 5 ,  1 9 4 1 .

(103 pp.)

T h e  policy of the Interstate Sanitation Co mm is si on has been to persuade munici
palities to take m o r e  positive action a n d  to assist a n d prepare financial plans for the 
accomplishment of w o r k  for the abatement of pollution in N e w  Y o r k  H a r b o r  an d the 
adjacent waters. T h e  report outlines the activities of the C o m m is si on a n d  shows pic
tures of sources of pollution. T h e  m a jo r portion of the report presents data o n  se w 
erage an d sewage treatment systems in the Interstate Sanitation district, including
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populations served, dates of construction, types of treatment, and other pertinent in
formation. Operating data on a n u m b e r  of plants are also included. Progress fr om 
ne w  construction is carefully analyzed.

O f  particular interest to engineers engaged in sewage treatment is the s u m m a r y  
of the results of the research w o r k  carried on by Mr. M a n n i n g  as a cooperative venture 
between the Interstate Sanitation Commission an d  the Sanitary Engineering Research 
Laboratory of N e w  Y o r k  University. This research covered four investigations: 1, the 
suitability of a simpler met h od  of m a k i n g  analyses for dissolved oxygen in salt water; 
2, the suitability of a m o r e  convenient m e a n s  of collecting samples for dissolved oxygen 
analysis; 3, the suitability of a mo r e  convenient incubation schedule for the bio-chemical 
oxygen d e m a n d  analysis of sewage; and 4, investigations concerning eoliform determi
nations in an attempt to develop mo r e  economical methods of analysis and of preserving 
and transporting samples.

Fo r  the determination of dissolved oxygen in sea water, the Commission used the 
Rideal-Stewart modification of the Winkler method. This method has two ma jo r ob
jections, namely, that six reagents are required prior to titration, and two of these 
reagents require periods of contact that are time consuming. T h e  sodium azide modifi
cation of the Wi nk le r method, as em ployed b y the Sanitary District of Chicago, is 
applicable for the determination of dissolved oxygen in fresh water. Experiments were 
carried out to determine the applicability of this method to salt water in the concentra
tions found in an d  around N e w  Y o r k  Harbor. Results indicated that this latter method 
was suitable an d has n o w  been adopted as it saves considerable time, requiring less skill
ful analytical technique an d the use of only three reagents prior to titration.

Th e customary m e a n s  of collecting D.O. samples is to fill a bottle with water col
lected f r o m  the depth desired, admitting n o water into the bottle until this depth has 
been reached. T h e  apparatus required for this meth o d of sampling is quite cumber
some, an d w h e n  samples are taken f r o m  a boat, it requires that the boat be stopped. 
A n  investigation w a s  m a d e  to determine if samples should be taken b y m e a n s  of a hand- 
operated rotary p u m p .  T h e  bottom of the suction hose w a s  weighted and sufficient hose 
provided to carry it to the depth where the sample w a s  desired. Parallel runs were 
made using both methods and indicated that comparable results could be obtained. The 
sampling method by m e a n s  of rotary p u m p  w a s  adopted because the suction hose could 
remain overboard at the desired depth while the boat w a s  under w a y  and the stopping 
of the boat w a s  not necessary.

Th e ordinary B.O.D. test requires 5 days incubation at a temperature of 20° C. 
This procedure m a d e  it necessary for samples taken on Tuesday an d W e d n e s d a y  to be 
analyzed on Saturday an d Sunday. O n  account of limited personnel, it w a s  difficult 
to arrange schedules accordingly an d  an attempt w a s  m a d e  to use the 7-day B.O.D. test 
as the standard of operation. T h e  experimental w o r k  proved that this would be satis
factory an d that correlation could be m a d e  between 5- and 7-day B.O.D. tests. Th e  
7-day value could be interpreted to the o-day B.O.D. in order that results might be in 
accord with standard procedure. This enabled the laboratory to be conducted m o r e  effi
ciently an d  economically.

Th e  Interstate Sanitation Commission m a ke s m a n y  analyses for eoliform organisms 
in the waters around N e w  Y o r k  each year. A  large n u m b e r  of presumptive, positive 
tubes of inoculations in lactose broth failed to be confirmed in brilliant green bile. The 
Commission w a s  particularly interested in the results of the confirmed tests and not gas 
formers as a whole. Investigations were m a d e  on the direct inoculation of samples in 
brilliant green bile, using a 4 8 -hour incubation. This eliminated the use of lactose 
broth. 4,800 inoculations were m a d e  in lactose an d an equal n u m b e r  were m a d e  in 
brilliant green bile as a primary medi um. 1,167 tubes planted in lactose as primary 
mediums for positive confirmed in brilliant green bile, while 1,137 planted in brilliant 
green bile as primary m e d i u m  were positive. Th e final results varied by only 30 posi
tive, or less than 1 per cent difference in results. Th e  investigations carried on justified 
the use of brilliant green bile as a primary m e d i u m  for sewage analysis. This me thod 
reduces the n u m b e r  of tubes handled by about 25 per cent an d results in a considerable 

saving in time and material.
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Experiments were conducted on the m e a n s  of transportation of samples for coliform 
analysis. There are four general methods of m a k i n g  the analysis on  samples taken at 
a point distant f r o m  the laboratory. These are: 1, culture tubes inoculated at the 
sewage treatment plant; 2, bottled samples returned to the laboratory for inoculation by 
transporting without preservatives or refrigeration; 3, bottled samples dechlorinated 
an d  transported to the laboratory; 4, bottled samples dechlorinated a n d  transported to the 
laboratory in a refrigerator. T h e  first me th o d requires that the m a n  planting the samples 
has the ability to inoculate the culture tube properly while the fourth m e t h o d  requires 
considerable equipment a n d  is quite c u m b e r s o m e  to carry out. T h e  experiment showed 
that the results using the first a n d  fourth methods were practically the s a m e  an d either 
one would be satisfactory for the Commission. T h e  second m e th od  gave a lower count 
as the residual chlorine present in the bottled sample disinfected the sewage an d gave a 
lower count. T h e  third m e th od  gave a s o m e w h a t  higher count, because the samples 
taken in the m o rn i n g were kept w a r m  and b y the time they reached the laboratory in 
the evening, the n u m b e r  of coliform organisms ha d  increased considerably. Since the 
C o mmission ha d an experienced m a n  taking samples, they continued to use the meth od 
of inoculating the culture tubes at the sewage treatment plant.

T o  facilitate calculations m a d e  in connection with taking samples in waters under 
their jurisdiction, the Interstate Sanitation Co mmission prepared tw o charts which 
would be of general use and interest to engineers engaged in pollution studies in the 
vicinity of salt water. T h e  first chart enables the observer to record the specific gravity 
by m e a n s  of a hydrometer an d  the temperature in degrees Centigrade an d f r o m  the table 
to obtain the per cent sea water in the sample being analyzed. This is particularly 
valuable where fresh water rivers e m p t y  into harbors or estuaries. T h e  other chart was 
d r a w n  for the purpose of obtaining the m a x i m u m  solubility of ox ygen at various t e m 
peratures an d in various specific gravities of sea water. This w a s  necessary to obtain 
the per cent saturation of oxygen in the waters of the District.

