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FOURTH ONTARIO INDUSTR ML WASTE CONFERENCE 

This brochure contains the papers presented at the 
Fourth Industrial Waste Conference held at Delawana Inn, Honey 
Harbour, Ontario, on June 9th, 10th, 11th and 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 attention on Industrial Waste prob- 
lems and means for treatment of theses The papers are printed 
in the order in which they appeared on the program. 

The Water and Pollution Advisory Committee functions 
in conjunction with the Ontario Water Resources Commission. This 
Committee takes the place of the former Pollution Control Board, 
The Ontario Water Resources Commission 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 
sewage1 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 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 Com- 
mittee, Parliament Buildings, Toronto. 

WATER. AND ?OtLUTION CO?EtiflEE 

D.S. Caverly, Secretary. Or, A.E. Berry, ChaIrman 
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Stokely Van Camp Co. Ltd., 
4hitby, Out. 

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

In the processing of peas a great many problems arc en- 
countered, hut none approach in magnitude the oroblem of the 
disposal of the waste pea vines. 

At the inception of the canning induatry, when the han- 
osting of a pea crop was a manual, or hand operated procedure, 
when picking out a site for tnu loc:'tion of a pea viner, invar- 
iably the location desired would be one in the middle of the 
contracted acreage with a fall away from the enailage stack, 
so that the effluent from the stack would seep into the ground 
or into a fast moving stream, to rid of the of- 
fensive odor it would creato. in Chore days 511511 stations of 
one to four vinors wero the rUiC, to keep the distance from 
field to viner at a minimum for horse and wagon or tractor and 
wagon delivery, since the individual farmar was responsible 
for the harvesting of his crop. So that the volume of waste 
vines was small at any one location it did not present a major 
problem. 

However, with the general acceptance of mechanical han— 
eating, these small viner units have disapneared, and the 
general trend is to large voluma stations in units of fours, 
so that it is not unusual for stations of 12 to 16 viners to 
be strategically located in the centre of a much iar:er grow- 
ing area. This has increased the waste disposal problem 
greatly to a point, where a new had to he taken to 
eliminate the unpleasant odors that the effluent created. The 
high sugar content of this effluent, also made an ideal spot 
for the breeding place of flies. 

People, being, what they are, are not. inclined tu change 
their method of doing espec±ally waste riaterials 
for which there is no financial return, until their hand is 
forced, either by pubLic or hy some law onforcement 
agency. 

So, tILe first approach to this problem, was to accumulate 
the effluent in a pit and pump it into a tank truck for dis- 
tribution on pastures end summer fallow for its fertilizer 
value. It has been found that the quantity of effluent from 
a stack varied from 500 {allon to 2000 gallon per virier per 

hour period, depending upon the seflson and the succulence 
of the vines being harvested. 'the fertilizer value has been 
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computed to be approximately per 1000 gallon of effluent, 
and tests have shown it to contain 4gQQ 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 utilizat±cn, 
proved to be of value to our growers. 

That, however, still left the pea stack, which, whii.rt 

having a high feed value for tha winter feeding of U still caused unpleasant odors during the curing period and 
out of the stack in the winter months. Accurate records of the 
cost of building the stack, removing the effluent and the cost 
of selling the ensilage in the winter, in cases 
net loss. Added to this, the stack and a !;:ce 
of annoyance to the surrounding community, tht. 
odors and breeding of flies. 

In some locations the complaints assumed the prtportions 
of it being a choice of either moving the viner station to some 
secludeci area or of eliminating the stacking of vines completely. 

of the expense of moving a large station, the latter 
seemed the most feasible solution to the problem. 

Last year, it was decided to experiment on this basis on 
an eight viner station, on Hi.jj'way at Locust Hill. 
A farmer in the area cont2cted and he undertook to remove 
the vines as it was being produced,to his farm some 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 k000. 
Cost of ensilage del'd to farm per ton 11.25 

This particular farmer operLktes on a large scale and built 3 
bunker silos, 45 feet wide by 70 feet long by feet high with 
concrete walls and floor, at an approximate cost of S1500. 
During the harvesting reason, a fork lift tractor loaded the 
vines onto his trucks, which delivered the vines close to his 
silos. Another tractor 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 styic self feeding was employed so the cattle 
would only feed to a width of about four feet at a time. When 
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 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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i-us experience of last year proved so profiteble that he 
has agrond to increase the number of silos and is removing the 
vines from another stition loceted at •hitby, where 10 viners 
are operated, and he has plans on feeding around 800 heL-d of 
cattle next winter. 

it is not always possible to locate a fanner who operates 
on this scale in every So at a l2-viner station at Little britain this year, five farmers are on the 
removal of the vines. To assist cdl parties we have built 
accumulating conveyors which 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, whore 
the topography of his farm is such that it is practical to do 
so. 

feel that cnnners 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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SOlUTE SPRAY IRRIGATXON 

- by - 
t 1% 1. I 

Green Giant of Canada Ltd., 
Tecumseh, Ontario 

Of the many attempts at. methods of waste to 
date irrigation shows the greatest promise to the seasonal 
canner. If properly installed it stream pollution and 
odor nuisance a fraction ol' 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 husbandry and water is often difficult 
to perceive and impossible to determine other than through 
experiencc. 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. Uowever, one may 
alter the cover crop, with the objective of increasing infil- 
tration arid water utilization. At the same time the crop should 
be hardy enough to withstand the effects of the effluent. 

FACTOkS TO FL CONSTUhLEM IN i.i lG'IION 
p 

1. Nature of & Source - Lffluent & Silage Seepage 
a) Waste or effluent is the re3ultant water from washing, 

blanching and conveying of the product. It is non—toxic, 
containing 20-3500 ppm suspended solids, 240-6000 ppm 
5-day HOD, reEulting from carbohydrates, fats and proteins. 
When discharged into streams it undergoes hio-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 seepage, unless diluted 1:40 or more, 
should be disposed of on fallow land. 

2. Irrigation? 
a) Provides economical method to prevent pollution and 

eliminates odor nuisance. 

b) Reduction of is often impractical or impossible. 
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3. Soil Requirements 

a) 11Jell drained, with high absorption characteristics, 
good infiltration, and percolation. 

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

c) 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 
Brookoton clay which, although not being ideal, with 
a good cr01) surprisingly enough has a fair cap- 
aciby for water disposal. 

4.. Cover Crqp 

a) Bare soi absorbs 10-15% of tbe waste that would be 
absorbed with, a cover 

b) i:ixture used at Tecumseh as recommended for loca) 
conditions of drninage, soil type and fertility: 

;;entueky Eescue 31 - 
Kentucky Blue - 3 
Red Top - 2 
Orchard - 5 

Pirdafoot - 5' 

Ladirjo - 1 

24,,' per acre 

5. Disposal Field Capncity 

Capacity of the Brookston clay soil with adequate cover 
varies from .25 to .5 inches per day per acre, based upon 
temperature humidity, wind and rainfall; or, approximately 
5500 to ii,àoo gallons per acre per cLay. This soil type 
favors .2511 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. 

6. Trrigation System and Operation 

Allowable rate of precipitation and amount of 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 4.0 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 prsctice 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 maintak.L the at 

no more than a 1-hour resene, stagnation and 
odors4 

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 havc sufficient moisture and what areas are 
available for waterinc. The use of a Tee-valve 
hydrant and sub—main for lateral connections is a feature 
that: provides excellent versatility and maneuverability and 
should he incorporated in the design. 

The following is a brief description of the sprinkling 
system c?rnployed at Tecumseh. Tha components are more or 
1e55 typical. Size, however, would be dependent upon the 
designed requirements. The effluent in this 
is screened at the plant and-then pumped over to the pump- 
ing reservoir, where it is handlod through the following 
component parts: 
a) 

Fit, dug in the ground with 1:1 slope sides and 1 to 
2 hours stone capacity. 

b) Fump Suction 

1. Steel barrel 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 to maintain prime. 

3. 20-ft. of 3" tubing, with 2' set at 450 for foot 
valve. 

4. 5—ft. of 3" suction hose with dresser eoupling con- 
nections for flexibility. 

c) Pump 

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

d) Mains - 

4" x 30' main, with T-valves at 
e) Sub-Main 

Consisting of a hydrant, 2 only 4" x 30' tubing, 90° 
x 4" elbow, 4 x 3 reducer to connect to 3" lateral. 
This provides 3 lateral settings at each T-valve, or 
iao ft. 
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Tee Valve Tee valve & 

N / 
30' 30' ._29L 

____ 

30' 
Sub—Rain 

Latex'al-440' 

Set/ri: #2 
Sprinkler.-.. o 

f) Laterals 

3" x 40' with 2/i" x 1" riser, a 1" x 3/4 PT reducer and 
3/4 male rainbow sprinklers with a?1: 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 upon which an irrigation 
program must be designed .. therein rests success or 
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IN PLATING W,tSTFaEATEMENT 

- by - 

C. Fred Gurnham t 

Department of Chemical Engineering, Michigan 3tate University 

East Lansing, Michigan 

The electroplating industry, particularly in Car ada and the 
United States, England, and Germany, has long been of the 
necessity for waste abatement. The highly toxic nature of many 
plating.-roorn effluents causes troubles that are almost unique 
among industrial waste problems. This has been recognized within 
the industry, and practical or applied research was initiated 
about fifty years ngo (1, 2), Organized attacks on fundamental 
or basic proble;as of plating waste abatement are more recent. 
The program of the American Society is ten years 
old this year, and other groups such as the British 
Pollution Research Laboratory have been conducting resear t in 
this field for about as long. 

Ileduction of' W tate 

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 emphasis on waste 
reduction will not only continue into the future, butwill 

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 wtste reduction ties in 

closely with the great need fox water conservation0 &vailable 

water supplies in most are probably not actually 

dwindling, but they apyear to be because of the ever increasing 
demands for water 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 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 by the Lndustry, or by any single plating 

shop in the industry, must be disposed of as waste, 
I. 

If metal—finishing process water can be utilized twice 
instead of once in its passage 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 the achievement difficult, but far froni 
impossible. possibilities for 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. 

—— 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 exLsting 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 sewer 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 
practi cal economi ca. 

I weuld like to have ono sewer for the sole purpose of 
collecting and transporting clean water, used but not polluted. 
This line wili carry storm water from the plant area, plus 
uncontaminated cooling waters. Cooling systems arc needed in 
several types of plating process, and the used cooling water is 
warn but not otherwise polluted. 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 8olutions, pickles, bright dips, and 
occasionally (but rarely, I hope) a spoiled plating bath; spills; 
drippings; floor washings; and tank wash waters from plant 
cleaning 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 sower line in my ideal plant will carry 
sanitary wastes, from toilets, wash drinking fountains, 
and the like. Obviotisly these should not enter the clean-water 
line. They should be segregated also from the process wastes, 
since each interfere3 with treatnent and disposal of the other. 

in adctttion to three — or four — main types of 
sewers, I would like to add a number of special—purpose waste 
lines. This multiplicity of pipes may sound ridiculous to the 
old—time plater, who was to dumping all waste liquids 
into a corn-ion sewer with rio regard for stream poUution or the 
operation of his municipal sewage treatment plant. Under certain 
conditions, of course, it hould be ridiculous; a small, carefully 
operated plating shop in a large industrial community may often 
be pernitbed to discharge alt its wastes into the city sower. 
In large plants, however, an1 in rural areas, the more complicated 
sewer layout is riot only necessary but is cften justified 
economically. oath plants have been built during the past. 
few years, 

These special—purpose waste lines that I speak of should 
preferaby be called lines. A number of plants find 
it desirable to collect separately such effluents as rinses from 

1i1 ckel, and chromium plating, and to salvage the metal 
and water content of these vTastes, by ion exchange, evaporation, 
or other techniques. It is essentia3, for such recovery, that 
the rin5es be kept separate, and nnt contaminated by the addition 
of other wastes. Metal recovery from a znird plant waste is 
pre.ctically impossible, and certainly not economical. Transport 

lines for these individual liquids are not usually gravity-flow 
sewers; instead, the spent rinses are picked up by pimps from 
small sumps located close to the plating tanks, and are conveyed 
through pipes, often overhead, to the recovery area, 

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 deftaitely advantageous to In other plating 
shops, especially in stall plants, 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 bat ed on practical economics. 

Another factor of en4neering design that directly affects 
waste disposal is the process of waste equalization, 3trea.m 

pollution problems and problems of sewage plant operation are 
more often caused by uneven or peak flows than by the unifc,rm 
discharge plating wastes. ,%cclinatization of stream life or 

of treatmsr ;-plant microorganisms may be possible if toxic 
wastes are dischar3ed slowly and steadily, but the 11slugging" 
of wastes upset the entire biological system, often for a 
long pericd of ti't, The plater has both types of discharge: 
relativeij weak and uniform wastes in his continuously flowing 
rinses, end slugs of concentrated wastes in his periodic or 
irregular dwapings of spent or spoilod solutions, and during 
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clean-up periods. Gcod design, even in a plant already 
built, can reduce the suddenness and the severity of shock 
discharges. Proper plant operation is even morn important (and wifl 
be discussed later), ixit 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. Mid.ng 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 engtneering calculation and 
judgment. A 2) -tour 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 15—minute 
equalization period, in wastes as subject tofluctuation as 
plating—room effluents, is worthy of consideration, and the 
designer should take advantage of whatever facilities he can find 
or invent. 

Design -- Water Use 

The waste disposal system itself is not the only opportunity 
for pollution abatement by the design engineer. Re can also 
contribute by a study of water usage. In this study, the waste 
abatement engineer may appear to conflict with the plater, becau3e 
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 engineer can do toward this end; 
and why he should be concerned. 

for their final discharge to a receiving strewn 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 treatirent of the 
waste, the maxLmum 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 
arid 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 pracess, in as 
concentrated a form as possible. The economical use of process 
water is an important factor in attaining the latter goal. 

Most plating—machine operators, and even some plating—room 
foremen, 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 results in an expensive loss of water and, of greater 
importance to our discussion, it makes 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 undesirable, 
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It is possible, howevur, for the plant engineer to insert 
restrictions in the itte3r line to prevent flows greater than the 
necessary rate • I recommend. this practice, but I a tt.ion you 
on two counts: do not unke the orifice or other xestrtction so 
small that it clogs aid diminishes the floti too far; aid do make 

provision for rapid filji.ng of the tank after clean—outs and 
other dumpings. 

Some plattng plants have solved the problem of keeping rinse 
flows to a mi.nin.un by usirg a control valve on the input line, 
and regulating this valve by conductivity or similar measurements 
on the rinse water. This techniqae, when it can be employed, 
provides a controlled—volume rinse that is fully automatic. 

Another enpj.neering technique that serves to minimize rinse 
is the use of spray rinses diiected at the 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 simple 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 
lifted through the spray zcne, This permits really effective 
rinsing with mininsim water volume. Such rinses have even been 
employed dire ctly over plating tanks, jrovided that evaporati on 

of liquid from the tank is sufficient to prevent overflow. 

One further example of enineexing design as a means of 
reducing waste, aid also of salvaging valuable plating chemicals, 
is the provision of adequate d±ainage time for plated parts or 
parts in process. As imich time as possible should be allowed for 
drainage 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 tine required for drainage 
depends on the .ahape arid size of the plated work, 
and is affected by soluti on viscosity. A minimum drainage time 
of 15 seconds has been suggested; a longer period is often 
desirable. 

Some plants have installed air blasts or air "wipers" to 
excess liquid from plated parts as they are 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 blowing that serves to dislodge and recover 
droplets. The air blast technique is not adaptable to some shapes 
and 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. 

Frocese Changes 

I havo spent. a large portion of my allotted tine on 

engineering as a factor in plating waste abatement becat i 
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it offers many opportunities for large benefits. This is 
particularly true wi-ion the design precedes plant construction, 
although several of the Drinciples listed are applicable also 
in an cdsting plant. However, there are othor factors, in 
addition to design, that can contribute much to in—process 
reduction or- wastes. Many of these changes can be adapted to 
plating shops at'ter construction, and oven during opcration. 
1?irst, I would like to consider modifications in the actual 
ple.ting processes, 

Plators have continuously sought, through their research 
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 econoiui. cal 
product-ion procedure. Another goal, lesser but nevertheless 
recognized, is curtailment of vatur pollution. Some researches 

have been directed specifically toward that end. 

A nujor contention between platers and those whose principal 
thought anti-pollution has long been the cyanide question. The 
very tocic cyannie chelicals have always been essential to sane 
of our mo2t important plating The plater would like 
to stop cyanides, just as all of us would like to have him 
do so, but he cannot. There is no effective replacement. 

You may tell rr.e that copper, for example, which is cothraonly 
deposited from a cyanide solution, can also be plated from a 
copper sulfate bath that contains no This is true, and 
large tonnages of sulfate—electroplated copper (as well as 
electrorefin.id copper) are produced corrunerci.ally. But the two 
types of copper plate, suLfate versus cyanide, are vastly 
different in their metallurgy, their physical properties, and 
their usas. It is a rare application that can utilize the two 
types of copper deposit without distinction. Accordingly, sulfate 
copper is not often a replacemunt for cyanide copper, and the 
cyanide waste problem cannot be appreciably reduced by this ucans, 

Other copper solutions than the sulfate hold more promise for 
a decrease in cyanide usage. Phosphates, organic amines, and many 
other copper compounds ars currently being studied, and some have 
reachc d full—scale aDplication. Host of these have been developed 
by inti.vidual companies, including suppliers, and so are either 
score-:; or proprietory nature; this, in adaition to higher 
mater:al expense, increases the cost of such processes for the 
genetal user. For this reason, together with technical difficulties, 
we do not expect that the substitution of another typo of solution 
will solve the cyanide problem in the near future. I sure, 

that some platers, probably in sr.all rural shops, have 
ado?tt.d non—cyanide plating solutions with tne principal purpose 
of slizinating stream pollution. 

As far as the atal ions are ccnoerned, there is little hope 
of relieving tbe waste problem by process change. Many of the 
commonly plated metals are about equally toflc, so there is little 
gain in substituting one for another. 1'urthernore, each metal 



- .1.4 

used by t.he because 11' errormu a specific and is 
the be3t for that purpose when 41 factors are considered. 

wcre in use during the war, because of metal 

shortages, but 110 One was happy with them, and I do not rocall 

thab the waste probJ.em was alleviated in any instance. All in 
all, car. 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 tech4que f or 
abatement, 

In non—plating prQcesses 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, wasto abatement benefits as well as product 
improvements have resulted from sodium hydride descaling as an 

alternate technique for acid pickling. 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 minter of finishing treatments, 

such as 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 
th rinse tanks, Sometimes very minor design chances can result 
in great improvements, both in waste reduction and in process 
economy. A classical example of this was the redesign 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. 

Salvage and Recovery 

In the plating of precious metals, like platinum, gold and 
silver, waste recovery !h been practised for years. the 
inure coi:anon metals, which are plated in much larger volume, this 
has not beeninie, Recently, however, for a number of' different 
reasons, a definite trend toward the salvage of materials has been 
evident. These reasons include: increased knowledge of recovery 

processes, savings due to metals 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 whichre to be processed 
for salvage and recovery aziould be kept 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, chromium, The further 
incorporatton of floor sweepings and sanitary sewage 
complicates thu picture even further4 

Byp-oper design and operation of the rinsing step, most 
of the chemicals lost from plating tanks by drag—out on the 
pLited work can be salvaged and re—used. A still rinse or 
standing rinse should be provided for the first dip after 
each plating step; for example, after chromium plating. In 
theoly, this rinse will gradually increase in concentration 
until (at infinite time) it is equal to the nlating solution. 

In practice, this standing rinse water is transferred into the 
tank as rapidly as possible, to make up for evaporation 

and other losses. The chromic acid or other chemicals 
are thereby salngcd, with an obvious economic advantage as well 
as the benefit that they are kept out of the waste stream. 

liqth.d is removed from these save—rinse tanks, it is replaced 
with rresh water or, better, with overflow water from the rinse 

tank next in series, 

techniques are being employed at a number of 
plants for the conc entration and re covery of plating rinse 
waters. This is particularly desirthle when vaporization losses 
from the plating solution are not large, and only small 
quantities of make-up water can be used. i'azltiple rinse tanks 
with ccuntercurrent flow provide an overflow liquor of reasonable 

concentration for charging to an evaporator. The partially 
evaporated or concentrated product can b e returned to the plating 
tanks, to furnish make—up of both water arid plating chemicals. 
Some plants hE vi oacountered opposition from their plating foremen 
to such returned liquors, but thu - fact that no difficulties were 
experienced, plus the obvious economic advantages, soon 
this dissent0 

Chromium rinses were probably the first type of plating waste 
to be reclaimed by evaporation, Glass—lined equipnent is 

used; this is expensive, but the salvaged materials 
rapidly amortize the ozigizal investment. 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—use. 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 for boiler 
make—up, where the chromate serves as corrosion inhibitor. 

Use of ion—exchange techniqies for the recovery of plating 
cb.€micals from rinses is becoming wide—spread in the United States. 
Copper and nickel salts a it salvagcd by this method in many 
plants4 Ion exchange waj not suitable for treating 
chromate solutions because these oddixed and destroyed the 
ion—exchango resins. research has resulted in chromate— 
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rcsistant resins, so chromate recovery and concentration is flow 

possible. FurLhnrmore, such resins can be used to remove 
unwanted contaminatthg ions Fran chromate zoluticns, permitting 
longer use of the chro1nates, as in Ion exchange has 
been invesUgated for cyanide recovery, 'owL this is not yet 
successful on a commercial scale. The principal problems are 
poisoning and of the resin bed, of metals 
within the bed from metallocyanide complexcu, and the fundamental 

fact that hydrocyanic acid is a weakly ionized material 

It is only 1' air to point out that the cayltal investment 
required for plating waste recovery may be greater t han the 
corresponding cost of a plant 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 chemicals and water. In many installations, 
the original cost has been paid off rapidly by these savings. 

Occasionally some constituent of a stream can be 
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 rrevent reclamation in some other 

form. For exmnple, coAnpanes have considered treating 
chromate wastes with barium hydrwd.de or othor barium salt to 

precipitate barium chrornate. This naterial is a valuable 

yellow pigment, used in the paint and ink industries. I do not 

believe that sales to pigment companies have been accomplished, 
but this is the type by-product recovery that merits further 
study. 

Other industries reduce their waste problems by 
re-using spent chemicals for soms down—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 good opportunities for this practice in the 

plating industry, but I hope further study will be given to it. 

Perhaps come of the stronger spent acids such as pickles and 
bright dips cart be used for weak acid dips after caustic cleaning; 
although contamination by unwanted metal ions is a dangerous 

possibility. kt the least, waste acids and alkalies can be 
employed to neutralize each other before discharge. 

Water, of course, can be re—usod several times in the plating 

shop, even without intermediate purification. Used cooling water, 

for example, has no contaminaLion except un increase in heat 

content, and the higher temperature may be an advantage if the 
water is used for rinsing. Countercurrent flow of rinse water 
through a series of tan!zs has obvious advantages, and has been 
mentioned previously. 

pi. 

My last topic, good housekeeping, has less romantic appeal —— 

less glamor —— than methods fox' waste roduction already discussed; 
design, process alterations, and the recovery of 

materials and by—products. To the uninitiatod, good housekeeping 

may even sound somewhat sissified. To the experienced industrial 
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ran, this is not so; since he recognizes the complerities as well 
as the siriple factors of good housekeeping, and thc very 
benefits realized Iron it.s practice. The food and drug 
,anufacturers maint.ain and boast of their housekeeping activities 
for sanitary objccbivos; plators and other industries have not 
this same incentive, but should take pride in a neat and clean 
plant as a part of' their good—neighbor policy in the co2nrnunity. 

Good housekeeping in any company involves all of the company's 
There problems in plant operation, in engineering, 

and in administration. group efrort, the goal is 
unattainable. 

Typical of poor housekeeping in the plating—rcom is the 
spilling of jrocess solutions, so they enter the waste streams 
The old—time plater considered spills an inevitable part of 
plating work; modern industry will not tolerate them. I do not 
rean to say that spills no longer occur -- we have not reached 
that Utopia —— but spills are regarded as mistakes; mistakes, if 
foreseeable, can be prevonted; and if a mistake or a spill does 
occur, because no one could or did foresee it, there is certainly 
no excuse for a second e rror. One helpful practice, long used 
jr. the petroleum and chemical industries and now becoming cornon 
in hinting, is the construction of curbs or dikes around possible 
spill areas to prevent the escape of process liquids. 

Common causes of spills in the plating room include tipping 
of snal]. of bottles and other containers, 
slopping of liquids during tztnsport, and overflowing of process 
vessels. ill of these, and of other un—named causes, are avoidable. 
The process arid design engi.neers have a part of the responsibility: 
they can plan tanks that will not tip, choose container materials 
that resist breakage, plan piping and pumping systems 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 can design a safety system 
which will resist forever the persistent attack of fools and 
ingonious ?lating-room foremen and others of the 
ad.ministratT:Ve staff have their task in everlastingly keeping 

and everyone else on their toe3 to prevent sj-d.lls ann 
other accidents. This is largely a job of persuasion, as the 
modern plant operator, with his independent attitade, does not 
take kindly to orders unless he understands the reasons behind 
them. 

