
14th 

ONTARIO 

INDUSTRIAL 

goT 

WASTE 

?Ei'IOVE 

CONFERENCE 

Proceedings 

JUNE 1967 

SPONSORED BY 

THE 

ONTARIO WATER RESOURCES COMMISSION 

r 

P 

I 
TD 
897.5 
.057 
1967 
MOE 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown copyright 
(unless otherwise indicated), which is held by the Queen's Printer for Ontario. It 
may be reproduced for non-commercial purposes if credit is given and Crown 
copyright is acknowledged. 

It may not be reproduced, in all or in part, for any commercial purpose except 
under a licence from the Queen's Printer for Ontario. 

For information on reproducing Government of Ontario works, please contact 
ServiceOntario Publications at 





14th 

ONTARIO 

INDUSTRIAL WASTE 

CONFERENCE 

JUNE 18-21 1967 

PARK MOTOR HOTEL 

NIAGARA FALLS 

ONTARIO 



CONTENTS 

P n go 

Keynote Address 
Mr. D. S. Caverly, 
Ontario Water Resources Commission, 
Toronto, Ontario. 

Potato Processing Wastewater Treatment 9 

Dr. Otis Sproul, 
Professor of Civil Engineering, 
University of Maine, U.S.A. 

Characterization of Industrial Waste by Instrumental 23 
Analysis 
H. A. Clarke, 
Ontario Water Resources Commission, 
Toronto, Ontario. 

The Application of Instrumentation in Automatic Effluent 39 
Control and Water Conservation 
Dr. C. Mattock, 
Director, Effluent Control Ltd., 
England. 

Legal Aspects of Water Pollution Control in Ontario 71 

J. P. Erichsen-Brown, 
Ontario Water Resources Commission, 
Toronto, Ontario, 

Clean Water - Industry's Role 93 
A. D. Fisher, Vice-President, 
The Steel Company of Canada, Limited, 
Ontario. 

Water Management Problems in the Chemical Industry lOS 
B. W. Dickerson, 
Engineering Department, 
Hercules Powder Company, 
U.S.A. 

The Design of Waste Treatment Facilities for the 117 
Automotive Industry 
D. A, Poole, P,Eng,, 
M,M. Dillon Limited, 
Ontario. 



Page 

Centrifuges for Concentration and Dewatering of 139 
Waste Stream Solids 
Dr. F. W. Keith, 
Pennsalt Chemicals Corporation, 
U.S.A. 

New Concepts in Application of Aerobic Biological 159 
Methods for Treatment of Wastes 
Dr. A. A. Kalinske, 
The Eimco Corporation, 
U.S.A. 

Banquet Address "On Becoming an Uncomism Person" 181 

Rev. Harry S. Rodney, Minister, 
Knox Presbyterian Church, 
St0 Thomas, Ontario. 

Plastic Biological Oxidation Media for Industrial 187 

Waste Treatment Needs 
James C. Sak, 
The Dow Chemical Company, 

Some New Advances in the Biological Treatment of 211 
Industrial Wastes 
Dr. W. Eckenf elder, Jr., 
Department of Civil Engineering, 
University of Texas, 

Contact Stabilization 225 

Dr. P. H, Jones, 
Associate Professor of Civil 
Engineering, 
University of Toronto, 
Ontario. 

V 



KEYNOTE ADDRESS 

D. S. Caverly, 
General Manager, 
Ontario Water Resources Commission, 
Toronto. 

Conference Chairman 

May I take this opportunity, first of all, 
to extend a personal welcome to the many delegates 
attending this 14th Ontario Industrial Waste 
Conference. 

To start off this year's program I am 
going to speak on our new approach in Ontario to 
water quality objectives - a subject which, I trust, 
will be of interest to you all. 

Before proceeding into this matter I would 
like to provide you with some background information 
as well as some remarks about water generally. I 
have had occasion to speak to a number of groups 
recently on Canada's position in the "water world" 
and of Ontario's position in particular. We are 
richly endowed with water in this Province. Never has 
this been brought home so forcibly to me as at the 
recent "Water for Peace" Conference convened in 
Washington by President Johnson. At this Conference 
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experts and representatives of 73 nations assembled to 
talk thout water. Their discussions ranged all the way 
from the philosophical approach to water resources to highly 
technical subjects. "Water and Environment", "Man's Control 
of Water", "Water and the Ftiture of Man", "Water for 
Living" were some of the sophisticated subjects dealt with. 

Other topics ranged from water resource planning 
and development - to education and training - and included 
such matters as water supply technology, water quality 
consideration, and the reclaiming of water. Finances and 
pollution control were also covered. There were meetings 
on organizing for water programs as well as on desalination. 

Why am I taking the time to outline all of these 
subjects? Simply to emphasize two points: Firstly - the 
degree of refinement today in the field of water resource 
management, and secondly - how fortunate we are in Ontario in 
the abundance of the fresh water supplies which we have. 
Take for example, the Niagara River within a stone's throw 
of where we are now assembled with the millions of gallons 
of water which casade over the Falls every hour! 

At the Washington Conference I listened to 
representatives of the emerging and developing nations talk 
about the importance of water and about their development 
plans. We heard from those countries where water is not only 
in short supply but fr such short supply that it is held in 
reverence! Here, we have water in abundance. A map of 
Ontario will show the thousands of lakes rivers which 
are scattered over this Province - and at our doorstep the 
Great Lakes, the i.argest body of fresh watcr in the world: 

Such a natural resource must be wisely managed to 

preserve its value d to derive its full bénef it. with this 
objective in view, the OWRC was tounded in 1956 to develop 
and administer a water management program for Ontario. During 
the years which followed a program embracing both water 
quantity and quality has evolved. We have prided ourselves 
in always keeping abreast of the latest developments. 
Continually changing policies, therefore, have been adopted 
to take advantage of these developments and hence our 

a change In "Policy Guidelines" with respect 
to water quality objective3, 

V 

The present objectives for water quality control 
in the Province of Ontario have been in force since the 

was formed, with only slight modifications having 
been made over the years. A number of general parameters 
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have been used such as coliforins, BOD, phenols, pH, etc. 

Most of you are quite familiar with these objectives. 

Experience has shown, however, that there is a 

number of technical and administrative problems associated 

with the application of the present objectives. Late in 

1966 a committee on water quality objectives was formed 

within the Commission. The work of this Committee covered 

an appraisal of existing objectives as well as an 

examination of the problems to which I have just referred. 

The Committee!s task was very complex and one 
requiring comprehensive review and consideration of basic 

principles and possible policies preparatory to a thorough 

study of the many detailed technical areas. 

In the course of its work the Committee reviewed 

key aspects of the technology of environmental water 

quality analysis and forecast. These basic considerations 

were followed by a review of the water quality objectives 

employed by various state, provincial, national and 

international agencies. Study was made of the concept of 

the beneficial use of water and the need for quality 
criteria to guide efforts aimed at preserving water for 

the desired uses. A review was then made of the legal 
and judicial aspects of the problem. 

with the benefit of this background, the Committee 
developed conclusions on its initial work and formulated 
a series of suggested guidelines for future policy as well 
as a possible timetable for completion of the revisions to 

the objectives. The policy guidelines and the subsequent 
procedure comprise the preliminary report of the Committee 

on water quality cbjectives, 

The procedure referred to above includes: the 

development of a statement on the basic objectives for 

water quality in Ontario, the development of plans for 

water quality control in drainage basins where higher than 

the minimum requirements are needed, and an interim 

procedure for the case by case management of pollution 

problems until specific plans for the major drainage 

basins or systems are evolved. 

The work of the Committee led to the following 
conclusions upon which the policy guidelines have been 
founded: 
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1. understanding of the polluting effects of both 
treated and untreated municipal and industrial wastes 
on natural ground and surface waters has been incomplete. 

2. One set of quality objectives intended for application 
across the Province provides too broad a base for the 
planning of pollution control measures in areas 
where development is intensive or in drainage basins 
where low streaniflows are common. 

3. Although minimum requirements are helpful in many 
cases, these should be made more stringent in areas 
of intensive water use to make water available for 
all reasonable uses. 

4. Objectives should be used as guides to develop 
alternative plans and designs for the best use of 
water. This will lead to: 

(a) care in the design and operation of waste 
treatment and other pollution control works 
for protection of public health and desired 
beneficial uses of water, and 

(b) judicious usage of waters for waste assimilation 
so that the orderly growth of municipalities 
and industries in desirable locations will 
be possible, 

5. Meaningful long term plans for pollution control in 
the drainage basins of the Province will require the 

application of systematic methods of scientific 
and engineering analysis. 

I wish to now outline in detail the policy 
guidelines that have been adopted by the Commission, and 
are now being made public for the first time today. 

POLICY GUIDELINES 

1. The provincial water resources will be utilized wisely 
in the best interests of the people of Ontario. This 
will require the restoration and maintenance of 
water quality for the greatest possible use. 
Towards this end, water quality objectives should 
take into consideration the use and value of water 
resources for public, agricultural and industrial 
water supplies, propagation of fish and wildlife, 
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recreational purposes, aesthetic enjoyment and 
other legitimate uses. 

2. There will be a constant effort to improve the 
quality of water, for it is recognized that the 
improvement of the quality of water makes it 
available for more uses. 

3. Minimum quality control objectives will be set to 
apply to all waters of the province; more stringent 
objectives can be set for any individual situation 
dependant upon use, and in the future, generally 
more stringent objectives may be set for specific 
drainage basins or drainage areas. 

4. In general, beneficial uses of water will be the 
controlling factors in determining the water quality 
objectives in any drainage basin. Where the use of 
water for the assimilation of treated wastes in a 

properly controlled fashion within a drainage basin 
is recognized as a reasonable use, it should be 
compatible with the other uses of that water. 

5. Economic, health, aesthetic and conservation values 
which contribute to the social and economic welfare 
of an area will be taken into account in 
determining the most appropriate use or uses of a 
water resource. Therefore, in the establishment of 
water quality objectives for specific drainage 
basins, the opinions of agencies or persons having 
an interest and/or responsibility in the present or 
future utilization of the water in a particular basin 
will be solicited and evaluated. 

6. For each beneficial use, there are certain water 
quality requirements which must be met to assure 
that the water will be suitable for that beneficial 
use, The co-operative assistance of technically 
qualified persons who are specialists with regard to 
various water uses will be soughtin determining the 

requirements. 

7. Caution will be exercised in selecting numerical 
values for parameters to be included in any objectives 
for water quality; only those values will be 
included for which sound information on applicable 
levels is available. In the absence of appropriate 
numerical values, the objectives will consist of 
verbal descriptions in sufficient detail as to show 
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clearly the quality of water intended. 

8. water quality objectives will be revised periodically 
as new information and conditions develop. Objectives 
will not be considered final or absolute as 
increases in scientific knowledge of the effects of 
wastes on the environment will inevitably require 
their improvement. 

9. Alt wastes, prior to discharge to any receiving 
watercourse wiL receive the best practicable 
treatment or ccntrol. Such treatment must be adequate 
to protect and upgrade water quality in the face of 
population and industrial growth, urbanization and 
technological change. 

10. water quality objectives will provide an engineering 
base for design of treatment works by municipalities 
and industries. objectives wilt enable 
municipalities and industries to develop realistic 
plans for new plants or expanded facilities without 
uncertainties about waste disposal requirements. 

11. requirements based on the applicable water 
quality objectives for a drainage basin will be 
established for each user by the Commission, in order 
to maintain acceptable watet quality for all 
beneficial uses withIn the drainage basin. 
Requirements may be revised when necessary to allow 
for increasing or new uses of the waters of a drainage 
basin. 

12. Any user who wastewater that does not 
meet requirements established by the Commissica, or 
otherwise impairs the quaflty of the water, will be 
subject to the provisions of the OWRC Act. 

These new water quality objectives are to be 
established at once. In effect they will be materially 
the same as the existing objectives that are also the 
present declared policy of the International Joint 
Commission. They will be restated in the tight of the 

policy guidelites, that I have just reviewed, and will be 
a statement cf the minimum water quality requirements 
applicable to all waters in Ontario. 

In drainage basins where the need for quality 
objectives more stringent than the minimum requirements 



described above is indicated the following procedure 

will be used: 

(a) Definition of water use practices and evaluation 
of requirements throughout the river 
or drainage basin requiring this specific approach, 

(b) determination of existing water quality and 
forecasts of quality under various conditions 
and combinations of water use, and 

(c) establishment of !peciflc water quality objectives 
within a comprehensive plan for the drainage basin. 

Until definite plans for water quality control 
throughout heavily used drainage basins are developed, 
effluent requirements will be established for individual 

users. 

This arrangement will permit determination of the 
effluent requirements on the basis of the effects waste 
discharges have on the local water environment. It will 
allow reasonable use of a stream or lake for waste disposal 

until an overall plan for pollution control in the drainage 

basin can be developed, while also providing assurance that 
the approved use will be reasonably compatible with the 
eventual plan. 

How is this new program to be put into effect - 

and how will this affect the matter of industrial waste 
treatment? 

Firstly, this will mean a substantial increase 
in our water quality monitoring and laboratory activities. 
There has been, of course, a tremendous increase in our 
surveillance program in the last few years. We are now in 
third year of our Great Lakes surveys with four chartered 
vessels covering all of the Great Lakes except Lake 
Michigan. Our inland fleet has been augmented with the 
addition of our latest pride and joy - the "Monitor" - a 
19 foot "inboard - outboard" cruiser purchased last month 
and which will be assigned principally to harbour work. 

We now have a research laboratory in London in 
addition to our main one in Etobicoke. Others are planned 
for the near future. 

Planning and budgeting are already well underway 
to start the necessary additional field and laboratory 

-7- 



programs associated with this enlarged program. En the 
meantime, a selection of drainage basins in southern and 
northern Ontario, requiring the establishment of specific 
water quality objectives and pollution control 
requirements, will be made. 

What effect will this have upon industry? It 
will mean a more realistic approach to waste treatment 
keyed in to the use that is being made of the water. 
Treatment units can now be specifically designed to meet 
the needs of the receiving stream. Under these new guidelines 
unreasonable demands with respect to the degree of 
treatment will be eliminated. This is a point long made by 
industry - that demands for degrees of treatment higher than 
necessary should not be made. 

Conversely, in some areas, higher demands will be 
made, This new policy is not stream classification. It is 
a scientific approach to the use of our waters based upon 
new trends and ideas. There will be no lowering of the 
present objectives for water quality presently in use in 
Ontario. No change is contemplated in our present policy 
regarding industrial waste treatment. The waste treatment 
program will continue and, in fact, will be accelerated. 

It simply represents a more realistic approach to 
water use. 

It has been a pleasure addressing you today, and 
I am glad to have had this opportunity of outlining our new 
policy guidelines with respect to water quality objectives 
in the Province of Ontario, 

S 
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SESSION CHAIRMAN 
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"POTATO PROCESSING WASTEWATER TREATMENT" 

BY 

DR. OTIS SPROUL 

PROFESSOR, DEPARTMENT OF CIVIL ENGINEERING 

UNIVERSITY OF MAINE, ORONE, MAINE. 

Potato processing waste treatment is 
complicated by the normally high organic load in the 
wastewater and the location of the plants. The plants 
are generally situated in rural areas which frequently 
do not have wastewater treatment facilities. Where 
plants are present, the high organic content of the 
waste may seriously overload them. A measure of the 
problem can be estimated when it is known that 1,220 
million pounds of potatoes were processed into a 
frozen product in 1965 in the United States (1). 

Objective 

It is the objective of this paper to present 
a review of the treatment methods for potato process- 
ing wastes with their design criteria and expected 
efficiency. It is intended that potato processing 
wastes be limited to those plants producing french 
fries, potato chips, potato flakes and other fried 
potato products but is to exclude potato starch pro- 
duct ion. 
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Waste Characteristics and Plant Flowsheet 

The general plant flowsheet for the produc- 
tion of french fries or related products is shown in 
Figure 1. The potatoes are washed and cleaned. This 
water is high in inorganic solids but relatively low 
in volume and BOD. The peeling operation by either the 
lye or steam peel method loosens the skin which is 
removed in the following washer. The major part of 
the plant Bob and suspended solids is created in 
this operation. The following operations are used 
to cut the potato and prepare it for frying. In many 
plants the water from these following operations is 
recycled within the plant. Small pieces resulting 
from the cutting operation are frequently screened 
out and used for a fried molded potato product. 

The waste measurements of major importance 
are BOD, suspended solids and water quantity. (All 
gallons referred to in this paper are U.S. gallons). 
Data reported in the literature and from various 
investigations by the authors are shown in Table 1 
on a per ton of raw potatoes processed basis. The 
data varies from one plant to another as is common 
in industrial operations. The average data indicates 
that the unit concentrations of BOD and suspended 
solids are 1450 mg/l and 1740 iug/l respectively. 

The pH of the waste is near neutral if the 
steam peeling process is used but is from 10 to 12 
if lye peeling is used. This high pH is caused by 
dragout of the sodium hydroxide from the lye peeling 
tank on the surface of the potatoes. Atkins and 
Sproul (2) showed that the total alkalinity of the 
spray washer from a lye peel operation was 3,360 mg/l. 
They also showed, however, that this alkalinity did 
not interfere with the biological oxidation of the 
waste. It has been widely noted, however, that the 
primary sedimentation tank sludge from lye peel plants 
does not dewater readily unless treated in a special 
fashion. This is discussed below in the section on 
sludge handling. 
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FIGURE 1 POTATO PROCESSING PLANT 
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TABLE 1 

POTATO PROCESSING WASTE CHARACTERISTICS 

Plant location BOD Suspended Solids Water U age Reference 
and type of peeling #/ton raw #1 ton raw gal/ton raw 

potatoes potatoes potat es 

Maine, lye 22 25 2310 2 
Maine, steam 40 55 7700 Authors 

(after screening) 
Maine, steam 28 3360 3 
North Dakota, lye 79 70 2640 4 
Idaho, steam 40 35 2670 5 

(approximately) 
North Dakota, lye 49 75 5000 6 

North Dakota, lye 50 83 7000 6 

North Dakota, lye 79 114 3000 6 
t4l 

'-I 

(These ND. data are for a coarse screened waste) 

Average 51 61 4210 



Nitrogen and phosphorus are present in suff i- 
cient quantities to support biological oxidation of these 
wastes. The phosphorus to ROD ratio of a lye peeled 
composite waste was I to 14 (2). Total nitrogen to ROD 
ratio of a screened steam peeled waste has been observed 
to be about 1 to 12. 

In the estimation of plant waste quantities 
for a proposed new plant it is frequently necessary to 
use the expected product production furnished by manage- 
ment. It has been our observation that the ratio of 
product to raw potatoes used is about 0.5. In some 
plants it has been observed to be as low as 0.35. The 
major part of this loss, of course, is water which is 
displaced fromthe potato during processing. 

Inp lant Was te- Reduction 

Inplant reduction of waste quantities should 
be made before proceeding to wastewater treatment. 
Generally, potato processing plants today use the small 
pieces resulting from slicing for the production of other 
products. If this is not being done it should be examined 
for its feasibility. Water recycle within the plant 
should be practiced. Cleaner water from the operations 
following the slicing can be used in the spray washers. 

Highlands et al (3), in a study of water con- 
servation in potato processing plants, have suggested 
that the water from the refrigeration condensers and 
compressors could be reused. This volume amounted to 
about 810 gallons per ton of potatoes processed. It 
appeared to be of high quality with no suspended soliøs nor 
coliform bacteria. 

Plant management should also attempt to pre- 
vent, or minimize, the time of contact of the sliced 
potato with water. The data in Table 2 is for an 
experiment to determine the extent of leaching of 
solubles from potato pieces. Maine Russet potatoes were 
cut into one quarter inch cubes and 150 gms (drained wet 
weight) placed in a beaker with 1 1/2 liters of distilled 
water. The starch liberated during the cutting was also 
added. The potatoes were mixed for the indicated times 
and BOD determinations made. Five minutes of contact 
increased the SOD by 12 percent over that for the 2 
minute time and by 50 percent for the 30 minute time. 
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It is obvious from this data that potato pieces should 
be removed from the wastewater as soon as possible with- 
in the plant. 

Treatment Methods 

The usual treatment processes employed for 
potato processing wastes include screening, primary sedi- 
mentation and biological treatment by activated sludge 
and trickling filtration. 

Screening 
Screening with mechanical vibrating screens 

is widely used as a preliminary treatment device. Large 
quantities of the relatively large pieces of potato 
material can be removed in this process. Work done by 
one of the authors (Barnes) at the New Brunswick Water 
Authority on a steamed peeled waste showed that 35 per- 
cent removal of suspended solids could be obtained by 
screening through 10 mesh laboratory sand screens. The 
corresponding removal of BOD was 27 percent. Preliminary 
sampling of the screenings from an inplant 30 mesh 
screen on a steam peel waste showed a solids content of 
11.2 percent. Blinding of the screen has been controlled 
by steam cleaning several times a day. 

Primary sedimentation 
Primary sedimentation presently is the single, 

most widely used treatment process. Reported efficiencies 
vary somewhat from plant to plant as indicated in Table 3 
but BOD removals of from 50 to 70 percent and suspended 
solids removals as high as 80 percent might be expected. 
These removals were obtained with overflow rates of about 
600 to 1000 gpd/sf. The authors, in a settling column 
study, observed occasional removals of up to 50 percent 
of the suspended solids but a removal of only 20 percent 
of the ROD. When the suspended solids removal increased 
to about 70 percent, the BOD removal increased to 40 
percent. In these cases a large part of the suspended 
solids was evidently inorganic which had no BOD but which 
settled very readily. 
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TABLE 2 

LEAGUING OF ORGANIC MATERIAL 
FRC*1 SLICED POTATOES IN WATER 

Time of mixing BOD 
minutes mg/i 

2 200 
3.5 210 
5 225 
10 230 
30 300 

Conditions: Potatoes - Wet drained weight - 150 gas 
Dry weight - 26.4 gas 
One quarter inch cubes 

Water - 1 1/2 liters 
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TABLE 3 

PRIMARY SEDIMENTATION RESULTS 
FOR POTATO PROCESSING WASTES 

Type of Overflow BOD COD Suspended Reference 

Waste rate Removal Removal Solids 
gpd/sf t Removal 

Steam peel * 70 76 92 5 

Lyepeel * - 57.73 - 5 

Steampeel NR 51 59 83 7 

Steam peel 1000** 45 80 Authors 

Either 600-800 50-75 8 

NR - Not reported 
* - Cannot be determined from reference 
** - Based on settling column study with a scale-up factor of two. 



Certain operational problems in primary sedi- 
mentation facilities have been observed. Rising sludge 
problems in sedimentation tanks have been observed. 
This has occurred primarily in those facilities which 
have not had automatic or close manual supervision 
over sludge withdrawal. Similar difficulties have 
also been experienced in tanks without mechanical 
sludge scrapers. Foam problems in sedimentation tanks 
with these potato processing wastes have not been 
observed. It has been the author's experience, however, 
that the addition of potato starch protein water to 
these processing wastes will cause severe foaming. In 
this case the suspended solids float to the top with the 
rising foam rather than settling. In one case an Idaho 
plant, dewatering its sludge with a centrifuge, 
experienced an excessive wear rate in the centrifuge (5). 
This was attributed to the removal of grit in the primary 
clarifier which subsequently passed through the centri- 
fuge. It was planned to modify the existing clarifier 
by adding a grit chanter for grit removal and alleviation 
of the problem. 

The successful dewatering of a lye peeled 
potato sludge is dependent upon the use of chemical con- 
ditioning agents or pH adjustment of the sludge (5) (8). 
The pH adjustment can be accomplished by an anaerobic 
fermentation of the sludge in the bottom of the primary 
clarifier. Clarifiers with a 12 foot sidewater depth 
and with a picket fence raking mechanism have been used 
successfully (8). Detention times have been on the order 
of 2-3 hours. The optimum pH for this is about 6-7 (9). 
This fermentation produces high local concentrations of 
organic acids on the bottom of the tank and acid pro- 
tective treatment of the tank is necessary. 

Biological Treatment 
Biological treatment of potato wastes has not 

been practiced on a large scale as yet. Full scale 
plants are being designed, however, for this type of 
treatment. Activated sludge, aerated lagoons and trick- 
ling filtration are being considered. 
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Activated 

Atkins and Sproul (2), in bench scale studies, 

have shown that complete mix activated sludge treatment 

is capable of high BOD removals at high loading rates. 

Table 4 presents a portion of their results. These data 

are for a lye peel waste which had received prior sedi- 

mentation. BOD removals as high as 99 percent were 

obtained with organic loadings of up to 263 pounds of 

BOD per day per 1000 cubic feet of aeration tank capacity. 

It should be noted that the sludge volume index (SVI) 

approached 200. This was indicative of a sludge which 

would need close attention in the design of its sedi- 
mentation tank. 

Additional studies have been made by the 
authors to determine the activated sludge growth rate 
constant, Ks, in the equation (10): 

Percent BOD removal 100 Ks S T 
l+Ks ST 

Where: 
Ks — growth rate constant 
S mixed liquor volatile solids 
T =time 

The growth rate constant from these studies for a settled 
steam peel waste was about 0.0005 i/mg hr. This would 

indicate a removal of 92 percent with an aeration time of 

6 hours and a mixed liquor volatile solids of 3500 

Trickling Filtration 

Preliminary data from pilot plant treatment of 
a lye peel waste has been presented by Pailthorp and 

Filbert (11). This study was run on a settled waste 

using Dow chemical Company's Surfpac. BOD removals from 

1,680 mg/i to 280 rng/l (after settling) were obtained 

with a recirculation rate of 6 to 1. Loading rates on 

the filter were not given. It was indicated that these 

studies were continuing. 

V 

4 
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TABLE 4 

ACEIVATED SLUDGE TREATMENT OF UNADJUSTED LYE 
PEELED POTATO WASTE WITH A SIX HOUR DETENTION TINE 

BOD ROD BOB/bOO COD COD Re- Susp.Soiids Susp. olids )ILSS NLVSS 
Oper. (mg/i) Removal cu.ft. aera- (mg/i) moval (mg/i) Remo' al (mg/i)(mg/1) SVI 
Day In Out tion, capc./day In Out In Out t 

1 1230 55 96 294 1800 117 94 430 15 96 3600 2700 115 
2 900 22 98 215 1800 130 93 420 30 93 4100 3550 122 
3 1100 51 96 263 1650 137 92 400 40 90 4100 3500 100 
4 1100 24 98 263 1595 94 94 400 35 91 4300 3500 120 
5 1100 18 99 263 1595 144 93 420 35 92 4500 3600 120 
6 1100 20 99 263 4000 3200 - 

(see Note below) 

9 800 20 98 191 1000 290 71 400 175 56 3600 3400 180 e- 10 800 20 98 191 1600 290 80 415 150 64 3800 3100 170 
11 800 15 98 191 1000 120 88 450 55 88 4100 3500 170 
12 1000 10 99 239 1000 105 90 450 45 90 3800 3300 175 
13 1500 20 99 358 3000 150 94 450 40 91 3900 3200 180 
14 1000 30 97 239 1000 108 90 425 30 93 4200 3700 190 
15 1000 10 99 239 1270 135 90 430 30 93 4200 3700 180 16 1000 10 99 239 1200 108 91 430 35 93 3800 3200 160 
17 1000 10 99 239 1200 120 89 410 40 92 3900 3200 175 

NOTE: For some unexplained reason p11 dropped without warning in aeration cc npartment to pH 1.5 on the seventh day. MISS dropped to 2000 mg/i. Feeding was reduced to Liow solids buildup 
and return to normal pR. 

Table 8 from reference 2. 
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Sludge Dewatering 
Primary sludges from potato processing may be 

dewatered by either vacuum filtration or centrifugation. 
Steam peel sludges may be dewatered without chemical 
conditioning while lye peel wastes must be conditioned 
either with chemicals or by pH adjustment. It has been 
indicated above that lye peel sludges can be fermented 
biologically in the primary clarifier and the pH lowered 
by this action to the 6-7 range. They can then be de- 
watered without chemicals. Both lye peel and steam peel 
sludges may become difficult to dewater if the pH drops 
to 4 to 4.5 or less. The authors have observed that 
ferric chloride in concentrations of about 2 percent 
will condition a soured sludge and make it dewaterable. 
Consideration should be given to the provision of these 
conditioning facilities in a plant design. 

Vacuum filter production rates of about 6 
pounds per square foot per hour can be obtained on 
either type of sludge. The solids content in the cake 
will be about 14 percent. Centrifugation has given a 
cake with 16 to 20 percent solids (5). The centrate, 
however, contained from 2 to 4 percent solids which 
was returned to the clarifier for resettling. These 
results were obtained with sludge concentration of 
5 to 6 percent solids from the primary clarifier, a 

Future Trends 

The most obvious factor when one examines 
the future of the potato processing industry is its 
growth rate. It has been predicted that the United 
States processing of potatoes for frozen products will 
increase over three times in the next 10 years from 
1,220 million pounds in 1965 to 3,780 million pounds 
in 1976 (1). This increase in production, coupled with 
more restrictive effluent requirements, will increase 
the wastewater treatment needs of this industry. 

It would appear that the industry will find 
it necessary to consider more carefully the waste 
treatment aspects of its operation. Consultation 
should be sought before plant location and during 
plant design in an effort to ameliorate the subsequent 
waste treatment problem. 

t 
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The development of a peeling method which will 
be entirely waste free is needed. This development 
would decrease the cost of waste treatment by a factor 
of one half or more since from 50 to 90 percent of the 

BOD in a plant comes from this operation. 

Summary 

This paper can be summarized in the following 
statements: 

1. Average BOD and suspended solids discharges of 
51 and 61 pounds per ton of raw potatoes 
processed have been observed. 

2. Suspended solids removals of 35 percent or 
more have been obtained by screening through 
a 10 mesh screen. 

3. Primary sedimentation has given removals of 
suspended solids and BOD of 80 and 50 percent 
at overflow rates of 600 to 1,000 gpd/sf. 

4. BOD removals in excess of 92 percent have been 
obtained with 6 hours of aeration in a complete 
mix activated sludge bench scale study. 
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The material for this talk was gathered 
from my association with the OWRC Laboratories in 
Toronto. I propose to describe briefly the work 
functions of the two Chemistry Branches, with special 
emphasis on the application of instrumental analysis 
to the characterization of industrial wastes. 

The instrumentation is described, some 
basic principles and general methods outlined 
briefly, and a few actual problems discussed. 
Polarography and atomic absorption spec trophotometry 
are reviewed as techniques for the analysis of metals. 
The use of ultraviolet and infrared spectrophotometry 
is illustrated by a number of examples in the 
identification of organics, mainly of petroleum 
hydrocarbons. Chromatographic methods such as gas, 
thin layer and paper are outlined with special 
mention made of pesticide residue analysis. Finally, 
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the application of much of the above instrumentation to 

carbon adsorption studies is shown, 

The nature of this talk is very broad in scope 

and is not meant to probe the subject in any great detail. 

Rather, I hope to show that the analysis of industrial 

wastes is a complex matter requiring sophisticated 

instrumentation for achieving best results. 

OWRC LABORATORIES 

This building was opened in 1960 and provides 
approximately 30,000 square feet of working laboratory space. 

Over 100 persons, including bacteriologists, biologists, 

chemists, engineers and other disciplines, are active in the 

technical appraisal of samples pertaining to the aquatic 

environment and related research. In excess of $150,000 of 

instrumentation of all types are available for chemical 

analysis. In 1966, almost 300,000 chemical determinations 

were performed on slightly over 43,000 water samples. 

CHEMISTRY BRANCH I - Water and Sewage Analysis 

This Branch performs chemical analysis of water 

and sewage samples collected by the various field staffs 

of the OWRC and other agencies. Water samples are obtained 

from rivers, lakes, wells, and industrial and.domestic 

water supplies. Analyses include chloride, hardness, iron, 

fluoride, sodium and alkalinity. Sewage samples are 

obtained mainly from municipal water pollution control 

plants and tests include ROD, COD, suspended and dissolved 

solids, pH, phosphate, detergents and nitrogens as ammonia, 

nitrate, nitrite and total kjeldahl. Industrial wastes, 

on which the above tests are requested, are analyzed in this 

Branch to avoid expensive duplication of equipment and 

other facilities peculiar to these tests. 

1. Autoanalyzers 

The large numbers of routine analyses performed 

in this Branch present the challenge of introducing 

automated techniques in order to stay on top of the 

situation, Towards this end, two Technicon Autoanalyzers 

have been purchased recently. At present, ammonia and 

soluble phosphate are being determined, with future 

application to total phosphate and kjeldahl nitrogen. This 

type of equipment potentially lends itself to any 

parameter amenable to colorimetric analysis. 
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2. Titralyzers 

Two Fisher Titralyzers with print-out are used, 
one for chloride and alkalinity (potentiometric titration), 
and the other for hardness and calcium (colorimetric 
titration). 

3. Flame Photometry 

An automated flame emission photometer (EEL) is 

used for sodium and potassium analysis. This model 
internally compensates for random fluctuations in emission 
and has digital read-out. 

Finally, a simple dropping mercury polarograph is 
being used successfully for the determination of dissolved 
oxygen in the BOD test, a distinct advantage over the time- 
consuming titration procedure. 

CHEMISTRY BRANCH II - Industrial Wastes Analyses 

Specific identifications of the wide variety of 
pollutants to be found in industrial wastes are performed 

in this Branch, in contrast to the general parameters that 
describe pollution such as BOO, COD, solids, etc., which are 
done in Chemistry I. Attempts are made to determine the 
soluble organics which contribute to BOD values such as 
proteins and sugars, and the nature of suspended solids 
such as metal hydroxide flocs and clays. This Branch is 
divided into two sections, namely inorganic and organic 
analysis. 

The Inorganic Section deals primarily with the 
analysis of metals such as zinc and chromium, and anions 
such as cyanide and arsenic. Detailed analysis of sludges, 
sediments and other solid deposits are also carried out in 
this section. 

The Organic Section can be divided into four 
fields of work: 

a. Specific organic determinations such as phenolic 
compounds, ether solubles, protein, lactic acid, tannins 
and lignins, etc., which are asked for regularly on a 
routine basis. 

b. Identification of unknown organics such as 
petroleum hydrocarbons, natural fats, synthetic compounds, etc. 
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c. Carbon adsorption studies which provide a measure 

of the organic content of waters subject to industrial 

pollution by means of the carbon chloroform extractables (CCE). 

d. Pesticide residue analysis in the aquatic 

environment mainly with respect to the chlorinated 
hydrocarbons such as DDT arid its metabolites, and the 

chlorophenoxyacetic acids and esters. 

As an example, to illustrate the magnitude of the 

workload in 1966, in excess of 5,000 analyses were performed 

for heavy metals which arose from industrial operations 

such as plating, anodizing, mining and tanneries. In metal 

analysis, the industrial waste sample is usually digested 

first with sulphuric and nitric acids to oxidize organics 

off to the atmosphere and then further screened to remove the 

presence of any interfering ions (co-precipitation, extraction, 

etc.) where necessary. The actual identification and 
measurement of the particular metal desired is then determined 
by one of three methods, namely colorimetry, polarography 
or atomic absorption spectrophotometry. 

P OLAROCRAPHY 

a, Instrument 

Southern Analytical Model K-l000 cathode ray 
polarograph with dropping mercury electrode. 

b, Basic Theory 

Polarography was discovered more than fity years 
ago. It is well-suited to the analysis of a wide range of 
compounds and especially to metal ions in aqueous media. 

1. Conventional polarography 

A polarograph determines the concentration of 
reducible ions in a solution by measuring the current which 

flows when the ions are reduced electrolytically. A 
variable voltage is applied across the cell in which an 

aliquot of the aqueous sample is contained with a suitable 
supporting The cathode is formed by a drop 
of mercury which drips off a capillary immersed in the 
solution. The total current variation is proportional to 
the concentration of metal ions in solution, The halt-wave 
potential is characteristic of the type of metal ions being 

reduced. 
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2. Cathpde ray Polarography 

This is also called "derivative polarography". 

A linear voltage sweep is applied late in the life of each 

drop, and a complete polarogram is obtained. The drop 

velocity is set approximately at seven seconds, comprising 

a rest period of five seconds with a deflection period of 

two seconds, and the deflection voltage is synchronized 

with the life of the drop. The height of the peak is 

directly proportional to the concentration of the specific 

metal ion of interest, which reduces at that particular 

half-wave potential a 

c. General Method of Analysis 

A suitable aliquot of the industrial waste sample 

is digested to oxidize any organic material which may be 

present0 The digested sample is made up to a fixed volume, 

a suitable stipporting electrolyte added (usually hydrochlor- 

ic acid) and a small amount of ascorbic acid to suppress 

oxygen. The sample is placed in glass cells, purged with 

hydrogen and scanned over a fixed voltage range. The 

metal ion is tentatively inentified by the half-wave 

potential if the curve and the concentration 

estimated by the height of the curve, Then, the sample is 

spiked with a known concentration of the specific metal 

and the soluticic scanned again. The increased peak height 

at the same potential proves the existence of the specific 

metal and aids in tne determination of the original 

concentration cf metal in the industrial waste. 

d. Advantages and Limitations of Method 

several can be scanned for in one solution 

providing that the supporting electrolyte is cornon to all; 

for example, zinc, copper, lead and cadmium if present. 

Specificity is excellent, accuracy is good and sensitivity 

is fair (0,1 mg/l). 

e. Application at OWRC Laboratories 

Over 3,000 analyses were performed in 1966 on the 

polarograph for a variety of metals. These included zinc, 

lead, tin, cobalt, nickel, cadmium and copper. Confirmatory 

tests by colorimetry or atomic absorption are performed on 

the same sample when considered desirable as in the cases 

where legal action is involved. 
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The analysis of lead and tin in the same waste 
presents an interesting problem as both metal ions are 
reduced at the same potential. Ammonium citrate is used 
as the suppressor for tin in ammonium hydroxide. First, the 

sum of the peak heights of both tin and lead are measured, 
after which the suppressor is added which eliminates the 

tin peak. Lead is obtained from the reduced curve and tin 
is calculated by difference. The concentrations are read 
off standard curves prepared for each metal. 

Anion analysis has been done on a limited scale 
to this point in time. For example, the anodic conversion 
unit has been used in investigations into cyanide analysis. 
However, in this particular instance, it would appear that 
the sensitivity of the polarographic method is much inferior 
to colorimetric procedures. 

ASSORT nON ECTROP HOTOMETRY 

Absorption spectrophotometry is based on the 
principle that certain displacements of electrons or atoms 
within a molecule are permissible according to the quantum 
theory. when radiant energy of the same energy required 
to bring about this permissible change is supplied to the 

molecule, the change occurs and energy is absorbed. 

The wide versatility of visible spectrophotometric 
procedures (colorimetry) in the field of inorganic and 
organic analysis is briefly outlined. Atomic absorption 
techniques are becoming increasingly popular in metal 
analysis. The application of ultraviolet and infrared 
spectroscopy to qualitative and, to a lesser extent, 
quantitative analysis is illustrated by a number of problems 
which were solved in the laboratory.. 

1. Colorimetry 

The Bausch and Lomb Spec tronic 20 is the popular 
instrument used for visible spectrophotometry. The 
transistorized model has been found to be a reliable, 
inexpensive, sturdy instrument which gives excellent 
reproducibility. 

In metal analysis, after oxidation of the organics 
and removal of other interfering ions, the metal in question 
is complexed with an organic dye to give a characteristic 
colour of that particular metal chelate. The intensity 
(optical density) is read off the spectrophotometer and 
compared to a standard curve to determine the concentration 
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of the metal in the original waste sample. Metals such 

as chromium, manganese, iron and aluminum are done 

routinely by colorimetric analysis. 

Anions in industrial wastes cover a wide range 
of interest such as arsenic, cyanide, sulphide, silica 

and phosphate. Colorimetric measuring methods are used 

after suitable wet chemical preparation of the sample. Some 

organic compounds such as certain herbicides 
(chlorophenoxyacetic acids e.g. 2,4-D and the s-triazines 

e.g. atrazine) have been determined by complex wet chemical 

analysis involving final colorimetric measurements. However, 

these results are usually checked by other available 

methods such as gas chromatography, if possible. 

2. Atomic AbsorRtion Spectrophotometry 

a. Instrument 

Techtron AA-4, single beam optics, grating 

monochromator, laminar flow burner - from Aztec Instruments 
Inc. 

b. Basic Principles 

Atomic absorption spectrophotometry (AAS) is one 
of the newest analytical techniques available to the water 

chemist. Discovered in Australia in the early 1950's the 

technique has become popular only recently due to the 

advances in instrumentation. The basic principles of AAS 

are surprisingly simple and common to all forms of 

absorption spectroscopy. 

In AAS, the element of interest in the sample is 

dissociated from its chemical bonds, and placed in an 

unexcited, unionized "ground" energy state. The atoms are 

then capable of absorbing radiation at the same wavelength 

that they would emit if they were excited. 

The source of radiation is generally a hollow- 

cathode lamp, whose cathode is made of the element being 

determined and which emits the line spectra ot that element. 

This energy traverses the flame where some energy is 

absorbed by the atoms in moving from the ground state to a 

higher energy state. The less intense radiation falls 

upon a monochromator which separates and selects the 

pertinent resonance line for subsequent detection and 

measurement. AAS obeys Beer's Law and by comparison with 
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standards, the concentration of the desired element can 
be calculated in the original sample. 

c. General Method of Analysis 

All industrial waste samples are digested unless 
the samples are clear, Chelate formation of the metal to 

be analyzed with subsequent solvent extraction increases 
the sensitivity of the method many times. The sample is 
aspirated into a flame (a mixture of acetylene and air 
generally) and the absorbance recorded. Comparison against 
standard curves gives the required result. 

d. Advantages and Limitations 

The advantages of MS are many and varied. The 
instrumentation is moderately priced, simple and easy to 
operate, spectral interference is minimal and few chemical 
interferences occur. The technique is specific for a 
particular element and sensitivity is equal to and better 
than most other methods. Oxide formation by the refractory 
metals such as aluminum, boron and silicon in the low- 
temperature air-acetylene flames have been successfully 
eliminated by nitrous oxide-acetylene mixes. 

e. Application at OWRC Laboratories 

The AA-4 has only just arrived and work has been 
going on for about two Lead, copper, cobalt, 

manganese and zinc have been analyzed to date. In time, 

it is expected that all metals of interest to be found in 
industrial waste samples will be analyzed by MS. 

3. Infrared spectroscopy 

The instrument used is the Perkin-Elmer Model 221, 
double beam, recording spectiophototneter (2-15 micron range). 
Sample preparation for infrared analysis (IR) includes 

the use of fixed and variable thickness cells, nujol mulls, 
casts, smears, and KBr pelletizing techniques. Pyrolysis 
of certain organic compounds and subsequent examination 
of the pyrolysate liquors has been practised with some 
success. 

All samples that require organic analysis are 
subjected, if at all possible, to IR analysis at some stage 
in the proceedings. As is well-known, the lit spectrum of 
a pure compound provides a "fingerprint" peculiar to that 

particular compound and therefore spectfic. Infrared 
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analysis is the most powerful technique in the OWRC 

Laboratory for the identification of organics. 

The greatest problem involved is the separation 

of a pure compound from all other organic material 

present in the original sample in order to obtain a clean 

spectrum. Towards this end, techniques of multiple 

solvent extraction, column chromatography, preparative 

thin layer chromatography (where applicable), gas 

chromatographic separations (for micro pellets), 
fractional distillation and other separation procedures 

are all utilized. 

Typical Problems Solved at OWRC Laboratories 

a. Dowtherm Analysis 

A manufacturer of synthetic fibres using 

Dowtherrn as a heat transfer medium was inadvertently 

losing appreciable quantities of Dowtherm to a Bay. 

Commercial fishing was done to a limited extent within this 

Bay. The off-tastes in the flesh of fish caught in the 

Bay alerted the Company and the OWRC to the problem of 

organic losses in the industrial effluent. In-plant 

surveys pointed to the loss of Dowtherm as the possible 

source of the taste problem. Mud samples from the Bay 

after intensive clean-up showed the presence of Dowtherm 

by means of infrared analysis and attempts to isolate this 

compound from the fish were successful. Gas 

chromatography provided additional confirmatory evidence. 

b. Oil Pollution 

This particular case resulted in a prosecution 

against a cargo ship on the Great Lakes. Incidentally, 

oil pollution on the Great Lakes by ships has been a major 
problem In the past. Strict legislation and sizeable fines 

have helped to ease the situation somewhat. In this 

example, the IR spectrum of the fuel oil taken from the 

bilges of the ship in question, matched exactly the sample 

of oil taken from the Welland Canal Locks. A conviction 

was obtained. 

