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PREFACE

D. S. Caverly,

General rlanager,

Ontario Water Resources Commission,
Toronto.

Conference Chairman

The 12th Ontario Industrial Waste Conference, held
at Bigwin Inn, Lake of Bays, Ontario, the scene of last year's
conference, was a notable success both from the viewpoint of
the attendance and also the variety and quality of papers
presented.

The appreciation of the Water and Pollution Advisory
Committee is extended to those wio prepared and presented
papers and to those who participated in tlie discussious.

All of tue papers preserted at the wmeetirg togetlier
with tie Banquet Address by ir. G. E. Gataercole, of thlLe
Hydro-Electric Power Commission of uUntario, are recorded in
tihe Proceedings. It is anticipated that tuese will be received
with a great deal of irnterest by tnose involved in solving
the complex problems created by industrial wastes.

The Untario Water Resources Commission is anxious to
promote full co-operation among all concerned to achieve the
highest degree of purity in the rivers, streams and lakes of
Ontario. Further information may be obtaired from the Ontario
Water Resources Comaission, 301 Bay Street, Toronto 5, Untario.

(v)



SESSION ONE

K. M. Mayall

Department of Znergy & Resources
Management

Session Chairman

"TREATMENT OF MEAT PACKING PLANT WASTES IN
ANAEROBIC AND AEROBIC LAGOONS"

by

DON R. STANLEY

INTRODUCTION

~ Waste from most industries located within
developed urban areas is discharged to community sewer
systems and is treated along with domestic sewage.
As the need develops for higher degrees of treatment
municipalities have to find means to finance the
capital and operating costs of the treatment facilities
required. Many communities have instituted sewer service
charges designed to assess the cost of the facilities
against the users of the systems on an equitable basis.
Where industrial waste is a problem the sewer service
by-law may put certain restrictions on the quality of the
effluent allowed to be discharged to the system and in
some cases may provide for surcharges based on the
concentration of such characteristics as B.0.D., Suspended
Solids, grease and Chlorine Demand, depending on how
these affect the cost of treatment.

In a case where there is a highly concentrated
waste and a surcharge based on quality, tlie industry has
to analyze the problem to determine whether it is more
economical to pay a high surcharge to the community for
treating its waste rather than to construct its own
pre-treatment facilities in order to reduce the surcharge.
In some cases it may even be advantageous for tiie industry
to construct treatment and disposal facilities to the extent
necessary for direct discharge into a receiving stream.




The purpose of this paper is to examine a
particular situation in the City of Edmonton where the
location of three meat packing plants and their cost of
waste treatment indicated a unique condition where the
construction of separate treatment and disposal facilities
was cheaper than discharging into the City's sewerage system.

GENERAL BACKGROUND

Prior to 1957 sewage from the City of Edmonton's
sewerage system was discharged into the North Saskatchewan
River with little, if any, effective treatment. Although
sewage treatment plants were operated in the City prior to
1957 their effectiveness was not significant in controlling
pollution in the North Saskatchewan River and as the City
grew the situation became acute.

In 1950 the Provincial Health Department
inaugurated a stream sanitation project, the prime purpose
of which was to examine the major streams in Alberta and
determine what, if anything, should be done about improving
their sanitary conditions. Examinations of the North
Saskatchewan River indicated serious pollution in the winter
with available oxygen being used up by the bio-chemical
oxygen demand of sewage from the City of Edmonton. 1In 1957
the City completed construction of an activated sludge
plant to treat the major part of its sewage Béfowerdt¢schavge
fntorthe-river.

In the operation of the main Edmonton treatment
plant one of the major problems has been the handling of
meat packing house wastes which were discharged to the City
sewers. The plant was apparently designed with an initial
capacity sufficient for a population of 350,000 people but
about five years ago when the population had reached about
275,000 the plant was in danger of being overloaded. The
major cause of this overloading apparently was the high
concentration of waste discharged to the sewers by the four
major packing plants in the City. Three of these plants
are located in North Edmonton close to the north-east corner
of the City. To recover the costs of treating highly
concentrated wastes the City passed a by-law instituting a
surcharge for treatment based on the quality of the waste.
This charge made it economical for the packing plants to
pre-treat their waste before discharging into the City sewers.
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The by-law included surcharges based on the concentration
of grease, B.0.D., and Suspended Solids and at present is
calculated according to the following formula.

N=1+B.0.D. - 700 + S.S. - 400 + Grease - 200

2100 1200 600
Where
B.0.D. = Biochemical Oxygen Demand in ppm.
S.S. = Suspended Solids in ppm.
Grease = (Grease in ppm.
Nx6¢ = Total charged per 100 cu. ft. of waste.

As can be seen from the above formula a surcharge
is applied for B.0.D. concentrations above 700 ppm, suspended
solids concentrations above 400 ppm, and a grease concentra-
tion above 200 ppm. To encourage more pretreatment of
industrial waste the City has considered changing the formula
to provide for surcharge for concentrations of B.0.D. above
350 ppm, suspended solids 350 ppm, and grease 100 ppm, but
the formula has not as yet been changed to include these more
stringent requirements.

The writer was contacted by one of the packing
plants to give advice on the design of treatment facilities.
In the initial discussions it appeared that there was merit
in examining the problem from the point of view of the three
packing plants rather than of cne alone. There was no doubt
that it would have been feasible to collect the waste from:
the three plants and construct one waste treatment facility
which would have resulted in substantial saving in both the
capital and operating costs to the three plants. However,
in discussing this approach with officials of the plants the
opinion was expressed that the administrative problem involved
in the firms dealing with one another would not justify the
savings that may be effected. The alternative appeared to
be the operation of such a waste treatment plant by a private
company on a contract basis with each packing plant.

Further investigation was carried out for a
utility company and the possibility of utilizing a sewage
lagoon (stabilization pond) method of treatment consisting
of anaerobic followed by aerobic or storage lagoons was
studied. It was anticipated that such facilities would
handle any quality of waste without pre-treatment. At the
time it was not known that this method had been used in any
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place for the treatment of meat packing plant wastes but
on further study it was found that the Swift Company had
two such installations, one near Moultrie, Georgia, and
the other in Iowa.

Preliminary plans and estimates of cost of
construction and operation of the proposed system to handle
waste from the three meat packing plants were made and
these indicated that the proposed project had sufficient
merit to justify a more thorough examination. At the time
the City of Edmonton was not interested in participating
_in the financing of such facilities and indicated that the
project should be handled on a private enterprise basis.
The City indicatéd that it would be pleased if the packing
plants arranged for treatment of their own wastes by an
alternative method to that of discharging into City sewers.

The subsequent study of the problem included
the following:-

1. Technical feasibility of the use of anaerobic and
aerobic lagoons for the treatment of meat packing
plant wastes in the Edmonton area, and

2. Preliminary plans and estimates of cost of the
proposed method of treatment and disposal.

3. Analysis of the economic feasibility of providing
waste treatment service to the three meat packing
plants in question by a utility company.

TECHNICAL FEASIBILITY OF TREATMENT METHOD

Sanitary sewage which requires a high degree of
treatment is conventionally treated either by activated
sludge plants or trickling filter plants. Another method
of treatment which has now been widely accepted utilizes
lagoons or stabilization ponds. These ponds embody primary
and secondary treatment and sludge digestion in an open
pond or ponds. The term "lagoons" was first used to describe
this type of treatment but recently, the term "stabilization
pond" has become more general.

In North America lagoons have generally been
designed large enough to ensure aerobic conditions. 1In
Australia (1) experiments were carried out with lagoons



subjected to such high loadings that all oxygen was used

up and these were called anaerobic lagoons. In Alberta
during the past ten years anaerobic lagoons have been used
extensively for the treatment of municipal sewage and are
usually followed by aerobic or storage ponds. In New Zealand
(2) anaerobic lagoons have been used for the treatment of
packing house wastes and more recently this method has been
used in the United States (3). Also, such ponds have been
used for the treatment of many other industrial wastes.

In considering the feasibility of utilizing
anaerobic lagoons followed by aerobic or storage ponds for
the treatment of waste from packing houses in Edmonton, it
was important to consider two major problems, namely, whether
the scheme could provide treatment which the Provincial Board
of Health considered adequate to protect the North Saskatchewan
River from pollution, and secondly, whether such facilities
would operate without creating a nuisance in the area.

Pollution of the North Saskatchewan River:- One of
the main problems with pollution of the North Saskatchewan
River is that of the high organic load being discharged into
the river by the City of Edmonton. Before the construction
of the new sewage treatment plant in Edmonton, this load was
sufficient to use all the oxygen during the winter months
when ice cover did not allow re-aeration. In the summer the
condition was not as bad because of the higher flows and
re-aeration. In the present operation of the Edmonton treat-
ment plant the Provincial Health Department requires primary
treatment during the summer but complete treatment in the
winter.

When all of the packing plants were discharging
waste into the City sewerage system, approximately 35% of
the B.0.D. load on the City's plant was being contributed
by the three packing plants in north-east Edmonton but this
was included in only 10 - 15% of the flow. A simple solution
to the problem would have been to store the waste of the
three packing houses during the winter and discharge it
during high water in the spring and summer. The problem,
however, was to find a site sufficiently remote from habita-
tion to allow the use of such facilities without creating an
odour nuisance in the surrounding area.




There had been no experience, to the writer's
knowledge, with this type of approach but there had been
experience with anaerobic followed by aerobic lagoons,
and in the limited number of installations there had been
little, if any, reported problems with odour. Therefore,
it was decided to parsue studies further to determine
whether the experience under other climatic conditions
could be applied to the situation in Edmonton.

The Problem of Odour:- Early in the investigations
it became clear that the efficiency of treatment was not an
important factor, providing there was sufficient storage
following the anaerobic ponds. There was no doubt that the
degree of treatment could not, under any circumstances, be
worse than the primary treatment that was required by the
Health Department for summer operations. Therefore, it was
only necessary to provide enough storage so that discharge
could be restricted to certain periods in the summer. Also
there was every indication that treatment efficiency with
anaerobic followed by aerobic ponds would be high in the
summer. The problem then was simply to determine whether or
not facilities could be operated without creating an odour
nuisance.

The proper approach to this problem would have been
to construct a pilot plant and operate it over a period of
at least two winters. However, there were no funds available
for such an approach and an assessment was made on the basis
of the following investigations:-

1. Review of local experience with anaerobic and
aerobic lagoons.

2. Examination of literature to determine if there
was any recorded experience that could be applied
to the proposed scheme.

3. Discussions with persons having technical experience
in the sewage and industrial waste treatment field
to find out if there was any experience with treat-
ment of packing plant wastes under similar conditions
utilizing similar methods, and also to obtain their
opinions on whether such experience could be applied
to the problem in Edmonton.



4. The examination of installations for the treatment
of waste which could be of help in determining
whether the proposed method of treatment could be
used to solve the problem in Edmonton.

The writer first considered the use of anaerobic
and aerobic lagoons for packing house wastes as an adaption
from the experience with anaerobic lagoons used for municipal
sewage in Australia and on the basis of two instances where
such ponds had been used in Alberta. Since that time,
however, much more experience has been gained in Alberta
with the use of anaerobic lagoons for the treatment of
municipal waste. Also, a new process had been developed
called the "anaerobic contact process" for the treatment of
packing house wastes. This process involves anaerobic treat-
ment in a tank at a temperature of about 90°F. It was felt
that a lower temperature but a longer retention time in a
lagoon might possibly accomplish the same result.

Examination of available literature brought
attention to a reference to experience in New Zealand, and
correspondence was carried out with Mr. Ronald Hicks of the
Auckland Metropolitan Drainage Board. Mr. Hicks outlined
his experience and opinions on the use of anaerobic followed
by aerobic lagoons for the treatment of packing house wastes
and in his opinion such facilities could provide an efficient
degree of treatment without odour nuisance. Mr. Hicks,
however, mentioned temperatures of 70 to 80° in the anaerobic
lagoons. 1In New Zealand, of course, maintaining such a
temperature is not as difficult a problem as it would be in
Alberta. Therefore, to adapt the experience in New Zealand
to Alberta, the problem of maintaining such a temperature in
the winter, or the effect of allowing the temperature to go
below 70 degrees had to be assessed.

The writer also found out that the Swift Company
in the United States had built two installations utilizing
anaerobic and aerobic lagoons for the treatment of waste
from two of their packing plants. These were located at
Perry, Iowa and at Moultrie, Georgia (3). Unfortunately,
at the time this was investigated the packing plant at Perry
had been shut down and therefore the lagoon was not in
operation. The experience with the operation at both of these
indicated no appreciable odour nuisance, and the degree of
treatment was high. The waste was pre-treated by the removal
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of paunch manure, grease and considerable settleable solids. -
Also, the temperature in the anaerobic lagoon at Moultrie

was approximately 85°F most of the time. For the plant at

Perry, Iowa the temperature was maintained at 700 or above

by injecting heat.

The problem was also discussed with Professor
George Shroepfer of the University of Minnesota. Visits
were made to a sewage treatment plant in South St. Paul,
Minnesota, which treats approximately 10 million gallons
of waste a day, 90% of which is flow from packing houses.
The significant experience at this plant is that sludge
from the primary and secondary settling tanks is discharged
to open lagoons where it is digested without any control
and without nuisance. This was a direct indication that
odour nuisance would not be a problem with the anaerobic type -
of treatment process when temperatures were low. Also,
paunch manure is removed in a high rate settling tank prior
to the regular treatment and then disposed of in an area
close to the plant where it does not cause odour nuisance.

One of the important considerations in determining
the overall economics of the proposed method of treatment is
the degree to which the packing plants would be required to
pre-treat their waste before discharge to a system utilizing
the anaerobic and aerobic lagoons. 1If the lagoon system
could handle paunch manure and any other waste then the over-
all economics would be considerably improved. However, the
consideration again was whether or not the discharge of such
excess waste would adversely affect the treatment process
primarily with respect to increasing the probability of an
odour nuisance. This matter was considered but no final
conclusion drawn, although there are indications that it may
be more economical to treat in the lagoons any waste which
the packing plants wish to discharge, rather than to require
certain pre-treatment facilities.

Conclusion Re Feasibility:- On the basis of the
investigations outlined above, the following conclusions
were drawn:-

1. That packing house waste from which grease and
paunch manure has been essentially removed can
be treated to a high degree utilizing anaerobic '
followed by aerobic lagoons. On the other hand,
it may be that paunch manure and grease can be
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left in the waste without adversely affecting
the degree of treatment or causing any nuisance.
It was concluded that the proposed facilities
could be installed without pre-sedimentation to
remove paunch manure and grease and that if the
operation were unsatisfactory, pre-sedimentation
facilities could be added. However, during the
course of the study the packing plants installed
their own facilities for removing grease and
paunch manure and it was felt that the lagoons
could be operated at the outset treating this
pre-treated waste. The pre-treatment facilities
could then be by-passed to see if this would result
in an adverse effect on the lagoon operation.

2. That the treatment process can be carried out
without creating an odour nuisance provided the
location of the ponds is at least one half a mile
from the nearest residence.

3. That the degree of treatment and absence of odour
nuisance can be assured if a temperature of 70°
is maintained in the anaerobic lagoons, but there
is no indication that there will be odour nuisance
if the temperature is allowed to drop. If the
anaerobic lagoon is started and operated properly,
it is probable that during the winter lower
temperatures will not result in the creation of
an odour nuisance, although the degree of treat-
ment may be reduced.

4. There is no direct experience to indicate whether
or not the aerobic or storage pond may cause an
odour nuisance in the spring after it has had ice
cover over the winter. However, experience with
many other lagoons in Western Canada would indicate
that this would not be any greater problem than
other situations where aerobic lagoons are frozen
in the winter and the same requirements as to
location could apply.

DESCRIPTION OF FACILITIES

The proposed facilities included the following: a
collection system to collect waste from the three packing
plants, an outfall line to transport the waste to the disposal
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area; a syphon to cross the river, and anaerobic and aerobic
or storage lagoons in the disposal area. It was also
considered that ff treatment facilities did not operate
effectively it may have been necessary to construct a high
rate sedimentation tank ahead of the anaerobic lagoons to
remove paunch manure and grease if this was not removed
satisfactorily by pre-treatment facilities in the packing
plants.

After plans did not materialize for a private
company to operate waste treatment facilities as a service
to the packing plants the City of Edmonton undertook the
project on a municipal basis.

Figure 1 shows the location of the facilities
which were constructed by the City in 1964. The two alternate
disposal areas shown were considered but the ponds were
constructed on the most remote site to reduce the probability
of odour nuisance.

The lagoon facilities are considerably more
extensive than had been anticipated by the writer in his
first investigations. Also, their location is further away,
resulting in extra cost for outfall line although this
provided an extra safety measure to reduce the possible
odour nuisance. By lowering the outfall sewer it was possible
to pick up domestic sewage from a part of the City which re-
quired additional service, and domestic waste from about
10,000 persons is now being treated in the lagoons along with
packing plant waste. Figure No. 11 shows the layout of the
anaerobic lagoons and the location of the aerobic or storage
ponds constructed by the City.

In the preliminary design for the anaerobic lagoons
provision was made for two lagoons with seven days storage
in each on the basis of the initial flows but reducing to
about four days due to flow increase in about six years. On
the same basis the aerobic or storage lagoons would have
provided seven months storage. The ponds built by the City
as shown in Figure II included three anaerobic cells, each
with a capacity of four day detention at three million gallons
a day which is approximately the average daily flow at present.
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In moderate climates where most of the experience
with this type of facility for treating packing plant wastes
had been gained both anaerobic and aerobic ponds can be
operated with reasonable efficiency the year around.

However, from experience with many other lagoons it was
apparent that aerobic ponds could not be operated efficiently
in the winter, and therefore, as a treatment unit, this part
of the combination would have to be discounted and could be
depended on only as a storage pond to retain waste during
periods when it was not possible to discharge to the river.

Under other circumstances where it would not be
permissible to discharge high B.0.D. wastes into the river
at any time the problem could be solved by providing sufficient
storage to retain waste until the summer when it could be
treated efficiently in an aerobic pond. This could be
accomplished with about seven or eight months storage. However,
in the present situation this was not necessary and the main
problem to consider was that of the operation of the anaerobic
lagoons which it was felt could be kept relatively warm at
all times due to the high temperatures in the waste coming
from the packing plants. The main considerations of design
then centered on the anaerobic lagoons. The important factors
considered were retention period, shape, temperature and
recirculation.

Retention Period:- The initial preliminary design
provided for a retention period of seven days at the flow
that existed at the time of the study which was five years
ago. It was anticipated at the time that within a few years
the flow would increase and reduce the retention period to
four or five days. Information from various sources indicated
that retention period in anaerobic lagoons is a critical
factor and that either too short or too long a retention
period would cause difficulty with odour nuisance. However,
there hasn't been sufficient research or reliable experience
to give anything other than a general indication of the effect
of retention period. The optimum retention period depends
on many factors, two important ones of which, no doubt, would
he-quality of waste and temperature. Hicks (2) suggests two
days at 700 - 800F. Sollo (3) used four days and reported
reduced efficiency when the temperature dropped below 75°F
but did not report any odour nuisance.
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Temperature:- Another factor that is important
is the temperature. This, of course, is a factor related
to retention period and it would not be unreasonable to
expect that the higher the. temperature the shorter can be
the retention period. Again, there is not sufficient
evidence available to quantify this factor. On the other
hand, experience to date indicates that with temperatures
of 70° or above and retention periods of two to four days,
anaerobic lagoons can effectively treat packing plant
waste without creating an odour nuisance. This does not
mean that there would not still be effective treatment
at temperatures lower than 70°. In considering the design
and the operating costs, estimates were made of the cost
of heating one anaerobic lagoon and this was approximately
$12,000.00 per year. This was based on a heat loss of
5> B.T.U. per square foot per hour per degree fahrenheit
difference in temperature. It was expected that no heating
would be required but this factor was included in the
economic analysis to determine whether or not under the
worst conditions the method of treatment could still be
economically feasible. More research is needed on the effect
of temperature before reliable conclusions can be drawn.
Sollo (3) reported adding heat to anaerobic ponds to main-
tain temperatures above 700F,

Shape:- The anaerobic lagoon designed by Swift
& Company for waste treatment at Moultrie, Georgia (3) is
rectangular in shape, 14 feet water depth with 3:1 side
slopes and provides approximately four days detention.
The writer has no reason to disagree with this type of
design but feels that in any cold climate like Alberta the
design should incorporate the maximum volume for the least
surface area and, of course, having side slopes as steep as
feasible consistent with the proper economy.

Recirculation:- The Swift plant in Georgia is
operated with recirculation at a rate of approximately 50%
of the average daily flow but there is capacity for higher
circulation rates. The inlet to the recirculation pumphouse
is in the bottom of the tank and thus draws sludge which is
pumped to the influent of the tank with the incoming waste.
This arrangement provides intimate mixing of activated
anaerobic sludge with incoming waste. The operating results
from the anaerobic ponds are excellent.
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As shown in Figure II the anaerobic ponds constructed
by the City of Edmonton are rectangular in shape and provide
for recirculation of the sludge from the bottom of the ponds
and for entrance of the waste including recirculated sludge
at either end. Another method of providing recirculation is
to circulate within the lagoon itself utilizing one anaerobic
lagoon as a contact lagoon with gentle stirring at all times
and with the second lagoon operated in series as a settling
lagoon from which some sludge can be pumped, if necessary,
back into the first pond.

Hicks (2) suggests gentle stirring by air bubbling
in the first pond and then removal of sludge in a sedimenta-
tion tank with sludge being returned and mixed with incoming
waste,

ECONOMIC FEASIBILITY OF PROJECT

An economic analysis of the proposed project was
made to determine whether it was feasible for a utility
company to construct and operate the facilities and provide
waste treatment service on a contract basis to the three
packing plants concerned. When this arrangement fell through,
however, the City of Edmonton decided to go ahead with the
project and it was considerably expanded to provide other
features.

OPERATING EXPERIENCE

The City of Edmonton started operation of the
facilities in the winter of 1964-65. It was unfortunate
that it was not possible to start in the summer of 1964
when the temperature was much higher. Normally it is best
to start-up in the spring, if possible, so that a few months
of operation can be obtained while the air temperature is
high and there is the best opportunity to get the anaerobic
lagoons into proper operation. Also, at start-up it may be
advisable to provide seed sludge from a digester of an
operating plant.

Certain problems have arisen with respect to the
operation of the lagoons. The main one of these is the
production of considerable hydrogen sulphide. Despite this,
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however, the location of the lagoon is sufficiently remote

so that, although there is noticeable odour close to them

the odour does not travel far enough to cause a great
nuisance. Under certain weather conditions, however, it

may be noticeable at a distance of a mile or so. Nevertheless
it is felt that with experience in operation it will be
possible to control this odour. The City has tried utilizing
enzymes for odour control and reports indicate that this is
helpful. The cost of feeding enzymes is approximately $40.00
to $50.00 per day which amounts to about 1¢ per 1,000 gallons.
Considering the overall economy of the project, 1l¢ per

1,000 gallons for odour control is a good investment if it

is possible to control it in this way.

To date there is very limited information on the
operation of the lagoons but indications are that they are
providing a reasonable degree of treatment. On tests run
during the first part of May, 1965, indications are that the
anaerobic lagoons are removing approximately 75% of the
suspended solids, over 70% of the B.0.D. and 79% of the grease.
Experience reported by Sollo (3) for the Swift Company ptant
in Moultrie, Georgia, indicated B.0.D. removal in the anaerobic
lagoons as high as over 90%. It was found, however, that
when the temperature in the pond dropped below 75°F there
was a considerable reduction in operating efficiency, although
again, no problem with odour.

CONCLUSIONS

As a result of the studies carried out the
following conclusions were drawn:-

1. That the method of treatment using anaerobic
followed by aerobic or storage ponds would provide
the degree of treatment necessary for the protection
of the North Saskatchewan River and could be operated
without creating an odour nuisance providing their
location was sufficiently®remote.

2. That the proposed anaerobic and aerobic lagoons, if
properly operated may be able to treat packing house
wastes from which paunch manure and grease had not
been removed without causing an odour nuisance at
the proposed disposal site.
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That the inclusion of a high rate settling tank
for removal of paunch manure and grease would
give more assurance that satisfactory operation
without odour nuisance could be achieved.

That the cost of treatment of meat packing house
waste by this method is.much less than the
alternative of treatment in the City's activated
sludge plant.

That it is economically feasible to add heat to
anaerobic lagoons if this is found necessary in
order to obtain a certain efficiency.

Parker C.D. Jones, H.L. and Taylor W.S.
Sewage and Industrial Wastes 22, 760-75, 1950.

Ronald Hicks, Auckland, New Zealand, Metropolitan
Drainage Board - by private communication.

Sollo, F.W. "Pond Treatment of Meat Packing Plant
Wastes,' Proceedings of the Fifteenth Industrial
Waste Conference, Purdue University, 1960, p. 386.
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o Sar "AERATED LAGOONS FOR THE TREATMENT
'—vzr-— OF CANNERY WASTES"

by
K. H. SHIKAZE

INTRODUCTION

The treatment of cannery wastes at any
time is never a very simple task and a great many
approaci.es have been used for their treatment.
Among these are spray irrigation, combined treat-
ment with sanitary sewage at the municipal
dispesal plant, lagooning, chemical precipitation,
araerobic processes, aerobic processes and various
other wethods (1, 2, 3, 4, 5, 6). In fact, the
amount of wofk carried out on these various methods
is well illustrated in a recent book on industrial
waste treatment by Nemerow (7) which cites some 192
references on cannery wastes and their treatuent.

