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AND YOUR COMPANY isundoubtedly demanding in-
creased sales of sewerage and sewage treatment equipment
and supplies for 1942.

YOU CAN BE ASSURED of these increased sales by
making sufficient provision in your 1942 ADVERTISING
BUDGET forspace inSEWAGE WORKS JOURNAL includ-
ing its 1942 CONVENTION NUMBER .

SEWAGE WORKS JOURNAL 1is the leading medium
today for reaching the “key” men in the Sewerage and Sewage
Treatment Fields. It is the official publication of the Federa-
tion of Sewage Works Associations. Its low rates and out-
standing specialized circulation of over 3100 assure economy
plus effectiveness.

BE PROGRESSIVE . . . secure your full share of
1942 sales of sewerage and sewage treatment equipment and
supplies . . .
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S EWAGE W O R K S JOURNAL

For rate cad ad other data, write to

ARTHUR A. CLAY, Advertising Manager
654 MADISON AVENUE
NEW YORK CITY
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FOR HIGH

RATE TRICKLING
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D O RR CO D 1STR 1B UTO R

FILTER TREATMENT

Two am, 200 ft dia wit at \islia, Glif.

300 TO 400%

ADVANTAGES

1 Variable floss ata aonstarit
lovhead- B in

2. Maximum cgpecity per Ui
of bed area- 63 M.G.D.
per aore per day

3. Complete coverage of bed
twice each reolutin

4 G
throughout ams

5. Secial anti-fauling slotted
aificswith adjstable dis-
it ol

6. Continuous  spreacer strip
ireLring even distritution

7. Ati-saey (@l bearings n
bese of colum irstead of
.

THE D ORR

FLOW VARIATION WITHOUT

COMPANY, INC. -

INCREASE IN HEAD

The new Dorrco Distributor differs radically from

the conventional type in both construction and
results. It is designed specifically for handling large
volumes at a constant low head- a natural for any
method of high rate trickling filter treatment.

Its box-shaped, tapered arms allow operation at
constant low heads. Its continuous spreader strip
insures even distribution and coverage. Itsanti-sway
ball bearings are in the base of the column rather than
the top, which means smoothness of operation.

Depending upon the rate of flow and its variation,
the new Distributor may be supplied with either two
or four arms. The arms have two compartments—
the lower taking the design flow— the upper taking
any surplus caused by excessive flow variation.

In short, the new Dorrco Distributor is a trickling
filter unit of great flexibility which enables the user to
get greater value from his entire trickling filter in-
stallation. A Dorr engineer will
gladly show you how itcan save <?T]|I]1s]
you initial and pumping costs.

ENGINEERS

570 LEXINGTON AVE. = NEW YORK

ATLANTA = TORONTO

= CHICAGO -

DENVER = LOS ANGELES
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TWO MANUALS FOR OPERATORS

published by

The American Water Works Association

THE MANUAL OF WATER WORKS ACCOUNTING

The Manual of Water Works Accounting was prepared
jointly by the American Water Works Association and the
Municipal Finance Officers Association. It covers such
problems as credit and plant equities, customer billing,
depreciation, materials and supplies accounts, payroll ac-
counting, plant accounting, purchases, and taxes. Itcon-
stitutes a guide to business and finance for everyone con-
trolling or operating the plant. 500 pages, $4.00.

THE MANUAL OF WATER QUALITY
AND TREATMENT

The Manual of Water Quality and Treatment has been
developed from the co-operative efforts of a committee of
49 leading water works men who began the work in 1930
under the leadership of Paul Hansen. In 1936, Lewis Y.
Carpenter was appointed Vice-Chairman of the Com-
mittee and assisted in editing the Manual. The book
covers: characteristics of sources, organisms in water,
standards of quality, partial and complete treatments of
all kinds, and treatment plant control. 294 pages—
complete with illustrations, tables, bibliography and
index. $3.00.

THE AMERICAN WATERWORKS ASSOCITATION

22 East AOth Street Ne* Yorlb N. Y.
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DEFENSE,

AND YOU
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OCTOBER WAS A MILESTONE MONTH

There have been three other such milestones for civilian
uses of aluminum during the past 18 months.

WHEN, ON MARCH 25, 1940, the price of Acoa Alurinum
ingot wes redloed from - to 19capoud,

it auordticaly imreesed the rnunoer of

aulian gdicatias wae uang durinum 19 *
waoud ke good oot aithrretic

Every application carries its own special set of conditions.
They determine how much you can pay to save a pound
of weight, to get extra heat conductivity, or reflectivity,
or what not. 19-cent ingot widened the circle of alumi-
num % usefulness.

AUGUST 1, 1940 WAS THE SECOND milestone. Economies
growing out of greater volume of manufacture, and
economies stemming from continuing research, brought
the announcement of 18-cent ingot. The

civilian manufacturer looking to his future

could see, in the offing, more ways to use 18 *
aluminum than ever before.

Perhaps you were one of the thousands who filed away in
your book of futures the reminder that “when this thing
is over, we must figure on using more Alcoa Aluminum.”

THIRD MILESTONE showed up almost before you got that
note made. November 18, 1940 saw another reduction on
Alcoa Aluminum ingot to 17c a pound,
making a total reduction of 15% in the midst

of a general <eller’s market. 17 =

Defense got most of the immediate berefit,
but the future of aluminum for you, and you, and you,
was writ larger than ever.

THEN CAME 15c INGOT, effectiveOct. 1,1941, with accordant
reductions in fabricated forms of Alcoa Aluminum. This
means that the arithmetic of weight saving is all new,
since last you figured on using this \ersatile

metal in a civilian gpplication. When the

emergency is over, the fact is that all your

old material cost comparisons will be as 15 *
dead as a dodo.

THE ARITHMETIC IS NEW; but the fundamentals just get
more so! More than ever, the strong alloys of Alcoa Alumi -
num are the answer to lightness with strength.

ALUMINUM COMPANY OF AMERICA
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AERO-FILTER CUTS FILTER BED

THE REX
MAN

AND THAT’S

©  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-Fi ltersefficientdistribution
of sewage to the filter bed. It also has

(3 REX SANITATION EQUIPMENT also in-
cludes other vital equipment 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.

VOLUME AS MUCH AS8 5 % !

CONSULTING
ENGINEER

NOT ALL AERO-FILTER WILL DO!

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

® 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 solids discharge due to
sludge pumping.

Sendfor Aero-Filter Catalog No. 39

Address 1606 W Bruce Strest,

waukee, WIs.

REX SANITATION EQUIPMENT

CHAIN BELT COMPANY

MILWAUKEE
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STANDARDIZED

SLUICE GATES

All Types and Sizes for
Sewage Treatment Plants

Chapman is especially well equipped and competent to supply any type or
size of sluice gate for sewage disposal work. Our standard sizes cover such
a wide range that selection is usually possible at considerable saving in cost
over that for a special size requiring special patterns and templates. If a
standard size won *tmeet the requirements, a special gate by Chapman carries

full assurance that seventy-five years’ experience is back of every detail in its
design and fabrication.

For efficient, dependable operation
of sluice gates, Chapman hand
operated floorstands, motor driven
floorstands and hydraulic cylinders
are time tried and proven. Inter-
changeability of parts, in our
standardized sluice gates and
operating mechanisms, facilitates
installation and expedites repairs
or replacement of parts in the
field. For detailed information,

specifications and dimensions send Ten (6" x |6"
for the Chapman Sluice Gate Cyoan Suice Gtes
Handbook. Hy/raZoplrltion

I\/Ianufac1f:u ring Co.

piomMe  * -
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EFH LUENT MUST BE CLEAR

Wear, pure effiiet B required & the

Colorado Springs Sewage Digoosal Plant because the efflent flass
mtoaraa%msr!\a' thevater ofwhich is used during the summer
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For im portant

sew er-line savings.

mtuy Gom. Trarsltemsa

Installation, main - !ca{%/lrgca—

tenance and «ral e«;mswemm
operating costs

stay low wher-

ever this modern

ashestos-cement

pipe is used

O N BOTH GRAVITY LINES and

force mains, Transite Pipe
offers advantages that contribute to
increased efficiency, longer life and
lower costs. Asbestos-cement in
composition, it comes in long
lengths that are rapidly installed . . .
cut down the number of joints
in the lire. Itsuniform strength and
unusual corrosion-resistance mini-
mize maintenance.

EaJ(]alre Trasite B Gargen Gity, N. Y. Syplied Infiltration is virtually eliminated,
for Tore mars ... 16 hB—'I-EIg%IﬂB %m for joints stay tight. And in many

%ﬂts,%mphrgs %%mﬂ;ﬂ@%% cases, Transite’s exceptionally

asablad. . h—?at mrédre_d_fq—l%ﬁe_'rhe smoqt_;tlnter(;fg) surfqge 1ghflow—

X A onga coefficient, n=. permits the use

M An |tsas— %agﬁgtmbeglq}w of flatter grades, shal lower trenches
assreslog i | gﬁ ?i?ymsmﬁnféd > orsmaller pipe. For cetails, write for

brochure TR-21A. Johns-Manville,
22 E. 40th St,New York, N. Y.

Johns-Manville TRANSITE PIPE An Asbestos Product

The modern m aterial for sewer and water lines
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Hres the CIRNERSIONE Fer

Among the new water works
and sewage plants that stand out
as models of advanced efficiency,
a growing number owe their lead-
ership largely to a progressive
principle in designing. Like effici-
ent process plants in commercial
industries, they are laid out from
their very inception on a basis of
complete, centralized instrumenta-
tion by Foxboro.

Many public works engineers
now consult Foxboro before the
plans are on the boards. Foxboro
engineers were earliest pioneers
of modern process control instru-
ments . ..the originators of many
important types, such as flow con-
trollers, recording controllers and

throttling controllers with auto-
matic reset. Through long experi-
ence in instrumenting processes in
industry as well as public works,
they are uniquely equipped t
help you.

Write for Foxboro Instrumenta-
tion Bulletins 232, on sewage
plants, and 233, on water works.
The Foxboro Company, 162 Nepon-
set Ave., Foxboro, Mass., U. S. A.
Branches in principal cities of
the United States and Canada.

P XeR&=R ©

Inslrum en tation

FCR WATER WCRKS AND SBAERAGE  SYSTEMS



Selected on the Basis of Proved Performance
N O R T O N P O R O U S P LA TE S

T ™ Southwest Plant’ newest in the Sanitary District
of Chicago, employs in itsdesign the actual experience
ot years of operation of activated sludge sewage plants.

Norton Diffuser Plates— over fiftythousand- are used for
aeration throughout this plant and they embody the ex-
perience of 15 years in the manufacture of these vital
units.

You can depend on Norton engineering experience to help
you in selecting plates or tubes with the required chemi -
cal and physical properties. You can depend on Norton
manufacturing experience to produce the plates or tubes
to the required high standards of quality.

NORTON COMPANY, WORCESTER, MASS.
New York Chicago Cleveland

Phetapyrigt

K]
<
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rru vifeatzcoo s

Cfficals of Battle Qeek, Michigan, the “ Nation’s Breakfast Food Capi-
tal, ”’ realize that plants have to have their vitamins, too— and they have
capitalized on this knowedge by converting senage sludge cake, from
their modem well-coordinated senege treatment plant, into plant food.

You can eliminate sludge burial or incineration costs and realize a profit,
too, by putting a Royer Sudge Disintegrator to work at your plant.
Additionally, you perform a public service by establishing a dependable
source of soil building material, much needed in Most conmunities.

The Royer gsreds sludge, reducing it to pearsize particles, at the sare
time aerating it and further drying it. Material with a moisture content
as high as 51%0 is readily handled. Enriching or neutralizing me-
terials such as anmmonium sulphate or lime are readily mixed in in any
proportion, enhancing the value of the sludge.

Get the conplete noney saving facts— know why

over 3500 Royers have been sold— twelve stationary
and portable nodels— a nodel for every plant.

FO:ERFOJ\ER(&\AU—I\EGD

176 PRINGLE ST., KINGSTON, PA



(DENVER, COL.)

NG TFEAIMENT RLAND

EMCO SEWAGE GAS METERS

PITTSBURGH WATER METERS

T HE business of sewage treatment and disposal, like all well man-

aged businesses, requires an accurate knowledge of operating
costs. Sewage plant managers must know the facts pertaining to
their processes, must tabulate the figures and dissect them. Modern
sewage treatment plants can only function efficiently when these
facts are readily available. In this category it is important to know
the volume of gas generated in the plant, as well as the quantity of
gas purchased from the utilities. The water, hot and cold, consumed
is another factor of extreme importance.

Denver is another efficient plant that relies on the accuracy
and dependability of EMCO Sewage Gas Meters and PITTSBURGH
Water Meters to provide this necessary information upon which
successful management depends.

NORDSTROM VALMES for Sewage Treatment Plants

Norciram \éhves have been irsidlled in nany o tre
naet effident sevece treatnent dants d e totrar lese
residart, nndiddrgard psitiveshukaffcorsnudion

l\hcﬂmn\ﬂ\ﬁsaermb in szs fam's" o
30" vith sraight vaya mult

g%mmgn Is I%llndl nvgkf

PITTSBURGH EQUITABLE METER COMPANY
MERCO NORDSTROM VALVE COMPANY

NEWVYCRK TUSA Maanﬂ"ICS, % DsMONS  Houston
BN CHICAD  FHILAHRHA MAFHIS  KASASATY  GLUMVBIA
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2. Flexibility 5. Strength

3. Simplicity 6. True Economy

These are some of the important advantages of Dresser
Couplings — the reasons why you find Dressers used
throughout the country for all types of sewer-lines and
sewage-plant piping. For joining steel, cast-iron, or
concrete pipe— for both new sewage construction and
for replacement and repair work, specify Dressers and

save time, trouble, and expense. Write for Catalog 402B.

DRESSER MANUFACTURING COMPANY e« BRADFORD, PA.
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Cast iron aeration piping for treatmentplant
at Hammond, Ind.

S EWAGE disposal systems builton the firmn foun-

dation of cast iron pipe from the collecting
mains through the treatmentplant totheoutfall are
sound and economical investments for taxpayers.
Economical in ultimate cost because of the long
life, strength and infiltration-proof joints of cast
iron pipe. Economical from the start because of

trouble-free, low maintenance service.

Look for the “Q-Check” registered trade mark.
Cast Iron jpipe, Ismade Indiameters from 1JT to 84 Inches.

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

CAST IRON PIPE

THE MODERN MATERIAL FOR SEWERAGE SYSTEMS
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Sewage Research

DETERMINATION OF DISSOLVED OXYGEN BY THE
DROPPING MERCURY ELECTRODE *

By Robert S. Ifgols

Asst., Dept. Water and Sewage Hesearch, New Brunswick, N. J.

The essential role of oxygen in sewage treatment processes and in
streams recovering from pollution is well recognized, inasmuch as the
most readily available source of oxygen for the organisms present in the
sewage or stream is dissolved oxygen. It is highly desirable to obtain
a method for determining dissolved oxygen which is accurate, rapid and
continuous. The Winkler method and its modifications are sufficiently
accurate for most determinations at the sewage plant and in stream sur-
vey work, but they are not rapid nor continuous. In determining dis-
solved oxygen by the Winkler method on a large number of samples
from a stream or sewage works, either much time must he allowed for
adding reagents to each sample or the accuracy gained by taking the
samples to a central point must be sacrificed. For continuous dissolved
oxygen studies no method has been available which could be used with-
out an operator present for each sample. The need for knowing the
dissolved oxygen in activated sludge plant operation was brought out
forcibly by Edwards (2) when he stated that the control of the dis-
solved oxygen in aeration tanks is one of the best aids to operation and
that control of the air supply is the most important variable under super-
vision of the operator. One of the best means of controlling the dis-
charge of sewage or industrial wastes into a stream would be a knowl-
edge of the dissolved oxygen in the receiving stream at several points
for 24 hours for seven days in a week. Study of the dropping mercury
electrode indicates that this instrument provides a rapid, accurate,
method which can be developed as an indicating device or modified to
obtain a continuous record of the dissolved oxygen content.