Another example of poor housekeeping is pershitent dripping 
and leaking. Trips and leaks are bound to occur, but thty onculd 
be correctcd pronptly, and in as pcnanent a manner as 
It is the maintenance departmectis job to make the repairs, but 
it is the duty of the machine and of all other people 
to report the faults as soon as they are observed. xiouti.no 
inspection aid maintermuce of known trouble-spots is a good idea, 
especially because it may correct trouble before it actually 
occurs; but this does not eliminate tile responsibility of all to 
keep a constant lookouL for leaks. 
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Dripping from work in process, as it passes between tanks, 
can usually be ovei'come by drip pans spanning the region between 
tanks and pitched to return collected liquid to the tanic from 
which it came, Dripping may also occur front 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 drip%ng 
if and when it occurs, 

Leaks can occur at siany points —- all bad. Pacldng glands 
of pimp and agitator shafts are bound to leak at times, and can 
be cared 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 the 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 outsid.es of tanks can be done frequently enough and at 
such staggered intervals that pollution from these sources 
is usually minor. If a waste plant, even an equalizing a 

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 completo 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 
removal of heavy sludge, and any other operations that are needed. 
The settled liquid is then pumped back to the plating tank, 
usually through a filter to remove solid8 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 wast.e, 

Treatment arid 

I promised earlier that I weuld devote most of my talk to the 
in—plant and in-process reduction of plating-room wastes, and I 
have done so. To son1o cegrec, this is the of the d 

engineer, in contrast to that of the sanitary engineer, 
who is primarily concerned with discharge of the wastes and their 
effect 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 minutes on the treatment and 
disposal of plating vastes. 
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Knowledge reg:trding the treatment or destruction of 
electroplating wastes continues to advance steadily each year. 
There have been no s pectacular chanqos in practice 
in recent years; present techniques perform an adequate duty, 
although at some expense. Chlorination remains the most common 
process for destroying cyanides; it is best conducted in the 
absence of unnecessary metals, especially nickel. This can be 
done only by segregating cyanide wastes within the rnnufacturing 
plant — a desirable practice for other reasons as well. 

studies on cyanide oxidation by means of ozone or by 
biologi cal treatment have shown but widespread adoption 
of these methods on a commercial scale is for the future. Metal 
salts that cannot be salvaged economically are commonly removed 
front the waste stream by precipitation with alkali; this procedure 
has been used for years. Ghromato wastes from chromium pLating 
and anodizing, if not recoverable, can be chemically reduced and 
preci pitated, 

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

wastes intended for disposal to city 
must continue to be regarded with respect and 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. Adequate dilution at all points in highly 
important; this is most readily accomplished if waste roduction 
is practiced in the manufacturing process, and if pretreatment 
by equalization and neutralization is provided before discharge 
into the sewers. 

Disposal of plating wastes directly to natural waterways 
is even more critical than when dilution by sewage is possible. 

is again the important crflerion, and adequate dilution 
must be provided under rigorously controlled conditions. 
plants, which have 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 
wastes 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 at their points of origin. In-plant waste 
abatement aids both the economics and the efficiency of treatment 
and disposal steps. It is also an aid to overall plant economy, 
since reduction in 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 water usage, process changes if these are 
possible, and recovery of useful constituents in waste 
streams, good housekeeping, and all other possible 
improvements in the manufacturing plant. 
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istimates based on equivalents" (1) rate indus- 
trial wastes as responsible for more than twice as much stream 
pollution in the U.S. as municipal sewage discharges. it has 
been further that between 1950 and 1975 population 
increase by about one third and industrial production will double. 
datirnates by chemical industry (2) of future expansion make these 
statements on industrial growth seem highly conservative. Pro— 
duction increase will obviously be accompanied by increasing use 
of water. 

The future growth of weter use is likely to occur in a frame- 
work of shrinking avetiability of surface water. Supplementary 

in areas which formerly depended solely on rainfall 
is increasing rapidly. This consumption of water occurs during 
dry summer 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 streams, even if only a small fraction of 1% 

of the land in a watershed it irrigated. 

hunicipal use of water is increasing f.star than population. 
Thus, the average 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, but both increased 
leisure time and increased income are causing the public to demand 
more water resources for recreation, 

Pequirements for discharLe of wastes to surface waters will, 
0± necessity, become increasingly critical, and one of the most 
critical items is likely to be the taste ama odor imparted to 
water hy organic materials in In 19LA there were 422 water 
plants in the U.S. serving communities havin5 populations in 
excess of 25,000; 133 ol' these corrununities with a population of 
about 11,000,000 included some provision for taste and odor control 
in their water plants (5). la 1954, there were 570 water plants 
serving cnmrnunities having populations in excess of 25,000; 201 
of theae plants serving about people included facilities 
for and odor control (6). This well defined trend in water 
nlant facilities and practise clearly indicated the rapidly in— 
creasimg pressures anu costs borne by hater plants because of 
impairment of raw water quality by odorous material. 

Trie total taste cad odor problem has many facets. A severe 
and sustained drouLht forced Dallas, Texas to supplement a norm- 
ally adequate municipal water source with unsuitably salty water. 
The sQnxe drought caused Chanute, Kansas 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 chemicals in surface 
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waters is type of taste and odor problem. In streams 
siia lakss the synthesis of chemicals causing taste and 
ocor I a more imDortant becruse of man-caused increases 
in stream fertility. These arc all mattort for serious concern. 
This discussion will, however, limit iLseif largely to consider- 

ation of' chemical impairment of watt3r for municipal or 

industrial use. 

Sources of Tastes arid Odors 

Odors may be attributed to chemical t:at.erials produced by 
biological growths arid eo the presence of organic pollutants or 

other objectionable matter naturally present in the weter. The 
distinction is not clear-cut as the introducbicn of a polutant 

jreatly sti.muiate the growth of objectionable organisms. 

Chemical oxidation of material increa5es the supply 
of cerhon dioxide, which stimulates growth. Nitrogen 

and phosphorus from sewege also stimulate the Lyowth of photo- 
synthetic organisms. 

incre(ihiy amounts of many odorous materials can cause 

sensory stimulation. ixneriments in the StO laboratories have 

frenuently yielded a detectable odor from recovered materials 

in concaotr?tiOnS of � pnrt-: 1:er ion and Sometimes 
materials been isciaLcd lortucatoly not identified) 

which could be detected by in ccncentrations as low as 10 

parts per trillion. Very substantial odors, therefore, can he 

caused by cxtrer.ely minute amounts of such material. In terns 

of cjuaatities that rre sesier to visualize, single 

of pollutant can impart odor to 1 million gals. of water. 

Utilizing adsorption and enraction techniques for concen- 
trating odorous organic pollutants of drinking-water supplies, 

it has :nsn found that neutral compounds are usually the most 
abundant odorous organic pollutanLa. These neutral organic mat- 

erials usually hove intenoe tastes and odors. The second most 

group of ouorous materials is usually the organic acids, 

which also have intunso odors and tastes. Small quantities of 

other materials have been recovered, including organic bases 

may have a odor) , water—soluble coi.ppounds (which fre 

c1uently have. earamel—li.x odors) , and group useally referred to 
os Lhe acids', inclode phanolic compounds, if they 
present in tiLt water. 

rhenolic compounds are present infrequently and have prob- 
ably been over-emph; sized because they are one of the few wateria 
detectable uy aralytical technioucs generally available in water 
plant laboratories. Before chlorination, commonly occurring 
phenolic materials have but Littie tesee or odor. Ordinary chor— 
ination of these materials increases the taste and odor; 
free residual destroys the odor. 

Characteristics of Tastes and Odors 
a 

Odors are subject to sersonal cycles. Industrial pollut&r.ca 

show reasonably well-defined patterns of behavior and may be di- 
vided into two general categories, depending upon whether they 
are susceptible or resistant to biological destruction during 
transportation in surface waters. 
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3.. with noflutants subject to biologiccl 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 poak winter odor intensity is likely to occur when 
the river a moderate rise, especially after a period 
o' low water. This is caused bi' a combination of scouring of 
bottom deposits and more efficient transportation of dissolved 
materials. Although the rise in the river increases the amount 
of dilution water, the reduction in the time of travel between the 

source of pollution and the point of water consumption is likely 

to result in an over—all increase in the amount of odor-producing 

material reaching the water plant inht. here a river freezes 

over solidly and perhaps becomes anaerobic in certain area, max- 

imum odor loads occur during low--flow periods in the winter. 

2. Some pollutants are resistant to destruction during trans- 

in (FortunTtcly, few odorous materials 

of industrial ori4n are in this group.) a water source is 
no] luted by such materials, maximum odor difficulty or other dis- 
turbance may accompany any low-flow period. 

Algal blooms or snorts of microbiological growth frequently 
have a finite seasonal incidence and can be extected at reason— 

ao±y inca periods at each locoitty. Locat anti regional 
experience is the best guide and should be fully explored 

Sometimes algal growth and industrial pollution may take 
turns as the nuisance in a ptu'ticuial situation. In one 
water plant studied, phenol from a nearby refinery is present 
throughout the year, and there is usually a very definite chloro- 
phenolic taste in the water. At certain times of the year, how- 
ever, algal blooms cause tastes odors of such intensity that 
the phenol 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 was recently observed (7) that organic wastes from a refinery 

were not transported by the receiving stream and apparently were 

subject to storagc with ve-y imcomplete soff-purification. 
Periodic river rises flushed out the bottom deposits. In our 
experience some of the most severe water quality problems have 
been frequently associated with the first river rise after a long, 
dry snell with the accoLnuanying flush-out of pollutional material 
retained in bottom deposits. It is believed that such incidents 
are sometimes wron0ly attributed to industrial spillage or dumping. 

The taste and odor of a water presets a probler at the 

water plnnt which must he faced on several fronts. tlhese include 
the following considerations: 

I) The water must be palatable and acccptable 
to almost the entire asing popu.:ation. 

uurface must he aisinrected to give water 
of satisfactory bacteriological quality. 

3) The cost of hign ouality water must he comuetible 
with the ability of the corraaunity and its industrial 
comsumors of water to pay for the water. 
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The control of water queiity by wt'.ter has been 
discussed recently by and (E3) and presentation 
of this material is beyond the scope of tile present discussion. 
it is approorinte, however, to discuss simple approaches to the 
evaluation of the odor-producing potential of organic wastes. 
o do this intelligently it is necessary to take at least nominal 

cogntzanca of the nature of water treatment procedures currently 
in use. 

dater supplies tahen from surface sources subject to pol- 
lution almost invariably are chlorinated and the taste and odor 
0±' the water aCter chlorination become important factors. Chlorine 
frequently rev ets with organic material to develop or decrease 
odor. this occurs the odor intensity will vary with the 
amount of chlorine added. presentation of this pattern 
of behavior is shown in Figure 1. The between 
chlorine and vaste coniponents are sometimes influenced by dilution. 
Cince water treatment plants cannot handle extremely polluted 
water such as an industrial waste stream, the organic waste under 
consinc'ration shoul± be suitably diluted to concentration levels 

those handled by a severely loaded water plant. 
pruciuce acid, making it desirable to buffer 

the soiution with sodium bicarbonate, thus sini— 

ulatin± the h±csrbonates which buffer natural waters. In large 
water distribution systems, a long period elapses between the time 
water leaves the tre.ntnent plant and the time it reaches the most 
distait consumer. Odors which aevelop in a water distribution 
system.: as the result of slow reactions between residual chlorine 
anci organic contaminants must be given due consideration. 

Odor is necessarily a subjective quantity, amenable to meas- 
urenient and interpretation only in terms of people. This requires 
that odor test procedures ana their interpretation be bases on 
the characteristics of the reactions of people to ddors Figure 
2 shn'.cs a log-probability chart of the variation in the amount 
of a specific chemical, n-butyl alcohol, requiree to giva a de— 
tectable odor in a series of tests made by 33 water—plant 
operaters over a five—month period. This chart leads rather simply 
to certain ant eruretations. In reaction to the n-butyJ. alcohol, 
the most sensitive five cor cent of the ponulation is at least 
seventeen tiLLS as as the least sensitive five per cent. 
The 'fifty-per cent'4 man, or median observer, has less than one- 
cuarter the sensitivity of the most sensitive five per cant, and 
is more than four times as sensitive as the least sensitive five 
per cent of the population. 

Obviously, any aTtempt. at quantitative appraisal of odor 
requsfes a large random group of observers, or a panel of several 
people selected because they show at least reasonably good cap- 
acity for detection in general. The most meaningful value 
with a tanel is the panel median T.O. Use of the "median" 
prevents one unusually cull or unusually sensitive observer from 

the rand results too far one way or another. If a 
mean is used it should be the geornecric mean. 

There is no real advnxitage in attemnts to ch?racterize odor— 
strength coo rrecisely. In tne laboratories of the Sanitary 
:ngiri:ering Center we do not attempt to differentiate between 
odor intensities of solutions that differ by a concentration 
factor of less than two. 
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Observers have further eon— 

in a piescribcd test procedure. They tend to lose 

sensitivity when asked to detect a trace of a material after expos 

ure to a gross quantity of the same material. Because observers 

are it is difficult to secure an impartial judgment 
without asking the observer to discriminate between unknowns and 

a blank. Fatigue and boredom combine to make observers less 

sensitive and more erratic during prolonged odor observations. 
2urther detriils of our ideas on odor and taste-testing protocol 
have been described elsewhere (9) and need not be repeated here. 

Another facet of the problem of assaying the odor—producing 
potential of wastes lies in the question of whether or not odors 
are additive. To over-simplify, assume (1) a chemical plant has 
only two odorous plant waste streams, one of which contains only 
an orgrnic alcohol, and a second which contains only a pyridine 

(2) that the total plant stream enters a body 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 to be answered crc: 

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 if neither one cEn do it alone? 

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

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

b TOG 
2 2< 

where TOC is the threshold odor concentration. 

Investigation of this question is just getting well under 
way in the 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 date our findings give the answer: 

TOO 

diC 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. In 
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 premis8% the questions listed previously can 

now be answered. 

a) The hypothetical waste streams suggested previou3ly 
are important to stream odor quality.because they 
join with other materialff to increase the total 
odor load even though the waste streams .individually 
will not add a threshold concentration at the 
chem±cala..they- contain. 

b) Even though waste streams are unlike in odor 
or chemical structure and do not react, the two 
streams cnt 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 water. Each waste source must, 
however, be reaarded 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. of stream pollution in terms of 
population eciulvalents show an ever—upward trend. Taste and odor 
loads may be expected to increase more rapidly than loads in 
terms of "population ecuivalents" 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 s factor in4et.erm— 
ining the odor o? the resulting water. 

I 



- - 

UI B LID GRAPHY 

1. Secretary, Department of.Health, Dducation and 
Statement before Subcommittee on Flood Control, Rivers, 
and Harbors, Senate Committee on Public April 22, 
1955. 

2. ianufacturing Chemists' Association, Washington 6, D.C. 
IndustryFacts Book", 2nd ed., 1955. 

3. Wiseman, J.W., Sewage and md. Wastes 27, 1284 (1955). 

4. Hoilis, M.D., Pubi. Health Reports, 71, 436 (1956). 

5. Thoman, J.R., Summary of Water Supply and 
Treatment Practices in the United States1', Pub. 301, 
USPHS, Washington, D.C. (1953). 

6. Porges, Ralph, compiled from "Municipal water Facilities, 
Communities of 25,000 Population and Over, Continental 
United States as of December 1954." USPHS, 
D.C. (1954) 

7. Ludzack, F.J., Ingram, Win. Narcua, and Ettinger, M.B., 
"Characteristics of a Stream Composed of Oil Refinery and 
Activated Sludge Effluents" To he presented before the 
31st Annual iTeeting, Ohio Sewage and Industrial Wastes 
Treatment Conference, June21, 1957. 

8. ?4.B., and Middleton, F.M., Journal Amer. Water 
1Jks. Assn., 48, 1265 (1956) 

9. Ettinger, M.B., Sewage and md. Wastes, 28, 1116 (1956) 



- 30 - 
REPORT ON THL 810 OXIDATION 

OF AND 2414-D WASTII wATERS 

- 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 waters were discussed. Since 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 dosed 
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—fl 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 phe.nolic 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-fl) acid process and has a composition as shown on Table 
I. This waste contains primarily dichlorophenol. The information 
recorded in this ?eport discusses the difference in these two 
ttphenolicut 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 FICS has been used as the packing 
media for the tcAler 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: 

DOtJPAC HCS 
Thwer area, ft.2 9.5 
Tower Height, ft. 20 
Packing surface area, ft." 5100 
Void Space, % 94 
Unit Dimensions, in. x 37k" x 21" 
Units 12 
Surface area, ft.2/ft.3 25 
Unit Weight, 
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PILOT PLANT - PHENOLIC 

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 resuond and "take off" as it should have done. The 
actual cause was not discovered until nearly the end of Decen'ber 
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 buiiding to which the filter was attached 
to provide convenience of operations. As a retult of this, 
there was little or no agitation within the activated sludge 
tank with the resu]t 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 wi Lh 1/4" plywood to withstand the occasional 
high winds. The side 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 thought that hot coils in this tank would in- 
activate the sludge. Steam tracing and insulation were put 
around the outside of the activated 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 by controlling 
the temperature of the incoming feed water. Depending on the 
atmospheric temperature, the feed water temperature varied from 
100 to 160°F. By this procedure the operating temperature of 
the filter was maintained between 70 and 90°F. During this peric 
of time the main recirculation pump had occasionally failed 
for undeter1nined reason. This failure loft 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 heater and temperature controller were 
installed in the activated sludge tank. This installation 
provided adequate temperature control and did not appear to have 
a affect on the sludge in this tank. In addition, 
this installation permitted the feed water to be applied to the 
top of the tower 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 asa result of insuffic- 
ient agitaeion as has already mentioned. This difficulty 
was immediately overcome by placing a l/2t7 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 replaced 
by the air injector which provided a rolling action to the con- 
tents of the activated sludge tank. With 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 of study of 
the bio-oxidation of 2,4-0 waste water decided upon. 

PILOT PLANT OPILh.ATION - WASTE 

Treatment of Diluted 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-D waste water w&s our main concern it was decided to 
immediately begin studies on the bio-oxidation of 2,4-fl waste 
water. Therefore, on Jan.3/57, the filter was agin seeded with 
activated sludge and 2,4-0 waste water applied to the top of 
the tower from the 5000 gal, feed tank in a batch-wise operation. 
To prepsre this feed about 420 U.S. gallons of the 2,4-0 waste 
water were neutralized in the 1000 U.S. gal. neutralization tank 
with aqua ammonia. Phosphate in the form of di-sodium 
phosphate was added and the waste water pumped to the feed tank 
where it 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 1.G,M. The recirculation flow rate was set at 20 I.G.M. 
Therefore, the total volumetric flow rate to the top of the tower 
was 24 1.0.1.. or 159 J.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 organic 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.O.u. instead of 4.0 I,G,.ii. v/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 
in the tank. 



After one week of operation on this feed it was apparent that 
a rapid sludge build-u$1the packing was not taking 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 wss 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 and the suspended solids in the act- 
ivated sludge tank increased to about 1000 ppm. The itsximum 
level of solids in this tank was not obtained until the sludge 
return line was diverted the top of the tower to theactiv— 
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 was no further increase. It has been 
reported (4) that the sludge concentration will cease to increase 
after five or six days. This equilibrium in sluige 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 lbs. 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 shcwn on 
Table II. It is believed that the average percent removal would. 
have been hicher 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 tank. This established that the filter was now operating 
as intended. 

On Feb.l0/57, the feed water was changed frtm the synthetic 
phenol feed to the diluted 2,4-D waste water as before. It 
was soon noted that the suspended solids in the activated sludge 
tank were falling off snd the level decreased to about 50 ppm 
in a period of a few days. A summary of the data obtained for 
an eleven-day period of operation is on Table III. An 
average of 4.6 lbs. 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 
place 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 2,4-ti waste water 
due to process difficulties. Some difficulty was experienced in 
reseeding arid acclimatizing.a ftesh 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 acclim- 
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 
but 17 as the bacteria aco1imatize&. 
the bacteria were judged to be well acclimatized to phenol, 

the same procedure was carried out with dichloroplienol. The 
dichlorophenol additions, however, got out of control and the 
concentration reached 450 ppm before it was detected. This in- 
activated the bacteria. 

The acdvated sludge tank was again flushed out and a second 
lot of sludge added. On this occasion the sludge was acclima- 
tized to dichioronhenol without first acclimatizing to phenol. 
This prodedure proved successful and the filter has not been 
reseeded since. 

After a one acclimatization period in which the sludge 
wos held in the system, a synthetic dichlorophenol waste water 
was aopliad to the filter at the same hydraulic loading as before. 
When the filter was nut beck on this basis, the 
suspended solids in the activated sludge tank again decreased. 
Although the unit was kept on the synthetic dichlorophenol feed 
for only 7 days, indications are that only about 10 lbs. of di- 
chloronhenol per day can be continuously oxidized by this trick]- 
ing filter compared to 30 lbs. of phenol per day. A summary 
of the data obtained whfle operating on the synthetic dichiorot 
phenol feed is on Table IV. 

During this acclimatization period, when no water was entering 
or leaving the system an investigation was made to determine 
if the sludge was being returned from the settler to the 
activated sludge tank. It was discovered on draining the s]nxige 
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 horisontel bar. 
The scraper is shown on Figure 2. An electric motor and speed 
reduction assembly turned the scraper at the rate of 3 rph. 

At the same time a trough was installed directly under the 
tower to carry the water falling fron the tower to the side of 
the activated sludge tank opposite the outlet. The purpose 
of this was to increase the retention tine within the tank by 
directing the water down to the bottom of the tank rather than 
allowing it to fall on the surface in the middle of the tank 
and he carried away directly to the overflow. 

wtth these changes completed, larch 27/57, 2,4-fl waste water 
was again applied to the trickling filter. The ailuted waste 
water wa's arpliec to the top of the tower at a total organic 
loading equivalent to the oxygen demand of 10 lbs. of 

per day. 'lo avoid the orevious experience of inactivating filter iS the of a Wr Ste water tao 
phenol coatent of the uastc was determined a bromate bromide 
titration ;.trom a sSiflOl@ taken as IL flowed the neutralization 
tank. iy r.ieans of a graph the operator coavertea titre of 
the to inches of westc.' water reqaired in the toad, Thub 
a or lesser voitne of c .nter we: a so that on 
di luhion in 1 tnnIr n 
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ition was obtained1 This proved to he 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 
average of 8.2 lbs. of dichlorophenol per day were removed with 
an average remoni of 91.1%. It will be noted that aEnost double 
the amount of dichlorophenol was removed in this period compared 
to an average removal of 4.2 lbs. of dichlorophenol as shown on 
Table III. In addition the efficiency increased from 83.6% 
to 91.17a. It is felt that the sludge scraper primarily 
responsible for this improved efficiency. 

An attempt wcs also made during this period to increase the 
organic loading to the tower. The efficiency, and quality of the 
effluent dropped immediately and the flow of feed to the top of 
the tower had to he 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 parLicular species of fish used in the tests. 
The untreated waste water, whether neutralized with aqua 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 2.4—U Water 

The study of the biological treatment of 2,4-D waste water 
had, to this point, been carried out on a 10:1 dilution of 
waste. This dilution brought the concentration of the principal 
components shot"n 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. 

only a few days remaining until the end of the 2,4-D 
production season, 6000 gallons of undiluted waste water were 
collecte, neutralized and nutrients added. This was then 
appaied to the filter at the rate of 0.25 I.GJ.. The recircul— 
ation flow rate was increased to 24. I.G.ii. Therefore, the orgtinic 
and hydraulic loading to the top of the toticr 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 data, while it is from complete, would indicate that 
a dilution as low as 1:1 be possible. It is a reasonable 
assumption that a dilution of 5:1 or less would be adequate. 
Further work will be done to detern;ine more closely the actual 
dilution required. 
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PILOT PLANT OPERATION - PHENOLIC WASTE 

Following the study of undiluted 2 4-fl waste the filter was 
left on recirculation with a flow of äilution 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 sludge tank again built up. An efficiency of 
99-100% was 

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

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. 

results are very encouraging these studies indicate 
that 2,4-B waste water containing dichlorophenol is considerably 
more difficult to treat than are the phanolic 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 I 

itiort 

of, 

Untreated 214-D Waste 

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 

S.C. 15°C 1.074 



FLOW, 

FLOW, 

kTh 

PHOSPHATE, F134 

PHENOL,FflI 

PHENOL, lB. PL2 

TABLEt 

SYNTHETIC PHENOL FEED 

PILOT THICKLIEG FILTER 

it N. 2) - F H B. 7/57) 

INFLUENT 
La 

2.6 3.8 3.2 

6.9 8.3 7.5 

3) 73 

26 

713 1i80 

io.8 i7.8 

EFFLUENT 
?iIN. AVG. 