One of the earliest and simplest means
wiiereby cannery wastes have been disposed has been
by the use of some type of impounding lagoon. In
its siaplest form, the lagoowu wmerely consists of a
diked-off area of land in which the wastes are
retained for a period of time before release. These
impoundment structures have been referred to by many
names - chiefly, oxidation ponds, sewage lagoons or
waste stabilization ponds, the latter term being
generally used by the OWRC. The ponds may utilize
anaerobic or aerobic processes, or both combined,
for the stabilization of wastes. Both aerobic and
anaerobic ponds have been used in cannery waste
treatment. lHowever, in most cases, the use of the
aerobic type is dictated because of the odour problem
associated with anaerobic treatuent.
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The treatment of cannery wastes which are high
in volume and strength would require considerable land
area if conventional waste stabilization pond design
criteria were followed. Even in the most rationally
designed ponds, odours will occur because of the extreme
variations in cannery wastes. In many lagoons, sodium
nitrate is added to supply oxygen to meet partially the
demands of the waste. However, the use of sodium nitrate
results in increased operating costs. Another means
whereby objectionable odours can be controlled and
aerobic conditions maintained is by some means of
supplementary aeration within the lagoon. Eckenfelder
and 0'Connor (8) in their work showed that an aerated
lagoon using diffused air would satisfactorily treat cannery
wastes from the production of fruit and baby products.

The application of an aerated lagoon system for
the treatment of cannery waste at Chatham, Ontario, showed
considerable promise. However, the limited information
available on the use of this process, particularly for
wastes from peas and tomatoes, led to the decision to carry
out pilot plant studies so that some basis for design could
be set up for a full-scale treatment works. Therefore,
the primary aim of the study was to determine the BOD
loadings which could apply to a rationally designed aerated
lagoon without production of obnoxious odours.

THE AERATED LAGOON

The aerated lagoon is a refinement of the waste
stabilization pond and differs only by the presence of a
device whereby oxygen is introduced into the process.
Therefore, in order to understand the functions within the
aerated lagoon, it is necessary first to describe the
stabilization of wastes in the conventional waste stabiliza-
tion pond.

The successful operation of the waste stabilization
pond is achieved under aerobic conditions produced by the
interrelated activities of bacteria, algae protozoa and higher
animals. The relationship is shown in the following cycle.

Light
COy,NH5,Hy)O — Altae ———pAlgae Decomposition

Organic—dBacterial Oxidation4é——Dissolved Oxygen
Waste
Matter

Figure 1 - Lagoon Biological Cycle
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In the plant-animal cycle of nature in the
waste stabilization pond, the algae play a very significant
role. In the presence of sunlight, the algae utilize carbon
dioxide, water, nitrates and other elements to produce new
protoplasm with oxygen as the by-product. This oxygen
then becomes available to the bacteria and other microbes
which utilize it to stabilize the organic material in the
wastes by metabolic processes. Bacterial decomposition
of the organic matter results in the production of carbon
dioxide, nitrates, water and other trace elements which
the algae utilize and thereby complete the cycle.

In the waste stabilization pond, the algae under
normal conditions do not supply enough oxygen to maintain a
residual oxygen concentration. The other main source of
oxygen results from uptake at the liquid surface from the
atmosphere. Also, depth becomes a limiting factor in the
efficiency of the photosynthetic process because light will
not penetrate too deeply in algae-laden waters. In general,
the optimum depth for waste stabilization ponds ranges
from 3 to 5 feet.

Therefore, by increasing the depth, providing a
means of introducing oxygen into the process, and inducing
simultaneous mixing, it should be possible to increase the
waste loadings to much higher values. By introducing an
aeration device, the waste stabilization pond becomes an
aerated lagoon capable of handling much higher loadings.

The aerated lagoon is an intermediate process,
since it can be considered as either a highly loaded waste
stabilization pond or very lightly loaded activated sludge
plant. Most of the studies on aerated lagoons have been
based on retention times which ranged from one to ten days;
the process under such conditions becomes somewhat similar
to complete mixing and total oxidation.

LAYOUT OF LAGOONS

The pilot studies at Chatham centered around the
design of four ponds - two utilizing diffused air, one
utilizing mechanical aeration and the other a conventional
waste stabilization pond. An overall schematic layout is
shown in Figure 2.
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Lagoon #1, Diffused Aeration

As shown in figure 3, lagoon #1 was designed to
have a surface 152 feet long and 72 feet wide when filled
to its eight-foot deep capacity. Side slope was 2 to 1.

Aeration was provided by using perforated
lead-keeled plastic tubing which was laid out in U-shaped
loops along the bottom width of the lagoon. Each end of
the loop was connected to a 4-inch air header which
extended the length of the lagoon. Unperforated tubing
was used to connect the loops to the air header along the
slope.

Spacing of the tubing was as follows, beginning
from the influent end:

12 laterals at 2 feet centre to centre
4 n " 10 n n " "
2 L1} 1} ] 20 [1] " 11} 1]

Lagoon #2, Diffused Aeration

This lagoon had an identical surface area as
lagoon #1 (Figure 4). However, an unaerated 12-ft. deep
basin on part of the lagoon bottom was provided for
concentrating settleable solids. This deep section began
31 feet from the inlet end of the lagoon. Aeration tubing
was suspended at the eight-foot-deep level over this deeper
section and laid on the bottom over the remainder of the
lagoon.

Aeration tubing spacing beginning at the inlet
end was as follows:

24 laterals at 2 feet centre to centre
8 1] " 4 11 "n " n

4 " n 10 n 11 ”n "

Lagoon #3, Mechanically Aerated

This lagoon shown in Figure 5 measured 32 feet
square at the 8-foot operating depth. Relatively steep
sides (slope of 1 to 1) were constructed for this lagoon
by sandbagging the slopes. Polyethylene sheeting around
the perimeter at the surface was used to prevent erosion
due to wave action.
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A 3-foot diameter Simcar surface aerator powered
by a 3 HP motor provided the aeration. Rotational speed
throughout the study was maintained at 75 rpm. Previous
testing of this unit at the OWRC Laboratories gave an
aeration capacity of four pounds of oxygen per hour
(tapwater test media).

Lagoon #4, Waste Stabilization Pond

As illustrated in Figure 6, the waste stabilization
pond was relatively small with a 112 by 32 feet surface
area (0.06 acre) and a 5-foot operating depth.

Waste feed for this lagoon consisted of a portion
of the effluent from lagoon #3.

Figures 7 to 14 illustrate the construction
features and operation of the pilot lagoons.

CANNERY WASTE FEED

Cannery waste feed for the lagoons was transported
via 4-inch PVC forcemain from a cannery sewer manhole
800 feet from the lagoon area. The sewer at the manhole
was partially blocked to create a small sump for a float-
controlled pump intake. The cannery wastes were screened
prior to discharge to the sewer.

Gate valves at the weir boxes located at the head
of the three lagoon systems controlled waste volumes.
V-notch weirs metered the volume of feed to the lagoons.
By-passed wastes joined a ditch about the lagoon embankment
perimeter.

AIR SUPPLY

Air was supplied by a positive displacement blower
with a capacity of 35 cfm at 1120 rpm and 7 psi.

Air from the blower was metered using a bank of
8ix natural gas meters. Three meters in parallel determined
the air feed to each aerated lagoon.
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CANNERY WASTES

Pea Pack Wastes

Processing of peas began in the latter part of
June and the operation was carried out in two ten-hour
shifts with a four hour clean-up occurring daily in the

early morning.

Because 1963 was a very dry season, the

harvesting of the pea crop continued on a very irregular

basis and consequently resulted in intermittent waste
flows to the lagoons. It was therefore, very difficult
to maintain a consistent loading to the lagoons.

A summary of the pea pack wastes is given in
the following table.

Table 1

Pea Pack Wastes

CcoD BOD Susp. Solids pH DO

Median 742 444 222 7.25 1.3

© ‘Maximum 4010 2620 1435 9.8 7.1

Minimum 124 74 7 5.3 0.5
Note: all results except pH in ppm

composite results (12 midnight to 12 noon)

Before the study began it was anticipated that

the pea pack wastes would have an average BOD of 1000 ppm.
This figure was exceeded only during the first few days
of processing and the overall average over the season was
considerably lower.

It should be noted that this cannery freezes its

entire pack and this may have had some effect on the waste
strength.

Tomato Pack Wastes

August and continued until mid-October.

Processing of tomatoes began in the latter part of
Canned products

consisted of juice during September and soups over the re-

mainder of the processing season.
similar to those for pea pack opera

Table 2 gives a summary o

Processing hours were
tions.

f the tomato pack wastes.
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Table 2

Tomato Pack Wastes

COD BOD Susp. Solids pH DO
Median 551 468 256 8.1 :7:2
Maximum 1670 1700 3044 12.2 10.0
Minimum 171 63 17 6.9 1.2

Note: all results except pH in ppm
composite samples (12 midnight to 12 noon)

One feature of the tomato wastes was the presence of
discarded seeds. Seeds accumulated in the weir boxes and
these boxes required a daily clean-out. In addition, seeds
had a tendency to collect in sludge banks below the weir
discharges into the lagoons.

PERFORMANCE OF LAGOONS

The results of the pilot studies were difficult
to interpret for two main reasons.

Firstly, the periods of waste flow were short and
very irregular. Variables such as sunshine and wind may
effect lagoon performance and these require a much longer
time period for evaluation as treatment parameters. The
short operational periods also fails to reveal the effects
of sludge deposition and accumulation.

Secondly, the unreliability of the air distribution
system to lagoons #1 and #2 through the plastic hose aeration
system created major problems for this study. In addition
to requiring considerable maintenance and investigative
attention, lack of a steady air feed upset the scheduling
and evaluation of maximum waste loading capacities for these
ponds. The back pressures developed by clogged air tubing
also resulted in a number of equipment break-downs and
consequent interruptions in air supply.
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Diffused Aeration Lagoons

Because of the wide variations in waste flow
and strength, the averaged results of operation over
the specific processing periods give the best indication
of the treatment capabilities of the lagoon.

The following table gives the averaged results
for lagoons #1 and #2 during the pea pack.

Table 3

Pea Pack Results

Lagoon #1 Lagoon #2

BOD loading lb/acre/day 130 130
BOD effluent ppm 37 35
BOD removal % 85 88
Suspended Solids effluent ppm 91 88
Dissolved Oxygen - day ppm 3:3 4.2
- night ppm 2.6 3.5
pH 7.7 7.6
Temperature ©C 24 24

The BOD loading is based on the design surface
area of the lagoon. The actual loadings would be somewhat
higher (approximately 15%) because lagoon levels were not
at maximum during the pea pack.

It can be seen that the average loadings were
more than six times that for the design of conventional
waste stabilization ponds in Ontario.

With the loading variations experienced, it was
possible to determine the effect of shock loadings on the
lagoon. For example, a high loading of 560 lb/acre/day had
the effect of reducing the dissolved oxygen content from
3.2 to 0.6 ppm in lagoon #1. The effect on lagoon #2 was
not as marked as the dissolved oxygen dropped from 6.6 to
4.3 ppm with a similar extreme loadings. It must be remembered,
however, that lagoon #2 was receiving twice as much air as
lagoon #1. Frequent maintenance was required on the blower
and air tubing. Consequently, no correlation could be made
on the relationship between the amount of oxygen supplied
and BOD removed.
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Air was supplied during the interim between the
pea and tomato pack and the conditions within the two
diffused air lagoons were not unlike that of the
conventional waste stabilization pond.

The tomato pack began in late August and until
the latter half of September and the average loadings to
the lagoons approximated those during the pea pack.
Operating problems with the equipment were the primary
reasons for not increasing the loadings. Lagoon performance
during this period was very good with dissolved oxygen
values averaging around 5 ppm for most of the time.

Beginning on September 23rd, the loadings were
increased appreciably in an attempt to determine the
maximum capacity of the lagoons. In lagoon #1, from
September 23 to 29, the loadings averaged 268 lb BOD/acre/day
with a range 104 to 648 1lb BOD/acre/day. Effluent BOD
remained in the range from 10 to 31 ppm. The dissolved
oxygen values dropped gradually from 8 ppm to 1.0 ppm
during this period. 1In the same period for lagoon #2, the
loading averaged 342 1b BOD/acre/day with a range of 136
to 800 1b BOD/acre/day. Effluent BOD values ranged from
20 to 32 ppm while dissolved oxygen values fell gradually
from 6.8 to as low as 0.4 ppm. There were no signs of
odours. developing in either of these lagoons during this
period.

During the next period extending from September 29
to October 5 loadings were further increased averaging 856
to 877 1b BOD/acre/day in lagoons #1 and #2, respectively.
Effluent BOD values in both lagoons rose to greater than
75 ppm and dissolved oxygen values remained below one ppm.
By October 5th, slight odours were detected from both lagoons.
Loadings averaging over 1000 1b BOD/acre/day continued until
October 8th in lagoon #1 and October 9th in lagoon #2. 1In
the meantime, odours increased while dissolved oxygen dropped
to zero. Waste feeding was then stopped to determine the
recuperative powers of the lagoons. A minimal amount of air
was still being fed to the lagoons.

Dissolved oxygen values rose to 4.9 and 6.7 ppm in
lkgoons #1 and #2, respectively, by October 13th, thus
indicating a recovery time of about five days. Also, there
were no longer any odours emanating from the lagoons.
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Feed to both lagoons did not, however, commence
until October 15th because of problems associated with
the waste feed pump.

For the next four days ending on October 18th,
widely varying loadings to the lagoons were experienced.
The loadings averaged 1038 lb BOD/acre/day in lagoon #1
and 871 1b BOD/acre/day in lagoon #2. These high average
loadings again resulted in odours from the lagoons.
Effluent BOD values rose to 135 ppm in both lagoons and
dissolved oxygen values dropped to zero again. October 18th
also marked the end of the tomato processing season.

Once again it took approximately five days for
the lagoons to regover as dissolved oxygen values of 1.5
and 2.4 ppm were found in lagoons #1 and #2, respectively
on October 23rd. Dissolved oxygen values gradually
increased and a deep green colour developed in both lagoons.
The ait supply was shut off on October 25th and both lagoons
took on the appearance of a conventional waste stabilization
pond with the exception that no feed was introduced.

Lagoon #3, Mechanically Aerated Lagoon

The behaviour of lagoon #3 in the studies was
not unlike an activated sludge plant operating at very low
suspended solids concentrations.

The following table gives the averaged results of
operation during the pea pack.

Table 5

Lagoon #3, Pea Pack Results

BOD loading 1b/day 65.6
BOD effluent ppm 202
BOD removal % 48.4
Suspended solids effluent ppm 344
Dissolved Oxygen ppm 3.2
pH Tx7
Temperature ©°C 22.5
Retention days 1.93
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Table 4

Operating Results

Lagoons #1 and #2 During Heavy Loading

Date Lagoon #1 Lagoon #2
BOD Loading DO Effl. BOD Loading DO Effl.
lb/acre/day ppm BOD lb/acre/day ppm BOD
1963 night day ppm night day ppm
Sept. 23 120 8.1 8.1 10 176 6.7 6.8 20
24 204 8.3 8.2 25 264 4.4 4.3 --
25 104 8.3 B 18 136 2.9 2.1 --
26 304 7.1 6.1 16 404 1.6 1.7 21
27 288 3.8 4.7 18 364 1.5 2.9 24
28 648 1.8 738 29 800 1.2 1.0 23
29 204 1.3 1.0 31 252 0.4 0.9 29
30 956 2.1 23 26 1188 1.3 1.7 32
Oct 1 568 1.8 2.0 -- 704 0.9 0.9 --
2 548 0.6 0.9 33 676 0.8 0.5 37
3 1712 0.3 0.6 38 1600 0.7 0.5 54
4 648 0.3 1.1 68 520 0.4 0.5 58
5 712 0.2 0.7 80 + 572 0.2 0.3 78
6 -——- 0 0.3 -- --- --- 0.5 --
* 7 864 0 0.3 70 1032 0.1 0.2 72
* 8 1520 0.3 0 76 + 1800 0 0 74 +
* 9 - 0 0 78 + 2200 0 0 78 +
*10 -——- 0.5 0.5 79 + -—- 0.3 0 79 +
*11 --- 0.4 0.5 78 + --- 0.4 0.6 78 +
*12 -——- 0.5 0.6 28 -—— 0.5 X.5 78 +
13 - -—- 4.9 -- -——— --=- 6.7 --
14 -—— -—- 5.8 -- -—- --- 6.2 --
15 780 5.7 - e 84 776 5.3 4.8 74
16 2560 0.2 0.3 150 2160 0.2 0.5 156
17 172 0.3 0.7 107 84 0.2 1.2 80
*18 600 g.1. 0 142 464 0.2 0 118
*19 -—- -——- 0 132 -—- --- 0.1 136
*20 - --- 0.1 134 - --= 0 126
*21 --- -—- 0.3 96 -——- --- 0.3 86
*22 -—- -—- 0.5 100 -—- --- 0.6 72
23 - - 1.5 84 -——- --- 2.4 58
24 --- -——- 2.6 78 -—-- --=- 3.6 66

* odours noted from lagoons.
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There were never any odours emanating from this
lagoon during any part of the study and dissolved oxygen
values fell below one ppm only occasionally.

Foaming, coincident with clean-up operations in
the cannery, was experienced on numerous occasions.
However, the foam did not cause any serious problems other
than depositing an undesirable scum around the circumference
of the lagoon.

It was not possible to build-up a solids
concentration higher than that found in the effluent samples
because no settled solids were recycled. The solids
exhibited very poor settling properties and a microscopic
examination showed the cause to be the presence of filamentous
bacteria.

During the first half of the tomato pack, until
September 21st, the average daily BOD load was 40.2 1lbs/day,
about 30 per cent lower than during the pea pack. This
resulted in subsequently better effluent -BOD and suspended
solids values of 114 ppm and 196 ppm, respectively. Also,
the average dissolved oxygen value was considerably higher
at 6.9 ppm.

As in the diffused air lagoons, the loadings were
markedly increased beginning on September 23rd. As a result,
the average daily BOD load increased by over 400 per cent
to 170 lb/day. This increased loading did not, however,
have as marked an influence on the effluent BOD and suspended
solids which rose to 150 ppm and 230 ppm, respectively.
Average dissolved oxygen values fell slightly to 6.3 ppm
during this latter part of the season.

However, it should be noted that the above are
averaged values for the period September 23rd to October 18th
and at the end of this period the BOD of the effluent was
250 ppm, somewhat higher than the average. Suspended solids
and dissolved oxygen values at the end of the tomato pack
were close to the averaged values for the last part of the
season.

The aerator remained operating for ten days after
the conclusion of the tomato pack. During this period, the
BOD in the lagoon dropped from 250 ppm to 88 ppm. Suspended
solids and dissolved oxygens were not appreciably changed
during this period.
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Lagoon #4, Waste Stabilization Pond

Of all the results, the data obtained from
lagoon #4 were considered the least reliable. However,
it did serve a purpose because this lagoon was greatly
overloaded at the start of the pea pack. Daily loadings
in excess of 500 1b BOD/acre/day were imposed upon this
lagoon. These extreme loadings resulted from a failure
in the system to return wastes to the sewer. These very
high loadings which lasted for six days rendered the
lagoon anaerobic and resulted in odours. After feeding
was stopped, it took fifteen days for the lagoon to
recover and maintain aerobic conditions. This was in
comparison to only five days for the diffused air
lagoons.

Because feed was not applied for fifteen days
during the pea pack an accurate assessment of loadings
could not be made. However, during the tomato pack an
average BOD loading of 72 lbs/acre/day was experienced
without any odour problems developing. Therefore, the
design criteria of 20 1b BOD/acre/day for waste
stabilization ponds does not appear to apply for seasonal
operation. Considerably higher loadings can be accommodated
if the lagoon operation is limited to the summer season
when the environmental factors are at their optimum.

SUMMARY

From the operational data of lagoons #1, #2
and #4, the aerated lagoons showed at least a 5 to 10-fold
superiority over the conventional stabilization pond in
terms of BOD loading capacities per acre. Yet, this
increased capability did not appear to be a direct function
of the air supplied, although the additional aeration did
result in higher dissolved oxygen levels. Therefore, it
must be assumed that increased circulation within the lagoon
provided by the aeration device was a major factor in
improving the loading capacity of the lagoons. The
resultant mixing provided greater diffusion rates of food,
oxygen and nutrients into the bacterial cells. Mixing
would also result in a much greater photosynthetic activity
because more algae cells would be exposed to the sunlight.
Indeed, intermittent light radiation has been found to
produce more efficient algae activity (9, 10) than steady
illumination.
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A comparison of aeration devices was possible
in this study. The mechanical aerator was highly regarded
in its trouble-free operation. Foaming occurred period-
ically but did not create any problems. The sludge
produced during the operation of this lagoon had very
poor settling characteristics due primarily to the presence
of a growth of filamentous bacteria which had developed.

The performance of the aeration tubing was very
disappointing as considerable problems were experienced in
the clogging of the air release slits. These slits were
constantly plugging and caused excessive back-pressure loads
on the blower unit.

Generally, a portable compressor was used to
clear the air tubing laterals individually. Clogging was
due to slime growths and scale formation in the vicinity
of the pores of the tubing. Needless to say, the clogging
problems seriously upset the operating schedule throughout
the study.

CONCLUSIONS

1. The diffused aeration lagoons (#1 and #2) operated
aerobically and without odours at overall loadings
up to 500 1b BOD/acre/day. However, averaged longterm
loadings of 350 1lb BOD/acre/day appear at this time
to be more realistic.

2., For this short study, the presence of an anaerobic
section did not have any value in improving treatment
as lagoons #1 and #2 gave similar treatment.

3. The required air supply was not conclusively determined
during the study, but, it did not appear to be a
limiting criterion in lagoon design as BOD removals
were not dependent upon the volume of air supplied.

4. Continual turnover of the lagoon contents, particularly
in the vertical direction, appeared to be the important
factor in improving performance capacities of aerated
lagoons.

5. The problem of clogging of the diffused air tubing used
in these studies must be satisfactorily overcome before
this method can be practical for general use.
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6. Aerated lagoons are relatively stable toward shock
loads. Based on a design loading of 350 1lb BOD/acre/day,
shock loadings of up to 1000 1b BOD/acre/day for a
single day would appear to be within the lagoon's
capabilities.

7. The study showed recuperative powers from anaerobic
conditions of the diffused air lagoons to be three
times faster than the conventional waste stabilization
pond.

8. The mechanically aerated lagoon gave trouble-free
operation with adequate dissolved oxygen present
throughout the study.

9. Operating data for the conventional waste stabilization

pond showed that loadings up to 75 1b BOD/acre/day
can be applied during the summer season.
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Figure 7

Exposed view of lagoon #2 from the effluent end.
Support rods for aeration tubing over the 12-
foot deep section are visible in the centre.

Figure 8

Close-up of air supply connections showing
compressor line and lateral junctions with
the air header.



Figure 9

View towards influent end of lagoon #l prior
to waste introduction. One foot of municipal
water is present.

Figure 10

Aeration patterns on lagoon #1 during initial
pea pack operations. View toward effluent
end; water depth 4% feet.



Figure 11

Aeration patterns on lagoon #2 during initial
pea pack operations. View shows the more
concentrated aeration at the influent end.

Figure 12

Pre-operational view of lagoon #3 showing
aerator mounting assembly. Overflow trough
is visible at right.
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Figure 13
Operation of Lagoon #3 during pea pack.
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Figure 14

Operation of lagoon #3 during tomato pack.



- &2 -

BIGWIN INN
LOCATION OF THE CONFERENCE



- 4% -

SESSION TWO

H. R. Holland

by

Imperial 0il Enterprises Limited

Session Chairman

'""STUDIES ON THE RESPONSE OF
ACTIVATED SLUDGE TO SHOCK-LOADINGS"

A, F. GAUDY, JR. A.F. GAUDY, JR., and P. KRISHNAN

SUMMARY

The response of heterogeneous populations to
shock-loading was studied under a variety of operational
conditions using synthetic wastes consisting of glycerol,
glucose, and a mixture of glucose and glycerol. 1In all
experiments the cells were acclimated to glycerol. The
addition of glucose as a shock-loading at various times
during the aeration period caused an immediate cessation
of glycerol metabolism, and glycerol was not again
actively metabolized until all glucose had been assim-
ilated. Experiments conducted at various initial sludge
concentrations showed that this effect was not dependent
upon biological solids level. Glycerol metabolism was
also blocked when glucose was applied as a shock-loading
to a system operating under severe nitrogen deficiency,
further reinforcing the conclusion that there is a
blockage mechanism for catabolic pathways which operates
to suppress enzyme function rather than enzyme synthesis.
It was also found that considerable amounts of metabolic
intermediates or end products were released during glucose
metabolism regardless of the presence or absence of

glycerol. 1In systems containing a source of nitrogen, these
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products were metabolized after dissimilation of glucose.
In resting cell suspensions the metabolic intermediates
were not subsequently removed, indicating that their
metabolism depended upon the synthesis of new enzymes.
Using old cell sludge, concurrent rather than sequential
removal of glycerol and glucose was observed.

The results using two component (Cg-C3) carbon
sources were in general the same as for Cg-Cq synthetic
wastes. The results provide further evidence for the
generality of sequential substrate removal and suggest
that the metabolite suppressing catabolism of glycerol
lies below the triose level.