R o l f  E l ia s  s e n

G R E A S E  F R O M  S E W A G E  H E L P S  G R E A T  B R I T A I N

B y  H . W o n tn e r- Sm ith  

Engineering News-Eecord, 126, 411 (M arch  13, 1941)

T h e  City of Bradford, England, is the center of the wool washing industry of the 
world. One-fifth of the wool of the whole world, a n d  four-fifths of the wool g r o w n  and 
imported into En g l a n d  is wa sh ed  an d  dealt with b y this municipality. T h e  wool-grease 
is present in globules in the water, so m e  in emulsified f o r m  with large quantities of soap 
an d  alkali used in the scouring of the wool. S o m e  years ago, the Esholt sewage treat
m e n t  works w a s  built at a cost of $13,800,000 to care for the sewage of this community. 
T h e  flow sheet of the plant involves grit chambers, pr im ary sedimentation tanks, second
ary sedimentation tanks, followed b y  trickling filters 6 ft. deep filled with coal ranging 
in size f r o m  %  to l 1/^ in.

Into the sewage entering the primary sedimentation tank is added sulfuric acid to 
produce an acidity of 100 p.p.m. T h e  object is to crack the soap in the sewage and 
precipitate dissolved organic matter, together with the wool wa x e s an d suspended matter. 
T h e  resulting sludge has a moisture content of f r o m  80 to 83 per cent. It is mi x e d with 
gritty sludge f r o m  the grit chambers. T h e n  it is passed to 7-ton vats where it is heated 
by  m e a n s  of steam coils to about 170° F., at which point it tends to froth. T h e  sludge is 
then filtered in a battery of filter presses, with super-heated steam added to keep u p  the 
temperature. Liquid grease an d water are discharged in the process. T h e  usual practice 
is to press the sludge for 64 hours. In that time the grease content of the filter cake 
is reduced to about 15 per cent of the dry solids, as c o m p ar e d with 40 per cent in the 
original sludge. T h e  moisture content of the resulting cake is about 26 per cent. After 
the grease is treated for the removal of impurities, it is barreled. Supernatant liquors 
resulting f r o m  purifying the grease an d  also the liquors passing f r o m  the presses, after 
separation of the grease, are returned to the sedimentation tanks. T h e  press cake is
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d u m p e d  on a drying area in the open wher e it remains for about 12 months to mature. 
Then the material is passed through a disintegrator which grinds the dried cake into a 
fine p o w d e r  an d the product finds a ready market for fertilizing purposes.

Considerable research has been undertaken to develop by-products an d methods for 
the production of clarified greases of a better quality than those ordinarily obtained from 
the sewage. F o r  some time it w a s  not possible to sell the greases at a good price and 
the city ha d been storing them. W i t h  the advent of war, the city found itself in possession 
of probably the largest stocks of native grease in England. T h e  d e m a n d  for this grease 
is such that, while sending out an average of 500 tons per week, the works are mo re than 
one m o n t h  behind delivery. T h e  biggest d e m a n d  is for the n e w  and clarified greases. In 
the last financial years (ending M a r c h  31, 1940), grease sales exceeded $400,000. Fo r  the 
present year, an a m o u n t  several times this figure will probably be realized.

Another product of the treatment process is organic m a n u r e  which contains the 
valuable organic nitrogen content of the fine wool fiber. Approximately 30,000 tons arc 
available every year and are distributed largely for the dressing of grasslands, for which 
purpose it gives excellent results. It is sold to golf clubs throughout E n gl an d at a 
delivery price of $7.50 per ton. Public schools, athletic fields, and farmers use con
siderable quantities, an d co mpou nders of manu res exert a steady d e m a n d  for this product. 
Digestion of the sludge is not practiced because it wo ul d injure the grease an d m a n u r e  
values of the dried sludge.

It is generally considered that the City of Bradford is the largest user of sulfuric 
acid in one individual plant in England. Approximately 20,000 tons per year are 
necessary. A t  the sewage plant there is a sulfuric acid manufacturing plant capable of 
providing for 9,000 tons annually. T h e  government has requested the city to double 
this capacity in order that they can manufacture the acid they need without m a ki ng  
demands on the heavy chemical industries.

Th e author ends with a note of optimism as he states “ and it can be said with 
confidence, n o w  that all surrounding townships, with similar trades, have agreed to join 
the central works, this part of the world, at any rate, will be a better place in which to

P R O C E E D I N G S  O F  T H E  T W E N T Y - S E C O N D  T E X A S  W A T E R  

W O R K S  A N D  S E W A G E  S H O R T  S C H O O L

February 19-23, 1940

Arriving at Actual and Expected Sanitary Seivage Floivs. B y  R. U. Andrews, pp. 
98-99. A t  Fort Worth, Texas, the average hourly flow is taken as 85 gallons per capita 
per day. T h e  m a x i m u m  peak flow is then comput ed by

where M  is the m a x i m u m  peak flow in gallons per hour an d p is the population in thou
sands. A n  example of an actual design is given.

Th e  answer to infiltration is the control of a n u m b e r  of factors such as old house 
connections a n d  unused wy e s in the sewer lines. Others include house connections poorly 
located an d  poorly laid and gravel sub-drainage under an d around basements.

The Design of Storm Seivers. B y  William E. White, pp. 99-101. Th e design of 
a storm sewer system involves application of the principles of hydrology, hydraulics an d 
structural design. T h e  rational meth od of estimating runoff is used at Houston, Texas. 
Th e intensity of rainfall is determined fr om  a statistical study of rainfall records. T h e 
intensity-duration curve is usually based on the 20 per cent or 10 per cent storm. Th e 
value of C is determined f r o m  the empirical equation C =  O.lTSi1/3. The computed value 
of C is then adjusted according to the estimated imperviousness.

Nearly all of the Ho us to n sewers are of concrete. A n  “ n ” value of 0.013 is used 
to compute capacities. Grades are established to provide a m i n i m u m  velocity of 3

live.”
R o l f  E l ia s s e n
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feet/see. for a filled section. Velocities greater than 12 to 15 feet per second have caused 
no damage.

Soil conditions found b y borings, conditions at the time of construction, a n d  depth 
of cover over the sewer determine whether plain or reinforced concrete is used in sewer 
construction. Loads are determined f r o m  data given b y  Marston an d  Anderson, Bulletin 
96, I o w a  Engineering Ex periment Station, Am es , Iowa.

Discussion on Design of Storm Sewers. B y  W .  0. Jones, pp. 101— 103. Methods of 
design used at Ft. Worth, Texas, are discussed. C o m m o n  errors in hydraulic design are 
listed as (1) T o  underestimate the a m o u n t  of rainfall reaching the sewers, (2) T o  over
estimate the sewer capacity, (3) Failure to plan for extensions, (4) Omitting a part of 
the drainage area.

Street inlets should be located to intercept the water before it reaches pedestrian cross 
walks. Th e grate type inlet has been fo un d unsatisfactory.

Aims in Sewage Treatment. B y  E. J. M .  Berg. T h e  author discusses the various 
methods available for the disposal of screenings, sludge a n d  liquid wastes. T h e  paper is 
concluded b y a discussion of the natural purification p o w e r  of streams a n d  its relation to 
sewage treatment.

