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® monfreal engineering company, limited PLACE BONAVENTURE MONTREAL114 CANADA 
CORRESPONDENCE: 

PO. Box 777, Place Bonaventure, Montreal 114 
Tel: (514} 395-3636 

Telex: 01-20227 

Dr . ASlt Biswas , Cables: "Monenco" 

Policy and Planning Directorate, 
I Department of Environment, 

Ottawa, Ontario. 

Dear Dr. Biswas: 

‘ 

We are pleased to submit our report on a study of special liquid industrial 
wastes. This study has been completed under the terms of our contract with 

‘ 

the Department of Supply and Services Serial OGROl73 dated February 23, 1971. 

We believe that this study has met its main objective which was to provide 
an overview of the situation in Canada with regard to special or difficult 
liquid industrial wastes which cannot be satisfactorily dealt with by 
standard waste treatment methods. We believe that it has served to emphasize 
the magnitude of the potential problems posed by these wastes. However, the 
study has also demonstrated the paucity of adequate data on many of the 
difficult waste constituents. In many cases useful quantitative data are not 
readily available and little is known about effects on the aquatic environment, 

For this reason, the program of detailed industry studies now being undertaken 
by the Department is strongly endorsed and it is recommended that it be 
expanded to include all the industries which have been identified in this 
study to be generating special or difficult wastes. 

The problem of liquid industrial waste is being tackled vigorously in Canada 
on several fronts. Generally this study has confirmed that technology is 
available to deal with most problem areas but in many instances the costs can 
be very high. Further research and development is clearly needed to bring 
these costs to acceptable levels. 

We trust that you will find this report satisfactory and we look forward to 
discussing it with you in due course. 

Yours Very truly, 

2mm.) 
G.V. Ecken elder, D.R. Nancarrow, 
Vice-President. Assistant Manager, 

Resources Division. 

HAUFAX - ’flChWREAL ’ u - :‘mROi‘vTC CALLARV ; EJWCWM



PREFACE 

This study was initiated by the Canada Department of Energy, 
Mines and Resources and was carried out under Contract Serial OGRO-173 
placed by the Canada Department of Supply and Services with Montreal 
Engineering Company, Limited on February 4, 1971, by telegram; the actual 
contract document is dated February 23, 1971. 

Work commenced immediately upon receipt of the authorization by 
telegram and is concluded by the presentation of this report. 

The study was commissioned to provide information on the treatment 
and disposal of those special liquid industrial wastes that do not lend 
themselves to effective treatment either in municipal sewage treatment 
plants or by standard industrial waste treatment methods and which there— 
fore may constitute a threat to the environment if they are not adequately 
treated or if they are disposed of improperly. 

The scope of the study is described in the "Statement of Work" 
as follows: 

STATEMENT OF WORK 
.1 The objective of the study is to appraise the magnitude 
of the problems that may be created by special industry 
generated liquid wastes that do not lend themselves to effective 
standard effluent treatment and where the environment may 
consequently become damaged or degraded, 

.2 The study should identify: 
a. the type of non—standard liquid wastes generated by 

industry, 
b. the types of industries that generate these liquid 

wastes, 
c. the geographic location and quantity of the liquid 

wastes involved, 
d. the current liquid waste disposal practices, their 

costs and effectiveness, and 
e. any new measures and/or methods that may be required 

to improve either the environmental effect or the 
costs of the special liquid waste disposal practices. 

.3 In developing the study, a macro approach should be adopted 
in the first place, involving consultation with industry associations 
rather than detailed industry surveys, province by province. 
However the conclusions should be sufficiently clear and concise 
to permit the relation of any general ranges provided in the 
findings (i.e., type, magnitude, cost of liquid waste disposal) 
to the location and size of specific industry and/or firms, 
e.g. raw material used, units of production output, etc. 

(iii) 
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It is emphasized that a macro or "broad—brush" approach has been 
taken so that the problem liquid industrial wastes could be quickly 
identified, their characteristics broadly assessed and the magnitude of 
the problems associated with the treatment and disposal of them could be 
appraised, within the limits imposed by the time and funds available for 
the study. 

In this way an overview of the situation in Canada has been 
developed which will facilitate the setting of priorities and assist in 
defining a course of action to deal with this important matter in greater 
detail. 

l . 

During the course of the work three meetings were held in Ottawa l: 
at which the Company discussed progress, and the findings that were

] 

emerging, with a departmental committee, the members of which were: 
I. 

Dr. Asit Biswas, Chairman Policy and Planning Directorate 
Mr. T. L. de Fayer Policy and Planning Directorate 
Mr. P.M. Higgins Environmental Protection Service 
Mr. R.E. Mills Water Management Service 
Mr. N. Schmidtke Environmental Protection Service 

(All of the Department of Environment) * 

The advice and assistance received from the committee is gratefully‘f 
acknowledged. ’ 

In addition, the Company wishes to acknowledge the valuable advice 
and information given by a number of agencies, associations and industries,- 
in particular the following: 

Canada Department of Industry Trade and Commerce 

Mr. M.R. Hull
: 

Mr. R.N. Hyer R 
Dr. R. Simard 
Mr. D.J. Stephens 
Mr. J.K. Woyzbun 

Canadian Chemical Producers Association 

Mr. W. Canniff - 

i
3 

:7 Ford of Canada Limited, Oakville, Ontario
% 

'Mr. Follis 
Mr. Swallow 

Ontario Department of Energy and Resources Management, 9% Waste Management Branch 

Mr. J.D. Heaman
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I 
Ontario Water Resources Commission 'U 

>- 
Mr. '1‘. Armstrong x 
Mr. D. Hogg : 
Mr. R. Phoenix 
Mrs. V. Warren 

The Company also wishes to acknowledge the contribution made by 
Dr. J.E. Zajic, Professor and Chairman of the Chemical and Biochemical 
Engineering Group in the Faculty of Engineering Science, University of 
Western Ontario, who gave valuable assistance and advice throughout 
the course of the study. 
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CATEGORIZATION 

INTRODUCTION 

The first task in the study was to identify those special 
industry generated liquid wastes that do not lend themselves to standard 
effluent treatment methods. To do this systematically and ensure that 
no waste of this sort was overlooked, liquid industrial wastes known to 
be relevant to Canada have been examined and categorized as follows: 

Category Definition 

A Wastes that can be readily dealt 
with by standard treatment methods 
and by municipal treatment plants 
without pre—treatment (or wastes 
that require no treatment), 

B Wastes that can be dealt with by 
standard industrial treatment 
methods but cannot be directed to 
a municipal treatment plant be— 
cause of excessive flow; or wastes 
that require pre—treatment by 
standard methods before discharge 
to a municipal treatment plant. 

C Wastes that require special treat- 
ment methods which are expensive 
when compared with standard 
treatment methods. 

D Wastes for which there is no proven 
method of treatment: 

Having categorized liquid industrial wastes in this manner? the 
study effort was then focussed on the special or difficult wastesy 
represented by Categories C and D. Categories A and B were dismissed 
from further study° 

l.l CATEGORIZATION PROCEDURE 

Data on the characteristics of the liquid wastes generated by 
each industry type and process within that industry have been assembled 
and tabulated. The tabulations are presented in Appendix 1. 

Because the terms of reference of the study precluded detailed 
industry by industry surveys, the data sources were primarily:

Z 
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CATEGORIZATION
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(i) replies to questionnaires sent to "in-house” industry 
specialists 

(ii) a search of relevant literature 

(iii) discussions with federal and provincial government agencies 
industry associations and a few representative firms (see 
list on Page iv) 

Very roughly it is estimated that about 25 per cent of the 
information presented in Appendix 2 and elsewhere throughout this 
report was obtained from (i), 25 per cent from (iii) and the other 50 
per cent was obtained from (ii), the literature search. About one—third 
of the information obtained from the literature search is Canadian and 
the other two—thirds is mostly data taken from American publications and 
articles. 

As might be expected there are many gaps in the data. Moreover, 
there are inconsistencies in data from different sources which throw 
doubt on its accuracy in some instances. Nevertheless the data compiled 
are believed to be adequate for categorization and the purposes of this 
initial study. It will be noted that data on the effluent streams after 
treatment are particularly sparse and reflect the reluctance of industries 
to divulge data on contaminants being released into the environment. 
Regulatory agencies, may have these data but frequently must treat them 
as confidential. Data on the quantities of wastes generated are more 
readily available. However, it must be stressed that typical or average 
data such as those presented in this report can only be a broad guide to 
the quantities to be expected in the case of any specific industrial 
establishment. The data are useful for planning purposes, identifying 
problems and problem areas and gaining an appreciation of the problem of 
liquid industrial waste disposal in Canada generally; they will be of 
limited usefulness when assessing the situation at any particular plant 
or mill. 

Similarly a simple categorization of the sort undertaken in this 
study is useful in systematically identifying special or difficult liquid 
industrial wastes and indicating wastes and waste constituents that 
should receive priority attention. Its usefulness beyond this is limited 
because each industrial establishment presents a unique set of circumstances 
and whether or not its waste is special or difficult may depend on these 
circumstances. Generally, the categories assigned reflect the capability 
of existing waste reduction and treatment methods to meet the most 
stringent standards or regulations currently in force. Table 1-1 lists 
the standards that have been used. 

The question of what is a standard treatment method posed some 
difficulties. There are methods of dealing with difficult wastes which 
are becoming normal practice and if utilized can greatly reduce the 
quantity of the contaminant in the waste stream. Again it was felt to

~~ 
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be desirable at this stage to err on the conservative side and classify 
these methods as "special" rather than "standard" unless: 

— the cost of the method is clearly not a significant factor in 
the cost of production 

— and the method is known to be used throughout the industry 

— and the waste is not highly toxic and/or hazardous. 

As a result the categorization procedure has tended to place 
most highly toxic and hazardous wastes in Category C or D. 

One final qualification should be made. The categorization 
refers to a particular point in time (spring l97l) - further improvements 
in the technology of recycling and treatment on the one hand and more 
stringent effluent standards on the other will necessitate changes in 
the categorization, sometime in the future° 

l.2 SUMMARY OF WASTE CATEGORIES 

The numbers of liquid industrial wastes in each category are 
as follows: 

Category Number 

A 8 

B 31 

C 22 

D _4 

Total 65 

Of the Category C wastes, three might be placed in Category B 
depending on the circumstances pertaining at the industrial Sitec Taking 
the conservative viewpoint and placing them in Category C, means that 26 
or 40 per cent of the liquid industrial wastes considered can be termed 
special or difficult.
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TABLE 1-]. 

Effluent Standards 

Recommended 
Characteristic Concentration Reference 

In Effluent
| 

phenol 0.020 PPM A U 
NH3 1 PPM A 
CN 0.1 PPM A

i F 1.6 PPM l B
i 

P04 25 PPM A
E 

P 0.001 PPM J.E. Zajic 
Cu 1 PPM A&B 
Cr 1 PPM A&B

‘ 

Ni 1 PPM A&B 
Zn 5 PPM A&B “ 

Cd 1 PPM A 
Iron (As Fe) 17 PPM A ‘ 

Sulphides as H28 1 PPM B ‘ 

Ether Solubles 15 PPM A&B 
BOD5 15 PPM A&B 
pH 5.5—lO.6 A&B

3 

chlorides as C1 1500 PPM A&B 
Sulphates as 804 1500 PPM A&B 

in 

Heavy Metals 7
3 

— Ontario O.l PPM 2 * 

— New Brunswick 3.5 PPB for copper; l ** r 

54 PPB for zinc. **
g

5 1. In receiving water ? 

2. For one constituent or a combination. 

Reference A: C.I.L. A digest of environmental pollution legislation 

Reference B: 

Discussion with OWRC. 
** Canada Department of Fisheries and Forestry 

in Canada: water. Montreal. Canadian Council of Resource 
Ministers. May 1970. 

"Guidelines for industrial waste treatment”. In Water 
and Pollution Control, Vol 107, No. 7. July 1969. p l6—l7 '

~
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CATEGORIZATION 

A summary list of the wastes in Categories C and D is presented 
in Table 1—2. There are four wastes in Category D, one because of the 
presence of colloidal elemental phosphorus and three because of the 
presence of phenol. In each case the existing treatment methods will not 
reduce concentrations of the problem constitUent to the level stipulated 
in applicable regulations. There are also some industry generated sludges 
for which there is no proven method of treatment but this is a problem 
area which has not been addressed in this study. 

Related to the problem of difficult to handle sludges, is the 
problem of toxic and hazardous wastes generated in relatively small 
quantities by industries mostly in urban areas where the simplest and 
cheapest method of disposal is hauling in containers or tank trucks to 
landfill sites. Wastes dealt with in this manner have been categorized 
difficult or Special liquid industrial wastes; they are reviewed in 
Appendix 3. 

TABLE 1—2 

Industrial Wastes in Categories C and D 

INDUSTRX AND CATEGORY MAIN 
WASTE ASSIGNED PROBLEMS 

AGRICULTURE 
- closed feedlots C Drying and disposal of manure 
— open feedlots C Drying and disposal of manure 

High nutrient content in runoff 
High suspended solids, COD, BOD 

- pesticides C Toxicity of pesticides 

AUTOMOBILE MANUFACTURE C Oil emulsions, lead, chromate, 
phenols, heavy metals 

CAUSTIC/CHLORINE C Mercury, dissolved chlorine; 
brine, HOCl 

GLASS 
— surface treatment C Fluoride, oil emulsion 

IRISH MOSS 
— extraction plant C Colour, high pH, dissolved 

solids, spent filteraid. 
(Note: there are yet no 
extraction plants in Canada) 

IRON AND STEEL D Phenols, l cyanides, fluorides, 
ammonia, pickling solutions, 
chromium, tin, zinc 

Z 
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CATEGORIZATION 

TABLE l-2 cont'd 

INDUSTRY AND CATEGORY MAIN 
WASTE ASSIGNED PROBLEMS 

LEATHER 
— chrome tanning C Trivalent chromates, sulphides 

METAL FINISHING C Cyanide, chromium, heavy metals, 
oil emulsions 

MINING 
- non—ferrous metals 

(excluding uranium) C Copper, lead, zinc, mercury, 
cadmium, some cyanides 

— uranium C Traces of heavy metals; 
radioactivity 

ORGANIC CHEMICALS D Phenols,l cyanide, acrilonitrile, 
phosphorus, heavy metals 

PESTICIDES C Chlorinated hydrocarbons 

PETROLEUM PRODUCTS D Phenols,l sulphides, mercaptans, 
traces of heavy metals, 
emulsions, some fluoride, 
brine 

PHARMACEUTICALS C High BOD 
May contain toxic organic 
chemicals 

PHOSPHORIC ACID 
(Thermal Process) D Colloidal elemental phosphorus 

Phosphorous mud 

PHOSPHORIC ACID 
(Wet Process) C Fluoride, calcium sulphate 

PRODUCTION OF ALUMINUM C Fluoride, large volumes of 
red mud 

PRODUCTION OF COPPER C Heavy metals, sulphur dioxide 

PRODUCTION OF LEAD C Heavy metals, arsenic, sulphur 
dioxide 

PULP AND PAPER C Ammonia, phenols, lignins, 
mercaptans, chlorine, zinc, 
essential oils, microbes

AI
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CATEGORIZATION 

TABLE l—2 cont'd 

INDUSTRY AND CATEGORY MAIN 
WASTE ASSIGNED PROBLEMS 

SODA ASH C Dissolved solids, ammonia 

SODIUM CHLORATE C Free chlorine and free chlorine 

THERMAL POWER 
cooling water C 

ash lagoon C 

dioxide; chromium 

Temperature increase, polyphos- 
phates 
Heavy metals, including mercury 

1. Waste constituent for which there is 
to meet currently enforced standards. 

no proven method of treatment 
Z 
.LHVd



~

~

~

~



J 
PART 2 — SPECIAL OR DIFFICULT LIQUID INDUSTRIAL WASTES 

CONTENTS

} 

5 INTRODUCTION 
1 

2.1 DIEEICULT WASTE CONSTITUENTS 

;! 
211 SUSPENDED SOLIDS 

I 
212 OILY EMULSIONS 

1; 213 BRINE DISPOSAL 

u 214 FLUORIDE (AND/OR FLUORINE) 

215 PHOSPHORUS 

216 HIGHLY REFRACTORY ORGANICS 

217 HEAVY METALS 

, 218 CYANIDE 

f“ 219 CHROMIUM 

2110 SULPHIDES AND MERCAPTANS 

2111 AMMONIA 

2112 MERCURY 
f 2113 ARSENIC 

2114 PICKLING LIQUORS 

2115 RADIOACTIVE COMPOUNDS 

2.2 GEOGRAPHIC DISTRIBUTION 

-Y 221 OIL AND OILY EMULSIONS 

222 CYANIDES 

223 FLUORIDE 

224 MERCURY 

225 PHOSPHORUS

~



~ 

2-(ii) 

226 AMMONIA 

227 PICKLING LIQUORS 

228 PHENOLS 

229 PHENOL-LIKE COMPOUNDS 

2210 OTHER COMPOUNDS 

2211 REFERENCES FOR LOCATION AND PLANT SIZE 

2.3 SUMMARY OF CAPITAL AND OPERATING COSTS OF 
WASTE TREATMENT FACILITIES 

TABLE 

TABLES 

2—l Summary of capital and operating costs of waste treatment 
facilities given in this report 

PLATE 

PLATES 

2—l Distribution of Problem Wastes — 
Group I Constituents in Western Canada 

2-2 Distribution of Problem Wastes — 
Group I Constituents in Eastern Canada 

2—3 Distribution of Problem Wastes - 
Group II Constituents in Western Canada 

2—4 Distribution of Problem Wastes — 
Group II Constituents in Eastern Canada 
Except Southern Ontario and Quebec 

2—5 Distribution of Problem Wastes — 
Group II Constituents in Southern 
Ontario and Quebec 

2—6 Distribution of Problem Wastes — 
Group III Constituents in Western Canada 

2—34



a 

PLATE 

Distribution of Problem Wastes — 
Group III Constituents in Eastern Canada 
Except in Southern Ontario and Quebec 

Distribution of Problem Wastes — 
Group III Constituents in Southern 
Ontario and Quebec 

Distribution of Problem Wastes — 
Group IV Constituents in Western Canada 

Distribution of Problem Wastes — 
Group IV Constituents in Eastern Canada 

2-(iii)

(fl



i‘

J

i 
:I 
In 

I'! 

211 

212 

213 

SPECIAL LIQUID WASTES 

INTRODUCTION 

Part 2 has three subdivisions — a summary of the difficult 
constituents in the category C and D liquid wastes taken from the 
detailed industry reports that are given in Appendix 2; a commentary 
on the geographic distribution of these constituents, and a summary 
tabulation of capital and operating costs of waste control and treatment 
measures presented throughout the report. 

2.1 DIFFICULT WASTE CONSTITUENTS 

Liquid industrial wastes which were determined to be special 
or difficult (Categories C and D) are examined on an industry—by- 
industry basis in Appendix 2. Because many of the difficult waste con— 
stituents are common to several industries and industrial processes, a 
concise overview can be best achieved by considering each of these 
problem waste constituents as is done in the following paragraphs. 

SUSPENDED SOLIDS 

Liquid suspensions of red mud, bitumen and clay residues from 
oil refining of Athabasca Tar Sands, bark fines and other solids in 
pulp and paper mill waste are very difficult to clarify adequately because 
of small particle sizes. Methods to effect adequate clarification are 
available but are costly. 

OILY EMULSIONS 

Oily emulsions are encountered in almost every industry. 
Although technology exists for breaking emulsions if the solutions are 
weak and the oil highly dispersed, the methods available are expensive. 
Adsorption on activated carbon and regeneration is partially effective, 
however at 15 ppm or less, the effectiveness of present methods is 
limited. 

BRINE DISPOSAL 

Many oil stocks shipped to refineries are high in brine. Dis— 
posal of these brines presents a major problem. Deep well disposal is 
only a temporary solution. Debrining before shipment to the refineries 
is a partial solution. Ocean disposal might prove to be the most 
practical method to adequately deal with this waste. 

Likewise brines encountered in the potash industry can also 
present a major disposal problem.



SPECIAL LIQUID WASTES 

Brine disposal at inland industries must be regarded as a problem 
which will increase in importance. 

214 FLUORIDE (AND/OR FLUORINE) 

In many of the industries surveyed (aluminum, wet and thermal 
phosphoric acid, glass industry, fertilizer industry, iron and steel 
(blast furnace), uranium refining, petroleum refining, etc.) fluoride 

7\\ has been identified as an important waste constituent. In many instances 
ll? the levels are not high, but the total amount which may be released to 

the environment could be large. In many of the oxidative industrial 
processes, a fluorine problem also arises. This ion is far more toxic 
and difficult to handle. Because this study has revealed a frequent 
occurrence of fluoride in industrial wastes, much more data than is 
presently available should be developed concerning its biological 
toxicity and effect upon the environment. 

215 PHOSPHORUS 

Effluents discharged from thermal phosphorus plants contain 
colloidal phosphorus. Phosphorus can be reduced to concentrations in 
the range of 10 to 20 ppm by liming and air blowing. However present 
plant operation in Newfoundland necessitates some water discharge to the 
sea. Concentrations of elemental phosphorus as low as 1 ppb affect 
herring, thereby prohibiting discharge. At present there is no known 

E 
‘ way of removing the last traces of elemental phosphorus and this requires 
1 serious study. 

Phosphorus mud is also a major problem and necessitates further 
study of distillation methods to remove this waste. 

216 HIGHLY REFRACTORY ORGANICS 

A number of sophisticated organic molecules are refractory to 
W biological and chemical oxidation. These organics usually remain in the 
W effluent waste stream. Some are highly toxic and difficult to handle by 

A; biological methods e.g. acrylonitrile, phenol (greater than 0.4 per cent), 
r‘ oxalic acid, tertiary-butanol, ethylene oxide, DDT etc.. The refractibility 
H of some of these compounds is associated with their toxicity rather than 

the structure of the molecule per s2: 

‘ 

Other organic molecules which are in general thought to have 
’% low toxicity are also highly resistant to biological degradation, e.g. H lignin, bitumen, high molecular weight hydrocarbons, chlorinated 

hydrocarbons, synthetic polymers. 

A most significant observation emerging from this study is that 
not much is known concerning the long—term biological effects of these 
compounds on the environment.

~
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217 HEAVY METALS 

Water quality standards for heavy metal concentrations vary 
from 0.l ppm heavy metals (for one, or the sum of two or more) in 
Ontario to as low as 3.6 ppb copper 9£_54 ppb zinc in areas such as 
New Brunswick where even very small concentrations are known to be toxic 
to Atlantic salmon. 

Significant concentrations of heavy metals occur at base—metal 
‘ mining and beneficiation sites, at smelting and metal refining plants, 

at metal finishing plants and may occur in ash lagoon effluents at coal- 
fired thermal power stations. 

Adequate drainage control and treatment of tailings and acid 
mine water with lime can effect a satisfactory solution but more 
extensive and costly methods may also be needed. Fl! 

Voluminous hydroxide sludges and thiosalt generation pose 
difficult problems and methods of dealing with them are now being , 

developed. Effluent polishing by ion exchange appears technically 
feasible but will be extremely expensive.

i 

The use of zinc hydrosulphite as a bleaching agent in pulp mills 
can give rise to zinc concentrations of 70 ppm in effluents. 

218 CYANIDE 

Cyanides occur in wastes from the following industries: phos- ;” 

phoric acid (thermal process); iron and steel; organic chemicals; metal ' 
' 

9: 

finishing; gold mining and purification. In Ontario the allowable limit 
for cyanides in liquid wastes is 0.1 ppm; only the limit for phenol 
(0.020 ppm) is more stringent. Fortunately cyanides can be rapidly 
oxidized by air, chlorine, ozone or peroxide. 

sludges from metal finishing plants which are sometimes hauled 
away and disposed of on land may contain significant quantities of ‘ 

cyanides. i

w

1 

219 CHROMIUM 

Wastes from the iron and steel, metal finishing, automobile and 
leather tanning industries contain chromium. Hexavalent chromium is 
generally more toxic than trivalent chromium. Removal of chromium is 
technically feasible but expensive. 

Sludges from metal finishing plants may contain chromium 
(see “218 Cyanide”). 
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2110 

2111 

2112 

2113 

SULPHIDES AND MERCAPTANS 

These occur together in wastes from the petroleum refining and 
pulp and paper industries; sulphides are found in wastes from leather 
tanning. 