INTRODUCTION

Variations in the chemical and physical environment
imposed upon bialogical waste treatment processes may be
broadly classified as shock-loads, and the response to such
changes is an important area for research into the bio-
engineering aspects of the activated sludge process. While
the term "shock-loading" is usually considered as denoting
an increase in BOD loading or perhaps the introduction of
a toxicant, equally severe shock effects can be brought
about by a change in the chemical structure of the organic
substrate to be removed in the treatment process. This type
of environmental change has been termed a ''qualitative"
shock-loading, since it does not necessar}ly involve a change
in the total amount of organic substrate 1), Depending
upon the nature of the structural change, this type of shock-
loading has bee? found to cause serious upsets to activated
sludge systems 1), Further study, using heterogeneous
populations acclimated to a specific compound in a synthetic
waste (sorbitol), showed that when the cells were placed in
a two-component medium, consisting of sorbitol and glucose,
sorbitol was not ?egabolized until the glucose had been
totally utilized 2), The sequential removal of substrate
in response to the qualitative shock-load has serious

ramifications to biological treatment processes, and has
%iven rise to continued study in the authors' laboratory(3)

4) (5) (6) (7) (8),

The sorbitol-glucose synthetic waste provided a
convenient model system for study, and in the majority of
the work reported to date it has been used. Employing this
system it was found that the physiological conditioning of
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the sludge affected the manifestation of sequential

substrate removal (3), Using young cells acclimated to
sorbitel, sequential removal was observed, while older

sludges yielded concurrent removal of glucose and sorbitol
(see Materials and Methods for detailed description of

age designation). With cells acclimated to glucose, siggential
substrate removal was observed regardless of cell age .

The results using sorbitol-acclimated sludges indicated that
the blockage of sorbitol metabolism was not uniquely caused

by repression of enzyme synthesis. Further study using both
heterogeneous populations and a pure culture of Escherichia
coli, in which the blockage was shown to occur in non-
proliferating as well as growth systems, led to the conclusion
that sequential substrate removal could be caused by a
suppression or blockage of t?e functioning of existing
enzyme(s) in the system (4) (5), Further study showed that
the blockage took place immediately. When glucose solution
was injected into a young cell system actively metabolizing
either mannitol or sorbitol (severe shock-loading conditions)
complete cessation of their utilization ensued and it was not
resumed until all the glucose had been utilized (6), cContinued
study has also shewn that even a gradual change in inflowing
substrate composition can cause severe disruption of the
steady state efficiency in completely mixed continucus flow
activated sludge systems as well as in batch systems (8),

The study of substrate interactions in multicomponent media
has been extended to a variety of compounds using young cells,
and the blockage effect has been shown to occur for shock
compounds other than glucose (7),

Various methods of administering the shock-loading
have been studied; however, most of this work, in which a
wide variety of operational parameters was employed, was
conducted using the sorbitol-glucose synthetic waste. It was
desirable to study the effect of some of these variables using
a different model system. A glycerol-glucose medium was
selected, since methods were available for chemical differ-
entiation of glucose and glycerol and because most of the
previous studies employed combinations of six-carbon compounds.
Therefore the change from a Cg-Cg to a C3-Cg System re-
presented a considerable difference in the chemical composition
of the synthetic waste under study which, in addition to
allowing further investigation of the generality of the sequen-
tial: removal effect, might also provide further insight into
its causative mechanism.
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MATERIALS AND METHODS

Batch activated sludge systems (l.5-liters of
aeration liquor) were developed on glycerol (1000 mg/l)
using initial seeding material obtained from the primary
clarifier effluent of the municipal treatment plant at
Stillwater, Oklahoma. The inorganic composition of the
synthetii3yaig§ Ygf identical to that employed in previous
studies . Daily, 500 ml of the mixed liquor
were wasted, and the remaining portion was allowed to
settle for one hour prior to discarding 500 ml of super-
natant. Synthetic waste was added to the 1.5 1 mark to
yield a concentration of 1000 mg/l glycerol. Diffused air
was supplied through carburundum stones at an air flow rate
of 4000 ml/min, and the temperature was maintained at
250 1 19¢, At various times cells were harvested ffom the
500 ml portion of waste mixed liquor, and used for sub-
sequent shock-loading experiments. Cell suspensions obtained
directly from the batch activated sludge unit were designated
as "old" cells (3), These were highly flocculent cells
typical of activated sludge. '"Young' cell suspensions were
developed by placing a small inoculum of 'old" cells from
the batch activated sludge unit in fresh glycerol synthetic
waste, in accordance with the previously reported procedure
for obtaining young cells (3) g‘). On four successive days
a small inoculum of cells was transferred to fresh medium,
and on the fourth day the cells were harvested after sixteen
hours of aeration. The stage of growth at which young cells
were harvested is shown in Figure 1.

For all shock-loading experiments cells were
harvested by centrifugation and washed twice in 0.05 M
potassium phosphate buffer, pH 7.0. These glycerol-acclimated
cells were then shock-loaded by placing them in a glycerol-
glucose medium containing the same inorganic salts concentra-
tion used above, and aerated under identical conditions. The
only change was the presence of glucose in the medium.
Immediately after bringing cells and substrate into contact,
samples were withdrawn for measurement of initial biological
solids by the membrane filter technique (6) (Millipore Filter
Corp., HA, 0.45 p). The filtrate was analyzed for %lucose
(anthrone), glycerol (periodate reaction), and COD 6).
Frequent samples were taken during the succeeding 6-8 hour
aeration period to assess solids production and removal of
substrates.
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For some experiments more severe shock-loading
conditions were established by first feeding only glycerol,
the compound to which the cells were acclimated, and
administering glucose as a slug dose while the glycerol was
being actively metabolized.

RESULTS

Young Cells

Figure 2 shows the course of substrate removal in
the glycerol-glucose medium, and in the control systems.
From an examination of the controls it can be seen that
glucose was utilized more readily than glycerol, even though
the cells were thoroughly acclimated to glycerol. Glucose
and glycerol concentrations, as measured by the anthrone and
periodate methods, respectively, were converted to equivalent
COD values in order to facilitate comparison with the total
chemical oxygen demand of the glucose-glycerol system as
measured by the standard COD test. The total COD analysis
was also made for both control units, but the results are
not shown in this figure.

The results clearly indicate that glucose was
removed at essentially the same rate in both the control and
the two-carbon source system. Glycerol metabolism was blocked
until the glucose had been metabolized. The total COD curve
shows only a slight indication that substrate removal was
diphasic.

Experiments were run at various initial scolids
concentrations to determine if glucose was less effective in
blocking glycerol metabolism at increasing population levels.
Portions of a single sludge were used in order to be certain
that any differences in the results could not be attributed
to variation in the biochemical behavior of the sludge. The
results of one such experiment using young cells under growth
conditions are shown in Figure 3. At the highest initial
biological solids concentration there is an indication that a
small amount of glycerol was metabolized while some of the
glucose remained in the medium. However, suppressive effects
of glucose on glycerol removal were manifested at all four
levels of biological solids concentration. At all solids
concentrations, glucose was removed much more rapidly than was
glycerol, and glycerol was removed very slowly or not at all
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until after the rate of glucose metabolism had decreased.
Thus it is apparent that even at higher solids levels, rapid
metabolism of glucose prevents or severely inhibits glycerol
metabolism.

Experiments using young cells were also conducted
under nonproliferating conditions. In these experiments the
only change in the synthetic waste was the absence of an
exogenous source of nitrogen. A typical experiment is shown
in Figure 4. Glucose removal proceeded at nearly the same
rate in the control and in the combined substrate system,
and there was essentially no removal of glycerol during the
11% hour experimental period. It is seen by a comparison
of the total COD removal curve and the anthrone COD curve
for the two-component system that glucose was removed in
approximately ten hours, but the COD which would be attribut-
able to glucose was not. The COD was reduced approximately
200 mg/1, whereas the glucose COD (anthrone) was reduced by
approximately 500 mg/l, indicating that approximately 300 mg/1
of non-anthrone reactive material was released by the cells
during glucose removal and was not subsequently metabolized.
These released constituents are attributable to either
metabolic intermediates or end products produced and
elaborated by the cells during glucose removal.

There was a question as to whether the release of
such intermediates in the two-component system was due to
the presence of glycerol, or if the result was due solely to
mechanisms involved in glucose metabolism. The metabolism
of glucose by glycerol-acclimated cells under proliferating
and nonproliferating conditions is shown in Figure 5, where
the COD and glucose removal curves are compared. These data
are plotted from the control systems for experiments shown
in Figure 2 (proliferating) and Figure 4 (nonproliferating).
The curves labeled "intermediates'" were obtained by sub-
tracting the glucose values (calculated as COD) from the total
COD values. It is seen that constituents are released by the
cells during metabolism of glucose even in the absence of
glycerol. These constituents were subsequently used when a
nitrogen source was present, but were not used in the non-
proliferating system.

0ld Cell Sludge

Previous work has shown very different behavior
for young and old cells in two-component systems consisting
of glucose and sorbitol. The older cells exhibited concurrent
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rather than sequential removal of the carbon sources. Since
this finding has important possible applications in exerting
engineering controls over the biochemical response, it was
desirable to determine if the same effect of sludge age would
be manifested using the glucose-glycerol synthetic waste.
Results using old cells are given in Figure 6. It is seen
that glucose and glycerol were removed concurrently, thus
indicating that the effect may be of general significance.
Comparison of the control systems for glucose and glycerol
shows that in contrast to young glycerol-acclimated cells,
the older sludge metabolized glycerol more rapidly than
glucose when each was used as a sole source of carbon.

Severe Shock-loading Conditions

Previous investigation under severe shock-loading
conditions using young cells acclimated to either sorbitol
or mannitol, wherein the cells were subjected to a slug dose
of glucose injected into the aerating liquor during active
metabolism of either of the six-carbon alcohols, had shown
that metabolism of the alcohols was immediately blocked by
the shock load. Similar experiments were conducted using
glycerol-acclimated cells. The results of one such study
are shown in Figure 7, where it may be observed that
glycerol was being actively metabolized prior to introducing
the shock-load and that its removal from the system was
blocked immediately after injecting the slug dose. This
blockage persisted until nearly all of the glucose had been
metabolized. The diphasic substrate removal was also re-
flected in the total COD curve. The course of glycerol
removal in the control unit, which did not receive a slug
dose of glucose, is also shown.

DISCUSSION

The results clearly indicate that the type of
metabolic control mechanism which was shown to operate in
causing sequential substrate removal in other systems reported
from this laboratory was also operative in the glycerol-
glucose system herein reported. The results substantiate the
authors' conclusion that a previously unstudied type of
metabolic control mechanism, which acts in catabolic pathways
in a manner analogous to feedback inhibition in anabolic
pathways, exists in many bacteria. Since it causes sequential
substrate removal in populations which already possess the
enzymes required for metabolism of the blocked compound, the
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mechanism must function at the enzyme rather than at the
gene level. This, however, does not indicate that metabolic
controls operative at the genetic level (e.g., enzyme
repression) are less important in waste water treatment
considerations, since these do control acclimation to new
substrates in the waste water; however, it is emphasized
that suppression at the level of enzyme function can result
in a more immediate blockage and thus more severe disrup-
tion of treatment efficiency in response to shock-loading.
The rapidity of the response was clearly shown in Figure 7.
The fact that the blockage of glycerol metabolism involves
enzyme function rather than enzyme synthesis is borne out
by the results shown in Figure 4 where nonproliferating cell
suspensions previously acclimated to glycerol were prevented
from metabolizing this substrate by the presence of glucose.
These cells did possess a capability for removing glycerol
under nonproliferating conditions, as seen by the glycerol
COD (periodate) curve for the control system. However, it
should be noted that under nonproliferating conditions
glycerol was removed much slower than was glucose when either
compound was used as the sole source of carbon.

The initial steps in glycerol metabolism may be
mediated via two different reaction sequences. Glycerol
may be acted upon by a glycerol kinase yielding o{glycerol-
phosphate and thence by a dehydrogenase, not linked to DPN,
resulting in the production of dihydroxyacetone phosphate
which is an intermediate in carbohydrate metabolism.
Alternatively, glycerol may be converted to dihydroxyacetone
by a DPN-linked dehydrogenase and thence via a kinase to
dihydroxyacetone phosphate (9, Assuming that both pathways
may be available for use by the cells, there would be four
possible sites of inhibition of enzyme function. Blockage of
any one in a particular reaction sequence by an intermediate
produced during glucose metabolism could prevent glycerol
utilization. Also, it is not known whether an additionmnal
enzymatically-controlled active transport mechanism to bring
glycerol into the cell is needed by any of the organisms
present in the heterogeneous population. However, since the
enzymes required for glycerol metabolism were obviously already
present in the system, it is apparent that one or all of the
reaction sequences described above was prevented from catalyz-
ing the reactions necessary to bring glycerol into the path-
way of carbohydrate degradation.
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The finding of sequential substrate removal in the
glucose-glycerol system is of particular significance in
understanding the mechanism of the inhibition. Glucose and
sorbitol, used in much of the previous work, are both six-
carbon compounds and can be interconverted by the action of
a single enzyme, sorbitol dehydrogenase. Therefore, it might
be argued that the suppression of sorbitol metabolism by
glucose was due simply to end-product inhibitation of an
initial reaction converting sorbitol to glucose. Also, in
view of their structural similarity, competition for a
common permease might have explained the interference with
sorbitol metabolism when glucose was added. However, neither
of these mechanisms could be applicable in the glucose-
glycerol system where the two substrates are very dissimilar
in structure and are interconvertible only through a series
of reactions. The inhibition of glycerol metabolism observed
in this system is perhaps more formally analogous to the
feedback inhibition observed in biosynthetic pathways. It is
emphasized that, whatever its mechanism, the occurrence of
sequential removal of substrates in heterogeneous populations
has significant bearing upon the understanding of biological
treatment of waste waters. However, the elucidation of the
mechanism of inhibition involved may be of importance in
prediction of the frequency of its occurrence and the types
of substrate systems 1likely to be involved.

Of particular interest is the release of intermediates
during the metabolism of glucose as a sole carbon source by the
glycerol-acclimated cells under either growing or nonproliferat-
ing conditions. In Figure 5 it is seen that considerable
amounts of metabolic intermediates or end-products were released
under growing conditions, as evidenced by the difference
between the plotted glucose COD (anthrone) and the total COD
values. Approximately 250 mg/l of such products (50% of the
initial concentration of carbon source) were present in the
system at the time of glucose removal (approximately four hours).
They were subsequently metabolized by the cells without any
apparent induction period. In other work undertaken in the
authors' laboratory, similar accumulations of intermediates
in the medium have been noted during the metabolism of glucose
under growing conditions by cells acclimated to glucose. These
were later utilized by the cells. However, as seen in Figure 5,
using glycerol-acclimated cells under nonproliferating
conditions, the intermediates which were released were not
readily metabolized by the cells. The results for the non-
proliferating system shown in this figure were obtained using
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a portion of the same cell suspension used for the experiment
in the glucose-glycerol system shown in Figure 4. It is
therefore clear that the presence of glycerol had no effect
on the release of the intermediates. It can be surmised

from the results for nonproliferating cells shown in Figure 5
that a source of extracellular nitrogen is required for the
synthesis of enzyme(s) needed for metabolism of the
components produced during the oxidative metabolism of
glucose by glycerol-acclimated cells.

In conclusion, it has been shown that, under
operating conditions leading to the promulgation of young
cells, carbon sources are in many cases removed sequentially
by heterogeneous populations, and that even during the
removal of a sole carbon source intermediates are released
which are metabolized only after the original substrate has .
been removed. In some cases these intermediates apparently
cannot be removed without the production of additional enzyme
systems. In other work in the authors' laboratory using
glucose-acclimated cells and glucose as the sole source of
carbon, it has been found that the released intermediates were
primarily volatile acids and that in some cases an acclima-
tion period was required before these intermediates could be
metabolized (10), It has not yet been determined whether the
same type of intermediates was released by glycerol-acclimated
cells. The generality of volatile acid production and
release during rapid removal of substrates awaits further
investigation. A result of primary interest in the present
investigation is that under conditions of nitrogen deficiency
the compounds produced during the metabolism of an initial
substrate may not be removed at all or only very slowly. This
finding sheds light not only on the response to shock-loading,
but on the overall understanding of the kinetics and mechanism
of activated sludge processes under non-shock-loading conditions.
Furthermore, it seems apparent that at least a portion of
the so-called "refractory'" compounds which remain in effluents
from biological treatment plants may be compounds not
originally present in the waste, but compounds produced by the
cells from a portion of the original carbon source.
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TECHNICAL SESSIONS
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"TREATMENT OF INDUSTRIAL WASTES
BY MEANS OF THE
OXIDATION DITCH"

by
F. GUILLAUME

INTRODUCTION

The oxidation ditch process is a modification
of the conventional activated sludge process. Therefore
we will be concerned only with those industrial wastes
which are amenable to biological oxidation, e.g. wastes
from the food process industries, oil refineries,
tanneries, and pulp and paper industries. It is perhaps
obvious that industrial wastes with main pollutants such
as suspended solids, toxic chemicals and acidic or
alkaline pH should be treated by physical or chemical
methods, rather than by a biological process.

Practical experience of the Ontario Water
Resources Commission with the oxidation ditch has been
limited to several inspection trips of installations outside
of Ontario, all except one, treating domestic wastewater.
The process does appear very suitable for the treatment
of small wasteflows, i.e. wup to 500,000 gpd, although an
upper limit of size has not been established.

Much work has been done in the Netherlands and
Germany on the treatment of industrial wastes in an
oxidation ditch plant. Similar work, on a smaller scale,
is in progress in the United States. Correspondence with
Dr. Pasveer in Holland and Dr. Viehl in Germany provided
much of the material needed for this paper.
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A discussion of the principles of operation of the
oxidation ditch will be followed by a brief summary of an
extended inspection tour of oxidation ditch plants. Four
examples will illustrate the application of the oxidation
ditch process to the treatment of wastewaters from a dairy,
a soft-drink bottling plant, two coke ovens and a slaughter-
house.

PRINCIPLES OF OPERATION

The oxidation ditch is basically an extended
aeration modification of the conventional activated sludge
process, characterized by design retemtion times greater than
24 hrs. and low BOD-solids loadings.

The oxidation ditch was originally developed in
the Netherlands by Dr. Pasveer from 1954 to 1957 (1). The
main purpose was to find a method of waste treatment econom-
ically feasible for small communities and at the same time
capable of adequate BOD removal efficiencies.

Preliminary investigations had shown that aeration
of the raw sewage for a period of three days without retention
of the suspended solids could reduce the BOD by 70 percent.

A simple earthen ditch in the shape of a racetrack with a
trapezoidal cross section was used as aeration tank (Slide 1).
An aeration rotor provided circulation and aeration (Slides 2
& 3). This type of treatment is, in effect, the same as that
provided by an aerated lagoon.

To improve the treatment efficiency the solids were
retained by operating the rotor and the raw sewage pump
intermittently. This allowed the solids to settle when the
rotor was not operating. After a one-hour sedimentation
period, the raw sewage pump was started. The supernatant
liquid was displaced over the effluent weir by the incoming
raw sewage. A specially designed swivel siphon permitted rapid
discharge of the required amount of treated effluent. Reten-
tion of the solids allowed the accumulation of an activated
sludge. The degree of BOD reduction was generally greater
than 90 percent, sometimes even greater than 95 percent.

Several drawbacks of intermittent operation were
recognized, such as: accumulation of raw sewage in the wet-well
and the sewer system for periods up to 4 hrs., and the possibil-
ity of.shortcircuiting in the ditch during the pump cycle when
raw sewage displaces the treated liquid over the outlet weir.
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A number of different designs were tried out to
permit continuous separation of suspended solids. Most
installations in Canada and the United States have been
equipped with a final clarifier and sludge return system,
resulting in satisfactory operation.

Experience with package-plant-size extended
aeration systems has shown that so-called inert suspended
solids in the treated effluent do represent a significant
part of the BOD of the effluent. These suspended solids
are discharged from the system, maintaining a natural
solids balance. The activated sludge is allowed to build
up until this equilibrium is reached.

Improved BOD and suspended solids removals will
be achieved when excess sludge is wasted from the system,
thereby keeping the mixed liquor suspended solids (MLSS)
concentration below its equilibrium level. Oxidation ditch
plants usually operate on this principle, making 95 percent
BOD removals possible. The activated sludge is sufficiently
stabilized that it can be wasted on sludge drying beds without
causing nuisance conditions.

From the various experiments with the oxidation
ditch suitable design criteria were developed. (It is
noted that this work was carried out using domestic sewage
only).

BOD-loading should not exceed 13.0 1b/1,000 cu.ft/
day. For domestic sewage this would correspond to a
retention period of approximately 24 hrs. Industrial wastes
will generally have higher BOD values, resulting in longer
retention periods. When the MLSS concentration is kept at
4,000 mg/1, the BOD-solids loading should not be greater
than 4.5 1b. BOD/100 1lb. MLSS/day.

Rotor length is calculated in two ways:

1) From the required oxygenation capacity (0C)
of the system, which is taken as 2 1b. 0,/1b. BOD applied.
Curves are available showing the variation of OC per ft. of
rotor with immersion and rotor speed, on the basis of
aeration tests in tapwater at standard conditions. The OC
generally increases with increasing rotor speed and immersion.
An 0C/load ratio = 2 allows for aeration of wastewater in
the presence of a residual dissolved oxygen (DO).
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2) The aeration rotor is the sole means of
circulating the mixed liquor. Therefore ditch volume
per foot of rotor should not exceed 13,300 gal.
(Imperial Gallons) in a concrete lined ditch. The
longer rotor length is used.

The clarifier should provide 3-hr. retention
at design flow. The sludge return system should be
capable of a 100 percent return rate, to handle the
higher MLSS concentrations encountered in oxidation
ditch operation.

Although the above design criteria were
developed for the treatment of domestic sewage, it has
been found in practice that they hold equally well for
the treatment of industrial wastes (2). As an extended
aeration system, the oxidation ditch provides a low-
intensity rate of oxygen transfer. However, strong
industrial wastes, e.g. dairy wastes, can be successfully
treated as long as the developed design criteria are applied.

Strictly speaking, the oxidation ditch is an
aeration system suitable for the activated sludge process.
Any loading can be applied to the system provided that the
oxygenation capacity is adequate to the BOD-load. However,
with BOD-loadings higher than 13.0 1b/1,000 cu.ft./day
and 4.5 1b/100 1lb. MLSS/day, the excess sludge cannot be
disposed of anymore on drying beds; sludge digestion
facilities must be installed.

There is one important point of difference between
the oxidation ditch and what is known as a total oxidation,
extended aeration plant. Usually these extended aeration
plants are equipped with a so-called completely mixed
aeration tank in which the aeration device disperses the
incoming sewage uniformly throughout the mixed liquor, and
where a uniform DO level is maintained. However, in an
oxidation ditch the aeration rotor propels the mixed liquor
around the ditch. It is estimated that from 4 to 6 minutes
are required for one complete passage around the circuit.
Raw sewage is not dispersed quickly throughout the entire
mixed liquor. This is maybe also a reason for the observed
resilience to shock-loads. Dissolved oxygen is introduced
only at.the rotor. Therefore, the biological activity of
the mixed liquor will cause a regular cycling of the residual
DO from a maximum value at the rotor to a minimum value
immediately upstream of the rotor. The minimum DO may drop
as low as zero mg/l.
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This condition of a continuously varying DO has
apparently no harmful affects on the activated sludge
process in the ditch. As a matter of fact, recent experi-
ments in the Netherlands have indicated that the oxidation
ditch is capable of denitrification as a result of the
varying DO. Thus an effluent may be discharged which is low
in BOD, SS, NH3 and NO3. This is a decided advantage
when the receiving stream is very small, i.e. virtually
no dilution is available for the treated effluent.

INSPECTION TOUR

To date the practical experience of the OWRC with
oxidation ditches has been limited to inspection of several
installations outside of Ontario. All plants except one
received domestic sewage. About one year ago, an extended
inspection tour was conducted through Western Canada and
the State of Oregon. In March of this year an oxidation
ditch plant was visited in Minnesota to observe the operation
under winter conditions similar to Ontario's climate
(Slides 4 - 6).

We were able to conclude from our observations (3)
that the oxidation ditch will provide BOD reductions of
the same order of magnitude as the conventional activated
sludge process; as long as the plant is adequately designed
and properly operated. DO surveys in a number of plants
demaonstrated the presence of the cycling DO concentrations
from 1.5 to zero mg/l. Where detailed operating data had
been kept, the plants carried MLSS in the range of 6,000
to 7,000 mg/l, with infrequent sludge wasting, and effluent
BOD's ranging from 10 to 20 mg/l. These effluent BOD's
were observed when the plants received the approximate
design load.

Most of the plants were operating continuously,
equipped with a clarifier and a sludge return system. Also,
most ditches were lined with concrete, e.g. gunite or shot-
crete. It should be realized that the inspected plants were
more elaborate and relatively more expensive than most of
the oxidation ditches built in the Netherlands. There,
several modifications were made to achieve continuous sludge
separation, without resorting to a secondary clarifier.
Smaller plants with a maximum design population of 1,000
give a quite satisfactory BOD removal with intermittent
operation.
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Although a separate clarifier will increase the
capital cost as well as the operating cost of a plant, re-
liable continuous operation will result even under winter
conditions if the plant is equipped with a clarifier.

The purpose of the inspection tour through Western
Canada and the State of Oregon was to determine whether the
oxidation ditch would be acceptable as a method of wastewater
treatment for small municipalities in Ontario, competitive
with conventional lagoons and aerated lagoons. Quality of
the treated effluent from an oxidation ditch will be equal
to or better than that possible with either type of lagoon.
Where land costs are high, the oxidation ditch will also be
preferred because of the much reduced land requirements,
compared to a conventional lagoon.