4. ultraviolet Spectroscqpy 

The instrument used is the Unicam SP-800B, 
double beam, recording spectrophotometer with a range of 

190 to 450 millimicrons (to 850 mu with the tungsten 
source and appropriate filter). 
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Ultraviolet spectra (liv) are not specific as 
are IR spectra in the positive identification of organic 
compounds. Instead, 11W spectra provide useful 
information on the functional groups present within a 
molecule. Therefore, the structural information dertved 
from UV analysis complements other data and aids in 
arriving at a better picture of the compound. 

In the OWRC Laboratory, in lieu of other 
satisfactory methods of analysis, IN spectra have been 
used to tentatively identify certain materials and even 
estimate concentrations in a semi-quantitative fashion. 

a, Low Boiling Petroleum Hydrocarbons 

Gasoline contamination of wells and ground water 
supplies is a more frequent occurrence than is generally 
expected. This is especially true in the rural areas due 
to leakages in underground storage tanks and lines of gas 
stations, 

The usual procedure is to obtain samples of 
gasolines from stations within the area and check the IN 
spectra against that of the sample extract. The aqueous 
sample is usually extracted with 25 mIs of chloroform 
(Cad3) and run against CHCI3. No evaporation of solvent 
is involved in the procedure, because of the extremely 
volatile nature of the hydrocarbons, 

A series of peaks occur within the 240 to 270 
millimicron region. Great care and experience is required 
in the interpretation of the spectra. Concentrationscan 
also be estimated roughly. 

b. Herbicides 

The chlorophenoxyacetic acids 2,4-D and 
2,4,5-T) and the s-triazines such as Atrazine and 
Simazine have been estimated by 13W methods. Colorimetric 
analyses are usually performed to confirm the 11W results 
but these procedures are usually more complex and lengthy. 
The recent acquisition of a gas chromatography has helped 
in providing additional quick confirmatory evidence of 
such compounds. 
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CHROMATOGRAPHY 

1. Gas Chromatography 

a. Instrument 

Varian Aerograph (1520 series) with dual columns, 
temperature programmer, flame ionization detector, 

electron capture detector, dual pen recorder and sodium 

thermionic kit for phosphorus determinations. 

b. Basic Principles 

Gas chromatography (GC) is used for qualitative 

and quantitative analysis of gaseous mixtures. The 

gaseous sample is separated into its various components 

in the chromatographic column which is the "heart" of 

the instrument. The detector responds to a particular 

physical property of the separated gases which is recorded 

for quantitative estimation. 

c. Method of Analysis 

The sample to be analyzed (water, mud or fish 

flesh) is solvent extracted to separate the organic matter. 

Clean-up of this extract is sometimes required depending 

on the nature of the extract and the material to be 

identified. Microlitre quantities of the organic extract 

in a suitable solvent are injected into the chromatograph 

and vaporized. The homogeneous mixture is swept through 

the carefully selected column by an inert carrier gas and 

separated into its various components. The height of each 

peak is proportional to the concentration of the compound 

and can be calculated by comparison with standards of known 

concentrations. 

d. Advantages and Limitations 

GC is a quick method of analyzing complex 

mixtures of organics. Very small quantities are required 

for analysis and limits are as low as 

lo9gWlitre to 10"gm/litre with certain types of 
detectors. 

The method is non-specific but by varying 

columns, identifications can be made with reasonable 

certainty using retention times. 
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e. Application at OWRC Laboratories 

GC is used in the separation and identification 
of organics in industrial wastes, especially from the 
organic chemical industry1 Phenolic materials, 
petroleum hydrocarbons, petrochemicals and other organics 
are analyzed using the flame ionization dçtector. 
Detection limits are in the io10 to 10-lz gram/litre 
range. Thus, CC provides an excellent analytical tool 

for trace analysis. 

CC is also being used in the analysis of 
pesticide residues in the aquatic environment. Since 
pesticides are powerful poisons, even trace concentrations 
(in the microgram/litre range) can be very harmful. Water 
samples, hydrosoils and fish are analyszed in the 
laboratory particularly for and 

especially for DDT and its metabolites. The chlorinateds 
are quite resitant to chemical and biological breakdown 
within the environment and persist for long periods ot 

time without decomposing. Plant and animals therefore 
accumulate these materials and concentrations can gradually 

reach lethal limits or cause other harmful side-effects. 

Pesticide analysis is a delicate art and science 
which requires good instrumentation, excellent skills and 
experience in the field of interpretation of results, 
In our laboratory, the electron capture detector is to be 

complemented in the near future with a microcoulometric 
detector assembly. This detector is specific and 
absolute in quantitation for chlorinated hydrocarbons. 

Contamination usuafly arises fr.m agricultural 
spraying operations and from a number of industries that 

produce pesticides and herbicides. 

2. Thin Layer and Paper Chromatographj 

The Desaga-Brinkman thin layer equipment is used 
extensively within the laboratory particularly in the 

field of pesticide residue analysis. The technique is 

used primarily as a clean-up procedure prior to injection 
of the sample into the gas chromatograph. TLC is 
relatively quick (less than 30 minutes for most 
separations) and simple but is only semi-quantitative 
in nature. 

Paper chromacography is also used for pesticides 
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but only if CC and JIG methods are not available. PC 

requires a much longer time (of the order of two to 

three hours) for resolution of spots and is essentially 

qualitative in nature. 

CARBON ADSORPTION STUDIES 

The expansion of the organic chemical industry 

over the past two decades has led to the appearance of 

many thousands of new compounds. Many of these compounds 

find their way into surface waters by a variety of means. 

Carbon filters offer a means of sampling 

river flows and concentrating the organics present in 

the water for subsequent qualitative and semi-quantitattve 

analysis of the extract. The carbon chloroform 

extractables (C GE) give an indication of the organic 

contamination of a river or lake by industrial pollution. 

All waters contain some CCE, but clean waters usually 

contain less than 25 microgram/litre (mg/l). Waters 
contaminated by industrial wastes could contain several 

hundres or thousands of micrograms per litre. 

The OWRC has four carbon filters operating 

regularly on a monitcring basis on the Great Lakes. Four 

more filters are being built for special investigations 

such as taste and odour problems and chemical discharges 

which have been found to be toxic to aquatic and other 

forms of life. 

The type of filter is similar in principle to 

that described in the 12th Edition of Standard Methods, 

but modified somewhat as to its construction by the OWRC 

laboratories, Operating conditions are ¼ gpm flow rate 

for a total o 3,000 gallons filtered through a mixture of 

10 and 30 mesh charcoal0 

The organic a adsorbed onto the charcoal are 

stripped with chloroform (CBCI3) which is evaporated off 
leaving the crude extract (CCE). The CCE fraction is 

separated through solubility and pH changes into a number 

of grcups, These are the ether insolubles, water solubles, 

bases, weak acids, strong acids and neutrals. The 

neutral fraction is further broken down by column 

chromatography into aliphatics, aromatics and oxygenated 

compounds. 

Each fraction is subjected to infrared and 
sometimes ultraviolet examiration. interpretation of 
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these spectra are then attempted. If the spectrum of 
a particular cut is not clean, then gas chromatographic 
separation can indicate the number of compounds present 
i-i that group. 

The aromatic group is of great interest as this 
usually contains the taste and odour components. Also, 
pesticides such as the chlorinated hydrocarbons and 
phenolic materials tend to show up here. 

Intensive studies are being carried out on 
the contribution of organics to the St. Clair River by 
the industrial complex at Sarnia. CCE levels at Point 
Edward above Sarnia are approximately 40 to 50 mg/i. At 
Larnbton, about 26 miles below Sarnia and assuming 
relatively good mixing of the river, the level of CCE is 
cf the order cf 100 mg/i, (and has been as high as 150 mg/i) 
resulting in an additional average concentration of about 
50 mg/I. The recommends a limit of 200 mg/i CCE in 
a drinking water supply. 

A typical separation of a CCE extract from the 
St. Clair River into its various groups followed by 
infrared of the extracts, has shown the 
presence of absorption bonds indicative of aliphatic 
petroleum hydrocarbons, asphatic material, pheno lie 
rompounds, crganic.s with sulphonated groups (similar to 
detergent bases), fuel oils, rubber compounds, styrene- 
butadiene polymers, etc. This information is 
useful in determining the source of the material knowing 
the industries located on the river. 

The CCE gives only the minimum concentration 
due to the tact that losses occur in the laboratory 
separaticns and analysis. Also, the charcoal does not 
adsorb all organics equali.y well and thus some species 
are readily adscrbed while others are not and pass through 
the filter. In addi:ion, the adsorption process is a 
dynamic one and desorption also occurs. Thus, the CCE is 
at best. only semi-quantitative and gives an indication as 
to the nature of some of the compounds present in the 
river. 

S UW4ARY 

The paper briefly the instrumentation 
available tor analysis and characterization of industrial 
effluents at the OWRC Laboratories. For the immediate 
future., a carbon analyzer and an emission spectrograph are 
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slated as desirable requirements. The use of carbon 
by industry as a parameter for monitoring losses of 
organics to sewers is becoming increasingly popular. For 
particular waste streams, correlations can be obtained 
between ROD or COD and total organic carbon. It is 

expected that carbon analysis will play an important 
role in water pollution technology in the future. 
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"THE APPLICATION OF INSTRUMENTATION IN AUTOMATIC 

CONTROL ANT) WATER CONSERVATION" 

BY 

DR. G. MATEOCK 

EFFLUENT CONTROL LIMITED, 

ENGLAND 

INTRODUCTION 

The purpose of this paper is to indicate 
in general terms the manner in which instrumentation 
may be applied for the automatic control of effluent 
treatment processes and for the better utilisation of 
water in rinsing operations. In a presentation of 
this type it is only possible to give a general outline 
of the subject, and for fuller details of 
instruments reference should be made elsewhere (1-5). 

The advantages of instrumentation are 
several. The extra costs which the installation and 
maintenance of instruments and automatic control 
equipment involve are more than offset by the greater 
efficiency in plant operation, the savings in space 
from the possibility of smaller treatment systems, and 
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the capital economies which can result with these smaller 
plants It is in fact commonly found that the 
use of instrumentation can reduce the size of treatment 
tanks to a point where the savings offset the extra costs 
of the instrumentation. The other feature is that 
instrumentation permits the use of continuous treatmqnt, 
which is nearly always far cheaper than batch treatment. 

A side feature often consequent upon the use of 
automatically controlled effluent treatment is the 

of water conservation. Savings thus achieved 
can make a significant contribution towards the 
installation costs of treatment plants. 

AUTOMATIC pH CONTROL 

Of all the various types of instrument employed 
on treatment plants, pH controllers are amongst the most 
common. This is primarily because pH is considered an 
important parameter and also because an upper as well as 
l:wer pH limit is usually set for discharge of effluents. 
Consequently dosing to excess of, for example, acids with 
alkalis is not technically a sensible approach, quite apart 
from the wastage which this causes. 

1 Basic. Principles of pH Measurement (1.2) 

pH measurements for control of plant operations 
are nowadays almost exclusively effected through the use of 
electrochemical measuring systems. These consist of a pH- 

electrode, the responsive part of which is 
ccrstttcted in glass, and a reference electrode to complete 
a measuring circuit. The two electrodes are normally 
ccahined into a single system for simple insertion into the 
vescel or pipeline and the connections are led back to the 
measuring instrument, known as the pH amplifier. It is of 

gteat importance for theoretical reasons to measure the 
vcltage which develops across these two electries on open 

or very icw measuring currents ( ( 10 amp.). 

Since amplifier is required to measure voltages of the 
order of millivolts (rather than volts) on open circuit 
with input resistances deriving from the glass electrode 
ii&elf of the order of 200 megohms, it is a highly 
specialized electrometer. 

The pH Is related to the open circuit potential 
difference between the glass and reference electrodes by an 
equation of the following type: 

EpH = E°pR + 0.2TpH 
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where is the observed voltage, E° H is a zero term 

and T is the temperature in degrees Agsolute. The 

significant feature of this equation is that the voltage 

is linearly related to the pH of the solution in which the 

electrodes are immersed, although, as is well known, pH is 

logarithmically rather than directly related to the free 

acidity of the system (see, e.g. ref 2, Ch.2). 

pH f(-log SR ) 

where a11 is the hydrogen ion activity. 

(note that pH does not necessarily indicate total acidity 

as determinable by titration; in effluent treatment the 

quantity of reagent required is the titratable value, and 

the electrochemical measurement simply provides an 

indication of the approach to and of the titration endpoint 

itself.) 

A typical pH electrode system and pH amplifier 
incorporating a meter for direct read-out of pH values is 

shown in Figure 1. It will be noted that the instrument 

incorporates adjustable relays which can be employed for 

automatic control purposes, to be described below. As an 

alternative the relays may be used for providing slams 
either in relation to outfall pH or as a warning of dosing 

failure. 

2. Application to Automatic Control 

Simple monitoring of pH in the treatment plant 

is of little value unless the data are used to control the 

dosing of reagents. The pH amplifiers transmit an 
electrical signal which is proportional to the pH value, 

and this may be used to trim the rate of reagent dosing 

(constituting a form of proportional control) according to 

the magnitude of the signal, or alternatively, relays 

incorporated within the amplifiers can be used simply to 

switch reagent dosing systems on an off around the set 

values of the relays. 

The automatic control arrangement is shown 

schematically in Figure 2, representing the so-called 

"closed loop" system. pH disturbances away from the 

desired value are observed by the pH electrodes, a signal 

is transmitted to the pH amplifier, and the deviation 

from the desired value causes the relay system to initiate 

dosing. This continues automatically until the pH reaches 

the desired value again, when the signal from the 
electrode to the amplifier closes the relay and the dosing 
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stops. The term closed loop is applied to indicate the 
continuous nature of the system as opposed to an open system 
where external intervention is needed to maintain the 
continuous control process. 

(a) Two-Step (On-Off) Control 

This is the simplest means of automatic control 
and is by far the commonest in effluent treatment systems. 
It is usually adequate for all but the most varying of 
effluents, and its operation has the further advantage of 
being simple to understand and maintain. Thus if in the 
amplifier system a control relay is set to a pH value of 8.5, 
and the effluent is flowing acid, then the electrical 
circuitry can be arranged so that the dosing system is 
operating when the pH is below 8.5 but cuts out when it 
reaches or is above 8.5. In the full operation of a pH- 
controlled plant, therefore, the actual pH will tend to 
oscillate around the set value (see Figure 3 (a)), the 
magnitude of the oscillations depending on the degree of 
variation in effluent strength, the variation in effluent 
flow rate, the holding time used in the treatment vessel, 
the strength of reagent and the rate of reagent dosing. The 
proper design of a treatment plant takes account of these 
various factors so as to minimise the degree of oscillation. 

One means of minimising oscillation, 
particularly when the effluent may vary widely in its 
reagent demand, is by the use of multi-stage on-off control. 
For example, with an instrument such as that shown in Figure 
1(a), the second relay can be set to a point slightly. 
displaced from the first control relay. Thus if in the 
example above the dosing system cannot cope with a 

temporary strong acid surge, and the pH drops to a lower 
value, then the second relay can be used to bring in boost 
dosing when the pH reaches the second relay set point. 
Obviously the more relays available the more stages can be 
used, but generally two-stage control suffices. The 
circuitry can be arranged so that the boost system does not 
stop dosing until the pH reaches the first relay (main)pH 
set point, thereby providing an independent dosing system 
in the event of main dosing failure (quite apart from the 
boost feature). 

(b) Proportional Control 

A more advanced form of control is achievable 
by using the output signal from the pH amplifier. Let us 
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consider that we wish to control the pH of an acid 
effluent stream to a value of 8.5, and that without dosing 
the pH will tend to fall to a value such as 3.0. If the 

reagent dosing were made in a haphazard manner then the pH 
value would vary between 3.0 and 8.5, and the pH amplifier 
would emit signals proportional to these pH values. 
Proportional control utilises this variation in a closed 
loop system by arranging for the reagent to be dosed in 
quantities proportional to the difference between the 
observed pH value and the desired pH value. Thus if the 

pH is 3.0 then the proportional controller will arrange for 
the dosing to be effected at a rate related to the difference 
between 3.0 and 8.5, i.e. 5.5, while if the pH is 5.0 then 
the rate of dosing will be proportional to the difference 
between 5.0 and 8.5, i.e. 35. It can thus be seen that the 
stronger the acid the greater the rate of dosing, so that a 

more rapid adjustment to the desired value is possible than 

with the simple single stage on-off system which does not 
identify differences in effluent input concentration. Since 
the pH varies logarithmically with the free acid 
concentration, in principle it would be necessary to dose 
at a logarithmically increasing rate to achieve true 
proportional control with these systems. In fact this is 

rarely carried out and in any case in practical systems the 
so-called "rangeability" (the range over which the dosing 
rate can be varied) of reagent dosing systems rarely exceeds 
30:1 for a single dosing stage. This only corresponds to a 

pH deviation of approximately 1.5 from the desired value, 
and above this deviation there is no increase in dosing 
rate. More complicated dosing arrangements can permit much 
higher rangeabilities, but these are correspondingly more 
expensive. 

The primary value of proportional control is in 
the speed with which it can adjust the pH to the desired 
value, provided the variations in effluent concentration 
are not excessive. The use of proportional control with a 
simple single stage dosing system will not overcome wide 
variations in acid concentration, as is sometimes 
erroneously supposed, for the reasons just given. In fact 
also proportional control alone will not achieve a return 
to the desired value, but to a level slightly displaced 
from this. This displacement is known as "offset". Offset 
arises from the fact that proportional control systems 
operate from the difference between a desired value and the 
actual value, in contrast to on-off systems, which are 
linked to the desired value itself. To illustrate this 
point we may take the following example. Suppose an acid 
effluent is flowing and the dosing value is set up so as to 
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correct for a given flow rate when the ph is two units 
away from the desired value. If the flow rate increases 
(corresponding to an increase in the total quantity of 
acid to be treated) but the pH remains the same, then 
further alkali is actually needed to achieve the desired 
value. However since the control system only observes the. 

pH, which will not necessarily vary if the flow rate 
changes, then the dosing valve will not open any further and 
the pH will not achieve the desired value. An illustration 
of this is shown diagramatically in Figure 3 (b). 

Offset may be overcome by the use of a further 
control device known as "integral" or "reset" action, which 
operates such that the dosing valve or system is caused to 
iwve at a rate which is proportional to the deviation. In 
proportional control the valve position only is simply 
defined by the deviation, whereas in integral control the 
valve opening moves at a rate defined by the deviation. 
Integral action alone is somewhat unstable and the system 
tends to hunt, so in practice proportional plus integral 

(p + i) are usually employed together. The ratio of 
proportional to integral actions is normally set up so that 
the greatest degree of proportional control can be employed 
without incurring offset, thereby retaining the advantages 
of speed of response in proportional systems. A comparison 
of the effectiveness of correction of a deviation with 
p + i control as opposed to p control may be gained from 
inspection of Figures 3(b) and 3(c). 

A further control action, known as "derivative", 
is achieved by causing the valve to move by an amount 
proportional to the rate of change of deviation. This type 

of control cannot be used on its own because it does not 
necessarily return the variable to the desired value, but 
may be incorporated with p+ i control, It is rarely used 
in pH control applications, but may be employed where very 
rapid changes in effluent concentration may occur. Usually, 
however, this is offset by the use of somewhat larger 
holding time in the reaction vessels, a procedure which 
is also a somewhat safer alternative In view of other factors 
involved in the neutralisation operation (to be discussed 
below) 

An electrically operated type of p + i controller 
is shown in Figure 4, this instrument being connected to 

the output from the pH amplifier such as that shown in 
Figure 1, provides the signals to the dosing system. 
Conntonly used alternative controllers in process control (as 
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opposed to effluent control) are of the pneumatically 

operated variety. 

(c) Response Lags 

The responsive effectiveness of any control 

system, whether it be automatic or manual, rests on the 

overall response time of the system. If the rate of 

correction within the treatment unit is insufficient 

to meet the changes in effluent concentration then the 

system will not be effective; dosing inadequacies can also 

arise from too great a response time on the measuring side 

with respect to the time available for dosing. In 

practice this means that the overall response time must be 

sensibly related to the holding time in the treatment 

vessel or vessels. The various lags which can occur can be 

summarised as follows: 

(i) Electrode and Instrument Lags 

Delays from this cause may arise from a sluggish 

response by the glass electrode, from lags through 
resistance-capacity effects in the connecting lead 

between the electrode and the pH amplifier, and to 

lags due to the pH amplifier system itself. Of 

these only the first is of any consequence with modern 

instruments (except where exceptionally long glass 

electrode leads are employed of the order of 300 ft. 

or more). The glass electrode is not inherently 
sluggish but it may become so in the course of plant 

operation from the formation of coatings on its 
surface, rendering equilibration of the electrode to 

new solution conditions a much slower operation than 

when originally inserted, Overall lags from 
measurement rarely constitute more than a total of 

one minute unless the electrode system is 
particularly contaminated; it is thus obvious that 

from a control point of view it is essential to 

maintain the glass electrode surface in a thoroughly 

clean condition at all times. Poorly maintained 
electrodes may never achieve the true pH so that good 

control is then impossible. This point cannot be 

over-emphasised since the maintenance of the 
electrode system is probably the most important single 
feature of good automatic pH control. 
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(ii) Transfer Lag 

This results when there is a delay between the 
initiation of the correcting action by the controller 
and the arrival of the correcting action to the 
process (excluding distance-velocity lags, considered 
next). Transfer lags rarely constitute a problem in 
pH control; they are more commonly found in 
temperature control where thermal transference may be 
effected through an intermediate medium. 

(iii) Distance-velocity Lag 

One of the ways in which coatings on glass 
electrodes can be minimised is by siting the electrode 
system remotely from the reagent addition point. In 
effluent treatment precipitation reactions are common 
and when the precipitate is freshly formed it can form 
a strongly adherent layer on the glass electrode which is both rapidly formed and difficult to remove. If the 
electrode system is removed from the immediate 
precipitating area then the coagulated precipitate 
shows far less tendency to deposit on the glass electrode. 
This principle of removing the electrode system from the 
dosing area can however lead to a different type of lag 
known as distance-velocity lag. This results when the 
reagent is added at a significant distance from the 
point of measurement such that the effects of addition 
are not seen by the electrode system until a time 
dependent upon the distance divided by the flow rate 
has elapsed. In practice a compromise is usually 
effected the preference for an electrode system 
siting to minimise electrode coating and a siting to 
minimise distance-velocity lags. (A high degree of 
turbulence around the electrode helps by its cleaning 
action.) Care in siting the electrode system is 
essential to control processes and constitutes one of 
the most important parts of good automatic control. 

(iv) Mixing Lag 

If the mixing between the reagent and the effluent 
is slow then a further delay, known as mixing lag, will 
occur to a significant extent. Alternatively if the 
mixing is actually inefficient then of course an 
incorrect signal will reach the control system and the 
control will not be effective. It is a mistake to 
incorporate slow stirrers in automatically controlled 
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continuous treatment systems, because the primary 
requirement is a thorough and rapid turn-around 
of the liquors in the reaction vessel, and slow 
stirrers can induce either significant lags or 
inadequate control through inefficiency. 

(v) Reaction Lag 

The effects of dosing may not be immediately 
apparent, all other lags apart, if there is a 

significant reaction time. It is normally considered 
that neutralisation operations are immediate, and this 
is of course true with homogeneous systems provided 
the mixing is efficient. However where a phase 
separation occurs then some effective reaction lag 
usually arises. Two particular examples of this in 
effluent treatment are in the use of sodium carbonate 
for neutralisation involving the liberation of carbon 
dioxide gas, and in the precipitation of metal hydrated 
oxides where the precipitate coagulates slowly after being 
thrown out of solution. In the former case the release 
of carbon dioxide is accompanied by a slow rise in pH, 
and if the reaction vessel is not large enough or the 
mixing system is not adequately designed to ensure 
good release of the gas, then pH shifts may be observed 
in the effluent some time after passing through the 
automatically controlled loop. Where metal hydroxide 
precipitation is being carried out a more interesting 
phenomenon is observed, such that pH shifts due to 
desorption of occluded alkali can occur with eventual 
pH increase in the effluent. Phenomena of this type 
have been observed in separate laboratory studies 
(6,7), and appear to arise from the addition of locally 
high pH solutions with the local formation of a form of 
hydrated oxide different from that corresponding to 
the equilibrium pH value at which the bulk of the 
liquor is being controlled. These effective reaction 
lags are minimised by dispersing the reagent as much 
as possible, during addition, and are of course aided 
by vigorous agitation. 

With the exception of distance-velocity lags, all 
the above delays in control systems are exponential in 
character which means that if the response time constant is 
known the time for 98t response can be approximately 
calculated by multiplying the time constant by 5. For pH 
control systems the practical consequence is usually that 
a reaction vessel holding time of not less than 5 minutes 



sbould be employed. The writer has used holding times of as 
little as 3 minutes but extremely careful control was 
necessary and even then some slight displacement occurred 
after treatment. Displacement may not be very important 
where the pH control is not critical, but it must be 
remembered that for optimum precipitation of metallic 
hydroxides, for example, the pH region may be fairly small. 
The fact that discharges between, for example, 6 and 9 pH 
may be permitted does not mean that the control system should 
be allowed to range over the spread of values, since for 
effective precipitation of any metals present as their 
hydroxides it is usually necessary to control to within 
8.0 and 8.5, (depending on the nature of the metals 
concerned). Where there are uncertainties and where sudden 
variations in the effluent may be expected then a holding 
time of 10-20 minutes is preferable. In these circumstances 
the value of proportional control of being rapid in action is 
somewhat lost, and thus, for effluent treatment on-off control 
is usually adequate if necessary by two-stage dosing. 
(d) Treatment of Intermittent Strong Effluent Discharges 

The discharge of effluents is frequently 
characterised by a relatively dilute running rinse which is 
occasionally augmented by a very strong discharge, often as 
much ss 10,000 times the acid or other strength of the 
normal rinse. Bearing in mind the limited rangeability of 
most dosing systems it is clear that an automatic control 
system would not be able to cope with this sudden release, 
and in practice methods must be adopted to avoid over-run of 
the control. Although in principle it is possible to employ 
a highly sophisticated multi-dosing proportional control 
system for this purpose (see, e.g. refs. 8 and 9) it is 
usually far cheaper to retain the strong liquors for slow 
discharge over an extended period into the main effluent 
stream, thereby avoiding a heavy peak in the effluent 
concentration. For this purpose "balancing" tanks are 
sometimes employed, the idea being to spread the 
concentration load by providing a large holding time in the 
system before treatment takes place. In the author's 
opinion balancing tanks are of dubious value, since where 
a strong liquor is discharged an exceedingly large 
balancing tank is necessary to be at all effective. The 
strong liquors are better retained in holding tanks from 
which they are slowly drained into the stream. Even the 
use of balancing tanks to smooth out variations in rinse 
concentration is of limited value, and the author considers 
it is more effective from ? control point to employ a 
suitable fast dosing system with adequate dosing capacity 
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than to employ a large balancing tank. The increase in 

holding time necessary in the treatment arrangement is far 

less than the holding time which is necessary for 

equivalently effective balancing. 

(e) Feedback and Feedforward Control 

The closed loop arrangement shown in Figure 2 

involves measurement of the effluent ph with transmission 

of a signal to the dosing system for introduction of reagent 

at a point preceding measurement. This arrangement is known 

as a '1feedbackt' one, and is commonly employed in automatic 

control operations. The alternative of "feedforward" implies 

that measurement is made before the reagent is introduced, 

but this has the disadvantage that no corrections can be made 

after the signal has been transmitted and acted upon. Thus 

if Over-or under-dosing occurs requiring further trim action 
then this cannot be achieved with a feedforward system. 

Feedforward control has been used in a few cases where the 

effluent is entering the system at a very fast rate with widely 

varying concentration, such that on the normal basis of 

feedback control inconveniently large systems would result 

and a high degree of control complexity would be necessary. 

Chang (9) refers to a complicated problem in which a multiple 

feedback system was unable to cope with the input variations 

and consequently a feedforward device was introduced before 

the feedback to achieve a degree of preliminary control. It 

should be noted that feedforward demands the use of accurate 

reagent metering since the signal must be closely followed 

and the dosing cannot be subsequently corrected. With 
feedback control metering is not necessary because the loop 

is self-correcting. Thus for nearly all normal effluent 

problems feedback control is quite satisfactory and leads to 

the use of simpler equipment. It may be noted that even 

where feedforward is used it has to be followed by 

conventional feedback. 

3. Alarm 

In any automatic control system it is highly 

desirable to incorporate alarm warnings to indicate if any 

unusual condition has arisen. Thus in the case of ph 
control of the addition of alkali to an acid effluent the 

second relay on the pit amplifier may be used for warning of 
a significantly lower ph than the control value, taking into 

account the fact that some degree of oscillation around the 
desired value will always occur and that consequently the 
second relay must not be too close to the desired value. 
Where the amplifier is being used for two-stage on-off control 
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the second relay will be tied to boost dosing; in this case 
the alarm warning can be introduced via a time delay relay 
which will operate if the boost standby dosing system does 
not change the pH from the lower value within a preset 
time. The value of these alarms is that they can provide 
warnings during the treatment stage where correcting action 
can quickly be made manually if necessary. Simple measure- 
ment of the pH at the outfall is too late because the 

effluent is then on its way to the sewer or river. Typical 
cases where alarm warnings may be given are in the 
breakdown of the dosing system or where a strong process 
liquor has been suddenly discharged, and the control system 
cannot cope with the increase in effluent concentration. 
The importance of alarm waning systems cannot be over- 
stressed and no effluent treatment plant should be installed 
without them. 

AUTOMATIC REDOC CONTROL 

The general principles of redoc measurement and 
control so far as instrumentation, control principles and 
dosing equipment are concerned are essentially the same as 
for pH control, so repetition is unnecessary. There are 
however certain special features of redox systems which 
merit attention. 

1. Basic Principles of Radox Potential Measurement ff011) 

A redox measurement follows the course of a 
chemical reaction involving oxidation and reduction. Two 
examples in effluent treatment are the oxidation of 
cyanides at high pH, which can be written formally as 

CN -s- 20H —> CN& + H20 + 2 electrons 

and the reduction of chromates in acid conditions to form 
chromic ions prior to precipitation of the chromium as 
hydroxide, which can be represented as 

2- + 3+ 
+ 14K + 6 electrons 2Cr + 

4.7 4. 

Oxidation-reduction reactions can be followed by means of 
a platinum or similar inert metal indicator electrode 
together with a reference electrode, and the voltage 
developed across these measured an open circuit by an 
instrument such as a pH amplifier (suitably calibrated in 

millivolts). The redoc indicating electrode measure the 
ratio of oxidised to reduced species, and the voltage 
response of the system is related to this ratio by means 
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of an equation similar to that applying to pH measurements: 

E = Eo + 0.2T log 8ox. 
redox redox n a 

red. 

where n is the number of electrons involved in the reaction, 

aox is the activity of the oxidised species and ared. is the 
activity of the reduced species. Note that with respect 
to pH systems redox reactions involving more than one 
electron result in a reduced millivolts sensitivity whereas 
a pH change of one unit results in 58 my. change in 
observed e.m.f. at 20°C., with a 6-electron redox reaction 
a change in log aox. of one unit, corresponding to a ten-fold 

change in redox ratio, results in only 58/6 mV. = approx. 
10 mV. change. 

As the oxidation level of the system rises so the 
platinum electrode becomes more positive with respecl to 

the reference electrode, so that where an odixation reaction 
is to be followed (as in chlorination of cyanides) the 
desired value is set higher than in a reduction action. 
However it should be noted that in the two types of 
reaction mentioned above it is highly desirable to perform 
a redoc titration curve f or an individual effluent before 
a control setting is adopted. This is because the desired 
value cannot be theoretically predicted with any degree of 
certainty and depends very much on other components within 
the system. 

Titration curves are constructed by adding the 
reagent to the effluent, which is controlled to the desired 
pH for the reaction, and by observing the change in redox 
potential as the reagent is added. A plot of redox mV. 
against the volume of added reagent can then be drawn. The 
chosen value for the control should be based on the nature 
of the reaction. [f an oxidation process is to be followed 
then the control value should be in the region of upper 
knee of the curve while if reduction is being followed then 
the control value should be on the lower knee of the curve. 
A useful indication in cyanide chlorination titrations is 
to follow the process with starch-iodide papers. tJhen the 
paper turns blue, free chlorine is present and the 
titration end point has been reached. 

The cyanide chlorination reaction is normally 
carried out at a controlled pH of between 10 and 11, and 
the curve should be constructed for the pH applying, since 
there is a simultaneous measure of pH response in these 
alkaline conditions by the platinum electrode. Figure 5 
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shows how the titration curves displace to lower mV. (Less 

positive platinurt. electrode potentials) the higher the pH 
(12). 

To illustrate another variation which can occur 
in cyanide treatment the curves shown in Figure 6 illustrate 
the effect of iron when it is present in the effluent (12). 
A effect is noted throughout the entire curve, 
aEd if substantial proportions of iron are present it may 
be impossible to achieve control at all. Indeed the 
presence of iron will form ferrocyanide so the reaction is 
complicated anyway (ferrocyanide is not susceptible to 
breakdown by chlorine), and consequently iron should be 
excluded from cyanide-containing effluents. The author has 
observed difficulty in systems where iron is present in 
water fed to a rinse tank, and in this case it is necessary 
to perform titration curves at intervals of every few months 
to check that the characteristics are not changing. The 
main problem when iron is present is that the control curve 
is shallower and consequently the system is less sensitive. 
The result of this is that osciflation may occur in the 
control system and overdosing may result. It is to be noted 
that nickel has a similar depressant effect on cyanide 
titration curves, and this also emphasises the need for 
excluding nickel, which in any case cannot be treated 

when it is combined as nickelocyanide. 

A further exampLe of how titration curves can vary 
according to conditions is shown in Figure 7 where the effect 
of pH on the characteristics of the chromate reduction curve 
with bisuiphite reagent are given. It is customary to 
cc'itrol. the pH of chromate reduction systems by independent 
automatic control, but in circumstances where the acidity is 

relatively high and the pH is therefore fairly low and 
constant this may not be needed. The chemistry of the 
reduction must be borne in mind, however, since acid is 
consumed in the reduction, and if large quantities of 
chtcmate are present then some calculation must be made to 
ensure that sufficient acid will be available and that pH 
shifts will not occur. If the effluent is not adequately 
acidic to maintain a pH between 2.5 and 3.0 then automatic 
pH control of acid addition will be necessary. 

In connection with these redox controlled systems 
involving concurrent pH control it may be mentioned that 
hr:th redox and pH control should be exercised in the same 
treatment vessel, This is particularly important for 
chremate reductions and for cyanide destructions using 
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chlorine gas because in the former case a change in the 
acidity level will occur as a result of the reaction and 
in the latter case a change in the alkalinity will occur 
from alkali consumption by the chlorine itself. tf a redox 
control system is applied after a pH control system then 
shifts in pH may occur to a region where the treatment 
reactions do not proceed to completion. 

2. Application to Automatic Control 

The same principles apply to redox control in 
effluent treatment as to pH control. However in the case of 

redox electrodes the measurement lags are somewhat greater 
than in the case of pH electrodes. The effective response 
time constant of a platinum indicator electrode in the 
cyanide chlorination reaction is of the order of 2-3 minutes, 
implying that a holding time for 98% full electrode 
response should be 10-15 minutes. Similarly with chromate 
reduction systems the effective response time constant is 
approximately a minute, implying a minimum holding time of 
5 minutes. This greater response time in fact reinforces 
the need, which also arises from chemical considerations of 
reaction lags, to have longer holding times in redox systems 
than in pH ones.* The value of proportional control is 
therefore again somewhat limited, and particularly in 
chromate reductions where for theoretical reasons there is 
insensitivity due to the fact that the process is a 6- 

electron reduction. Two-stage on-off control is thus 

adequate where boost dosing is necessary. It is worth 
noting here that poisoning of platinum electrodes can occur 
from adsorption of surface-active materials used in plating 
solutions, which may affect the titration curve, quite 
apart from the deposition of solids of a kind similar to 

that found in the use of pH electrodes. Thus in addition to 

the need for keeping electrode surfaces clean (for example 
in the case of cyanide treatment systems a weekly or twice 
weekly cleansing with hydrochloric acid followed by 
thorough water rinsing is recommended) it may be necessary 
to carry out periodic cleaning operations to remove 
adsorbed materials. 

* It is inappropriate here to consider the 
chemical factors in treatment which demand certain 
minimum holding times. These have been fully 
discussed elsewhere (3,4) and particularly for 
cyanide destruction (4,13,14). 
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(Yie cf the best techniques is by cathodic cleaning, whereby 
the electrode is made the cathode in a very weak acid 
solutict, and 3-6 volts are applied for 5 minutes between 

the platinum and another metal connection used as anode. 
This disturbs the electrode for several hours, however, so 

if cathodic cleaning is to be applied it is wise to have a 

standby redox system to instal while the cleaning operation 
is being carried cut. 

A typical automatic control panel, incorporating 

pH and redox meter-controllers, alarm warning systems, 

outfall pH recording, etc., is shown in Figure 8. 

WtSSTER CONSERVATION 

There is an increasing motivation towards the 
conservation of water, and ins trument techniques can play 
a useful role, either by prevention of wastage or by control 
of treatment of individual effluent streams to permit 
selective recirculation. 

One excellent method of water conservation by 
recircul.ation is through the use of ion exchange systems. 

These produce excellent quality water (in fact usually far 

better than is actually needed), but the capital and 

running costs are normally higher than for a conventional 
chemical treatment arrangement. They are also normally 
limited to fairly dilute running rinses. 

A full discussion on the relative values of the 
various methods available is inappropriate here, and 
attention will be confined to the use of instrumentation 
directly for water control, through electrical conductance 

measurement for prevention of waste, and through automatic 

contrcl of individual effluent streams to permit controlled 

recirculation. 

1. Conductivity Control of Rinse Waters 

(a) Basic. Principles 

The introduction of an electrolyte into water 
causes an increase in the latter's electrical conductance, 

which is approximately proportional to the square root of 

the electrolyte concentration, Rinsing operations are 

characterised by the periodic introduction of work 
cc'ntaminated with electrolyte from the process tank into 
water held in a rinse tank. The principle of rinsing is 

to ensure that these contaminants are washed away, and as 
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a result of this operation the conductance of the rinse 
water rises, to fall again when the work has passed 
through. If the conductance is monitored in a rinse tank 
it should be possible to arrange for the water to be 
switched on and off via a solenoid valve so as to maintain 
a constant optimum electrical conductance associated with 
a contaminant concentration consistent with good rinsing. 
It is rarely necessary to rinse down to negligible 
concentrations of contaminant and the problem is therefore 
to arrive at a conductivity level which is suitable for 
control corresponding to a given impurity level in the 
rinse tank, and to identify whether it is sufficiently 
sensitive to achieve worthwhile control. 

The fact that different electrolytes have 
different specific conductances means that their effects 
on the solution conductance are different for the same 
concentration. Conductance is not a specific property but 
is a function of the concentrations of all dissolved ions, 
and therefore also covers species present in the rinse 
water itself. In principle it would be better to monitor 
specifically the contaminated ion or ions of interest (this 
has been done (4), but results in relatively expensive 
instruments), but if the less specific methods of 
conductance can be applied then relatively simple and cheap 
equipment can be used. 

Commercial equipment for conductance control is 
available in the form of a kit known as the "Aqualarm", 
the components of which are illustrated in Figure 9. 

(b) Experimental Study of Solution Conductance* 

The question arises as to whether the background 
conductance of the rinse water is too high with respect to 
the conductance of the solution including the contaminant 
electrolytes to permit significant measurements to be made 
for control purposes. Two series of conductance 
measurements were therefore carried out to determine the 
effect of solution on typical electroplating solutions, 

* Since this work was completed an independent 
investigation has been rported by Brace (15). 
Brace's results show similarly that at the 
dilutions used for rinsing the conductivity 
discrimination is adequate for control 
purposes. 
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one using London (England) mains water and one using 
Birmingham (England) mains water, these representing two 

extremes of high and low dissolved solids content 
respectively. The types of solution chosen were an 
alkaline cleaner, a hydrochloric acid dip, a copper- 
cyanide solution, a bright nickel solution and a chromic 
acid solution. Some of the results are shown in Table 1; 

the data for London water solutions only are given because 

the Birmingham water solutions exhibited fairly 
consistently lower conductances by an order of 450 micromhos. 

If it is considered that an overall discrimination 
of t 107. in ctonductance is achievable in plant practice with 

these controllers (it may be better in well controlled 
conditions), then the lowest conductance at which the 
controller can be set for the conditions covered in Table 1 

is approximately 600 micromhos. This means that rinsing 
dilutions of as great as 3,000 can be achieved for most of 

the solutions examined; in fact the rinsing level customarily 
adopted is much stronger than this dilution implies and is 
often at the 1,000:1 or 500:1 level, In this region the 
controller can clearly be used to advantage with no 
discrimination problems. 

In practice individual solutions will vary so 
that it is not possible to predict the exact conductance 
setting to be applied, and strictly speaking the data should 

be prepared for each individual solution to verify the 
feasibility of application. The data also cannot predict 

the magnitude of the water saving which may be possible: 
they merely indicate that it is instrumentally feasible to 

make a significant measurement for control purposes. 

(c) Plant Results 

One of the best spheres of application of 
conductance control is in manually operated process plants, 
where sporadic use only is made of the rinse tanks and 
therefore often as much as 50% of the time the rinse water 

is running unchecked and unused. Even where the plant is 

fully used water savings of the order 20-35% can be 
achieved (13) which can offset the initial cost of the 
equipment. In one case a reduction in water consumption 
by 60% has been reported (13). On the other hand, with 
automatic machines the rinse tanks are used on a regular 
and much more frequent basis. In this case the savings 

which can be achieved depend primarily on whether the 
period between work introduction is a sufficient 

of the total time to result in significant 
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economies. (There is of course also the subsidiary 
advantage which would apply during start-up and run-down 
times with automatic machines, which can themselves 
constitute as much as 10% of a total day shift operation). 
Investigations are currently being carried out on the 
use of the Aqualarm system in automatic plating machines, 
and the indications are that water savings of the order of 
20% may be achieved in tank rinses. 

2. Controlled Recirculation after Automatic Effluent Treatment 

Quite apart from the prevention of waste through 
the use of conductance controllers, which control the actual 
water input, there is the other and complementary approach 
of recirculation following chemical treatment. The object 
of a rinsing operation is to lower the concentration of 
the associated material from the work surface to a level 
acceptable for the finish required, and it is this 
operation which produces the effluent. The effluent 
contains certain species which may be regarded as toxic or 
otherwise unacceptable, and other species which are 
acceptable for a discharge. Removal of the undesirable 
species is usually achieved by chemical metathesis, e.g. 

CN is replaced by the chemically equivalent quantity of 
CF, H+ (in acids) by Na4, and so on (even ion exchange, 
it may be noted, is a metathetical process). One of the 
functions of automatic control is to ensure that this 
process is stoicheiometrically performed, to give an end 
product that is relatively harmless for discharge. In the 
process of effluent treatment the critical species which 
need to be removed for efficient rinsing are in fact 
usually removed, and recirculation of treated effluent to 

the rinsing process may thus be possible. 

The feasibility of recirculation rests primarily 
on whether or not the substituting species and the 
associated (original) materials are acceptable in rinsing 
at a concentration level greater than the original 
rinsing concentrations because the process of recirculation 
must inevitably involve a build-up in the component 
concentrations. This applies even in treatment processes 
where physical removal of effluent contaminants is 

carried out - e.g. the separation of fibres from paper 
mill effluent, or of solid matter contributing to an 
effluent E.0D. demand, followed by any chemical process 
such as aeration, or bacteriological oxidation. Manifestly 
a 100% recirculation of treated effluent will build up 
dissolved species indefinitely to the point of insolubility, 
so in practice a partial return only is possible. It is 
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also generally tnie that the indiscriminate return of a 

treated effluent deriving from several different types 
of process can either lead to process difficulties or 
at least restrict the degree of recirculation possible. 
It is therefore extremely important to consider 
recirculation after individual treatment of a given process 
effluent. 

(a) The Basic Recirculation Equation 

To give more specific indication of the factors 
involved, consider the case where a rinsing process 
operation is involved producing an effluent containing 
dissolved salts. An equation correlating the important 
parameters has been derived (16): 

K 
w (1 - p) 

where S = equilibrium dissolved salts 
concentration for a recirculation 
consisting of a proportion of p of the 
total flow 

W flow rate 
K — dragout rate of contaminant feeding into 

the rinse, expressed in the same units as 
5, per unit time 

and s0 = dissolved salts concentration of make-up 
supply rinse water, expressed in the same 
units as S. 