Most sulphides encountered in petroleum industry wastes have 
not been identified in terms of exact chemical structure or nature. They 
are toxic to fish. Treatment is by oxidation to organic sulphates or 
to free sulphate radicals. Sulphides are removed from tannery wastes by 
manganese or heavy precipitation. 

Mercaptans are toxic but are better known for their offensive 
odours. In petroleum refining they are removed by solvent extraction or 
chemical oxidation. In the pulp and paper industry usually no attempt is 
made to remove mercaptans from waste streams. 

AMMONIA 

Ammonia is released during the manufacture of coke and pig iron, 
wood pulp and soda ash; it is usually absorbed in water rather than being 
allowed to escape to atmosphere. The concentration of ammonia in leakage 
from coke plant by—product recovery units is about 2.5 ppm whereas Ontario 
allows up to 1 ppm ammonia in liquid wastes. Bio—oxidation successfully 
removes ammonia from wastewaters. 

MERCURY 

The current mercury loss abatement program instigated by the 
chlor—alkali industry in order to meet new federal standards has re— 
sulted in reductions of from 72.3 per cent to 99.4 per cent in mercury 
losses from individual plants by December 1970. Anticipated losses on 
completion of the current abatement program range from 0.01 to 0.0003 lb/ 
ton of chlorine produced. 

Some pulp and paper mills have caustic/chlorine plants attached 
and these are a source of mercury waste. The use of mercury—based 
slimicides in pulp and paper mills has ceased. 

ARSENIC 

Arsenic is present in flue gases leaving the reverberatory 
furnace in lead production; it is trapped by condensation. Arsenic in 
wastewaters can be precipitated as the sulphide, as calcium arsenite or 
as ferrous arsenite, with the arsenic salt being separated by filtration. 

r.
-
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2114 PICKLING LIQUORS 

The steel industry is by far the largest producer of waste 
pickling liquors, Which are usually acidic and contain up to 20 per cent ferrous sulphate (sulphuric acid pickling waste). 

Pickling With hydrochloric acid is preferred in modern plants, where there is often a high degree of recycling of pickling solutions. 

2ll5 RADIOACTIVE COMPOUNDS 

Uranium ore contains Radium (Ra) 226 which is highly toxic and 
I 

is present in wastes from tailings ponds at uranium beneficiation sites. 
' The level of Ra 226 in wastes can be reduced by precipitating with 

barium chloride or carbonate. 

2.2 GEOGRAPHIC DISTRIBUTION 

The geographic distribution of difficult waste constituents 
generated in Canada is illustrated on a series of small scale maps: 
Plates 2—l to 2—lO. The maps also identify, either individually or 
collectively, the industrial establishments generating the waste con— i) stituent. The purpose of these maps is to give a concise visual ‘ 

impression of the magnitude of the liquid industrial waste problem in Canada. 

Quantitative data have been given where possible, based on production data and typical or average unit amounts of the waste 
constituent generated, as given in Appendix 1 and noted on the maps. 
It must be stressed that the quantities shown are those which can be expected to be generated by an industrial establishment(s) of that particular size and type. The actual amounts generated may differ sub— stantially. Moreover, it must be borne in mind that the amounts shown refer to waste constituents that may be generated, except that for mercury the amounts discharged are shown. The amounts discharged to the environment depend on the degree of treatment employed which can only be determined by a plant—by-plant survey. 

Nevertheless these maps help to flag problem areas and potential problem areas and will assist in establishing priorities for more detailed 
surveys and studies. 

Difficult waste constituents present in Category C and D wastes have been collected into 4 groups as shown in the tables below. 
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SPECIAL LIQUID WASTES 

GROUP 

Group I contains metals and compounds resulting mainly from 
mining and metals operations, Group II consists essentially of waste 
constituents discharged by petroleum refineries, and iron and steel 
plants, Group III covers pulp and paper mills and Group IV contains 
mainly problem wastes in the chemical industries. 

WASTE 
CONSTITUENT 

V] H 

II 

Heavy Metals 
(Incl. Cu, Zn, 
Pb, V, Be, Cd, 
Mo, Te, etc.) 

Arsenic 

Chromium 

Radioactive 
Compounds, 
incl. U and 
Ra 226 

Cyanide 

Sulphides & 
Mercaptans 

Oil & Oily 
Emulsions 

Pickling Liquors 

Brine Solutions 

MAJOR INDUSTRIES GENERATING W.C. 

Mining of non—ferrous metals 
Copper products 
Lead products 
Metal finishing plants (No data) 
Automobile Industry 
Uranium mining 

Lead industry 
(Gold industry) 

Iron & steel industry 
Leather tanneries 
Metal finishing 
Automobile industry 
Sodium chlorate 

Uranium mining & milling 
(Nuclear power) 

Phosphoric acid (thermal process) 
Iron & steel 
Mining of non-ferrous metals 
Organic chemicals 
Metal finishing plants 

Petroleum products 
Leather tanneries 

Petroleum products 
Metal finishing 
Automobile industry 
Glass industry 

Iron & steel 

Petroleum refineries 
Soda ash



GROUP 
WASTE 

CONSTITUENT 

II 

III 

IV 

Phenols 

Sulphides and 
mercaptans 

Oil and oily 
emulsions 

Phenol-like compounds 
(by breakdown of 
lignin) 

Ammonia 

Chlorine 

Zinc 

Fluoride 

Phosphorus 

Ammonia 

Mercury 

Toxic Organic 
Compounds 

MAJOR INDUSTRIES GENERATING W.C. 

Iron & steel 
Organic Chemicals 
Petroleum products 

Pulp and paper 

Phosphoric acid & phosphate fertilizers 
Aluminum smelter & refining 
Iron & steel 
Glass surface treatment 

Phosphoric acid (thermal process) 
Organic chemicals 

Iron & steel 
Soda ash 

Caustic/chlorine 
Aluminum 

Organic chemicals 
Pesticides 
Pharmaceuticals 

Wherever possible, waste constituents have been shown quanti- 
tatively in pounds per day or gal(Can) per day and the industry generating 
the waste has been identified. 

Quantities of waste generated by industries were based on the 
following assumptions. 

SPECIAL LIQUID WASTES



SPECIAL LIQUID WASTES 

221 

222 

223 

224 

r 
1 22 5

~ 

OIL AND OILY EMULSIONS 

Based on an average value of 8 ppm oil in effluent from refinery 
production with a total waste stream of 1840 gal(Can) per ton of product. 

There is no information available on oil generation in the 
automobile and pulp and paper industries. 

CYANIDES 

Based on an average value of 1 ppm in waste from blast furnace 
operations in the iron and steel industry, with 1100 gal(Can) waste per 
ton of finished steel. 

Cyanide from phosphoric acid manufacture (thermal process) is 
based on an average value of 30 ppm CN in the waste flow with a total 
flow of 4000 gal(Can) per ton of finished product. 

There are no quantative data available from the mining, organic 
chemicals or metal finishing industries. 

FLUORIDE 

It is assumed that approximately 1 per cent of total phosphorus 
production is free fluorine. 

The iron and steel industry generates an average of l.65 ppm 
fluoride in the effluent from blast furnace operations, with a flow of 
1100 gal(Can) per ton of finished steel. 

Fluoride concentration in the effluent from the aluminum 
industry is in the order of 125 ppm with an average flow of 16,300 gal 
(Can) per ton of finished product. 

There are no data on fluorides generated in the glass industry, 
but the amount is small compared to that discharged from the above 
industries. 

MERCURY 

The quantities of mercury discharged from caustic chlorine 
plants in Canada as shown on Plate 2-6, 2—7 and 2—8 are those that have 
been anticipated by the respective plants on completion of their current 
abatement programs, except as noted. 

PHOSPHORUS 

Phosphorous losses in the phosphoric acid industry are estimated



SPECIAL LIQUID WASTES 

at 5 per cent of total phosphate rock input. There is no information 
on losses from the organic chemicals industry. 

226 AMMONIA 

Based on 2.5 ppm ammonia in waste from coke ovens in the iron 
and steel industry with a waste flow of 3300 gal(Can) per ton of coke, 

’3 
and 0.8 ppm in waste from blast furnaces with a volume of 3300 gal(Can) per ton of product. 

\1 Information on waste ammonia from soda ash and pulp and paper 
‘ industries is incomplete. 

J 227 PICKLING LIQUORS 

A Pickling liquors in iron and steel production are estimated 
at 25.6 gal(Can) per ton of steel produced in an integrated mill. 

:1 

228 PHENOLS 

Phenols lost in oil refineries have been estimated at 30 ppm in 

I] 
a waste stream of 1840 gal(Can) per ton of product. 

Phenols generated by the iron and steel operations are based on an average figure of 0.074 lb phenol per ton of product. 
1 There are no data on phenols generated by the organic chemicals 

industry. 

229 PHENOL—LIKE COMPOUNDS 

‘1 The pulp and paper industry generates an average value of 25 ppm phenol—like compounds in 50,000 gal(Can) per ton of product. m These compounds have a higher molecular weight than the true phenols listed above and are less troublesome from a taste— and odour— 
causing standpoint. 

2210 OTHER COMPOUNDS 

There are inadequate quantitative data on the generation of the following compounds: I H eavy Metals 

‘ Arsenic ‘é 

Chromium
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SPECIAL LIQUID WASTES
; 

l
.

i 

Radioactive compounds

~ 

Chlorine C 

Toxic organic compounds (including chlorinated hydrocarbons, f 

acrilonitrile, benzene, toluene, amines, etc..) i 

Brine solutions a 

{f 

These constituents are therefore only shown qualitatively on i 

the maps. L

X 
221l REFERENCES FOR LOCATION AND PLANT SIZE i 

These are tabulated below together with the number of each type 
of industrial plant shown on Plates 2—1 to 2—10.

[

K 

NO. SHOWN { 

ON REFERENCE FOR LOCATION AND
i 

INDUSTRY MAPS PLANT SIZE L 

Petroleum 34 Operators List 5, Petroleum 
Refineries Refineries in Canada January 1970. 

7 

Mineral Resources Branch, 
‘ 

'3 Dept. of Energy, Mines and 
i 

1 

Resources, Ottawa 
i

i 

Iron & Steel 5 Operators List I Part I,
I 

Metallurgical Works in Canada 
Primary Iron & Steel January l970.

3 

Mineral Resources Branch, 
Dept. of Energy, Mines and Resources, 
Ottawa

k 

Metal Products 31 Operators List 1 Part 2, 
(Incl. Al, Cu, Co, Metallurgical Works in Canada 
Zn, etc...) Non—ferrous and Precious Metals 

January 1969. Mineral Resources 
‘; Branch, Dept. of Energy, Mines and 

1 Resources, Ottawa 

Non—ferrous metals — 72 Operators List 2, Metal and Industrial 
mining of Mineral Mines in Canada June 1968. 

Mineral Resources Branch, Dept. of 
Energy, Mines and Resources, Ottawa 

Glass Products 10 Operators List 6, Ceramic Plants in ifi 
Canada June 1968. Mineral Resources 1. 

Division Dept. of Energy, Mines and
j 

‘ Resources, Ottawa
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SPECIAL LIQUID WASTES 

NO. SHOWN 
ON REFERENCE FOR LOCATION AND 

INDUSTRY MAPS PLANT SIZE 

Pulp & Paper 57 Canadian Pulp & Paper Industry, 
April 1971 Vol. 24 No. 4 

Caustic/Chlorine 14 Canadian Chemical Processing, 
October 1970 Volume 54/10 

Organic Chemicals 27 Canadian Petroleum, March, 1971
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SPECIAL LIQUID WASTES 

2.3 SUMMARY OF CAPITAL AND OPERATING COSTS 
OF WASTE TREATMENT FACILITIES 

The information on capital and operating costs of facilities for 
treating liquid industrial wastes given in the detailed industrial waste 
profiles in Appendix 2 has been gathered together and summarized in Table 
2—1. The table also includes estimates of the capital expenditures re- 
quired to provide liquid waste treatment facilities for the caustic/ 
chlorine, petroleum refining, iron and steel, and pulp and paper industries 
on an across—Canada basis. For the other industries in the table there were 
insufficient data available to make even the broadest estimate. 

With respect to required capital expenditures for all the 
industries covered by this study a figure of between $1 billion and 
$1.1 billion has been reached. Starting with the four industries for 
which estimates have been made gives a total of $870 million, made up 
as follOWS: 

5 million 

— caustic chlorine 10 

— petroleum refining 75 

— iron and steel 85 {// 

— pulp and paper 109
i 

870 j 

The accuracy of the $870 million estimate is largely dependent 
upon the accuracy of the estimate for the pulp and paper industry. It 
is perhaps useful to note that expenditures by this industry on pollution 
abatement in general were $131 million in the period 1960 — 1970 and on 
water pollution control in particular expenditures in 1970 amounted to 
$31 million.

\ 

Allowing $130 million for Capital expenditures in those 
industries for which no specific estimates have been made gives a total 
of one billion dollars for the industries covered by this study. 

For United States industry estimates of the backlog of capital 
expenditures on industrial waste treatment facilities vary from $US 1.1 
billion to $US 2.6 billion whereas estimates of the value of industrial 
waste treatment equipment in place Varied from $US 2.4 billion to 
to $US 2.9 billion (The cost of clean water and its economic impact: 
Vol 1, 1969 - the report. U.S. Dept. of the Interior. FWPCA. Jan. 10, 1969. 
p. 145).
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1\ SPECIAL LIQUID WASTES 

TABLE 2-1 

Emery of Capital and Operating Costs 
of Waste Treatment Facilities Given in this Report

~ 
1 

Capital Waste Treatment erat n It ‘ 

“ Induscry Cost Facilities Provided Rm!" OPCosti g IncITIed Rm“ Eatéfied: for 

\

‘ 

\ 
phosphoric $300,000 Fluoride Disposal Equal to o.9\ of $1.75/tcm of Maintenance, Equal to 2.3\ 

‘\ \ Acid—Thermal Neutralization total plant-cost. 9205 produced chemicals. of total prod. 
- Process Cooling pond utilities cos: Insufficient Data 

Data are for 1965. depreciation Refgflignet: (In) 

E: nnett, 1.9. fisuiplin 
and MAM. Stripl‘ln, quoted Hark. 
Jr. "Economic out- 
look for phosphorus 
in fertilizer manu- 
facture". T.V.A. 

lr Alabama 

Phosphor): Sl mllllon Gypsum pond, Equal to 6.2\ of $0.55/ton of maintenance, Equal to 0.7\ 

Acxd - Hat cooling pond, total plant cost. P205 produced chemicals. of total prod. 

Process neutralxzatlon utilities. cost. (ID) 

faCLIACleS, gypsum E: nnett and depreciation Ref; Hignett and 
and fluorlde drs— Strlplln, quoted fiiplin quoted 
posal {atllltles work work 

30.05/1000 gal Removal of 
treated amnonla by 

activated 
sludge and 
filtratlon. 

Fesumde Sl/lb of DC? Chlorlnatlon 

Producmcn remved (m,

~ souls 
mllllon to 
$1 mlllon 
per plant 
(average out- 
put 110 tpd 
chlorlne) 

-fl1tratlon of 
mercury from 
causuc soda 
product 

-1ndlrect coollnq 
of hydrogen/Hater 
vapour nuxture 

-lon exchange. 
sulphlde pre— 
clpltation, or 
chemical reductlon 
followed by absor- 
ption — for treat— 
ment of basement 
drainager 

—coollng and demisting 
of hydrogen and end 
box ventllation. 

-solld/liquid sepa- 
ratlon in ponds. for 
brine purlflcaticm 
sludge; liquid re— 
cycled, mercury par— 
tlally removed from 
solld by leachlnq 
and solid burled. 

Solids from caustic 
filter. basement 
dralnage treatment 
and cell room muds 
are retorted to re— 
cover mercury, then 
burledV 

Treatment 
facllltles 
llsted have 
succeeded in 
reducrnq 
mercury losses 
from Canadlan 
plants by a 
mlnimum of 72.3\ 
and a maximum of 
99V4\. 

Federal standards 
have been met by 
6 out of 14 
Canadian plants. 
Of the other 8: 
all but 3 anti- 
cipate meeting 
federal standards 
on Completlon of 
current abatement 
program. 

$6/lb of DC? 
removed 

Activated carbon 

Comblned Capital 
expendltures on 
current abatement 
program by the 
14 chlor—alkall 
plants in Canada 
is estimated to 
be on completlon 
of the program 
between 53.5 
mllllon and $14 
malllonr 

thy—m

I 
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SPECIAL LIQUID WASTES 

TABIZ 2-1 (Cont‘d) 

Capital Waste Treatment u.un It.” tea for 
Industry Cost Facilitiel Provided Rm“ CFC“: g 

Included mks Escéiada 

Petroleum 5 262,000 APl Separator 30y: economic life S 36,000/Y1' Operation and No. of refineries 
refining 554,000 Air flotation 20y: econmlc life 25,000/YX maintenance 40‘ 

1,500,000 Activated Sludge 30yr economic life 200,000/yr Capital cost a: 
-old 250,000 Aerated Lagoon 30y: economic life 53,000/yr plant of old tech. 
Technology 3,300,000 Trickling Filters 30y: econcnic life 165,000/yr - $3,000,000 
Medium 250,000 Oxidation Pond 100yr econmic life LOGO/Yr Ditto for never 
Refinery 150,000 Thickening and tech. I $700,000 
(75,000 bpsd) Vacuum Filtration 20yr economic life 50.000/yr (see figures in 

375,000 Sludge Incineration 30y: economic life 75,000/yr 2nd col). 
280,000 Slop Oil Treatment 50y: econmic life - 

325,000 Sour Hater Stripping 20y): econcnic life - 

-Neuer ’53,000 APl Separator 30y: economic life lJIODO/Yr Operation and Total industry 
Technology 182,000 Air Flotation zoyr econmic life 26,000/yr mintenance expenditures (past 

Medium 251.000 Activated Sludge 30y: economic life 91,000/yr and future) on 

Refinery 37,000 Aerated Lagoon 30y: econcnic life 20,000/yr pollution control 
490,000 Trickling Filters 30y: economic life 50,000/yr at existing plants 
40,000 Oxidation Pond looyr economic life LOCO/yr are likely to be in 
63.000 Thickening and the range $50 mil- 

Vacuum Filtration 20yr economic life 12.000/yr lion to 100 million 
197.000 Sludge Incineration 30y: economic life 20,000yr plus additional 
57,000 Slop Oil Treatment soyr economic life - expenditures re- 
60,000 Sour Hater Stripping 20y: economic life - quired to reduce 

phenols from 1000 
ppb to 1 ppb 

—1nc1neration $10.000- Unit that will burn Heax liquids may require auxiliary fuel Value Added 1966 
15,000 500 Lb/hr $253 million 

$20,000- Unit that will burn Weak liquids may require auxiliary fuel 
25,000 2000 1b/hr 

Combustion gases from halogenated liquid 
wastes are passed through caustic scrubber 
to remove chlorine and fluorine. 

-ml Spill 
Treatment 

Organic 
Chemicals 

Used at offshore drilling rigs, jet fule spills, 
loading docks and paper mill spills 

Tested on inland and sea Haters. 
Fire hazard 
Used on ‘Ocean Eagle‘ spill 

Best on light—ends. 

Used on 'Torrey Canyon' 
and “Ocean Eagle‘ spills 

'General Colocotronis‘ 

Used on 'General Colocotronis‘ spill 

Used on 'General Colocotronis' and Esso Eastern‘ spills. 

5 50.000 Neutralization of 1 Hgd 
5 85,000 Neutralization of 2 Hgd 
5110.000 Neutralization of 3 Hgd 
$126,000 Neutralization of 4 Hgd 
$135,000 Neutralization of 5 q 
5 32,000 Primary clarification of l Mgd 
3 46.000 Primary clarification of 2 Hgd 
5 57,000 Primary clarification of 3 Hgd 
5 68,000 Primary clarification of 4 Hgd 
5 75.000 Primary clarification of 5 Hgd 

$800,000 Anaerobic lagoon To treat 5 Mgd 
Haste 

$1,600,000 Aerated lagoon To treat 5 q 
Haste 

$3,200,000 Activated sludge To treat 5 Hgd 
(incl.sludge disposal) Haste 

$3,400,000 Activated Sludge plus To treat 5 q 
Sand Filter Haste 

$6,500,000 Carbon Adsorption To treat 5 Hgd 
Haste 

59,400,000 lon Exchange To treat 5 Hgd 
waste

I 

25¢ /gal oil 
treated 

2 5¢/gal oil 
treated 

lOC/gal all 
treated 

5¢/qal oil 
treated 

lOC/gal oil 
treated 

$2.8/yr per 1000 gal 
$2.1/yr per 1000 gal 
$1.9/yr per 1000 gal 
$1.7/yr per 1000 gal 
SliS/yr per 1000 gal 

$1.8/yr per 1.000 gal 
$1.1/yr per 1000 gal 
$1.0/yr per 1000 gal 
$0.9/yr per 1000 gal 
$0.5/yr per 1000 gal 

S B/yr per 1000 gal 

$18.2/yr per lOOO gal 

SSS/yr per 1000 gal 

SIOO/yr per 1000 gal 

$260/yr per 1000 gal 

SAZO/yr per 1000 gal 

‘Alken OSD Dis- 
persant‘ 

'Cab-O—Sil' 

'Mistron Vapor‘ 

'Amerold Oil 
Spill Emulsifier 
No. 1' 

Mix of non-ionic 
solubilizersl and 
dispersants in a 
penetrating car- 
rier - manuf. by 
Economics Laboratory 
Magnua Marine Div. 

"Coraxit 7664" Hat. 
$4.00/qal 

Hat. cost 

$3.50 for 
50 Lb bag 

Material cost 
$3/gal 

52.77-3 . ZS/gal 

$2.000-52. 55/ 
gal 

cost $3.50 

\ Removal w 0—02 a 
60 33 50 

80 44 0 

95 60 BO 

97 65 99 

100 99 100 

100 100 100 
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new 2—1 (Cnnt‘d)
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gpd capac i ty
1 

Pulp and Paper For Bleached Kralt Kill - 500 tpd of 'Praaent' Techmlm 

5 Zl,000 Grit Ramoval Econcnic life 25 yr Hill with Pr-ant 
5 39,000 Bar Screen Econc-lc lite 25 yr Technol 
5 235,000 Gravity Clarltiar Econonlc life 25 yr “JO—3.40 per 
5 13,000 Nutrient Addition Econmlc 112- 20 yr ton of product 
$2,900,000 Actuated sludge Econmlc 1110 20 yr 
$1,100,000 Aerated Lagoon Econaaic 111a 30 yr Kill with Newer 
S 280,000 Secondary clarifier Economic life 20 yr Technolw 
5 30,000 GraVity Sludge Thicknar Econmlc lit. 20 yr $1.10 - l.60 par 
3 450,000 Vacuum Filter Sludge ton of product. 

Thickanar Economic life 20 yr 
5 120,000 Centrifuge Sludqo 

Thickaner Econcanlc llte 20 yr 

Note: For plant of 
never technology 
capital coat: tor 
uaate treatment will 
be 40\ - 60\ less 

50.05 ‘ $1.10 
per 1000 gal Hlnlng of non- 

ferrous metals 
Hlne dralnage treat- 
ment plant 

$0.68 - $2.57 
per 1000 gal 

$0.55 - $2.52 
per 1000 gal 

$0.67 - $3.10 
per 1000 gal 

$0.30 - $2.53 
per 1000 gal 

Pre—trutnant 
Primary and lac— 
ondary treatment 
Sludge diapoaal 
Coat of capital 
axcludad 

Neutralization 

Reveraa oamos is 

E lectrodialya ls 

Oyatallization 

Ion exchange 

50m: FH'PCA. 
The coat of 
clean water: 
vol III, indust— 
rial waste pro- 
file no 3 - 
paper mill- 
excapt building 
Huhlngton, D.C. 
1967. 

Using data for 
yaar 1966-. 
Cost of prod— 
uction - S75/ton 
of pulp. Taking 
over-all cost of 
waste treatment 
(Le. including 
cost of capital) 
as $2.50/ton of 
pulp, the cost 
of waste treat- 
ment I 3.3\ of 
cost of produc- 
tion. 