TREATMENT OF INDUSTRIAL WASTES

At this point we come to the discussion of some
specific examples where an oxidation ditch has been used for
the treatment of different industrial wastes. A considerable
number of laboratory and pilot-scale tests have been run by
the Netherlands Research Institute for Public Health
Engineering (2) on a wide variety of wastes, ranging from
dairy, cannery and potato wastes to refinery and tannery
wastes. In all cases satisfactory treatment was obtainable
with the oxidation ditch. Much work has been done in Germany
also on the treatment of industrial wastes, e.g. on wastewater
from a soft drink industry, poultry plant, slaughterhouse,
textile mill and a sugar factory (4). Relatively speaking,
only a few oxidation ditch plants are in operation in North
America for the treatment of industrial wastes.

To illustrate the application of the oxidation ditch
process to industrial wastewater treatment, certain specific
installations will be described, for which detailed informa-
tion has been obtained. The discussion will be limited in
most cases to a description of the plant layout and of the
treatment process. Cost data have been omitted because of the
Inaccuracy resulting from varying foreign exchange rates and
relative inflation.

The first example deals with the treatment of dairy
wastes (5). A new dairy was proposed for a small town, popula-
tion 1,800 in Germany, located on a river with an average low
flow of 2 cfs. The approximate waste load could be predicted
on the basis of the designed production facilities: The design
milk:delivery is approximately 10,000 gal/day. Daily
production - 4,000 1b. butter and 1,300 lb. cheese; butter
milk, skim milk and whey are returned.
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When the cooling water is excluded from the waste
stream, a daily waste flow of 15,400 gal. is expected with
a BOD load of 463 1lbs. corresponding to an average strength
of 3,000 mg/1.

The waste treatment plant is designed to treat
the dairy waste as well as a part of the domestic waste of
the town. According to European practice the waste flow
of a contributory population of 800 is estimated at 17,650
gal/day and a BOD load of 88.2 1b/day. Thus the waste
treatment plant is designed for a total waste flow of 33,000
gal/day and a BOD load of 551 lb/day, or an average BOD of
670 mg/1.

Constructed in 1958, the treatment plant consists
of a pumping station, oxidation ditch, clarifier and sludge
drying beds. The ditch has a volume of 210,000 gal.,
providing an average retention time of 6-1/2 days. The
clarifier has a capacity of 8,820 gal. The sludge drying
beds have a total area of 2,480 sq. ft.

Three 27-1/2 in. diameter cage rotors are installed
with a total length of 24.6 ft., designed to rotate at 75 rpm.
The effluent weir of the clarifier controls the immersion of
the rotors. Froset protection, including electric heat is
provided.

The local regulatory agency made several surveys
to determine the performance of the waste treatment plant.
In February 1959, the milk delivered was 8,400 gal/day;

daily production - 3,080 1b. butter and 330 1b.

cheese, daily waste flow - 22,000 gal. with a

BOD load of 308 1b., corresponding to 1,400 mg/l.

The clarified effluent showed a BOD of 17 mg/1,

equivalent to an overall BOD removal of almost

99 percent.

In May 1959, approximately 10,000 gal/day of milk were
delivered;
daily production - 3,300 lb. butter and 840 1b.
cheese, daily waste flow - 33,000 gal. with a
BOD load of 353 1lb., corresponding to 1,070 mg/l.
The clarified effluent showed a BOD of 10 mg/1,
again a reduction of 99 percent.

During this initial period the measured waste flow
originated in the dairy; no domestic connections had been
made as yet. Although excellent BOD removals were reported, a
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serious problem was experienced with poorly settling sludge.
Three weeks after start-up the mixed liquor contained about
1,500 mg/1 suspended solids, with a sludge volume index
(SVI) of 600. The mixed liquor could be build up to a
maximum of only 2,000 mg/l suspended solids, with a half
hour volume of settleable solids of 95 percent corresponding
to an SVI of 475. 1In spite of a 6-hr. retention time in
the clarifier, sludge was lost frequently over the effluent
weir. The surface loading was 615 gal/sq. ft/day for a
maximum hourly flow rate of 4,400 gal. The surface loading
calculated on the basis of an average daily design flow of
33,000 gal. is 192 gal/sq. ft/day. It is expected that the
settling characteristics of the sludge will improve, when
domestic wastewater becomes a significant part of the total
waste flow.

Using the data from the May, 1959, survey the
actual loadings can be calculated, assuming a MLSS concentra-
tion of 2,000 mg/l. For an average daily flow of 33,000 gal.
the oxidation ditch provides a retention time of more than
6 days. The BOD loading amounts to 10.5 1b/1,000 cu. ft/day.
The BOD solids loading is equivalent to 8.4 1b/100 1b.
MLSS/day. These are average figures. The instantaneous
loadings may be considerably higher depending on the
irregularity of waste discharge.

The installed rotor length will supply 2 lb. 0,/1b.
BOD applied at a design loading of 551 1lb. BOD/day. The
required OC is 1.86 lb/hr/ft. of rotor, which can be obtained
at 75 rpm and an immersion of 6 in.

In a smaller installation for the treatment of dairy
wastes (6), also in Germany, similar problems were encountered
with respect to a poorly settling sludge. However, as a result
of intermittent operation of the oxidation ditch, and the
associated sludge separation in the ditch, the MLSS could be
increased to 6,000 mg/1.

Operating problems may arise because of extreme
fluctuations in the quantity and strength of the wastewater
throughout an operating day. Generally the daily volume of
waste is discharged over an 8 or 10 hour period. Economic
considerations may limit the installed rotor length so that
the OC would be adequate if the BOD load was distributed
uniformly over a 24-hour day. For this reason, as well as
in the case of accidental losses of whey, etc., an equalizing
tank will be an asset for the reliable operation of the
treatment plant.
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The second example, of interest in the present
discussion, is an oxidation ditch for the treatment of wastes
from a soft drink industry, also in Germany (7). This
treatment system was put into operation less than two years
ago. Its design and operation illustrate an interesting
development which has occurred in Germany. This development
might be considered a step backwards from the original
design criteria for the oxidation ditch. Higher BOD loadings
and reduced retention times yield still satisfactory BOD
removals, but a not fully stabilized sludge. This requires
cold digestion for disposal of the excess sludge rather than
Simple disposal on drying beds.

The industry produces a lemon drink (something like
7-Up), and soda water. Three bottle wash and filling machines
produce an average total of 140,000 bottles, and a maximum
of 225,000 bottles daily. About 85 percent are used bottles
which still contain leftovers of the previous contents.

A caustic soda solution with detergents added is
used as wash liquid. Once a week it is replaced. Because
of its quality, pH = 11.0 and BOD - 2,500 mg/l, the wash liquid,
about 6,600 gal., is stored in a 17,600 gal. storage tank,
from which it is pumped to the treatment plant at a constant
rate throughout the entire work week. Another source of
process waste is the accidental breakage of bottles when carbon
dioxide is added. Sanitary wastes from 160 employees and the
wastewater from two restaurants are also part of the total
waste flow.

The industry operates 5 days per week, 9-1/2 hrs.
per day. The waste flow occurs during these periods. The
strength (BOD) fluctuates rather widely between 160 and
3,100 mg/1, with an average value of about 640 mg/l. The
average pH is 8.5. The volume of wastewater is estimated at
419 gal. per 1,000 bottles washed and filled. For a maximum
production of 225,000 bottles a daily volume of 93,700 gal.
wastewater is discharged and for an average of 140,000 bottles,
58,700 gal/day.

A preliminary investigation had shown adequate BOD
reduction with a 12-hr. aeration period. 1In view of favourable
experience with the oxidation ditch as well as with the heavier
loaded oxidation ditch, it was decided to construct an oxida-
tion ditch with at least 12-hr. retention.
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The waste treatment plant consists of the following
units: an oxidation ditch of 55,100 gal., a clarifier of
22,000 gal. capacity, a sludge holding tank 17,640 gal.
(2,820 cu. ft.), the already mentioned wash liquid storage
tank, and two sludge pumps. The raw waste is screened only
before it enters the ditch. Two cage rotors, each
8.2 ft. long, provide aeration and circulation of the mixed
liquor. Again, oxygen is supplied at the rate of 2 1lb/1b
BOD applied, requiring an OC of 2.7 1lb/hr/ft. of rotor.
During the night and on the weekends, one rotor is turned
off. The oxygen supply can be further controlled by varying
the immersion of the rotors.

Within a year after start-up of the treatment
plant, the performance of the plant was determined by means
of several grab samples as well as a sampling program at
half-hour intervals throughout an operating day. The grab
samples had already indicated BOD and SS removal efficiencies
of the order of 98 percent. This was confirmed by the
composite sampling program. During the sampling period the
flow fluctuated between 4,400 and 10,000 gal/hr., averaging
8,000 gal/hr., giving a total volume of 80,000 gal. for the
10-hr. period. The production on that day amounted to
189,362 bottles.

The BOD of the wastewater varied widely, between
160 and 3,100 mg/l, with an average of 640 mg/l. The clarified
effluent showed BOD's ranging from 6 to 10 mg/l, yielding a
removal efficiency in excess of 98 percent. Under continuous
operation a MLSS concentration of 6,000 mg/l could be
maintained. An SVI of 100 was observed. In spite of an ash
content of 37 percent, the sludge was not stabilized.
Deterioration occurred in the sludge holding tank, to the
extent that it could be called a cold digester. This is
definitely a disadvantage of the high BOD loading.

If the wasteflow is assumed to be uniformly distri-
buted over a 24-hr. day, the BOD loading is estimated at
58 1b/1,000 cu. ft/day, and the BOD/solids loading at 15 1b/100
lb. MLSS/day. The installed rotors are capable of a maximum
rate of oxygen transfer of 80 mg/l/hr. This would qualify
the treatment process as a high-rate activated sludge process,
even beyond the conventional process.  Dissolwed oxygen
surveys showed a steadily decreasing DO content in the mixed
liquor from a high of 3.9 mg/l in the morning, to a minimum of
0.8 mg/l in the afternoon. The observed variation is related
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to the variation in waste loading from virtually nil during
the night to maximum in the daytime. An equalization tank
might be used to advantage in such a situation.

When the original design criteria are applied to
the observed BOD loading of 512 lb/day, the ditch capacity
will have to be increased to 246,000 gal., in order to
reduce the loading to 13 1bs. BOD/1,000 cu. ft/day. When
the MLSS concentration is maintained at 4,000 mg/l, the
BOD solids loading becomes 5.2 1b/100 1b. MLSS/day. Additional
rotor length is not required. However, both rotors must
operate continuously to prevent settling out of solids.

The third example shows a waste treatment plant
for coke oven wastes and is of interest because of its sheer
size (2). Originally the oxidation ditch was developed for
the purpose of providing economical waste treatment facilities
for small communities, e.g. up to 5,000 population. The
present example will illustrate that size is not a limiting
factor in oxidation ditch operation.

The Netherlands State Mines conducted extensive
studies on the biological treatment of coke oven wastes (8).
The performance of an oxidation ditch was compared with that
of a diffused air activated sludge plant, both on a pilot
scale, in order to determine the most suitable method of
waste treatment.

The average composition of the wastes from two
large coke ovens may be given as:

Weekdays Weekend
BOD mg/1 150 1,000
CcoD mg/1 300 1,500
Phenols mg/1 20 300
SCN mg/1 30 30
HCN mg/1 2 2
Waste flow from
one plant mgd 0.74 1.06

BOD loading lb/day 1,110 10,600
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These data show rather clearly that the weekend
BOD loading is almost ten times as great as the average
weekday value. On the weekend a carbon washer is not in
use, where during the week cooling water with a high phenol
content is treated at a flow rate of 0.32 mgd. For any
waste treatment system this situation amounts to a severe
shockload at . regular weekly intervals.

Pilot plant facilities consisted of:

an oxidation ditch plant - with a 99,000 gal. capacity ditch
and an 11,000 gal. capacity
clarifier. The ditch was about
25 ft. wide, and was equipped
with a 16.4 ft. long, angle-iron
rotor, 19.7 in. diameter. The
rotor speed could be varied from
90 to 170 rpm.

an activated sludge plant - with a 7,700 gal. capacity
aeration tank and also an 11,000
gal. capacity clarifier. Air
was supplied through diffuser
tubes. The air rate could be

varied from 2.6 to 9.6 cu. ft/gal.

of waste, over the range of waste
flows tested.

Both plants received the effluent from a common
primary settling tank. The oxidation ditch was operated at
retention times of two and three days, compared to retention
times of three and five hours in the activated sludge plant.
Besides retention time, BOD loading was the main variable.

A more detailed description of the experimental work is
available in the literature.

Satisfactory results were achieved with both
treatment plants using the normal weekday loadings. However,
the weekend shockloads seriously upset the activated sludge
plant, whereas the oxidation ditch maintained good removal
efficiency even when fed with artificial shockloads of
acids and HCN. Concentrations of HCN as high as 35 mg/l
were reduced to 2 and 1 mg/l in the oxidation ditch. These
toxic shockloads had killed the organisms in the activated
sludge plant. On the basis of the pilot plant test results
it was decided to construct an oxidation ditch with a
clarifier for the treatment of the combined wastes.
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The oxidation ditch is designed for a waste flow
of 2.12 mgd, with a loading equivalent to a population of
100,000. Actually the process wastes are discharged into
a so-called micro-river, and the whole flow (2.12 mgd)
flows into the oxidation ditch. The treated effluent is
returned to the dry stream bed. The ditch has a capacity
of 6.61 mil. gal. Four rows of cage rotors, each 82 ft.
long, are required for the design loading. During
construction it was found that the wastes from a new
chemical plant would be discharged into the oxidation
ditch. The volume of this waste was rather small, but the
organic loading was equivalent to a population of 150,000.
Therefore another 6 rows of cage rotors were installed, also
82 ft. long each (Slide 7). The surface aréa of the ditch
is almost 5 acres. The ditch is operated at a liquid depth
of 5 ft.

The clarifier provides approximately 4 hr.
retention. Settled sludge can be returned at 100 percent.
The surface loading of the clarifier at design flow is 300
gal/sq.ft/day. After 5 months operation on the initial load
of 100,000 population equivalents, the clarified effluent
showed a BOD of 3 mg/l. No other analyses are available.
Phosphate must be added as nutrient for the activated sludge.

Since it would not be economically feasible to line
such a huge ditch with concrete, the side walls were covered
with waste rock from the mines, to minimize erosion. The
bottom of the ditch was also protected with rock for a
distance of 33 feet downstream of each row of rotors. Consider
able seepage did occur at first, but rather soon the soil
pores clogged, and the seepage stopped. Based on the very
limited operating data, it would appear that the oxidation
ditch is the solution of this waste treatment problem.

The last example is an installation in the United
States, which might be of greater interest than the foregoing
examples, simply because the plant is located in North
America rather than in Europe. An experimental oxidation
ditch plant treats packing house wastes from the Maurer-Neuer
plant in Arkansas City, Kansas. The oxidation ditch has a
capacity of 37,500 gal. giving an average retention time of
about 32 hr., and an average loading of 29.8 1b. BOD/1,000
cu. ft/day, on the basis of operating results accumulated in
the fall of 1963. The ditch is equipped with two 4-ft. long
cage rotors (27-1/2 in. diameter). An average BOD removal of
94 percent was observed, reducing the BOD of the raw waste
from 645 to 38 mg/l in the treated effluent. Further data
were not available.
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SUMMARY AND CONCLUSIONS

10

The oxidation ditch process produces an effluent
equivalent to that from the conventional activated
sludge process, over a wide range of loadings and

for a variety of industrial wastes. Well stabilized
excess sludge can be disposed of on drying beds, if
the BOD loading does not exceed 13 1b/1,000 cu. ft/day.
Since sludge production varies for different types of
industrial wastes, pilot plant studies will show
whether higher BOD loadings can be applied, without
having to resort to digestion for disposal of excess
sludge.

BOD loading is the essential design parameter, rather
than retention time, for the treatment of industrial
wastes., Sufficient rotor length must be installed to
provide 2 1b. 0, per 1b. BOD applied.

Liquid depth in the ditch may vary from 3 to 5 ft.
Greater depths might complicate the construction of the
side walls. Ditch lining is mainly required for control
of erosion. The soil must be suitable to permit
construction of an unlined ditch, for proper control of
the liquid level (rotor immersion) and protection of the
groundwater. Rotors must be protected against frost in
the Ontario climate, because minimum temperatures of the
mixed liquor may be as low as 320F,

Correct design of the clarifier is essential to the
satisfactory operation of an activated sludge plant,
especially of an oxidation ditch with the very high
MLSS content, and a 100 percent sludge return rate.

The retention time should be at least 3 hr. The surface
loading must not be greater than 600 gpd/sq. ft. The
examples have illustrated the effects of irregular waste
discharge during an operating day. Perhaps still longer
retention times and lower surface loadings should be
considered. In the case of a poorly settling sludge

the intermittent oxidation ditch has an advantage over

a continuous ditch with a clarifier.

The oxidation ditch process has shown a good resistance
to shockloads, but equalizing tanks are desirable to
prevent daily cycles of overloading and starvation.
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5. A cost study will determine the economic advantages of
the oxidation ditch over other methods of biological
waste treatment.

6. As a unit process the continuous oxidation ditch is an
aeration tank. Its oxygenation capacity depends on
rotor length, speed and immersion. The original design
produces low intensity aeration suitable for the low
loadings associated with the extended aeration process.
The intensity of aeration can be increased by adding
more rotor length per unit ditech volume.
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""SAFEGUARDING THE QUALITY
OF BOUNDARY WATERS"

by

M. W. THOMPSON

"It is further agreed that the waters herein
defined as boundary waters and waters flowing
across the boundary shall not be polluted on
either side to the injury of health or property
on the other."

This statement is quoted from Article IV of the
Boundary Waters Treaty of 1909. Since these boundary
waters form the southern border of Ontario, and since
many of the industries represented here to-day use these
same waters to dispose of their waste products, and since
the general public is becoming increasingly aware of the
dangers of water pollution, it is appropriate to discuss
at this Industrial Waste Conference how the Governments
of Canada and the United States fulfil their Treaty
obligations to safeguard the quality of boundary waters.

In order to appreciate the application and
implementation of Article IV of the Boundary Waters Treaty,
it is necessary to describe briefly pertinent portions of
the Treaty itself, the nature of the International Joint
Commission's activities with special reference to water
pollution and especially how the Commission discharges the
functions entrusted to it by the Boundary Waters Treaty.

At the turn of the century it was apparent to
statesmen in Canada and the United States that there was
a need for improving the procedures for settling problems
regarding the use of waters flowing along and across the
boundary between our two countries. Their efforts culmin-
ated in the signing of the Boundary Waters Treaty on
January 11, 1909.
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The preamble declares the purposes of the Treaty:

(1) "to prevent disputes regarding the use of boundary
waters",

(2) "to settle all questions which (were then) pending
between the United States and Canada involving the
rights, obligations or interests of either in re-
lation to the other or to the inhabitants of the
other along their common frontier"; and

(3) "to make provision for the adjustment and settlement
of all such questions as may hereafter arise."

The pending questions referred to involved the
division of water between the two countries at Niagara Falls
for power generation and in the St. Mary River and Milk River
on the Prairies for irrigation.

In addition to furnishing a solution to these two
disputes the Boundary Waters Treaty provided the United
States and Canada not only with a firm set of principles to
deal with their international water problems but also the
machinery to implement them. Other countries now faced with
similar international water problems are envious of this
mutual agreement which has stood the test of more than half
a century.

The Treaty defines "boundary waters'" as waters from
main shore to main shore of the lakes and rivers and connect-
ing waterways, or the portions thereof, along which the
international boundary passes, including all bays, arms and
inlets thereof. Under this definition, Lake Huron and
Georgian Bay are boundary waters. Lake Michigan, on the
other hand, is not. Neither are rivers such as the Columbia
and the Red which flow across the boundary.

The navigation of all navigable boundary waters shall
forever continue free and open for the purposes of commerce
to the ships of both countries. This right of navigation was
specifically extended to the waters of Lake Michigan.

The Boundary Waters Treaty reserves the sovereign
right of the upstream state to use or divert the waters of
transboundary streams while in its territory. Interests that
may be injured in the other country are protected.
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Each country shall have equal and similar rights in
the use of boundary waters. The Treaty forbids the
construction of any works below the Boundary that raise the
natural elevation of the waters on the other side without
prior approval. It specifies the order of precedence in the
use of boundary waters: domestic and sanitary purposes first,
navigation second, and power and irrigation last. It also
provides that boundary waters shall not be polluted.

The Treaty provided for the establishment of the
International Joint Commission with jurisdiction to approve
certain types of uses and diversions of water, and to in-
vestigate and report on any questions or matters of difference
referred to it by the two governments. The Treaty clothed
the Commission with quasi-judicial, investigative and admin-
istrative powers to implement the Treaty.

The International Joint Commission is a permanent
international tribunal. It is unique in that it is composed
of three citizens from each of the two countries affected by
its findings and decisions. The Commissioners act as a
single body in their joint deliverations, not as separate
national delegations under instruction from their respective
governments. Each Commissioner on his appointment must make
a solemn declaration in writing that he will faithfully and
impartially perform the duties imposed upon him by the Treaty.

The Commission’s functions fall into two general
categories:

(1) approving or rejecting applications for approval
of works, and

(2) at the request of one or both governments, in-
vestigating and making reports with recommendations
on specific problems along the common frontier.

The first category covers applications which may be
made by individuals, public or private agencies or the
governments themselves for works in either country, designed
to utilize, obstruct or divert boundary waters whenever such
works would affect the natural level or flow of waters on
either side of the boundary. An example is the St. Lawrence
Power Project with its powerhouse and control dams at
Cornwall, Iroquois and Long Sault.
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The procedure requires submission of an application
to the Commission by either government or by individuals or
agencies through their own government. This is to ensure
that the application conforms with any domestic requirements
of the government having jurisdiction. In the case of works
situated in both countries, the usual practice is for
identical applications to be forwarded by each government.

Upon receipt of an application the Commission
notifies all concerned, arranges for Public Hearings and
provides an opportunity for all interests to file formal
statements. After the Public Hearing and consideration of
all of the representations, the Commission issues an Order
of Approval for those applications found to be acceptable.
The Order contains conditions to ensure compliance with the
principles of the Treaty and protection or indemnity of all
interests affected by the project.

The second category covers investigations and studies
specific problems referred to the Commission by one or both
governments. Examples are the current references concerning
the levels of the Great Lakes and the pollution of Lake Erie,
Lake Ontario and the International Section of the St. Lawrence
River.

Since its first meeting 53 years ago, the Commission
has dealt with 51 applications and 31 references covering
regulation of lakes and rivers with respect to levels and
flows, tidal power, the use of water for municipal consump-
tion, irrigation, navigation and hydro electric power, air
pollution and water pollution. The geographic distribution
extends from Passamaquoddy Bay, to the St. Croix and St. John
Rivers in the Maritimes, to the Richelieu, Great Lakes and
Lake of the Woods Basins, and to the transboundary streams of
the Prairies and Rocky Mountains, a distance of 3000 miles.

The Commission has not the staff with which to
undertake the variety of investigations required under the
references from the governments. Consequently the governments,
upon request, make available the services of engineers and
other specially qualified personnel of the governmental
agencies, and information and technical data that have been
or may be acquired by such agencies. In some cases Provincial
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and State Governments provide experts from their technical
agencies. If necessary the Commission retains private
consultants. The Commission then establishes an International
Board of Advisers to organize and carry out the technical
studies and field work required.

Similarly, when the Commission issues an Order of
Approval, it usually appoints an International Board of
Control to ensure that the applicant complies with all the
terms of the Order. Each of these Boards reports formally
to the Commission at regular intervals. They also keep the
Commission currently informed of all matters related to the
Order.

The Engineering Boards and Boards of Control, like
the Commission, operate as a single body seeking a common
solution in the joint interest of both countries.

The water pollution problems are an increasingly
important part of the Commission's work. The current water
pollution references cover the connecting channels of the
Great Lakes, the St. Croix River, the Rainy River, the Red
River, the International Section of the St. Lawrence River,
Lake Ontario and Lake Erie. The investigative and advisory
boards appointed by the Commission are composed of federal,
provincial and state officials who not only bring with them
their own special knowledge and experience but also their
staff to do the field surveys, laboratory analysis, office
studies and surveillance. There is the closest co-operation
between the International Joint Commission and the Ontario
Water Resources Commission.

Dr. A.E. Berry, A.V. Delaporte and G.M. Galimbert
from the Ontario Water Resources Commission and the late
G.H. Ferguson and the late J.R. Menzies from the Federal
Department of Health and Welfare have served as members on
several of the Commission's Advisory Boards on water pollution.
Mr. D.S. Caverly, F.A. Voege of the OWRC and W.R. Edmonds,
R.E. Tait and W.K. Sharpe of the Department of National
Health and Welfare are now members.

In the limited time available let us briefly
examine the three current water pollution references that
concern the Province of Ontario.
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In 1946 the Commission received identical references
from the two governments requesting it to determine whether
the waters of the St. Mary's River, St. Clair River, Lake
St. Clair, Detroit River and Niagara River were being polluted
on either side of the boundary to the injury of health and
property on the other side; if so, in what areas and from
what sources; and to recommend remedial measures to correct
the situation. The Commission established a board of techni-
cal advisers composed of federal, provincial and state
officials. After an exhaustive investigation the board
submitted its report to the Commission in 1950.

