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FOURTH ONTARIO INDUSTRIAL WASTE CONFERENCE

This brochure contains the papers presented at the
Fourth Industrial Waste Conference held at Delawana Inn, loney
FRarbour, Ontario, on June 9th, 1Octh, 1llth end 12th, 1957, This
Conference was sponsored by the Water and Pollution Advisory Com-
mittee for Ontario, The objective was the same as in previous
conferences, namely, to focus attenticn on Industrial Waste prob-
lems and means for treatment of these. The papers are printed
in the order in which they appeared on the program.

The Water arnd Pollution Advisory Committee functions
in conjunction with the Ontario Water Resources Commission. This
Committee takes the place of the former Pollution Control Board,
The Onterio Water Resources Coumission is concerned with both in-
dustrial pollution and domestic sewage. It is important that each
of these sources of pollution be dealt with in an efficient manner
if the pollution of streams is to be prevented., At this conference
attention was directed to industrial wastes rather than to domestic
sewage. The papers are prepared by those who have given much thought
to the subjects they discussed. It is hoped that the publication
of these papers will aid in the dissemination of knowledge on
these subjects, and will prove helpful to those who are faced with
the treatment and disposal of wastes.

The Water and Pollution Advisory Committee is grateful
to all who contributed papers to this Fourth Industrial Waste Con-
ference, and to those who assisted in any way in making the Con-
ference possible,

For further information write to the Ontario Water Re=-

sources Commission, or to the Water and Pollution Advisory Ccm-
mittee, Parliament Builldings, Torcnto.

WATER AND 20LLUTION ADVISORY COMILTTEE

D.S. Caverly, Secretary. Dr, A.E. Berxy, Chalzman
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HANDLING OF PLs STRAW WASTLS

..by..

iy J. PORERS

Stokely Van Camp Co. Ltd.,
,Jhitby s O“t .

It is indeed an honor to be asked to present, at this
your fourth Ontario Industrial .aste Conference, a few thoughts
on the handling of Pea Straw laste.

In the processing of peas a great many problems are cn-
countered, but none approach in magnitude the problem of the
disposal of the waste pea vines.

At the inception of the canning industry, when the harv-
esting of a pea crop was 7 manual or hand operated procedure,
when picking out a site for tne locotion of a pea viner, invar-
iably the location desired would be one in the middle of the
contracted acreage with a fall awey from the ensilage stack,
so that the effluent from the stack would scep into the ground
o into 2 fast moving stream, anywhere to get rid of the of-
fensive odor it would create., In those days small stations of
one to four vincrs werc the rule, to keep the distance from
ield to virer at a minimum for horse and wagon or tractor and
wagon delivery, since the individuval farmer was recponsible
for the harvesting of his ‘crop. S0 that the volume of waste
vines was small at any one location it. did not present a major
problem, '

However, with the general acceptunce of mechanical harv-
esting, these small viner units have disanpeared, and the
general trend is to large volume stations in units ol fours,
so that it is not unusual for stations of 12 to 16 viners to
be strategically located in the centre of o much larger grow-
ing area., This has increascd the waste diuposal problem
greatly to a point, where a new approuach had to be taken to
eliminate the unnleasant odors that the eiiluent created, The
high sugar content of this effluent, also mcde an ideal spot
for the breeding rlace of flies,

Feople, being what they are, are not inclined to change
their method of doing things, especially waste materials,
for which there is no financial return, until their hand is
forced, either by public opinion or by some law cnforcement
agency.

So, the first approach to tliie problem, was Lo accumulate
the elfluent in a pit and pump it into & tank truck for dis-
tribution on pastures end summer fallow for its fertilizer
value. It has heen found that the quantity of effluent from
a stack varied from 500 gallon to 2000 gallon per viner per
24 hour period, decpending upon the scason and the succulence
of the vines being harvested, The fertilizer value has been
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computed to be approximately {8.00 per 1000 gallon of effluent,
and tests have shown it to contain 4800 p.p.m. organic nitrogen.
3500 p.p.m, potassium and 1650 p.p.m. phosphate. Crop response
to the application of this effluent, have been remarkable with
increases in the yield of wheat up to 20 bushels per acre.

So, what had been a necessary evil, by proper utilizaticn,
proved to be of value to our growers.

That, however, still left the pea stack, which, whil~
having a high feed value for the winter feeding of 1..w=: Lok,
still caused unpleasant odors during the curing period and itet*.u-
out of the stack in the winter montiis. Accurate records of the
cost of building the stack, removing itie effluent and the cost
of selling the ensilage in the winter, cr.>wed in rnost cases @
net loss, Added to this, the stack is unsi~n*ly and a =~u-ce
of annoyance to the surrounding community, duc * : the .aplea~aul
odors and breeding of flies,

In some locations the complaints assumed the gr~portions
of it being a choice of either moving the viner station to some
secluded area or of eliminating the stacking of vines completely.
Because of the expense of moving a large station, the latter
seemed the most feasible solution to the problem,

Last year, it was decided to experimert on this basis on
an eight viner station, located on Highway #7 at Locust Hill.
A farmer in the area was cont~cted and he undertook to remove
the vines as it was being wnroduced,to his farm some 18 miles
distant for the winter feeding of beef cattle. The following
are a few figures of the result of one year:

Acres harvested 375

Tons of ensilage handled 3200
Number of trucks requires 3

Cost of trucking and tractor loading $4000,
Cost of ensilage del'd to iarm per ton $1.25

This particular farmer oper.tes on a large scale and built 3
bunker silos, 45 feet wide by 70 feet long by 74 feet high with
concrete walls and [loor, at an approximate cost of §1500,
During the harvesting secson, a fork 1ift tractor loaded the
vines onto his trucks, which delivered the vines close to his
silos., Another trector distributed the vines to his silos and
packed the vines for better curing. Because of the fact that
only the top of the stack and the small ends were exposed to
the air, very little wasting took place, only three or four
inches in depth.

Cafeteria stylc self feeding was employed so the cattle
would only feed to a width of about four feet at a time, Vhen
the first cut had completely been removed by the cattle, the
barracade was moved in four feet for the second cut. During
the winter months each animal consumed about 550 lbs. of en-
silage per week or about 35¢ per week per animal., This feed
was supplemented with hay and grain but by far the largest
portion of the feed was the pea vine silage.
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His experience of last year proved so profitable that he
has agreed to increase the number of silos and is removing the
vines from another stntion loceted at .hitby, where 10 viners
are operated, and he has plans on feeding around 800 hecd of
cattle next winter,

It is not always possible to locate a farmer who operates
on this scale in every locotion., So at a l2-viner station at
Little britain this year, five farmers are co-operating on the
removal of the vines, To assist wll parties we have built
accumulating conveyors which discharge directly on the trucks,
which eliminate the extra handling of the vines by tractors,

Also, where the individual farmer does not wish to go to
the expense of bunker silos, he may excavate pit silos, where
the topography of his farm is such that it is practical to do
S0.

we feel that canners will profit in better public relations
and be relieved of a source of complaint, as well as being
financially ahead, if pea vines are handled in this manner,
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SOME BXPERTLNCL.S WITH SPRAY IRRIGATTON
- by -
T. 5. TOTH

Green Giant of Canada Ltd.,
Tecumseh, Ontario

Of the many attempts at methods of waste disposaly to
date irrigation shows the greatest promise to the seasonal
canner, If prouperly installed it avoids stream pollutinn and
odor nuisance at a fraction of the cost of an adequate disposal
plant. However, despite the simplicity of the mechanics of
applying water, the concept of the interrelationship of soil
type, crop hushandry and water utilization is often difficult
to perceive and impossible to determine other than through
experience. It is for this reason, therefore, that some pro-
vision must be made to gain some knowledge of the potential
disposal capabilities of a given location beforehand. Unfort-
unately, little can be done regarding soil, lowever, one may
alter the cover crop, with the objective of increasing infil-
tration and water utilization. At the same time the crop should
be hardy enough to withstand the effects of the elfluent.

FACTO®S TC B, CONSTDL ED IN T.u IGATION LoSIGHN

1, Nature of waste & Source - Lffluent & Silage Seepage

a) Waste or effluent is the resultant water from washing,
blanching and conveying of the product. It is non-toxic,
containing 20-3500 ppm suspended solids, 240-6000 ppm
5-day BOD, resulting from carbohydrates, fats and proteins.
When discharged into streams it undergoes bio-chemical
oxidation which depletes oxygen and suffocates aquatic
life,

b)Silage seepage is much stronger waste, It burns vege-
tation, except at dilutions greater than around 1:40 with
wash water or effluent,

c) It may be desirable to segregate plant effluent to reduce
volume, yet provide sufficient dilution to be safe to use
on the crop. Silage scvepage, unless diluted 1:40 or more,
should be disposed of on fallow land.

2. Vhy Irrieation?

a) Provides economical method to prevent pollution and
eliminates odor nuisance,

b) Reduction of BOD is often impractical or impossible.



Soil Requirements

a) Well draincd, with high absorption characteristics,

good infiltration, and percolation,

b) Topography - level, to prevent run-off, erosion and
ponding, resulting in stagnation and odor.,

¢) Increasing the land area and use of cover crops will
compensate for deficiency under a) and b). Soil en-
countered at Tecumseh is a heavy, poorly-drained
Brookston clay which, although not being ideal, with

a good cover crop surprisingly enough
acity for water disposal.

Cover Crop

a) Rare soil absorbs 10-15% of the waste
absorbed with a cover crop.

has a fair cap-

that would be

b) Iiixture used at Tecumseh as recommended for local

conditions of dresinage, soil type and

Kentucky Fescue 31 - 8f
Kentucly Blue - 3
Red Top - 2
Orchard - 5
Tmpire Pirdsfoot - 5
Ladino - _1
2hit

fertility:

t per acre

Disposal Field Capacity

Capacity of the Brookston clay soil with
varies from .25 to .5 inches per day per
temperature
5500 to 11,600 gallons per acre per day.

humidity, wind and rainfall:

adequate cover

acre, based upon
or, approximately
This soil type

favors ,25" per hour max. precipitation rate, with 1"

maximum application per lateral setting.

Different soils

and state of crop growth will alter the optimum ppt. rate
and application per lateral set., Over-application hinders
plant functions, thereby reducing water utilization, hence

should be avoided.

Irrigation System and Operation

Allowable rate of precipitation and amount ol application
per lateral setting are the limiting factors of design.

A low rate of precipitation with a fine spray with sprinkl-
ers set at 2 feet above ground encourages evaporation which
is desirable. On heavy soils a 40 x 60 spacing has given

a little better results than a 60 x 70 or 60 x 60 spacing
because of the greater uniformity of coverage when using

a finer spray. Another prectice which proved effective

was the on-2-hour off-2-hour and on-2-hour or interrupted
operation of the laterals per a given setting.,
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It is also desirable to maintai. the pum.ing recervoir at
no more than a l-hour reserve, to prevenc stagnation and

odors.

An operating log giving the hours of operation by laterals
set may be utilized to achieve better water distribution
for it serves as a guide to the subsequent operator as to
what areas have sufficient muisture and what areas are
available for furcher watering, 7The use of a Tee-valve
hydrant and sub-main for lateral connections is a feature
that provides excellent versatility and maneuverability and
should be incorporated in the design.

The following is a brief description of the sprinkling
system cmployed at Tecumseh. The components are more or
less typical, Size, however, would be dependent upon the
designed capacity requirements, The effluent in this ceose
is sereened at the plant and.then pumped over to the pump-
ing reservoir, where it is handled through the following
component parts:

a) Pumping Reservoir

Pit, dug in the ground with 1:1 slope sides and 1 to
2 hours stora:e capacity.

b) Fump Suction

1, Steel harrel in bottom of pit in which the foot
valve is inserted. Screens are welded into the
sides of drum to allow water to enter yet exclude
silt,

2, Foot valve Lo maintain prime,

3, 20-ft, of 3" tubing, with 2' set at 45° for foot
valve,

L, 5-ft., of 3" suction hose with dresser coupling con-
nectione for flexibility.

¢) Fump

160 Crl. ¢ 50 psi, with automatic primer. Also a drum
of water connected to pump to facilitate priming,

d) Kains
4" x 30' main, with} T-valves at 180!,

e) Sub-i‘ain
Consisting of a hydrant, 2 only 4" x 30! tubing, 90°
x 4" elbow, 4 x 3 reducer to connect to 3" lateral.

Egés provides 3 lateral settings at each T-valve, or
ft.



Tee Valve Tee valve & hydrar’
N /
X 30 30' 30' _30' _30* _30' £
4 l'il\IN . :..000000000:
: : 30 7 307 3
Sub-Main :

Lateral-» 40! ; !

; Set #1 ¢ 42 L 43
: Sprinkler..o ; :

. .
. .

s oo se ew s we @

f) Laterals ‘

3" x LO' with 24" x 1" riser, a 1" x 3/4 PT reducer and
3/L male rainbow sprinklers with 8 GPil orifices,

In conclusion, it is essential thattwo things be stressed

in considering irrigation as a means of plant effluent dis-
posal, namely the soil type and cover crop. These two fac~-
tors are the very foundation uocn which an irrigation
program must be designed ., therein rests success or failwure.
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CUKSRCNT TRENDS IN PLATING WASTE ABATEMENT

R

- by -
C. Fred Gurnham
Department of Chemlcal Engineering,'Michigan State University

East Lansing, iichigan

The electroplating industry, particularly in Caradla and the
United States, England, and Germany, has long been aware of the
necessity for waste abatement. The highly toxic nature of many
plating-room effluents causes troubles that are almost unique
among industrial waste problems. This has been recornized within
the industry, and practical or apolied research was initiated
about fifty years ago (1, 2), Organized attacks on fundamental
or basic problems of plating wastc abatcment are more recent.
The program of the American flectroplaters! Society is ten ycars
old this year, and other groups such as the British Water
Pollution Hesearch Laboratory have been conducting resear‘h in
this field for about as long,

Reduction of wiste

The most conspicuous trend or emphasis in plating-room waste
abatement, in recent years, has been the reduction or elimination
of waste within the plating room itself, This trend is not
confined to the metal-finishing industry, but is generally typical
of all process industries, In my opinion, this emrhasis on waste
reduction will not only continue into the future, but-will
increase., The elimination of a waste at its source, it removes
the necessity of treating or otherwise processing the waste for
disposal,

This present-day trend toward wiste reduction ties in
closely with the great need for water conservation. Available
water supplies in most regions are probably not actually
dwindling, but they aprear to be because of the ever increasing
demands for witer by industry, municipalities, agriculture, and
recreational interests, The elimination of an industrial waste
frequently implies the conservation of an equivalent volume of
water, hence these two desirable policies directly complement
each other,

The electroplating industry, like many other wet-process
industries, must use considerable quantities of water; yet no
part of this water is sold in the final product. All water
purchased or pumped by the industry, or by any single plating
shop in the industry, must be disposed of as waste.

If metal-finishing process water can be utilized twice
instead of once in its passaze through the plant, the raw water
purchase cost is halved and the cost of disposal is also reduced.
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Similarly, if smaller quantities of water can be employed for
a given job, economies in both purchase and disposal are
realized. These accomplishments 'must, of course, be obtained
without significant sacrifice in product quality. This
limitation makes tae achievement difficult, but far from
impossible, Othcr possibilities for water and chemical
conservation will occur to an engineer studying electroplating
wastes; these techniques for in-plant waste reduction will
comprise the principal portion of my discussion,

Engineering NDesign -- Waste Disposal

Of four broad approaches to plating-room waste abatement,
my first topic is engineering design. The factors I shall
discuss here are best built into a plating plant in its
original layout, design, and construction. They can be added
to an existing plant, although usually at greater cost than if
provided originally, Even if this greater cost is necessary,
the engineering improvements may be well worth while,

In any wet-process industry -- and electroplating is no
exception =-- multiple sewsr systems present many advantages,
Cost is, however, an opposing factor, and must be balanced
carefully against the merits of separate sewers. Each plant
is different, and must be studied as an individual problem.
Let us consider the hypothetical -- and very unrealistic ==
plant where cost is not an object. What sewer lines are
desirable under these Utopian conditions? I shall answer this
question, and then relinquish the problem to you, as design
engineers for your particular plants, to decide how much my
idealized layout must be modified to meet the demands of
practical economics,

I would like to have one sewer for the sole purpose of
collecting and transporting clean water, used but not polluted.
This line will carry storm water from the plant area, plus
uncontaminated cooling waters. Cooling systems are needed in
several types of plating process, and the used cooling water is
warm but not otherwise polluted. These wastes can be discharged
freely to a drain or stream or sewer, I would prefer to recover
them for re-use in the plant, but this topic comes later in my
talk.

My idealized plant (in which cost is not being considered)
will have a second sewer line to carry contaminated process
wastes. These will include used rinse waters; discarded
solutions like cleaning solutions, pickles, bright dips, and
occasionally (but rarely, I hope) a spoiled plating bath; spills;
drippings; floor washings; and tank wash waters from plant
clecaning operations. In a plating plant, this sewer might have
to be constructed in duplicate; one line for acid wastes and
one for alkaline, Cyanide wastes should not be permitted to mix
with acids, for obvious reasons; hence the necessary duplication
of process-waste sewers,
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The third type of scwer line in my ideal plant will carry
sanitary wastes, from toilets, wash rosms, drinking fountains,
and the liks, Obviously these should not enter the clean-water
line, They should be segregated also from the process wastes,
since each interferes with treatment and disposal of the other,

In addition to thesa three =~ or four -- main types of
sewers, I would like to add a number of special-purpose waste
lines. This multiplicity or pipes may sound ridiculous to the
old-time plater, who was accustomed to dumping all waste liquids
into a corrwon sewer with no regard for stream pollution or the
operation of his municipal sewage treatment plant. Under certain
conditions, of course, it would be ridiculous; a smll, carefully
operated plating shop in a large industrial community may often
be permitted to discharge all its wastes into the city scwer,

In large piants, however, anl in rural areas, the more complicated
sewer layout is aot only necessary but is often Justified
economically. Several such plants have been built during the past
few years,

These spectal-purpose wasce lines that I speak of should
preferabl y be called “recovery"' lines. A number of plants find
it desirsble to collect separately such effluents as rinses from
copper, nickel, and chromium plating, and to salvage the metal
and water content of these wastes, by ion exchange, evaporation,
or other techniques. It is essential, for such recovery, that
the rinses be kept separate, and not contaminated by the addition
of other wastes, Metal recovery from a mixed plant waste is
prectically impossible, and certainly not economical. Transport
lires for these individual liquids are not usually gravity-flow
sewers; instead, the spent rinses are picked up by pumps from
small sumps located close to the plating tanks, and are conveyed
through pipes, often overhead, to the recovery araa.

I have listed for you a considerable number of sewer lines
that I would like to see installed in an ideal plating plant,
Several large plants actually use as many as I have suggested,
and find it def‘aitely advantageous to them. In other plating
shops, especially in amall plents, several of these can be
omitted because the economic factors are different, In any new
plant or plant undergoing modification, all should be considered
and the decisions should be bated on practical econondcs,

Another factor of engineering design thal directly affects
waste disposal is the process of waste equalization, Jtream
pollution problems and problems of sewage plant operation are
more often caused by uneven or peak flows than by the unifoerm
discharge oi plating wastes., Acclimatization of stream life or
of treatmsr .-plant microorganisms may be possible if toxic
wastes are discharged slowly and steadily, but the "slugsing"
of wastes zan upset the entire biological system, often for a
long pericd of time, The plater has both types of discharge:
relatively weak and uniform wastes in his continuously flowing
rinses, &nd slugs of concentrated wastes in his periodic or
irregular dunpings of spent or spoiled solutions, and during
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clean-up periods. Gcod engineering design, even in a plant already
built, can reduce the suddenness and the severity of shock
discharges. Proper plant operation is even more important (and will
be discussed later), but plant design is also a major factor. The
technique of equalization is simple, although there is opportunity
for many modificaticns in its application, Basically, a holding
tank is incorporated into the waste line, in order to provide time
for the dilution of peak concentrations by the weaker wastes which
precede and follow them. Mixing is essential, and may be caused
by proper baffling of the natural flow, or by mechanical means.

The time of detention is a matter of engineering calculation and
Judgment, - A 2/ =10ur lagoon should provide adequate equalization
for any situation; space for this, however, is rarely available,
and the designer must be content with far less. Even a l5-minute
equalization period, in wastes as subject to fluctuation as
plating-room effluents, is worthy of consideration, and the
designer should take advantage of whatever facilities he can find
or invent,

Engineering Design -- Water Use

The waste disposal system itself is not the only opportunity
for pollution abatement by the design engineer. He can also
contribute by a study of water usage, In this study, the waste
abatement engineer may appear to conflict with the plater, berause
the latter will not hesitate to demand large quantities of high=-
purity water in order to ensure the quality of his plated product,
There should be no compromise on product quality, but the water
requirements to achieve quality can often be greatly reduced.

Let us consider what the design engineer can do toward this end;
and why he should be concerned,

ixcept for their finmal discharge to a receiving siream or
to a sewer, all wastes should be kept in as concentrated a form
as possible at all times. At the ultimate plant outfall,
dilution is desirable; but at any prior point, as long as there
is any prospect of salvage or any plan for treatment of the
waste, the maximum possible concentration should be maintained.,
Both salvage and treatment are more effective and more economical
with high-strength wastes, This implies that waste cooling waters
and other diluents should not be mixed with a waste stream that
is to undergo processing; it means, further, that the waste
itself should originate, within the manufacturing process, in as
concentrated a form as possible. The economical vse of process
water is an important factor in attaining the latter goal,

Most plating-machine operators, and even some plating-room
forenen, cannot tolerate a partly open valve, Rinse tanks,
therefore, run at full flow and full overflow, even though a few
gallons per minute might do just as satisfactory a job of rinsing.
This practice resulis in an expensive loss of water and, of greater
importance to our discussion, it mskes more difficult the task
of waste recovery or waste treatment. It is not sufficient to
tell the plant people that wasteful usage of water is undesirablse,
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It is possible, however, for the plant ergineer to insert
restrictions in the water line to prevent f{lows greater than the.
necessary rate. I recommend this practice, but I -aition you

on two counts: do not mike the orifice or other resiriction so
small that it clogs ard diminishes the flow too far; and do make
provision for rupid filling of the tank after clean-outs and
other dumpings,

Some plating plants have solved the problem of keeping rinse
flows to a minimum by using a control valve on the input line,
and regulating this valve by conductivity or similar measurements
on the rinse water. This technique, when it can be employed,
provides a controlled-volume rinse that is fully automatic.

Another engineering technique that serves to minimize rinse
flows is the use of spray rinses directed al tle plated work.
As the work is lifted from the rinse tank, it passes through a
fine jet or fog of fresh rinse water, This provides countercurrent
rinsing, and is far more effective than simpie dip-rinsing in a
tank of water, The spray serves also to maintain the tank full
of water, and does so more efficiently than a large-volume input
pipe or hose. A further refinement of spray or fog rinsing is
timing the spray so it operates only when plated work is being
1ifted through the spray zcne, This permits really effective
rinsing with minimum water volume. Such rinses have even been
employed directly over plating tanis, piovided that evaporation
of ligquid from the tank is sufficient to prevent overflow,

One further example of eryineering design as a means of
recucing wasle, and also of salvaging valuable plating chemicals,
is the provision of adequate drainage time for plated parts or
parts in process, As nuch tine as possible should be allowed for
drainare and dripping back into the process tank, in order that
this liquid may be salvaged instead of being transferred to the
rinse water and to waste, The time required for drainage
depends principally on the shape and size of the plated work,
and is affected by solution viscosity., A minimum drainage time
of 15 seconds has been suggested; a longer period is often
desirable,

Some plants have installed airblasts or air "wipers" to
remove excess liquid from plated parts as they are drawn up out
of the process solutions,. This is not such a powerful blast
that it scatters solution all over the surrounding area, but is
a @Entle blowing that serves to dislodge and recover hanging
droplets. The air blast technique is not adaptable to some shapes
and glzes of plated ware, but performs an excellent job on others.
I have seen it used. in the continuous plating of wire, which is
perhaps an ideal set-up for this operation.

¥rocess Changes

I have spent a large portion of my allotted tine on
engineering decign as a factor in plating waste abatement becar =
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it offers many opportunities for large benefits. This is
particularly true when the design precedes plant construction,
although several of the nrinciples listed are applicable also
‘n an cxisting plant. However, therc are other factors, in
addition to design, that can contributec much Lo in-process
reduction of wvastes. Many of these chanpges can be adapted to
plating shops after construction, and even during opcration.
first, I would like to consider modifications in the actual
rlating processes, :

Platers have continuously sought, through their research
orrciiizations, for new types of plating solutions and new
techniques or processes of electrodeposition. The usual goals
have been an improved plated product or a more economical
production procedure, Another goal, lesser but neverlheless
recognized, is curtailment of water pollution., Some researches
have be=n directed specifically toward that end.

A mejor contention between platers and those whose principal
thought is anti-pollution has long becn the cyunide question, The
very toxic cyanide chemicals have always been essential to some
of our moit important plating processes. The plater would like
to stop using cysnides, just as all of us would like to have him
do so, but he cannot. There is no ¢ffective replacement,

You may tell me that copper, for example, which is coumonly
deposited from a cyanide sclution, can also be plated from a
copper sulfate bath that contains no cyanide, This is true, and
large tonnages of sulfate-electroplated copper (as well as
electrorefin«d copper) are produced commercially. But the two
types of copper plate, sulfate versus cyanide, are vastly
diffcrent in their metallurpy, their physical properiies, and
their uses, It is a rare application that can utilize the two
types of copper deposit without distinction. Accordingly, sulfate
copper is not often a replacement for cyanide copper, and the
cyanide waste problem cannot be appreciably reduced by this weans,

Ouher copper solutions than the sulfate hold more promise for
a decrease in cyanide usapge. Phosphates, organic amines, and many
other copper compounds ars currently being studied, and some have
reached full-scale application, Most of thesc have been developed
by iniividual companies, including suppliers, and so are either
secre’ or proprietory in nature; this, in addition to higher
material expense, increases the cost of such proccsses for the
general. user, For this reason, together with technical difficulties,
we du not expect that the substitution of another type of solution
will. solve the cyanide problem in the near future, I am sure,
how:ver, that some platers, probably in small rural shops, have
adopted non-cyanide platirng solutions with the principal purpose
of eliminating stream pollution,

As far as the metal ions are concerned, there is little hope
of relieving the waste problem by process change, Many of the
commonly plated metals are about cqually toxic, so there is little
gain in substituting one for another. T[urthermore, each metal
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1s used by the plater bLecause if performs i specific daty and is
the best for that rurpose when all factors are considered.
Substitutions were in use during the war, beciuse of metal
shortages, but no one was happy with them, and I do not rocall
that the waste problem was alleviated in any instance, All in
all, I can offer little hope for progress through this type of
process change, I would have devoted less time to it, except

that in earlier talks and papers, referring to other industries,

I have emphasized process change as a possible technique for waste
abatement,

In non-plating processes used by the plating industry, such
as metal cleaning prior to plating, substitute processes
occasionally have merit, In the closely related iron and steel
industry, for example, wasta abatement benefits as well as product
improvements have resultced from sodium hydride descaling as an
alternate technique for acid plckling. The hydride process has
been adopted by several mills, and largely eliminates the waste
problem of spent pickle liquor, This process can also be used
in the cleaning of metal parts prior to electroplating.

The plating industry uses a number of finishing treatments,
sueh 25 bright dips, that may cause pollution troubles from acids
and other constituents, Occasionally in this field there is room
for improvement by substituting less objectionable chemicals for
those usually employed.,

A different type of process change involves redesign of the
part being plated, or of the method of racking the parts for plating.
Consideration should be given to possible changes in shape or
position,to permit better drainage of solutions after processing,
and correspondingly reduced carryover of process solutions into
ths rinse tanks. OSometimes very minor design changes can result
in great improvements, both in waste reduction and in process
economy. A classical example of this was the redesizn of an
automobile bumper, l-cating a bolt hole so it served also as a
drainage hole, which permitted recovery of about a pint of full-
strength plating solution per bumper plated.

Salvape and_ Recovery

In the plating of precious metals, like plutinum, gold and
silver, waste recovery has been practised for years. \ith the
more coumon metals, which are plated in much larger volume, this
has not been true. Recently, however, for a number of different
reasons, a definite trend toward the salvege of materials has been
evident, These reasons include: increased knowledge of recovery
processcs, savings due to nmetals and metal salts salvaged, improved
economy in water consumption, and, of very real and practical
importance, abatement of pollution,

I have already pointed out that wastes whichare to be processed
for salvage and recovery should be kepl separate from all other
wastes, Lot me re-emphasize this fact. It is practically impossible,
and certainly not economical, to salvage nickel, for example, from a
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mixed waste of nickel, copper, aid chromiua, The further
incorporation of rloor swecepings and sanitary sowage
complicates the picture ¢ven Iurther,

By proper des’gn and operation of the rinsing step, most
of the chemicals lost from plating tanks by drag-out on the
pluted work can be salvaged and re-used. 4 still rinse or
standing rinse should be provided for the first dip after
each plating step; for example, ufter chromium plating. In
theory, this rinse will gradually increase in concentration
until (at infinite time) it is equal to the nlating solution.
In practice, tlhis standing rinse water is transferred into the
plating tank as rupidly as possible, to mike up for evaporation
and other losses. fhe chromic acid or other plating chemicals
are thereby salvaged, with an obvious economic advantage as well
as the benefit that they are kept out of the waste stream., .s
liquid is removed from thesc save-rinse tanks, it is replaced
with fresh water or, better, with overflow water from the rinse
tank next in serics,

Evaporation techniques are being employed at a number of
plants for the concentration and recovery of plating rinse
waters, This is particularly desirable when vaporization losses
‘from the plating solution are not large, and only small
quantitics of make-up water can be used., Multiple rinse tanks
with countercurrent flow provide an overflow liquor of reasonable
concentration for charging to an evaporator. The partially
evaporated or concentrated product can be returncd to the plating
tanks, to furnish malke-up of both water and plating chemicals.
Some plants h:v) o.acountered opposition from their plating foremen
to such returned liquors, but the fuct that no difficuliies were
experienced, plus the obvious economic advantages, soon over: ane
this dissent,

Chromiun rinses were probably the first typc of plating waste
to be reclaimed by evaporation, Glass-lined equipment is
generally used; this is expensive, but the salvaged materials
rapidly amortize the original investment., More recently,
evaporation has been used to concentrate rinses from nickel
plating and from the cyanide plating of copper, zinc, and cadmium.
Vacuum evaporators are commonly used and multiple-effect
evaporation is often important economically, because it needs
no softening or other treatment before re-usc, Condensate from
chromium rinse evaporation may contain a small content of chromate
ion, resulting from carry-over in the evaporator; this is not
high enough to interfere with its re-use for rinsing. In at
least one plant, such condensate has been utilizcd for boiler
malke-up, where the chromate servas as corresion innibitor,

Use of ion-exchange techniques for the recovery of plating
chemicals fromrinses is beconing wide-spread in the United States,
Copper and niclkel salts are salvaied by this method in many
plants. Ion exchange was formerl not suitable for treating
chromate solutions because these oddixed and destroyed the
ion-exchange resins, Recent research has resulted in chromate-
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rceistant resins, so chromate recovery and concentration is now
possible, Furthnrmore, such resins can be used to remove
unwanted contaminating ions from chromate soluticns, permitting
longer use of tha chromates, as in anodizing. Ion exchange has
been investigated for cranide recovery, bnl this is not yet
successful on a commercial s cale., The principal problems are
poisoring and clogeing of the resin bed, precipitation of mctals
within the bed from metallocyanide complexou, and the fundamental
fact that hydrocyanic acid is a weakly ionized material.

It is only {air to point out that the cajltal investment
required for plating wacte recovery may be greater t han the
corresponding cost of a plunt for treatment by destruction of the
waste, However, it is equally important to mention the financial
benefits that are realized in operating costs, due to credit for
re-usable plating cliiemicals and water. In many installations,
the original cosi has been paid off rapidly by these savirgs.