Controlll ng 
Factor 

Hater quality 
plant size 

1’ lant 5i ze 
Pretreatment 
Dis 5 . solids 

Freezing process 
plant si ze 

Plant size 
Dias. solids 

Capital Haate Treatment I I 
Industry Coat facilities Provided 

m1“ OPEL?“ 1,133.4 w“ 25%: for
; 

Iron and S 12,500 Plain sedimentation for 10,000 tpy Blaat not cost. Estimate of req- 

Steel Furnace and sintar plant 50.15/1000 gal i... Direct 5 uired capital 

S 16,700 Plain aadlnantatlon for 10,000 tpy Bot Indirect - Credit SOURCE: The expenditure on 

Rolling Hlll 
coat of clean uaate treatment 

5 13,800 Coag. and aadlnantation for 10,000 tpy 
water, Vol II. facllitiee in 

Blaat rurnaca i Slntar Plant rm, Us Dept. between $70 mil— 

5 18.400 Coag. and aadi-antation (or 10,000 tpy 
of the Interior lion and 5100 

Hot Rolling Hill 30.27/1000 fill Jan 10, 1968. million 

5 20,000 Coag. and lodimntation for 10,000 tpy 
Cold RDlling Hill 

NOTES 

5 20,000 Recirculation I magnetic aeparaton 
value added in 

100 gm Capacity 
1966 was $645 

$ 2,000 Biological treament for 10,000 tpy 
million for 10 

plan: 30.15/1000 gal rot coke plant million ton of 

5 500.000 Deep well dlepoaal for typical plant 51.00/1000 gal steel castings. 

S 100,000 Ion exchange plant 50,000 gpd capacity 52.50/1000 gal Production in 

$1,000.000 Neutrallaation and aludge lagooning 
1969 was 10.3 

facilities 100.000 gpd capacity 
million ten; 05 

$4,000,000 Regeneration of picklo liquor. 100,000 
prod. 141 million 
tonl 

"Bal l—paxk es tmate” 
given in Toronto 
Globe and Mail, 
Hay 12. 1971 (Report 
on Business) for 
capital cost of 
further waste 
treatment plant 
for Lisp—lg wasta 

as between 5650 
Bullion and S750 
million, plus or 
minus 25 per cent 

Industry capital 
expenditures in 
1970 on water 
pollution control 
equipment given 
as 531 12111a 
(Montreal Star, 
May 8, 1971) Le. 
approx. 4\ of total 
capital expenditure 

Industry capital 
expenditures on 
pollution abate- 
ment at existing 
mills in the period 
1960-1970 was 
$130 million — 
Equivalent to 5\ of 
gross pulp and paper 
prod. in 1969. (Globe 
and Hall, Hay l2,l971 
Report on Business) 

Notes: Total Capital 
expenditure: by the 
industry were as 
follows: 
1968: $480 million 
1959: $592 million 
1970: $726 million 
1971: (forecast) 

$681 million 
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TABIZ 2-1 (Cont'd) 

SPECIAL LIQUID WASTES 

' Capital Waste Traamnt Operating xtam Estimatu for “dust” Cost Facilities Provided m" Coat Includad mm“ Canada 

Mxnxng of so‘zl 13.: Lb of Total colt of 
Utamun “min ion “chug-d 

(allowed by 
r neutralization 

$0-22 P0r 131‘ 01 Solvant axtrac- ID “Imit- tion - mill grnda 

$0.27 per Lb of Solvent extrac- 
“Ilniun tlon high purity 

Prodq—mn 05 $3 - $5 per ton Improved aedi- To rmove red 
Alwnxnum 1 at alumina mutation in mud 

produced lagoon: 

Metal Small Plant
I 

finishing $250,000 Cyanide destruction Capacity of 5A2,ooo a yalr Cost of chamcla 
chromium reduction troatnent- or approx. $0.50 used tor treat- 
?“ adjumnt, Clari- plant 200 91:: per 1000 gal. ment is 25‘ of the 
fication and solids cost of the 
handling. CW“ 1‘ “"5113! plating chemicals 

about 30\ of total ID 
capital cost of 
plant. 

Hedim Plant 
51 mllllon As above Capacity 1500 gpm $130,000 a year 

or appmimataly 
$0.20 per 1000 
gal. 

Large Plant 
52.5 nullmn As above Capacity 4000 gm $300,000 a year 

or npproximately 
$0.13 per 1000 
gal. 

Automobue Small Plant - 500 carsfdax 
Manufacture $450,000 Chromium removal and $39,000 a year Operation and 

acclVated Sludge or approximately maintenancg 
$0.26 per car 

Nedxum Plant - 1000 cars/dax 
$765,000 As above $63,000 a year 

or approximately 1D 
50.21 per car 

Large Plant - 2000 carsldax 
$1.3 nullxon As above $108,000 a year 

or approximately 
$0.18 per Car 

Leather $4000 _ 525.000 Screening 5300 - SBOOO/yr 
$20,000 - Sedimentation $1000 - $3000/Yr 

540,000 
520,000 - Chemical $3000 - $15,000/yr ID 

$160,000 precipitation 
$75,000 - Activated $3000 - $16,000/yr 

$200,000 sludge 
No data Sludge dispolal $3000 — $15,000/y: 

Them“ Power 52 ' $3 P82 W Once through Circulation from 'Mllng Hater lake ltrtam or sell. 
600 H'H station and 
larger 

54 - $6 per XV Cooling ponds To handla CH from 
1200 m - 2000 HV 
station. 

$5 - $8 per xv Mechanical draft 600 m and larger 
$7.50 - Sumo/hr cooling towers 

$6 - $9 per kw Natural draft 500 m and laxgur 
$14.00 - sumo/x- coolinq tow-r- 

Nuclear power 53 — $5 per lo: Once through A: above ID '
~ 

- coolxng water SS-SSperkw 
SS-Sllperkv 
59- $14 per)“: 
NOTE : 

m estimtas. 
L969. 

Cooling ponds 
Hachanical draft 
cooling towers 
Natural draft 
cooling ton-Ian 

value: in italn: m that. curmtly 
used by Mmtraal Enginoaring Cowy 

other value: an Ital 
report by U.S. Federal Power Cumin-1m,
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CONCLUSIONS AND RECOMMENDATIONS 

3.1 CONCLUSIONS 

A number of general conclusions have emerged during the course 
of the study. They can be summarized as follows: 

1. Significant and in some cases large quantities of waste con- 
stituents which cannot be satisfactorily dealt with by standard 
waste treatment methods are being generated in Canada. Of the 
problem constituents listed in Part 2, the following are con— 
sidered to be particularly important at this time: 

— oily emulsions 

— phenols and phenol—like compounds 

— heavy metals 

— fluorides 

- refractory organics 

— elemental phosphorus 

Perhaps surprisingly, there are few waste constituents for 
which no proven method of treatment which will achieve standards 
and regulations currently being enforced has been developed. 
(Only elemental phosphorus and phenols have been placed in 
this category in the study). However, there are several waste 
constituents which pose a problem of serious dimensions because 
the high cost of recovery and for treatment. 

There is a general lack of data on the cost of waste reduction 
and treatment. Typical or average cost data on some industries 
and treatment methods are available and there are data on some 
industrial establishments which have analyzed and published 
their costs. These data are of limited usefulness when applied 
to specific cases and are not adequate to provide even very broad 
indications of the magnitude of the expenditures involved 
across the nation. 

Frequently, expenditures on waste reduction and treatment are 
not fully separated from the over-all costs of production. 
Moreover, it is often not clear what proportion of the expen— 
ditures on equipment used to remove or recycle waste materials 
is offset by the reuse of these materials and what proportion 
is chargeable to pollution control. 

The study has served to reemphasize that problems posed by 
existing industrial establishments, particularly those using 
older technology, are altogether more difficult than the prob- 
lem posed by new and potential industrial establishments which
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CONCLUSIONS AND RECOMMENDATIONS 

can take advantage of the latest technological advances. 
Cost data presented in the report indicate that the cost of 
pollution control measures required at older plants may be as 
much as four or five times the cost at new plants. 

Data on effluent qualities are particularly sparse — reflecting 
the reluctance of industries to make these data public. Federal 
and provincial regulatory agencies may hold these data but to 
ensure maximum cooperation with the industries concerned 
frequently these agencies must treat the data as confidential. 

Whereas effluent qualities vary widely from plant to plant 
depending on the extent of the waste reduction and treatment 
methods employed, the quantities of wastes which can be expected 
to be generated in the process (as opposed to discharged to 
the environment) can be estimated within broad limits using the 
data presented in this report. Whilst these estimates and 
data are of limited usefulness when applied to particular 
situations they provide an indication of the dimensions of the 
liquid industrial waste problem in Canada and can assist in 
setting priorities. 

There is evidence thay many Canadian subsidiaries of U.S. 
companies rely on the environmental control departments in the 
parent companies in waste control matters. 

lwiifi 

‘l 

The problem of highly concentrated and/or toxic wastes which 
are hauled away for disposal by contractors or municipal garbage 
services is being tackled vigorously in urban areas of Ontario. 
There is a lack of readily available data on how this difficult 
problem is being tackled in other parts of the nation.

r 

{t 

Some idea of the quantities of waste constituents being dis— 
charged by industry into water resources across the nation can 
be gained by extrapolating estimates made by the Ontario Water 
Resources Commission for the 100 largest industries in Ontario. 
If it is assumed that about 40 per cent of the production of 
wastes in Canada takes place in Ontario the following estimate 
can be made (tons per day). 

Ontario Canada 

Dissolved Solids 15,000 38,000 

Heavy metals 54 l40
i 

Nitrogen 75 190 * I 

Phosphorus 8 20 p 

Oils 53 130
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Ontario Canada 

Phenols 5 l3 

chlorides 1,350 3,400 

This estimate for Canada is likely to be low because: 

— waste reduction and treatment in Ontario is generally more 
advanced than in most other parts of the nation 

— it is based on a partial sample of industries in Ontario 

- greater emphasis is now being placed on air quality control 
which may lead to increased waste quantities in the liquid 
waste stream in some instances. 

For reasons given earlier, an estimate of the total expenditures 
needed for the reduction and treatment of liquid industrial 
wastes across Canada cannot be made at this time. Some idea of 
the dimensions of these expenditures can be gained as follows: 

— the Canadian Pulp and Paper Association has suggested a 
"ball—park" figure of $650 million to $750 million (plus or 
minus 25 per cent) as the capital cost of further treatment 
facilities needed at Canadian pulp and paper mills.' If it 
assumed that further capital expenditures in the order of 
$700 million are needed at existing pulp and paper mills it 
appears likely based on the data presented in Table 2—l and 
elsewhere in the report that capital expenditures in the order 
of between $1 and 1.1 billion will be needed at existing 
manufacturing establishments. 

— effective control of the wastes from the 100 largest 
industries in Ontario is estimated by the Ontario Water 
Resources Commission to cost in the order of $90 million 

- it was estimated in the Maritime Provinces Water Resources 
Study that bringing all industries in the Maritime Provinces 
to the level of secondary treatment will cost $96 million 
(this estimate includes industries forecast to locate in the 
region to 1981) 

— the cost of a regional treatment facility at Mississauga to 
deal with 20 Mg of hauled wastes a year from the industrial 
belt between Oshawa and Niagara is estimated to be $3 million. 

To draw up realistic estimates of the total expenditures required 
for reduction and treatment of all liquid industrial wastes across 
Canada, data presently held by federal and provincial regulatory 
agencies on individual plants will have to be made available and 
supplemented where necessary by plant—by—plant surveys.
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13. There is a pressing need for detailed materials balance 
studies (including water balances) and this matter is dealt 
with in some detail in 3.2. 

3.2 MATERIALS BALANCES 

The data presented in this report indicate that whereas the 
quantities of some well recognized waste constituents (e.g. suspended 
solids, BOD, COD, etc..) are generally fairly well documented for many 
important industrial processes, data on difficult constituents such as 
oily emulsions, fluorides, phenols, etc.., are sparse. Moreover, the 
authors of this report are extremely conscious of the risk that due to 
lack of adequate data they may have overlooked waste constituents which, 
although small in amount, may have serious effects on the aquatic 
environment. 

Consequently, it has been concluded that there is a need to 
undertake detailed materials balance studies of certain industrial 
processes to fully identify and quantify all the escapes which take 
place to the environment (water, air and soil) and thereby establish 
detailed materials and water balances. 

The need for detailed studies of this type is emphasized by 
the fact that the Canadian government appears to be taking, where 
appropriate, the preventive approach toward water quality management 
(and apparently toward environmental management generally) which is 
implied in the Fisheries Act. The preventive approach is based on the 
establishment of effluent standards which reflect minimum levels of 
waste reduction and treatment consistent with available proven technology. 
Application of this approach demands that the regulatory agency has an 
intimate knowledge of the industrial process, the characteristics of 
the wastes generated, the effectiveness and costs of the recovery 
systems and treatment methods available and is completely familiar with 
the consequences in terms of waste amounts of any action taken by the 
industry. Information of this kind (with two exceptions) is not yet 
available to the Government of Canada and is only now being developed 
in the United States. 

In Canada, the Department of Fisheries and Forestry has 
recognized this need and has undertaken detailed studies and derived 
standards for the chlor—alkali and pulp and paper industries. Standards 
are now being developed for petroleum refineries and it is planned to 
deal with the food processing, petrochemicals and mining industries in 
due course. In the case of the mining industry, it is hoped that the 
Northeastern New Brunswick Mine Water Quality Program which is now in 
progress will provide a valuable input. 

miiw'f‘Wi 
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In the United States, a series of detailed studies of industrial 
processes is being undertaken which will determine: 

— standard raw waste loads (SRWL) 

— base level of treatments (BLT) 

— best available treatment BAT) 

These terms can be related, in a very general way to the terms 
used in this report. The data tabulated under "characteristics of the 
waste stream", given in Appendix l correspond to the standard raw waste 
loads (SRWL) being developed in the United States if normal methods of 
recovery and recycling, i.e. those used because they are economic and 
not for pollution control purposes, are taken into account. Normal 
treatment methods and advanced treatment methods (taking into account 
maximum feasible levels of recovery and recycling) in Appendix 1 

correspond roughly to base level treatment (BLT) and best available 
treatment (BAT) respectively, in the American work. Whilst the studies 
being undertaken in the United States will provide useful information 
for Canadian regulatory agencies (assuming that it is made available), 
it will not eliminate the need to develop data relevant to industry in 
Canada. Furthermore, the work in the United States appears to be 
directed solely at liquid wastes and as indicated earlier there are 
strong arguments to adopt a comprehensive approach in which all escapes 
to the environment are assessed. These arguments include the inter- 
relationships between liquid, gaseous and solid wastes and the 
opportunities many industries have to minimize one type of waste at the 
expense of another in response to regulatory pressures. 

In keeping with its purpose of presenting an overview, this 
study has done no more than provide a starting point for detailed 
analyses which will develop the tools needed for regulatory purposes. 
The coefficients and parameters presented in this report will be useful 
in gaining an appreciation of the quantities of wastes which can be 
expected to be generated by industries and indicating the state of the 
art as far as waste reduction and treatment methods are concerned. Their 
usefulness for regulatory purposes is obviously limited. 

Therefore, the action of the Department in initiating detailed 
studies and drawing up standards for industries known to be causing 
environmental problems in Canada is strongly endorsed. Moreover, it 
is recommended that the program be expanded to include all industries 
and industrial processes identified in this report to be generating 
difficult or special wastes. The list of industries and processes 
presented in Table 1—2 might be used as a guide. 

It is also recommended that the materials balance concept be 
adopted in undertaking these studies so that all waste escapes are fully 
identified and quantified and trade—offs between liquid, gaseous and 
solid residuals can be optimized.



CONCLUSIONS AND RECOMMENDATIONS 

Specifically, these studies should provide: 

— a comprehensive process diagram in which all material flows are 
identified 

- tabulations of waste quantities generated and the amounts re— 
leased to the environment per unit of production for the full 
range of alternative methods of waste reduction and treatment 

- capital and operating cost data for waste reduction and treat— 
ment facilities including the influence of these costs on the 
over—all cost of production~

/ 

i 

- the impact that various increments in production cost (due to 
expenditures on waste reduction and treatment) may have on the 

E 

viability of the industry in Canada and its competitiveness in 
world markets 

— standards in terms of both effluent qualities and minimum 
levels of waste reduction and treatment based on the availa- & 

bility of proven technology.
~ 

It is further recommended that the results of these studies be i 

widely disseminated so that all regulatory agencies and the industries 1* 

themselves can benefit from the information developed. ‘ 

3.3 PRINCIPAL RECOMMENDATIONS
E

l 

The conclusions presented in the preceding sections of Part 3 

lead to the following principal recommendations. 
.1

i 

l 

1. That particular attention be paid to the following special or 
W difficult waste constituents for which technology needs to be 

further developed:
a 

— oily emulsions (which are encountered in almost every 
industry) at low levels (less than 40 ppm) i 

- phenols to achieve low concentrations (15 to 150 ppb) 1 
— heavy metals (particularly copper, zinc, lead and cadmium) ‘ 

— fluorides ’ 

— refractory organics 
i

<

1 

— brines; these present a specialized disposal problem which 
will increase in importance and magnitude 

3«6
'

g
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- elemental phosphorus 

That research aimed at reducing the cost of satisfactorily 
dealing with the waste constituents listed in 1. be intensified. 

That emphasis be placed on the development of adequate data on 
the cost of waste reduction and treatment methods and that 
industries be encouraged to separate these costs from the over— 
all costs of production. 

That industry associations be called upon to assist in the 
development of these data on costs of waste reduction and 
treatment. ' 

That procedures and agreements with industries be established 
so that data on effluent streams presently held by regulatory 
agencies can be made more widely available. 

That the extent to which Canadian subsidiaries rely on parent 
companies in the United States and elsewhere for decisions and 
assistance on waste control matters be investigated so that 
the implications of this situation can be properly assessed. 

That the programme of detailed industry studies aimed at 
establishing standards presently being undertaken by the 
Department be expanded to include all industries and industrial 
processes identified in this report to be generating special 
or difficult wastes. 

That in executing these detailed studies, a comprehensive 
materials balance approach be adopted so that all escapes to 
the environment are identified and quantified and the trade— 
offs between liquid, gaseous and solid residuals can be 
optimized. 

That the situation with regard to highly concentrated and/or 
toxic wastes which are hauled away for disposal in urban areas 
other than metropolitan Toronto be assessed. 

That research into the toxicity of the following waste 
constituents: 

— heavy metals 

— lignins and lignosulphonates 

— methyl mercaptans 

— phenols 

— fluorides 

be intensified so that this impact on the environment is better 
defined.
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APPENDIX 1 - TABLES OF CATEGORIZATION 
OF LIQUID INDUSTRIAL WASTES 
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Al-l
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Categorization 

um 0a UNIT VOLUME 0F WASTE STREAM CHARACTERISTICS or HASTE STREAM 
(BEFORE YREATIENT) F vow“ val-"IE 

(0E 00E TREATIENT) 

llTll LlTTLE WITH HIGH l 

I'xoumv 000025: “F "F FLDl n00 
‘ 

"mm" 0mm l 

PRUBLEI l 

VlfillBlLlTV IR A | ITY 
Pnoczss caauus . 

V l H g V, E m “THDGENICIH SIGNIFICANT‘ OTHER 

i 

z '3‘ .1 '= 

; 

um um a a u 3 l 
c. 3 Tom BHEIIHL 000nm um Inza um 

‘ 

“um um a a a 3 , 

3 g oomnum
l HAXINUM i unlluuu m D a ,0 a ‘ TO cousnIUEITs 

0| al | 

‘ 

l | 

i 

I A 

9 /lon g /lon 9° 
/loni 

ga /0on g(II/Ion go /lon|gal/ton PPM 
l 
PPm Ppm PPm

l 

00001001. 1.250 030 II 00 2.000 0.100 |.|70 3” “‘5” l“ 25“ ‘“ 17'0"“ ‘0 u l 

‘l 

mm.” 0.000 0,000 3.500 4.000 
m u “"9 

SS‘SK'ZC'“ E 

u i 

l 

‘ Grease l i 

i 

POTITO
, 

snag" 2.500 Inna II I] 2_§00 0.100 1.070 1,000 i 2,700 2,000 5.000 ion! In None A 

‘

‘ 

Slum
, 

Fueling 
‘ 

l

l 

i

, 

Lya Fueling 2,|00 lone II ll 2.l00 5.000 1.070 2500:1500 1.100 0.000 Phenol : . Iona - i 

,

l 

. 

i 

l

l 

:00 
‘ 

“ 
‘

I 

call snacu L330 1.7050 1.330 2,000 IA IA H 5,000 
l 
7.000 00014.000 Iona ll Ion: v 

‘ 0000! i 

. 

I

; 

l

i 

SUCH Elli 
I I 1 a

i 

lash later 500 2.500 1,000 3.300 lll Ill IA 7.000 l,100 - A long IA Ian: ham: 0? Suit In 

1 

0000 Char Conflusei
, 

later Hour 3 

"a 5

‘ 

- l 

'0‘ 0mm 50 00 000i 700 C Blnwdoln
‘ 

0 $00: Acid 5 IA 
lasla 

G 500” BEE! 2,900 1.670 0.000 5.000 II II II . i . . . . . . Lill Slur!) 000w 
Hal Hunt 2 purillcllinn— 

U) Flu“ Ialul Le” "' ll » - - - » 150 115 |,400 V I000 00 Ian! - A 

m 2,500 

Lu my Sula '” 3° 00 - - - - - 1.500 1.500 050 3.000 nm It Innl 000102.000 

U 2” 00- Sucvusu , 

o nuumm ’5 m lie-In] 2.000 320 2.000 1,300 II II IA L700 - 1.000 000 1,5 cpl Br Nunns 0.05 Inna Cl l7 ppl 

n- (0Id Plnnl) 00- Pulahle 30‘ 20 000 
ulu Fish I03 0 ll 00- 
l,0 00- P0‘ 1.00“ 
MM! 0 anuallc Ill: 

0 0.05 000 

0: E 2,000 120 2,900 3_100 II II II 510 000 300 500 Iona — Iona Ion! 00000
1 

Planl)
i 

4 0 . 

DISIIIIHIy 1.2110 50.0003 4.200I 0.100 IA II II 700 LI" 600 l.000 000000 liam FISh lune Iona L0! pll 4,0 

(hul) Condensar 0,5 000: Excess 5100"
i 

tubes 5 000: 0000i
1

l 

Slilllgl . . . . . . _ 20.000 - 00.000 50.000

l

1 

NOTES: A “50 (') Slgnifies no Information a_ Canadian gallons per ton of input. 

NA means Not Applicable 
gal/ton means Canadian gallons per ton of output unless otherwise indicated.

i
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Categorization

~ 

um um UNIT VOLUME 0F NASTE STREAM CHARACTERISTICS OF uASTE STREAM 
(BEFORE YIEATIEIY) (BEFORE TREATIEIT! 

VOLUIE VOLUIE 

“F M IITH LIYTLE IIYH HIGH TOXICITY OTHER 
nmusm PRMESS rm rm mam ‘ mm .3 c. T 

Fanny-SS DON-[IS 
VARIA‘BILITV VARIABILIY‘V g I; : l; 

PATHUEEKICIH SIGIHFICAMT1 

m. Am a a g 3 E 3 Tom “mt” mam: 
IHEI um NW A MAXI” um c. a m 3 «4 a consmum 

T uxluut T MIMKUN n u a E To EOISTITUEIIS

T 

gal/ran gal/ton gal/Von g"ll/'on gul/ton gal/vomgaI/mn ppm ppm ppm ppm
\

\ 

\ 

‘ ‘ 

PHOSPKOIIE ‘ 
‘ 

‘ 

\ 
Phosphoric

T 

ACID ' 
‘- 

[ 

acld'llDDD
1 

(In Low la 1.870“: 6.300‘ H.400 IA IA | 
IA v - 15.0001 Arsenic 

‘ 

r » pp. 15', uvo« vi = Z 5 

Proclss) 20.000 13.3" 
‘ 

‘ (Inns lrl in: autumn I“ aUd 
DhBSDhOIIC Flunna: asl sludges 

‘ and prnducl) SIF‘IZLGUD‘ 
lunnu no: Lisa 

‘ 

‘ humanly: Hydloun
\ 

‘ 

lueuals In Huanda and! 

‘ 

‘ 

“as”. Mann”: 
A 

Gyusul' T. 