Following Public Hearings in the areas affected,
the Commission submitted its report to the governments.
The Commission found that all of these rivers were indeed
being polluted by industries and municipalities on each
side of the boundary to the injury of health and property on
the other. It recommended specific "Objectives for Boundary
Waters Quality Control'", to be adopted by the two governments
as the criteria to be met in maintaining these boundary
waters in a satisfactory condition. Incidentally, the State
of Missouri has since adopted these same Objectives for us on
the Mississippi River. The Commission also recommended that
it be authorized to establish and maintain continuing super-
vision over boundary waters pollution through boards
established for that purpose, and to recommend to the
authorities in each country appropriate action in cases where
the Objectives are not being met.

The two governments approved all of the Commission's
recommendations. A new Advisory Board with membership similar
to the investigation stage was established by the Commission
to follow up the specific pollution problems delineated in the
investigation and to advise the Commission on all matters
pertinent to the realization of the Objectives. The sur-
veillance activities include continuous collection of basic
water quality data, determination of improvements effected by
municipal and industrial waste treatment, assembly of data
on water uses, and informing the Commission of those industries
and municipalities who are laggards in meeting the Objectives.

In addition to their own meetings the Advisory
Board meets with the Commission at least twice a year to
review progress being made, to indicate where needs exist



for putting remedial measures in effect and to see that
such findings are brought to the attention of the proper
water pollution control agencies for appropriate action.

The results of these pollution abatement activities
have been most encouraging. An international system for
warning downstream water users following industrial waste
spills has been established in the St. Clair and Detroit
Rivers. Another example of the co-operative approach to
the abatement of industrial pollution is the St. Clair
Research Committee. A dozen industries in the Sarnia area
pool their experience and research efforts to find practical
solutions to air and water pollution problems in this highly
industrialized and sensitive area. Industry has spent millions
of dollars in an effort to solve its pollution problems.
Several waste problems have been solved by profitable by-
product recovery methods. Even the most reluctant municipal-
ities have been moving to eliminate the discharge of raw
sewage into the connecting channels. The Commission's
activities were responsible, in part, for the enactment of
legislation which created the Ontario Water Resources
Commission. The pollution control authorities of Michigan,
New York, Minnesota and Ontario have co-operated with the
Commission in its investigative and surveillance activities.
All concerned can be proud of the progress in pollution
abatement - but there is still a long way to go to reach the
goal contemplated by the Boundary Waters Treaty.

In 1959 the Governments of the United States and
Canada asked the Commission to investigate and report on the
pollution of Rainy River and Lake of the Woods. The Commission
immediately appointed an Advisory Board to carry out the
necessary technical investigations. The field studies included:
analysis of water samples taken from Rainy River and its
tributaries and portions of Rainy Lake aind:Lakéood:ihéiWoods, float
tests for determining the direction of currents, visual and
microscopic investigation of water and benthalogical samples,
and investigation of the sources of waste. Water samples were
analyzed for coliform organisms, pH, temperature, dissolved
oxygen, BOD, turbidity, total, suspended and volatile solids,
lignin, COD, phenol, calcium, alkilinity, conductivity and
hardness. Bottom samples were examined for bark, chips, fibres
and types of soil.
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The Board, during the course of the investigation,
submitted nine semi-annual progress reports, a summary
report for the Public Hearing, a special report accompanying
the April 1963 progress report and a final report dated
October 1964. The Board's findings cover such subjects as
the multiple uses of Rainy River, transboundary movement of
its waters, and the extent, source and effects of pollution.
They recommended specific remedial measures. Wastes from the
two pulp and paper plants and an adjacent municipality caused
the pollution problems. The Commission has submitted its
own report to the two governments who now have it under
consideration.

Last October the Commission received a Reference
from both governments, requesting it to investigate the
pollution of Lake Erie, Lake Ontario and the International
Section of the St. Lawrence River. Investigation on this
massive and complex assignment has started. An Advisory Board
has been appointed. The Canadian Section is composed of
officials from the Ontario Water Resources Commission and the
Federal Departments of National Health and Welfare, Fisheries,
and Mines and Technical Surveys. The United States Section
is composed of representatives from the three States whose
waters are covered: by the Reference as well as from the
United States Public Health Service. This reflects the
multiplicity of interest in the problem.

In safeguarding the quality of boundary waters, the
Commission recognizes that the maximum beneficial use of
available water resources should be permitted, and unreasonable
use of the water should be prevented. The disposal of waste
into a river should be controlled so as to achieve the highest
quality consistent with maximum benefit to all users. The
discharge of suitably treated domestic and industrial wastes
into a river is a reasonable use of these waters provided
that such use does not create a hazard to public health or
cause undue interference with the rights of others who use
these waters for legitimate purposes. Furthermore, wastes
discharged into boundary waters must be such as not to cause
injury to health or property in the other country. Water
quality objectives should not exclude all impurities from the
water course, nor should they permit the maximum quantity of
domestic and industrial waste that the stream can assimilate.
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The Governments of Canada and the United States
and the adjacent Provinces, States, municipalities and
industries, all have the duty of protecting boundary waters
from further degradation even though the problems multiply
as the population and industrial development on the shores
constantly increase. Man's needs for water to-morrow must
not be forfeited by his present indifference to the enact-
ment and enforcement of necessary legislation.

Each Federal Government has an obligation to the
other under Article IV of the Boundary Waters Treaty., Where
boundary waters are concerned the International Joint
Commission endeavours to bridge the gap and co-ordinate the
activities of the various enforcement agencies in both
countries.

The primary responsibility in the field of pollution
abatement, of course, rests with the Provinces and the States.
Failure to enforce pollution laws has created a back-log of
established polluters to the detriment of the overall interest
in our water resources. The Commission's objectives for the
various boundary waters should be adopted by the respective
provinces and states as a minimal criteria for their own
water quality standards. The recent directives issued by
OWRC to municipalities and industries clarified their obliga-
tions under existing legislation. The objectives incorporated
in the directives are in accord with the IJC Objectives.

After all, polluted waters are the open sewers that
collect the wastes from the affluent society. The develop-
ment of new products has created new and complex pollution
problems. Should not an equal amount of time and money be
devoted to the treatment of wastes created by the manufacture
of these products? Surely industry is not so devoid of ideas
and so bankrupt of skills that it cannot provide remedial
measures to remove pollutants from their own effluents.

The interests of all water users, including
municipalities and industries, are in jeopardy. Indifference
to pollution abatement can no longer be tolerated. Industry
and all levels of government must stop the rising tide of
water pollution. "Boundary waters and waters flowing across
the boundary shall not be polluted on either side to the
injury of health or property on the other."
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"USE OF ORGANIC POLYMERS IN THE
TREATMENT OF INDUSTRIAL WASTES"

by
R. F. DAY

During the past several years industrial waste
treatment has been expanding rapidly and the trend appears
to be toward an even greater rate of increase in the
foreseeable future.

With expansion of treatment operations, interest
has developed in the methods of oOperating standard processes
to obtain improved performance and often to allow process-
ing of larger quantities of wastes through existing
facilities.

One process usually basic to industrial waste
treatment is solids-liquid separation. This process may
take the form of stream clarification (settling of relatively
low percent suspended solids), solids thickening (settling
of higher percent suspended solids), and solids dewatering
(filteration and centrifuging of underfeed suspended solids).

It is in this process of solids-liquid separation
that the water-soluble polymeric coagulation chemicals are
playing an increasingly important economic role.

At present, polymers have been used to achieve
improved waste solids settling in the coal, steel, mining,
glass, metal-plating, chemical, rubber, and oil industries.
Their use has resulted in clear, better quality effluents
sent to our rivers and streams. Interest in the eventual
use of polymers in these areas was started, in some cases,
as a result of the inability to accomplish effective
settling and satisfactory solids removal, regardless of
system size and hydrodynamics. In other cases, original
equipment installations sized for a specific flow were not
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large enough to handle higher flow rates, or greater solids
loading, as the processes of these industries expanded.
Application of polymers in these cases has provided a
satisfactory effluent water without increasing the size of
the equipment. Greater re-use of water has resulted in
many cases from the application of polymers, thus minimizing
water consumption and the quantity of effluent discharged

to our rivers and lakes.

Other areas of interest at the present time are
low solids systems, and systems where solids are primarily
in the colloidal state. Industrial systems in this category
may be able to achieve a two-fold benefit of re-usable
solids re-clamation and a clear plant effluent with improved
flocculation afforded by a polymer. These chemicals have
also proven themselves effective in achieving greater oil
removal from systems where this is of primary concern.

Improved dewatering of industrial slurries is
also being accomplished by the use of polymers.

Polymers are characterized by the ionization of
their active groups - that is, how they ionize in water.
Some ionize as cationic, some as anionic, and still others
are relatively non-ionic. As well as their particular charge,
the molecular weight and chain length variance also play a
very important part in their effectiveness in a specific
system. Because the molecular structure can be varied in
so many ways, there are a large number of polymers that can
be produced and each one will perform somewhat differently
in a specific system.

Many theories have been presented on coagulation
and the factors which influence coagulation and flocculation
of colloidal systems with chemicals. A knowledge of the
system and the factor or factors influencing the colloidal
particles is essential in determining the type of treatment
required. The following explanation is an attempt to out-
line one of the theories of coagulation which has extensive
agreement in the water treatment industry.

The first phase of coagulation can be called
neutralization. Figure 1 shows the electrical charge distribu-
tion of a colloid particle. The colloidal particles of
suspended matter in water are characterized by a high surface-
to-volume ratio and create turbidity, colour and some types
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of odours. Turbidity, the most common problem condition in
water requiring coagulation and settling, is essentially a
suspension of colloidal-size clay particles (usually Kaolin).

A colloidal Kaolin clay particle is composed of platelets

with fixed negative charges at their edges. Counter-balancing
these negative charges are movable positive charges or
"counter-ions" which exist in the water solution in the

layer immediately surrounding the colloid particle. This
charged system - the surface of the colloid and the neutraliz-
ing counter-ions - is called a "double-layer" or Helmholtz
layer. If the negative charge is large, some counter-ions

will be so strongly attracted that they will stick to the
surface of the colloid as a firmly attached compact layer.

This layer partially neutralizes the charge and electro-

static attraction of the colloid so that the remaining counter-
ions can be further away and still be in the immediate vicinity
of the colloid. These additional counter-ions form a so-called
diffuse part of the double layer. The neutralizing counter-ions,
therefore, are most concentrated near the colloid and gradually
become negligible farther away. Similarly, negative ions of
any salts present tend to be repelled from the immediate
vicinity of the colloidal particles.

From this it can be understood that the colloidal
particles of turbidity repel each other due to their like
charges and would remain suspended indefinitely. The "zeta
potential’, therefore, is the potential at the surface separat-
ing the im-mobile part of the double layer from the diffuse
part measured by electrophoretic means. As a result, zeta
potential is related to the force and the distance over which
the particles can repel each other and thus prevent flocculation.

The counter-ions are usually monovalent, and when
exchanged for the bivalent or specially trivalent cations, the
result is a shrinkage of the diffuse double layer surrounding
each particle. This lessens the ionic charge on a particle
due to the neutralizing effect of a fixed negative charge when
in close proximity to positive counter-ions. Neutralization,
therefore, is carried out until a zeta potential of 20 milli-
volts per centimeter, which is a critical level, or less, is
obtained, and then the existing forces of attraction known as
Van Der Wall's forces can exert their influence and cause
agglomeration of the fine particles.
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It is generally agreed in the water or waste
treatment industry that coagulation with salts such as
aluminum sulphate, or polymers, requires that the colloidal
suspension be made unstable. When coagulation of a
colloidal suspension occurs, the zeta potential is in-
sufficient to maintain suspension stability. As the zeta
potential decreases to near zero, or, in other words, as
the isoelectric point is approached, coagulation may occur.

It is also generally agreed that turbidity, organics,
colloidal suspensions etc., are negatively charged colloidal
particles, or, more accurately, colloids with negative zeta
potential. When aluminum sulphate dissolves and the trivalent
aluminum ions become available, or when cationic polymers
dissolve and ionize as cationics, they neutralize the negative
charge on the colloidal particle. Since this is the initial
phase which takes place, possibly long before any visible floc
is formed, the efficiency can be increased if the particles
can be brought into intimate contact. This emphasizes the
necessity of rapid mixing during initial floc formation.

In the conventional waste treatment plant of the
precipitation type we know that suspended solids or floc are
removed by letting them precipitate in the tank. The
agglomerated particles of suspended solids, which form as a
result of neutralization of the zeta potential or repelling
charges, are still quite small and would require hours, if
not days, to settle completely. Flocculation of the agglomer-
ated particles involves a further increase in size of floc
to hasten the settling rate and thus shorten the detention
time required. Flocculation consists of mechanical gathering
together of the agglomerated particles by the adsorption on
the floc formed by coagulant chemicals, and also by molecular
bridging of the individual molecules of the coagulant. The
organic-polymeric materials are particularly effective in
increasing floc size by "molecular bridging' and adsorption
of the neutralized particles on a long molecular chain. Figure 2
shows molecular bridging, as we understand it, and shows the
attachment of molecules of the polymer coagulant to each other.
When this occurs between a suspended particle and an organic
polymer of high molecular weight, i.e., a long molecule, a
portion of the organic material is adsorbed on to one particle,
while another portion of the pdlymer adsorbs on to a second
particle and a third portion of the polymer adsorbs on to a
third particle, and so on. The polymer picks up particles
much like a fly ribbon picks up flies. Polymers that are
effective are of the order of one million molecular weight.
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If it is assumed that these polymers are not coiled, they
will have lengths of around 100,000 angstrom units, or
about 10 microns. Since stable colloids have a size of
0.2 micron or less, one can see that the length of such

a polymer is around fifty times the diameter of a particle.

The result of flocculation is an increase in floc
size. The value of increasing floc size can be very well
illustrated by studying the next slide.

£ =4/377 13(d - dbyg,

where f is the force of gravity pulling floc to
the thickener bottom

r is the radius of the particle
d is the density of the particle
d1 is the density of the liquid

f is the gravitational constant

This equation is derived from the law of attraction
of two bodies which states that the force of attraction is
proportional to the mass (r”.d) of the two bodies and the
distance between them. The density of the liquid enters in
because this is the buoyancy force exerted on the particle.
It is readily seen from this equation the great effect the
size of suspended particles has on the rate of settling.

For example, if the radius of the suspended particle can be
doubled, the mass of the particle, and consequently the force
of gravity on a particle, will be increased by a factor of 8.
It is to take advantage of this fact that we want to increase
particle size and thereby increase rate of settling for waste
treatment by precipitation.

To summarize, there are three factors that
influence the stability of colloidal systems. To begin with,
double-layer repulsion, the degree of which is determined by
the magnitude of the zeta potential of the suspended colloids,
is an important factor in colloid stability. The suspended
particles, among which the mutual forces of attraction exist
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at all times, are stabilized by the higher double-layer
repulsion force (zeta potential). The magnitude of this
potential can be measured by any one of several methods,

the most popular of which is microelectrophoresis, where
mobility of the particles is measured in an electric

field. Mobility, reported as M/sec/v/cm, is directly
proportional to the zeta potential of the colloidal particles.
High mobilities, both negative and positive, indicate a

high stabilizing potential and vice versa. A system
stabilized by high zeta potential can be destabilized by an
agent that reduces this potential, as I mentioned before,

to a range between a critical value and zero. The size and
magnitude of this potential generally denotes the type of
treatment necessary. Surface waters and most of the familiar
aqueous colloidal systems have a negative potential and re-
quire a positive species to reduce it. Alum, iron salts,

and other sources of cationic matter have been known for a
long time. More recently, however, cationic polyelectrolytes
have played a major role in such applications.

In practice, examination of the system under study
using electrophoresis indicates the charge and the magnitude
of the zeta potential and the effect of various chemicals
on its reduction.

In general, reduction.of the zeta potential to allow
the attractive forces to take over does not necessarily result
all the time in efficient treatment; other factors, such as
floc size and sedimentation qualities, are as important and
should be taken into consideration. The use of flocculants
as aids to the chemicals effecting the primary coagulation
step is common practice. Flocculants act by forming large,
dense, and therefore fast-settling, floc via a bridge mechanism.
High molecular weight polymers, both natural and synthetic,
serve this purpose. Economy and compatibility with the system
determine the most .effective flocculant. In addition,
mechanical factors (hydrodynamics of the system) should be
considered in making the proper choice.

The second stabilizing factor which is often en-
countered is a short-range hydration repulsion. A system
might contain enough electrolytes to effect the needed re-
duction in zeta potential and yet can be stable. The stabiliz-
ing factor in such a case is due to adsorbed solvent molecules
on the particles to the extent of one or two monolayers. This
tends to reduce the effective attractive forces among the
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particles and thereby prevent coagulation. A flocculant
having active groups that can penetrate the hydration

shell and adsorb on the surface, thereby bridging the
particles, is generally an effective treatment. Many systems
familiar to the audience fall into this category, such as
steel mill waste water and industrial slurries. In these
systems we have found long-chain synthetic polymers, both
anionic and non-ionic, to be efficient.

The third stabilizing factor shown in this slide
is the protective colloid phenomenon encountered in systems
where surface-active molecules can preferentially adsorb on
the particles, either creating steric hindrance to the
necessary close approach for coagulation, or giving the surface
a new property related to that of the adsorbed molecules,
such as the case with gelatin on clay or silica. In both
cases, the proper treatment involves a chemical that can
penetrate this protective layer and reach the surface to effect
flocculation via bridging.

The foregoing indicates that a colloidal system can
be stabilized by one or more contributing factors. A knowledge
of these factors can be very helpful in the choice of the most
economical and effective treatment. Electrophoresis, when
used properly, can give valuable information on the role of
zeta potential in the system but our experience has shown that
for most practical applications the use of jar tests with a
multiple gang-stirrer, or graduated cylinder tests, must be
used to design a coagulation program which will perform in the
presence of all influencing factors, such as rate of agitation,
retention time, order of addition of chemicals, and others.

Jar tests give a better indication of the efficiency
of various coagulants and of polymers under the exact conditions
of agitation and temperature.

Systems having moderate to high suspended solids,
can best be evaluated using the cylinder test where the rate
of settling, as governed by the efficiency of the flocculation,
is the important factor.

The cationic polyelectrolytes usually provide the
basis for coagulation programs designed to clarify waste
streams containing a high percentage of colloidal sized
turbidity. In the presence of agitation, their cationic sites
serve to neutralize the negative surface charges present on
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the colloid to an extent that natural agglomeration or floc
formation takes place. Through the physical mechanism of
floc bridging, these cationic polymers subsequently continue
to increase the size of the floc formed plus functioning
also as coagulant aids.

Where systems have a high percentage of gross
(large) solids, and particularly where a high degree of
sparkling clarity is not required in the effluent, the effect
of surface charges is greatly diminished. The very nature of
the larger sized solids referred to here involves a much
lower surface-to-volume ratio so that the effect of the surface
charge is essentially counteracted by particle density at the
very start of the solids-liquid¢ separation process. In this
type of system, the physical functions of molecular bridging
and floc bridging are usually most effective for increasing
the rate of solids separation by settling. A non-ionic
polymer, with its very long chain length, is usually suited
for this purpose. It provides the maximum possible increase
in floc size and density, for rapid settling, solids thick-
ening and prevention of floc carryover.

Where systems containing a preponderance of gross
suspended solids are also alkaline in nature (above 7.5 pH)
frequently the long chain anionic polymers perform most
effectively. It is believed that they function essentially
through molecular and floc bridging, similar to the non-ionics.
However, in an alkaline media the anionic polymers hydrolize
and the negative sites along the chain length cause it to
uncoil by mutual repulsion of each other. Thus the anionic
polymer is often uncoiled to a greater extent than a non-
ionic polymer in an alkaline system, leading to still greater
efficiency in the bridging mechanism. It has been shown by
controlled hydrolysis experiments that anionic polyelectrolytes
should have enough charge sites to extend the chains to permit
inter-particle bridging without increasing the charge density
enough to interfere with adsorption on the negative particles.
This also explains why partial zeta potential neutralization
by a metal coagulant increases anionic polyelectrolyte
adsorption by reducing the repulsive force between the negative
polymer and the negative particles.

The areas where polymers are presently used in
industrial waste systems are divided into two main categories:
the first being solids settling in the liquid phase; the
second, dewatering of industrial thickener underflow.
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We have covered quite thoroughly the theoretical
aspects of solids settling for coagulation and have
discussed, to a minor degree, dewatering of industrial
thickener underflow. The mechanism of dewatering is
accomplished in three stages as shown in Figure 3. The
curve shows the three stages which are: free-settling or
dewatering, hindered settling or dewatering, and compaction
of the sludge or cake.

The figure shows that a plot of settling or
filtration rates (volume/time) versus time generally results
in a curve with three slopes. The first slope charaterizes
a fast rate resulting in the free fall of floc particles
with little or no interference from one another (free-settling
or dewatering).

The second slope characterizes the rate resulting
from particles interfering with one another in their movement
causing lower but more uniform rate (hindrance settling or
dewatering).

The third slope characterizes the rate resulting
from compaction of the floc particles causing an even lower
rate,

In both settling and dewatering the relative values
of the three stages are important and reflect the efficiency
of treatment. Uniformity of the floc and the floc size are
major factors influencing the rates obtained. 1In filtration,
a non-uniform floc distribution can result in premature
compaction and inefficient dewatering.

The use of polymers in flue dust thickeners in the
United States and, to a lesser extent, in Canada, is becoming
more popular due to the more stringent requirements on solids
carryover to lakes and streams. When many of the thickeners
were first installed they were able to perform efficiently.
With the advent of open hearth precipitators and basic oxygen
furnaces, some of these systems had to be rebuilt to cope with
the additional solids load. Many companies chose to improve
the efficiency of these thickeners by the use of polymers.
They found that a small amount of polymer would greatly in-
crease solids settling. The value of the increased solids
recovered may sometimes exceed the chemical cost. This is
dependent on the value to the plant on the basis of subsequent
process capabilities.
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The dosage required and the type of polymer used
depend upon several factors, namely the thickener size and
rise rate, pH, temperature and quality of effluent desired.
Jar test studies can be most useful to determine the
approximate dosages for these systems. More efficient
removal of solids or faster settling rates in low solids
systems (less than 2000 parts per million) can be enhanced
by these polymers. Settling basins in these systems can
be various shapes and dimensions and have varying flow rates,
and are typical of some of the conventional clarification
plants in use today. As in thickeners, the flow rate, pH,
temperature and quality of effluent desired can have a
bearing on the type of polymer and dosage required.

In the United States, one of the major uses for
polymers in waste treatment at the present time is in the
coal industry. They are used primarily in essentially closed
systems where coal tailings and clay have to be settled
quickly and effectively to produce a re-usable water. The
polymer best suited for this type of system can be determined
by running slurry settling tests utilizing graduated cylinders.

In Canada, a major user of polymers for waste
treatment is the iron mining industry which, similar to the
coal industry in the United States, must settle the tailings
sufficiently well to produce a water of adequate clarity in
the overflow in order that the water may be re-used in the
mill circuit.

Experience has shown that a combination of a
coagulant such as aluminum sulphate and a polymer can give
the most economical results and more uniform clarity than a
coagulant alone can give. The use of a polymer alone sometimes
can give perfectly satisfactory results at a low chemical cost
and eliminate the need for a two-chemical feed system and the
increase in corrosive tendencies of the reclaim water due to
the addition of a coagulant such as alum or iron sulphate.

Where thickener underflow is to be dewatered by
filtering, polymers may be a necessity. Inadequate moisture
reduction and/or cake manageability are the reasons for
considering a flocculant. The types of industrial waste
slurries being dewatered with the addition of polymers are
coal, blast furnace dust, flue dust, basic oxygen furnace dust
and open hearth precipitator dust.
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The following examples are typical of some of
the results that are being obtained in various industries:

PLANT A - AUTOMOTIVE ASSEMBLY PLANT

Problem: Gross suspended solids carryover from
clarifier waste is a highly concentrated
mixture of -

Water and oil based paints
Reduced chromates

Metal phosphatizing waste
Sodium sulphate

. 0il

Caustic

SN =

Corrective Program:
Addition of 12 ppm cationic polyelectrolyte
to ferric chloride and caustic combination.

Results:
1. 50% reduction in ferric chloride and
caustic dosages
2. Total solids decreased from 2000 ppm
to 800 ppm
3. Turbidity reduced from 200 ppm to
40 ppm

PLANT B - INTEGRATED STEEL MILL

Problem: Suspended solids carryover from furnace
flue dust washer solids thickener.

Corrective Program:
Addition of 2 ppm of a non-ionic polymer
flocculant to clarifier feed slurry.

Results:

1. Over 50% reduction in sludge pump and
filter operating time

Longer operating life for filter bags,
pump impellers and strainers

Less labour to handle filter cake

. More efficient sinter plant aperation

SN

Improved results have provided over $15,000 net savings
per year.
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and rouge solids carryover from clarifier.