Characteristics of Sewage. B y  W .  S. Mahlie, pp. 107-109. A  general discussion.
Operation Methods of Sewage Treatment Trickling Filters. B y  H .  D. McAfee, 

pp. 110-111. Trickling filters are described an d biological oxidation is discussed.
Manholes, Cleanouts and Flushtanks. B y  R. R. Cooke, pp. 111-113. M a nh ol e 

openings should be about 22 in. in diameter increasing to about 4 ft. at the sewer. In 
Dallas, Texas, manholes are built only at intersecting sewers a n d  at changes in grade. 
Cleanouts are spaced at 200 ft. intervals on  all 6 in. an d 8 in. sewers. M a n h o l e  covers 
an d seats are machined to true bearing. T h e  necessity of machining forces the foundry 
to produce a good quality casting. Brick used in manholes should have a low absorption 
per cent in order to resist disintegration. M a n h o l e  steps are constructed of east iron 
Th e  invert of the manhole should be built u p  as high or possibly a little higher than the 
sewer pipe to avoid flow disturbance. T h e  table should slope toward the invert to a 
degree sufficient to be self cleansing but should not be too steep for safety. It is usually 
good practice to extend the edge of the bottom so me  6 in. beyo n d the outer edge of 
the wall.

Cleanout manholes are built like standard manholes except that a cleanout w y e  is 
inserted in the sewer on the d o w n  grade side so that the cleanout stack enters the m a n 
hole about 2 ft. below street level. S e we r rods can then be inserted f r o m  the street 
T h e  w y e  an d stack mu s t be well supported.

Flush tanks are considered a nuisance an d their use has been discontinued in Dallas
Inlets and Appurtenances. B y  C. G. Levander, pp. 113-115. A  description of 

storm water street inlet construction at Dallas, Texas, is given.
Economics o f  Sewage Treatment. B y  W .  A. Ha rden burg h, pp. 115-119. Three 

important angles of approach to sewage treatment economies are: (1) the m o n e y  value 
to a c o m m u n i t y  of adequate sewage treatment (2) the m e th od  financing sewage treatment
(3) the comparative costs of various methods of treatment.

Biofiltration. B y  O. V. Lindell, pp. 119-120. “ Biofiltration involves the applica
tion of presettled sewage to a trickling filter and the recirculation of all or part of the 
filter discharge back to the pre-sedimentation tank.”

Control o f  Activated Sludge Plants. B y  Milton Spiegel, pp. 121-132. T h e  paper 
is opened b y a general consideration of the essential features of the activated sludge 
process. T h e  w o r k  of Nordell an d  Kessler in connection with the rate of oxygen d e m a n d  
of activated sludge-sewage mixtures is briefly reviewed.

Control of Activated Sludge Plants. B y  William Pralle, pp. 132— 133. General.
Correlation of Sampling, Sample Preservation, Sample Composition, Flow Measure

ment and Analysis. B y  W .  S. Mahlie, pp. 134-138. Topics considered are (1) i m 
portance of correct sampling (2) changes in the composition of sewage (3) changes in 
rate of flow (4) changes in flow composition for days of the w e e k  (5) composite samples
(6) m e t h od of compositing samples at Fort W o r t h  (7) sampling intervals (8) automatic 
samplers (9) care to be taken in sampling (10) preservation of samples (11) measure
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ment of sewage flow. Illustrative examples of sampling and compositing methods are 
given.

Stream Pollution from a National Standpoint. B y  E. C. Sullivan, pp. 138-139. 
“ Reasonably clean streams an d other natural bodies of water are essential (1) for the 
prevention of water borne diseases (2) for the conservation of the agricultural, industrial, 
recreational, a n d  aquatic life resources of waterways; and (3) for the prevention of 
nuisance conditions.”

Th e status of domestic an d  industrial waste disposal is summarized as follows:

1. The population served b y  sewers in the U. S. is about 73,174,000, or slightly less 
than the total urban population of 73,200,000.

2. T h e  sewage of about 33,400,000 people, is discharged to natural bodies of water 
without treatment.

3. Th e  sewage of approximately 39,800,000 people is discharged to receiving bodies 
of water through treatment plants, representing an increase f r o m  31 to 54 per cent in 
the urban population thus served in the period 1933-39 inclusive.

■ 4. O f  39,800,000 persons served b y treatment plants 19,000,000 are tributary to 
plants providing primary treatment only. Th e  remainder are served by m o r e  complete 
works. In the period 1933— 39 the proportion of these municipal wastes receiving only 
primary treatment has decreased whereas plants which provide m o r e  complete treatment 
have relatively increased.

5. Industrial wastes impose on the self-purification capacity of the streams of the 
U. S. an additional burden equal to at least %  of the load of bacterial and organic polu- 
tion contributed by  the domestic population.

Legal Aspects of Stream Pollution. B y  George E. M u r p h y ,  pp. 140-142. A  review 
of the legal rights of the State of Texas in connection with stream pollution prevention 
is given. In addition to sovereign and statutory powers, the State has inherent powers 
to abate a public nuisance by  injunction. Un d e r  the Constitution of the State all rivers 
and streams are designated as natural resources and their preservation and conservation 
are declared by the Constitution to be public rights and duties. Th e  legislature is in
vested with authority to pass such laws as m a y  be appropriate thereto.

What Stream Pollution Means to the W ater  Works Man. B y  D. B. Dickson, pp.
142-143. T h e  difficulty of continuously furnishing the public clear, odorless and taste
less water fr o m  a polluted source of supply is discussed.

Disposal and Treatment of Citrus Fruit Canning Wastes. B y  C. H.  Billings, pp.
143-146. Experiments have s h ow n that cannery waste can be treated b y  chemical pre
cipitation, employing lime and alum. A  typical treatment unit consists of a self
cleaning screen followed by batch dosing an d settling tanks. M i n i m u m  lime dosage wa s 
found to be 4.3 grains per gallon for each 100 p.p.m. of citrous acidity present. The 
acidity of the average waste w a s  about 600 p.p.m. T h e  al um dose wa s usually of the 
order of 3.5 grains per gallon. This treatment reduced acidity an d high solids content 
hut B.O.D. reduction w a s  only 30 per cent or less. M o r e  efficient treatment methods 
were, therefore, sought. Slow sand an d  sand an d gravel combination filters were not 
satisfactory due to clogging. Aeration methods along the lines of activated sludge gave 
better results. Pilot plant studies on contact aeration methods with a tw o hour reten
tion in the aeration tanks gave a B.O.D. reduction of 54 per cent. Initial B.O.D. wa s 

2,800 p.p.m.
Trickling filter treatment w a s  also studied on a pilot plant scale. A  filter having 

a surface area of 2.64 ft. and a depth of 5 ft. w a s  employed. Continuous dosing even at 
rates of less than 1 m.g.a.d. w a s  unsuccessful. Intermittent application gave good results. 
Various rates ranging fr o m  0.5 to 3.0 M.G.A.D. were tried. Average B.O.D. reduction 
at a rate of 1 M.G.A. D. w a s  71.9 per cent fr o m  an average initial value of 947 p.p.m. 
M e a n  temperature during the test run w a s  64° F.

A  careful study of canning operations w a s  made. T h e  findings on the basis of
1,000 gallons of juice canned are as follows: fruit wa s h water, 700 gal., 100 p.p.m. 
B.O.D.; peel bin drippage, 31 gal., 50,000 p.p.m. B.O.D.; waste juice diluted in washing 
down, 100 gal., 4,000 p.p.m. B.O.D.; cooling water, 1,350 gal., 20 p p m .  B.O.D. C o m 
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bined wastes, 2,181 gal., 940 p.p.m. B.O.D. Av e r a g e  small juice plant will can about
1.000 gallons per hour.

Grinding the peel before placing in bins eliminates bin drippage. Reus e of cooling 
water reduces the volume of waste.

The City’s Sewage Problem and I ts  Relation to Industry. B y  Wal t er Dillard, pp. 
146-147. A  discussion of industry’s responsibility in stream pollution control. A n  
example of cooperation between city, county, state, a n d  industrial officials in studying an 
industrial waste problem is cited.