100.0%”)! 1 

‘ ‘ 

IOTE: lllla“ 
Icnu \ 

L 

Tuunn-s 
; 

pus-at In 

‘ 

‘ mm

L 

(D ‘ 

1

\ 

_l T \ 

< 1 

Q T 

E PIISPHOIIC \ 

u] mu I I tul 5,600 In 3.3“ u ‘1 
V (IN — Fluundl MM fluunx‘lnnl - nl =1 

Inc-SS) 62.500 L7” pal Dylnldu FT:h:I.5|DI l I III. 0 Tynnl T 

1 

Zfl-lflualv Dunc“ 
T 

Run! 200 
‘ 

Cnllolflll FIsh:10pnb Ill HI II 

[on day ‘ 

Phnspharus "unit" 
1 

‘ sonup- Elnuul o \ 

null-nu _ ‘ 

I“. z ‘ FITTI-nnlllvu 

< 1 

Cub” II In“ 

o (I! [I'll I” 

m Inn hull“.

E 

g lILPIUHt 
lEll 
(c-mct 3,3" - M II 1.3" 4.2" 2,1“ m m ~ - - r "m WNW": 
“0"”, 

lord Irnl 
scrubbing 
01 $02. 

4

T 

‘ 1 

ILUIIIIUI 
SILHATE m - no no II II II 

t 

- Ion: ' “"3 “"9 "'1" “WW” 
sullds Cnn‘anlv 

.

|J 

NOTES: A dash (-) STgnifies no Information 
NA means Not Applicable 
gal/ton means Canadian ga||ons per ton of output unless otherwise indicated. 

Al-IO
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Categorization
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um um UNIT VOLUME 0F WASTE STREAM CHARACTERISTICS OF HASTE STREAM 
(BEFORE TREATIEIT) (BEFDRE HEATH“) 

WLUIE VDLUIE V 

lllll LIHLE IITH HIGH l

l l0XlEI‘H 
Innumr PROCESS l" “F FLOI FLOI 

‘ mam 0””
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VARIABILITV HRHBILIH ‘ ca :- DYNER 
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g g : g I 
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um l 

new a l n E : é : Tox‘c “HIE” PROBLEM 
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llll Z In, 
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o 7 n 

z Ell: AMI 
$i01: 40"— (III II an 
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NA means Not Applicable 
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Categorization 

UNIT VOLUME OF HASTE STREAM u.” on” CHARACTERISTICS OF HASTE STREAM 
(mun: TREATIEII‘I (BEFORE THE”. 

VOLUIE 'ULIIIE 
I 

EMT) 
‘ I 

IITII LITTLE IITII men
I TOXICITY 

Innusnv PROCESS I” I” FLIII nun 
I m 0”” 

I 

I BLEI EITHER 

"MESS mm" vAIIABILIn HRIABILITY a m I 

a w mwsmcm SIGNIFICANT 
I 

I 2 a I Z a T 
I new I us“ a: I: u 3 'I a : “mt “mt” PROBLEIS 

IIIEI IAIER IEAI mwu win 
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I: c. 3 g 
I 

Z 3 cousnmgn “may HIIIIUM n 
I 

u 3 
I 

3 
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I I 
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I |

I go /lon 9° /fon gal/tom 9a /lon g"III/Ion go /|onI9°|/'on ppm ppm ppm ppm
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I I 
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I
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IIIIIIE Iona IIOIll 1,810 - II II IA — A - - Ian I ll Inna Traces 0! 
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I
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I
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I
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I
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DEUTEIIIII I 
I
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(GS plans: 3.300 In IIIIIIJII II: MIND! » I] HA 
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ll Inns 7 Ian I Iona Hydrnun IFIsn IDDDI lune IA HIgn IempelaIuve 
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I
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I
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means) I— E I
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I m I 
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I I I 
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I
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0 “Nil 3 E 
I I 

Ian I Iona Ianl lul Iona II III" ll
I 
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I 

I

I 

I

I 

O I 

I 
I

I 

E IIrIosu as In. Ilonu Ion. In. Inna IA Iona II 
-

I 

I

I < I
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I 
I I I 

I I
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g I 

I I I 
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I I 

1.50010 — Hydvalluanc Hullnsrlppl lune SMIihulIC lbvulu In! 

IncludIng 3.000 lCld IBM-3000 “II”: and: 600* sllluuu: Z hydInIIuo- I 

I 

I 

gun, 
I 3.1;“ lzuipni. unwound: — II: and I 

I' 

0I “II” DIIS' SD— (Selllfl nuns) 
lInIsnIng 

I 

Isunpl, |500~35Ilulv 
I 

I

I 

I 

I

I 

I 

I 

I

I 

I

I 

I I

I 

‘

I 

PNUSPIIIE 
I

I 

YERIILIZERS Sea "I’Msponc A Id lanul cIuIe" 
I 

I 

FlnuIIUa Human: Inne Phaspnau AcdlyA 
Sun“ I 

I I 

Sullfls 

Phnsuhnl:
I 

I

I 

NOTES: A dash (-) sxgnlfles no InformaIIon I- TIearls gal/I'D DFOdUCt 

NA means Not Appllcable 
gal/Ion means Canadxan gallons per ton of ouloul unless otherwise IndIcatedI 

AI-IA 

2. means gal/cult. product.
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UIII IIII'! UNIT VOLUME 0F HASTE STREAM CHARACTERISTICS OF WISTE STREAM - 

(IEFME HEITIEII) (BEFIIRE TREATIEII)
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VIILUIE VOLIIIE I 
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I
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Ihznuls 0 2 In FISII aI Lune. Dust (Hun , 

FIIIIACE 2.500 22.500 II II 1200!) 23.500‘ 370 v 1.000 I0 - 025000 I 5000- v cathan nw-I and Iron 
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Categorization
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AI-22 

um um UNIT VOLUME 0F NASTE STREAM CHARACTERISTICS OF NASTE STREAM 
(BEFORE TREITIEIT) (BEFORE TREATIENI’I 
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I
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NOTES: A dash (A) SaIIIeS no InformatIon 
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Categorization 

UNIT VOLUME 0F HASTE STREAM
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UIIIT UIII CHARQCTERISTICS 0F HASTE STREQM 
[BEFORE TREATIEHT) (BEFDRE YREITIEITD 
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niI/Ion means Canadlln qalIonS per ton of output unless otherwIse IndIcated 

AI-30 ‘
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Categorization 

UIIT UIIT 

VOLUIE VOLUIE 

UNIT VOLUME OF wASTE STREAM 
(BEFORE TREATIEIT) 

CHARACTERISTICS OF NASTE STREAM 
(BEFORE TREATIENT] 

PROCESS “F “F 
IITH LITTLE 

VARIABILITY 

IITH HIGH 
FLOI 

PROCESS COOLING 

IATER IATEA MAX IWH MEI)! 

VARIABILITY 

MEAN 

nmum IIIIIUN 

IIIEAI D a
D
D

D
0 

SUSPENDED SOLIDS DISSOIVED SOLIDS

I 

OTHER 

PATHOSEXIEITY 5‘ GN'FI C‘ITI 

DHEIIELL 

COISTITUEITS 

PESTICIDES 

gm/von gal/ion 

DICHLOIO» 
OIPMEI'L 
TIIDHLOIO 
ETHIIE 
(DDT) 

Spent laid SOD lune 

Is! lash BOO Ian- 

Ynd lash 300 Ian: 

TDII' 2.800 Iona 
EIIIuenI 

Hypochlo' 300 lune 
iila Iiuuni 

OICMLOIO 
PHEIOXT 
ACETIC ACID 
(2,4I-D) 

HEPTACHLOR 

LIIBAIE 

EIDRIK 

TRICNLORO 
PHEIOX' 
ICETIE 
ACID 
(2,4.5-T) 

IA 500 

850 ll II 

850 HA I] 

il 2,800 2.90O 

II JOO 

Z.TOO 

gal/Ion gal/Don 90' /Ion 9a] /Ion 9("I/ton ppm ppm 

AID 

ll 

l§.DDOIZJ.OOO 

I5 000 fziqo 

tt3 t t

~ 

TOXICITY 
PROBLEI

I 

Tone 
COISTITUEIT 

T0 

552 Sulphuvic 
Acid 
295 Ethylhyv 
diogansulphaiq 
202 Ehlui 
benzene 
Sulnhunic acid 

TIICIS DDT lFlSh Slug/I

I 

Inna t 
Animals I 

i 

II]

I 

ID1 nInIo- 
ChIIlIE Iciu

I 

Snalul Hyplcn- 
lerill 1.5- 
2 OS I: CI 
Sudiul Chlorll 
O 2-O.Si IS [I 

DICtID’ 
unannl fidovnl ilnllnls 
Iiatls 2 1-D 

I 

SDD

I

I 

I

I 

Traces oI 
' Fish gun/l 

Hapllchloi 
l 

lnllalSZ5U 
I 

I

I 

I

I 

Traces 0! Fish 22u1/l 
Lindana 

‘ 

Animals:lza 

I

I 

Tiaces aI flSh‘l.9 
Endiin ug/I 

Animalstlfi 

Traces 2,4.54 Animals 100

I

l 

53 Giganics 

Sulphuric 
acid 2’65 

Iluiizlizld 
acid

‘ 

Salin- 
:Iiblnlll 

IIOI 
In“ 

IAN 
ICI Ivo- 
IInSlS 

A dash (-) Signifies no Information 

NA means Not Applicable 

gal/ton means Canadian gallons per ton of output unless otherwise indicated 

4-— 

I. Signifies acute oral toxicity 
L050 = mg chemical per Kg body weight.
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Categorization

i 

UIIT UIIT 

‘DLUIE VOLUIE 

UNIT VOLUME 0F WASTE STREAM 
(BEFME TREAIIEIT) 

CHQRACTERISTICS 0F HflSTE STREAM 
(BEFORE TREATIENTr

~ 

“F M IITH LITTLE Illll HIGH TOXIN” OTHER 
PROEESS FLDI FLOI PM” H L OTHER VARIABILlT' V‘RI‘BILITY D a SIGNlFlCIKT 

PROCESS COOLIIG E! g \; V, PATHDGENICITYa um um a S 3 g 3 mm “mm” PROBLEIS 
“TER IATER Mm MAXIMUM HEM a Z 3, 3 3 comnuw MAXIMUM xlnmuu m a 3 To EUNSYITUEITS 

l l | go /lon 9C‘l/lon gell/ton go /lon gal/lon go /lon gal/ton ppm ppm pp 

EIUDE 0H. 
STOIUSE IE ll 16 12 ll IA IA ID lung 7 lane Inn: [Ill SfilllS 

DESALTIIE E II 6 l6 IA II It 400 Phenol Goon Flsh alSflwh Iane ally EllflES Efulslw 
SulflhldES Zoom Fxsh allflppm 35*7l3fll‘ pH = Q 

FRIETIDI‘ Inn: 250 500 III II II 60 Phenol 9 000mm lone Ull SM: halal: 
ATIIS Sulohluzs 399m 

lllERIAL l2 - ' I] 16 IA Ill ll I0 Phenol 2] 000mm lone O‘I Sou na'els 
ERIEHIG SutldES Inpm 

H‘HLH’IC lSEl ISO 350 II NI II 300 000500 ODD Phenol lane all 1 l3 

CRAEKIIG 300.800nnm Alkallnlly Sou: Ial215 
llaphlha Sulnhlnes 247 Goflupa Small aaounzs 
rash) 0’} llflflppl ul CI, 

REFDIIIIG ll] 30 33 III In IA ID Phenol 2.1001151 lone Oll ‘Sous waters 
Sulphloas 30pm 

l

l 

POLYIERI- NH] 700 830 ll IA IA ID Phenol l 200nm; Innl Dll ‘Sauv liters 
ZATlOI Sulnhldas Nun-l 

‘LlVLHIDI l

‘ 

Tolal 300 300 420 II In IA ID Phenol soapy. l Iona IJZDBI Ily calla” 
(5 Suluhloeslflopll Jud l WOW lluonles z IZ.MInI HI sclnher 
nu. lllll Z an o I-l a 

nu- 
Ll_ Icud Iasle 3' Inna 

I

l Ll] HYDRUV 5 5 8 II II IA ID Phunnl Jflppl Ilnl m TREAIIIE Sulnhldns flnpl‘l
l 

l l 

SDLIEII AD 40 50 II II II A25 Sulphldls 
l 

lonl Blnnl 
l 

Elulslon 

2 REFIIIIE 049.0000“ Allan” 
(Luoeflll ZZNnI D vacuum 

ll] slMl) 

_l DRYIIG L O SlEETEIlIG m TyDICal 280 200 350 I! II II lSU Phenol 

'- 30 «com
‘ 

Ll] Ielhanul tnol 7 Inn! 5 lo 0! 9 5~ll 5 

n. Sueelznlng 50p” 

DEIIXIIG llll ||0 155 H II IA lSflD Phenol Ions 
l Sfluopn 

l

l 1mm
‘ PEPINERY ‘ 

Combined l 

IasleS I840 16 loo l 340 2500 NA u: ‘ IA no lo Phcnal lD~70onIl None all 2-10};m flduuv 
alIEI 

‘ 

500 Sulphlo:s ‘ 

} 

Bllne 
fllllaly l 

Srzflppm :Earbnhaus 
nealmenl 

l 

lescaplans l 

melhods 
‘ ltzces

; 

Daomlum Fish 
Canary Total 
Chlflmlum 

‘ 

Ielal: 
ZINE ‘ lDDm

1 

Vanadlun
j 

Lnad \llflm 
cleaning

; 

storage lanks 
(at leaded 
gasoline and 
I'Dlll nanhlha 
lecavevy! l 

ll dash (-) srgnul|e> no 

NA means Not llpphcable 
oal/lon means Canadian qallon- per ton of output unleS-i otherwse 

lnformatlon

~

~
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Categorization 

UNIT VOLUME 0F HASTE STREAM CHARACTERISTICS OF IAASTE STREAM

~ 

UIIT UIIT 
(BEFORE IIIELTIEIITI IBEFDRE TREATIEIITI 

VOLUIE VGLUIE 
IITH LIHLE \IIIH HIGII “mm” “HER 

IIDUSTR! nous: OF I” W" “0" mm: M ER 
VARIABILITY VARIABILITI 1: : P‘TRDGEMCIT‘ SIGNIFICANT II 

PROCESS CUULIIG I 
A: V' > V’ 

I . z E a E CHEIICAL WW“ 
Nun nun =- I: 

:5 A 3 A TOXIC 
A MAXI u. 0 a COIST T E 1 IATER um us I nun “NW WW“ : z a m E w 

I” ' 
To consume“: 

| I c/Ion guI/Ion 9°I/ron ga/von 9clI/Ion go /Ion gGI/Ion ppm ppm ppm pp 
I

I

I 

Sulla I? soon son IChIDIIDcS puzen 
‘22 5009p" 
‘50, 25 nan 

DD” 

VIlamln III 
7 20 000 3] Ion cI 4 500mm an : Ian 

:04 I7 non 
DUI! 

Driznlc 
VIIanIIn 62 - LEGO 3220 compounds In FIsh lone El 1,0009” pH = 30 

high concur I “A “I!” 
IraIIans 

I 

“I” 

lnIIpyleIIc 7 ISBN 27.500 CI LSWDDII pII =10! 
I m. ILWU 

I 

DDI 
I 

I

I 

I

I 

II’IIEV- I a4oo‘I1.wn 
I 

c! zuoupgu pH = 0.5 

madIales 55‘ 31,000
I 

U) I 

In- A I 

SulphlnIIIc nyls Irnl 

< I 

‘ IcIu ILA” EUIIInl an 

o I 
DDII "smug: 

_ I 

+- I 

I I 

I
I D I

I 

I

I 

I.” I
I 

U I < I

I 

2 I ‘

I 

I

I I 
I

I < I

I 

I

I 

E I

I 

I

I 

I 

I

I

I 

I 

‘
I 

I 

I

I 

I

I 

I I 

I 
I, 

I 

I I 

I

I 

I 

I

I

I 

‘

I 

I

I 

I 
I

I 

I

II 

I
I

I 

NOTES: A dash (—) SIQI'HIIES no InformaIIon 
NA means NoI AppI Icable 

a/Ion means (anadIaI’I OaIIorIs per Ion of output unless otherwse Indlcated.

~
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Categorization 

um um UNIT VOLUME 0F WASTE STREAM CHARACTERISTICS OF TTASTE STREAM 
(BEFORE TREATIEIT) (BEFORE TREATIENTT VULUIE VDLUIE

r 

M “F 
IITH LITTLE ITTN HIGH 

T Tonal” OTHER T INDUSTRY PROCESS FL0l FLU! Hum“ ‘ 

YARHBILITV VARIABTLTTT .2 T: STEMTHUHT 0TH€R PROCESS CDDLIIS 
, T g 2 : : PATHUGEKICITV 

HEAR MEAN a =- 5 3 E 3 TOXIC CHEIIEAL PROBLEIS 
IATER IHER NEAI mmux mm a a 3 g m 3 consnTum numuu MTIIKUM a u a E To CONSTITUENTS

T 

| I gal/ton gal/Ton gal/Ion go /Ion gal/Tan 95 /Ton gal/Ton ppm ppm ppm ppm 

BLEACNED ‘ 

KRAFT 

0|deT Up In 
PTanls 85 000 

Indern 33,000 » ll IA 22.500 2.0000 12.500 125 To 600 To l5010‘700 To Amlonla ITcIoues EssenTTaT CulouT Flanls To 300 |,000 LIOD TLTDD Sulphur oTIS - e g TZSDDDHT 63,000 
1 PnenulTIlSOamT lurpenTTne 
‘ LTgnTns 

‘ 

Tall fllTS Bark 
Ielhyl Fany amasT - usual 
IIICIDTBHS deal! «\e 

T Chlovlna SeDaTately 
IeTculy T 

(hon Chlurr 
alkaIT plant 
nnly - 0 5 lb 

T a“ |an ul 
T 

Chlavlnu) 

T 

T 

T

T 

T

T 

T T E T

T 
T

T

T I.“ 
T T 

n. 
T

‘ 

n- 
T 

‘

T 

T
T 

T
T '
T D 

T 
T' Z ‘

T

T < T 

D. '

T

T 

T 

T 

T

T 

T

T

T 

T

T 

‘

T 

T 

‘ 

T T
T 

NOTES 11 dash (T) SlgnTTTes no Tnformahon 

\1-38 

N0 means NOT Appcable 
TTaT/Ton means Canaduan alonx per ton of cuTDut unTess otherwise Tndlcated. 
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Categorization 

um um UNIT VOLUME 0F NASTE STREAM CHARACTERIST'CS 0F WASTE STREAM 

ms" mu“ (BEFORE TIIUI'UT? (smug TREHIEH)
I llTll LIITLE IIInI llIEH I 

I TUXIE'II 
[IDUSTIY nocEss I" I” FL0l now 

P 

0”” 
RDBLEI vInIIaILIII VARIABI III OTHER muss rooms L E V, 

I 

E V. PITHOGENIEITY “mm” 
c. c. 

new MEAK D a E -_-, g : TOXIC “HIE” PRUBLEIS 
IATEI lIIEIt MEAN mum MEAI c, a I: COUHTUE“ IIAxmmt IIIItmuu : Q E "’ E "’ 10 EDISTITUEITS 

| ol l | | 90 /ton g /fon go /ton go/ton gal/ton 90 /ton g(ll/Ion ppm ppm ppm ppm 
IDOL 

Old Plants 

Scuuttng 13,300 II 000 IS 750 ll III II 3500 0900 24 100 WWII” Caluut 
Detergenls mm 5,200 4,500 5250 III III III I 050 Alizlts I 

mm; 00,000 55 000 00 000 III II II 390 I I . WWII; am 
Cztbontzztlm 27,500 2| 000 27 200 II M II l5 Ace“: 3mg 

Amuntun 
Sulphate 

‘ 

Dyzstulls 

Ial Plants 

Scouttni 3.000 3200 3,400 III III III 15” ID 5 ISO I 20 I00 IIWI'" 
Slll Ogletgents 

Dyetnl 5,200 4 500 5,250 II III I] 350 A Lkalls 

luhtng 72,000 57 500 I2 000 III III III 90 SvIDI‘uI" “MI 
Acettc azId 

Czthnntutlm 17.500 2|,800 27 200 II IA It] IS lemma
1 

minute I 

I 

I Islttuml
. 

E‘Nlnul I 

lyestulfs 
COTTON

I 

Convatsmn | 000 IA III | 030 I 570 100 I2°ggolu 57 000 I A - 1:103 
I 0mm mm pII I‘ll 

I

I 

III-stun. 2000 II III I 500 I030 500 '-’°° ‘°‘ 
I 000 I‘M“ I“ - Mulls 

I 

Sen- 
5 200 

I 

32.000 
0) Scoutmg 0300 III H 0.250 0500 33“ I“ 5° I“ 00 I 

71m” 
L“ 1 3000 MD 5000 » [nnl‘llisllt‘ 00q 

I I _] 2 500 lo I00 In 2 500 I0 Iluauhln 5,900 III III 5.550 500 I50 I 
A 

I II; II 

II: 
i 

25 000 I 700 
I 

15.000 
I 

I

p

I x Iucutztng 47,000 45 700 M 700 III III III 50 30 :IIDI‘WI" 
I 

— uII 5.5 » i 5 
I 

.I 

E Dyetng 

» lntltne Bl 12.000 III III Jl 000 30 400 25 000 50 ‘700503" lnIIlnl Black catwm .
I 

I00 Iu‘ 600m ‘ 

. III III 45 000 50 000 10 000 Baxtc 45.000 
200 Boo

‘ 

- Developed 27,500 III III 27 500 II,700 l] 300 75 I“ 
I “III” '“ 

Mum 200 a 000 

‘ 200 to Z 000 In 
I III NA 0 I00 I0 000 

. 
3 000 DIIact 8.700 

50“ H MD 
I00 I0 I I 200t

I I I III 5 000 I0 000 I 000 I

I Indtlo 5.000 It '70“ 9000
I 

I I 

I lapnlhal IS 700 III III IS 100 20 400 I 3000 500 
I $00230” napntnaI TIaul-IUUDW

I 

I I 

. I I 4 00 4040 I” W ‘00“ 3mm“ 15,500 M I” 5 II“ 1 5 
I m It 000 

I I

I I00 10 1000 I0 I 

. I I In 1:00 I 010 ms IS 200 I” 'I 5 0 3 
I 500 7 000 I 

SYNTHETICS 
I

I 

- 400 ta I A80 to Dye: anIIsIatIc‘ Phenol zInc 
I Tas‘e Rayun 550“ I“ I” a 300 II m “In” I20 

2200 12000 lubttcanls ilyoxal
‘

I 

503 to F a 
Ionochl0t0~ Mm” lcelala I5.000 III III ISI 000 IS 300 II 700 m 000 um DIM a“ 

benzene 

‘ 200 In ChloIIne I 

. Iheny1.m8|hyl 
I Ila l 0 05m Nylon 25 000 III III 25 000 30 000 10 000 300 

I 

Z 0 “on Wmmm H mm“ 
I

I 

I I20 In In In human: I lienzoI I 

I 
I 

I 
I: acII‘II 

lclyltc II 500 III III 4| I00 AB 400 35 000 000 
I 

m I m am . MS
I 

I Fatty esters I200 [m 270 III 210 to MS I TIIsIu‘I I 

Pnlyestut 20 000 KL M 20 000 26 $00 IJ 300 
2500 ‘ ‘00 ‘ 5‘00 I 

I meson“; I 

I I I . 
HEI 

NIIYES: A dash (-) Stgnufles no InformatIon 
N0 means Not Appltcable 
gal/Ion means CanadIan gallons per ton of output unless otherwtse Indtcaled.
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Categorization

~

~ 

um um UNIT VOLUME 0F HASTE STRETTM CHARACTERISTICS OF HASTE STREAM 
(BEFORE TREITIEIT) (BEFORE TREATIEIT) 

VOLUIE WLUIE 
T

T 

OF M IITH LITTLE IITH HIS)! 
T 

WITCT.” on”
T 

TIDUSYR' "MISS FLDI FLUI 
T 

T NOBLE. T OTHERa 
Fm“: mu” “INABILITY VAATAATLTTTT T g g 

T E g 
“TTTTTGETTTCTTT STATTTFTCATTTT 

NE“ IAllwl um "E" 
T 

“E” a a E g g : TOXIC “Ell “L NHL“: 
T: "T" "T" 

T 

mnu 
T 

mmux : 
T 

: E "’ 
T 
E ‘4 WSHTUE'T 

T 

To CTTISTTTTTETTII 
T 

T
T 

T

T 

gal/Von gal/Ion gaT/Ton gal/ton 9°l/van gai/vonTgal/Ton ppm 
T 

ppm ppm TTppm T

T 

ENLTII - 25 1540 25 To“? - II II IA lnTlulnl unchanu‘ long It lane ‘nTl-TOUTH’TK‘T‘TEBI gaTn 20°F 

lal/k'n gal klhT 
T 

T 
T 

chlllclls'
T 

lulu ITThnuT ‘ 

T 
T 

T 

CIIaTTne 

Tcls’lv TIcycTI T 

T T 

:cTaTeTn T 

:21 m. ‘ 

T 

hlslhln-
T 

pl! Iuh) T 

T 

cyanatls T 

T 
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PHOSPHORIC ACID - THERMAL PROCESS 

.1 Process Description 

The usual method for extracting phosphorus from phosphate rock 
is the electric furnace method (See Fig A2-l). Phosphorus produced by 
the electric furnace may be burned and hydrated to form phosphoric acid 
of high purity. This acid may be used in the liquid fertilizer industry 
or as an intermediate. The raw materials for the process are: phosphate 
rock, coke and silica. The phosphate rock is normally ground, mixed with 
coke, pelletized and then sintered to form hard pellets. At this stage, 
30 per cent of the fluorine in the rock is evolved (phosphate rock 
normally contains 3 to 4 per cent fluoride). Pellets are then mixed 
with silica and charged to the furnace on a continuous basis. A typical 
charge may consist of 2000 lb of phosphate rock, 320 lb of coke and 720 lb 
of silica. This will yield about 250 lb of phosphorus. 