Ccecasionally some constituent of a waste streum can be
recovereu as a by-product, even though it cannot be salvaged for
re-use in the process. Contamination by mixed wastes may
prohibit re-use, but need not prevent reclamalion in some other
furm. for example, ssveral companies have considered treating
chromate wastes with barium hydroxide or other barium salt to
precipitate barium chromate. This material is a valuable
yellow pigment, used in the paint and ink industries. I do not
believe that sales to nmigment companies have been accompliched,
but this is the type of by-product recovery that merits further
study. '

“her industries sometimcs reduce their waste problems by
re-using soent chemicals for some dowr-graded application in the
process., The petroleum industry, as an example, uses and re-uses
caustic soda for several different purposes before it is discarded,
I cannot think of any gooud oprortunities for this practice in the
plating industry, but I hope further study will be given to it.
Ferhaps some of the stronger spent acids such as pickles and
bright dips can be used for weak acid dips alter caustic cleaning;
although contamination by unwanted metal ions is a dangerous
possibility. At the least, waste acids and alkalies can be
employed to neutralize each other before discharge,

Yater, of coursc, can be re-uscd several times in the plating
shop, even withiout intermediate purification. Used cooling water,
for example, has no contamination except ¢n increasc in heat
content, and the higher tamperuture may be an advantage if the
water is used for rinsing. Countercurrent flow of rinse water
through a series of tan!is has obvious advantages, and has been
mentioned previously. :

Good ilousekeoping
My last topic, good housekeeping, has less romantic appeal --
less glamor -~ than methods for waste reduction already discussed:
engineering design, process alteraticns, arnd lhe recovery of
materials and by-products, To the uninitiated, good housekeeping
may even sound somewhat sissified. To the experienced industrial




“ 17 =

man, this is not so; since he recogrizes the complexities as well
as the simple factors of good housekeeping, and the very tangible
bencfits realized from itbs practice. The food and drug
nanufacturers maintain and boast of their housekeeping activities
for sanitary objcctives; plators and other industries have not
this same incentive, but should take pride in a ncat and clean
plant as a part of their good-neighbor poulicy in the coumunity,

Good housekeeping in any company involves all of the company!'s
employees, There are problems in plant operation, in engineering,
and in administration. «ithout group effort, the goal is
unattainable. - '

Typical of poor housekceping in the plating-room is the
spilling of process solutions, so they enter the waste stream.
The old-time plater considered spills an inevitable part of
plating work; modern industry will not tolerate them., I do not
mean to say that spills no longer occur -- we have not reached
that Utopia -- but spills are regarded as mistakes; mistakes, if
foresecable, can be prevented; and if a mistake or a spill does
oceur, because no one could or did foresee it, there is certainly
no excuce for a second e rror. One helpful practice, long used
‘in the petrolcum and chemical industries and now becoming common
in plating, is the conctruction of curbs or'dilkes around possible
splll areas to prevent the cuscape of process liquids,

Common causes of spills in the plating room include tipping
of small toanks, lriakage of bottles and other fragile containers,
slopping of liquids during transport, and overflowing of process
vessels. all of these, and of other un-named causes, are avoidable,
The process -and design engineers have a part of the responsibility:
they can plan tanks that will not tip, choose container materials
that resist breakage, plan piping and pumping systcms to get rid
of manual transportation of chemicals, and install float valves
or alarm systems to prevent overflows. The operator has his part,
much of which is obvious. No engineer cun design a safety system
which will resist forever the persistont attack of fools and
ingenious operators. Plating-room foremen and others of the
administrative staff have their task in everlastingly keeping
themselves and everyone else on their toes to prevent spills and
other accidents., This is largely 2 job of persuasion, as the
modern plant operator, with his independent attitude, does not
take kindly to orders unless he understands the reasons behind
then,

Another example of poor housekeeping is persistent dripping
and leaking. Drips and lcuks are bound to occur, Lut they should
be corrected promptly, and in as permanent a nanner as possible,
It is the maintenance departument's job to make the repairs, but
it is the duty of the machine operator and of all other people
to report the faults as soon as they are observed. Houtine
inspection and maintenance of known trouble-spots is a good idea,
especially because it may correct trouble before it actually
occurs; but tlis does not eliminatc the responsibility of all to
keep a constant lookoul for leaks,



= 58 -

Dripping from work in process, as it passes between tanks,
can usually be overcome by drip pans spanning the region between
tanks and pilched to return collected liquid to the tank from
which it came, Dripping may also cccur from tank ventilation
systems, particularly from gassy plating process that cause a
heavy mist of droplets to form over the solution. It is easy
to say that proper design of the ventilating system and air ducts
will prevent such drips; it is better to be prepared for small
inadequacies in the design and to collect or correct the dripping
if and when it occurs,

Leaks can occur at many points -- all bad, Packing glands
of pump and agitator shafts are bound to leak at times, and can
be carcd for by a regular routine of proventive maintenance,
Corrosion, erosion, temperature changes, and other effects can
cause leaks at many points in the process liquid system. These
cannot always be anticipated, and only constant surveillance
will keep them to a minimum,

I have spoken of thc desirability of maintaining a clean
plant; this implies the necessity for occasional clean-up
operations, The cleaning process may itself be a major source
of industrial waste and a cause of stream pollution unless it is
properly planned and controlled, Floor washing, and cleaning
of the outsides of tanks can be done frequently enough and at
such stapggercd intervals that pollution from these sources
:s usually minor. If a waste treatment plant, even an equalizing
basin, is available, these wash waters should of course pass
through it. A greater problem arises from periodic -- perhaps
semi.-annual -- cleaning of the insides of plating and process
tanks, including the removal of dirt, sludges, scale, corrosion
products, and plated parts that have fallen into the tanks,

A recommended technique for cleaning plating tanks involves
pumping the completc contents, including movable sludge and such
wash water as is necessary, to a temporary holding tank of
adequate capacity. This liquid is allowed to settle while the
plating tank receives a thorough cleaning, including ceraping,
removal of heavy sludge, and any othor operations that are needed.
The settled liquid is then pumped back to the plating tank,
usually through a filter to remove solids that escapod settling.
Addition of a small amount of plating chemicals may be required,
to make up for dilution caused by the wash water. Sludge and
liquid remaining in the holding tank can be processed more
leisurely, by one or another recovery technique or, if necessary,
by treatment to destroy it as waste,

Treatment and Di sa

I promised earlier that I would devote most of my talk to the
in-plent and in-process reduction of plating-room wastes, and I
nave done so. To some aegreo, this is the viewpoint of the
chemical engineer, in contrast to that of the sanitary englneer,
who is primarily concerned with discharge of the wastes and thelir
effoct on streams and on other wastes, I do not wish to belabor
this distinction, however, since it is largely artificial, But
let me, before I close, spend a few minutcs on the treatment and
disposal of plating wastes,
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Knowledge regarding the treatment or destruction of
electroplating wastes continues to advance steadily each year.
There have been no spectacular changes in commercial practice
in recent years; present techniques perforin an adequate duty,
although at some e xpense, Chlorinaticn remains the most common
process for destroring cyanides; it is best conducted in the
absence of unnecessary metals, especially nickel., This can be
decne only by segregating cyanide wastes within the manufacturing
plant — & desirable practice for other reasons as well,
Research studies on cyanide oxidation by means of ozone or by
biolozical treatment have shownromise, but widespread adoption
of these methods on a commercial scale is for the future. lMetal
salts that cannot be salvaged economically are commonly removed
from the waste stream by precipitation with alkali; this procedure
has been used for years. Chromate wastes from chromium plating
and anodizing, if not recoverable, can be chemically reduced and
precipitated,

Municipal sewer authorities show greater willingness to
tolerate rlating-room waste in sewage than they did a few years
ago, This may be in purt a growing acceptance of industry as a
partner in the community, and recognition of inudstry's tax
payments as a major factor in municipal e conomics,

Metal-finishing wastes intended for disposal to city zewers
must continue to be regarded with respect arnd perhaps suspicion.,
Their toxicity may affect the secondary treatment of sewage, the
digestion of sewage sludge, or the receiving stream at the sewage
plant outfall. Adeguate dilution at all points in highly
important; this is most readily accomplished if waste rcduction
is practiced in the manufacturing process, and if pretreatuent
by equalization and neutralization is provided before discharge
into the sewers.

Disposal of plating wastes directly to natural waterways

is even more criticul than when dilution by s ewage is possible,

To:iity is again the important criterion, and adequate dilution
must be provided under rigorously controlled conditions, Iftural

plants, wiich huve no choice except discharge to a water-course,
must generally employ extreme measures for in-plant elimination,
and must then follow up with a treatment plant to destroy those

westes that cannot be prevented,

Conclusion

Treatment operations and final disposal of metal-finishing
wastes both emphasize the importance of eliminating or at least
reducing the wastes at their points of origin. In-plant waste
abatement aids both the cconomics and the efficiency of treatnent
and disposal steps. It is also an aid to overall plant economy,
since reduction in waste means reduction in operating costs. My
intended emphasis that industry as a whole is giving to pollution
abatement, are both on waste reduction by means of proper
engineering design and walter usage, process changes if these are
possible, salvegs and recovery of useful constituents in waste
streams, good plant housekeeping, and all other possible
improvements in the manufacturing plant,
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TASYS PODUCING SUBSTANC'.S IN wAT:ZR

_b:r_

1., B. ETTINGLR

Robert A. Taft Sanitary ingineering Center,
Cincinnati, Ohio

Lotimates based on “population equivalents" (1) rate indus-
trial wastes as regponsible for more than twice as much stream
pollution in tne U.S. as municipal scwage discharges. It has
been further estimated that betwecen 1950 and 1975 population will
increase by about one third and industrial production will double.
istimates by chemical industry (2) of future expansion make these
statements on industrial growth seem highly conservative. Fro-
duction increase will obvioucly be accompanied by increasing use
of water,

The future growth ‘of water use i likely to occur in a frome-
work of shrinking evailability ol surrace water. Supplementery
irrigstion in arces which formerly depvended solely on rainfell
is increasing rapidly. This cousumption of water occurs during
dry swamer periods, when most streams have their lowest flow of
the year, and it has been estimated (3) that it can use the
entire flow of many streaas, even if only a small fraction of 1%

of the land in a watershed isc irrigated.

l.unicipal use of water is increasing fester than population,
Thus, the avera_e urban dweller now uses 150 gallons of water
daily, whereas 30 years ago he used only 20 gallons (4). Recre-
ational use of water is harder to assess, bLut both increased
leisure time and increased income are causing the public to demand
more water resourcecs for recreation,

Reouirements for discharge ol wastes to surface waters will,
of necessity, become increasingly critical, and one of the most
critics#l items is likely to be the taste and odor imparted to
water by organic materiale in wcstes, In 1948 there were 422 water
plants in the U,S, serving communities having populations 1in
excess of 25,000; 133 of these comaunities with a population of
about 14,000,000 included some provision for teste and odor control
in their water plants (5). 1an 1954, there were 570 water plants
serving communities having populations in excess of 25,000; 201
of these nlants serving aoout 34,000,000 people included facilities
for trste and odor control (6). This well defined trend in water
plant facilities and prectise clearly indicated the rapidly in-
creasing pressures and' costs borne by water plants becfuse of
impairment of raw water quality by odorous material,

The total trste and odor problem has many facets. A severe
and sustained drought forced Dallas, Texes to supplement a norm-
ally adequate municipal water source with unsuitably salty water,
The same drought ccused Chanute, kanses to fall back on treated
sewage effluents as a raw water supply in order to keep water in
its faucets, The tainting of fish flesh by checumicals in surface
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saters is another type of taste and odor probien. in streams

and lakes the biological synthesis of chemicalc causing teste and
odor is becoming more important beceuse of man-caused increases
in stream fertility. These are all matters for serious concern.
This ciscussion will, however, limit itself largely to consider-
ation of chemical impairment of water quality for municipal or
industrial use.

Sources of Tastes and Odors

Odors may be attributed to chemical r.aterials produced by
biological growths and (o the presence of orgenic pollutants or
other objectionatle matter naturally present in the water. The
distinction is not clear-cut as the introducticn of a polutant
may greatly étimulate the (rowth of objectionable organisms.
Chenical oxidation of carbonaceous material increases the supply
of corbon cdioxide, which stimulates orgrnic growth, Nitrogen
and rhosphorus from sewegc also stimulate the growth of photo-
synthetic orgsanisus,

Increcibly small amounts of many odorous meterials can cause
sensory stimulation., Exneriments in the SisC lakoratories have
freouently vielced A detectablc odor frou recoverec materials
in concastrztions of 2 part- ver hillion end less. Sometimes
materials a:ve been isclaled (out wntcriupately not identified)
which could be detected Ly odor in ccancentrations s low as 10
parts per trillion, Very cubstantial odors, therefore, can be
caused by extrerely minute amounts of such materizal. In terms
of quantities that sre casier to visualize, . single teaspoonful
of pollutant can impart odor to 1 million gals. of water.

Utilizing adsorption and extraction teclinigques for concen-
tratirg cthe odcrous organic pollutants or drinking-water suppliec,
it hae -eon found that neutral compounds are usually the most
abundante odorous organic pollutents. These ncutral organic mat-
erials usually have intense tastes and odors. The second most
abunc-nt groun of odorous materials is usually the organic acids,
whick also have intense odors and tastes, Small quantities of
other materials have heon reccovered, including organic bases (whir
may have a tobicco-like ncor), water-soluble compounds (which fre.
quently have.caranel-liue odors), and a group ucually referred to
ac the “weak ncids", which include phenolic compounds, if they are
present in tiae water.

Fhenolic compounds are present infrequently and have prob-
ably teen cver-emph: sized because they are one of the few materia: -
detcctable by aralytical technioues generally available in water
plant laboratories. Before chlorination, commonly ocourring
phenolic materials have but little taste or odor. Ordinary chor-
ination of theuse materials .rcatly incrcaces the taste end odor;
free residual chlorination destroys the odor.

Characteristics of Tastes and Odors

Odors are subject to sersonal cycles. Industrial pollutarcs
show reasonably well-defined patterns of behavior and may be di-
vided into two general cutegories, depending upon whether they
are susceptible or resistant to biological destruction during
transportation in surface waters.
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1. #iith pollutants subject to biologicel destruction, odor
intensity is likely to reach a peak during the winter months.
Unless the water plant is immediately adjacent to the source of
pollution, the peak winter odor intensity is likely to occur when
the river under;oes & moderate rise, especially after a period
0> low water. ‘hies is caused by a combination of scouring of
bottom deposits und more efficicnt transportation of dissolved
materials. Althouvgh the rise in the river increases the amount
of dilution watesr, the reduction in the time of travel between the
source of pollution and the point of water consumption is likely
to result in en over-all increase in the amount of odor=-producing
material reaching the water plant inlet. uhere a river freezes
over solidly aand verhaps becomes anacrobic in certain area, max-
imum odor loads may occur Curing low-flow periods in the winter.

2. Some pollutanty are resictant to destruction during trans-
nortation in surf:ce waters., (Fortun:tcly, f2w odorous materials
of industrial origin are in this group.) .hen a watcer source is
nolluted by such materials, maximum odor difficulty or other dis-
turbance may accompany any low-flow period.

Algai blcoms or spurts of microbiclogical growth frequently
have & alinite scasonal incidence and can be expected at reason-
ably well-azrined periods at each locelity. lccal and regional
expericnce is the best guide availstle and should be fully cxplored

Sometimes algal growth and industrial pollution may take
turns as the dominant nuisance in & particular situation. In one
water plant studied, phenol from a nearby refinery 1is present
throughout the ysar, and there is usually a very definite chloro-
phenolic taste in the water. At certain times of the year, how-
ever, 2lgsl blooms couse tasies »nd odors of such intensity that
the rhencl odors are not noticed.

The river flush-out is sometimes the cause of acute taste
and odor problems as well as other stream disorders, For example,
it wes recently observed (7) that organic wastes from & refinery
were rnot transported by the receiving stream and apparently were
sub ject to bottouw storage with ve.y imcomplete sclf-purification,
Periodic river rises fluched out the bottom deposits. In our
experience some of the most severe water quality problcems have
been frequently associsted with the first river rise after a lony,
drv spell with the accompanying flush-out of pollutional material
retained in bottom deposits. It iIs believed that such incidents
are cometimes wron, ly attributed to industrial spillage or dumping.

The taste and odor of a réw water preseits a problem at the
water pleont which muct be faced on ceveral fronts. ‘lhese include
the followinpg considorations:

1) The water must be made palateble and acceptable
to almost the entire using population.

N

Surface suprlies must be disinfected to give water
of satisfactury bacteriological quality.

3) The cost of high ouality water must be competible
with the ability of the community and its indusirial
comsumers of “city” water to pay for the water.
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The control of water quality by weter c¢roatment has been

di ed recently by Lttinger and riiddleton (8) and presentation
of this material is beyond the scope of the present discussion.

I

e

' usse
t is approvriate, however, to discuss simple approaches to the
valuation of the odor-producing potential of organic wastec.

76 do this intelligently it is necessary to take at least nominal

cognizance ot the nature of water treatment procedures currently

in use.,

i‘ater supplies tal'en from surface sources cubject to pol-
lution almost invariably are chlorinated and the taste and odor
of the water after chlorination become important factors. Chlorine
frecuently reccts with organic material to develop or decrease
odor, Wwhen tiis occurs the odor intensity will vary with the
arount of chlorine added. Scnematic presentation of this pattern
of behavior is shown in Figure 1. The re~ctions occurring between
chlorine and waste components are sometimnes influenced ty dilution.
Since water treatiment plants cannot handle extrenely polluted
water such as an industrial waste strezm, the orgrnic waste under
consideration should be suitably diluted to concentration levels
approximating those handled by a severely loaded water plant,
Chlorine resctions procduce acid, making it desiratle to buffer
the solution being chlorinated with sodium bhicarbonate, thus sim-
ulating the bicarbonates which buffer natural waters. In large
water Cistribution systems, a long period elapsec between the time
water leaves the treztment plant and the time it reaches the most
distant consumer., Odors which develop in a water distribution
systen as the result of slow recctions between residual chlorine
and organic contcminants must be given due consideration,

Odor is neccessarily a subjective quantity, amenable to meas-
urement and interpretation only in terms of peonle. This requires
that odor test procedures and their interpretation be bases on
the cheracteristics of the reactions of people to odors Figure
2 chows a log-probability chart of the variation in the amount
of a specific chemical, n-butyl alcohol, required to give a de-
tectable odor in a series of 785 tests made by 32 watcr-plant
operators over a five-month period. 7This chart leads rather simply
to certain interwretations. In resction to the n-butyl alcohol,
the most sensitive five per cent of the ponulation is at least
seventecn tiles as sensitive &s the least sensitive five per cent,
The ''fifty-per cent' man, or median observer, has less than one-
quarter the sensitivity of the most sensitive five per cont, and
is more than four times as sensitive as the least sensitive five
per cent of the population,

OCbviously, any artempt at quantitative appraisal of odor
requires a large random group of observers, or ¢ panel of several
people selected because they show at least reasonably good cap-
acity for odor detection in gencrel. The most meaningful value
with a small panel is the panel median T.0. Use of the "median"
prevents one unusually dull or unusually sc¢nsitive observer from
throwing the panel results too fur one way or another, If a
mean is used it should be the geometric mean.

There is no real acvantege in attemots to cheracterize odor-
strength too precisely. 1In the laboratories of the Sanitary
wngineering Center we do not acvtempt to differentiate between
odor intensities of solutions that differ by a concentration
factor of less than two,.
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Observers have furtrer characteristics whish resuire con-
sideration in a prescribed test procedure. They tepd to lose
sensitivity when azsked to detect @ trace of a material after expos:
ure to a gross quantity of the same material. Decause opservers
are surgestible, it is difficult to secure an impartial judgment
without asking the observer to diseriminate between unknowns and
a blank. Fatigue and boredom combine to make observers less
sensitive and more erratic cduring prolonged odor observations.
Murther detoils of our ideas on odor and taste-testing protocol
hoave been descrited elsewhere (9) and need not be repeated here.

Another facet of the problem of assaying the odor-producing
notential of wastes lies in the question of whether or not odors
are adcitive. To over-simplify, assume (1) a chemical plant has
only two odorous plant waste streams, one of which contains only
an orgenic alcohol, and a cecond which conteinc only a pyridine
bese; (2) that the total plant stream enters a hody of water in
which neither compound will be sufficiently concentrated to give
a detectable concentration on the besis of concentration in the
waste stream.

Cuestions Lo be answered cre:

a) Are the waste streams unimportant in terms of
stream odors since they will be present below
threshold concentration?

b) Can both waste streams together give the stream
an odor inc:rease if neither one cen do it alone?

Assuning that chemical reactions are not involved, the answer
to the questions above lie in the determination of whether odors
stimuli by unrelated individual materials =re additive and/or
synergistic or whether they are non-additive and/or antagonistic.

If it be assumed that the threshold concentration of material
A is "a" and the threshold concentration of material B is "b" the
question posed by the statement:

a s b3 T0C
2 2 <

where TOC is the threshold odor concentration.

Investigation of this question 1s just getting well under
way in the S.C laboratories. So far we have measured human res-
ponse to odor stimuli by combinations of two and three specific
chemicals at a time, but only a limited number of chemicals have
been investigated, To dateour findings give the answer:

a+b3
5 5 TOC

#e have little reason to believe that this finding will not
hold up in most circumstances and it represents the best basis
presently available for considering the questions involved. 1In
words, the mathematical notations say that human sensory response
to individual odorous chemicals in a mixture is at least additive
and that it may be greater than an additive response.
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Accepting this premise, the questions listed previously can
now be answered. :

a) The hypothetical waste streams suggested previously
are important to stream odor quality.because they
Join with other materials to increase the total
odor load even thourh the waste streams individually
will not add a threshold concentration of the
chemicals-they contain,

b) Even though waste streams are unlike in odor
or chemical structure and do not react, the two
streams csn jointly impart detectable odor to the
receiving stream even though neither one can do
it alone. : _

The additive or even synergistic character of odor stimuli
is important in approaching such complicated situations as those
presented by the boundary waters, Few plants can be charged with
contributing enough organic material to give detectable taste
and odor to 175,000 sec.ft. of weter. Each waste source must,
however, be regarded as a definite contributor to total impairment
of odor quality.

CONCLUSIONS

The evident trend in the taste and odor quality of raw
water is downward. Lstimates of stream pollution in terms of
population ecuivalents show an ever-upward trend. Taste and odor
loads may be expected to increase more rapidly than loads in
terms of "population eocuivalents' because of many factors, some
of which have already been discussed.

Subject to relief by self-purificetion in streams, organic
pollutants of surfrce waters present an additive assault on water
quality, and each tangible organic source is 2 factor in .determ-
ining the odor ol the resulting water.
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PROGNESS REPORT ON THL BIO OXIDATION
OF PHUNOLIC AND 2,4-D WASTE WwATERS

_by..

ROSS E., MILLS

waste Control Chemist,
Naugatuck Chemicals Division of
Dominion Rubber Company Ltd,

The economic and satisfactory disposal of our phenolic and
2,4-D waste waters is one of the major problems in waste dis-
posal facing our Company today. As high as 99.9% of the phen-
olic bodies in these wastes must be destroyed before it can be
discharged to the receiving stream.,

In a paper presented at this conference last year (1) our
past and present methods of treating our phenolic and 2,4-D
waste woters were discussed, oSince it is our intention to reduce
the high cost of treating these wastes and to do away with the
present practice of discharging the treated waste to closed -
pits the biological oxidation process has been chosen for study
as a future method of treatment. Preliminary laboratory work
had indicated that our plant phenolic and 2,4-D waste waters
. could be treated in this manner. This data, along with the flow

diagram of the proposed pilot plant trickling filter, Figure 1,
were also given in last year's paper.

The plant phenolic waste water consists of a liquid waste
containing phenol (carbolic acid) from several plant processes.
The 2,4-D waste water is from the 2,4-dichlorophenoxyacetic
(2,4-D) acid process and has a composition as shown on Table
I. This waste contains primarily dichlorophenol. The information
recorded in this Yeport discusses the difference in these two
"phenolic" compounds with regard to their oxidation on biolog-
ical slimes.

This work has been carried on in collaboration with the Dow
Chemical Company. Their Dowpac HCS has been used as the packing
media for the tower of the pilot plant trickling filter. The
packing in this experimental unit is interrupted for sampling
purposes at three intermediate positions. The bulk properties
of the packing media (2) and tower size are as follows:

DI....NSION DOWPAC HCS
Tower area, ft.@ G.5

Tower Height, ft. 20

Packing surface area, ft .2 5100

Void Space, % 9L

Unit Dimensions, in. 378" x 374" x 21
Units 2

Surface area, ft.z/f%.3 25

Unit Weight, 1lb./ft. 3.8
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PTLOT PLANT OPLRATICH -~ PHENOLIC #ASTEH

The installation of the pilot plant trickling filter was
completed by Sept./56. The filter was seeded with activated
sludge from the Spring Valley Sewage plant at Kitchener, Ontario,
The plant phenolic waste water was applied to the filter but it
did not reswond and "take off" as it should have done, The
actual ceause was not discovered until nearly the end of Decenber
when it was learned that the air injector was not functioning
as it should, due to its location relative to the activated
sludge tank., The controls, including the air injector had been
installed inside the building to which the filter was attached
to provide convenience of operations. As a recult of this,
there was little or no agitation within the activated sludge
tank with the result that the sludge settled to the bottom of
the tank and tecame septic. For this reason the data obtained
during the first four months operation was not reliable.

During this initial period of operation, however, several
modifications were made in the flow diagram in Figure ! to
improve the operation of the filter,

The tower of the trickling filter was initially covered
with styron 475 plastic sheeting. Three sides of the tower
were later covered with 1/4" plywood to withstand the occasional
high winds, The sice facing the bldg. was not covered, To
further prevent heat loss within the filter the sampling ports
and most of the bottom of the tower were closed in as well,

During the installation of the trickling filter there were
no steam coils installed in the activated sludge tank., It
was originally thouvght that hot coils in this tank would in-
activate the sludge. JSteam tracing and insulation were put
around the outside of the a2ctivated sludge tank and the cone
part of the sludge settler.,

The steam tracing, however, proved to be inadequate. The
only means of controlling the temperature was by heating the
phenolic feed water, An attempt was made to manually control
the temperature of the filter at about 80°f, by controlling
the temperature of the incoming feed water. Depending on the
atmospheric temperature, the feed water temperature varied from
100 to 1609F., By this procedure the operating temperature of
the filter wes maintained between 70 and 90°F. During this peric
of time the main recirculation pumn had occasionally failed
for undetermnined reason. This failure left only the hot strong
phenolic feed water being applied to the packing. To avoid
this unfavorable condition, a pressure operated alarm system
was installed on the pump to indicate the moment of pump failure,
This corrected the difficulty since there was always an operator
within hearing distance who could quickly reset the pump switch,
To overcome these problems and to provide better temperature
control a steam bayonet hecater and temperature controller were
installed in the activated sludge tank. This installation
provided adequate temperature control and did not appear to have
a noticeable affect on the sludge in this tank., In addition,
this installation permitted the feed water to be applied to the
top of the tovier at a much lower temperature. At the same time
all steam return lines were diverted to the waste water neutral-
ization tank to prevent freezing in this tank during the winter,
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During the installation of the bayonet heater in the act-
ivated sludge tank it became apparent that there was a large
volume of settled sludge in the tank as a result of insuffic-
ient agitation as has already been mentioned, This difficulty
was immediately overcome by placing a 1/2" air line across the
bottom of the tank., The air line provided much more agitation
and aeration than was required and it was thought that over
aeration might occur bringing about the oxidation of the sludge
in this tank. For this reason the air line was later renlaced
by the air injector which provided a rolling action to the con-
tents of the activated sludge tank. Wwith the installation of
the air injector it was found that lime and sludge began to
build up on the bayonet heater, thus, reducing the heat transfer
and it was found necessary to institute a program of daily bay-
onet scraping.

Following the installation of the bayonet heater, the settled
sludge was flushed from the system and a prograu of study of
the bio-oxidation of 2,4-D waste water decided upon.

PILOT PLANT OPZLATION - 2,4-D WASTH

Treatment of Diluted 2,,L-D Waste Water

The first 4 months operation on plant phenolic waste water
had been without success mainly due to insufficient agitation
in the activated sludge tank. Since the successful treatment
of 2,4-0 waste water weés our main concern it was decided to
immediately begin studies on the bio-oxidation of 2,4-D waste
water, Therefore, on Jan.3/57, the filter was agin seeded with
activated sludge and 2,4-D waste water applied to the top of
the tower from the 5000 gal., feed tank in a batch-wise operation,
To prepzre this feed about 420 U.S. gallons of the 2,4-D waste
water were neutralized in the 1000 U.S. gal. neutralization tank
with 30% aqua ammonia. Phosphate in the form of di-sodium
phosphate was added and the waste water pumped to the feed tank
where it was diluted about 10 times with water., The flow rate
of the diluted waste water to the top of the tower was set at
4.0 I.G.lM, The recirculation flow rate was set at 20 I.G.H.
Therefore, the total volumetric flow rate to the top of the tower
was 24 I.G.r.. or 159 i1.G.A.D. higher flow rates tended to wash
the slime from the packing. For this reason the hydraulic load-
ing remained at the 24 I.G.M. rate throughout the entire study.
Since the biological process is dependent on the intimate con=-
tact of the applied waste with the biological slimes on the pack-
ing media and on the transfer of orgecnic material contained in
the applied waste to these slimes the level of hydraulic loading
is an important consideration in this work. It is generally
recognized that filter efficiency varies directly with filter
depth and inversely with hydraulic loading (3). Since this was
a batch operation the flow rate tended to drop as the level in
the 5000 gal., tank decreased. For this reason the flow rate
was adjusted every hour although the actual daily flow amounted
to only 3,0 - 3.5 I.C.il. instead of 4.0 I.G.li. #hen the waste
water in the fead tank decreased to a predetermined level the
flow to the top of the tower was shut off and another batch of
waste water prepared on the heel of the previous batch remaining
in the tank.
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After one week of operation on this feed it was apparent that
a rapid sludge build-up™the packing was not taking place. Since
it had been calculated, from work done by the Dow Chemical Co,
(2) that the biological slime on the surface area of this volume
of packing was capable of oxidizing 25 lbs. of phenol per day
it was decided to apply a synthetic phenol waste water to the
filter for a short period of time to check its operation and
to obtain, if possible, a rapid build-up on the packing. Ac-
cordingly, a synthetic phenol waste water containing nitrogen
and phosphorous was applied to the top of the tower at the same
hydraulic loading as before. A rapid build-up of slime on
the packing was obtained 2nd the suspended solids in the act-
ivated sludge tank increased to about 1000 ppm,., The maximum
level of solids in this tank was not obtained until the sludge
return line was diverted from the top of the tower to the activ-
ated sludge tank and the settled sludge returned continuously.
It was noted that once the suspended solids reached a concentra-
tion of 1000 ppm there wes no further increase., It has been
reported (4) that the sludge concentration will cease to increase
after five or six days. This equilibrium in slulge concentration
results because the sludge undergoes oxidation, being converted
to its fundamental component compounds. The efficiency of the
unit was excellent and it is thought that 30 lts. per day of
phenol could be consistently oxidized in this filter at a removal
of 99% or better., A summary of the data obtained is shown on
Table IJ, It is believed that the average percent removal would .
have been higher had operating difficulties not been experienced
at the time maximum phenol loading was being approached.

Tower sampling indicates that about 80% of the phenol was
removed on the packing and the remaining 20% in the activated
sludge tenk. This established that the filter was now operating
as intended.

On Feb,10/57, the feed water wes changed from the synthetic
phenol feed to the diluted 2,4-D waste water as before., It
was soon noted that the sucspended solids in the activated sludge
tank were falling off and the level decreased to about 50 ppm
in a neriod of a few days. A summary of the data obtained for
an eleven-day period of operation is shown on Table III. An
average of 4.6 1lbs. of dichlorphenol were removed with an average
per cent removal of 83.6%. Sampling over the tower indicated
that practically all of the removal of dichlorophenol took
plece on the packing with no further removal taking place in
the activated sludge tank,

On or about Feb.25/57, the filter received a shock as a result
of a sudden change in the composition of the 2,4L-D waste water
due to process difficulties, Some difficulty was experienced in
reseeding and acclimatizing a fesh lot of activated sludge.

The first lot of new sludge was transferred from drums to the
activated sludge tank. The level of water in .this tank was low=-
ered just enough to hold the sludge. The acclimatization was
carried out by keeping the filter on recirculation only and
adding small amounts of liquid phenol plus nitrogen and phos-
phorous to this tank. The phenol additions never raised the
phenol concentration on the filter by more than 50 ppm and the
total concentration never exceeded 100 ppm during the acclime
atization period. These increments were added only as fast as
the bacteria oxidized the phenol from the previous addition.
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At first the time interval between phenol additions was quite
long but gradually decrcaowd 4S5 the bacteria becemna acclimatized.

When the bacterie were judged to be well acclimatized to phenol,
the same procedure was carried out with dichloroplienol. The
dichlorophenol additions, however, got out of coatrol and the
concentration reached 450 ppm before it was detected. This in-
activated the bacteria.

The activated sludge tank was again flushed out and a second
lot of sludge added. On this occasion the sludge was acclima-
tized to dichlorophenol without first acclimatizing to phenol.
mis procedure proved successful and the filter has not been
reseeded since,

After a one wveck acclimatization period in which the sludge
wos held in the system, a synthetic dichlorophenol waste water
was aoppliad to the filter at the same hydraulic loading as before.
when the filter was put back on this flow-through basis, the
suspended solids in the ectiveted sludge tank again decreased.
Althouph the unit wes kept on the synthetic dichlorophcnol feed
for only 7 days, indications are that only about 10 lbs. of di-
chloronhenol per dey can be continuously oxidized by this trickl-
1ng filter compared to 30 1lbs. of phenol per day. A summary
ol the data obtained while operating on the synthetic dichlorosg
phenol feed is shown on Table IV,

During this acclimatization period, when no water wéas entering
or leaving the system an investigation was made to determine
if the sludge was being returned from the sludge settler to the
activated sludge tenk. It was discovered on draining the sludge
settler that a large volume of black septic sludge had built up
in this tank. Thcrefore, it was evident that some means of scrap-
ing the sludge down to the outlet was necessary.