As an. example of the application of this equation, 
consider the simple case where the effluent is an acid, 
such as sulphuric, where neutralisation is automatically 
carried out by controlled addition of a sodium alkali to give 
sodium sulphate., If an average of 1 litre of acid at 
100 g./l. concentration is introduced into the rinse water 
per hour, the equivalent amount of sodium sulphate produced 
per hour would be 145 g. Assume also that for adequate 
rinsing it is necessary to reduce the concentration of acid 
in the rinse tank to i.e. a flow rate of 
1 litre/hr. x 100 g./l. 1000 litres/hr. 

0.1 g./l, 
is required. Then if a recirculation of a proportion p of this 
neutralised stream is carried out, the equilibrium sodium 
sulphate concentration, 5, will be given by 

S = 145 ÷ g./l. 
1000 (1-p) 
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If the quantity of sodium sulphate in the supply water 
is negligible, may be neglected. Then if p = 0.5, i.e. 
507. recirculation is carried out, S = 0.29 g./l.; where 
p = 0.8, i.e. 807. recirculation, S 0.725 g./l. 

The degree of recirculation which is 
theoretically achievable depends on the acceptable 
concentration level of the species formed, and this is 
decided by reference to the process and the criteria 
concerned. It is often found, however, that quite high 
degrees of recirculation are possible in the cases of 
neutralised acids and alkalis. This is only achievable 
if automatic control of the treatment is carried out to 
ensure that undesirable effluent is not returned to the 
process; thus instrumentation serves here not only to 
effect efficient effluent treatment but also to conserve 
water and therefore operating costs through controlled 
recirculation. 

(b) Application of Recirculation to Counterf low Rinse Systems 

Twin counterf low rinsing, where the work to be 
cleaned moves through two tanks rather than one with the 
rinsing water moving in the opposite direction (see Figure 
l0a), offers well known advantages of water conservation 
with respect to single rinse systems. The equilibrium mass 
balance equation defining the water flow rate to achieve 
a given dilution of the dragged-out process solution in 
the second of twin couterflow rinse tanks is given by 

= 
W2(W2+D) 

where C2 = average concentration of the dragged out 
species in the second rinse tank 

C0 = concentration of the species in the 
process solution 

= counterf low rate 
and D = drag-out rate of process solution into 

the first rinse rank, expressed in the 
same units as 

It is usually desirable or necessary for W to be substantially 
greater than D, when this equation simplifies to 

22 
C2 = C0 (W2) 
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The extent to which this counterf low rinsing can 

save water with respect to single rinsing is deducible 
from the above equation through the derived relationship 

= (DWØ 

where w = the required flow rate for single tank 

rinsing. 

The proportion of water saved is then given by 

D½ 
(1 -Si) 

Theoretically this can imply very high savings, of the order 

of 90%, but in practice these are rarely achieved. This is 

because the equations are equilibrium ones, and take no 

account of dynamic conditions in the tanks where peaks in 

work throughput can demand higher flow rates than average 
ones for efficient rinsing. Thus to maintain rinsing 
efficiency it is frequently necessary to use much higher flow 
rates than are theoretically predicted. 

This disadvantage can be overcome by partial 
recirculation at a fast rate of treated effluent from the 

rinse tanks to the first of these, as illustrated 
diagrammatically in Figure lOb. In this condition the 

rinsing in the first tank will be more effective through 

the use of a higher flow rate through it, and this in turn 

will permit the use of a lower counterflow rate. It can be 

shown (16) that the reduction possible is given by 

1 ½ 

where is the reduced counterf low with a recirculation 
rate of As an example, if recirculation is effected 
at three times the new counterflow rate, i.e. r = 3, 

= ½ 

w2 

i.e. the flow rate can be halved. when r = 8, a reduction 

in input, supply water with respect to the normal counterflow 
condition of can be achieved. 

Again, recirculation systems can only be 
applied through the use of instrumentation for automatic 
control of effluent treatment, avoiding both under-dosing 

and over-dosing of reagents which could be inimical to the 

rinsing operation. 
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MAINTENANCE 

In conclusion a note should be made of the need 
for maintenance of all instrument and control equipment One 

of the problems that the author has experienced in the 

application of instrumental methods in effluent treatment 

is that many companies are loth to carry out the necessary 
maintenance to ensure satisfactory functioning of the 
equipment. The fact that a plant is automatic does not 
remove the need for regular maintenance, and in fact 
satisfactory operation depends on it. The more intelligent 
the operator the quicker it is for him to appreciate what 
is required, but this does not mean to say that other less 
gifted people cannot carry out the routine operations once 

they have been trained and have familiarised themselves 
with the techniques. If effluent treatment plants are placed 

under the responsibility of the person in charge of the 
process plant then this usually means that the treatment 
plant is properly run and maintained, and that sudden 
discharges of strong liquors which could upset the plant 
do not occur. It is therefore a good principle to try to 

locate the treatment plant as close as possible to the 
process plant for ease of observation by the process operators. 
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TABLE 1. SPECIFIC CONDUCTANCE OF TYPICAL ELECTROPLATING 

SOLUTIONS AS A FUNCTION OF DILUTION. 

specific conductance of background water - 530 microuthos. 

Dilution Specific Conductance 
ratio in micronthos 

Alkaline Cleaner Solution 100 2,070 
200 1,030 
400 690 
800 600 

1,600 570 
3,200 560 

Spent Bydrochloric 
Pickle Solution 100 19,800 

200 9,000 
400 3,920 
800 1,690 

1,600 670 
3,200 620 

Copper Cyanide Plating Solution 100 3,220 
200 1,850 
400 1,180 
800 850 

1,600 690 
3,200 630 

Nickel Plating Solution 100 2,020 
200 1,360 
400 970 
800 770 

1,600 680 
3,200 620 

Chromium Plating Solution 100 11,600 
200 5,060 
400 2,130 
800 740 

1,600 610 

3,200 590 

- 63 - 



b E/ectronic Instruments Ltd. (England) B 90 dp pH electrode 
system, with body constructed in ABS plastic. 
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Figure 1 — o, Electronic instruments Ltd. (England) Model 918 panel mounted pH meter- 
controller. The two control relays are electronkotly operated, and ore 
adjusted by the controls marked "Low" and "High". 
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Figure 5 — Typical redox titration curves for the chlorination of complex cyanides, with 
redox millivolts (Pt electrode vs. calomel reference) plotted against units of 
added hypochlorite. The effect of pH is shown by the different curve positions. 
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Figure 4 — Electronic lnstruments Ltd. (England) Model 92C panel•mounted proportional + 
integral pH controller, showing control adjustments for varying the relative 
amounts of proportional and integral actions. 
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Figure 9 — Electronic Switchgear Ltd. (England) 
"Aqualarm" conductivity rinse control kit. 
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Figure 8 — Effluent Control Ltd. (Englan ) instrument control panel, 
showing pH and redox meter-c ntrollers for cyanide 
chlorination, chromate reducti n, neutralisation, with 
outfall pH recording and alarrr 
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"LEGAL ASPECTS OF WATER POLLUTION CONTROL 

IN ONTARIO" 

BY 

J. P. ERICHSEN-BRcMN 

SOLICITOR 

ONTARIO WATER RESOURCES COMMISSION 

When it was suggested to me that I might speak 
to you on the topic "Legal Aspects of Water Pollution 
Control in Ontario" I accepted because it was a sort of 
catch-all which gave me an opportunity to make up my mind 
as to what I really wanted to talk about. The fact is 
that the entire operations of the Commission are concerned 
directly or indirectly with Water Pollution Control, and 

at almost every point there are legal aspects. 

They influence or affect the functions of every 
officer, both in industry and in public office, who is 
concerned with pollution, regardless of his own field of 
administration. The legal aspects of pollution control, 
in short, are not confined to lawyers. I need only refer 
to the immense cooperative effort of the Ontario Water 
Resources Commission and very many municipalities, and 
many industries, to provide or to perfect treatment works, 
and to the legal requirements that are relevant. For 
example; the approvals of The Municipal Board, the questions 
of title including expropriation procedures, the legal 
requirements of complex construction contracts, the role 
of consultants and of engineers under such contracts, the 
legal consequences of design approval, and such things as 

the regulation of plumbers and of well drillers, and even 

of boats. 
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All of in a broad sense are legal aspects of 
pollution control but with the exception of the effect of 
design approval certtficates. have decided to omit them 
from this paper. Instead, i intend to concentrate if : 

can on those of control where there is 
applied directly or indirectly some pressure upon a person 
OZ corporation to stop discharging something because its 

is impairing or may impair the waters of Ontario 
The major force exerting such pressure i The Ontario 
Watt: Commission Act itself0 However, before 
disc the Act I wish to refer briefly to the Criminal 
Law tht Common Law0 

Th€ legal which are applied to 
individuals or ccmpanies whose activities conflict with 
those of the public as a matter of theory, should be found 
in the crtminal_law. Government of Canada, which 

the constitutional power to create crimes, has not 
created crime of "pollution"0 The publIc authorities 
of Ontario, including the Crown Attorneys or other public 
pro5ecutors who have jurisdiction to enforce the criminal 

have not seen fit to prosecute for the only crime 
that might arise under the Code of Canada from 
pollution of waters - namely, the indictable of 
committing a "common nuisance", In short and I say 
this largely for the benefit cf our terican friends - 

the crimina. law has not been and is not now employed as 
an instrumetkt of poflution control in OntarioQ 

The common law is of dirnini3hing improtance but 
to be relevant to the civil cesponsibility that 

may arise between private riparian owners. It is related 
to the theme of this conference Second Century - 

Clean Water" ...n that the origins of the pure water policy 
in we have some pride in OnLario are to be 
found in the common m. fact :: would say that we owe 
more to t'ie common and to the than we do to the 
Legislta.ture in the preservation of this concept. 

The obligations of a riparian owner at common 
law are very strict. I can illustrate this by the famous 
distiflexy case which reached the Eouse of Lords in England, 
in which an upstream owner who pumped pure but hard water 
from his mine in order to dewater it and put it into a 
iver carrying soft water, was restrained by an Injuncticn 

at the suit of a downstream manufacturer of whisky. 
Natural water made good whisky but when it was altered 
by the introduction of hard wace: it made bad whisky. 
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injunctions which had been granted against the two 

municipalities. Instead, it went further and by the 

same amendment it changed the law in regard to statutory 

authority. 

Prior to 1956 plants had, of course, been 
operated under statutory authority, but the court said 

that unless it was "inevitable" that the effluent would 

pollute the stream, there was a presumption that the 

Legislature had intended that such plants would operate 

with due regard to the rights of other riparian owners 

at common law. To protect municipalities the law was 

changed so as to make it impossible to sue whenever the 

construction and operation had been approved by The 
Department of Health. At the same time the definition 

of sewage was broadened to include industrial wastes, 
and at the same time, there was enacted a provision that 

the discharge of material from a sewage works that had 

been constructed and was operated with the approval of 

The Department of Health was not a contravention of 

the penal provision under which prosecutions were laid 

for impairment of waters. 

The following year (1957) the functions of 

The Department of Health were transferred to the Ontario 

Water Resources Commission, which was also given greatly 

increased powers to deal with pollution in all its aspects. 

Thus, a twofold decision was made. Firstly, 

to do away with the conunon law liability wherever there 

was a discharge by a municipality or a corporation of either 

sanitary sewage or industrial wastes from a sewage works 

that was "constructed, maintained or operated't with 

the approval of the Commission. Secondly, to confer broad 

powers upon the Conunission to deal with all discharges 
of material from works that it had not approved. Thus it 

was given powers to investigate, and to require that 

remedial works be undertaken, and there was created a 

number of new statutory offences under which violators 
would be liable to prosecution. The net effect was to 

greatly increase the strength of public authority in 
Ontario to deal with pollution of waters. 

The new offences, and the power to deal with 
them, are contained in The Ontario Water Resources 
Commission Act. 
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is an exrret€. case of in thet wa: 
no poflution in in which we ordInarily uncerstand 
that word, Th'is has been that corron law 
you cannot poilite "to the s:afle?t degree"0 Alternatively 
thn oa'tno: "p:eictdioiallv Ebffect the condition of 

water sc to injure" other riparian owners. 

of the courts are not binding 
Canada but the j;dgment it the Distillery case was 

by the Court of Appeal for in as a 
ocrrect statement of the of conon law 
had been mt the 18th Century0 

The year .956 wa.3 the when number of 
pollution claims that rn_ght have gone to coutrs was 
dresticafly reduced by scticn of the OcE,ric Legisature. 
As soon as the of the Court of been 

the whIch been ranted 
by the trial jLdga of kin:, 
the a&npced an azendment to The 
Public Act which ohs injunction. Ac 

:xoi it. unctIon which had 
been grarted against the C:ty of siaiilat 

years bets dl ri 

in,jinctIo:i chtained by a roi.ir!:t camp agains: 
a paper company. 

The legielacere of Cniario2 in short, 
unwilitog to live wi: strict role of !rS11 law. 
It was to than pollution tontrcl, 
I do not say this was necessarily The 
Legislature be to and social. 
fact:OL's cert situations, It is function 
of the ;egislant e to decide the coilective interests 
of all the inbthitants of a town in i-saving their 
treated with an efficiar.cv of lens 100% are note 
important than thterfarence with the corrtnon X rigi-x of 
a single riparian owner, arising from the fact that sewage 
treatment not lOOt 

I eticerstand tM;: an s:erage sewage treatment 
plant will remove around 35t ECD with primary t:eetmen:; 
this will be increased to with 
mont; and there are various ft.::her refinemcnts described 
collectively as the so-called tertiary treatment which 
may loost the 3CC ::emoved to 98t. The size and 

c± plants varies and none are perfect. 
It was perhapa for this reason that tbe did 
not consider it sufficient merely to dissolve the 
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There are contained within its various sections 
and subsections at least 32 specific offences, that may 
result in prosecutions and the imposing of penalties, not 
including a number of offences which are spelled out in 
regulations under the Act, such as the plumbing regulations, 
the well drilling regulations, etc In addition, there 
are two sections which give the Commission a statutory power 
to apply to the courts for injunctions. 

I do not wish to lose myself in questions of 
detail nor lose your attention and your interest. Accordingly, 
I prefer to deal with the Act from the point of view of 
certain principles which are to be found in it, and to 
refer to the text only to illustrate these principles. 

However, I think I should point out that the 
32 or more offences to which I have referred include a 
number which are related to pollution control without being 
directly concerned with pollution. They are designed to 
put teeth into the regulatory powers of the Commission, 
whose functions are broadly to control pollution and the 
use of water. I will cite a single example of the sort of 
provision to which I refer. The Commission has the power 
to approve the design and construction of sewage works. 
There are five possible offences that may arise under 
the section relating to the construction of sewage works. 
These are: 

(1) The offence of establishing a sewage works 
without having secured the prior approval 
of the Commission; 

(2) The offence of changing a sewage works 
without having secured the prior approval 
of the Commission; 

(3) The offence of failing to provide facilities 
ordered by the Commission to assist it in 
its investigation of the sewage works; 

(4) The offence of failing to carry out changes 
in the sewage works when directed by the 
Commission; and 

(5) The offence, after a permit has been issued, 
of failing to comply with its terms and 
conditions. 
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Sewage works is defined to include any works 
for the collection, transmission, treatment and disposal 
of sewage and the word "sewage" is defined to include 
commercial and industrial wastes. 

To relieve your minds I would like to repeat 
my promise not to go into all these offences. However, 
while on the subject of the approval of sewage works, 
I would like to refer to the question of the "public 
interest". As you will have noted, the Commission has 
power to impose conditions in its permits and the power 
to impose such conditions has been phrased by the Legislature 
in terms of an assessment by the Commission of the public 
interest. The section actually 

"Where, in the opinion of the Commission, it 
is in the public interest to do so, the 
Commission may refuse its approval or grant 
its approval in such terms and conditions 
as it deems necessary." 

If the conditions of a permit are violated, the holder 
may be liable to a penalty of up to $500.00 per day. 
Upon such a charge the court is precluded by the words 
of the section from entering into the question as to 
whether the imposing of the condition was or was not in 
the public interest. 

(The Commission was given similar authority 
to decide what is in the public interest in 
sections relating to the approval of water 
works; the prohibition of the taking of water; 
the reporting to a municipality of its oplnicn 
of what the municipality requires in to 
its sewage works and other matters, and in the 
recently enacted section which gave the Commission 
the power to designate areas of public water 
works and public sewer services. There may be 
prosecutions under all of these sections, with 
substantial penalties, and in all cases, the 
court cannot inquire into, nor substitute its 
own opinion as to what is the public interest0) 

At this point I would like to pause and give 
you an outline of how I propose to handle the rest of this 
speech. I think it would be most useful to confine it to 
three specific topics, each of which I would like to bring 
into rather sharper focus. These are: 
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(a) The functions of the OWRC and of municipalities 
in relation to Industrial Wastes. 

(b) Prosecutionsfor impairment of waters. 

(c) The use of injunctions against industry 
to stop pollution. 

Prior to the creation of the OWRC there had 
been included in The Municipal Amendment Act of 1953 a 

power to pass what was popularly referred to as a "pollution 
control by-law". Such a by-law could be passed by a 
"local municipality" which includes a city, town, village 
and township. There is a wide disparity as between a 
large city on the one hand, and a rural township on the 
other. The four types of municipalities have a common 
character largely when they are in built up areas and 
municipal sewers of some sort have been installed. This 
explains the wording of the paragraph in the Municipal Act 
under which by-laws could be passed: 

"For prohibiting and regulating the discharge 
of any gaseous, liquid or solid matter into 
land drainage works, private branch drains 
and connections to any sewer, sewer system 
or sewage works for the carrying away of 
domestic sewage or industrial wastes or both, 
whether connected to a treatment works or not." 

When the Ontario Water Resources Commission was 
established it was given broad jurisdiction that was super- 
imposed, so to speak, upon the existing municipal powers. 
Thus, the OWRC Act provides: 

26(1) "The Commission has the supervision of 
all surface waters and ground waters 
in Ontario used as a source of water 
supply" 

26(2) "The Commission may examine surface 
waters or ground waters in Ontario from 
time to time to determine what, if any, 
pollution exists, and the causes thereof." 

It will be observed that the Commission's general supervisory 
powers are restricted to waters "used as a source of water 
supply", but that where it is a question of pollution there 
is no restriction: "any surface waters or ground waters in 

Ontario." The Commission's authority in regard to pollution 
of such waters reaches into and within every municipality in 
Ontario. 
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There is no question as to the Commission's 
powers in regard to the pollution of surface waters. 

It: is possible that some question may be raised as to 

a powers to control by by-law a discharge 

that goes to a natural watercourse but not to its sewage 

system. There were two instances where the question 
arose during the past year0 Both cases received some 

attention in the press. The first involved a prosecution 

of Lever Brothers Limited in regard to a spillage of 

vegetable oils that ended up in the Don River. The 

actual discharge to a storm sewer and thence to the 

river. It did not go and could not have gone into any 
sanitary sewage treatment plant. The relevant section 

of the by-law was worded in reference to discharge: 

"into a storm sewer, storm sewer connection, 
storm drain, watercourse or land drainage 
works which is capable of discharging into 
any body of water or onto the shore or bank 
thereof??. 

By the same by-law "watercourse" was defined to mean"... 
an open channd, ditch or depression either natural 
or artificial, in which a flow of storm waters occurs, 
either continuously or intermittently." 

The basic prohibitions of the by-law were in 

two sections, one covering discharge into either sanitary 

sewers or combined sewers, and the other discharge under 

the section and definition I have quoted. The former is 

solidly grounded upon a municipal function, namely the 
operation of its sewage treatment plant. The lattn is 

similarly grounded, to the extent that it is a municipal 

function to control storm water. You will note that the 

latter stopped short of prohibiting discharge to a natural 

watercourse of a permanent character. Thus it prohibited 

discharge into storm sewers, etc. or a "watercourse" (as 

above defined) that was "capable of discharging into any 

body of water or onto the shore or bank thereof." The 

surons in the Lever Brothers case actually charged a 

discharge to the Don Rive":, but I was informed by our 

Industrial Wastes Division that it actually went through 

a storm sewer. I do not believe that a person could be 

charged under the Metropolitan Toronto by-law (which 
incidentally is very recent - November, 1965) for a direct 

discharge to Toronto Bay or Lake Ontario. 

The second case concerned two large steel 

companies at Hamilton. Both have spent large sums on 

pollution control measures, and have cooperated fully 
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with the Commission. The question which arose did not 

concern the Commission directly. It did, however, 

interest me, as a lawyer, who is interested in the 

question of jurisdiction. It is my understanding that 

the two steel companies, no doubt on the advice of 

counsel, refused to give information to the City of 

Hamilton, on the ground that the City of Hamilton did 

not have power to control by by-law the discharge of 

effluent into Lake Ontario. 

I have examined the City of Hamilton by-law 

(which is even more recent, being passed in February, 

1966) and my personal opinion for what it is worth is 

that it resembles the Metropolitan Toronto by-law in 

that it also stopped short of any prohibition of direct 

discharge to a natural watercourse of a permanent 

character. The Hamilton by-law was, in its opening 

recital, expressed to be Itsubject to the provisions of 

The Ontario Water Resources Commission Act." 

The point which I would like to emphasize 

and which is of great importance to those concerned 

with industrial wastes is that there is concurrent 

jurisdiction in the pollution control field within 

large areas in regard to industrial wastes. Insofar 

as municipalities are concerned this control is in 

regard to what may be discharged into places or things 

that are within its territory and under its control. 

Insofar as the Commission is concerned, it has control 

in the same general area (subject to an important 

exception which I will mention), and the Commission's 

powers extend right into the industrial plant itself. 

The important exception arises under subsection 

4 of Section 31 of the OWRC Act. This is one section 

which I won't quote because the lanbuaLe iS rather tricky. 
It will suffice to say that the effect af a double negative 
in a subparagraph is to make it unngqessary for any 

person - and that includes a corporation - to secure 
our approval of any industrial treatment works if the 

industrial waste is going into a sanitary sewer. I should 

add a word of caution, under a 1966 amendment, if the 

industrial waste interferes with the operation of the 

sewage works, you may be in trouble with both the munici- 

pality and with us, regardless of whether the sewage 

works is operated by the municipality or by the OWRC. 
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While I am referring to municipal jurisdiction 
I would like to interject a remark about prosecutions. 
I am coming to this However, at this stage I 

would point out that the prohibitions in municipal by-laws 
may be more speedily and more easily enforced by the 
prosecuting authority for the simple reason that a 
municipal by-law may be framed in terms of the express 
prohibition of the discharge of specific substances in 
specific concentrations, whereas the prohibitions under 

the OWRC Act are in relation to the impairment of water. 

The Commission has a greatly expanded program 
of construction of sewage treatment plants throughout 
Ontario. In all of our project agreements by which the 
Commission agrees to finance the construction of sewage 
works, to do the construction, and to operate them 
generally over a 30 year period, our invariable practice 

is to protect ourselves by the following clauses: - 

"4. Unless otherwise so provided in this 
Agreement the Commission expressly 
restricts its responsibility to sanitary 
sewage and reserves to itself the right 
to refuse to accept anything else. The 
Commission may, however, consent in 
writing to accept land drainage and/or 
industrial wastes, 

6 No waste contaminated by any chemicals 
or substances which in the opinion of 
the Commission may constitute a damage 
or hindrance to the processes, plant or 
equipment of the sewage works project 
shall be emitted or deposited into any 
sewer connected directly or indirectly 
to the Commission's said sewage works 
project." 

It is reasonable, in fact essential, that any 

municipality operating its own sewage treatment plant 
protect itself in a similar way, and the proper way of 
doing this is by by-law which controls what all persons, 
including industrial concerns, can put into municipal 
sewers. 
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Last year (1966) there was added to the OWRSC 

Act a provision (section 50a) by which if the Commission 
was of the opinion that the discharge of sewage into 

a sewage works was interfering with the operation of the 

works, it could require any municipality or person by 
notice "to stop or regulate such discharge or deposit 

or take such measures in relation thereto in such manner 

and within such time as the notice may require." The 

penalty for contravention is up to $200.00 per day. 

The section applies to industry, and any 

industry that discharges toxic substances, for example, 

that may kill the bacteria in a treatment plant, may 

be liable to prosecution under this section regardless 

of whether the plant is operated by the Commission, or 

by the municipality, and regardless of whether the 
municipality has, or has not, adopted a pollution control 
by - law. 

So far the emphasis has been on keeping indust- 
rial wastes out of sewers, whereas all the experts agree 
that in the case of many industrial wastes the best 
pollution control is achieved by requiring the precise 

opposite, namely that they go into sewers and be treated 

along with sanitary sewage. 

A most important aspect of the treatment of 
industrial wastes is that the effluent standard which 
experts - I mean scientific experts - require for discharge 
to a sewage treatment plant may be quite different, and 

a more lenient requirement, than for discharge to a 
natural watercourse. 

The answer to the pollution caused by many 
industrial concerns, whose effluent is now being discharged 
to a natural watercourse, is therefore to get the industry 

and the municipality together to negotiate an agreement, 
by which the municipality will take the wastes in return 
for special payment by the industry, and where appropriate, 

the provision by the industry of some form of pretreatment. 

The Commission has been given special powers to 

enable it to put pressure both on an industry and on a 
municipality to see that this is done. It can issue 
requirements and directions to an industry under Section 

50, with a penalty for up to $200.00 per day for failure 
to carry them out. It can also report to the clerk of 
a municipality in writing under section 38:....."that 
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it is of the opinion that ft is necessary in the public 
interest that a water works or sewage works.., be 
established, maintained, operated, improved, extended, 
enlarged, altered, repaired or replaced...." The 
municipality is than required by the section to "forth- 
with do every act and thing in its power to implement 
the report of the Commission." The penalty for non- 
compliance is up to $500.00 per day. 

When the two sections are used together the 
report to the municipality may be a very simple one. 
For example, to afford a connection at a certain manhole 
in a certain sewer with an effluent pipe from a specified 
industry Little or no construction may be involved. 
By the time the Commission arrives at the point where 
it is prepared to issue requirements and directions to 
an industry, and simultaneously, to report to a munici- 
pality, it is exremeiy probable that both the industry 
and the municipality will be fully aware of the technical 
problems and costs of treatment in the sewage treatment 
plant, or of pretreatment on the property of the industry. 

I would like to emphasize that when the 
Commission reports to a municipality under Section 38, 
it is the Commission which has the statutory power to 
decide whether or not it is "in the public interest" 
that sewage works be constructed, etc If the report 
states that the public interest requires that the muni- 
cipality receive the industrial wastes this cannot be 
effectively challenged by the municipal council. Although 
a municipal council, upon receiving the application of an 
industry to discharge its wastes into a sewer, 
has its normal prerogatives to decide whether or not it 

will receive them, and therefore is, in a sense, the 
guardian of local public interests, its powers are related 
to costs and the safeguarding of the processes of the 
sewage treatment plant. Accordingly the report of the 
Commission as to what is required in the public interest 
cannot be effectively challenged by any municipality as 
a matter of law, and is unlikely to be challenged, upon 
the facts, because in practice the Commission is not likely 
to report to a municipality that a connection ought to be 
afforded except in situations where all experts would be 
likely to agree that it was sensible for the industrial 
wastes to be treated along with sanitary sewage. 

I now wish to refer to the special position of 
industrial concerns which do not hold certificates of 
approval of their waste disposal facilities. Section 50 
to which I have referred is of general application. In 
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other words, while it may be employed, and is frequently 
best employed, in combination with a report to a tuunici- 
pality, it can also be applied in reference to the 
construction of treatment facilities (as distinct from 
pretreatment facilities) for discharge to a natural 
watercourse. The section reads: 

"(1) If an industrial or commercial enterprise 
makes arrangements for the collection, 
transmission, treatment or disposal of 
sewage that are deemed unsatisfactory by 
the Commission, or makes no arrangements 
for the collection, transmission, treat- 
ment or disposal of sewage, the Commission 
with the approval of the Minister, may 
require such industrial or commercial 
enterprise, 

(a) to make investigations and submit reports 
to the Commission in respect of the 
collection, transmission, treatment or 

disposal of sewage; 

(b) to install, construct or arrange such 
facilities for the collection, transmission, 
treatment or disposal of sewage; and 

(c) to maintain, keep in repair and operate 
such facilities, as may be directed from 
time to time by the Commission.," 

The section says that the Commission "may require" these 
various things "as may be directed from time to time by 
the Commission". That is why we speak of "requirements 
and directions." More informally we speak of a mandatory 
order to industry. However, it is not an order in the 
sense of a court order. It does not have the force of a 
mandatory injunction. It may afford the basis of a prosecu- 
tion if not carried out, however, and there is in the 

background the right given to the Commission by Section 
54 of the Act to bring an action in court to have the 
contravention of any order or direction of the Commission 
restrained by order of a court. 
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The power of the Commission to require an 
industrial or commercial enterprise to do something 
is in the technical field, and accordingly it is of 
major concern to all engineers, either in private 
industry or government, who are concerned with the 
problem of how to treat wastes that will pollute water 
if not treated. There is a lot of concentrated 
meaning within the words of the section. The essence 
of the section is in the power to require that an 
inthstry "install, construct, or arrange" facilities. 
There are some broad implications in these words. 
To begin with on account of the fact that default 
may be followed by prosecution and a fine, it is 

necessary to spell out what is to be installed, con- 
structed, or arranged, with sufficient precision to 
sustain a That is a legal point of view. 
As a matter of legal theory, if the requirement is 
in vague general language, there may result a compliance 
by the industry by doing something that is cheap and 
inadequate, but technically within the requirement. 

Our engineers - of our Industrial Wastes 
Division - in my personal opinion tend to become 
perfectionists. I do not object to this. It is the 

mark of a good man in any profession. The point is 

that they do not like to order an industry to do such 
and such a thing, unless they know what they are talking 
about. 

Another conclusion I have reached is that 

the competent engineers and experts in private industry 
are likely to come up with pretty good answers to those 
particular pollution problems that arise in the course 
of their own particular plant processes. If these 
experts had sufficient funds to spend they could generally 

solve them. Unfortunately, they are frequently curtailed 
in what they can spend. In the result they tend to do 

what they can within the financial limitations. I have 
reviewed files where action under section 50 has been 
under consideration where the company experts have had 

remarkable success in recapturing from industrial wastes 
materials that can be turned to a profit. We then have 
the phenomenon' 'pollution control as a by-product of 
increased efficiency as disclosed by profits." I had 
a dream the other night - the Minister of Finance had 
announced a revision to the Income Tax Act. Henceforth 
all companies in Ontario are to have a capital cost 
allowance for construction of treatment works ordered by 
the Commission under section 50 of The Ontario Water 
Resources Commission Act. 
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That was a digression. Perhaps it was a 
moment of truth. I was talking of engineers. I 

have a conviction that the Commission's engineers 
tend to hold back on recommending a requirement to 
industry under Section 50 until they have satisfied 
themselves that the particular thing to be "installed, 
constructed or arranged" is in fact the best solution. 
I also have a conviction that if there are good 
engineers or consultants or waste disposal employed 
by an industry, the problems can best be solved in 
consultation and by correspondence. 

In our consideration of Section 50 we have, 
of course, probed the words of the section in depth. 
I would like to refer to an expedient that has been 
adopted, where our engineers did not feel they would 
be justified in prescribing what ought to be done - 

that is to say: - "installed, constructed, or arranged". 
This expedient gets around the difficulty. I said 
that "if the requirement is in vague general language" 
the compliance might be "cheap and inadequate" but 
nevertheless within the scope of the general words. 

The expedient is to add in a test based on 
the results obtained. Thus, if the requirement is 

in general language, but the resulting waste after the 
installation or construction has been done, is also 
required to meet the Commission's objectives for 
quality of industrial wastes - its so-called "industrial 
wastes objectives", the industry cannot escape liability 
and the fine of up to $200.00 per day, by doing some- 
thing that is cheap and inadequate. 

There is no reference to effluent quality 
in the section. No reference to pollution. No reference 
to impairment of water. No cross-reference to any 
other section of the Act. The objectives do not have 
the force of law. The power to prescribe standards of 
quality for industrial waste effluents by regulation 
under Section 47(1) (g) of the Act has never been 
exercised. The reason is well known. There is great 
difficulty in prescribing an effluent standard with that 
degree of precision necessary to sustain a conviction, 
that will be uniformly fair to all accused throughout 
Ontario. The local conditions affecting the public 
interest vary enormously. The objectives have been 
allowed to remain objectives only. 
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Notwithstanding these factors my view is that 
a requirement to industry framed in terms of a particular 
effluent fluality defined, and to result from 
the facilities to be 'installed, constructed, or arranged" 
is a valid legal requirement, and the full sanctions of 
the law, be it a penalty, or an injunction upon a later 
application to court, may follow for failure to carry 
it out. 

A further question as to the powers of the 
Commission arises under subsection (a) which enables 
the Commission to demand a "report"0 The words are: 

"to make investigations and submit reports 
to the Commission in respect of the collection, 
transmission, treatment or disposal of 
sewage." 

There are two possible ways in which this section may 
be interpreted. First, it may be considered to be an 
ancillary power, designed to enable the Commission to 
obtain the facts, upon the basis of which it may proceed 
to direct the installation, construction, or arrangement 
of facilities under sub&ection (h). The second is to 
regard the section as conferring upon the Commission the 
power to require that any industry submit to the Commission 
whatever plans for treatment it has or proposes to employ 
In the future to treat its wastes, so that they will not 
impair the quality of water contrary to the other prohibi- 
tions affecting the public at large under other provisions 
of the Act, The Corission has applied the section in 
both ways, dependent upon the facts, and the prior discuss- 
ions or correspondence with the industry concerned. 

If an industry says they have engaged consultants, 
but procrastinates, or delays in submitting any plans for 

treatment of wastes, the can be effectively employed 
to bring them to time. 

Before concluding this speech I must say some- 
thing about prosecutions for pollution and the use of 
the injunction in Ontario to restrain pollution. 

I said at the beginning that there was no crime 
of pollution, and I now wish to add that there is also 
no offence under the OWRC Act of pollution. It is a 

question of potentiality to impair the quality of water 
Section 27(1) reads 
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"Every municipality or person that discharges or 

deposits or causes or permits the discharge 
or deposit of any material of any kind into 
or in any well, lake, river, pond, spring, 

stream, reservoir or other water or water- 
course or on any shore or bank thereof or 
into or in any place that may impair the 
quality of the water of any well, lake, river, 

pond, spring, stream, reservoir or other 
water or watercourse is guilty of an offence 
and on summary conviction is liable to a 

fine of not more than $1,000 or to imprison- 
ment for a term of not more than one year, 
or to both." 

Anyone can lay an Information under this section. 

To my knowledge it is only officers of the Commission who 
have laid charges. These have sometimes followed on 
complaints, and on other occasions as a result of investi- 
gations made by officers of the Commission on their own 
initiative. 

The essence of the law is contained in the words 
"that may impair the quality of the water". This is a 

question of potentiality to impair rather than of impairment 
in fact. In other words, the Crown does not have to 
establish affirmatively in order to obtain a conviction 
that the water has in fact been impaired. This has now 

been upheld in a number of decisions in the magistrates' 

courts. 

The practice of the Commission when laying charges 
under the section is to adduce evidence that the waters 

have in fact been impaired in all cases when this can be 
readily proved. For example, in the case of wastes that 

are discharged to a stream it is frequently possible to 
demonstrate that its waters have been impaired by chemical 
analysis of the water of the stream above and below the 
points of entry of the accused's wastes. 

In the case of lakes and particularly large 
lakes where the dilution factor is great, it may be 
extremely difficult to establish that the receiving waters 
have in fact been impaired by the discharge of material 
from the plant or premises of the accused. I can cite 

two examples that may be of interest. 
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Firstly, the discharge of wastes from a 
plating factory where the toxic character of the 
wastes, that is to say, their potentiality to impair, 
was established by expert testimony supported by 
laboratory tests of the effect on guppies and minnows. 
In this case it would have been impossible to convict 
the accused company on the basis of the analysis of 
the lake waters because of its size. 

Another case involved a recent conviction 
of a canning plant located on the shore of the Great 
Lakes where the situation was similar. 

It might be assumed from what I have said 
that in Ontario it is now possible to convict on the 
basis of effluent analysis only. However, I believe 
that this is too strong a statement. I have in mind 
certain types of wastes which are high in BOD and 
suspended solids where factors of time, of distance 
and of exposure to the atmosphere may be involved. 
If it is decided to prosecute for discharge of a 
material that may impair the quality of a watercourse - 

and, of course, the watercourse has to be named in the 
Information - it is not sufficient to establish the 
character of the effluent unless it is also established 
that this character is maintained down to the point of 
entry to the watercourse0 

Apart altogether from the distinction between 
potenciality of an effluent to impair the quality of 
receiving water, and the impairment in fact of the receiving 
water, I would like to emphasize that the question of 
whether the discharge of some material does, or does not, 
have the potentiality to impair, is itself a question 
of facto Not only is it a question of fact, but it is 
a question of fact to be determined by the magistrate. 

The opinion of the Commission is not relevant. 
Its own industrial wastes objectives are not relevant. 
Its water quality objectives are not relevant. The court 
must, of course, act upon the basis of evidence and this 
evidence normally includes the testimony of expert wit- 
nesses. Under the law of Ontario the opinion of an 
expert, once his qualifications have been established, 
may be received to establish the effect of an effluent 
upon receiving water. The accused may call his own experts. 
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The experts may disagree. The court in deciding: 
"does this material that was discharged have the 
potentiality to impair the quality of the water of 
this watercourse" - is at liberty to believe one, 
and reject the views of another, as in the case of 
any witness. 

The Commission also has the right to apply 
to the courts for an injunction, and this power is 
what I would call the "ultimate weapontt of public 
authority to control pollution of waters in Ontario. 

The power has been seldom used, and is 
frequently misunderstood. The Commission is caught 
between two fires so to speak. There are those who 
say without much thought: "they are gross polluters - 

close them downtt and others who go to the other exreme 
and suggest that the Commission should never apply for 
an injunction unless there is no other solution. The 
latter recall the past reluctance of the Legislature 
to accept injunctions granted by the courts, where 
economic and social factors were opposed to a plant 
being closed down, and where the installation of 
treatment works was not possible before the effective 
date of the injunction, My own belief is that the 
Commission, as a pollution control agency established 
by the Legislature, will be fully aware of the various 
interests that may be affected by an injunction. 

I also believe that the Commission, as an 
applicant, is in a different position from any private 
litigant. I put this on the simple ground that it has 
no private axe to grind, and is concerned solely with 
the public interest. There are many ways in which a 
plaintiff asking for an injunction can influence the 
course of the trial and the ultimate decision. 

For example, the Commission does not have 
to apply for an interlocutory injunction. It may decide 
to seek a permanent injunction only. It can also exercise 
some discretion in the timing of the court processes, 
including the setting of the case down for trial, the 
adjournment from time to time of the trial, and finally 
it can influence the court in the conditions, including 
the coming into force of any permanent injunction that 
may be granted. 
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I believe that the injunction which is of 
value is the permanent injunction, granted after a 
trial and a full hearing and when the court has had 
the full opportunity to employ its powers of imposing 
conditions, such for example as its power to suspend 
its coming into operation until a future defined date 
which will be set out in its judgment. When such a 
hearing has been held, and the process of the court 
exercised in regard to timing of the coming into effect, 
there is generally no public opposition left for the 
simple reason that it is apparent to all that justice 
has been done. 

There is no reference to a "permanent 
injunctiont' as such in the OWRC Act. The law is in 
the Judicature Act, and in the basic inherent jurisdiction 
of the Supreme Court. It is a civil remedy granted in 
a civil action, which is started by a writ of summons 
followed by pleadings (a written statement by the plaintiff 
of the nature of his claim and the relief sought, and 
by the defendant of the nature of his defence), by 
examinations for discovery in advance of the trial, and 
finally by the trial itself. 

Apart altogether from such an action, the 
Commission has been given a specific power to apply for 
what is called an "ex pane" injunction by Section 26(3) 
of the Act. This section is intended to give a speedy 
remedy in an. emergency situation, and the important rule 
of statutory construction that is applicable is that 
which says in effect that the Legislature is presumed 
not to have intended to change the law except to the 
extent that this is required of necessity by the language 
employed 

The ccurt5 have always been reluctant to grant 
an injunction against any person, if he has not been 
notified. An applicant is required to convince the judge 
that the emergency has arisen so suddenly and the need 
for its termination so urgent that there isn't sufficient 
time to notLfy the party against whom the injunction is 
sought. It is also the established practice to require 
that any applicant who applies without notice will be 
granted the injunction for a limited period only, and 
that he must give an undertaking in writing to pay any 
damages that the other party may sustain in case the 
court should later decide that the defendant has sustained 
damages that the applicant ought to pay. 
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Because of the length of time that usually 
elapses before an action in the Supreme Court is brought 
to trial, which may be six months or a year, or sometimes 
even longer, the court is empowered by the Judicature 
Act to give what is called an interlocutory injunction 
upon such terms as it considers appropriate. This 

expression applies to any injunction whether granted 

on notice, or ex parte, in advance of a trial. I would 
like to quote what the Chief Justice of the High Court 
Division said a few years ago: 

Time granting of an interlocutory injunction 
is a matter of judicial discretion, but it 

is a discretion to be exercised on judicial 
I have dealt with this matter 

at length because I wish to emphasize how 
important it is that parties should not be 
restrained by interlocutory injunctions 
unless some irreparable injury is likely 
to accrue to the plaintiff, and the Court 
should be particularly cautious where there 
is a serious question as to whether the 
plaintiff would ever succeed in the action. 
I may put it in a differenct If on 
one hand a fair prima facie case is made 
out and there will be irreparable damage 
if the injunction is not granted, it should 
be granted, but in deciding whether an 
interlocutory injunction should be granted 
the defendant's interest must receive the 
same consideration as the plaintiffts." 

It is because of this important background of 
legal principles that I restate my opinion that it is 

the permanent injunction after full trial that is the 

most valuable. It is something that is granted after 
deliberation, and with care. me special powers such as 
the Commission has under Section 26(3) to act in emergency 
situations are of less importance. I say this partly 
because of my experience with the Commission. The cases 
which really called for the issue of an injunction are 
cases where companies have been under investigation for 
years, have been the subject of inspection, reports and 
recommendations, and where the Commission will already 
have exercised a number of its other powers under the Act 
without having been able to terminate the pollution. Such 
cases are not emergency cases. They are hard core cases 
and frequently long standing. 
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I would like to conclude by saying that the 
legal aspects of pollution control are complex, and the 
selection of the best procedure in any situation is 

frequently a matter of nice judgment. It is also 
frequently a matter of common sense. I believe that 
the most effective pollution control in Ontario has 
resulted from measures voluntarily undertaken by indust- 
ry in collaboration with the Commission. The role of 
experts employed in private industry, and of consulting 
engineers throughout Ontario, has been most important. 
In the meantime, the sanctions of the law have assisted, 
for the law "always speaks". 
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Man has inherited from his environment certain 
great natural resources, resources which are being 
exploited to their detriment and threatened in their 
usefulness with the advances and concentrations of 
population, industrial expansion and innovation. Already, 
by indulging in practices offensive to nature, we are 
confronted with the possibility of environmental 
disaster. In the process, we have tended to forget our 
dependence upon essential life-giving sources. The 
physical world around us is itself shaped by life 
processes; the quality of the air, the purity of water, 
the formation of soil are all crucially related to 
life and in degree dependant on it. Unless we face 
this great central fact of existence, environmental 
pollution will bring disastrous results and the 
usefulness of this planet for human life will be 
destroyed. 

Nothing is more important to the continuity 
of existence and the improvement of man's lot than clean 
water. For too long, the management of our water 
resources has failed to keep pace with the rapid growth 
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of waste production. The water of our rivers and takes, 

if left alone, would be self-perpetuating, renewing and 

cleansing. This is a great undeniable fact of nature, but 

man and his processes have stepped into the scene and upset 

the natural balance. Progressive pollution of our water 
resources threatens our whole water economy. A return to 
normalcy and stability is required - adequate conservation 
and wise use of water will be a decisive factor in the 

future preservation of our society. 

Responsibility for pollution control lies with 
government, industry, agriculture and to a degree with the 

public at large. This presentation is an effort to define 
role and give some indication of industry's 

philosophy toward the preservation of clean water. 

NATURE OF THE 

In this approach to water pollution and its 
control in industry, the nature of the problem and some of 
the solutions need to be defined0 U economy of method 
were not involved, controlling water pollution would be a 
straight-forward, although not always a simple, technical 

undertaking. But water management can be expensive from 

initial research to ultimate solution. There is the added 

complexity of the contributing impact of the total community 
as well as industry's involvement in the contamination of 

total water systems0 The solutions available to industry 

may be effected by improved processes, better quality control, 

and waste treatment or water re-use. Whatever course is 
taken, however, is almost certainly influenced by the 
political, economical and sociological conditions that 

embrace water pollution problems to-day. 