Discussion of the C ity’s Sewage Problem and I ts  Relation to Industries. B y  E. J. 
M .  Berg, pp. 147-148. A  review of the problem of industrial waste disposal in relation 
to sewage treatment.

Treatment Methods for  Creamery and Dairy Wastes. B y  Y e r n o n  P. Crockett, pp. 
148-151. T h e author summarizes this paper as follows: to reduce fluid milk losses in the 
milk plant; to separate the unpolluted or slightly polluted cooling a n d  condenser waters 
a n d  the direct ’ discharge of th em to the sewer or stream will reduce the size of the re
quired plant; an d  to recover or remove valuable by-products f r o m  the waste discharge, 
such as whey, buttermilk, skim milk an d  drip milk.

B r o a d  irrigation is recognized as a satisfactory me th od  of disposal under favorable 
conditions. Chemical precipitation is a m e a n s  of securing clarification but requires 
additional treatment. T h e  biochemical or G u g g e n h e i m  process offers a treatment that 
is worthy of further consideration, but biological or trickling filters provide the most 
effective unit for the treatment of creamery a n d  dairy wastes in c o m m o n  use today.

P aper  Mill Wastes and Their Treatment. B y  L. F. Warrick, pp. 151-156. Pa pe r 
pulp is manufactured b y  four important commercial processes, (1) the g r o u n d w o o d  
process, (2) the sulfite process, (3) the sulfate or kraft process a n d  (4) the soda process. 
Th e  first is a meehanieal process, the latter three, chemical. T h e  object of the chemical 
processes is to separate the fibrous material (cellulose) f r o m  the non-fibrous material 
(lignin). In a n y  process the w o o d  is prepared b y  cutting logs into definite lengths an d 
removing bark. Sa wd u s t an d bark refuse f r o m  these operations formerly were dis
charged into streams but are n o w  burned in the p o w e r  plants or otherwise reclaimed.

W a s t e  water f r o m  the g r o u n d w o o d  pulping process in s o m e  cases contains fibrous 
a n d  extracted material equivalent to 10 per cent of the dry weight of the wood. G o o d  
mechanical equipment, careful operation a n d  installation of pulp saving equipment, 
however, will reduce such losses to a negligible amount. P u l p  fiber does not ordinarily 
accumulate in an d clog the gills of fish. Ho we ve r, fibers a n d  other solids m a y  settle to 
the bed of a stream an d decompose there, using u p  oxygen.

L i m e  sludge produced in the caustisizing of the cooking liquor in soda an d sulfate 
mills w a s  formerly discharged into water courses. T h e  sludge is n o w  either calcined 
for reuse, sold to farmers or m a d e  into whiting.

F o r  m a n y  years there has been n o practical m e t h o d  for utilization or disposal of the 
sulfite waste liquor. By-products such as sulfite alcohol, glue, core binder, road binder, 
briquetting material, tanning extracts, etc., have been prepared f r o m  sulfite liquor. 
However, a f e w  sulfite mills can supply the entire d e m a n d  for these materials. Th e 
deleterious effects of waste sulfite liquor on  fish life are largely due to the depletion of 
oxygen. However, there is evidence that in the case of sulfate pulp wastes a resinous 
c o mp on e n t  exerts a toxic effect.

T h e  oxyg en d e m a n d  of the waste sulfite liquor produced per ton of pulp is equiva
lent to the sanitary sewage f r o m  a population of around 1,500 a n d  m a y  be as high as
5.000 persons per ton of pulp. G r o u n d w o o d  pulp wastes have an  average population 
equivalent of 10 persons per ton of pulp.

The Treatment and Disposal of Oil Field Brine. B y  Joe J. Rody, pp. 156-159. 
Recent court action b y  the State of Texas against 55 oil companies charging water pol
lution f r o m  waste salt water has focussed attention u p o n  the problem of oil field brine 
disposal.

Pr op e r drilling methods, careful bottom hole plugging a n d  cementing of the annular 
space between the outside easing a n d  the drill hole will reduce the intrusion of brine 
into fresh water strata a n d  into the well. Ho wever, brine cannot be excluded under all
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conditions in spite of all precautions. T h e  quantity of brine produced increases with 
the life of the field. T h e  high mineral content an d wide concentration variation is illus
trated by the following table showing composition limits of representative brines fr om 
Kansas, O k l a h o m a  an d Texas oil fields.

Ion  P .P .M .
Calcium ..................................   600 to 13,000
Magnesium ..................................................  230 to 4,000
Sodium and p o tass ium ............................... 5,000 to 76,000
Bicarbonate ................................................. 20 to 650
Su lfa te  .........................................................  trace to 2,500
Chloride .......................................................  10,000 to 150,000
Total solids .................................................  15,000 to 250,000

Three methods of disposal are being tried. T h e  first consists of i m p o u n d m e n t  in 
evaporation ponds. However, the net evaporation is too slow to be effective an d seepage 
from the ponds is a continuous source of trouble. T h e  second me th od is that of diver
sion into surface streams. This procedure requires a large initial investment an d its 
operation depends u p o n  regulated release of brine w h e n  dilution ratios are favorable. 
W h e r e  adequate storage has not been provided or where the brine discharge has not 
been carefully controlled this meth o d has not proven satisfactory. T h e  third meth od 
involves the return of the oil field brine to subsurface formations. In applying this 
method proper location of the disposal well an d conditioning of the brine are essential.

T w o  systems are used for conditioning brine for subsurface injection, the op en type 
system and the closed type. T h e  closed type involves complete removal of suspended 
matter and maintenance of the brine under pressure f r o m  the time it reaches the sur
face until its return underground. T h e  op en type which is m o r e  widely used involves 
brine separation, aeration, carbonate stabilization, dissolved oxygen reduction an d fil
tration. Special attention should be given to the use of corrosion resistant materials in 
pipes, p u m p s  and meters.

It is impossible to formulate fixed rules for brine disposal. Th e  most feasible plan 
for attacking the problem appears to be to separate the State into drainage basins or 
specific oil fields an d  study each area as a unit. These studies should include reports on 
topography, surface drainage conditions, oil well locations, surface and subsurface 
geology, oil and brine production, and analytical data on brines. Careful studies should 
also be m a d e  of private an d public water supplies an d  stream flows in each area.

P a u l  D . H a n e y
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O n  over sixty National Defense 
Projects— Ordnance, Army, Navy, 
Aviation— safe sanitary measures 
are provided by P. F. T. Sewage 
Treatment Plant Equipment.

These installations are fitted with 
the following P.F.T. Equipments:
★  54 Floating Cover Digesters

★  13 Rotary Distributors

★  46 Siphon Installations

★  18 Sewage Sludge Pumps

★  44 Boiler Room Installations using :
F lam e Traps, Pressure R elief 
Flam e Traps, IFaste Gas Burners, 
Gages, Drip Traps, etc.

★  ★  ★  ★

Seven Ordnance 
Plants are n o w  
being construct
ed, e m p l o y i n g  
f o u r  P. F. T. 
Floating Cover 
Digesters, six 
Rotary Distribu
tors, five Siphons 
a n d  n u m e r o u s  
items of Boiler 
R o o m  E q u i p 
ment.

The preference for equipment of 
P. F. T. design and manufacture 
by consultants in the field and 
engineers at headquarters is 
acknowledged with pride. It 
comes, we feel, as our reward for 
almost half a century of special
ization in doing one thing well.