A scraper was installed in the settler consisting of a chain
suspended at the perimeter of the tank by a horiuzontal bar,
The seraper is shown on Figure 2. An electric motor and speed
reduction assembly turned the screper at the rate of 3 rph.

At the same time a trouzh was installed directly under the
tower to carry the water falllnb from the tower to the side of
the activated sludge tank opposite the outlct., The purpose
of this was to increase the retention time within the tank by
directing the water down to the bottom of the tenk rather than
allowing it to fall on the surface in the middle of the tank
and be carried away directly to the overflow.

With these changes completed, iarch 27/57, 2,4L-D waste water
was arain applied to the tchleng filter. The diluted wnste
water wes applied to the top of the tower at a total organic
loading equivelent to the oxygen demand of 10 1lbs. of dicliloro-

vhenol per day. To avoid the previous experience of inectivating
tne filter /s the resuit of a fluctuating wrste water the dichloro-

vhenol content of the waste wes determined by a bromate bromide
titration Urom a sample taken as it flowed Lo the neuntralization
tank, Dy ueans of a gzﬂph the operator coanverted the titre of
the sample to inches of waste water required in the tank. Thus
a greater or lesser volune of woste water was taken so that on
dilubion in thes 00N wal Poad tanlsr a Wactn AR e Pavmi Ammema -
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ition was obtained. This proved to be a very successful method
of leveling out variations in this waste. A summary of the data
obtained for sixteen days operation is shown on Table V. An
averaze of 8.2 lbs., of dichlorophenol per day were removed with
an average removel of 91,1%. It will be noted that almost double
the amount of dichlorophenol was removed in this period compared
to an average removal of L.2 lbs. of dichlorophenol as shown on
Table III. In addition the efficiency increased from 83.6%

to 91.1%., It is felt that the sludge scraper wes primarily
responsible for this improved efficicncy.

An attempt wes also made during this period to increase the
organic loading to the tower. The efficiency, and cquality of the
effluent dropped immediately and the flow of feed to the top of
the tower had to be cut off completely for a 24 hr. period to
allow the system to "catch up" before resuming at the previous
feed rate. The data shown on Table V does not include this brief
period of increased loading.

A portion of the effluent was taken during normal operation
and subjected to the standard bio-assay test for industrial wastes
(5). The waste water treated by this process showed no toxicity
whatever to the particular species of fish used in the tests,
The untreated waste water, whether neutralized with agua ammonia
or caustic soda proved to be extremely toxic to the test animals.
Both tests were carried out at the same dilution,

Treatment of Undiluted 2,L-DU Vlaste Water

The study of the biological treatment of 2,4-D waste water
had, to this point, been carried out on a 10:l dilution of
waste., This dilution brought the concentration of the principal
components shovn on Table I within the recommended range of what
was thought to be an ideal waste., There was no proof, however,
of the actual necessity of making the dilution as high as this.
In addition a dilution of this proportion would greatly com-
plicate the problem of scale-up of the filter.

with only a few days remaining until the end of the 2,4-D
production season, 6000 gallons of undiluted waste water were
collecte’, neutralized anc nutrients added. This was then
apnlied to the filter at the rate of 0.25 I.G.l.. The recircul-
ation flow rate was increased to 24 I.G.li. Therefore, the orgenic
and hydraulic loading to the tov of the tover remained essenti-
ally the same as with the diluted waste water. Under these
conditions, however, the salt concentration in the filter in-
creased gradually due to the high salt concentration of 49,400
ppm of the incoming waste water. A summary of the data obtained
is shown on Table VI, The quality of the effluent decreased
abruptly beyond a salt concentration of 32,000 ppm in the filter.
This deta, while it is fer from complete, would indicate that
a dilution as low as 1:1 misht be possible. It is a reasonable
assumption that a dilution of 5:1 or less would be adequate.
Further work will be done to determine more closely the actual
dilution required.
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PILOT PLANT OPERATIUN - PHINOLIC WASTE

Following the study of undiluted 2,4-D waste the filter was
left on recirculation with a flow of dilution water introduced
to lower the salt concentration over a period of a week., The
plant phenolic waste waters which were used in our initial work
were again applied to the trickling filter. The slime on the
packing built up very quickly on spots where it had sloughed off
and the biological slime as a whole increased in thickness and
became gelatinous in texture. In addition the suspended solids
in the activated sludge tank again built up. An efficiency of
99-100% was obtained,-

The methods of analysis used in this work are essentially
those described in the 9th and 10th edition of Standard Methods
tgr the EZxamination of Water Sewage, and Industrial Wastes.

Conclug;on:

Pilot plant studies at Naugatuck Chemicals Ltd., Elmira,
Ontario indicate that the combined liquid wastes containing
phenol can be satisfactorily treated by the trickling filter de-
sign descussed in this report. -

#hile results are very encouraging these studies indicate
that 2,4-D waste water contaning dichlorophenol is considerably
more difficult to treat than are the phmenolic wastes. Addition-
al investigation into such factors as waste water dilution,
optimum organic and hydraulic loading, recirculation ratio,
temperature and effective filter depth must be carried out in
an attempt to achieve greater efficiency of removal before the
effluent can be discharged directly to the receiving stream.
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Table T

Compocition

of

Untreated 2,4-D Waste Water

Dichlorophenol, ppm 1000 - 1500
Chemical Oxygen Demand , ppm 3700
Inorganic Salts (Percent) 6-8
Total Solids (Percent) 8-10
Sulfuric Acid (Percent) 0.8-1.4

pH 1.2-1.8

S5.G. & 159C 1.074



TABLE I1

SYNTHETIC PHENOL FEED

PILOT FLANT TRICKLIKNG FILTER

(I AR. 20 - F EB. %/57)

INFLUENT
10 AL AWK
FLOW, GAL PER.KIN 2.6 3.8 3.2
FLOW, H 6.9 8.3 745
NITROGEWN, Al 0 70 Ly
PHOSPHATE, PR % 3 B
PHENOL, PIM 20 ‘n3 480
PHENOL, -IB. PR DY 108 A4 178
LK. MAX.
RECIRCULATION, GL.PiR MIN. 2 2
RECIRCULATION RATIO 5.6 747
TEMPERATURE % & 83

EFFLUENT

MIN,  LAK.  AVa
26 3.8 3.2
67 8.0 .M
1 3 2

12 2 18
o 7
0 14 0.3
AVG.
2
6.5
82

AVERAGE
PECENT
REMOVAL

98.7

-0{7—



TARLE ITT

24D JAASTE WATER (10:1DILUTION)

PILOT PLANT TRICKLING FILTER
(FEB. 0-22/%))

AVIRAGE
INFLUENT EFFLUENT PERCENT
MIN., WAL AV, MIN. A AV REAWVAL
FLOW, GAL PER MIN. 2.5 3.6 3.2 2.5 3.6 3.2 -
FLOW, g 74 79 7.6 7.8 8.1 8.0 R
NITRUGEN, PPM 70 0 o 3 o F -
PHOSFHATE, PR 155 368 BY 5.3 266 19.6 -
INORGANIC SALTS, Pm B0 530 Lo oo 6000 530 -
DICHLOROPHENOL, P 106 168 1B 13 % B3 -
DICHLOROPHENOL, LE.PERDY 3.2 8.0 5.5 0.5 1.3 0.9 8.6
MN. | MAX. AVG.
RECIRCULATION, GiL. PR MN 2 20 20
RECIRCULATION RATIO 5.5 8.0 6.3

TEMPERATURE, O B 83 &

-'[{7-



TLELE IV

SYNTHETIC DICHLOROPHENOL FEED

FPILOT PLANT TRICKLING FILTER

(KARCE 2-27, 1957 )

AVERAGE
INFLUENT EFFLUENT FERCENT
MIN.  iAX. AW MIN, AL AV RAVAL
FLCK. GAL PER MIN 2.7 La 3.4 2.7 ka 3.4 -
FLOW, -4 7+3 8.1 79 a4 1.9 o ks -
NITR2GEN, Pha 10 20 13 10 2 10 -
FPEOSDHALYE, ©PM 64 7.9 74 2.9 6.0 4.1 -
DICLLOKCPIENOL, P& 202 26 %2 0 %0 1 -
DICHLOROPHENOL, IB. FiR D&Y 62 15,0 1.3 0.0 1.5 0.5 96.3
MIN. MAX. AVG.
RECIRCULATION, GAL. PER MIN. 2 .3 20
RECIRCULATION RATIO 5.1 a2 6.0

TEMPERATURE ©F ‘7 82 0

&y -



TABLE V

24D WASTE WATER (10:1 DILUTION)

PILOT PLANT TRICKLIKG FILTER

(MAR. 27 -APR. 4/ 5 &APR.9-11/57)

EXFLIENT

INFLUBT

MIN. M. AW
FLOCY, Gil. PR Mk 3.0 3.8 3.4
FLOW, pH 2.6 8.3 n.8
NITROGEN, poae X - - -
PHOSPHATE, P¥ - - 2.8
INORGANIC SALTS,PPMI < - -
DICHLOROPEENOL, PR 170 % 28

DICHLOROPHENOL, IBFRIDY 4.2 125 9.
CEEMICAL OXYGEN

DEMAND, PW 4os s 55
CEEMICAL OXYGEN

DEMAND, I3. PER DY 16.8 $£.6 40

MIN.

RECIRCULATION, GiL. PR N 2

RECIRCULATION, RATIO 5.3

TZMPERATURE ©F | "

£ Assumal 40 be approxirately equal %o values shown on Teble IIT

MM, BAX AVG.

3.0 3.8 3.4

7.6 79 747
- = 16.4

7 62 Gy

0.2 2.5 1.3

134 a5 170

4.9 9:5 7.3

X &G,
2 20

6.7 549
82 80

AVERAGE
PERCENT
ROMVAL

91

6.7

-517-



T4HLE V1

2, .DWASTE WATER (UNDILUTED)

PILOT PLANT TRICKLING FILTZ R

(APR.12-29/97)

pling X AR 1T VX AVG,
F L OW, GAL. PER M. 0.25 0.5 0.3 0.5 0.25 0.25
FLOW, pH v ] bR 7.3 a0 80 - %8
NITROGEN, FRBi& = = . = - -
PECSPEATE, P - . 70 - - 53
INCRGANIC  SALTS, PRM! Yo hoo  U4g,400 Ug,koo 13,000 32,000 -
DICHLOROPEENOL, PR 102 192 1502 12 % Z
DICHLOROPHENOL, IB. PER DAY Bl 54 54 0.0 0.2 0.1
CHEMICAL OXYGEN 4gu6 36 4346 198 63 4o

DeafXD, PR
CHEMICAL OXYGEN 15.6 15.6 15.6 o4 2.5 1.5

DEMAND, IB. PR DY

LaXa AVG.

RECIRCULATION, Gil. P:R MIN 4 2 -
RECIRCULLATION RATIO _ % %6 96
TEMPERATURE OF - & & &
DISSOLVEZD OXYGEN LS| 6.5 4.8

& Waste neutralized with Aque Ammonia, thus nitrogen assumed to be adegquate.

Average
Percent

-1707-
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EFFECTS OF SUSPLANDED MATTLR IN WASTE WATER

_by_
Richard D. Hoak

‘ellon Institute of Industrial Research,
Pittsburgh,Pa,.

Water pollution control is a topic replete with firmly held
opinions that rest on insecure foundations. This arises from a
widespread public and professional concern over the effects of
pollution, coupled with a sad dearth of the kind of technical
information that is essential to the development of rational
measures for pollution control.

The effects of suspended solids discharged to rivers is a
subject about which a variety of similar statements have been
made. These pronouncements have been uttered so many times that
they have become a kind of dogma that no one questions. It 1is
said, for examnle, that suspended matter diminishes photosynthesis.
But what concentration will diminish photosynthesis by what per-
centage, Some 90 per cent of incident light is absorbed by clear
water in a depth of about six feet. How much suspended matter must
there be to increese light absorption to 100 per cent in the same
or some other depth? How does natural silt affect photosynthesis
as compared with suspended material from industries and munici-
palities?

It is claimed that suspended solids destroy fish spawning
grounds. How much of such material will do what damage to what
kind of smawning ground? Similarly, suspended matter is said to
smother benthic organisms and thus prevent them from playing their
role in stream self-purification. What depth of what kind of
solids will smother what sort of organism? A monomolecular layer?
A millimeter? A quarter inch? A foot?

A consideration of these gquestions led to an investigation
whose object is to provide cuantitative data for many of the spec-
ulations which have long been accepted as indisputable, if un-
provable, fact. A casual observation of rivers shows that suspend-
ed matter devosits where proper conditions exist for sedimentation.
Liver bars form and reform with fluctuations of discharge rate.
Dredging must be resorted to where stream velocity cannot flush
deposited solids away. \Where such conditions exist it is clear
that streams are overloaded with suspended solids, whether of
natural or industrial origin. There are loads less than this,
however, where quantitative data on effects are scanty indeed.

It is concentrations in this range upon which research is now in
progress,
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The steel industry recently completed a comprehensive survey
of blast furnace flue dust production and recovery in the Ohio
Valley., The survey disclosed that an average of 204 pounds of dust
is made per ton of iron manufactured but that only 10 pounds per
ton is discharged to streams. Recovery of 95 per cent of this
material invited speculation about the degree of recovery needed
for proper protection of streams, and this led to a shift of emphasi
in research on pollution control by the industry. Dr. C.A. Bishop
aptly illustrated the shift when he said that increasing attention
was being :iven to the diagnostic, as compared with the prescrip-
tive, approach to the problem. In the past, the industry has con-
centrated its efforts on improving recovery efficiencies in generel
without paying cerious attention to the ultimate effects on water
quality. It has now been recognized, however, that an understand-
ing of the actual effects of constituents of waste water is essen-
tial to intelligent recovery practice. This change in research
emphasis does not meen that the prescriptive approach has been
aboncdoned; it means only that research is being expanded to include
studies of the effects of various materials on the receiving water.

There are several aspects of the problem of suspended solids
which reouire investigation. One of these is the relationship
between natural silt and susnended solids flowing from sewers.

It should be recognized, of course, that a significant proportion
of so-called natural silt results from the activities of mankind:
poor agricultural practices, strip mining, road building, and the
like, But until satisfactory land management can be co-ordinated
with water conservation, there is little that can be done to reduce
the wesh load carried to streams by rainfall.

Ilany studies have been made to develop formulas to be used
for prediction of silt loads in rivers. All of these formulas have
been based on flume studies, yet findings on actual streams often
contradict experimental results. It is usual practice to differen-
tiate the bed-material load from the suspended load. Bed-material
flows elong stream bottoms, but more or less of it can become sus-
pended sediment, depending on channel configuretion and water vel-
ocity. Jt is sometimes assumed that suspended solids, whether of
natural or industrial origin, will eventually settle in streams,
But this cannot really be true; if it were, stream channels would
be choked with sediment. OSuspended particles do settle in water
at rates dependent upon their size and density, and upon the phys-
ical condition of the stream, But nuch of the settled material
apparently does not stay where it drops to the stream bed; it flows
at a rate governed by the stream itself anc eventually reaches the
ocean,

A recent statistical study of data on suspended sediment showe.
a good correlation between loads and discharge rates for a number
of rivers in the liiddle Atlantic States. There w2s also a good
correlation hetween mean load and drainage area, even though the
physical condition of the drainage bisins differed considerably.
For example, the mean load at Sewickley, just below Pittsburgh
on the Ohio river, wrs 4339 tons/day and at ilound City, Illinois,
950 miles downstream, the mean load was 128,600 tons/day. The
relative proportions of these loads that were naturel, industrial
and municipal is not known, but the close correlation between
loads and discharge rates suggests that most of the sediment had
a natural origin.
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The same paper reportoa a study of a flue-dust clarifier
made over a four-wonth reriod. The average concentration of sus-
penced solids in the clarifier effluent was 99 pom, but the concen-
tration in the raw water wos 47 ppm. Thus the net discharce of the
clarifier was rouglily half flue dust and half naturel silt. A
similar but chorter study of e scale-pit efiluent indiccted that
only about 15 per cent of the susnended matter wes iron oxide;
the bulk of the material was silt in the raw weter,

These points have been raised to illustrate the necessily
for considering the role of natural silt in evaluating the problen
of suspcnded solids.

Data from flume studies may not prrovide accurate informetion
about the effects of suspended solids in a natural streem., Utever-
theless, a flume should yield useful qualitative data on the behav-
ior of narticles suspended in (lowing wrhter. A straigni rectan;-
ular flume 50 ft. long anu five inches square was therafore built
for preliminary studiez., It Las recctangular weirs about 18 in.
from each end to provide & flow about 47 ft. long end four inches
deep.

The original development of 2 plan of study shows the hazard
of the commonsensical approzch. It was decided to circulate through
the flume a suspension of particles with & maximum cdiameter of three
microns. The susvznsion was rade by mixing a cuantity of =325
mesh fluc dust with water, allowing it to stand for ei;ht hours,
and syphoning off the sunernatent. It was assumed, froin the wanner
of msking the svepension, that the rete of subsidencc in the flume
would ba very low. 1t wns therefore planned to circulate the
suspension through the fluwme at a given rate, gradurlly decrease
the rate until settling occurred, then raise the rate to determine
the velocity at which the settled materinl would be suspendcd
again, Following this, the plan wes to use suspensions of larger
end larger particles, and calcul-te the relationshin between part-
icle size, water velocity, and settling tendency.,

Unfortunately, this plaan could not Le uscid. In the first
run, the flume wes filled with teép water and tl.e suspension was
puniped into the chamber hehind the iniluent weir., The impeller
of an electric mixer was nlaced directly over the opening through
which tha suspension entered, so tiuat good dispersion would be
assured. It soon weags obvious that, contrary to sedimentation
theory, settling wns taking place [rirly repidly. The final result
was that veryv little of the suspended mattier ever flowed over the
effluent weir., It was evident that settling had been promoted by
agglomeration of the {ine particles.

A quantity of -140 mersh (maximum perticlc size, 100 microns)
flue dust wis suspended in a liter of watcr and poured into the
influent chamber, which w s supolicd with a cteeay Iflow of tap
water providing a velocity of 2 ft/min. in the flume., According Lo
theory, if there were no a; loamerstion, the 100-micron particles
should have settled about a foot from the inlet weir, the smaller
particles should have cettled at distances cenonding on their size
and density, and the O6-micron and finer particles should have
passad over the eflfluent weir. Insterd of this, rouguly a third
of the materiel scttled in the intluent chanber, in spite of
thorou.h asitation, and pr-ctically all of the remaiader settled
within ten feet of the influint weir,
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A series of runs was made with =325 mesh (theoretical maximum
particle size, 4L microns) flue dust suspended in tap water.,
Concentrations of influent and effluent solids were measured after
equilibrium conditions secmed to have been attained, and particle-
size determinations were made on the solids that settled and those
that passed over the effluent weir, The Lamar photometric method
was used for particle-size measurements, A portion of the data
is summarized in Table I; complcte data are available from the
author,

Table I. Data on Flume Studies

fiun No, 1 2 3 L* 5 6
Water velocity, ft./min. 3,07 2,03 1,02 4,22 4,22 L,22
Reiynolds Number 2620 1746 873 3632 3632 3632
Influent, ppm 67 57 6l 79 69 73
Effluent, ppm 19 12 10 R2 16 10
Amount discharged, % 28,4 el .l 16,4 27.9 21,2 13,7
Farticles discharged¥* 16-20 80-100 80-100 8-16 60-80 40-60

* A layer of pebbles, 1/8-1", on flume bottom to simulate roughness.
*%Size range of largest particles discharged.

Run No. 1. Of the particles that settled five feet from the
influent weir, 76 weight per cent weye in the range 8-40 microns,
and 5 weight per cent were in the 80-100 range. At ten feet these
percentages were 57 and 12, respectively.

Run No. 2. Of the particles that settled 15 ft. from the
influent weir, 75 weight per cent were in the ranze 8-40 microns,
and 6 weight per cent were in the 80-100 range. At 30 ft. these
percentages were 41 and 15, respectively. Of the particles pass-
ing over the eifluent weir 19 weight per cent were in the 80-100
range.

Run No. 3. Of the particles that settled 15 ft. from the
influent weir 65 weight per cent were in the range 8-40 microns,
and 24 wei ht per cent vere in the 80-100 range. At 30 ft. these
percentages were 48 and 12, respectively., Of the particles pass-
ing over the effluent weir 38 weight ver cent were in the 80-100
range.

Run No. 4. This run was made with a layer of pebbles in the
flume to simulate a rough bottom. The weight percentages of the
solids in the range 8-40 microns that settled at 2.5, 5, and 10
ft. were 3L, 81 and 72, resnectively, The corresponding percent-
ages of particles in the 80-100 range vere 0, 2.5, and 7.

Fun No. 5. A duplicate of No., 4 without pebbles. The weight
percentages of the solids in the range 3-40 microns that settled
at 2.5, 5, and 10 ft., were 65, 69 and 90, respectively. The cor-
responding percentages of particles in the 80-100 range were 8,

L and O. Although %O per cent of the particles leaving the flume
were 16 microns or finer, 20 per cent were in the 60-80 range.
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“un No, 6. A duplicate of No., 4 without pebbles., The weight
percentages of the solids in the range 8-40 microns that settled
at 5, 15, 26,5, and 338 ft. wero 87, 33, 71, and 6L, respzctively.
lio particles were prescnt beyond the ranze 40-00 microns. In this
run the solids that settled were sypiioned from one-foot sections
of the flume bottom at the midpoints of ahove sampling points.

The solids were filtered, dried, and weighed., The weights were
taken to represent the wverage smounts settled in the four flume
sections. In the order given above, the percentages of the total
were 49,31,12, and 8.

These preliminary results seemingly contradict some firmly
held beliefs, According to theory, particles settle most rapidly
where water is quiescent, and scdimentation basins are designed
to avoid disturbernce of the fluid medium., Yet cdata from the flume
studies indicate that the amount of settling witn laminar f{low
is less than it is where the flow is turbulent. Since agglomer-
ation of particles occurred, and since this cen result only from
cont~ct between particles, it is probeble that turbulence increases
the number of contects, and the tendency of the particles to clump
results in an increase in their settling rates. Apparently these
ar Jomerates do not break up readily. .wven though the largest
particles in a =325 mesh fraction are 44 microns, particles up
to 100 microns werc found in the size analysis. It had been
assumed tl'at any agglomerstes in the suspension would be dispersed
on passage through a ceatrifugal pump. If this does occur the
particles evidently reform pnromptly in the flume.

This work has led to a lon_-range research project for evel-
uation of a number of veriablec that allect the b:havior of sus-
pended particulate matter. Flue dust conteins considerable mag-
netic iron oxide, and it may be that this material is a fector
in agflomeration., This nspect will be studied by using suspen-
sions of completely inert material such as ignited #lumina or
silicon cerbide,

It is known that dissolved salts affect the tendency of part-
icles to ag lomerats, but thare is little information about con-
centrations and species of salts end the effects they have on
various sorts of susminded perticles.

The density of a:lomerates should be determined, as well eés
the factors winich control the final sizes of the clumps.

These aspects of the problem will be studied initially under
controlled conditions in the laboratory. The flume will then be
moved to a field station where actual weste water can be used at
verious dilutions with raw river water. The field work will also
provide an opportunitv for stuly of light penetration &and its
effects o1 photosyntliesis, composition and distribution of settled
solids, and otner factors which mey arise.

This paper is @ progress renort which has described prelim-
insry flumz studies, and which outlines the vroblems lor which
solutions are being sougit. It will be followed by other papers
as exneriment:l data arec accunulated,
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THE COLLECTION, PRETREATMENT AND BIO-OXIDATION
OF CRESOL BEARING WASTE VYIATERS
_IFROM A CATALYTIC CRACKING UNIT

Il

_by-

Canadian 0il Company Ltd.
Corunna,Ontario

INTRODUCTION

Shortly after our refinery at Sarnia went on stream in the
summer ‘of 1952, it became evident that considerable amounts
of phenolic compounds were finding their way into the refinery
effluent waters, Immediate action was necessary to reduce
drastically the output of these compounds., Examination of the
various waste water streams showed that virtually all the phen-
olic compounds originate at the Catalytic Cracking Unit., The
principal sources are spent caustic from treating, and condens-
ate and water wash streams which have come into contact with
cat cracked gasoline, These two sources present rather dif-
ferent problems since the spent caustic is small in vdome but
may entertain 20% or more of cresols and other phenolic com-
pounds, while the water streams comprise large volumes with
phenolic contents below 1000 p.p.m. This paper deals only with
the water streams and is intended to outline the means which
we have used to combat the problem and our experience to date,
with particular reference to our present system of collection,
pre-treatment and bio-oxidation,

Historical Summary

Since the fall of 1953 various combinations of four different
methods have been used for the disposal of phenolic water as
Tfollows:

1) Injection as spray water in the Catalytic Cracking Unit
Ilegenerator,

2) Lvaporation in the Catalytic Cracking Unit flue gas stack.

3) Injection as desalting water into the crude oil desalting
system,

4) Stripping with steam and flue gas followed by biological
oxidation. '
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The principal features of each of these are discussed below:

1) Injection as Spray Water in the Catalytic Cracking Unit
Regenerator

Our Catalytic Cracking Unit is of the fluid type in which
coke is continuously burned off the finely divided catalyst by
a stream of air which also serves to maintain a fluid condition
in the lower portion of the regenerating vessel., The space
above the fluidized catalyst bed is cooled by injection of an
appropriate quantity of water., Originally condensate was used
for this purpose, since the fall of 1953 phenolic water has
been employed. No corrosion problems have arisen and we have
no reason to believe that the crtalyst is adversely affected.
The normal operating temperature of the Regenerator is about ,
1120°F, Analyses of the effluent gases indicate that over ¢a
of the phenols are destroyed. DMore recently a CO boiler has
been installed in which the effluant gases undergo further com-
bustion and this appears to effect virtually complete oxidation
of the phenolic compounds. This means of disposal is still in
operation and normally handles about 30 i,g.p.m. of phenolic
water,

2) Evaporation in the Catalytic Cracking Unit flue pas stack

In January 1954, the excess phenolic water over that required
by the Regenerator sprays was injected into the flue gas stack
of the Cat. Cracker. The stack was 62 feet high, lined with
refractory in the lower portion and insulation in the upper
part, and contained a number of horizontal orifice plates.
Injection of the phenolic water took place through 2 nozzles
at a point about 29 feet from the top, 4 feet above the top
orifice plate, About 33 i,g.p.m. were successfully evaporated
in this manner. There did not appear to be any special corros-
ion problems associated with this operation. In November 1955
the installation of a CO boiler precluded further use of this
means of disposal. It should be pointed out that this proced-
ure evaporated phenolic compounds to the atmosphere rather
than destroying them,

3) Injection as desalting water into the Crude 0il Desalting

oystem

In our Crude Unit about 7% wash water is used for salt re-
moval, The crude oil and water are mixed and after heating to
about 2500F are separated with the aid of a demulsifying chemical.
Laboratory examination showed that if phenolic water from the
Cat. Cracker were used for this purpose about 907: of the phen-
olic compounds present would be transferred to the crude oil.

In September 1954, phenolic water which had previously been
going to the Cat. Cracker Regenerator stack was diverted for

use as crude desalting water. The system is shown diagramatic-
ally in figure 1, As anticipated the effluent desalter water
contained only some 10% of the phenolic compounds originally
present. It was found that a major proportion of the phenols
passed into the feed to the Catalytic Reforming Unit where it

is believed they were reduced to the corresponding hydrocarbons.
However, some appeared in the crude atmospheric tower aqueous
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condensate which was returned as desalting water and some in
the caustic washes on light gasoline and stove oil products,

Considerable trouble was experienced with fouling of the
exchanger train by calcium-carbonate scale which appeared to result
from the presence of coleiurm in the erude and carbon dioxide 1in the
the desalging water. This was overcome by injecting the atmos-
pheric and vacuum condensate streams ahead of the exchanger
train and the phenolic water after it, Calcium carbonate foul-
ing was then experienced in the mixing valve which is placed
immediately downstream from the point where the phenolic waoter
was introduced into the crude oil and in the desalter water
exchanger. Although some success in alleviating this was ach-
ieved by the addition of various anti-fouling agents, frequent
cleaning of the valve and exchanger was necessary, During the
period that phenolic water wrs injected into the crude there was
a considerable increase in corrosion in the flash and atmospheric
tower furnace tubes, ihile a simultaneous increase in crude
0il through-put prevented a definite diagnosis of the the ccuse,
the use of the phenolic water is believed to have been the major
contributor.

L) Striprning followed by ltiological oxidation

After some deliberation it was decided that the best method
available for further reduction of the cresol content of our
waste water was to instal a hydrogen sulphide stripper and a
biological oxidation unit. The intention was to collect the
desalting water and other phenolic streams at the Crude Unit
and to treat them in the new installation, and the design was
carried out on this basis. However, considerable trouble was
experienced with fouling of the stripper with calcium carbonate
scale and satisfectory operation for more than about a week
was never achieved.

As a result of this, in October 1956 the excess phenolic
water was temporarily taken out of the Crude Unit and an attempt
made to process it directly. This scheme was so successful that
it has been in operation ever since. The stripper and bio=-
oxidation units are considered in more detail later in the paper,

DESCRIFTION OF PRESENT SYSTEM

General

The flow plan of our present Phenolic Disposal System is
shown in figure 2. The phenol bearing water streams from the
Cat. Cracker are collected in the phenolic water drum. This
Serves as surge capacity and separates any entrained oil from
the water. From it water is supplied to the Regenerator sprays
as well as to the stripper., The means for disposal to the
Crude Desalting system has been retained for use in an emergency.
The hydrogen sulphide free effluent from the stripper, after
cooling, flows directly to the Aero-Accelator where biological
oxidation of the phenolic compounds takes place,
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Collection System

Figure 3 shows the collection system in more detail. It
will be seen that the collection drum is divided into two
sections. The effluent water streams flow into the bottom of
the main section. An oil level is maintained in this section
bv means of an interfacicl level controller, The excess o0il
overflows into the smaller section of the drum and is pumped
away periocically. The effluent water from the drum is divided
into three streams each at constant flow, to the ilegenerator
sprays, to th=s stripper and to the Crude Desalting system re-
spectively. To permit this a small continuous make-up of cool-
ing water is maintained by means of the interfacial level con-
troller.

Tvpical anslyses of the original phenolic water streams
are shown below:

Table 1

Typical Analyses of Phenolic water Streams
from Catalytic Cracking Unit

Approx. 5
Flow Phenols HpS
I.g.p.m. ppm lbs/day ppm pH
Fractionator 25 760-900 27L-32) 2500 7.5-8.5
Condensate -4L000
Wash lWiaters:
Gas Pec. System 11 L80-680  76-108  LOOO  7.5-7.9
Gasoline Feed -5000
Light Gasoline 20 200-260 58-75 nil 7.5-6.8
Napntha I 120-195 7-11 nil 7.5-9,2

The main source of phenolic compounds is the aqueous conden-
sate from the main fractionator. This stream carries about 300
lbs, of phenol equivalents per day (as determined by the Gibb's
method). Second in respect to the amount of phenol is the wash
water which has been used for trcating the light gasoline stream
from the main fractionator. These two streanms also contain
high concentrations of hydrogen sulphide. The last two water
streems shown in table 1 are from water washecs following after
a ceustic wash, They are therefore normally frec of hydrogen
sulphide and appreciably lower in phenol content.

Phenolic Water Stripper

Figure 4 shows a diagramatic representation of the stripper.
The feed passes through a sproy nozzle at the top of the tower
and flows down through five grid trays against an upcoming stream
of steam and flue gas. The treated water is pumpced from the
bottom of the stripper throush a level control valve to a cooler
and thence to the Aero-Accelator,
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The flue pas is supplied from the Cat. Cracker at a pressure
only slightly above atwospheric and about 1600 s.c.f.m. are drawn
in by means of a thermocompressor using 150 lb., steam. Addition-
al steam is also injected directly. Steam and flue gas leaving
the top of the stripper pass into the fire box of a heater.

The stripper removes all or practically all the hydrogen
sulphide from the feed at a pH of about 8.0 to 9.0, with a bottom
temperature of 190 - 200°F, At the same time the phenol concen-
tration is lowered to about one third of its original value.

The stripper is checked four times per shift for approximate
pH and H2S content., The phenol contents of the feed and efflu-
ent are determined three times a week.

The tower is of unlined carbon steel and some corrosion has
taken place. This is especially the case in the lower part of
the tover where the steam and flue gas inlets are placed.
Opposite the flue pes inlet the corrosion over a period of a
year was about 1/10th of an inch. However during the early
part of the period considered flue ges from a heater stack was
used. This had an S0, content of about 2.5 wgt.% and it is

believed that this may have been responsible for most of the
corrosion. Use of this flue gas for stripping was discontinued
mainly because of the difficulty of obtaining satisfactory HoS
removal without introducing an excessive sulphite concentration.
In the top of the tower the corrosion rate appears to have been
negligible.