Moreover, public awareness of water pollution and 

its dangers is calling attenticn to basic causes and 

offending sources. As a result of this awareness, the 

sensitivity crcated, and the pressures developed, combined with 

own appreciation of its role, major movements 
are afoot to bring direct control to the besetting problem 
involved. 

Any appreciation of water conservation and 
acceptance of its importance must bring with it a 
determined movement toward effluent control and dynamic 

management of our water resources. Water management occurs 
when human foresight and ingenuity are applied to the water 

pollution problem, although hard core solutions are not easily 

arrived at. Adequate control programs are essential, 
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however, if water of adequate quality and quantity is to 
remain a way of Life. 

Industry, in its various phases, is exercised to 
a major degree and, in developmental measure, is surveying 
the problems involved, advancing its programs for 
correction and accelerating its expenditures to effect 
continuing solutions. However, caution needs to be 
exercised to avoid costly or precipitant action which 
contributes little to correction of over-all problems and 
places undue restrictions or financial burdens on industrial 
enterprise. 

In re-iteration, the situation must be laid at the 
door of man. The root cause is the population growth and 
its shift to urban centres. Waste effluent from large cities, 
compounded by industrial wastes and agricultural run-off a 
have multiplied enormously in recent years and greatly 
accelerated the total problemG 

Water quality legislation and the formation of 
water pollution control agencies are forcing the formulation 
of definite plans to reduce and eventually eliminate serious 
pollution in rivers, lakes and estuaries. Not only must 
acceptable standards of water quality be realistically 
established, and this is no mean feat in itself, but there 
must be some articulate means of achieving the desired results. 

Water quality levels are best defined through a 
prior and better understanding of the effect of polluted 
water on humans, animals and aquatic life. In other words, 
there needs to be a knowledge of the physio-chemical and 
biological reactions involved. There are equally important 
considerations of water quality deterioration unfitting it 
for re-use, odour nuisances and unsightly sludge banks and 
floating debris, One of our greatest failures has been the 
fact that too often we have leaned to produce and intrude 
into the environment powerful new physical and chemical 
forces before we understand the possible harmful effects on 
the web of life that determines the quality of our water 
resources. 

ADVANCES TOWARD A SOLUTION 

We have long been accustomed to the idea that the 
solution to almost any physical problem is to be found in our 
technology. But the present problem and degree of water 
pollution control confr3nts us with the basic economic factors 
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affecting every component of the free enterprise system. 
There are also the social problems involved in urban 
development, health problems, political factors, legislative 
responses - and no less importantly, the need for education. 
There are many important decisions and choices to be made 
before final solutions come. However, neither the number 
or complexity of the problems should postpone action where 
the need for action is both obvious and inunediate and can 
be reasonably defined. Into this context fits the basic 
philosophy of industry. 

In industrial water control, there are two basic 
areas of concern - the quality of water at the intake and 
the quality of the discharge or effluent. The former is a 
factor only as it affects the plant concerned and where good 
water practice is an imperative, The heart of the control 
system is controlling the effluent and, as a result, the degree 
of contamination in a total water system. The total result 
is the cumulative effect of all invading forces, having their 
detrimental impact on the system. This means, in most 
cases, a co-operative approach to correction and control. 

a, Quality of the Intake 

Water for industrial uses may be classified as (1) 

boiler feed water, (2) cooling water, (3) process water and 
(4) general utility water, Types of water treatment methods 
far incoming process waters are cation exchange methods, 
lime-soda softening systems, demineralization, filtration, 
chemical etc. Other special treatment types are 

odour and taste removal, chlorination and 
biological treatment. 

b, luents 

Several basic steps can be taken to reduce 
industrial waste. These, briefly stated are (1) improved 
process control within the corporate operation, (2) improved 
equipment design (this involves new installations and the 
eradication of present problem areas), (3) use of different 
or better quality raw and process materials, (4) more 
effective housekeeping, (5) highly organized preventive 

(6) effective treatment cf wastes. 

Often, completely satisfactory waste water can be 
achieved by one or more of the methods outlined,. Waste 
treatment is broken down briefly and without elaboration into 
such basic measures as: (1) thermal processes, including 
evaporation, incineration, catalytic combustion, etc., (2) 
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physical processes including settling, flotation, 
centrifuging, screening, filtration, deep-well disposal, 
irrigation, impoundment and the like, (3) biological 
processes, such as filtering, activated sludge, aeration, 
oxidation, lagooning, etc., (4) chemical processes made up 
of coagulation, neutralization, oxidation, reduction, 
absorption, ion exchange and other. 

Improved process controls have been adopted in 
many cases to effect economies and efficiencies in 
operation and reduce the contaminating effect of resulting 
discharges. The approach is generally toward more precise 
waste detection devices and more closely controlled systems. 
Improved equipment designs with higher efficiency ratings, 
more satisfactory equipment loadings and more meticulous 
controls make their contribution to discharge control and 
recovery effectiveness. Preventive maintenance and better 
balanced systems are necessary contributors to satisfactory 
effluent containment. 

In the case of processes which can use water of 
lower quality, recirculation offers a solution to pollution 
problems, and substantially reduces the eventual volume of 
waste discharge. 

Because of the activity generated toward control 
in the steel industry, the investigation and implementation 
involved here will first be discussed as illustrative of 
industry's role, 

POLLUTION ABATEMENT IN THE BASIC STEEL INDUSTRY 

The basic steel industry has faced a complex 
variety of pollution problems. Many solutions have been 
sought and found-many millions of dollars spent on control 
measures, Pollution abatement will continue to tax the 
ingenuity and resources of the industry in the future in 
the attainment of acceptable control levels. 

Both the rapid growth of the industry in terms of 
production and expansion and the acceleration of technology 
and metallurgical science have accentuated the water 
contamination problem. Without describing or elaborating 
on the size and complexity of the multi-series operation 
involved in steelmaking, shaping and product processing, 
some of the common pollution problems and their control will 
be outlined. 
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Ut the tremendous quantities of water used by 
the industry. (Stelco's Hilton Works at Hamilton, for 
example, uses 200 million gallons of water per day), very 
little is actually consumed. Almost all of it is 
Uborrowedit used primarily tor cooling, quenching, washing, 
boiler teed and sanitation, or in other steelmaking 
processes-and then returned to its source. 

treatment and removal facilities are maintained 
for six main types of waste materials, These are blast 
furnace flue dust, mill scale, spent pickle liquor, 
lubricants, coke plant wastes and sanitary wastes. 

a. Removal of blast Furnace Flue Dust 

Fine particles of raw materials, mostly iron oxide, 
carried out of the top of a blast furnace in the waste 
gases, are removed for the most part by dry methods. However, 
the residue is removed by wet scrubbers, clarifiers and 
thickening basins before returning to the water source. A 
complex problem, not as yet resolved, is the cyanide 
compounds contained in the discharge water. As yet, there 
is no biochemical oxidation or chemical means of removal 
possible because of volume dilution effect, Recirculation, 
concentration and treatment is a possible solution for the 
future. This problem is now under intensive industry research. 

b. Removal of Mill Scale 

During the various hot rolling operations, scale 
formed on the surface of the steel is removed with high- 
pressure water sprays. Modern methods of containment remove 
the entrained scale in scale pits equipped with special 
batfles for maximum removal efficiency before the water used 
is returned to its origin. 

c. Removal of Pickle Liquor 

Steel surfaces which are to be cold rolled and 
finished by galvanizing and tin-plating must be prepared by 
acid cleaning, using dilute sulphuric acid. In some cases, 
the spent acid can be neutralized by the addition of lime; 
in other cases, impractical and costly. 

In recent years, however, a new process 
substituting hydrochloric acid for sulphuric acid has been 
adopted by some companies, including our own. 'When spent. 
the hydrochloric acid and resulting chlorides are recovered 
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by regeneration and there i; no effluent contained in the 
minimal discharge from the system. There is no similar 
process for regenerating sulphuric acid although 
concentrating and filtering methods have been tried. 

d. Removal of Libricating Oils 

Today, because of more economy of control, less 
than one-half of one percent of lubricating oils in steel- 
making escapes to stream after use. Such equipment as oil 
skimmers, clarifiers, aeration and chemical devices, and 
automatic lubrication systems that recirculate the fluids- 
plus operating attention and skill - have all but eliminated 
pollution from oil and grease. 

e. Removal of Coke Plant Wastes 

Some of the most critical of offending 
contaminants are ammonia liquor, naphthalene, phenol and 
cyanides contained in coke plant wastes. Methods of 
removal vary from acid treatment for ammonia, tar absorption 
systems for naphthalene, "dephenolizingt' processes, and the 
use of contaminating water in the coke quenching process, 
embodying the recirculation re-use principle. 

f. Control of Sanitary Wastes 

Progress made in primary sanitary waste treatment 
in conjunction with steelmaking facilities is gradually 
overcoming this basic problem. 

Lagooning is another method widely used to contain 
steel plant effluent and provide for separation and control. 
Deep well disposal of acid wastes is also a means of 
control. 

Recirculation of Waste Waters 

Many processes in the steel industry can use 
water of much lower quality than that required by control 
agencies. For this reason, recirculation of process water 
is more and more solving basic pollution problems. As a 
result, sewer volumes and tertiary treatment equipment can 
be reduced to a fraction of the cost necessary for once- 
through operations. Hot strip mills, continuous casting 
machines, basic oxygen furnaces and many other processes 
are being constructed with total recirculating water 
systems, where necessary, water treatment plants are being 
built into these processes. 
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5. CONTROL FACTORS IN OTHER 

There is no evidence or indifference toward the 

prebiem of pollution on the part of those industries whose 
water. The case for the steel 

industry has been stated. But in the chemical, electric 
utility, oil refining, paper and other metal industries, 
substantial work has been done and the financial outlay 
to minimize pollution has been high. Most of this 
investment does not produce a financial return. Anti- 
pollution regulations and control in many areas have done 
much to etfect. improvement in attitude and action. 

There is much yet to be learned about abatement 
techniques. Technology has not yet been developed to meet 
all the problems, some of which are basically economic. 
Many important decisions and choices must be made before 
water pollution is under control, Concern must be exercised 
toward the undue financial burden which may be caused by 
pressures being exerted toward solutions. In fact, 
government action to reduce the burden by tax concessions 
is well merited. 

Action by all of the industries cited or plans 
for the future have to do with correction of pollution 
where problems now exist and construction of facilities to 

prevent future pollution in new plants and installations. 
In Ontario, the effort toward a co-operative approach 
exercised by the Ontario Water Resources Commission has been 

has been given to voluntary 
programs and to a systematic approach to the goal of 
eventual cor:ect.ion and control. 

illustrations of effective action taken by the oil 
refining industry, the chemical industry and others aiming 
toward eventual control could be used. There is more need 
for action between industries and 
municiçallties to correct conditions affecting communities 
and water resource There are possibilities for 
expanded waste treatment facilities where municipal and 

industrial offenders share cost of sewage disposal plants, 
corrective and control measures. 

6. FOR THE FUTURE 

It we were to list the main challenges before us, 
the most important named would be: economics, knowledge of 
the scope of pollution problems, awareness of conservation 
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practices, and realistic goals and effective remedial 
action. Not the least of these is the matter of economics. 

Another fact to be faced is that water pollution 
control must begin with the concept of an entire water 
system. Pollution problems can only be solved through a 

directed and co-operative effort between industry, corunity 
and government. 

Not only is water conservation a problem of our 
total environment, but it is, and I repeat, also an 

economic problem directly affecting every industry and 

every consumer or user of the products of industry and 
agriculture. It is a social problem affecting the 
development of our cities and the pattern and practices of 
our daily lives, It is a political problem a legislative 
problem, a health problem - and of no less importance, it is 

an education problem. 

There is need also for a co-operative program of 
research toward methods of treatment, development of 
chemicals, water recycling, quality control, new approaches 
to ultimate waste disposal and water augmentation. Here we 
could cite the action of the Federal Government through the 
Department of Energy, Mines and Resources to construct the 
Great Lakes Water Pollution Research Centre on Hamilton 
Bay. In many geographic areas, we are close to having used 
up the capacity of the environment for absorbing the 
ordinary waste products of man and the contributing 
pollutants from industry and agriculture. We must, in the 

future, construct control facilities, build the missing 

treatment plants, and reduce the load of natural and 
industrial wastes to levels that the biology of our surface 
water will tolerate. Industry is faced with substantial 
capital outlays to effect their contribution to over-all 
environmental control, 

Consideration should be given to the minimal 
introduction of new synthetic pollutants to our water 
systems, detergents, insecticides, herbicides, chemicals 
and the like, We must endeavour to rectify the scientific 
imbalance which is the source of so many of our pollution 
troubles - the imbalance between the rapid application of 
physical and chemical innovations and our lagging knowledge 
of the world of life which they powerfully affect. There 

is a need for a linking of the physical and biological 
services as effective partners to technology and industry. 
A lack of comprehension of the intricate interplay of 
forces prevailing in nature which, when disturbed, bring 
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about pollution, may frustrate our attempt at solutions. 

7. A WATER CONSERVATION POLICY 

Perhaps, what has been stated in this report can 
best be surruned up in. a suggested water conservation policy 
for industry. This is presented in the following terms: 

a. Vigorously promote the conservation of water 
resources in all corporate facilities and operations. 

b. Encourage and support with technical ability, time, 
facilities and money, needed research in the 
solution of related technological problems. 

c. Co-operate with and assist departments and levels 
of government in the continued establishment of 
sound laws, codes, rules and regulations based on 
adequate scientific assessment and realistic 
determination of need. 

d. Promote, assist and encourage the enforcement of 
water conservation and pollution control with the 
agencies and levels of government assigned this area 
of jurisdiction and equipped to deal with the 
problems involved. 

e. Support with technical competence and financial 
resources corrective programs necessary for control 
of waste emissions and conservation of water sources. 

f. Assign specific responsibilities to designated 
persons within the corporation to assure co-ordinated, 
active, and continuing programs of abatement, control 
and correction. 

Certainly, the crisis of environmental pollution 
demands an all-out effort, in which the benefits of modern 
indus try will play its full part and the competence ot 
modem technology will be placed fully at the service of 
human welfare. 

8, CONCLUSION 

In conclusion, we would emphasize again the fact 
that clean water is a critically important resource and 
that adequate conservation and wise use of water will be a 
decisive factor in the future well-being of mankind. 
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There is an urgent and increasing need for a high degree 
at rational management of our water based on detailed and 
authentic knowledge and well programmed action. Industry, 

in co-operation with other segments at the community, 
has a vital role to full ii in minimizing the adverse 
consequences of waste disposal, pollution and degradation 
of our lakes and rivers. 

Indeed, there is no alternative to gaining 
knowledge concerning our environment and its preservation, 
in developing technology to meet the demands of effective 
and economic correction and control and in doing something 
with them. 
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"WATER MANAGEMENT PROBLEMS IN 

THE CHEMICAL INDUSTRY" 

BY 

MR. B. W. DICKERSON 

HERCULES INCORPORATED 

WILMINGTON, DELAWARE 

The conference theme "The Second Century, 
Clean Water" is to my mind a very excellent one for 
clean water is the very lifeblood of our existence. 
The thought should not be allowed to drop after the 
meeting is over. It should be the guiding light for 
all to see and heed as the years pass. If we all 
strive for this objective we can and will have the 
water resources for maximum development of both 
industry and municipality. Such a condition will not 
be cheap to obtain because waste water control is 
expensive. However, with imagination, sensible 
application and the further development of technology, 
it certainly can be achieved at the minimum of cost. 

It is only in the last few years that we in 
the United States have become painfully aware of the 
pollution problem and are now making the maximum 
effort to correct the situation. it will not be done 
overnight, nor will the cost be small, but with the 
programs now being instituted and further studies 
in development, we will achieve our goal. This will 
not be done by any one segment but will be the 
combined efforts of industry and municipality working 
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closely with the regulatory agencies to achieve the water 
quality necessary. 

Basically, pollution has been centered in 
the several states. This is where it belongs and it should 
be left there. However, due to aidcy factors politics, 
finances, proper agency setup it has not always kept 
pace with our industrial and urban growth. True, some of 
the states have been actively concerned aver the years 
and have accomplished much, but there remains more. In 
some states, only flagrant pollution has been controlled 
due to an aroused public. 

Federal LaW was virtually nonexistent until 
1946 when the first water pollution control bill was passed 
by the Congress which brought the Federal Government into 
the picture thrcugh the U, S. Public Health Service in the 
Department of Health, Education and Welfare, This 
legislation has been modified and expanded through the years, 
and in 1965 President signed into law the most 
far-reaching of water pollution control legislation 
enacted in the United States. A Federal Water Pollution 
Control Administration wa& set up for the first time to 
administer the law and was to be directed by an assistant 
secretary0 

The most pertinent of the act were 
those requiring each state to classify its streams 
according to best usage en the basis of all factors: 
public water supply, recreation, fish propagation, 

industrial water supply and navigation. Thus, 
depending on local conditions, there could be several use 
classifications on a single water course. Having 
classified for usage, water 4uality criteria were to be 
established to achieve the usage cLassification. Criteria 
include dissolved oxygen, pH, temperature, chlorides, 
total solids, nutrients, organisms of the coliform group, 
together with the so-called "four freedoms." 

1. Free from substances attributable to municipal 
cr industrial wasteq or other waste, that will 
settle to form sludge deposits that are 
unsightly, vutrescent or odorous to such a 

degree as to create a nuisance or to interfere 
directly or indirectly with specified uses of 
waters; 
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2. Free from floating debris, oil, grease, scum, 

and other floating materials attributable to 

municipal or industrial waste, or other waste 
that are unsightly to such a degree as to 

create a nuisance or to interfere directly or 
indirectly with specified uses of waters; 

3. Free from materials attributable to municipal 
or industrial waste, or other waste which produce 
odour, or appreciably change the existing 
colour or other conditions to such a degree as 
to create a nuisance or interfere directly or 
indirectly with specified uses of waters; and 

4. Free from high-temperature, toxic or other 
deleterious substances attributable to 

municipal or industrial waste, or other waste 
in concentrations or combinations which 
interfere directly or indirectly with specified 
uses of such waters. 

With the criteria set, it was necessary that a 
plan of implementation be prepared for obtaining the 
river quality goals. This whole program is to be completed 
by June 30, 1967, and all of the information is to be 
submitted to the Federal Water Pollution Control 
Administration. When accepted by the Federal Water 
Pollution Control Administration, they will become Federal 
Standards enforceable by the Federal Government should a 

state not enforce, or is unable to enforce them. 

Setting usage and criteria will not in itself 
solve the problem. It is the implementation which must 
be developed by the state agency and industry and 
municipality in the time required which will bring about 
the changes desired. This is where the full impact will 
be felt since this will require funds for engineering 
studies as well as treatment works. A five-year program 
has been proposed in the law beginning July 1, 1967. 

Funds to defray engineering studies and a good portion 
of the cost of construction are available to municipalities 
from the Federal Government. Industry must finance its 
own work. Some states now allow a fast tax write-off, or 
they exempt the cost of waste treatment facilities from 
local taxation. It is expected that some similar 
legislation will be passed by the Congress with reference 
to Federal taxation. This will be most helpful. 
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In establishing the criteria for a river area, 

one of the arguments has been that without a satisfactory 

cost benefit picture it would be impossible to develop 

economically sound requirements. with this in mind, such 

a study was instituted on the Delaware River estuary 

below Trenton, New Jersey. It is in this reach of river 

that the maximum concentration of industry and municipality 

occurs. In this area are the cities cf Trenton, New Jersey; 

Philadelphia, Pennsylvania; Camden, New Jersey; Chester, 

Pennsylvania; and Wilmington, Delaware. 

Five objective sets were developed for river 

quality. Objective Set I was the highest, Objective Sat 

V, the lowest, and this represented existing conditions. 

The final evaluation narrowed to Objective Sets 

II and III. The main difference between them was the 

dissolved oxygen conce'ttration; 3.0 mg/I for Set III and 

4.0 mg/i for Set Ii. The cost to indtistry and 

municipality Lo the river to Objective Set 111 

was estimated at 155 millLr. dollars and the benefits 

obtained, at. 90 million dollars. to reach the next 

higher goal, Objective Set 11, the in:rease in cost was 
120 miLion dollars making the total 275 million dollars. 

The benefits increased cnly 5 million dollars for a total 
of 95 million dollars. The increase in benefit is due to 

an increase in fishing area and a 107. higher predicted 

survival rate of araadromous fish, principaliy shad, from 

80% to 907.. There would no signIficant change in 
appearance, colour Vk'l r)iour and !. o uf 

to help recreational or public water supply. The 

Delaware River Basin Commission voted to choose a program 

which is the same as called for under 

Objective Set 110 

The question arises, is it worth spending 
another 120 milliot dollars to lift the shad survival 

rate 107. when little elhe is likely to be gained? Or, 

might these funds be more wisely used educaticn and 

other necessary services by the municipalities and in the 

kind of investment which means new products and new 

jobs by industry. Only the future will provide this answer. 

i believe there is much we in the states 
are doing in our struggle for clean water that can be 
helpful ire making the conference theme a reality. 

Industry is not lily white, but neither it 

all black. Enlightened management has realised that unless 
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there is clean water available, it cannot operate or 
expand. Therefore it must clean up its waste water 
discharges and it must accept the cost of so doing. In 

this light I should like to quote from a speech by Mr. 
H.D. Doan, president of Dow Chemical Company at the 39th 
Annual Conference of the Water Pollution Control 
Federation held in Kansas City in 1966. 

"But pollution control in the long run does 
make economic as well as aesthetic sense. And Whether it 
does or not, pollution is an undesired but direct 
by-product of our great technology and our growing 
population. It is clearly one of the problems of a 

developed nation that must and will be solved regardless 
of economics. 

"Industry, in brief, must be an active, even 
an aggressive participant in the clean water program. This 
is the first part ahead for industry." 

I think this characterizes both the problem 
and industry's duty. 

The chemical industry has been concerned about 
pollution and I feel that they have done something about 
it. A survey made in 1962 by the Manufacturing Chemists' 
Association of its meniber plants both in the United States 
and Canada showed that of the 875 U. S. plants reporting, 
representing some SIt of the total chemical manufacturing 
installations of M.COAO member companies, 711 or 8Th were 
in compliance with stream requirements. In Canada, 24 

plants reported. Of these, 20 or 83t were in compliance. 
More has been accomplished since this survey. 

With the new standards being established by the 
states we will find that many existing plant effluents 
will not meet these criteria. Factors such as 
temperature, colour and suspended solids, not rigidly enforced 
before must now be seriously considered. In addition, 
nitrogen, phosphorous, total dissolved solids, organisms 
of the coliform group and radio activity must also be 
reconciled. Dissolved oxygen levels are being upgraded 
from 3 to 4 to sometimes 5 mg/i. With all of this, we 
must face up to a new life and new costs which must be 
absorbed in our manufacturing operations. 

The problem of temperature can affect many of us 
either from spent cooling water or from industrial effluent. 
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Water temperature cuiteria vary somewhat from state to 
state an.d greatly from south to north. The maximum in the 

south is generally 93-95°F. In the north it is 83-85°F, except 
for trout waters where it is lower. To these maximum are 
added the rate of change and allowable increase over 
ambient. This latter is usually 10°F. Usually the rate 
of change is limited to not over 2°F per hour, 

Some industrial wastes will run as high as 104°F 
and effective biologicai treatment obtained. Uncontaminated 
cooling waters may reach 1200F, Where there are high 
ambient stream temperatures there will be little heat 
absorptive capacity and problems will be experienced in 
maintaining the stream criteria, 

Hergules had one plant where the spent cooling 
water was 120 , The receiving stream was small and 
temperatures over 100°F were developed below. A cooling 
tower was necessary for this stream and with its 
installation the preblem was solved. 

High colour values ca-a be troublesome, The wastes 
resulting trom chetical cotton purification at a Hercules 
plant have a colcur of about 6000 mg/l, After biological 
purification this value is about 9000 mg/i. When discharged 
into the river, they produce a noticeable change until 
thoroughly mixed sad diluted, Because of the economics 
of colour rcmt7al, reduction was not required, The pH 
the raw wa3te Nater is about 11.5+, To remove colour, the 
pH must be lowered to between 2,5 and 3.0. Acid reaistant 
equipment. is required, At this pH the colour is precipitated 
and excellent removals obtained, It must then be 
neutraltzed back to pH &.0+ for biological purification. Acid 
and alkali cost; arc prchibittve, and the sludge hauciliAg 

is diffi.:ult. We must now develop an economical 
solution to this problem because colour removal will 
become mandatory, This is only one of many such problems 
it. the chemical industry that will require resolution, 

While suspended solids have always been given 
consideration, the need for adhering to low standards has 
not always been rigidly enforced. As a result, waste 
effluents contained as much as 100 mg/i or more of suspended 
solids, Such conditions will not be allowed in the future. 
Under the new criteria we can well find our treatment 
facilities requiring enlargement cr the need for coagulant 
aids. 
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Ammonia is no newcomer to the sanitary field. 
The nitrogen, in small quantities, is used as nutrient by 
the bacteria in biological treatment facilities and it is 

added if not present in the industrial waste. However, in 

larger concentrations, it can be detrimental, even lethal, 
to fish life. Generally 2 mg/l at a pH of 9 has been 
accepted as non-lethal. This may not seem unreasonable 
to obtain in effluent streams but in an anhydrous ammonia 
plant it is difficult to eliminate all traces of leakage 
of free ammonia into the air, As a result, cooling tower 
installations will concentrate ammonia in the circulating 
water by scrubbing it out of the air, We have found values 
of over 30 mg/i of NH3 in the tower circulating water in 
cooling systems where there was no ammonia process 
equipment involved in the cooling system. 

Phosphorous is one of the basic nutrients for 
algae growth, In certain areas, however, high phosphorous 
values have become detrimental, The Detroit River — Lake 
Erie area is one such section. Phosphorous removal is now 
being required by industry and municipality and reductions 
of 80% and higher are stipulated. 

Organisms of the coliform group may be a problem 
in biological treatment plant effluents that are not 
chlorinated. The wide range of bacterial population in the 
activated sludge or trickling filter system includes organisms 
from the coliform group even though sanitary sewage is absent. 

They can enter the system from the plant operating areas 
and once present will be hard to kill. We have found high 
eliform count in industrial waste waters in our plants 
along with fecal coliform although the sanitary sewerage 
system was entirely divorced from the industrial system 
and proven so, In one instance the waste water as checked 
showed an MPN count over 1,000,000 per 100 ml. Fecal 
coliform were also found. Chlorination was necessary prior 
to discharge. 

The MPN values specified in the interstate 
receiving waters for recreation or total body contact vary 
from 1000 in some of the states to 2400 organisms per 100 ml 
in others, Municipal water supplies are higher varying from 
2000 to 5000 organisms per 100 ml. If the same zone is 
designated for recreation and water supply then the lower value 
would govern. Each plant installation will now require a 
thorough study before a definite decision is made, but by 
and large, chlorination will become necessary. 
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Hercuic.s has a plant on Lake Huron where edible 
and commercial starches are produced. The waste effluent 
contains about 300+ mg/i of phosphorous as and is 

discharged into the lake, Due initially to algae problems, 
the plant was required to reduce the phosphate as much as 
possible. A value of 0.02 mg/i P 12. the lake after dilution 
was the goal. 

Laboratory and pilot plant studies were carried 
out, and it was found that by using high calcium lime the 
PU4 value could be reduced to between S and 10 mg/i and the 
0.02 mg/i P maintained in the A pH above 9.5 was 
necessary, High clarity supernatant was a problem without 
coagulant aids. A large amount of sludge was produced and 
the handling was very difficult. Vacuum filtration at high 
cost or at lower cost produced an acceptable 
cake, Total operating costs were high, The economic value 
of the dewatered sludge with 55% moisture was exceedingly 
poor. It was a problem to even give it away. Disposal by 
land fill in a selected area several miles from the plant was 
the only answer. This points up again that sludge handling 
and disposal can be the most difficult part of the overall 
purificatton problem. 

One of the comparatively little used methods of 

waste water disposal is the use of injection wells for 
discharge into the gx.ound. The oil companies have been using 
this method for years to get :id of their salt water into 
subsurface It was not until the early 1950's 
that it began to be used by industry for the disposal of 
their contaminated waste water!, Since then it has expanded 
quite tepidly. It is a method chat has been accepted by a 
number of states and as time passes more will allow its use. 
Texas probably has the greatest number of disposal wells, 
there being 31 now ira operation, at lea3t 90% of which are 
chemical plants. These must be approved by the state agency 
and a permit issued before construction and operation. Properly 
constructed, they have proven very successful. They are 
applicable to acids, alkalis, brines, plating liquors, 
organics from chemical, paper and pharmaceutical operations. 

The conditions applicable for deepwell disposal are 
a porous strata which must be completely isolated from any 
usable ground water or other natural resource. The injected 
wastes must be completely contained within the 
They must be completely restricted from migrating to the surface. 
Such formations are found at depths ranging from 1,000 to 
12,000 feet. 
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Usually the porous materials are sandstones, 
limestones, and dolomite. There are locations where sands 
and gravels are found deep below the surface which are 
completely isolated. Well capacities will vary from under 
50 CPM to as high as 1000 GPM. Injection pressures will 
range from 50 psi to 5,000 psi. 

The liquid to be injected must be free of 
suspended solids, somewhat near the temperature of the 
liquid in the formation and must be compatible with it. This 
usually requires temperature control, pretreatment and 
filtering before injection with the ground, It may be 
necessary to partially neutralize the acids to obtain 
compatibility with the underground liquid. 

The cost for such an installation is usually not 
low. Compared to the cost of treatment facilities to 
allow disposal into surface streams, it can prove to be the 
most economical. It is an excellent solution where toxic 
materials are involved. Operating costs are usually less 
than conventional treatment costs. There is no question 
that as time passes this method of disposal will become 
increasingly popular when subsurface conditions are 
satisfactory. 

The products of the chemical industry are 
extremely diverse. An industrial waste may contain one or 
several types of materials, depending upon the magnitude 
and complexity of the operations, Thus, the answer to the 
pollution problem can be relatively simple or extremely 
complex. Whichever it is, it can be reduced to proper limits 
at a cost through effective treatment and control, Whether 
that cost will be reaanable in regard to the overall 
economics of a new plant may well determine whether it will 
be built at the proposed site location, moved to another, 
or dropped entirely. It, therefore, behooves us to look 
critically at the waste water effluent and also at the 
process operations that produce it, 

Industry has not been looking squarely at the 
problem of recovery or development of by-product materials 
from its process waste waters. It has in the past been 
content with somewhat lower operating efficiencies because 
the cost of obtaining the last few percent of efficiency 
was not justified by the economics of the losses, By-product 
materials produced from operations are not always recovered 
because the cost of doing so has been un-economical. As 
a result, these discharges have been accepted for treatment. 
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Today the picture has changed and the cost of treatment 

may well over-shadow the increased process costs. it is 

essential that proper research be applied to these 

problems on a full scale basis to either upgrade the process 

or develop recoverable products or both. The day has long 

gone when we can afford to throw away recoverable dollars. 

This pcogram can be just as important to the overall 
company economics as cost reduction programs, which it 
actually is under another name. 

We must also know more about the ultimate fate 

c.f the constituents in our waste water. Are they completely 
degraded in the works or are they changed in 
characte:: so we do detect them? What happens when they 
are discharged into the Stream? We have never been too 
concerned about these in the past but questions are now being 

asked. We must find out,, The Manufacturing Chemists' 
Associaticn has instituted a research program to determine 

the fate of a number of chemical compounds. Each industry 

will have to carry out similar programs on its products. 

Building a waste water treatment facility does 

not of itself solve the disposal problem. It must be 
operated efficiently every day of the year. It is not 

•2omething to be built and left alone. Well trained operators 

are necessary and they must have and maintain an interest 
in their work,, They must be provided with the necessary 
analytical tools so they will be able to determine whether 
the equipment is operating properly and, if not, be able 

to find out why. 

it is their duty to see that the operation of the 

facility produces an effluent that will meet the river 

standards at all times. It is assumed that the plant has 

been properly designed to meet the requirements. If they 

problems are occurring, it is their responsibility 
to make sure their supervisor is informed so steps can be 
taken to correct the problem. Too often delay increases 

the magnitude of the correction. 

Complete operating reports should be submitted each 

day by the waste plant operators. These should be directed 

to the individual on the plant staff who is responsible for 

the operation of the facility, This individual should be 

technically trained and have an understanding of the 
functioning of the waste facility. His authority should be 

such that when a process operation has become sloppy 
because of poor housekeeping or maintenance, and losses to 
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the sewer are high, his voice will be heard and corrections 
will be instituted. If his authority is limited, his 
effectiveness may be zero. 

There should be someone at the corporate level, 
preferably a vice president, who is kept fully informed of 
waste water control at all plant operations. A short 
memorandum once a month to keep him informed should be 
sufficient. If there is trouble it should be stated. His 
authority should be such that he can require a plant manager 
to see that the river standards are being met. In this way, 

trouble can be stopped early and plant shortcuts, and so- 
called economies which reduce operating efficiency, can be 
stopped. He will be able to ascertain when the treatment 
plant will be overloaded and can ensure that proper steps 
be taken to provide the additional capacity necessary in 
adequate time. Too often plant personnel wait until the 
facilities are overloaded before requesting funds for 
enlargement. Then it is too late. 

The need for educational programs among all 
employees to show that waste is costly and must be held to 

a minimum is absolutely essential and must be a continuing 
thing. It is a part of their job to see to it that spills 
and leaks are stopped. Dumping a bad batch down the sewer 
to get it out of sight can no longer be tolerated. 

Waste water control was complicated enough before 
the new criteria were established. Now it will be more so. 
We will have another face to look at if we do not do a good 
job, and that is the face of the Federal Government. We 
will be faced with greater costs for investment and 
operation and we cannot afford to overlook a single detail 
for these must be kept to a minimum if we are to stay 
competitive. With thorough study and planning we will meet 
the challenge. 
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1. Introduction 
This paper is intended to present the Consulting 

Engineer's viewpoint of the design of treatment facilities 

for automotive wastes. 

As in the provision of engineering services to any 

other type of client, the Consultant's role in this field can 

vary, from a "rent-a-draftsman" proposition to the other 

extreme, where the consultant turns over a complete operating 

facility to the client whose only function is to sign the 

cheques. 
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We have been fortunate in that the projects with 

which our Company has been associated have fallen between 

these extremes. Working with waste treatment Engineers from 

the automobile manufacturers, we have been privileged to share 

in the vast amount of knowledge that has accumulated over the 

years on this type of waste. At the same time we have had 

considerable scope in the development of our own ideas. Over 

all, we feel that a true team effort has resulted. 

I have personally found contact with the industry's 

waste treatment Engineers extremely rewarding and gratifying. 

2. Sources and Types of Wastes 
in the Automotive Industry 

The automotive industry is vast, complex and almost 

all embracing in the scope of its operations. It encompasses 

such industries as steel making, stamping, casting and forming, 

plastics, trim, glass, electroplating, anodizing, and a host 

of others. 

This paper, however, is confined to two types of 

facilities that are fairly specific to this industry. They 

are: 

(a) Automotive Assembly Plants 

(b) Automotive Engine and Transmission Plants. 

Let us examine the source of liquid wastes in plants 

of these types. 

An automotive assembly plant can be likened to a 

boy producing a constant stream of completed plastic models 

from a pile of the loose components. The modern assembly 
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plant is a marvel of logistic control where thousands of parts 

are delivered from a multitude of different sources and 

assembled into the 20th Century chariot. The tendency to-day 

is to divorce the assembly plant from manufacturing functions. 

Thus, facilities such as electroplating, which once could be 

found in assembly plants, are gone. 

Liquid wastes may originate at many points along the 

assembly line, such as: 

- Drawing compounds used in sheet metal forming are removed 

with alkaline detergents. 

- Welding gun cooling water may be chemically treated and 

recycled but is periodically discharged. 

- The "bonderizing" process or preparation of the car bodies 

for painting gives rise to a variety of continuous or 

intermittent wastes. Bonderizing usually consists of alkali 

cleaning, phosphating, chromic acid rinses. In between these 

dip or spray treatments the bodies are given cleaning rinses. 

- Water dispersible paints are applied to unitized bodies by 

some manufacturers. The excess paint on exterior surface is 

rinsed off. 

- Priming and finish spray painting of exterior surfaces is 

carried out in paint booths where water curtains catch the 

overspray. The water for the curtain contains an additive to 

coagulate the paint particles and hence facilitate their 

removal in flotation tanks. The water is recirculated but 
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overflows and batch dumping give rise to waste discharge. 

- As part of the painting operation, bodies are wet sanded 

manually under water sprays. 

- Gasoline, glycol and crankcase oil may be spilled. 

- Paint is stripped from the chains, carts, racks, hangers 

and other conveyors with caustic cleaners. 

- Completed cars are tested for rain leaks under intense water 

sprays. 

Turning to an engine or transmission plant, operations 

are found to be similar to other machining type industries. 

Rough castings of blocks, cylinder heads, crankshafts and other 

parts are machined, ground, drilled, tapped, bored, honed, 

polished, etc., and then mated with other components such as 

carburetors and fuel pumps. 

In machining operations a liquid is usually required 

at the tool-to-metal surface in order to provide lubrication, 

remove machined particles, and provide cooling. A straight 

cutting oil may be used for this, but where high cooling 

capacity is required, water is used. To provide lubrication 

and also prevent corrosion of the part, a soluble otl is added 

to the water. This oil-in-water emulsion is cleaned by 

filtering and sometimes centrifuging and is recycled. 

Eventually, however, these so-called "central coolant systems" 

must be discharged to the sewer. Often a cause of this, is 

bacterial contamination and hence biological decomposition of 

the soluble oil. In a word, it goes rancid. 
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The close tolerances required for modern engines 

necessitate clean parts both for accurate gauging and for 

final assembly. The many washers required to accomplish this, 

spew a variety of cleaning compounds, soaps and synthetic 

detergents in solution, and are other sources of liquid wastes 

in a plant of this type. Before proceeding to some specific 

projects, I would like to mention two contaminants that occur 

in the automotive industry which even in small concentrations 

can quickly induce a visit from the regulatory Authority. 

The first is phenol. Short of treatment by a 

complete biological system, coupled possibly with expensive 

chemical oxidation, there is only one thing to do with phenols-- 

eliminate them at source. They can and have been eliminated 

from soluble oil, paint, paint strippers and cleaners by 

"writing them out" of the purchase specifications for these 

materials. However, certain other sources of phenols, such as 

phenolic resins in foundries, are not as easy to control. 

The second contaminant is chromium. In the assembly 

plants the source of chromium is usually the chronic acid final 

rinse of the bonderizing operation. Some plants treat this 

waste on-line by reducing the hexavalent chromium to the 

insoluble trivalent state for later precipitation in the treat- 

ment facilities. Sodium metabisulfite is the common reducing 

agent. Other plants have found that the concentration of 

hexavalent chromium is low and that reduction is accomplished 

in the mixed waste streams by the variety of other chemicals 

present. 
- 121 - 



3. Specific Projects 

Some specific projects will illustrate design approaches. 

(aj Ford Motor Compapy - St. Thomas 

The Ford Motor Company's 1.5 million square foot 

assembly plant at St. Thomas, Ontario, is indicative of current 

practice for both plant design and industrial waste control in 

a new facility. Figure 1 shows an aerial view of the entire 

area. The waste treatment facilities are in the lower right 

foreground. 

In these enlightened times full segregation of wastes 

is built-in from the start. The separated streams are storm 

water, sanitary wastes, industrial wastes, and uncontaminated 

process water. As a result of this segregation, the industrial 

wastes to be treated amount to only 200,000 U.S. gallons per day. 

As land is available for sedimentation lagoons, the treatment 

at St. Thomas simply consists of chemical treatment in batches 

followed by discharge to the lagoons. The exact volume and 

composition of the wastes is highly variable and unpredictable 

and thus batch treatment is utilized. Batch or at 

least equalization prior to treatment, is common in the 

automotive industry for this very reason. 

2 shows the St. Thomas waste treatment 

facilities schematically. Wastes gravitate to the plant and 

are pumped into one of two 60.ooo gallon batch tanks which are 

used alternatively. In the batch tanks, the wastes are treated 

with ferric chloride and/or calcium chloride. These chemicals 
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act both as emulsion breakers and coagulants. The pH is 

adjusted with sulphuric acid and caustic soda; the operator 

examines the waste to ensure that a healthy floc has formed 

and then the entire batch is discharged to the lagoons for 

precipitation. The two 1,000,000 U.S. gallon lagoons are 
used alternatively, thus providing a 5-day detention period 

for the design flow. This method of batch and lagoon is used 

by several of the automobile manufacturers at many assembly 

plants. 

As shown on the schematic Fig. 2, the effluent from 

the sedimentation lagoons is discharged to a storm water pond. 

This pond is necessary due to the topography and it also 

provides a surge tank function for storm flow. Treated effluent 

from the sanitary waste treatment plant (100,000 U.S. gallons 

per day) as well as uncontaminated process water (2450,000 U.S. 

gallons per day) blend with the treated industrial wastes in 

the storm water pond prior to being pumped to the receiving 

watercourse. Storm water when available also discharges to 

the pond and is subsequently pumped to the stream. The 

uncontaminated process water, (largely welding gun cooling water 

which is not recirculated in this plant), is quite significant. 

Objectives for effluent standards are expected to be met without 

this flow; however, dilution IS achieved. While dilution has 

been spoken of as "no solution to pollutiont', the dilution water 

in this case is imported from Lake Erie and not abstracted 

from local surface waters. This imported dilution water, 

therefore, is of significant benefit to the small streams which 
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carry the entire assembly plant liquid discharge to Lake Erie. 

Figures 3 and Li. show the completed waste treatment 

plant. 

(b) Investigation of Existing Manufacturing Facilities: 

Compared to the new assembly plant just described, 

an existing manufacturing facility presents an entirely 

different problem of waste treatment design. Theories, 

estimates and predictions are superfluous. The buildings, 

equipment, sewers and above all the liquid wastes themselves 

are in existence and must be investigated in person. 

The first phase in an in-plant investigation of an 

existing manufacturing facility is to establish the origin, 

volume and characteristics of the wastes. The objective of 

this phase is to determine: 

- where the introduction into the sewers of contaminants may 

be reduced by improved housekeeping or modifications to 

procedures. 

- where economies may be effected by segregation of wastes. 

The second phase is to obtain an accurate assess- 

ment of the volume and characteristics of the flow which 

actually must be treated. 

(c) Ford Motor Co. - Windsor: 

An example of an inplant study is one undertaken at 

the Ford complex in Windsor of which an aerial view is shown 

in Fis. 5. This complex comprises several divisional operations 

as shmn in Fig. 6. The project is still in the 

report stage but segregation is a likely solution because of 
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the high flows. Certainly batch treatment of a 49 MGD flow 

cannot be lightly contemplated! 

Flow measurement in a 60" sewer flowing 24 feet deep 

is not the simplest of assignments but good results were 

obtained on this project using an Ott propeller type velocity 

meter as shown in Figures 7 and 8. Stream gauging techniques 

were utilized. Vee—notch weirs with a portable recorder were 

only used for flow measurement. This equipment is shown in 

Figures 9 and 10. 

(d) Chrysler of Canada - Windsor: 

Another in-plant study which resulted in the design 

of treatment facilities was at the Chrysler complex In Windsor. 

The manufacturing facilities there consist of an assembly plant 

plus an engine plant, together employing upwards of 10,000 

people. 

Both the process wastes and storm water were conveyed 

in a combined sewer system to the receiving watercourse, and 

therefore the possibility of segregation was given prime considera- 

tion in the study. The multitude of existing interconnections 

within the manufacturing plants, however, made segregation 

economically unfeasible. Efforts were then devoted to the 

determination of the volume and characteristics of the wastes 

being discharged at the two discharge points, a 60" diameter 

and a 27" diameter sewer. At these locations conditions 

permitted the construction of rectangular weirs for flow measure- 

ment as shown in Figures 11 and 12. Flow measurement on this 

Chrysler project took place over a three-week period, and 

sampling and analysis took place over two weeks. 
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Sampling techniques on an oily waste can give rise 

to significant discrepancies1 For sampling of this type of 

waste on inaccessible sewers, we have used a vertically sliding 

tube which produces a sample of the entire cross-section of 

flow. However, for accessible sewers, as in this case, a 

reasonably intelligent member of the species Homo sapiens is 

preferable. Oil appears in the sewer in slugs, and with manual 

sampling, considerable judgment in sample collection can be 

exercised. Some of the results of the sampling and analysis 

at Chrysler are shown in Figures 13 and 14. From the results 

of this in-plant study and the flow measurement sampling and 

analysis program, design parameters were established and design 

concepts formulated for the Chrysler Waste Treatment Plant. 