W e  are glad to serve in the cause 
of National Defense and hope 
that our small efforts will in some 
way aid in quickly reaching the 
desired goal— peace!

n r T  & a c i£ ic  C o .M ■ Æ #/ 4341 RAVENSWOOD AVENUE, CHICAGO■   y  Ntw YQIK CHARlOTTt, N. C.



Installing U. S. Cast Iron Pipe for intercepting sewer hi New Haven, Conn.

i
1

i
1

C an you think of any good reason w h y  the same kind of pipe, which 

is used almost universally for sewage treatment plant construction, 

should not also he used for pressure sewers, outfalls and influent lines? 
More than 9 0 %  of the piping in all treatment plants is cast iron pipe, 
largely because most of the pipe is buried and should be trouble-proof 
and repair-free. U. S. Super-de Lavaud Centrifugally Cast Pipe and U. S. 
Pit Cast Pipe effectively resist interior and exterior corrosion and have 
ample margins of safety under beam, impact and crushing stresses.

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
General Offices: BURLINGTON, N E W  J E R S E Y

Foundries and Sales Offices Throughout the United States

U . S. C A S T  IR O N  P IP E
c o u r i a r c  a n r l  f i P W A r r P  f r o a l r n o w ł  » « 4 - «
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P r e c i s e  E n g i n e e r i n g

I S  O N E  R E A S O N  

F O R  O V E R  7 0 0  

C O M M I N U T O R  

I N S T A L L A T I O N S

Comminutors provide subsurface automatic 
screening and cutting of coarse solids without 
removal from sewage channel.
No screenings odor or fly nuisance.
No manual labor for collection and disposal 
of screenings.
No clogging of mechanical equipment by 
coarse sewage solids.
No additional scum formation or floating 
solids.

T H E  M A C H I N E

C U T T E R S :
1. Provide high cutting rate.

Close-up of Comminutor drum, showing distribution of 
cutters for minimizing shearing stresses 

and power requirements.

2. Reject stones and metal to prevent 
damage to cutters.

3. Simply removed and sharpened.

4. Distributed over entire surface of 
drum to provide a series of con
tinuous small, fine shearing ac
tions, thus minimizing the shear
ing stresses and power require
ments.

S E L F - C L E A N I N G  S C R E E N :
The revolving slotted drum and 
stationary cutting and scraper bar 
constitute a positive self-cleaning, 
cutting screen for all material over 
M" to in size.

M A T E R I A L S :
The materials used in Comminutors 
have been selected for their proven 
resistance to corrosion] and abrasion.

ASK FOR BULLETIN 185-A

Bottom view of slotted Comminutor drum, showing rib
bing and heavy bearing housing necessary 

for maximum rigidity and strength.

C H I C A G O  P U M P  C O I . SEWAGE EQUIPMENT DIVISION
-------------------------------

1336 Wolfram Sire**, CHICAGO. ILL.
PHons BRUniwïcl« 4110 ------ ^

REPRESENTATIVES THROUGHOUT THE UNITED

VACUUM-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 I F U G A L  P U M P S

FOR RAW SEWAGE, SEWAGE SLUDGE AND GENERAL SERVICES

S E W A G E  G A S  E N G I N E S  D I E S E L  E N G I N E S  

C O N V E R T I B L E  G A S - D I E S E L  E N G I N 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 FTS

• Descriptive literature is available on request
WORTHINGTON PUMP AND MACHINERY CORPORATION

General Office» HARRISON, NEW JERSEY - Branch Offices and ftcpreicntaU.a in Principal Cities lhroughoi/1 the World

W O R T H I N G T O N
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7 0 TH ANNUAL MEETING
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

A tla n tic  C ity , N .J .  O c to b e r 1 4 -1 7

OF INTEREST TO SEWAGE WORKS OPERATORS 

ON THE ENGINEERING SECTION PROGRAM:

Preparing the Catskill Region as an Evacuation Area 
for People of New York

W. H. L a r k i n

Report of Committee on Sewage Disposal
L a n g d o n  P e a r s e

Municipal Sanitation
M. A. P o n d

The Work of the Sanitary Corps of the U. S. Army
W. A. H a r d e n b e r g h

Report of the Committee on Standard Methods for 
the Examination of Water and Sewage

W. L. M a l l m a n n

Water Demands and Sewage Production in Military 
Cantonments

S. M. E l l s w o r t h

Sewage Disposal Problems at Army Camps
P a u l  H a n s e n

The Work of the National Technological Civil Pro
tection Committee

A b e l W o l m a n , Dr.Eng.

[The Am erican Journal of Public Health for August 1 # 
carries the prelim inary program  of all Sections in fu ll J

AMERICAN PUBLIC HEALTH ASSOCIATION 

1790 Broadway (at 58th Street)

New York, N. Y.
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F i s h e r  AUTEMP HEATER

Thermostatically Controlled

This is a sturdy heating device of ade
quate size and capacity for a large number of 
laboratory heating operations. The 6-inch 
cast aluminum heating surface, the one-piece 
aluminum body, the heavy heating element, 
the efficient thermostat and the integral 
clamping arm were designed and built for 
utility, convenience, and enduring service. 
The temperature of the content of a beaker 
on this heater can be maintained automati
cally at any point from 95° to 256°C. by 
adjusting the thermostat.

(State whether for use with 110 volt or 220 volt A.C.)
Fisher Autemp Heater............$7.25

F I S H E R  S C I E N T I F I C  C O .
711-723 Forbes St., Pittsburgh, Pa.

E I M E R  &  A M E N D
205-223 Third Ave.,New York. N. Y.

H E L L I G E

A Q U A  T E S T E R

Ŝ e rw > r a d i c a l l y

tglsSjgg H P p i g g P *  ) Permanent reliability

fading Glass ColorMADE IN U.S.A. _ . , , .
Standards and the 

ease ol operation make this a most desirable 
piece of equipment for all popular A. P. H. A. 
and A. W. W. A. methods.
LI C 1 1 If* C  Ikl f  3718 northern blvd. i l C L L I V ^ C ,  IPIL. LONG ISLAND CITY. N. Y.

Prevent Wear and Cutting of Rods, 

Plungers, Shafts and Valve Stems
by using

MABBS RAWHIDE PACKING
Trade Mark 

Rea. U. S. Pat. Off.
In Your Water Works and Sewage Plants

It lasts longer, is antifrictional, saves 
power, labor and repairs. Will prove the 
most economical packing that can be 
bought. These are the reasons why the 
United States Government has been 
using Mabbs 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

431 S. Dearborn St. Chicago, III.

C e r t a i n  B a c k  N u m b e r s

of

S e w a g e  W o r k s  J o u r n a l

are ava ilab le

For fu r th e r  da ta  w rite  to

W. H. WISELY, Ex. Sec'y 
BOX 18 

URBANA, ILL.
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Tremendous 
Trifles—
No. 1

Penn Salt extras for your 
convenience in handling 
liquid chlorine

The two gaskets attached to the valve 
of every cylinder of Penn Salt Liquid 
Chlorine indicate the extra precau
tions we take for your convenience 
and safety in handling chlorine.
Knowing how important a sound 

gasket is on a chlorine feed line, we 
spend a little extra time and money to 
make sure each cylinder of Penn Salt 
Liquid Chlorine is properly connected 
to your equipment.
The same care is shown in the way 

every chlorine cylinder is inspected, 
cleaned, fitted with a new or recondi
tioned valve, painted and twice checked 
for leaks after loading. Care in little 
things makes Penn Salt Liquid Chlo
rine appreciated in waterworks and sew
age disposal plants from coast to coast.