Aero-Accelator

Figure 5 shows a cross section of the Aero-Accelator, a bio-
logical oxidation unit of the activated sludge type designed
by Infilco Corporation, Tucson, Arizona. Our installation was
desi¢ned to process a flow of 75 i.g.p.m. of waste water with a
phenol loading of 150 lbs/day. The installation consists of
a tank 16 feet high and 273 ft. in diameter divided by baffles
into an aeration zone which is equipped with a vortimixer, and
a settling zone. Air is fed in through a distributor directly
below the vortimixer blades by three Roots Connersville centri-
fugal compressors of 150 c¢.f.m. capacity each. The feed enters
the tank at the bottom in the centre anc leaves by overflowing
a weir along the outside edge of the settling zone. The
settled sludge and a considerable internal recycle are recirc-
ulated to the aeration zone by the action of the vortimixer,

Start-up is achieved by seeding with a truckload of sludge
from an activated sludge sewage disposal plant at London, Ontario.
As soon as the dissolved oxygen has been brought up to a concen-
tration of 2 p.p.m. the full flow of phenolic water feed can be
rapidly assimilated. ’

Approximately 24 hours is required from seeding to full
operation. 7

1.
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Once the plant is operating little attention is necessary
so long as proper stripper operation is maintained. Initially
some trouble was experienced from lack of ammonia and phosphate
which is now added by hand once per shift in the form of am-
monium phosphate at the rate of 30 lbs/day. Typical operating
conditions are . shown in table 2.

Table 2

Typical Operating Conditions
for Aero-Accelator

Feed Rate i.g.p.m. 40
Temperature °F 95
Air added, cu.ft./min. 150
Blow-off, % of time 3-7

Ammonium Phosphate added
lbs/day - 30

Analytical Data:

% Slurry settled in 30 min., 15 - 35
% Slurry by centrifuging 2.1 - 4.0
Dissolved Oxygen p.p.m. 3

The oxygen content of the effluent from the aeration 2one
of the Aero-Accelator is determined and the volume and quality
of the sludge floc checked twice per shift, The phenol content
of the Accelator effluent is checked three times a week.

The overall operation of the stripper and Aero-Accelator
is summarized in the analyses shown in table 3 below:

Table 3

Typical Analyses of Phenolic water before and after
Stripper and of Accelator Lffluent

Phenols HoS
ppm 1bs/day ppm pH

Phenolic Vater before Stripper 500 288 2000 8.5

Phenolic water after Stripper 160 92 <10 8.7
Accelator Effluent | 0.02 0.01 0 7.5
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Phenolic contents of the stripper feed have varied between
250 and 670 ppm and of the accelator feed between 45 and 220
ppm. The phenol cohtent of the accelator effluent has remained
close to 20 p.p.b. regardless of feed concentration,

No attempt has been made to assess accurately the operat-
ing costs of the unit, However the principal contribution would
appear to derive from steam consumed by the stripper.

CONCLUSIONS

1) Cresol bearing waters from a Catalytic Cracking Unit
can be virtually completely destroyed.

a) bv injection as spray water to the Regenerator bed of the
Cat. Cracker to the extent that such cooling effect is

necessary.

b) by stripping with steam and flue gas followed by biological
oxidation.

2) Within the limits of phenol concentrations experienced
and so long as proper stripper operation is maintained, large
scale storage is not essential to proper operation of an Aero-
Accelator on a continuous basis., '

3) Injection of phenolic water into the crude stream as
desalting water offers a practicable means of emergency disposal.
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EIOLOGICAL O.lIDATIOL OF OIL i
VASTES TI COOLiiG TO.2R SYOLTHIS

Harold F, Elkin

Engineoring Jivision, lianufacturing Departrunt

Sun 0il Company
Philadelphia, Pa.

Biological oxidation of effluent waters has become an
ostablishod process in oil refinery practice in rocent ycars. 3everal
commercial-scale activated cludge and trickling filter uijits have
beoen installed for organic wasic reduction Ly various refiners since
1953, This equipment has operated succossfully, proving the applicability
of bacterial oxidatlon ©o : rcfinory effluonts containing phenols
and other oxygon—-cansuming contaninants,

Coincident with the need for improved cquality of refinery
effluent vaters to prevent pollution of rociving strocams has been
the {rouing requironment for new uater suppllos to satisfy the
increcased demands of indusiriel expansion. The shortage of oxisting
water scupply facilitiecs has led rofiuers to develop new sourcec and
in somo cases to treat vaste waters for re-use within the rcfinery to
reduce requircmonts from external sources. Until racently the need
for costly intermediate troatmont procedurcs has been a deterrent
to the application of additional re-use procedures,

» novw nethod of utilizing wasto waters has been developed
that does nol require extonsive protreaiment and achieves pollution
roeduction of the over-all ofilucnt. This dual benefit is accomplished
by selectivo segrogation of wvaste waters at their source, simple
gravity scparation of oil and scttleable solids in conventional API
separators, four to iive days reotention in an imnounding basin for
equalizing the flow, and then biological oxidation in rcfinery
cooling towers., The use of cooling lower systonms for bacterial oxidation
reprozents a departurc from the conventionallly ucedtrickling filter
or activated sludge equipmont.

Waste Disposal and Re-Use System

Biological oxidation of wasto waters in cooling tover systems
has been employed in the Toledo, Ohlo, rcfinery of the Jun Oil Company.
Following a 5-year period of design and consiruction a new process
revision to the refinery's wvater supply and vaste dispocal system has
been completed. The ncw facllity embodies couprohensive pollution
control of all rofinery weste uators, extensive re-use of waters within
the rafinery with minircun pretreatment and a virtually unlicited water
supply Jor ocmergency fire protection
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The need for installing new wator supply lines and treatment fecilities
or purchasing increased quantities of municipal water hac béen eliminated.

Cooling towers were selected as tho equipment to utilizo the
're-use" watcrs primarily because of their high volume demand and
their potential ability to cerve as treatment units for biolcgical
oxidation of pollutants in the waste waters. Lffective oxidation of
phenolic compounds and reduction of chemical oxygen demand in
conventional cooling towers would obviate the need for oxtensive
vaste trectment equipment for improvement of the final effluent,
Cooling towers also have tho advantage of requiring a relatively
low quality make-up watcr, compared :rith other process equipment,
ithercby eliminating coctly pretreatuont of the water vwe-used,
Furthor..ore, tho towora would reduco by evaporation during recirculation
the over-all quantity of waste diacharge.

Installing thc Re=lco Syste
PL i is o fIow diagram showing the sogregation of the various

classes of waste vaters, the co lection, slorage, and re-usc of the
efllucnt and the quantities involved. The indicated flow ratos
represent the calculated theoretical water Lalance for Lhe refincry
vhen the cntire system iz placed in operation,

The first step in the program was the installation of a flue
gas ctripping tower to remove sulfides and mercaptans in the process
vaste vaters, These sulfur compounds would be undesiretle contaninants
in the re-use supply since they could reduce the efficiency of vpiological
oxidation and could be corrosive to tubular eqaipment used in the cooling
systiem, Ahpproxinately 200 g.p.m, of process waters conteining sulfides
- and ::ercaptans zre fed to a 5-ft. diamcter by 31 ft. vertical stripping
tover packed with Raschig rings. 4 flow of 120,000 cu. ft. per hour
of 9509, flue gas from a catalytic cracking regenerator is passcd
through the stripper for sulfide renoval., Temperature in the tower
is naintained at approxinately 190°F, Recently, sulfuric acid has
been used for pli adjustment and better stripping. This unit heas
performed efficiently and maintained a satisfactory quality in the
subsequent 1e-usc vysten,.

The second phase of the project consisted of completely
segragating refinery waste waters according to chemical characteristics
Low alkalinity process waste vaters from such operations as steam
stripping, once hbkriugh cooling of pump bearings, and miscollancous
wash wators together with contaminated storm water from ground run-off,
flow through the exzisting refinory drainage systom to the API separator
for primary romoval of oil and settleabls solids,

An inmpounding vasin, 1,200 ft. long by 200 ft. wide and 10 ft,
deep, with a maximua liquid capacity of 8,000,000 gal., was constructed
at the outlct end of tlie API separator to provice four to five days
stcrage, flow oqualization, removal of residual {rec oil and settlcable
solids, and preliminary reduction of chemical anc biocl.emical oxygen
demand., A minimun of 1,500,000 gal. of waste water is reserved in the
impounding basin to provide an emergoncy f{ire water supply for not
less than 10 hr,
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Oil-free waste waters, high in alkalinity and not suitable for
ro-uce, including ion exchange regeneration water from the water plant and
blow down fron stcam boilers, are collected and sevored directly to tho
receiving stream, Oil=bearing, high alkalinity wvasto waters, including
cooling tower blowdown and crude desalting wash water, aro segregated
in a new gewer syslem and delivored to an auxiliary API hiph-golids
soparator for oil removal before discharge. Thoe main quantity of rofinory
uaste waters is collected in the low alkalinity re-use sewer and
impounding basin system, Two 750-g.p.m. punps wero installed at the
impounding basin to roturn process and storm water to the existing
refinery cooling towers for make-up wator. lio treatment oxcept
gravity separation and impounding has been required prior to re-uce
of this water. Additional details of the ovor-all installation were
presented in another paper (1). '

Re=Use Operation

In lovomber 1954, the first re-use of waste water was started
at the Toledo Refinery, . One pump was oporated to return 600 g.p.m. of
waste water to the main return line of a large forced draft cooling
tower, This tower cools circulating water for conventional condc+sers
and coolers in a catalytic cracking plant,

Uithin a few hours after the start-up of ro-use operation,
there was eovidence of a good vacteriul floc in the gystem, UJacterial
secd was not necessary to initiate the growth of an active colony
of bacteria, The phenol content of the blowdown watcer from this system
was reduced more than 99 per cent, From the initial data, it has been
. proven that the active bacterial sludge contained phonol=-oxidizing
microorganisma, These bacteriu are upparently bvoth water and air-borne,

Examination of the bactorial sludge by ncans of the optical
and electron microscopes has shown the precenco of rod-shaped bacilli
and circular cocci, and bactorial indentification studies are now in
progreas. Previous investigators (2) have indicated that such genora
as Achromobacter and lMicrococcus are effective phenol oxidizers.

In this typo of bilological oxidation, the microoroganisms
proscent are heterotrophic bacteria which dopend on organic compounds
as a gource of onergy. These bactoria aro c¢lassified as mesophilic
iing; their optimum activity is in a temperaiure range of 60° to
O0Q°F,

according to Rudolfs (3) the destruction of aromatic compounds
by viological oxidation 1s initiated by oxiuation of tho side chain
and this is followed by the splitting of thie nuclear ring and
subsequent oxidation. The end products of the roaction are carbon
dioxide and water,

The rato of destruction of phenolic-type compounds is dependent
upon several variables including the types of compounds, the concentration
of the compounds, the temperature of the water, tho avallability of
auxiliary nutrients such as nitrogen and phosphorua compounds, and the
presence in the system of nicrofauna and nicroflora.
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TaoLe |
CooLING Tower OPERATING DATA
Il TEM . DETAIL

IRZ FORCED DRAFT
NUMBER OF CELLS 153
CELL DIMENSIONS (FT):

WioTH 30

LENGTH 16

HEIGHT 24
Fass 12-Fr., 4-BLADE PLASTIC,

ONE PER CELL

'IATER RATES (G.P.M.)1

CIRCULATING 17,500
MAKE=-UP 600-1,000
BLOWDOWN 120-200
AIR RATE (C.F.M,) 3,000,000
AIR-WATER RATIO 1.586
TemperaTurRESs (OF) '
\IATER INLET 83 vo 98
WATER OUTLET 64 vo 80

The data presonted in Table I shows that the forced draft
cooling tower offers exceptionally good physical conditons for biological
oxidation by providing extensive intornal contact surfaces. The dilution
factor ranges from 17 to 29, and this prevents any shock to the establish-
ed biological equilibrium whon large variations are enocountered in the
phenol load of the .make-up water, 4An anple supply of available
oxygen is insured by the air to water weight ration of 1.56, A
temperature range of 64° to 98°F. is conducive to a high rato of
bacterial growth,

Amaonium compounds are present in the phenolic make-up water
and serve ag nutrients for the prowth or the bacteria, Phosphates
arc added to tho circulating cooling water to improve the food balance
and eslablish a high degreoc of bacterisl activity. This biological
oxidation procescs functions with a light bacberial floe¢ circulating
from the conling tower through all of the plant coollng equipment
before relurning to the towor, This system combines the high-rate
trickling filter and and recirculating sludge processes into one highly
effoctive waste treatment instnllation,

Comprehensive data on the pheonol removal cofficiency of the ro-use
water operation arc listed in Table II, The averege reduction cxcooded
99 per cent under widoly variablo concentrations of phenol and
fluctuating refinery oporating conditions,
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When the success of tle first phase of operation was,
the second re-use pump wi's placed in service to determire the per-
formance of the biolopical oxidation under approximutely double
the initial load, i'o Perceptible loss in efficiency was noted
even ufter process waters from two Houdriflow catalytic cracking
plants were included in the male-up water,

A peak phenol loading occurred on February 7, 1956, At
this time, 840 1lb., per day of phernolic compounds were fed to the
cooling tower, Only 2.5 1lb, per day of phenols were discharged
in the oxidized blowdown water, The per cent of removal was 99,7
under these conditions,

Chemical oxygen demand efficiency data are summarized in
Table 111, The first section of Lhe table includes resulis
obtained during periods when the cooling tower was receiving a
make -up water supply of 600 g. p. m. The daily quantities of
C. 0, D. present in the mke-up water varied between 1,435 and 3,860 1b.,
with an average reduction of 89 per cent,

The second set of data in Table 111 illustrates the C, O. D,
reduction attained when both re-use water pumps were operated. In
considering the results, it appears that a loss in efficiency is
encountered when the blowdown rate is increased, The average C, 0. D.
removal was 68 per cent under these conditions, Present operation
is based on a minimum blowdown rate so that the optimum oxygen demand
is satisfied,

A complete program for evaluating this system included
frequent chemical control tests for all significant components in the
malke-up and circulating water,

From the standpoint of quality, the high alkalinity of the
make-up water is undesirable. Concentrated sulfuric acid is added to
the circulating cooling water to depress the alkalinity to approx-
imately 100 p. p. m. as calcium carbonate. Because the bacteria
produce carbon dioxide as an end product. in the destruction of organic
compounds, appreciable acidity is contributed; therefore sulfuric acid
consumption is correspondingly decreased below the stoichiometriec
demand.,

Sedium polyphosphate is fed into the coolinz water three
times each day, This surface-active agent is considered beneficial
in controlling corrosion and scale deposition in the refinery boilers.
As previously mentioned, phosphates also are very essential nutrients
in the biological oxidation process.,

The bacterial floc accounts for almost all of the suspended
solids in the circulating water. Although most of the operation was
carried cut with 2.1 cycles of concentration based on chloride conternt
of the make-up and circulating water, the average dissolved solids
content shows only a slight increase in the recirculating cooling
water system, This trend is a result of blolcgical oxidation and
the volatilization of certain compounds from thre cooling tower,

Since a problem of excessive concentration is avolded, the tower
requires only a small blovdown rate,



At times, appreciable concentrations of copper are noted-
in the circulating water. No decrease in the activity of the bacteria
has been detected in spite of these surges of copper., A recent pub-
lication (4) stated that phenol-consuming bacteria can tolerate up to
100 p. p. m. of copper.

Approximately 50 per cent of the ammonia is consumed in the
biolofical oxidation system. It is believed that the ammonia content
is quite important in the preservation of a good level of metabolic
activity. Other pertinent chemical data are included in Table 1V.

Operating LEffects
Sludge and Algae

The possible detrimental effect of the bacterial sludge on
heat transfer in the refinery cooling equipment was a subject of some
concern, A program of backwashing all condensers and coolers once
each shift was inaugurated at the time water re-use was started. The
fluid characteristics of the bacterial sludge gave a reasonable as-—
surance that backwashing could prevent fouling of the boiler tubes.,

During the first few weeks of water re-use operation, a
weekly shock treatment of chlorine was used as added insurance against
a reduction in heat transfer efficiency. This treatment was discon-
timued after six weeks and no build-up of bacterial growths has been
encountered,

Periodic surveys before and after initiating the re-use
system show a consistent heat treatment coefficient of 50 Btu. per
square foot per hour per degree Fahrenheit. It is planned to con-
tinue this program of checking plant units on a routine basis,

No objection able algae or slime growths have been detected
in this cooling water system since the start of biological oxidation.
The phenol-destroying bacteria are believed to consume algae and thus
exert a strong controlling influence in curbing such conditions,

Corrosion

The last major investigation was concerned with the study of
corrosion rates in the re-use water system. Miniature heat exchangers
were installed so that frequent observations could be made to deter-
mine the condition of the brass and steel tubes, In addition, two
new flanged elbows were placed in service so that line thickness
measurerents and inspection data could be sccured during scheduled
shutdowns, .

Thus far no tuberculation or pitting of steel has been
evident. The dissolved organic wastes in the re-use water exert a
high oxygen demand in the water pumped from the cooling tower to the
plant tubular equipment and probably serve to control some of the
corrosive tendencies usually exhibited by oxygen-saturated cooling
water,
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Table V includos corrosion ruto data for stecl and brass tubos,
Tho avernge rate for sieel was 0,005 in. nor yemr, whereas that for
brass wag 0,0035 in, por ycar. These noasured corrogion rales aro at
ssentially the same low luvuls an proviously obsureved when frosh wator
make=-up was used,

Exaninatlon ol wood snecimons obtained from the l8-yocar old
cooling tower, after fowr nonths of water re-use oporation, disclosed
no ovidence of biological deterioration, Additional periodic
ingspections arc planned, ineluding checks on frosk-wood specimens,

Conclusionsg

Biolomicel oxidation of rofinery waste uators in cooling tower
cquipnent represents a higldy efficient aud cconomicel treatment
process, This pructical rethod ior pollution reduction offers on
attractive alternative to conventionsl triclling filtur or aclivated
sludyge nethods, selectivo coprerction of procous wastes ut thelir
sources and climination of undusirablo constituonts such as oil,
sulfur compsunds, allalinity and sctilcable solids rudt bo accomplished
befors re=use streans are fed to cooling Lowers in order to maintain
satisiactory quality of the circulating water,

Fxtonding wasto scgrepation, sterago, and wator re-use to the
entire refinery provides an integrated system for pollution control,
watcr conservation, and omergency fire protoction.
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TABLE 11

PuEnoL ReMovaL =FFIcteENCY IN A ForceD DRAFT CooLING TOWER

FLow PHENOLS
SAMPLE - MILLION op~-_:
DaTe LocATION GoP oM, M,c.0f Lofoay P.Pp.M. LB/ REMOVAL ER~-
DAY Le/ p &
DAY TION
1954
Dec.16 | llAKE=uUP 600 0.855 7,210 18.4 133 i T
CLOFPUWN 100 0.144 1,198 0.,194)10.23 [132.% 99,8 | *
Dec.29 | FAakKE=-UP 565 0.815 6,790 15,7 107 -- -
BLOWDOWN 100 0,144 1.198 0.211,0,25106.8/99.8 | *
1955
FEB.23 | YAKE=-UP 1,100 1.590 13.250 8.6 114 -- --
BLowDOWN 600 0,875 7.280 0.,167|1.2 {112,8]98.9 | +
Mar.22 | FHake=-up 1,100 1,590 13 .250 V2.7 169 | == | ==
LOWDOWN 600 0.875  7.280 0.2081.5 167,5| 99,2 | =
MArR.24 | MAKE=UP 1,185 1. 706 14 . 220 12.7 181 -- -
. BLoOWDOWN 600 0.875 7.290 0.32412.4 [178.6/98,7 | =
Nov.7 MAKE=uUP 600 0.865 . T.210 19.6 141 - -
ELowDOwN 100 0.144 L 1.198 0.800(0.96 1140 99.4 | ¥
Novett | Make=Up 600 0.865 2 7.210 48 .0 346 -— -
bLOWDOWN 100 0.144 i 1,198 0,082]0.099345,9)99.9 |4
Dec.8 MAike=UP 600 0.865 7.210 43 310 - -
BLOWDOWN 100 0.144 k1,198 0.055 [0.066[309,8]99.9 |3
Dec.29 | Make-up 600 0.865 1 7.210 | 53.5 |386 - --
CLowDOwWN 100 0.144 - 1.198 0.016 |0.019[385,9(99.9 |3
1956
FEP.7 | Make-up |1,000 1 .440 12,000 | 70,0 |840 | -- --
BLOWDOWN ‘500 0.720 6.000 (0,41 2.46 937.5 99, 7| x
FEB16 MAKE=-UP 1,000 1.440 12,000 | 25,6 307 -- --
BLOWOOWN 500 0.720 6,000 [ 0,52 [0.31 B06.7] 99.9| x

*2.1 CYCLES OF CONCENTRATION, PHENOLIC WATER. FROM HOUDRY FIXED=BED UNIT,

*1,2 CYCLES OF CONCENTRATION, FHENOLIC WATER FR:M HOUDRY FIXED=-BED UNIT,

=|,2 CYCLES OF CONCCMTRATION, PHENOLIC WATERS FROM HOUDRY FIXED=BCD AND
HOUDRIFLOW UNITS.,

;2.1 CYGLES OF CONCENTRATION, PHENOLIC WATERS FROM TWO HOUDRIFLOW UNITS,

X1.2 CYCLES OF CONCENTRATION, PHENOLgc WATLCRS FROM TWO HOUDRIFLOW UNITS,
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TABLE 111

CHEMIcAL OxyceEN DEMAND REMOVAL EFFLICIENCY
IN A FORCED DRAFT CoOOLING TOWER

UCHEMICAL UXYGEN UEMAND

|
DAaTE { SAMPLE _ REMOVALREMOVAL
| LocaTion (porem.)(LB/0DAY LB/ /DAY (%) OPERATION
1
L955 | .
Nov., 3 Makeg=up 280 . 2,020 - -
RLowbown L88 ! 225 11,795 88.9
LIl Make=ue 463 i 3,340 —— ———
BLowoown 285 i 34) | 2,999 89,8
22| Make-up i 331 | 2,390 | v
BLowbown | 14 ! 169 | 2,221 93,1
DEc,.b6 MAake-up i 541 3,905 -——- - 2.1 CYCLES OF CONCEN=
: TRATION,
. BLowoown 369 442 | 3,48 88,8 PHENOLIC WATERS FROM
L3 ., MAKE-uP 359 2,802 ——— -—— TWo HOUDRIFLOW UNITS
BLOWDOWN 194 232 |2,570 91,8 600 G.P,M,MAKE=UP
21 MAKC=-up 536 3,800 -—— -——- WATER, AND 000G.P.M,
! BLOWDOWH WASTE
BLowpown 344 1 412 3,448 89.4
29 MHAKE=UP 441 | (3,178 -—- ——
. BLoviDOWN 369 | 442 12,736 86,1
L956 | ' t ' ’
JAN, 4 1| MAKE=-uP 304 2,190 -——- -——
il BLOWDOWN 196 235 |1,955 89,4
11| MAKE=-uP 1S9 1,435 ~—— -
BLowbDoOwN 168 201 11,234 86,1
FEB. I | MAKE=-uP 227 2,725 -——- -
BLowDOWN 152 912 1,813 66,5
7| MAKE-UP 303 3,630 -——- SO
BLowbDown 237 1,420 {2,210 160,8 1.2 CYCLES OF. CONCEN=
: TRATION,
L7 | Makcg=-up 233 2,790 - -——- PHENOLIC WATERS FROM
BLowoowN 133 98 1,992 Ti.4 Two HOUDRIFLOW UNITS
23 | MAKE=UP 1 300 3,610 - - 1,000 GoP.M, MAKE=-UP
BLowDOWN 142 850 2,760 76.3 WATER, AND 500 a.P.M,
RLOWDOWN WASTE,
28 | MAkE=-uUP 266 3,490 -—— -——
CLOWDOWN 165 990 (2,200 09,0
APR. & | MAKkE=UP 368 4,420 - -
BrLowpown l 263 1,580 [2,840 04,3
* l




CHEMIcAL QuaLtTy oF CooLING TOWER ReE-use WATER

T

= T2 -

ABLLC 1V

CooLING TOWER MAKE~UPI!CCULINGTOWER BLOWDOWN

ol
qAx. MiIN, Ave, MAX, Min, Ava,

J' Y l—
pH 9,15 0,75 8,20 T+«85 6.50 7.25
ALkALINITY, As CaACO3 284 68 163 160 52 c3
(PoPam.)
SULFATES,As CaS04(r.rP,M |43 193 286 645 212 436
lron(ToTAL),As FE(P.P.M] 3.36 0.57 1.19 3,84 0.63 1.68
CopreER (TOTAL),As Cu 4.90 0.18 0,75 5476 0.28 1.31
(P.PoM.)
SusPENDEN CoLiDs(P.P.M. 57 10 28 164 24 72
DissoLVvED SoLios(P.P.M, |6T8 336 501 1,000 397 684
NiTrocen (BAasic),as NHz|e24 53 80 132 39 81
(PoPoM-)
PHENOLIC COYPOUNDS,AS Th0 8.4 25,9 1,20 0,004 0,092
PHENOL. (P.P.M.) *
Co0.D. (P.PoM.) l 54 172 327 |436 141 231
BeO,D, (PoPoM,) | 259 82 1658 208 67 (NN

M 1

—t

* PHENOLIGC COMPOUNDS DETERMINED BY THE 4~AMINOANTIPYRINE METHOD




TaoLE V

CoRROSION RATE NATA=-=RE-UsSe CpOLING YWATER SYSTEM

CORROSION RATE
INCHES MILL) GRAMS
VWUATER TeEMP., YEAR 35Qq. DECIMETER
METAL - DaTE {OF ) Dav
1955
STEEL JAN, 13=-FEB,.II 90 0.005 27
JAN., L3-FEB,.1II 130 0,005 27
FEB, 23=-MaRrR,IT ~ 90 0.003 16
Fes, 23-MAR.I1T 130 0.005 27
1956
JAN, 6-APR.23 90 0.007 15
JAN, O=APR.23 130 0.004 25
1954
Brass Nov, 26-Dtc., 9 90 0.004 25
Dec. 19,'54-F¢s.
L1,'55 90 0.002 14
1955
JAN,13-FEB. I 90 0,006 30
FE@.16=-MAR. 17 90 | 0.006 30
FEB.23=MaAR.23 90 0.003 19
Novel,'55=-APR,.23
'56 90 0.001 8
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SOME EFFECTS OF POTASSIUM CYANIDE ON SPECKLED TROUT
(SALVELINUS FONTINALIS)

By
JOHW ., NEIL, Biologist
Ontario Water Resources Commission

Toronto, Ontario

INTRODUCTION

Several excellent studies have been made on
the lethal effects of cyanide (Herbert and Merkens 1952),
and on the changes in toxicity brought about by various
environmental factors, such as oxygen concentration and
temperature (Southgate et al l933¥ (Wuhrmann 1953), and
the influences of pil (Doudoroff 1956). A number of other
publications are available, but unfortunately little
information is given on the environmental conditions under
which the experiments were carried out, so that much of
the value of this information is lost, "

In the experiments described in this paper, two
general aspects of the effects of cyanide were investigated,
firstly, a comparison of survival at lethal concentration
between fish acclimated to cyanide and those having no
previous contact, and secondly, the effect of exposure to
sublethal quantities of cyanide on the ability to perform
work, This information was derived from the following
four individual studies: .

(a) The relation between concentration of
cyanide and the time-to-permanent-
turnover.

(b) The etfect of prior exposure to sublethal
cyanide concentrations on the time-to-
death at lethal concentrations.

(c) The effect,of prior exposure to sublethal
cyanide concentrations on the ability of
the fish to perform work.
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(d) Influence of the duration of exposure
on the offect of those sublethal con-
centrations of cyanide and the rate of
recovery from them. ;

These experiments were carried out with spcckled trout
Salvelinus fontinalis (Mitchill) of one size and at one

temperature, '

The results of the lethal experiments have
provided some additional information on the direct
toxicity of cyanide to speckled trout. The investi-
gation into the effects of sublethal cyanide concen-
trations has provided information on deleterious effects
below the lethal level, and has described a new method
by which future studics of sublethal quantities of
toxic substances may bc made.

Vhile a variety of factors influencing toxicity
have been investigated, little or no information is
available as to the effect of sublethal amounts of toxic
substances on the ability of fish to carry out the normal
requircments of life., Fry and Hart (1948), Graham (1949),
Job (1955) and Basu (ms. 1957) have presented information
on the relationship betwecn activity of fish and tempera-
ture and concentrations of the respiratory gases, but
little else has been contributed. '

If unfavourable conditions interfere with the
ability of the fish to perform work, then feeding and
growth are reduced, and with the lowering of the general
hecalth, discase and predation may assume unnatural pro-
portions., Interfcerence may also take place in the
movement of fish to breceding areas, new feeding grounds,
or movement to escape an wifavourable environment, Disabi-
lity at any of these stages can lead to the elimination
of a population. '

ATSRIALS AND M&THODS

The speckled trout used for the cyanide
cexperiments were all one year old and were supplied by
the Ontario Department of Lands and ‘Forests from the
Chatsworth hatchery in January of the years 1956 and 1957.
Fish of approximately the samec size were selected, ranging
from 10 to 13 cm., in length and 10 to 22 gm. in weight.,

The trout were held during periods of accli-
mation and exposure to the sublethal cyanides in metal
tanks which were carefully painted with a plastic-type
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paint, so that at no time was any metal surface exposed

in tanks or apparatus where contact with cyanide
solution was possible.

Experimental Conditions

The source water for the Laboratory maintains
a very constant temperature, As this was satisfactory
for the purposes of these experiments, no supplementary
control was used. In parts (b), (c¢) and (d), the
controls and fish exposed to the sublethal cyanide
concentrations, as well as the solutions used in the
various agparatus, were held at a temperature of
8,8 + 0.2° ¢, 1In part (a), the experiments were carried
out at 9.5 + 0.3° C., the somewhat higher temperature
resulting from the lower flows and longer transmission
lines.

All fish were maintained under these condi-
tions for a period of fifteen days or more before the
experiments began.

Care was taken to ensure that the dissolved
oxygzen content ol the water remained sufficiently
high to obviate any error which might be introduced
from this source, In each group of experiments,
dissolved oxygen determinations were made, either on
each individual test or each group of tests, and
periodic checks of the holding tanks ensured that no
oxygen deficiencies occurred there, At no time did the
di ssolved oxygen drop below 9 ppm (80% saturation), and
it generally remained closer to the saturation level,
i.e. (11.5 ppm). The dissolved oxygen content was
maintained by the inflow of fresh water, so that no
supplementary aeration was necessary.

Fish used in all experiments were not fed
for a period of forty-eight hours before uce.

The Laboratory is supplied with water from
deep wells which is rather hard and high in mineral
content, Treatment consists of aeration and filtration
for iron removal. There is no chlorination of the
supply. An analysis of this water supplied by the
Laboratory of the Sanitary Engineering Division of the
Ontario Department of Health provided the following
results:

Hardness as CaCO3 269,0 ppm Nitrite 0.0 ppm
Alkalinity " »’ 216,0 " Ammonia 0.0 »
Iron as Fe 0,02 * Silica 21.0 v
Chloride as Cl 2:7 *® Aluminum 0.0
Nitrate 0.0 " Copper 0,0
pH g.2 "



Cyanide Solutions

Potassium cyanide was used in all the experi-
ment.s performed in this study, Concentrated stock
solutions were made up in the Laboratory and the con-
centrations determined by chemical analysis. The pH was
adjusted to above nine to maintain the strength of
solution, and no concentrated stock solution was used for
more than two weeks. For these solutions and for all
cyanide determinations, the author is indebted to staff
members of the Sanitary Engineering Division of the
Ontario Department of Health.