2.6 3.8 3.2 

6.7 8.o 7.1+ 

1 3D fi 

12 iS 

o titt 7 

o iJ+ 0.3 

R H C I R C U L A T I 0 N, CIdJ.P�R 

RECIRCULATION RATIO 

TEMPERATURE °i 

AVFRAGE 

PPIChNJ? 
REWVAL 

0 

KIN. 

a) 

5.6 

83 

MAX. AVG. 

a) Z) 

7.7 

83 82 

a 



m 
2¼-li 4ASTE WATER (1O:1DILUTIOW) 

PILOT PLANT TRICELING FILTER 

(rra 

FLOW, GAL. PER tilL 

FLOW, 1R 

NITBOGEN, PPM 

PBOLPHATE, End 

INORGANIC SALTS, End 

DICELOROPHENOL, LW 

DICELOROPE ENOL, Ib.PThtI$Y 

IN FLUENT 
KEN. IMX. A%. 

2.5 3.6 3.2 

7k 7.9 7.6 

jo 

15.5 36.8 Z3•7 

tx' 550 kzo 

3.2 8.o 5.5 

EFFLUENT 
MAL A\t. 

2.5 3.6 3.2 

7.8 8.1 8.0 

33) 

15.3 19.6 

550 

13 z3 

0.5 1.3 0.9 

B E C I R C U L A T I 0 N, 

RECIRCULAT ION 

T B 11 P B R A T U R E, 

IML 

5.5 RATIO 

83.6 

AC. 

Bi 

8.0 

83 



T&E12 IV 

SYNTHETIC DICHILOROPHENOL FEED 

PILOT PLANT TflCKLIMG FILTER 

(MAR CE 

FLCW. PER bUN. 

PLoc. 

NITRQC.f':'., wIi 

D I C 1 U C H C P ii Z N 0 L, 

D I C H L CR0 P H £ N 0 L, 

I NFLUENT 

2.7 14.1 

7.3 8.1 7.9 

10 20 13 

7.9 74 

202 

6.2 15.0 11.3 

a) 

5.1 

77 

WJL 

a) 

7)1 

82 

A%. 

20 

6.o 

E F F L U E N T 
bflli. LhL AC 

2.7 k.i 3.4 

7.4 7.9 7.7 

10 

2.9 

0 

0.0 96.3 

a) 

6.o 

3) 

1.5 

10 

4.1 

11 

0.5 

RECIRCULATION, GAL. PF2MIN. 

RECIRCULATION RATIO 

TEMPERATURE °F 

KIN. 

S 



t 

TAa2 V 

PILOT PLANT TRICKLING FILTER 

(MAR. 1/ - A PR. 11/ & A P B. 9 fl / 57) 

AVNtACE 
flftUa?r 

IffM. AVG. AVG. RflC/AL 

3.0 3.8 3)1 3.0 3.8 3.11 - 

FLOW, 7.6 8.3 7.8 7.6 79 7.7 

NITROGEN, 

PHOSPHATE, Pi& — — - — 16.4 

INORGANIC SALTS,PFM - - — - - - U) 

DICHLOROPKENOL, 170 2(13 7 3) - 

DICHLOROPHENOL, LB.PflU)nY 7.2 12.5 9.1 0.2 2.5 1.3 91.1 

CHEMICAL OXYGEN 
DEMAND, fl5 170 

CHEMICAL OXYGEN 
DEMAND, LB. i6.8 9.5 7.3 

WIN. MAX. AVG. 

RECIECULAT ION, GIiLflB i4iIN 3D 3D 3D 

RECIRCULATION, RATIO 5.3 6.7 5.9 

T:MPERATURE °F 475 82 80 

fr Asstnsi to be approrL'rately to vthx?s thiown on Tablo iü 



WATER (UNDILUTBD) 

PILOT PLANT TRICKLING FILTZ B 

(APL12-19/9'i) Average 

L%X AVG. L2 WaX AVG. Ren,nl. 

I L 0 IV, GIL. PER MIlL 0.25 0.25 0.25 0.25 0.25 0.25 

'1.2 7.14 7.3 7.7 8.0 7.8 

N I P R 0 C E N, PW * 

V;ECSPRATE,IW — — 27) 53 

±JcRcAtac sams, ia 119,1100 49)100 49,400 13,000 32,000 - 
S.. D1CRLOROPEENOL,PW 15)2 15)2 15)2 12 27 — '1" 

DICHLOROPHENOL,LE.P!RDtY 5.14 5.14 5.14 0.0 0.2 0.1 98.1 

CHEi$ICAL OXYGEN kji6 1ij46 198 
Ik4iND, PHI 

CHEMICAL OXYGEN 156 15.6 2.5 1.5 
D E N A N D, lB. U-I 

iNC. 

RECIRCULATIQN,GhL.pjjflad 

RECIRCIILLTIONBA'rIo 96 96 96 

TEMEZEaTUBE oF 8+ 

DISSOLV,DQXYGEN k.i 

* ltste neutralized with Aqua I.nnnrda, this nitrogen to be 

S 4 S 
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EFFECTS OF i'iATTwR IN WMSTE WATER 

- by - 

Richard D. Hoak 

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 is 

said, for examole, 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 increase 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 suâpended solids destroy fish spawning 

grounds. How much of such material will do what damage to what 

kind of spawning ground? Similarly, suspended matter is said to 

smother benthic organisms and thus prevent them from playing their 

role in stream self-purification. ulhat 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 questions 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 deposits whore proper conditions exist for sedimentation. 
River 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. 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 general 
without paying zerious attention to the ultimate effects on water 
quality. It has now been recognized, however, that 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 mean that the prescriptive approach has been 
abondoned; 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 require investigation. One of these is the relationship 
between natural silt and suspended 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 wash load carried to streams by rainfall. 

iany studies have been made to develop formulas to be used 
for prediction of silt loads in rivers. All of these formulas have 
been on flume studies, yet findings on actual streams often 
contradict experimentnl results. It is usual practice to differen- 
tiate the bec-material load from the suspended load. Bed-material 
flows along stream bottoms, but more or less of it can become sus- 
pended sediment, depending on channel configuration and water vel- 
ocity. It 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 sediments Suspended particles do settle in water 
at rates dependent upon their size and density, and upon the phys- 
ical condition of the stream. But much 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 
a good correlation between loads and discharge rates for a number 
of rivers in the Middle Atlantic States. There ties also a good 
correlation between mean load and drainage area, even though the 
physical condition of the drainage bLsins differed considerably. 
for example, the mean load at Sewickley, just below Pittsburgh 
on the Ohio river, wrs 4339 tons/day and at Yound City, Illinois, 
950 miles downstream, the mean load was l2g,600 tons/day. The 
relative proportions of these loads that were naturd, 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 a study of a flue—dust clarifier 
macic over a period. The average concentration of sus- 
pended solids in the clarifier effluent was 99 ppm, but the concen- 
tration in the raw water was 47 ppm. Thus the net discharte of the 
clarifier was roughly half flue dust arid half naturel silt. A 

similar but shorter study of a scale—pit effluent indict.ted that 
only about 15 per cent of the susnended matter iron oxide; 
the bulk of the material was silt in the raw water. 

These points have been raised to illustrate the necessity 
for the role of natural silt in the problem 
of suspended solids. 

Data from flume studies may not pi'ova(ie accurate information 
about the effects of suspended solids in a natural stream. 
theless, a flume should yield useful qualitative data on the behav- 
ior of narticles suspendec in flowing water. A straight 
ular flume 50 ft. lonp &nu five inches square thecnfore built 
for preliminary studies, it has weirs about 1P in. 
from each end to provide a flow about 47 ft. long nd four inches 
deep. 

The development of a plan of study the hazard 
of the approach. It was decided to circulate throuhh 
the flume a suspension of particles with a maximum diameter of three 
microns, The suspansion was made by mixing a quantity of —325 
mesh flue dust with water, allowing it to stand for ht hours, 
and syphoning off the supernatent. It was assumed, frovt the manner 
of making the suspension, that the rate of subsidence in the flume 
would be very low, it was therefore planned to circulate the 
suspension throuih the flume at a given rate, gradu:lly decrease 
the rate until settling occurred, then raise the rate to determine 
the velocity at which the settled material would be suspended 
again. Following this, the plan was to use suspensions of larger 
e'nd larger particles, and the i'elationsnin between part- 
icle size, water velocity, and settling tendency. 

Unfortunately, this plan could not he used. In the first 
run, the flume was filled with tFp and the suspension was 
pumped into the chamber behind the influent weir. The impeller 
of an electric mixer was ulaced directly over the opening through 
which the suspension entered, so that good would be 
assured, It soon was obvious that, contrary to sedimentation 
theory, settling was taking place rapidly. The final result 
was that very little of the suspended matter ever flowed over the 
effluent wear, It was evident tact settling nack been promoted by 
agglomeration of the fine particles. 

rt quantity of -140 mesh (maximum particle size, 100 microns) 
flue dast wi's suspended in a liter of water and poured into the 

chamber, which w s supolied a stocay of tap 
water providing a velocity of 2 ft/mm. in the flume. Accoinp to 
theory, if there ucre no loaierrtion, tee 103—micron partacles 
should have settled about a foot from the inlet weir, the snaller 
particics should have settled at distances on size 
and density, and the 6-micron and finer particles shoule nave 
passed over the effluent weir. Inseend of this, roughly a third 
of the asterial settled in the influent in spite of 

and. pr ctic::lly all of the remainder settled 
within ten feet of the influ::nt weir, 
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A series of runs was made with -325 mesh (theoretical maximum 
particle size, 44 microns) flue dust suspended in tap water. 
Concentrations of influent and effluent solids were measured after 
equilibrium conditions seemed 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; complete data are available from the 
author. 

Table I. Data on Flume Studies 

1 2 3 4* 5 6 

Water velocity, ft./min. 
Raynolds Number 
Influent, ppm 
Effluent, ppm 
Amount discharged, % 
Particles discharged** 

3.07 
2620 

67 
19 

28.4 
16-20 

2.03 
1746 

57 
12 

21.1 
80-100 

1.02 
873 
61 
10 

16.4 
80-100 

4.22 
3632 

79 
22 

27.9 
8-16 

4.22 
3632 

69 
16 

23.2 
60-80 

4.22 
3632 

73 
10 

13.7 
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 in the range 8-40 microns, 
and weight per cent were in the 83—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 range 8—40 microns, 
and 6 weitht 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 effluent 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 weizht per cent were in the range 8-40 microns, 
and 24 wei:ht per cent were 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 weieht per cent were in the 60—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 microns that settled at 2.5, 5, and 10 ft. were 34, 81 and 72, resnectively. The corresponding percent- 
ages of particles in the 80—100 range 0, 2.5, and 7. 

No. 5. A duplicate of No. 4 without pebbles. The weight 
percentages of the solids in the range 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, 

4 and 0. Although 80 per cent of the particles leaving the flume 
were 16 microns or finer, 20 per cent were in the t0-80 range. 
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No. 6. A duplicate of No. 4 without pebbles. The weight 

percentates of the solids in the rant e microns that settled 
at 5, 15, 26.5, and 3d ft. werc 87, &s, 71, and 64, respectively. 
No particles were prescnt beyond the range 40-60 microns. In this 
run the solids that settled were sypitoned from one—foot sections 
of the flume bottom at the midpoints o. above sampling points. 
The solids were filtered, dried, and weighed. The weights were 
taken to represent the average amounts settled in the four flume 
sections. in the order given above, the percentaEes of the total 
were 49,31,12, and 

These preliminary results contradict some firmly 
held beliefs. According to theory, particles settle most rapidly 
where water is quiescent, and sedimentation basins are 
to avoid. diseurharice of the fluid medium. Yet data from the flume 
studies indicate that the amount of settling with laminar flow 
is less than it is whore the flow is turbulent. Since agglomer- 
ation of particles occurred, and since this can result only from 
contTct between particica, it is probable that turbulence increases 
the number of contcts, and the tendency of the Particles to clump 
results in an increase in their settling rates. Apparently these 
ag;lomerates do not break up readily. i.;ven though the largest 
particles in a. -325 mesh fraction z-4re 44 microns, particles up 
to 100 microns were found in the size analysis. It had been 
assumed tl'st any in the suspension would be dispersed 
on passage through a centrifugal pump. If this does occur the 
particles evidently reform promptly in the flume. 

This work has led to a lonL-range research project for evil- 
uation of a number of variablec that affect the of sus- 
pended particulate matter. Flue dust contains considerable mag- 
netic iron oxide, and it way he that this material is a factor 
in agElomeratton. This aspect will be studied by using suspen- 
sions of comoletely inert material such as ignited slumina or 
silicon 

It is known that dissolved salts affect the tendency of part- 
icles to ag lomerato, hut there is little information about con- 
centrations and species of salca and the effects on 
various sorts of particles. 

The donsity of should he determined, as well as 
the factors which control the final sizes of the clumps. 

Theso 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 waste water cart be used at 
vrrious dilutions with raw river water. The field work will also 
provide an opportunity for stuJy of light nenetration. and its 
effects on photosynthesis, composition and cistribution of settled 
solids, and other factors which may arise. 

This paper is a rogress renort which has described prelLn— 
in; ry flume studies, anti which oLtlines the troblems for which 
solutions are being soug1.t. It will he followed by other papers 
as data arc a curmulateci. 
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THE COLLECTION PRETREATW,2JT AND BlO-OXIDATION 

OF CRESOL BEARING WASTE WATERS 
FROM A CATALYTIC CRACKING UNIT 

- by - 

J .0 .L. ROBERTS, 

Canadian Oil Company Ltd. 
Corunna ,Ontario 

INTRO DUCT ION 

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- 
oi.ic 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 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 
follows: 

1) Injection as spray water in the Catalytic Cracking Unit 
Regenerator. 

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 followed by biological 
oxidation. 
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The principal features of each of these are discussed below: 

I) Injection 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 is adversely affected. 
The normal operating temperature of the Regenerator is about 
1120°F. Analyses of the effluent gases indicate that over 
of the phenols are destroyed. More recently a CO boiler has 
been installed in which the effluent 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 Cracking Unit flue gas stack 

In January 1954,, the excess phenolic water over that required 
by the 1-tegenerator 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 Oil Desalting 
System 

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 9073 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 cnustic washes on light gasoline and stove oil products. 

Considerable trouble was experienced with fouling of the train by carbonate which anpeare4 to result 
from presence of c.nlciur. in the crude and carbon dioxide in the the desalting water. This was overcome by injecting the atmos- 
pheric and vacuum condensate streams ahead of the exchanger 
train 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 water 
was introduced into the crude oil and in the desalter water 
exchanger. Although some success in alleviating this was acli- 
loved by the addition of various anti-fouling agents, frequent 
cleaning of the valve and exchanger wes 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. dhile a simultaneous increase in crude 
oil through-put prevented a definite diagnosis of the the c2.use, 
the use of the phenolic water is believed to have been the major 
contrii.butor. 

4) Stripnin1:: followed by Uoiogical exidation 
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 suiphide 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. 

DESCRIPTION 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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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 tim bottom of 
the main section. An oil level is maintained in this section 
by means of an interfacial level controller. The excess oil 
overflows into the sNaller section of the drum and is pumped 
away periodically. The effluent water from the drum is divided 
into three streams each at constant flow, to the 
sprays, to the 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. 

Typical anrlyses of the original phenolic water streams 
are shown below; 

Table I 

Typical Analyses of Phenolic water Streams 
from Catalytic Crackipgjinit_ 

Approx. 
Flow 

I.g.p.m. 
Phen ols H25 

ppm p11 ppm lbs/day 

Fractionator 
Condensate 

25 760-900 274-324 2500 
-4000 

wash 
Gas Pec. System 
Gasoline Feed 

11 76-lUg 4000 
-5000 

7.5-7.9 

Light Gasoline 20 200—260 nil 

4 120—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 '.ihicn has been used for treating the light gasoline stream 
from the main fractionator. These two streams also contain 
high concentrations of hydrogen suiphide. The last two water 
streEms shown in table 1 are from water washes following after 
a caustic wash. They are therefore normally free of hydrogen 
sulphide acid appreciably lower in phenol content. 

Phenolic Stripper 
Figure 4 shows a diagramatic representation of the stripper. 

The feed passes through a spry 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 pumped from the 
bottom of the stripper throuuh a level contrtl valve to a cooler 
and thence to the Aero-Accelator. 
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The flue is sunpiied from the Cat. Cracker at a pressure 

only slightly above atmo5pheric and about lô00 s.c.f.m. are drawn 

in by means of a thenuocompressor using 150 lb. steam. Addition- 

al steam 15 also injected direct.ly. 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 
suiphide 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 àiift for approximate 
pH and 1125 content. The phenol contents of the feed and efflu- 
ent are determined three times a week. 

The tower is of unlined carbon steel and sorre corrosion has 

taken place. This is especially the case in the lower part of 

the tmrer where the steam and flue gas inlets are placed. 
Opposite the flue 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 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 obtainin& satisfactory 1125 

removal without introducing an excessive sulphite concentration. 
In the top of the tower the corrosion rate appears to have been 
negl igible. 
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 

to process a how 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 ft. in diameter divided by baffles 
into an aeration zone which is equipped with a vortimixer, and 

a settling zone. Air is fed in throuch 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 and 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 seedi'ng 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. 

I 
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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 habd once per shift in the form of am- 

monium phosphate at the rate of 30 lb s/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 mm. 15 - 35 

% Slurry by centrifuging 2.1 - 4.0 

Dissolved Oxygen p.p.m. 3 

The oxygen content of the effluent from the aeration zone 
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 J 

Typical Analyses of Phenolic before and after 
Stripper and of Accelator Effluent 

Phenols H2S 
ppm lbs/day ppm pH 

Phenolic Uater before Stripper 500 2000 8.5 

Phenolic Water after Stripper 160 92 C 10 

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 and 220 
ppm. The phenol cotitent of the accelator effluent has remained 
close to 20 p.p.b. regardlessof 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) by 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 hero- 
Accelator on a continuous basis. 

3) Injection of phenolic wat.er into the crude stream as 
desalting water offers a practicable nEans of emergency disposal. 
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BIOLOGICAL OYJDATIOE OF OIL 
cOoLi;:G 

- by— 

Harold F. 

Engineering 4vision, lianufacturing Uopartr.tnt 

Sun Oil Comnany 

Philadelphia, Pa. 

Biological oxidation of effluent waters has become an 
ostablishod process in oil rofinory practice in recent years. 3evero]. 

comnercial—acalo activated £Ludgo and L'ickling filter u:4.ts have 
boon installed for organic wastc reduction by various refiners since 
1953. This equipment has operated successfully, proving the applicability 
of bacterial oxidation to nery effluonts containing phenol3 
and other o)Qrgon—consuming contaminants. 

Coincident with the need for iziprovod quality of refinery 
effluent waters to prevent pollution of rociving atroaxas has boon 
the requirement for new t;ator supplies to satisfy the 
increased demands of industrial expansion. The shortace of existing 
water supply facilities has led rafiiaers to develop net: sources and 
in some cases to treat waste waters for re—use within the rcfinery to 
reduce :equiremonto from external sources. Until rcently the need 
for costly intermediate treatment procedures has boon a deterrent 
to the application of additional re—use procedures. 

now method of utilizing waste waters has been developed 
that does not require extensive protroatment and achioves pollution 
reduction of the over—all effluent. This dual benefit is accomplished 
by selective segregation of tzaute waters at their source, simple 
gravity separation of oil and sottloable solids in conventional API 
separators, four to five days retention in an thpounding basin for 

the flow, and then biological oxidation in refinery 
coolinr towers. The use of cooling tower aystoxu.. for bacterial oxidation 

a departure from the conventionailly usedtrickling filter 
or activated sludge equipment. 

Waste Disposal and Re—Use 3ystem 

Biological oxidation of waste waters in cooling tower systems 
has been employed in the Toledo, Ohio, refinery of the Oil Company. 
Following a 5—year period of design and construction a new process 
revision to the refinery' a water supply and waste disposal system has 
been completed. The ncw facility embodies coLiprohensive pollution 
control of all refipery waste waters, extensive re—use of waters within 
the rafinery with ainimum pretreatment and a virtually unlttited vatS 
supply emergency fire protection 
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The need for installing now water supply linos and treatment fc.cilities 

or purcimsing increased quantities of municipal water has been eliminated. 

Cooling towers ware selected as the equipment to utilize the 
rre—uae" waters primarily because of their high volume demand and 
their potential ability to serve as treatment units for biole&lcal 
oxidation of pollutants in bite waste Iffectivo oxidation of 
phonolic compounds and reduction of chemical demand in 
conventional cooling towers would obviate the need for extensive 

treatment equipment for improvement of the final effluent. 
Cooling towers also have tho advantage of requiring a relatively 
low quality make—up watcr, compared '4th other process equipment, 
thereby eliminating costly pretreatuont of the water 
furthor..:orc, the towers would reduce by evaporation during recireulation 
the over—all quantity of waste discharge. 
InstallIng the Rc—lJvo System 

1 a ftu'i: sboviu& of the various 
classes of waste waters, the collection, storage, and re—usc of the 
ef.'luont and the quantities involved. The indicated flow rates 
represent the calculated theoretical. water balance for the refinery 
when the entire system is placed in operation. 

The first step in the program was the installation of a flue 
gas ctripping tower to remove sulficbs and mercaptans in the process 
waste waters. These sulfur compounds would be undesireble contaminants 
in the ro—uso supply since they could reduce the efficiency of biological 
oxidation and could be corrosive to tubular eqtipment used in the cooling 
system. Approximately 200 g.p.m. of process waters containing sulfides 
and ::ercaptana are fed to a 5—ft. diameter by 31 ft. vertical stripping 
tower packed with Raschig rings. A flow of 120,000 cu. ft. per hour 
of 95001?. flue gas from a catalytic cracking regenerator is passed 
through the stripper for sulfide removal. Temperature in the tower 
is maintained at approrthatoly 190SF. Recently, sulfuric acid has 
been used for p!1 adjustment and better stripping. This unit has 
performed efficiently and maintained a satisfactory quality in the 
subsequent re—use pysten. 

The second phase of the project consisted of completely 
sngragating refinery waste waters according to oheLaical characteristic . 

Low alkalinity process waste waters from such operations as steam 
stripping, once bk.r,ugii cooling of pump bearings, and miscellaneous 
wash waters together witl1 contaminated storm water from ground run—off, 
flow through the existing refinery drainage system to the API separator 
for primary removal of oil and solids. 

impounding basin, 1,200 ft. long by 200 ft. wide and 10 ft. 
deep, with a maximum liquid capacity of 8,000,000 gal., was constructed 
at the outlet end of the API separator to provide four to five days 
storage, flow oqualization, removal of residual free oil and settluable 
solids, and reduction of chemical anc bioc4emical 
demand. A ciinltvm of 1,500,000 gal, of waste water is reserved in the 
impounding basin to provide on emergency tire water supply for not 
less than 10 hr. 
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Oil-free waste waters, high in alkalinity and not suitable for 
re—use, including ion exchange regeneration water from the water plant and 
blow, down from steam boilers, aro collected and seuored directly to the 
receiving stream. Oil—bearing, Itich alkalinity tiatto ttatorc, including 
cooling tower blowdown and crude desalting wash tinter, are 
in a new sewer aye Loin and delivered to art auxiliary lfl high—solids 
soparator for oil removal before discharge. The main quantity of ref mary 
waste waters is collected in the low alkalinity re—use cower and 
impounding basin system. Two 750—g.p.m. pumps were tnstalled at the 
impounding basin to roturn process and storm water to the existing 
refinery cooling towers for maize—up wator. treatment oxeopt 
gravity separation and impounding has boon required prior to re—use 
of this water. Additional details of the over—all installation were 
presented in another paper (1). 

Re—Use Operation 

In November 1954, the first re-use of waste water was started 
at the Toledo Refinery. One pump was operated to return 600 g.pm. of 
waste water to the main return line of a large forced draft cooling 
tower. tower cools circulating water for conventional condnsers 
and coolers in a catalytic cracking plant. 

Uithin a few hours after the start—up of re—use operation, 
there was ovidence of a good bacterial. floc in the system. Lactcrial 
seed was not necessary to initiate the growth of an active colony 
of bacteria. The phenel content of the water from this system 
was reduced more than 99 per cent. From the initial data, it has boon 
proven that the active bacterial sludgo contained phenol—oxidizing 
microorganisms. These bacteria are apparently both water and air—borne. 

Examination of the bacteria). a).udco by means of the optical 
and electron microscopes has shotin the presence of rod—shaped bacilli 
and circular cocci, and bacterial indentification studies are now in 
progress. Previous investigators (2) have indicated that cuch.genora 
as Achroinobacter and Micrococcus are effective phenol oxidizers. 