And, because we believe in “Clean 
chlorine in clean containers,” Penn 
Salt Liquid Chlorine is passed through 
a special fractionating column, de
signed by Penn Salt engineers. This 
removes gum-causing impurities such 
as hexaehloroethane, hexachloroben- 
zene and acetylene tetrachloride, free
ing the liquid chlorine from the taffy 
that is one cause ofchlorinator troubles.
Another help to better chlorinator 

operation is the free wall placard, 
“Handling Liquid Chlorine.” Write 
for your copy today. Pennsylvania Salt 
Manufacturing Co., Widener Bldg., 
Philadelphia, Pa.— New Y  ork» Chicago
• St. Louis • Pittsburgh • Wyandotte
• Tacoma.

P E N N S Y L V A N I A  S A L T

M A N  l l / f X / t  T U R I N G  C o /J tA  P A N Y

J2 - jrU _j2 ^ C LjL4 ^
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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  &  FRIEL, INC.
Consulting Engineers

Water, Sewerage, Industrial Waste, 
Garbage, Power Plant and 

Valuation Problems
1520 LOCUST ST. 

PHILADELPHIA, PINNA.

John W. Alvord Louis R. Howson 
Charles B. Burdick Donald H. Maxwell
ALVORD, B U R D I C K  &  H O W S O N  

Engineers 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 

Power Generation 
Civic Opera Building Chicago

B U C K ,  S E I F E R T  A N D  J O S T
Consulting Engineers

(FORMERLY NICHOLAS S. HILL ASSOCIATES)
Specializing in Sewerage and Sewage Disposal, 

Water Supply and Water Purification, 
Valuations and Reports

Chemical and Biological Laboratories 
112 East 19th Street New York, N. Y.

T H E  C H E S T E R  E N G I N E E R S
C am pbell, Davis & Bankson

Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop
ment and Applications, Valuations and 
Rate Investigations.
210 E. PARK WAY AT SANDUSKY ST. 

PITTSBURGH, PA.

B L A C K  &  V E A T C H
Consulting Engineers

4706 Broadway, Kansas City, Mo.
Sewerage, Sewage Disposal, Water Supply, Water Purification, Electric Lighting,
Power Plants, Valuations, Special Investigations, Reports and Laboratory Service
E. B. Black N. T. Veatch, Jr. A. P. Learned H. F. Lutz

F. M. Veatch J. F. Brown R. E. Lawrence E. L. Filby

G R E E L E Y  &  H A N S E N
Engineers

Samuel A. Greeley Paul Hansen
Paul E. Langdon Kenneth V. Hill
Thomas M. Niles Samuel M. Clarke 

Water Supply, Water Purification, 
Sewerage, Sewage Treatment, Flood 
Control, Drainage, Refuse Disposal 

6 N, Michigan Ave., Chicago

H A V E N S  A N D  E M E R S O N
(formerly Gascoigne & Associates) 
W. L. Havens C. A. Emerson

A. A. Burger F. C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Laboratories

Leader Bldg. Woolworth Bldg.
Cleveland New York

M E T C A L F  &  E D D Y  
Engineers

Water, Sewage, Drainage, Garbage and 
Industrial Wastes Problems 

Laboratories Valuations
Boston, Mass.

Statler Building

M O R R I S  K N O W L E S ,  Inc. 
Engineers

Water Supply and Purification, Sewer
age and Sewage Disposal, Valuations, 

Laboratory, City Planning.
Westinghouse Bldg. Pittsburgh, Pa.

R O B E R T  T. R E G E S T E R  
Consulting Engineer

Sewerage—Sewage Treatment 
Water Works—Industrial Wastes 

Drainage—Flood Protection 
Advisory Service, Reports and Designs 

Baltimore Life Building 
Baltimore, 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
Baltimore, Md. Albany, N. Y.



S E W A G E  W O R K S  JOURNAL 25

A  F e w  W o r d s

t o  t h e

C o n s u l t i n g  

E n g i n e e r s

T O D A Y ,  as never before, the 
sanitation field offers out

standing opportunities for the 
Consulting Engineer. Each new 
project offers another opportu
nity and another responsibility. 
Are you, Mr. Consulting En
gineer, meeting your responsi
bility to the public by placing 
yourself at the disposal of those 
who need your counsel ?

Se w a g e  W o r k s  Jo u r n a l  
offers at a low cost, through its 
Engineering Directory, a me 
dium for calling your services to 
the attention of the very people 
who need them.

M a y  we suggest that you 
place your professional card on 
this page in our next issue, the

S e p t e m b e r  

C O N V E N T I O N

N U M B E R

W i l l  Y o u r

P r o f e s s i o n a l  C a r d

A p p e a r  i n  t h e

S e p t e m b e r  

C o n v e n tio n  N u m b er

o

P R O F E S S I O N A L  C A R D  
R A T E S

For Advertisements in the 

Engineering Directory

Space 1 Time 6 Consecutive

Twelfth page $12.00 $48.00

Eighth page 18.00 60.00

Sixth page 24.00 75.00

❖

For reservations and further 
information write to

A R T H U R  A. C L A Y  

A dvertising M a n a g e r  

654 Madison Avenue 

N e w  York, N. Y.
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U s e  a  

P r o v e n  C o a g u l a n t  C o s t  C u t t e r

#  Tennessee ferri-floc has proven 

its value for sludge conditioning, 

sewage and waste coagulation, 

and water treatment. 

Reduces coagulation 

costs.
TENNESSEE CORPORATION

B e g in  S a v in g  M o n e y  N o w !

W r i t e  fo r  F re e  S a m p le  a n d  L ite r a tu r e

T E N N E S S E E  C O R P O R A T I O N

A T L A N T A ,  G A .  L O C K L A N D ,  O H I O

T h e  D r y  C h e m i c a l  F e e d e r  T h a t ’ s

B u i l t  t o  L a s t !

INFILCO Type D  Dry Chemical Feeders are huilt 
to perform with their original accuracy and de
pendability year after year. Two have been in con
tinuous service at Louisville, Ky., for 15 years —  
and more trouble-free years are ahead, too, for 
Infilco Feeders are built for long life.
Their exclusive principle of operation permits 
simplicity in design and durability in construction, 
contributing to long, dependable service.
E C O N O M I C A L .  Long life, without costly re
pairs and replacements, means econom ical oper
ation. That’s why it pays to buy Infilco Type D  
Feeders. Write for Bulletin 205-A.

INTERNATIONAL FILTER CO.. 3 2 5 W. 25TH PLACE. CHICAGO, ILL

EQUIPMENT FOR CHEMICAL. BIOLOGICAL AND MECHANICAL TREATMENT OF SEWAGE
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SEVEN IN ONE
A n d  T h e y  A ll A d d  U p t o  a  G o o d  T i m e !

1. Sunrise breakfast . . . yes sir . . . with round table discussions 
by sewage works operators.

2. Interesting and outstanding meetings . . . ones that you’ll like.
3. Presentations of papers by outstanding leaders of the country. 

D on’t miss hearing them.
4. Exhibits of new sewerage and sewage treatment equipment 

and supplies.
5. Inspection trips to one or more of N e w  York’s new sewage 

treatment works.
6. Smoker. (Don’t miss it ... it will be great.)
7. Annual banquet with dancing and plenty of entertainment. 

Bring  the ladies. Meet and Greet Old and N e w  Friends.