As a check on the concentrations reached at
the point of final dilution, analyses were performed
(Standard iMethods 1955) and a good correlation was found
between the estimated and the analytical concentrations,
When analyses were attempted on the lower concentrations
used in the experiments, considerable difficulty was
found in obtaining accurate results. No good analytical
procedure is available at these levels, and although care
was used, the results were not sufficiently reproduceable
to be of use in estimating the final concentrations. 1In
some of the experiments repeated as a check, the fish
apparently gave a nore accurate estimation of cyanide than
did the chemical analysis. This problem has been
encountered by other investigators working with cyanide.
For this reason, all concentrations quoted are those -
estimated from the degree of dilution of the stock
solution,

Before and after each experiment, flows were
measured. In the longer runs, a number of checks were
made and little difficulty was encountered in maintaining
the required flows,

Herbert and llerkens (1952) performed careful
analyses on the cyanide content of the water in which
their time-to-permanent-turnover experiments were
conducted, and found that in all cases some loss in
cyanide occurred., This was described as the "cyanide
demand" of the water. At the higher concentrations used
in the tests to estimate turnover time and time-to-death,
such a loss is not likely to have had a significant
effect on the results. If, however, a similar reduction
occurred in the low levels to which the fish were
acclimated for the measurement of resistance and activity,
the "cyanide demand" could have materially lowered the
final concentrations.
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The relationship between cyanide concentration
and time-to-permanent-turnover (part a) was investigated
by maintaining fish in a continuously-flowing cyanide
solution of calculated strength. The cyanide concentrate
was made up daily from a stock solution of cyanide
diluted with distilled water in a five-gallon glass carboy.
The pH of this solution was adjusted to nine. This con=-
centrate was siphoned-to a float chamber which provided
a constant head and thence through a stopcock adjusted to
a flow of 15 ml, per minute. A flowmeter was set in the
system as a check on the rate of flow. Dilution water
was passed through an overflow bottle and run to a stop-
cock adjusted to a rate of 1,5 litres per minute, The
two streams were then combined and passed through two
mixing bottlesto ensure thorough mixing before entering
the chamber containing the fish. A cylindrical jar with
a volume of 18 litres was used to hold the fish during
the experiments.

The procedure followed in each experiment was
to drain the system completely, then allow it to fill
with solution of the required concentration. Ten fish
from the holding tanks were quickly placed in the chamber
and the time recorded,

. The end point was considered as the time when
each fish turned over on its side and became helpless,
This was tested by tapping the fish with a glass rod
and if no response occurred, the fish was removed and the
time noted. Each fish was measured (fork length) and
weighed at the time of removal, marked by fin clipping,
then placed in fresh water to revive, In most cases,
the fish would remain quietly on the bottom for a period
of ten or fifteen minutes before turning upright and
beginning to swim,

The experiments were under constant surveillance
excepting those lasting the longest times, and in these
cases, they were not left unwatched for periods longer
than four hours.

Fish used in expcriments where a period of
prior exposure was necessary (parts b, ¢ and d) were all
allowed a period of acclimation of at least fifteen days
before use. Three tanks containing the trout were
maintained at cyanide concentrations of 0.05, 0.03 and
0.01 ppm, as well as a fourth receiving no poison for the
control fish,

The cyanide was fed through a multiple pump
built for this purpose which was capable of feeding a
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number of solutions simultaneously. Concentrations of
the required strength were'made up in carboys using tap
water and fed to a mixing funnel at the rate-of 15 ml.
per minute. This concentrate was diluted with a flow
of 4 litres per minute of water giving the required
strength of solution.

The effect of exposure to sublethal concen-
trations of cyanide (part b) was investigated for fish
having varying histories of cyanide exposure, to deter-
mine whether the prior exposure would alter their sensi-
tivity to cyanide. For this purpose, two polyethylene
wash basins were used as test chambers and a flow of
1,5 litres per minute of dilution water was run to each
basin., The dilution water was mixed with a cyanide solu-
tion of the required strength, pumped from a reservoir at
15 ml. per minute. The cyanide solutions were made up in
distilled water with the pH adjusted to nine,

Time-to-death was determined for fish at three
lethal levels of cyanide, 0.5, 0.4 and 0.3 ppm, using
fish previously exposcd to the cyanide levels of 0.05,
0.03, and 0.01 ppm, as well as a control group (part b},
Each experiment was run with a group of five fish, and
two experiments were performed for each lethal cyanide
level. When each experiment involving previously-exposed
fish was made, two control fish were marked by removing
the adipose fin, and these were placed in the test
chamber as a further control,

For purposes of these experiments, death of
fish, as indicated by lack of opercular movement for a
period of thirty seconds, was used as an end point.
Fish were periodically returned to clean water and none
revived, The fish in these experiments were continually
watched and removed for weighing and measuring as they
died.

The effect of exposure to sublethal cyanide
concentrations on the ability of fish to perform work
(part c¢) was investigated by requiring fish to swim in
a rotating chamber until they are unable to maintain
the required speed. Ten fish from the control group and
ten from each of the exposure concentrations were used.
The order of testing these forty fish was determined from
a table of random numbers,

The apparatus used consisted of a circular
glass chamber 123 inches in diameter, with a second
smaller cylinder 6 inches in diameter forming an inner
core (Fry 1948). The circumference of a point midway
in the swimming chamber was 2.5 feet, and this was
considered as the distunce a fish swam in one revolution,
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The chamber was turned by an electric motor connected to
a variable speed gear which adjusted the rate ol
revolution, :

The procedure used in evaluating the ability
of the fish to perform work was determined in the
following mamner. The chamber was filled with six litres
of water or cyanide solution from the influent mix to
the tank in which the fish had been held. One fish was
quickly transferred from the appropriate tank and placed
in the chamber where a short interval was allowed for the
fish to become accustomed to the new surroundings. The
chamber was then set in motion and the fish was required
to swim steadily for consccutive four-minute intervals
at speeds of 20, 28 and 36 rpm. The speed was then
increased to 45 rpm and kept there for as long as the
fish was able to maintain its position. If the fish
dropped back, it was tapped on the tail with a stirring
rod to keep it from moving around with the chamber. In
this way it was encouraged to swim until unable to
maintain its position and consistently dropped back (four
revolutions) despite the stimulus of the stirring rod.

For the purposes of this experiment, the

ability of the fish to do work was considered to be the
length of time it swam at 45 rpm. For those unable to
attain the speed of 45 rpm, a minus quantity was assigned,
depending on the time the fish swam at 36 rpm. Thus, if
a fish swam only three and one-half minutes at 36 rpm, a
value of -0.5 minutes was recorded, while 2.5 minutes was
recorded for a fish swimming two and one-half minutes at

45 rpm,

No supplenentary aeration of the water was used
as the oxygen level did not enter the range where the
ability to swim would be affected (Graham 1949). &
maximum drop of 1.2 ppm from near saturation was noted
in the chamber for the fish swimming the longest time.

A stream of refrigerated water was passed over the outside
of the glass to maintain a temperature of 8.8 + .2° ¢, in

the chamber during the period of the experiment. Fish
used in these experiments had a mean length of 12.0 cm.
and a mean weight of 17.9 gm.

The rate of effect on activity from exposure
to sublethal cyanide concentrations (part d) was investi-
gated by placing five fish that had had no previous
contact with cyanide in concentrations of 0.05 ppm and
determining the effect on immediate contact and after
exposure for one day, four days and twenty-nine days. In
a similar fashion, the activity of fish that had been
exposed to 0,05 ppm cyanide for forty days was measured
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upon immediate return to fresh water and after one day,
four days and twenty-four days. Fish used in these
experiments had a mean length of 12.5 cm. and a mean
weight of 19.9 gm.

OBSERVATIONS

Survival Experiments

Figure I is a plot on a logzarithmic scale of
the relationship found between cyanide concentration and
time-to-permanent-turnover for fish unacclimated to
cyanide. [Each point represents the arithmetic mean of
observations on ten fish,

The line expressing the relationship between
time and concentration appears to have two slopes. DBetween
0.,0 ppm and 0.10 ppm, the log time and log concentration
arc linearly related. At concentrations of more than 0.40
ppm, the fish lived a longer time than would be expected
from examination of the line for lesser concentrations.
This curve shown at the higher levels of cyanide appeared
to become asymptotic und represents some minimum time
required for a fish to die that becomes independent of the
cyanide concentration.

The dependent phase of the curve (0.10 to 0.40
ppm) may be described by the equation used by Herbert and
Merkens (1952):

nlogC+ log T = log k,

where C is concentration in parts per million, T is
survival time in minutes and n and k are constants. The
constants of the best fitting straight line are n = 3,48
and log k = -0.206.

For purposes of calculation, the experiment at
0.08 ppm cyanide was not included as the point at 5220
minutes is the time of permanent turnover of the fifth
fish and not the mean, because mechanical failure
terminated the experiment before complete mortality
occurred.

The minimum lethal concentration of cyanide
occurs between 0.08 ppm and 0.05 ppm, the former being
demonstrated as lethal and the latter as not lethal in at
least forty days. As the expected turnover time from
the equation described for {ish in 0.05 ppm cyanide is
approximately thirteen days, the linear relationship
cannot reach this concentration under the experimental
conditions of this study. It is apparent that the
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straight-line relationship continues only to some point
between these two values where a break occurs and the
fish are no longer completely incapac¢citated by the
cyanide,

Fish subjected to the various cyanide concent-
rations used in these experiments showed typical reactions
within various ranges of cyanide levels., At concentra-
tions of 0.50 ppm or more, the fish turned on their sides
in a few minutes and remained on the bottom of the
chamber. When stimulus was applied, erratic swimming
would occur, but they would shortly settle to the bottom.
At the times indicated in Figure I a stimulus would fail
to excite the fish and the end point of the experiment
was reached. At concentrations between 0.50 and 0.25
ppm, the fish dropped to the bottom on their sides within
a few minutes, but after a period of repose, all the
fish would regain their equilibrium and remain in an
upright position until they turned over for a second time.
Wnen this occurred, the fish soon lost their response to
stimulus and were removed from the chamber., In those
experiments conducted at concentrations below 0.25 ppm,
there was no loss' of equilibrium for a protracted period
of time. When it did occur, any recovery was of short
duration and was soon followed by permanent turnover.

At concentrations of 0,50 ppm and greater, the
time-to-permanent turnover has been described as approa-
ching a constant which is presumably the minimum time
that is necessary for fish to reach the end point regard-
less of further increases in the cyanide concentration,
This minimum time is approximately five minutes. A
similar observation was made by Shepard (1955) for trout
exposed to lethal concentrations of oxygen where a
minimum time-to-death was observed to be fifteen minutes.
In describing his data, a linear relationship was shown
at all concentrations when the minimum time-to-death was
subtracted from the total time observed. When the same
procedure is followed for the cyanide data (Figure II)
using five minutes as the minimum time-to-permanent -turn-
over, the relationship approaches linearity for all con-
centrations, The points for the highest concentration are
still somewhat off the line, but these observations may be
slightly in error because of difficulties in interpreting
the end point where turnover occurs so rapidly.

Subsequent to the investigation of the relation=-
ship of reaction time to cyanide concentration for fish
unacclimated to cyanide, a study of the effect of prior
exposure to sublethal cyanide concentrations on survival
was undertaken,
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From the results illustrated in Figure III and
IV, it was noted that a change in resistance was deve-
loped by fish exposed to the three cyanide levels to
which they were acclimated. When the four groups were
subjected to 0,50 ppm, the controls lived the shortest
time, while the time-to-death of the groups previously
exposed to cyanide varied inversely with the concentra-
tion of their acclimation.

The same order was observed for the fish

killed at 0.40 ppm. The order changed, however, when the
fish were killed at 0.30 ppm, as those having an accli-
mation history of 0.05 and 0,03 ppm became less resistant
than the controls while the 0.0l acclimated fish remained
more resistant. Thus, while fish show a resistance to
cyanide, at higher concentrations this advantage is lost
at the lesser concentrations where the time-to-death is

longer,

Activity Experiments

The ability to do work of fish acclimated to
small amounts of cyanide was obscrved to be notably
reduced (Figure V). The mean swimming time for control
fish was 25.5 minutes at 45 rpm, while fish subjected to
0.05, 0.03 and 0.0l ppm swam only 0.4, 2.5 and 0.1
minutes, respectively. Thus, if the swimming time at
L5 rpm (112 fpm) is usced as a basis of comparison of
ability to perform sustained labour, a reduction is
noted of approximately 98%, 90/% and 75%, respectively,
of' that of the controls,

When fish that had had no contact with cyanide
(controls) were placed in the activity apparatus and
required to perform work under the standard conditions
previously outlined, little or no hesitation was shown
or accessory stimulation required at any oif the swimming
rates, They took up a position in the chamber and swam
steadily until the point of exhaustion was reached,

Fish which had been exposed to the highest (0.05 ppm)
cyanide concentration differed markedly in their behavior
in the activity apparatus., IMost of the {ish appeared
reluctant to swim, and even at the slower speeds stimu-
lation was required to prevent them from rotating with
the chamber, Of the ten fish tested, five were unable to
complete the time required at the third speed. Iish at
intermediate concentrations (0.03 and 0.0l ppm) were
physically somewhat better able to perform work, although
the same recalcitrance in putting forth the required effort
was evident,

Because of the serious effect noted on the
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ability to work of fish that had been exposed to the sub-
lethal cyanide concentrations for a relatively long time
(twenty-nine days or more), information on the rate at
which fish werc affected and the rate at which they
returned to normal was desirable, Figure VI illustrates
the findings of experiments used to derive this informa-
tion. It was found that the fish from clean water were
rapidly affected by exposure to 0,05 ppm cyanide, for after
only twenty=-one minutes contact (i.e. twelve minutes pre-
liminary swimming plus nine minutes at 45 rpm), they were
only able to pcrform about onc-third of the work of the
controls., After onc day in the exposure tank, the ability
to work had bcen reduced by 95%. Only a slight further
reduction was noted for fish that had becn c¢xposed for
twenty-nine days.

The rate of recovery for fish placed in clean
water after a prolonged uxposure to 0.05 ppm cyanide was
slow. Some immediatce improvement was noted (from 0.3 to
3.3 minutes) when the fish swam in clean water, but no
further recovery occurrcd after one day. After four days,
the fish were able to swim 7.7 minutes (30% of the controls),
and after twenty=-four days, 20,0 minutes (80% of controls).

It was of intcrest to note that two of the five
fish that had been in the clean water for twenty-four days
still swam only a rclatively short pceriod of time, i.e,
6.4 and 9,2 minutes, Thcse fish had retained the dark
colour typical of fish exposed to cyanides over a pcriod
of time, while the remaining three had returned to their
natural colour and swam twenty-two or more aminutes,

DISCUSSION

Cyanide enters the blood stream of f'ish through
the gill., Respiration in the cell is inhibited by the
cyanide and death occurs when the first esscntial function
breaks down. This is generally considercd to take place
in the nervous system,

The cffect of cyanide in inhibiting respiration
within the cell would suggest that the behaviour of fish
dying from thce effects of cyanide would be similar to
fish suffering from hypoxia. The bchaviour of speckled
trout subjected to various lethal oxygen coucentrations
(Shcpard 1955) is almost identical to the behaviour of
trout dying f{rom lethal amounts of cyanide. In both cascs
where the most unfavourable conditions are encountered,
the fish react by violent activity before dropping to the
bottom where death shortly ensues, In a middle range of
lethal concentrations (i.e¢. for cyanide 0.40 to 0.25 ppm),
in both cases the fish also drop to the bottom and lose
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their equilibrium, but recover., Later there is a

second loss of equilibrium and death occurs. Where

death does not take place for a protracted period of
time, this first loss of equilibrium does not occur and
when the fish finally overturn, death follows soon after.
These observations suggest that cyanide and oxygen
deficiency cause death by inhibition of the same body
function,

A number of references are available in the
literature on the toxicity of cyanides where experi-
ments were carried out in standing water under a variety
of environmental conditions using various species of
fish. Because of a loss of cyanide from the standing
water and absorption by the fish, the results of these
experiments are not comparable to those carried out
under constant flow conditions,

There are, however, two published papers by
different authors that somewhat parallel the information
presented on the relationship between time and concentra-
tion, Karsten (1934) used a continuous flow apparatus
to determine the time-to-death of speckled trout at
various cyanide concentrations. A lower lethal limit of
0.05 ppm was found where all of the eight, 6-inch speckled
trout died after an exposure of 8000 minutes. Unfor-
tunately, no information on the temperature or chemical
gonpositionof the water was published., While this lower
lethal limit is somewhat below that found by Herbert and
Merkens or by the author, the use of larger fish under
less favourable environmental conditions might well
reduce the lethal limit to concentrations of this order.

Herbert and Merkens (1952) describe the
results of a series of experiments using the rainbow
trout (Salmo gairdnerii) in a continuous flow system where
the time-to-permanent -turnover was determined in various
concentrationsof potassium cyanide. Between the concent-
rations of 0,25 ppm and 0.07 ppm, a linear relationship
between log time and log concentration was found. At
concentrations of more than 0.30 ppm, the time-to-per-
manent -turnover did not conform to their equation, and
became independent of the concentration. While the
species and size of fish and the temperature differed
from the experiment herein described, the nature of the
curve is much the same. The somewhat different slope
found by these authors is probably a reflection of the
higher water temperature (Wuhrmann 1953) maintained in
their experiments (17.5 * 0.5° ¢.). A lower lethal limit
of 0.07 ppm cyanide was found to occur at approximately
L500 minutes., A further study of the independent phase
of the curve by Herbert and Downing (1955) suggests that:
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"a biological difference exists betwcen the two regions
into which we have divided the conceutration-survival-
time relation". Their data demonstrate that a correlation
exists between [actors causing turnover at the lesser
concentrations (dependent phase), but that there is no
correlation between factors causing turnover in the two
sectious of the curve,

'hile no specific investigation was made into
the relationship between time-to-death and time-to-
permanent-turnover, thrce points were determined for
time-to-death from experimcnts performed in estimating
the eflect of prior exposure on survival, As would be
expacted, a considerable time difference was noted between
these two criteria for the highest concentrations and pro-
portionally smaller di fferences were noted at lesser con-
centrations (Figure I). 'The time-to-death points appear
to have fallen in the curvilincar range of cyanide con-
centrations. These may be straightened by following
Shepard's (1955) procedurc, where the information is
plotted as time-to-dcath less fifteen minutes (Figure II),
the fifteen minutes being the minimum in which speckled
trout will die at lethal oxygen concentrations. If thesc
curves for time-to-death and time-to-permanent-turnover
are extrapolated, the slopes should be such that they
would intersect at a point representing the minimum lethal
concentration., The slope of the line found experimentally
on the basis of three points is somewhat in error, although
the expected result is indicated.

The time-to-death relationships between the fish
acclimated to the various concentrations of cyanide and
their controls all appear to be curvilinear in naturc
(Figure IT1). For this reason, the results are plotted as
T -15 to straighten the curves and rcnder the interpre-
tation of the data less difficult. With allowances made
for some apparcnt experimental errors, straight lines of
varying slopes appear to be developed. It is evident that
some resistance in accordance with the level of acclimation
is developed where the time-to-death is short. As time
increcases, however, it appcars that the advantage of
developed resistance is either lost or recduced. \here fish
were killed at 0.3 ppm, those accliruted to the two higher
concentrations were already more susceptible than the
controls. The slope of the line for fish that had been
exposed to 0.01 ppm would indicate that they too would
have become less resistant than the controls had the time-
to-death becn extended.

The discussion thus far has concerned the lethal
cffeets of cyanide by direct toxic action. If, however,
fish die not by a direct toxicity but as a result of
starvation, predation or other cnvironmental factors
because sublethal concentrations reduced the ability to
perform necessary work, then this becomes the liniting
factor in the success of a fish population., Such a
condition may occur far bclow any demonstrable lethal
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effect and will probably worsen with factors that increase
toxicity., : - :

In this paper, the adversc cffects of very small
quantities of cyanide have been demonstrated on the ability
of speckled trout to perform sustained labour. The res-
trictions are imposed almost immediately and rapidly become
worse, while fish that have becn exposed for a period of
time recover only slowly over a number of days. The
criteria used to cvaluate the effect on ability toperform
sustained labour (swimming time at 45 rpm) was not a
maxiimum specd which the fish could attain, but corr2sponded
to the cruising speed established by McCauley (ms. 19%50).
hile the percentage loss in ability might not have becn
marked if a less demanding criteria had becn used, it does
indicate that where a considerable output of energy is
rcquired, fish which have been in contact with us little
as ten parts per billion cyanide are seriously affected.

While proof has not been provided that such
reductions in ability will necessarily eliminate a fish
population, it may be assumed that any interfercnce with
activity will be deleterious.

In addition to the demonstrated lack of ability,
all the fish that had been acclimated to cyanide did not
respond well to the stimulus of the turning chamber and
failed to settle down to swim effectively as did the
controls. This was observ.:d to occur before the fish were
physically incapable ot performing the task. The failure
to swim undcr the strong stimulus that was provided might
well indicate an effect which under natural conditions
would be more scrious than physical inability.

A relationship appears to occur between the
eftfects of acclimation on survival and the effects of
acclimation on the ability to perform work. An apparent
loss of a portion of the oxidative processes makes the
animal less resistant to lethal cyanide concentrations
and incapablc¢ of performine sustained labour. The deficit
incurred is proportional to the concentration of accli-
mation,

The bio-assay tcchnique for determining safe
levels of discharge of toxic industrial effluents has
recceatly come iato general use. (Hart et al 1945),
(Doudoroff ct al 1951), (Henderson and Tarzwell 1957)
established a standard procadurce which suggests one-terth
of th: forty-cicht-hour median tolerance limit as a con=-
ceritration safe for discharge. This figure was suggested
with the assumption that a margin of safety would be
provided, althouch little iuformation was available on the
?ffccts of toxic substances below the levels known to kill

ish.



-93 -

From the data presented on time-to-permanent-
turnover and cyanide concentration, the forty-eight-hour
median tolcrance limit would be approximately 0.09 ppn.

If one-tenth of this concentration is applicd to Figure III
illustrating the cffect of cyanides on activity, it will

be noted that this amount of cyanide will reduce the
ability of trout to swim by about fifty percent. It is,
thereforc, apparent that the suggested safe level of
discharge of toxic substances may not be sufficiently low
for cyanides.

* These experiments have included information for
only one toxic substance and for one species of fish at
one temparaturc. The cnvironmental conditions under which
the work was done were purposely made as favourable as
possible, so that other adverse conditions would not
interfere with the information ohtained. Under natural
conditions, such a favourable environment may not occur,
For this rcason, estimations of safe concentrations of
toxic substances must be made on the basis of the most
unfavourable conditions likely to occur.

Other fish and other toxic substances may or may
not indicate similar effccts, but their investigation by
methods outlincd in this paper scems nccessary to determine
whether the observations made in thesc experiments are
valid for other toxic substances. If they are, and the
restrictions on activity noted in these studies may be
considered sufficicently delectcrious to a fish population
to warrant the establishment of minimum concentrations on
this basis, thin a convenient method of dctermining this
information has bcon established.
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SUMMARY

Experiments were performed to investigate the effects
of potassium cyanide on speckled trout Salvelinus
fontinalis at both lethal and non-lethal concentrations,
using fish 9.5 to 13.0 cm., in length, temperatures of 8
to 10° C. and oxygen concentrations of greater than 80%
saturation,

A lincar relationship was found between log of time-to-
permanent-turnover and log of cyanide concentration
between 0,10 and 0,40 ppm., This relationship may be
cxpressed by the equation:

n log C + log T = log k,
where C and T are concentration and time and the
constants n = 3,48 and k = -0,26, At coacentrations
greater than 0,40, the time-to-turnover is indcpendent
of the cyanide concentration, The minimum time in which
permanent turnover occurrcd was found to be approxi-
mately five minutes regardless of the cyanide concen-
tration,

Speckled trout acclimated to sublethal cyanide concen-
trations and killed at lethal concentrations were found
to be more resistant than the controls when the time-to-
death was short, When death did not occur as rapidly,
the fish bccame more sensitive than the controls, the
extent of sensitivity depending on the acclimation level.

Fish acclimated to sublethal cyanide conccritrations
were tested for their ability to perform the labour of
sustained swimming. At all concentrations tested, a-
reduction in ability and efficiency was noted.

The rate of effect on ability to swim was dctermined

by requiring fish that had not previously contacted
cyanide to swim in 0.05 ppm. A notable immediate rcduc-
tion in ability was observed and further reductions were
found upon testing on subscquent days. Fish acclimated
to this concentration were found to recover gradually
within a period of twenty days,

Increascd sensitivity and rcduced ability to periorm
work both suggest a reduction in the capacity of the
oxidative processcs which is proportional to the concen-
tration of acclimation,

From thc¢ results of the activity expuriments, it appears
that the proposed safv concentrations of toxic sub-
stances as determined by standard bio-assay procedure
may still exert a de¢leterious effect on fish populat-
ions and should be revised for cyanide. Ifurther study
is necessary to determine whether thesc obscervations

are also valid for other toxic substances.
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BIOLOGICAL SURVEYS AS A TOOL IN INDUSTRIAL WASTE DISPOSAL STUDIES

- By =

T,W, Beak

Consulting Riologist - Ottawa, Ontario.

Industrial wastes are very varied in their composition,
their origin and tho types and magnitude of tho problems they pose, but
they have one common factor in that they nearly always find their way
eventually to some body of natural wuter. It is ususlly at.this stage
that they make themselves felt as a problem and it is very often becauce
in some way or another they are arfecling the plants or animals ihat
norpally live in that body of water. This is the rcason why biological
surveys are a valuablc tool in the study of Industrial liaste Disposal

problens,

I intend to illustrate the use of Bilological Surveys in
Waste Disposal Studies Ly referonce to three different types of surveys
I have carried out in the past eightcen months for Canadian Industrial
Organizations. I am indebted to those orgunizationu for peruission to
make use of the material collocted in these surveys in the preparation
of this paper and I shall ackiowledge oach individually in its
appropriate place.. Before I start on this, however, I want to refer
very briefly to one or two basic biological principles wuich will be
holpful in understanding the theoretical background to this wvork.

Figure 1 illustrates a very basic biological
principle which applies widely in natural communities of animals and
plants whether they be on land or in water, In this present case we are
concerned only with tho communities in fresh water,

The medium in which the plants and aniuals are living
in this cuse is the wator together with the chemical substancos dissolved
and suspended in it and the subsiralum, wlich nay Le 1oci, stounos, silt,
mud or perhaps some other nmaterial, The basic component in the biological
cyclo is always ihe plant foims, for these contain chlorophyll which
alone has the property of bringing about tho synthesis of carbohydrates
fron carbon dioxide and water in the presence of light. On this
synthesis tho whole of the food cupjly of both the animal aud plant
kingdom is basod. The plants may wary from minute unicellular plants
so snall that the highest power of tho microscope is required to seo
them, to vory large plants, wut thoy all have this ability to synthesise
carbohydrates.
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The ne:t compenont is tho andnal conunity, in
which again the individuals may vary in forn and size over an
onormous range, but all depend ultinately on the food synthesised
by plants for their susleonances In sone cascs the dependence is
direct, as in the horbivorous animals, or secondary or tertlary
as in the animals that eat other animals which in turn eat plants,
In the case of others, such as Lhe scavengers, it is evon more
indirect, but the cornection back to plants can alvays be worked
out. Within the animal community many complicated dependencies
exist in the fornm of food chains, but we need not Lotier oursclves
with thcse at prosent,

So far we have been considering only the synthesis
side of the biologicel cycle, but if this were all there was to it,
long before now all the avzilable non-living naterial in the world
would have becn locled up in non-available living naterial. Another
group, consisiing principally of the bacteria and fungi complete the
cycle, for these forms are concorned chiefly with the break down
of complex chemical substances of organic origin to simpler,
inorganic forms., In this vay the naterials absorbed through the
plents and animals into living tlssue are returned to tho medium
as cliemicals available for rc-use.

Undor natural conditions this cycle of activities
is aluays striving touvards a stute of movile equilibrium in which
naterial is being used and returned to the medium so as to mairtain
a rough state of balance. If however, something should ocecur outside
the cycle to alter the balance, it is a fundamental natural law
that the cycle of actions will change in such a way as to try to
restore the state of equilibrium, If, to tuke a concrete cxample,
some pollutive substance enters a natural water, it uay adversely
affact some of the plants and aninals in the community and the
inmediate effect will be to throw thie bLiological cycle out of
balance., However, another set of changes will take place, for example,
an incrcase of nuabers of more tolerant species, to compensate for
this and restore a balance., It is bocause biological communitics
behave in this orcerly, although often complicated manner, that
biological surveys can be a useful trol in studying the effects of
industrial and other wastes.

In :aking use of Blological Surveys in waste
disnosal studies we depend on the fact tlat in any body of ratural
wvater that is not polluted, a certain type of animal and plant
community will develop, the qualitative and quantitative composition
of ubich will depeid on many factors including the type of bottom,
the chemicol and physical proporties of the water, the altitude and
reneral geographical location and many others. Unfortunately our
lmiouledge of these communitios is not so detailed that we can
foretell the details of the communitics even if we lnow all ubout
the environment, IFortunately it is not nccessary to inow the
details of the composition of communities for every type of
environuent before practical use can be made .f the surveys,
because in most cases ve ure dealing vith comparisons of samples
talzen abovo and .elow a gource of contamination, It 1is necessary to
know,however, if any changes we observe are likoly to be due to
tho contamination, or to some quite unconnected circuustanco,
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Wle also make use of the knowledge that when a polluting
material is added to a natural water, it will not usually, unless
it 1is very severe, extinguish the entire animal and plant community
but will change it either sliphtly or grossly according to the
nature and deyree of pollution, Again, we do not know enough in
most cases to be able to take one set of samples and from it deduce
the exact nature and extent of a.pollution, bLut usually by methods
of comparison, we can obtain a grent deal of valuable information
about. it,

Before I go on to describe individual types of surveys
I want to refer briefly to one more phenomenon, namely the property
of natural self purification that all natural waters possess,

This property of self--purification is connected with the
biological cycle I have referred to already, Vhen a polluting mat-
erial enters a nmatural water, the biological cyecle changes in such
a way that there is an increase in the type of organism which is
capable of removing the polluting material from the environment by
utilising it as a food supply, In this connection, living organisms
have a quite amazing capacity for utilising unlikely materials as
a food source and thus removing them from a natural environment, one
example of which is the property of certain organisms that will dev-
elop on biological filters to utilise cyanide ard phenols, In the
course of this self-purification the water may becomo grossly poll-
uted, and T am not advocating that this extreme extent of the property
of self-purification should be utilised, but I am merely referring to
its existance. The property of self-purification can be looked upon
as a valuable natural resource, but like all natural resources it will
retain its valuc only so long as it is not misused, Properly used it
can be a great benefit to industries with waste disposal problems and
therefore to the communities of which they are part, One of the
values of biological surveys is to measure this resource and enable it
to be used to good effect ard to avoid its nisuse,

The first Biolupical Survey to which I shall refer illus-
trates a situation where there is a long and complicnted waste disposal
history amd the swrvey was carried out to help in assessing the extert
to which a particular plant was contributing to the general load on a
river known to have many sources of pollution,

This survey was carried out on the Ottawa river in the vic-
inity of Hawkesbury at the request of the Cahadian International Paper
Company, to whom I am indebted for permission to describe the results
obtained. The survey was part of a comprehensive investigation which
included also the testing in the laboratory of the effects of the
effluent from this Company's Hawkesbury Dissolving Pulp iMill on
various species of fish, and also an experiment in which fish were
retained in cages in various parts or the river to test whether they
would live there, Although it is not within the context of this
paper to describe these other aspects of the investigation, I will just
say that the results confirmed the findings in the survey,
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The Biological Survey viad carricd out during the surmer
of 1956 and extended from a point about two miles above th? plant
to a point about six miles downstreum of it. The Cttawa river at
this point is laree, with an averzge {low in the vicinity of
40,000 cu. ft, see, A series of rapids starts opposite the plant
at Hawkesbury and extends down river for abont three miles,

Below this the river enters a more placid stretch in which there
is a fair depth and considerable variation of currcnt strength,
The physical conditions of the river in this lower stretch are
comparable with those at the upper stations two riles above the
plant.

The cffluent from the plant enters the river on the
right bank a short distance belov the stsrt of the rapids. It
dous not flow directly into the main river, but into a side
channel formed by & group of islawds,

The sitnation is complicated by the fact thatl, the
Ottawa river has many sources of pollution from the Cily of
Ottawa downwards, so thiat by the time it reaches Hawkesbury it is
in the recovery stape from these pollulions and also by the fact
that the domestic sewage from the town of Huwkeshury enters the
river untreated only a few hundred yards downstream from the
plant effluent.

The river has no recreational or amenity use for the
first three miles below the plant because the extensive rapids
make it impossible to negotiate without great risk, and the
upstream pollutions mske it unsuitable as & source of domestic
water without treatment. The most important practical problem
was therefore to establish whether, the river, on reaching the
more placid section, where it can be used, has recovered at least
to the same degrec as above the plant,

It was obvious that there was a strip of the river alorg
the right bank immediately below the plant and town sewers which
was adversely affected by the effluents from these sewers, and it
war also desired to know the extent of this strip.