The measurement of oxygen consumption by activated sludge and
sewage under various conditions has been used by Bloodgood (1) Kess-
ler and Nichols (7) for control of activated sludge plant operation.
However, this method takes several hours to obtain results and although
it may prevent the development of serious conditions, it does not tell
the conditions in the aeration tanks at all times. The maintenance of
the sludge in a proper condition would be much better served by a
knowledge of the dissolved oxygen in the aeration tanks at all times.
Such tests are made in most activated sludge plants at more or less
frequent intervals.

* Journal Series Paper, New lJersey Agricultural Experiment Station, Rutgers University,
Department of Water and Sewage Research.

1097
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In research upon the activated sludge process in the laboia ory,
where it is necessary to study small volumes for several days, it has een
impossible to determine the dissolved oxygen at frequent intervas e
cause the quantity of material used for the Winkler test is large an e
volume of the material under study is reduced to the extent ot in er er
ing with the maintenance of controlled conditions. The dioppmg mer
cury electrode fulfills all of these requirements, because the samp e can
be studied continuously for dissolved oxygen without losing liquor 01

analysis.

A pparatus

Petering and Daniels (13) published an article on the deteimination
of dissolved oxygen by means of the dropping mercury electiode, with
applications in biology, indicating that dissolved oxygen can he meas-
ured with simple laboratory equipment directly upon a sample which
can be kept for subsequent analyses. The simple apparatus such as that
shown in Fig. 1 does not record the dissolved oxygen continuously, but
the galvanometer may be read at any time and the dissolved oxygen
known at any given time. The galvanometer can be changed for re-
cording. The apparatus was assembled from standard equipment. In
the circuit shown an automobile storage battery (a) is connected in
series with a resistance box (s ) and a student potentiometer (c). The
secondary circuit from the potentiometer is connected in series with a
sensitive galvanometer (o) (108 amperes), and for purposes of cali-
brating the potentiometer with a Weston standard cell (¢). When the
potentiometer has been calibrated the negative pole is connected to the
dropping mercury electrode reservoir (k ), the other pole to the calomel
half cell (1 ). The mercury reservoir is connected by rubber tubing to
the capillary (o). Both the capillary and the calomel half-cell are
mounted on a rubber stopper which fits the 2-liter Erlenmeyer flask (m).
This mounting of both electrodes on the rubber stopper permits the
ready transfer of the electrodes from one flask to another, for practically
simultaneous measurement of several similar solutions. The flask
shown has been fitted with a side arm (n ) to permit the entrance of a
tube from the gas supply to the aerator ball (L ) which is independent
of the electrodes. The galvanometer is protected with an Ayrton shunt
(r) and the oscillations of the galvanometer caused by the changes in
the current flow, due to the formation of the mercury drops, are damped
by a 4000 microfarad condenser (e ) as recommended by Lingane and
Kerlinger (9). The calomel half-cell (1) is made from a long glass
tube with a side arm fitted with a sintered glass plug (1) for electrical
diffusion, yet backed with a saturated potassium chloride agar plug to
retard the rate of diffusion. Instead of the calomel half-cell the drop-
ping mercury electrode is generally used with a pool of mercury at the
bottom of the flask as the second electrode, but this increases both the
surface of mercury exposed to the test solution and the quantity of mer-
cury to be handled and cleaned. The calomel half-cell was recom-
mended by Lingane and Laitimen (10).
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Theory

For a complete theoretical discussion, see Kolthoff and Lingane (8),
Muller (11) and Heyrovsky (3), the originator of this method of analy-
sis. Petering and Daniels (13) give a good discussion of the theory of
the use of the dropping mercury electrode in the determination of dis-
solved oxygen. The dropping mercury electrode can be used to deter-
mine substances which can be reduced or oxidized. In order to deter-
mine those substances which can be reduced the mercury drop is made
negative, while to determine the substances which must he oxidized, the
drop is made positive. In the study of oxidimetry, it is well recognized

Fig. 1.—Schematic circuit and cell for the dropping mercury electrode determination of dis-
solved oxygen.

that the potential at which one material can be oxidized or reduced is
lower or higher than that potential at which another substance can be
oxidized or reduced. The same principle is used in the dropping mer-
cury electrode system of analysis in which the voltage applied at the
mercury drop yields the necessary potential to bring about the chemical
reaction which might have been produced by chemicals of the correct
potential. The voltage at which the chemical reaction takes place is
similar to that for the chemical reaction and is characteristic of a sub-
stance. As the voltage applied to the drop approaches that necessary
for the chemical reaction at the surface of the mercury the quantity of
current flow between the electrodes increases as shown by the galvanom-
eter. Maintenance of constant temperature in the test solution and of a
constant mercury dropping rate are important for accurate results.
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Once the mercury drop leaves the capillary, the chemical reaction on
that drop ceases (at least in so far as the galvanometer readings are con-
cerned) and the surface of the newly forming drop becomes the reactive
surface. The increase in current flow at a particular voltage is used to
indicate the presence of the particular element or ion or substance m a
solution which is similar to a known solution containing that element, ion
or substance (similar in respect to pH and other materials whose char-
acteristic voltage may be near that of the substance under test).® The
increase in the quantity of current flow is limited by the concentration of

Fig. 2. Current voltage curve obtained with a solution of cadmium and zinc sulfates.

the ion, element or substance under test and the current does not con-
tinue to increase as the characteristic voltage is exceeded. Apparatus
has been developed to vary the voltage at a regular rate and simultane-
ously measure and record the quantity of current increases. This may
be done manually with the apparatus shown in Fig. 1 and the points
plotted as shown in Fig. 2. This method of analysis does not lend itself
to completely unknown solutions. The characteristic potentials of each
of the substances present must be known and an increase in current for
a given increase in concentration of the substance must be determined.

Although the circuit appears to be similar to that used for conduc-
tivity measurements there are several differences: (1) the voltage ap-
plied to the dropping mercury electrode is very much less than the volt-
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age applied to the conductivity electrodes, (2) with this dropping elec-
trode there is a continually changing area of contact with the solution
whereas conductivity electrodes are constant in area, (3) the dropping
mercury electrode is charged continuously with one pole of electricity
while a high frequency alternating current is used for conductivity, (4)
better values with the dropping mercury electrode for low concentra-
tions of substances of low potential are obtained in the presence of a
comparatively high concentration of a salt containing an ion of a higher
potential (solution having high conductance). Since there is the simi-
larity of this circuit to that by which conductivity is measured, a study
of the effect of a change in the conductivity of sewage will be made and
correlated with the effect upon the determination of dissolved oxygen in
the sewage.

Method of Operation

In using the dropping mercury electrode the electrodes are sub-
merged in the solution and the mercury level adjusted so that one drop
forms in two to six seconds. With no voltage applied across the elec-
trodes, the zero reading of the galvanometer is obtained. This is im-
portant, because the 4000 microfarad condenser gives off a current
which is quite sensitive to temperature changes and may be large in

Fig. 3.— Current voltage curves of the same sample of sewage at different dissolved oxygen
values.
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proportion to the total current when concentrations are low. In

termination of all reducible substances except dissolved oxygen, this
gas must be removed from the solution by bubbling with either hydrogen
or nitrogen. For the actual analysis, a low voltage is applied across the
electrodes and the voltage increased in small steps while the increase in
current is noted as recorded by the galvanometer with each increase in

Fig. 4. Current voltage curves of the same sample of tap water saturated with oxygen.

voltage made. The data obtained are plotted on a characteristic cur-
rent voltage curve such as in Fig. 2, where the increases in current shown
are due to cadmium and zinc sulfates. The amounts of cadmium and
zinc must be determined from the current increases for known concentra-
tions of cadmium and zinc sulfates. If interested only in the determina-
tion or the cadmium present in the solution the entire current voltao-p
curve is unnecessary. The current reading at 0.5 volt can be taken and
then the reading at 0.7 volt; the difference represents the increase due to
the cadmium. This short cut is possible only when all of the substances
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present are known. If another substance had been present in the solu-
tion with a characteristic voltage very close to that for zinc, one of the
substances should be removed before the other could be determined with
the electrode. This is true of oxygen.

The shorter method of determining the current flow at only two
voltages is suggested by Petering and Daniels (13) for the determina-
tion of the dissolved oxygen. They recommend that one should take a
current flow reading at 0.1 volt and 1 volt and correlate the difference in
the readings with the dissolved oxygen determined for two points on a
curve by the Winkler method.

With these recommendations in mind, current-voltage curves on
sewage and tap-water were made as shown in Figs. 3 and 4. The
curves for the same sample of tap-water coincide at 1 volt only so that
no other voltage on these irregular curves could he correlated with the
dissolved oxygen. The irregularities in the tap-water curves are called
“maxima” and are due to the lack of large molecules in the solution.
Sewage contains large molecules in solution and so smooth current
voltage curves are obtained (Fig. 3). Peptone was added to the solu-
tion for Fig. 2 to give the smooth curve of this figure.

The regularity of the curves for sewage suggested that some cor-
relation between the differences in the current readings at 0.1 volt and
1.0 volt was possible. Sewage was aerated for several minutes and the
two necessary readings at 0.1 volt and 1.0 volt obtained and the dis-
solved oxygen value determined. After a short interval each of these
operations was repeated. The results were as follows:

Galvanometer Reading at

Volts P

0.1 1.0
1St SAM Pl e 81 153 5.0
2nd sample ... 71 154 5.0

The galvanometer readings at 0.1 volt are not constant enough, even
with sewage, to give good correlation with the dissolved oxygen.

From this preliminary work and a study of the references cited, it
was considered that changes in dissolved oxygen could be followed with
the potentiometer set at 1.0 volt and all readings taken at this voltage
only. Therefore, several types of sewage samples were obtained and
the typical data shown in Table | prepared for each sample. The
curves of the correlations between the dissolved oxygen (Winkler) and
the galvanometer readings for three samples are shown in Fig. 5. It
can be seen that the slope varies slightly for different samples. These
differences in slope may be due to the compounds in the sewages which
interfere with the Winkler determination or with the dropping mercury
electrode. When a new method for dissolved oxygen must be correlated
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Table I.—Correlations Between Current Flow and Dissolved Oxygen (Winkler)
i Winkler Dissolved
Galvanometer Readings Corrected Galvanometer Oxygen,
Deflections P.p.m.
Condenser (Shunt) With Sample
-39 1 X -21 0 0.0
-39 10 x -37 0 0.0
-37 1 X +6 25 0.85
-36 1 X +37 55 0.75
-36 10 x -2 320 4.3

against the Winkler method which may be, at best, 0.1 to 02" p.p.m.
from the actual dissolved oxygen value, the good agreement in each
sample and the close approach of different samples is considered an
excellent recommendation for the new technique.

For the determinations shown in Table | and Fig. 5 the potenti-
ometer was set at 1.0 volt and left for the balance of the determinations.

Eig. 5.— Correlation of current flow with dissolved oxygen in three samples of sewage.

The secondary circuit was broken and the reading of the galvanometer
with the condensers taken; this was repeated at each reading because of
the fluctuations in this current. The sewage was agitated for several
minutes with nitrogen until a reading was obtained twice, as near the
condenser reading as possible, and was considered as constant through-
out the rest of the experiment. The sample was then aerated and a
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galvanometer reading taken and the dissolved oxygen determined
chemically (Winkler). These operations were repeated several times,
and the results plotted. One point determines the slope of the curve
but several points were plotted as a check upon the method.

It is frequently desirable to determine the dissolved oxygen varia-
tions continuously in a sample of sewage or in activated sIndge-sewage
mixture. For this purpose the instrument is set with the potentiometer
at 1.0 volt, and the fluctuations in the galvanometer readings noted
against the curve for dissolved oxygen. The curve for the dissolved
oxygen is determined either by taking two dissolved oxygen values by
the Winkler method in the range studied, or by finding the zero point
by bubbling with nitrogen and then finding the slope of the curve with
one chemical analysis for dissolved oxygen. Especially in activated
sludge plant operation, where continuous dissolved oxygen values are
desired, it is generally important to know whether the dissolved oxygen
is rising or falling and what range is present and not whether the dis-
solved oxygen is exactly 0.8 p.p.m. or 0.9 p.p.m. or exactly 45 or 4.6
p.p.m. Thus, for plant operation some of the refinements of technique
necessary in the laboratory for exact work may be eliminated, while
good accuracy can be obtained in the laboratory with the dropping
mercury electrode.

P ossible Sources of E rror

To study the effect of a change in conductance (change in salt con-
centration), the dissolved oxygen was determined after the addition of
sodium chloride to a sample of sewage. To the sample of sewage used
in Table I, 1500 p.p.m. sodium chloride was added. A dissolved oxygen
of 0.35 p.p.m. was obtained by the Winkler method while the galva-
nometer reading indicated a dissolved oxygen of 0.48 p.p.m. when read
from the curve in Fig. 5 or an error of 0.13 p.p.m. This error can be
eliminated if a galvanometer reading is obtained in the absence of
dissolved oxygen to give the zero reading. This may not be possible
if a continuous reading is recorded in an aeration tank or stream. How-
ever, the magnitude of the addition of chlorides was much higher than
that which is normally expected in a sewage treated by the activated
sludge process and still the error is less than the accuracy generally
desired. For batch experiments there need be no error.

Nitrate and nitrite ions which are formed by activated sludge cause
no error in the dissolved oxygen determination for they are reduced at
voltages more negative (14, 15) than the one volt used for determining
dissolved oxygen. Further, there must be an absence of oxygen for
the determination of the nitrate and nitrite ions. Zinc and arsenic
cause increases in current at one volt which is the same as that used
for oxygen, as shown for zinc in Fig. 2. Neither zinc nor arsenic are
likely to be found in appreciable quantities in sewage, but if small
amounts were discharged into the sewer they do not remain as free ions
but react with the soaps or other organic material in the sewage before
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contacting the electrode. However, if zinc is present and the dissolved
oxygen determined or varied, the galvanometer is set at one volt and
with all of the oxygen removed the galvanometer reading is used as the
zero point. The slope of the curve is obtained by correlating a Winkler
dissolved oxygen determination with one other galvanometer reading.
A curve for dissolved oxygen in the zinc and cadmium sulfate solution
was made and the slope of the curve could be superimposed upon the
lowest curve of Fig. 5.

In the correlation of galvanometer deflections and Winkler dissolved
oxygen values in septic sewage the values fall upon a straight line when
the septic sewage has been aerated vigorously before the measurements
were made, but not otherwise. The author believes that the interference
of septic sewage with the Winkler method is the cause of the poor
correlation. The error may amount to 0.7 p.p.m. dissolved oxygen in
5 p.p.m. while the error is less with lower dissolved oxygen concentra-
tions.