In this typo of biological oxidation, the microoroganiazas 
present are heterotrophic bacteria which depend on organic cotapowida 
as a source of energy. These bacteria are c lassiuied as nesophilic 
since their optbwim activity is in a tomporat,ure range of 60° to 
100 F. 

According to Rudolfa (3) the destruction of aromatic compounds 
by biological oxidation is initiated by oxiuation of the aide chain 
and this is followed by the splitting of the nuclear ring and 
subsequent oxidation. The end products of the reaction are carbon 
dioxide and water. 

The rate of destruction of phenolic—typo compounds is dependent 
upon several variables iucltzctinjj the typos of compounds, the concentration 
of the compounds, the temperature of the water, the availability of 
auxiliary nutrients such as nitrogen and phosphorus compounds, and the 
presence in the system of aicrofanna and aicroflora. 
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TAL1LE I 

_C00LING TOWER OPERATING DATA 

ITEM DETAIL 

Inc FORCED DRAFT 
NUMBER OF CELLS 
CELL DIMENSIONS 

WiDTH 30 
LENGTH 16 
Hc I GHT 

FAn 12—FT., 4—BLADE PLASTIC, 
ONE PER CELL 

lATER RATES 
CIRCULATING 17,500 
flAKE-UP 600l,000 
SLOWDOWN 1DO—oOO 

AIR RATE (C.F.M.) 3,000,000 
AIR—WATER RATIO 1.56 
TEMPERATURES (°F) 
UATER INLET 83 TO 98 
'.JATER OUTLET 64 TO 80 

The data presented in Table I shows that the forced draft 
cooling tower offers exceptionally good physical conditons for biological 
oxidation by providing extensive internal contact surfaces. The 4ilution 
factor ranges from 17 to. 29, and this prevents any shock to the establish- 
ed biological equilib urn when large variations are encountered in the 
phenol load of the make—up water. !Ln anpic supply of available 
evgen 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 rate of 
bacterial growth. 

Aminonium comyurids are present in the phenolic make—up water 
and serve as nutrients for the of the bacteria. Phosphates 

are added to tim circulating cooling water to improve the food balance 
and establish a hiçh degree of activity. This biological 

oxidation process functions with a light bacterial floe circulating 

from the coniini; tower through a 11 of the plant cooling equipment 
before returning to the tower. This system the high—rate 
trickling filter and and recirculating sludge processes into ono highly 

effective waste treatment installation, 

Comprehenuive data on the phenol removal efficiency of the ro—ase 
water operation arc listed in ?able II. The average reduction e%coodod 

99 per cent under widoly variablo concentrations of phenol and 
fluctuating ref ii Lery operating conditions, 
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When the success of the first phase of operation was, 
the second re—use wrs placed in service to determine the per— 
formance of the biological oxtdation under approximately double 
the initial load, loss in efficiency was noted 
even after procesc waters frost two Floudrifl.ow catalytic cracking 
plants were included in the nile-np water. 

A peak phenol loadinp occurred on February 7, 1956. At 
this time, 840 lb. per clay of phenolic conpounds were fed to the 
cooling tower. Only 2.5 lb. per day of phenols were discharged 
in the oxidized water. Tip per cent of removal was 99.7 
under these conditions. 

Chemical oxygen demand efficiency data are summarized in 
Table 111. The first section of the table includes results 
obtained during periods when the cooling tower was receiving a 
rake—up water supply of 600 g. p. in. The daily quantities of 
C. 0. 0. present in the make—up water varied between 1,435 and 3,860 lb., 
with an average reduction of d9 per cent, 

The second set of data in Table 111 illustrates the C. 0. 0. 

reduction attained when both re—use water pumps were operated. In 
cons i.dering the results1 it appears that a loss in efficiency is 
encountered when the blowdown rate is increased, The average C. 0. 0. 
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 (or all significant components in the 
make—up and circulating water. 

From the standpoint of quality, the high alkalinity of the 
make—tip water is undesirable. Concentrated sulfuric acid is added to 
the circulating cooling water to depress the alkalinity to approx- 
imately 100 p. p. in. 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 stoichiometric 
demand. 

Sndium polyphosphate is fed into the cooling 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 floe accounts for almost all of the suspended 
solids in the circulating water. Although most of the operation was 
carried nit with 2.1 cycles of concentration based on chloride contert 
of the nake—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 biolcgieal, oxidation the volatilization of certain compounds from the cooling tower, Since a problem of excessive concentration is avoided, the tatter 
requires only a small blcwdown rate, 
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At times, appreciabJe concentratiOns of copper arc 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 pab— 

lication (4) stated tint phenol—consuming bacteria can tolerate up to 
100 p. p. in. of copper. 

Approximately 50 per cent of the ammonia is consumed in the 
biolorical 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 Effects 

Sludge and Algae 

The possible detrimental effect of the bacterial sludge on 
heat transfer in the refinery cooling eqiipment was a subject of some 
concern. A program of backwashing all condensers aM. 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- 
tinued after six weeks and no build—up of bacterial grc*.rths has been 

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 objectionable 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 
measurexrents and inspection data could be secured during scheduled 
shutdowns. 

Thus far no tuherculation 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 equipetent and probably serve to control some of the 
corrosive tendencies usually exhibited by oxygen—saturated cooling 
water. 
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Thblu V includes corro:;ion rtLto data for steel and brass tubes. 
Tue average rtste for steel was 0.005 in. per year, whereas that for 
brass wan .0035 In. per Thu:;u ioauur'd eonaclori ra Len ore at 
essentially thu sane low luvuls an previously observed when fresh water 
nnke—up was used. 

Examination of wood nnacirnons obtained fran the iC—year old 
cooling tower, after fuux' nontlis of water re—use operation, disclosed 
no ovidorico of biological deterioration • Additional pcriodLc 
inspections are including checks on fresh—wood specimens. 

Conclusions 

Eio2.ogical oxidation of refinery waste waters in coaling tower 
oquinnont represents a highly efficient mid economical 
process. This çracticai. reiFied i'or pollution reduction offers an 
attractive alternative to conventional trickling 2 ilter or activated 

methods, ieloctivo of procons wastes at their 
sources and elimination of undesirable constituents such as oil, 
sulfur alkalinity and solids must Ba accomplished 

re—use strLarnu i'od to coolLig Lowers in ordor to maintain 
satisi'actory quality of the circulaLing water. 

ExLcnding waste segrogabion, and water re—uso to the 
ontiro rcfinory provides an• integrated syston for pollution control, 
water cor.aorvation, and onorgoncy fire protoction. 
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TABLE II 

PHENOL REMOVM. IN A FORCED DRAFT COOLING TOWER 

FLOW PHENOLS 

SA;•tPLL: MILLION OP—i 
DATE LOCATION M.G.D. LIIIDAY P.P.M. Lii! REMOVAL ER— 

DAY A— 

DAY lION 

i954 
DEC.16 UAKE—UP 600 7.210 18.4 133 —- —— 

CLO..'flQWN uOO 0.14.4 i.i98 0.i94 0.23 i32.3 99.6 * 

OEC.29 HAKE-UP 565 0.8a5 6.790 15.7 i07 -— 
BLowoowN 100 0.144 i.i98 0.211 0.25 106.8 99.6 * 

'955 
FEB.23 I1AKE-UP i,iOO 1.590 13.250 8.6 114 —— —- 

BLOWOUWN 600 0.875 7.280 0.167 i.2 ui2.8 98.9 + 

MAR.22 HAKE—UP i,iOO 1.590 i3.250 i2.7 i69 -- -— 
RLOWDOWN 600 0.875 7.280 0.208 1.5 t67.5 99.2 

MAR.24 MAKE—UP 1.706 14.220 i2.7 u8i —— —— 

+[JLOWUOWN 600 0,875 7.290 0.324 2.4 u78.6 98.7 a 

Nov,7 MAKE—UP 600 0.865 .7.2i0 i9,6 141 —— —- 
CLOWDOWN 100 0,144 i.i96 0.300 0.96 140 99.4 

Nov.11 MAKE—UP 600 0.865 7.2i0 46.0 34-6 —— -— 
bLOWDOWN 100 0.144 0.082 o.09c345.9 99.9 

DEC.8 MAKE-Up 600 0.865 7.2i0 43 3i0 —— -— 
[3LOWUOWN sOC 0.144 s.i98 0.055 0.066309.9 99.9 # 

DEC.29 MAKE-UP 600 0.865 53.5 336 —— —— 

LLOWDOWN iOO 0.i44 i.u98 0.0s6 0.0i9385.9 99.9 
1956 
FEA.7 MAKE—UP i,000 1.440 p2.000 70.0 84-0 —— —— 

BLOWDOWN 500 0.720 6.000 0.41 2.46 337.5 99.7 x 

FEB16 MAKE-LIP i,000 5.440 t2.000 25.6 307 —— —— 

8LOWDOWN 500 0.720 6.000 0.052 0.31 306.7 99.9 x 

*2.5 CYCLES OF PHENOLIC WATER. FROM HOUORY FIXED—CED UNIT. 
CYCLES OF CONCENTRATION. PHENOLIC WATER FRCM HOUDRY FIXED—BED UNiT. 

—u.2 CYCLES OF CONCENTRATION. PHENOLIC WATERS FROM i-IOUDRY FIXED—BED AND 
1-JOUDRIFLOW UNITS. 

#2.i CYCLES OF CONCENTRATION. PHENOLIC WATERS FROM TWO HOUDRIFLOW UNITS. 
n.2 CYCLES OF CONCENTRATION. PHENOLIC WATERS FROM TWO I4OUDRIFLOW UNITS. 
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TABLE III 

CHEMICAL OXYGEN DEMAND REMOVAL EFFICIENCY 
IN A FORCED DRAFT COOLING lOWER 

CHEMICAL LFXvcflj L1EMAND 

DATE SAMPLE REMOVALREMOVAL 
LOCATION (P.Ias.)(Le/DA' LO/DAY (%') OPERATION 

£955 
Nov. 3 

t 

22 

DEC,6 

21 

29 

£956 
JAN, 4 

II 

MAX E—U P 
P. LOWDOWN 
MAK £•-UP 
BLOWO OWN 
MAK E—UP 
BLOUD OWN 
MA K L — UP 

[3LOWDOWN 
ii A K E — UP 
BLOW DOWN 
K A K C — UP 

B LOWD OWN 
(lAKE—U P 
B.LO%-ID OWN 

H A K E — UP 
BLOWD OWN 
MAX E—UP 
BLOWO OWN 

280 
188 
463 
285 
33 I 

141 
54 I 

369 
3 9 

'94 

344 
441 
369 

304 
196 
I 09 
I 68 

2,020 
225 

3,340 
341 

C.. • 

I 69 
3,905 

442 
2,802 

232 
3,860 

4u2 
3, l70 

442 

2,190 
235 

''435 

I ,795 

2,999 

fl 
•CC— 1 

3, 4&3 

2,570 

3,448 

2,736 

I ,955 

1,234 

88.9 

39.8 

93. I 

88,8 

91,8 

89.4 

86,i 

89.4 

2.i CYCLE.S OF CONCEN— 
TRAT ION. 
PHENOLIC WATERS FROM 
TWO HOUDRIFLOW UN.IT,S 

600 C.P.M.MAKC-UP 
WATER, AND LODC.P.M. 
BLOWOOWN WASTE 

FED. I 

7 

a? 

23 

28 

APR. 4 

M A K E — UP 
BLOWDOWN 
MA K E — U P 

BLOWD OWN 

11 A K C — UP 
SLOWDOWN 
ii A K C — UP 

BLOWOOWN 

MAKE—UP 

MAKE—UP 
BLOWDOWN 

227 
i 52 
303 
237 

233 
i 33 
301 
i42 

266 
I 65 
368 
263 

2,725 
9,2 

3,630 
1,420 

2,790 
798 

3,6i 0 
650 

3,ggO 
990 

4,420 
1,580 

I ,813 

2,2u0 

$ ,992 

2,760 

2,200 

2,840 

66.5 

60,8 

71.4 

76 • 3 

69.0 

64.3 

i .2 CYCLES OF CONCEN— 
TRAT ION, 
PHENOLIC WATIRS FROM 
TWO I-IIOUORIFLOW UNITS 
1,000 Q.P.M, MAKC—UP 
WATER, AND C,P,M, 
RLOWDOWN 
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TABLC IV 

CHEMICAL QUALITY OF COOLING TOWER Rc—usc WATER 

COOI,ING TOWER MAKE—UPI 

t'JAx, MIN, Avc. 

, 

CCULINGTOWEFi OLOWDOWN 

MAX. MIN. AVG. 

7.25 
93 

435 
1.68 
i.3i 

72 
684 
Si 

231 
Iii 

9,a5 
ALKALINiTY, As CAC03 284 
(PIP .M, 
SULFATES,AS CASO4(P.P,M 43i 
IRON(TOTAL),AS FE(P.P.M 3.38 
COPPER (TCTAL),As Cu 4.90 

.P.M. 
SUSPENOEO OOLIOS(P.P.M. 57 
DISSOLVED SOLIDS(P.P.M. 678 
NITROGEN (GAS Ic),As NH3 t24 
(P.P.M. ) 

PHENOLIC COVPOUNDS,AS 74.0 
PHENOL (P.P.M.) • 

C.0.D. (p.p.M.) 541 
8,0.0. (P.P.M.) 1 259 

6.75 
68 

g93 
0.57 
0.18 

10 
336 
53 

8.4 

172 
82 

8.20 
u63 

286 
1.19 
0.75 

28 
501 

80 

25.9 

327 
i55 

7.85 
160 

545 
3.84 
5.76 

164 
1,000 
132 

a.20 

436 
208 

6.50 
52 

2i2 
0.63 
0.28 

24 
397 
39 

0.J04 

141 

67 

* PHCNOLIC COMPOUNDS DETERMINED HY THE 4—AMINOANTIPYRINE METHOD 
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TABLE V 

CoRRosIoN RATE OATA—-.AE—USE COOLING WATER SYSTEM 

CORROsIoN RATC 

METAL DATE 
WATER TEMP. 

(°F. 

STEEL 

I NCHES 
YEAR 

MILLI GRAMS 
sq. DECiMETER 

DAY 

*955 
JAN. 13—FEB.11 
JAN. t3—FEO.iI 
FEB. 23—MAR.17 
FEB. 23—MAR.17 

I 956 
JAN. 6—APR.23 
JAN. 6—APR.23 

90 
130 
go 
130 

90 
I 30 

0.005 
0.005 
0.003 
0.005 

0.007 
0.004 

BRASS 

2 '7 

27 
16 
27 

45 
25 

I 954 
Nov. 26—Dzc. 9 

DEC. 1Q,'54—FEB. 
t ' 55 

1955 
JAN. 13—FEB.11 
Fco. I6—MAR.e7 
FE B • .23 
Nov,p ,'55—APR.23 
'56 

90 0.004 25 

90 0.002 14 

90 0.006 30 
90 0.006 30 
90 0.003 

90 0.OOa S 
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SOI€ EFFECTS OF POTASSIUM CYANIDE ON SPECKLED TROUT 

By 

JOHN U. 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 1933) (Wuhrmann 1953), arid 

the influences of pIt (Doudoroff 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 describe4 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 effect 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 effect of those sublethal con- 
centrations of cyanide and the rate of 
recovery from them. 

These expertments were carried out with speckled trout 
Salvelinus fontinalis (Mitchill) of one size and at one 
temperature. 

The results of the, lethal experirrtnts 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 infdrmation on deleterious effects 
below the lethal level, and has descrfbed a new method 
by which future studios of sublethal quantities of 
toxic substances may be made, 

While a variety of factors influencing toxicity 
have been investigated, little or no inforrkition is 
available as to the effect of sublethal amounts of toxic 
substances on the ability of fish to carry out the normal 
requirements of life. Fry and Hart (194Ffl, Graham (1949), 
Job (1955) and Basu (ms. 1957) have presented information 
on the relationship between 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 
health, disease and predation may assume unnatural pro- 
portions. Interference may also take place in the 
movement of fish to breeding areas, new feeding grounds, 
or movement to escape an unfavourablo environment. Disabi- 
lity at any of these stages can lead to the elimination 
of a population. 

AND METHODS 

The speckled trout used for the cyanide 
experiments were all one year old and were supplied by 
th6 Ontario Department of Lands and Forests from the 
Chatsworth hatchery in January of the years 19% and• 1957. 
Fish of approxinutely the same 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. 

FxperimentalConditi on a 

The source water for the Laboratory maintains 
a very constant temperature, As this was satisfactory 
for the purposes of the5e experiments, no supplementary 
control was used. In parts (b), Cc) and Cd), the 
controls and fish exposed to the sublethal cyanide 
concentrations, as well as the solutions used in the 
various apparatus, were held at a temperature of 
a.a 0.2u C. In part Ca), the experiments were carried 
out at 9.5 0.30 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 
oxygen content of 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 tank8 ensured that no 
oxygen deficiencies occurred there. At no did the 
dissolved oxygen drop below 9 ppm saturation), and 
it generally remained closer to the saturation level, 
i.e. Cll.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 uze. 

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 CaC03 269,0 ppm Nitrite 0.0 ppm 
Alkalinity " " 216.0 " Ammonia 0.0 " 

Iron as Fe 0.02 " Silica 21.0 " 

Chloride as Cl 2.7 TI Aluminum 0.0 " 

Nitrate 0.0 " Copper 0,0 t' 

pH 8.2 " 



Qyanide 

Potassium cyanide was used in all the experi- 
ments 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 Methods 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. In 
some of the experiments repeated as a check, the fish 
apparently gave a more 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 
soluti on, 

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 Herkens (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 solutibn 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 flowrneter 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 bottles to ensure thorough mixing before entering 
the chamber containing the fish. A cylindrical jar with 
a volume of 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 experiments where a period of 
prior exposure was necessary (parts b, c 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 



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 rateof 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 exposed 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 ware 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 concentration3 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 inches in diameter, with a second 
smaller cylinder 6 inches in diameter forning an inner 
core (Fry The circumference of a point 
in the swimming chamber was 2.5 feet, alAd this was 
considered as the distance 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 of 
revolution. 

The procedure used in evaluating the ability 
of the fish to perform work was determined in the 
following manner. 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 consecutive 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 
mairttain 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 swain 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 supplementary 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). A 
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 + .20 c. 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 subleth4 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 gn. 

Siirvivnl 

Figure I is a plot on a logarithmic scale of 
the relationship found betueen 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. Between 
0.40 ppm and 0.10 ppm, the log time and log concentration 
are 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 and 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 
Nerkens (1952): 

n log C + log P a Ic, 

where C is concentration in parts per million, T is 
survival time in minutes and n and Ic are constants. The 
constants of the best fitting straight line are n - 3.48 
and log Ic -0.2b. 

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 fish in 0.05 ppm cyanide is 
approximately thirteen days, the linear relationship 
cannot reach this concentration undex' 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 incapacitated 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. 
When 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 ccxi- 

centrations. The points for the highest concentration 
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 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 0.01 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 observed 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 0.01 ppm swam only 0.4, 2.5 and 6.1 
minutes respectively. Thus, if the swimming time at 
if5 rpm (112 fpm) is used as a basis of comparison of 
ability to perform sustained labour, a reduction is 
noted of approximately 9B10, 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 of 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. Host of the fish appeared 
reluctantto 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 wore unable to 
complete the time required at the third speed. Fish at 
intermediate concentrations (0.03 and 0.01 ppm) were 
physically somewhat better able to perfonn 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 boon exposed to the sub- 
lethal cyanide concentrations for a relatively long time 
(twenty—nine days or more), information on the rate at 
which fish were affected and the rate at which they 
returned to normal was desirable. Figure VI illustrates 
the findings of experiments used to derive this inforrna— 
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 perform about one-third of the work of the 
controls. After one day in the exposure tank, the ability 
to work had been reduced by Only a slight further 
reduction was noted for fish that had been exposed for 
twenty—nine days. 

The rate of recovery for fish placed in clean 
water after a prolonged exposure to 0.05 ppm cyanide was 
slow. Some immediate improvement was noted (from 0.3 to 
3.3 minutes) when the fish swam in clean water, but no 
further recovery occurred 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 interest to note that two of the five 
fish that had been in the clean water for twenty-four days 
still swain only a relatively short period of tine, i.e. 
6.4 and 9.2 minutes. These fish had retained the dark 
colour typical of fish exposed to cyanides over a period 
of time, while the remaining three had returned to their 
natural colour and swam twenty—two or more ;ninutes. 

DISCUSSION 

Cyanide enters the blood stream of fish through 
the gill. Respiration in the cell is inhibited by the 
cyanide and death occurs when the first essential function 
breaks down. This is generally considered to take place 
in the nervous system. 

The effect of cyanide in inhibiting respiration 
within the cell would suggest that the behaviour of fish 
dying from the effects of cyanide would he similar to 
fish suffering from hypoxia. The behaviour of speckled 
trout subjected to various lethal oxygen concentrations 
(Shepard 1955) is almost identical to the behaviour of 
trout dying from lethal amounts of cyanide. In both cases 
where the most unfavourable conditions are encountered, 
the fish react by violent activity bofore 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 



— 89 

FI&G RATE OF &PECT ao RAfl OR 

— IWOICAT€.S WN%Mflt4tflIt4t flP05V to 0.05 PPM CPa- QOR IMOICAI€D 

- INOSCATeS lit€. fISH flPOSeDiQ 0.05 PPM CP4 33 
QAfl TIsCA 

71Mg IIM OA\S 



- 9C- 

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— 
nents 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, 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 6-inch speckled 
trout died after an exposure of 8000 minutes. Unfor- 
tunately, no information on the temperature or chemical 
conpositionof 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 mig,ht 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 (Saimo gairdnerii) in a continuous flow system where 
the time-to-permanent-turnover was determined in various 
concentrations of 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 0.50 C.). A lower lethal limit 
of 0.07 ppm cyanide was found to occur at approximately 
6500 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 between the two regions 
into uhich we have divided the concetitration—Survival- 
time relation". Their data demonstrate that a correlation 
exists between factors causing turnover at the lessor 
concentrations (dependent phase), but that there is no 
correlation between factors causing turnover in the two 

sections of the curve. 

Uhile no specific investigation was made into 
the relationship between time-to-death and time—to- 
permanent-turnover, three points were determined for 
time-to-death from experiitn ts per formed in estimating 
the effect of prior exposure on survival. As would be 
exp2cted, a considerable time difference was noted between 
these two criteria for the highest concentrations and pro- 
portionally smaller differences were noted at lesser con- 
centrations (Figure I). The points appear 
to have fallen in the curvilinear range of cyanide con- 
centrations. These may be straightened by following 
Shepard's (1955) procedure, where the information is 
plotted as time—to—death less fifteen minutes (Figure II), 
the fifteen minutes being the minimum in which speckled 
trout will die at lethal oxygen concentrations. If these 
curv3s for tine-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 curvilinear in nature 
(Figure III). For this reason, the results 'ire plotted as 
T -15 to straighten the curves and render the iriterpre- 
tation of the data less difficult. Uith allowances made 
for some apparent 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 
increases, however, it appears that the advantage of 
developed resistance is either lost or reduced. fish 
were killod at 0.3 ppm, those acclimated to two higher 
concentrations were already more susceptible than the 
controls. The slop? of the line for fish that had been 
exposed to 0.01 ppm indicate that they too would 
have become less resistant than the controls had the time— 
to-death been extended. 

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

In this paper, the adverse effects of very small 
quantities of cyanide have been demonstrated on the ability 
of speckled trout to perform sistained labour. The res- 
trictions are imposed almost immediately and rapidly become 
worse, while fish that have been exposed for a period of 
time recover only slowly over a number of days. The 
criteria used to evaluate the effect on ability toperform 
sustained labour (swimming time at 45 rpm) was not a 
maximum speed which the fish could attain, but corr.sponded 
to the cruising speed established by McCauley (ma. 

'thile the loss in ability might not have been 
marked if a less demanding criteria had been usod, it does 
indicate that whore a considerable output of energy is 
required, fish which have been in contact with as 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 interference with 
activity will be deleterious. 

In addition to the demonstrated lack of ability, 
nil 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 to occur before the fish were 
physically inc.ipablo of performing the task. The failure 
to swim undur the strong stimulus that was provided might 
well indicate an effect which under natural conditions 
would more serious than physical inabil.ity. 

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

The bio-assay technique for determining safe 
levels of discharge of toxic industrial effluents has 
recently come into general use. (Hart et al 1945), 
(Doudoroff at al. 1951), (Henderson and Tarzwell 1957) 
ostablishud a standard procedure which suggests one—tenth 
of median tolerance limit a con- 
centr.nion safe for discharge. This figure was suggosttd 
with the assumption that a of safety would be 
provided, although little information was available on the 
effects of toxic substances below the levels known to kill 
fish. 
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From the data presented on time—to-permanent- 
turnover arid cyanide concentration, the forty-eight-hour 
median tolerance limit would be approximately 0.09 ppm. 
If one-tenth of this concentration is applied to Figure III 
illustrating the affect of cyartides on activity, it will 
be noted that this amount of cyanide will reduce the 
ability of trout to swim by about fifty p€.rcunt. It is, 
therefore, 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 rmd for one species of fish at 
one temperature. The environmental 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 obtained. Under natural 
conditions, such a favourable environment may riot occur. 
For this reason, estimations of safe concentrations of 
toxic substances must be made on the basis of most 
unfavourable conditions likely to occur. 