A T T E N D  T H E  S E C O N D  A N N U A L  C O N V E N T I O N  
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  

N e w  Y o r k  City 
O ctober 9 th , 10th an d  11th

M O D E R N  S E W A G E  D I S P O S A L

Jopics 
told as 
'ollows:
To subscriber» of Sewage Works Journal, $2.50 per copy. 

To non-subscribers, $3.50 per copy.
(Foreign Postage of 33 cents is extra.)

This book was published to commemorate the 
Tenth Anniversary of the founding of the 
Federation of Sewage Works Associations.
It marks an important milestone in the his
tory of sewage treatment. It is unique in 
the field of sewage and industrial waste 
disposal.
It covers 371 pages and contains thirty- 
two chapters. The chapters are written 
by authorities distinguished in their re
spective fields. The topics cover proc
esses of sewage treatment, disposal of 
effluents, research in the laboratory and 
plant, disposal of industrial wastes, 
and regional and national aspects of 
sewage disposal.
As a publication of the Federation 
of Sewage Works Associations, this 
reference manual has been priced so 
as to become available to the 
greatest numbers.

Federation of Sewage Works Ass’ns
654 Madison Ave. New York, N. Y.
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W H E R E V E R  T H E R E  I S  T O X I C  O R  C O M B U S T I B L E  G A S

FIGURE NO. 58C
"VAREC” approved Pressure Relief 

and Vacuum Breaker Valve 
with Flame Arrester

Installed on digesters and gas holder 
domes it affords emergency Pressure 
and Vacuum Relief and prevents flame 
entrance from atmospheric disturb
ances. Has patented telescopic alu
minum flame arresting element.

Sizes 2" to 10"

S anitation engineers in charge of the Sew
age Disposal Phase of Public Health have 

long recognized the efficient performance of 
“VAREC” approved Equipment and Safety 
Devices to control toxic or combustible gas 
with safety.

Thousands of sewage installations throughout 
the country are guaranteed by “VAREC” 
progressive engineering, design, and tests ex
clusive to sewage treatment.

There is a growing trend among sanitation 
engineers to seek the counsel of “VAREC”. 
The cooperation of our engineering department 
and laboratory is extended to consulting en
gineers and municipal officials designing, build
ing, or operating Sewage Treatment Plants.

There is a wealth of information in the new 
“VAREC” Sewage Gas Control Catalog & 
Handbook S-3. It’s yours for the asking.

THE VAPOR RECOVERY SYSTEMS COMPANY
2820 No. Alameda St., Compton, Calif.

The Pace Setter Since 1928
BRANCH OFFICES

New York, N. Y. Houston, Texas
Tulsa, Okla.

AGENCIES EVERYWHERE
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DE LAVAL STEAM TURBINE CO. 
TRENTON, N. J.

MORRIS
JL T  J L  C e n t r i f u g a l P u m p s

M O R R I S  M A C H I N E  W O R K S
BALDWINSVILLE. N.Y.

Send 
for catalog

High-efficiency
Non-clogging

S E W A G E

P U M P S

SEE IT IO D A Y S  — M A I L  T H E  C O U P O N

How to step up efficiency in
Everyone concerned with sewage problems will find in this book valuable data on modern equipment and up- 
to-date processes for treatment of sewage, including actual performance data and operating costs as well 
as most efficient methods of operating a sewage plant.

SEWAGE-TREATMENT WORKS
C. E. KEEFER, Bureau of Sewers, Baltimore,Md. 673 pp., 6x9, 177 tables, 167 iüus. $6.00

A practical manual, comprehensively presenting the problems of the administration, operation, maintenance 
and design of sewage treatment plants, and how to 
handle them.

sewage treatment plants
I-------------------------I McGraw-Hill Book Co., Inc.
330 W. 42nd Street, New York
Send me Keefer’s Sewage-Treatment Works for 10 days’ examination on approval. In 10 
days I will send you $6.00, plus few cents postage, or return book postpaid. (Postage 
paid on orders accompanied by remittance.)
Name....
Address...
City and State. 
Position...
Company............ SWJ. 7-41(Sent on approval in U. S. and Canada only)

D O N ’T  P R O C R A S T I N A T E !

Make Reservations today to attend 
the C O N V E N T I O N

B rin g  the W ife  and Fam ily

N e w  York City October 9, 10, 11

u se L a M O T T E  E Q U I P M E N T  for
pH Control— -Residual Chlorine Control

Boiler Feed Water Control
Determination of Sulfides in Sludges 

and Gases

LaMotte Chemical Products Co.
n Originators of the practical 
application of pH Control

D e p t. S W  T o w s o n , B a l t i m o r e, M d .
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A B A N D O N  C E N T R I F U G A L  

S E W A G E  P U M P S  

O N  S M A L L  F L O W S !

T j ^ H E  centrifugal p u m p  can be scaled 

dow n  to a size too small for effec

tiveness . . . can be made so sm all that 

it will not pass the normal and trouble

some solids . . . and therefore requires 

a “ crutch,” a mechanical shredder, 

screens, etc. At this point sewage en

gineering must shift. A n d  here’s the 

simple answer:

W H A T  

M E D I U M - T O - S M A L L  

P U M P I N G  S Y S T E M S  N E E D

Yeomans Pneumatic Pumping Systems were designed for that place 
in sewage work. They handle actual flows . . . and so they do not 
attempt to make a piece of machinery do something it wasn’t in
tended to do. (Instead, Yeomans suits the equipment to the work.)

Y e o m a n s  Pneumatic Systems have no screens, no shredders, 
no impellers, no moving parts, no wet well, no sewage gas, 
no complex piping, no extra equipment, 110 multiplied m a i n 
tenance problem. In general the cost is 110 more and often 
less than centrifugals.

They move small flows effectively, and without complexity. Isn’t 
that your idea— and isn’t that the object of good engineering ?

WRITE!  GET COMPREHENSIVE BULLETINS

Y E O M A N S

1411 N. Dayton St. C H I C A G O ,  ILL.

The YEOMANS “EXPELSOR”—One 
of the four types of pneumatic sewage 
pumping equipment for varying needs.
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P H E N O M E N A L  R E S U L T S  O B T A I N E D  W I T H

“ A M E R I C A N ”  H I G H  C A P A C I T Y  F I L T E R S
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FILTER LOADING

CU. FT. MEDIA PER LB. 5 DAY B. 0. D. APPLIED PER 24 HOURS
A D V A N T A G E S

1. Requires no costly recirculation.

2. Yields uniformly good results with
out “ Ponding” when bed is properly 
built.

3. Motor Drive Distributor:—

a. Gives reasonably low instantaneous 
dosing rate.

b. Does not require recirculation for 
continuity of operation.

c. Will operate slowly under reaction 
head when desired to “ flush out” 
Filter.

A P P L IC A T IO N

1. For any intermediate degree of treat
ment.

2. To relieve overload on Activated 
Sludge plants.

3. To relieve ponding in existing filter 
plants.

4. Pre-treatment of milk, canning, pack
ing house or phenolic wastes.

5. Rehabilitation of existing fixed nozzle 
or contact beds.

6. To give “ roughing” treatment to 
wastes that produce toxic effects on 
Activated Sludge plants.

7. To reduce “power” used in Activated 
Sludge plants (as much as two thirds).

T H E  A M E R I C A N  W E L L  W O R K S
MANUFACTURERS

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
AURORA. ILLINOIS
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C O P P E R - S I L I C O N  A L L O Y

G ets  the C a ll  in  S e w a g e  T re a tm e n t

C ombining high resistance to corrosion with 
high strength, ease of fabrication and ready weldability, 
Everdur is uniquely adapted to light weight structures 
built of wrought metal. Over a period of 14 years, this 
moderately priced copper-silicon alloy has demonstrated 
its superiority for sewage treatment equipment under a 
wide variety of operating conditions. Anaconda Publi
cation E-ll contains detailed information of interest to 
sewage and water works engineers.