A Correlation of Dissolved O xygen and N itrifcation

One of the important processes which frequently accompanies sew-
age purification by activated sludge or trickling filter treatment is
nitrification of some of the ammonia. Usually a long or intense aera-
tion period is needed to produce nitrification in activated sludge plants
and many designers and operators do not aim to produce nitrates in
normal activated sludge plant operation. With high-rate trickling fil-
ters nitrates will not form readily, but the conventional filters are good
nitrifiyng devices. Several years ago Myerhof (12) showed that nitrifi-
cation is retarded with a reduction in the oxygen tension in the air above
the liquor of a nitrifying culture. Reduction in the oxygen tension was
produced both with evacuation and dilution of the air with nitrogen.
If this ieduction in the rate of nitrification could be obtained by con-
trolling- the dissolved oxygen concentration with active agitation of the
liquor it would tend to explain why nitrates fail to form near the inlet
end of an activated sludge aeration tank and help in understanding why
1r:1_i|§[rates and nitrites may fail to form in the upper layers of a trickling
ilter.

Using a highly nitrifying sludge to study the effect of different D 0
levels upon the rate of nitrification, the activated sludge was aerated
for a week while making daily changes of supernatant, with mineral
water and urea as the source of ammonia. No organic carbonaceous
matenal was used. _At the end of a week the supernatant was with-
drawn and more mineral water and urea, to the extent of 40 d.um
nitrogen, added. One portion of the sludge was agitated with air while
a second portion was agitated with gas containing 5 per cent oxyo<en
The dropping mercury electrode cell was placed in the sludge, agitated
with the reduced oxygen gas. The dissolved oxygen results at honrlv
intervals are recorded in Table I, but readings were taken very f e
quently until equilibrium was reached and then checked at intervals
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The dissolved oxygen values for the sludge agitated with air were taken
hourly because the dissolved oxygen level was so high that slight varia-
tions would have less effect upon nitrification. Nitrites and nitrates
were determined hourly from both portions. The results, given in
Table 11, show a marked retardation in the nitrite and nitrate produc-
tion with the lower dissolved oxygen value of 0.7 p.p.m. The lower
rates of nitrite production during the first hour, especially with the lower
dissolved oxygen value, were apparently due to the addition of urea to
the sludge once a day, for a sludge dosed three times a day and kept at

Table Il.—Effect of Different Dissolved Oxygen Values Upon the Rate of Nitrification
Control Low Dissolved Oxygen
Time of Aeration, Produced Hourly Produced Hourly
Hours .0 Present, D.O. Present,
p-m. Nitrites, Nitrates, -p-m. Nitrites, Nitrates,
P.p.m. P.p.m. P.p.m. P.p.m.
st 4.3 2.8 2.0 0.6 0.2 0.0
2nd 5.0 5.5 5.0 0.7 1.5 1.0
3rd 4.0 4.0 3.0 0.7 2.1 2.0
4th 3.0 6.5 5.0 0.6 3.0 2.0
5th 3.8 7.0 6.0 0.7 4.0 3.0
Totals 25.8 21.0 10.8 8.0

the low dissolved oxygen concentration did not show initial retardation,
even after a period of three hours quiescence in the absence of dissolved
oxygen.

In an effort to show how low the dissolved oxygen must be before
nitrification is blocked entirely, results (Table I11) indicate that the dis-
solved oxygen was maintained at 0.2 p.p.m. for three hours. At this
low dissolved oxygen value, the formation of nitrates was blocked while
some nitrites were formed. The low nitrite production during the
second hour for the control was due to a lack of available ammonia dur-
ing that period.

Table I11l.—Effect of Low Dissolved Oxygen Upon the Rate of Nitrification

Control Low Dissolved Oxygen
Time, Produced Hourly Produced Hourly
Hours D.O. Present, D.O, Present,

P.p.m. Nitrites, Nitrates, P.p.m. Nitrites, Nitrates,

P.p.m. P.p.m. P.p.m. P.p.m.
Ist 4.5 3.0 2.0 0.2 1.5 0.0
2nd 4.5 2.0 2.0 0.2 1.5 0.0
3rd 5.0 4.5 3.0 0.2 1.0 0.0

Totals 9.5 7.0 4.0 0.0
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D iscussion

That the dropping mercury electrode method of determining dis-
solved oxygen is well suited for indicating continuously the dissolved
oxygen has been demonstrated by effect of dissolved oxygen upon nitiifi-
cation. With lower dissolved oxygen concentration, the rate of supply
of air was adjusted to bring the galvanometer reading to the desired
value. Using a galvanometer with an indicating scale, an operator
could perform other duties and watch the dissolved oxygen concentra-
tion by merely glancing at the scale. This simple, less expensive instru-
ment may be adapted for plant operation and be of real value to the
plant operator in controlling the dissolved oxygen concentration at a
desired level, while recording instruments will be desirable at larger
plants.

The results with nitrification show that low dissolved oxygen concen-
trations definitely retard both nitrite and nitrate formation, and that as
the oxygen concentration gets low enough the nitrate formation is
blocked while nitrite formation may continue. The actual dissolved oxy-
gen level that supports nitrification is probably higher for plant require-
ments, because in this experiment no actual sewage constituents were
present and only very little carbon oxidation was in progress. The car-
bon oxidation factor was eliminated purposefully to simplify the inter-
pretation of the results; therefore these results point definitely to the
effect of low dissolved oxygen upon the nitrification process.

Kehr (6) has shown that sewage retards the rate of oxygen diffusion
(reaeration) into stream water. When sewage is mixed with activated
sludge or dosed on a trickling filter, solids of various types collect at the
floe or slime surfaces. As these materials collect it would seem reason-
able that the diffusion rate of oxygen into the floe would be retarded.
Any retardation in the rate of oxygen diffusion becomes more important
when the oxygen demand for carbonaceous oxidation is high. The im-
portance given to these factors is based on the concept that the nitrify-
ing organisms are a definite part of the slime or floe and must obtain
their oxygen in competition with other organisms present in the slime or
floe. Because the competition for the oxygen is great in the upper
layers of the trickling filter and during the early stages in the aeration
tank, nitrification takes place more rapidly in the lower layers of the
trickling filter and in later stages of the aeration tank. With many
earlier laboratory experiments upon activated sludge the dissolved oxy-
gen concentration has been maintained so high that the oxygen diffusion
rate was high enough to permit the nitrifying organisms to compete suc-
cessfully for the oxygen. Nitrification and carbonaceous oxidation pro-
ceeded simultaneously (5), indicating (4) that there is real antagonism
between the processes for dissolved oxygen, but with enough dissolved
oxygen both processes proceed simultaneously.
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Summary and Conclusions

Tlie importance of knowing tlie dissolved oxygen concentration in
stream pollution studies and sewage plant operation is discussed. A
new method for determining the dissolved oxygen in these waters both
rapidly, accurately, and continuously, uses the dropping mercury elec-
trode. Calibration of the new equipment indicates that the instrument
for determining the dissolved oxygen is suited for indicating or record-
ing continuously the dissolved oxygen concentration in activated sludge
aeration tanks or in streams.

The effect of different dissolved oxygen concentrations upon the rates
of nitrification was determined by the use of the dropping mercury elec-
trode. It was shown that low dissolved oxygen concentrations have a
definite retarding effect upon nitrification.
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CHEMICAL COAGULATION OF SEWAGE
XIV. PROTEINS AS AN AID TO CHEMICAL TREATMENT *

By Harry W. Gehnm

Associate, Dept. Water and Sewage Research, New Brunswick, N. J.

In the course of experimental work on the chemical treatment of
sewage an investigation of the effect of natural and added colloidal sols
was made on the efficiency and speed of coagulation, clarification, floe
formation and settling. The addition of protein sols in quantities as
low as 2 p.p.m. produced marked changes in coagulation. The light,
slowly settling floe produced by normal chemical treatment was trans-
formed into heavy ball-like particles, averaging about a quarter of an
inch in diameter, which settled despite the agitation during flocculation.
The amount of coagulant necessary to produce complete clarification
was reduced by the addition to sewage of the protein sol. An illustra-
tion of the effect of small quantities of proteins on coagulation is shown
in Table 1.

A search of the literature revealed that some work was published
on the effect of protein sols on the settling of pigments (1) and of silica
suspensions (2) and for clarifying wines and beers (3), (4). The only
pertinent information pertaining to sewage coagulation and the use of
proteins found was a patent covering the A. B. C. process (5), used in
England during the nineteenth century. The coagulant used in this
process was a mixture of alum, various inert materials and some dried
blood. The quantity of blood actually added to the sewage in this
process amounted to less than 0.5 p.p.m. The amount of protein actu-
ally applied was too small to produce results distinguishable from those
obtained with a coagulant alone.

Certain substances in solution in sewage have been shown to exert
an influence toward keeping fine sewage solids dispersed. It is logical
to assume, therefore, that others might act in an opposite manner,
rendering them more easily coagulated. This appears to be a par-
ticularly plausible theory when the observations of the effect of protein
sols on sewage coagulation are considered.

E xperimental

1) Dosage of Protein —Preliminary tests had demonstrated that
small dosages of proteins could improve coagulation considerably. The
optimum dosage was not determined, neither was the question of the
probable variation of protein requirements of different sewages an-
swered.

* Journal Series Paper, New Jersey Agricultural Experiment Station, Rutgers University
Dept. Water and Sewage Research.
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Table | —Effect of Small Quantities of Proteins on Chemical Coagulation

P.p.m. Albumen

P.p.m.
IPon 0 2
(FeCM P.p.m. Turbidity Remaining
30 71 44
35 56 16
40 38 10
45 18 <5
Character of Floe Small. Settles Floe very large.
slowly Settles rapidly
P.p.m. Gelatin
P.p.m.
L 0 0
(FeCh) P.p.m. Turbidity Remaining
10 105 50
15 91 21
20 70 8
25 40 <5
30 <5 —_
Character of Floe Small. Settles Large, ball-like floe.
slowly Settles rapidly
P.p.m. Gelatin
P.p.m.
Alun‘%inum 0 5
(Alum) Turbidity Remaining
4 98 85
6 73 41
8 48 <5
10 21 —
12 <5 —
Character of Floe Fine. Settles Large, granular.

slowly Settles rapidly

In order to determine these factors a number of six-liter portions of
a sewage were treated with graduated dosages of gelatin solution, con-
taining 10 milligrams of protein per ml. The six-liter portions were
divided into one-liter aliquots, placed in battery jars and treated with
graduated dosages of ferric chloride. The samples were flocculated
thirty minutes and settled for one hour. The giiantity of ferric chloride
necessary to produce an effluent having a turbidity of less than 20 p.p.m.
was taken as the demand dosage. This experiment was repeated with
three other sewage samples from different sources (Table I1).

The dosage of protein required to produce optimum coagulation
varied somewhat with different sewage (from 4 to 10 p.p.m.). All
the samples treated responded well when 5 p.p.m. of gelatin was used
resulting in the formation of a rapid settling floe and reducing the
coagulation demand. Increased dosages of gelatin, within reasonable
limits, did not alter the results obtained. Greatly excessive dosages
were detrimental; they raised the coagulant demand and produced an
enormous amorphous floe which did not settle well.
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Table I1l1.—Dosage of Gelatin Necessary to Improve Coagulation
Sewage 1 Sewage 2
. Coagulant . Coagulant
PPRaga " b, Ghanced  Pemggetn DA, Ao Fomed
(FeCla) (FeCls)
0 35 Fine floe 0 20 Fine floe
! 35 Fine floe 1 20 Fine floe
3 25 Large floe 2 17 Granular floe
5 20 Large ball floe 3 17 Granular floe
8 20 Large ball floe 4 15 Large ball floe
10 20 Large ball floe 5 15 Large ball floe
20 20 Large ball floe 6 15 Large ball floe
30 20 Large ball floe 7 15 Large ball floe
40 20 Large ball floe 8 15 Large ball floe
50 25 Very large floe 9 15 Large ball floe
120 50 Very large floe 10 15 Large ball floe
Sewage 3 Sewage 4
0 25 Fine floe 0 15 Fine floe
4 15 Large ball floe 5 12 Large, granular
8 15 Large ball floe 10 10 Large ball floe
20 20 Large ball floe 25 10 Large ball floe
30 — Large ball floe 50 15 Large, amor-
phous floe
40 — — 75 20 Large, amor-
phous floe
50 25 Very large, 100 30 Large mass
amorphous
floe
100 — — — _
(2) Protein— coagulant Compounds.— T he difficulties attending the

dissolving, storing and feeding of proteins in sewage plant operation are
obvious. To overcome these objections a more convenient means of
applying the protein was sought.

The literature on protein compounds was consulted and numerous
references pertaining to the formation of proteinates with the chlorides
of heavy metals were found. It appears that the protein molecule at-
taches itself to the chloride ion forming a type of hydrochloride binding
with the metal ion. The extent of the reaction depends upon the con-
centration of the metal chloride salt thus allowing the formation of
innumerable compounds rather than a single one in which the reacting
ingredients are present in stochiometric proportion.

Preliminary trials showed that ferric and aluminum chlorides
readily combined with various proteins forming stable compounds which
were readily soluble in water or solutions of the metallic chloride salts

Numerous tests were made using different methods of mixino- the
ingredients. The best procedure was to hydrate the gelatin with a
minimum amount of hot water and then to add anhydrous ferric clilo-
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ride, kneading the resulting mass to a stiff paste. The paste, if it did
not contain too much ferric chloride, air dried to a hard brittle film if
spread out. Drying could be accelerated by raising the temperature to
50° C. Drying at higher temperatures was attended by some decom-
position.

In order to determine what ratio of protein and coagulant would
produce the best compound, ferric chloride and gelatin were combined
in the ratios of 1:2, 2:3, 1:1, 3:2, 2:5, 5:2, 3:1, 4:1 and 5:1. These
compounds were tested for solubility in water, the presence of free ferric
chloride, and the ability to dry to a stable non-hygryoscopic form.
Their relative merit for treating sewage was also determined by floc-

Table I1l.—Characteristics of Compounds Formed by Combination of Various Ferric Chloride Ratios
; Solubility of Ability to Form ifvi i
Wemer  Gmend  wd TBSEERT A T
1:2 Dissolves slowly None Good Fair Large,
leaving residue amorphous
2:3 Dissolves slowly None Good Fair Large,
amorphous
11 Dissolves fairly None Good Good Large, rapid
rapidly settling
3:2 Dissolves very None Very good Good Large, ball-like
rapidly floe
2:1 Dissolves very None Very good Good Large, ball-like
rapidly floe
5:2 Dissolves very None Good Good Large, ball-like
rapidly floe
3:1 Dissolves very Trace Fair Good Large, ball-like
rapidly floe
4:1 Dissolves very Present Poor Good Large, ball-like
rapidly floe
5:1 Dissolves very Present Poor Good Large, ball-like
rapidly floe

culation trials in which their clarifying ability and flop-forming proper-
ties were recorded. Some of the results are shown in Table IlI.

The ratios low in ferric chloride in proportion to gelatin (1:2, 2:3
and 1:1) were undesirable on account of their solubility characteristics
and relative inferior clarifying power. The floe formed by these com-
pounds was large but bulky and did not settle well. Preparations
formed with the ratios of ferric chloride to gelatin of 3: 2, 2:1, and 5: 2
had all of the desirable qualities, dissolving readily, forming stable dry
compounds and yielding excellent coagulation results. AYhen prepara-
tions were made in which the ferric chloride exceeded three or more
times the weight of gelatin, the final product, although a good coagulant,
contained free ferric chloride and was hygroscopic.