Other fish and other toxic substances may or nny 
not indicate similar effects, but their investigation by 
methods outlined in this paper seems necessary to determine 
whether the observations made in these experiments are 
valid for other toxic substances. If they are, and the 
restrictions on activity noted in these studies may be 
considered sufficiently deleterious to a fish population 
to warrant the establishment of minimum concentrations on 
this basis, then a convenient method of determining this 
information has bean established. 
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1. 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 100 0. and oxygen concentrations of greater than 80% 
saturation. 

2. A linear 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 
expressed by the equation: 

n log C + log T - log k, 
where C and T concentration arid time and the 
constants n - 3.4.8 and k — At concentrations 
greater than 0.40, the time—to-turnover is independent 
of the cyanide concentration. The minimum time in which 
permanent occurred was found to be approxi- 
mately five minutes regardless of the cyanide concen- 
tration. 

3. 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 became more sensitive than the controls, the 
extent of sensitivity depending on the acclimation level. 

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

5. The rate of effect on ability to swim was determined 
by requiring fish that had not previously contacted 
cyanide to swim in 0.05 ppm. A notable immediate reduc- 
tion in ability was observed arid further reductions were 
found upon testing on subsequent days. Fish acclimated 
to this concentration were found to recover gradually 
within a period of twenty days. 

6. Increased sensitivity and reduced ability to perform 
work both suggest a reduction in the capacity of the 
oxidativo processes which is proportional to the concen- 
tration of acclinntion. 

7. From the rosults of the activity experiments, it appears 
that the proposed safe concentrations of toxic sub- 
stances as determined by standard bio—assay procedure 
may still exert a deleterious effect on fish populat- 
ions and should be revised for cyanide. Further study 
is necessary to determine whether these observations 
are also valid for other toxic substances. 
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BIOLOGICAL SUIIVEYS AS A TOOL IN INDUSTRI4L WASTE STUDIES 

T.W. beak 

Consultingj3iologi st Ontario. 

Industrial wastes are very varied in their composition, 
their orig±n and tho types and magnitude of the problems they pose, but 
they have one common factor in that they nearly always find their way 
eventually to some body of natural water • It is usually this stage 
that they make themselves felt as a problem and it is very often because 
in soac way or another they are affecting tho plants or animals that 
normally live in that body of water • This is the roason why biological 
surveys are a valuable tool in the study of Industrial iaste Disposal 
problems. 

I intend to illustrate the use of Biological Surveys in 
Waste Disposal Studies by reference to three different types of surveys 
I have carried out in the past eighteen months for Canadian Industrial 
Organizations. I an indobtod to those organizations for peri$saion to 
make use of the material collected ±n these surveys in the p'eparation 
of this paper and I shall each individually in its 
appropriate place.. Before I start on this, however, I want to refer 
very briefly to one or two basic biological principles w1dch will he 
helpful in understanding the theoretical background to this work. 

Figure 1 illustrates a very basic biolo4ca]. 
principle which applies widely in natural co:nnuuities of animals and 
plants whether they be on land or in water. In this present case we are 
concerned only with the communities in fresh water. 

The ned&um in which the plants and anliasis are living 
in this case is the water tocetl;er with the chemical substances 
and suspended in it and the substratam, which nay be rock, stonos, silt, 
mud or perhaps some other material, The basic coriiponent in the biological 
cycle is always the plant for these contain chlorophyll which 
alone has the property of about the synthesis of carbohydrates 

carbon dioxide and water in the presence of light. On this 
synthesis the whole of the food supply of both the animal and plant 
ltrgdom is based. The plant3 may wiry from minute unicellular plants 
so snail that the highest power of the microscope is required to see 
them) to very large plants, but they all have this ability to synthosise 
carbohydrates. 
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The ne:t coinppnont is the coa..unity, in 
which again the individuals may vary in fern and size over an 

enormous range, but all depend on the food synthesised 
by plants for their sustonance. In sotie cases the dojiendence is 
direct, as in the herbivorous animals, or secondary or tertiary 
as in the animals that eat other animals whIch in turn eat plants. 
In the case of others, such as the scavengers, it is evon more 

indirect, but the connection back to pJ.ants can always be worked 

out • iiithin the animal community many complicated dependencies 
exist in the form of food chains, but we need not bother ourselves 
with these at prosent. 

So far we have been considering only the synthesis 
side of the biological cycle, but if this were all there was to it, 
long before now all the available non-living material in the world 

would have been locked up in non—available living raatorial. Another 

group, consisting principally of the bacteria and complete the 

cycle, for these forms are concerned chiQfly with the break down 

of complex chemical substances of organic origin to simpler, 
inorganic forms. In this iray the materials absorbed through the 
plants and animals into living tissue are returned to the medium 
as chemicals available for re—use. 

Under natural conditions this cycle of activities 
is always strivinc towards a state of mobile equilibrium in which 
material is being used and returnod to the medium so as to maintain 
a rough state of balance. If however, something should occur outside 
the cycle to alter the balance, it is a fundamental natural law 
that the cycle of actions will chance in such a way as to try to 
restore the state of ecjuilibriuu. If , to take a concrete example, 
come pollutive substance enters a natural water, It adversely 
affoct some of the plants and animals in the community and the 
immediate effect will be to throw the biological cycle out of 
balance. However, another set of changes will take place, for example, 
an increase of numbers of more tolerant species, to compensate for 
this and restore a balance4 It is bocause biological communities 
behave in this orCorly, although often complicated manner, that 
biological surveys can be a useful tol in studying the effects of 
industrial end other wastes. 

In use of Biological Surveys in waste 
disposal studios we depend on the fact that in any body of natural 
water that i• not polluted, a certain type of animal and plant 
community will develop, the qualitative and quantitative composition 
of which will depehd on many factors including the type of bottom, 
the chemical and physical proportios of the water, the altitude and 
genera], geographical location and many others. Unfortunately our 
knowledge of those communities is not so detailed that we can 
foretell the details of the cogmunities even if we know all about 
the environment. Fortunately it is not necessary to hnow the 
details of the composition o1 communities for every type of 
environment before practical use can be made I the surveys, 
because in most cases we are dealing with comparisons of samples 

above and ..aelow a source of contamination9 It is necessary to 
know,howover, if any changes we observe are likoi,y to be due to 
the contamination, or to some quite unconnected circumotanco. 



We also make use of the knowledge that when a polluting 
material added to a natural water, it will not usually, unless it is very severe, extinguish the entire animal and plant community 
but will change it either slieht]y or grossly according to the 
nature awl degree of pollution. Again, we do not know enough in 
most cases to be able to take one sot of samples and Iron it deduce 
the exact nature and extent of a.pollution, but usually by methods 
of comparison, we can obtain a crept 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. Uhen a pofluting mat- 
erial enters a natural water, the biological cycle 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 
utilisirig it as a food supply. In this connection, living organisms 
have a quite amazing capacity for utilis'lng unlikely materials as 
a food source and thus 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 and phenols. In the 
course of this self—purification the water nay become grossly poll- 
uted, awl I am not advocating that this extreme extent of the property 
of self—pwification 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 valuo 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 awl to avoi.d its misuse. 

The first Biolopical Survey to which I shall refer illus- 
trates a situation where there is a long awl complic'ted waste disposal history awl the survey was carried out to help in assessing the extent 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 i-lawkesbw'y at the request of the Cahadian International Paper 
Company, to whom I am indebted for permission to describe the results 
obtained. The csurvey was part of a comprehensive investigation which included also the testing in the laboratory of the effects of the effluent from this Company's Hawkcsbury Dissolving Pulp 11111 on 
various species of fish, and also an experiment in which fish were 
retained in cages in various parts ox' 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. 



The Biological Survey VièkS out during the. 
01' 1956 anti extended from a point about two miles above the plant 
to a point about six miles of it. The river at 
this point is larre, with an averoge flow i.n the vicinity of 
40,000 cu. fl., A series of rapids starts opposite the plant 
at Hawkesbury and extends down river for about three miles. 

thin the river enters a more placid stretch in which there 
a fair depth and considerabje vara.ataon of current strength, 

The physical conditions of the river in this lower stretch are 
comparabi.e with those at the upper stations miles above the 
plant. 

The effluent from the plant enters the river on the 
right hank a short distance belot; the start of the rapids. It 
does not flow directly into the main river, but into a side 
channel formed by a group of Lslax1s. 

The sItuation is complicated by the fact thai; the 
Ottawa river hns many sources of pollution from the Cit:, 01 
Ottawa downwards, so that by the tiny it reaches liawkeshury it is 
in the recovery stage from these polJutions and also by the fact 
that the domestic sewage from the town of h!awkesbury 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 reke it unsuitable as a 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 degree as above the plant. 

It war obvious thnt there was a strip of the river 
the right bank iimdiately below the plant and town sewers which 
was &Iversely affected by the effluents from these sewers, and it 

also desired to Iuxw 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 iiawkesbury downstream to 
Chute—a-.Blondeau about six miles below this town. The selection cf 
sampling locations in this cane was to sone 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 sone risk, Otherwise it had to be confined to the 
river above the rapids and below them except for marginal samples 
that could he taken fron'i the bank, 

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

The animal communitw living on the river bot.tom above 
Hawkesbury was generally typical of a river well into the recovery 
stage from a polinbion.. The principal animals were species of 

Gamrm'u-us, tim an] 
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The samples immediately below the rapids were very generally 
cxc opt that there 'jcre more thin and the worms 
nez Li.y to the £w-Uy .riuidae. SLc aelot: 

at Chutc—a—Blondcau the samples were aloast .identical to those two 
miles above the plant. The differences between the samples immediateJ.y 
above and below the rapids wore small • There was a slight indication 
of a f ow tolerant aecics below than above 
thoucht to be more tolerent then but this would i&icate 
only a small degree of difference, end it can generally be deduced 
that by the tine the end of the rapids is roach the river has for 
all practical purposes recovered to the degree that it had above 
then. 

The sampling also showed that the condition that 
existed immediately below the outf ails was restricted to a narrow strip 
along the right bank of the rivcr and was aggravated by the fact that 
the fast water of the rapids tended to hold this t;ater in against 
the bank until it reached the deeper water downstream, when oddy 
action induced mixing.. 

The second survey to which I to refer differs 
from the first in that it a new piz4nt in an area t.here there 
is at present no pollution problam and the •su:wey is boing 
out to enable a close cheek to be kc'Dt on the situation a.ici so avoid 
any problem arising. The survey is being carried out at I•iillhaven on 
Lake OntarIo at the request of Canadian Industries Limited, who have 
been coed enough to givo no parnission to refer to it, although the 

survey is not complete. 

The plant concerned produces Terylene. polyester 
fibre although additional chemical plants are being developed at the 
site, A net: plant to produce has been built and will be 

"on stream" shortly. There is no polluting ol'fluent from the Terylene 

plant, but as the Lake in his area ban a high anenity value, the 

Company wished to have a thorough Biological 3urvoy carried out, so 

that should any doterioratien take place in the future there could 
be an early and reliable check on it. 

In consultation with the Ceizpar.y' a Chomical 
Engineering staff it was decided to make a thorough bottom sample 
survey, and to take sufficient aanp.Loc to obtain results that would 
have good statistical significance. A programme worked out which 
entailed taking six samples at each of eight carefully selected 

stations every other month for a full year, with single samples 
at each station on the alternate months. were taken through 

the ice in winter by cutting holes about three :eeot aruare and 

lowering the saziplind devices through thorn, in consultation with the 
Company's statistical branch it was decided that six scapos gave 
results that would have gao4 signifteance. 

This survey has boon under way for r.' a. mc' . a 
and will continue for a three. At the end of this tine 
we shall have a very corQrehenu±vo picture of the biological conditions 
from a point in the Lake immediately opposite the plant outwards in all dxroctiexu for about two miles, Uo shall knew not only the 
species of in the bottom '2onmunity, but shall ban a record 
of their cIensit:r and of the manner in which they vary in type and 
numbers throughout thu season. 
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We shall also know how much variation can be expected due to chance 
dii'ferenccs in sampling and how much is necessary to indicate a 
significant change in the 

It is too early to describe the of this 

survey, but already one or two interesting points have come out of 
it. First we have found that there is a very considerable variation 
in numbers of animals from sample to saiaple even when taken at the swrn 
tine and within a few feet, at the samo location, although the 
botton is remarkably uniform. This illustrates the i:nportanco of 
taking a sufficiently large number of samples at each point if any 
significance is to be placed on the nuabers of animals present. .10 

have also found that, excopt at one point where the botto:z is different, 
there is a general sImilarity in tho aninaj. community over the tthole 
area surveyed. This is very useful, because it means that any change 
in any part of the area could very easily be traced. 

I am confident that this survey still produce results 
that will have great value in the of po'Uutio:t pru5iens 
in the future and whIch will be very beth to 
engineers and biolgoists who are fdf?tt.i"n 

The tt' th. secr.d ;.s a ne'r plant 
site where no actual ic.rc o,eociat t.qLflQ 
ai'e several 
differences in ap:rca'h. cy being carrind out in 
Lake and a inte in the vicinity of 
North Bay. It is being dens for Johns-Msnville Limited, 
who have kindly givem no to :c fc: to it,, 

In this case tho plant is en Beard 
Plane using ground wood process0 The plant is not situated directly 
on the Lake, but en a small stream that flows into it. dash waters an 
being re—circulated, and an an illustration of the designers' 
confidence in their anti—pollution moasures, the tinter intake for 
the plant is downstream of the effluent frea it. In spite of this, 
because of the high amenity value of the lake in the area, and the 
Company's desire to maintain a very standard in pollution 
prevention, it was decided to carry out a su;'vo;" before plant operation 
so as to have reliable data against which to chock later. 

Due to the physical features of the site and the 
nature of the proeesseo 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 plant site and in the lake at 
various distances from the point where the stream enters it. In 

this way a comprehensive picture is being built up of both the 
chemical and biological conditions in th3 vicinity of the plant 
throughout. the area in which thoro could possibly be any effect 
from its operations. 

This survey has been completed and it is the 
Company' s intention to continue the surveys after the pi.ant is in 
operation for a period to make usro that there is no deleterious 
effect froja its operations. 
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Apart from the major of collecting 4ata 
the chenicul und biolodical con.Iitions, one or tue interesting points 
have arisen out of the survey. 

The stream is a small one end runs out of seine 
uw.r317 ground over a falls about 100 feet high, down a stoop rapid section 
and opposite the plant becomes a. deeper and alowe.' one about one 
hundred yeardc before entering Laho. Tue water in the 
is very acid — pH 5 and very deficient in dissolved substances the 
result is a rather sparse animal population. The pH rises slightly 
before entering the Lake, which itself varies from neutral to about 
p1! 7.5. Duo to the fact that the stream has deposited a thick 
layer of sand over the lot:or part oi' tho river and the bottom of the 
lake in an arc about half a nile radius froia the stream nauth, there 
is von' little r.ni:ml life in all.this area, although the Lake 

15 a fartile one, uith a fishcry. In order 
to con Laming a typical ntsber and variety of animals, 

had t.o go more than half a mile from the stream mouth. 

This is quite a significant finding, bocause one 
night havo expected in a Lake with a known. high fertility to find 
a bottom fauna consistent with it much nearer to the stream and had 
this condition been discoverad by sampling only actor plant operation 
there would have been a temptation to blame pollution from the 
plant ibr it. In fact it will be interesting to see t:hat effect 
the plant' s operation will have on this area. There will almost 
certainly bo cone rise in dissolved solids as a result of losses 
from the plant' a ciculating system and it seems t o tie that there is 
just a posciblity that the productivity in that part of the Lake nay 
be raised. This, he',zever, is merely a guess and would mood long 
odds to coue off. 

I hopo that those three exatiples of the Use of 
biological surveys in waste disposal studios have boon sufftciont 
to illustrate that it can be a useful tool. There are of course, 
other applications of to waste disposal, such as toxicity 
tests, tests af tho behaviour of fish and other animals in 

waters, studios of alcal bloo1s, etc. There arc also studies 
in related problornc; such as stratification in Lake and their effects 
on wasLe disposal. These, however, are outside the scope of this 
paper. 

The biological is, of course, but one of the 
tools avatlable for waste disposal studies. It is a useful tool, but 
at the risk of over—stretching the metaphor, I should like to make it 

that it is still a "hand teal" that is effoetivo' only in the hands 
Of en cxperieneod crAftsraan.; it has not yet reaôhod the s bago of becoming 
a "machine tool" that give reliatlo results in en mutoaatie machine, 

survey 1:as something different mbout it from the one boforo and 
if the is to be made of it, it must be carefully planned to obtain 
the usoful data with the minimum cxpenditure of tine and effort. In 
this tray biological sarvoys neod nat be unduly e;ç;ensive to carry Out) but 
unless they are carcfully and carried ou they can be wn.ctoful. 
They are attI, cir best uncn they are worizod out together by the Ohonica]. 
En1;incer t;lso understands Lir process problems and the l3iologist who 
understands what is likely to be the relationship betwoen these problems 
and what will happen under various conditions in the natural waters to 
whith any effluents will find their way. 
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3tream pollution in Canada has not reached the highly developed 
stage that it kiwi in the States and it apnoars that it will probably 
be car1y yours before tho prcb).eu aosumca the proporticr.sit haa'ih. 

the States • Tho reduced magnitude of the problem is undotibtedly 
duo to (1) the d&fforent hydrological and me teorlogical conditions 
that provail in the two aroc.s and ) the less heavily concentrated 

trial devolopmont and population in Canada as compared to the 
3batos. I am not as facu.liar tiith physical conditions in Canada 

as I am uith such c3nditions in the Zto tea, It does seem, however, 

that in ieti of tlLeuu cundi L Loiia aud 'fl. Lii t hc mire t,nvor:thlo rainfall 
and stream fbi; patterns nrcvuiling in Canada, this problem nliunLd 

not be as great as it is in the 3tates. 

Lot mu iiirtiwr this puint. ut Lb a very genoral 
a tatis ties from the pulp and paper industry4 For ins Lance, more thah 
half the United States wood pulp production is sulfate pulp i1ud 

most of this nroduction is concentrated in the deep South. For 
the past five years or so, many of our southern States have been 
plagued with abnormally low stream flows and rainfall. In one case 
tho effluent of a large kraft mill is ].9 times the volume of the 
receiving stream. In another cace, and this is at ono of the largest 
mills in the south, it has been. necessary to reduce the consumption 
of process water from 15,000 to 9000 gallons per minutes due to sustained 
drought conditions • Obviously, whore such abnormal conditi one 
occur year after year, unt4i tho abnormal is looked unon as normal, 
an wasto disposal problem is oroatwi, 

For the benefit of those who are not ac familiar with our activities 
I think, it would be in order for me to tell you juct ishat National 
Council for Strewn Improvement is — t:ho supports it — how it oporatos and 
i:hnt services it renders • Following this, I will roper t rather briefly 
on some of the problems involved in our waste treatment activities, 
how those problems have boon handle4 and finally, uhat has heeen 
accomplished in the parior industry in the ua3to abatement field during 
the ten years or so that our organization has boon functioning. 

COWCILJ$ 

The :Iational Council ('or Stream ie a ron—prof 1.t research 
and service corporation organized by the pulp, paper and paperboard 
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industry for the purpose of developing solutions to the industry's waste. 

disposal and utilization problems. in addition to our activities 
in the water pollution field, a study of the pulp and paper industry 
air pollution problem was initiated last year. 

The tiational Council is sunportM by pulp, paper and paper 
board manufacturers in the United Statca and its operations are 
financed by duos assessed on a tonnage basis. It operates on a 
regional coizinittec basis with a ptid staff and with management functions 
cantered in a central. Oncratthg C9rnmittoe and a Board of Govcrnors 
consisting of exocuttvos representative of thu various broad types 
of pulp, paner and panerboard manufacture in the U-.ited Sta Los. It 
conducts rosearch at regionally located research institutions and 

research and other technical infor:aation to the industry. 
It furnishes technical services directly to members on stream 
in)rovement problems through the of its technical staff and 

resident encinecra. 

R23;CCHLCT1VITLS 

In the early days of our organization the primary accent was 
On rcsesrch. This was necessary at that time, some twolve. 
years ago, there was little organized information on the subject of 
the treatment of pulp and paper mill wastes and it was necessary 
to build up a background of fundanontal information in this relatively 
now field. 

Accordingly, throughout the years, research projects have been 
established at a nwabcr of the countryt a outstandind research organizations 
including the Institute of Induzitrial itesearch, the University 
of ichigan, irginia Polytechnic Institute, University, 

Louisiana Jtatu University, Purdue University, Oregon 3tzsto College, 
the Institute of Paper Chemistry, !a1.amazoo College, aatos Colleg6, 
University of Georgia, University of laine, and Columbia University. 
Most of these reuearch projects are still being carried on, although 
some of the ins Litutions mentioned have comole ted certain phases 
of their work and net: projLctu have boon inaugurated. The projects 
at these various institutions deal with waste disposal problems 
which arc of -articular interest at thu mills in and adjacent to 
the area in which the research institution La located. 

Tines LOCS not permit discussing these research projects individually 
but it would be, I thihk, of interest to outlino the general 
followed in these projec La • The invantigation of the 
prior art and the pre!tratiort of a complete in the first 
task as to the research group. this, dotri led analyses 
are made of samples of the waste obtained from ai4acent mills to determine 
its pollutional At the same time the Council's 
technical staff and industry technicians exaaino the immediate problems 
at hand. Concurrently, the technical staff recommends certain laboratory 

inve,tigations based on their of the waste and their past 
experience with wastes having somewhat ci. .ilar characteriStics. Any 

proccduros which show promise in the laboratory are explored further 
in that sight be called bench pilot plants and following this, if thoy 
still look promising, the procedures are furthcr in 
larger scale pi&ot plants, generally at the mill site, 
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TO 

our Board of Governors has long subscribed to the policy that 
research is merely a raeans to an end fAils it 
follows that if the research findings and developnents are not applied 
to actual industry operations, the value of the ontt'e is 
nullified, or at boat i.s only of minor and temnorary public relations 
value. In our case, this policy has roquired that 
we establish regional engineers in each of the regions of the United 
States to concu:Lt with me:.bers and assist them in applying research 
and pilot plant developments to thdr actual mill oncratious. o have 
cix such resident strategically located from hew Jersey 
to Oregon and their services are available to members entirely 
without charge. They render a variety of services, including mill 
was to surveys, stream surveys, c onsulth tion on local pollution problems 
nulL the preparation of' preliminary waste trcatnent plant designs. 
These engineers each corn answer as many as one hundred 
cal!s a year and were it not for this service, which duo to the 
cooperative aspects of our ;)rogram it is possible for us to furnish 
free to expenditures by mills for such services would be 
many the actual cost involved to the Council. 

I believe it would be of' intcrest to those resent to summarize 
very b'icfly our proceauro in handling individual and local pollution 
situtatious. 

NT i 

An eng:i.necr's first visit to a mill which has rE'quested his services 
is generally of an exploratory nature. In this first call he obtains the 
details regarding the local problem that is, the nature of the complaint, 
obserres the general situation in the receiving strccmi and at the 
sane tins, investigates the facilities that the mtll may have for dealing 

with the rituation. In many cases it is found that no survey of 
the quantity and characteristics of the a waste has been made 
and, in fact, in some cases nrovisions for measuring the flow have 
never been made. mill sewers must be 
Lo sampling the waste at various points. necessary 
the cnginecr orovides the operators with drawings for the 
installation of weirs and other devices for measuring and sampling 
the waste. 

Following t' I.s, samples of the waste are taken at proper 
interva].s from the various mill cowers and thcse sannies are either 
analysed on the spot or taken to the laboratory for analysis. Generally 
the traste is analysed for suspended and uett;elable solids, ROD, pIT, 

etc. Soinetines it is necessary for a stream survey to be undo to 
arrive at a full understanding of the problem. In this ease, the engineer 
establishes sainling oth Lions along the s and tries to arrange 
to sample the stream at average low flow. Such a survey may 
several weeks to and the data obtained may include time—of— 

passage studies and the analysis of ssmnles for aflal inity, 
dis:olvod oxygeu, BOD, color, turbi 1W, suspended solids and 
sometimes additional values. .ttl of these activities are carrIed 
on In cooperation with the mill technics]. personnel, the local regulatory 
agency representative itnd onginecrs who may he cngaged in 
similar acttvities for the 
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With these data in hard the engineer can forecast with 
considerable accuracy the which can be expected in the 
strew! from any given of treatment. Knowing how much money 
the mill can afford to spend on waste treatment facilities and having 
these data, then, and then only can a waste treatment plant be 
designed that can reasonably be expected to meet the requirements of 
the situation and still fall within the range of economic possibilities. 