Two tap holes are provided in the electric furnace, the lowest 
for the heavier ferro phosphorus and the upper for the slag. Slag is 
tapped every few hours, the ferro phosphorus less often. 

Gaseous products drawn from the top of the furnace consist of 
about 93 per cent carbon monoxide and 7 per cent phosphorous vapour. Most 
installations pass the off gases through electrostatic precipitators to 
remove phosphate rock dust, then through a water—cooled condenser where 
the phosphorous vapour is liquefied. The remaining carbon monoxide gas 
is usually flared or sometimes it is used as a fuel to assist in the rock 
drying or nodulizing operation. 

The liquid phosphorus may be used as it is, or may be filtered 
and chemically treated to obtain a greater purity. 

Although there are units which convert phosphorus directly to 
phosphoric acid, the normal practice is to convert the liquid phosphorus 
by burning with air, followed by hydration and collection. 

.2 Waste Constituents 

.2l Fluorides Thirty per cent of the fluorine is evolved in the sintering 
stage of pelletization of phosphate rock. The remainder of the fluorine 
leaves the furnace in the slag, as fluosilicates. 

.22 Slag This is normally tapped from the furnace, allowed to cool, 
washed with water to granulate and then stored or used as land fill, which 
is a satisfactory method of disposal. Arsenic, present in the slag as 
insoluble arsenate, does not pose a problem. 
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.23 Ferro Phosphorus This material is obtained from tapping the furnace. 
Normally it is cast into sticks, allowed to cool and shipped to the iron and 
steel industry, where it is used to make phosphorous steels. a 

.24 Phosphorus The condenser stage of the phosphorus process utilizes 
water as the cooling medium. Phosphorous vapours are cooled by water jets 
and the liquid phosphorus settled out recovered and purified by filtration. 
However, colloidal phosphorus is carried around the cooling circuit and is 
a potential hazard when this water is discharged to waste. 

.25 Cyanide Cyanide is also produced in the furnace by the combination 5 

of nitrogen compounds and coke. This again is scrubbed out by the cooling 
water in the condenser and appears in the waste liquors. 

.26 Phosphorous Mud Phosphorous mud settles out in the cooling cycle 
and has to be removed periodically; it contains some 20 to 30 per cent 
phosphorus in a slurry form. 

.3 Treatment Methods 

.31 Normal Fluorides evolved from the pelletizing plant are treated in 
the same manner as fluorides evolved from the dens in the wet process 
phosphoric acid plants, i.e., scrubbing with water, liming the water to 
precipitate calcium fluoride, allowing this to settle and returning the 
water to the system. 

Slag generated in the phosphorus furnace contains all trace metals 
present in phosphate rock, plus 60 per cent of the fluorine. It is normally 
quenched as it leaves the furnace and stored as a rock pile. The wash 
waters from the quenching stage should be lagooned to allow suspended solids 
to settle and the supernatant liquid from the lagoon can then be recycled. 
The only use for slag is as landfill, or for road construction. 

Ferro phosphorus is usually not a problem; it is normally handled 
as a by—product and shipped to the iron and steel industry. However, if 
no market is available for this material and it is stored in the open where 
leaching can occur a wastewater high in phosphorus and iron is produced. 

Elemental phosphorus contained in the condenser water system is 
present in the colloidal state and is discharged in the excess water vapour

I condensate that accumulates in the condenser system. Concentration of this ‘ 

'j 

material is between 300 to 500 ppm, which the industry at one time i‘yg 
considered sufficiently low enough to discharge to a natural waterway. ” 

However, it has been shown that fish are susceptible to minute traces of 
phosphorus, which must be completely removed from these wastes before they 
are discharged; a limit of 1 ppb has been set by the Canada Department of 
Fisheries and Forestry. This problem has only recently been recognized 'i 

and very little work has been done on phosphorus removal; liming does 4 
precipitate insoluble calcium phosphates but this only lowers the phosphorus ' 

level to 10 to 15 ppm which is still too high for discharge.
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Cyanides appear in the excess cooling water from the condenser 
system. At present, these are not treated and again are either discharged 
to natural waterways or allowed to go to the lagoon. Cyanides are easily 
oxidized to cyanates or further to nitrogen and carbon dioxide. Any 
oxidation method developed for phosphorus will also remove cyanide. 

Phosphorous mud collects as a slurry in the cooling water cycle. 
This slurry contains some 20 to 30 per cent elemental phosphorus. This 
mud is extremely difficult to handle since it will readily oxidize on 
exposure to air by either bursting into flame or producing copious fumes 
of phosphorous pentoxide. The only known method of handling this is to 
dump in a suitable landfill area. 

.32 Advanced Advanced treatment methods do not offer much potential 
in handling these wastes. Improvements in recovery and in—plant processing 
technology should receive the greatest emphasis. 

Air blowing, chemical oxidation, and other methods are being 
developed to handle phosphorous wastes, but currently the only proven 
method available is lagooning and complete recirculation of water to the 
process. 

Because of the high levels of fluoride present in the phosphate 
rock, it is also recommended that fluoride recovery as well as production 
of elemental phOSphorus, should be made an integral part of the phosphate 
(or phosphoric acid) industry. 

Methods of distillation of phosphorous mud are under development 
but not yet perfected. Attempts have been made to return this mud to the 
phosphorus furnace. However, explosive reactions occurred when the mud 
was added to the furnace charge. Due to the fuming nature of the material, 
it was also impossible to return this mud to a pelletized condition. 

Where phosphorous muds are stored, studies should be undertaken 
to examine the phosphorus content of the air in these areas. 

.33 Costs According to a paper by Hignett and Striplin the estimated 
capital cost of installed effluent treatment facilities for the electric 
furnace process in 1965 was $300,000 or 0.9 per cent of total plant cost. 
Treatment plant would include fluoride disposal facilities, neutralization 
facilities, and cooling pond. Operating costs, including maintenance, 
chemical costs, utilities, depreciation, etc. were $1.75 per ton P205 
produced, or 2.3 per cent of total production cost. 

.4 Summary 
The effluent problems of thermal phosphorus plants are very 

difficult and numerous. No plant or process variation is under development 
at present, thus efforts should be concentrated on disposal of phosphorous 
mud and on the removal of elemental phosphorus and cyanides from cooling 
water and lagoon water before discharge to natural waterways. Here again 
defluorinated rock could be used to an advantage in the pelletizing stage
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of phosphorus production. This would eliminate hydrogen fluoride evolution. 
The best solution for the thermal phosphorus industry is complete reuse 
of water, with extensive tertiary treatment for the excess water developed 
in the process. It is stressed however that the phosphorous mud problem 
will exist even with complete reuse of water. 

PHOSPHORIC ACID — WET PROCESS, AND PHOSPHATE FERTILIZERS 

.1 Process Description 

The wet process for phosphoric acid manufacture is closely related 
to the fertilizer industry since it is usually the first stage in the 
production of fertilizers. 

Phosphate rock is ground and reacted with sulphuric acid (93 per 
cent) and weak phosphoric acid (see Fig A2—2). This mixture is allowed to 
react and the slurry containing precipitated calcium sulphate (gypsum) 
is filtered continuously leaving a weak solution of phosphoric acid (normally 
30 per cent) part of which is recycled to the digestion stage, the remainder 
concentrated. Metallic impurities in the phosphate rock usually end up 
in solution with the phosphoric acid. The gypsum removed at the filtration 
stage is discharged into lagoons and allowed to settle, whereas the weak 
phosphoric acid is concentrated further to 70 per cent acid. A large portion 
of the fluorine that is produced in phosphoric acid manufacture is liberated 
in the concentrating process. 

The concentrated acid is either shipped for mixing with other 
fertilizers or is reacted with ammonia or more phosphate rock to produce 
ammonium phosphates and triple superphosphates. The process is highly 
integrated as can be seen from the line diagram. 

.2 Waste Constituents 

.2l Fluorine Fluorine is evolved as silicon tetrafluoride (SiF4) or as 
hydrogen fluoride (HF) at the den stage in the superphosphate process and 
at the concentration stage in the phosphoric acid process. Air that is 
circulated through the dens is normally scrubbed in water towers and SiF 
and HF recovered. Gases from the concentration stage can also be condensed 
and recovered. 

.22 Ammonia This is normally lost during the process operation to produce 
diammonium phosphates and with good process control can be kept to a minimum. 

.23 Arsenic This normally goes out with the wet process acid but can be 
detected in scrubber solutions. 

.24 Calcium sulphate (gypsum) This is filtered out from the process and 
is normally washed into lagoons and allowed to settle. 

.25 Phosphates These are found in normal waste effluents leaving the plant. 
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.26 Waste Acids These are normally obtained from vessel cleanings etc. 

.3 Treatment Methods 

.31 Normal Scrubber solutions contain fluorine as fluosilicic acid and as 
hydrogen fluoride. With efficient scrubbing silicon tetrafluoride and 
hydrogen fluoride mixtures can be concentrated, reacted with caustic and 
sold economically as sodium fluosilicate for fluoridation of drinking 
waters. 

Trace quantities of fluorine can be removed by lime additions. 
This brings about precipitation of insoluble calcium fluoride. Precipitated 
calcium fluoride can be recovered and used to produce anhydrous hydrogen 
fluoride. The world supply of calcium fluoride is declining and the demand 
for hydrogen fluoride and aluminum trifluoride is increasing in the aluminum 
industry, thus the recovery of calcium fluoride may prove to be economical. 

Ammonia losses can be minimized by water scrubbing and stripping 
the effluent to remove almost all ammonia. 

Arsenic is normally removed from wet acid by hydrogen sulphide 
precipitation and filtration of the arsenic trisulphide. Arsenic removal 
is normally required for food grade phosphoric acid. There is no commercial 
value for arsenic and the only means of disposal is by controlled landfill. 

Since gypsum is produced in such large quantities (approximately 
five tons per ton of P205 produced) it can only be handled by lagooning. 
The economical recovery of the sulphur value and the use of gypsum in 
wallboard production are getting more and more remote. 

Phosphate must be removed from waste liquors, either by liming 
or by use of ferric chloride treatment before any wastes are discharged 
to natural waterways. The reason for this is to remove any nutrient value 
in discharged waters. 

Wet acid sludges contain heavy metals such as chromium, nickel 
etc. normally found as impurities in the phosphate rock and can best be 
disposed of as landfill. 

.32 Advanced Methods for recovering fluorine as aluminum trifluoride 
or as cryolite have reached the development stage. 

Ammonia that remains in scrubber water after stripping can be 
removed by activated sludge treatment and filtration. 

Wet acid sludges, which are a low—volume waste containing heavy 
metals, could be treated in a central treatment plant receiving hauled 
wastes from other industries. 
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.33 Costs According to Hignett and Striplin the estimated capital cost 
of installed gypsum pond, cooling pond, neutralization facilities and gypsum 
and fluoride disposal facilities for the wet process in 1965 was $1 million 
or 6.2 per cent of total plant capital cost. 

Operating costs of treatment plant, including depreciation, 
chemical cost, maintenance and utilities were $0.55 per ton of P205 produced, 
or 0.7 per cent of total production cost. 

.4 Summary 

The main problems of fertilizer plants are solved by complete 
water recycling. Using lagoons to precipitate the calcium fluoride, calcium 
sulphate etc. is possibly the best way of handling these solids. Current 
industrial trends seem to be to recover the fluorine value at the source of 
rock production and supply defluorinated rock to the fertilizer industries. 

Advanced methods of fluorine recovery are under development and may 
be incorporated into the defluorination stage of rock production; these 
include production of aluminum trifluoride, hydrogen fluoride and calcium 
fluoride, from the fluoride wastes. Complete reuse of water is the answer 
to reduced liquid wastes for the integrated fertilizer industry. 

PESTICIDES 

.1 Process Description 

Most pesticides sold in Canada (see Page A2-89) are manufactured 
in the United States and formulated in Canadian plants. The only waste 
from these blending operations are rinse waters from storage and mixing 
vessels. The major herbicides, 2, 4—D and 2, 4, 5—T are, however, manu— 
factured at three locations in Canada. 

A flow diagram showing the main features of the production of 2, 
4—D is shown in Fig A2—3. The reaction must be carried out under optimum 
conditions to prevent hydrolysis of unconverted chloroacetic acid to 
glycolic acid. 

2, 4, 5—T is manufactured by hydrolyzing l, 2, 4, 5 — tetrachloro— 
benzene with caustic soda to yield 2, 4, 5 - trichlorophenol directly. 
This is purified and converted to 2, 4, 5 - trichlorophenoxyacetic acid 
by a process similar to that for 2, 4-D. 

.2 Waste Constituents 

The wastes from both 2, 4—D manufacture and 2, 4, S—T manufacture 
contain high BOD and COD concentration, as follows:
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Suspended 
Compound BOD COD Solids 

ppm ppm ppm 
1? 

2, 4—D 15,000 23,000 350
i 

2, 4, 5-T 15,000 21,000 700 

The 2, 4—D waste also contains approximately 500 ppm of unreacted 

A2.4 

dichlorophenol. Traces of both products are present in the effluent due 
to rinsing and washing operations. The rinses will also contain some acid 
and salts. 

There are no data available on wastewater volumes from these 
processes. 

.3 Treatment Methods 11 

.31 Normal Reduction of toxic wastewater components is mainly achieved All 
by process optimization. In the case of 2, 4—D production, unreacted

; 

dichlorophenol is removed by distillation prior to acidification. The 
final disposal of toxic wastes is frequently taken care of by contractors. 

.32 Advanced DichlorOphenol (DCP) can be removed successfully either by _ 
activated carbon filtration or an alkaline chlorination process. A DCP H 

effluent concentration of 25 ppm has been obtained. 

To prevent pesticide particles from the rinses entering the waste i:

I 

stream, special filters should be installed that will pick up any solids. 

.33 gits The cost of removal is S6/lb DCP removed for the activated 
carbon method and $l/lb DCP removed for the alkaline chlorination process. 

.4 Summary 
2‘ 

While much is known about the use of pesticides in agriculture, 
and their toxicity and movements, there is very little information on the

g 

nature and quantities of wastewaters discharged from the pesticide industry. 

Dumping of these wastes on land is not a satisfactory solution, 
neither is dilution and discharge to municipal sewers. é‘ 

PHARMACEUTICALS—SYNTHETIC DRUGS 
if: 

.1 Process Description 

Pharmaceutical manufacturing processes include a variety of stages
‘ 

such as extraction, purification, chemical synthesis and fermentation and g 
each manufacturer produces a number of different products.
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Fig A2—4 shows a flow chart of a typical drug firm producing 
sulpha drugs, vitamins B1 and B , antipyretic and several intermediates, 
all by batch processes, with an indication of the type of waste each block 
produces. 

A description of each production stage is omitted due to the 
complexity of the chemical reactions involved and the large number of 
organic and inorganic chemicals used. 

.2 Waste Constituents 

The characteristics of each waste stream together with the total 
waste stream is given below: (All values except pH are given in ppm). 

Suspended Sulphates chlorides 
Waste Stream 892_ 992 Solids (S04) (C1) pg 
Sulpha drug 17,500 31,600 80,000 25,000 22,500 9.0 

Vitamin Bl 20,000 33,100 4,000 1,700 4,500 10.0 

Vitamin B2 1,600 3,220 46,000 14,800 4,000 3.0 

Antipyretic 15,000 27,800 20,000 14,800 8,500 10.9 

Intermediates 9,400 13,700 15,000 37,000 20,000 0.6 

Total Waste 13,000 20,000 30,000 28,000 18,500 1.0 

The waste stream from the intermediate block also contains high 
concentrations of sulphanilic acid (11,000 ppm). 

Other waste constituents include dyes from coating pan washings, 
and numerous unknown substances discharged from research laboratories and 
pilot plants. 

.3 Treatment Methods 

.31 Normal Due to the high variation in pH of the waste streams, 
pharmaceutical wastes are either neutralized by equalization or addition 
of lime. 

Dilution by rinsewaters is also required before discharge to 
reduce the high BOD and COD values. 

Most pharmaceutical firms discharge their effluent to municipal 
sewers after some pretreatment. 
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.32 Advanced The treatment of pharmaceutical wastes by biological methods 
after neutralization and dilution has been practised successfully in the 
United States, giving BOD removals in the order of 90 per cent. 

As the wastes often do not contain the amount of phosphorus 
required for efficient aerobic biological treatment, addition of phosphorus 
in the form of dipotassium hydrogen phosphate or similar compounds is 
necessary. In the case of nitrogen deficiency of some pharmaceutical wastes, 
ammonium chloride is added. 

.33 Costs There are no published data on costs of treatment plants for 
pharmaceutical plants. 

.4, Summary 

The characteristics and treatability of effluent from the 
pharmaceutical industry vary largely with the type of products manufactured. 

Production is usually on a batch basis and the varying production 
complicates any treatment system installed in the plant. 

If the plant discharges directly to the municipal sewer, the 
effluent should be neutralized and diluted prior to discharge. 

There has been a concern about the amount of unidentified organic 
compounds discharged from the pharmaceutical industry, and biological 
treatment of the waste should be practised wherever possible. 

CAUSTIC CHLORINE 

.1 Process Description 

Chlorine and sodium hydroxide are produced by electrolysis of con— 
centrated solutions of sodium chloride, referred to as brine. Rock salt 
contains magnesium and calcium chloride impurities and magnesium sulphate, 
in addition to sodium chloride, which are removed from the brine by treating 
with a solution of sodium carbonate and barium chloride. This precipitates 
insoluble calcium and magnesium carbonates and sulphate is removed as barium 
sulphate. The sludge is removed from the purified brine by filtration prior 
to entry into the electrolytic cell. See Fig A2—5. 

Approximately 60 per cent of chlorine and caustic soda manufactured 
in Canada is produced by the mercury cell process, the remainder by a 
diaphragm cell process in which mercury is not involved. There are mercury 
cell plants at 14 locations with a combined capacity of 1555 tpd of chlorine 
and an average capacity of llO tpd of chlorine. 

In the mercury cells, streams of saturated brine (300 g/l) and 
mercury enter the primary cell fitted with graphite anodes. The cell is 
usually operated at 4.3 to 4.8V; the concentration of the brine is reduced 
to 260 g/l. Chlorine is evolved at the anode and sodium forms an amalgam 
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with the flowing mercury cathode. The mercury amalgam leaves the cell f} 
and is reacted with water in a secondary cell to give sodium hydroxide ' 

together with an equivalent amount of hydrogen. This cell normally 
produces 50 per cent caustic soda. The denuded mercury is returned to the 
primary cell by pumping. The brine after leaving the cell is dechlorinated

: 

under vacuum and subsequently aerated for the removal of residual chlorine. ' 

This brine is then returned to the resaturation stage where further quantities i 

of sodium chloride are added. The hydrogen formed on denuding sodium amalgam 
in the secondary cell is at a temperature of 70 to 100C and is saturated 
with mercury vapour. 

The chlorine discharged at the anode is dried using sulphuric acid. 
The spent acid is discharged as a waste. The chlorine passes on through a 
compression stage where it is liquefied. Any waste chlorine lost from these 
stages is normally absorbed in weak caustic and discharged as sodium hypo— 
chlorite. 

The diaphragm cell consists of an anodic and cathodic chamber 
separated by a diaphragm. Both electrodes are fabricated from graphite. 
Saturated brine circulates through the anode chamber, and weak caustic 
circulates through the cathode chamber. Chlorine is evolved from the anode 
and the sodium ions pass through the diaphragm where they are discharged 
at the cathode to produce sodium hydroxide. This cell has no mercury 
therefore no mercury waste. 

5 
’- 

b...) 

a
- 

.2 Waste Constituents 

With the exception of mercury the wastes from the mercury cell 
and diaphragm processes are similar. 1f" ‘ 

ii. 

fi;r 

.21 Mercury Mercury is lost from several streams in a caustic/chlorine 
plant. Prior to 1970 the total of all mercury losses averaged 39 lb/lOO 
ton chlorine produced. Starting in 1970 the industry undertook extensive 
modifications to reduce mercury losses. The sources and amounts of 
mercury loss before and after the introduction of abatement measures are 
given in Table A2—l. 

.22 Sulphuric Acid Concentrated sulphuric acid used in the chlorine 'u WQ 
drying stage is normally discharged as 80 to 90 per cent sulphuric acid. 

.23 Sodium Hypochlorite Weak caustic is normally used to absorb excess ;“¢ 
chlorine from various chlorine bearing streams. This material is either p

g discharged to natural waters or sold as sodium hypochlorite. qe 
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TABLE AZ-l 

Mercury Losses from Chlor-Alkali Plants in Canada 
Before and After Introduction of Abatement Measures 

(pounds per 100 ton chlorine produced) 

Loss Before Abatement Loss After 
Abatement 

Source of Loss Range Average 

In Products: 
Chlorine 0.01 0.01 

Caustic soda (0.2 to 2.3) 2 0.35 

To Sewer: 
Hydrogen coolers (O to 20) 8 Nil 
Basement drains (3 to 30) 14 0.03 to 0.25 

Brine sludges (0.2 to 5) 2 Nil 

To Atmosphere: 
Hydrogen (2 to 40) 8 0.25 

End box vent (0.2 to 2) l 0.25 

Ventilation (0.2 to 2) l 0.5 to 1 

Solid Waste: 
From brine system — — 0.25 to 1 

From caustic filter, effluent 
treatment, cell room muds — — 0.25 

Losses not accounted for 3 — 

39 1.89 to 3.36 

SOURCE: Flewelling, F.J. 
In Chemistry in Canada May 1971 p. 14 

.3 Treatment Methods 

.31 Normal Regulations established by the Can 
and Forestry for mercury losses have the following targets: 

— 0.01 1b/ton chlorine produced, by April 1, 

- 0.005 1b/ton chlorine produced, by September 1, 

"Loss of mercury from chloralkali plants". 

ada Department of Fisheries 

1971 

— local background level in effluent, by the end of 1971.
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Since these levels of mercury loss must be attained then the 5‘&§ 
treatment methods used to do so may be considered the normal treatment 
methods. These methods are: :,*] 

— mercury in caustic soda product: filtration, using special grades 
of carbon as a pre—coat. “u 

— hydrogen coolers: indirect cooling of hydrogen/water vapour 
mixture, with condensate returned to brine inlet stream. m 

— basement drainage: reduce volume of liquid waste generated by ‘1 

using less water for cleaning floors and by sending uncontaminated , 

cooling water to separate drains; basement drainage flow now ‘ 

5000 gal/lOO tons of chlorine produced - can be treated by ion “
x 

exchange, sulphide precipitation, or chemical reduction followed
‘ 

by absorption. 

— hydrogen vented to atmosphere: cool to 5° C and remove 
any mists present. 

— end box vent: as for hydrogen, above. 

— cell room ventilation: minimize mercury spills, improve housekeeping. 

— brine purification sludge: solids separation in ponds — liquid 
recycled, partial removal of mercury from solids by leaching, 
then solids buried (containing 5 to 50 ppm of mercury, equivalent 
to 0.25 to l lb/lOO ton chlorine produced). ‘

x 

— solids from caustic filter, basement drainage treatment, cell 
room muds: these solids are small in total weight and rich enough 
in mercury to recover it by retorting prior to burial. 