On the basis of these findings the ratios in the range of from 3: 2 to
5: 2 were chosen for use in this work. The 3: 2 ratio was generally the
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one used for preparation of the coagulant. It was given the name of
“ferrigel” for convenience.

(3) Method of Application of Ferrigel for Coagulation of Sewage.

—The use of ferrigel (2:3 ratio) as such yielded a protein dosage in
relation to the coagulant which was too high to be economical. With
this compound as such two parts of gelatin would be added for every
part of iron. By dissolving the ferrigel in a solution of ferric chloride
a ratio of the constituents in accordance with the requirements for
coagulation could he obtained.

The average sewage appears to have an iron demand of about 15
p.p.m. when ferrigel is applied, and 5 p.p.m. of gelatin will produce the
desired effect on coagulation. A solution containing 5 parts of gelatin
to 15 parts of iron (or 45 parts of ferric chloride) seems best for most
purposes. In practice sufficient ferrigel can be dissolved in a ferric
chloride solution of known strength to give this final ratio for feeding
purposes. The final ratio of this solution would he 9 parts of ferric
chloride to 1 of gelatin.

The solution made for laboratory coagulation tests contained 45
mgms. of ferric chloride and 5 mgm. of gelatin per ml. Using this
solution sufficient gelatin was always present to produce the desired
results when enough iron was added to clarify the sewage, while over-
doses of the protein were avoided. The following figures show the
dosages of gelatin obtained at fixed iron dosages when this solution was
used:

.p.m. P.p.m.
|IPOH Ge‘ljatin

(4) Relative Effectiveness of Compounds Made with Different P
teins.—Compounds of ferric chloride of the proteins zein, gluten, casein,
peptone and gelatin were prepared using the 3:2 ratio. The zein,
gluten and casein did not combine as readily or form as readily soluble
compounds as the other proteins. Some residue remained on prepara-
tion of the zein and gluten compounds. This was probably due to the
impure variety of protein used.

Amounts of the compounds were dissolved in ferric chloride solu-
tion of such strength that final solutions contained 15 mgm. of iron and
5 mgm. of protein per ml.

Liter portions of sewage were treated with dosages of the solution
of each compound varying from 0 to 40 p.pm. in the usual manner.
Clarification produced in all cases was measured by the turbidity re-
maining.

The clarification curve obtained with each compound is plotted in
Fig. 1. It was noted that in all cases where the demand dosage of the
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FERRIC CHLORIDE = = ——mmmmmm——o
CASEIN FERRIGEL .
PEPTONE FERRIGEL  ———mmmmmmmmo
ZEIN FERRIGEL

GLUTEN FERRIGEL W ———mmmmmo—o
GELATIN FERRIGEL

PPM. IRON

Pig. 1— Clarification curves of ferric chloride- protein compounds.

protein coagulants were used, large ball-like floe formation occurred.
As Tor clarification obtained all the compounds were superior to ferric
chloride per unit weight of iron employed. The order of clarifying
effectiveness of the compounds was gelatin, gluten, zein, peptone and
casein. Gelatin was only slightly better than the gluten and zein com-
pounds. All three were definitely better than the peptone and casein.
The gelatin, however, had added advantages from the standpoint of
preparation of compounds and character of the final product which
designated it as the best with which to work.

In order to determine ifimpure forms of gelatin were as effective as
pure forms a sample of iso-electric gelatin, free of ash and impurities,
was obtained. From this material a 3:2 ratio ferrigel was prepared.
Similar preparations were made from Difco gelatin, non-edible gelatin
and glue. The treating solutionwas prepared from each of these prepa-
rations and coagulation tests on sewage made. Turbidity, oxygen con-
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sumed, and B.O.D. tests were made on the clarified samples and observa-
tions on the character of the floe formed included.

A tabulation of the results (Table 1V) showed that very similar re-
sults were obtained with all four types of gelatin. Clarification, B.0.D.
and 0.C. removal and the character of the floe formed was similar in
every case. It will he noted that the same sewage treated with a higher
dosage of iron and no gelatin produced no appreciably greater B.O.D.
or 0.C. reduction. Because non-edible gelatin and glue wTlere as effec-
tive as the purer forms of gelatin and sufficiently low in cost to allow
their use in sewage treatment they were selected as basic materials for
the preparation of the compound, referred to as “ ferrigel.”

Table 1V.—Effect of Type of Gelatin on Clarification and Floe Formation

Analysis of Effluent

Gelatin Used P'E'em' gé‘?@ﬂ?h - P.B.m. Pé).m. Character of Floe
Turb. B.O.D. .C.

Ash Free..... 15 5 <20 68.0 40 Large, ball-like.
Settles during
stirring

Difco........ 15 5 <20 67.5 42 Large, ball-like.
Settles during
stirring

Non-Edible. ... 15 5 <20 66.0 39 Large, ball-like.
Settles during
stirring

Glue......... 15 5 <20 68.0 44 Large, ball-like.
Settles during
stirring

None........ 25 0 <20 65.0 42 Small, slow settling

pH —- The effectof pH on the coagulation of sewage with ferrigel was

studied over a range of from pH 2.9 to 9.4. Samples of sewage were
pre-adjusted with lime in the higher pH range and sulfuric acid in the
lower range to specific values. Treatment with ferrigel was applied in
such a manner that the gelatin dosage was constant at 5 p.p.m. and the
ferric chloride dosages varied from 4 to 14 p.p.m. of iron. Turbidity
remaining in the effluents was measured and the results plotted in Fig. 2.
Observations on type of floe formed were also made. Below pH 8.5 the
characteristic rapidly settling ball-like floe formed. At pH 8.5 and
above, this phenomenon did not take place; the floe formed was fine and
settled slowly.

Lowering the pH appeared to produce good clarification and large
floe formation with lower dosages of ferrigel than were necessary at the
normal pH of sewage. To lower the pH values of the sewage, carbon
dioxide was passed through two large samples of a sewage sufficiently
long to reduce the pH from 7.5 to 6.5 and to 5.5. A third sample was re-
tained without treatment as a control. Coagulation tests were made
with each sample to determine how much ferric chloride in the form of



Vol. 13, No. 6 CHEMICAL COAGULATION OF SEWAGE. XIV 1117

ferrigel was required to produce complete clarification. The dosage of
gelatin applied was kept constant at 5 p.p.m. This experiment was re-
peated with three different sewages. As the results in all cases were
similar, the average results are presented in Fig. 3. A reduction of 25
per cent in the amount of iron was evident when the pH was lowered to
6.5, and 35 per cent when lowered to 5.5 with carbon dioxide.

Fig. 2— Effect of pH on clarification with ferrigel.

Mixing and Flocculation—~ Experiments were conducted to deter-
mine the best method of application of ferrigel in respect to mixing and
flocculation. Mixing was accomplished in three ways, namely, flash
mixing (by violent vertical agitation with a flat plate), rapid mixing
(paddles on stirring machine running at 100 r.p.m.) and slow mixing

(paddles running at flocculation speed-— 30 r.p.m.). Samples of sewage
were aliquoted and treated with corresponding dosages of ferrigel em-
ploying the three methods of mixing. All samples were Tflocculated in
the usual manner following mixing. Clarification was measured by

turbidity in the supernatant after settling and the character of the floe
formed was observed. Table V is a tabulation of the results obtained.
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These results show
what better clarification at equivalent iron dosages,
floe is not formed.
the ball-like character.
floewith good settling characteristics.

Sewage
Sample

25

7.0 6.5
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5.5

Pig. 3~ Effect of carbon dioxide aeration on the ferrigel demand.

in general that while flash mixing yields some-
the large ball-like
Eapid mix gives a heavy floe which is not always of
This type of mixing yields at times a granular
A floewith the best settling prop-

Table V .— Type of Mixing as Applied to the Application of Ferrigel

Type of
I\X&ing

Flash
Rapid

Slow
Flash

Rapid
Slow

Flash
Rapid

Slow

78
80

91

148
159

173

P.p.m. Iron (Ferrigel)

15 20 25

P.p.m. Turbidity Remaining

38 <20
38 <20 —
57 <20 —
- 92 48
- 93 53
108 59
105 58 29
105 62 24
121 80 38

30

24
20
10

20

Character of Floe Formed

Fine, slow settling

Large, granular, rapid
settling

Large, ball-like, rapid
settling

Fine, slow settling

Small, granular floe

Large, ball-like, rapic
settling

Fine, slow settling

Large, ball-like, rapid
settling

Large, ball-like, rapid
settling
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erties is obtained by mixing at flocculation speed of 30 r.p.m. The re-
sults obtained with this method of mixing are preferred despite the fact
that a slightly higher dosage of iron is required to produce the same
degree of clarification.

Bacteria Removal — The bacterial removing properties of ferrigel
were compared with ferric chloride. Separate aliquots of a sewage
sample were treated with sufficient dosages of ferrigel and of ferric
chloride to produce complete clarification. Total 20° C. bacteria counts
and E. coli counts were made on the clarified supernatants after settling.
This experiment was repeated with four different sewage samples. The

counts obtained are given in Table VI.
Table VI.—Bacterial Removal by Ferrigel as Compared to Ferric Chloride

Total 20° Bact., thousands per ml.

Sewage Raw FeClj Treated Ferrigel Treated
Sample Sewage Séwage ewage

1 1890 540 210

2 6300 290 100

3 2100 500 600

4 — 340 400

E. Coli, thousands per ml.

Sewage Raw FeClj Treated Ferrigel Treated
Sample Sewage Sewage gewage

1 150 15 5

2 140 14 8

3 440 51 61

4 — 45 45

Despite some variations observed, it appears that there were few if
any consistent differences in the removal of total bacteria or E. coli ob-
tained by the two coagulants.

In connection with the removal of bacteria the chlorine demand of
clarified effluents is of interest. In order to determine if any difference
in chlorine demand existed in effluents obtained by the use of ferrigel as
compared to ferric chloride, the samples of clarified sewage from the
experiment on bacterial removal were tested for their chlorine demand
by the standard method. In Table VII1 the comparative figures are

T able VII1.—Chlorine Demand of Ferrigel Effluents Compared to Ferric Chloride Effluenis

Ferrigel Treatment .
g Chlorine Demand  Ferric Chloride ~ Chlorine Demand

Sewage Effluent Treatment Effluent
Iron Gelatin
1 15 7.5 5.0 25 5.0
2 20 4.0 4.5 30 4.5

3 20 5.0 4.0 30 4.0
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given. All samples showed that no difference existed in the chlorine
demand of the effluents produced by ferrigel and those produced with
ferric chloride.

Effect of Floe~ It was thought possible that because of its peculiar
characteristics the floe produced on coagulation of sewage with ferrigel
might have clarifying power if added to untreated sewage. Sixteen
one-liter portions of a sewage were treated with sufficient ferrigel (15
p.-p-m. iron 5 p.p.m. gelatin) to clarify the sewage completely. The
sludge from each was separated from the clear liquor. Four samples
were set aside, four other pairs of samples were combined and the re-
maining combined in four sets each containing the sludge from three
liters of sewage. This was done in such a manner that the floe was not
broken up appreciably. Four sets of four one-liter samples of the same
sewage were then poured into jars. To one set of four, no sludge was

Table VII1.—Effect of Return Sludge on Ferrigel Treatment

P.p.m. Iron-("Ferrigel)

Cone, of Return Sludge
on Sewage Solids 0 5 10 15
Basis

P.p.m. Turbidity Remaining

0 106 72 40 <20
1:1 110 69 50 <20
2:1 110 75 57 <20
3:1 Floe Breaks Up
added. To the second set the sludge obtained from one-liter portions of
sewage was added, to the third set the sludge from two liters of sewage
and to the fourth set the sludge from three liters of sewage. This gave

four sets of one-liter samples, each containing one sample with no re-
turn sludge, one with an equal weight of solids as return sludge, another
with twice the weight as return and the last, three times the weight of
sludge present in the samples without return sludge. One set was floc-
culated without additional coagulant, the second with 5 p.p.m. of iron as
ferrigel, the third with 10 p.p.m. and the fourth with 15 p.p.m. After
flocculation for 30 minutes and settling for one hour the turbidity of the
supernatants of all samples was determined. The results obtained are
given in Table VIII.

In the light of these results it is evident that return ferrigel sludge
does not aid clarification. Itwas also observed that nothing was gained
from the standpoint of floe formation or settling by any of the concen-
trations of return sludge used.

Dewatering — Inspection of the ball-like floe after settling revealed
that the floe particles seemed to retain their identity after settling and
not to merge wholly into a homogeneous sludge, indicating tha& the



Vol. 13, No. 6 CHEMICAL COAGULATION OF SEWAGE. XIV 1121

sludge should dewater readily and perhaps without conditioning chemi-
cals.

After preliminary trials, 30 gallons of sewage was poured into a steel
drum and treated with sufficient ferrigel to produce complete clarifica-
tion. The sludge was allowed to settle and then drawn off into two-liter
cylinders in which itwas allowed to compact for 24 hours. At the end
of this period the clear supernatant was siphoned off and 100 ml.
samples used for Buchner funnel dewatering tests. The time of de-
watering was determined without the use of conditioning chemical and
with graduated dosages of ferric chloride. This experiment was re-
peated with three different sewages. The data obtained is tabulated in
Table IX.

It is apparent that the sludge obtained from sewage coagulated with
ferrigel can be dewatered by vacuum Tfiltration without the addition of
conditioning chemical. Small quantities of ferric chloride (0.4 to 1.0

Table I1X.—Dewatering Properties of Ferrigel Sludge, Plainfield Sewage Treated vnth Ferrigel
(20 p.p-m. Fe, 8 p.p-m. Gelatin)

Per Cent FeCU for Conditioning

0 0.44 0.59 0.73 0.8 l.o
Minutes to Obtain Dry
Cake..cweeoouaao.. 10 4 3 3 2 1
Character of Filtrate.... Clear Clear Clear Clear Clear Clear
Per Cent Moisture in
Cake 79 79 76 76 76 77

Freehold Sewage Treated with Ferrigel
(25 p-p-m. Fe, 10 p.p-m. Gelatin)

Per Cent FeCls for Conditioning

0 0.29 0.59 0.88 1.18 1.47
Minutes to Obtain Dry

10 7 6 4 3 2
Character of Filtrate.... Clear Clear Clear Clear Clear Clear
Per Cent Moisture in

76 72 71

Elizabeth Sewage Treated with Ferrigel
(20 p.p-m. Fe, 4 p.p.m. Gelatin)

Per Cent FeCla for Conditioning

0 0.19 0.38 0.77 .96
Minutes to Obtain Dry
Cake . oouueeeann. 10 6 3 2 2
Character of Filtrate.... Clear Clear Clear (dear Clear

Per Cent Moisture in
Cake 74 75 77 76 76
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per cent), however, greatly enhanced the filtration as indicated by the
lowering of the filtration time from ten to as low as one minute.

As ferrigel was effective in producing a dewaterable sludge it was
thought possible that it might be more effective for sludge dewatering
than ferric chloride. To determine the relative effectiveness of the

two, aliquots of a sample of fresh solids were treated with comparative

0/0GELATIN

Pig. 4. Ferrigel and ferric chloride compared for the dewatering of fresh solids.

dosages of the two chemicals. A ferrigel preparation containing two
parts of ferric chloride to one of gelatin was used in these tests. The
common Buchner funnel method of determining dewatering rate was
employed. On completion of the test with the fresh solids sample the
procedure was repeated with a ripe sludge sample.