(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 2V" spindle is machined Ever
dur rod. Height of frame— 10' 3”; 
total weight only 1,624 lbs.

(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 of 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.
( right)
• Two types of 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. 41147-A

"EVERDUR” is a trademark of The American Brass Company, registered in the United States Patent Office.

A n a c ^ n d Afrom mine to consumer

T H E  A M E R I C A N  BRASS C O M P A N Y ,  General Offices: W aterbury, C onnecticut
In Canada: Anaconda American Brass Ltd., New Toronto, Ont. • Subsidiary of Anaconda Copper Mining Company
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THEY "SHOW DP" 

IN SLDDGE LINES

Crane No. 7 7 8  

Light Standard 

Double Disc Gate Valves

At a glance, these iron body outside 
screw and yoke valves show exact 
position of the disc. Ideal for mani
fold service in sludge tank lines. 
Rated at 100-pounds water, they 
save the extra cost of heavier valves. 
Crane non-jamming disc design 
assures smooth operation and tight 
seating.

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 IT T IN G S  • P IP E  • P L U M B IN G  • H E A T IN G  • P U M P S

C R A N E  CO., G E N E R A L  OFFICES: 836 S. M I C H I G A N  AVE., C H I C A G O
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ROCK ISLAND
U S E S  O N E  

I N C I N E R A T O R

F ACED by the necessity of disposing of its 
Sewage and Garbage, the city of Rock 

Island, Illinois, decided that, economically, the 
logical procedure would be to build one plant 
to do both jobs.

To ensure complete flexibility in operation, 
the Incinerator was specified to meet the fol
lowing exacting requirements:

1. To incinerate a combination of green garbage 
and sewage filter cake.

2. To incinerate green garbage alone.
3. To incinerate sewage filter cake alone.
4. To operate under strict guarantees on any of 

the above bases.

When you have a problem in the disposal of sewage sludge, or garbage, or both, 
write “ Incineration Headquarters’’ and take advantage of the authoritative serv
ice, backed by wide experience and intensive research, which we can give you.

n i C H O i s  E n c m E E R i n c  &  r e s e a r c h  c o r p o r a t i o r

60 WALL TOWER BLDG, NEW YORK, N. Y. UNIVERSITY TOWER BLDG., MONTREAL, P. Q.

M
i
a
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A T T E N T I O N ,  P L E A S E !

M e ssrs. M a n u fa c t u r e r ,  S u p p lie r  a n d  E n g in e e r  

MAY WE AGAIN REMIND YOU TO:

1— Mail in your reservation and copy for advertising 
to appear in the September C O N V E N T I O N  
N U M B E R  of S E W A G E  W O R K S  J O U R N A L .  
C o p y  deadline is August 10, 1941. T h e  C O N 
V E N T  I O N  N U M B E R  will c o m m e m o r a t e  the 
Second Annual Convention of the Federation of 
Sewage W o r k s  Associations.

2— Mail your reservation for exhibit space at the 
S E C O N D  A N N U A L  C O N V E N T I O N  of the 
Federation of Sewage W o r k s  Associations. T h e  
Convention will be held in N e w  York City, Hotel 
Pennsylvania, October 9 11, 1941.

3— Mail your data on your n e w  developments in 
equipment to Dr. F. W .  Mohlman, Editor, for 
g ra tis publication in the C O N V E N T I O N  N U M 
B E R .

4— Place your order, today, for extra copies of the 
C O N V E N T I O N  N U M B E R  of S E W A G E  
W O R K S  J O U R N A L .

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

E X H I B I T  A T  T H E  C O N V E N T I O N

F O R  F U R T H E R  D A T A  W R I T E  TO

A R T H U R  A. CLAY, Advertising Manager 

654 Madison Avenue N e w  York City



36 S E W A G E  W O R K S  J O U R N A L
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Rage
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W h e n  writing these, please mention the 
S E W A G E  W O R K S  J O U R N A L

POUTECHNIKI



B E  A S S U R E D  O F  I N C R E A S E D  S A L E S !

A D V E R T I S E  I N

Sewage Works Journal
W H E N  A D V E R T I S E R S  place added confidence in the 

ability of a journal to increase their sales in the sewer
age and sewage treatment fields, the fact is reflected in the 
increased paid advertising of that journal. This explains in 
a few words our 3 9 %  increase in 1940 over 1939 a nd the con
tinuing upward trend in 1941. A n  advertisement in S e w a g e  
W o r k s  J o u r n a l  gets the desired results because it reaches 
the right people . . . the ones you w a n t  to reach ... at the 
right time ... at a low cost.

T O T A L  P A I D  S U B S C R I B E R S  A T  J U N E  30, 1 9 4 1 — 3 0 0 0

Classification 
Consulting Engineers, City Engineers,
Health Department Engineers and 
Research Engineers and Chemists.....
Sewage Treatment Works 
Superintendents, Operators, etc......
City Officials.......................
Equipment Companies and Representa
tives ..............................
Miscellaneous......................

T O T A L S ............

H a s  Y o u r  C o m p a n y  R e s e r v e d  S p a c e  

i n  t h e  S e p t e m b e r  C o n v e n t i o n  N u m b e r  ?

FOR RATE CARD AND OTHER RELEVANT DATA 
WRITE to:

A R T H U R  A. C L A Y ,  A d v e rtis in g  M a n a g e r  
654 Madison Avenue N e w  York, N. Y.

Members Non-Members
Total Paid 

Subscriptions

1014 85 1099

965 40 1005
136 26 162

285 40 325
191 *218 *409

2591 409 3000

♦Estimated.

LANCASTER PRESS, INC., LANCASTER, PA.



P R E P A R E  Y O U R

F O R  T H I S

INCREASED DEMANDS

In many communities this year, facilities for sewage treatment may face 
a triple challenge. In addition to the inevitable hot spells, and the custom
ary periods of low stream flow, there may be increased demands for addi
tional plant facilities that must be met with new construction.

To meet these conditions, you will find it a practical, profitable move to 
see first how Preventive Chlorination can aid you. For when modem chlo
rination facilities are available, properly keyed to present plant operating 
methods, or made an integral part of new construction plans — you can bank 
on adequate support at the point it’s needed most, and when it’s needed most.

Pre-chlorination controls H2S in sewage arriving at the plant, eliminating 
odors and forestalling complaints. Chlorination ahead of Imhoff tanks elimi
nates foaming thus increasing effective plant capacity. Ponding of filters 
can be overcome. Masonry disintegration can be prevented. Bulking in acti
vated sludge plants can be stopped. Objectionable conditions from high
B.O.D. can be eliminated.

Why not call the W&T representative near you before pernicious prob
lems gang up on you. He is fully equipped to show you what can be done in 
applying Preventive Chlorination where it will do a lot of good. SA-lis-A 

We’ll be glad to send you on request free booklet on how to cure 6 summer complaints affecting sewage plants.

“ The Only Safe Seintge it a Sterilized Sewage”

W A L L A C E  &  T I E R N A N  C O . ,  I n c .

1_

manufacturers or ouorine and ammonia control atparatus
NEWARK, NEW «»MY . REPRESENTED IN PRINCIPAl tITIIS