Because of the low flows in the receiving stream it 

was deemed inadvisable to bypass the storm flow directly to 

this watercourse. As this storm flow would contain all the 

industrial wastes discharged including the free oils, some form 

of treatment was considered necessary. The method adopted was 

"ponding' of the storm water for later reclamation through the 

process wastes treatment plant, as spare capacity became avail- 

able. Spare capacity in this context means capacity not in use 

due to the intermittent batch nature of the flows through the 

treatment plant. A pond was designed to give total retention 

to li-" of rainfall assuming 100% run-off from the entire 

contributing area. Even on the rare occasions when overflow 

from the pond does occur, surface baffles coupled with sufficient 

retention time will prevent the discharge of most of the free oils. 
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An investigation was carried out of the pond hydraulics based 

upon a theoretical storm. This is shown in Figure 15. The 

design flow of the process wastes (i.e., Dry Weather Flow), 

was determined as 2.2 MIGD. The treatment method adopted will 

consist of a three-stage treatment system as shown schematically 

in Figure i6. Process wastes enter the wet well and are 

pumped automatically to four 550,000 gallon batch clarifiers. 

Stormwater is diverted automatically to a stormwater well from 

where it is pumped to the pond. Site conditions do not permit 

gravity diversion of the stormwater. The stormwater pump is a 

vertical propeller pump rated at 50,000 gallons per minute and 

direct driven by a 300 HP diesel engine only. No electric motor 

is provided. The batch clarifiers are equipped with bottom 

scrapers, surface skimmers and chemical feed equipment. Settled 

solids are removed as in a conventional sedimentation tank. 

The batch is treated with sulphuric acid to lower the pH to 

about 3 to 3.5 which by itself will affect the emulsion 

stabilizing agents sufficiently to permit an emulsion break. 

Some batches, however, may require the addition of an aluminum 

salt or other chemical as an emulsion breaker. Soluble oils, 

emulsion cleaners and emulsified paints may usually be broken 

in this way. After a quiescent settling period, free oils 

together with the free floating materials which have been broken 

out of emulsion are skimmed from the tank surface. The entire 

batch is then discharged to the second stage air flotation 

clarifiers by pumps which control the flow rate at 2100 g.p.m. 
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Air flotation clarification is a subject unto itself 

and there are many avenues to follow. Controversial points 

include: 

Round Units Versus Rectangular Units 

Total Pressurization Versus Recycle Pressurization 

Float skimmed in direction Versus Float skimmed against 

of flow direction of flow 

Flocculation Versus No Flocculation 

The units in this plant represent what we consider to be the 

highest form of the art at present. Two flotation units are 

provided, each unit being preceded by flash mixing and 

flocculation. A portion of the unit effluent (up to 50% of 

throughput) is pressurized and recycled. Coagulants provided 

are alum and a coagulant aid which can be activated silica, 

bentonite, or one of the more exotic polyelectrolytes. The 

pH is raised with caustic soda to the optimum level for 

coagulation. Emulsions remaining after the batch clarifiers 

as well as suspended solids are considerably reduced in the 

air flotation clarification stage. The effluent from this 

stage, however, while fairly healthy, still will contain up 

to about 50 ppm of ether solubles and suspended solids. 

It was decided to provide tertiary treatment in the 

form of chemical coagulation to soak up most of these remaining 

contaminants with aluminum hydroxide floc. While in specifica— 

tions for the process equipment specific requirements were 

laid down for the batch and flotation clarifiers, this was not 

the case for the tertiary stage. Instead, equipment suppliers 
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were invited to submit tenders f or any type of unit for this 

third stage which employed chemical coagulation and which 

could do the job. Acceptance of any proposal was thus 

conditional upon a guarantee of performance. The units 

finally selected were two "Accelator" solids-contact units 

supplied by the Infilco Company. Subsequent to the award of 

the equipment supply contract to the Infilco Company, bench 

scale tests were conducted on split samples, concurrently by 

Chrysler Corporation and Infilco laboratories. The aim of 

these bench scale tests was to verify the treatment methods 

selected and also to establish effluent acceptance limits for 

the full scale plant. Performance guarantees for the equipment 

were then related to the laboratory tests. 

The final effluent from this Chrysler plant is 

expected to meet OWRC objectives. Quality of this effluent 

will be monitored by continuous measurement and recording of 

pH and turbidity. Should either the pH or turbidity exceed 

pre-set limits, the total effluent will be automatically by- 

passed to the stormwater pond until quality improves to the 

required standards. The plant has been squeezed into a small 

piece of otherwise useless ground that was once a dump site. 

A perspective of the layout is shown in Fig. 17. 

In most waste treatment plants, the problem of the 

disposal of the sludges removed from the liquid wastes is 

formidable. Often this facet of the design poses a greater 

challenge than the treatment of the raw liquid waste. In brief, 

at Chrysler the following are the proposed methods for disposal 
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of the sludges. Batch tank bottom sludge will be dewatered 

on a Delpark type filter with disposable media. An incinerator 

of a simple burner type, with atomizing nozzles on the feed 

systems, will dispose of most of the other sludges. Batch 

tank skim oil will be dewatered by gravity separation and then 

will be fed to the incinerator as a primary fuel. The major, 

and most voluminous material to be disposed of, is the aluminum 

hydroxide floe from the second and third treatment stages which 

includes the absorbed oil and particulate matter. This floc 

will be violently agitated with sulphuric acid to dissolve the 

aluminum hydroxide and release the oil. This oily sludge will 

be skimmed off and although still containing a high proportion 

of water will be fed to the incinerator as a secondary fuel. 

The dissolved aluminum salt will be reclaimed for use on a 

coagulant thus reducing the amount of purchased aluminum 

sulphate. 

OrIginally, it was intended to handle water based paint 

sludges trucked in from the assembly plant in the same incinerator 

installatic;n, and for this dual purpose, fluidized bed 

incinerators were investigated. Tenders were actually called 

but the cost of the fluidized bed units was so high that they 

could not be justified economically. The water based paint 

sludges will be trucked to dump as at present. They are 

considered to be too viscous to be handled by the atomizing 

nozzles. 
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4. Conclusion 

What is the future for automotive plants in Ontario 

with regard to the treatment of industrial liquid wastes? 

Existing plants either have this problem reasonably under control 

with pretreatment on Municipal Systems, as in the case of General 

Motors at Oshawa and American Motors at Brampton, or they are 

actively working toward pollution control, as in the case of 

the plants I have mentioned and also McKinnon Industries who 

produce GM engines and transmissions. Within a few years this 

type of industry will be absent from the OWEC's black list. 

The automotive industry plays a vital role in the 

well-being of the North American economy. The industry is to 

be commended for realizing that it has a vital role to play in 

the well-being of North American surface water. Fortunately 

for our children and our grandchildren, more and more industries 

are also adopting this attitude. They have come to accept 

pollution control as part of the cost of doing business. 
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10n7-YfasTe Trearment Plant ,n right foreground. 

I 
Figure 2 — Ford Motor Co — Thomas Assembly Plant-Flow Diagram of Waste Treatment. 

Figure 3 — Ford Motor Co. — St Thomas Assembly Plant Sedimentation Lagoons 



Figure 6 — Ford Motor Co. — Windsor Flow Diagram 
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Figure 4 — Ford Motor Co. — St. Thomas Assembly Plant.Chemical Storage 
Tanks and Control Building 

Figure 5 — Ford Motor Co. — Windsor Complex 
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Flgur. 7 — Flow Measurement in Sewers with Ott Velocity Meter 

Figure 9 — Vee-Notches and Recorder for Flow Measurement 
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Flgur, 10 — Vee-Notches and Recorder for Flow Measurement 

Figure 11 —Chry5ler Canada Ltd. — Windsor 

Figure 12 — Flow Measurement with Rectangular Weir 
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F19ur. 13 — Chrysl.r Canada Ltd. — Results of Sampling and Analysis Programme 

Figin'e 14 — Chrysler Canada Ltd. — Results of Sampling and Analysis Programme 
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Figure 17 — Chrys!er Canada Ltd. — Windsor.Proposed Waste Treatment Plant 
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"CENTRIFUGES FOR CONCENTRATION AND 

DEWATERING OF WASTE STREAM SOLIDS" 

BY 

DR. FREDERICK W. KEITH 

SHARPLES-. EQUIPMENT DIVISION 

PENNSALT CHEMICALS CORPORATION 

In treating waste streams, two well- 
recognized trends are producing changes in the type 
of equipment used. Stricter regulatory specifications 
require more efficient treatment; higher flow rates 
and increased loadings of suspended and dissolved 
solids require more efficient equipment. Centrifuging, 
flotation, and biological treatment are frequently 
needed to complement or replace simple gravity systems. 
Centrifuges are generally applied to clarification of 
a main waste stream only when that stream is 
relatively small, perhaps up to several hundred CPM; 
where the waste stream is larger, which is the more 
usual case, the economic approach is to concentrate 
the solids by gravity settling or flotation with 
subsequent dewatering of the concentrate centrifugally. 
Centrifuging must be considered, therefore, from two 
points of view: one role is clarification of a stream 
to produce a good quality of effluent with less 
emphasis on the concentration of the underf low; the 
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other role is dewatering the concentrate or sludge after 

a high volume preconcentrator so that underf low 

concentraticn is of primary concern, with effluent clarity 

of secondary interest. Associatthwith the latter type 

of operation is that of emulsion-breaking in a liquid- 

liquid separation which may also include concentration of 

attendant solids. In order to illustrate the use of the 

two types of centrifuges most often applied to waste 

treatment and the type of operation to be expected of them, 

examples are drawn from the pulp and paper industry, 

petroleum refining, municipal sewage treatment, and 

electrochemicak machining 

with the increasing use of centrifuging as a 

unit operation in processes, many engineers and operators 

are now familiar with the principles of For 

those who are not, some discussion of the designs might 

be helpful, as an understanding of the operation of the 

centrifuges increases appreciation of the process and 

mechanical variables, A scroll or conveyor centrifuge as 

shown in Figure 1 is most of ten used for separation of 

€uspended solids from a liquid, particularly when high 

concentration cakes ate desirable or the solids loading 

is high, .tt is basically an imperforate cylindrical bowl, 

supported between bearings, with one end conical to provide 

a drainage zone for solids during removal from the bowL 
The other end of the bowl has effluent ports whose distance 

from the bowl wall can be varied to provide different pond 

depths in the bowl. Inside the bcwl is a helical screw 

conveyor or ccroll which rotates in the same direction as 

the bowl but at a slightly slower speed0 An external 

planetary gear assembly determines the basic differential 

speed between the bowl and the scroll, while auxiliary 

drive eçuipmerLt permits increase or decreaae of the 

differential from the base vaLie, Feed, introduced 

through a stari.cnnry tabe at one end of the centrifuge, enters 

a central compartment the ccnveyor where it is accelerated 

thr:L.gh Potts the of the bowl, Under certrifugal 

acceleration in the pnnd, bolids are deposited against the 

wall of the bowl; the conveyor plows the settled solids to 

the conical end of the bowl while ptc-gressively finer 

particles are sedimented from the liquid as a function of 

the time in the centrifugal field, Solids that are not 

settled within the bowl discharge with the effluent, One 

important characteristi.c of any type of solid matter is the 

operating line showing the relation between throughput 

rate and proportion of the feed solids sedimented or 

recovered in the The other important feature of waste 
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material is the dryness that can be achieved in the 
discharged cake. Aside from the nature of the sludge, 
there are both mechanical and process variables that can 
be controlled to combine satisfactory clarity and solids 
dryness. 

The design or mechanical variables that affect 
clarification are bowl speed, bowl length and diameter, 
pond depth, and conveyor differential speed. The capacity 
of a given bowl is generally proportional to the square of 
the bowl speed so that higher speeds greatly enhance the 
capability of the centrifuge. Lengthening the bowl is the 
most effective way to improve clarification at a particular 
diameter bowl. Bowls for scroll centrifuges are therefore 
made in length-to-diameter ratios ranging from 2 to 4. 
Larger diameter centrifuges should, of course, be used for 
higher flow rates as the area of the pond and consequently 
the useful pond volume increases in the larger sizes. 
Unfortunately, mechanical design parameters limit bowl and 
gear box stresses so that the allowable maximum bowl speed 
decreases faster than bowl diameter increases. Larger 
bowls thus operate at lower centrifugal farces than do 
smaller bowls. In theory, the liquid layer in a bowl 
ohould be very thin for maximum effectiveness, but, in 
practice, disturbances due to feed, conveyor movement, and 
fluid flow turbulence require operation with deeper ponds 
to optimize clarification. Increasing the depth of the 
pond in a given size bawl, however, also increases the 
distance that a particle nust settle to reach the bowl 
wall so this factor alone has limitations and pond depths 
of 2" or 3" often given optimum performance. A high 
conveyor speed relative to the bowl increases the rate of 
removal of settled solids from the clarification zone but 
at the same time creates disturbance and redispersion of the 
cake; consequently, a medium to low differential speed such 
as 10-25 rpm often is optimum. 

The dryness of the cake discharged by the 
centrifuge is of particular importance where trucking, 
land fill, or incineration may be involved. The design 
variables of the centrifuge, however, affect cake dryness 
differently than in clarification. For example, the 
shallower the pond in the centrifuge, the longer the 
drainage time for solids on the beach above the pond and 
generally the drier the cake becomes. Very fine particles, 
however, compact to a limiting dryness at the bowl wall 
under the pond and capillary forces may prevent 
appreciable drainage of liquid from such solids on the 
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beach; in this case, a deep pond improves conveying and 
the removal of this type of cake, Lower conveyor 
differential speeds increase retention time either for 
compaction under the pond or for drainage on the beach so 
that dryness is improved. The tendency of a solid to 

compact or to drain is increased by increasing bowl speed 
50 that higher centrifuge speeds generally mean drier 
discharges. It will be noted that some of the factors 
improving dryness are the antithesis of those for good 
clarification. A compromise in design and operating 
characteristics of the centrifuge bowl is frequently 
necessary to balance the requirements for clarity of effluent 
and dryness of cake. 

Feed rate or capacity is the most important process 
variable as its relationship to the process determines the 
number of centrifuges necessary for the desired effluent 
clarity and cake dryness. Higher feed rates clearly mean 
less retention time in the bowl with less recovery of the 
finer fraction of solids. Larger volumes of cake also 
mean less retention time and usually thicker cakes with 
less efficient drainage so that cakes increase in wetness. 

Until recently, there was little that could be 

done to improve the sedimenting tharacteristics of solids. 
Now, however, the introduction of flcccing aids, particularly 
the polyelectrolytes, has tremendously increased the range 

of materials that car. be satisfactorily handled in 

centrifuges. Tn general, it is not necnsary to use floc 
aid where the particles to be settled are relatively coarse 
or the degree of clarification need not be high. At the 
other extreme, are certain types of soft or tloccy 
solids which cannot be conveyed from the bowl at all 
without being conditioned by the addition of a 

polyelec trolyte. 

Before reviewing the design of a disc type 
cent:ifuge, consider some of the applications of the scroll 
centrifuge. Among the more readily sedimented materials 
fed to the latter are the underf low sludges from primary 
clarifiers such as in paper mills. Figure 2 shows a 

capacity and recovery plot for primary sludges from several 
types of mills differing appreciably in characteristic. 
The ordinate shows the proportion of suspended feed solids 
recovered during centrifugation; the abscissa is a 

generalized correlation for the flow rate Q in the 
centrifuge. The data are from 6", 14", and 25" bowls of 

various lengths operating at various speeds; to compare them 
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it 3.5 LU thuota:;icai centrifuge 
capacity factor* indicatef. by I End to divide the flow rates 
for a gLven set of data by £ value. This 
produces a generalized parameter, Q/1. for the 
capacity data for all the different centrifuging conditions. 
Such a Q/1. plot is conveniently used for scaling from one 
size of centrifuge to another by simply multiplying the 
at the required recovery by the appropriate £ of the machine 
under consideration. In Figure 2, clearly the recoveries 
can be good but depend markedly on the type of mill. 

Beta are shown for six sludges from mills differing 
appreciably in characteristics. The operating line to the 
left is for primary sludge from a converter mill producing 
coated paper from wet lap; fiber content of the feed solids 
was about 517.. Another line is for sludge at fiber from 
a soda pulp mill producing coated papers. Relatively high 
capacities at low loss are found for sludges from three other 
mills, one at 70Z fiber from a Kraft mill producing board, 
another at 3370 fiber from e Kraft mill producf..ng coated papers, 
and a third at 78% fiber from a groundwood mill producing 
newsprint. S4hile the data are insufficient to be definitive, 
it appears that sludges from mills with a pulping operation 
show relatively good recoveries at fairly high flow rates 
regardless of the fiber/ash ratio. The single example for a 
converter shows relatively lower rates although good recovery 
can be achieved. It might be noted that fibers are generally 
easier to sediment than the ash material, so that solids in 
the overflow have a lower fiber/ash ratio than the feed 
whereas the underflow has a higher ratio. Flow rates for pulp 
and paper mill primary sludges CPYL in 
the larger scroll centrifuges. 

In discu8sing centrifuge variables, it was seen that 
both cake dryness and effluent clarity must be considered and 
that what is good for one is not necessarily good for the other, 
thus the and capacity relation is not the whole 
3tory. The relationship between solids dryness and suspended 
solids recovery in the centrifuge is shown in Figure 3 for 
six sludges. Clearly for primary sludges, solids dryness 
increases as recovery increases This is a fortunate and 
unique trend; most materials show an inverse trend because 
the presence of finer solids from higher recoveries generally 
produces softer and wetter cakes. The response for pulp and ::ill 
characteristic of ash material in the fiber matrix and the 
effect of sçueezing action when handling larger quantities of solids. 

Fully discussed under "Centrifugal Separation" in Volume 
4 of Kirk and Othmer ttEncyclopedia of Chemical Technologyt1, 
2nd edition, or in Perry "Chemical Engineer's Handbook", 
4th edition 



There seems to be a trend also with fiber/ash ratio 
where higher ash content material gives a drier discharge. 
The very fine fibers of the flotation scum with no ash 
content give a relatively wet cake and also show the more 
usual increase in wetness with increasing recovery. 

The effects of pond depth and of bowl speed 
are shown in Figure 4; the latter is expressed by the 
multiple of gravity to which the sludge is exposed. 
Recoveries for the three conditions shown are approximately 
the same; comparison of the corresponding flow rates shows 
the expected response of rate proportional to the square 
of the speed, but little effect of pool depth. For cake 
dryness, however, a much drier cake results from a shallow 
pool than from a deep pooi at the same level of centrifugal 
force. Also, reducing the centrifugal force from 3200 G's 
to 2100 G's with the same pool decreases the dryness of the 
cake as would be expected. These responses to the 
centrifugal acceleration show the marked importance of 
operating at as high a bowl speed as is feasible. 

In this regard, the factor limiting bowl speed 
to something other than design maximum is usually the 
problem of abrasion. Scroll centrifuges are designed to 
take considerable abrasion with hard-surfacing alloys 
applied to the edge and face of the scroll, hard-surfacing 
or ceramic inserts at the solids discharge ports, ceramic 
inserts in the feed and effluent ports, rubber or ceramic 
liners in the feed chamber ot the scroll, and other abrasion 
resistant materials as needed in the bowl and covers. 
Nonetheless, where sludges contain relatively large amounts 
of coarse particles, it is sometimes desirable to reduce 
the bowl speed in order to reduce the rate of abrasion. On 
oil refinery waste, it is even occasionally necesssry to 

insert a cyclone in frontof the scroll centrifuge in order 
to knock out a few percent of very coarse solids and 
thereby decrease abrasion rates by as much as three-fold. 
A cyclone is also used ahead of a large Super-D-Canter at 
one pulp and paper mill to remove grit and pebbles picked 
up by the waste stream during flow in an open drainage 
ditch. 

Many pulp and paper mills are now operating 
primary settling systems on their wastes and most of the 
others will soon do likewise, Secondary treatment systems 
are not yet comon although a number are in use; the 
limited removal of suspended solids in the primary clan- 
fiers, however, and the relatively small reduction in BOD 
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in primary treatment indicates strongly that most primary 
systems will have to be followed by a secondary treat. As 
the characteristics of sludges and centrifuges on primary 
and secondary treat are somewhat different, they are 
better considered separately. 

Since a disc centrifuge is considered in 
connection with activated sludges, it would be well to 
digress briefly on the design and operating features of 
this type of centrifuge. A disc centrifuge is usually 
more suitable than a scroll centrifuge for handling finer 
sized particles; it can apply a higher centrifugal force 
to sediment and compact the solids and is not subject to the 
problem of scrolling solids out of the bowl. Figure 5 is a 

schematic drawing of a nozzle-discharge disc centrifuge 
bowl. The speed is relatively high so that the centrifugal 
acceleration at the wall is two or three times that common 
in scroll centrifuges, 

Feed, introduced at the center of the bowl, moves 
outward to a zone outside of the discs which are 
represented by the closely spaced parallel lines. These 
discs are actually a nest of cones with spacers between to 
keep them from 0.025" to apart0 As teed enters these 
narrow spaces, solids settle radially outward under 
centrifugal acceleration. There is such a short distance 
to travel, however, that relatively fine particles can be 
readily captured. The settled solids slide down the 
undersurface of each disc and out to the bowl wall where 
they compact before discharge through orifices in the 
periphery of the bowl, Clarified effluent emerges from the 
inner edges of the cones and is discharged separately. In 
order to build up the concentration of the sludge discharged, 
a portion of the nozzle discharge is commonly returned to the 
bowl as a concentrated recycle stream equivalent in volume 
to a considerable part of the total nozzle discharge. The 
advantage of the disc centrifuge is that it has a very 
high I or theoretical capacity factor and the flow rates 
handled are often much higher than in a scroll or other 
type of centrifuge of comparable size and cost. Such a 
centrifuge is frequently used not only for oil separation 
from emulsions as in petroleum refinery or fish plant wastes 
but also for removal and of fine solids from 
these waste streams. 

One of the strong trends of the times is the 
growth in secondary treatment plants for all types of 
industrial and municipal wastes, These most frequently take 
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the form of aeratIon te produce an activated sLudge at 
about 17. concentration. Gravity thickening can normally 
raise this to not more than 3 or 47. while flotation may 
achieve 5%; centrifugation ir. a disc centrihge can give 
5 to 107. concenzratLm on most activated sludges. These 
materials are characteristically soft and flocculant, not 
a type of material which is easily scrolled in the 
conveyor centrifuge. FigLire 6 is a recovery and capacity 
plot for several types of a:tivated sludges in scroll 
centrifuges. A waste activated sludge a chemical 
complex at a feed of about 17. is 

floe aid additiort, Another curve shows a difficult waste 
activated sludge from a paper mill secondary treatment 
plant fzr operation with no fcc aid and with about 
20 lbs/ton of polyelectrolyte addition. Waste activated 
sewage sludge is also &ttown with and without floc aid 
addition. In practice, it is found that the individual 
particles of activated sludges from riot 

sediment too differently, but their aggregate conve7ing 
charactetistics nay vary even from hour to hour 
within a given plant. Recoveries at reasonable flew rates 
generally do not exceed 40 to 60% without the use of 
coagulants. with the latter, recoveTies to better than 907. 
can be achieved with polymer doaage &t 25 cr less. 
Feed rates for activated in Large .-,croil 

centrifuges would normally be 50-150 GPM4 The 
concentration of underf low solids may vary 
ranging from 7% on domestic sewage to 207. or ao an 
indus trial activated, 

In contrast the spread in scroll ce.ncriftge 
data on activated sludges due to the conveying 
operating curves for disc centrifuges on activated sludges 
show considerable Data are c'-t Figure 7 

for two municipal activated sludges, activated sludge 
from a chemical plant, and anc'ther from a paper mLll. These 
curves are fcr operatIon withc'ut floc aid addicic:i. and it 
is seen that relatively high recoveries can be obtained in 
this type of centrifuge. In large disc centrifuges, these 
operating curves correspond to 100-200 GPM of sludge feed 
for recoveries of 80-90%. Underf low concentrations of 
5-10% are readily obtained while recycling on some sludges 
which do not contain too much grit or taterial 
can produce up to 127. by 

For a small municipal sewage plant where a 
scroll centrifuge may run for only a few hours a day to 
concentrate all the activated sludge available, a scroll 
centrifuge would probably be more advantageous. For larger 
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munfripal sewage plants and pErticularly for large industrial 
secondary treatment systems whare flow rates range from a 
few hundred to several thousand gal.lcns per minute of waste 
activated sludge, continuous dewatering in a disc 
centrifuge offers conaiderabie economic advantage, 

A number of solideliquid separations have been 
reviewed itt. terms of the :larificatior. invdved and the 
solids concentrations that must be obtained for waste 
disposal. ifl general, the soft type of sludges considered 
is the most difficult to handle in centrifuges; flow rates 
icr feeds with coarse: and more particulate solics may 
range up te more than several GPM in the larger 
centrifuges now available0 Applications involving three 
phases such as cil, water, and a solid are not as but 
often represent more of a treating problemS Separate 
specifications often I the quantity of oily matter 
that can be disciharged in a plant effluent. Moreover, an 
appreciable discharge zf oily itatter is clearly 
viiible in the effluent and receiving streams. 

A particularly important application for centrifuges 
is treating petroleum refinery waste streams. A schematic 
flow sheet for moot of the wastes in an oil refinery is 
shown in Figure 8, rae streams consist of large quantities 
cf water, lesser quantities of oil, and a smaller portion 
of suspended solids. The solids are usually sand and silt, 
catalyst fines, or blr2uching clays, and various 
carbea or degradatthtt products from refinery opera:1cn:s. 
Preliminary gravity separation in an API separator produces 
overflow emulsion fairly high in oil, water that may still 
contaitti appreciable dispersed oil and fine suspended solids, 
and bottom sludge at 13-40% soltds with some oil. Past 
p:actice has been to lagoc: the water, but the present trend 
is to flotation units with the flotation scum being added 
to the API separator overflow emulsion which it closely 
resembles in composition. Settlings from field tanks, water 
treatment, and perhaps bio-trearment are generally high 
in solids. Ihese are conveniently combined with the API 
separator bottoms and treated in a scroll centrifuge to 
rough out 60 or 70% of the coarser solids. The cake 
discharged from the centrifuge low in cii content and is 
frequelti) suitable tot land fill. overflowittg 
from the conveyor centrifuge is similar cc the flotation 
scum and the API overflow These streams are 
frequently combined, heated tc atcut 1900 F if the light- 
ends content permits, and fed to a disc centrifuge for 
resolution of the emulsz.cn into clarified Oil of 1-St BS6&J, 
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water, and -tree waver sLrean ccntaining the 
fire solids, Di;pc&C ot the last ct the :efinery 
sltua:ict. The st:ean be lost in tna ::ain refinery 
effluent cr may be recycled to the API separatcir. In the 
latter na buildup fines has been cbsened, If 
buildup did occui:, adaiticn of floc aid tc' the 
scroll centrifuge would [cncck dowt the. fines ann permit 
maintenrce of a fiJte5 : ntent ir. the waste stream. 

This appitcation Ulustrates the val:e cf 
sequential certtrifuging rougher cemc.rifage, 
well protected against abrasion, handles bulk cf the 
coarse solids. It followed by a second speed 
centrifuge making the inportant split but also 
handling the finer solids without excessive abrasion. Despite 
differences in refinery operation, range of products, 
and designs of API the nature ci tbe solids and 
quaLity of the are c:tflstent ±om one 
tefir.erv to another. A number ct frs:allatIcns 
hag beet made tr test need n:t be conducted It. 

order to estimate. aste creatthg 
equiprnent fir new 

Despite the of oil the 
operating for Eolida removal in the 
are cimilar to those tr: :;epsraticis. 

.AflRL I zr the :3eparatiCt 
of the in a 
di.ic centrifuge. or ths clarified Li given as a 
functLtrt of the c.. arl tIed oil flow The lhht oil 

tontained :etatfcelv large light, ends; 
the middle. v_scoair; 4flfl more 
representative the nerage ttte upper 
curve for an aep.eted 
in light ends, an that had 
been aging outdco:.s 23 rears cr tore., 

Sewage a field wh.th the 
potential of centrifuges is just starting tc' be realiaed. 
Moat or the centrifuges have so far been applied to assist 
existing equipment to ac.ept an appteciable 

a plart eJcpar..SiorL. It is to 
treat primary and secondary sludges in dtgesr.ers in order to 
reduce the odour problem and permit eventual of 
the solids or. drying The sheet I.: Yigtsre 10 
makes no artezQt to 3Mw all the that are ::3und 
in sewage plants b.xt th:es pxints where 
certrifuges can be applie:. Yc: example, 
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waste secondary sludge be turche.r concentrated before 
addition to primary sludge so as to increase the digester 
solids loading. Digester sludges may also be dewatered 
before disposal on drying beds with consequent reduction 
in drying space and time0 

Limitations on drying space and odour problems 
from the proximity of even digested sludges to 
residential areas, however, are reducing reliance on drying 
beds with repiacerrent by incineration, In order thst 
incinerators be in combustion, the volatile 
solids content of the feed must be l8-20t, considerably 
higher than obtainable by simple gravity processes. 
Centrifuges, occasionally in combination with presses, are 
important in preparing both primary and secondary sludges 
for incineration. Where digesters exist, digested sludges 
ray be dewatered before incinerator, but trends in 
sewage treatment indicate feeding ci dewatered primary and 
secondary sludges directly to the incinerator. In treating 
sludges that are predominantly primary with its usual large 
particle size, conveyor centrifuges are the most satisfactory. 

One ct the newest and fastest growing metal 
working processes is eletztochemical machining. In this 
process metal is removed by dissolving it into an electrolyte 
by electtochemical decomposition with both tool and work 
piece In the A direct current is passed 
through the electrolyte between the tool as the cathode and 
the work piece the anode. Metal I rct. the work piece 
ion.ize.s and goes into in the aqueous medium wnere 
the metal ions combine with hydroxyl ions present to form 
insoluble hydroxide sludges. It the sludge content of the 
electrolyte increases beyond a certain point, the 
ccn±ac tivity decreaseb rapidly and ptcduc:ion rates decrease0 
The tine flocculant solids have very slow settling 
characteristics atd, even when settled, do rct compact to 
facilitate disposal. Filten nave been and are used for 
clarification, but they are largely ursaciEfactory, 
particularly in the bigger machine installations. Cart.idge 
type filters give good ciarity b'ct are quickly plugged by the 
sludge; back'washing the:n has not bean stccessful, Scroll, 

and basket have been used on thea e 
A re.:cvery and plot It. :igure 11 for ECM 
sludges from several ditferent sources handled in these 
centrifuges. Since the do vary, the relationship 
ot the operating cinzas it. ttiis plot reflects characteristics 
of the centrifuges as well as variations of the feed 
material0 
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The relicive.ly high speed of the disc 
centrifuge tends shea: the weak hydroxide Ii ocs so that 
the Q!L range ±ct this type ci centrifuge is relativei.y 
low although very high recoveries can be achieved, in the 

:crational speeds are lower and the 
fioccy scuds of the feed are less degraded during acceiration. 
riae Ecrcfl centrifuge, however, has a problem in conveying 
the aolids that are depcsited at the 

wall. Thile the basket centririge has some tendency to 
break floes, its slower speed this effect, 
a:e removed the by a device at intervals 
ci cae-half to several hours aepending on the rate cf 
loading6 

it is of interest to use these three operating 
curves to study some of the factors entering jntc selection 
of the proper ceztrifuge for a particular job0 Since flow 
rates for installations may range fr:a, 2 cc several 
hundred GPM, it is important to consider the range of 
centrifuge sizes available in each ci the types indicated. 
Both disc and scroll tcctrifuges are available tt many sizes 
up to handling about ZCO GPM pc: cettrifuge. basket 
centrifuges are also available in sizes from lit, diameter 
to about 5 ft. By way ci assume that ate 
needed for about 90t of solids, the operating 
curves, an approxiiate value can be fc.urtd at 90Z 
recovery for each type cent:ift4e. Also needed are the 
relativel factors ci large uttts attd the relative 
cost.s or these are 

1 

Centrituge Selection icr 
sludge 

of Centrifug€ —— — Dic.. Bastat 

QF/L at Recover 1 3. 1 35 

Ratio of L Values 90 13 1 

Ratio of Capacities ;o 35 

Ratio of Centrifuge 1 

Ratio of Cost/Unit Capacity '...t 1 

Solids Content of Underfiew E-12 18-22 
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The tabLe reflects the data of Figure 11 showing 
a high relative factor for the basket. On the other hand 
the relative value for the disc is much higher than for the 
basket while me scroll is intermediate. The product of 

Q'Z. determines the capacity per unit for the type and 
Gize of centrifuge selected0 The capacity ratio of the 
disc is almost three times that of the basket while the scroll 
is cue-third higher than the latter. The table next shows the 
1c4 cost ratio of the basket compared to either the disc 
centrifuge or the scrcll0 The zatio of cost per unit 
capacity is finally shown each type ci centrifuge. The 
basket is the lowest in this case with the disc 6Ot higher 
and the scroll several-fold higher. This obviously is one 
of the important parameters in selecting a centrifuge tar a 
paxticular job, 

Where waste streams are cencerned, disposal of the 
cake or underf low solids Li cf ten a problem. In the 
mere concentrated the cake, the easier it is to dispose of it0 
Consequently, Table I also the solids content of the 
EGN cakes from the three type& of centrifuge, Disc 
tentrifuges inherently pr?duc.e a less concentrated cake than 
either of the others, On EGM cake, no drainage of the solids 

possible die to theit so the scroll contrifuge 
yields a wetter cake than the basket, The combination of 
cost per unit capacity a"ci the underilow concentration in 
this case very clearly favours the basket centrifuge. 

The results of this comparison are by no 
general, If the solids loading were higher, if continuous 
discharge of solids were required, or if the solids were 
more readilyscrolled and were capable of draining to achieve 
better dryness, the scroll centrifuge would probably be the 
best type. Again, if flow rate! were very high or excellent 
clarities were required, the disc centriftge might be the 
choice. The latter might even be followed by a scroll :r 
basket centrifuge to ccncentrate the underf low to a further 
degree for disposal0 This example points up the importance 
ci comparing the several types of centrifuge that might 
handle an application. The first type offered or the kind 
used on another job may not be the best one for the job at 
hand0 

This survey of centrifuges treating industrial 
waste has necessarily touched on only a few applications, 
Extrapolating the trends apparent today, what changes can 
be foreseen in the application of centrifuges to waste 
handling in the future? Certainly centrifuges with larger 
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will available as the becomes 
apparent. This does not mean that centrifuge power 
requirements will be so reduced as to warra"tt their 
application to large tam flows, but capacities double 
those of the larger units available today are well withir 
reason. At present, ofliy sewage treatment 
requires a sufficient number of centrifuges in a multiple 
unit installation as to warrant przTduving centrifuges of 
such higher capacities0 Another development of importance 
will be the improvement in use of coagulants. This will 
involve development 0± new coagulants, reduction in prices 
of available and improved methods of treating 
with coagulants, particularly with respect to centrifuge 
operaticn. Such improvements can bthg into the range of 
reasonable contrifugal handling come sludges which now 
show too great a loss or insufficient concentration, Another 
trend will certainly be that cf incinerating of wastes to 
produce the minimum quantity of seids, For 
autogenous operation3 incinerators gcxterally require feed 
concentrations that can. sometimes be achieved on filters but 
more generally are available only by uentrifugation. The 
trend towrds sec..cndary treatment will certainly be 
accelerated under the urging of both fede:al and lc.cal 
government for both municipal aewage piar:ts and industrial 
waste treatment systems0 Cent:dfuges can be expected to 
play a large part in handling the rather difficult solids 
produced by all types of activated 

Many enginea'rs have already the value 
of applying centrifugal as a complement to gravity 
settling operations in cider to reduce t:'eatmerst costs 
through reduction in spaces manpower, and associated 
equipment. It is hoped that these indications of the 
capabilities of cent::ifugal equipment may ba helpful in 
solving your specific treatment pnthlera. 
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"SOME NEW CONCEPTS IN APPLICATION 

OF AEROBIC BIOLOGICAL METHODS TO 

WASTE TREATYENT" 

BY 

DR. A. A. KALINSKE 

THE EIMCO CORPORATION 

U.S.A. 

A. Introduction 

This paper will be primarily concerned with the 
intrinsic aerobic biological phenomena that control the 
oxidation and metabolism of the organic material in a 
liquid waste. It will not involve itself to any extent 
into the various methods of transferring oxygen to 
liquid wastes; however, studies during the past decade 
have shown that the two phenomena, one physical and the 
other biological, cannot be dealt with completely inde- 
pendently of each other. In fact, our ability to have 
the aerobic organisms perform at their maxinim effici- 
ency is greatly dependent on the methods we utilize to 
get 02 and food to them. Therefore, I will, of neces- 
sity, have to discuss certain general aspects of oxy- 
genation and mixing, but only as they influence and 
relate to the functioning of the organisms. 

There is fairly definite evidence, both from 
field experience, theoretical analyses, and controlled 
laboratory studies, that the rate of removal of BOO, 
(or COD, if you wish) in any aerobic biological system 
is dependent on three basic physical and biological 
phenomena, which it would be worthwhile, to set forth: 
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(1) Rate 02 int: the liquid. 
(2) Ability to get the and the food to the 

surface the organisms, 
(3) The maximum rats at which any weight of 

organisms can oxidize and metabolize food 
whEn food is made available to 
them0 

We have developed various methods and techniques for 
measuring the performance and the ability of various types of 
aeration equipment to obtain usab:s data so far as (I) above 
is concerned, Though, as I will mention later, we still have 
a great deal to learn about the factors that influence the 
performance of such aeration equipment which are closely 
related to the maximizing items (2) and (3) above. 

Item (2) appears to me to be the one that we know 
the least about, and so far we have not done sufficient 
enough study in evaluating the performance and true effi- 
ciency of the activated sludge process and related systems 
of treatment. This item includes such physical factors as 
the diffusion by turbulence of the dissolved oxygen from 
the main body cf the liquid to the liquid film surrounding 
the organisms. The "scale" and "intensity" of such turbu- 
lence is the i2tensitycould 
be so great, and the scale so small, (high velocity gradi- 
ents), that agglomeration and flocculation of the organisms, 
in order to facilitate their removal by gravity settling, 
could be impaired, or even prevented. 

However, it certainly must be true that high 
intensity and small scale turbulence can greatly influ- 
ence the transfer of diasolved 02 and f;od tc the surfaces 
of the organisms, and before that is accomplished the 
crganism is "helpless", so-to-speak. The diffusion of the 
02 and food through the liquid film surrounding the organism 
must be molecular in nature, and, therefore, anything we 
can do to decrease the thickness of this "laminar" film 
would increatte the "diffusion" rate, Intense, micrc—turbu- 
lance would such decrease in liquid film thick- 
ness. 
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in accomplishing transfer of the oxygen through the 
film surrounding the organism, it would appear that the rate 
would be dependent on the "driving force" across the film. 
Tharefore, it is my opinion, and there is some experimental 
substantiating evidence, that until we are supplying °2 at 
the rate possible for the organisms to utilize it, 

the concentration of the D.O, in the main body of the liquid 
should control the transfer rate across the film to the sur- 
face of the organism. This, of course, is counter to the 
generally accepted, though not completely proved theory, 
that values of D.O, above about 1 or 2 are of no value 
so far as increasing the rate of biological oxidation is 
concerned0 There is some evidence, which I will cite later, 
that the DM. concentration above 1 or 2 mg/i does have an 
influence on the rate of organism oxygen utilization, and it 
could be that this general that we all have mure or 
less accepted, is merely the outward evidence of the fact 

that other factors are more important in the 02 transfer 
across the liquid film surrounding the organism than the 
D,O. concentration in the body of the liquid after such 
concentration reaches, say 2 mg/i. 

Now regarding item (3) above. There is ample 
evidence, which I plan to cite, that our present biological 
systems have nzt reached the maxinum ltmit mentioned in Item (3). 
Thus we find in the literature that 02 utilization rates 
of 500 mg/l/br (this is equivalent tc over 20 times our 
"conventional" BOD loading of, say, 35 lbs. per 1,000 ft3 

per day) are possible. 

With the above generalizations let us now discuss 
pertinent specifics: 

B. The - Mixed Activated Sludgefiystem 

Probably one of the most significant developments 
during the past decade in regard to utilization of the 
activated sludge process has been the so-called "completely - 
mixed" system. Since this haR been so adequately described 
in the literature by sut;h writers as McKinney, the author, 
and others (1), (2), (3), (4), (5), (6), I will devote very 
little space this paper to its description0 
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The completely mixed system main- 
tains a uniform ef t.O., food and type of 
nrganisuis uniform throughout the entize aeration basin 
voluxzs. The incoming waste and return wlids are quickly 
and intimately tixed with the entire aeration tazak 

This. is the distinctive feature of the 
The liquid separatad from the mixed liquor 
in any part of the basi':s: is essentially the 

effluent. So-called "short-circuit1ng" of the raw waste 
has no meaning in this process. All the organists are 
functiøning at their optimum for the conditions in the 
aeration basin. It zhould be kept in that this 

is a;plicable of the various 
of the actIvated process; such as the so-called 
"high-race" "eatanded aeration", or any of the 
processes involving aerobic ::xidatjon of organic matter 
by a suspension of organisms. 

MeKinney (I) has presented an excellent 
athematica a mc3t elegant 

fashion. The autbcc first described the essentials of 
the in 1950, (4) and built s pilot plant incor— 
parating the basic with the additional feature 
of so-c&Lled reclrculation" or 

sludge return that no separate pumping or 
piping was 2S: crder to from 
the to the 
This latter desigti the operation of the 
C—M and Cl the 
necessary Suth a combination 
aeration clarification unIt 7.its 
associated with tcaviding for, and properly controlling 
sludge irrespective of the character- 

(SVI) of tht4 aerated mixed Many such 
units of various desIgns have since buiLt in the 
TYGS. and es for treating tn&strtal 
was 

One feature which is dnirable 
for optimizing the C-M process is tae of sort of 

mixer which can be used as an air disperser at 
the same time. Diffused air an difficult to 
de:figr1 in order to attain all the and desirable 

ci the C-M mcthanical mixers can 
be stibmerged turbines wi::h air 100 ut.ed below 

or they can be widety used surface. 
entraintnent meuhanü 
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The outstanding advantage of a properly designed 
C-N system is the ability it to attain much higher 
BOD removal rates in smaller aeration basins, In fact, it 

is the only eye we now have that permits us to approach 
the tremendous oxidizing and assimilating ability that 
apparently aerobic organisms possess, as will be discussed 
later on and for which we only recently have designed 
plants to apply and achieve the enormous economic and 
technical advantages. As will be pointed out later, it 

appears that it took some 40-50 years for the engineering 
profession to finally realize the potentialities of the 

activaced sludge process since its original development in 

England in the early part of the 20th century0 

In 1948 and 1949 the author operated a pilot 
plant, designed as described above, at the sewage treatment 
plant at Elrthurst, Illinois and eome of the typical data 
obtained are shown in Table I, 

The pilot plant had about 100 ft3 of aeration 
volume, so those interested can the 801) loading 
per 1,000 ft3. The indicated retention time includes that 
in the compartment. it will be noted that 
the loading was cf the order of 300 lbs. of 
applied BOD per 1,000 ft3 of aeration volume. It will be 
noted that the loadings are of the order of ten times 
those conventionally used. However, they still are not 
equal to those that Pasveer (7) and others have predicted 
are possible. In a recent paper, Pasceer, (8) who has 
always claimed, correctly or not, that our ability to get 
oxygen to the organisms has been the limitation in utiliz- 
ing the full capabilittes of the activated sludge process, 
presented data showing treatment of a sewage having a BOD 
of 220 mg/l, with 95% remeval, at a loading of 1,500 
lbs/l,000 ft3 of aeration capacity0 This is 50 times 

"normal" loading0 Voii der Ende (9) has presented data 
showing 90% BOD renionl. in a tcttt time of one hour. 

plants use six hours. 