For dewatering fresh solids ferrigel was only a slight improvement
over ferric chloride as Fig. 4 shows. Ripe sludge, however, responded
more markedly to ferrigel than to ferric chloride. As will be seen on
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inspection of Fig. 5 the amount of ferric chloride to give equivalent re-
sults was cut in half when ferrigel was used for conditioning.

Other Gels-— The coagulating and clarifying value of gelatin com-
plexes prepared from other metallic salts was studied. Gels were pre-
pared by combining in the ratio of two parts metal to one of gelatin.
Cupric chloride, zinc chloride, aluminum chloride and ferric chloride

Fig. 5.— Ferrigel and ferric chloride compared for the dewatering of ripe sludge.

were used. Resulting compounds were dissolved in solutions of the
metal salt used to make the compound to adjust the ratio of metal to

gelatin to the proper range. The dosage of these compounds necessary
to clarify sewage was determined, and the optimum amounts added to
different samples of sewage. The results on two samples of sewage are

shown in Table X.

Aluminum chloride-gelatin compound gave excellent results both
from the standpoint of clarification and floe formation as compared to
ferrigel. This compound may be of greater interest in the water field.
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Table X.— Effectiveness of Gelatin Compounds Pprepared with Different Metallic Salts

Sewage 1
Compound P.p.m. Metal P.p.m. Gelatin Clarification Floe Formation
Ferrigel . ... ............. 15 7.5 Good Large, rapid
settling
Aluminum-gel ... __._.__. 5 25 Excellent Large, rapid
settling
Copper-gel . ... ........ 35 175 Good Large, rapid
settling
Zinc-gel. .. ... ........... Results poor at all dosages
Sewage 2
Compound P.p.m. Metal P.p.m. Gelatin Clarification Floe Formation
Ferrigel.... ... ... ... .... 20 10 Good Large, rapid
settling
Aluminum-gel . .......... 5 25 Good Large, rapid
settling
Copper-gel..... ... ...... 40 20 Good Large, rapid
settling
Zinc-gel .. ... _...__..... Results poor at all dosages

Table XI.— Reduction in Iron Demand Obtained by Ferrigel over Ferric Chloride

Coagulant Demand, P.p.m. Fe

Sewage P.p.m. Gelatin
FeCls Ferrigel
Plainfield. ....... ... ... ..... 35 30 10.0
T .
a 30 25 8.5
25 20 6.8
El
30 20 6.8
25 15 5.0
25 15 5.0
Freehold..... ... ... ........ 30
t 25 8.5
25 20 6.8
40 30 10.0
South River.............. 25 20 6.8
a a ’
30 25 8.5
30 25 8.5
25
a a 20 6.8
20 15 5.0
New Brunswick........ 15
a a > 10 35
a a 15 5.0
) 10 5 17
Sayreville......_.. 20 15 5.0
20 15 5.0
10
_ }5 17
Highland Park......... 15 10 35
20 15 5.0
Average........... 24 18 6.1
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The cupric chloride-gelatin complex could also produce good results but
excessive dosage was required. In neither case did the zinc compound
appear to have any clarifying value.

Reduction of Iron—- Throughout this study numerous comparisons
of ferrigel and ferric chloride were made. A group with varying co-
agulant demand requirements has been brought together and tabulated
in Table XI. The average reduction in ferric chloride demand by ferri-
gel was 25 per cent when using an average gelatin dosage of 6.1 p.p.m.
It will be noticed that the reduction in ferric chloride demand varied
from 5 to 10 p.p-m., but was not necessarily the same for sewage from a
particular plant.

140
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F 1G. 6~ The clarification curve of ferrigel compared with that of ferric chloride.

The effect of graduated dosages of ferrigel and ferric chloride on
clarification is of particular interest. As an example, five series of fig-
ures representing five different sewages were averaged and the averages
plotted in Fig. 6. The difference in the type of curve produced by ferri-
gel is indicative of its superior clarifying qualities when dosages less
than the demand are applied.

D iscussion

The discovery that small dosages of proteins such as gelatin were
effective in producing a heavy hall-like floe when sewage was treated
with ferric chloride led to this investigation. It was shown that as little
as 2 p-p-m. of protein not only changed the character of the floe but re-
duced the amount of ferric chloride necessary for partial and complete
clarification. Larger dosages (5 to 10 p.p.m.) of protein were generally
more effective than lower dosages, while quantities of from 10 to 40
p-p-m. were of no added value. Dosages over 40 p.p-m. were detrimental
to clarification.
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In search of an explanation for this phenomenon, the literature on
colloidal chemistry was searched. It was found that in several investi-
gations results were reported on the effect of proteins on the precipita-
tion of pure colloidal sols with salt solutions (6) (7) (8). The general
findings were that small additions of proteins such as gelatin, while not
precipitating agents themselves, allowed precipitation of the colloids
with much less salt than was necessary to produce the same result when
no protein was added. The use of proteins for this purpose is referred
to as “ sensitization” and the action held to be the opposite of the phe-
nomenon known as “ protection.” The protective colloid protects the
sol against coagulation and the sensitizing colloid makes itmore readily
susceptible to coagulation. The explanation of the sensitizing effect ad-
vanced is that the sensitizing agent attaches itself to the individual
particles whereby it assumes coagulant response characteristics similar
to those of the sensitizing agent.

In sewage treatment we are not dealing with a pure colloid dispersed
inpure water, so that this explanation for the action of ferrigel in lower-
ing the coagulant demand is open to some question. However, as sub-
stances dissolved in the sewage have the ability to increase the amount
of coagulant necessary it is conceivable that the gelatin can act with the
dispersed matter to overcome this effect. The results obtained appear
to indicate that the gelatin sensitizes the dispersed substances in sewage
to coagulation, but whether the mechanism is the same as that formu-
lated for pure sols dispersed in distilled water has not been established.

It has been established that crystal growth is affected by gelatin (9).
It is possible that the gelatin may affect the crystal lattice structure of
the hydrous ferric oxide formed on coagulation thus accounting for the
type of floe produced when gelatin is present.

The combination of proteins with heavy metal salts and acid has
long been known and the nature of the combination has been subject of
much debate. Without discussing the nature of the combination in de-
tail, suffice it to say that compounds of metal salts and proteins having
certain properties which made them suitable for our purpose were
readily produced. These properties were dryness, ready solubility,
stability, uniformity and applicability. The advantage gained by the
use of a combination of a protein and metal is that only one chemical
need be fed, while metal protein compounds are more readily soluble and
more easily handled than the protein itself.

Zein, gluten, casein, albumen, peptone, and gelatin were the proteins
used. Of these gelatin albumen and peptone yielded the best com-
pounds. Commercial zein, gluten and casein left residues after treat-
ment with ferric chloride, due to impurities present. The commercial
albumen and peptone did not leave residues. Coagulation tests showed
that all of these proteins produced a large heavy floe and lowered the
amount of ferric chloride used for coagulation. This may be considered
good evidence that the proteins in general and not the physical or chemi-
cal character of a particular protein is responsible for these responses.
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The experiments also showed that gelatin was superior to the other pro-
teins ; it formed better compounds with ferric chloride, left no residue,
and gave superior clarification results. The commercial materials
needed for its preparation are available at low prices.

Since gelatin was the best protein for the purpose, experiments were
conducted to determine whether or not the lower grades of gelatin were
as effective as the high grade used in previous experiments, taking into
consideration clarification, floe formation and B.O.D. and oxygen con-
sumed (0.C.) reduction. To be of any practical value the cheap grades
of gelatin would have to be used. Comparison of two very high grade
gelatins (ash-free gelatin and Difco) with the two lowest (glue and non-
edible gelatin) showed little if any difference. The non-edible gelatin
was chosen as the best for our purpose on the basis of its low price and
superiority in physical form over the glue. Also, itdid not have an ob-
jectionable odor on reaction which was observed when glue-ferric chlo-
ride compounds were made.

The tests showed that the B.0.D. and 0.C. reductions obtained by
coagulating with ferrigel were as good as those obtainable with ferric
chloride. Because the B.O.D. and 0.C. values were as low as the efflu-
ents from ferric chloride treatment, it appears that the gelatin precipi-
tates with the sludge and does not remain dissolved in the clear liquor.

The mixing experiments proved that for best results ferrigel should
not be flashmixed or even rapid mixed on addition to the sewage. Mix-
ing is best accomplished at flocculator speed. The presence of the
gelatin seems to delay the action of the ferric chloride for sufficient time
to allow good distribution through the sewage.

Ferrigel was as efficient as ferric chloride in removing bacteria which
grow at 20° C. and E. coli from sewage. Counts on clarified effluents ob-
tained by both methods of treatment were sufficiently close to warrant
this conclusion. Bacterial removal by coagulating chemicals seems to
be due more to their separation with the floe than by germicidal action
of the coagulant.

The B.0.D. and 0.C. and chlorine demand values were no higher in
effluents from sewage clarified to the same degree with ferrigel than with
ferric chloride. No difference in these values would be expected unless
the gelatin remained in solution and was oxidized by bacteria, the acid
KMnO4,or by chlorine. Gelatin is oxidized by both bacteria and acid
potassium permanganate as applied in the oxygen consumed test. Since
the gelatin does not remain in solution but precipitates in the sludge it
does not affect the B.O.D., 0.C. or chlorine demand of the effluent. The
results of experiments presented bear out this contention.

The absorption capacity of a ferrigel floe for dispersed sewage
particles once completely formed is negligible. This was demonstrated
by return sludge experiments. No concentration of return sludge, even
when added with additional coagulant, aided clarification. When the
total suspended solids concentration was raised four times above normal
by addition of return sludge, mechanical flocculation dispersed the en-
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tire mass and clarification was poor. With ferrigel as with ferric chlo-
ride the greatest coagulation took place as the chemical reacted in the
sewage.

Experiments demonstrated that the sludge produced by ferrigel co-
agulation could be dewatered without adding conditioning chemicals.
Dewatering time was decreased, however, by treatment of the sludge
with dosages of ferric chloride of less than one per cent. Even when no
conditioning chemicals were added clear filtrates were obtained and cake
moistures ran from 74 to 79 per cent. Addition of ferric chloride low-
ered the cake moisture on an average of about 3 per cent. The sludge
obtained with ferrigel treatment settles and compacts very rapidly and
it is conceivable that it could be removed from the settling chamber con-
tinuously and dewatered immediately and continuously.

Ferrigel used as conditioning agent did not produce very much
better dewatering than did ferric chloride when used for conditioning
fresh solids. The results obtained were almost identical per unit of
ferric chloride. Ripe sludge, however, reacted more markedly. The
dewatering time was cut in half when ferrigel was used at the same
FeCl3concentration as the ferric chloride alone. When the gelatin cost
was considered, however, no advantage was noted. Itwould be no more
expensive to increase the ferric chloride sufficiently to halve the de-
watering time than to use ferrigel. The interesting fact brought out by
these tests is that ripe sludge containing a high concentration of bicar-
bonates dewatered well with ferrigel. The gelatin bound ferric chloride
was evidently more available for coagulation than for reaction with the
bicarbonates present in the sludge and thus more efficient in promoting
dewatering.

A very efficient coagulant could be made by the combination of
gelatin and aluminum chloride. This was to be expected as the factors
affecting coagulation are not appreciably changed by the use of a pro-
tein. The trivalent cations iron and aluminum are good coagulants
whether a sensitizing agent is present or not. The divalent cations are
relatively poor coagulants as was demonstrated with the application of
copper and zinc gelatin compounds. The formation of a large floe by
the copper compound is indicative of the action of the gelatin on the
dispersion.

The pH of the sewage treated affects the results obtained with all
coagulants and consequently those obtained with ferrigel. O0On the acid
side and up to a pH value of 8.5 the large rapid settling floe is readily
formed but in the range above this value floe formation is poor and
clarification at a given dosage not improved. The addition of lime is
detrimental rather than an aid to this coagulant. Best results are ob-
tained at pH values of 5.5 to 6.5. In this range floe formation is espe-
cially good and clarification remarkable. The fact that an iso-electric
point of gelatin exists near this range might account for the residts
obtained.
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Carbon dioxide application was found to be a good adjunct to coagu-
lation with ferrigel as it readily brings the pH down in this range.
It was found to be particularly effective with Monday sewages which
are high in alkalinity.

The ability of ferrigel to allow an average of 25 per cent reduction
in the amount of coagulant in 22 samples of sewage from six different
sources indicates that such compounds are likely to be generally applica-

ble and not peculiarly adaptable to one type of sewage. The sewages
used included strictly fresh and stale domestic as well as domestic sew-
age containing trade wastes. During the experimental work with fer-

rigel no sample of sewage with a pH below 8.5 failed to respond to
ferrigel coagulation.

The difference in the clarification curve obtained with ferrigel as
compared to ferric chloride brings out some interesting points. Clari-
fication of a much greater degree is obtained by partial dosages of fer-
rigel as compared to equivalent dosages of ferric chloride. It is evident
from these curves that a fixed dosage of ferrigel would produce better
over-all clarification through a period of wide fluctuation in flow and
character of sewage because clarification is greater with partial dosages
than when ferric chloride is used.

Conditioning sewage Tfor coagulation by addition of a sensitizing
colloid shows promise of greatly improved results from chemical treat-
ment, The advantages which may be gained from such treatment are :
lower chemical cost, easier control, and a decrease in the size of the
units necessary for treatment.

It is questionable if the best method of sensitizing has been found.
It is possible that an altogether different class of compounds than those
employed in thiswork yield better results ;perhaps awaste product itself
could be utilized as a sensitizing agent. These results are reported
more in demonstration of a principle of colloidal chemistry as applied
to our problem than as the immediate development of a new chemical
for sewage treatment.

Conclusions

1. Proteins in as low a concentration as 4 p.p.m. were found to re-
duce the amount of coagulant necessary for sewage clarification from
25 to 50 per cent and cause the formation of a ball-like floe that would
settle despite agitation at flocculation speed.

2. OFf several proteins tested, gelatin was found to give the best
results although others gave a similar effect. The grade of gelatin
employed did not affect the results appreciably.

3. A compound of gelatin and ferric chloride was prepared which
had physical properties facilitating feeding and had excellent coagulat-

ing ability. _ -
4. A similar compound was prepared using gelatin and aluminum
chloride which was an effective coagulant. Other preparations made

with compounds containing divalent metallic ions were not as effective
for sewage coagulation as those made with trivalent compounds.
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5. Ferric chloride-gelatin compounds yielded clear effluents equal
or better than did ferric chloride in terms of B.O.D. (5-day), oxygen
consumed, total bacteria and E. coli. The chlorine demand of the efflu-
ents obtained by the two methods of treatment was the same.

6. Gelatin-ferric chloride compounds gave good results when em-
ployed for dewatering ripe sludge but ivere not superior to ferric chlo-
ride alone for dewatering fresh solids.

7. The sludge obtained from treatment with the gelatin-ferric chlo-
ride compound could be dewatered without addition of chemicals for
conditioning.

8. Pre-treatment of sewage with carbon dioxide prior to addition of
ferric chloride-gelatin coagulant reduced the dosage required for com-
plete clarification.

9. Return sludge did not aid this process of treatment. Flash mix-
ing proved detrimental to the process reducing the size of the floe
particles formed.
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Plant O peration

OPERATION OF SEW ERAGE SYSTEM § A N D SEW AGE
TREATMENT WORKS FROM THE STAND -
PO INT OF NATIONAL D EFENSE *

By Warren J. Scott

Director, Bureau of Sanitary Engineering, Connecticut State Department of Health,
Hartford, Conn.