Sulphuric acid is normally discharged to waste as 80 per cent acid. 
Two methods of treatment are available: a) either acid recovery if 
sulphuric acid plant is nearby; b) neutralization with weak sodium hydroxide. 

Sodium hypochlorite produced by the absorption of waste chlorine 
streams is normally not a waste, as it can be sold as a bleaching agent 
containing 7 to 8 per cent available chlorine. However if sales are not 
available, this solution is normally discharged to the natural waters. 
Sodium hypochlorite being a strong oxidizing agent has immediate market 
potential in various waste treatment methods such as cyanide removal and 
could become a very practical chemical in waste treatment. 

.32 Advanced Progress toward attainment of the goals for mercury losses 
set by the Canada Department of Fisheries and Forestry has been good, as 
is shown by the figures in Table A2—2. 

The highest losses are now from the ventilation and brine 
purification sludge systems but neither of these is discharged directly to 

A2—l7
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a watercourse. Research into advanced treatment methods will probably ‘4 
be concentrated on these two systems. \ 

.33 Costs Unofficial estimates put the capital cost of mercury loss ‘ a 

abatement measures at between $0.25 million and $1 million per plant.
' 

For the 14 plants in Canada this would amount to a combined capital 
expenditure of between $3.5 million and $14 million. 

.4 Summary 

The caustic chlorine industry is looking strongly at the conversion 
from mercury cells to diaphragm cells, to eliminate the mercury waste 
problem (mercury cells account for 60 per cent of the caustic chlorine cells in 
Canada). The disadvantage of the diaphragm cell is that it produces a 
weaker and more impure caustic soda. However improved cell designs have 
reduced the level of impurities in the caustic soda, and the quality of 
the product is rapidly approaching that obtained from the mercury cells. 
Better filter cleaning procedures should eliminate the calcium and magnesium 
carbonate and barium sulphate wastes from the brine purification plant. 
Planned utilization of spent sulphuric acid and sodium hypochlorite should 
eliminate these wastes. 

SODIUM CHLORATE 
.,.mm 

-M 

- 

Wei. 

.l Process Description 1 

The sodium chlorate industry is very similar to the caustic chlorine 
industry. The starting material (see Fig A2-6) is saturated brine which 
is treated to remove calcium and magnesium carbonate and magnesium sulphate. 
The electrolytic cells differ from those of the caustic chlorine industry, 
in that there is only one compartment — the anode and cathode are not 
separated by a diaphragm. This allows chlorine liberated from the anode, 
and hydroxide ions liberated from the cathode, to combine to form sodium 
hypochlorite which in turn, by elevating the temperature, is converted into 
sodium chlorate. In the electrolytic process the cathode is protected by 
chromium salts which reduces the effect of hydrogen reduction at the cathode. 
In the chlorate cell brine (300 g/l) enters the first cell, and leaves the 
last cell of a cascade at 100 g/l. There are usually 5 to 6 cells in a 
complete cascade. The brine is then "dehypoed" to remove traces of sodium

I 

hypochlorite, concentrated to remove excess sodium chloride, treated with ‘ 

barium chloride to remove chromium, filtered and cooled to crystallize
é 

the product. Excess brine is returned to the brine regeneration stage. i 

.2 Waste Constituents 

.21 Brine Purification Sludge This sludge is identical to the material 
found in the caustic chlorine industry with the exception that no mercury 
is found in the sludge. 

.22 Barium Chromate Waste This is obtained from the purification of 
the chlorate liquors. 

A2-l9
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SODIUM CHLORATE 
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TREATMENT MAGNESIUM CARBONATE

~~ BARIUM SULPHATE

~

~ 

ELECTROLYSIS
~ 

DEHYPOING

~ 

BARIUM CHROMATE~ PURIFICATION
_

# 

CRYSTALLIZATION

4 

SODIUM CHLORATE

~~
~ ~ 

FIGURE A2-6 

FLOW CHART: SODIUM CHLORATE MANUFACTURE 
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.3 Treatment Methods 

.31 Normal Brine purification sludge is disposed of as landfill without 
treatment. 

Precipitated barium chromate is normally filtered out at the chlorate 
purification stage, hosed down into the plant drains and discharged to waste. 

.32 Advanced Barium chromate could be removed manually from the filters 
and discharged as a mud for selected landfill disposal etc. The economics 
of chromium and barium recovery from these sludges should be investigated. 

.4 Summary 

The waste problems from the chlorate industry can be reduced by 
better housekeeping. The practice of hosing down filters and discharging 
the insoluble matter to waste should be prohibited and a solid recovery 
system initiated. The tendency in the chlorate industry is to replace 
graphite electrodes in the cell by dimensionally stable anodes which are 
fabricated from noble metals such as platinum, iridium, ruthenium. To 
utilize these anodes requires a higher concentration of chromium ions to 
retain normal cell efficiency. This will lead to higher chromium ions in 
effluent waste. Therefore recovery of such wastes cannot be over—emphasized. 

SODA ASH 

.1 Process Description 

Raw materials for the Solvay process are sodium chloride, limestone 
and coke; products and by—products are sodium carbonate, calcium chloride 
and carbon dioxide. Carbon dioxide and ammonia are recycled with ammonia 
entering into a number of intermediate reactions. See Fig A2—7. 

Initially concentrated sodium chloride solution is purified to 
remove calcium, magnesium and other heavy metal ions. The brine is 
ammoniated and then contacted with carbon dioxide in a carbonating tower. 
This produces sodium bicarbonate and ammonium chloride. The bicarbonate, 
having limited solubility crystallizes and is separated on vacuum filters. 
The separated bicarbonate is calcined in a sealed rotary kiln, forming 
soda ash and carbon dioxide. Carbon dioxide is recycled to the carbonating 
tower; additional carbon dioxide is produced by burning limestone and by 
combustion of coke. The filtrate from the bicarbonate separation is 
treated with lime in an ammonia free still for releasing ammonia. This 
ammonia is recycled back into the ammoniating stage. Waste products are 
calcium chloride, unreacted sodium chloride, and other solids. 

.2 Waste Constituents 

A typical analysis of the waste stream leaving a soda ash plant 
is a follows:

~

~

'4
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NaCl WASTE
1

I 

Brine Purification MgCO3 
CaCO 

‘ Heavy Metals
~~ AMMONIATIOFF NH3 

and 
i 

|

! 

:CARBONATION
~

~

~

l ‘FILTRATION \\fl co L__H ,lilli 2 

; 

m\\‘Filtrate 
! 

Limed Calcium Chloride 

i 

Sodium Chloride 

____.i_____i 
iCALCINATION F‘

~
~~~

~ 

SODA ASH 

FIGURE A2-7 

FLOW CHART: SOLVAY PROCESS FOR SODA ASH



~ ,~ 7 z w 'trfn-we vviw *‘M' wk ' TN“ it 7' '* itfi r we (NW-.. i

~ 
WASTE PROFILES ‘13U 

BSA v, 

Calcium chloride 85,000 — 95,000 i 

Sodium chloride 45,000 — 50,000
% 

Calcium carbonate 6,000 — 15,000 ‘

l 

Calcium sulphate 3,000 - 5,000
1 

Magnesium hydroxide 3,000 — 10,000 ‘ 

Calcium oxide 2,000 - 4,000 5 

Ferric oxide & 1 Aluminum oxide l,000 — 3,000 
§
1 

Silica 1,000 — 4,000 '4 

Ammonia 6 — 12 

.3 Treatment Methods 

.31 Normal The standard practice in the industry is to remove the solids 
by settling in large lagoons. Impounding on this scale is expensive and 
can be troublesome especially if land availability at the plant site is 
limited. When the solids are settled, the dissolved chloride problem 
remains. The ammonia soda process is only 75 per cent efficient in terms 
of sodium and uses none of the chloride present in the original sodium 
chloride. Production of a ton of soda ash results in about 1.5 tons of 
soluble and suspended chlorides as waste. Since chlorides generally are 
soluble, and are not subject to bacterial degradation, treatment 
possibilities are few. Part of the calcium chloride can be recovered 
from the waste by separation from the sodium chloride although recovery 
is generally not economical. 

fins;

A

~ 
A number of solutions to the soda ash waste problem have been x‘E 

investigated. These include recovery of calcium chloride with separation 
' 

3314 
and reuse of the accompanying sodium chloride, separation by means of ,'ffl 
ionic membranes and alternative methods of manufacture. None of these ; 
possibilities has found wide-spread use because of economical or technical my"! 
difficulties. ‘ 

The present method of handling such wastes in Canada is discharge 
to surface waters. The only plant in Canada is at Amherstburg, Ontario 
and discharges into the St. Clair River, where large volumes of dilution 
water are available. Water quality regulations recognize the lack of 
treatment methods for chloride wastes and that dilution is the only 
practical course of action available at the present time. 

A2—23
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A2.8 

A2—24 

.32 Advanced Although recovery of the dissolved solids is technically 
possible there is so much waste to be treated (1.5 ton for every ton of 
product) that it is neither economic nor practical. 

.4 Summary 

The only Canadian plant producing soda ash discharges its wastes 
into the St. Clair River creating a turbidity problem. However, with 
continued dilution, the turbidity disappears. In the United States soda 
ash plant effluents have been utilized in tertiary treatment plants for 
the removal of phosphates. This is only feasible in areas of large 
population due to transportation problems. It is difficult to see any 
further soda ash plants being built on inland waters. If any future 
plants are required to be constructed they should be in coastal areas 
where the chloride discharge would not affect significantly the level of 
chloride in the natural waters. 

GLASS — HYDROFLUORIC ACID FINISHING 

.1 Process Description 

The production of frosted surfaces in the glass industry, as in 
the case of electric light bulbs, is achieved by utilizing the reactivity 
of hydrofluoric acid. 

The manufacturing process is shown on Fig A2—8. 

Molten glass leaves the furnace through an annular opening and 
flows down between lubricated water—cooled rollers. 

In the case of electric light bulb manufacture, forming of the 
glass is achieved by nozzles injecting air to a ribbon of glass, forming 
a preliminary blob. The spinning mold then rises and a second puff of 
air shapes the blob to the mold and forms the bulb. 

Following the shaping process, the glass is ground using abrasive 
compounds such as garnet, pumice and rouge. 

The etching process is carried out by dipping the glass in a 
hydrofluoric solution bath followed by a rinsing stage. 

.2 Waste Constituents 

The principal characteristic of the wastewater from the process 
is the high concentration of hydrofluoric acid present. 

In addition to this, the waste contains sulphuric acid, siliceous 
compounds resulting from the reaction of hydrofluoric acid with silica; 
garnet, pumice and rouge from the grinding operation; water—soluble oils 
from the cleaning process and some lubricating oils from the water—cooled 
rollers.
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The total waste stream has the following average ranges of 
concentrations: 

Hydrofluoric Acid: 1000 — 3000 ppm 

Sulphuric Acid: 600 — 1200 ppm 

Oils: 50 — 150 ppm 

Abrasives and 
siliceous Compounds: 1500 — 3000 ppm 
(5 - 100 microns) 

.3 Treatment Methods 

.31 Normal The rinses from the etching process and abrasive wastes from 
the grinding process are normally pumped to a holding tank where the oil 
emulsion is broken by pH adjustment. 

The high fluoride content of the waste is reduced by feeding a 

lime slurry to the effluent, maintaining a calcium ion concentration in 
excess of stoichiometric requirements and a pH value greater than 11. 

Solids removal is carried out in a clarifier with the addition of 
a flocculant to improve the settling rate. 

Prior to discharge, the pH of the effluent is adjusted to between 
7 and 9 by the addition of sulphuric acid. 

Fluoride concentration of the final waste is normally less than 
20 ppm of fluoride ion and suspended solids are about 20 ppm. 

.32 Advanced Methods Studies for further removal of fluoride from the 
clarified effluent have been carried out, but none of these methods are 
in use in the glass industry in Canada. 

Activated alumina, regenerated with sulphuric acid, has been 
reported to reduce the fluoride concentration to l to 2 ppm. 

Where extremely low fluoride concentrations are required, an ion 
exchanger containing activated bone—char (Fluo—Karb resin) is employed. 
With an inlet concentration of 10 to 15 ppm of fluoride, an effluent 
concentration of 0.1 ppm is obtained. The ion exchange resin is 
regenerated with sodium hydroxide and spent regenerant solution can be 
recycled to the precipitator. 

.33 Costs Of the two advanced methods no cost data are available for 
activated alumina, but it is estimated that chemical cost for an effluent 
containing 20 ppm fluoride would be approximately 5¢/lOOO gal.
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In ion—exchange treatment 1 cu ft of resin will treat 1500 gal 
of waste containing 20 ppm of fluoride at a chemical cost of 2¢/lOOO gal. 
Resin cost is $35/cu ft with an expected inservice life of l to 2 yr. 

.4 Summary 
I 

_“ 

Waste from surface treatment of glass using hydrofluoric acid 
is treated by lime addition which reduces the fluoride concentration to 

a less than 20 ppm and by clarification for removal of solids. 

Advanced treatment methods for further removal of fluoride in the ‘

J 

waste from the clarifier have proved successful but are at the present 
time too expensive to be practised on a full scale basis. fl 

Longer settling time of final effluent in lagoons may reduce the 
fluoride concentration further due to post—precipitation of calcium 
fluoride. 

The solubility of calcium fluoride is approximately 16 ppm, , 

which would be its concentration in the effluent from such lagoons. A ‘} 
ten-fold dilution would be required to bring the concentration down to " 

1.6 ppm in the receiving water — the current standard set by the OWRC. 

A2 . 9 PETROLEUM REFINING I! 

.1 Process Description i n 

In petroleum refining, crude oil is processed to marketable 
petroleum products. The refining involves two major branches: separation ‘ 

operations and conversion processes. The major processes involved and 
the wastes that they generate are shown in Fig A2-9. 

Water and brine contained in the crude are removed prior to 
fractionating. Water is separated during storage while brine is removed 
by electrostatic or chemical processes. 

Distillation and fractionation separates the crude oil into 
gasoline, kerosene, fuel oil, gas oil and reduced crude oil. 

Cracking operations involve the breakdown of high boiling 
compounds into products suitable for gasoline. Large volumes of cooling 
water are required for both thermal and catalytic operations. 

Cracking processes bring about the most important chemical changes 
taking place in petroleum refining, although other conversions such as 
reforming, polymerization, alkylation etc. help to improve the quality 
of the final products. 

The major use of water in any refinery is for cooling purposes, 
although some process water is used in processes using barometric condensers 
such as cracking, polymerization and alkylation. 

A2—27
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MAJOR WASTE CONSTITUENTS~
~~~