2. Over 30% increase in filter cake yield

in high steel losses, low pH of reclaim

Reduction of alum dosage to 20 ppm plus

1. Substantial increase in pH of reclaim

2. Thickener overflow clarity improved
giving required clarity under all

3. Substantial decrease in frequency of

PLANT C - GLASS MANUFACTURING PLANT
Problem: Over 50 tons per day of polishing sand
Corrective Program:
Addition of 0.7 ppm of a non-ionic
polymer flocculant to clarifier feed
slurry.
Results:
1. Over 90% reduction in carryover of
suspended solids from clarifier
PLANT D - IRON ORE MINE TAILINGS THICKENING
Problem: Aluminum sulphate used at 90 ppm results
water and filter plugging.
Corrective Program:
the addition of 1 ppm of a cationic
polyelectrolyte.
Results:
water
conditions of tailings feed
filter cleaning
Improved results with the polymer addition have
decreased chemical cost to less than 40% of original cost.
PLANT E - GLASS PLANT

Prohlem: Excessive o0il content in effluent water from
an oil flotation removal unit.
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Corrective Program:

Addition of a specially selected, refined
bentonitic type of montmorillonite clay
and a cationic polymer. Clay addition
varies between 5 and 10 ppm and the
cationic polymer between 5 and 10 ppm.

Results:

Effluent water oil content reduced to
2 to 10 ppm

PLANT F - INTEGRATED STEEL MILL

Problem:

To improve effectiveness of

a)

b)

c)

Clarification of general mill wastes -
to eliminate stream pollution from
carryover of floc and uncoagulated
solids.

Solids thickening of clarifier under-
flow - to minimize the recycle of
solids carryover back into the system.
Dewatering of thickener underflow -

to improve solids recovery in the
filters and increase the solids fed to
the sinter strand.

Corrective Program:

Results:

a)
b)

c)

b)

Clarification - addition of 0.4 ppm
of polymer flocculant.

Solids thickening - intermittent low
level dosage of 0.5 ppm or less of
polymer flocculant.

Dewatering - addition of 1.0 pounds of
polymer per ton of solids (dry weight
basis) to the filters.

Clarification - effluent to the river
consistently at or above the quality
desired. This condition was rarely

met prior to polymer usage.

Solids thickening - the recycle of solids
has been reduced drastically.
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c) Dewatering - feed of polymer to
filters has consistently resulted in
solids recovery over 95% with cake
moisture averaging 50%. Prior to
polymer usage solids recovery averaged
55 - 65%.

The above case histories are a few representative
applications of polymers in industry. The best polymers to
use and approximate dosages can be determined by inplant
laboratory tests. The point of application of a flocculant
aid will be dictated by the hydrodynamics of the individual
system and can be best determined by:ra plant trial.

Ourcexperience with the use of polymers in industrial
waste treatment has shown that although some polymers require
large amounts of agitation, other polymers require very slight
mixing. The distribution of polymers into the industrial
waste is extremely important as is the mixing and preparation
of the polymer solution.

In summary, we want to emphasize that polymers are
not always a cure-all. However, where they are applicable and
economical, they should be considered for use because of the
many advantages it is possible to obtain by their use. 1In
most cases, laboratory tests or inplant bench evaluations can
be utilized to determine the feasibility of using a polymer.
If these laboratory or bench scale studies show a polymer to
be effective, results in the plant equipment will usually
correspond. The system hydrodynamics and economics of applica-
tion will then determine, by actual plant test, whether a
continuation of the polymer addition is warranted.
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"OBSERVATIONS ON AQUA AMMONIA
NEUTRALIZATION OF ACID WASTE
IN A BREWERY"

by

W.R. GARVIE and D.E. WAITE

W. R. GARVIE

INTRODUCTION

Recent literature concerned with the
neutralization of acid waste indicates a lack of
knowledge or limited practical experience in utilizing
aqua ammonia. This paper is offered in the hope that
our experience in this field may prove beneficial to
other industries with similar problems.

A literature survey of methods for treating
acid wastes would show that many chemicals have been
used in a variety of processes. Limestone, caustic
soda and soda ash have won the popularity contest to
date but we think aqua ammonia has merit in many instances.

THEORY

Acidity, alkalinity and neutrality are a
function of the hydrogen ion concentration. We can
measure this by means of pH. A neutral solution is said
to have a pH of 7, which tells us that the concentration
of the hydrogen ion is 10-7 moles per litre. When an
acid or an alkali or base are mixed a salt is formed.
This salt can also impart a pH to a solution. If the
acid is a strong acid such as HCl or HyS04 and the base
is a weak base then the salt has an acidic pH and the
resulting solution needs a little more (1 or 2%) of the
base to bring it to exact neutrality. The converse is
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also true if the acid is weak and the base strong. Aqua
ammonia is generally considered a weak base; however, it
is one of the stronger weak bases. This means that when
used to neutralize a strong acid at chemical equivalents
where only salt and water exist the pH is slightly lower
than 7. We have drawn several pH curves as examples of

this.

There are quite a few commercially available
alkaline materials which can be used to neutralize acid
wastes. The next slide gives some of the pertinent facts
about these alkalies. The chemicals are primarily listed
according to their costs per neutralizing equivalent but
some of the other points are of vital interest - for
example, the solubilities of their salts when reacted with
common acids. It is also important to note that some are
sold as liquids.

BACKGROUND

The city water supply to The Carling Breweries
Limited, Waterloo, originates from a number of deep wells
which vary widely in total hardness. Incoming water was
found to vary in total dissolved solids from 300 to 2400

Ppm.

The next two slides will cover a typical water
composition and show the main variables that occur. Only
those components of interest to our problem are included.

Slide #3

This is a fairly typical analysis of Waterloo
water which indicates that the sample was high in calcium,
sulphate and bicarbonate. Total hardness level is also
quite high.

Slide #4

The variation between wells in shown here. It
is readily observed that calcium and magnesium increase
greatly. With increasing total hardness the sulphate
fraction increases while the bicarbonate remains relatively
constant.
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Although excellent for drinking purposes, this
water proved unsuitable for the processing of uniform lager
or ale products as a result of the following:

(a) High bicarbonate alkalinity
(b) Extreme fluctuations in total dissolved solids.

Also, in choosing an adequate water treatment system, the
high volume of purified water, estimated at 25 to 30 million
gallons per year, was a major factor.

ION EXCHANGE INSTALLATION

After some study an ion exchange system capable
of producing 250 gpm of highly purified water was installed.
It was designed to remove 50 grains CaCO3 per gallon from
150,000 I.G. per day, under existing conditions.

The installation included two cation exchangers
(IR120) operating on the hydrogen cycle with sulphuric acid
as the regenerant. The anion resin (1R45) chosen was a
weakly basic one, which would permit the bicarbonate hardness
to be eliminated by a decarbonating tower, following the
exchange process.

PROBLEM CREATED BY ACID REGENERATION OF CATION EXCHANGERS

Since the cation exchangers are regenerated with
a 1% and 5% solution of 66°B sulphuric acid there is a large
amount of free acid passing to waste which must be
neutralized. This effluent will vary considerably as a
result of the following factors:

(a) Variation in strength of acid throughout the
regeneration cycle based on the rate of acid
application and the volume of water flow at
each stage of the cycle.

(b) Variation in total waste acid in effluent
based on -

1. Degree of resin exhaustion
2. Regenerant rate
3. Efficiency of the resin's acid utilization
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In practice, using a regenerant rate of 5.7 lbs.
66°B HySO, per cubic foot of Amberlite 1R120 resin, we
have found that efficiency has varied from 30% to almost
60% of acid utilization. If an average figure of 45% iscused,
this represents a total waste acid figure of 440 1lbs. 660B
HyS0,4 to be neutralized per regeneration.

Slide #5 illustrates more clearly the variation
in effluent strength during the regeneration. The
variations in rate of acid addition and water flow rate
are also shown. Such a waste requires a flexible system
of control to adequately handle volume and strength changes.

An acid waste of this nature can cause rather
serious problems with the city sewer system, not to mention
the healthful operation of the adtivated sludge process at
the local sewage plant. The members of O0.W.R.C. will readily
concur with this point, I am sure.

The problem is further magnified when one realizes
the plant involved uses approximately 25% of the city water
supply. Plant wastes are only slightly diluted by other
wastes in travelling to the sewage plant, hence pH variations
are greater than may occur in larger centres.

NEUTRALIZATION SYSTEM

The next slides picture the actual neutralization
system. The facilities supplying aqua ammonia to the mixing
pits are shown first.

Slide #6

Aqua ammonia is delivered as a 26°B liquid
(29.4% NH3) by tank trucks carrying 40,000 lbs. or
approximately 4400 I.G. Unlodding is by pump through "Evertite"
2-inch fittings to a 6,000 I.G., tank of mild steel. This
tank is vented to atmosphere through two 45-gallon steel
drums, each of which is filled approximately 1/3 with water.
Boiler tubing is used as a sight glass for inventory control,
although: a level gauge of the float and pulley type, such
as the '"Varec Level Gauge'', has been recommended.

Aqua ammonia is supplied automatically to the
neutralizing pits by means of three air-operated diaphragm
valves.
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Slide #7

The two mixing pits are shown in series with
the flow. Both contain agitators and pH electrodes. The
first pit receives most of the neutralizing solution, while
the second provides the fine pH adjustment. In the diagram
a baffle plate may be observed which acts as a weir forcing
the flow over it and down under the cross wall to the
second pit. Improved mixing results from the changes in
directional flow and appears necessary as physical
limitations in this area permitted only a small installation.
Each pit holds only 185 I.G.

Aqua ammonia flow, based on the signal to the air-
operated control valves, is supplied as seen in the slide.
The pipes are drilled with small holes to provide maximum
distribution and each outlet is located to attain maximum
mixing. The first pit pH varies from 3 to 9+ pH. The
second is controlled at 6 to 8 pH.

Slide #8

The automatic control system consists of a
Bristol Dynamaster pH Model Controller-Recorder and a
direct reading Beckman pH meter for each of the two pH
electrodes. Each controller-recorder is fitted with set
pointer, proportional band and reset adjustments. Registration
of the chart is from - 1 to 9 pH. The signal from the pH
electrodes in conjunction with the setting of the set pointer,
proportional band and reset adjustments, determines the output
air signal to the air-operated supply valves. The valves
are adjusted to open under different controller. output air
pressures thus allowing aqua ammonia to be supplied pre-
ferentially to any of the three points.

It might be noted that the system described was
originally used with 36% NaOH as the neutralizing agent but
was readily converted to aqua ammonia.

COMPARISON OF AQUA AMMONIA vs. NaOH

(a) Neutralizing power or equivalent weights
40 1b. 100% NaOh = 35 1b. 100% NH,OH
100 1b. 100% NaOH = 87.5 lb. 100% NH,OH
(100 1b. 26°B NH,OH= 60.7 lbs, 100% NH,OH)
* +100 1bs.100% NaOH =100 X $7:3 ='144.5 1b.
26°B NH4OH v
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(b) Cost of Materials - Waterloo

1. 100% NaOH (76% Nay0) purchased as

50% liquid
Per 100 Lbs.

Cost Sarnia in tank trucks $ 3.10
Freight @ 30¢/100 1bs.50% liquid .60

$ 3.70 *

2. 26°B Aqua Ammonia

Cost Toronto in tank trucks $ 1.60
Freight 20-ton loads .28

$1.88
Basis equivalent weights
1.445 X 1.88 $2.72 *

3. Theoretical savings per 100 1bs.
100% NaOH previously used $0.98 *

Experimental lab analyses indicated that about 2%
more aqua ammonia than theoretical would be required to
neutralize this waste to pH 7.0.

(c) Savings per regeneration

Since 440 1bs. 66°B and HySO; must be
neutralized per regeneration saving may be calculated as
follows:

1 Lb. 93% HyS0; = .93 X 32 = .664 Lbs. 100% NH,OH

= 664 ¥ 100 or 1.095 1bs. aqua
60.7

ammonia for neutralization
1 1b. 93% HpS0, = .93 X 23 or .76 lbs. 100% NaOH

Therefore -

440 Lbs. 66°B HySO, requires per regeneration:

100% NaOH Aqua_Ammonia
440 X .76 440 X 1.095
334 X .0370 482 X .0188
* $12.36 * $9.06

*Theoretical saving with aqua ammonia  $3.30/regeneration
Theoretical saving with aqua ammonia  $3,500.00/year
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A second major cost factor appeared when it was
found that the efficiency of neutralization increased
sharply as a result of the reduced viscosity of aqua
ammonia. NaOH, as used previously, had been viscous and
difficult to mix efficiently, with resultant lack of
control and usage far in excess of theoretical requirements.

BENEFITS ACHIEVED WITH AQUA AMMONIA

(a) Reduced chemical costs based on equivalent
weights

(b) Reduced chemical costs based on more
efficient neutralization

(c¢) Improved automatic control giving a more
uniform effluent to the sewer system

(d) Reduced suspended solids in effluent as
a result of the increased solubility of
ammonia salts

(e) Provision of a prime source of available
nitrogen to the activated sludge process
of the sewage plant

This latter point is worthy of further comment,
in that a deficiency of available nitrogen seriously
affects the activated sludge process. A ratio of BOD to
N of 20 to 1 is considered normal(3). 1In certain circumstances
the municipality must compensate at some expense by adding
an available source of nitrogen to hold this ratio.

Thus we find this waste to be beneficial to sewage
plant operation, keeping the 0.W.R.C. happy, and providing
ourselves with a point for discussion should increased
surcharges be considered.

POSSIBLE PROBLEMS IN HANDLING AQUA AMMONIA

(a) Formation of ammonia fumes during neutralization.

The original neutralization in the
laboratory indicated a faint odour of
ammonia at pH3 which became more noticeable
above pH 7.5.
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Two trial neutralizations were
conducted in the plant with success.

Operation of this system since

October 1963 has shown that, providing
the addition is made below the surface
of the liquid, and a prolonged period
at high pH is avoided, ammonia fumes

do not pose a problem. When the pH

was held at 9 for a prolonged period

a trace of odour was noticeable. Above
this point the odour became more
pronounced. In operation it has not
caused difficulties provided pH control
is maintained.

(b) Corrosiveness

Copper, copper alloys, aluminum alloys
and galvanized surfaces are affected.

(¢) Explosive hazards

There is a danger of explosion if NHj3
mixes with air at 16 to 25% by volume

of NH3. Danger increases with contact
with oil or other combustibles. Complete
ventilation is necessary prior to welding.
Mercury and ammonia can form a violently
explosive compound.

(d) Proper personnel protective equipment is
required as for handling corrosive chemicals
or gases.

DESIGN

We propose now to dwell briefly on possible methods
of neutralizing an acid effluent with aqua ammonia. These
schemes will work with any alkaline solution. Economics,
availability, and other factors have, as mentioned before,
had a bearing on the choice of chemicals. Should aqua ammonia
be used we can avail ourselves of at least one plus factor
and this is that it mixes with the acid effluent very readily
because it has a low viscosity and its S.G. is very nearly
that of water. The choice of a process will depend largely
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on the type of effluent. Is it a constant flow? Has it

a constant acidity? Has a great deal of water got to be
handled with the acid? As you can see, there will be

almost as many methods as problems. Briefly: when the
volume is low, sporadic, with a wide fluctuation in acid
concentration, the batch system looks attractive. This
involves two tanks alternately receiving the waste and

being neutralized manually. Equipment required here,
besides the two tanks, need only be a roll of pH paper,

a mixer in each tank, and a pipe line to feed the aqua
ammonia from storage. When the volume of effluent is

too great to consider the batch approach, a simple in-1line
neutralization can be carried out. If the effluent volume
and acidity are fairly constant a manual control will
suffice. Here again we need only a small tank with adequate
agitation, a feed line for aqua ammonia, and a man with a
roll of pH paper. Unfortunately, we are not likely to be

so lucky. Effluents have a bad habit of being very
inconsistent. In these cases we must rely on instumentation
to ensure a good final effluent. In some cases one pH
senser and controller will handle the job. It is important
that most motor valves have a rangeability of 20-1. This

is to say the limits of their controlled flow range from a
maximum of 20 units to a minimum of 1 unit. When dealing
with pH where a pH of 3 is 10 times as acidic as pH4, which
is 10 times as acidic as pH5 and so on, it is difficult to
do a good neutralizing job with one controller and valve.
The final proposal, therefore, as shown in the sketch includes
two controllers and valves in series, the first valve being
several times larger than the second. This scheme allows
for a small "touch-up" flow to adjust a crude neutralization
carried out by the first valve. If we for a moment consider
the cost of such a system a fair estimate would be about
$2,000.00 per control unit installed.

CONCLUSION

This case history of a waste problem is typical
of what industry must face when the local water supply is
unsuitable. To achieve the necessary standard becomes
expensive both in capital and operating costs. Add to this
the cost of treating the wastes incurred and you find that
water has become a very expensive utility. We heartily
concur that water is one of our most precious commodities.
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ALKALINE CHEMICALS

Chemical Commercially
Available as

Limestone
Quick Lime
Slaked Lime
Ammonia

Aqua
Ammonia

Soda Ash
Caustic
Caustic Soda Flake

Caustic
Potash

oltd Liquid

Soda

Cost par Lbs. to Solubility of Salts

Chemical Equivalent Neut. 1008 gms/100 cc Water
Formula (Usual) | nzso‘ at 20°C

| | Chloride| Sulphate
ClCOJ Lovest 101 14 0.21
Cal 37 14 0.21
Cn(OII)2 15 14 0.21
NHy 3.3 37,2 |[15.4
II‘OI 26°Be. 117.5 37.2 75.4
IIICO; 109 36 19.5
Na(OH) 50% 163 36 19.5
Na (OH) 81,5 36 19.5
E(OR) Highest 111 34.7 10.9

1

Slide 2
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POSSIBLE VARIATION OF WELL SUPPLY

Total Solids 710 ppm
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PPM PPM as Ca CO3
Cations Ca 148 370 * Total ionizable solids ppm 412 2146
9 37
Na 15 33
K 4 5 PPM as Ca CO3 Ca 230 1335
Mg 90 246
Total ionizable cations 445 Na _4b
333 1625
Anions S04 172 179 *
HCO3 285 234 * HCO3 226 189
Cl 23 32 224 102 1451
4
Total ionizable anions 445 3:2 16&2
Total hardness Note: Basie variation 1li
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""DESIGN AND OPERATION PROBLEMS
OF A TREATMENT PLANT FOR
METAL FINISHING WASTES"

by

A.E. KRAMER and H. NIERSTRASZ

A. E. KRAMER

INTRODUCTION

This paper is a description of the practical
problems encountered in the design and operation of the
Waste Treatment Plant at Northern Electric Company,
Limited, Toronto Works, in Bramalea, Ontario.

(Figure #1)

The plant, located in Bramalea, Ontario, was
built in 1962 to satisfy the increased demand for
communication equipment, previously manufactured in the
Montreal Works. It has a floor area of 480,000 sq. ft.
The Metal Finishing Department occupies approximately
10,000 sq. ft. and the Waste Treatment 3,300 sq. ft. of
this area. The plant employs 2,000 people of whom 34
are directly associated with metal finishing operations.

The products of this plant are telephone
switching equipment for private branch (local and long
distance) offices. The main load of the Metal Finishing
Department consists of relay components and crossbar
switch parts as well as a variety of findings. The
finishes comply to rigid specifications and high quality
standards. They are mainly applied for functional reasons
such as corrosion resistance, solderability, and wear
resistance,
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(Figure #2)

Finishing processes in the plant include: Electro-
plating of zinc, copper, tin, nickel and chrome (Figure #3);
also cleaning of copper, brass, aluminum, high and low
carbon steel, and silicon steel. This is carried out in
1l zinc automatic, 1 nickel-chrome automatic, 1 semi-automatic
barrel-line, 1 semi-automatic silicon cleaning line,
1 aluminum etch line. The nickel chrome automatic includes
a rack stripping cycle. For deburring of small pieceparts
a rotary barrel and a vibratory finishing machine is in
use, Waste waters from the finishing processes are highly
toxic and require chemical treatment before discharging into
the sanitary sewage system. The design of a Waste Treatment
Plant was, therefore, included in the planning of the
Plating Shop.

DESIGN CONCEPT FOR THE WASTE TREATMENT PLANT

The first Northern Electric Plant which was
equipped with Waste Treatment facilities was built in 1959,
in London, Ontario. The advice of consultants was sought
in developing the design. The Treatment Plant for the
Toronto Works, however, was designed by our Plant Engineering
Division.

The design procedure is described in the literature.
The treatment methods have been well known for several years
and are widely used. The task we were faced with was to
evaluate and select the optimum combination of the available
systems and equipment that provide the most reliable opera-
tion at minimum cost.

The starting point in the design process is
obviously the regulations and/or By-laws in force at the plant
location. Toronto Works was designed to conform to the
Ontario Water Resources Commission water quality objectives
for discharge to the sanitary sewer. During the design stage
the advice and co-operation of the Ontario Water Resources
Commission was invaluable.

The By-law prohibits the discharge of any waste into
the sewage system "which might interfere with the operation
of sewers or sewage plant."” Knowledge of the type and
operation of the sewage plant is, therefore, a necessary
step in the design procedure.
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The next problem is the determination of average
and peak flow rates and also an appreciation of future
requirements. To minimize capital and operating costs,
close co-operation between the plating engineer and the
plant engineer is essential. Substantial savings can be
realized in the cost of rinse water and associated treat-
ment costs by selecting multiple rinses in the Plating
Shop instead of the conventional single rinses. Cascading
of rinse water, the use of air agitation, solubridges,
surface active agents, etc., are all contributing factors
in the saving program. All these factors must be recognized
in the initial planning stage because in general it is too
costly to make the change later. It is most advisable,
therefore, that the Plating Shop and the Waste Treatment
Plant be designed simultaneously and preferably by the same
personnel.

Every plant we visited either increased its
capacity, or planned to do so, within the first five years
of operation. There is a tendency to undersize the treat-
ment plants and allow for the minimum requirements only.
Plating shops generally expand soon after the initial
installation, requiring additional treatment capacity. It
is advisable to plan and allow for future expansion in the
original layout, thus eliminating costly and time-consuming
re-arrangement later when the addition becomes necessary.

RINSE WATER REQUIREMENTS

Good rinsing is required to prevent contamination
of solutions used for cleaning or plating with chemicals
from previous baths that may result in defective plating,
staining, or corrosive action of the finished parts, greater
losses of chemicals, etc. To guarantee a product with
optimum qualities, rinsing must be adequate. The rinse
water treatment cost is to a large extent proportional to
the volume. Therefore, the minimum flow requirements should
be determined very carefully. The literature provides
several formulae that can be reduced mathematically to the
following two equations:-
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(Figure #4)
n

Co

I The "minimum" formula: Q = z In | 1 + c1

< 1o

II The material balance or "average'" formula:
n

=2 \/&

wherein Q is the minimum continuous flow in U.S. G.P.M.

Qa is the average flow in U.S. G.P.M.

V is the volume of the tank in U.S. gallons.

t is the minimum cycle time in minutes.

D is the drag-over volume in U.S. gallons.

Co is the concentration of the preceding process
solution in 0z/U.S. gallon.

C, is the maximum allowable equilibrium concentration
of the rinse water in oz/U.S. gallon.

Ca is the average concentration of the rinse water
to be discharged to the Waste Treatment Plant
in 0z/U.S. gallon.

n is the number of rinses between two process tanks.

For multiple rinsing both formulae will give
similar results. However, for single rinses the average
formula could produce values which are too high to be
practicable., This is especially the case in barrel plating
with high drag-out rates,

The variables can be easily established from the
design intent except for the drag-over D and the rinsing
criterion Co/Cl. The literature gives some figures (Graham,
A.K.: The Electroplating Engineering Handbook, page 709)
that vary from .2 to 10 gallons per 1,000 sq. ft. and thus
cannot be applied directly. The original paper by Hanson
and Zabban (Plating, pages 909 to 918, 1959) is a little
more specific but still leaves room for interpretation.
Consequently, it is advisable to determine the drag-over D
by direct measurements on existing or experimental equipment.

We determined the drag-over by dipping a loaded
barrel into a solution and rinsing it in an air-agitated
stagnant rinse. By chemical analysis the concentrations of
the solution and that of the rinse water were determined.
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Knowing the volume of the tank, the drag-over volume could

be calculated. Acids were titrated with .1 N sodium hydroxide.
Alkalis, that normally have only low concentration, were
determined with the aid of cyanide as a tracer. Cyanide can
be analysed by titration with silver nitrate or colorimetric-
ally. We found that the drag-over D is 0.6 to 0.8 U.S.

gallon for a 14" x 30" barrel loaded, with parts having

100 sq. ft. of surface area. For racks on automatics and
still lines we obtained figures close to the 5 gallon/1000

8q. ft., as mentioned by Hanson and Zabban.

The determination of the rinsing criterion Co/Cl
requires establishing of the maximum allowable equilibrium
concentration Cl. The figures recommended by Hanson and
Zabban were used for critical rinses, like those before plat-
ing solutions. Slightly modified limits were used allowing
higher concentrations in certain pre-cleaning operations that
have no direct bearing on the quality of the product.
Subsequently the rinse water flow is calculated for each tank
using formula #1 on single rinses. For simplicity, formula #2
may replace #1 for multiple rinses, without significant change
in accuracy.

In practice we have to take into consideration the
deviations from the theory. Instantaneous mixing does not
occur. To improve this it is advantageous to plan for
agitation. Also, it is not always practical to keep the
barrels in the rinse water for the full cycle time. They will
therefore leave the rinse tank while the concentration is
still above equilibrium level. To alleviate this problem,
higher flow rates and solubridge controls can be used. The
prime purpose of solubridges is to supply water when most re-
quired and to shut off the supply when equilibrium is reached.
This makes it possible to realize maximum water economy. In
our case we designed the water supply system for twice the
calculated flow and let the solubridges control the feed to
maintain the predetermined concentration. The advantage here
is that the high contamination peak in the first part of the
cycle is washed away immediately and also the drop in
concentration is much faster; therefore, the parts leaving
the tank in only a fraction of the cycle time will carry a
much lower concentration. Solubridge control with high flow
rates results in an actual saving in the daily water consump-
tion compared to a continuous flow system. It was recognized
that multiple unit solubridges are not as effective as the
individual type. They are active for every half minute and
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are out of operation for 5-1/2 minutes. This creates a chance
of 1:12 that the water supply does not come on when required
and does not shut off when equilibrium concentration is
reached.