One immediate problem that faces municipal officials and sewage
treatment plant operators in connection with the national defense pro-
gram is the possible adverse effect of new or increased discharge of sew-
age or industrial wastes. The rapid expansion of existing industrial
plants, new industrial plants, new or enlarged military establishments,
and new housing construction for defense workers, may result in sub-
stantial increase in the amount of sewage discharged to municipal sewer-
age systems and treatment works. Where industrial wastes are dis-
charged into existing sewerage systems or plans are made for the dis-
charge of industrial wastes from new plants, the character of the wastes
may interfere with sewage treatment plant operations. This may be
true especially if the plant includes sludge digestion facilities. The effi-
ciency of chlorine disinfection may be reduced by industrial wastes with
excessive chlorine demand. Municipal officials should keep in close
touch with proposed industrial plant expansions and proposed establish-
ment of new industries. |In questionable cases the advice of the state
authorities should be sought. By advance planning, operating difficul-
ties may be avoided. Treatment of wastes from defense industries be-
fore discharge to public sewers or exclusion of such wastes from public
sewers may be necessary.

Federal, state and municipal officials have recently been giving a
great deal of thought to questions of national defense as they relate to
operation of public utilities. OFf first importance comes tomind the pro-
tection of water, electric and gas utilities. However, the operation of
sewers and sewage treatment plants looms in the picture of national de-
fense because: (1) they are particularly susceptible to damage from
present day war methods and (2) their interruption may have serious
detrimental consequences to the public health. The discussion that fol-
lows takes up defense considerations which include problems of person-
nel and policing, property protection, possible effects of war damage,
safeguards against the effects of power interruption, provision of dupli-
cate equipment and supplies, emergency methods of sewage treatment

*Presented at the Second Annual Meeting of the Federation of Sewage Works Associa-
tions, New York City, October 10, 1941.
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plant operation, emergency repair of sewers, and health precautions
after flooding with sewage or contaminated water.

In the water supply field, the Connecticut Water Works Association
has a Committee on Water Works Defense, of which the writerisamem -
ber. This committee has worked in close co-operation with the state
police, the public utilities commission and the state department of
health. In the following discussion of precautionary measures, the
writer has drawn to some extent on the material discussed and prepared
by the Water Works Defense Committee in his state inasmuch as some
of the factors involved are common to both water works and sewerage

properties.

Co-OPERATION WITH POLICE AND FIRE DEPARTMENTS

In considering policing, we should bear in mind that at the present
stage, defense programs must contemplate the use of existing peace-
time police agencies such as local police, state police and the Federal
Bureau of Investigation. It isundoubtedly a good plan for the head of
each public works agency to confer with the local police chief and the
local fire chief so that the various interests along defense lines will be
considered. State police departments inmany states are also organized
to investigate threatened sabotage and to furnish advice on defense
measures.

Personnel

Checking Up on Personnel - The importance of checking up on the
background of all employees of public utilities as to citizenship and
affiliations has been frequently stressed by responsible officials. In-
vestigations have been made by most utilities and are certainly to be
desired.

Identification of Employees — Consideration has been given by many
utilities to the provision of some satisfactory means of identification of
employees for the protection of themselves and the public. While at
the present time this may not be so urgent in the case of employees en-
gaged iIn maintenance and operation of sewerage systems and sewage
treatment plants, yet there is undoubtedly justification for taking pre-
liminary steps along this line as a defense measure. The Connecticut
Water Works Defense Committee has suggested two methods of pre-
paring identification cards, one of which involves printing the em-
ployee’™ photograph directly on a card on which is also subscribed the
pertinent information about the employee, and his signature. The
second method involves the pasting of a photograph securely on a por-
tion of a card and impressing a seal which extends partly on the card
and partly on the photograph; the rest of the card lias a space for in-
formation about the employee and his signhature. For laborers, itmay
be desired to furnish badges rather than cards.

Duplicate Manpower — In planning for emergencies it is often un-
fortunate that while duplication of equipment is usually given serious
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consideration, too little attention is paid to the need for human reserves.
Even under normal conditions some of our sewage treatment plants are
inadequately manned. Sickness or other unavoidable absence creates a
serious operating problem. This lack becomes more acute when operat-
ing conditions become abnormal. Defense considerations should in-
clude the provision of reserve manpower. In a small town it may be
possible to train some local plumber or other person to handle things in
emergencies.

Protection to Property

Protection to Buildings.-— -This includes (a) window guards, (b) steel
doors in lieu of wooden doors, (c) fencing around buildings. An espe-
cially heavy wire guard may be placed in windows of treatment plant
buildings and pumping stations. Where heavy wooden doors are not
replaced by steel doors, they should be equipped with pin tumbler locks
instead of plain pin-locks. Vulnerable spots such as sewage pumping
stations or treatment plants may be protected by installing “ non-climb-
able” chain link fencing.

Protection to Property Outside of Buildings.— This may include (&)
locking manhole covers over particularly vulnerable points on the sewer
collecting system or at the sewage treatment plant, (b) locking valves
and gates, and (c) fencing certain land that may afford approach to
utility structures. Many exposed manhole covers have been locked by
using a flat iron bar properly secured on either side of the manhole
cover. Some manhole covers have been locked by use of special bolts.
Manholes may be concealed from observation by covering with earth
but in such cases provision should be made for prompt spotting of the
manholes when access is necessary. Where valves and gates are in ex-
posed positions, they may be pin-locked. In some cases wheels for op-
erating gate valves have been removed to prevent tampering.

Floodlighting.— This may include the lighting of pumping stations
or treatment plants. Floodlighting enables a patrolman to see readily
the outline of buildings and therefore observe whether there is any un-
authorized trespass around the buildings. In some cases lighting equip-
ment isbeing set in place for use when desired even though for the pres-
ent floodlighting is frequently being carried out intermittently rather
than continuously. Police authorities usually express themselves as
being in favor of continuous lighting, reinforced by patrol measures,
rather than intermittent lighting. Where floodlighting is used itis im-
portant that the lighting should be trained on the approach to plant
structures as well as on the structures themselves. Saboteurs do not
need floodlights to guide them to vital points and the idea that lights
will only draw attention to danger spots appears to have little backing
from police authorities. In case of aerial bombing all lights, of course,
would be blacked out.

Plant Visitors.— In peace time, encouragement has usually been
given to the public to visit sewerage properties so as to become better
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acquainted with the facilities which are provided for public service.
However, at the present time, defense considerations frequently out-
weigh the normal advantages of public education. It may be desired to
work out arrangements with the central office of the Department of Pub-
lic Works so that visitors who are not known to the plant attendants
shall secure passes. Many utilities have extended the erection of “ No
Trespassing” signs to cover strategic locations on their properties.
These serve to aid in keeping away unwanted visitors, including those
who might photograph vulnerable structures.

R adio and Signal D evices

In the July, 1941, issue of the Journal of the American Water Works
Association is a very interesting paper by W. Victor Weir discussed by
W. W. Hurlbut, relative to the use of radio as ameans of communication
between distant points on utility systems. Signaling from loud speak-
ers and sound trucks are used in directing utility operations in emer-
gency.

Safeguards against the E ffects of E lectric Power Interruption

Sewage Pumping Stations-— In the operation of sewage pumping
stations, reliance on one source of power is not desirable either in peace-
time or war-time. Even in the case of usually dependable electric utili-
ties, occasional interruptions of power are experienced. Sometimes this
may be due to such accidents as damage to overhead wires in the vicinity
of the pumping station. This hazard is reduced by placing wires inun-
derground conduits. However, while all precautions of this nature
should be taken, it is unquestionably desirable to have an independent
source of power. Frequently electric power may be duplicated by di-
rect connection from a Diesel engine or a gasoline engine. In some in-
stances auxiliary electric power is generated by Diesel engines or gaso-
line engines. Portable pumping equipment driven by a gasoline engine
or other means may temporarily take care of sewage pumping station
operations. It may be possible to make connection of electric power
lines to more than one transformer station should the usual station be
put out of service. The present is an opportune time for responsible
public officials to press for duplication of power in operation of pumping
stations since a war emergency would unquestionably increase the haz-
ard of power interruption. Power interruption may affect not only the
operation of sewage pumping equipment but also some stations are so
laid out that failure of sump pumps to remove drainage may put out of
operation electric motors or other apparatus. Duplicate means of op-
erating sump pumps or other arrangements should be provided if neces-
sary for proper operation of the pumping station. The question of arti-
ficial lighting may also arise if electric current disappears. Portable
lighting equipment may need to be provided. It may be desirable to
work out plans for construction of by-passes above pumping stations
where grades permit, whereby sewage would be by-passed in extreme
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emergency into watercourses that would not normally be permitted to
receive such discharge on account of lack of dilution or other reasons.
In most instances such by-passes need not be constructed unless condi-
tions become acute and they shoidd not be built just as an excuse in order
to avoid the necessity for better, even if more expensive, preventive
measures.

Sewage Treatment Plants.-— As sewage treatment plants have become
more and more highly mechanized, their operation becomes increasingly
dependent on provision of power. In fact, in a large mechanized sewage
treatment plant, there are so many motors and lights necessary for op-
eration that it is doubtful whether anything but a separate means of
generating electric power would overcome the handicap of interruption
of a main electric power feeder line. Some muncipalities might wish to
consider the provision of an electric generating plant for emergency.
For short periods of time sedimentation tanks crippled by lack of power
might be operated as septic tanks but for extended periods serious op-
erating problems with handling of septic scum and sludge may develop.

Auxiliary Generating Units.— If it is not possible for a municipality
to provide permanent auxiliary power generators, itmay be possible to
contact some equipment concern in the vicinity where an auxiliary gen-
erator can be secured in emergency. There is, of course, the disadvan-
tage in such an arrangement that any limited supply of emergency gen-
erators might be exhausted when the utilitywished to obtain one. How -
ever, a list of available equipment in the vicinity should be on record.

Chlorination in Case of a Power Breakdown.— One piece of equip-
ment at the average sewage treatment plant that is frequently not de-
pendent on electric power is the chlorinator. Therefore, should all other
sewage treatment facilities fail and it becomes necessary to by-pass the
treatment plant, it may still be possible to operate the chlorinator and
heavily disinfect the raw sewage before it is discharged to any water-
course. While chlorine disinfection of raw sewage may not be entirely
effective due to lack of penetration of some of the sewage solids and pos-
sibly a short contact period between the chlorine and the sewage, yet un-
doubtedly comparatively good over-all disinfection can be secured and
this is a worthwhile step toward health protection. It may be well to
consider the provision of extra rubber liose and fittings which would
permit changing the point of chlorine application for emergency disin-
fection of raw sewage. If sewage effluent is pumped to solution feed
chlorinators by electrically operated pumps, a stand-by connection from
a public water supply or gasoline engine to operate the pump may serve
to make chlorination possible when electric power fails. In extreme
emergency chlorine gas or hypochlorites might be discharged into the
sewage by a make-shift set-up if normal chlorinating procedures cannot
be followed. One chlorinator manufacturer is producing a trailer truck
with complete chlorinating equipment which may be readily transported
for emergency use in the field.
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P rovision of D uplicate Parts and Supplies for Sewage

Treatment Plants

Duplicate Parts and Equipment - The operator should bear in mind
that as production facilities become more and more taken up with turn-
ing out equipment for defense purposes, itwill be increasingly difficult
to obtain prompt shipment of parts for repair or replacement of sewage
treatment plant equipment. Therefore, while an avalanche of non-emer-
gency orders will probably help no one under existing conditions, par-
ticularly in those lines where production facilities are now being taxed
to the utmost, plans should be laid for emergencies. It is difficult to list
all of the spare parts and equipment that are necessary in connection
with operation of machinery and devices at sewage treatment plants and
sewage pumping stations. However, the following are suggested as
some of the items :

Ball valves for sludge pumps

Shear pins

Fixed and moving electrical contacts (at least one set, six for 3-phase)

Extra set cutters (both fixed and movable for comminutors or shred-
ders)

Few extra links for drive chains and for scraping chains. Pins for
chains

Two extra flights (cedar, redwood, or metal)

Wearing shoes

Incinerator parts

Fusible plugs for flame traps

Set of brushes for fine screens

Set of gaskets, packing, and lead washers for chlorine cylinders

Pressure reducing gas inlet valve for chlorinators

Extra bell jar for chlorinators

Extra head tube for chlorinators

Chlorinator pressure reducing valve union assembly

Extra valves and flexible connections for chlorine feed lines

Nozzles for fixed spray trickling filters

Aluminum bolts for diffuser plate holders

Extra carborundum diffuser plates

Valve channels and valve springs for vacuum pumps

Discs for protectostats on heating equipment

Mercury tubes for relays

Additional belts for Reeves drives

It would be helpful in preparing a list if the operator would review
those parts which he has had to obtain in the past two or three years to
take care of breakdowns or replacements. This does not mean, how-
ever, that consideration should not be given to those parts of the ma -
chinery and equipment that have not yet given trouble but may give
trouble in the not-too-distant future.
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Supplies— In the older type of sewage treatment plant such as an
Imhoff tank-sand filter plant, necessary supplies are at a minimum.
With many modern treatment plants, however, a steady stream of sup-
plies is necessary for plant operation. This applies particularly to
those plants where sludge is dewatered on vacuum filters. If the supply
of chemicals were interrupted, the plant might need to be shut down.
Every effort should be made to have available such supplies as the fol-
lowing :

Packing for sludge pumps

Packing for sewage pumps

Lubricants and special oils

Special insulating oil for oil immersed switches
Fuses

Adequate supply of chlorine cylinders

Packing for chlorine valves

Cloths, wire, ferric chloride and lime for vacuum filters
Portable lights

Gaskets

Mercury

Chemicals and glassware for laboratory

First Aid Kit

Priorities— The water works profession, especially through the
American Water Works Association, is keeping in close touch with the
application of priorities in delivery of materials and equipment as they
may affect operation of water systems. Possibly the Federation is
doing or can do a similar service in the field of operation of sewerage
systems through its officers or a special committee.

The Office of Production Management (0. P. M.) has district offices,
mainly for informational purposes, in various sections of the country.
The usual procedure for making requests for priorities in shipments of
materials has in the past been to submit a form known as P.D. 1 to the
Director of Priorities, Office of Production Management, Washington,
D. C. This form consists of two sheets to be made out in quintuplicate,
four copies to be sent to the Director of Priorities, Washington, D. C.,
and the fifth to be retained by the applicant. O0On the form the name of
the applicant, the person or firm from whom the materials are to be ob-
tained, the requested delivery schedule, with other pertinent informa-
tion are called for. Llowever, the priorities situation as affects watei
and sewer utilities has been greatly changed recently by the issuance by
the 0. P. M., of Preference Rating Order P-46. Under this order man -
agements of water and sewer utilities may immediately secure a pref-
erence rating for materials which are essential to operation and for cer-
tain limited expansion as defined in the order. The management of each
water or sewer utility should secure a copy of this order.

Order P-46 provides for a form of acceptance which must be executed
by the head of every water or sewer utility in order to put the preference
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rating in effect for the utility concerned. This acceptance form must be
submitted to the Power Branch, Office of Production Management, Social
Security Bldg., Washington, D. C. After the acceptance form has been
filed, each order form filed by the utility should bear the endorsement
“Purchase Order for Utilities Operation Maintenance and Repair, Pref-
erence Rating A-10, pursuant to Preference Rating Order No. P-46."
While the automatic application of the preference rating to orders does
not of itself insure prompt deliveries as there are other higher pref-
erence ratings, and many considerations of availability of supplies are
involved, it does work to promote replacement of materials needed by
suppliers to fill orders.