The biological survey consisted of taking a series of
samples of the bottom of the river on two occasions during the
summer from a point about two miles above Lawkesbury downstream to
Chute-a-Blondeau about six miles below this town. The selection cf
sampling locations in this case was to some extent dictated by the
physical nature of the river, It was quite impossible to sample the
rapids, except at one point near an island where limited sampling
could be done at some risk, Otherwise it had to be contfined to the
river above the rapids and below them except for marginal. samples
that could be taken from the bank,

It would serve little purpose to give the detailed results
of these samples, so I will confine myself to describing briefly the
overall picture,

The animal community living on the river bottom above
Huwkesbury was generally typical of a river well into the recovsry
stage from a pollucion. The principal animals were species of
Asollus, Gammarus, Pisidium and Limnodrilus,

- — e
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The samples immodiately below the repids were very siuniler gencrally
excopt that there were more Hyallella than Gaanerng and tho worms
nostly belonged to the Tfaw-ily .riuidae, Six miles welow llaukesbury

at Chutc-a-Blondcau the scaples were almast.identical to those tuwo
miles abovo the plant, The Ciffercnces between tlie somples immediately
above and bLelow the rapids wore small., There was a clighi indicetion
of a fow more tolerant sjecies below than above -e.g. ivallclla is
thought to bo more tolereni tien Gaupasus, but this would indicate
only a small degree of difference, and it can generally be decduced
that by the time the end of the rapids is reach the river has for

all practical purposcs recovered to the degree that it Lad above

then,

The sampling olso showed that the condition that
existod immediately Lelow the outfells was resiricted to a narrow strip
along the right bank of tho river and wac aggruvated Ly tho fact that
tho fast wator of the rapids tended to hold this water in ugainav
the bank until it reachod the decper water dowmstream, whon cddy
action induced nixing..

The soecond gsurvey to vhich I weoat to refer differs
from the first in that it concerns a new plunt in an arca vhere there
is at present no pollution probla:a and the survey is bLoing carried
out to enable a close chiecik to be kept on the siluation aad co avoid
any problem crieing. The survey is uveing carried out at lilllhaven on
Lake Ontario at the request of Caradian Inuustries Limited, wko have
becn good enough to give mo peruission to refer to it, clukough the
survey is not complete.

The plant concerned produces Terjlene. polyester
fibre although cdditional chenical planis are being developed el the
site. A new plant to produce avmonia has been built and will be
"on gstream" shortly. There is no polluting effluent Irom the Terylene
plant, but as the Lake ln this area has a high aueunity value, the
Coupany wished to have a theorough Biologicel Survey carriecd out, so
that should any deterioraticn take place in the futuro thore could
bLe an early and reliable check on it,

In consultation with the Compary's Chomical
Engincering staff it was docided to malie a tuorough Lottom sample
survey, and to talo sufrlicient sampies to obtein rosults that would
have good statistical significance. A programme wai wvorked out vhich
entailed taking six samnles at cach of eoiglit carcfully selected
stations every other nonth for a {ull yrear, with single samples
at each station on the alternzte months. Oaaplas were taken tirough
the ico in winter by cutting lLolcs about ihreoe Jeecol scuare and
lovering the sampling devices through them. In coacultation with the
Company's statistical branch it was decided that six scaples gave
results that would have [ood significance.

This survey has Leon under ucy for r' e’ 'ls
and will coutinue for a furthier tliee. At the cad of this tinec
wo shall Lave a very compreiacnusive picture of the blological conditions
from a point in thu Lake immecdiately opposiie the plant outwards in
ull directions for about two miles. Vo chall lnow not only the
species of anjimals in tho bLottom communily, but shall havs a record
of their density and of {the manner in whicl they vary in type and
numbers throughout tho scason. )
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We chall also know how much variation can be expected due to ckance
differenccs in sanpling ard how much is necessary to indlcato a
significant change in the communily.

It is too early to docceribe the results of this
survcy, but already ore or two intercsting points have come out of
it, Tirst we have found that ithere is a very consicderzble variation
in numbers of aninals from sample to sanplc even vhen takon at the saune
time and within a few feet, at the samo location, although the
bottom is rcmarkably uniform. This illustrates the iaportance of
taking a suffleciently large number of samples at cach point if any
significance is to be placed on the nuubers of animals present. .le
have also found that, except at one point vhere the bottom is different,
thore is a goneral s*milarity in the animal community cver the vhele
arca surveycd. This is very useful, bocause it means that any change
in any part of the area could very casily be traced.

I am confident that this survey vill procuce results
that will have great value in the avoidanc~ ¢f wnollunica proLlens
in the future and which vill be very 1nto:“:':n5 DOtk to coanlical
engineers and violgoists who are intorazina? Ln collntion DEdTLons,

The thi:sl wvvrer, Lika vhe socend 43 &F a ney prant
site where no actual poiictive Lotiliem =5 veesoab exists, bol there
b

»e several differencsz 1o h-

ireeamstoiese whacil aecesgsitatad
differences in apnreacii, This o2reoy is being carried out in
Lake l'ipissing and a wtraam runnicg inte i3 in the vieiaity of
North Bay. It 1is being done for Cenadiar Johns-Manville Limited,
who have kindly riven mo »eruission to zefer to iu,

In thiz casc tho plaant is an Insulating Doard

Plant using ground wood process. The plant is not gituated direclly
on the Lake, but on a snmall stiream that flows into it, ‘Jlash waters are
being re-circulatod, and an an illustration of the designers!
confidence in their anti-pollution necasurcs, the uater intaie for

he plant is downsiream of tlie effluent from it. In spite of ikis,
because of the high amenity value of the lake in the area, and the
Company's desire to maintain a very Lhijh standard in pollution
prevention, it wac docided to ecarry out a surve)” before plant operation
so as to have reliable data ajgainst which to check later,

Due to tho physical features of the site and the
nature of the processes it was decided in this case to carry out a
combined chemical and biological survey. Stations were selected
in the stream above and below the nlant site and in the lakte av
various distances from the point vhere tho sireum entors it., 1In
this way a comorehensiveo picturo is being built up of both the
clienical and biological conditions in tha v1c1n1ty of the plani
tliroughout the areca in vhich thore could possibly be any offcct
from its operations.

This survoy hus jusi been couplceted and it is ihe
Company's intention to coatinuo the curvoys after ihe plant is in
operution for a period to nake usre that there is no dcleterlous
effect from its operations.
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Apart from tlie major purpose of callecting data-om
the chermdicul wnd bilologicel conditlions, one or two interesiing points
have arigsen out of ithe survey.

The strean is a :aall one and runs out of scme
marshy ground over o. falls about 100 feet iigh, down & stoep rapid section
and opposite the plant becomes & deaper and slower one about one
hundred yeards before cnturing lhe Laize, Tue water in the stream
is very acid - phi 5 and veory deficient in dicsolved substances tae
result is a rather sparse anizmal population, The pH rices slightly
before entering the Lake, which itself varies from neutral to about
p! 7.5. Due to tho fact that the strcam has depositod a thick
leyer of sand over the lower part of the river and tl.e Lottom of the
lake in an arc avoui hulf a nile radius from the strcam nouth, there
is vorr little aninal life in all this area, although the Loke
its:1f is a very fortile onc, vith a flourishing fishcry. In order
Lo obtain samtles containing a typical number and variety of animals,
1 had vo go :ore than Lalf a oile from thie stream mouth.

This ig quite a significant finding, becouse one
night have cxpected in a Lalze with a known high fertilily to find
a bottom fauna consistent with it much nearor to the strcam and hed
this condition been discoverad by sampling only aitor plant opcration
ithere would have been & temntation to blame pollution froa the
plant zor it., In fact it will be interesting to cce vhat offect
tlie plant's operation will Lave on this area. Thore will almost
certainly Lo come riso in dissolved solids as a rogult of losscs
fronm the plaat's clculating systlen and it seons Lo e that thero is
jusi a possillity that the productivity in that part of the Lalle may
Le raised. This, houever, ic ncrely & guesa and would noed long
odds to coue off,

I hopo that those tbree exanples of the uso of
biolofical surveys in vaste dispnosal studios lhave been sufficient
o illustrate that it can bo a useful tool. There are of course,
othicr applications of Liology to wasto disposal, such as toxicity
tests, testa of tho beliaviowr of Iish and otlier animels coiifiued in
polluted vaters, studies of alzal Llooui:s, otc., Thoro arc also studies
in releted problem: such asc stratification in Lalio and their effocts
on vasie Gisposul, Theso, lhovever, are outside the scone of this
paper.

The biologicel Survey is, of courze, but one of the
tools cvailable f{or waste disposal studics., It is a useful tool, but
at the risk of over-stretching the metaphor, I should like to make it
clezr that it is still a "hand tool" that 4o offoctive’ anly in the hands
of un czporienced craftsman; it has not yotu reachod the cicge of bocoming
a "maci.ine tool" that viil give relialle results in an nutomatic machine,
Lvery swevey Lhas sorething different cbout it Ifrou tlie one bLefore and
if the nost is to be nude of it, it must bo carefully pianned to obtain
the mowt usoful data vith thie ninimun expenditure of time and effort. In
thisc wey Liological surveoys ncod not be unduly exsensive to carry out, bhut
unless thoy aro carcfully plonned and carriecd out ticy can be westaful,
They aro at tleir vest vuen they aro worked oul togother by the Chemical
En;incer vlo understancs liis procoss probleus and the Bilologist who
undorstands what is likely to be the rclationship betucen these problems
and vhet will happon under various concitions in the natural waters to
which eny effluents will {find tholr way.
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The Pulp and Taper Industry Pollution ’batement Program
in tho Uanited Sigtos
hy
Russcll L.''inget, ixecutive .ecretiry
and
Rursull..0. Blosasor, Assistant IEngineor
National Council for Stroam Improvements, Inc,
Fourth Industrial Waste Conference, Ontario Water Resources Commission

Inirnduction

Stream pollution in Canada has not rcached tho hignly developed
stage that it has in tho States and it apnears that it will brobably
te cary yoars boforo tho prcblen assumcs tho proporticns it hao’in
the 8lates. The reduced mugnitude of the problem is undoubtedly
due to (1) the défforent hydrological and meleorlogical conditions
that provail in the two areesand .. ) the less heavily concentrated
industrial develoomont and ponulation in Canada as compared to the
3tatos. I am not as familiar with physical conditions in Cauada
as I am with such conditions in the States, It does seem, howover,
that in vieu ol these conditions and with the more favorable rainfall
and stream flow patterns wrcveiling in Canada, this problem should
not be as great as it is in the Jtates.

Lot me Lurther develop this volut wilh a fow very gencral
statiostics from the pulp and papor industry. For instance, more thah
half the Unitecd Statces! wood pulp nroduction is sulfute pulp uand
most of this nroduction is concentrated in the deep South, For
the past five years or so, many of our southern Ctates have been
plagued vith abnormally low stream flows and rainfall, In one case
the offluent of a large kraft mill is 19 times the volwac of the
receiving stream. In another case, and this is at ono of the largest
mills in the south, it has beon necossary to reduce the congumotion
of procoss watcr from 15,000 to 9000 gallons por minutes due to sustaired
drouzht conditions. Obviously, vhere such abnormal conditions
occur year aftor year, until thc abnormel is looked upon as normal,
an 8ggravated waete disposal problem is oreated,

_ For the benéfit of those ho are not as familiar with our activities
I think, it would be in orcer for mc to tell you just vhat llational
Council for Stream Improvemeni is - who supports it - how it oporates and
vhat sorvices it renders, Follouinpg this, I will roport rather briefly
on some of the problems involved in our waste treatmont activities,

how thesc problems have beon handled and finally, what has beeen
accomplished in the pancr industry in the vaste abatenent field during
tho ten yoars or so that our orgunization has becn functloning.

Tho ‘lational Council for Stream Improvment is a ron-profit research
and scrvico corporation organized by the pulp, paper und paperboard



- 106 -

industry for the purpose of doveloping solutions to the industry's waste.
disnozal and utilization problems. Tn addition to our wctivities

in the wuter pollution ficld, a study of the pulp and »uper industry

air vollution problem wac initiated last ycar.

The llational Council is supvorted by pulp, paper and paper
board manufacturers in the Urited States and its operations are
financed by dues assossed on a tonnage basis. It oncrates on a
regional comrmittec busis vith a neid stoff and with manzgement functions
contered in a ccntral Oncrating Committce and a Board of Govirnors
concisting of exccutives rooresontative of thu various broad types
of pulp, pavcer and paperboard manufacture in the U~ited States. It
conductls rosearch at regionally located rescarch institutions and
disseninates reseurch and other technical inforaation to the industry.
It furniches technical scrvices directly to :ombers on stream
inorovenent problems through the modium of its technicul staff and
regional resident cnsineers,

RashanCI SCTIVITIZS

In the early duys of our organization the prinary accent vas
on research, 'this was nccegsary since at that time, some twolve.
years ago, there was little organized information on the cubject of
tho treatment of nulp and napor nill wvastes and it was nocessary
to build up a bacliground of funcdamental information in this relatively
ncw field. '

hccordingly, throughout the yesrs, research projects have been
establiched at a number of the country's outstanding research organizations
including the !'ellon Institute of Industrial ilesecarch, the University
of ‘ichigan, Virginia Polylechinic Instltute, Rutgers University,
Louisizna Stlatc Uuiversity, Purdue University, Orcgon 3tute College,
tho Institute of Paner Chemistry, Kalamazoo College, Jates College,
University of Georgia, University of ilaine, and Columbia University.
Most of these research nrojects are still being carried on, although
some of the inctitutions mentloned have completed certain phases
of their work and new nrojcets have beon lnaugurated. The projects
at these various insiitutions deal with wustc disposal problems
which are of -urticular interest at the mills in and adjacent to
the area in vhich the rcsearch institution s located.

Times (.ocs not permit discussing those research vrojecis individually
but it would be, I th:ink, of interest to outlino the goneral procedure
followed in organizing these projects., Tho invostigation of the
prior art and the prepcretion of a comnlole biblidgraphy ia the first
task as:igned to the recearch group. Followin:@ this, deteiled analyses
are made of samples of the wasic obtained from aujacent mills to determine
its nollutional charactcristies., At the same time tho Council's
techniecal staff{ and industry technicians exanine the immodiate problems
at hand. Concurrently, the technical staff recommonds certain laboratory
investigations based on their knouledge of the vaste and their past
cxperience with wustos having somevhat si..ilar charucteristics. dny
proccduras vhich shov promise in the laboratory are explored further
in “that might be called bench pilot plants aud following this, if they
still look promising, the wrocedures are further iuvestiyated in
larger scale pidot plants, generally at the mill site,
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CSRVICES TO 1L2BERS

Our Board of Governors has long subscribed to the policy that
research is mcrely a mcans to an end. ixpanding this prenise, it
follows that if the research findings and developnments are not applied
to actual incustry oocrations, the value of the entiie »rojraa is
nullified, or at bost is only of minor and temnorary puollc rclations
value. In our case, imvlementing this volicy has required that
we establish regional enginecrs in cach of the regions of the United
States to consult with menbers and ascist them in applylng recearch
and pilot plant Cevelnpments to their actual mill oncratious. ..e have
cix such resident enginesrs strategically located from liew Jcrsey
to Oregon and their services are available to members entlrely
wvithoul charge, They render a variety of services, including mill
- vaste surveys, strecm curveys, consultation on loecal pollution problems
and the srepmaration of preliminary waste trcatnent nlant designs.
These engineers each comionly answver as many as one huncred scrvices
cal's a ycar and vere it not for this service, vhich duc to the
cooverative uspects of our prograa it is possible for us to furnish
free to mombers, expenditures by mills for such services would be
many times the actual cost involved to the Council,

I believe it would be of intcrest to those resent to summarize
vory briefly our proccdure in handling individual and local pollution
situtations,

[0 LOGAL POLLUTION ¥0BLITS ARZ ILI'DLED

An enginecr's first visit to a mill widch hus rrquested his services
is gencrally of an exploratory naturo, In this first call he obtains the
details regarding the local problem that is, the nature of the complaint,
obserwes the general situction in the recelving stream and at the
same time, investipgates the facilities that theo mill may have for dealing
with the ~ituation. In muny cases it is found that no survey of
the qu4ntitj and cheractoristics of the mill's waste has been made
and, in fact, in some caces »rovisions for measuring the flov have
never been made. Irequently, mill sewers must be re-arrunged
to vermit campling the wacte at various points, Where nccessary
the enginocr orovices the inill onerators with dravings for the
installation of weirs and otlier deviccs for measuring and sampling
the waste.

Following t'.is, saunles of the waste are taken at rroper
intervals from the various mill cevers and those sannles arc either
analysed on the spot or taken to the laboratory for analysis. Generally
the vaste is analysed for suspended and setteluble solids, BOO, pH,
otc. Sometines it is necessary for a stream survey Lo be nade to
arrive at a full understanding of the problem. In this casc, the engineer
establiches samdling stations along the stream and tries to arrange
to sumnle thc stream at average lov flow. Such a swrvey may raquiro
several weacks to comnlete and the datn obtained mny includo time=o0f=
nazsago studies an the analysis of samnles for nil, alkaliaity,
dis:olved oxyge:u, BOD, color, turbicity, rusqented uolid. and
sonotimes additional values. i1 of these activities are carried
on in coooeration with the mill techniccl personnel, the local regulatory
agency represcntative;and consulting engineers who may he cngaged in

gimilar activities for tle uill management,
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With these data in hard the engineer can forccast with
considerable accuracy the improverent which can bc expected in the
strcanm from any given deprve of treatment. Knowing how much money
the mill can afford to spend on waste treatment facilities and having
thesc data, then, and then only can a waste treatment plant be
designed that can reasonably be expectod to meet the requircments of
the situation and still fall within thc range of economic possibilities,

Mich the same procedure is followed in evaluating the new
mill sitcs which, incidentally, is a very important function of our
organization, as obviously the logicel time to consider pollution
problems is bofore mill construction starts. In now mill site cval-
uation surveys, a morec claborate strcat survey is required as the
lecation of dissolved oxygen sag-points and other critical conditions
resulting from existing and further loads must be determined and
evaluated in view of existing and future stream usages.

POLLUTION PROBLI:S IN THL PULP aND PAPFR INDUSTRY

I stated earlier that I would comment on some of the prob-
lems encountored in pulp and paper mill waste treatment. Obviously,
this must be donc very generally since we have in tho United States
ncarly a thousand pip and paper mills located in forty different
statcs, with cach state having its own individual set of laws or
regulations relating to stream pollution control, While it can be
said with considerable accuracy that each mill nust bo considered as
an individual case, there are, neverthuless, certain problems which
are more or lcss common to the majority of mills,

The cutstanding problems that we have had to deal with fall
in soveral categories. These are:

1, 3Solids removal,

2, Sludge dewatering and disposal.
3. BOD reduction,

L4, Toxicity,

5. Color removal,

Solids Romoval

Most strcam pollution difficultics resulting from the discharge
of papcr mill solids arc due to the presence of fairly coarse suspended
matter, largely fibre and other organic debris. A largo portion of this
will settle at low strcam volocities, causing the usual problems assoc-
iated with benthal deposits,

On the average, for tho paper or board mill without wood pulp-
ing opcrations, the suspinded solids average about 100-30C ppm and tho
BOD about 20-200 ppm. 1, tho pulp mill, suspended solids may vary from
50-150 ppm with BOD's ranging from 200-1000 ppm.
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Mew cquipment and processes are constartly being cevoloped and
vith such cquipmont and nrocessos, recuctions of 70-90% of the suspended
matter is pozsible without the use of coagulents. The use of coagulants
will accouplich the settling of virtually all the suspended solids.

The cqupmont available consicts of flotation anu eclarification
devicen, sedimentation basins, Clatomacecus earth and vacuun filters and
other equipmont. Tor ¢ rtain typos of pupor mill waste, sodimentation
basins offer the most ccononical solution,

snch has been sdid regurding the financial attractiveness
of recovery of fibro and other natcrials, Ilovcver, recovery of fibre
beyoné a certain paint is not nrofiteble, but Imposcs en actual cost on the
manufacturinz oporations. Alco, clurificatlon of soie of these astes
imnoses a nrroblem fince residues are not cuitable for re-usec ard
interfere vith the manufacturing process or reduce product quality,

$2udce Dis .osal

Trequently, wacte is encountered in certain types of nills vhich,
vhile presenting no nroblem of clarification, does present cn cxtrenmely
Wifficult sludze cCevatering and disposal problem, Tuc comnon methiod of
disposal of tlhesc sludges is lagooning in ocarth embanked lagoons. Thuese
ave Tilled with cludge vhich ¢ allowad to compact, follovin  vhich
supornatanl "atsr is cyphoned off. T.c residue is alloweC to dry to a
point vhere it can be ccllected by reans of a bulldogzer or (rag lino and
hauled to n dumoing ground., Tais represcnts a considerable dificulty
at many 2ill sites located in highly devolopud and congested arcs vhere
a0 disposul grounds aro roadily availctlas,

3,044, scuuction

solids removal which is nructised quite generally by mills
throughout tho U:ited 5tutes, unfortunately has a ninor offect in
veducing the B,C.u. o tho vaste since the ... ls larzely encountored
'n the dissolved solids portion of the wcste rath.r than ih the settleable
soli s portion.

“trews mollution nroblems resulting from the dlscharge of wastes
ulen In oxygzen domand to recolving ttreams with inc fficlient oxyzen
resourcus are too woll knovn to r cuiro onumeration here. The development
of downstream oxysen sug-polats vhich adversoly affect aquatic life,
recoreational uszes ana contributc to the development of odour and other
nuisances are conmron under such couditions.

.¢ roca:nize the importance ol this prohlem Lut cespite the
ox~enditure of hunéreds of thousands of dollars on reccarch in the labor=-
atory an! on pilot plants, no ccononically feusible and universally
an~1leubly device to offect gignificant rodectiouns in the B.0... of certain
mulp mill wastes has as yet boon developed.

Luring the nast ten years, The Nutional Ciuncil for .tream
Lunroveuent has spent over ,150,000.C0 on resoarch relating to the
reduction of the B5.0.D, of nulp and paner nill vustes. Suino of the
treatuent processos investizated include trickling rillers such as used for
treating domostic sewage, anacrobic and uoerobic docomposition, hoat
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hydrolysis, methare gas production, fodldder ycast productinn, alcahol
nroduction, aeration, the use of oxidation catalysts and caployment of
vaste liquor for soil conditioning and composting, lio.c of this
research has as yet roculted in tho develapment of a practical process
for treating certain pulping wastes and, in uany cases, the processes
iavestigate: vould requive treciment »lants ccualing the =ill in size
and rivaling it in cost.

Consideruble nrogress has been made in the $ulfite industry in
converting to a different cooking bhares with some reductin: in B,2.D,
“wre, hovev'r, the conversion cost is high and {raquently beyond the
financial resources of many cs.abliched sulfite julp mills, IL also
should be pointed out that many ;roblems stlll remaia to be solved in
such conversions, including evaporator sealing cifficulties, corrosidén
troubles ana the roscibllity that the operation of the vrocess will create
an air pollution problem more serious than the ori ;inal strceen pollution
nroblem,

. great Ceal of »ro;ress hes been made by the industry in
efflucnt disposal practices to minimize tho cffcet of the oxyjen demand of
the effluent on the receiving vaters, Lozooning of various types of waste
is being successfully nractised and the use of certsin waste liquers
for roau binding is also successfully employed, In ihe final analysis,
Wvever, the B.U.C. problen is unsolved and thls problem is expected
to continue to vex the lndustry for some time to come,

Toxicity

G.rtain cor:.’.uents of gome pulp mill wasics, vhon occuring in
ubnaorially high conceatratio. s in the receiving strcam, have toxic
qualities to fish and other aquatic lifc and tais problem has been
intonsively investicated.

Tirtunaiely, houwver, moct of the 1ills w.o effluents nossess
tais wacesirable quality are located on strenms vhere large quantities
of water are .vail:ible for dilution ancd thio ..revcits tho toxic
conatituents from reachin; concentrction harmful to the aguatic envivone
ment, Rozcarch has in ilcaled that in casca vhere a dilution factor of
20 to 1 is available, tie conceatration of toxic conatituents doos
not reach harnful levels., Iu othcr cases vhere this fortunate situation
rogarcing stream flou docs not erist, efforts have been cevoted to
devloping automatic nethods Sor dotection of critical concentrations
aaw reduction of the concentration of toxic uaterials by
pre-trcatment.

Cenerally spcaking, toxicity to aquatic or other life is not
nov a scrious sroblem to the industry altlhough oxyen deplotion to a point
vhere gguatic life is irhibited can be a problem under adverce strcam
flow conditions,

Colbr

we do not look on color in waste rccciving stroamns as a
nollution problem in the strictest sonse of the work., In many stroams,
particularly those in the south, tho water is Lighl: dis-colored due to
natural causes, the highly colored appearance being brough about by the
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nresence of decayed vejotation, I suel streaans the presence of pulp or
naper nill wastes may or umay not cause additional dis-coloration., 1In

.y caces, howover, the stream, regurdless of viether it receives waste
fron industry, nay be nigjh in dissolved o:y,;en, have low turbicity and
have an :bundant couwatic life. Tho un=-infornod ublic muy, and ia fact
does, ennoiaer discoloration as cvidence of jollution, henee consliceration
mst be zjiven to this problen cevnite Lhe actu al high guelity of the
vater conclidored jurely from e lecanical vi apoint,

This problem is of nost iaportance towe sn the deep south and
a considerable nortion of our recearci fwwis iz being cevoted Lo its
solution with considerable success having beon achieved in
develoning remedial mecasures on a laboratory basis,

In zeneral, in the naner ind.stry the construction of waste
treatment nlants is expensive due to the large volume,.of vaste wiich
must be handled., So:c of the larger unitc in the nul»ning industry are
required to disnose of an effluent the volume of which may umount to
a3 much as 15 to 20 million galloms per cay. To ireat this waste is
must first be held at some noint in the system for several hours., This

oy rejuire providing a tank or bacin having 2 capacity of a million
or more jallons. Tais, together with the necescory pining, valves,
rmps, instruments and other zecessorics, re;xe,cnhs a Joramicable
investment in iteclf and the actual vaste treatument mechanism must in

addition be nroviced.

In concluding, I think !t proner to nmalic some brief renort
on the accomplishments of our organization and the industry in
nollutior abatcaent,

Vil T M5 BT S CCOHD 1.IGHED

Lyrorinctely five years wpo a L tioual (oionictio. of cocitiicim
urers survey of wator usage and vasle trecatment in incugstry siouved that
376 el clL o owk Lille in the U.ited. » "wd swm Ste trcataent plants,
wisco then the construction of vaste treatment plants in the pulp and
s.zer incustry has proceeded at an accelcrated ra.e. .. ricent zurvey
of 329 mills by the Iirtional Council .laf i.uicated that 180, or 55,5 of
tae millc dn thc curvey -an:lc, have coustrueted uaste treatﬂent nlants
of one tyae or another. 5L lawleates substantial pollution hbatemcnt,
sorticulerly vhen it is considered that muny pulp and pacer mills are
fortunctely cituated at locations where abundant flows ic receiving streams
or tidal water dischar,. e male waste treatnent plants unnececcary.

Dused on this recent survey it can be coaservatively esti ated that the

industry has spent in the ncighborhood of 75,000,000 for woste

treoatiaent :lant construction over tlie :cast 10 ycars. Laile comparable
aia for other incustries ure not available it is coubtful if any

other incusiry in the Uniied otv.es .as nade oxpendilures of cqual

ma;nitude for waste treatiaent fucilities,

It is not my intention to report the pro,ress iade o a ciate by
state bagis, but a few highlights will indicate the trend. 1In
sc:nzylvania, for instance, practically every »ulp and 2 -er mill in the
statc has a waste treatment plant, In (regon and  calagton, ~here most
of tho sulfite pudp .rocduction of thc country is = ituatéd, the [ulp
2.113 have, b rovised cffluent disposal rracticcs, rouaccd t\o volumo
ané sirength of tlc wastes dlochgr;ed in critical stream srcas by 60%
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over the past five years, ALl of the de-inking mills in !ilchigan

and Jazsecausolis have installed, waste treatment nlanis, T “hc
Geut hrolt suloli inwuctry vhieh, ineidentzlly, sroducos nmore than
502 of 1l e wood sulz srocuced in the U lice stiter, Wic iwills

over Wi sast bot .cara, by better recovery mothods and other in-mill
changes, have reduced the B.J.u, ol ticir vastes on tho sverage from
150 to 30 pounds of H.Juevs por ton of zro uct. In ul.diion , many
~ille locaied in eritical arcas uawve i oforlled vacie trcatacit lugoons
or other trcatment devlices. Thire iu.iovoments ore tyriical of
inzrovencnts milo in 2t sectivas of tic couniry ona by other cogzonts
of the industry, und arc of reat signlficance vhen the ‘rowth record:
of the pulp and paper industry is considercd,

Under the oxpancling doacstic cconomy of the nust ten yoars, tvhich
saw all-time roduction recorcs established by the pulp andppaper
industry during almost cach successive vear, pancr and :cupcrbourd
srocuction inercased by 50,  wriing this seriod which, indiceatally,
coincides with the eriod that the Lutlonnl touceil for strea: vitav: .engd
has Leen in opcration, the total nollution load of the Industry. did not
laercase, but rather showed a small decreasa, Tain is . 1ely wioticr
vey of sa;lirg that over tho last ten years, pulp and paper industry
pollution per ton of product has boen Cedreased by over 50, .

o 110w Laesary foll tiel Wis ls < wceldedly worthuhile
accon lisaacinv and I believe thal e nulp and sugor inlusiry rocoginizes
wie contribution our or cuizwtlon w8 wiue L. accounlichilig wils wooirable
seoult,
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iaste Handling Problems Comnon to the

Canadian and U, 3, Canning;lqgggtrieg

by
Robert A, Canham

{lashington Research Lavoratorios, liational Canners Association

Introduction and Back:round

In the course of making a comparis.n botucer the waste problems in Ontario
and in the States it first becoumcs evident that there is no wide divergence of
products handled in th: two countries, thereforo the wasle characleristics are
comparable, Since the majority of the Ontario cenning area lies within short
distances of the shore lines of Lakes 7rie and Ontario, the growing season can
be compared with liichigan, ioithern Ohlo, and Upper New York State.

We then can surmise that there are nov major differences in the wasto pro-
duced in thie canning industries of Ontario and the United States. The relative-
ly minor differences would anpeai to be in the status of legislation and eunforce-
ment, Rather than to include a detailed discussion of these differences it will
suffice to state that in wany areas of the United States legislatlon and
enforcement was initiated many years ago, while in Canada such steps aro in
somevhat earlier stages.,

Some of the background of the experiences encountered in the States may be
helpful in this diScussioh. |

Work in the canning vaste field in the United States began nearly 30 years
ago with the first state-level legislation and enforcement aiimed at stream
pollution abatement, Since that time there have been steadily expanding activi-
ties both by the stete agcncies to strengthen and enforce the logiclation and by
industry to meet the treatment demands., Requirements for stream pollution

abatemont are brought about by public dewand which 1s aduinlistered through the
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various state wgenciuvs., Tie approach of the state sgonciecs to these wroblens
gonerally has been constructive, The luportance of industry to the economy 1is
usually recognized, yet 1t has bocome necossary to impose waste treatment
roquirements, The canning industry has maintained a cooperative rclationship
with tho various state ngencles in attempting to supply rmutually satisfactory
solutions to the problons oncountered,

To esamine the background of the U.3. Canning Industry let us quote a few
over-all statistics. The 1956 puck of cannod foods was almost 700 million
ceses containing more than 21 billion tin and glass containers. The retail
value of thesa products is estimated at over 4 billion dollars., In the canning
industry alonc production workers recclvo anrual wages amounting to over 350‘
million dollars. Camners provide employment at peak seasons for about 500,000
persons, and the many related industries - su-pliors, distributors, transportation
companies, retail establichments - multiply that totul many times. Canners
annually pay to the sgricultural producers of raw oroducts about one billion
dollars.

The total llational rotaill erpenditurces for durable and non-durable goods
during 1956 amounted to 157 billion dollars, The 4 billion dollars expended on
canncd foods represents 2.5 percent of the total, or in other words, 1 dollar in
every 40 was spent on canned foods,

To produce 700 million cases of canned food annually the canning industry 1is
estimeted to use soms 36 billion gallons of water. Although it is true that the
water consumed by the canning industry represents only soms O.l nercent of the
total industrial water usasc the organic content mekes the waste equivalent to
about 10 times the actual volume,

In terms of the organic loud »roduced in the camning industry'. waste the
ennual biochomical o:ygen denend 1s estimated to be 500 million pounds.

At this point it must be stated in defenso of industry that this half billion

pounds of B.0.D. represents only the potential organic load to the nation's streanms.
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In reality only a small portion of the total load ever enters the water courses
duc to existin; treatuert practices, Istimates of ths ultimate total 3.0.D.
contributed to the streama are not available. Improvoment in the degree of
treatment providad'by the industry haa been stoendy and is oxpocted in tho
future to continue in the came direction,

Let us revieu briefly the sources and clhieracter o1 waste [rom typical
canning opoerations, Vater is used for transporting the rew »roduct and for
product transfer within the process, washing at various siages of the operation,
make-up of brines, syrups, etc,, cooling, and siean oroduction, With the
exception of that used for production of steam and the comparatively small amount
of water which enters the product, the water used in a canning operation zventual-
ly finds its vay into a drain as waste. ull water leaving the ca.ning plant 1s
contaminated to some degree by organic matter. S»illage of nroduct, brines or
syrups; settleable, suspended and dissolved solids contributed fron soaking,
washing, trimming, greding, or {luming make up the bullc of organic contamination,

Cooling water usually 1u contaminated with organic matter to cuch a minor
extent that treatment is unnecessary, Thus it is seen thut {ihe waste for dis-
posal, with the exception of the brines, syrups, or seasonings, is actually
composed of portions of the sroduct carried in a water mediuii,

Over a period of yeare thero have been interesting trends observed in
methods of handling the food nroducts witli rosulting walor consumption variations.
Twenty years ago it was courionly considered that to roduce the average caso of
canned product, 25 gallons of waler were required. During the interveniug years
caunars have constantly attempted to iwprove the quality and handling of the
product by means that have genorally meant the use of more water, Today the
average Vater consumption 1s nearer to 50 gallons nur case.