Recently we have made some studies on the treat- 
ability of a variety of industrial wastes using the C-N 
process principles. For example, using a pilot plant not 
too different from the one described above and acetic acid 
wasta from a furfural manufacturIng process having a BOD of 

about 10,000 mg/I was treated producing an 
effluent of about 100 mg!l of BOB. The MLSS were 6,700 mg/l 
and the loadings were 1.5 of BOD per lb or MLSS/day and 
600 lbs. of BOD per 1,000 ft per day, 
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A plasticizer (diester) waste having a SOD of 
25,000 ugh and a ph of 12 was trsated with 957. removal. 
The pollutant was entirely soluble, and the effluent 
obtained permitted its discharge into the mim-icipal 
sewer. The !C.SS were 4,000 mg/I and a design loading 
of 0.5 lbs. of BUD/lb of !flSS/day rjas due 
to the fact that the waste was oxidized relatively 
slowly. Peculiarly, though neutralization was attempted, 
it was not found necessary as once the were develop- 
ed the ph remained at 8.5 - irrespective of any 
attempts to alter it0 

Another unusual ware was that ccnsisting of 
homopolymers, copolymers, and methocel, the latter a 
detergent. The SOD wn 350 mg/i and the ph was 5.7. 

Biological treatment produced a BOB of 66 mg/i but the 
organisms were relatively probably due to 
the methocel. chemica. coagulation with alum, lime, and 
Separan, gave an effluent having s BUD and of 
10 Tng/I which met the agency requirements. 

SDme data obtained usfrg a small C-M 
unit employing an aeration and clarification 

as previ'usly cc'. wastes. 
A su .ary of typical data an lxi II. The 
NJSS the pea and was nbcrw: 3,000, 
giving an av'erage loading about 4.8 of BOB/lb 

or 300-400 lbs. of r)/1,000 ft3. For the 
beet canning averaged about lbs. 

of BOD/l,000 ft4 of vclums. It in apparent 
these had a high xatt: cf 

:hc. way, i should ,;C L5.iU that in 

dealing with Uidustr:i.ul U; eneritial 
that a SOD 

is detertnined. c: do can give BOfl values 
to') low by a facccr of five t:' ten sometimes. 

C. (hernLialTreattent 

Dtsring the past five years or so we have been 
studying the activated sludge process mccrc intrinsically 
and more fundamentally. As Garrett (10) has so effec- 
tively stated, "we have not spent time studying the 
physical aspects of 02 and food are gtccten to the 
organisms as ouch as we have been concorned with what 

after the 02 food reach tha crganisn. 
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We have the very field of trying to 
establish what are the maximum rates of organism oxida- 
tion and we provided optimum conditions". 
It is forturate that such studies are now being inten- 

pursued. 

Processes are now in use which involve utiliz- 
ing the very high rate of oxidation and metabolism of 
which organisms are capable and then following (or coin- 
bitting in some cases) with chemical flocculation in 
order to settle out the dispersed organisms. Such 
processes have been widely used in Europe (Lurgi's 
"BirFloc" Process) and are now being applIed in indus- 
trial waste treatment in the U.S.A. Many have referred 
to rich a process as a "Bio-them Process". 

Detailed studies relating to this general 
id€a of separating the steps 3f biological metabolism 
and "bio-fiocculation't have been reported by Tenney, 
Jobnson, and Symons (11), Tenney and (12) and 
ctthE;:S. Benedek (13) gives an excellent of the 

thinking that has been going on in Europe in regard to 
advantages of the separation of these two basically 

ster3 in sludge process. In 

flocculation, without chamicals as an 
step highly-loaded biological unit 

and the final clarifier, çromise both technially and 

it. Switzerlend, a :cdif led two-step activated sludge 
the (14) system, 1-es been put 

flat.) which of acce distinct advantages. 
the theory on whL'.h the procen is based Is that the 

hatological can be loaded high and its operation 
not sensItive to waste changes if good flocculation 

Is not; desired in this In second stage, which in 
procen is also biologica but lightly loaded, the D.O. 

is kept high, and th2 mixing is gentle in order to obtain 
good gtcwth of and good flocculation. After the 
fIrst settling step where no attempt is made to obtain 
goad stapended 3olids removal, the second stage can have 

incorporated ft it coagulation with alum or iron salts in 
order to the phosphates while, accomplishing coagu- 
lation at the 53tC time. 
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so—called processes have 

to then and are betog studied intensively. A 
recent excellent report of controlled experitencs wac 
presented by Eberhardt and Nesbitt which indicated 
the possibility of cothining the biclogical and chemical 
flocculation, (with steps in order to get a high 
quality affluent in respect to BUD, suspended solids, and 
phosphates. In addition, a waste sludge is obtained that 
has good dewatering properties0 

I am sure we will be hearing a great deal about, 

and else using to economic and tethnical advantagE, this 
two stage process which takes advantage of the 

bigh"rate cf organic material destru.tion and assimilation, 
if proper mixing and D,O, are provided and 
chemical f or obtaining setticahie organisma 

and, if eliminatlc'r. of the soluble phosphates. 

As we all Iciow, just getting a BUD is not going to be 
the only reqnzireimenc frequently any more 

this connection0 it. should am be mentioned 
that treatment in second stage with Lime, in order to 

remove phosphates and obtain a hLgh ft for air 
t the nitrogen in 

is definitely in the picture. 
3lechta (16) have oroved fairly definitely that air strtp- 
ping of N113 appears be the of the 
various processes considered to date ftr removal 
from waste 

IL Re let 

Some woik has recerth bee-a and 
hopefully it is rela!ing to the etngy 
tions in regard to flocculation of activated sludge by Fair, 
Gewel10 and Myriclc (17). 

Th. line the &eoarat ion of and 

physical stages the activated sludge process cussed 

previous these author:? have analyzed tht basic theory of 
biological flocculation0 In to understand the 
mentals of this Is one must refer to the 
physical and of floccutar.trin in 
general as presented by Camp 
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Briefly, ;b.ecry nwo3xes the calculation of 
the mean velocity gtadient term, G, and the dimensionless 

Ct, (whera t the retention time in the floccu- 
Fair and hIs associates showed that the 

factor C it sludge basins is about 2-3 
that In tonal water flocculation basins and the more 

basic factor, (Gt), is as aich as 50 times as great. 

Obviously, energy is being put into aeration basins which 
is many times greater than that needed for flocculation. 
It required for getting the 02 and food the organisms. 
Bct experimental shown that the biological 
process itself can be accomplished very rapidly, it would 
appear that we are wasting a great deal of energy when we 
attempt to both the biological and the physical 
procese cf fic:;culatic'n in the basin0 Again we note 
that there appears to he good basis for separat- 

ing the process st;eps0 

Jenkins and (19) in a recent paper 
dens trate, in a very practhe manner, that the activated 
sludge process is capable of high organic loadings so far 

of s3iuble, degradable COD is concerned. This 
study has considerable significance since the authors 

d crcstrats cannot ebtath precise, 
and reproducible data relating 

t: the biological aspects ci: activated sludge organists, 
or the generally, by measuretents. One aist 
use C)D data, This fact aLone, am sure, explains the 

anamalous and misleading data 
that have appeared ir hundreds of papers relating to 

the and the end results In laboratory 
and fisld studies, the act 1.'1ated sludge process as it 
is used in praetice. 

It is my tttat the activated sludge 
can be prarticed most ci fl:iently by the use of 

so-called "intense" mixing and aeratIon in the biological 
stage. TM problems associated with getting 02 
and food, present in the substrate, to the surface of 
bacteria where it ixcat be transferred, is a problem that 
has not been ptoperly appreciated. We have bean too con- 
cerned with posaible "destruction of the 11cc" without 

the requirements of the physical process so far 
as providing conditions for optimutn functioning of the 
organisms are concerned, This problem is of basic inipor- 
tance in adapting the activated sludge process to the ail- 
titude of organic waste treatment problems if we are to 
utilize its potentialities to their fullest economic and 
technical extent, 
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have bea'-a 
3ttdie! u.ing ocntinucrisly to 
what the maximum Inading ii we 
increase the Ps of 7tir°ng Lu the aeration 
partment tc a very high degree. have reu.Er.tiy 

obtained values ef C of about 500 (ten in 
normal flocculation ruid (ft of 8 x hc. 
value of Ct was net relatively greater as 
since 'we were interested establishing (by turbine 
type air dispersets) high ahear (velceity 
ents) values in order r.c bring 02 and to the 
5urfaces of the and to establish 
turbulence so as to decrease as possible the 
thickness cf the laminar film surrounding bacteria 
thrcugh which and food molecularly. 
)tch to our under the abcve we 
obtained a "healthy" looking and good :settling floc with 
a resultant BOD reductjan about 350 to 30 mg/l0 
The Sn averaged about The MiSS were dbout 1,500 
mg/i. The "loading" was varied from 0.7 to 2.0 of 
BOB/lb .tr MiSS/day. 

We have s ma increased the value of C 
velocity gradient) by a factor 3 (nine times 

more power) and •ne. now adding alum tQ in 
culating the organisms. The itSS are 1,000 mg/I1 

2—4 BUD/lb i; ab&nt 
150 and the EOD By the 
:ha of Ct is !5 x ahrut ttn that 

nr'rmaliy used n act: altidge bae,t-'t- 

I at yn OUt t1a41 
ione will be as a of these !nt 

can be cf item: the prccee$2 
and associated ban capahilftNs f or trcating 
organic wastes bycnd aflything we have ever imagined. 
For this we can all be grateful, the rrnor'mity 
of cur wasta treatment ?rzbiems of the futun.. 

E. 

Nr traditional ccncepts regarding 02 to 
3rganisms in sludge su are rapidly 
ing. Wuhrtan (20) in the ci 
tion in purificatictn performance back in 1960 said the 
subject 13 far as sludge plants 
are concerned. Sinve that Litre "taps been some very 
significant which definitely indicated 
that the exact phvt$cal phenomcna of how is transferred 
to and *&ha: can such transfer, 
have baen largely erronraoue to ;;ay inst. 
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The basic studies which have shed new light on 
exactly how reaches the individual organisms were 
those of Bennett and Kempe who demonstrated in a 
very alegant manner that 02 can be transferred directly 
to organisms without having to first dissolve into the 
liquid. This is of enormous significance so far as 
oxygenation of activated sludge suspensions are concern- 
ed. It means, basically, that tests on aeration devices 
made in clean water are only qualitative and are not an 
absolute measure of their 02 transfer capabilities. 

The second finding, of even greater signif i- 
is that the old accepted concept that 02 uptake 

rate in an activated sludge suspension can be measured 
by merely saturating the suspension and then measuring 
the rate of depletion, while gently stirring the sus- 
pension, gives entirely erroneous results. Such uptake 
measurements are very important for design purposes and 

for determining the rate at wEizth 02 is supplied to 
activated sludge mixed liquor by various aeration devices. 
Bennett and Kempe shcrk'ed that not only does stirring speed 
influence the uptake rate significantly, (which many of us 
have suspected), but also, that the uptake rate can be as 
much as three times greater when the suspension is being 
rrrated. The importance of this finding cannot be over- 

is it has profound significance in regard to 
very concepts relating to the obtaining of very 
important data relating to activated sludge suspensions. 
Xn a word, we apparently have not really understood how 
activated sludge mixed liquor ions behaved so far 
as transfer is concerned, 

Not only does rate vary with inagni.. 
tude of agitation and aeration, but also, Drehwirg and 
Namerow (22) have that the uptake rate can vary with 

0.0. concentration, in the range 2-7 mg/l. This latter 
upsets some very basic which we now must revise. 
It other words, thi;gh appare'uciv we have felt, and certain 
data have wnfirmed it, that D,O. values above, say 2 mg/l, 
have no influence on rate of oxidation, this is a fact. 
Our observations were probably "masked" by the fact that 
our aeration basins bad United agitation, which certainly 
iv true with diffused air Oxygen uptake measure- 
vnts are presently obtai:;Ecl with so-called probes 
whLTh give an electrical signal; however, some of these 

have lags of at least 30 seconds and greater. It 
would appear that such devices are not capable of giving 
correct "rat&' data in respiring systems. 
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A recent paper by Zahradka (23) the role of 
aeration in th: activated pr;cess emphasizEs the 
importance of considering the of the mixed 
liquor in th.e aeration tank under operatj :onditions 
which includes the "mixing The latter is, of 
course, dependent on the power input into the tank and 
the manner of the power inputs He presents data which 
conclusively demonstrate that BUD remov-il is basically 
dependent on the ratio of loading and aeration intensity. 
This ratio correlates his data better than any other 
factor, it: fact he says that the so-called Vmixing factor" 
is of greater stgnifiance than sludge Izading. 

A discussion on 02 transfer to activated sludge 
would not be complete without at. least some brief 
connents relating to the influence of the design 
criteria of aeration equipment and of liquid charscteristics 
on 02 input in activated sludge suspersions and liquids in 
general. We all heard about the influence of various 
surface active agents that may be present in wastts which 
can either hinder or the rate 02 transfer from 
aeration equipment, as compared to nich transfer 
"clean water". We have designated this influence by 
measuring under certain a factorc 
we call "alpha", which supposedly compares the 02 transfer 
characteristics of the waste to of 
whose "alpha" factor we designate 1.0. 

The transfer cf °2 thriugh iquid incerfacial 
areas is prcfoundly influenced by the. of certain 

tven in ninute quantities, 
which tend to accumulate in suc,n interfaci.ai they 
may have a very great affect on the total interfatd,al area 
created under any particular hydraulic and pneumatic con- 
dition. In one instance they can hinder the transfer of 
02 while in the other they can greatly it. 

The entire phenomenon is further complIcated by 
the fact that both influences are affected by Wte method 
used for introducing the air into the liquid and the 
attendant mixing intensity. It Lhus becomes apparent that 
the measurement of these influences under artificial 
laboratory conditions, becomes, at best, only a rough 
estimate, The most important factor that mu3t be adhered 
to in such laboratory tests is that the aeration method 
nist be at least qualitatively similar to the full scale 
system. 
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author (24) out that surface active agents 
can have entirely different and frequently opposite 
affects, depending whether the air is introduced through 
porous diffusers or mechantcal. surface entrainment aerators. 
This has been confirmed by others. 

The adverse affect of any compound in hindering 
the transfer of 02 can be significantly greater in a dif- 
fused air system than when is transferred to the liquid 
by surface aerators. The physics of this are readily 
explainable. 

This so—talled "alpha" factor is of such great 
significance that basic research work is needed in order 
that we can understand the physical principles more 
completely and perhaps be able to do some predicting, 
instead of depending cm questionable measurements. 

It was satisfying to see a recent study report- 
ing on the fundamentals of this phenomenon based on some 
bacAc studies (25) in whicb data were obtained on the 
influence of various soluble compounds in water on the 

L, and the tctal bubble area, 
th' combination of which is our famous "combined" factor 

brief are in order regarding 
so—called surfe:e aerators which are so widely 
used at present for supplying 02 to all types of aerobic 
biological treatment systems. The subject is very complex, 
but engineers and users of this equipment should be cogni- 
zant of certain basic fundamental facts regarding their 
selection and operation: 

1. In asrator3 will supply a 
givw. rate of C2 at a power between 1/2 to 2/3 of that 
of compressed air. Aso, ±tst.fllaticr costs are usually 
sub;tantially less. L'idustry has almost standardized on 
this type of aeration equipment for their waste treatment 
plants. 

2. Thsc atrapoLstLcn of data from small sizes to 
large sizes for this equipment is an extremely complex pro- 
cedure, Th not anything different. The laws of 
hydraulic nast be c02-bined with empirical measure- 
merkt5, and there are no straigtn±orward model laws that 
apply for the complex hydraulic and pneumatic phenomena 
created by these dsvices. 
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3. In generaL. the small clze units give 
substantially better 02 irput efficiency (defined as 
lb3. input per 1W per Faur under standard con- 
ditions) than arger units. Wc have small geometric 
models wh±th give effi:ienc-Lee three times great 
as similar units, says ten times as large0 

painstaking care and analyses ¶uti5t be resorted to 
in making extrapolations. 

4. spacific designnf uttits will 
usually be less effic±cnt at a 'tgh tip speed of the 
turbine or whatever rc ins is used. Out data 
on dozens of designs :f such units are very definite in 
this regard. There speed. 
compromIse between a good efficiency and an in- 
wieldy, slowly rotating machine. 

5. The pumping capacity for liquid cf these 
units is of extreme and it must be 
ac as to provide sufficient agitation to keep the 
solidc in napension, the input 02 adequately 
and stiLl not consume e power in pumping instead 
of creating intense and localized interfacial 
air-liquid areaa fcr faciliwing 01 This is 
always a matter of elect ing an tip thpeed of the 
rotating element0 

6. BasLn acme influence on :tic 
02 input these devices, precise data not 
Indicate that the one 
suspect purely gecinetriz. 

cf 
the so—called c.tate techniqne in ";:!.cs.Y 
water is far frcxn simple and is to 
which can greatly influence the results. 
nist be and then arc criteria fir 
est&blishing if such a condition exists; ctharw!ae the 
data are 

F. Some New Ide 
Activated 

Before I conclude thL3 revIew of new 
that are making a relatively old proce9s (43o50 yearE) 
inflnl.taiv more useful, more applicable and more efficient 
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than it has ever been in the past, there are some fairly 
definite new ideas that have beet brought forth regarding 
this process, and some that are just creeping up over the 

horizon, which warrant 

(1) The most significant of these ideas and the one that 

has created the greatest interest during the past year or 
two is the idea that an activated sludge plant can be 
operated so it can "take-up" much more phosphate than the 
normal metabolism of the organisms require. This has been 
referred to as "luxury' uptake of phosphate". This is of 

considerable significance, if true, since we are presently 
very much concerned about the phosphates that are dis- 
charged with our effluents. Its removal, except f or about 

20% of the total amount present in sewage which is metab- 
clized in the sludge, has been usually accomplished by 
chemical precipitation with lime or alum. Such "luxury 
uptake" is counter to basic ideas of biological metabolism, 
and has been seriously questioned by many, including the 
author. Laboratory studies by Levin and Shapiro (26) appear 
to ccnfnt1 increased uptakes. 
Also, a study of several pl9nts in San Antonio, Texas have 

that optrning procedures can greatly 
increase the phosphate rernoval above that normally expected 
(:7). However, tests by author relating to chemical 
and biologica removal of thcsphates points out very 
definit&y that there are many factors that can lead one 
to false The nnoerous "stumbling blocks" and 
techniques that must bt watched, if meaningful data are to 
be obtained regarding such biological phenomena, cannot be 
discussed in this paper. However, a very careful study of 
this problem has been carried out racently by Jenkins and 
Manar of the Sanitary Engineering Research Laboratory of 
the ttiversity of Califotnia in Berkeley and their data very 
:onclusively show that over a 30 to one range of substrate 

removal rates, the phosphorus removed remained at 20% 
and that there was no "luxury" uptake. I am afraid 
that these data must be given very serious consideration and 
that we cannot expect biological processes to remove phos- 
phates beyond their normal metabolism (28). This is further 
confirmed by Hail and Fngelbrecht (29). 
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f 2) Studies have been going on tning high 
concentrations up to 23,000 mg/ 1. Though such concen- 
trations may seem impractical, offhand, tbnre are applica- 
tions where such high values of could have useful 
application in the treatment of very concentrated wastes. 
Obviously, liquid-solids !eparation would have to be 
accomplished by means other than gravity, perhaps by 
centrifuging cr by use of the rapidly developing tec!iriology 
relating to use of methrane ultra-filtration 
(3) Throughout the years many of us have been intriwied 
about the possibilitieE of (140° :60° F6), 
activated sludge0 The aerobic organisms would be similar 
to those present in coniposting. Conceivably the oxidation 
rates of such an activated sludge cystea could be extremely 
high, if composting criteria are any indication0 Recently, 
the possible usefulness of such a process was mentioned in 
connection with waste disposal in space craft (32). Other 
applications of such a pr3cess could be possible if the 
technical problems of liquid-solids sepsration and 02 
input can be solved. 

0, Conclusions 

I will not attempt to the wide range of 
subjects covered in this paper0 The important 
one ntst make is chat it is diffictCt to understand a 
process such as that of sludge" and fri various 
modifications, should have remained practically unchanged 
and used by engineers in the same mar4zar for sccne 30-40 
years. Of course, the answer is obvious: no attempt was 
made to really understand the process fundamentally, 
except during the past ten years and tctstly during the past 
five years. 

One desist from that it Wà2 the 
realization of the pc;sibilities of the f or the 
treatment of industrial wastes that was the basic 
why the process began to be studied more tha superfici- 
ally. Industry enlisted the services and interest of 
chemical engineers, biologists and bacteriologists, so 
that technically sourd and economicaliy juittified design 
criteria for the process c uld be obtained and applied. 
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For reasons that need not be mentioned herein, 
it would appear that the "public works" consultant, and 
regulatory agency officials, had no real interest in 
promoting the investigation of this all important waste 
treatment process, so long as they were concerned only with 
domestic sewage. Rule of thumb design criteria were 
good enough. However, that is not the way true progress 
in any science or technology occurs. 
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TABLE I 

SUMMARY OF PILOT PLANT OPERATIONS 

(ALL SAMPLES ARE 24-HR COMPOSITES) 

Flow 
CPM 

Total Retention 
Time, Hours 

Raw Sewage 
ROD S'S. D.0, in 

Aerator 

10.4 

1306 

1306 

13.6 

13.6 

19.7 

Sewage 
Tent 

3,7 

2.8 

2.8 

2.8 

2.8 

1.95 

MLSS 
tog/i 

162 

210 

213 

190 

167 

335 

170 

200 

320 

260 

194 

576 

23 

27 

9 

22 

13 

22 

30 

21 

24 

28 

17 

19 

3,5 

6.0 

6.8 

4.0 

1.0 

12 

8 

9 

9 

9 

11 

700 

1970 

1890 

1000 

2800 

3100 

SVI 
Loading: 

lbs ROD/lb 
MESS/day — 

170 405 

81 2.7 

118 3.0 

90 4.9 

110 1.5 

164 4.1 

All units, unless indicated, are in mg/i. Raw, screened, unsettled sewage sed in tests. 



TABLE II 
PEA AN]) CARROT CANNING WASTES 

BC)]) 
Effluent Raw Flow Raw 

apt.' 

C) 
L) 

ph 
Effluent 

A !ratioñ 
.0. 

T 
Removal 

0.1 

0.1 

0.1 

0.1 

41.1 

2330 

1750 

2254 

1190 

1140 

150 

125 

102 

40 

83 

6.8 

6.9 

6.5 

5.8 

6.2 

7.9 

8.5 

8.0 

7.8 

7.6 

Beet Canning Wastes 

0.033 4970 130 9.9 7.5 

0.033 4845 224 9.8 7.4 

0.0165 5360 92 9.8 7.5 

0.0165 5185 96 9,7 7,4 

2.0 

1.0 

0.8 

1.3 

1.2 

94 

93 

96 

97 

93 

0.5 

1.0 

1.3 

1.0 

97 

95 

98 

98 

Note: All figures 
added). 

in mg/i unless otherwise noted (Wastes were not neut alized: Nutrients 



BANQUET ADDRESS 

"ON AN UNCO}M)N PERSON" 

BY 

REV. HARRY S. RODNEY 

MINISTER, PRESBYTERIAN CHURCH 

ST. THOMAS, ONTARIO 

The 20th Century began with the writing of 
a book entitled "The Century of the Common Man". In it the author set forth his belief that this century 
would see the common man come into his own to a degree 
never known before in history. 

At least in our part of the world, his 
prediction has proven to be correct. The growth of 
the trade union movement has placed in the hands of 
the ordinary labouring man the power to stop the 
wheels of industry. During the days of the Second 
World War, we were reminded time and time again that 
the winning of the war would depend not solely upon 
the ability and dedication of a few in the upper 
echelons of military command, but upon the pooling of 
the best efforts of every man and woman at home, in 
the factory and on the farm, and, when the war was 
over, no less a figure than Sir Winston Churchill 
declared that this victory was "a victory of the 
coon man!". 
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in tssence this recognition of the 
contribution ordina:y pecple take to life one that has 
been long overdue, It is quite that we should 

tc use a phrase credited to Abraham Ltncclt, 
that "the Lord must love the cotmuon because He made 
so many of them", However, nnivg said this, let us note 
with equal conviction that then is a grave danger in 
glorifying to the place where we make almost a 
religicr about the business ef being ordinary and being 
proud of it! There is little virtue in seeking to reduce, 
others, or in allowing ourselves to be ro the same 
low level of mediocrity! The problems of cui day are so 
immense, sc complex, so universal7 that it is going to take 
some unusually gifted and dedicated people to b:iitg us 
safely through the next few More and more I find 
myself cherishing the wcrds of another former President of 
the United States, the late. Herbert Hocver, who is reported 
to have declared that "the future of AmerIca depends upon 
the number of IJNCOMMON MEN AND WOMEN whom we can produce Ln 
our generation"© It seems to me that throughout history it 
has been the UNCOMMON men and women who have led the common 
people to their promised land, in every realm of human 
thought and endeavour, all the way to 

to Lincoln to chandi to Christ..' 

What are some of the mark.s of the kind 
of person whom I believe our generation 

One is thn he person DOES SCME THINKING 
FOR HIMSELF 

At least once each week, a professor of mine at 
University used to lock sadly at his class and 

remark "it is not in the nacuie of man r.i tnink with any 
profundity". Sometimes I got the feeling 
that he was locking at me as he said it! Certainly it Is 
not difficult these days for us to allow to do cur 
thinking for us! There are plenty whc an- willing try! 

One newspaper cok'nnist is read by fifty million people 
every day! We scan the morning paper and get our mood for 
the day! The headline shouts "Hate!", and we hate! "Peace!" 
and we relax! "War", and we are thrown into a mood of 

am not suggesting that we shculd not listen to, 
and read, what others are saying. But I an cuggesting that 
in addition to we should do some serious thinking 
for ourselves, abcut life, the our 
and the issues of war and peaceS I Like the 

given by a little girl In school one day, tn respctse 
to her teacher6s invitation for somec've to come up with 3 

- L82 - 



definition of the difference between a "student", and a 
"scholar", she replied, "a student is somebody who 
memorizes other thinks, but a scholar is somebody 
who thinks his own thinks!" Not very graratical, but 
very true! 

I urge you to seek to be uncommon enough, in an 
age when so many of us become intellectually lazy, in an 
age when what passes for "thinking" is, as someone has 
remarked, "merely rearranging our prejudices", that you will 
h:rnestiy seek to do some honest-to-goodness thinking for 
yourselves! 

And the second mark of the uncommon person of 
wham I am thinking is that is is DEPENDABLE! 

I speak to many business and other organizations 
in the course of a year, and almost upon each occasion, I 

hear someone saying what we all suspect, that it is difficult 
to find people upon whom you can always and entirely depend! 

A famcus mi:0ister of an earlier day, Dr0 Henry 
Ward likMto go back riding, but he was not 
an accomplished hcrseman, He went one day to a livery stable 
to rent a horse, explaining to the liveryman that he 

a patient one that wouldn't throw him? 
The keeper of the stable led this particular horse, 
described its many virtues to the clergyman, and concluded 
by saying "here a horse that is thoroughly dependable!". 
Dr. fleecier walked over to th€ animal, patted it, and said 
feelingly, "Old Horse, hczj I wish YOU were a member of my 
congregation!" Many ministers long for more dependable 
thurch members - and many churches, no doubt, long for more 
dependable ministers! 

Dependability may be a that art, but it is still 
a necessary virtue! it is one cf the qualities without 
which we cannot get along, whether one thinks of political, 
business, religious, or social life4 Whatever else you are 
in Life, do not be less than this - be Dependable! 

Be Uncommon enough to learn to use ALL ThE POWERS 
you possess! 

Few of us do William James, the father of 
modern psyschclogy, has said that few people use more than 
a fraction - perhaps ten or fifteen percent - of their 
possible brain power! I fear it is true! 

A minister conducting a funeral service declared 
"this corpse been a member of this church for the past 
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twenty years:" More than c.ne c.crpse has been a member of 
more than one church. Jr the church we speak of inactive 
members as "dead wocd" The term is very apt. The 
President of a large university was asked many 
students have you in your college?" He proll!ptiy replied 
"About 25% of the cctal enrollment" 

A popular book of a little while agc was 
entitled "Man Alive-Youre Half Dead!" Al! of us have 
powers - physical, mental, moral and spiritual, that we 
never develop and rarely 

night!1 a man who had spent the evening in 
his favorite pub, made his way unsteadily home, taking a 
short cut through a cemetery on the way. He had the 
misfcrtune to step into an open grave! When he realised 
where he was, he jumping, and jumping, trying to 

jump out of the grave into which he had fallen. He was 
unable to do sc. The earth at the top kept breaking away 
under his clutching and finally, exhausted, he 
gave up, and settled down in a corner of the grave, to wait 
for to rescue him in the morning. had just 
settled down, and scarted to doze off, when he heard a 
loud thud, and, Icoking up, discovered that a friend who 
had reamined a little while longer in same pub, had 
fallen into the sane grave. In silence the first man 
watched his newly arrived friend going the same 
motions - trying to out of the grave. Finally, when 
the second man was exhausted, the first got up quietly, 
tip toed up behind him and putting one hand heavily on his 
shoulder, he said in a "You jump 
out of this grave!" But HE COULD AND HE DIDC SAND THEY 
HAVflT SEEN HIM SINCE! !" 

The fact of the is that we all have 
physical powers that are greater than we dream - it only 
takes the proper situation and the proper to 
release And this i; true equally in every realm cf 
life. 

Learn rc uae the great potential with which God 
has entrusted ycu. Ycu will find that you can be greater 
than you 

Be uncommon enough to FIND SOMEThING !51G FOR 
WHICH TO LIVE - some cEn45e greater than yourself. And 
then see your powers unfoldb 
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It has been said that when a man gets all 
wrapped up in himself, he makes a mighty small parcel! 
Just We were meant to lose ourselves in something 
bigger than ourselves0 This is the road to true 
greatness 

An ingrained attitude that asks of life only 
"what will I get out of it?" leads ultimately to a blind 
alley of disillusionment and bitterness, to frustration 
and failure0 When we ask instead "what can I give? We 
find that life takes on new zest and has new meaning. We 
do become alive9 

Perhaps this one of the weakest points in our 
democratic armour today as Dr. Will Durant puts it: "Once 
democracy was a CAUSE TO BE SERVED; now, for may, it has 

become only A PICNIC TO TEND" 

And now, lest it might not have been noted, you 

will see that what I have been speaking about as the marks 
of an unconon person belongs to our Judeo-christian 
concept of life, which declares that we have all come from 
God and that we all one day return to Him and that having 
both origin and destiny in God, it is in serving others 
that we best fulfill the will, of God for us, and that it 
is in tolerance and love and understanding and goodwill 
that: we come closest to the most Person of all 
time, Jesus Christ0 

I n convinced that the future does 
depend upon the number of ordinary people who are so 
motivated that they become extra-ordinary; the future 
depends not upon mediccrity but upon greatness; it depends 
upon the number of unco=on men and women whom we have in 

day and generation - and here is the most exciting 
news of all - you and I can be among them if we want 
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Industry has as one of its broad definitions, 
"all forms of business and manufacturing." From this we 
realize that the term industrial waste describes discarded 
materials from any one of these businesses or manufactur- 
ing operations. As each of these produces its own 
particular product(s), so also they must discharge their 
own characteristic waste. 

Wastes from industry usually originate from raw 
material washing, intermediate products, spilled product 
or spilled raw materials and clean-up. These wastes can 
be distinguished between organic and inorganic wastes. Of 
these, organic wastes are generally regarded as the most 
common and difficult to treat. To treat these organic 
wastes, many of which contain large amounts of soluble 
organic matter, the biological waste treatment systems such 
as activated sludge and trickling filters have proven to 
be the most popular. Often several biological processes 
have been used in series. Generally in such cases a 
trickling filter acts as a roughing unit ahead of the polish- 
ing second unit. 

ADVANTAGES OF TRICKLING FILTERS 

Trickling filters have some very distinct 
advantages over the other major biologically centered waste 
treatment schemes. Microorganisms, which are the heart of 
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any biological process, are very tempermental and sensitive 
to changes in their environmental conditions. Change in 
temperature, pH, type or concentration of a waste can lead 
to major upsets in operation. The activated sludge processes 
in many cases have been upset in that anyone of these 
mentioned environmental changes can cause death to the 
active organisms or produce, very rapidly, a specific 
species of organism that will eventually cause loss of the 
activated sludge. In order to cope with this, many 
industrial waste treatment facilities have constructed 
large stabilization ponds or holding tanks to equalize the 
flow going to the biological process. Other industries 
have constructed roughing units which have been quite 
successful in smoothing out rapid fluctuations. 

Standard rock trIckling filters or high rate 
rock trickling filters have been quite successful in treating 
wastes which have rapid changes in one or several environ- 
mental conditions. The environmental change affects the 
organism on the surface of the slIme layer. However, since 
most cf the biological slime does not have a chance to come 
in direct contact with the unfavourable condition, the 
trickling filter system can recover quiciCy from the shock 
loading. 

In addition to withstand these changed ccnditions 
in an industrtal waste trickling filters tradition- 
ally have been noted for their ease and econnmics of 
operation. Generally, very little supervisIon is required 
of a trickling filter waste treatment plant. 

In order to make use of the advax:tages of 
trickling filters, many designers Iave construc-ted them 
prior to activated sludge systems. The function of the 
trickling filter is to rough (decrease the app].ied 
concentration by up to 50%) the waste strean befcre it 
reaches the polisrxirtg or the second stage biological 
process. In so doing, the roughing filter takes the brunt 
of any shock loads. Then the secondary process 
can cope with the softened shock. 

Rock trickflng fIlters in themselves have several 
disadvantages which often prevent their use in industrial 
waste application. Where strong organic wast€s are involved, 
the limiting organic loading to the filter IS very low, and 
therefore, large areas of land are required to treat the 
waste. Also, rock trickling filters because of the kinetics 
of the biology involved, are not able to produce an effluent 
as polished as that produced by aerated systems. Finally, 
in many industrial wastes, the biological growth on the 
supporting rock media is of such magnitude that plugging 
and clogging can occur with resulting odor prob]ems and 
complete breakdown in waste treatment. 
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NEW -. PLASTICS 

Over the last 15 years, great strides have been 
made in the development of new supports for biological 
growth. Of particular importance have been those supports 
constructed of new and modern plastic materials. 
following discussion and data is based on Surfpaó& 
biological oxidatIon media*. This media is currently being 
made of PVC and Saran. 

The plastic media IS used in a fashion quite 
similar to that of standard rock or high-rate rock trickling 
filters. The plastic material acts as a support for micro- 
organisms which stabIlize the organic matter in the waste 
stream. This media was designed to take advantage of the 
inherent good points of rock trickling filters for industrial 
waste treatment and, at the same time, solve some of the 
disadvantages. Figure 1 shows one module assembled from 
corrugated sheets. The media represents more than double 
the square footage of surface area per cubic foot than that 
of available 3 inch rock. This surface area is even more 
important when one considers that often, because of the 
random orientatIon of rock in a trickling filter, much of the 
surface area is unavailable because the inner-connecting 
passagewayt have become clogged with slime. The 
predominantly vertical nature of the supporting walls and 
lack of small crevices allows the hydraulic flow to shear 
off excessive growth and permits an unhindered removal of 
slough-off material. The media stays clear of excessive 
build-up even when subjected to concentrated industrial 
wastes, It is also very apparent from the figure that the 
majority of the packing is void space. This high rate ratio 
of void space insures excellent oxygen transfer. 

The modules themselves are 
Therefore, the surrounding wall can be constructed of many 
different structurally light materials. The basic strength 
of the bundle is derived from the strength of the plastic 
Itself. This strength and critical shape allow the assembled 
modules to support ovet' 850 pzunds per square foot. Because 
of this, and the already mentioned factor of high void space, 
these trickling filter systems have been buidt. upward 
rather than outward and thereby have saved valuable land 
for many industiles. As a result of this vertical 
construction the flydraulic and organic loading rates 
applied to these trickling filters are much greater than 
possible with any rock or high-rate rock trickling filters. 

* Product of The Dow Chemical Company 
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REVOLUTION IN CONSTRUCTION 
I 

Since the development of plastic media for 
trickling filters, industry has beer1 the leading user. 
This was due largely to ease of operation and land 
savings. Currently, out of 24 full-scale installations 
now using t.nis particular media, 16 are strictly for 
industrial waste treatment. Recently many consulting 
engineers have been designing plastic media for applica- 
tion in domestic waste treatment. The switch in accept- 
ance of plastic media for domestic treatment has been 
caused by development of new ideas In construction 
revolving around the use of plastic media. Improved 
structural designs made specifically for plastic media 
have brought the cost of full-scale installations to 
levels in direct competition with any other type of waste 
treatment system. 

Most units now in operation contain over 21 feet 
of media. Figure 2 shows a 21.5' deep installation at 
an oil refinery. In thts case the structure 
was steel grating and the enclosing wall was 1/U" steel 
plate. Other firms have chosen to construct the 
supporting towers in unusual shapes. Figure 3 shows a 
Surfpac unit treating a hot textile waste. The more 
recent milestones in plastic; media construction have 
been initiated by municipalities. Figure 4 shows a small 
municipal plant with a supporting wall out 
of decorative shadcwblock. ThIs structure as is contains 
only 9 feet of media. Its contribution tc; advancing 
technology is that its foundation and base work is made 
in such a way that as the fLaw to the plant increases, 
the rotary can simply be removed from the 
top of the filter and the depth of the filter can be more 
than doubled. This then will supply this small 
community with almost instant plant a 
relatively small cost. The newest and the most 
revolutionary of all plastic medIa installations now In 
operation is one just completed in midwestern United 
States. Figure 5 shows two 250,000 cu. ft. plastic 
media trickling filters. These trickling filters were 
designed to treat a combination of domestic and industrial 
wastes. The main point of interest here is that the 
surrounding wall is nothing more than reinforced fiberglas. 
The walls support or restrict no load other than that 
which can be obtained from outside wind pressures. The 
colour of the wall is a blue-green and is surely a first 
step in making waste treatment plants attractive as well 
as functional. This unit is also the least expensive 
system that could be constructed to do the desired job. 
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PILOT PLANT STUDIES 

The development of a new concept or idea 
necessitates a large amount of pilot plant information. 
Over the last ten years, well over 80 pilot plant 
studies have been conducted using this particular 
plastic media. Most of these studies have been carried 
out with the co-operation of the media manufacturer. 
However, several studies have been made independently 
by universities, cities, and industrial associations. 

Currently there are over 18 pilot plant studies 
being conducted in various parts of the United States. 
All of these pilot units look quite similar to the one 
seen in Figure 6. The unit itself contains 21.5' of 
plastic media and the diameter is about 3 feet. Pumps 
are mounted on the system to provide a raw waste flow 
of anywhere between 0.1 and 3.0 gpm/sq. ft. A special 
pump is also provided to recycle wastes in any ratio 
reasonable for a meaningful study. 

The results of previous pilot plant studies 
have been used to assemble an equati9n by which full- 
scale unit volumes can be The formula 
ts as follows: 

2* 

(1) 

where P is percent of BOD remaining after secondary 
clarification 

K = a rate of coefftcient, called a 
treatability factor (differs for 
various type wastes) 

P = depth of filter media, ft. 
Q = the hydraulic dosage rate of liquid 2 on filter without reclrculation, gpm/ft 

*Exponent of 2 has been experimentally determined for 
Surf pac. 

(1) Germain, E. "Economical Treatment of Domestic 
Wastes Using Plastic Media Trickling Filter," 38th 
WPCF Conference, October 13, 1965. 
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As a result of the great volume of pilot 
planting, treatabllity factors have been established 
for a great number of industrial wastes. We know, for 
example, that most domestic wastes have a K of 0.088. 
This value has been confirmed on full-scale installa— 
tions. In the case where we are faced with a waste on 
which we have not previously pilot planted, it is often 
possible to estimate a design K based on the various 
organics contained within the waste. However, there 
are times when pilot planting is necessary to determine 
the treatability of that waste and, therefore, the 
amount of media needed to get a desired degree of 
treatment. 

Equation (1) points out the importance of 
depth when using plastic media0 By increasing the 
depth cf media, it is possible to do a required job of 
treatment with less media volume than would be required 
using a snallower unit. As a result, most of these 
filters have been constructed using of media depth. 
This depth is convenient because the medIa can be stacked 
to this depth without intermediate supports. If a 
deeper filter were required, an intermediate deck would 
have to be constructed tc support the next layers of 
plastic media. However, this added depth brings with 
it additional operating costs that most municipalities 
and some industries do not want to maintain. 

SPECIFIC INDUSTRIAL WASTE TREATMENT APPLICATIONS 

Numerous industries have pilot planted and have 
constructed full-scale units containtng Surfpac as both 
roughing filters and complete treatment systems. It 
would be meaningless to discuss each and every one of 
these pilot plant and full-scale units in the time we 
have available. However, I have chosen several 
industries which traditionally have problems treating 
their waste on biological systems. In case, I am 
including specific treatment parameters so that you will 
be able to examine the loadings possible witn this type 
of waste treatment system. 

Refinery Wastes 

A full-scale, 15,000 cu. ft. plastic media 
has been operating at a refinery in Illinois k 

(2)navis B. W., Biehi, J. A., and Smith, B. M.. "Pollution 
Control and Waste Treatment at an Inland Refinery," 
Proceedings 19th Industrial Waste Conference, 126-138, 
Purdue University, 1965. 
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for over five years. The waste applied to the trickling 
filter first passes through oil separators. It is then 
applied to the filter through standard rotary 
distributor arm systems. The tank used to house media 
was a surplus oil storage tank, Figure 2. Internal 
support members and grating support deck were added and 
the plastic media was then installed and put in 
operation, The normal flow to this unit is approx- 
imate].y Boo gpm. The lift pumps have a capacity to 
provide 50% recycle, however, recycle is seldom used. 
Loading to the plastic trickling filter media is approx- 
imately 75# cf BOB/boo cu. ft./day. The hydraulic 
loading is about 1.04 gpm/sq. ft. Table 2 gives a 
brief summary of the operating data on this waste. In 
reviewing this data, it should also he emphasized that 
this particular systera has operated without pH control 
on the feadwater. The pH of this waste is often outside 
the normal range of 6.0 to considered optimum for 
biological oxidation. In addition, it has been found 
that even with sudden changes in pH and waste concentra- tion that the system recovers quickly when more normal 
wastewater applIcation is resumed. 

This particular trickling filter is followed 
by a holding pood for The last column in 
Table 2 gives the over all plant removals based on 
phenols, COD, and sulfites. In this first example, 
the trickling fIlter was used to accomplish most of the treating job. 

At another refinery, it was decided to use a 
combination of waste treatment processes. This oil 
refinery is located in Michigan and produces straight- 
run gasoline and kerosene which are then used as feed 
stocks for an ethylene plant. The raw wastes to the 
waste treatment unit consIsts of 150 gpm of excess 
quench water and polyethylene plant wastes, with an 
initial COD of about 2000 ppm, phenol about 50 ppm, and 
amodcur threshold of over 4,000,000 dilutions. Some of 
the specific compounds in the waste are henzene, toluene, 
xylene, and methanol. The waste stream from the poly-, 
ethylene plant contains hexane, catalyst, and 

E.S., "Experiences In Handling and Treating 
Petrochemical Plant Wastes," 14th Oklahoma Industrial 
Waste Conference, Oklahoma State University, 
November 20, 1964. 
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Figure 7 shows a flow diagram of this particular 
waste treatment plant. As can be seen, two plastic 
biological oxidation towers are used in this scheme, The 
first of which contains 6200 cu. ft. of media is used as 
a roughing tower ahead of the activated sludge unit. 
The second tower contains 9000 Cu. ft. of Surfpac and is 
normally used as a polishing fIlter in series with and 
following the activated sludge step. The mixed liquor 
from the activated sludge tank is pumped over this 
second filter where the sludge is further oxidized. 
It has been reported that the plant has run as long as 
five months without wasting excess sludge. As can be 
seen, the first stage tower removes about 50% of the BOO 
and COD, and almost 95% of the phenol. About 90% of 
the remaining BOO and 60% of the remaining COD, and 
essentially all of the remaining phenol are removed in 
the activated sludge unit. By the time the waste stream 
reaches the final settling tank, the odour threshold has 
been reduced to less than 25,000 dilutions. After 
chlorination of the final effluent, the average COD is 
less than 75 ppm, BOO less than 10 and phenol less 
than 0.01 ppm, the odour threshold level below 1000 
dilutions and usually less than 350 dilutions. Specific 
performance of the first oxidation tower, containing 
6200 cu. ft. of media is shown in Table Of 
particular importance is the organic loading on this 
trickling filter system. COD removals of up to are 
being maintained even at COO loadings of 290#/1000 cu.ft. 
/day. 

Pharmaceutical Wastes 

Several years ago a pilot plant study was 
conducted at a pharmaceutical manufacturer in the eastern 
United States. The waste at this plant is quite similar 
to conventional domestic waste but it has a much higher 
biological oxygen demand with occasional complicating 
variables. Among the usual and troublesome pollutants 
in the waste stream are sanitizing and disinfecting 
agents, small quantities of solvents, red blood and 
acid cleaning solutions. In addition, t.nere is also an 
imbalance in inorganic nutrients, primarily and 
phosphorus. 