There has also been established by the 0. P. M. a procedure for as-
signing preference ratings to specific projects such as anew major sewer
extension or a new sewage treatment plant. This might particularly
apply in the case of some project which is closely related to defense in-
dustry, defense housing or demands created by defense activities. |If it
is desired to seek such a project rating, a letter of application should be
addressed to the Director of Priorities, Office of Production Manage-
ment, Attention :Project Priority Group, 462 Indiana Avenue, Washing-
ton, D. C. The letter should contain a complete description of the
project together with the cost and proposed dates of construction, with
special stress on such considerations of defense or other emergencies as
may exist.

Chlorine and chlorine compounds for disinfection of water and sew-
age were given a preferential rating some time ago and so far no diffi-
culties have been reported in Connecticut. IT there is any trouble with
local distributors or middlemen, it is suggested that contact be made di-
rectly with the manufacturers. Chlorine manufacturers have stressed
the need for prompt return of containers and the avoidance of unneces-
sary hoarding of containers.

In the case of other chemicals widely used in sewage treatment plants
such as ferric chloride and lime, no serious difficulties have yet been re-
ported in the writer’ state. Application for preferential shipments
under Preference Rating Order P-46 should help in insuring delivery
of chemicals. In case of future trouble, perhaps the assistance of the
office of Defense Health and Welfare Services, headed by the Federal
Security Administrator, Paul V. McNutt, might be secured to promote
special consideration of shipment of chemical supplies to sewage treat-
ment plants. Already sewage plant operators are feeling the pinch of
securing replacement of repair parts ; certain types of wire for holding
filter cloths are no longer obtainable.

Emergency M ethods of Sewage Treatment Plant Operation

Reference has already been made to temporary operation of me-
chanically-cleaned sedimentation tanks as septic tanks for short periods
of time where power facilities fail and to use of chlorine disinfection as
a stop-gap 1if other methods of treatment should be impracticable.
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Where several settling tanks are normally operated in parallel, an emer-
gency might justify sending all the sewage temporarily through a re-
duced number of tanks and then shifting the load to other tanks. While
the efficiency of sedimentation would be thus reduced, the more offensive
larger solids would be removed. Chlorine might be applied to a tank
effluent in emergency in place of secondary biological treatment.

Breakdown of sludge dewatering supplies or equipment might neces-
sitate lagooning of sludge with heavy application of lime or chloride of
lime to keep down odors. One or more of a battery of settling tanks
might be discontinued from sedimentation service, for temporary use as
sludge storage or partial digestion tanks.

It is obviously not feasible to detail what can be done at each indi-
vidual plant due to varying conditions but certainly each plant operator
should review in detail how sabotage, direct war damage, loss of power
or lack of supplies or replacement parts might affect his plant and see
what plans he can devise to keep the plant in at least partial operation in
emergency.

E xample of Costs of Defense Precautions for Treatment

Plants and Pumping Stations

In one Connecticut community with a population of approximately
35,000 persons, a careful study has been made of defense steps that are
needed for sewage treatment plants and sewage pumping stations in the

town. As an example, the following is quoted from their estimates:
Emergency supplies and equipment ................... $ 600
7 pumping station overflows . .... ... ... ... iiiiii.an 2,100
Gas engine (1 pumping station) ..............--o..--- 700
12 sets of gate valves and back water valves on house soil
L0 600
1 overflow at treatment plant ... ... ... ... ... ... ..... 200
1 portable generating set on trailer ........ .. .......... 4,000
3 Fireproof chlorine shelters ... ... . . .. ... ... _..... 13,500
Portable Nlights ... ... i i i e i aaann 100
600 g.p-m. portable pump ... ... i iiiiiiiiiaaaan 800
General emergency fund for extra labor and unforeseen
equipment, supplies, materials and contingencies .... 4,000
Trunk sewer relief ... ... ... ... ... ... ... 1,500
4 fire extinguishers ... ... ... ...... 200
Total .. $28,300
Types of Damage from M ilitary O perations or Sabotage

Sewage Pumping Stations and Sewer Collecting Systems -~ Sewage
pumping stations may be damaged directly by aerial assaults or by
sabotage or may be put out of commission through damage to power
facilities. Damage to sewer collecting systems may involve damage to
sewers because of aerial assaults or because of sabotage through the use
of explosives or through obstructions placed in sewers. Sewers are, of
course, very vulnerable to aerial attack. According to information re-
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ceived from abroad they are sometimes damaged to a distance of 60 to
120 feet from outside of the crater produced by the bomb. In many cases
craters only 10 to 15 feet in width have damaged sewers 25 to 40 feet
under the surface. These depths refer to sewers lying below paved
roads with concrete foundations.

It has been found that a 1000 Ib. bomb dropped from 20,000 feet in
clay soil will penetrate from 30 to 40 feet. The average for a 100 Ib.
bomb 1is 11 feet penetration; 500 Ib., 15 feet; and for a 1000 or 2000 Ib.
bomb, 22 to 25 feet. Itwould be necessary to go 60 feet in clay type soil
with a cast iron roof to be protected from a 1000 Ib. bomb.

Sewage Treatment Plants— Damage to sewage treatments plants
may be caused by aerial assault or by sabotage through use of explosives
or through tampering with plant machinery or structures; operation of
treatment plants may also have to be suspended because of damage to
power facilities or interruption of transportation facilities whereby it
becomes impossible to secure necessary supplies.

P ossible E ffects of Damage

Effects that we may foresee from damage to sewer collecting systems,
sewage pumping stations or sewage treatment works which may create
defense emergencies are:

(1) Discharge of sewage to water supply tributaries either through
sewer breaks or emergency overflows or through failure of sew-
age treatment facilities to function.

(2) Discharge of untreated sewage to bathing areas or to shore waters
used for harvesting of market shellfish.

(3) Flooding of streets, cellars or buildings by sewage.

(4) Interruption of use of toilet facilities where these facilities have to
be abandoned because of difficulties with disposal of discharges
from them.

(5) Pollution of streams used for water supplies by manufacturing
plants.

(6) Escape of large quantities of chlorine from damaged containers.

(7) Escape of sewage from broken sewers, into water pipes or gas
mains.

There are not listed odor nuisances nor exposure of sewage material
where fly-borne infection might result, for the reason that these are un-
doubtedly less serious immediate emergencies than those listed above.
However, it should be borne in mind that these considerations have an
adverse effect on health and well-being and they should certainly be
taken into account over any extended period of time.

E mergency R epairs of Sewers

Emergency Steps in Case of Server Breaks — Judging from the lim-
ited reports of conditions abroad, breaks in sewers have been one of the
principal sources of trouble in connection with the operation of sewerage
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systems. These have been due to aerial assault. It is difficult to lay
plans in advance for taking care of such conditions. However, value
will undoubtedly result from giving some consideration as to steps that
may be taken.

In the case of breaks in large sewers itmay be necessary temporarily
to excavate material, including broken sewer casing, from the sewer
trench and allow the sewage to flow in an open channel until the break
can be repaired. The repair of the break may involve use of emergency
pumping facilities whereby the sewage is temporarily pumped over
ground from the manhole above the break to a manhole below the break.
If there is any watercourse or storm sewer nearby, it might be possible
temporarily to by-pass sewage into the watercourse or into the storm
sewer. In snch cases, the management of the utility should make cer-
tain that the health authorities are consulted so that in the event that
any adverse health conditions might result from the by-pass, steps may
be taken to warn the public or carry out other protective measures.
Emergency pipe lines of iron, steel, or asbestos cement can be quickly
constructed overground with the use of couplings. Wooden flumes may
also be quickly set in place to provide means for temporary discharge.

According to reports from abroad, precast tubes have been used to
replace large sewers, being subsequently lined with one ring of brick-
work. It is assumed that these have been installed more or less in the
nature of sleeves over the broken pipe. Presumably in this country
sections of concrete pipe which can be obtained in lengths of 4 ft. to
8 ft. and in diameters up to 72 inches could be used for repair sleeves
on sewers with the aid of cement. A committee of the American Society
of Civil Engineers and others have been working on development of
certain specific plans for quick repairs of sewers.

Organization for Emergency Sewer Repairs-— It is usually a good
plan to give consideration to the contractors in any vicinity who may be
available to provide the necessary skilled help, equipment and supplies
to make emergency repairs. It is suggested that in any community
there be available not only a list of contractors who might be called on
but also, so far as possible, a list of the equipment which these con-
tractors carry in stock.

In many communities there are licensed drain layers whose business
it is to install house sewers. It would seem that in any emergency
program for repairs of public sewers, these drain layers might be
organized to render considerable assistance. Local plumbers may also
be called upon. In one report from England, mention is made of the
fact that where emergency crews have been organized to close and open
water distribution valves, such crews have often been recruited in part
from among the local plumbers.

Among recent happenings in the New England area, perhaps the
nearest resemblance to what we might be called upon to face in case of
aerial bombardment was the immediate after-effect of the 1938 hurri-
cane. Then public works officials had to organize emergency crews to
clear streets and carry out other emergency tasks. In some cases cities
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were divided into areas in which different groups worked. For defense

purposes, crews might be set up to cover different parts of a city. Pre-
sumably, some plan for a pool of laborers must be worked out.
Portable lighting equipment is among the necessities. Frequently

this may be operated by a generating unit powered by gasoline engine.
If gas mains were struck and gas seeped into the sewers, the explosion
hazard would have to be considered. Lighting from storage batteries
might in such a case be the best plan.
Emergency Supplies for Repairs-—
necticut, the State Department of Health is co-operating with the Con-
necticut Water Works Association and the public water supply officials
on the keeping of a central inventory of water works supplies which
may be of use in emergency. It does not appear that the situation in
the field of sewer collecting systems and sewage treatment justifies a
plan for a central inventory. However, each local official should bear
items of sewer maintenance equipment that would be

In the water works field in Con-

in mind those

needed for emergency. Following
tenance equipment that

departments:

Sewer cleaning rods

Portable power pumps with suction and
discharge hose

Portable hand pumps

Portable lights

Jointing compounds

Tile pipe in various sizes

Warning signs

Steel, iron or asbestos cement pipe with
couplings for emergency pumping

Trench jacks

Paving breakers

Compressors with gasoline engines

Brick, cement, sand and gravel

Manhole and catch basin castings

Reinforcing steel

Hardware, including nails, bolts and nuts

Grease and oils

Waste

Valves

Rubber boots, coats, hats, gloves

Dynamite and blasting caps

Shovels

Damage to Chlorine

is a partial
is usually kept on hand

Containers and P rovision

list of sewer main-
in the larger sewer
Picks
Bars
Trowels
Hoes
Axes

Drills, hammers, mauls
Rope with hook attached
Scrapers

Saws

Derricks

Chain and falls

Water pipe and water hose
Pails

Lanterns and batteries
Canvas

Wheelbarrows

Rope

Wire cable

Chains

Lumber

Fuses

Gasoline and kerosene

of Gas M asks

No information has become available as to aerial damage to chlorine

containers but conceivably a serious situation might be created
large number of ton containers were hit by bombs.

if a

Even sabotage
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might create a serious situation. Consideration should be given in the
storage of containers to possible damage. It might be advisable to
consider decentralization of a large stock of chlorine ton containers
should conditions become acute. Specially constructed shelters for
supplies of chlorine are being considered in some localities. It is also
important that the operators of sewage treatment plants review occa-
sionally what steps might be taken in the case of handling of large
numbers of leaking containers. At least two gas masks, stored in a
readily accessible place, should be available at any plant where chlorine
cylinders are stored.

H ealth Precautions in Cases of Flooding by Sewage

In the Connecticut floods of 1936 and 1938 there was considerable
experience with damage to homes and home furnishings, food stores

and eating places caused by flood water polluted by sewage. There-
fore, some of the precautionary measures which were suggested at
that time are worth repeating in this discussion. IT the operation of

sewers becomes interrupted, there is, of course, the danger of contami-
nation by flooding with sewage.

Chlorine Disinfectants—~ For serious flooding with sewage, a solu-
tion made up of water and chlorine is probably the best disinfectant to
use. The chlorine is usually best made available by the use of some
chlorine compound such as chloride of lime or a high test calcium hypo-
chlorite powder (for example, HTH, Perchloron, Chlorofex, etc.). In
the figures quoted below, reference is made to dosages of chloride of
lime. The chloride of lime should be fresh and not have been exposed
to the atmosphere. IT instead of chloride of lime, a high test chlorine
powder is used, about four tenths of the amount of chemical specified
should be effective.

It is a precautionary measure to find out locally where chloride of
lime (or chlorinated lime) or high test chlorine powder— not ordinary
unslacked lime or hydrated lime— can be obtained. Sometimes disin-
fectants may be obtained from local chemical supply houses. In other
cases, itmay be necessary to secure the chemicals from some distance.
Inasmuch as some deterioration takes place if these chemicals are stored
over a long period of time, the accumulation of large supplies in local
storage places may not be desirable, although for a period of six months
to a year good protection is provided by storage of limited supplies.
Sometimes operators of local swimming pools or of water treatment
plants may have some supplies of chlorine disinfectant available.

Cresol Disinfectants— If chloride of lime is not used, such disinfec-
tants as lysol or cresol may be used to wash down any surfaces exposed
to flood water and sewage. Four tablespoonsful or two ounces of such

disinfectants per gallon of water may be made up for a disinfecting
solution. Care should be taken to avoid burns which may be caused by
full strength of the disinfectant without dilution with water.
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Pollution of Water Mains.— The disinfection of water mains pol-
luted hy broken sewers is normally handled by the municipal water
department and will not be discussed in detail here. Dosages as high
as 50 p.p.m. of available chlorine are frequently applied to polluted
water mains through the use of hypochlorites or chlorine.

Flooded Cellars— After flooded cellars are drained or pumped out,
they should be washed down with a hose with clean water and brushed
and scrubbed. Then a disinfecting solution of chloride of lime and
water may be applied with a brush, broom, rag or pressure sprayer,
the latter being the quickest and most effective. Such a solution can be
made up with one pound of chloride of lime in six to ten gallons of
water. It is not advisable to throw chloride of lime into a lot of cellar
water as the strength of the disinfectant will be rapidly wasted by the
dilution. The cellar or house should be cleaned out first.

Flooded Furniture.— The following precautions are suggested:

Curtains— (a) Boil all that can be boiled without injury to fabric.
(h) Dry thoroughly in the open air and sunshine.
(c) Press with hot iron, or dry clean.

Rugs— (@) Flush off with clear water while still on floor.
(b) Dry thoroughly in the sunshine.
(c) Use a mild soap and luke warm Avater to shampoo- then

rinse and dry.

Furniture— (a) Wash with strong soap and water all surfaces that can
be reached and will not be harmed, such as wood, metal,
leather, cane and composition materials.

(b) Upholstered materials. Wash Avhatever materials can
be surface-washed and dry thoroughly, preferably in
open air and sunshine.

Discard whatever cannot be cleaned and dried such as badly soaked
mattresses and upholstered material.

Flooded Clothing.— The following recommendations are made :Boil
immediately everything that can be boiled without injury. Othenvise,
dry thoroughly, in the sunshine, all clothing that cannot be boiled. Then
sterilize by pressing with a hot iron or by dry cleaning.