~~
~~

~~~ 
CRUDE OIL 
STORAGE ————————~——————d— ACCIDENTAL OIL SPILLS 

DESALTING OILY BRINES 

FRACTIONATING PHENOLS, SOUR WATER 

THERMAL 
CRACKING —7PHENOLS, OIL 

CATALYTIC BOD, COD, PHENOLS, SULPHIDES 
CRACKING OIL, ALKALINITY, CYANIDE~~ 
REFORMING ———————————-————-PHENOLS, OIL, SOUR WATERS

~~ 
POLYMERIZATION L——-—————-.— PHENOLS, SULPHIDES, OIL,

~ SOUR WATERS~ 
ALKYLATION ‘_—————————————a— PHENOLS, SULPHIDES, OIL,

~~ FLUORIDES, LOW pH 

FIYDRO TREATING ——-—————PHENOLS
~~

~ 

SOLVENT 
REFINING

~~ OIL EMULSION, SULPHIDES, 
AMMONIA~ 

DRYING & 
SWEETENING

~ 

——-————————————‘- PHENOLS, OIL, HIGH pH~~
~ 

DEWAXING‘
~~ PHENOLS 

FIGURE A2"9 

FLOW CHART FOR PETROLEUM PRODUCTS INDUSTRY
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A skimming or topping refinery uses no cracking processes and gé: 
consequently the water requirement is much less than for an integrated ' 

refinery. 

.2 Waste Constituents 

Combined wastes from a typical refinery contain, after primary 
treatment (API separator): phenols (10 to 70 ppm); sulphides (5 to 20 ppm); 
mercaptans; traces of heavy metals (some contributed from catalyst usage); 
brine; carbonates, and emulsified oil (2 to 10 ppm). 

BOD and COD values range from 200 to 500 ppm and 700 to 3000 ppm 
respectively. 

'Caustic soda and sour water may also be present depending on 
processes involved. 

Cooling water, which normally is recycled ten to fifty tines 
contributes only slightly to the pollutional characteristics of the waste 
by calcium oxide formed in cooling tower blowdown pits. 

Fluoride levels in petroleum wastes are numerically high but 
not critical. 

A.

v 

f‘x,_.»‘

u 

.im- 

~Miu=

‘ 

.3 Treatment Methods 

.31 Normal Oil spills and leakages are so common in refineries that oil 
emulsions are one of the biggest problems in liquid waste treatment. 
Toxicity of free oil is not great but oils cause serious ecological effects 
on the environment. API separators are commonly used to separate free 
oil from water but such units are not effective in handling emulsions. 
Acidification or heating are the two most used techniques involved in 
emulsion handling. 

‘ 

Wat’s—44;. 

Typical refineries discharge 10 to 60 lb of phenol daily to 
receiving waters. Because this amount is contained in a high volume of , ‘ 

water it is difficult to treat. Objective levels of 15 ppb are being :'yi 
sought primarily because low levels of 1 ppm contribute to a taste problem 
with drinking water. Phenols are reduced to 1 ppm by chemical oxidation y 

procedures using chlorine, ozone, or chlorine dioxide. 3,9; 

Most of the sulphides encountered in wastes in the petroleum 
industry have not been identified in terms of exact chemical structure or My 
nature. They are toxic and contribute to fish kills and are difficult :3Hh 
to concentrate from waste waters. Such organic sulphides must be oxidized 

‘ f” 
to organic sulphates or even to free sulphate radicals to reduce their 1-4? 
toxicity. Normal treatment methods include stripping if present in large “' 
quantities or biological oxidation in the final effluent treatment process. 

Phenolic compounds and organic acids present in spent caustic 
solutions are usually removed by acidification and burnt. The caustic is 
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A2-30 

neutralized before discharge or shipped to contractors who specialize in 
handling highly concentrated toxic wastes. 

Solutions containing sodium or potassium fluorides are discharged 
into the refinery effluent. 

Brine handling is a problem because most crudes that are processed, 
contain a high level of brine. Final disposal is usually by deep well 
injection, although some brine-containing wastes are discharged with the 
final effluent. 

Spent catalysts are neutralized with lime or caustic wastes before 
disposal. Waste streams from catalytic cracking are highly toxic to fish. 

The waste streams from the primary treatment processes are usually 
collected and discharged to a waste stabilization pond (aerated lagoon) 
for secondary treatment before final discharge. 

.32 Advanced Methods Further removal of free oil and emulsions can be 
achieved by the use of air flotation or the newly developed method of 
electroflotation. Emulsions have also been successfully removed by the 
use of caustic soda solutions and heat treatment. 

Phenols can be reduced to l to 5 ppm by solvent extraction; 
further removal is possible using activated carbon or ion exchange. Costs 
for treatment of phenol to bring it down to 15 ppb are not well documented. 
The chemical analysis of phenol at 15 ppb is difficult and research and 
development is needed to work out economic recovery or destruction of 
phenol to reduce it from 15 ppm to 15 ppb. 

Near complete removal of organic sulphides can be achieved by 
precipitation with zinc chloride, iron chloride or copper sulphate. 

Mercaptans are toxic, but are better known for their offensive 
odours. They may be removed by solvent extraction or by chemical oxidation. 
They are not present in high concentrations, thus their contribution is 
primarily a nuisance value. Air stripping is utilized in removing some 
volatile sulphides and mercaptans. This practice will probably be limited 
in the future because of odour problems. 

Advanced methods for polishing total refinery waste flow include 
the activated sludge process and trickling filters. 

Several problems may occur in the biological process due to the 
oil content of the waste and toxic constituents such as lead, phenols and 
sulphides. Nutrient addition may also be required depending upon the 
composition of the waste. 

.33 Costs Capital costs, operating and maintenance costs and economic 
life of treatment plants used in the petroleum refining industry are given 
in Table A2-3 and Table A2-4. Due to improved process technology, the
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TABLE 112-3 

Waste Treatment Costs, Old Technology - Medium Refinery 
(75,000 bpad) '. , 

Annual Operating 
‘ Economic Capi tal and Maintenance

‘ Waste Treatment Process Life Costs Costs ‘ 

Years Dollars Dollars \ 

A 

API Separator 30 262,000 36,000 

Air Flotation 20 554 , 000 25 , ooo 

Activated Sludge 30 l , 500 , 000 200 , 000 > 1,; 

Aerated Lagoon 30 250 , 000 53 , 000 

Trickling Filters 30 3,300,000 165,000 

Oxidation Pond 100 250,000 5,000 

Thickening and Vacuum 
Filtration 20 150 ,000 50 , 000 

Sludge Incineration 30 375,000 75,000 

Slop Oil Treatment 50 280,000 - 

Sour Water Stripping 20 325, 000 - 

TABLE A2-4 

Waste Treatment Costs, Newer Technology - Medium Refinery 

Annual Operating 
Economic Capital and Maintenance 

Waste Treatment Process Life Costs Costs 

Years Dollars Dollars 

API Separator 30 53 ,000 13,000 

Air Flotation 20 182,000 26,000 

Activated Sludge 30 251 , 000 91 , 000 

Aerated Lagoon 30 37 , 000 20 , 000 

Trickling Filters 30 490,000 80,000 

Oxidation Pond 100 40,000 4,000 

Thickening and Vacuum 
Filtration 20 63,000 12,000 

Sludge Incineration 
' 

30 197,000 20,000 

Slop Oil Treatment 50 57,000 - 

Sour Water Stripping 20 80 ,000 — 

SOURCE: The cost of clean water vol III industrial waste profile 
no 2 petroleum refining. Washington DC. 0.5. Dept. of 
the Interior. FWPCA. 1967
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capital costs and operating costs of treatment plants in modern refineries 
are considerably lower than those of old plants. 

Rich liquids, i.e. those that sustain combustion as though it were 
a fuel may be incinerated. Such waste usually possesses 8,000 Btu/lb and 
may contain 50 per cent oily solids. Flame temperatures reach 2,400 to 
2,800F. Petroleum wastes treated are styrene, glycols, waste oils and 
amines. 

Small units burning 500 lb/hr cost $10,000 to $15,000. Units 
burning 2,000 lb/hr cost $20,000 to $25,000. Weak liquids low in fuel 
properties require auxiliary fuels. Thus, equipment and fuel cost 
approximately double. 

Combustion gases from halogenated liquid wastes must be passed 
through a caustic scrubber to remove chlorine and fluorine. After burners 
are used to handle gaseous wastes or fumes. 

For a fume flow of 4,000 SCFM units cost $10,000 to $15,000. This 
increases to $20,000 to $25,000 for a fume flow of 10,000 SCFM. 

Polyurethane carpets have been used to adsorb oil from oil Spills. 
The oil can be extracted by a wringer. Costs for treatment have not been 
released. Chemical treatment has received limited use. Costs of chemicals 
which have been used in oil spills are shown in Table A2—5. 

.4 Summary 

In summary, wastes associated with this industry are in Category D 
because of the lack of a treatment method to reduce phenol concentrations 
to an acceptable level. 

Primary toxic wastes are phenols, sulphides, brines and oil 
emulsions. Final treatment and safe handling procedures for these chemicals 
are not fully developed. Better material balances and usage data on water 
and chemicals used, synthesized and lost to waste are required for this 
industry. Loss of catalysts must be documented because of their metal 
content. 

Some effort should be exerted to develop information relative to 
increases in vanadium in watercourses which results from crude oil pro— 
cessing. Although vanadium is not highly toxic to plant and animal life, 
it may have more subtle effects upon biocumminities which are not well known 
at this time. Another area which may have similar consequences could 
result from algae growth in the many oxidation ponds and lagoons used by 
this industry. Certain algae produce toxins which are extremely toxic to 
man and animals. Some degree of surveillance should be maintained in 
these areas. Another serious problem results from oil and gasoline leakage 
to soil surrounding a refinery. This becomes serious as refineries expand, 
and since refineries often locate in the same general region. Highly sandy 
soils absorb this oil and retain it for years. Gradually the oil permeates 
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Some Leading Oil—spill- Treatments 
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Developer 

Aiken-Murray Corp. 
New York, N.Y. 

American Machine 5. 

Foundry Co. 
Stamlord, Conn. 

American Oil Co. 
New York, N.Y. 

Cabot Carp. 
Boston, Mass. 

Cyprus Mines Corp. 
United Sierra Div. 
Trenton, NJ. 

Drew Chemical Corp. 
Marine Div. 
New York, N.Y. 

Economics laboratory 
Maqnus Marine Div. 
St. Paul, Minn. 

Enloy Chemical Co. 
New York, N.Y. 

Guardian Chemical Corp. 
long island City, N.Y. 

Midland Silicone: ltd. 
(subsidiary of Albrlght 
and Wilson) 
Aberthaw: Wales 

Product Nan-uh), Composition, 
Action and Treatment level 

Aiken OSD Dispersont, nonionic/anionic 

detergent mix,in solvent carrier, emuLsifies 
oil. 

Treatment level: 7 to 10% by volume 
(higher for heavy oil in cold seas). 

Underwater injection of air repels oil, 

debris and trash. 

Oil, absorbed in boat-mounted poiyethane 
foam, is «queued out. 

Cab<O-$il, silane-treated silica (coliodiai) 

acts as a wick in thicker oil spills. Treatment 
level: i to 4% by weight. 

Mistron Vapor, micronic talc powder for 
beach cleanup via agglomeration. Mistron 
ZSC, zinc stoarate coated grade designed 
for the open sea. 

Amerold Oil Spill Emulsifier ll, wetting 

and emulsifying agents in an oil-soluble 

liquid vehicle. 
Treatment level: 3 to 5% by volume. 

Mix of nonionic solubilizers and dispersants 
in a penetrating carrier. 
Treatment level. As low as ‘/2% by volume. 

Cerexit 7664, mix of proprietary and 
purchased food-grade emulsifiers. 
Treatment leveli As low as l to 2% by 
volume. 

Pyraxon, liquid and powder, mixed with 
oil, promotes burning by wicking and cata- 
lytic oil breakdown. 
Polycompiex A-li, used to disperse un- 

burned oil.
A 

Treatment level. iii to 20% by volume. 

Silicone~treated flyash ls dusted on the 
spill, sinking it. Material biochemically 
degrades on sea bottom. 
Treatment levels 250% by weight. 

Unit Cost and Esti- 
mated Casi/Gal. 0! 
Oil Treated 

33.00/gal. 
(25¢) 

$2.00/ib. 
(25¢) 

$3.50 for a 50 lb. 

bag. 

$2.77—3.25/gal. 
li°¢l 

S2.00—2.58/gal. 
l5¢l 

$3.50—4.00/gaL 
(10¢) 

$2.90/ib. 
(10¢) 

$3.00/gaL 
(40¢) 

$24—3o/ton 
l4°¢l 

Where Used 

Offshore drilling 
rigs] id fuel spills; 

loading dads: and 
paper ml'll with. 

A Connecticut beach. 

Tests an inland 
waters. 

Tests an inland and 
sea waters. 

Ocean Eagle spill. 

Torrey Canyon, 
General Ceioco- 
trenle, Ocean 
Eagle. 

General Colaco— 
tronls. 

General Coloco- 
tronls, Esso Essen 
(Capetown, South 
Africa). 

Laboratory and 
field tests. 

Lagoon near Aber- 
rhaw generating 
station. 

Advantages 

Quid: acting. Re- 
duces fire hazards. 

Repuls trash as well 
as oiL 

Nontoxic to marine 
life. 

Ash residue is easily 
collected. 

Material is soft, so 
will not abrade 
pumps used to col- 

lectit. Nantoxic. 

Successful history of 
spill cleanups. 

Successful spill clean- 
up history. Nontoxic 
in concentrations 
used. 

Formulated to have 
low toxicity to ma- 
rine life. 

Burning will start on 
layers i/4~in. thick 

and can be con- 
trolled by spraying. 

Quickly hides oiL 
No observed ill ef. 

fed on sea life. 

Disadvantages 

Toxic to some marine life. Wave 
action needed for eFFediva 
usage. Best on light-ends at 
spills. 

Requires constant supply at air, 

and large inih’al investment. 

May not work in rough seas. 
Considerable initial investment. 

May not work in rough seas. 
Needs significant oil thickness to 

work. fire hazard. Air polltr 

Hon. Best on light-ends. 

Material is very dusty. Con- 
siderable eFFort 

collecting the agglomerated oil. 

required in 

Toxic to some marine life. Wave 
action needed for eFtecrive 

usage. Best on lightvends. 

Wave action needed for eF‘tec- 

tive usage. Best on light-ends. 

Wave action needed for effec- 

tive usage. Best on light-ends. 

Produce: air pollution and fire 
hazards. May be hard to start 
in rough seas or on thin oil slicks, 

Material is fiufiy, may give ap- 
plication problems on breezy 
seas. Weathered oil's specific 

gravity may be too high for 

this treatment. 

(after Pattison , 1969)

~ 
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and contaminates surrounding areas. 

Some of the more serious pollution problems are caused by leakage 
of oil or gas from storage areas. Environmental consequences of transport 
and storage of liquid propane could be quite serious. Reports indicate that 
39.5 million bbl of LPG will be exported from Alberta and stored in or near 
Sarnia. Within two years, 35,000 bpd of condensate and natural gas will be 
moved by inter-provincial pipelines to Eastern Canada. Underground storage 
systems must be enlarged. Two companies have underground storage facilities 
in Sarnia. The two beds used are the Salina B and the Salina A2 formations. 

Disposal of brine by deep well injection has limitations and dim 
long term prospects, other means must be developed for handling brines. 
The industry is in general ignoring problems in this area. 

A2,10 ORGANIC CHEMICAL INDUSTRY 

.1 Process Description 

The manufacture of organic chemicals is not a single industry but 
a complex of many. The number of organic chemicals produced on an 
industrial scale for commercial applications is at least in the hundreds. 

Petroleum and natural gases have become the principal source of 
raw materials for synthetic organics. Among the major chemicals present 
in these crudes are ethylene, propylene, butylenes, benzene, and toluene. 
Coal tar, a co—product of coke in the thermal degradation of coal is next 
in importance as a source of basic raw materials; the most useful obtained 
are benzene, toluene and napthalene. Benzene for example is used in the 
manufacture of mono— and dichlorobenzenes, aniline, maleic acid, phenol, 
styrene, benzene hexachloride, surfactants, and many other commercial 
chemicals. 

Process operations include thermal cracking, catalytic cracking, 
hydrogenation, distillation, separation, solvent extraction and chlorination. 

Fig A2—lO shows some of the operations and wastes. 

.2 Waste Constituents 

Wastewaters from the manufacture of organic chemicals are as 

wide ranging in composition as are the products manufactured. As in all 
industries, the wastewaters usually contain trace or larger concentrations 
of all raw materials used in the plant, or intermediates produced during 
manufacture, all final products, co—products and by—products. It is 
desirable, from a cost viewpoint, that these substances not be lost, but 
some losses appear to be unavoidable. Other important waste constituents 
include phenols, heavy metals, tars, phosphorus and cyanide. 

A2—34
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WASTE 

RAW MATERIALS 
(Petroleum Products) 

(Natural Gas) 

THERMAL SOLUBLE 
CRACKING ORGANICS 

HCl 

HCl 

HYDROCHLORINATION HYDROGENATION SOLUBLE 
ORGANICS 

MONOMERS DISTILLATION STILL RESIDUES 

INTERMEDIATE 
ORGANICS 

POLYMERS UNREACTED 
MONOMERS~ 

FIGURE AZ-IO 

FLOW CHART: ORGANIC CHEMICALS 
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A2—36 

It is sometimes impossible to carry out successful detailed analysis 
of the wastewater in which case it is necessary to analyse the wastewater 
in broad chemical classes, such as aldehydes or hydrocarbons. Analysis by 
compound or class of compound is useful in tracking down sources of pollution 
and in planning in—plant control of wastewater. However, for over-all 
pollution control it is preferable to adopt the parameters used by pollution 
control agencies. These include BOD, COD, colour, turbidity, suspended 
solids and similar tests. 

Many organic chemicals have limited solubility in water, however, 
many so—called insoluble organics such as benzene, toluene, chlorinated 
hydrocarbons have serious pollution characteristics even in the trace 
concentrations found (10 to 20 ppm). 

Objectionable conditions may be caused by organic materials at 
concentrations below 1 ppm. These include: taste problems caused by 
phenols, diphenylethers and chlorophenols; colour caused by unsaturated 
intermediates and dye by—products; toxicity problems caused by such 
materials as acrylonitriles and aldehydes; froth problems caused by surface 
active chemicals. Dissolved trace organic chemicals are considered to be 
one of the more difficult wastes to treat. 

.3 Waste Treatment 

.31 Normal Organic wastes can be destroyed completely by incineration 
but this is practical only for concentrated sludges.

' 

Typical treatments for organic wastes can be divided into three 
types — physical, chemical, and biological. 

Physical methods remove floating oils, solvents and insoluble 
liquid chemicals, which occur in most organic chemical wastes, by skimming 
in either conventional settling tanks or specially designed equipment such 
as oil separators. Flotation may be used to hasten separation of oils and 
other floatable material. The skimmed material is either recovered or 
simply incinerated. Centrifuging provides an accelerated form of settling 
but is normally too expensive for use on raw wastes. It can however be 
used to concentrate organic sludges and to dewater oily skimmings. 

Chemical treatment has a smaller role - mainly the removal of 
inorganics and for pH adjustment prior to biological treatment. Oxidation 
utilizing air, chlorine, ozone, or peroxide is employed on specific organic 
wastes such as phenols and cyanides. Coagulation prior to sedimentation 
is used on organic chemical wastes. Adsorption on carbon or cheaper but 
less effective adsorbents is currently used for only a few specific wastes. 
Trace concentrations of highly toxic organic wastes from detergent, pesticide, 
dye—stuff and medicinal chemical industries are removable by adsorption. 

Biological treatment is the most important treatment method. The 
normal methods used include: activated sludge; modified aeration; dispersed 
growth aeration; high rate aerobic treatment; trickling filters, and spray 
irrigation. All organic chemicals are not equally acceptable as food for



’ “.7. ‘ .,: {f '7 f - j «1., fiqmiTu'EF-‘WW'Y’A— "—r """— “‘" ’ ' v ” "’ "" "’* ' 
- h V 

WASTE PROFILES 

microorganisms, some are readily assimilated, others are refractory, and are 
degraded slowly. h 

To give an indication of the degree of treatment required by 
organics a biochemical treatability index (BTI) has been developed by 
Thompson and others (1969). This is based on the time taken for oxygen 
to be absorbed by the organic chemical at various decomposition stages. 

Biochemical treatability indices of selected organic chemicals are 
as follows: 

‘ ,1

~ 

CHEMICAL B.T.I. 

Ethanol 14 

.Benzoic Acid 21 

Benzaldehyde 32 i‘hi 
p .f 

Ethylene Glycol 43 
i l; 

Triethanolamine 123 
} 

‘g 

Methyl Ethyl Ketone 174
V 

Pyridine 194 ‘f 

Aniline 232
‘ 

Acetone 265 {a 

T—Butanol 321 :1 
\U 

Oxalic Acid 400 
M 

M- 
Acrylonitrile 483 ‘1

fl 

Thus a high BTI indicates that a substance will be difficult to
I 

treat and vice-versa. The BTI test does not give a complete insight into ‘ 

the treatment requirements of organic chemical wastes. For example highly
I concentrated acrilonitrile has high BTI (indicating that it is difficult 1 

to treat) but low concentrations of this substance (1 to 10 ppm) are A 
biodegradable and therefore treatable without difficulty. gov“ 

After biological treatment final clarification is necessary to 
remove suspended matter. In lagooning, separate sedimentation is not

g 

needed because the lagoon or oxidation pond serves for both bio—oxidation
; 

and settling. ‘

‘ 
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.32 Advanced The following treatment methods are utilized: 

wet combustion 

anaerobic digestion 

deep well injection 

— aerobic treatment 

- ion exchange 

removal of phenol and cyanide by: 

.33 Costs Capital costs and operating costs for the treatment of 
wastewaters from the organic chemicals industry by various treatment 
methods are given below: 

TREATMENT 
PROCESS 

Neutralization 

Primary Clarifier 
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EFFLUENT 
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Mgd

1 

CAPITAL COST
$ 

50,000 

85,000 

110,000 

126,000 

135,000 

32,000 

46,000 

57,000 

68,000 

75,000 

OPERATING COST 
$/yr per 1000 gal
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Capital and operating costs for a medium plant discharging 5 Mgd 
versus percentage removal for normal and advanced wastewater treatment 
methods are given below: 

CAPITAL OPERATING 
TREATMENT METHOD COST COST PERCENTAGE REMOVAL 

$/Year per Suspended 
$ 1000 gal BOD COD Solids 

Anaerobic Lagoon 800,000 8 60 33 SO 

Aerated Lagoon 1,600,000 18.2 80 44 O 

Activated Sludge 
(Incl. Sludge Disposal) 3,200,000 88 95 60 80 

*Activated $ludge 
Plus sand Filter 3,400,000 100 97 65 99 

Carbon Adsorption 6,500,000 260 100 99 lOO 

Ion Exchange 9,400,000 420 100 100 100 

SOURCE: Projected Wastewater Treatment Costs in the Organic Chemicals Industry 
Henry C. Bramer C. Fred Gurnham Industrial Waste Conference Purdue 1970 

Summary 

Recovery methods of organic chemicals now discharged to waste 
will continue to improve, with emphasis on salvage of unreacted raw 
materials and further utilization of by—products and co-products. One 
such recovery possibility under study is salvage of waste hydrogen chloride 
produced in large quantities in the chlorination reactions. The market 
for HCl is increasing with the steel industry changing over to HCl from 
sulphuric acid. Any excess HCl produced can be reoxidized to elemental 
chlorine and possibly improved chlorination methods can be developed to 
use HCl directly as the chlorinating agent. 

The outstanding trend in the organic chemical industry is the 
continuing introduction of new materials useful for consumer products 
e.g. organo plastics. This introduces new waste problems which should 
be overcome in the product development programme. 

IRON AND STEEL 

The Iron and Steel industry is well defined in Canada and concen— 
trated in a few areas. The modern trend of steel companies is toward 
integrated mills, and the old processes are gradually being phased out. 
The iron and steel industry is progressive and therefore this report will 
deal mainly with integrated plants. 
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FLOW CHART: INTEGRATED IRON AND STEEL PLANT
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.1 Process Description See Fig A2-ll 

.11 Coke Furnace The basic step in this operation is the conversion of 
coal into coke by dry distillation. The gases evolved from coke ovens 
contain a variety of useful chemicals such as ammonia and benzene which 
are recovered by scrubbing. The coke leaving the furnace is quenched by 
water, producing a liquid waste containing suspended solids. 

.12 Blast Furnace Coke, iron ore, and limestone are charged into the 
top of the blast furnace and oxidized by blowing heated air into the bottom 
of the furnace. Combustion of coke provides the heat necessary to attain 
the temperatures at which metallurgical reduction takes place. The function 
of the limestone is to form a slag that combines with unwanted impurities 
in the ore. Two sources of waste from the blast furnace are flue gases 
and slag. The furnace gases have a very high dust content; 60 per cent 
of the dust is dry collected and the remainder is washed from electrostatic 
precipitators. 

.13 Steelmaking Steel is a malleable alloy of iron and carbon produced 
by melting and refining the iron. Pig iron and scrap are refined to crude 
steel by various types of steelmaking furnaces such as the Bessemer 
converter, the open hearth furnace, the basic oxygen furnace and the electric 
furnace. In integrated steelmaking plants, only two of these methods — 

the open hearth and the basic oxygen - are important. 

In the open hearth method pig iron and scrap are charged to the 
furnace and heated to the melting point. Hot compressed air is passed over 
the bath, oxidizing impurities. The impurities collect in the slag formed 
by a limestone flux on the surface of the bath; the slag is removed by 
skimming. 

The basic oxygen method employs a water—cooled lance directed on 
to a mixture of scrap iron, molten iron and flux in an open-topped vessel. 
It is likely to assume greater importance in the future since the process 
is considerably faster than the open hearth method. The DOFASCO plant at 
Hamilton, Ontario, has recently installed basic oxygen furnaces. 

.14 Hot Rolling Mills Crude steel is processed in hot rolling mills into 
finished and semi—finished steel. Water is used in this process for the 
removal of oxide Scale, which forms on the surface of the steel, producing 
a waste high in suspended solids. 

.15 Pickling This is an operation to prepare the steel surface for 
application of protective coatings. Pickling chemically removes scale, 
oxide and other foreign matter from the steel to obtain a chemically clean 
surface; it is normally done with solutions of sulphuric or hydrochloric 
acid. 

.16 Cold Rolling Mill Cold rolling is a process for rolling sheet and 
strip steel from ingots which have been produced by hot rolling and cleaned 
by pickling. The process is carried out at room temperature for the purpose 
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of elongating the ingots and reducing their thickness. This process generates 
heat which is dissipated by lubricating oils such as palm or synthetic oils. 
These oils are emulsified in the process and create an oil separation 
problem. The end product is cleaned using an alkaline solution to remove 
the lubricating oils prior to protective coating operations. 

.2 Waste Constituents 

The waste generated in an integrated steel complex can be 
characterized into groups as to type and sources of waterborne material. 

.21 BOD Loading This is a minor waste problem in comparison with other 
wastes leaving the plant. - 

.22 Suspended Solids Although not the most difficult waste characteristic 
to deal with, the sheer volume of suspended solids generated by an integrated 
steel mill makes suspended solids one of the most important constituents of 
the combined waste. A plant of typical technology will produce 125 lb 
of suspended solids per ton of steel produced, with the following sources 
of these solids: 

— blast furnace 44.5 lb 

— sinter plant 24.4 lb 

— hot rolling mills 56.1 lb 

— cold mills 0.5 lb 

The suSpended solids consist mainly of iron oxides. 

.23 Phenols, Ammonia and Cyanide These are found mainly in the wastes 
from the coke furnace, although they are also found in the blast furnace 
gas-washer water, but at much lower concentrations. 

.24 Oil and Oil Emulsions These wastes consist of mainly oils, greases 
and emulsions and come mainly from the rolling mills. 

.25 Pickling Acid wastes come from the pickling stage, where acid is 
used to remove iron scale from the surface of the rolled steel. The acids 
used are mainly sulphuric acid and hydrochloric acid. The tendency these 
days is to eliminate sulphuric acid as a pickling acid. Iron salts are 
present in pickling wastes. 

.26 Alkalis Alkaline wastes come from the final surface preparation 
of steels and are easily neutralized with spent acid. 

.27 Cooling Water Cooling water discharges comprise 75 per cent of steel 
mill effluents and are usually 10 to 15 deg F warmer than the water withdrawn 
from the source of supply. The rise in temperature is the only change 
in water used for indirect cooling and is usually not significant if the
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effluent is discharged into a reasonably large stream. However, discharged 
cooling water can have an adverse effect on certain plants where the 
receiving stream is small and supports a temperature—sensitive fish 
population. A drop in the dissolved oxygen concentration due to lower 
solubility at higher temperature may also have harmful effects. 

.3 Treatment Methods 

.31 Normal Suspended solids from blast furnaces, sinter plants and hot 
rolling mills are removed by sedimentation. For blast furnace effluents 
removal efficiency is about 94 per cent, which can be increased to 98 per 
cent if coagulants are used (in 1967 only 5 per cent of U.S. plants used 
coagulant aids but this is forecast to increase to 25 per cent by 1977). 
For hot rolling mill effluents removal efficiency is about 91 per cent, 
which can be increased to 95 per cent by using coagulants (2 per cent of 
U.S. plants used coagulant aids in 1967, forecast to increase to 10 per 
cent by 1977). In both cases recirculation of water would increase 
removal efficiencies. 

Suspended solids in cold mill waste streams may be reduced by 
recirculation of the rolling emulsion and through the use of magnetic 
separators, or coagulation and sedimentation. Removals are as follows; 

— sedimentation and coagulation 
with no recirculation 50 per cent 

recirculation alone 50 per cent 

recirculation and magnetic 
separation 80 per cent 

recirculation and coagulation 
and sedimentation 80 per cent 

There are two sources of wastes containing phenol, cyanide and 
ammonia: 

(i) leakage from by-product recovery units at the coke plant 

(ii) blast furnace gas—washer water. 

Normally the gases evolved in the coke plant are treated in two 
by—product recovery units and a single phenol recovery unit. Recovered 
materials include ammonium sulphate, naphthalene, benzene, sodium phenates 