Itch thL same procedure is follared in evaluating the new 
mill sites which, incidentally, is a very important function of our 

organization, as obviously the logical time to consider pollution 
problems is before mill construction starts. In now mill site eval- 
uation surveys, a more elaborate stroat survey is required as the 
location of dissolved oxygen sag—points and other critical conditions 
resulting from existing and further loads noist be determined and 
evaluated in view of existing and future stream usages. 

POLLUTION PROI3IEIS IN THL PULP AND PAPER INDUSTRY 

I stated earlier that I comment on sane of the prob- 
lems enceunto red in pulp and piper mill waste treatment. Obviously, 
this nist ho done very generally slice WO have in the United States 
nearly a thoucand pip and paper mills located in forty different 
states, with each state having its am individual set of laws or 
regulations relating to stream pollution control. tthile it can be 
said with considerable accuracy that each zaill must be considered as 
an individual case, there are, nevertheless, certain problems which 
are mort or less to the majority of mills. 

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

1. Solids removal. 

2. Sludge dewatoring and disposal. 

3. BOO reduction. 

4. Toxicity, 

5. Color removal. 

Solids Removal 

Most stream pollution difficulties resulting from the discharge 
of papLr mill solids are due to the presence of fairly coarse suspended 
matter? largely fibre and other orffanic debris. A large portion of this 
will settle at low stream velocities, causing the usual problems assoc- 
iated with benthal deposits, 

On the for the taper or board mill without wood p.ilp- 
ing operations, the suspended solids average about 100—300 ppm and the 
1300 about 20-200 In tho pulp mill, suspended solids may vary from 

50-150 ppm with DOD's ranging from 200—1000 ppm. 
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iflew cquipmont and processes are being ctevolopod and 
with such equipment and processes, roduc Lion; of '/0—90Z of the susipended 
uatter is without the use of coagulants. The use of coagulants 
will accouplith the settling of virtually all the suspended solids. 

The cqupmont available consists of flotation anL clarification 
dcvi con, ned t!aenta tiozi ba; in;, Ciatonac ecu; earth and vacw in filters and 
other equipment. For c' rtath typos of papor mill ;raste, sedimentation 
basins offer the aos t ec:no:iical 

has boon s&i.d the financial attractiveness 
of recovery of fIbre othcr naterlals. recovery of fibre 
beyond a cLrt.ain paint is not nrcfitcble, but inposcs an actual cost on the 

operations. fJso, of aoiae of those 'nstea 
ilfl')OSOQ a flr3blofl Si.nce residues arc not suitablo for re—usc and 
interfere t'ith the manufacturing process or reduce product quality. 

D&.; 1osal 

'requcntly, waste is encountered in certain types nf which, 
while no nroblen of clarIfication, does present cn extremely 

sludge dowatcrinc and disposal nroblem, Thc common method of 
disposal of these sludges is lagooning in earth embanked lagoons. These 
are filled with which is allowod to compact, which 
supornatanL is off. resIdue is a 
point where it can be coiloc ted by roan; of a bulldozer or Crag line and 
hauled to a ground. a considerable dif iculty 
at many mill sites located in highly developed and congested ares where 
iAO disposal grounds are readily 

3olids removal which is practised quite generally by mills 
throughout the U.:i ted [;L.tes, unfortunately ha; a ninor offec t in 
ceducing the o the uasto since the ..;. is encountered 

In the dissolved solid; portion of the t:csto than ih the settlcable 

s portion. 

nollution nroblonts resulting from the dinchargo of wastes 
In oç';cn domaid to recoivind with insufficient oxygen 

resources are too well known to r mitre enumeration here. The development 
of downstream oxygen sag—?oints whteh advorsoly affect aquatic life, 
rocoreational use; and contribute to the dcvelop4aunt of odour and other 
nuisances are centAon under ouch condition;. 

.c. the b'ortanoo of this problem Ce;pite the 
ox2endituro of hundred; of thousands of dollars on re1c;are!l in the labor- 
atory anJ on pilot plants, no econonically feasible universally 

device to efrect significant reduction; in the of certain 
pulp mill wastes has as yet boon developed. 

During the pa.t ton yearr, Notional CDuncil for tream 
Improvement has ;pcnt over l50,000,C0 on research relatinz to the 
reduction of the of pulp and panor mill wastes. Some of the 
trcatnent processes inve;ti;ated include trickling filLer; such as used for 
treating domestic aewace, anaerobic and aerobic decomposition, heat 
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hydrolysis, production, fodder yeast production, alcohol. 

production, aeration, the use of oxidation cata]:tsts rind cii:llOyr4ent of 
szas to liquor for so 1.1 and conposting. of 
research has as yet resulted in tho dovclaxicnt of a practical process 
for certain pulping wastes and, in nany cases, the processes 
iavesti;ateit uoulti. tresunent 2lants c:uaiing the sill in size 
aiìd rivalinc it in cost. 

Constderable nrogross has boon nade in the Lulfite industry in 
convertthg to a different cooking ha:es ':ith some reductin:: in 13.J.D. 

nre, the conversion cost is and fnquontly beyond the 
financial rcsuurces of man;' sulfite mills. IL also 
should be pointed out that many j'rohlcns still remain to be solved in 
such conversions, including evaporator sealing difficulties, c orros iAn 
troubles art.4 the that the operation of the procoas will create 
an air pollution problem more serious than the ori,;inal streon pollution 
problem. 

Great deal of projesc has been made b:' the industry in 
cfflucnt disposal practices to minimize the effect of the oxygen demand of 
the effluent on the receiving uaters. of various types of waste 
is being successfully 7ractised and the use of certain waste liquors 
for rent1 binding is also successfully employed. In the final analysis, 
hz'evrr, the D.O.D. is unsolved and •thL is expected 
to continue to vex the !nciustry for some time to como, 

Lrtain cot: ...uents of cone pulp nUl wastes, ithon occuring in 
hi;h cone s in the receiving stream, have toxic 

qualities to fish and other aquatic lift and tals problem has been 
intensively invcsti:ated. 

T rtunaLoly, ho'iuvcr, most of the iills u4o of fluents possess 
t4iS quality are located on stronus uhoro large quantities 
of trater are vail::ble for dilution and this the toxic 
constituents from reachirq harmful to the aquatic eavixrnn— 
ment. Research has t;i lea Led that in cases uhere a dilution factor of 
20 to 1 is available, the concentration of toxic constituents does 
not reach harmful levels. Li othcr cases uhore this fortunate situation 
rogar('ing stream flou does not efforts have boon devoted to 
devloping autonatic nothods tor dotoction of critical concentrations 

reduction of the concentration of toxic :rnterials by 
pre—troatmont. 

Generally speaking, toxicity to aquatic or other life is not 
nos' a serious •-rohlen to the indus try althou;:h de?lotion to a point 
tihero qquatic life is inhibited can be a problem under adverse strcara 
flow conditions, 

Color 

wo do not look on color in uaste roceivinç streaus as a 
pollution problem in the strictest sense of the uork, I:t stroams, 
particuLrly those in the south, the '.•:ntcr is ds—colored due to 
natural causes, the highly colored a2pearancc being brougit, about by the 
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nrezonce of decayed Ii such stroans the presence of pulp or 
naper mdl wastes may or :uay not cause additional dis—coloration. in 

heuover, the stream, re::ardiccs of trheUtcr jt receives waste 
from industry, may be niji in disooj.vocl havo turbidity and 
have an :.bundant etluhtic life. Tli.; ua—inLThri;1o may, and in fact 
does, cnns'der discoloration as evidence of pollution, hence eonsit.cration 
must be z'iven to this nrohlon &.o':i,itc the aetu ci high quality of' the 
t:ater considered purely from a technical vi n:point. 

This problem is of mast imnortanee toui in the deep south and 
a considerable :ort.Lon of our research funds is both; devoted to its 
scblution with considerable SUCCeSS havin; boon achieved in 

remedial measures on a laboratory basis. 

In ;eneral, in the prner the construction of waste 
treatment plants is expensive due to the lar;e waste which 
ntis t be handled. Sn :c of the lorger units in the inc.na try are 
required to dispose of an effluent the volume sf which may amount to 
as much as 15 to 20 million alloas per eay. To treat this waste is 
must first be held at sono point in the system for several hours. This 
cy providinc a tank or basin having a capacity of a million 
or more gallons. T11j5, with the necessary :iping, valves, 

instruments and other accessories, represnts a formidable 
investment in itself and the actual waste treatment mechanism must in 
addition be iroviced. 

In concluding, I think tt proper to make noise brief report 
on the aceomolishmenta of our organization and the industry in 
pollution abatement. 

H:.3 BP. : coot:: i.I:flhiiD 

-:x 'ro:msiatcly five years a . iati3 of rC n'.: 
urers survey of water usage and t.'asLe treatment in showed that 
37; oP ;1i .llls in the U aste treatment plants. 
.4.tco then the construction waste treatment plants in the pulp end 

inLustry has proceeded at an cecelarated rae. r:cent survey 
of 329 mills by the Entional Council ,.Lnz' i:..4cated that 1CC, or 55, of 
the miLLs in tha survey :amae, have constructed waste treatment plants 
of one ty?e or another. substantial pollution abatement, 

nhen it in considered that many pulp and pa:er mills are 
situated at locations where abu'uia±t flows is receiving streams 

or tidal water na':e waste treatnent plants unnecessary. 
Dazed on this recent survey it can be esti .ated thai. the 
industr:' lies spent in the neighborhood of far waste 
treatment zlant construction over the east 10 years. hhile comparable 
data for other industries are not available it is doubtful if any 
other industry in the Untued or; has made expenditures of equal 
magnitude for waste treatment facilities. 

It is not my intention to report the :)rodress made on a state by 
state basis, but a few highlights will indicate the trend. In 
sc:ns:;lvania, for instance, practically every and mill in the 
state has a traste treatment plant. In and ':here most 
of the sulfite p4p : onuetion of the country is a ituatOd, the :utp tllã have, b:: revised effluent disposal :'raetiecs, reduced the volumo 
and strength of the wastes discharged in critical stream areas by 
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over the past five years. All of the de—lnkinz culls in Zlchican 
and .a;Jcc.ultutL.3 have sins be plants, L; the 

t. kr..J't in..ue try tihich, incidentally, note than 
so;: of thc .4roduced in the U. iLca ;L.tc:, 
uvcr the t:'t •cura, by butter recovery iaethods and othor in—raill 

have reduced the B.),J. oi' thcLr ;:aotes on the c.verace from 
150 to 30 of 13,,j,,. 7cr tori of uct. In , iany 
41.Lz in cntjcal r. :rllct. l4oons 
or other trcathent devices. Thy-c ore of 

in D of country cni by othcr cogzonts 
of the indtwtry, and are of sicalficance tthen tho record: 
of the pulp a:id paper industry is conc:Ldorcd. 

UttcJer the do1nostic economy of the xust ten years, t.hich 
saw all—tune reduction records established by the pulp and??a7er 
industry dunn; each successive year, paper and 
?rocuc bion increzwod b:,' 50I. this teriod which, i.ndicentally, 
co±ncidos 'rith the period that the i.::ttonz-J. it 
has been iti the total pollution load of the industry, did not 
increase, bitt ratbLr shnwud a staal.L decrease, Thin in, rely 

of sa,, In.; that over the last ten years, ?ulp and papor indw try 
?ollutiou per ton of product has boon dedreased by over 50,. 

i our fc...t that Uh13 iii ..cc.Lcdly 1ortht:hile 
&ccoa lian...en.. 1 boliove that t.io nu]n try 
the :ibr..buLaa or j.. ..c;Lrable 
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Joste thg 

U. S. 

by 

Robert A, Canjiam 

Uashington Research Laboratorios, iationai. Canners Association 

In tho course of making a comparis in botuceit the waste r'roblena in Ontario 

and in the States it first becomes evident that there is no wide divergence of 

products handled in two countries, thereforo the s:aste characteristics are 

comparable. Since the niajority of the Ontario canning area lies within short 

distances of the shore lines of Lakes and Ontario, the growing season can 

be compared with ilichigan, Eorthern Ohio, and Upper New York State. 

We then can surmise that there are no maj or differences in the waste pro- 

duced in the canning industries of Ontario and the United States • The relative- 

ly minor differences would appear to be in the status of legislation and enforce- 

ment. Rather than to include a detailed discusuion of these differences it will 

suffice to state that in many areas of the United States legislation and 

enforcement was initiated many years ago, while in Canada such steps are in 

somewhat earlier stages. 

Some of the background of the experiences encountered in the States may be 

helpful in this discussion. 

Work in the canning waste field in the United 3tates began nearly 30 years 

ago with the first state—level legislation and enforcement aimed at stream 

pollution abateaient. that time there have been steadily expanding activi- 

ties both by the state agencies to strengthen and enforce the legislation and by 

industry to meet the treatment demands. Requirements for stream pollution 

abatement are brought about by public which is administored throu€h the 



various state agencius. The aoproach of the state agencies to theue robleme 

generally has been constructive.. The of industry to the economy is 

usually recognized, yet it baa become necossery to impose waste treabment 

roquiremonts. Tho canning industry has maintained a cooperative relationship 

with the various state agencies in atLenipting to supply mutually satisfactory 

solutionS the encountered. 

To e4:amine the bacharound of the U.S. Canning Industry let us quote a few 

over—all statistics. The 1956 pack of cannod foods was almost 730 million 

cn$05 containing more than 21 billion and glass containers. The retail 

value of these products is esti,nateci at over 4 billion dollars. In the canning 

industry alone production workers recoiv3 annual wages amounting to over 350 

million dollars. Canners provide employment at peak seasons far about 500,000 

persons, and the many related industries — suppliers, distributors, transportation 

companies, retail — multiply that total many times. Canners 

annually pay to the agricultural producers of raw products about 
one billion 

dollars. 

The total rotaiJ. exponditures for durable and non—durable goods 

during 1956 to 167 billion dollars • The 4 billion dollars expended on 

canned foods ropreserits 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 is 

estimated to use 301113 36 billion gallons of water. Although it is true that the 

water consumed by the canning industry represents only soma 0.1 percent of the 

total industrial usage the organic content makes the waste equivalent to 

about 10 times the actual volume. 

In terms of the organic load produced in the canning industry'.-; waste the 

annual biochemical o:;rgen demand is estimated to be 500 million pounds. 

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

pounds of D.O.D. represents only the potential organic load the nation's streams. 
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In reality only a samli portion of the total load ever enters the water courses 

due to treatMent practices. Estimates of tin ultimate total B.D.D. 

contributed to the streams are not available. Improvement in the degree of 

treatment providadby the industry been steady and is expected in the 

future to continue in the direction. 

Let us review briefly the sources and clwractcr oi waste from typical 

canning operations. Uator is used for transporting the raw duct and for 

product transfer within tho process, washing at various stages of the operation, 

make—up of brines, syrups, etc., cooling, and sbeaitt production. iIith the 

of that used for of stew and the comparatively small nnount 

of water which enters the product, the water used in a canning operation oventual— 

ly finds, it2 way into a drain as waste • watet' leaving the plant is 

contaminated to some degree by organic matter. Siillage of product, brines or 

syrups; settleablo, suspended and dissolvod solids contributed froia soaking, 

washing, triamiing, grading, or fiuming make up the bulk of organic contamination. 

Cooling water usually iu contaminated with organic matter to such a 

extent chat treatment is unnecessary. Thus it is seen that the waste for dis- 

posal, with the exception of the brines, tiyrups, or seasonings, Ia actually 

composed of portions of the product carried in a water 

Over a period of years there have been interesting trends observed in 

methods of handling the food with resulting water consumption variations. 

Twenty years ago it was counonly considered that to produce the average case of 

canned product, 25 gallons of water were required. During the intervening years 

canners have constantly attempted to the quality and handling of the 

product by means that have genora3.ly meant the use of zaore water. Today the 

average water consumption is nearer to 50 gallons par 

Now the thinking is to point in another direction • The over—all 

water needs in the United -itates and Canada. are increasing at a tremendous eato. 

The enormous industrial potential of will intensify the water 
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supply in the future. 2ven the popular press is now devoting consider- 

able space to tha anticijiated crisis, Thi industrial by 19'/5 is e::pected 

to be more than double that of today. Pouestic deuands also incrcii,se steadily. 

It is foreseeable that there nay be a serious tzator crisis in the present 

generatton. All industry iaust realize those prospects and plait 

example of title is the concciLrated effort not-i being carried on fur conversion 

oj' sea water to fresh water. 

There is roason to believe that the tendency for more efficient use of 

water with resultant will ho accentuated in the itear future. In the 

canning indusbry it means that we must look for a return to 25 gallons of water 

per case and even less, while still improving the quality of the product. 

As might be expected, any decrease in the unit aiaount of 'iater used inten— 

sifies the waste troatuont problem. d.O.D. concentrations increase although 

essentially the caine total weight of organic load is present. Where water is 

not available for dilution, higher d.O.D. concentrations can mean considerably 

more in Lreatmont. Therefore flexible planning is nccessary to copo 

with future trcatuent requirements. 

Treatnent Costs 

As is characteristic of the food industry, much of the canning industry 

operates on a low profit margin. Therefore waste Lreatment, which is generally 

considered as a non—productive is viewed pith little onthusiasn, 

especially by those producers who tnaintain seasonal operations. frequently 

those with year—round operations find it oasier tD justify waste treatment coats 

sInce the total gross sale of' their in comparison with seasonal 

operations nay appear considerably different for siuilar treatment facilities. 

Recent estimates show that the total cost of waste treatment in the United 

States including capital investment and operating charges is in the vicinity of 

2/3 cent per case, which represents a total annual outlay of nearly 5 million 

dollars • However, this fi6uro can be misleading. The reported national average 
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cost of 2/3 cent per case includes the production from many plants at which 

essentially no traste treatment facilities aroprovided. If such plants are 

excluded from the estimates, the average treatment cost is believed to be 

within the 1 to 2 cents per case rance. Ten to fifteen years ago a waste 

treatment cost 0.1 cent per case t•zas the estimate. Although production is 

rising the waste treatment costa are rising at a more rapid rate. The princi- 

pal reasons are those stemming from the over—increasing degreo of treatment 

required. Increased labor and I4aterial costs have their cffect but are 

secondary to the increased treatment requireraontis. Due to the changing con- 

cepts of necossary treatment facilities the unit cost of waste treatment may 

be expected to follow the present trend and increase substantially within the 

next few 

A striking exaraple of waste t:'eatmerst cost trends is revealed in the 

records of one canning finu. During the 14 year period of 1922—35, total 

capital expenditures for anountod to 025,000. This was during 

the very early stages of waste t. ' Du.rir.g thB next 10 years, 

as enforceiitent was beginning to in ft,Ct, zap.LtuI outtçy wan $100,000. The 

final 11 years to date show an expenditure of OsoO,000 for treatment facilities. 

Obviously the production rate did not follow the increasing s?iral of waste 

treatment costs. 

To anticipate future waste treatmont requirements, think of a further 

incroaso of 600—700 percent to an average cost of 5 to !O within 

the next f ow years. Add to this tho fact that icaste treatment, as a non- 

productive cost, will continue to lower the profit margin and increase the 

competition for the consumer' s dollar. It then becomes increasingly evident 

that efficiency 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 troatinent cost. This has not been 
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the case in the canninc waste ai'ea. There are only a few "successful" 

recovery operations involving a limited number of products. By 

we 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 evidence that 

a financial profit is possible. The waste recovery field is another that 

should and must be explored further as treatment requirements increase in 

intensity. 

of C 

The design of a treatment plant would always be simplified if uniform 

conditions could be anticipated • This is not encountered in canning wasto 

treatment • The seasonal nature of many operations has already been mentioned, 

and the 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. Since each waste has characteristics disuiiailar to 

others, thu combinations of conditions causing variation can readily be aeen. 

A good example of the difference is aeon when the B.O.D.'s of the waste from 

various products are compared. Asparagus waste 13.0.D. may be as low as 

16 ppm. while pumpkin and squash waste iJ.0.D. may be as high as 11,000 ppm. 

Other important waste characteristics affecting the design of treatment 

are variations in solids content, pit, volume, color, temperature, odor, and 

deleterious mineral content. 

Waste Treatment Methot 

The following listing includes the general classification of treatment which 

have been or are being used at the present times 

1. Mechanical 

a) Screening 
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2. Chemical Treatment 

Chemical Precipitation 

3, Biological Treatment 

a) Filtration 

b) Aeration 

c) Lnpounding Lagoons 

4. Land Ilethods of Disposal 

a) Impounding Lagoons 

b) Ahse:'Y1.rr. 

c) 

a) 

5. Discharge to munIcipal sewer systems. 

Screening is minima], treatment and is nearly universal. At some 

screening is the only treatment used, but in a great many instances screening 

is a form of pro—treatment. Only the larger floating, sattieahJ.q cr 

solids are reuoved, therefore with many products only slight D.O.D. one 

are accomplished. In fact, canning waste analytical data refer 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 Prec ipjt.at tori 

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 D.O.D. in solution is not affected. 

As a result maximum D.O.D. reduction limits of 25 percent with fruit waste and 

41) 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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efficiency was satisfactory in many areas, however it soon became 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 

degree of primary treatment will suffice. 

Treatment 

Biological forms of treatmont were next conoidorod. At this time biological 

treatment methods wore common in the municipal. sewage treatment field, and it 
seomed logical to apply these jrinciples to industrial wastes. 

Early attempts at the utW.t ui' i :L.:sLt;d or high rate trickling filters 

for industrial wastes met c.r Tteatment of con— 

binod domestic and industrial .; p:t Ce ehere the design 

loads arc not appreciably exceeded. of canning by biological 

filtration has been done with disappointing rosults the genera]. rule. Several 

reasons for these failuros are apparent. First, canning waste usually is 

deficient in mineral nutrients necessary to the functional organisms. Nitrogen 

accounts for the principal deficiency, although phosphorous, pot4ssium and a 

numijer of trace elements are also critical. Correction of these deficiencies 

must be made by supplements to the waste, 

It mS.y also be necessary to make pH adjustments of some wastes in order to 

maintain the proper enVirOnhtent for the organisms. 

The most serious deterrent has boon the fact that it is necessary to make a 

continuous application of waste for a period of several weeks prior to tho 

canning season in order to develop the complex biologioal growth on the filter 

medium. Waste must also be applied continuously thereafter. It can be seen 

that these conditions are not always easy to provide. A year—round packer may 

find it possible to meet those requirements, but usually a seasoital canner 

cannot. 

Compared with domestic waste treatment, proportionately more filter capacity 

is necosae.ry for canning waste duo to the much higher 13.0.0. concentration, 
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Shock loads of high D.O.D. tracts have 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 markod deviations in environmental conditions are 

encountered those organisms are damaged. 

Pinally the cost is prohibitive for seasonal operations, As a result 

there are very few such filtration treatment facilities used. 

The other biological treatment method of primary importance involves the 

use of air to supply oxygen to a group of organisms which feed on the organic 

material in the waste, Various names are applied to this form of treatment 

such as activated sludge, straight aeration, total oxidation, etc. 

Two major factors have been important in the slow acceptance of aeration 

in the canning industry — the high capital investment required and in many 

instances the elaborate degree of control necessary to maintain balanced, 

efficient operations. 

Recent experimental work with aeration has indicated that under certain 

limiting circumstances tho method can be applied in a iiimplified form to obtain 

a high degree of purification, provided that the cost of treatment can be 

justified. Aeration appears porticularly promising whore a canner's waste 

admittance to a municipal sewer system or water course is dependent on the 

waste D.O.D. level being within the general range of normal domestic sewage. 

Under these circumstances the aeration would be a form of pre-•treatment, 

At the present time the commercial use of aeration is limttod to a very 

few installations, It is predicted that with the increasing requirements for 

efficiency of treatment, aeration will be utilized further, 

Land Methods of 

During the early years it became evident 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, today there is less enthusiasm 

for their use than in earlier years. Lagooning is merely the holding of 

liquid waste (usually after screening) in a single opon pond or reservoir or 

series of such containers. In reality lagooning combines biological and land 

methods of irganisms naturally present in the soil utilize the 

organic matter in the waste to satisfy their food requirements, thereby pro- 

viding biological stabilization. 

Advantages of lagooning are the 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- 

tbn process. In many instances tho odor problem becomes the critical factor, 

It is then necessary to resort to odor control measures, which vitally affect 

the economics of treatment. 

A number of materials have been used for odor control. Nothing has been 

found to give complete control, although with proper application some allevia- 

tion may be expected. Sodium nitrate in amounts ranging upward from 200 pounds 

per thousand standard cases has been used extensively. Little success has been 

with the materials variously described aa "enzymes° or 11bio—catalyats". 

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 mixod 

reactions of those evaluating the results. 

Other land forms of disposal wore tried in the lagoon era. These included 

absorption beds and ridge and furrow irrigation. 