From the rinse water formulae it is obvious that
two rinses require a lower flow than a single rinse, since
the rinsing criterion is replaced by its square root,

(i.e. 25 G.P.M. is replaced by 2 x 5 G.P.M. = 10 G.P.M.)

By cascading the last rinse to the preceding one it is
possible to cut this amount in half (10 G.P.M. to 5 G.P.M.).
However, it should be borne in mind that only a dilute second
rinse should be cascaded into a more concentrated first rinse.
It has been proposed to cascade single rinses from one kind
of solution to another, or use acid rinses for alkalis and
vice versa. Generally speaking, this is not recommended
since the high salt concentrations may retard proper rinsing
and leave too high salt concentrations on the metals. Acid
rinses contain metals that precipitate in alkali media and
would require a continuous supply of sequestering agents to
keep them in solution.

To ensure that proper rinsing is carried out several
steps must be taken. Air agitation is used to speed up the
solution process. Experiments indicate that, for the majority
of the barrel work, a minimum of three minutes is required to
mix 95% of the adhering solution. For rackwork this time is
shorter and depends more on the grade of agitation and the
kind of solution.

Secondly, the solubridges are set by the plating
engineer. It is advisable to enclose and lock the controls
to prevent unauthorized personnel tampering with them. The
probes must be cleaned regularly to prevent off-standard
readings resulting from calcium scale build-up. (The use of
softenered or deionized water is advantageous here). Thirdly,
orifices are installed in the pipe lines to maintain the
calculated flow levels. This can not completely prevent
abuse since by-passes are required for filling the rinse
tanks but it minimizes the need for readjustment of valves
to maintain the specified flow.

After the theoretical flow rates for each tank
have been calculated the total required rinse water demand
is computed and tabulated for the entire shop. (Figure #5).
This volume would be required only if 100% rinsing efficiency
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would be achieved; therefore, a correction factor is used.
The generally accepted value for this factor is two. The
calculated flow rates for each tanks are again tabulated
using the correction factor and values are rounded off to
the nearest practical figure. (Figure #5)

These practical figures are normally determined
by the size in which the flow control valves are available.
The total flow rates so computed will be the maximum
momentary peak demand on the supply system. The probability
of all solubridge controls calling for water at the same
time is remote. This introduces the utilization factor.
The value of this factor depends entirely on local conditions
such as cycle times, work loads on different lines, holding
or equalizing tank capacities, ete.

We selected 0.75 based on data obtained from
similar installations adjusted by judgment to suit our
conditions, and tabulated the expected flow. (Figure #5)

The supply piping is sized for twice the theoretical
water requirement (2Q) to meet the maximum demand. The
discharge and treatment systems are designed to handle 75%
of the possible peak load, (.75 x 2Q = 1.5Q) which is still
twice the expected average flow (.75Q), considering the 0.75
utilization factor. The instantaneous peak flow is taken up
by the holding tank in each line. The minimum recommended
detention time in each holding tank is two to three times the
longest rinsing cycle in the respective stream.

COMPOSITION OF PLATING WASTES

The waste waters can be segregated into the
following classes:- acids, alkalis, chromates, and cyanides.
Each group is further sub-divided into concentrated and
dilute streams.

(Figure #6)

The local conditions will determine whether a
separate drain line for each type of effluent or a combined
system is more economical. Generally speaking, as the number
of streams increases, the investment cost rises, and the
operating cost decreases.

At this plant the concentrated alkali and the
cyanide dumps are combined as well as the acids with the
chromates. The same is done with the rinses. The dilute
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waste waters which do not contain cyanides could be reclaimed
by demineralization. This depends on the cost of treating
larger volumes of water versus cost of larger demineralizer
units. It could be justified if the cost of the larger
demineralizer unit is offset by either the reduction in the
size of the treatment equipment due to decreased volume or
savings in the rinse water costs.

WASTE TREATMENT PLANT DESIGN

The effluent from the processing tanks is drained
by gravity into a separate holding tank for each type of
waste. These tanks are located in a large, acid-resistant,
brick-lined pit underneath the Plating Shop. Pumps situated
in the same pit transfer the wastes to the treatment plant
dome 300 feet away. For both the concentrated and the dilute
cyanide systems, black iron pipes, mild steel tanks, and
all-iron pumps are used. The maintenance record of these
systems is excellent. The acid-chromate stream was constructed
by utilizing schedule 80 PVC and pyrex drain pipes, plastisol-
coated mild steel tanks, and ceramic-lined pumps. The drain
lines are located in trenches protected with acid-resistant
bricks. It might be worth mentioning that the ceramic-lined
pumps have been satisfactorily handling a mixture containing
hydrofluoric acid for two years.

The pumps are operated by level controllers equipped
with emergency high level contacts. All motors, controls,
and alarms are centralized in one control panel. Flood-proof
electric motors are used both in the holding pit and in the
treatment plant.

The retention time in the holding tanks should be
at least twice the longest rinse cycle to provide a more
balanced load on the treatment plant. It is our experience
that spillage of cyanides or chromates do occur during the
treatment of plating solutions; therefore, the floor drains
should be segregated to prevent heavy metal or nickel salts
being mixed with cyanide-containing wastes. This facilitates
the treatment of the floor drains by the available equipment.

(Figure #7)

The wastes are treated in a fully automatic continuous
process., The cyanides are oxidized by chlorine, the chromates
are reduced by sulphur dioxide, and the pH of the outgoing
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wastes is controlled by the addition of acid or alkali.

All dumps are pumped into two holding tanks. The cyanide
dumps are bled into the cyanide treatment tank and the

acids are retained for pH adjustment in the chrome treatment
system.

The cyanide rinses run into the cyanide treatment
tank. This unit is equipped with two sets of probes, one
for measuring the oxidation-reduction potential, the other
for measuring the pH. As the best operating conditions we
found a pH of 10.5 to 11 and an O.R.P. of 250 MV, which
can be preset on the control panel. This is the treatment
process:-
The cyanide recirculation pump draws liquid from the treat-
ment tank, brings it first to the caustic feed in the suction
line and then to the chlorine injector, and returns it to the
tank. The pH probe senses that the pH is below 10.5 and opens
a solenoid valve which controls a pneumatic valve to add a
50% caustic soda solution from the storage tank to the suction
line of the pump. The O.R.P. probe measures a potential,
and if less than 250 MV opens the chlorine injection system.
Chlorine gas is added until the O.R.P. rises to 300 MV.
This means that now free chlorine is present in the tank and
all cyanides must be oxidized to the less toxic cyanates.
The pH probe at the same time closes the valve when the pH
reaches 10.5. The now treated rinses leave the treatment
tank and run into the two-compartment final pH adjustment
tank. The reaction time is still not known with sufficient
accuracy. It is known that the first reaction:

NaCN + Cl, = CNCl1 + NaCl
is instantaneous, but the hydrolysis reaction
2NaOH + CNC1 = NaCNO + NaCl + H,0

seems to take appreciable time and depends on several conditions.
Chamberlain, for instance, reports that if pure sodium cyanide
is used the reaction may be completed within 10 minutes but

he also recommends in practice to use at least one hour reten-
tion after mixing for the hydrolysis reaction to reach
completion, knowing that heavy metals slow down the reaction
considerably. Our equipment did not lend itself to establish-
ing accurately where the limit is for our conditions. However,
we were successful in destroying cyanides with less than

40 minutes retention time.
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The floor drain from the nickel automatic was
carefully separated from the cyanide stream to make sure
that no nickel salt can enter the system to interfere with
the treatment process.

Similar to the cyanide treatment is the. reduction
of chromates, from the hexavalent to the trivalent state.
We found as best operating conditions a pH of 2 - 2.2 and
an O.R.P. of 460 MV. A pH probe in the treatment tank
actuates a solenoid valve which adds concentrated acid wastes
or fresh sulphuric acid until the pH reaches 2. A re-
circulation pump transfers liquid to the sulphonator which
is operated by the 0.R.P. control unit. As soon as the
preset . operating conditions are reached, the acid and sulphur
dioxide feed is cut off. The tank effluent runs also into
the two-compartment final pH tank. The final pH tank receives
the treated cyanide rinses with a pH of 10.5, the treated
chrome rinse with a pH of 2 - 2.2, The O0.W.R.C. pH require-
ments for the outgoing waste is pH 5.5 - 9.5. We try to
maintain a pH of 8.5 to ensure precipitation of copper, when
present. If the pH should drop below 6.5 due to a sudden
surge in the acid rinse, then the probe will open a solenoid
valve and add 507% caustic soda solution. Alternatively, if
the pH rises above 8.5, sulphuric acid is added automatically.
The effluent is then pumped to the sewer. 1If the copper
content should exceed the allowable limit, the precipitated
copper salts would have to be removed.

It was found that the sizing of the automatic
control valves in the chemical lines is very critical.
Oversizing could result in excessive treatment chemical
usage and high operating costs. We have added a 407% capacity
trim in these valves to prevent cycling. With these processes
and facilities an effluent is produced which meets the 0.W.R.C.
requirements.

(Figure #8)

The automatic control system is checked twice a
week , which includes the inspection and standardization of
probes and controllers. Every four hours a sample is taken
from the effluent and analysed for cyanides and hexavalent
chromes. These routine tests are simple, fast, and can be
carried out by the stationary engineer on duty. He has the
training either to initiate a corrective action or recognize
that special assistance is required.
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Special consideration was given to reduce the
safety hazards associated with this type of operation.
Each holding or treatment tank, as well as all sumps, are
equipped with local exhausts. Forced ventilation is also
provided to ensure one complete air change every two minutes
in the treatment area. The process chemical storage area
has a ventilation rate of one air change per minute. This
exhaust rate maintains a negative pressure relative to the
manufacturing areas to prevent the escape of contaminated
air into the plant.

It is well know that cyanides discharged into the
sanitary sewer could endanger human life. Hexavalent chrome
surges can seriously interfere with the operation of the
municipal sewage plant. To prevent either of these conditions
occurring and still maintain around-the-clock operation,
the critical facilities are duplicated. Chlorinated lime
and sodium bisulphite are kept on hand for manual feeding
into the respective treatment tanks as an additional safe-
guard against discharging harmful wastes.

SOLID REMOVAL SYSTEMS

From preliminary investigations it became evident
that the total suspended solids concentration of our waste
waters might exceed the limits specified by the 0.W.R.C.

The normal operating level is around 100 - 200 p.p.m. The
spent acids contain an appreciable amount of dissolved metals.
If this acid is fed directly into the treatment stream at

a high rate, the metal hydroxide formed could increase the
solids concentration as high as 3,000 p.p.m. or more. A
pressure filter unit was therefore purchased to ensure a
clean effluent.

The most critical parameter in filtration is the
selection of the filtration rate. The rates mentioned in
the available literature appear to be optimistic for our
application. During visits to similar installations in the
United States we found that the rates actually used were
considerably lower. The successful plants were operating
between 0.04 and 0.08 G.P.M./sq. ft. of filter area. This
rate depends on several factors, the most important being
the iron hydroxide content and the neutralizing agent.
Effluents containing less than 10% iron hydroxide appear to
be relatively easy to filter while waste waters with more
than 30% present almost insurmountable difficulties. Caustic
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soda is replacing lime as the neutralizing agent at several
plants due to ease of handling. However, this change reduces
the filterability of the resulting effluent and can
necessitate the constant addition of filter aid or reduction
of the filtration rate.

A constant filter aid feed means additional
material handling, higher operating cost, and expense in
housekeeping. To prevent plugging, a minimum ratio: of filter
aid to solid concentration should be maintained. It is
economically prohibitive to add diatomacious earth to cope
with extended peak conditions. The control of the metal
hydroxide content should therefore be attempted. This control
could be best achieved by manipulating the used acid feed
into the stream. The timing and the rate of flow is equally
important.

To reduce the process chemical cost, the acid dumps
are bled into the chrome treatment tank automatically by the
pH control system. Only if excessive acid is on hand is it
discharged by manual control during light load periods.
Utilizing this method, the process costs were reduced and as
a by-product the total suspended solids level is kept within
the allowable limits. Solids removal, it would appear, is
no longer required at this plant.

It was found that pressure filtration is a very
labour-consuming operation. All available labour-saving
devices, such as hydraulics locking and opening, shaking, etc.,
are consequently worth investigating.

The filter cake has a tendency to slip particularly
under these low flow rates. In effect, this means that the
filter is used as a settling tank where the supernatant
liquid is drawn off through the leaves. The leaf spacing can
thereby be completely filled and extremely long cycles obtained.
At one plant we have seen a filter in operation regularly for
as long as 120 hours at a rate of .04 G.P.M./sq. ft. The
resulting cake has a high moisture content. This should be
considered when the sludge handling system is designed.

Cycles this long, however, are exceptions rather than the rule.
The average cycle time in the filtration of plating wastes
varies between 4 to 16 hours. The filters could plug in less
than an hour if the solid content of the waste waters is higher
than 1,000 to 3,000 p.p.m. Therefore, multiple filter units

or large holding tanks, or both, are required to maintain
continuous service.
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It was also found that stainless steel dutch
weave leaves appear to perform better than either mild or
stainless steel leaves covered with cloth, particularly
where reclamation of the waste waters is considered. A
cloth bag which is subject to tearing has a definite
disadvantage over the dutch weave type.

Considering all these problems associated with
pressure filtration, and also because the economics appear
to favor gravity settling at our flow rate, we are presently
investigating units of the latter type.

We have been informed that clarifiers for similar
applications would produce an effluent of less than 50 p.p.m.
suspended solids. This is well within the specified limits.
The solids content of the sludge would be approximately
1 - 2%. To reduce transportation cost, additional thickening
could bring it up to about 10%. This appears to be the
concentrations of sludges obtained from filters operating
without body feed.

Based on our experience gained in visiting plants
equipped with filters and/or clarifiers, the following
comparison can be made:-

Pressure filter systems require a highly qualified operator

in attendance at all times and are subject to constant
maintenance. The most common sources of trouble are the pumps,
hydraulic systems, the filter bags and leaves, A filter is

more sensitive to overloading or variations in the suspended
solids concentration than a settling unit. The main advantage
is clear effluent with properly maintained leaves. This is
particularly important where re-use of the waste waters is
considered. Filter units for lower flow rates generally require
less floor space.

Clarifiers need little attention while operating and
maintenance costs appear to be lower than for filters with
comparable capacity. They can handle loads as high as 150% of
the designed capacity and still produce an acceptable effluent.

Should a solids removal system be required in the
future for our plant, a clarifier installation is foreseen.
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INVESTMENT AND OPERATING COSTS

The cost of waste treatment seems to be rather
high especially when compared with the plating costs,
Our Plating Shop - which was called one of the most modern
plating shops of Canada - cost about $400,000.00 installed.
To treat its wastes, an additional $200,000.00 was invested.
This excludes the possible future installation of a solid
removal system. The Plating Shop requires an annual
expenditure of about $25,000.00 for chemicals, while the
treatment of the wastes requires around $20,000.00 for
material only. The cost of chrome treatment is relatively
minor since we utilize the ferrous iron and acid content
of our waste acids. For cyanide treatment actually only
the cost of chlorine should be considered since the sodium
hydroxide is required anyhow to neutralize the normally
acidic wastes. The chlorine represents only 5% of the total
chemical cost.

It can be stated that the treatment of the waste
acids are the cost-bearing items since they require
neutralization and solids removal. For this reason pickling
plants have gone to acid recovery by distillation or lime
neutralization. For an integrated system it would mean
that fresh acid and sulphur dioxide would have to be added
to the chrome treatment, requiring additional sodium-hydroxide
for neutralization, thus increasing the cost instead of
reducing it.

From the above it is clear that even though for
small plants it may be advantageous to use non-cyanide-
cleaning and non-cyanide-plating solutions, in: our case it
would mean relatively little saving especially since pyro-
phosphate zinc and acid copper baths do not as yet produce
the same quality plating. (In the past year great improve-
ments have been made in this field and soon this statement
may no longer be true). New cleaning solutions containing
sequestering agents, like sodium gluconate, are replacing
cyanide for many platers already.

The cost of solids removal is one of the most
important factors in the treatment of wastes, since it is
high in capital and annual expenses. A pressure filter costs
roughly $20.00 per square foot of filtration area. This
increases to $40.00 per square foot by the time it is installed.
To provide capacity during change over either a large holding
tank or an extra filter is required. This results in roughly
$1,000.00/U.S. G.P.M. in capital investment.
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Clarification is not very practical for low flow
rates. The smallest workable clarifier system costs
roughly $45,000.00 installed ($15,000.00 purchase price)
and can handle 100 U.S. G.P.M. For a slightly higher cost
(about $5,000.00 a larger unit can handle 200 U.S. G.P.M.

From the above it can be concluded that filtration
is only economical in flow ranges up to approximately

40 U.S. G.P.M. Beyond that clarifiers are more advantageous.

It should be noted also that planning for the future is
very important not only from a practical point of view but
mainly because increasing the capacity after a clarifier
has been installed.is extremely expensive.

The running cost of filtration appears to be
higher per gallon than clarification. Both filtration and
clarification produce a "clear" effluent of about 25-40
p.p.m. and a metal hydroxide sludge that must be hauled away.
Trocking costs increase with the volume in a straight line
and depend strictly on local conditions. Reduction of the
transportation cost can be achieved by concentration methods
like centrifuging or vacuum filtration, but the volume must
be sufficient to offset the extensive cost of investment
and maintenance.

With filtration the maintenance cost may run high
even if the best equipment has been selected. Labour cost,
replacement of filter bags or leaves, and filter aid must
be added to the cost of sludge removal. Unfortunately
general figures cannot be given on running cost to suit all
applications,
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CONCLUSION

(1)

(2)

(3)

(4)

(5)

(6)

(7

(8)

(9

Analysis and understanding of the design requirements,
present and future, are necessary to ensure a properly
sized plant. Provisions for future expansion will
eliminate the need for costly modifications later.

Experimental verification of process variables such
as drag-out volumes, cycle times, allowable concentrations,
etc., are highly desirable.

The use of multiple and cascading rinses can substantially
reduce the water requirements and the treatment plant
investment.

Conductivity bridge controllers and flow control orifices
can successfully prevent water wastage.

Softened or de-ionized water in certain rinse tanks
will not only ensure better plating quality but will
reduce maintenance costs on the controls.

Sufficient holding capacity is required to accommodate
hydraulic peaks.

Gravity settling appears to compare favourably in
both investment and operating costs with pressure
filtration.

It is advisable to have the Plating Shop and the Waste
Treatment Plant designed simultaneously and preferably
by the same personnel.

Waste treatment, though it adds to the cost of
electroplating, should not be considered only as a
burden. A practical approach to this problem can
result in the conservation of our natural resources at
a reasonable cost.
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APPENDIX

TESTING CYANIDE AND HEXAVALENT CHROME IN INDUSTRIAL WASTES

Several methods are available to test small
quantities of cyanide or hexavalent chrome in industrial
wastes. Practically all methods in use are colorimetric
that can be used by visual comparison, with a comparator
or with an electronic colorimeter. We use visual comparison
with a comparator in the shop on a routine basis twice a
shift. The electronic colorimeter in the laboratory is
used only for control tests.

The "short method" for cyanide is based upon the
conversion of cyanide into hydrogen-cyanide (prussic acid)
and the reaction with the coloring compound. However,
heavy metals and particularly nickel resist de-composition
of their complex with cyanide. This is evident in the
chlorination of cyanide which normally can be completed
within 20 minutes but in the presence of nickel may take
over one hour. Whenever heavy metals are present the "long
method" may show positive while the "short"-shopcmethod
indicates negative results. The "long method" consists of
the distillation of hydrogencyanide (prussic acid) liberated
by a strong acid and absorbed by sodium hydroxide thus
converted into sodium cyanide. Subsequently the "short
method" is used to evaluate the sample.

If heavy metals can be kept out, the "short method"
is sifficiently accurate for routine shop analysis.
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Chemical Analysis

(1) W.M. Aldridge
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e

A New Method for the
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Colorimetric Determina-
tion of Acetates in
Sewage and Industrial
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Sewage and Industrial
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plating & Related
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Figure 1
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F 1GURE

METAL FINISHING PROCESSES

Finish

(Deburring
(Etching
(Zinc

(Nickel =chrome

(
(

Zinc
Zinc

(Copper

(Tin:
(

Zinc

Purpose

Silicon steel cleaning
Corrosion resistance
Corrosion & abrasion
resistance

Corrosion resistance
Corrosion resistance

Underlayer for tin
plating

solderability and
corrosion resistance

Corrosion resistance

Facility

Roto or vibratory finishing barrels
Normal silicon steel cleaning line
Automatic zinc plating machine
Automatic nickel-chrome plating
machine with rack stripping
facilities

Automatic Zinc Plating Machine

Manual barrel plating line

Manual barrel plating line

Manual barrel plating line

Manual still plating line
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FIGURE 4

REQUIRED RINSE WATER VOLUME CALCULATION

n
I The "minimum" formula: Q = ¥ In| 1 = é\\//§£1

II The material balance or "average" formula:

® Jeo
o - g Ca

Q is the minimum continuous flow in U.S. G.P.M.

Qa is the average flow in U.S. G.P.M,

V is the volume of the tank in U.S. gallons

t is the minimum cycle time in minutes

D is the drag-over volume in U.S. gallons

Co is the concentration of the preceding process
solution in 0z/U.S. gallon

C; is the maximum allowable equilibrium concentration
of the rinse water in o0z/U.S. gallon

Ca is the average concentration of the rinse water
to be discharged to the Waste Treatment Plant
in 0z/U.S. gallon

n is the number of rinses between two process
tanks.
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Rinse Water Reguirements for Toronto Plating Shop

Design Parameters S_ugglx !Haste
0 1 2 3 L 5 6 7 8 9 10 {11 |12 |13 14
- CN*+ Cr
1 | vV D Co Cr, | Qth |2Qth ‘q;__}l CW_|DI |SW |OH +H
B-2 15 180 aF 8 | 3.5 7 7 5.25 71 65.25
B-5 15 180 o7 L8 .3 8 16 15 |12 15 12
B-6B 10 50 .2 |100 .15 6.5 | 13 15 9.75| 15 9.7
B-8 15 180 1 16 " 6 12 10 9 10 9
B-10 30 360 i3 26 0L 5.5 11 10 8.25} 10 8.25
B-12 30 180 o7 36 0L 9 18 20 [13.5 ! 20 13.5
B-1l 30 180 o7 20 | .02 9.5 | 19 20 |1k.25! 20 1L.25
B-16 30 | 180 | .7 | 3L .1 5 10 | 10 | 7.5 |10 7.5
B-19 15 Px180 | .7 | S 20051 15| 3 | 3 | 2.25 3 2.25
Sub-total 7 SL.S | 109 {110 | 81.75 100 10 |57.75| 2L.0
N-2 1.3 wo | .o2| 8 | .1 |1 |2 2 | 1.5 | 2 | 1.5
N-L 1.3| 140 .02 | 25 0L | 10 20 20 |15 20 15
N-6.7.8 1.3| 3140 | .02 | 60 002 1 2 2 | 1.5 2 1.5
N-11.12.1L 1.3|2x140| .02 7 L002| 1 2 2 1.5 2 1.5
N-18-19 1.3| 2x140| .005| 32 .1 Sl 1 1.9 .75 1.§ .75
N-21 1.3| 14O .005| 6L .15 1 2 2 1.5 2 1.5
N-23 1.3| 1kO 005 6 33 S 1 1.9 .75 1.9 1
Sub-total 15 30 29 | 22.5 2b | 7 | 1.5 | 21.25
§-2 3 100 .25 8 . | 5«5 |11 10 8.25 10 | 8.25
S-L 3 100 .25 | 30 .3 7 1 15 |10.5 | 15 10,5
S-6 3 |00 [ .25|k8 | .3 |12 |2 | 25 |18 |25 l 18
S-8 3 100 .25 | 16 ol 12 2l 25 | 18 25 18
5-9 3 100 .25 1| .005| 1.7| 3 3 2.55 3 | 2.55
Sub-total 38 76 78 | 57.3 | 65 13 {28.8 | 28.5
Z-2 6] 130 .03 8 .1 L 8 8 6 816
Z-L4.5 .6|2x130 | .03 | L8 <1 1 2 2 1.5 2 1.5
2-9.9 .6|2x130 | .03 | 26 LO00L| L 8 8 6 8 | 6
z-11.12 .6|2x130 | .03 3 ,00L| 1.5] 3 3 2.25 3 2.2%
Sub-total 10.5| 21 21 15.75 2 12 3.75
E-2 1 220 .03 8 | 2.5| 5 5 3.75 5 1{3.7
E-L 1 220 .03 L 1 1.2 | 2,4] 2.,5| 1.8 2.3 1.8
E=7 1 220 .03 | 16 <3 1,6 3.2| 3.5| 2.4 3.9 2.4
Sub=total 5.3 10.,6] 11 7.95 11 | 6,15 1.8
TOTAL 123.3 | 247 |251 | 185.29 169 24|62 [106.2| 79.3

2Q = 246.6 Q = 185.5 Qx = 251
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Legend

Column # 0 Tank code according to -

B-2 = Alkali Cleaner Warm Rinse N=-2 = Alkali Cleaner Rinse
B-5 = Hydrochloric Rinse N-L = Hydrochloric Acid Rinse
B-6B = Bright Dip Rinse N-678 =  Nickel Rinse
B-8 = Cyanide Rinse N-11.12.14 = Chrome Rinse
B-10 = Zinc Cyanide Rinse N-18.19 = Chrome Strip Rinse
B-12 = Zinc Cyanide Rinse N-21 = Nickel Strip Rinse
B-14 = Copper Cyanide Rinse N-23 = Alkali Rinse
B-16 = Tin Rinse -2 = Alkali Cleaner Rinse
B-19 = Final Double Rinse 2-4i5 = Hydrochloric Acid Rinse
$-2 = Alkali Cleaner Warm Rinse 2-8.9 = Zinc Cyanide Rinse
S-4 = Hydrofluoric Rinse Z2-11.12 = Chromate Rinse
$-6 = Hydrochloric Rinse E~2 = Alkali Etch Rinse
$-8 = Cyanide Rinse E-& = Nitric Acid Rinse
S-9 = Final Warm Rinse E-7 = Alkali Rinse

Column # t) = Cycle time in minutes. This is not dipping time t,

e.g. td Barrel ad 3 - 5 minutes
td Silicon = 0.5 = | minute
Column #2 V= Volume rinse tank in U.S. gallons
Column #3 D = Dragin/dragout volume in U.S. gallons

Column #4 Co= Concentration of previous tank

Column #5 New critical concentrations as accepted as our standards
Column #6 Flow calculated from #5

Column #7 Doubling of #6 for solubridges control as recommended by lit.
Column #8 Closest approach of #7 with orifices

Column #9 Qy = Average flow = 1-1/2 Qth

Column #10 City water supply

Column #11 Deionized water supply
Column #12 Soft water supply

Column #13 Cyanide and alkali waste line

Column #14 Chrome and acid waste line.
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. FIGURE 6

SOURCES OF WASTES

;,Piging
Caustic Cleaner (Na OH)

Water Rinse B ] \\\\\\\\\\ﬁ.. .
. ;s Caustic + cyanide ‘dump

Hydrochloric_ﬂqidf(HCL)

Water Rinse~—— e 2. Y
Copper P1atingv(Cn CN)r;j\\

Zine Plating (Zu)(CN)y —

(Na OH-+ Na CN)

’

Moty

- AC‘?R} Chrome Dum;
y o el ald '
/(H01 + Ni + Cu + Fe + Cr)

/5

Cyanide —— .+ ./
Water Rinse ———;f'—#f—

Tinplating (Kp Sn (QH)GL)f1

Cyanide Rinses

(Na CN, Cu CN, . 2n(CN); )

1

Water Rinse— -

8 ) "% " .
Passivation (Naj Cr, 07) '

"/’ﬂ,,»AP'ACid and Chrome Rinses
Water Rinse (H + + cxb%)

Nickel Plating (Ni S0,)—

Water Rinse

Chrome Plating (Cr 03)— .