Now the tliinking is begl.ning tovpoint in anothcr direction. The oveor-all
wvater needs in the United states and Canada are increasing at a tremendous rule,

The enormous industrial potential of Crnada will inlensify the water
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sunsly problen in the future. ilven the popular press is now devoting consicer-
able space to the anticipated crisiu, Tho industrial aemand by 1975 is expected
to be more than double that or today. Dowmestic cewonds also increqse steadily.
It is foreseeable tiuat there may be a serious wator su.ply crisis in the present
generation. All industry wust rcalize those prospocts and plan accovdingly. 4n
exomple of thils is the conecnirated efsort now being carsied on for conversion
of sea vator to {resh ualer,

There is reason to believe thal the tendency for more cificient usc of
water with resultant savin s will be accentuated in the uear future, In the
canning industry it means that we must look for u return to 25 gallonu of water
per case ond even less, while still improving the quality of the product,

As night be expected, any decroase in the unit awount of water used inten-
sifies ithe waste trocatument probleam, 3.0.L. concentrations increasc although
esseutially the same total weight of organic load is present. UWhere water is
not available for dilution, higher 3.2.D. concentrations can mean considerably
more dirfficulty in treatment, Therefore flexdble planning is nccegsary to copo

with Duture treatuent requirenents,

tlagte Treatment Costs

As is characteristic of the food industry, much of the canning inductry
operates on a low profit margin, Therefore waste Lreaticnt, which is generally
considered ag a non-productive exuondituvre, is viewed trith little onthusiasn,
especially by those rroducers who maintain seasonal oncrations. Ifrequently
those wilh yecar-round operations find it vasier to justify waste treatnent cosis
since the total gross sale of their production in comporicon with seasonal
operations may aprear conslderably different for sindilar treatmunt facilitics,

iecent estimates show thut the total cost of wastie treatment in the United
Stutes including capital investment and operating charges is in the vicinity of
2/3 cent per case, which reprosents a total aunual ocutlay ol neurly 5 willion

dollars, However, this figurc can be wisleading. The ruported national average
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cost of 2/3 cent por case includes the productilon from many plants at which
ossentlally no vaste treatuent facilities aro-provided. If such plants are
oxzcluded from the estimates, the avernge treatment cost is believed to be
within the 1 to 2 cents por case range. Ten to fiftcen years ago a waste
treatment cost of 0,1 cent per case was the estimate, Although production is
rising the waste troatment costa are rising at a more rapid rate. The princi-
pal rcasons are those stemming from the ever-increasing degrec of treatment
required, Increased labor and material costs have their oifect but are
secondary to the increased treatment requiremcnts. Due to the changing con-
cepts of necessary treatment facillties the wnit cost of wasto treatment nay
be expocted to follow the presont trend and increase substantially within the
next few years.

A striking example of waste treatment cost trends is revealed in the
records of one canning firw, During the 14 year perlod of 1922-35, total
capital expenditures for wast. treaiment amounted to 25,000, This was during
the very early stages of vaaste irezimant remuivemants, During the next 10 years,
as enforceilent was beginning to ba felt, +ho saplitel outley was $100,000., The
final 11 years to date show an expenditure of {500,000 for treatment facilities,
Obviously the production rate did not follow the increasing spiral of waste
treatment costia.,

To anticipate future waste treatmont requirements, think of a further
incroase of 600-700 percent to an averago cost of 5 to 10 canhs par cive within
the next few years, Add to this tho fact that waste treatmont, as a non-
productive cost, will continue to lowor the profit margin and increase the
compctition for the consumer's dollar, It then becomes increasingly evident
that efflciency of operation will play an even more dominate part in canning
operations,

Many industries find that recovery of usable or marketable materials is

possible to offset at least a portion of the treatment cost. This has not been
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the case in the canning wastc area, There are only a few "successful'
recovery operations involving a limited number of products, By "successful!
ve mean that recovory of some fraction of the total waste is being conducted
on a full scale basis with small regard to cost, There is little evidonce that
a financial profit is possible., The waste recovery field is anothor that
should and must be explored further as treatmont requirements increase in

intensity,

Peculiaritics of Canning Vezte

The design of a treatment nlant would always be simulified if uniform
conditions could be anticipated. This is not encountered in canning waste
treatment, The scasonal nature of many operations has already boen mentioned,
and tho disadvantages of designing a biological treatment plant to operate two
or three months a year are obvious,

Customarily a plant handles more than one product and at times will pack
several simultaneously. ©5ince ocach waste has characteristicg disuimilar to
othors, tho combinations of conditliong causing; variation can reedily Le 3deen,
A good example of the dilference 1s seen when the B,0.D.'s of the waste from
various products are compared. Asparagus waste B.0.D. may be as low as
16 ppm. while pumpkin and squash waste B.0.D. may be as high as 11,000 ppm.

Other important waste characteristics affecting the design of treatment
are variations in solids content, pll, volume, color, tomperature, odor, and

deleterious mineral content,

Waste Treatment Methods
The following listing includes the general classification of treatment which

have been or arc being used at thoe present time:
1, Mochanical

a) Screening
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2, Chemical Treatment

a) Chemical Precipitation
3. Blological Treatment

a) Filtration

b) Aeration

¢) Impounding Lagoons
4, Land llethods of Digposal

a) Impounding Lapoons

b) thserpllor Reds

¢) itidue wal Tarraw Ivelgetion

d) Sprey Iosigation
5« Discharge ‘o municipal scwer systems,

Screening

Screening is minimal treatment and is nearly universal; At some plants
scroening is the only troatment used, but in a great many instances scrcening
is a form of pre-troatment, Only the larger floating, seitleable cr s:spended
solids are rewoved, therefore with many products only slight B.0.D. rsductions
are accomplished, In fact, canning waste analytical data rofer to screened
samples unless otherwise noted,

Both rotary and vibrating screens are used satisfactorily, Cloth with
openings finer than 40 mesh is not commonly used except on some of the circular
vibrating units,

Chemical Precipitation

Chemical precipitation following the general principles of water treatment
was a logical early stop and was well accepted some 15 to 20 years ago, Only
suspended solids can be removed, hence the B,0.D. in solution is not affected,
As a result maximum B,0.D, reduction limits of 25 percent with fruit waste and
40 to 50 percent with vegotable waste could be expected, In actual practice most

reductions fell far below these standards, During this early period such minimum
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efficioncy was setisfactory in many areag, however iU soon becama evident that
primary treatment would not be adequate., As a rcsult chemical precipitation is
almost extinct today and can only be recommended at certain plants where a low
degreo of primary treatment will suffice,

Bioloesical Treatmoent

——

Biological forms of treatment were next considored, At this time biological
treatmont methods were common in the municipal sewage treatment fiecld, and it
secmed logical to apply thece principles to industrial wastes.

Early attempts at the util!z-iion of sinadard or high rave trickling filters
for industrial wastes met witvi ¢ariam g Cociesn ) wouess.  Treatment of.com-
bined domestic and industrial was:&s i: vw. 3bsadsoad poechice where the design
londs aro not appreciably exceeded, Trsamcnt of canning weoste by bilological
filtration has been done with disappointing results the gemeral rule, Several
reasons for these failuros are apparent, First, canning waste usually 1s
deficiont in mineral nutrients necessary to the functional organisms. Nitrogen
accounts for the principal deficiency, although phbsphorous, potassium and a
number of trace elements are also critical, Correction of these deficliencies
must be made by supplements to the waste,

It may also be necessary to make pH adjustments of some wastes in order to
waintain the proper euvironuent for the organisma,

The most serious doterrcnt has been the fact that it is necessary to make a
continuous application of waute for a period of several wecks prior to tho
canning scason in order to develop the complex bioclogiocal growth on the filter
medium, Waste muslt also be applied continuously thereafter. It can be seen
that these conditions are not nlways easy to provide, 4 yoar-round paclker may
find it possible to mecet thoae requirements, but usually a seasonal canner
cannot,

Compared with domestic waste treatment, proportionately more filter capacity

is necessary for canning waste duc to the much higher 3,0.D. concentration,
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Shock loads of high B.0.D, waste havo serious detrimental effects on the
valuable bacterial flora inhabiting the filter medium, It has been found
that certain groups of bacterial cultures acclimate themselves to limited
B,0.D, ranges and when marked deviationa in environmental conditions are
encountered these ofganisms are dﬁmaged.

Tinally the cost is prohibitive for seasonal operations, As a result
there are very few such filtration treatment facilities uped,

The other blological treatment method of primary importance involves the
use of alr to supply oxygen to a group of organisms which feed on the organic
material in the waste, Various names are appliecd to this form of treatment
such as activated sludge, straight aeration, total oxidation, ete,

Two major fgctora have been important in the slow acceptance of aeration
in the canning industry - the high capitel investment required and in many
ingtances the elaborate degree of control necessary to maintain balanced,
efficient operations, |

Recent experimental work with aeration has indicated that under certain
limiting circumstances the method can be applied in a wimplified form to obtain
a high degree of purification, provided that the cost of treatment can be
jusﬁified. Aeration appoars particularly promising where a canner's waste
adnittance to a municipal sewer system or water course is dependent on the
waste B.0.D, level being within the general range of normal domestic sewage.
Under these circumstances the aseration would be a form of pre~treatment,

At the present time the commercial use of aeration is limited to a very
few installations, It is predicted that with the incieasing requirements for
efficiency of treatment, aeration will.be utilized further,

Land Mcthodg of Dispegal
During the early years it bedame ovident that land forms of disposal were

desirable, and as a result several methods of land treatment have been used,
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Lagoons first became popular, although today thero is less enthusiasm
for their use than in earlier years, Lagooning is merely the holding 6f
liquid waste (usually after screcning) in a single open pond or reservoir or
series of such containers., In reality lagooning combines biological and land
methods of treatuwent, O rganioms naturnliy presont in the soil utilize the
organic matter in the waste to satisfy their food requiremeﬁts, thereby pro-
viding biological stabilization.

Advantages of lagooning are tho relative economy, ease of handling the
waste, and under adequate design conditions the elimination of stream pollution,

Disadvantages include the amount of land utilized, possible contamination
of ground water supplies, and odor arising from gases produced in the stabiliza-
tion process. In many instances tho odor problem becomes the ‘critical factor,
It 1s then necessary to resort to odor control measures, vhich vitally affect
the economics of treatmont,

A number of watcrials have been used for odor control, Nothing has been
found to give complele control, although with proper application some allevia-
tion may be expected., Sodiunm nitrate in amounits ranging upward from 200 pounds
per thousand standard cases has been used extensively, Little success has been
ex:perienced with the materials variously described as "enzymes" or "bio-catalysts",
Many odor masking agents have been tried, If used in sufficient quantity these
materials, containing highly aromatic qualities, actually bocome the predominate
odor, Unqualified endorsement cannot be given to those materials due to mised
reactions of those evaluating the results,

Other land forms of disposal were tried in the lagoon era, These included
absorption beds and ridge and furrow irrigation.

Absorption beds had very limited application due to the exactiny conditions
necessary for success, \lastes are flooded under controlled condilions onto
shallow beds or flat land areas and allowed to percolate into the soil, A pri-

mary factor for successful odor free operation is tho maintenance of rapid
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percolation, The waste must be free from soil-clogging particles. The ground
must be essentially lével to obtain even application when flooding. Sufficient
area must be available for a systom of rotation to allow drying. Ground water
contamination iy also a factor,

Ridge and furrow irrigation requires conditions similar to absorption beds
excopt that level land is not necessary, The system includes a series of
furrows fed by one or more lLieader ditches, all of which follow the existing
ground contours for gravity flow, Controlled intermittent waste application is
made to the furrows to allow filling and gbsorption. _Advantagés and dis-
advantages are similer to the absorption bed wethod. There are only a few ridge
and furrow irrigation systems in use today for total plant waste, although in
recent years extensive use of this method has Leen made in disposing of pea vine
ensilage Jjuice. |

About ten years ago the disadvantages of the treatment methods then in use
led to the adaptation for waste disposal purposes of the long established over-
head sprinkler irrigation as uped for agricultural purposes, Since that time
the trend has been toward conversion to spray irrigation, until at the present
‘time in some areas more than half the cannors use this aysteﬁ,

~ There aire several reasons for these changes, Inadequate degrees ol treat-
ment due to increasing requirements, odor problems, the evor-present stream
pollution problem, the prospect of large expenditures for questionable biological
‘ireatment methods, and the relative simplicity of operation are factors influenc~-
ing the changing trend.

Spray irrigation if properly designed and operaled satisfies the require-
ments of present-day treatment metliods. Complete treatment is provided; odor
problems are eliminated or minimlzed; stream pollution is not present if run-
off does not occur; the costs when cowpared to complote treatment are reasonable;

and no highly trained personnel are required to conirol the operation.
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Spray irrigation is nothing more than agricultural overhead irrigation
using waste as a water supnly with one basic excoption in oporational practice,
This fundamontal differonce is that in agricultural irrigution a minimum amount
of water 1s spread on a ma:imum land area while in waste ircigation the rcverse
io true, The engineering principles of application aro tho same, howover,

There are numerous specific réquirementa and limitationa affecting the
operation of a spray irrigation system, It is not adaptable to winter operation
in the northern areas, Those who do winter canning usually omploy combined
lagoon-spray irrigation systems, Winter wustes are stored until weather condi-
tions permit spraying,

Sufficient land area is quite important, i/ith known waste fiows and average
rainfall records it is possible to conduct a soil survey for basic data to design
the nocessary area,

A vegetative cover crop 1s necessary for several important reasons, Without
an adequate cover to break the fall the water droplets fracture the bare soil
particles to produce fines which effectively seal the surface and encourage
erosion, A cover crop supplies countless flexible openings in the soil by the
root system, The growing plant with its moisture utilization by the evapo-
transpiration phenomenon is responsible for considerable water loss to the
atmosphere, A reasonable figure for the amount of water transferred from thé
soil eystem during the growing season by evapo-trancpiration is 8,000 gallons
per acre per day., If a six-day rest period werc provided between applications,
evapo-transpiration would account for nearly 2 inches of 48,000 gallons of water
per acre per day transferred to the atmosphere during one spraying cycle. DBare
soil is responsible for only a smell fraction of this amount,

Many crops have been used as covers, Some of these include alfalfa, clover,
the tall grasses, the low or dense grasses, grain crops, and wooded land, The
latter has allowed very high application rates although certain tree species

have been susceptible to damage from excessive water and also from bark scoring
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by the water streams. Of the open land covers the best all purpose crops
suitable to the northern United States latitudes have been the low or dense
grassos such as the fescues and blua grasses,

In ingtances whore peas, corn, or other canning crops have been tried
for cover the tendency has been to overuvater and damage the plants, As a
result moisture limits should be more carsfully controlled with crops of
this typo.

Canning waste treatcd by sprey irrigation is usually screened to prevent
pumping and nozzle clogging problems. The usual rotary or vibrating screen is
satisfactory, Howevur ihere has becen somo recent work aimed at including all
the solid waste with the liquid, To accomplish this it is necessary to com-
minute the sollds and reintroduce them into the liquid waste., The possibility
of eliminating the costly solids separation and disposal operations is an
incentive as is the added fertilizing cotential to the soil. There are at the
present timo mechanical problems remaining, and further studies are nocessary
to evaluate the systom,

In a spray irrigation system standard pumping facilities are used. These
include electric, gasoline, diesel or liquid propane as sources of power,
Frequently it is necessary to pump to the spray site with one oporation and
pump through the irrigation system with another,

Irrigation fields seldom adjoin the plant and many times are more than a
mile distant, Common tynes of pipo are used - uncoated steel, galvanized steel,
aluminum, wood, asbestos~cement, conorete, clay, cast iron, or plastic. The
economics and waste characteristics govern tho selection of the pipe. Usually
tho laterals which are moved at regular intervals aro of a convenient light
material such as aluminum,

Where the waste is moved from the plant to a sump in the fisld, the sump
goeneirally 1s designod to hold only 30 to 45 minutos of plant flow, In this way

frech waste is assured and odor problems are minimized,



- 126 ~

Uniform coverage of the spray area is accomplished by dosigning the area
and pipe layout such that each lateral will be .iovod at frequent intervals to
allow a vest period before returning to the original site. 5ix days is consi-
dered to be a reasonable spray interval,

Spray nozzles are self-actuated, revolving spriniders of various sizes.

The very laige sprinklers are adaptable to wooded areas while the smaller sizes
are best suited to open ficlds, liowever nozzle openings less thaon 1/, inch are
not rocommended due to clogging nuisaﬁces.

In sumuation it may also be said that spray irrigation is not without its
problems. Ground vater contamination is a persistent congideration, Either
inadequate area or poor management is often responsible for ponding and run=-
off, Land costs are frequently unreesonable, Distance to suitable and avail-
ablo sites is often a factor., Recently it has also been nqted in a few instances
that odor controllin; procoedures have been necessary due to objections from fresh
waste,

Discharjze to municipal scwer systems

This brings us to the practice of dispasal of canning waste directly to
municipal sewage ireatment plants, Vhere possible and permissible this method
is by far the most logical and eventually the most economical, Unfortunately the
majority of canning plants aro located in or near commnities which do not have
adequate facilitios to handle the additional load created by the waste,

In a mnicipal system there usually is a charge assessed for handling
indusirial wastes. The present sever fee trond for industrial waste is on the
basis of (1) volume, (2) pounds of B,0.D. in excess of that normal to domestic
sewage, and (3) suspended solids in excess of that nornal to doweslic sewvage,

Any one or combinations of these factors may be uged as the basis for charges.
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Future Considerations

We have already observed that the future will see greatly increased
requirements for all industrial. waste treatment, e have also noted that in
the foreseeable future the vater supply crisis throughout tho two nations
will make necessary waste treatment to the potable water level, IU is then
logical to predict that industry as well as mhnicipalities will be faced with
fantastic costs to obtain such treatment degrees., Indced we can foresee such
water shortages and competition for the supply that regulated controls will be
necessary,

Eow can industry meet this challenge? iirst, there must be concentrated
efforts almed at water economy and increased efficlency of water usage, Work
of this nature is presently underway in the lestera United States but only on
a small scale. A great amount of research is necessary to anticipate and
meet the critical problem before it is too late,

Second, there must be widely expanded work to develop new and improve
existing waste treatment methods to obtain the efficiencies that eventually
will be required, LExpanded research activities is the solution to this problem,
More investigators must be attracted to the waste treatment field, liore funds
must be made available for this purpose, More interest must be shown by top
management,

Further, the cooperative approach to those problems is necessary, All
agencies concqrnéd with the wator and waste problem must join in looking for
solutions to the problems common to industry and municipalities, Those in the
various lndustries, the research organizations, the consorvation groups, the
municipal officials, the state regulatory authorities, the Provincial Officials
and the Federul and Douinion Governments should develop clogser working relation=-
ships to get the most good from the available facilities. The benefits from
such research studics should Le made available to all those intorested,
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and
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Introduction

Viaate treatment has undergono considerable improvemeuts in
technology since the time vhen troatment practices were thought of solely
in termc of burial and stroam dilution, Uow, whon municipalities and
industrial firms aro nlanning waste treatment plants, the results of
yeara of rosearch and development on waste treatmont are at thelr command.
Data on almost cvery phase of treatment is beconing nore readily
accessiblo in the publishing of more accuarate and complete operational
reports by municipal plants as laboratory mothods of analysis continue
to inprove,.

In the past few years extensive work has boen accomplished on
laboratory filtration techniques and analyses, and these methode have
been prescnted to treutmont plant technicians and chamists through the
literature,(1,2,3,4). Aloo some information has been published regarding
tochniques to be used for proper filter operation in the treatment
plant (4,5). Howevcr, relatively litile information is available on
corroct filter application, and as a consequence, new treatment plants
are usually designed to omploy equipmont which is working satisfactorily
in nearby plants, and deusign rates are calculatod Ly applying a safety
factor to the uverage performance. of nlants which employ sinilar
equipment (6),

This technique is fundanentally sound and has worked for the
wajority of plant equipment. lHowever, when fillers are designed on this
basls there is no assurance thuat tho plant influent contains tho same
type of solids on which tho design calculations were based, and in many
cases, sludge characteristics are guch that filtration is troublesome at
best, This condition has induced somo treatment people to believe that
filtration i1s to-'be avoided as much as possible,
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The troublesome conrlditions that arise which tend to diccourage filtration

are usually ono or more of the followings (1) rapid nedia blinding,

(2) low cako ratos, (3) high cake moturcs, and (4) high chenmical consumption,
These couditions arc mainly p~owvalent in activated-dipgesled or digested-
clutriated plants whore difficult sludges with u lov uolids contont are
usually cncountered, In most cascs, primary sludge filtratlon is gonerally
conciderad devoid of the troublos mentioned duc to the large particle

size of the solids and tho usuas+ high golids content of ihe sludge.

One of the major reasons for much of the four troublesomo
conditions concerns the eoffectiveness in the pludge conditioning prior
to filtration., Unfortunately, the rogsult of improper flocculation is
evidencoed not in the conditioning tank but mather in the poor filtration
operation, and the filter therefore appears to be perfonming badly. Thus,
in many cagses the high costs resulting from media blinding, low rates,
high cake moistures, and excoscive chenical dosage should bs attributed
to the conditioning step, rather than the filter, Therefore, an
investigation of flocculation techniques was undertaken to deters.:c
the proper chomical addition procedure for optimum sludge flocculation.

A secondary, and equally important, ¢: ¢ for the occurrence of
filtration difficulties is tho poor discharge normally encountercd with
thin cakes, coupled with the inability to adequately clean the media
on cloth-covered drum filters. lncomplete cake discharge on cloth filters
rosults in a gradual build-up or accwmulation of solids in the inteorstices
of the nedia, vhich effectively blocks liquid flow through the media.

This blinding action lowers the productivoe capacity of the filter in two
ways, First, due to a partial blinding of the entlre mediz, the pressure
drop across the media itself is increcased, and thus the portion of

vacuum applied to tho actual filtration of cludgo is reduced. Consequently,
the cake formation rate is lowerecd and the cake moisture content is
increased, uecond, due to complote blinding on portions of the media
(media blinding gonerally begins near the caulking strips whero the cake

is the thinnast and prozressively increases in coverage as 3olids
accumulate), the effective filtration area is reduced and the productive
capacity is lowered. In order to prevent the gradual blinding of the
media, the accumulation of solids in the intorstices of the unedia nust

be removed or prevented from forming., To do this, a completc discharge
must be effected such that there ig little chance for solids to adhere o

to the media, Also, the filter should be deusigned in a manner that enables
the uedia to be thoroughly cleaned without interruption of the filtration
operation., Thus, by employing a filter which embodies these principles

in its design on difficult sludges, sludge filtration chould be greatly
improved resulting in a more oconomical eperation.

In order that this theory might be tested, filters at several
sewage troatment plants which werce encountering difficult filtration with
their particular sludges were converted to tho Rotobelt type filter.,

This filter incorporates in its deciga provisions for removal of the
filtering medium froa the filter drum surfaco, such that the medium

nmay bo pasced over a small diameter roller to completely discharge thin
cakes to 1/16" whilc also allowing that the medium nmay be cleaned at will
without interferring with the filtration operation (7). The repults of
these studies are prosented in the "Vacuum Filtration" dection,
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SLUDGE COLDITIONIIIG

In solving tho difficultics currounding the conditioning step,
a coiplete analysis of tho flocculation :ethods employed in conditioning
wasto sludge was made. The Invostipations were carried out both in the
the pilot plant and in sewage treatment plantd. In the formor, the
experimental equipment was nade sufficiently flexible so that variables
associated with agitation and chemical contacting could be studied.
In the plant studies, samples of conditioned sludze were obtained at
various pogitions in the feed line to tho filter. These samples wore
then enulyzed for filtoring characteristics by the loaf iecst technique {4).
It was found thai in some cases very poor niving of cheilcals was
occurring in the mix tank and elther partial flocculation or chemical
overdosage was occurring and, consequently, poor filtration was boing
achioved, '

In other cases the sludge was well fncculated on loaving the
mix tank, but a gradual recduction in the filtration rate occurred in the
passage of the sludge to the filter tank, The reduction in rate was
attributed to the large hold-up time in the piping from the mix tank to
the filter and thu subsequent broakdown of the floccules with time, Thus,
it was ovident that, shortly after tho proper mixing of ihe chemicals
with the sludge, a mexlmua or peak filtration rate is achieved, after
wvhich any increase in rotention time ic detrimental to [iltration,
This relationship betwecn peal filtration rate and the tine after addition
of chomicals has been montionod ureviously in the 1°*e¢:sturo (2,4).

The solution of the conditioning problem was deternined therefore
to bo tuo=fold in nature, The [irst part lle in designing conditioning
equipment to produce sludge flocculation that would exhibit the highest
filtration rate at the lowost chemical consumption. The second part lie
in the deteraination of the proper retontion time after corroct flocculation
such that these optimum or pza% rates wore obtained in ihe filtration

alep.

Although thore is little information available on the proper
design for sludge conditioning equipment, the fundamental roequiremont
is the obteining of a rapid and intimate intorpenetration of the flocculating
reagents with the sludge particles in a fluid rogime, and therefore
design comparisons can ve made from mixing equipment operating in other
fluid regines uy moans of fluid mechanies (8,9). This is possiblo since
the properties, notion and boundary conditions of all fluids cun be
doscribed in the same dimensional units, DBy plucing these units in
dimonsionless ratios or groups, correlations have been developed which
allow different fluids vith different boundary conditions to have the
similitude of their motions rolated to cach other (9,10). The
dimensionloss groups employed in correlating mixing data are (11)s

Power Number Hp =in P, R
(:N D ‘
Reynoldg ilumbor NReo = Dzyin - |

Lty N
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Froude HNumber NFr = DN?_ eieeesee3
g

The rower number, lp, rcprusents the inertia forces in a moving liquid,
the Reynolds number, lRe, renresents thie effect of viscous forces, and the
Froude number, iffpr, repreionts the effoct of specific weight and gravity.
If the cyslens urder consideration arc goometrically sinmilar, it is
possible to relate theue groups as follows (9).

Ny = I (Npe)® (Npp)™ R—

P
Therefore, in the investigation of the proper flocculation techniques

for waste cludges, it was necessary to empldy equipment which can be
duplicated for full-rcale agitation such that geomelric similarity will
occur and lquation / can be used for scale-up., Figure 1 is a sketch

of the apparatus uand in conducting the flocculation tests. It consists of
a cylindrical tank which is divided into three zoncs by Lorizontal

bafiles and in addition vortical baffles to aid in chemical contact’cog.

Tke design im suct. that dynawie similarity can be obtained with large

scale equipment., The three zones or uixing phaces are (1) the initial
contacting zone, where the ferric chloride mixing occurs, (2) the

secondary contactiag zone, where the lime mixing, if any, occurs, and

(3) the retenticn zono, which can be waried by the adjustable overflow
arrangement to insure that completec flocculation is obtained before the
sludge overflow:n., It is ovident that, il propor mixing is obtained in
Zones 1 and 2, somnlete flocculation will occur soon after the sludgo
‘leaves Zone 2, cnd Zone 3 bocomes extremely cmall,

A rechanical mixer drive fitted with a direct-roading tachometer was
mounted above che tank center, Various impcllers and baffling arrangements
were tested to provide a range in ihe mizing corrolation, so that the
nost ccononic.al operation may Le determined, from bolh a low pover
requirement und a high filtration rate stondpoint. Jludge vas fed uv
constant flow to the Lotlom of the tank, and filtration rate data were
obtained on whe flocculated cludge as it overflowed the tank by means
of the leaf t:st i=cknique(4). It was decided to use the leaf test
rather than tne Buechner funnel tect in this instance; for, in the leaf
test, the sludge ia picked up by the vacuum, and cake thicikness, and
consequently filtration rate, is z function of the effectivoness of the
flocculation, The test leaf was fitted with a Polyethylcne cloth with
a 1/1 plain weave which has a porosity that permits a high flow while
maintainin;z a good filtrate clarity, The cloth was checked after each
rua to determine that uo blinding had occurred, thus insuring that all
test werc performed under similar conditions,

PILOT-PL..IT IXING RuOULTS

In order to deternine the optimum impeller tor good sludge
floccule formation, the lcaf t:ut rato rosults were correlated with
regard toy th? proper nixing speed. TFipgure 2 is a plot of Percentage of
Maximum ¥*iltration Rate oo a function of the mixer speced. The maximum
filiration rute, or 1005 level, was urvitrarily chosen as the rate
produced viih a pre-deterrincd minimum chemical dosage by laboratory
scale tloccilation under idewl conditlons, The pilot plant mixing data
was then co.apared with this same rate at tho sume chemical dosage.
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All cvailable types of impellera weore tested in this investigation, and the
curves procented in Fijuro 2 aro typical of soume results for various
inmpellor families. Only one ratio of Tan!: Diamctor/Impoller Diamoier is
shown for each famlly, and other ratlos yield higher or lower f{iltration
rates depending on test conditlions.

It is intorosiing to note that peak filtration rates occur
at low rpm valuecs particularly under vaffled conditions. .Also, it is
secn that the peal: values oxtend over a rclatively small rpm raonge.
Thesce two conditions point out that r” ting speed ic extremely
critical if intimate contacting and good flocculation are to occur, and
speeds less or greater than thic criticel speed will not produce the most
economic sludge conditioning. It should be noted that the critical
mixing speed ic dependent on the type of sludge treated as well as the
particular impeller and bufflo arrangement enployed.

It was discovered in tlhie investigation of sludye conditioning
in various troatment plants, that filtration rate increacos were noted
occassionally with no change in chemical addition. This change in rate
was attrivuted to fluctuationc in sludge quality. FHowever, most sludge
cornditioning tunitc aro fitled with variable specd drives and paddle type
»?+eyg which are usually sct to turn at 15 to o0 rpm. The variable
specd drive will fluctuate duo to the pulley arrengemont, and ildentical
scttings will produce slightly different spoeds from dey to day.

: wrzanining the curve in Figure 2 for the pauddle tyne impeller,
it is observed thut in ihe mixer spced range of 0-55 rpm the cuive is
quite steep, and u change in speed from 7 to 21 rpm will dout™o the
filtration rate. Therefore, it can be assumed that the variance in
- filtration rate uoted in sewage troatment plants could be caused in
nany cases Ly slifght changes. in mixing opeced {rom day to day vhen
agitation operation is on the stcep portion of the rate-speed curve,
This would be particularly true vhen piping distances from the mix tank
to the filter are fairly shori, and a variance in mixing effectivonss
woulcd be quite noticeable in filtration. OSludgo floccules are generally
broxen down to the same dogroe in longer piping distances and mixing
variances are not as pronouncod.

As can be geon from Figure 2, the highest filtration rates were
obtained with the curved blade turbinec and the propeller, voth of which
approached 807 of the ldeal filtration rate. However, the optimum value
for the mixer spood for the -ropeller was about 150 rpm, vhereas the
best results for the curved blado turbine werc obtained at a mixer spoed
of about 340 rpm.

As indicated in the Paower number exprescion, power is proportional
to the cube of the upeed of the mixer. This would mean thgt, if all
other variables wvere equal, the propcllor would draw {lﬁQ}
340,
or about 1/8 the power of the curved blade turbine. Therefore, since
rate performence upncars to be approximately the same for both impellers,
indicatioz=s from ihe power criteria show the nropeller to be the
optinun type of inpeller to be used for flocculating the particular
digested igludge employed in this investigation,
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figure 3 1llustrates the typical type of Reynolds nuiver correlation for
a nixing 7 "4V er (9,11). The exact shape of tlis plot of1¥= ot

Gir)
as a function of the iteynolds numver is not the same for all t;pes of
impellers. [lowever tiis typo of plot is ke, ful in defining mixing
intonsity, and it is extremcly useful for scaling-up to full size
mixing installations. i'oi' erzample, a particular scale-up job nay require
that geometric similarlty be maintuined, and that comsarable recults
may roquirc a congtant Roynolds nwaper. ..5 the tark cianeter increaces
in the large inctallation, the imp¢ller diameter rust increuse in
proportion to maintain the same D/T ratio., Therefore, as the impeller
dianoter increases the nixer spced must be reduced consliaerably Lo
naintain the same Reyholds number., Tosts to date indicate thut [locculation
scale-up will have neithor a constant Npy. or a constant Mg, but rather,
scale-up will ve bused on nmore complox dimonsionless groups.