Absorption beds had very limited application due to tko exacting conditions 

necessary for su000saa klastes are flooded under controlled conditions onto 

shallow beds or flat land areas and allowed to percolate into the aoil • A pri- 

mary factor for odor free operation is the maintenance of rapid 
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percolation. The waste must be free from coil—clogging particles. The ground 

must be essentially level to obtain even application when flooding. Sufficient 

area must be available for a systom of rotation to allow drying. Ground water 

contamination iu also a factor, 

Ridge and furrow irrigatton requires conditions similar to absorption beds 

except that level land is not necessary. The system includes a series of 

furrows fed by one or more header 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 absorption. , Advantages and dis- 

advantages are similar to the absorption bed method. 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 been made in disposing of pea vine 

enailage juice, 

About ten years ago the disadvantages of the treatment methods then in use 

led to the adaptation for waste disposal xurposes of the long established over- 

head sprinkler irrigation aa used 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 canners use this system. 

There are several, reasons for these changes • Inadequate degrees or treat- 

ment due to increasing requirements, odor problems, the ever—present stream 

pollution problem, the prospect of large exponditures for questionable biological 

treatment methods, and the relative simplicity of operation are factors influenc- 

ing the changing trend. 

Spray irrigation if properly designed and operated satisfies the require- 

ments of present—day treatment methods. Complete treatment is Provided; odor 

problems are eliminated or minimized; stream pollution is not present if run- 
off does not occur; the costs when compared to complete treatment are reasonable; 

and no highly trained personnel are required to control the operation. 
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Spray irrigation is nothing more than agricultural overhead irrigation 

using waute a water with one basic exception in oporationa). practice, 

This fundamental difference is that in agricultural irrigation a minimum amount 

of water is spread on a mazimum land area while in waste irrigation the rcverue 

in true, The engineering principles of application aro the SaDie, however, 

There are numerous specific requirements and limitations 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 employ combined 

lagoon—spray irrigation systems, Winter wastes are stored until weather condi- 

tions permit spraying. 

Sufficient land area is quite important, ilith known waste flows and average 

rainfall records it is possible to conduct a soil survey for basic data to design 

the necessary area, 

A vegetative cover crop is necessary for several important 

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 the 

soil system during the growing season by evapo-transpiration is 8,000 gallons 

per acre per day, If a six-day rest period wero provided botween applications, 

evapo—tranapiration would account for nearly 2 inches of 48,000 gallons of water 

per acre per day transferred to the atmosphere during one spraying cycle, flare 

soil is responsible for only a small 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 uater streams. Of the open land covers the best all purpoao crops 

suitable to the northern United States latitudes have been the low or dense 

grassos such an the fescues and blue grasses. 

In instances where peas, corn, or other canning crops have been triod 

for tovor the tendency has been to oveniator and damage the plants. As a 

result moisture limits should be more carefully controlled with crops of 

this typo. 

Canning waste troatod by spray irrigation is usually screened to prevent 

pumping and nozzle problems. The usual rotary or vibrating screen is 

satisfactory. However there has been some recont work aimed at including all 

the solid waste with the liquid. To accomplish this it is necessary to corn— 

minute the solids 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 potential to the soil. There are at the 

present time mechanical problems remaining, and further studies are necessary 

to evaluate the system. 

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 operation and 

pimp through the irrigation system with 

Irrigation fields seldom adjoin the plant and many timos are more than a 

mile distant. types of pipo are used — uncoated stool, galvanized steel, 

aluminum, wood, asbestos—cement, concrete, clay, cast iron, or plastic. The 

economics and waste characteristics govern the selection of the pipe • Usually 

the laterals which are moved at regular intervals are of a convenient light 

material such as aluminum. 

Where the waste is moved from the plant to a sump in the fiold, the stamp 

is designed to hold only 30 to 45 minutes of llant flow. In this way 

fresh waste is assured and odor problems are minimized. 
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Uniform coverage of the spray area is accomplished by designing the area 

and pipe layout such that each lateral will be .sovod at frequent intervals to 

allow a rest period before returning to the original site, Six days is consi— 

dere% to be a reasonable spray interval. 

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

The very large sprinklers are adaptable to wooded areas while the smaller sizes 

are best suited to open fields. houover nozzle openings less than 1/4 inch are 

not recommended due to clogging nuisances. 

In summation it may also be said that spray irrigation is not without its 

problems. Ground water contamination is a persistent consideration. Either 

inadequate area or poor management is often responsible for ponding and run- 

off. Land costs are frequently unreasonable, Distance to suitable and avail— 

able sitos is often a factor. Recently it has also been noted in a few instances 

that odor procedures have beeti necessary due to obj ectiona from fresh 

waste, 

municipal systems 

This brings us to the practice of of canning waste directly to 

municipal sewaae treatment plants. Hhere possible and permissible thts method 

is by far the most logical and eventually the most economical. Unfortunately the 

majority of canning plants aro located in or near communities which do not have 

adequate facilities to handle the additional load created by the waste. 

In a municipal system there usually is a charge assessed for handling 

industrial wastes. The present sewer fee trond for industrial waste is on the 

basis of' (1) volimie, (2) pounds of 3.O.D. in excess of that normal to domestic 

seuaje, and (3) suspended solids in excess of that norua3. to doi4testic sewage. 

Any one or combinations of these factors stay be used as the basis for charges. 
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Future Conaiderat ions 

We have already observed that the future will see greatly increased 

requirements for all industrial waste treatment, tie have also noted that in 

the foreseeable future the vater supply crisis throughout tho tuo nations 

bill make necessary waste treatment to the water level, It is then 

logical to predict that industry as well as raunicipalities will be faced with 

fantastic coats to obtain such treatment degrees. Indeed 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 aimed at water economy and increased efficiency of water usage. Work 

of this nature is presently underway in the Uestera 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. Expanded research activities is the solution to this problem. 

More investigators must be attracted to the waste treatment field, Nero funds 

must be made available for this purpose. More interest must be shoun by top 

management, 

Further, the cooperative approach to those problems is necessary. All 

agencies concerned with the water and waste problem must join in looking for 

solutions to the problems common to industry and municipalities, Those in the 

various industries, the research organizations, the conservation the 

xmanicipo.]. officials, the state regulatory authorities, the Provincial Officials 
and the Federal and Dominion Governments should develop closer working relation- 

ships to get the most good from the available facilities. The benefits from 

such research studies should be made available to all those intoreoted, 
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Introduction 

Waste treatment has undergone considerable improvements in 
technology since the time when treatment practices were thought oi' solely 
in terms of burial and stream dilution, Notr, when municipalities and 
industrial firms are nlanning waste treatment plants, the results of 
yearn of research and development on waste treatment are at thoir command. 
Data on almost every phase of treatment is beconing nore readily 
accessible in the publishing of more accuarate and conpiete operational 
reports by municipal plants as laboratory methods of analysis continue 
to improve. 

In tho past few years extensive work has boon accomplished on 
laboratory filtration techniques and analyses, and these methods have 
been presented to treatment plant technicians and chamists through the 
literature,(l,2,3,4). Also some information has been published regarding 
techniques to be used for proper filter operation in the treatment 
plant (4,5). However, relatively little information is available on 
correct filter application, and as a consequence, new treatnont plants 
are usually designed to employ equipment which is workinc satisfactorily 
in nearby plunts, and design rates are calculated by applying a safety 
factor to the average performance, of ilanta which employ similar 
equipment (6). 

This technique is sound and has worked for the 
majority of plant equipment. flowever, when filters are designed on this 
basis there is no assurance that tho plant influent contains tho same 
type of solids on which thu design calculations were based, and. in many 
cases, sludge characteristics are such that filtration is troublesome at 
best, This condition has induced some treatment people to believe that 
filtration is to to avoided as much as possible, 
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The troublesome cor.Jitions that arise which tenLi to filtration 
are usually one or .noro of the following: (1) rapid blinding, 
(2) low cake rates, (3) high cake r4jtures, and (4) high consumption. 
These are mainly Pt walent in Lcd or digested— 
eI.utriated plants where difficult sludges with a low solids content aro 
usually encountered, In most cases, primary clucigo filtrr.tion is generally 

devoid of the troubles mentioned duo to the large particle 
size of thu solids and the high solids content of the sludge. 

One of the major reasons for much of the four trouhlcsoiao 
conditions concerns the effectiveness in the sludge conditioning prior 
to filtration, Unfortunately, the result of improper flocculation is 
evidenced not in the conditioning tank but. usther in the poor filtration 
operation, and the fil tor therefore appears to be perfoziming badly. Thus, 
in many cases the high costs resulting from media blinding, low rates, 
high cake moistures, and excossive chemical dosage should be attributed 
to the conditioning stop, rather than the filter. Therefore, an 
investigation of flocculation techniques was undertaken to dotern.:. 
the proper chemical addition procedure for optimum sludge flocculation. 

A secondary, and equally important, .t forthe occurrence of 
filtration difficulties is the poor discharge normally encountered with 
thin cakes, coupled with the inability to adequately clean the media 
on cloth—covered drum filters. Incomplete cake discharge on cloth filters 

results in a gradual build—up or accumulation of solids in the interstices 
of the media, which effectively blocks liquid flow through the media. 

This blinding action lowers the productive capacity of the filter in twQ 

ways. First, due to a partial blinding of the entire media, the pressure 

drop across the media itself is increased, and thus the portion of 

vacuum applied to the actual. filtration of sludge is reduced. Consequently, 

the cake formation rate is lettered and tho cake moisture content is 
increased. due to complete blinding on portions of -the media 
(media blinding generally begins near the caulflng strips where the cake 

is the thinnest and increases in covorage as solids 

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 interstices of the media must 

be removed or prevented from forming. To do this, a complete discharge 

must be effected such that there is little chance for solids to adhere o 

to the media. Also, filter should be designed in a manner that enables 

the nedia 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 should be greatly 

improved resulting in a more economical operation. 

In order that this theory might be tested, filters at several 

sewage treatment plants which were encountering difficult filtration with 

their particular sludges were converted to the Rotobelt type filter. 
This filter incorporates in its provisions for removal of the 
filtering medium from the filter drum surface, such that the medium 
may be passed over a small diameter roller to completely discharge thin 
cakes to 1/16" while also allowing that medium nay be cleaned at will 

without interferring with the filtration operation (7). The results of 
these studies are presented in the "Vacuum Filtration" section. 
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3LUDUE GOhUl JIG 

In solving the difficulties tho conditioninG step, 
a couplote analysis of tho flocculation ::1ethoda rtployed in conditioning 
waste sludge was made. The invoatications were carried out both in the 
tlio pilot plant and in sewage treatment plantd. In.the fornor, the 
experimental equipaent was made sufficiently flexible so that van abbe 
associated with agitation and chcaieal contacting could be studied. 
In the plant samples of cnditioned wore obtained at 

various positions in the feed line to th6 filter. Those tanplec wore 

then c.rulyzed for characteristics by the loaf test tochniquo (L). 
It was found that in some caaos very poor mixinc of chejaiccis was 
occurring in the iaix tank and either partial flocculation or chemical 
overdosago was occurring consequently, poor filtration was being 
achieved. 

In other cases the sludge was well fThcculatcd on leaving the 
mix tank, but a gradual reduction in bhe filtration rate occurred in the 
passage of the 3ludge to the filter tank • The reduction in rate was 
attributed tO the largo hold—up timo in the piping from the mix tank to 
the filter and the sub3equont breakdown of tho iloecules with time. Thus, 
it was evident that, shortly after tho proper mixing of the chemicals 
with thu sludge, a mexinua or peak filtration rate is achieved, after 
which any increase in retention ttho is dotritnental to filtration, 
This relationship between peal: filtration rate and tho time after addition 
of chomicals has been nontionod 7roviously in the 3" 1 t.turo (2,4). 

Tho solution of thu conditioning problom was detersined therefore 
tu be two—fold in nature • The first part lie in dosigning conditioning 

to produce sludge flocculation that would exhibit tho highest 
filtration rato at the lowest chemical consumption. The second part ho 
in the determination of thu proper retention time after corroct flocculation 
such that these optimum or ç?ak rates wore obtained in the filtration 
step. 

corDinolalic DLJIGII 

Although there is little information available on the proper 
design for sludge conditioning equipment, the fundamental requirement 

the obtaining of a rapid and intimate interpenetration of the flocculating 
reagents with the sludge particles in a fluid regime, and therefore 
design comparisons can be made from mixing equipment operating in other 
fluid regimes by nLoans of fluid aeclianics (8,9). This 13 possible since 
the properties, notion and boundary conditions of all fluids can be 
described in the same dimensional units. By placing these units in 
dimensionless ratios or groups, correlations have been developed which 
allow different fluids with different boundary conditions to have the 
similitude of their motions related to each other (9,10). The 
dimensionless groups employed In correlating mixing data are (ll)s 

PowerNuabor NpPg_ .....,.l 

Roynolds ilumbor 
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Froude Number NFr DN2 3 

g 

The number, Up, represents the inertia forces in a movinc liquid, 

the number, Wile, renresents the effect of viscous forces, and the 

number, repreiontu the effect of spocific weight and gravity. 
if the systems under conrideration are geometrically similar, it is 

possible to relate these groups as follows (9). 

= x: 

Therefore, in. the investigation of the proper flocculation techniques 

for waste dudges, it was necessary to employ equipment which can be 

duplicated for full—r!cale agitation such that geometric similarity will 
occur and I can be used for scale—up. Figure 1 is a sketch 

of the apparatus ua'd in conducting the flocculation tests. It consists of 

a cylindrical tank which is divided into three zones by horizontal 
baffles and in atJdAtion vertical baffles to aid in chemical contacUrg. 
The design in suci, that dynamic similarity can be obtained with large 
scale equipment. The three zones or mixing phases arc (1) the initial 
contacting zone, the ferric chloride mixing occurs, (2) the 
secondary contactiag zone, where the lime mixing, if any, occurs, and 
(3) the retentica zone, which can be varied by the adjustable overflow 
arrangement to insure that complete flocculation is obtaine4 before the 

sludge overflotjs, It is evident that, if proper mixing is obtained in 
Zones 1 and 2, flocculation will occur soon after the sludgo 

leaves Zone 2, Zone 3 becomes extremely small. 

A zrechanical mixer drive fitted with a diroct—râading tachometer 
mounted above tank center. Various impellers and baffling arrangements 
were tea ted provide a rango in the mixing currei.ation, so that the 
moat economic operation nay be doterthined, from both a low power 
requirement aid a high filtration rate standpoint. 3ludge was fed 

constant flow to the bottom of the tank, and filtration rate data were 

obtained on t.:le flocculated sludge as it ovorflewed the tank by means 
of the leaf t)st It was decided to use the leaf test 
rather than tno Buechner funnel test in this instance; for, in the leaf 
test, the sl'tdgn is picked up by the vacuum, and cake thicxness, and 
consequentki filtration rate, is a function of the effectiveness of the 
flocculation. The test loaf was fitted with a Polyethylene cloth with 
a 1/1 plain weave which has a porosity that permits a high flow while 
maintaining a good filtrate clarity. The cloth was checked after each 
run to deter mine that no blinding had occurred, thus insuring that all 
test were pcrformed under similar conditions. 

In order to determine the optimum impeller for good sludge 
flocculo ferxiation, the leaf rate results were correlated with 
regard t) proper mixing speed. Figure 2 is a plot of Percentage of 
Maximum i'ilt:ation a function of the mixer speed. The maximum 
filtration rate, or level, was amitrarily chosen as the rate 
produced till h a pro—determincd minimum chemical dosage by laboratory 
scale flocct.latien under conditions. The pilot plant mixing data 
was then co. with this same rate at the samo chemical dosage. 
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All available of iranoflors wore tested in this inves Lication, rind the 
curves prtxentod in Fkure 2 are tjpical of souc results for various 
impeller families. Only one ratio of Tan!: Diaxactor/Impoi.ler Diameter is 
shown for each family, and other ratios ytheld hichor or lot,er filtration 
rates depending on teat conditions. 

It is intcros4ng to notu that poak filtration rates occur 
at low rpm values particularly under baffled conditians • Also1 it is 
aeon that the peak values extend over a relatively small rpm an. 
Those two conditions point out that cing speed is extremely 
critics], if intimate contacting and good flocculation are to occur, and 
speeds less or creator than this critical speed will not produce the most 
economic conditioning. It should be noted that the critical 
mixing speed is dependent on the typo of sludge treated as well as the 
particular impeller and baffle arrangement eraployad. 

it was discovered in the investication of sludge conditioning 
in various treatment plants, that filtration rate increases were noted 
ocenasionally with no change in chemical addition. This change in rate 
was attributed to fluctuations in sludce quality. Lowovor, most sludge 
cor.ditioninc tan!:z arc fitted with variable drives and paddle type 

which are usually sot to turn at 15 to 60 rpm. The variable 
speed drive will fluctuate duo to the pulley ari'angemont, and identical 
settings will produce different speeds from day to day. 

the curve in Figure 2 for the paddle type impeller, it is obsorvod in the mixer speed range of 0—55 rpm the curve is 
quite steep, and a change in speed frou 7 to 21 rpm will douro the 
filtration rate. Therefore, it can be assumed that the variance 
filtration rite in sewage treatment plants could be caused in 
many cases by slight changes, in mixing speed from day to day when 
agitation operation is on the steep portion of the rate—speed curve. 
This would be particularly true when p±ping distances front the mix tank 
to the filter are fairly short, and a variance in mixing effectivonsa 
would bo quite noticeable in filtration. Sludge j'locculos are generally 
broken down to the same degroc in longer piping distances and mixing 
variances are not as pronounced. 

Ac c.n be seen from Figure 2, the highest filtration rates were 
obtained with the curved blade turbine and the propeller, both of which 
approached 80% of the ideal filtration rate. However, the optimum value 
for the nixer spood for the -wopeller was about 150 rpm, whereas the 
best results for the curved blado turbine were obtained at a mixer spoeci 
of about rpm. 

As indicated in the Power number expression, power is proportional 
to the cube of the of the mixer. This would noan thfl, if all 
other variables tiere equal, the propollor would draw 

,314q / 
or about i/t the power of the curved blade turbine. Therofoz'o, since 
rate performance appears to bo the sane for both impeller; 
indicatiots from ;he power criteria show the propeller to be the 
optinum tnpe of impeller to be used for flocculating the particular 
digested ;sludge employed in this investigation. 
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3 illustrates the type of tcynola: correlation for 
a ainng 1?er (9,11). The exact shape of this ju.ot 

of the :teynolds number is not the sane for all types ol' 
impellers. i:owever this typo of plot is in defining 
intensity, and it is extremely useful for scaling—up to full size 
mixing installations • e:cainple, a particular scale—up job nay require 
that geometric similarity be maintained, and that cotl2arablo results 
may require a constant Reynolds number. Ls the tank diaaetcr increases 
in the large in 

the sane D/T ratio. Therefore, as the impeller 
diameter increases the mixer speed must be reduced considerably to 
maintain the sante Itcyholds number. Tests to date indicate that flocculation 
scale—up will havu a constant Nj'r or a constant but rather, 
scale—up cc based on more complex dimensionless groups. 

Optimum fluid coOditions for successful flocculation depend 
not only on the impeller spead, impeller diameter, wiu 
of that particular inj. but also on the properties of the sludge. 
.'iure 3 shows one of the t:rpical charts used for scale—up from pilot 
plant to full size mixing to produce the desired results. These 
curves illustrate, among other things, that flocculation of sewage 
sludge in the tests 7orformed is accomplished in the transition range 
betucen laminar and turbulent mixing. In this rangq, certain factors, 
which might be neglected in other Camber ranges, become quite 
important. For example, the selection of impeller and baffle characteristics 
in this range bccomes quito cccendont on the apparent fluid viscosity. 
Figure 4 illustrates apfQrant viscosity of one of the typical sludge 
types studied. All sludges are thixotropic, or false bodied, so it 18 
necessary to covrelate apparent viscosity with impeller speeds. 

As indicated in Figure 3, the sludge mixing results are shown 
with respect to the Reynolds number calculated for the system used in 
the investigation. These results are for a dilute digested sludge of 
about solids obtained at a local, small sewage treatment plant. 

An investigation is being continued at the present time to 
determine the optimum impeller for various types of sludges, including 
some general types of industrial wastes. However, it is evident from 
the results on the digested sludge that a proper chC co of impeller 
eoup].ed with the use of a pro—determined critical speed is extremely 
important if optimum conditioning and the most econouical filtration 
rates are to occur. Uhen new treatment plants are designed and actual 
sludge to be obtained is unknown or where the characteristics of the 
sludge are known to vary from day to day, a variable speed drive on the 
mixer is recommended tc a chieve peak performance. 

It is obvious that these tests would serve no useful thilue if 
they could net be scaled up to full scale design data. Thus, every 
effort was and is being extended to obtain test data in such a manner that 
established mixing scale—up techniques can be used in the manner previously 
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?ROPE1I 

It was discovered in the sludge mixing investigation that 
extremely good sludge flocculation would be obtained with the 
proper selection of impeller and mixer speed. If this selection 
were made correctly, Zone 3 in Figure i became extremely small and 
rotention time was minimized. Thus, it was concluded that the 
correct retention tine with a proper mixer design should range 
from 2.0—0.25 minutes, dependent on the quality and type of sludge. 
In order thfl this can be done, also ulninizing the amount of 
floccule break—down after flocculation, the chemical mixing equipment 
should be mounted directly in back of the filtration equipment. 
In this way, the flocculated sludge will gently overflow the mixing 
chamber into the 2 iltor tank, r osulting in no sludge turbulcnce 
and a minimum retention time. This typc of operation has proved 
extremely sucessfu.l in previous installations, notably at the 
City of 3acreanento, California (5). 

Vacuum 

The second phase of the solution to the troubles surrounding 
the filtration stop concerns the design of the filter itself, It 
has been established from a thorough study and analysis of 
sludge filtration that the basic criteria for judging filter 
operation ares (1) -the amount of sludge handled par unit area 
(as measured by dry pounds per hour rer square foot), (2) 
thu degree to which the sludge is dewatorod (as measured by cake 
moisture content), (3) the of4.iciency if the separation of solids 
from liquid (as measured by the solids content in the filtrate), 
and (4) the relative coat of the filter operation. The first 
three criteria have boon sttdied in previous articles (1,2,4,6,7,33, 
16), while the fourth will be covered in this paper from actual 
plant results. - 

The major factors affecting filtration rate, or the 
amount of sludge handled per unit area, can be developed from thu 
fundamental Poiseuille Equation for i'iltrat ion Given below (12)3 

dV 
+ r) (5) 

A 
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As Equation (5) yields an instantaneous filtration rate while continuous 

filtration is a cyclic process, the must be integrated 

to employ it in this application. In order to perform the 

integration,1 , w, r and would have to be considered wonstants. 

For any particül'�t. feed sludge, the liquid solids 

concentration w (expressed as weight of dry cake solids per unit 
volumo of filtrate) would ue constant over a finite period of time. 
The specific cake resistance iDriranrily a of the nature 

of the solids, pressure drop across the cake1 food solids concentration 

and migration of fines within the cake. 

Because of the complex theory, it is most convenient to consider feed 

solids concentration and each individual food slurry as a 

parameter, ho reliable equation has yet ;cen developed to show 
the quantitative inluonce of either of those variables upon 
filtration rate. Pressure drop across the filter can oe considered 
cunstant on a continuous filter due to its method of operation. 
If the fines within the cake, specific cake resistance t_. 
will increase. Eowever, in the development to follow, the best 
method for handling such situations will Le shown. If a blinding 
condition is encounLerod in a jilter r 

will inc:ease over the life of the :4odia or between acid cleanings. 
The equation nay still be integrated assuming r constant as its 
change must be slow if the filtor application is to 

be auccessful. 

iJhilo• , w, r and P have either been considered constants or 
have be'en handled as parameters, it should be. stressed that their 
values may change over finite or iong perieds of time. However, the 
final expressions to ue developed will indicate the d osirable 
direction and ziagnituds of the irdividual variables in order to 
maximize filtration rate. The relation ietwoen specific cake 
resistance and pressure drop may be stated as follows: 

= :1 ,J\ps 

(6) 

In expression xj is a constant over a finite period of time 

while s represents the cake coznnressiLility, which will vary from 
O for incompressiblo cakes to 1.0 for highly compressible cakes. 

Substituting for Equation (5), the following expression is 
obtained: 

dV = Ed' 
AdO r) (7) 

A 

Cross multiplying Equation (7) and dividing by ii, the equation may 
now be written: 

V M 

iS) 
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Intograting batween the limits of 0 and V2 and 0 and Qç where V2 
io the volume of filtrate nbbo,jnod in a cnko £acmation tine 

_d.( 

_______ 

Rearranging the above equation to the following: 

A 

.3- 

••'k' 

(10) 

Equation (10) yields the volume of filtrate obtained par unit area 
for a cake formation tirac of Qf during the filter c'cle. However, 
sewage sludge filtration c apacity is u3ually c:presaod in tcrnis 
of pounds of dry solids por hur per 2• Thus, the following 
transformation employed; 

= (fraction of cycle tine for cake foruation)(tR) 
= x Un) 

Therefore, if Qç and ITR arc expressed in :.iinutoc, the filtration 
rate in e3nvuntsonal nomenclature would be 

L -< #..' 
- tr' 

1. 
a. 