Flooded Foodstuffs.— No foodstuffs subjected to contamination from
sewage should be used unless such foodstuffs have been stored in water-
tight containers, in which case the outside should be thoroughly steril-
ized with boiling water or disinfectant. It is best to “ play safe” and
discard any questionable foodstuffs. No Tflooded foodstuffs should be
sold to the public.

Flooded Wells.— In some localities sewage overflows may contami-
nate wells and springs. In such cases, they should be disinfected with
a solution of chloride of lime and water. TAvelve to sixteen ounces of

chloride of lime (or about four tumblersful) dissolved in a pail or two
of water strained through cloth and poured into an average size dug
well will disinfect it heavily. It is also desirable to wash down the side
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walls of a well with a disinfecting solution above the water line. Large
quantities of the disinfectant are not injurious. The chlorine odor will
soon disappear. Effort should be made to stir up the disinfected well
water and it should be allowed to stand for thirty minutes to obtain
adequate contact. If the well has been badly polluted, it is safer to
pump itout after disinfection and disinfect it again. Any debris enter-
ing the well should be removed. Users should boil for five minutes all
well water that may be polluted, until the well is disinfected and it is
certain the water is safe, to avoid water-borne typhoid, dystentery and
diarrhea.

Precautions by Emergency Workers - Workers should be cautioned
to guard against infection. They should not get their hands near their
mouths, eyes or noses, after handling polluted surfaces or polluted water
until their hands have been washed with soap and clean, preferably hot,
water. They should also not handle food without clean hands.

Typhoid Immunization

It iswell to remember that workers who may handle materials con-
taminated by sewage should be immunized against typhoid fever and
this, of course, applies to employees engaged at work in sewage treat-
ment plants or in connection with maintenance of sewerage systems.
These precautions seem all the more necessary at times when defense
measures are under consideration.

First A id

Workers may be subjected to injuries in war time during repairs to
sewers or while operating sewage treatment plants, or may on arriving
at the scene of a sewer break have occasion to render first aid. First
aid courses have been and are being given by the Red Cross and other
agencies to laymen in order that serious bleeding, unconsciousness and
poisoning of victims may be properly treated until a doctor can be
secured. It would be well to have operators arrange Tfor first aid
courses for as many of their assistants as possible and to provide safety
kits for their use.

Every plant superintendent should have posted in a convenient place
the telephone numbers of physicians, police department, fire department
or other agencies that might be needed in emergency. It is recom-
mended that the locations of nearby places where inhalators can be se-
cured be obtained and posted along with other information.

Along with first aid measures should be considered the question of
emergency Tfire fighting facilities. Extinguishers should be available
and employees should be trained in emergency fire fighting measures.

Conclusion
While we sometimes hear expressions that we are spending too

much time on defense considerations in too many Tfields, the writer can-
not agree with these objections. As a matter of fact, many features of
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defense preparedness deserve consideration as peace-time precautions
against possible disasters that may be unrelated to war. And if war
comes, no Avars have ever been won by waiting for the other felloAV to
surprise you.

This outline of precautionary measures to be considered in the
operation of sewerage systems and sewage treatment works from the
standpoint of national defense is by no means complete. It is hoped,
hoAvever, that it Avill bring up for discussion some of the many phases
deserving study.
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Discussion

By Paul Hansen

Consulting Engineer, 6 No. Michigan Ave., Chicago, IlI.

Mr. Scott’ paper is the most thorough revieAv that has yet appeared
covering defense measures for maintaining sewerage and seivage treat-
ment works in operation during periods of Avarfare and threats of war-
fare. His catalog of damages that may result from sabotage or attack
seems to cover eAmry contingency and his list of parts and supplies to be
maintained on hand for the repair of damage is excellent.

The keynote of all protection of public utilities in connection with
defense should be the winning of any Avar in which Ave may become in-
volved. Hence, there should be aminimum of diversion from Avar prep-
aration and industry and a minimum diversion of personnel that may
affect the defense effort. Six essentials are necessary for effective de-
fense and effective waging of war, namely, ships, aeroplanes, guns, am-
munition, tanks, and trained men. Anything else is of secondary
importance and should be adjusted in a manner not to interfere with
defense needs. Our point of view should be directed to defense and
not to perfect services from utilities and not to conveniences not essen-
tial to defense. Of course, it is Avell to review all the possibilities of
damage to sewerage and sewage disposal works, as Mr. Scott has done;
but actual measures to protect a sewerage utility should be tempered
Avith proper regard for the fundamental needs of the country in matters

of defense.
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So far as sewerage is concerned, injury to sewers in streets, espe-
cially trunk sewers, constitutes the greatest menace to public health,
public comfort and possibly even the military effort itself. Therefore,
first attention should be directed to prompt repairs of any street sewers
that may be damaged by sabotage or military attack.

Some sewage treatment plants have a direct bearing on public health,
such as those protecting water supplies, shellfish layings and streams
used by dairy cattle;but most of them are built for nuisance prevention
or nuisance abatement. Even if out of service for a period of time, no
lives are likely to be lost and nuisance prevention, at least temporarily,
can be well subordinated to defense requirements. The performance of
some sewerage systems is dependent upon continuous pumping; bnt
this is unusual. More often there is some form of gravity by-pass or
overflow that will permit the functioning of the sewers if the pumping
station is damaged or destroyed. Where, however, dependence must
be placed upon the continuous operation of a pumping station, naturally
some special methods should be adopted for its protection against sabo-
tage or attack.

Among the utilities, sewerage and sewage disposal is of lesser im-
portance to the continued functioning of the city and the military estab-
lishments within the city, than are most other utilities. Sabotage of
sewage treatment works is not likely, because the military advantage
of this form of attack is too small. Sabotage of sewers, however, may
be damaging, especially if the sewer removes wastes from an important
defense industry.

In a letter under date of August 20, 1941, a prominent British engi-
neer * reflects somewhat the British point of view. He writes as fol-
lows :

In reply to your letter dated 14th July, which only arrived this morning, | would
suggest that the most effective way of protecting your sewage system and sewage treatment
plants is to make more bombers, more fighters, and more ships, and thank the Almighty
for the Atlantic and Pacific Oceans.

“ Punch ” values the English channel to us at a guinea a pint, so on the same basis
the value of the two oceans to your country must make your defense expenditure seem like
the cost of a postage stamp.

Joking apart, | should not attach too much importance to the risk of bomb damage
to sewerage systems and sewage treatment plants. It is only in the case of an unlucky
hit on a large pumping installation that the damage might be serious.

Fortunately a Sewage Works is difficult to damage by high explosive,or to set on fire.
I would suggest that the things to look to are:

1. Provision of a reasonable stock of repair materials, such as cement, bricks,pipes,
timber, valves, etc.

2. An efficient “ black-out ” scheme, either by inside shuttering, or by the use of a colored
lighting scheme. (Amber lighting and blue windows.)

3. Air raid shelters for personnel, either improvised in existing buildings, or by surface
shelters.

4. Provision and equipment of First Aid Posts, and the training of a large proportion of
the older men in First Aid work. (The younger men will be taken away for fighting
services.)

*Mr. H. C. Whitehead, Engineer to the Birmingham Tame and Rea District Drainage
Board, England.
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5. A fire watching and fire fighting organization. (All employees and staff between the
age of 18 and 60 should take their turn in these duties.)

Our greatest difficulty is shortage of men for repair work. Naturally all the younger
men and many of the middle-aged ones are in the Services or on armanent work, and we
have to content ourselves in many instances with improvised repairs.

We, with other Local Authorities in the Midlands, have a mutual aid scheme, in which
we can call on each other for help in repair -work after a bad raid. So far we have not
made use of this scheme, but a similar scheme for fire fighting has been most helpful.

| am sorry | cannot send you actual figures and photographs, but you will understand

the reason for this.

1l the light of these comments, itappears that Mr. Scott’ suggestion
of a central inventory of supplies is an excellent one and in line with the
economical use of materials not essential to defense effort. The use of
contractors for making quick repairs is likewise a practical and valuable
suggestion. No doubt in this connection Mr. Scott favors not merely
maintaining a list of contractors but favors some definite understanding
with contractors so that they might be available on short notice with
appropriate equipment and crews of men.

The greatest value at this time of Mr. Scott’ paper is the searching
analysis he has made of the protection of sewerage systems, which,
when the time of danger arrives, will constitute a sound basis for de-
veloping practical protection.



DISINFECTION OF SEWAGE BY CHLORINATION *

By Gr. E. Symons and R. W. Simpson

Chief Chemist and Associate Sanitary Chemist, Buffalo Sewer Authority, Buffalo, N. Y.

With the inception of sewage treatment at Buffalo, N. Y., on July 1,
1938, it became possible to collect data on the effectiveness of sewage
chlorination for disinfection on a large scale. This paper presents a
summary of the results of plant operating data covering 11,000 bac-
teriological analyses during a period of 31 months. The statistical
study of these daily data and monthly averages makes it possible to
evaluate the effectiveness of chlorination and the method of control
used (1), to compare plant operating results with experimental studies
(2), and to indicate the part sewage chlorination has played in reduc-
ing the bacterial pollution of the Niagara River @G, 4).

Descriptions of the physical factors of the sewage treatment plant
and its operation, their effects on the variations in the chlorine demand
of the sewage, and upon the methods of dosage control, have been de-
scribed in previous papers (@, 5) from the Bird Island Laboratory.
After a very short period of two to three minutes during which air is
blown through the sewage in the conduits, chlorine solution is added,
from one to two minutes before the sewage isdischarged into sedimenta-
tion tanks. Dosage of chlorine is controlled hourly by determinations
of the chlorine demand of the raw sewage and by the use of proper
dosage factors to relate the demand of one hour to the dosage for the
next, taking into account seasonal variations (1). Check of the control
is the maintenance of a residual of 0.1 p.p.m. of chlorine, 15 minutes
after the addition of the chlorine solution to the sewage. The method
of determining chlorine demand is that developed in the Bird Island
Laboratory in 1937 (6) and the spot plate technique is used for de-
termining residual chlorine. Checks of the dosage are made by testing
samples of the influent to the clarifiers and of the plant effluent at hourly
intervals.

Technique of the Study

Samples of raw sewage and plant effluent are collected at five differ-
ent hours each day, as follows: For the raw sewage— 8 A_M., 10 A_M.,
1P.M., 3 P.M., and 2 A_.M. ; for the effluent- 9 A.M., 11 A_.M., 2 P.M.,
4 P.M., and 3 A_M. Recently an additional sample of each has been
added to the routine. The difference between the sampling times for
the influent and effluent allows for contact time in the clarifiers. EX-
cept that this interval is slightly longer than the probable average
contact time (see later discussion), the sample of the effluent roughly
represents the chlorinated and settled sewage which is comparable to

*Presented at the Spring Meeting of the New York State Sewage Works Association,
Niagara Falls, June 19-21, 1941.
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the raw sewage of the previous hour. The hours at which the samples
are collected were chosen for the specific reason that both preliminary
studies (7) and plant studies (5) on the variation in chlorine demand
indicated that these hours represented certain definite conditions, i.e.,
minimum concentration of sewage at the beginning of the day ; sewage
of average concentration during the morning; sewage of maximum con-
centration about noon; sewage of more than averag*e concentration in
the afternoon; and slightly below averag® concentration in the early
morning. These hours also represent relatively similar conditions as
to concentration of coliform bacteria.

It was reasoned that if the method of control of chlorine dosage
used (1) produced proper disinfection at these hours, then the same
method of control throughout the day would produce similar disinfec-
tion results at all other hours of the day. Furthermore, it is believed
that these five samples represent fairly well a most probable average
concentration of bacteria.

With the exception of the samples taken at 3 and 4 A.M., all samples
were cultured immediately for coliform tests. The early morning
samples were refrigerated until 8 :30 A_M. The chlorinated effluent
samples were collected in sterile bacterial bottles containing thiosulfate,
for the purpose of stopping any further action of chlorine on the bac-
teria after the sample had been collected. During the first year, in
addition to the determination of coliform bacteria, the total bacterial
count was determined on agar plates. The most probable number
(M_.P.N.) of coliform bacteria was determined by the serial dilution
method (8) using three tubes in each of three dilutions in the chlorinated
sewage and three tubes in two dilutions in the raw sewage. Confirma-
tion of positive tubes was made at 24 and 48 hours in brilliant green
bile lactose broth. Data on both raw sewage and plant effluent were
reported as 1000 coliform per ml. and in order to obtain the proper
average, all average bacterial data were weighted according to the flows
existing at the time of sampling. Weighting was done by the use of

- 4 Bacteria per ml. X c.f.s.X
quantity units Q.U. = ——----mmmmmmmmm

A nalytical Results

It has been reported by us that a determination of chlorine demand
of sewage cannot be made on composite samples (5, 7). The same has
been found true of the determination of total bacteria and coliform
bacteria in raw sewage and chlorinated effluents. This is illustrated by

the data shown in Table I, which is a comparison of the bacterial con-
tent of refrigerated composite samples with the average of individual
samples. Comparisons available for twelve months indicate that com-

positing tends to increase the total count of raw sewage about 14 per
cent, while the coliform bacterial content increases about 22 per cent.
In the case of chlorinated effluents the increase in the total count was
157 per cent and the coliform content increased 148 per cent. In other



Vol. 13, No. 6 DISINFECTION OF SEWAGE BY CHLORINATION 1151

T able I.—Comparison of Bacterial Content of Refrigerated Composite Samples with the
Average of Individual Samples

Results per ml.

Raw Sewage Plant Effluent
Month Total Count M.P.N. Coliform Total Count M.P.N. Coliform
lggg-tag
Avg. Avg. Avg.
Comp. Avg. of Ind.  Comp. of Comp. of Comp. of
Data Samples Data Ind. Data Ind. Data Ind.

Samples Samples Samples
[S1=T o) 1,963,200 1,774,500 286,700 216,200 123,900 25,580 7,390 650
(03 1,846,000 1,292,600 152,200 88,100 125,600 25,520 10,350 1,660
NOV ..o 1,223,000 861,000 63,300 74,300 115,300 28,510 3,950 1,280
[0 =Y 238,000 215,000 32,100 37,900 1,840 960 280 140
Jan. ..o ..o .. — — 34,320 40,100 - - - 20 20
Feb... ... ... . ... 101,200 86,800 15,400 19,200 1,710 1,860 230 250
Mar............... 77,800 109,400 16,100 24,500 3,840 3,200 1,060 460
Y €1 99,740 112,100 21,400 36,400 7,030 6,450 2,480 2,230
May «ooeoaaaas 199,600 187,000 41,200 53,100 5,050 9,630 1,520 880
June......o.o..... 500,800 271,200 134,400 84,000 23,540 22,160 560 620
July. .ol 1,137,000 484,600 143,500 191,400 27,540 7,660 1,660 1,000
AUQ o iceee e iieea o 1,624,000 2,020,000 351,900 163,600 44,760 30,830 3,240 920
Sept.... ..o 1,169,000 1,454,000 147,900 141,800 29,110 36,120 3,480 3,960
Average........... 846,000 740,000 110,100 90,000 42,400 16,500 2,780 1,080

Increase of Composite

over Average of In-

dividual Samples... 14.3% 22.3% 157% 148%

words, the total count and coliform content of refrigerated composites
are approximately two and one-half times the average of individual
samples for the same period. Probably a contributing factor in this
increase is the fact that the residual chlorine does not persist in the
sample after compositing, thereby allowing regrowth to occur with the
production of chlorine demand. If a residual were maintained, the data
would be incorrect for in effect th