Then it was decided to double the manufacturing 
capacity of this pharmaceutical plant, it was also 
necessary to double the size of the waste treatment 
facilities. The waste treatment plant 
of two rock trickling filters, settling tanks, and sand 
filter beds. To double the plant's capacity with 
similar equipment would have required considerable invest- 
ment and even more important, space. The results of a 
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pilot plant study indicated that a plastic media trickling 
filter, acting as a roughing unit ahead of the existing 
rock flltççç could give them the most economical plant 
expansion1.4). The results of the pilot plant studies can 
be seen in the first row of Table 4. In addition to 
pilot plant results is a summary of data taken from the 
now-operating full-scale installation. Even though the 
concentration of the waste going over the trickling 
filter is somewhat higher now than it was during pilot 
planting, the roughing unit is doing its job in taking 
out a great percentage of the BOD. The organic loading 
to the trickling filter is over of BOD/l000 cu. ft. 

/day. The current practice is to add approximately 
100 pounds of anhydrous ammonia to the main waste stream 
each day to supply the necessary nutrients. 

The use of high rate trickling filters in this 
situation has permitted this plant to maintain an average 
BOD reduction of 99% across the er-tire plant, despite 
doubling the plant load. Labour, material, and space 
requirement were only a fraction of those which 
been necessary f or extension of the rock bed systemk ). 

Textile Wastes 

Currently 16,500 Cu. ft. cf plastic media is being 
used as a basic waste treatment scheme for a textile plant 
located in southeastern United States. This plant is a 
textile dyeing and finishing unit producing finished 
corduroys, velvets and veiveteens. Because textile wastes 
as a group are considered one of the most dIfficult to 
treat3 a pilot plant study was carried out in 1962. This 
pilot plant was constructed by the mill engineering staff. 
During operation, heavy of slime developed causing 
slight ponding on the media1.Th. This condition was 
attributed to nitrogen deficiency and immediately a 
nitrogen feed pump was installed. For the remainder of 
this study period, diammoniwn phosphate was added to the 
raw wastewater to insure proper balance between 
phosphorus, ammonia, and carbon. The addition of nutrients 
immediately eliminated the ponding, and slIme took on 
a more normal characteristic. 

(4&ett, T. W., Hartshorne, 0., "Single Tower Doubles 
Capacity of Waste Treatment Plant," Chemical Processing 
Magazine, April 1965. 

D. W. "Surfpac Pilot Study on Textile Waste," 
Proceedings Purdue Industrial Waste Conference, 
April 30, 1963. 



Results of the pilot p'ant study are presented 
in Figure 8. It was also that the pilot plant 
study was not operated with true equalized flow and 
consequently, shock loadings to the unit were quite 
severe. Even under these conditions the unit recovered 
rapidly. Rapid recovery also occurred during resumption 
of manufacturing after weekend shutdowns. This pilot 
plant data has been used to construct a scale 
treatment plant. The plant is somewhat unique in that 
it is designed so that 20% additional media can be added 
to the tower if future demands require 
treatment. 

Paper Products Wastes 

More so than most other industrial wastes, 
paper waste can mean any one of many types of waste 
depending on the type of and process used0 
Recently, Gehm and Gellmant0) wrote up the results of 
a two-year study program on various biological processes 
for treating paper and pulp wastes. The main systems 
discussed and observed were activated sludge alone and 
activated sludge preceded by a roughing unit containing 
plastic 

Financing of this study was done by a group of 
mills and plants faced with industrial waste problems. 
The pilot plant system used a deep plastic media 
tower constructed directly over an activated sludge tank. 
The pilot plant was operated the settled effluents 
from a fine paper mill, a boxboard and a paper mill 
employing deinking. The BOD average of these 
wastes was about 250 mg/l. Diammonium phosphate was 
added to supply the necessary nutrients. 

Results of this study indicated that the 
activated sludge unit alone could not perform well over 
a wide range of BOD loadings. The combined system, 
roughing filter ahead cf activated sludge, allowed much 
higher organic loadings to the entire system. Th 
addition the quality of the sludge from the activated 
sludge unit was much better when the roughing tt was 
used. This is illustrated in Figure 9. This figure is 
based on the results obtained from the fine paper waste 

(6)Gehm, H. W., Geilman, I., 'Practice, Research 
Development in Biological Oxidation of Pulp and Paper 
Mill Effluents," Jour. Water Pollution Control 
Federation, pages :392-1398, October 
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since it produced the most difficult to settle sludge. 
Figure 9 shows that the sludge volume ratio for 
combined treatment was generally below 200 and most of 
the time below 150. For activated sludge alone, the sludge 
volume ratio never dropped below 100 and usually exceeded 
150, 

In addition to operating benefits, the authors 
made a cost estimate based on construction costs involved 
with the combined system vs. activated sludge alone to 
remove a given poundage of BOD. The results indicated 
that the combined treatment could be from 5 to 25% less 
than the cost of building activated sludge alone. 
Additional savings could also be made if the filter were 
constructed directly over the activated sludge unit as 
was done in the pilot plant; study. This cost comparison 
was based on the cost of' the plastic media at $100/cu. yd. 
However, since that time the average price for plastIc 
media has come down to approximately $68/cu. yd. At the 
same time, costs for concrete, steel, and piping have 
risen so that the current difference in price between the 
two systems is somewhat more than what was illustrated 
several years ago. 

Data is also available on kraft. wastes. 
A pilot plant study was carried out on such a waste 
containing screened white water and black liquor from 
pulp mill The study used two 20' deep towers in 
series with no intermediate clarification. This simulated 
a tower of 40' in depth. The pilot unit was run on many 
combInatIons of raw feed and recycle. Results of three 
of these combinations are seen in Table 5. As expected 
the percent BOD removal decreases with increased hydraulic 
and organic application. However, even at these high 
figures, there Is no of limitations in this 
system's ability to treat the waste0 

A final Table 6, is presented showing 
results of pilot plant work done on a boxhoard waste. 
This waste, from the repulping of krat't corrugated boxes, 
contained starches and glues as the main pollutants. Once 
again the data shows the ability of the system to remove 
large poundages of BOt) and still maintain good percent 
removals. 

Fruit Canning Wastes and Beet Wastes 

Over the last year or so, the National Canners 
Association has been investigating various methods of 
treating high strength wastes resulting from the canning 
and processing of peaches arid pears. In addition wastes 
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from the caustic solution used in the peeling process 
are also applied to the biological processes under 
investigation. Thus far Surfpac has been used success- 
fully to remove a large amount of the POD from the 
cannery waste before it is applied to the city sewer 
system. Influent and effluent samples are settled for 
15 minutes before analysis to simulate primary and 
secondary clarification. The raw waste at pH 10.5 
needs pH adjustment only occasionally. Tabe 7 summarizes 
some of the data collected over this pilot unit. The 
unit was operated at BOD loadings in excess of 300# 
BOD/l000 cu. ft./day and up to cu. ft./day. 
The object of these studies has been to determine POD 
ranges to get the waste strength down to a level where 
it can be added to the city sewer system without putting 
an excessive load on the municIpal waste treatment plant. 
It can also be seen in Table 7 that the addition of 
nutrients had a positive effect on removals, especially 
at the very high organic loadIngs. 

Results of these studies in California have 
shown that a large poundage of POD can be removed very 
economically using the plastic media filters. The units 
are virtually maintenance-free and can be activated In a 
relatively short period of time prior to the beginning of 
the canning season. However, the biggest advantage to 
the canneries on the west coast is that of being able to 
build the towers vertically, thereby greatly reducing the 
need for very expensive acreage of land for waste treat- 
ment. 

Another pilot study of intcrest was that conducted 
on a beet sugar waste also in the California area. The 
waste going to the trickling filter system consisted 
essentially of beet fluming water, and therefore had a 
somewhat lower BOD than effluents from plants which sewer 
other waste streams. The plastic media f liter 
was placed in parallel with an activated sludge pilot 
unit to determine the roughing advantages of each system. 
Results of the tests indicated that overfeeding of the 
activated sludge unit quickly produced an Imbalance in the 
aeration system and that many times group of 
bacteria, Sphaerotilus, could be found'.' i. Eased on these 

(7)Norman, L. Ii., et al. "Waste Water Treatment Studies 
at Tracy, California," Jour. of the American SocIety 
of Sugar Beet Technologists, Vol. 13, No. 5, April 1965. 
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studies, it was concluded that the activated sludge unit 
as such would not serve as a roughing unit in the normal 
sense in that overloading to obtain just 50% removal 
caused the development of filamentous forms of bacteria 
and then the sludge would not settle in the clarifier. 
The plastic media trickling filter, however, had BOD 
reductions of between 33 and 50% on once through passes 
involving organic loadings of 750 to 350 pounds of COD/day. 
This is equivalent to approximately 395 to 234 pounds of 
BOD/l000 cu. ft./day. This study also included a brief 
cost comparison for construction. Based on pretreating 
a waste having mg/l of BOD influent so that at least 
one-third of the sugar is removed, it was determined that 
the trickling filter would cost about $45,000/million gpd 
and that the activated sludge system would cost about 
$30,000/million gpd. These figures are based on media 
costs of several years ago and since that time, these costs 
have come down to a point that, keeping everything else 
constant, capital costs for each system would be approx- 
imately equal. However, it was also concluded that in the 
case of annual operating costs, trIckling filter systems 
would be about $1500 where activated sludge would be 
about $4500. 

General Chemical Wastes 

Many industries produce a waste that contains 
numerous biodegradable byproducts0 Some of these wastes 
can be extremely high in COD and contain materials that 
are normally very difficult to remove. One such plant, 
located in Vancouver, British Columbia, treats the 
chemical waste from the manufacture of phenol. The waste 
itself contains benzoic, acetic, and formic acid, as well 
as phenolics. The trickling filter here has been used 
as a pretreatment ahead of activated sludge. This waste 
treatment plant 'was constructed in the early 1960's 
and data from its operation was later reported by Smith 
The data collected at that time is represented in Figure 10. 
It is very obvious that well over 50% of the phenolics 
and COD are removed across the Surf pac tower. The loadings 
on the trickling filter are approximately 44# phenol/day/ 
1000 Cu. ft. and 236# COD/day/bOO cu, ft. The 
hydraulic application rate over the unit is generally 
maintained at about 2 gpm/sq. ft. The entire waste treat- 
ment plant is removIng over 99.9% of the phenols and 
about 95% of the COD. 

H. M., "Some Systems for the Biological Oxida- 
tion of Phenol Bearing Waste Waters," Biotechnology 
and Bloengineering, Vol. 5, pages 275-286, 1963. 
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Within the last several months a pilot p1ant 
installation has beer. established at an aircraft manu- 
facturer in central United States. Waste from this 
plant consists o phenols; chromes, cya.r.ides, detergents, 
and miscellaneous industrial wastes. Phenol content 
can vary anywhere between 10 and 200 mg/I and the COD 
is normally cver 200 ppm. Based on approximately 35 
sets of data, the plastic media filter is removing 
of the phenols and over 50% of the COD at hydraulic 
application rates of I gpm/sq. ft. raw and 1 gpm/sq. ft. 
recycle. This is equivalent to approxtmately 50# and 
ill#/1000 cu. ft./day of phenol an.d COD respectively. 
As a result of this encouraging data, the consulting 
engineer involved with this plant is designing a full- 
scale unit Using plastic medta. 

Because data such as this has been gathered 
from other industrial locations, plastic media trickling 
filters are now beIng designed without pilot planting. 
A full-scale unit is now under construction at the 
Trans Wo;A4 Airlines Overhaul Base in Kansas City, 
Missouri¼'/, The waste going to this tricklIng filter 
contains phenols, free oils, solvents, degreasers and 
other miscellaneous industrial waste fractions. This 
unit, which represents the secondary treatment 
facilities at this plant, will be followed by tertiary 
treatment which consists of two lagoons, which will 
perform a polishIng job un the effluent before it goes 
to the receivIng water body. 

Slaughterhouse Wastes 

work has also been done with slaughter- 
house wastes, such evaluation, on a waste from the 
processing of hogs, cattle, and sheep, has shown plastic 
media filters to be effectIve in removing 71% of the BOO 
at hydraulic loadings of 6k ragad and BOD loadings 
of 6l6#/l000 cu. Optimum recirculation was 
about 2:1. Maximum organic loading during the. test 
period was cu. ft./day. in general, the waste 
concentratIon to the filter was about 2000 mg/I BOO arid 
about 3500 mg/l COD. 

Higgins, G.C., "Industrial Waste Treatment Trans World 
Airlines Overhaul Base," presented at 22nd Annual 
Purdue Industrial Waste Conference, May 2 - 1967, 
Lafayette, Indiana. 

(l0)aarrison, K.M., Geppert, R.J., ttpackinghouse Waste 
Processing Applied Improvement of Conventional 
Methods," proceedings 15th Annual Purdue Industrial 
Waste Conference, May 3 - 5, 1960. 
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In still another study on packing house 
wastes, removals of 43% DOD were accomplished with 
DOD loadings in excess of cu. ft./day. 
Again the DOD in the raw wastewater was about 2000 mg/i. 

A full-scale plastic media filter has just 
been completed and Is treating a combination domestic 
waste and waste from a poultry processor. The average 
strength of the waste, DOD, is about 600 mg/l. The 
single stage unit containing Surfpac makes up the 
entire secondary treatment facilities of the plant. 
With loadings of 75# DOD/bOO Cu. ft./day, removals 
in excess of 90% are being obtained. This 90% is 
being obtained across the filter and the following 
clarifier. The entire waste treatment plant including 
primary clarifiers is getting an excess of 95% DOD 
removal. 

General Installation Costs 

For many years the use of plastic media in 
industry has generally been confined to roughing. 
Large poundages of BOD could be removed quite 
inexpensively and a 3econdary system could polish to 
the desired final effluent. However, within the last 
several years, the cost of plasttc media has been 
decreasing steadIly. In addition to this, new and 
improved construction techniques based upon plastic 
media is saving industry and municipalities great sums 
of money. 

It is almost impossible to set general costs 
for media and construction since these values will vary 
considerably with the volume of the unit to be 
constructed, the type of waste and the degree of treat- 
ment to be accomplished. Based on past experience 
and on some of the units now being constructed, the 
enclosing structure which tncludes foundation, concrete 
work, rotary distributor, steel supporting grating, can 
be constructed and put into operation for approximately 
$1.00/cu. ft. of filter volume. This number can go 
as low as $0.60 to $0.70/cu. ft. for larger installa- 
tions. The cost of plastic media trickling filters 
complete, media and supporting structure, can be 
made for around $3.00/cu. ft. These numbers are all 
Itball park" estimates and, of course, each situation 
should he investigated on its own problems and economics. 
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The operating expense involved with plastic 
media filters basically is one of pumping liquid over 
a tower of usually 21' ft height. Based on pumping 
over such a unit and recycling 1:1, pumping costs 
come out to approximately $3. 00/million gallons. Since 
this is about the only operational cost and maintenance 
on any type of trickling filter is traditionally very 
little, it can be seen that there are great advantages 
to using this type of system if it can adequately meet 
the needs of a particular plant. 

Future Potential and Development for Plastic Media 

Currently there are about 25 installations in 
various stages of design by numerous consulting fins. 
The general usage and acceptance of plastic media is 
just beginn±ng. Part of our continuing work with this 
particular product will be in promoting its general 
acceptance by consulting engineers, regulatory agencies 
and municipalities. In. addition, we will be investigat- 
ing new, better, and less expensive methods of 
constructing the supporting shell for the plastic media. 
This infonation will be passed on. to the consulting 
engineers so that they can use the knowledge we have 
assembled. 

In addition to making available the. technical 
benefits of the current product, it is also our 
intention and our current objective to develop new ways of 
utilizing plastic media. In the near future, we hope to 
establish a process by which plastIc media can be used 
as part of a phosphate removal scheme. In addition to 
this, we are currently studying ways of optimizing 
combined treatment of roughing with trickling filters 
followed by activated sludge. Our iimnediate goal, 
however, is to make you aware of the availability of 
plastic media and how it might economIcally fit in with 
your waste treatment needs. 
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TABLE 1 

BULK PROPERTIES OF SURFPAC MEDIA VS. ROCK MEDIA 

PACKING UNIT SURFPAC VOID AVERAGE 
PACKING WT. MEA SPACE PACKING 

DIMENSIONS lbs./ft.3 DEPTH 

SUBFPAC 39"x21"x19" 2.60* 27 94 21.5' 

ROCK 1" - 3" 90.5 14** 40 7.0' 

* BASED ON SURF PAC MADE OF PVC 

** BASED ON 1.5" ROCK 



TABLE 2 

PERFORMANCE DATA ON TREATING REFINERY WASTES 

FILTER FINAL 
RAW EFFL. EFFL. 

PHENOL, mg/I 11.0 0.5 0.1 

BOD, mg/i 115 48 

H2S, mg/i 78 20 0 

COD, mg/i 250 125 90 

BOD LOADING, lb/bOO ft.3/day 75 

HYDRAULIC LOADING, gpm/ft.2 1.04 
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TABLE 3 

EFFL. LOADING % DOD 
mg/i mg/i ibs.BOD/i000 ft.3/day REMOVAL 

PHENOL 30 1 i8 95 

COD 500 250 290 50 
0 
Ln 

ROD 250 125 145 50 

PERFORMANCE DATA ON ROUGHING TREATMENT 

FOR REFINERY WASTE 



TABLE 4 

BUD, mg/i HYDRAULIQ LOADING 
INF. EFFL. gpm/ft.a (RAW) flIMOVAL 

PILOT PLANT 285 1.43 1.75 50 

N) FULL SCALE UNIT 428 1.87 m.8o 56 

COMPARISON OF PILOT PLANT AND FULL SCALE DATA 

ON A PHARMACEUTICAL WASTE 



TABLE 5 

TOTAL FLOW FEED TO AVERAGE BOD, mg/i BOD LOADING % BOD 

RECYCLE SETTLED 
gpm/ft.2 RATIO RAW EFFLUENT lbs./1000 ft.3/day REDUCTION 

1.0 1:2 251 47 25 8i 
t.') 

1.5 2:1 296 66 86 78 

3.0 2:1 320 110 190 65 

PERFORMANCE DATA ON 40' DEEP 

TRICKLING FILTER TREATING KRAFT MILL WASTES 



TABLE 6 

FLOW, gpm/ft.2 FEED TO AVERAGE BOD, mg/i BOD LOADI G % BOD 
RECYCLE SETTLED 

RATIO RAW EFFLUENT ibs./1000 ft 3/day REDUCTION 

1.0 1:6 1240 346 97 73 0 
cc 

2.0 1:2.5 1260 514 39S 59 

2.0 1:1 1240 780 683 37 

SINGLE STAGE FILTER 

DATA ON BOXBOARD WASTES 

U 



TABLE 7 

FLOW, BOD, mg/i BOD LOADING % BOD 
RAW RECYCLE INFLUENT EFFLUENT lbs.BOD/1000 ft.3/day REMOVAL 

0.114 2.0 14033 580 316 86 

0.42 2.0 3200 1395 730 56 

1.0 1.0 3210 20140 1760 36 

1.0 1.0 2750 1515 1510 45* 

PILOT PLANT DATA ON FRUIT CANNING WASTES 

* SUPPLEMENTAL NUTRIENTS ADDED 
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"A RATIONAL PROCEDURE IN THE DESIGN 

OF BIOLOGICAL OXIDATION PLANTS" 

BY 

DR. W. WESLEY ECKENFELDER 
PROFESSOR 

ENVIRONMENTAL HEALTH ENGINEERING 
THE UNIVERSITY OF TEXAS 

AUSTIN, TEXAS 

There has been considerable research and 
development over the past ten years which has increased 
understanding of the mechanisms involved in the biological 
treatment of organic industrial wastes. In the past, 
extensive pilot plant study has been employed to establish 
design parameters. Extra polation to conditions other 
than those employed in the experimental study was 
hazardous and in marty cases led to process failure or 
inadequate performance. 

A greater understanding of the mechanisms 
and principles involved in the various biological 
processes in use today has permitted the engineer to 
design a process with reasonable assurance of success and 
with a minimum of experimental data. It is expected that 
in the near future optimization and computer techniques 
will vastly improve both the efficiency and economics of 
industrial waste treatment. 

This paper presents, in outline form, a 

procedure which may be employed to develop design criteria 
for various biological systems. 
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It is understood, of course, that for many 
wastewaters the necessary coefficients are not available, 
and would have to be developed from experimental 
investigations. 

PROCEDURE FOR THE DESIGN OF A BIOLOGICAL OXIDATION PLANT" 

Data to be obtained from the industrial plant: 

1. Waste Flow 
a. Average daily waste flow, (MGD) - present 

Average daily waste flow, (MGD) - future design 
b. Maximum average 4-hour waste flow - present 

Maximum average 4-hen waste flow - future design 
c. Peak flow at any time - future design 

2. waste strength* 
a. Average daily BOO5 (24 hour composite), trg/l 
b. Maximum 4-hour composite SOD, mg/i 
c. Maximmn 4-hour BOD5 loading, (lbs/day) 

3. Qther waste Characteristics 
a. Suspended solids and volatile suspended solids 

(24 hour composite), mg/I 
b. COD or T0C, (24 hour composite), mg/l 
c. Nitrogen (NH3-N and total organic) and phosphorus 

(24 hour composite), mg/I 
d. pH - instantaneous values 
e. Alkalinity or acidity (if pH is less than 5.5 or 

greater than 9.0) - instantaneous values 
f. Presence of heavy metals, oils, toxics, etc. 

* In some cases waste strength is reported ft terms of COD 
or TOC. The non-biodegradable fraction must be substracted 
to get an equivalent SOD. A further adjustment must be made to 
get SOD . For example, in a waste the COD is 1,000 mg/i and 
the estimated non-biodegradable pcrcion is 200 mg/i. The 
ultimate SOD would be approximately 800 mg/i and the BOO5 
approximately 800 x 0.8 = 640 mg/i. (The BOO5 will be 
approximately of the ultimate ROD for most readily 
degradable organic wastes). If the results are reported as 
TOC (Total Organic Carbon), they may be converted to COD by 
multiplying by 0,/c (32/12) and then by 0.8 to get the BOO5. 
The same precauttorts for non-biodegradables must be considered 
when using TOC. 
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DESIGN PROCEDURE 

a. Pre or Primary Treatmenc 

1. if stspended solids are present in excess of approximately 
125 mg/i, solids separation by lagooning, sedimentation, 
or flotation should be considered. For 
purposes only, a tank would have an overflow 
rate of about 1000 gpd/ft 

2. If grease or ficatabies exceed 50 mg/I a skiing 
tank or separator should be provided. 

3. Heavy metals (ctz, Zn, Ni, etc.) should be removed prior 
to biological treatment. 

4. a. If the ph exceeds pH 9.0, neutralization should be 
provided if the ratio of caustic alkalinity (expressed 
as CaCO3) to COD removed exceeds 0.7 lbs. CaCO3/lb COD 
or 0.56 lbs. hOD5 removed. Neutralization need 
only reduce the alkalinity to the aforementioned levels. 
b. In some cases where a wide variation in alkalinity 
is encountered during the day or plant operating 
schedule, the aforementioned levels can be achieved by 
providing equalization tank or pond. 

5. II the waste contains organic acids, bic-oxidation will 
convert these acids to CO2 and bicarbonate salts 
provided the process design reduces these tc C 25 mg/i 
as BOD5 

6. When mineral acids are present, neutralization or 
equalizaticttt should be provided if the pH is less than 
ph 5.5 

7. Sulfide should be pre-stripped or otherwise removed if 
their concentration exceeds 250 mg/i. 

8. If the BOD loading, in lbs/day, based on four- 
hour composites exceeds a 3:1 ratio an equalization 
tank should be considered to bring the variation within 
this range. 

b. Biolo&ical Treatment 

It is first necessary to select the process or 
processes applicable to :he solution of the particular 
problem. The options for biological treatment are as follows: 
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1. Activated sludge 
2. Extended aeration or total oxidation 
3. Contact stabilization 
4. Aerobic lagoon 
5. Aerated lagoon 
6. Trickling filter 
7. Anaerobic and facultative ponds. 

General consideratiors in process selection are as follows: 

1. Activated sludge should provide effluent with a 

soluble BODç of LeSS than 10-15 mg/l and a total 

BOD5 including carryover suspended solids of less 
than 20 mg/I. The process treatment and 
disposal of excess and would gene:ally be 
considered where high effluent quality is required, 

where available land area is limited, and where 
waste flows exceed 0.1 MGD. 

2. Extended aeration or total oxidation will provide 
an effluent with a soluble BOD5 of less than 10-15 

mg/l and a total BOD5 of less than 4G mg/' 1. The 

suspended solids carryover may as high as 50 mg/'l. 

(High clarity (low solids) effluent will usually 
require a post-treatment by filtration, coagulation, 

etc3 This process is usually c.'nsidered for waste 
flows less than 0.25 MGD. 

3. Contact stabilization is applicable where a major 
portion of the BOD is present in cciloidal or 

suspended form. As a general rule the process 
should be considered when 85Z of the is removed 
after 15 minutes contact with aerated activated 
sludge. The effluent suspended solids are of the 

same order as that obtained I nm activated sludge. 

4. The aerobic lagoon is able where partial 
treatment reductior:) and a high 
effluent suspended solids are permissable. Thia 

process should be considered as a stage development, 

which can be converted into an extended aeration 
plant at some future date by the addition of' a 

clarifier, retirn sludge pump and additital aeration 
equipment. 

5. The aerated lagoon will provide effluent soluble 
of less than 25 ag/i with a total BOD5 of less 

than 50 mg/i depending on the operating temperatire. 
The effluent suspended solids may exceed 100 mg/l. 
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The system is temperature sensitive and treatment 

efficiencies will decrease during winter operation. 

A post-treatment is necessary if a highly clarified 
effluent is desired. Large land areas are required 

for the process. 

6. Anaerobic and facultative ponds for industrial 

waste treatment should only be considered where 

odours will not cause a nuisance, If high degree 

treatment is required, these ponds must be followed 

up by aerobic treatment (i.e., aerated lagoons, 

activated sludge, etc). 

Biological Treatment Design 

After selection of the possible process 

considerations from (2), the preliminary design calculations 

should be developed as follows: (This procedure presumes 

that no pilot plant or laboratory treatment study data is 

available, If such data is available, the appropriate 

coefficients and factors should be used). 

1. General 

a. Select the appropriate ?, a, a1, b and b1 from 

Tables 1 and 2. It should be recognized that at 

this time there is limited data cn the treatment 

of many industrial wastes so that some of the 

coefficients are necessarily estimations. As more 

data is accumulated these coefficients will be 

refined. 

b. Each of the processes are designed using the 

equations in Table 3. It is important to 

remember that the coefficients as shown in Tables 

I and 2 generally apply to all systems, and that 

the principle differences between systems is the 

change in. concentration of biological solids and 

retention time. 

2. The Aerobic Lagoon 

a. The required retention period for a specified 

effluent soluble BOD is estimated by combining 

Equations (1) and (3). 

t days= 1 

(Z4aKs5 - b) 
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TABLE 1 

Reaction Rate Constants for Completely Mixed Aerobic Biological 
Systems 

K Reference 

Sewage 
Sewage 
Sewage 
Sewage 
Sewage 
Synthetic Rubber 
Sewage 
chemical 
Rendering 
Petrochemical 

0.00108 
0.00137 
0.00177 
0.0007 
0.00097 
0.0028 
0.00122 
0.00006 
0.0015 
0. 00028 

(Flensburg) 
(Hamburg) 
(Ka as e 1) 

(Detmold) 

0.55 
0.76 

0.5 

0. 7-0. 78 

0.38 
0.70 
093 
077 

0.49-0.64 

at 

0.40 
0.38 
0.48 

0.65-0.8 
0. 33-0. 40 
0.37-0.48 

0.55 
0.56 
0.44 

0.35 
0.52 

Waste 

Von Der Linde 

Von Der ande 
Von Der Linde 
Manchester 
Von Der Linde 
Busch 
Wuhrmann (Zurich) 
Busch 
Mancini and Barnhart 
Ford 

TABLE 2 

Waste a 

Spent sulfite liquor 
Waste paper repu].ping and semichernical 
Mixed pulp and paper 
Kraft pulping and bleaching 
Board mill 
Wallboard 
Synthetic fiber 
Refinery 
Brewery 
pharmaceutical 
Domestic Sewage 
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b' The equilibrium volatile solids in the lagoon is 

computed from Equation (3) 

+ 
•v (l+bt) 

and the total solids is 

x V 
a volatile fraction 

For soluble organic waste the volatile fraction can 
be assumed as 80%. Where suspended solids are 
present in the waste, this estimate should be 
revised depending on the volatile fraction of the 

influent suspended soiids. 

c. The effluent BOD will be composed of the soluble 

BOB plus that contributed by the concentration of 
suspended solids in the basin which will be 
approximately the same as in the effluent for a 

completely mixed system. 

Effluent BOB + LX., 

when f is the BOB contributed per unit of effluent 
suspended solids. This is selected from Figure 1. 

d. The oxygen requirements are. calculated from 
Equation (5) and include the oxygen used by the 
organisms for growth and that used for endogenous 
respiration. 

The Aerated Lagoon 

a. Since the relatively low power level in the system 
permits the major portton of the suspended solids 
to settle to the bottom of the basin, the solids 

level in suspension will be low. An estimate of 

biolo$cal (volatile) solids in suspension is 

50 mg/l. The effluent soluble BOD is selected 
and the required retention period calculated from 

Equation (1) 

S r 
24 ia s ye 

b. The effluent BOB is computed as tn 2(c) 

using an effluent volatile suspended solids of 

:o mg/I. 
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TABLE 3 

SUW(ARY OF DESIGN RELATIONSHIPS 

The basic relationships applicable to the design of 
biological waste treatment facilities are summerized below: 

(1) BOD or COD Removal is a Completely Mixed Basin; 
Aerobic or Anaerobic 

= KSe (1) 

xat 

(2) Sludge Yield 

= 
+ as, - (conventional systems; 

aerobic or anerobtc) (2) 

AXv = S + 85r - bXd (total oxidation system; 
aerobic) (2a) 

(3) Equilibrium Solids in an Aerobic Lagoon or Anaerobic 
Flow-through system 

+ asr 
= Xa (3) 

(1 +bt) 

(4) Sludge Age 

xv xv 
= (4) 

axv - bXv 

(5) Oxygen Requirements (Aerobic Systems) 

02 
a a'sr + b'X., (conventional systems) (5) 

02 = a'sr + b'Xd (total oxidation systems) (5a) 

(6) Nutrient Requirements 

Nitrogen (N) = 0.12 + 1.0 mg/i (6) 

Phosphorus (P) = 0.02 + 0.5 mg/l (6a) 
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c. The oxygen are computed trom Equattor. (5). 

d. It is important to check that enough power is 
supplied to maintain uniform distribution of oxygen 
throughout the basin particularly when the waste 
is low in BOB. 

The Activated Slud&e Process 

In the activated sludge process, a primary 
requirement for effective operation is rapid settling and 
compaction of the sludge. This means that the sludge 
loading, lbs BOB/day/lbs. must fall within the 
flocculation ranges and below the level conducive to the 
growth of filamentous organisms (see Figure 2). The activated 
sludge process is schematically shown in Figure 3, which 
includes all ranges of operation. The design relationships 
for the various processes are summarized below: 

1. Conventional Activated 

a. Required basin volume: 
24 

F = —— 
Xat 

F must fall in flocculation range (usually 0.3-0.7 lbs. 

BOB/day/lb 

Xa is selected based on sludge settling properties; 
usually between 2,000 and 4,000 mg/i; will usually yield 

optimum removal. 

V = Q/24 . t 

where Q is the waste flow in (mgd) and V, the basin 
volume in (MG). 

b. Oxygen requirements -- Equation 5 

c. Sludge yield -- Equation 2 

d. Nutrient requirements - - Equation 6 

2. Conventional Activated Sludge With Nitrification 

a. Required basin volume -- Equation 4, with sludge age 
selected from Figure 4. 

b. Oxygen requirements -- Equation 5 plus N oxidized 45 
c. Sludge yield -- Equation 2. 
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3. Extended Aeration 

a. Required basin volume 

= aosr 
a 

fb (col. fract) 

where 

a0 = fraction of BOD converted to degradable solids 
f fraction of degradable solids in system 
v = fraction of volatiles 

v = Xa (lbs) 

Xa (mgJl) 8.34 

in which V = MG of basin volume 

b. Oxygen requirements -- Equation 5a 

a. It is first necessary to assume a mixed liquor 
suspended solids concentration of solids in the 

return sludge and on the return sludge rate. In 

general good settling flocculated sludge can be 
expected to concentrate to 10-12,000 mg/I; in the 
final settling tank return sludge rates of 
of the average waste flow are coimnon. This would 
indicate a selection of 3000 mg/i as a conservative 
operating level. 

b. Since a well-flocculated good settling sludge is 
essential to effective process operation, the 
loading level must be in the proper range 
Figure 3). For most wastes a value 0.5 based on 
average waste loadings will yield a conservative 
design. 

Extended Aeration 

a. In the extended aeration process, the retention 
time or basin volume required is that required to 
oxidize all, of the degradable sludge produced in 
the system by synthesis. For a soluble waste, 
the quantity of sludge which must be maintained under 
aeration to accomplish this oxidation is: 

Xav = aosr 
fb 
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ir. which a0 is the fraction of BOD converted to 

degradable sludge and can be assumed to be equal to 

(a — 011). 
The totalsolids under aeration is then: 

xav 

Fraction volatile 

The volatile fraction for soluble wastes in an 

extended aeration process will probably average 
70t. 
Assuming 3500 mg/i mixed liquor suspended solids, 
the required aeration volume is: 

— X (ibs) V- a (MC 
3500x 8.34 ' 

b. The aeration requirements are calculated from 
Equation (5a). 

c. The excess sludge will be the non-biodegradable 
residue and will be approximately equal to 

z\X = 0.23 - effluent loss 

The biological oxidation design parameters are 
summarized in Table 4. 

Sumiun ry 

This paper has presented a procedure which can be 
employed for the preliminary design of biological treatment 
facilities for industrial wastes. In many cases, additional 
experimental work will be desirable to verify the 
coefficients used in the design. 

Continuing research and development will improve 
and sophisticate these procedures and eventually lead to 
optimization and computer technique. 
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TABLE 4 

SUtOfARY OF BIOLOGICAL OXIDATION DESIGN PARAMETERS 

Activated Extended Aerobic Aerobic-Facul- 
Process Sludge Aeration Lagoon tative Lagoon 

Loading Range (1) 

lbs BOD/day/lb 0.3-0.6 0.1-0.25 2.0 

MLS S 

Aeration Solid! (2) (2) (3) 

mg/i 2000-5000 3500-5000 1/2 50-100 
(4) 

BOD Removal Eff. 
7, (overall) 90-95 85-90 50-60 80-90 

Effluent (5) (5) 

Soluble BOD,mg/l 10-20 10-20 - 

Total BODmg/l 15-25 20-40 - (5) 
Suspended Solids <20 <70 50-100 
mg/l 

Sludge Yield 
lbs/lb BOD removed 0.10 rO.50 

02 Requirement 

7, of BOO removed 90-95 120 75 

Minimum Aeration (6) (5) (6) 

Power Level 0.4 ft/sec ft/sec =0.4 ft/sec 8 HP/MG 
Temperature t 1.0 =1.0 tl.O35 
Coefficient a 

(1)Higher loadings will frequently result in filamentous and 
non-f locculent sludge growth. 

level limited by concentration and rate of return sludge. 

to influent BOD and suspended solids and to aeration power 
level and mixing intensity. 

Includes both soluble and suspended BUD. 

on design retention period 

velocity in aeration basin 
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Figure 3 — Schematic Representation of the Activated Sludge 
Process 
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"CONTACT STABILIZATION" 

BY 

DR. P. H. JONES 

ASSOCIATE PROFESSOR OF CIVIL ENGINEERING 

UNIVERSITY OF TORONTO 

LITERATURE REVIEW 

Since biological waste water treatment, in 

the form of activated sludge, was introduced by Arden 
and Lockett in April 1914 (1) many engineers and 
investigators have attempted to improve and modify 
the process so as to increase efficiency and reduce 
cost. Other important considerations are that a 
waste water treatment plant receiving domestic sewage, 
with or without industrial wastes, was very subject 
to swift and unannounced changes in the complex 
material being treated. Thus an inexpensive process, 
which will produce continuously, a high degree of 
treatment with a minimum of plant control and 
adjustment, is desirable. 

When a sewage treatment plant becomes 
continuously overloaded due to municipal expansion 
there is a quick reaction on the part of those 
responsible to seek additional capital for the purpose 
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of building extended In i947 th Austin Texas 
the treatment plant superintendent and his assistant tcok 
the somewhat uansual step of trying to alter the plant 
operation to accoizucdace considerably greater flow without 
the sacrifice of treatment efficiency. Ulirich and Smith 
(2) undertook a pilot study at the municipal plant designed 
to take better advantage of the well known, albeit poorly 
understood, adsorptive properties of activated sludge. 

In 1957 Ulirich and reported the results 
of two years of operation and validated their conclusions 
drawn ten years previously. The conclusions drawn were: 

1. Due to the brief mixing time, the elimination of 
primary settllng and tne high concentration 
of sludge being reaerated, the tank capacity 
required to this is extremely 
low and as a result the capital cost is reduced. 

2. A minimum of "in panC operating sdJuatments 
are required to deal successfully with a wide 
range cf sewage and 5trengths. 

3. The of p:imarv tet:Ling £ncillties 
removed the problem of trimary 3ludge and all its 
attendant treatment, disposal and prob.ems. 

In additict ti this the aetdeability 'f :tte siudge 
improved and the sludge bulking rising problem, 
experienced regularly tn the Austin plant, w8s eliminated. 
Thus the plant designed for 6 MCD w5s operated at up to 9 MCD 
with BOO renoval of over 90t. the true design tapacity was 
raised to' MCD without addition of any ac.rntiGr. 
capacity. The average 1955 BOB loading was 144 lha/day/l000 
CF as compared with the average listed by Sawyer (3) of 
35 lbs/day/lOGO CF. Air required for the stabilization of 
1 lb. was 665 feet, 

In 2959 Zabiatzky, Corniah and Adams (4) 
experimented with the activated sludge plant at Little 
Ferry, Bergen County, New Jersey, In this one they made 
use of the Biosorpticn technique but left primary settling 
in the system. These investigatory chose to call the process 
contact stabilization, Loadings on this plant were 
increased tc over 100 lbs. BODiday/IOOC CF of aeration 
capacity and 300 lbs WB/day/l000 CF nixed liçuor. The 
air requirements to satisfy 1 Lb BOB5 between 900 and 
1500 CF. The operators of thia WCTC able to double 
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its capacity to 56 MOD using largely 

In 1957 the Bic9orption had become a 

registered trade rtark of the C::, this 
process became by a of name;. As 

Weston (5: out in the rocess 

sludge reaeration and brief sewage contact time 

that was developed in England in 1.9.Ll'wa& known as 

bioflaccalation and was protected by patent. Such a plant 

went into service in So bioscrption. Bioflocculation, 

Contact Stabilizaticn, Sludge atd ucdcubtedly 
other names such as thc Hatfield and Krats processes, are 

all either the or very subtle nadtficationa of the 
same The latter two do have slightly more obvious 
differences but the&e still tend to te operating, rsther 

than functional dii 

Table 1 is a (6) dat4 cn a 

number cf pl•32t4 a variety of 
process .acd design mcditicat:icna. The figure which is most 

striking in the table, 1st. cI this paper, is 

the betweer4 loading tnd rLD The 
contact (Fc:cnded in Haseltit a 3 

table) 158 CT tank 
volume indicetes very trh€ yec Eame 
has a BOB .cea:'val of it0 ALso ci 
significance is fact that air applied per IL. LOD 

removed is by fat the lcwest c'n. the. tiadle, 

Table Ii a maa.:y of data 

c± a large t4 plants 
d Many 

treatment plants have; (. 
srep tn their actlvate:i 
onwards, and the of nc 
volume tsed for tanged frcrn 6Z. 

I: a vet)' &pecttn of 
possible a*in be obtained by the 
operating parametr: tazES tLe treatment 

are valliLated only by limits en 
these variables, Ps ibed (8), 'nrc a 
"Biological at 'm dtf.pcisal :cr the of 
waste water 

In tcl more clearly lead in to the 
sigrificant cperating mJ design it 
ci all be describe the 

0 4,, f 



process as it appears to the wrtter and thua how it 

relates to the remainder o± this paper. 

PROCESS AND MECHANISMS 

The contact stabilization process provides for a 
brief contact or mixing period between the incoming raw 
sewage and the activated sludge. The period of contact may 
vary operationally from 15 mins. to 1 hour without too 
significant a change in performance. The ra;e sewage should, 
prior to the contact tank, pass through 
degritting and processes. 

The mixed liquor passes from the contact tank to 
the final settling tank where it is detained for a period of 
1-2 hours. At this point the supernatant U of a 

sufficient degree af purity that it may he released for 
chlorination before subsequent discharge to the receiving 
body of water. 

The sludge collected at the bottom of the final 
settling tank is pumped back tc a reaezavion tank 
where this reduced quantity is fo;: of 

4-6 hours! During trtts period the relesse 
proteolytic enzymes to hydroli se the ru :rient 
matter adsorbed in the contact. tank0 hydrolised matter 
is then synthesised to new cells at: the higher aeration 
periods quoted (6 hrs0) these cells the 
respiration phase and in fact nasa organic. 
carbon. At the lower aeration period (4 h:s.) the 
syntheses is completed but nc mass reduction is accomplished 
before the sludge is ready for contact wtth the 
nutrIent source (:aw 

It can readily be seen tha: 15 Ir:ittUtCS tO 
i hour contact period provides inoufftcient time tot the 
organisms to absorb and sythesise. a large ;uaittity of 
soluble material0 It may thus be Implied that a 
considerable amount of ROD must be removed in particulate 
form. This matter will be in greater depth in 
the section following) dealing with paranEeters of operation 
and design. 

If one we:e tc take domestic and mix it 
with activated sludge in an aerated vessel, then remove 
aliquots at intervals, allow ft to settle and measure the 
ROD in the supernatant the resulting curve would 
approximate the one shown in Figure 10 
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The very rapid drop taking place within a short 
period of time is due to the adsorption of particulates and 

the absorption of nalily assimilable solubles. (x rng/l). 

The curve rises again to a peak a distance of z mg/i which 
simulates the solution of hydrolised particulates. The 

balance y mg/l represents the initial soluble BOD which was 
absorbed and synthesised in the early part of the process. 

The entire process may be visualised as three 
simultaneously occurring reactions indicated in Figure 2. 

The reactions shown in figure 2 are postulated to 
agree with the net effect observed experimentally. It is 

known that the absorption phenomenon is considerably slower 
than adsorption but both reactions are likely to simulate 
a first order equation, such as c/coaeekt, where C and Co 
are the concentrations at time t and at time zero, 
respectively of the material being absorbed and adsorbed. 
The hydrolysis reaction is dependant upon the adsorbed 
material and thus will be a second order or more probably 
a hybrid system. The arithmetic sum of these reactions 
produces the familiar sag curve. 

It can be seen that if the adsorbed material is 

minimum or there is little particulate material in the waste 
then the reaction will follow the absorption curve. It 

should thus be evident that if we select a time of reaction 

of 1/2 hour then the percentage SOD removed will be less if 
the absorption reaction is dominant than if adsorption is 
the primary mechanism. This all leads to a conclusion that 

the ratio BOD soluble/BOD total is significant in the design 
of a contact stabilization process. 

it is also important that the concentration of the 
sludge be considered. Regardless of which mechanism is 
dominant the larger the number of sites of reaction the 
more rapidly the reaction will proceed. So the mixed liquor 

suspended solids is as important parameter here as it is in 

all activated sludge processes. 

Since the sludge is reaerated after separation to 

hydrolise, synthesise and stablize the removed BOD, the 

period of time required for aeration is also of great 
significance. 

In summary we may therefore conclude that the 
parameters of operation and design requiring further study 
are as follows: 

t--) 
- ZL. - 



I. The effect of salability of waste material 
upon treatment efficiency. 

Optimum concentration of sludge. 

3. Optimum time cf reaeration. 

4. BOD loading parameters. 

5. Air requirements /lb. BOD stabilized0 

(a) Mixing air. 
(b) Sludge reacration air. 

6. Optimum time of contact related to solids 
concentration of return sludge. 

There are without question other parameters of 
significance but it is felt that the above are the more 
important variables peculiar to cne process of contact 
stabilization. 