Water Rinse.
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EFFLUENT ANALYSIS

FIGURE 8
Expected Expected Expected Expected OW.R.C. Re- Test Results
Range in Range in Range Range from quirements of last
Cyanide Chrome f rom Rinses § for Sanitary Survey by
Rinses Rinses Rinses Dumps Sewer (Proposed O.W.R.C.

Together By-Law

8.0.D. - " - - - 2.8
Solids:
Total = 50-100 200-500 100-400 150-1800 - 768
Suspended - 5-20 0.0 0-100 50-300 350 128
Dissolved - 45-80 200-500 100-300 100-1500 .. - 640
pH 9-10 2-3 7.0-9.0 7.0-9.0 5.5<9.5 8.1
CN as HCN 20-30 B 0.0 0.0 2.9 5
Cr Total = 5-10 0.4 0-10 - el
Hexavalent - 5-10 0.0 0-1.0 3.0 . 0.0
Ni - 1.0-2.0 0-1.0 0-1.0 - 0.0
Cu «5=1 .0 5-1.0 0-1.0 0-1.0 1.0 o
Zn .5-2.0 0.0-.5 0-1.0 0-1.0 ~ 1.4
Sn 1.0-2.0 8.0~.5 0-1.0 0-1.0 - 1.0

ALL VALUES IN P.P.M.
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SESSION FOUR

Dr. A. E. Berry
Secretary-Treasurer

Canadian Institute on Pollution
Control

\ Session Chairman

'"MODERN CONCEPTS OF BOD-DO
RELATIONSHIPS"

by
E. C. TSIVOGLOU

INTRODUCTION

The purpose of this report is to give a
brief sumnary of some of the more recent work at the
Robert A. Taft Sanitary Engineering Center on the
factors involved in stream self-purification, with
particular emphasis on the relationship of this work
to the disposal of industrial effluents. It is not
the purpose of this discussion to present the detailed
mathematical models that have been developed, but
rather only to describe the concepts that are currently
under consideration and in use. The detailed mathemat-
ical descriptions of tlie complex BOD and oxygen sag
processes that are referred to are contained, with
exaaples, in a separate report that is in preparation.

The two primary processes involved in stream
self-purification are deoxygenation (the exertion of
the BOD) and the opposing process of reaeration, by which
a stream takes up oxygen from the atmosphere. Recent
work in the Technical Advisory and Investigations Section
at SEC has been concerned particularly with the reaction
kinetics of the BOD process, and with the development of
tracer techniques that, it is hoped, will permit the
independent determination of the reaeration capacity of
a stream. However, before discussing these subjects in
more detail certain basic points require emphasis.
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Deoxygenation, expressed in terms of a BOD,
is the process in which organic pollution subjected to
bacterial attack is oxidized, with a resulting depletion
of the available dissolved oxygen of the water. It is
a biochemical reaction whose rate depends upon such
factors as the degradability of the organic material,
the quantity of organic material present (available food),
temperature, the presence of a suitable and adequate
bacterial population, and the availability of certain
necessary nutrients. It should be emphasized that, properly
performed, the BOD test is a very sensitive measure of the
oxygen-depleting ability of the organic material present.
As such, it is a very useful and important measure of
effluent and river quality. However, it should also be
clearly understood that the BOD test is quite specific,
and in particular was never intended to be a universal
measure of pollution. For example, it has no relation to
the coliform content of water, nor does it provide adequate
information regarding the chemical toxicity of pollutants.
Thus, in order to fully characterize a pollution situation,
a number of analytical determinations are necessary, of
which the BOD is only one. However, it should be borne in
mind that the BOD is a quite general test for the oxygen-
depleting characteristics of organic material.

Reaeration, the absorption of atmospheric oxygen
by a turbulent stream, is a purely physical process, in
contrast to the biochemical nature of the BOD process.
Reaeration takes place because of an oxygen partial pressure
difference between the air and the water, and the rate at
which reaeration takes place is proportional to the
magnitude of the actual partial pressure difference. The
rate at which the atmospheric oxygen is absorbed is also
highly dependent on the degree of turbulent mixing that
takes place in the water, as well as on temperature. Other
conditions being equal, the degree of turbulent mixing, or
the rate at which volume elements of water are exposed at
the air-water interface, is a controlling factor in
reaeration.

The natural self-purification process in a polluted
stream is essentially the resultant of the two processes of
deoxygenation and reaeration. Stream self-purification is
therefore a time-temperature function, and because of the
specific nature of industrial wastes and the specific hydraulic
turbulence characteristics of various stream reaches, each
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stream has a different, or individual, self-purification
capacity. The self-purification process, in idealized
form, is expressed mathematically in_the famous oxygen
sag equation of Streeter and Phelps.

Other factors that affect the course of stream
self-purification are recognized. These include the
activities of attached slimes on the stream bed, the effect
of sludge deposition and oxygen demand, the effects of
tributary runoff (bringing in additional pollution and
dissolved oxygen), and the photosynthetic and respiratory
effects of algae. These are viewed, however, as external,
or side, effects to the main processes of deoxygenation,
according to the BOD, and reaeration with atmospheric oxygen.
This discussion will be confined to the two primary factors
of deoxygenation and reaeration, and to the simplified and
idealized, but elegant, form of the oxygen sag equation,

KINETICS OF DEOXYGENATION

There has been considerable discussion over the
past several decades regardiBg ghe exact course of the BOD
reaction. It has been shown™? that the traditionmal first
order reaction kinetics so thoroughly demonstrated by
Theriault® is not always an adequate representation of the
course of the BOD reaction. Theriault's first order kinetics
postulates essentially that the time rate of change of the
concentration of available food (organic material) is
proportional at any time to the concentration of food
remaining. Most observed BOD rate curves are still quite
adequately described by this first order reaction mathematics,
so far as the carbonaceous phase, or first stage, of the
process is concerned. However, an increasing number of BOD
rate curves observed in recent times are more complex. They
arise in part from the increasingly complex nature of the
organic constituents of industrial effluents. Although such
curves are not adequately described by the simple first
order kinetics referred to above, they do not disprove or
discredit the first order reaction kinetics of Theriault.
They do indicate that a single first order reaction is not
always an adequate description of the BOD process.

Recent work at the Technical Advisory and
Investigations Section of SEC has indicated clearly that what

is required to explain and describe the more recently observed

complex BOD reactions is a relatively simple expansion and
generalization of the first order kinetics of Theriault.
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In brief, it is necessary only to recognize that in
specific cases there may be simultaneous but independent
first order reactions, and that in other cases the observed
BOD rate curve may reflect sequential first order reactions
due to the chain degradation of complex organic compounds.

Multicomponent BOD Reactions

An increasing number of BOD rate curves observed
during studies of pollution situations in the United States
clearly show the presence of simultaneous but independent
first order reactions. These are referred to as multi-
component BOD rate curves. That is to say, the observed
BOD rate curve is not adequately described by a single first
order reaction but that it can be fully described by the
assumption of two first order processes that take place
simultaneously but independently. The first noted example
of this has been detailed earlier in the literature.2 1In
that case the two processes resulted from the addition of
relatively large amounts of ammonia as a pollutant in the
presence of other more usual organic materials. Additional
examples, more recently observed, involved the presence of
specific industrial effluents, such as wool scouring wastes,
in the presence of more usual organic materials.

Thus far in our experience it has not been
necessary to assume the presence of more than two first
order components in any observed BOD rate curve in order to
be able to fully describe the course of the observed reaction
mathematically. However, there is every reason to expect
that three or more components, each having a substantial
demand, may occur.

The occurrence of multicomponent BOD reactions is
determined by the application of a graphical procedure for
analysis of the BOD reaction kinetics, as outlined in
Reference 2. Having observed the presence of a multicomponent
reaction, it is highly desirable to determine the reasons
for it in the particular situation such as, for instance,
the presence of a specific industrial waste in the presence
of more ordinary organic pollution. ”

It should be noted, also, that the oxygen sag
equation can be readily modified to include multiple first
order BOD processes rather than a single deoxygenation reaction.
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Sequential First Order BOD Reactions

It is well known that certain complex organic
compounds are degraded by bacterial action in a sequence
of steps rather than in a single process. In such cases
the compound is degraded by bacterial action to an inter-
mediate compound that is not fully oxidized but is still
biodegradable. This intermediate compound is degraded,
in turn, either to a stable (nondegradable) end product
or to another intermediate. Eventually this sequence
leads to a stable (fully oxidized) end product. The
reaction is fully analogous to the radioactive chain decay
process in which a parent element decays to a first daughter,
which is also radioactive and which in turn decays to a
second daughter, etc., until a nonradioactive end product
is reached.

The essential point is that in either case the
steps involved in reducing the material to stable form are
sequential rather than simultaneous. Each step in the
sequence is first order, but a later step in the degradation
cannot take place until the preceding steps have occurred.
Examples of compounds that break down sequentially would
include benzene compounds such as detergents.

The mathematical models for chain degradation of
complex organic compounds are identical with those for
radioactive chain decay, except that the symbols refer to
the concentration of the organic material rather than to a
concentration of radioactive atoms. It should be emphasized
that the several reaction velocity constants involved in the
associated steps of the chain degradation process are not the
same, except in rare cases. For instance, with complex
organic materials that are known to be difficult to degrade,
it is often the case that the first step takes place at a
very low reaction rate, whereas, once the intermediate product
has been formed, the second step in the degradation process
may be quite rapid. In this case the observed oxygen demand
curve would develop slowly, the slow reaction constant
controlling. In the opposite case, that is, for a reaction
in which the first step is rapid but the second step slow,
the observed BOD rate curve develops fast initially but then
continues at a slower pace for a relatively long time.

It should be noted that direct observation of the
sequential BOD process is rare, even though its occurrence
is obvious. The complex compounds that are degraded in this
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manner are not ordinarily present in river samples or most
effluents in sufficient quantity to constitute a sub-
stantial portion of the total BOD. Thus direct observation
of the sequential reaction will not usually be possible
except in the. laboratory with specific chemicals, although
it appears likely that thorough investigation would disclose
an occasional industrial effluent that reacts in this manner.
In addition, the sequential reaction having a relatively
rapid first step with a slower second step is not distin-
guishable mathematically from a reaction involving two
simultaneous but independent first order processes. The
necessary mathematical models that characterize the chain
degradation BOD process are contained in the more detailed
reference currently in preparation.

Logistic BOD Reactions

The "logistic" function developed many years
ago? is widely known and used kn other fields,® although
it is not so familiar in sanitary engineering. It is a
second order function that was initially developed as a
best means of describing the sigmoid curves of human
population growth with time. In later years the function
was recognized as being applicable in a number of other
fields. For example, it describes the "autocatalytic"
reactions of chemistry. It is also referred to as a
bimolecular reaction.

The logistic function has features that make it
especially attractive as a means of describing certain BOD
processes. In particular it can be used as a.means of
describing the lag period so often observed in BOD reactions,
and it is especially effective as a description of the lagging
portion of the nitrification stage of the BOD process.

Bearing in mind that the observable BOD results
from the activity of a large bacterial population which obeys
relatively simple rules regarding the available food supply,
it is logical to expect that the logistic function might -
properly describe the lagging portion of the BOD process.

The firs€ order reaction is one in which the food supply is
limiting and contr@ls the course of the reaction - that is

to say, the bacterial population involved is as large as the
available food supply will support. Thus, as the food supply
is consumed the bacterial population diminishes accordingly.
In contrast, the nitrification phase of the BOD process is



- 153 -

characterized by a period during which the necessary
bacterial population is quite low relative to the amount

of available food. This results in a lag period during
which the bacterial populations multiply until they reach
the limit that is associated with the available food
supply. This phase of population development is apparently
logistic in nature, and is quite adequately described by
the logistic function.

Thus, using the necessary combination of first
order and logistic functions it has proved possible to
fully describe the course of the BOD reaction, including
the nitrification stage, with a logical and familiar
mathematical model. Although the carbonaceous BOD is
usually primarily responsible for the magnitude of observed
criticial stream D.Q's, it is becoming more common, in
these times of higher degrees of waste treatment, for
nitrification oxygen demands to contribute significantly
to the occurrence of low stream D.0. concentrations. Under
these circumstances it is becoming more important to be
able to predict the course of nitrification with adequate
mathematical models, and it appears that the logistic
function is highly useful for this purpose. The necessary
equations, with examples, are given in the reference noted
above which is in preparation.

SUMMARY

The foregoing is a brief description of the
concepts of BOD reaction kinetics presently in use at the
Technical Advisory and Investigations Section at the Robert
A. Taft Sanitary Engineering Center. The full description
of the mathematical models involved will be available shortly.
The purpose of this discussion, however, has not been to
present the detailed mathematical model, but rather has been
to emphasize the need for adequate descriptions of BOD
reaction kinetics in modern-day society. It is impossible
to adequately know the oxygen-depleting capability of a
particular industrial effluent on the basis of 5-day BOD
determinations. The cost of treating industrial effluents,
to say nothing of the costs of releasing unknown kinds and
quantities of wastes to our water courses, requires adequate
knowledge of the oxygen-depleting characteristics of
industrial wastes. This knowledge can only be developed by
the thorough analysis of the BOD reaction kinetics, as
determined on the basis of observed BOD rate curves. Without
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this knowledge it is not possible to adequately design
waste treatment plants and, in a substantial proportion of
cases, waste treatment plants designed only on the basis
of a 5-da7 BOD determination will prove inadequate to meet
the desired D.0. objectives in receiving streams.

REAERATION OF STREAMS

Assuming that the 'deoxygenation of streams by
flowing pollution loads is sufficiently well characterized
mathematically, it remains to evaluate the opposing process,
namely reaeration, in order to permit measurement and
prediction of stream self-purification capacity. Un-
fortunately, the means for independent determination of the
stream reaeration rate constant,. Ky, still elude us, and
hence estimation of stream self-purification capacity still
involves a circular argument that prevents definite and
firm results. A sharply increasing public demand for
unpolluted streams at the same time that we have substan-
tially greater pollution loads due to population and
industrial growth indicates that the costs of waste treatment
are bound to rise rapidly. In order to keep these costs as
low as possible, consistent with specific stream D.O.
objectives, it has become necessary to refine our estimates
of stream self-purification capacity, and to substantially
improve the necessary techniques and methods.

The traditional approach to estimating reaeration
oxygen income and stream self-purification capacity has been
to attempt to measure everything else and then calculate a
reaeration rate constant by use of the oxygen sag egquation or
some other more sophisticated oxygen balance technique. This
approach is taken because, to date, we have had no means of
independently determinipg Ko. The difficulty is that D.O.
concentrations in a stream are the net result of operation
of a variety of causes, not all of which are measurable.
Hence, the above computational procedure results simply in
a calculated value of K, that incorporates sufficient error
to compensate collectively for all of the actual errors of
measurement or neglect that have been made. In some cases
it is possible to thus calculate a Ky which does not actually
involve great error, but in others the resulting estimate of
self-purification capacity contains substantial error.
Subsequent computations of required degrees of waste treatment
err accordingly, and the costs of such inaccuracy can be
substantial. In essence, the necessary degree of waste
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treatment, and the associated costs, are highly sensitive
to the magnitude of K,, but we have no independent means
of definitely knowing Kj.

Mathematical models derived from theoretical
analyses of turbulent mixing do exist and permit independent
calculation of Kj, 7,8,9 and such models are useful in
giving us ranges of estimate. However, they are no more
subject to independent verification than the value of K
itself, and hence there is no way to be sure which of the
several models, if any, yields a correct or true value of
Ksp.

As a result of these considerations, research to
develop an independent method for the field determination
of .reaeration rate constants has been begun by the Technical
Advisory and Investigations Section at SEC. The initial
results of this work are published elsewhere,10 and need
not be repeated here. The approach involves the use of a
chemically inert radioactive tracer gas, krypton-85, as a
means of defining the turbulence regime to the extent that
the exchange capability for oxygen can be evaluated. The
results so far are sufficiently promising to warrant attempts
at field use of the tracer gas, and these studies are
presently in progress.

In brief, other conditions of temperature,
turbulence, etc., being equal, it is presumed that the
ability of a gas to dissolve in water, or to diffuse out of
water, is a fundamental property of the gas, related to its
molecular properties. Thus the ability of krypton to diffuse
should be related in a fairly simple manner to the ability
of oxygen to diffuse. If the relative diffusivities of
krypton and oxygen could be determined, then observed losses
of dissolved krypton-85 from a turbulent water system would
permit direct estimate of the ability of oxygen to be gained,
under identical conditions. The relative gas exchange
capabilities, or diffusivities, of krypton and oxygen have
been determined experimentally, and it appears that the
necessary basic relationship has been established.l0

Field application of the krypton-85 tracer method
involves the simultaneous use of two or three tracers. 1In
principle only two are required, namely, the tracer gas and
a second tracer to indicate the extent to which dispersion
has taken place. Thus it is assumed that the concentration
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of dispersion tracer decreases from an upstream to a
downstream sampling point only as the result of physical
dispersion due to turbulent mixing. The concentration of
gaseous tracer should decrease due to dispersion in the
same way, but should decrease additionally because of
losses of gas to the atmosphere. The percent loss of
tracer gas to the atmosphere can be calculated directly
from data on the amounts of tracers released together with
observed concentrations at a downstream sampling point.
The desired Ky for oxygen is then obtained by use of the
basic relative krypton:oxygen diffusivity and measured time
of flow to the sampling point.

In practice, a third tracer appears desirable,
namely a dye tracer such as pontacil pink. This tracer,
used with a fluorometer at the sampling point, is
convenient for time of flow determinations, for observation
of the degree of longitudinal dispersion, and as a means
of knowing when to sample for maximum concentration of
the other tracers. If the dyes did not suffer losses to
the stream bed the separate dispersion tracer would be
unnecessary.

Initial field studies have indicated that the
foregoing concepts and approaches are feasible, and
necessary field methods have been developed. One difficulty
remains - namely, the selection and testing of a specific
tracer for dispersion that assuredly is not lost to the
stream bed. In this connection also, it is understood that
a new fluorescent dye that undergoes little or no such loss
is now available. Thus it appears hopeful that field
techniques can be perfected and tested during the coming
year, and that they will lead to a practical technique for
the field evaluation of the stream reaeration rate constant.
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ABSTRACT

The Container-Copeland Process was originally
developed to mitigate stream pollution problems caused by
waste pulping effluents from neutral sulfite semi-chemical
pulping mills. In this application, in which the organic
constituents extracted from wood during pulping are
concentrated and burned in a fluidized-bed reactor, the
process has been eminently successful.

Since its original development, the basic concept
of the Container-Copeland Process has been applied to treat-
ment of other types of pulping waste where it possesses the
potential of not only preventing stream and air pollution
from pulp mill effluents, but of also recovering chemicals
from the waste effluents stream. In this manner, stream and
air pollution problems are solved and at the same time an
economic return may be realized from the treatment plant
investment.

In addition to treatment of pulp and paper mill
wastes, the basic concept of the Container-Copeland Process
may also be applicable to treat other industrial and also
municipal wastes. It would appear that many waste effluents
commonly encountered in the chemical, steel, petroleum and
food industries and which represent a formidable stream
pollution problem could be feasibly and economically disposed
of by the Container-Copeland Process. The field of municipal
waste treatment, with its problems being accentuated by our
population explosion, represents another promising application
of the Container-Copeland Process.
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The development of the Container-Copeland Process
is described. The applications and successes in combating
stream pollution for the paper and pulp industry are outlined,
and the potential applications of the Container-Copeland
Process in other industries to eliminate pollutional problems
are presented.

INTRODUCTION

The term "population explosion", of vogue in the
past several years, implies many things in our future.
Problems of food supply, housing, transportation and education
are with us now or loom precariously in the immediate future
because of the ever-increasing number of human beings on the
face of the earth. '"Spin-off" problems from the increasing
population are important, too, but many, perhaps, have been
relegated to positions of less concern. These ancillary
"spin-off" problems, nevertheless, are equally as serious as
the more basic ones which have been researched, studied and
discussed by philosopher and technician alike.

The one "spin-off" problem with which we are
specifically concerned here - that of stream pollution - has,
in relatively recent time, been recognized as one of the
greatest challenges to our foresight, ingenuity and application
in order to preserve our natural heritage for our generation
and future generations, and perhaps even more fundamentally, to
ensure the health and well-being of countless of our world's
population.

As industry gears up repeatedly to meet the capital
and consumer goods demand of an expanded population, industrial
pollutants will increase in volume. At the same time, the
expanded population imposes an increased amount of domestic
wastes that must be assimilated by some method. Yet, the very
fact that more people are and will be inhabiting the earth
requires that our natural resources - and particularly our
streams - be preserved in such conditions conducive to safe
and maximum use from both a public health and recreational
standpoint.
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Several facts are self-evident. Our pollutional load
is ever increasing. Our stream potential for assimilating
pollutants is not constant, but is actually decreasing at an
accelerated rate either because of regulation or because of
greater public use of these streams for other purposes. The
time is coming when our streams cannot be used to dispose of
our waste materials - other methods must be found. If the use
of water is involved in these other methods, it must be used
in closed-cycle operation or else returned to the stream at
a quality no lower than when taken from the stream. All of
this implies, of course, that our waste products, both
industrial and domestic, must be treated to eliminate permanently
their noxious, toxic, or offensive characteristics which lead
to pollution of our water supplies.

From an industrial standpoint, the real question
which remains is whether industry as a whole can react quickly
enough to discover the necessary technical approach to the
solution of each of the myriad of waste disposal problems
leading to stream pollution and to meet the pressing deadlines
being set by new legislation and public demand.

It is toward the technical aspects of this problem
which this presentation is directed, with the ultimate objective
being two-fold:

1. to show that new and improved methods of present
industrial technology is capable of solving many
of our immediate and near-future waste disposal
problems, and

2. to stimulate new thinking, new application, new
technology and, not the least, renewed ingenuity
leading to continued solution of our waste
disposal problems in the future.

THE CONTAINER-COPELAND PROCESS

The Container-Copeland Process was originally
developed to treat the waste pulping effluent from NSSC pulp
mills. In that application, the process employed a fluidized-
solids oxidation technique for the treatment of a liquid waste
solution containing organic matter and inorganic pulping
chemicals derived as waste from a pulping operation. During
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treatment by the Container-Copeland Process, the liquid nature
of the waste effluent was destroyed by evaporation of the
contained water, the organic matter was converted to gaseous
carbon dioxide and water vapor and the residual inorganic
chemicals were recovered as dry, pelleted, and granular products.
Since color and oxygen demand of the original waste material
were primarily caused by the organic matter content, destruction
of it by oxidation in the fluidized-solids reactor permanently
and completely removed any possibility of subsequent pollution.

The salient part of the process is the use of the
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