MPR 

Simplifying; 

(12) 

where Z = filtration rate expressed as dry lbs, colids/hr./ 

ft.2 

-I.. 

a. 

2= Vf 

i'rom Equation (13), it i3 obvious that maximizing pressure dropAP 

V 



— 143 — 

food eslida concuntration w, and fraction cake formation time x, and 
niniaizir1g specific cake resistance filter cycle time and liquid 
viscosity will incroQso the solids filtntion rate. ?rossuro drop is 
r.iaximized by poratinc at high vacuum ivols while food concentration 
can only be maximized by the ueti'od of oporatinj the :lant prior to the 
Lilt or station In ftc case of the lattor, it is generally always advantageous 
to ol)erato with filt1or Loads that are as hich in solids as passiblo and are 

still in a fluid condibien. It is possible to experience too hich a feed 
solids concentration which is characterizod by a "sloughingofft' of the 
cake as it rises out, of submergence. 3uch foods arc usually very difficult 
to puap and exhibit a vorj high of thixotropy and should be avoided. 

The fraction of cake formation time :: is usually controlled the necessary 
devaSering time in order to Dbtain a suitably dry cake • !L3 filter cycle 
time, IBR, is decreased, cake thickness aloe decreases so that ninimuni 
cycle time will be a function of method and complctoness of cake discharge. 
Finally, specific cake resistance, can only be minimized by employing 

proper sludge conditioning and handling as discussed earlier. 

Filtration rate may also be increased .iy minimizing or eliminating the 

resistance r. As this resistance is alaoat entirely concentrated in 
the filtcr the selection of the proper one and prevention of 

media Uinding is essential. If this resistance can be made 
Equ.ation (13) reduced toz 

V (14) 
-. /( 5' P 

L 
.•• 

As indicated earlier, if the extreme fines migrate within a cake after 
deposition, specific resistance! trill increase. From experimental work, 
it has boon found that the net effect is to increase the cycle time 

in Equation (14) to a value between 1.0 and 0.5 (4,6). Thus, this 

would further augment the desirability of operating at minimun filter cycle 
times in order to maximize filtration rate. 
As seen from £quation (14) the relationship betweun rate and pressure drop can 

be expressed as follows; 

I 

Thus, it is seen that a logarithuie plot of rate as a function of pressure 
drop should produce a straight line (Oil. re:aaining variables being constant) 
with a slope ranging from -fr 

to 0 depending en the value of a • In nest 
of the cases tested to date, the exponent of the pressure drop in quatien (15) 

has ranged from 0.30 to 0.49, which would x.;ean that the value of the 
compressibility factor a has ranged i'rem 0.4 to 0.02. These results 

are in Table 1 (4). Thus, it is quite evIdent that the highest 
available pressure drop should be unplayed to uadnize filtration rate, 
particularly when a low com2ressitiiity factor is present. 
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T:UILE I 

— DItOP Ita4±TIo::..il:g 

Treatment Plant Sludge Typo of Lor—Log Cole. Value 
2lot of Rate vs Presaure of Cornpress- 

ibiliti 

Zast Lansing, 
Prinary -Activated 030 0.40 

Dallas, Texas Primary—Digested 0.31 0.38 

Iioustoa, texas Activated 0.37 0.26 

Providence, 
Rhode Island ?rinary—Digested— 

Elutriatod .0.49 
. 0.02 

To summarize the above discussion, the following general rules apply to 
zaaxinizc dry nolicis handling rate of a sewage filter; 
Fiaximize— 

1. Food solids concentration as long as the resultant filter cake 
does not "slough—off" the filter when coming out of oubmerconce. 

2. Pressure drop or vacuum level. 

Fraction of cyclo tinto employed for cake formation. Eowever, 
this will usually depend on the dewatoring rate of the filter cake 
as will bo discussed. 

1. Filter cycle time consistent with good cake discharge. 

2. Specific cake resistance. This necossitatea proper slud&o 
ccneitioning and handling. 

3. Filter media resistance. This is achieved through pnper 
selection and maintonanco of a clean media. 

Quantitative analyses have boon made on all of the above •developctent and 
substantiated by actual plant performance. The render is referred tO 
the literature for more detailed discussion(4,5,6,7). 
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Filter cake moisture content has boon investigated in previous studies 
and found to be a function of the following variables for any particular 
solids: 

1. thickness 
2. Dewatering time 
3. Pressure drop across the cake 
4. Liquid viscosity 
5, Air rate through the cake ±zring dewatering 
'a Specific cake 

Other factors connected with the filter station may also influence moisture 
content, but the above are by far the most important. Th.ie to their 
interaction, a multiple correlating factor was employed in the empirical 
correlation of results for a wide variety of solids.(l3,l6) 

Correlating factor 
: 

1 
) 

(13) 
' 

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 mininuim values with increasing correlating 
factor numbers. As cake permeability decreased, the rate of approach to 
the minimum value also decreased, 

In order to reduce filter cake moisture content by increasing the 
correlating factor, air rate through the cala CPU2 , drying time 7 d 

and pressure drop P, should be increased and cake thickness d and 
ii juid viscosity4 ydecreased. Air rate through the cake is a function 
the drying vacuum level and 4ake thickness and is increased as P 
and Ltd are increased and as d is decreased. as sewage filter 
cakes are generally relatively low in permability, very little air is 
pulled through the cake1 Accordingly, major attention must be concentrated 
on cake thickness, vacuum level aid dewaturing time. As the liquid in a 
sewage sludge is primarikly water, viscosity can be decreased by increasing 
feed temperature. H&wever, it would not be economical to raise the feed 
temperature for ctke moisture content docrease 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 and thus cycle time is 
decreased. This is also desirable to increase the productive capacity of 
the filter. This is vimilarly true of pressure drop as maximizing vacuum 
level increases filtration rate and reduces cake moisture content. As cake 
dewatering tire,:id is increased, the solids handling rate of the filter 
decreases if the sane fraction of cycle time is employed for dewatering due 
to ti-c necessary increase in cycle time. Thus it will generally be found 
most economical to reduce cake formation time fraction x by running the 
filter at a low drum submergence air! 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 summarize., cake moisture contonb is minimized byi 

haxinizing — 

1. Vacuum across the cake. 
2, Cake deuater.Lng tine. aS this also affects the productive capacity 

of the filter, it is usually .iObJL economical to i-un the filter aba 
low submercence. This will increase the ratio of dewatering time 
to c ake f rmation time and still employ low filter cycle times for 
greater solids filtration rates. 

3. filtration temperature. it is uneconomical to heat the 
filter feed, thi5 entails maintaining the feed ter.neraturo without 
unnecessary coaling. 

: .iniaize— 

1. Cake Lhickness good cake disel:arge. Filtrate 
clarity is primarily a function of the iiter media employed and roper sludge 
conditioning. I is ez..ential to obtain a sufficiently low solids content 
in the filtrate t2 prevent a build—up of' a circulating L of solids 
in the sewage treatment plant. Low solida concentration of 200 p.p.m. 
or less in the filtrate arc possible by correct filter L.odia selection. At 
the samo time, if the sludge is improperly conditioned, unflocculated 
colloidal climes will in the filtrate in excessive amounts to cause 
treatment problems in plant. 

In many present—day plants, Lhe filtration of sludge an judged by the four 
criteria is being accomplished reasonably well. lor o::ample the filtration 
of raw primary in plants such as Jaginaw, kichigan is handled quite 
economically. kates up to 11 dry lbs. per hour per square foot have been 
obtained with cake moistures of 50—55j and with a minimum chemical addition 
of 1.5$ :erric Chloride and 5.0.; Line. In addition, there is no blinding 
problem in that over 4000 hours are oxporienccd with 1/1 plaIn weave 
Polyethylene fabric (some installations report over 12,000 hours operation 
with other cloth media). 

In cases such as this, filter operational economics are almost at an 
optimum point, and further increases in efficiency could only be accomplished 
by investi,jating possible im.u'ovnnonts in tho sludge conditioning, as covered 
in the first mrt of this papor. 

However, in a proportionately greater nuacr of plants filtration of sludge 
is being accomplished quito poorly due te the improper filter design for that 
particular' upnlication. In dents whore difficult iltering sludges are 
encountered, 1ravisions m'tst be mauc on tho filLer for coping with thin 
cake formation, media blinding conditions, and chemical encrustation clue 
to a carbonate build—up. 

PiLuro 5 is a diagram of the basic construction of a filter designed 
specifically to solve difficult Jiltring the Retobelt 'ilter. The 
design of this filter consists of a basic drum filter, a woven moballic media, 
rollers to assist take-off and return of the media, and washing and cleaning 
facilities. 
Unlike conventional drum filters, the cmp3koyod on the aotobelt is not 
caull:ed to the I iltor deck but rathvr lies on the drum surface until it is 
transferred to the discharge roller, 
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There1 the sludco cake is discharged by the combined action of the passage 
of the ::Lodia a i.iz,all diameter roller and the flexing action of the media 

This fle::ing action co:4pi.ote. discharge of properly dowaterod 
as thin as while also loosening any solids which tend to 

become in the nedia. -Star discharge, the nodia travels under 
a tsash roller, tthere it be or passed through a solvent for 
removal, of any possible chemical encrustation. 

Also, spray tiater or solvent is contained in a wash trough which is separate 
from the filter feed tank, and thus any c leaning operation can be 
accomplished without interrupting or interfcrring with the filtration 
operation. After the possible cleaning operation, the Ledia is roturned 
back to the surface 

The toto'aelt type filter has been installed in uany sludge treatment plants 
to eliminate difficult problems encountered. The results 
obtained in three c.ifferoifl sewage trcataent plants that have installed 
totobolt filters tn replace conventional cloth drum filters duo to 
filtration difficulties, arc m'o...ontod on the following pages. 
A comparison between tha operation obtained on the drum filter and the 

filter will be given together with the economics of the new operation. 

Fond du 

The City of Fond du Lac, Wisconsin Jewage Treatment ?lant serves an equivalent 
population of over 40,000 and treats over four million gallons ot' sewage 
per day of which one fourth consists of a tannery (14). The plant 
employs settling, 40—filtration of the primary effluent and digestion 
of the uncierfiows • Jince a relatively large portion of thc plant influent 
cctristent of the tannery waste, an extremely difficult ffltration problem 
was encountered duo to the large amount of hair and grease present which 
promoted ra)id cloth sliMing. This blinding problem resulted in a r elativoly 
short cloth life, and cloth replacement expense became a major itcm on the 
filter budget. Also duo to Ledia Ilinding, the plant filters were forced to 
use slow cycle spends of 5.0 minutes or lonLer to obtain a eahe of 
sufficient thickness to be able to effect cake discharge. With recant 
ppulation and industrial increases, the plant load became too groat for the 
two & by cloth covered drum filters and an additional capacity was 
urzerstly needed. This cioctnL that cithor filter plant expansion 
must be made with thcreased sludge drying handling facilities or replacement 
of the present filters with larger—sized filters would soon have to be 
accomplished. 

As either of those methods woulu moan a large capital expenditure, the 
plant superintendent decided to convert his cloth—covered drum f ilters to 
the Rotobelt type, which offered increased productive capacity while 
keeping expenses his budget. initially, only one of the two 
61 x 8' drum filters was convcrtod to a and thus a good operating 
comparison war obtained between the and the cloth—covered drum 
filter on the sane feed. figure 6 is a picture of the initial Fond du Lac 
Rotebelt in operation, dote tho high vacuun of 22—25 Hg resulting from 
the excellent seal between the media and the drum surface. At the extreme 
left center of the icturo, a view 31 the clean belt can be seen after 
discharge, showing the 100, removal, of the cake. Figure 7 is a fronç view 
of the filter, again showing the 100, discharge and the excellent seal 
as indicated by the tightness of the belt against the ho&zontal division 
strips. 
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Table II is a comparison of the operating results from tho Rotebelt and 
the cloth—covered drum filter. As can be seen from this comparison, 

:iotobclt rate production is Creator than the conventional drun 
This increase in rate is due to the itotobelt's ability to completely 

discharge thin cakes which enables faster cyc).c speeds to be eaployed. 
The nost economic:J, :ilter operation is achieved at the fastest cycle 

which prottuces an acceptable cake moisture and a dischargeable caice( 4). 
The results taoulated in Table II show that no increase in cake moisture 
is obtained at the faster cycle speed, and therefore the economic savings 
produced by the increase in nraduetion on the Rotobelt operation is evident. 

months are the second cloth—covered drur. filter was converted to 
a Lotooelt. .Ioth Units are now prouucing. raore sludge in two shifts than 
the cleth—covared d:un filters wore able tp produce in the entire day. 

this extra proc:uctlve capacity, t lie sUpOri1lteriuCflt is planning on 
reducing operating Lime with the subsequent in and power. 
Ti:us, by proper filter application in a difficult sludge filtration 
problem, a costly plant expansion was averted and additional operational cost 
savings ray so realized. 

Ann .irbor, 

The Gity of Ann Ardor, cenloys primary settling, activation of the 
primary effluent, and digestion of the waste—activated sludges. 
The Ann Arbor plant is also 2acod with a difficult filtration problem 
as the plant influont consists almost nut troly of domes tic sewage coupled 
iiith a large anount of fine silt. This combination produced a rapid 
Olinuing condition in the faaric employed on the plant drum filters. 
The suporintendent tried virtually nh typos of fabrics and weaves in an 
attempt to discover a media which woQid re:ist the blinding action of the 
sludge. J. owevor, the best c loth tram a standpoint of initial cost and length 
of service apmeared to be the cheapc st cotton flannel available, which lasted 
about 150 hours. :.ven considering that this :..edia was the best available, 
this short length of service meant that cloths had to he replaced every week, 
resulting in cewn time of the filtor plus the labor needed to chance 
the media plus approximately .00 annually in media repiaceaent costs. 

Sn orJor that this r.;iglLt be eliminated, the decided 
to convert one o1 the two 8' x 81 drun filters to a Rotobelt, ;4;)ch would 
employ a pers.ancnt stainless stool modia and provide incilities f2r maintaining 
a non—blinded media surface. ..Lain, a V017 good operational 
between the ot thelt and the cloth—covered thum filters was obtainedj which 
2.5 presented in Table III. In this case, not only did the Rstoieit a:how a 
substantial Lncrcaso in production, also a reduction in cake moisture 
and cdemical consurntion uei'e The increase in rate and the 
reduction in cahe moisture can be attributed to the use of a non—blinded 
media which ernita a nero effective of the vacuum in cake formation 
and dewatering, 

The savings in chemicals wore made possible by operating at the lowest 
can.itioning dosage necessary for proper flocculation. This was not possible 
with the cloth media as over—dosage wts mandatory to maintain 
cake formation on the semi—blinded neaia with the normal fluctuations encountered 
in the plant. Thu reduction in ferric chloride dosage front 10 to 3. 
resulted in a savings of per day, and the reduction in line dosage 
from 24 to resulted in a savings of •,23.52. 
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The combined savings resulting from the proper filter 
a daily chemical cost reducti.on, a 

2000.00 replacement rout reduction, and an increased production 
ou L}.%u L ci' Lwice the previous rate • 2. knee about 2 lbs • of 
solids are handled minually, it will require appronmatcily 100 days 
of operation to process this sludge whereas :wevimls cloth 
filter operation required 200+ days. In terms of dollars and cents, 
this reduction in time moans that the plant itill save about 

in labor t z 2400 hi's.) and •480.0O in potter 
(20 n.p. x 2400 x or a total of .4680.00. This 

does not include the labor savings resulting rroi.i not operating the 
dunn: this period or the savings in down time and labor 

for elininabion of raedia Thus, the cocdincd cost reduction 
totals: 

101.52/day x 100 days (them) 
2000.00/ynnc 1 year = 2,000 (media) 

1.75/hr. x 2400 hrs. saved 4,200 (labor) 
20 h.p. x 2400 hrs. saved x 480 (power) 

TOTAL 

Again, as of the economic reality of the operation on 
this difficult sludge, the plant has recently converted the "fLcining 
cloth filter to a Rotobolt, thiAs increasing the operational cost savings. 

The City of Cranston, Rhode Island dcwage Treatment Plant handles 
an annual average daily sewage flow of nearly four million gallons from 
an equivalent population of over 45,000 (15). The plant treatment 
includes primary settling, activation of the primary effluent, digestion 
of the primary and waste activated sludges, and elutriation. of the 
digestàd sludge. The plant also processes a large raluno of textile 
wastes with the normal sewage influent. Those wastes produce a difficult filtering material and filtration rates are reduced due to the slow 
cycle speed required to discharge tho thin cake. Cake moistures 
before handling the textile were about 70—75%; however, c ake 
moistures on the sludge including the wastes average SOZ. 

Thu two 8' x 8' dnun filters employed a nap Dod Dyne! cloth and a string discharge to assist the r emoval of the sticky c ako. Eowevcr, 
cven these measures could not oli;,iinate the media blinding problem resulting from this difficult fil Loring • Therefore, to 
ovor—eeme this difficulty, one of the two 8' x units was converted 
to a Rotobelt filter with a stainless media. The 
operational results obtained on this converuin unit are summarized 
in Table IV. 

It is interesting to note that again the hotobelt' s ability to completely 
discharge thin cakes has in a substantial increase in 
productive capaci by as compared to the conventional cloth—covered 
drum filter, the increased Rotoholt output of over the previous 
production has resulted in a reduction in the necessary operating t i-me. 
how, a five day production can be achieved in only four days, resulting in a reduction of 50 operating days per year. 
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Using the sane basis as employed in the Arbor calculations, the 
savings in labor costs would be per year.(50 days x 3 hr. day x 
1.75 per hour) and the powor savings would be about )80.0O per year 

h.p. x 400 hours x or a Iota], of per year. This is 
oxciustve of filter nedia savings and labor costs for replacenent of 
media, 

Thin filter has not boon in o')oration as long as tho Fdnd du Lao and 
Arbor units, arid tiierefero it in c::tremely possible that further 

savings nay be in chemical dosage reduction. Po attempt 
has icon made to reduce the dosage Ic data, but earlier test t:ork 
has indicated the possibility that 'the ferric chlOride dosage may 
be reduced slightly the flotehelt ;'ithout decreasing thi cake 
rate or increasing the cake moisture. even if this reduction 
cernot be satisfactorily accomplished, the excellent operation presently 
obtained and the savings in operating cost have again illustrated 
the economics of proper jilter applicalion on a difficult sludge. 

:.&rty 

The use of vdeuum filtration as a means of dewatering 
waste sludges to a hand],eablo state has developed to) rapidly for. 
proper of the correct equipment design to tile tnirticular 

problem. Pvc to the employment of ore filter design and antiquated 
flocculation techniques for all types of sludce filtration, troublesome 
operation is encountered which is characterized by any or all of the 
foilowin;: (1) rapid rkedia blinding, (2) low cake rates, (3) high 
cakes moistures, and (4) high chemical consumptIon. To alleviate 
these conditions, an investigation was undertaken to determine the correct 
methou of conditioning sludge and a survey wan made to illustrate the 
economic advantages of proper filter application. - 

It was found that to a ehievu economic mixing of chemicals with the 
sludge, it is quite important to make the proper selection of the 
impeller type and the speed of the ;3ixor based on fundamental knowledge 
of the fluid properties of sludge. By applying the teehni;:'ues of 
doveloping dciaonsionlosa scale—up constants in geometrically and 
dynmaically instal?,ationu, tiso correct mixer design will be 
obtained in the flocculation equipment in treatment plants. 
Optimum or peak filtration will ensue if this correct design is empThoyed 
with a minimum retention tine of 2,0—0,25 minutes for the flocculated 
sludge. 

The conventional cloth—covered drum filter has been and should be 
employed where trouble—free operation (good cake rate, low cake 
moisture, lOw chemical dosage, long media lire) is encountexed. 
When this type of operation cannot be maintained on cloth filters duo 
to difficult filtering sludges, the Ttotobolt filter offers a more 
economical operation duo to its design which permits maintenance of 
a non—blinded media at all ti:tes. Operational comparisons between 
the Itotobelt and cloth—covered filters have been made at treatment 
plants in Fond du Lac, Wisconsin, Ann Arbor, Nichigan and Cranston, 
Rhode Island. In all three cases, difficult filtering sludges must 
ye handled which prodáce poor operation en cloth—covered drurt filters. 
At Fond du Lac, a costly filter plant expansion due to an increased 
load w'w averted by convert thg to Rotobelt ape rrtt ion, which net only 
handicd increased lead but offered a reduction in operating 
duo to the increased production. 
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At Ann Arbor, a total savings of per year was obtained 
in the redaction of operat Lrsg costs by to Rotobelt operation. 
At Cranston, one filter conversion to a Rotobelt saved 50 operating 
days jier year duo to tha increased production, 

Therefore the concLtajons reached fromthis investigation are that, if the most e eonoinjcRj. operation is to be achieved, (1) proper 
equipment dosicn should be made using the technique 

outlined in this paper, and (2) the cloth- druia filter 
may be successfully used on easy filtering sludges such as Raw—Primary, 
while the Rc'tobelt type filter should be ordpleyccl on difficult f iltering 
sludges, 
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Unless otherwise specified, any consistent units may be employed. 

Dgfini,t ion 

A Area 
D Impeller diameter, 

U Coke thickness 
Gravitational constant, ft./cec.2 

K Proportionality conutant 
Filter cycle tine, uinutos/rev. 

in function for Reynolds 
number 

n Exposstial function fur ?roude number 
N Impeller speed, revolutions/sec. 

7roude Number = D112/g 
Np Foyer Ilumber = F. 

Reynolds Uumbor = 

p ?ouor in ft,—lb./sec. 
Pressure drop 

r Resistance of filter media and piping 
s Compressibility factor 
T Tank diameter, feet 
V Volume of filtrate 

Volume of filtrate in tirae Gf 
of dry cake aolids per unit 

volume of filtrate 
x Fraction of filter cycle time 

devoted to cake formation 
Volume of air pulled through the 
cake per square fot of filt.er area 
measured at one and 32°F. 
Specific cake resistance 

Q Tine, minutes 
Cake dcwataring tine, ainutos 

Qf Cake formation time, minutes 
Liquid visco:iity, lba.maaa/ft.—soo. 

4. A function = U- 

Density in lbs. macs/ft.3 
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Table II 

of on 6' x 8' Itototolt 

And 6' ç Cloth—Covcrod Drum 

Fond Du Lac, Wisconsin 

QonyontionnLDrun itotobçlt 

Cycle Time, 1.fl 5.0 2.5.'3.0 

Vacuum, Inches Hg 
Form 23 24—26 

Dry 21—22 

Filter Eodiun Polyothylone 3.3. Woven Wire 

Rate — 

Lbs. Dry Solids/Ur./.'t.2 3.0 4.5 

Cako Content — 

Ut.. 69—70 69—70 

Chemical Ut, % 

FoCl3 4 4 
GaO 16 16 

Filtrate Gltity * 100 ppm or 
1033 

* Filtrate cla±ity dopondu on condition of fabric used as tUtoring 
nod turn. If fabric is now, clarity to cxcoflent; if fabric is worn, 
clarity to not too good. 

t 
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Table III 

Swmnarv.of Qparatien,al Results on_J' x Rqtobclt 

Ançl 8' x &! 

Apfl Arbor. 

Convontiçn4 Drun ?,otobelt 

Cycle Tine, 1'PR 6,0 2.5 

Yacuwn, Inchga Hg 
?orm 25 22 
Dry 20—25 20 

Filtor liedium Canton Flannel S.S. Uoven Uiro 

Filtration Rate 
Lbs. Dry Solids/H?.. tt,2 2,5 5.0+ 

Ccike 1o±'ture Content 
S 78—80 70—75 

Chonical Ut. % 

FeC].3 10 3.5 
CaD 24 17 

Filtrate Clarity * 200 ppm 
or loss 

* Filtrate clarity doponds on condition of fabric uaod as filtoring 
medium. If fabric is new, clarity is excellent; if fabric is worn, 
clarity is not too good. 
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Tablo IV' 

of ODerational Rocults on 8Lx 8' Rotobolt 

And 8' 

Cranston, Rhode Is].aM 

Conventionol Drum 

Vacuum, Inches Hg 
Form 1720 1720 

17—20 17—20 

j?jltor 1•:odium Dacron with flap 3.5. Uoven tiire 
String Discharge 

Filtration Rate — 
Lbs. L,i7 Solids/Hr. 3,3 5•3—5•9 

(25,000#/7.6 hr.) (4o—45,000#/7.6 hr.) 

Cake Iloisturo Content 
ut.% 8% 80 

% 

FoCi3 5—6 5—6 

GaO 

Filtrate Clarity * 100—300 ppm 

* ?iltrato clarity depends on condition of fabric used as filtering 
tiodiuza. If fabric is new, clarity is excellent; if fabric 
is worn, clority is not too good. 