EXPERIMENTAL PROCEDURES AND RESULTS 

A series of batch studies were to 

determine a few of the optima referred to in the preceding 
section. 

(A) EFFECT CF 

Synthetic waste water was mdc up consisting of 
standard BOO diluticn with mixtures of glucose and 
washed fish meal. These two carbon sour:es were added in 
such proportions as to maintain the same total BOO5 but 
varied the ratio cf BOO acluble to BOD total. 

Activated sludge obtained from a municipal sewage 
treatment plant was concentrated by settling and siphoning 
the supernatant. This thickened sludge was aerated for 
30 minutes then used to simulate the return sludge at a 
concentration of approximately 12,000 mg/l )t4SS, In this 
section of the study an attempt was made to fix all 
possible variables with the exception of the one tndsr 
study, thus varying the solubility index and holding 
constant the BOD, total air rate, mixing time, settling 
time, MLSS and "return sludge rate" (total mass of 
organisms). 
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Approximately 1500 Ml of thickened "return sludge" 
was aerated with 1500 ml waste water for 30 minutes. It 

was then settled ±or 30 minutes and the supernatant was 
sampled for BOD remaining. Table III gives the results. 

Figure 3 shows graphically the results of this 

brief study and indicates a significant trend increasing 
the reduction of BOD with a reducing solubility index. 
Further work utilizing a continuous reactor was reported 
on by Jones and Brown (7) substantiating these findings and 

extending on them. 

(B) OPTIMUM SOLIDS CONCENTRATION 

A 10 litre sample of activated sludge was 
obtained from the Humber sewage treatment plant and 
concentrated four times by settling and removing the 
supernatant. The supernatant was stored in a refrigerator 
as was 10 litres of raw sewage. The 2.5 litres of 
thickened sludge were aerated to prevent septic 
conditions while the experiment proceeded. The sludge was 
then partitioned into four aliquots of 500 ml each. To 

the first aliquot was added 1.5 litres of supernatant 
(previously stored), to the second 1. litre, to the third 

0.5 litre and to the fourth nothing. These sludges now 
represented a range of MLSS from the original value up to 
four times that concentration. From each sample was taken 
500 ml. of liquor and to this was added in each case 500 ml 
of raw sewage. These mixtures were then aerated for 30 
minutes, allowed to settle for 30 minutes and their 
supernatant was sampled for BOD and solids. Figure 4 shows 
the results of this experiment and may be compared with the 
findings of the Austin Texas pilot study (2). A small 
side study accompanied this one and a 10 ml sample of Sabin 
polio vaccine was added to the raw sewage to determine 
if such viruses may be removed by the contact 
stabilization process. The results were evaluated by 
Dr. Donald MacLean at the Toronto Hospital for Sick Children 
and no decrease in viable viral units was observed as 
a result of this sewage treatment process. 

(C) FULL SCALE OPERATION 

During this period of time a full scale contact 
stabilization plant was started up in Penetanguishene, 
Ontario. Results of performance have not been taken 
frequently, and the start up period is not a steady state 
condition on which to base conclusions. Table 1V indicates 

— 



the data gathered to date by the Cntaria Water Resources 
Commission. One fact becomes quite obvious that during 
the start up period, normally fraught with all kinds of 
misadventure, this prc'ceEs showed itself to be very smooth 
and not subject to upset. It can be further seen from 
the data that the combined sewer system in the town 
produces a seasonal hydraulic overload to the plant which 
does not appear to have any serious detrimental effect 
upon its performance. Fi:rthermore it can be seen from the 
data that inexperienced tperaticn as evidenced by the 

widely fluctuating solids level, had no effect 
upon performance. Sc tar this process appears to be 
performing in the manner predicted by its pnp.mencs, In 
the c :ming year a mere detailed study is proposed as this 

installation becomes a part of a National Sanitation 
Foundation full scale study on this process to fully evaluate 
all its advantages, disadvantages and relationship between 
design and operating parameters0 

GENERAL CONCLUSIONS 

The evidence has existed for tinc is 

increasing daiSy to indicate that the contact 
modification of the activated sludge lends itself 
well to the ot most municipal waste waters, It 
has considerable advantages In, reducing the capital costs 
by eliminating primary settling and also reduces trie 

necessary aeration tank vol'imes by permittin.g a short 
detertion period or the bulk of the sewage 

With these advantages we must alsc consider the 
The primary imitation which must be placed 

on this is that it has a very limited ability to 

treat soluble organic matter. Thus the determination of 
soluble ROD is of considerable in evaluating 
the contact stabilization process for any given situation, 
A further difficulty which may prove limiting is the fact 
that some high strength carbohydrate soluble 
also) wastes may generate a light fluffy floc which is 
difficult to settle0 It has been shown here that an 
optimum concentration is 3500 mg/I or a little more 
This concentration is somewhat higher than the 
mg/I normally empi.oyed at conventional activatea sludge 
plants, with this higher value a far more settleable 
sludge is required to quickly and efficiently separate 
solids from liquids in the final clarifier, 

A very large proportion of the municipal waste 
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waters generated in Canada and the U.S.A. are undoubtedly 
quite amenable to this form of treatment. With the current 
prospects of billions of dollars of capital outlay to solve 

the pollution problem, a more widespread use of this 
process, where would prove to be a significant 
saving of tax money. There are a large number of 
municipal plants in Southern Ontario which are presently 
overloaded and furthermore not completely paid for. Under 
these circumstances the Municipality's industrial growth 

is prevented, thus cutting oft the source of tax 

revenue necessary for the accelerated payment for the 
existing or enlarged sewage treatment facilities. 

The contact stabilization process has 
demonstrated repeatedly that it can withstand shock loads 
both hydraulic and organic without becoming operationally 

upset. One further advantage which may be obtained from 
this process medication is that no primary sludge is 
generated. Primary sludge being comprised largely of 
putrescible organic solids is a constant source of problem 
both in its dewatering and in its disposal. The activated 
sludge which is generated in the contact stabilization 
process is easily digested under aerobic conditions and if 
care is exercised in the design, a minimum of sludge 
disposal is required. The aerobic sludge digester becomes 
a natural part of the contact stabilization process and 
provides a point in the system to take maximum advantage 
of the biological concentration of nutrients as described by 
Leven and Shapiro. As more and mcre attention is paid to 
the removal of inorganic nutrients, so we will have to seek 
suitable points in the process to remove these nutrients. 

The aerobic digester forming a part of the 
contact stabilization process provides such a suitable 
tapping point. The nitrogen is oxidized to NOf and by 
operating controls the nitrate may be reduced to nitrogen 
gas. At the same time the phosphates concentrated in the 
cells will be released to the hydraulically small 
supernatant stream from which it can readily be precipitated 
as tn-calcium phosphate. 

In summary we could say that the Contact 
Stabilization Process offers economy of first cost, economy 
and flexibility of operation and a minimum of skilled 
attention. However, it ffnst be remembered that this 
process is not suitable for all waste waters. 
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SPEC IF IC RECObOCNDATIONS 

1. To determine if a waste is amenable to treatment 
in this manner, the first steps of a biodegradability 
study (9) should be undertaken to ensure that 
adsorption removes a significant proportion of the 
BOD. A significant clue may be obtained by making 
soluble and total BOD determinations before the 
biodegradability study. This simple step will not; 
however, give the same assurance of succcss as will 
the study because a great deal depenth 
material which comprises the soluble fraction of the 
BOD and how rapidly it is assimilated by the 
microbial cells. 

2. The biological air requirements of this process 
amount to less than 1000 SCF per lb BOD destroyed. 
Tc determine how much less would require studies 
of a greater complexity than the savings might 
warrant. Sc it is suggested that blower and 
distribution capacity be provided for 1000 SCF per 
lb. BOTh 

3. The concentration of Ffl.1SS should be maintained in 
excess of 3500 mg/I. The maximum concentracicn to 
which this may be allowed to go will depend upon the 
physical settling properties of the sludge generated 
and should be the subject of an operational 
subsequently0 

4. The optimum time of contact between the 
sludge and the incoming waste variea considerably 
depending upon the waste to be treated. Results 
however may be expected to deteriorate if the rime 

falls below 15 minutes or rises much above 45 minutes. 

5. The sludge re-circulation rate wtll course vary 
to provide the desirable of The 
sludge, however, should be re-aerated for a period 
of 4 to 6 hours at a cor:centration of 12-15,000 
mg/i to permit proteolysis and sycwhesis to occur 
prior to contact. 

I 
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TABLE 1 - SUMMARY OF AERATION TANK OPERATION AT ACTIVATED SLUDGE PLANTS IJTILIZ NG SLUDGE REAERATION 

From: Haseltine (6) 

Houston Tex.S. Side 

31 9 4.47 235 178 1820 1.05 0.37 104. 77.5 78.5 2.8 

I Topeka1 Kans 

37—18 Il 5.6 106 176 1250 oJ,5 0.69 30.9 29.3 29.7 i.3t 1050 5. 4.2 78.3 85.7 

(b) EXTENDED REAERATION 

Austin Tex., A 

55 12 7.70 226 307 1900 0.87 0.69 41.3 '58 41.6 1.59 675 0.2 5.70 9z.I 93.4 

Salem, Ill 

58-59 13 0.75 96 166 5090 1 .45 1.00 46.5 9.0 1.34 1000 0.5 2.88 94.6 95.5 

(c) HATFIELD PROCESS 

Decatur Ill 

55 12 5.24 95 166 21410 1 .8z I .51 17.6 43.5 11.0 0.98 878 3. £ 10.9 41.1 80.1 

Decatur, Ill 

58 11 5.73 110 169 1 .61 18.9 '.6,3 Io.6 0.87 700 3. 9.76 77.8 88.5 

I 

Time of 
Record Sewage to Aerators 

Mixed Liquor Return BOO Applied Air Used Aera ion Remove 
to Clarifiers Sldg. (lb/day) (cf) Per 

(Ii 

od (%) 

Year Mo Quant 5$ 5-Day Sludge %Sew Per Per 

Mo (mgd) (my/I) BOO 
(mg/i) 

SS 

(mg/i) 

Density 
Index 

Solids 

(%) 

age 

Flow 
1,000 
cf Aer 
Tank 
Vol . 

l00# 
Sol 

Under 
Aer. 

Per 
Gal 

Per lb 

BOO 
Removed 

M 

I 

(a) HISTORICAL PLANTS 

x Sldy SS 

No3-N 
BOD in Ef 

q Reaer (my/l) 

at ion 

30.1 2.05 1760 2.0 1.79 

2750 
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TABLE 1 - SLPMARY Or AERATION TANK OPERATION AT ACTIVATED SLUDGE PLANTS UTILIZIP ; SLUDGE REAERATION 

From: Haseltine (6) 

56 8 3.15 155 184 3500 1.47 0.97 68.1 3L.z 10.3 2,19 1540 I I 
59* 

93.1 92.9 

Peoria, Ill. 

56 12 19.1 200 4400 2.22 1 .20 52.3 8z.o 19.7 1 .20 850 I . 1 24.0 - 82.5 

(e) STEP AERATION 

Indianapolis, md. B 

57—59 11 12.8 92 124 2120 0.88 0.49 91.9 33.4 18.9 1.13 1z40 
± -F -t —I- 88.0 88.8 2.1 

N. V. City Hunts Pk. 

76 74 730 0.00 0.29 24.0 
t + 

35.8 49.1 0.47 910 -+ -t 83.8 

* Period applies to only part of return sludge, balance receives no separate reaeration 

+ Periods indeterminate in step aeration plants. 
+ 

Time of 
Record Sewage to Aerators 

Mix Liquor Return BUD Applied Air Used Aerati n 

to Clarifiers Sidg. (lb/day) (cf) Peric 

(h r) 
I 

Year Mo Quant 5$ 5-Day Sludge %Sew Per Per 
(myd) (mg/i) 

. 

BUD 
(mg/I) 

SS 
(mg/I) 

DenS!ty 
Index 

Solids age 

(%) Flow 
1,000 

cf Aer 
Tank 
Vol . 

lO0# 
Sol 

Under 
Aer. 

Per 
Gal 

Per lb 

BUD 
Removed 

Mh 
1k 

(d) KRAUS PROCESS 

Beilevile, Ill 

Remove 
(%) 

Sidg SS 

No3-N 
BOO in Ef 

Reaer (mg/i) 
ation 

59 lz 1100 



TABLE II COMPARISON OF VARIOUS SLUDGE REAERATION PROCEDURES 

From Hasel tine (6) 

a S 

- HIGH ITEM OPERATION PROCESS AVG MEDIAN QUARTILE 
L 

OUA 

— 

TILE MAX PUN 

Bod loading (lb/day/i ,000 cii ft 
aer. tank vol .) 

Ext. reaer. 
Hatfield 
Kraus 
Step aer. 

83.8 
45.7 
59.5 
33.7 

104 
146.3 

57.1 
33.4 

114 
46.1+ 
86.2 
37.0 

1.1 
4.2 
5.2 

9.5 

158 
49.9 
90.4 
45,1 

34.5 
42.5 
32.2 
22.7 

BOD red. by act. sI . process 
alone (%) 

Ext. aeaer. 
Hatfield 
Kraus 
Step aer. 

89.4 
84.0 
87.4 
88.8 

88.7 
84.q-' 
86.2 
88.8 

9z.6 
84.1 
92.2 
89.6 

(,.0 
2.6 
3.3 
7.2 

96.5 
88.5 
92.9 
94.2 

84.6 
8o.i 

82.5 
83.8 

BOD loading (lb/day/lao lb sol . 

under aeration) 
Ext. reaer. 
Hatfield 
Kraus 
Step aer. 

28.3 
11.3 

16.6 

25.7 

30.2 
11.0 

15.0 

21 .5 

35.5 
12.4 
23.2 
26.5 

2.5 

0.7 

1.7 

8.5 

41.6 
13.4 
26.5 

49.1 

9.0 

8.7 
10.3 
10.2 

Air used (cu ft/lb BOO removed) Ext. reaer. 
Hatfield 
Kraus 
Step aer. 

989 
781 
1160 
1010 

955 
779 
1110 
933 

1010 

807 
1200 
1Q80 

23 

.4 

)40 

11 

1,430 
817 

1540 
1240 

675 
700 
850 
910 

Sludge density index Ext. reaer. 
Hatfield 
Kraus 
Step aer. 

0.97 
1 +61 

I .56 

0.95 

0.01 

1 .61 

1 .64 

0.93 

1 .21 

1 .76 

1 .89 

1 .02 

I 

I 

1 

C 

.87 
.49 
.47 

.89 

I .45 
1 .82 

4.22 
1 .10 

0.60 
1 .43 

1 .05 

0.88 

Mixed hg. aeration period (hr) Ext. reaer, 

Hatfield 
Kraus 

1.04 

3.21 
2.94 

0.65 
3.46 
3.88 

1.94 
3.30 
3.98 

C 

: 

.5z 

.11 

.57 

2.18 
3.49 
4.33 

0.42 
2.93 
1 .20 

Sludge reaeration period (fir) Ext. reaer. 
Hatfield 
Kraus 

4.20 
12.0 
18.0 

4.35 
11.2 

5.27 
l3.z 1 

.73 
.0 

5.70 
14.4 

I .60 

9.76 



a I, I 

TABLE Ill-EFFECT OF SOLUBILITY ON TREAThENT EFFICIENCY 

% BUD 

REDUCTION 

53.2 

42.2 

24.2 

62.7 

48.o 

36.4 

23.8 

* Ave SOD is calculated by 
thus allowing for dilution effect. 

RUN 

NO 

WASTE NO INFL. 
Tot 

SOD 

Sol 
AVE 
Tot 

* 
SOD 

Sol 
SOD 

BUD 

Sol . 

Tot. 
EFF. 
SOD Tot. 

REDUCTION 

BODT(mg/l) 

1 533 137 295 89 .30 138 157 

I 2 535 232 296 136 .46 171 lz5 

3 536 326 297 184 .6z 225 72 

1 533 137 295 89 .30 110 185 

2 535 232 296 136 .46 154 142 

2 3 536 326 297 184 .6z 189 108 

4 538 421 298 231 .78 227 11 '0 

averaging the sludge supernatant and the influent SOD 



TABLE IV OPERATING DATA FROM CONTACT STABILIZATION PLANT AT PENETANGUISH NE ONTARIO 

Date 

Design Capacity 350,000 GPD 

Averaoe Cost of ODeration 
BOO mg/i 

. $500/month 
SUSPENDED SOLIDS MLSS REAERATION AV 

Influent Effluent Effluent mg/i Susp. Solids 
mg/I mg/i 

Max. rate of fi is treated 1 .01 MGD 

FLOW HIGH FLOW LOW FLOW 

MGD MGD MGD 

9/19/66 140 17.0 16z 17 458z 104 266 .500 .170 
9/21/66 116 12.0 156 15 - 7786 31+6 .500 .200 
10/5/66 72 13.0 74 12 5354 47 371 .600 .30 
10/12/66 42 2.0 96 20 5608 126 569 .780 .330 
10/24/66 275. 2.8 382 12 7832 7822 350 .550 .220 
10/31/66 140 1.6 516 13 6216 z44 344 .760 .230 
11/14/66 54. 12.0 86 15 4752 12472 399 .640 .260 
11/23/66 66. 9.2 102 30 8516 11804 349 .590 .280 
12/1/66 103 3.0 90 11 4970 16456 604 .6ic .330 
12/13/66 
12/20/66 
1/3/67 

84. 

128. 

120. 

- 
1.5 

11.0 

120 
110 

155 

- 
12 
10 

5454 
13922 

7370 

14176 
7170 
14020 

588 
623 

369 

.690 

.560 

.500 

.380 

.270 

.250 ° 1/3/67 50. 4.8 82 13 9458 19038 381 .480 .240 
' 1/16/67 148. 14.0 268 2 8498 14368 348 .470 ,tOO 

1/28/67 5z. 15.0 85 6 5880 13236 558 .550 .380 
2/2/67 108. 8.8 144 11 8396 13196 441 .550 .320 
2/9/67 108. 10.0 88 9 8194 15416 313 .480 .240 
2/16/67 130 16.0 168 15 7214 1o564 350 .450 .zlO 
2/23/67 92 14.0 196 10 6oz4 11606 339 .470 .220 
3/2/67 115. 12.0 260 3 7964 12420 310 .450 .tOO 
3/9/67 iko 10.0 230 12 6300 1L568 416 .490 .210 
3/28/67 37 11 .0 75 36 5846 9708 601 .65o .600 

a 



a V b 

TABLE V - COMPARISON OF LONG-PERIOD AVERAGE DATA FOR 
CONVENTIONAL AND SLUDGE REAERATION PLANTS 

BOD Loading (lb/day/I ,000 cu ft 

aer. tank vol) 

Cony. (Table 1) 

Reaer.(Table ii) 

6.36 6.1 7.79 
z.49 2.152 3.68 

49.9 10.1 
49.1 8.7 

HIGH I 

PLANT TYPE AVG MEDIAN QUARTILE QUAI 

Cony. (Table I) 

Reaer.(Table 11) 
26.7 

57.0 

24.9 
43.0 

)W 

1!LE MAX - PUN 

34.0 

77.3 

Mixed Liq. aeration period (fir) 

BOO red. by act. 51 . process 
alone (Z) 

BODloading (lb/day/IOO lb sol 

under aeration) 

Air used (cu ft/lb BOD 
removed) 

N) 

Cony. (Table 1) 
Reaer.(Table 11) 

Cony. (Table 1) 

Reaer.(Table 11) 

Cony. (Table 1) 
Reaer.(Table 11) 

87.2 91.0 

87.1 88.6 

22.1 18.0 

z0.7 18.8 

52.0 13.7 
158 22.7 

9.27 3.3 
5.79 0.42 

95.0 77.1 
96.5 73.7 

1! .2 

1 .7 

.05 

.66 

.4 
54 .8 

.1 

U .8 

U 

83 

93.7 
90.8 

32.1 

30.5 

905 
1 240 

812 
1010 

773 
955 

1600 435 
1540 675 
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Figure 1 — Sod Vs Time Response Curve. 
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Figure 2 — Postulated Construction of Sod Removal Mechanism. 
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REGISTRATION LIST 
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R.E.E. Costello, 
Senior Vice-President, 

D.A. Holder, 
Engineering Associate, 

John K. Tattersal.l, 
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Engineer, 
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Ontario. 

74 Victoria St., 
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Hamilton, Ontario. 
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Burlington, Ontario. 
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Ontario. 

Sault Ste. Marie, 
Ontario. 

Sault Ste. Marie, 
Ontario. 
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Ontario. 

100 N. Queen St. 
Toronto, Ontario. 

Box 200Q, 
Kingston, Ontario. 
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CO. LTD. 
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Ontario. 

Ontario. 
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CORP. LTD. 
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CANADA LTD. 
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AMALGAMATED P. Mulligan, Markham, Ontario. 
ELECTRIC CORP. Ind. Engineer, 

AMERtCAN MOTORS N. Laforet,, Brampton, Ontario. 
CANADA LTD. Plant Engineer, 

A.J. Trueman, Branipton, Ontario. 
Facilities Engineer, 

R.V. ANDERSON C. Henry, 194 Wilson Ave., 
ASSOCIATES Associate, Toronto, Ontario. 

C.G. RUSSELL E.O. Lafontaine, 317 Bartlet Bldg., 
ARMSTRONG ASSOC. Partner Windsor, Ontario. 

ATLAS STEELS 0. Fretz, Centre St., 
Utilities Engineer, Welland, Ontario. 

0. Steele, Facilities Weltand, Ontario. 
Planning Engineer, 

TOWN OF AURORA W.C. Corbett, 101 Tyler St., 

Councilor Aurora, Ontario. 

James Murray, 1 Yorige St. N. 

Reeve, Aurora, Ontario. 

BAKER D. Baker, 185 Davenport, 
INSTRUMENTS LTD. Vice-President, Toronto, Ontario. 

T.W. BEAK T.W. Beak, Suite 540, 
CONSULTANTS LTD. President, 4999 St. Catherine St.W. 

Montreal 6, P.Q. 

R.}L. Millest, Montreal, P.Q. 

BETHLEHEM STEEL H.A. Conahan, Supervisor Bethlehem, 
CORP. Pollution Abatement Penna. 18015 

Research, 

S.F. BOUSER CO. J.L. Cheshire, 344 Sherman Ave.N. 
LTD. Salesman, Hamilton, Ontario. 

B.P. REBINERY J.S. Mattson, Utilities Box 520, 
CANADA LTD. Supervisor, Oakville, Ontario. 

T.D. Braunschweig, P.O. Box 307, 
Consultant, Mercersburg, P.A. 
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BRITISH AMERiCAN OIL P. Biundy, P.Eng., Clarkson, 
CC. LTD. Pollution Control Eng. Ontario. 

Jean Choquet, 3501 Broadway, 
Industrial Planning Montreal East, P.Q. 
Advisor, 

W.J. Grant, Sr. Process 800 Bay Street, 
Engineer, Toronto, Ontario. 

D.L. Major, Utilities 385 Southdown Rd., 
Superintendent, kson, Ontario. 

BROOKS F.W. Crossland, Manager 32A Howden Rd., 
INSTRUMENTS Hays Products, Scarborough, Ont. 

BROWN FOREST M.D. Paavila, Manager Espanola, 
INDUSTRIES LTD. Mill Services, Ontario. 

C. Bukator, MET, Niagara Falls, 
Ontario. 

CALGON CORP. P. Korol, P.O. Box 69, 
(CANADA) LTD. Station D, 

Toronto 9, Ontario. 

GOVERNMENT OF CANADA 

Dept. of Energy, J.F.J. Thomas, Inland 
Mines & Resources, Waters Branch, Ontario. 

DEPARTMENT OF J. Dalziel, Biologist, P.O. Box 550, 
FISHERIES Halifax, N.S. 

B.W. Hamer, Sir Charles Thpper 
Division Engineer, Bldg., 

Ottawa, Ontario. 

K. Jackson, Biologist, 1155 Robson St., 
Vancouver, B.C. 

L.J. Cowley, Biologist, Pleasantville, 
P.O. Box 5667, 
St. John' s ,Newfoundland 

DEPT. OF NATIONAL W.R. Edmonds, Chief, Environmental Health 
HEALTh & WELFARE Public Health Eng., Centre, Tunney's 

Pasture, Ottawa 3,Ont. 
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DEPT. OF NATIONAL W.S. Tait, Room 206, 
HEALTH & WELFARE District Engineer, Environmental Health 

Centre, 
Tunney's Pasture, 
Ottawa, Ontario. 

NATIONAL RESEARCH Dr. S.M. Martin, Ottawa, Ontario. 
COUNCIL Division of Biosciences, 
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Division of Biosciences, Ottawa 2, Ontario. 
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CANADA IRON J.R. Ranford, Special 169 Eastern Ave., 
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CANADA PACKERS W.A. Brechin, Central 2200 St. Clair Ave.W. 
LTD. Supts. Office, Toronto 9, Ontario. 
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Development Engineer, Toronto 9, Ontario. 

CANADA SAND R.R. Wesley Jr., Manager Plattsville, 
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CANADIAN A.M. Scott, 25 King St. West, 
BECHTEL LTD. Senior Engineer, Toronto 1, Ontario. 

CANADIAN-BRITISH D.G. Barker, 801 York Mills Rd., 
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LTD. 

P. Cunningham, 801 York Mills Rd., 
Senior Engineer, Don Mills, Ontario. 

CANADIAN CANNERS J.G. Hand, 19 Jackson St. E. 

LTD. Technologist, Hamilton, Ontario. 

T.G. Stevens, Box 540, 
Chemistry Supervisor, Hamilton, Ontario. 

CANADIAN GENERAL P.J. Hoes, plant Peterborough, 
ELECTRIC Engineering Unit, Ontario. 

p 
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CANADIAN W.P. Carter, Technical 130 Bloor St. W. 

INDUSTRIES LTD. Service Supervisor, Toronto, Ontario. 

R.M. Cooper, P.O. Box 10, 

Chemical Engineer, Montreal, P.Q. 

E.C. Doidge, P.O. Box 10, 

Development Engineer, Montreal, P.Q. 

T. Garey, Technical Hamilton, 
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J.A. Labash, Technical Hamilton, 

Services Engineer, ontario. 
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CANADIAN JOHNS- K. McClean, Port Credit, 

MANVILLE CO. LTD. Ontario. 
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CITY OF CORNWALL Howard Yard, Cornwall, Ontario. 
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641 Lexington Ave., 
New York, U.S.A. 
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JONES & LAUGHLIN W.H. Jukkola, Tech.Coord. 3 Gateway Center, 

STEEL CORP. Wastes Control, Pittsburgh, Penna. 

JONES & LAUGHLIN L.K. Oliver, P.O Box 547, 

MINING CO. LTD. Mining Engineer, Kirkland Lake, Ont. 

KIMBERLY-CLARK W. Vallis, St. Catharines, 

OF CANADA LTD. Process Engineer, Ontario. 

CORPORATION OF G.M. Thompson, Eng. Dept., City Hall, 

CITY OF KITCHENER Sanitation Engineer, Kitchener, Ontario. 

KOMLINE SANDERSON W.H. Jones, Helland Ave., 

ENG. CORP. Sales Manager, Peepack, N.J., U.S.A 

KOPPERS CO. INC. J.F. Farnsworth, Koppers Bldg., 
Dev. Engineer, Pittsburgh, P.A. 

J.A. Turner, Chatham, Ontario. 
Plant Engineer, 

LINDSAY COSGROVE W.J. Cosgrove, M.Eng. 35 York St., 

& ASSOCS. Partner, Montreal, P.Q. 

L.S. LOVE AND S. Love, 160 Bay Street, 

ASSOC. LTD. Toronto 1, Ontario. 

JAMES F. J.B. Kinney, 321 Bloor St. E. 

MACLAREN LTD. Director Project 0ev., Toronto, Ontario. 

V. Morris, Snr. 495 Dundas St. E. 

Project Engineer, London, Ontario. 

UNIVERSITY OF 0.3. Sproul, Professor Orono Maine 04473, 
MAINE of Civil Engineering, U.S.A. 

UNIVERSITY OF A.J. Carison, Dept. of Civil Eng., 

MANITOBA Professor, Winnipeg, Manitoba. 

MARBON CHEMICAL D.M. Robinson, P.O. Box 68, 

DIVISION Sr. Project Engineer, Washington, W. Va. 
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THE MINING ASSOC. Dr. W.R. Horn, 372 Bay St. Suite 1403, 

OF CANADA Research Co-ordinator, Toronto 1, Ontario. 

ARTHUR C. MCKEE J.H. Barnacal, 400 Terminal Bldg., 

& CO. OF CANADA Sales Manager, Toronto 1, Ontario. 

L.A. Garklavs, 3241 Flaivagan Cres., 

P.Eng., Cooksville, Ontario. 

LA, MCKEOWN Consultant, 473 Mayfair, 
Ottawa 3, Ontario. 

MCKINNON D. Coleman, Sr. St. Catharines, 

IIWUSTRIES LTD. Mechanical Engineer, Ontario. 

G.L. Gaukroger, St. Catharines, 
Chief Met. Ontario. 

K.A. Laycock, Ontario St., 

Mech. Engineer, St. Catharines, Ont. 

A. Price, St. Catharines, 

Sr. Mech. Engineer, Ontario. 

J.A. Watson, General St. Catharines, 

Supt. Plant Engineering, Ontario. 

MCMASTER G.W. Heinke, Hamilton, Ontario. 

UNIVERSITY Graduate Student, 

K.L. Murphy, Faculty of Engineering, 

Assoc. Professor, Hamilton, Ontario. 

.J.D.Norman, Hamilton, Ontario. 

Engineering Faculty, 

MCNANARA C.B. Cary, 797 Don Mills Rd., 

ENGINEERING Sr. them. Engineer, Don Mills, Ontario. 

K. Ojala, Manager, 797 Don Mills Rd., 

Central Region, Don Mills, Ontario. 

CORP. OF TOWN C. Clark, P.O. Box 671, 

OF NAPANEE Councilior, SW Oper. Napanee, Ontario. 

11. Charlton, P.O. Box 671, 

Councillor, Napanee, Ontario. 

T. McCrea, P.O. Box 671, 

Councillor, Napanee, Ontario. 
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NATIONAL CANNERS A.T. Rhoads, 1133 20th Street N.W. 

ASSOCIATION Head Sanitation Section, Washington, D.C.20036. 

CITY OF NIAGARA N. Hobbs, City Hall, 

FALLS works Engineer, 300 Queen St., 
Niagara Falls, Ont. 

LA. McNamara, 1144 Third Ave., 
Superintendent, Niagara Falls, Ontario. 

win. Reed, 161 St. James St. 

Operator S.T.P. Niagara Falls, Ontario. 

W.G. Scott, P.O. Box 146, 
Alderman, Niagara Falls, Ontario. 

NOVA SCOTIA W.C. Lee, Lecturer, P.O. Box 1000, 

TECHNICAL COLLEGE Dept. of Civil Eng. Halifax, N.S. 

NOVA SCOTIA A.J. Grouse, Halifax, 
WATER AUTHORITY Technical Director, Nova Scotia. 

H.T. Doane, P.O. Box 998, 
Halifax, Nova Scotia. 

OMSTEAD D.H. Onstead, Wheatley, Ontario. 
FISHERIES 1961 Vice President, 

GOVERNMENT OF ONTARIO 

DEPT. OF ECONOMICS C.?. Branch, Regional 950 Yonge St., 
& DEVELOPMENT Development Officer, Toronto, Ontario. 

K. Mesure, Regional 950 Yonge St., 
Development Officer, Toronto, Ontario. 

E. Nyitrai, Regional 950 Yonge Street, 
Development Officer, Toronto, Ontario. 

DEPT. OF ENERGY K.M. Mayall, Head 880 Bay Street, 
& RESOURCES Wildlife Section, Toronto, Ontario. 

M.K. NcCutcheon, Room 180, Queen's 
Executive Director, Park, Toronto, Ont. 

ONTARIO DEFT. OF J.D. Heaman, P.Eng. Waste Management Sec. 
HEALTH Office-in-Charge 165 Bloor St. E. 

Toronto, Ontario. 
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ONTARIO DEPT. OF Dr. R. Laak 165 Bloor Street E. 

HEALTh Ph.Eng. Service, Toronto, Ontario. 

DEPT. OF LANDS A.E. Armstrong, Coidwater Fisheries, 

& FORESTS Biologist, Toronto, Ontario. 

ONTARIO DEPT. OF C.M. Barrett, P.Eng., Whitney Block, 

MINES Sr. Mechanical Eng. Toronto, Ontario. 

ONTARIO WATER T.D. Armstrong, Div. of 801 Bay Street, 

RESOURCES Industrial Wastes, Toronto 5, Ontario. 

COMMISSION 
N. Borodczak, Div. of 801 Bay Street, 

Industrial Wastes, Toronto 5, 

D.P. Caplice, Director, 801 Bay Street, 

Div. of Industrial Wastes Toronto 5, Ontario. 

M.J. Cathcart, Assistant 801 Bay Street, 
to General Manager, Toronto 5, Ontario. 

D.S. Caverly, 801 Bay Street, 
General Manager, Toronto 5, Ontario. 

H.A. Clarke, Assistant 801 Bay Street, 
Director, Industrial Wastes, Toronto 5, Ontario. 

P. Diosady, 801 Bay Street, 
Assistant Supervisor, Toronto 5, Ontario. 

J.P. Erichsen-Brown, 801 Bay Street, 
Solicitor, Toronto 5, Ontario. 

F. cuillaume, 801 Bay Street, 
Supervisor, Toronto 5, Ontario. 

G.H. Kay, Supervisor, 801 Bay Street, 
District Engs. Branch, Toronto 5, Ontario. 

G. Macey, Div. of 801 Bay Street, 
Industrial Wastes, Toronto 5, Ontario. 

J.R. Marsh, Assistant 801 Bay Street, 

District Engineer, Toronto 5, Ontario. 

A. Oda, Chemical Laboratory, Box 213, 
Engineer, Rexdale, Ontario. 
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ONTARiO WATER F.R. phoenix, Div. of 801 Bay Street, 

RESOURCES Industrial. Wastes, Toronto 5, Ontario. 

COMMISSION 
P.N. Qazi, Engineer do 801 Bay Street, 
from India, Toronto 5, Ontario. 

J.H.H. Root, 801 Bay Street, 

Vice Chairman, Toronto 5, ontario. 

G. Samuel, Div. of 801 Bay Street, 

Industrial Wastes) Toronto 5, ontario. 

LU. Sharpe, A88istant 801 Bay Street, 
General Manager, Toronto 5, ontario. 

L.M. Tobias, Director, 801 Bay Street, 

Administrative Services, Toronto, Ontario. 

F.A. Voege, Assistant 801 Bay Street, 

General Manager, Toronto 5, Ontario. 

ONTARIO PAPER W.F. Fell, Thorold, Ontarto. 

Control superintendent, 

B. Mateyk, Thorold, Ontario. 

Control Engineer, 

J.L. Smith, Thorold, Ontario. 

Lab. Tech. 

ONTARIO RESEARCH L.A. Campbell, Director 43 Queen's Park, 

FOUNDATION Dept. of Applied Micro- Toronto 5, Ontario. 

biology, 

D.K. Smith, 43 Queen's Park, 
Toronto 5, Ontario. 

ORENDA LIMITED F.C. Richardson, Plant Malton, Ontario. 

Engineering Manager, 

CIfl OF OTTAWA L. Larson, Engineer do ill Sussex Dr., 
Pollution Control Centre Ottawa, Ontario. 

PENNSALT W.H. Craig, Chicago, Illinois. 

CHEMICALS Sharples Division, 

Dr. F.W. Keith, Manager 955 Mearns Rd.,, 

Special Projects, Warminster, Pa. 
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PENNSALT O.E. Hopkins, Jr. 14700 Detroit Ave., 
CHEMICALS District Manager, Cleveland, Ohio. 

PEENUTIT CO. Betty Hill, 207 Queen's Quay W. 
Toronto, Ontario. 

I.B. Remsen, E 49 Midland Ave. 
Sales Coordinator, Paramus, N.J. 

POWER PLANT C.N. Taylor, Oakville, Ontario. 
SUPPLY 

P.E.I. WATER D. Champion, P.O. Box 3000, 
AUTHORITY Director, Charlottetown, P.E.I. 

THE PROCTER & S.M. Baker, Hamilton, Ontario. 
GAIIBLE CO. OF Chief Engineer, 
CANADA LTD. 

T.M. Brock, Hamilton, Ontario. 
Project Engineer, 

PROCTOR & REDFERN C.S. Dutton, Assoc. 75 Eglinton Ave. E. 

CONST. ENGINEERS Partner & Eng. Toronto 12, Ontario. 

W.D. Goodings, P.Eng., 39 Queen Street, 
Branch Office Manager, St. Catharines, Ont. 

G. Sigal, 75 Eglinton Ave. E. 

Engineer, Toronto 12, Ontario. 

PROVINCIAL R.D. Ross, Thorold, Ontario. 
PAPER CO. Engineer, 

PUBLIC HEALTH S.A.K Rana, do 801 Bay Street, 
PAKISTAN Engineer, Toronto 5, Ontario. 

PUMPS & SOFTENERS J.D. Miller, London, Ontario. 
Chief Engineer, 

J.M. Stevens, Assist. 680 Waterloo, 
General Manager, London, Ontario. 

A.R. Wallace, Special London, Ontario. 
Project Engineer, 

QUEBEC WATER R.L. Demers, Engineer 81 St. Charles 
BOARD Industrial Wastes Div. Beauharnois, P.Q. 
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REID, CROWTHER M. Robinson, 797 Don Mills Rd., 

& PARTNERS LTD. P.Eng., Don Mills, Ontario. 

R.R. Parker, 797 Don Mills Rd., 

Consulting Engineer, Don Mills, Ontario. 

RESOURCES ENG. R.J. Sheridan, Manager 1047 Yonge Street, 

OF CANADA LTD. Municipal Department, Toronto 5, Ontario. 

REX CHAINBELT LA. Wilson, Process 1181 sheppard Ave. B. 

(CANADA) LTD. Equipment Supervisor, Willowdale, Ontario. 

.J.L RICHARDS & LW. Schmidt, 864 Lady Ellen Place, 

ASSOC. LTD. Engineer, Ottawa 3, Ontario. 

RIO ALGOM R.A. Walli, Occupational 120 Adelaide St. W. 

MINES LTD. Health Engineer, Toronto 1, ontario. 

RITTER PFAUDLER G.T. Mechar, Sales 285 Raleigh Ave., 

CANADA LTD. Representative, Scarborough, Ont. 

C.B. Oh, Rochester, N.Y. 

Project Engineer, 

W.F. Swanton, Manager Rochester, N.Y. 

Waste Recovery Systems, 

ST. LAWRENCE W.F. Milbury, 141 Lakeshore Rd. E. 

STARCH CO. Research Engineer, Port Credit, Ontario. 

SALADA FOODS D. Gardner, Manager Don Mills, Ontario. 

Technical Services, 

.J.R. Smaliman, Divisional Alliston, Ontario. 

Engineer (Indust. Waste) 

BOROUGH OF H. Lightwood, Section 2001 Eglinton Ave. E. 

SCARBOROUGH Head - Sewer Maintenance Scarborough, Ontario. 

G.F. SEELEY Don.Gray, 108 Skyway Ave., 

& SON LTD. Rexdale, Ontario. 

SEPARATOR MacKenzie Dickson, 2283 Eglinton Ave. E 

ENGINEERING LTD. Vice President, Scarborough, Ontario. 

G. Stein, 2283 Eglinton Ave. E. 

Scarborough, Ontario. 



SHELL CANADA 

SIMON CARVES 

T.J. Barry, 

J.E. Duncan, 
Technical Advisor, 

C.C. Hart, 

R.C. Scott, P.Eng., 
Special Projects Eng. 

D.E. Coltman, 
Engineer, 

B.M. Corey, Asst. 
Works Engineer, 

H.H. Eisler, Supt. 
Civil Design & Const. 

A.C. Elliott, 
Supt. Utilities, 

A.D. Fisher, 
Vice President, 

A.J. Lafreniere, 
Utilities Eng. 

W. Noroz, 
Supervisor,Civil Eng. 

J. Williams, Sr. 
Staff Specialist, 

R.D. Willits, Industrial 
Sales Manager, 

A. Kerr, Engineering 
Representative, 

W. Seaton, 
Project Engineer, 

E.G. Cray, Ontario 
Sales Manager, 

R. Kennedy, 
Special Projects, 

Corunna, Ontario. 

208 Markham Rd., 
Scarborough, Ont. 

1670 Bay-view Ave. 
Toronto 17, Ont. 

Kapuskasing, 
Ontario. 

Hamilton, Ontario. 

Wilcox St., 
Hamilton, Ont. 

250 Lottridge St. N. 

Hamilton, Ontario. 

Hamilton, Ontario. 

Hamilton, Ontario. 

Hamilton, Ontario. 

Hamilton, Ontario. 

Hamilton, Ontario. 

P.O. Box 130, 
Brantford, Ont. 

60 Adelaide St. E. 

Toronto, Ontario. 

60 Adelaide St. E. 

Toronto, Ontario. 

22 J'utland Rd., 
Toronto 18, Ont. 

22 Jutland Rd., 
Toronto 18, Ont. 
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SPRUCE FALLS 
POWER & PAPER 

STELCO 

STERNSON LTD. 

STONE & WEBSTER 
CANADA LTD. 

SWECO CANADA 
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Miss H.G. Swope, 214 N. Allen St. 

Consulting Chemist, Madison, Wisconsin. 

TEXACO OF E.F. O'Keefe, 250 Lakeshore Rd. W. 

CANADA LTD. Process Engineer, Port Credit, Ont. 

B.E. Perks, 250 Lakeshore Rd. W. 

Process Engineer, Port Credit, Ont. 

R.A. Shaver, Pollution 1425 Mountain St. 

Control Coordinator, Montreal 25, P.Q. 

UNIVERSITY OF Dr. W. Eckenf elder Jr. Dept. of Civil Eng. 

TEXAS Professor Environmental Texas, U.S.A. 

Eng. 

TODGHAN & C.W. Case, P.O. Box 386, 

CASE LTD. Chatham, Ontario. 

METRO TORONTO W.F. Brown, City Hall, 

Sr. Engineer, Toronto, Ontario. 

TOWNSHIP OF M.J.M. Maughan, Cli. 3185 Mavis Rd., 

TORONTO Technical Eng'r. Cooksville, Ont. 

UNIVERSITY OF Dr. P.H. Jones, Assoc. Civil Engineering, 

TORONTO Professor Toronto, Ontario. 

TRECAN LIMiTED W.K. Lombard, 3130 Dixie Rd., 

Vice President Cooksville, Ont. 

TRC CONTRACTORS F.C. Schwenger, 840 Walkers Line 

LTD. Vice President, Burlington, Ont. 

UNDERWOOD tN. Venables, P.Eng., Suite 342, 164 

MCLELLAN & ASSOC. General Manager, Eglinton Ave. E. 

Toronto 12, Ont. 

UNION CARBIDE J.C. Paquin, P.Eng. P.O. Box 5400, 

CANADA LTD. Dept. Head, Belleville, Ont. 

UNIROYAL LTD. R.E. Mills Elmira, Ontario. 

A.L VANLUVEN A. Lone Van Luven 5460 Patricia Ave. 

& ASSOC. Consulting Engineer, Montreal 29, P.Q. 

VICTUALIC CO. OF S. Mccillivray, 116 Milvan Dr., 

CANADA LTD. Sales, Weston, Ontario. 
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HIRAM WALKER M. Sobolov, Supt. P.O. Box 518, 

& SONS LTD. Laboratory Services, walkerville, Ont. 

G. Thornton, Walkerville, Ont, 

Maint. Engineer, 

WALLACE & D. Durant, 925 Warden Ave., 

TIERNAN LTD. Engineering Sales, Scarborough, Ont. 

J.B. Henderson, 925 warden Ave., 

District Manager, Scarborough, Ont. 

R. Van Lammers, 925 warden Ave., 

Sales Engineer, Scarborough, Ont. 

WATER & L.F. Webster, 1450 Don Mills Rd., 

POLLUTION CONTROL Don Mills, Ont. 

CITY OF P.U. Tenszen, 429 Thorold, Rd., 

WELLAND Alderman, Welland, Ontario. 

WELLAND & DISTRICT L.W.C. Sturgeon, King St. at Fourth, 

HEALTh UNIT Director Welland, Ontario. 

METROPOLITAN CORP. H.M. Lacey, Chief 455 Ellice Ave., 

OF GREATER WINNIPEG Chemist Winnipeg 2, Manitoba. 

JOHN WOOD CO. D.I. Gallagher, 101 Hanson St., 

New Products Manager, Toronto 6, Ontario. 