Optimum 1luid copditions for succeassful flocculation depend
not only on the impeller zpecd, impeller diameter, and charact.ristics
of that particular imp ‘ler, bdut also on the proncrtics of the sludge.
Jigure 3 shows one of the typical charts used for scale-up from pilot
plant to full size miving eguipmont to produce tho desired results. These
curves illustrate, among other things, that flocculation of sewage
sludge in the tusts werformed is accompliched in the transition range
betveen laminar and turbulent mixing. In this range, certain factors,
which might be neglected ia other Reynolds lumber ranges, become quite
importent, For example, the solection of impeller and baffle characteristics
in this range bccomes quite <ecendent on the apparent fluid viscosity.
Figure 4 illustrates apravent viscosity of onc of the typical sludge
typcs studied., All sludges are thixotropic, or ralse bodied, so it is
necessary to cooreclate apparent viscosity with impoller spcedc.

As indicated in Figure 3, the sludge mixing recults are shown
vith respect to the Reynolds number calculated for the system used in
the investigation. These results are for a dilute digested sludge of
about 2-3% solids obtained at a locul, small scwage treaiment plant,

An investigation is being continued at the present time to
determine tho optimum impoller for various typec of sludges, including
some general types of industrial wastea. Ilowever, it is evident from
the results on the digested sludge that a proper chc.’co of impeller
coupled with the uso of a pre-determined critical spoed is extremely
inportant if optimum conditioning and the most cconouwical [iltration
rates are to oceur, Uhen new treatmont plants are designed and actual
cludge to be obtained is uninown or where the charactoristics of the
sludpe are known to vary from day to day, a variable spced drive on the
uixer ic recommended tc achiove peak performance,

It is obvious that theose tests would cerve no useful galue if
they could not be scaled up Lo full scale design data, Thus, cvery
effort was and is being oxtended to obtain test data in such a manner that
cstablishod wixing scule-up techniques can be used in the manuer previously
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PROPER RETSLTION TIVE

It was discovered in the sludgo mixing investigation that
extremely good sludge flocculation would be obtained with the
proper seclection of impcller and mixer speed. If this selection
were made correctly, Zone 3 in Figure 1 beceme extremely small and
rotention time was uinimized. Thus, it was concluded that the
correct retention time with a proper mixer design chould range
from 2.0-0.25 ninutes, dependent on the quality cnd type of sludge.
In order that this can be done, vhile also uininizing the amount of
floccule break-down after {locculation, the chemical mixing equipment
should be nmounted directly in back of the filtration oquipient.

In this way, the flocculated sludge will genlly overflow tho mixing
chamber into the filter tank, rocsulting in no sludge turbulcnce

and a minimum retention time., This typc of operation has proved
extremely sucessful in previous installations, notably at the

City of Cacreamento, California (5). :

Vacuun Jiltratio

The second phase of the solution to the troubles surrounding
the filtration stop concerns the design of the filter itself, It
has been eatablished fronm a thorough study and analysis of
sludge filtration that the basic criteria for judging filter
operation ares (1) -the amount of sludge handled per unit area
(as measured by dry pounds por hour per square foot), (2)
tho cogree to which the sludge is dewaterod (as measured by cake
moisture content), (3) tho of.iciency of the separation of solids
from 1iquid (as measured by the sollds content in the filtrate),
and (4) the relative cost of the filter operation. The first
three criteria lhave boen sttdied in previous articles (1,2,4,6,7,13,
16), while the fourth will be covered in this paper frou actual
plant results, -

The major factors affecting filtration rate, or the
amount of sludge handled per unit arca, can be developed from the
fundamental Poiseuille Zquation for {iltration given bolow (12):

LV = LP
Ad:z £ & (Aw% + 1) (5)
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As Zquation (5) yiclds an instantancous filtration rate while continuous
filtration is a cyclic process, tho .quation nust be integrated

to employ it in this application. In order to perform the
integr&tion,z\,p , W, r and 0P would have to be considered wonstants.
For any particulal feed sludge, the liquid viscosityrqand solids
concentration w (expressed as weight of dry cake solids per unit

volume of filtrate) would be constant over a finite period of time.

The specific cako resistance ais primarily a fagpction of the nature

of the solids, pressure drop across the cake, f'ced colids concentration
and migration of fines wvithin tho cake,

Because of the complex theory, it is most convenient to consider feed
solids concentration and ecach individual feed slurry as a
paramcter, lio reliablc equation has yet wcen developed to show

tho quantitative iniluencc of either of those variables upon
filtration ratc., Pressure drop acrous tho filter can ve considered
constant on a continuous {iltor du'e to its mothod of operation.

If the fines pigrate within the caio, upecific cake rosistance AL
will incrcase, However, in the developmont to follow, the best
nethod for handling such cituations will bo shown, If a Llinding
condition is encounlered in a filter application,rocistance r

vill incirease over Lhie life of the nedia or between acid cleanings.
The equation may still be integrated assuming r constant as its
change in resistance must ba slow if the riltor application is to

be successful,

thile <1, w, r and/»P have withor been considered constants or

have bcen handled as parameters, it should be stressed that their
values may change over {inite or long pcriods of time. However, the
final ezprecsions to oc developed will &£ill indicate the d esirable
diroction and uagnitude of the irdividual variables in ordor- to
nmaxinmize filtration rate. The relation uetween spocifiic cake
resictance and oressurc drop may be stated as follows:

A =10 r\pB
(6)

In this expression «! is a constant over a finite period of time
vhile s represents the cake comprescivility, which will vary from
0 for incompressible cakes to 1,0 for highly comprossiblo cakes,
Substituting for ,”(in Equation (5), the following expression is
obtainod:

dav = LP
Ad© ‘(W aPSWY + 1) (7)
A

Cross wultiplying Equation (7) and dividing by 4, the cquation may
now be writton:

o

' LI 2o s Pl
R R A
(8)
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Integrating botween the limits of O and Vg and O and Of wherc Vg
ic the volume of filtrate obbained in a cake f{armation tiue 2,

T > ‘1 - 5 ' - k
LI s Y S Vv vt.eri” Vg o PAE <
o A% A '

' Rearranging the above oquation to the following:

- , 10)

. Al - - (

Vs faaplosey Ly, e
A PR m_w N

Equation (10) yields tho volwac of filtrate obtained per unit area
for a caie formation time of @f during the filter cycle., lowever,
cowage sludge filtration capacity is usually e:presased in terms

of pounds of dry solids per hour per fost 2, Thus, the following

transformation is umployed: '

op = (fraction cf cyclo tine for cake formation)(MPR)
= x (MPR)

Therefore, if ©¢ and iPR arc expressod in uinutes, the filtration
rate in conventional uomenclature would bes

; L -
.8:07() s - kX Iraupl-Si.LM?R) . G s & ow (I’.‘;)
L =« &' w o P iwA MPR

wherozz = filtration rate oxprossed as dry 1lbs, solids/hr./
ft.

Simplifying: '.ll
3z ] LA T vV,
2= | ya00wd P " o _geQwr ¥

s 24t (MIR) ' 8P MPHIRA

(o)

rron Equation (13), it is obvious that maximizing pressure drop A P
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food molids corcentration w, and fraction cako formation time x, and
mininizing spociric caiio resistance v, filtor cyclc time 1PR, and liquid
viscoclty will increcso tho solids Iiltration rate. Prossurc drop is
naxinized by sperating ot high vacuum lyels while feed .olids concentration
can only be maximized by the method of operating the »lant prior to the
filter station., In the cace of the laltor, it is generall alwvays advantageous
to onerate with filter feeds that are as high in solids as possible and are
still in a fluid conditien., It is possible to expericnce too Ligh a feed
solids concentraution which is characterizod by a "sloughing-off" of tho
cake as it rises out. of submergence. ouch feeds are usually very diff@cult
to punp and exhibit a very high degree of thixotropy and should be avoided.

The fraction of ca%o formation time : iz usually controlled by the necoasary
devatering time in order to obtain a sultably dry cake. 4is filter cycle
time, IBR, is decreaced, cake thicknoss also decreases 30 that ninimun

cycle time will be a function of melhod and complctoness of cake d ischarge.
Finally, specific cake resictance, « can only vo ninimized Ly omploying
proper sludgo conditioning and handling as discussed carlier.

Filtration ratc may also be increased uy ninimizing or eliminating the
resistance r, As this resistance is aliost ontirely concentratod in
the filter wedia, tho solection of the proper ono and prevention of
media %linding is ecscential. I this resistance can be made negligible
Squation (13) reduced to:

. 1% o (14)
1: I{ il vy, % P P

; e e\ (iﬂf“iin'

As indicated earlior, if the extremo fincs migrate within a cake after
doposition, specific resistance# will incroase., ¥rom oxperimental work,

it has becn found that the not effect iz to increasc the cycle time (IPR)

in Bquation (14) to a value Lotween 1,0 ond 0.5 (4,6). Thus, this

would further augment tho decirability of oporating at ninimum filter cycle
times in order to maximize filtration rate.

As seon fronm Zquation (14) the relationship between rate and pressure drop can
be exprossced as followst

A S N L O T . S I
Cotaili— -

Thus, it is seen that a logarithaic plot of rate as a funciion of prescure
drop should producc a straight line tall reaaining variables being constant)
with a slope ranging from % to O depending on the value of s, In nost
of the cases tested to date, the oxponent of the prossure drop in Iquation (15)
has ranged from 0,30 to 0,49, which would nican that tho valuc of the
conpressibility factor s has ranged from 0.4 to 0.,02. These results
are swmarized in Table 1 (4). Thusg, it is quite evident that the highost
available proassure drop should be wiaployed to uaximize {iltration rate,
particularly when o« low comsressibilily factor is prosent.



- 13 -
T.AULE I

= PRuSOURS DROP ANL,TIONOLIP

Troatment Plant Sludge Type wlope of Log-Log Calc, Value
Llot of Hate vs Prescure of Compress-—
Drop ibilitr ractors
Dast Langing,
lidchigan Prinary =Activated 0.30 0.40
Dallas, Texas | Prinary-Digestoed 0.31 0.38
liouston, Texas Activated 0.37 0,26
sast Providence,
Rhode Island Prinary-Digested—- .
Elutriatod .0.49 : 0.02

To summarize the wbove discussion, the following general rulés apply to
naxinmize dry solids handling rate of a sewage filter:

Kacioil ao-

1, Foed solida concontration as long as the rcsultant filter cake
doos not "slough-off" the filtor when coming out of submergence.

2. Pressure drop or vacuum level.

4. Trraction of cyclo time enmployed for cale formation, Ilowever,
thic will usually depend on the dewatering rate of the filter cake
as will be discussed, _

linipize-
1. Filter cycle time concistont with good cake discharge.

2. Specific calte resistance. This necossitates proper sludge
cencitioning and handling,

3. Filter media rosistance, This is achieved through proper
solection and maintenance of a cloan media.,

Quantitative analysos have boen made on all of the above -development and
substantiated by actual plant porformancae. The reader is roforred to
the literaturc for morc dotailed discussion(4,5,6,7).
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Filter cake moisture content has been investignted in previous stgdies'
and found to be a function of the tollowing variables for any particular
solids:

1. Cale thickness

2, Dewatering time

3. Pressure drop across the cake

4.Liquid viscosity

5. Air rate through the cake during dewatering
€, Spcecific cake resistance

Other factors connected with the filter stetion may also influence moisture
content, but the sbove are by far the most important. Due to their
1nteractlon, a mltiple correlating factor was cmployed in the empirical
correlation of results for a wide variety of solids.(13,16)

1
Correlating factor . _Q_I_:I_{QXd\ AP \)/ 1] (13)
I,lt . , d \ v .' "

Plots of filter cake moisture content for many different solids as a
function of the correlating factor yielded a family of curves that
asymptotically approached minimum values with increasing correlating
factor numhers., As cakc pcrmaabllity decreased, the rate of approach to
the minimum value also decreased,

In order to reduce filter cake moisture content by increasing tre
correlating factor, air rate through the cake CFli 2 , drying time ¢ d’

: : Tc.
and pressurc drop /\ P, should be increased and cake thickness d and
1i juid viscosity. (decroased Air rate through the cake is a function of
the drying tlme, vacuum level and sake thickness and is increased as [\ P
ard »d are increased and as d is decreased. Howcver, as sewage filter
cakes are gencurally relatively low in permability, very little air is
pulled through the cake, Accordingly, major attention must be concentrated
on cake thickness, vacuum level and dewatering time. As the liquid in a
sewapse sludge is primarsly water, viscosity can be decreascd by increasing
feced temperature. Hswever, it would not be economical to raise the feed
temperature for cuke moisture content deczrease only. It is emphasized
though that every effort should be¢ made to minimize unnecessary temperature
loss in the treatment plant,

Cake thickness is reduced as cake formation time ard thus cycle time is
decreased, This is also desirable to increase the productive capacity of
the filter. This is wimilarly true of pressure drop as maximizing vacuum
level increases filtration rate and reduces cake moisture content. As cake
dewatering time+“d is increasecd, the solids handling rate of the filter
decreases if the same fraction of cycle time is employed for dewatering due
to the necessary increase in cycle time. Thus it will generally be fourd
most economical to reduce cake formation time fraction x by running the
filter at a low drum submergence and thereby increase the fraction of cake
dewatering time.

It should be stressed that proper sludge conditioning is also essential for
minimizing cake moisture content. By this method, cake specific resistance
is decreased and dewatering is greatly facilitated.
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To sunmarize, cake moisture contont is nininized by
liaxinizing -

1, Vacuwa across thio colte.

2, Cake devatering time. 43 this clso affects tho productive aapacity
ol the Tilter, it is usually .out ceononiecl to run the filter ata
low gsubmergerice. Thls will increagse the ratio of dewetering linme
Lo caite fHrition time and still employ low filter cycle times Ior
greater solids {iluration rates.

3. lhavipize Iiltration temperature, s it is uncconomical to heat the
{filter feed, Liis enlails neintaining the feed temmerature without
unnecessary coolling.

vininize-

1., Cake thiciness consistent with jood ceke discharge. filtrate
clarity is mrimarily a function of the Jilter acdia employed and H.oper sludge
conditioning, IU i3 es.contial to obtain a sufiiciently low solicds content
in the filtrate to prevent a Luild-up of a cireulating -:a'! of solids
in the seuvage treatment plant, Low solids concentration of 200 p.p.nm.
or less in the {iltrate are possible by corrcet tilter i.edia sclection, At
tiie came tine, i the cludge is improperly conditioned, unfloceulated
colloidal slines will appear in tho filtrate in crecessive anounts to cause
treatnent provlems in the plant,

In many preuont-day plants, Llhie filtratlon of sludge as judged by the four
eriteria is veing accomplished reesonably well., ror crample the {iltration
of ruw prinary slucd;e in plants such as saginaw, ichigon is handled quite
economically. iates up to 11 dry 1lbs, per hour ner square foot have Leen
ovtained with cake noistures of 50-55,5 and with a :inimum chenical addition
of 1,54 lerric Chloride ¢nd 5.0 Line. In addition, there is no blinding
problem in that over 4000 lLours are expericnced with 1/1 plain weave
Polyethylene fabric (some lnstallations report over 12,000 hours operation
with other cloth nedia).

In cases such as this, filter operational economics are almost at an

optimum point, and further increuses in efficiency could only ve accomplished
vy investi_ ating poscible imorovenents in the siud e conditioning, as covered
in the first sart of this peper.

However, in a proportionatoly greater nuwizoer of plants {filtretion of sludge
is being accompliched quite poorly due to the iuproper rilter Jdesign for that
particular apnlication. In plonts vhere difficult iiltering sludges are
encountered, nrovisions mist oe mede on the ilter for coring with thin

cake formation, media Llinding conditions, and chemical encrustation due

to a carvonate build-up,

Figure 5 is a ciagram of the baslc construction of o filter designed
specifically to solve difficult .Jiltoring problems, the Rotobelt Filter. The
dogign of this filter consists ot a basic drum rilier, a woven motallic media,
rollers to assist taie-ofI and return of the :odia, and washing and cleaning
facilities,

Unlike conventional drun filters, thie ..cdia cmployed on the iotobelt is not
caullred to thoe filter deck but rather lies on the drum surface until it is
transferred to the discharge roller,
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There, the sludge cake ic discharged by the combined action of the passage

of the media ovir a sumall diameter roller and the flexing action of the nedia
itecelf, This fleming netlon sernits couplete. diceharge of properly dewaterod
calies as thin as 1/16-inch while also Joosening any solids whiech tond to
become =mbedded In the nedia. .fter discherge, the nedia travels under

a wash roller, vhere it iay be sprayed or passed through a solvent ior
removal of any poscivle chemleal encrustation,

Also, spray uater or colvent is contained in & wash trough which is separate
from the filter fced tank, and thuc any cleaning oneration can be
accomplished without interrupting or interferriug with the filtration
operation. after the posuible cleaning operation, the nedia is ieturned
vack to the crum surface /7).,

The lotobelt type filter has been installed in uuny sludee treatment plants

to eliminato difficult .iltration problems encountered. The results

obtained in tiree «ifferont cewago treatment plants that hove installed
Jotobelt filters to replace conventional cloth drum Tilters due to

filtration difficulties, arc pro.onted on the following pages.

A comparison between the operuation obtained on tho drunm filter anc the
sotobelt rilter will Lo given together with the cconomics of the new operation,

Tond du Lac, lisconsin

The City of Tond du Lac, Wicconsin Jewage Treatmont Flant serves an equivalent
population of over 40,000 and treats over four million gallons of sewage

per day of which one iourth consists of a tannery wite (14). The plant
employs .rinary settling, oio-filiration of the primary effluent and digestion
of the underflows, oJince a relatively large portion of the plant influent
ccruristent of tho tannery waste, an oxtremoly cifficult filtration problem
wags encountered duc to tho large amount of hair and grease precent which
promotod rapld cloth vlinding, This blinding problom resulted in arelatively
short cloth life, and cloth replaccment exponse Lecame a najor item on the
filter buiget. aAlso due to nedia blinding, the plant [ilters were forced to
use slow nycle speads of 5.0 minutes or longer to obtain a cale of

cuflicient thicknecs to Lo able to efilech cake diucharpge. Wilh recont
population and industrial increases, the plant load becume too rmreat for the
tuo 6' by 8' cloth covered drunm Iiltors and an additional capacity was
urgzently needed. 7Tlis meant that eithor costly ilter plant expansion

must be made with inereased sludge drying handling facilitios or replacement
ol the presont filters with larger-sized tilters would soon have to be
accomplished.

4s either of those methods would mcan a large ccpital expenditure, the
nlant superintendent decided to convert his cloth-covered dium filters to
the lotobelt iype, which offerod incroascd wroductive capacity wnile
keeping oxpenses within his budget., Initially, only ono of the two

6! x &' drum filters was converted to a wotobelt, and thus a good operating
comvarison wus obtained Letween the ilotobelt and the cloth-covered drum
filter on the same feed, uvigure 6 is a picturc of the initial Fond du Lac
Rotovelt in operation: ilote the high vacuun of 22-25 Hg reculting from

the execllent geal Letween the inedia and the drum surface., LAt the extreme
left center of the sicture, a view >f the clean bolt can bo seen aftur
discharpe, slowing tho 100, removal of the cake. Fijure 7 ie a Trong view
of the Pemo filter, again showing the 100,; discharge and tho excellont seal
as indicated vy the tightness of tho belt against the hoizontal division
siripa. ‘
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Table II ic a comparison of the operating results {rom tho Rotobelt and

the cloth-covered cdrun filter. Jigc can be seen from this compaorison,

thie Jotobelt rate productlon is 5075 greeter than the conventional drun
filter., Tuis inercase in rate is due to the Notobelt's ability to complelely
discharge thin cakes which enables faster cyele speeds to be eiployed,

The nost economicul Jilter operation is achieved at thie fasiect cycle

speed which procuces an acceptoble cake moisture and a dicchargeavle cake(4).
The recults taoulated in Table II show that no inercasc in cike moisture

iz obtained at the faster cycle speed, and thercfore the economic savings
procuced by the increase in production on ihe Rotcbelt cperation is cvident,

several months ago the second cloth-covercd drum filter was converted to

a <otobelt, .oth Units are nov producing. uore sludge in twvo shif%s than

tihe cloth-covered drunm filters wore able tp produce in the cutire cay.

vith this extra procuctive capacity, L he cuporintendent is planning on
reducing operating time with the subuscquent safing in laber and power,

Tius, by vroper filter cpplication in a difficult sludge filtration

orovlem, a costly plant expansion was averted and additional operational cost
savings may de realized.

iun 'rbor, i.ichi;ran

The City of Ann Aroor, llichigen employs primary seitling, activation of the
primary effluent, and digostion of the yriinary amd waste-cctivated sludges.
The Ann irbor plant is also raced with a difficult filtration problem

as the plant influent conuisis almoct entirely of domestic ccwage ?Oupled
vith o large wmount of fine gilt, This combination produced o rapid

olinding condition in the fabric enployed on the plant drunm filtcrs:

The superintendent tried virtually all types of fabrics and weaves 1in an
attempt to discover a mediu vhich would recist the blinding action of the
sludge, I oucver, the Lect cloth from a standpoint of initial cost and length
of service appeared to be the chicapest cotton flannel wvailable, which lasted
about 150 hours, Jvon concidering that this :.edia wvas the bLest available,
this short length of service neant that clothis had to bo renleced overy weok,
resulting in cown lime of tho filtexr nlus the labor necded to change

the media plus approximately ,2000.00 annuslly in media replacenent costs.

In orlor that this -roblem night Lo eliminated, the superintendent decided
to convert one of the two 8' x 8! drum filters %o a« Rotobelt, vhJich would
enploy a periancnt stainless steel media wnd rovide facilitvies f9r.mainta1n1ng
a non-vlinded nedia surface. .gain, o very pood operational compaiflson
betueen tie . otorbelt and the cloth-covercd dium filters vas obtained, which
is preseated in Table III. In this case, not only did the Rstobelt cthav a
substantinl Increase in production, out wlso o reduction in cako ioisiure
and clealcal consunption were ronzlizad. The incrense in rale ecnd the
recduction in cale noisture can be attiributed to the use of u non-blinded
media vhich ;ernits a nore effective wuse of Lhe vacuunm in cake formation

and devatering,

The cavings in chonicals were made possible by operating at the lowes
con.itioning Josage noceusary for proper {locculation, This was nol possible
uwits the cloth iedia us over-dosage we:s nandatory o maintain prooer

calz¢ formation on the scui-ulindod nedlia with the normal {luctuatlions encountered
in the plant, Thu reduction in ferric chloride dosapge from 10 to 3.5%

resulted in ¢ savings of 78,00 per day, and the recduction in lime dosage

fron 24 to 177 resulted in a saviugs of 23.52.
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The combined savings resulting from the proper filter applict’icn

in this instance amounted to a ¢1Ul.52 daily chemical cost reduction, a
»2000,00 media replacement cost reduction, and an incercased production
oulput ol twice the nrevious rate, Since about 2,400,000 1bs, of
colids are handled emnunlly, it will require approximatcely 100 days

of ..otobelt operation to proucess this sludgo ubereas »revious cloth
filter operation required 200+ days. In teras of dollars end cents,
this reduction in operating time means that the planl vill save zbout
54,200.00 in labor {.1.75/lir. z 2400 hrs,) and .480.00 in pover

savings (20 h.p. x 2400 x 1¢) or a total of ,;4680.00. %his savings
Gocs not includc the labor savings reculting irom not operating the
incineretor curinge this period or tho savings in down time ané labor
for elimination of redia replacewent, Thus, the combined cost rcduction
totals:

2 101.52/day x 100 dzys = 910,152 (chem)
2000.00/yaerx 1 year = 2,000 (media)
1.75/hr, x 2400 hrs. saved= 4,200 (lawvor)

20 h.p. x 2400 hrs, saved x 1¢= 40 (power)
TOTAL 16,832
Again, as pre#f of the oconomic rcality of the hotobelt operation on
this difficult sludge, the plant has roecently converted the *rraining

cloth filter to a llolobolt, Llmas inercasing the operational cost savings.

Cranston,Rhode Island

The City of Cranston, Nhode Island Sewage Treatment Plant handles
an annual average daily sewage {low of ncarly four million gollons fronm
an equivalent population of over 45,000 (15), The plant treatment
includes primary settling, activation of the urimary cffluent, digestion
of the primary und waste activated sludges, and elulriation.of the
digestéd sludge. Tho plant also processes a large valume of toxtile
vastes with the normal scwage iufluent. Thece wastes produce a difficult
filtering material and filtration rates are reduced due to the slow
cycle specd required to discharge the thin cake., Cuke moistures
before handling the textile waste vere about 70-75%; however, ¢ ake

moistures on tho sludge including the wactes averago 805,

lie two 8' x 8' drum filters employed a napsed Dynel cloth and a
string discherge to assist the removal of the sticky c ke, Iowever,
cven tiese measures could not eliainate the nedia blinding problom
resulting from this difficult IJillewring material., Therelore, to
over-come this difficulty, une of the two 8' x 8' units vas convertod
to a DRotobelt filter with a permarcet  stainless nedia. “he
operational results oblained on this conversisn unit are summarized
in Table IV,

1t is interesting to note that ugain the lotobelt's tbility to completely
discharge thin caltes has resilted in a substantial inerease in
productive capacily as coupared to the conventional cloth-~covered

dyum filter. f%he increaced Rotobelt output of 60-80% over the provious
production has resulted in a reduction in the necossary operating t ime.
llow, a five day production can be achieved in only four days, rcculting
in a reduction of 50 operating days per year,
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Using the sane basis as employed in the Jnn JArbor c1lcu14tlonu, the
savings in labor costs would be 700,00 per yecar. (50 da 3 hr. day x
1.75 per hour) and the powor sovings would be about 80, 00 PCT Jear

(20 h,p. x 400 hours x 19} or a total of ,720.00 per yerr. This is
exclusive of Iiiter media savings and labor costs for replucouent of
nedia,

This filter Las not boon in ovperation as long as tho Fand du Lac and
Ann Arbor units, and thereforen it is exbronely possible thet further
savings nay be realized in chemical dosage reduction. ilo aticmpl
has ocen made o reduce the cosage Yo datae, Lut earlier tost work
hq indicated the poscibility that the ferrie chlaride dosage nay

D2 reduced gl¢s}tlj or the Dotcbelt writhout dcersasing thz cake
rate or inerecasing the cake moisture. Ilicwever, cven if this reduction
cannot be ,1t;ufactorllj acconplished, the excellent opcration presently
obtained and the savings in operating cost have apain i1llustrated
the cconomics of proper {ilter application on a aifficult sludge.

The use of vacuum filiration as a means of dewatering
waste sludges to o handleable state has developed to> rapidly for.
proper apnlication of tho correct cquipment cesign to the particular
prublem, Dwe to the enmployment of ore filter dosign and antigquated
flocculation techniques for all types of sludge filtration, troublesone
operation is cncountered which is characterized by any or all of the
folloving: (1) rapid media bLlinding, (2) low cake rates, (3) high
calzes moiStures, and (4) high chemical consuaption, To alloviate
these condilions, en invesiigation was undertaken to determine the correct
method of conditioning sludge and a survey was nade to 1llu strate the
cconomic advantages of vroper filtor application.

It was found that to achicve cconomic nixing of chemicals with the
sludre, it ics quite Important to malte the proper sclection of the
inpeller type und the speed ol the aixer based on fundamental nowledge
of the fluid properties of sludge. 3y qpnlyin' the techniiues of
developing demensionless scale-up congiants in gbomvtrlcally and
dymanicully sinilar instal’cztions, the correel mixer design will be
ovtained in the {locculation equipment in treatment plants,

Oplimum or peak filtration will ensue 1f this corrcet design is emphoyed
with a nininun retention time of 2.,0-0,25 minutes for the Ilocuulated
sludge,

The conventional cloth~covered druwa filter has been and shiould ve
cuployed vhere trouble-={roc opecration (rood cake ralc, low calo
moisture, law chenical dosuge, long media 1ife) is encountered.

When this type of operation cannot be neintained on cloth filters duo
to difficult Ciltering sludgos, the Rotobolt {ilter offcrs a rore
ccononical oporation dunm to lts design which wormits maintenance of

a non-vlinded nedia at nll tlaes. Operational compurisons between

the fotobelt and cloth-covered Arun filters have been nade at treatment
plants in rond du Lae, Visconsin, Ann Jirbor, Michigan and Cranston,
thodo Island., In all threc cases, difficult {iltering sludgos must
ve nandlod which produace poor operation on cloth~covered drun filters,
At Fond du Lac, a costly filter plant expansion due to an incroased
load wns averted by converting to Rotobelt operrtion, which not only
nundled the increased load but off'ercd a reduction in operating time
duc to the increased production,
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t Ann Arbor, a total savings of 416,832,00 per yoar wus obtained

in the reduction of operat.ng costs Ly converting to Rotobelt operation,
At Cranston, one filter conversion to a Rotobeli saved 50 operating
days per year due to the inereascd production,

Therofore the conclusions reached fromtuis investisation are thut,

if the most e conomicnl operation is to be achieved, (1) proper
flocculating equipment design should be made using the technique
outlined in this paper, and (2) the cloth- ovored drum filter

may be successiully used on casy filtering sludges such as Raw=-Prinary,
while the Rotobelt type filtor should Le employed on difficult filtering
sludgee,
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LHOLE ICLATURE

Unless otherwise specificd, any consistent units may bo employod.

symbol

20 X

!" g

<3
::H? (I ]

]

CFM/Ft,.2

Definition

irea
Inpollor diameter, f.ot
Cake thickness
Gravitational constant, ft./cec.
Proportionalitly conutant
Filter cycle tine, minutes/rev.
“xponential function for Roymolds
numuer
Expoamtial function for iroude number
Impeller speed, rovolutions/sec.
Froude Number = Dil2/g
Fowor llumber = Pr ,

5 e
Reynolds lumbor = D<N_

2

-~

Powor in ft,.-1b,/soc.
Praessure drop
Resistanco of filter modia and piping
Compressibility factor
Tank diamoter, feot
Volume of filtrate
Volume of filtrate in time ef
tleight of dry cale solids per unit
volume of filtrate
Fraction of filter cycle time
devoted to cake formatlon
Volume of air pulled through the
cake por gquare fout of filber aroa
measured at ono atumosphere and 320F.
Specific cuko resistance
Tine, minutes
Cake dewatering tine, uinutes
Cake formation iime, minutes
Liquid viscouity, 1lbo.mass/ft.-sec.
A function = N-

Thpr)
Density in 1bs, mass/ft.>
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Tablo 11
Surgary of Operational Regultg on 6' x 8' Rotobelt

And 6' x 8' Cloth-Coverod Drum Filter
Fond Du Lac, Wisconsin

Conventional Drur Lotobelt
Cycle Timeo, IPR 5.0 2.5-3.0
Vecuum, Inches lg
Form 23 2/~26
Dry . 21=-22
Tilter liediun Polyothylene 5.5, loven Vire
Filtration Rate = e 2
Lba- Dry SOlidS/Hru'-"tD 3'0 405
Cako iioisture Content -
Ut. % 69~70 69-70
Chomical Wt. % |
FeClj 4 ' 4
Ca0 16 16
Filtrote Clarity b 100 ppm or
less

#* Filtrato clakity doponds on condition of fabric used as filtering
nediun, If fabric is now, clarity ig cxcollent; if fabric is worn,
clarity is not too good,




Table III
Sumn rat ultgs on 8¢ ! Rotob
A ' ' ! \'{*) Dr te

Ann Arbor, lidchigan
tio

Cycle Time, PR 6.0

Vacuum, Inches Hg

Form 25
Dry 20~-25

Filtor liedium

Filtration Rate = 2
Lbs., Dry Solids/Hr. Tt.

Cake l.oisture Content
. 8

Chenical Wt. 2
I"eClj
Cal

Filtrate Clarity

- 155 =

Canton Flannel

2,5

78-80

belt

2.5

22

20

S.5, Woven lire
5.0+

70-75

3.5
b g

- 200 ppm

or loss

# Filirate clarity deponds on condition of fabric used as filtering
nodium, If fabric is new, clarity is oxcollent; if fabrie is worn,

clarity is not too good.
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Tablo IV

sumnary of Operational Results on 8! x 8' Rotobelt

And 8' x 8' Cloth-Covered Drum filtoer

Cranston, Rhodé Island

Conventional Drum Rotobelt

Vacuum, Inches lig

Form 17-20 - 17-20
Dry 17-20 17-20
Filter ledium Dacron with lap - 8,5, loven liire

String Discharge

Filtration Rate =
Lba. ury Solids/Hr. Tt.2 9

303 | 503-50
(25,000#/7.6 hr.)  (40-45,000#/7.6 hr.)

Cake lioisture Content

. 3 8y 80
Chenical iit.e %
IeCl3 5.6 5=6
Cal —— -——
riltrate Clariucy * 100-300 ppm

* iltrate clarity depends on condition of fabric used as filtering
rediun. If fabric is new, clarity is excellent; if fabric
is worn, clarity is not too good.
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