and tars. The effluents from these recovery units can then be treated by 
'bio-oxidation. 

Lubricating oils are the most difficult waste disposal problem 
at present in Canadian steel plants. In most plants the oils are either 
not treated or are treated in lagoons using a coagulating agent. The 
coagulating agent will act on hot—rolling mill oils and cause them to
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become sufficiently heavy that they will settle out of the water. 

Treating the oily emulsions from the cold—rolling mill is 
considerably more complex since the emulsions must be broken. At the 
present time, no Canadian plants are treating these emulsified oils 
despite efforts to find adequate treatment methods. Several experiments 
have been made to reclaim the oil using Skimmers etc, but so far these 
have been unsuccessful. 

Sulphuric or hydrochloric acid is used in the steel mill to 
pickle or clean the steel surface prior to finishing. 

In theory, the spent sulphuric acid can be neutralized before it 
is discharged from the plant. In practice, Canadian steel companies have 
relied on dilution and discharge to natural waters. The spent solutions 
from continuous picklers contain 5 to 9 per cent free acid, 13 to 16 per 
cent ferrous sulphate and from batch operations the spent solutions may 
contain 0.5 to 2 per cent free acid and 15 to 22 per cent ferrous sulphate. 
Methods such as discharging the acid over slag have proven unsuccessful 
since the acid tends to channel through the slag and again leaches into 
the natural drainage of the area. Other methods that have been tried 
include deep well injection. However, this method has been unsuccessful 
due to attack of the acid on the strata in the area. The most economical 
method available at present is liming and lagooning. Here the acid is 
neutralized and iron and other salts precipitated as their hydroxides. 
The water in the lagoon either can be recycled back to the plant for 
cooling, quenching or other uses, or discharged to natural watercourses. 
Sometimes the effluent is treated with lime to remove trace metals. 

Hydrochloric acid pickling wastes are much easier to dispose of 
than sulphuric acid. Here the current thinking is towards recovery and 
recycling of the acid and the removal of iron as ferric chloride; this is 
done at the STELCO Hamilton plant where 97 per cent of pickling is done 
with hydrochloric acid. Greater use of FeCl3 will be made as more sewage 
plants are modified for phosphate removal. 

Alkaline wastes occur in cleaning solutions which are used to 
remove rolling mill oils prior to the finishing operation. Caustic soda, 
soda ash, silicates and phosphates are common cleaning agents. Spent 
cleaning solutions contain saponified oils and dirt, and have a substantial 
residual alkalinity. Total volumes are small ranging from l,OOO to 10,000 
gallons per week for a typical steel plant and are normally successfully 
added to acid wastes before they are discharged. 

.32 Advanced The amount of waste suspended solids produced by a steel 
plant can be considerably reduced by using the IRSID — CAFL process, which 
incorporates a closed—circuit dust—collecting system where water is recycled 
and dust particles are directed to a sintering plant. 

More complete removal of phenol and cyanide can be achieved by 
"polishing" with ion—exchange units. 

\.———«
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The most advanced technique knOWn for dealing with emulsified oils 
is deep bed filtration, a type of filtration process where the solids 
penetrate into voids of the filter media. A recent installation handling 
12,000 gpm of cooling water from a hot slabbing and scarfing mill which 
produces an effluent containing 800 ppm suspended solids and l6O ppm of 
lubricating oil, gave an effluent in the range of l to 5 ppm suspended solids 
and 0.5 to 3.0 ppm oils. The resin used in the filter is known as 
"Hydromation Polymer" which has four times the filtration ability of 
fine sand. Such a system has an efficiency of greater than 99 per cent 
and has been shown to have the ability to recover even from excess oil 
caused by major spillages. Deep bed filtration has been common practice 
for several years in American mills for removing fine mill scale and oil 
from steel mill and hot rolling wastewaters. This type of waste treatment 
currently is under design for several applications in the Canadian steel 
industry and several major systems are in use on the American side of the 
Great Lakes. 

The ion—exchange process can be used to remove trace metals from 
wastes from sulphuric acid pickling plants. Another method of dealing 
with these wastes is the Dupont WPL process, in which lime and an oxidant 
are added to the wastes which precipitates iron oxides and also produces 
a neutral solution. 

.33 Costs Capital costs for waste treatment facilities for various 
stages in steel manufacture are given in Table A2—6. It is estimated 
that a capital investment of between $70 million and $100 million is 
required to provide satisfactory waste treatment facilities for current 
steelmaking facilities in Canada, which have a capacity of 13 million tons 
a year. 

Operating costs for waste treatment processes expressed in terms 
of net costs per 1000 gal are given in Table A2—7. 

.4 Summary 

Blast furnace operations are likely to change only a small degree 
in detail in the immediate future. Larger furnaces will probably be built 
and improved recovery systems incorporated. The basic oxygen furnace will 
probably replace the open hearth furnace (currently accounting for about 
50 per cent of steel ingot production in Canada) as a primary steelmaking 
process and improved recovery systems such as the IRSID—CAFL process will 
probably be incorporated. Dry filtration of furnace dust using Baghouse 
filters will gradually replace the wet scrubber systems. Automation of 
rolling mills will become more and more common with a few mills under 
complete computer control. Pickling with hydrochloric acid in vertical 
towers with acid regeneration will replace sulphuric acid in much of the 
strip pickling, and therefore solve a good portion of the pickling 
solution disposal problem. 

Finishing processes are constantly being developed as the steel 
industry looks to competition from other materials. Thin tin plate, steel 
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TABLE A2-6 

Capital Cost of Waste Treatment Facilities 
for Steel Plants 

AVERAGE CAPITAL COST 
TREATMENT METHOD UNIT PER UNIT 

Plain Sedimentation 

Blast furnace and sinter plant Ingot ton/year $1.25 
Hot rolling mills Ingot ton/year $1.67 

Coagulation and Sedimentation 

Blast furnace and sinter plant Ingot ton/year Sl.38 
Hot rolling mills Ingot ton/year $1.84 
Cold mills Ingot ton/yea: $2.00 

Recirculation and Magnetic 100 gpm $20,000. 
Separators 

Biological Treatment Ingot ton/year $0.20 

Deep well Disposal Plant $500,000. 

Ion Exchange 50,000 gpd $100,000. 

Neutralization and Sludge Lagooning 100.000 gpd $1,000,000. 

Regeneration of Pickle Liquor 100,000 gpd $4,000,000. 

TABLE A2-7 

Net Operating Cost of Waste Treatment Facilities 
for Steel Plants 

Process Net Costa 
5/1000 gal 

Blast Furnace and Sinter Plant 

Plain sedimentation 0.15 
Coagulation and sedimentation 0.27 

not Rolling Hills 

Plain sedimentation 0.05 
Coagulation and sedimentation 0.07 

Coke Plant 

Biological treatment 0.15 

Pickling Waste 

Neutralization 20.00 
Regeneration 8.80 

Deep Well Disposal 1.00 

Ion Exchange 2.50 

a. Net Cost = Direct + Indirect Costs — Credit 

SOURCE: FHCPA The cost of clean water, vol.III industrial waste profile 
no. 1: blast furnace and steel mills. Washington BC. 0.5. 
Dept. of the Interior. 1967 
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foil, steel clad with other metals, and a variety of formed and coated ;fl in 
products are among the products under development. ‘r‘ p 

Reuse of water in the steel industry will increase in the future. 
Some of this increased reuse will be for the purpose of conservation in 
localized situations of water shortages but the principal factor influencing « 

a reuse will probably be the increasing requirement of high effluent
' 

quality. High—reuse systems will require effective treatment methods to 
remove contaminants that have built up during recycling. 

PULP AND PAPER 

Pulp and paper is Canada's largest manufacturing industry as 

measured by value of production; in 1969 the 139 mills in Canada produced 
18 million tons of pulp and paper products, of which roughly half was 
newsprint, 30 per cent wood pulp export and 20 per cent paper and paperboard. 

It was agreed with the Committee that in View of the extensive 
work being done by federal government agencies in collaboration with the 
Canadian Pulp and Paper Association on the liquid waste aspects of the 
pulp and paper industry a detailed investigation of this industry was not 
warranted in this study. Data that were readily available from "in house” 
sources have been tabulated with particular emphasis on the kraft process. 

.1 Process Description 

Most paper is made from wood although small amounts are made from 
textile fibres such as flax, cotton, rag and jute. Wood is made into a 

pulp which is converted into one of many different kinds of paper. Removal 
of bark from the cut logs is an operation common to all the pulping processes 
described. 

There are three basic methods of making pulp" 

— by the "groundwood" process 

- by chemical digestion 

- by a combination of mechanical grinding and chemicals 

It is estimated that about 60 per cent of Canadian pulp production 
is by chemical methods and 40 per cent by mechanical methods (excluding the 
combined method). The principal chemical methods are the kraft (or alkaline 
sulphate) and sulphite (more accurately "bisulphite") processes. The 
present level of kraft pulp production (estimated as 30 per cent of total 
Canadian pulp production) is likely to rise faster than that of any other 
method. Groundwood production will continue to grow, but more slowly; 
however the outlook for growth in sulphite pulp production is poor. 
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Pulp may be bleached or unbleached before it is made into paper. 
Groundwood pulp is bleached with zinc hydrosulphite whereas most chemical 
pulps are bleached with chlorine, hypochlorite or chlorine dioxide. 

Paper products fall into four groups as follows: 

- fine papers, e.g. bond, book, mimeo and other quality white papers; 

— coarse papers, e.g., newsprint, wrapping, container board, and 
building products; 

— tissues, e.g., utility tissues, paper handkerchiefs; 

— specialty papers, e.g., photographic, monetary, electrical 
insulating, etc. 

It is apparent therefore that a pulp and paper mill can be one 
of many different things, depending upon its end product. Newsprint is 
‘manufactured mainly from groundwood pulp with 20 to 25 per cent of sulphite 
or kraft pulp added. Paperboard is made mainly from kraft pulp. Fine 
papers are made mainly from sulphite pulp and rag stocks. Fig A2—l2 shows 
a simplified diagram of the processes involved in pulp and paper production. 

.2 Waste Constituents 

The three major problems in handling these wastes are BOD (COD), 
suspended solids, and refractory organics such as lignin and ligno— 
sulphonates, which make kraft mill effluents toxic to fish and other forms 
of aquatic life. Bark fines produced during the debarking operation con— 
tribute to the suspended solids problems. Additional problems are odour 
and foaming. 

One important aspect of waste from pulp and paper mills is the 
sheer magnitude of it. A 500 tpd mill could discharge from 7 to 70 Mgd 
depending on the processes used and the age of the mill. The most 
significant contents of the waste are: BOD; COD; dissolved solids; suspended 
solids; total solids; pH; heat. The ranges of numerical values of some 
of these are as follows: 

— BOD 125 to 300 ppm, average 200 ppm 

— COD 600 to 1600 ppm, average 1100 ppm 

— Susp. solids 150 to 1600 ppm, average 300 ppm 

~ Diss. solids 700 to 1700 ppm, average 1000 ppm. 

Mercaptans, lignins, phenol-like compounds, chlorine and sulphur 
are part of the complex of chemicals present in the wastes and are important 
contributors to its toxicity, colour and odour, and to foaming problems. 
It is the presence of these chemicals that led to pulp and paper mill 
wastes being put in Category C.
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Fatty acids, essential oils such as turpentine and tall oil, 
and microbes are also problem waste constituents. 

In the past some wastes contained mercury, which came from either 
a caustic/chlorine plant or from the use of mercury—based slimicides; the E latter are no longer used and the mercury problem associated with caustic/ 
chlorine plants has been greatly reduced since greater awareness of the 
problem has led to the introduction of improved methods of recovery. 

Effluents from bleach plants in chemical pulp mills usually consist 
of two distinct streams, one acidic and one alkaline; blending of these 
streams usually results in an acidic effluent. 

Effluents from paper mills using zinc hydrosulphite for bleaching 
groundwood pulp are estimated to contain 70 ppm of zinc (estimate based on 
consumption of 20 lb of zinc hydrosulphite per ton of groundwood pulp, which 
contains about 7 lb of zinc; this amount of zinc would be present in about 
l0,000 gal of wastewater) . The quoted consumption rate of zinc hydrosulphite 
-is for mills in British Columbia; mills in Eastern Canada are believed to use m 
less because the woods processed are lighter in colour. 

Concentrations of 70 ppm zinc would be toxic to many species of fish 
and it is known that the oyster fishery in British Columbia has been adversely ‘

1 

affected. 

The temperature of waste streams is around 60F in winter and 90]? 

in summer. 

.3 Waste Treatment 

that have been in established use in many mills for some time. The 
percentage of Canadian mills that have at least the normal treatment plant 
(primary treatment i.e. solids removal) is not known; it is likely that 
older mills do not have such facilities whereas newer mills usually do. 

The methods described below under "Normal" can be considered those 

.31 Normal The objective of primary treatment is to remove suspended 
solids; this is done by using either sedimentation basins or clarifiers.

‘ 

About 80 per cent of suspended solids are removed, corresponding to a E 
removal of 95 to 100 per cent of settleable solids. At the same time BOD 
is reduced by between l0 and 50 per cent and COD between 10 and 30 per cent. T 

A highly organic sludge results from the settling process and this is E 
disposed of in holding ponds or, if it has been mechanically dewatered, is , 

used as landfill or is incinerated. 

In secondary treatment the objective is to reduce BOD and COD,- E 
this is done by biological methods such as stabilization basins (with or 
without aeration), activated sludge and trickling filters. Since mill

E effluents are generally deficient in nitrogen and phOSpnorus, these mineral 
elements are added in the form of phosphoric acid and either aqueous or 
anhydrous ammonia, in BOD: N: P ratios of lOO:5:l. Secondary clarifiers 
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are often used with activated sludge systems. The activated sludge method 
or the contact—stabilization method, which is a modified form of activated 
sludge, are the most successful forms of secondary treatment in Canada. 
Removal of BOD is between 75 and 95 per cent; removal of COD is between { 

30 and 70 per cent; removal of colour is between 10 and 30 per cent. ‘

, 
In warmer climates, such as the southern United States, greater use is made 1* W 
of stabilization basins. Trickling filters have a low removal performance 
(about 40 per cent removal of BOD) and problems of clogging, which still 
arise even with plastic filter media, make them unattractive as a possible 
secondary treatment system. After treatment at least 50 to 60 per cent 

‘ 

.L 

x of the COD values remain. Refractile compounds such as lignin and ligno— 
‘ A 

sulphonates are the primary residuals remaining. “'1,1 

Although most individuals believe that these compounds have little 
effect on the environment, the fact is detailed studies in this area are 
lacking. Lignin does have chemical properties which could cause some 
ecological upsets e.g. as surfactants, polyelectrolytes, etc. I}

p 

n: 

.. 

Neutralization can take place at any stage in the complete treatment ‘I a 
activity. After blending acidic and alkaline streams the resultant waste f ‘3 
is usually acidic and is neutralized with solutions of lime. T 

The zinc problem in effluents can be overcome by using sodium ' §_ 
hydrosulphite, instead of zinc hydrosulphite, in bleach plants. 

.32 Advanced There are no advanced primary or secondary treatment methods 
‘

4 

that have been developed recently and are competing with established ‘

{ 

treatment methods. Present emphasis seems to be on reducing the amount of ;;V1 
wasted materials by introducing in—plant process improvements.

1 

Solids handling and disposal presents real cost problems. 
Electroflotation may be effective in solids removal; cost data for this 
process, which has only recently been developed are not available. Micro— 
biological digestion of solids also needs development study. 

Desalination offers some potential in removing certain inorganic 
wastes. 

It is emphasized that new product development and uses for lignin 
must be pursued: lignin must be treated as a raw material, not solely 
as a waste. 

.33 Costs Some capital cost data for a medium size plant (500 tpd) 
are given in Table A2-8. 
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TABLE A2-8 

Capital Costs and Economic Life of Wastewater 
Treatment Facilities at a Medium Size Plant (500 tpd) 

of Present Technology 

Estimated Capital Costs 

Bleached Kraft Bleached Sulphite 
Economic Life Process Process 

yr $ $ 

Pretreatment 

Grit Removal 25 21,000 15,000 
Bar Screen 25 39,000 31,000 

Primary Treatment 

Gravity Clarifier 25 235,000 114,000 

Secondary Treatment 

Nutrient Addition 20 13,000 19,000 
Activated Sludge 20 408,000 329,000 
Aerated Lagoon 30 1,044,000 458,000 
Secondary Clarifier 20 281,000 158,000 

Sludge Disposal 

Gravity Thickener 20 26,000—30,000 12,000—20,000 
Vacuum Filter System 20 400,000—450,000 100,000—250,000 
Centrifuge 20 120,000 29,000—68,000 

SOURCE: The cost of clean water: vol III, industrial waste profile 
no 3 — paper mills, except building. U.S. Dept. of the 
Interior. FWPCA. Washington, D.C. 1967 

It is to be noted that a more recent reference (H.R. Amberg 
in "Industrial Water Engineering", Nov 1970, p 26) gives capital costs 
of $1.15 million for an aerated lagoon to treat unbleached kraft mill 
wastes and $2.9 million for an activated sludge plant to treat bleached 
kraft effluent, for a 500 tpd mill. 

fill! 

all! 

valll 

i-r



" Vigil; VJ - «
‘ 

WASTE PROFILES
~

J 

The following table indicates the reduced wastewater treatment f“‘ i 

costs for plants with newer technology versus present technology. 
"

1 

TABLE A2—9 1‘ 
1. 

Capital and Operating Costs for Wastewater > 

Treatment in Integrated Paper Mills 

Total capital Cost for 

; .4 

‘ 

i

1 

Treatment Facilities per Total Treatment Facility j W 
Unit of Mill Capacity in Operating Costs per Ton

i Tons per day of Production ‘

1 

Technology Bleached Bleached Bleached Bleached '

3 

Kraft Sulphite Kraft Sulphite 
_ 

‘4 

Mill Mill Mill Mill ‘1 ? 

Present $3,000—7,000 $5,000-l4,000 $l.60—3.4O $3.50-7.3O d} 

Newer $1,900-3,120 $2,500-4,200 $l.lO-l.6O $l.30-2.3O 7

% 

SOURCE: The cost of clean water: vol III, industrial waste profile 
no 3 - paper mills, except building U.S. Dept. of the 
Interior. FWPCA. Washington, D.C. 1967 

L..._r 

..= 

A report in the Toronto Globe and Mail of May l2, l97l (Report 
on Business) indicated that between $650 million and $750 million (plus or 
minus 25 per cent) would have to be spent on further waste treatment plant 
for liquid wastes from Canadian pulp and paper mills. 

.4 Summary 

Untreated wastes from the pulp and paper industry are a serious 
nuisance because of the high levels of BOD, COD, suspended solids and 
dissolved solids, and are potentially dangerous because of the presence of 
toxic compounds such as ammonia, methyl mercaptans, chlorine and sulphur. 
In the past there has been some discharge of mercury from caustic/chlorine 
plants. Pathogenic microbes in the treated plant effluent may cause 
problems. 

Satisfactory treatment methods are available to reduce the nuisance 
elements to a reasonably low level. The proportion of plants in Canada 
having such treatment is not known, but it is believed to be of the order 
of 5 per cent. It is likely therefore that a great deal could be done 
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using conventional treatment methods. Although newer plants tend to have 
such facilities there is a problem with older plants which either do not 
have sufficient land available for lagoons or cannot afford to build the 
more sophisticated treatment plants that require less land. 

Known primary and secondary treatment methods do not give 
satisfactory reductions in toxic constituents of mill effluents. In 
addition, more research is needed to define the toxicity of lignins, methyl 
mercaptans and phenol. It is clear that increased recovery of chemicals 
will reduce the rate of production of toxic chemicals that are discharged. 

Although the industry is experiencing difficulties due to various 
international financial factors it is reasonable to suppose that it will 
grow in the long term at between 4 and 5 per cent per annum. The 
accompanying increase in discharge of lignins, methyl mercaptans and phenols 
emphasizes the need for research into their toxicity. At the same time it 
is hoped that process improvements, which are being intensively studied 
by the industry, will lead to lower levels of generation of polluting 
substances. 

MINING OF NON-FERROUS METALS 

.1 Process Description 

Included in this category are the extraction and concentration 
of the non—ferrous metals, copper, lead, zinc, nickel, molybdenum and 
mercury. Uranium is dealt with in A2.l4. Extraction of these metals 
involves either underground or open pit mining and the implications with 
respect to controlling water pollution are somewhat different for each as 
discussed in the following section. Concentration normally involves 
crushing and grinding the ore to the order of 80 per cent minus 325 mesh, 
followed by differential flotation of the metal constituents which are 
then thickened. A wide range of flotation agents is employed ranging from 
simple inorganic chemicals to complex organic frothers and surfactants. 
All solids introduced to the milling circuit, with the exception of the 
recovered metals and by—products, are discharged to tailings including 
the reaction products of the reagents used. Ore concentrates are either 
kiln dried or shipped as filter cake. Figure A2-l3 illustrates the 
extraction process for copper/lead/zinc ore. 

Process water demands vary between 250 and 420 gal/ton of ore 
processed in newer mills but recirculation is becoming increasingly common 
both within the mill circuit and by reclaiming tailings water. There are 
now several examples of base metal concentrators that produce no effluent 
during dry weather conditions. 

.2 WmmeCmmfitmnm 
Mining wastes can be grouped into three broad categories:
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- Process effluent (tailings) 

- Surface drainage 

— Mine drainage 

Tailings contain a high concentration of settleable solids varying 
in size from coarse sand sized particles to micron dimension slimes, in 
volumes that approximate to the volume of ore processed. It also contains 
the chemical reaction products of the process reagents used, typically in 
low concentrations, and has a high pH. Where the ore processed is 
sulphide—based, the tailings will often contain partially oxidized thic— 
salts which will generate acid on further bio— and chemical oxidation. 

Surface drainage can be an extremely serious source of con— 
tamination, particularly in areas where sulphides are present. Biochemical 
oxidation of the sulphides generates acid conditions and leaching of heavy 
metals from waste rock piles and exposed rock faces. Transport of particulate 
sulphides from general working areas and their subsequent deposition and 
oxidation in swamps, ponds or stream beds causes similar effects. 

Mine drainage from either open pit or underground workings varies 
widely in volume depending on size of operation, local hydrogeology and 
rainfall, but will typically be acid and high in heavy metals where sulphides 
are present. 

.3 Treatment Methods 

.31 Normal Process effluents (tailings) are most commonly treated by 
precipitating the heavy metals as their insoluble hydroxides by maintaining 
the pH above 8. Although the effluent is commonly alkaline, excess lime 
is often used (i.e. in excess of stoichiometric requirements), which maintains 
the pH above 10. Extremely large quantities of lime may be needed (as 
much as 500,000 lb/month in New Brunswick). Precipitation and sedimentation 
occurs in tailings ponds, where the solids are usually stored in perpetuity. 
Many mines pre—aerate the process effluent but this practice is not 
universal. 

Surface drainage, if acid and high in heavy metals, must be 
collected, neutralized, and the heavy metals precipitated either 
independently or in the tailings treatment facilities. However, emphasis 
should be placed on segregation and separation of uncontaminated areas and 
the minimization of drainage that requires treatment. Mine drainage is 
normally treated in a similar manner to surface drainage. 

Ferrous iron in the drainage water may result in an extremely 
voluminous precipitate of metal hydroxides. Thickening of the sludge to 
a point at which it could be readily drawn off and handled or stored and 
thereby not interfere with clarification of the treated water can present 
a very difficult problem.
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Copper may be recovered from highly concentrated solutions by [ 

cementation methods. 
r

a 

.32 Advanced Recirculation of reclaimed tailings water is becoming .
! 

increasingly common but residual flotation agents can be a problem. Bio— ‘ 

stabilization of thio-salts in tailings ponds effluents has been introduced , 

‘

Q 

in New Brunswick to prevent the generation of acid downstream. j a 

Various methods of thickening voluminous iron hydroxide sludges v ‘ 

from AMO neutralization have been examined in the United States. The I

j 

"High Density Sludge Process" appears to be the most promising approach 
‘

d 
and a system based on this principle is presently being constructed in New , 

Brunswick. Lime is added to the sludge underflow and the mixture is i 

returned to the main treatment stream. This results in a denser sludge ‘ (- 

with better settling characteristics. 
‘

4 

Trace metals (Cu, Zn, Hg, Cd) can be removed by ion exchange, 
1 '; 

reverse osmosis, dialysis, solvent extraction, activated charcoal and I

é 
thermal methods.

‘ 

With the possible exception of solvent extraction, none of these 
methods has been applied under field conditions. Ion exchange appears the ; 

most promising but there will be problems due to poisoning, selectivity ; 

and regeneration of the resin. Reduction of high levels of dissolved 
solids (which may be required in Ontario) will probably be best achieved 
by reverse osmosis.

' 

:{ 

Mine drainage can often be used as process make—up water; this 
is being advocated in Ontario and is becoming more prevalent elsewhere. 
Pre—treatment of acid mine drainage by simple pending is also advocated 
in Ontario but seldom used elsewhere. 

.33 Costs Ranges of total costs of treating mine drainage are given 
in Table A2—lO. i 

.4 Summary 

Water quality standards vary from 0.1 mg/l total heavy metals in 
Ontario to as low as 3.5 ug/l copper OR 54 ug/l zinc in New Brunswick 
where the objective is protection of Atlantic salmon (to which heavy metals 
are toxic at very low concentrations). It would appear that the additional p 

lime precipitation of metals, together with biostabilization of the 
effluent if necessary, can achieve satisfactory effluent qualities if 
properly controlled in most circumstances during the operating phase of 
a mine. Increasing use of recirculation and waste minimization measures 
further endorse this View. Key problems facing the industry relate to 
rehabilitation measures including the control of treatment of acid 
generation in sulphidic tailings deposits; continued contaminated surface 
drainage from rock faces, waste rock piles etc; and overflow or seepage 
from abandoned mine workings. 

A2-57 

, .. ~ .,,,. r..- wwwi, ~ ‘”* a 'rr'*v;» as ‘ ,,' .nla-



WASTE PROFILES 
Ii 

TABLE A2—lO 
I

‘ 

Cost of Treating Mine Drainage 

Treatment Controlling 
Process Range of Cost Factors 

$/lOOO gal g1 

Neutralization 0.05 — l.lO Water quality, size 
of plant

i 

Reverse Osmosis 0.68 — 2.57 Size of Plant 

Electrodialysis 0.58 — 2.52 Size of plant, amount
; 

of pretreatment,
I dissolved solids 

Crystallization 0.67 — 3.10 Freezing process, size 3 

of plant ll! 
:1 

Ion Exchange 0.30 — 2.53 Size of plant, M 
dissolved solids 

SOURCE: The cost of clean water and its economic impact: vol l, the 
report. U.S. Department of the Interior. FWPCA, Washington,

i 

D.C. 1969 

A2.l4 MINING OF URANIUM 

.1 Process Description i 

As shown on Figure A2—l4 several alternative processes are used 
in the concentration of uranium. Preliminary operations are similar in

u 

all cases; the ore is hauled from the mine after primary classification 
and rejection of low grades, is fed through a crushing and grinding circuit I and then extracted by either an acid or alkaline leaching process.

I 

Alkaline leaching is normally used if the ore has a high lime 
content and is in many respects simpler than acid leaching because the 
alkaline leach dissolves very little material from the ore except uranium 
which can therefore be directly precipitated from the pregnant liquor. 
High temperatures (250F) and pressures are invariably used in the alkaline 
leaching process. The pregnant liquor is separated from the spent solids 
by various physical methods such as filtration, decanting or sand slime 
separation.
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Acid leaching involves the utilization of sulphuric acid at pH 
close to 1.0 for periods of about 12 hr. Several impurities are dissolved 
along with the uranium and it is necessary to employ selective ion exchange 
or solvent extraction methods to recover the uranium. Column or resin—in—pulp 
ion exchange methods are used with the latter being the more recent 
development eliminating the need for prior solids separation. Uranium 
is stripped from the resin using nitric acid and is then precipitated with 
lime and ammonia. Solvent extraction is an efficient alternative to ion 
exchange and tributylphosphate in kerosene is commonly used as a solvent. 
The uranium is precipitated from the pregnant liquor, thickened and packed 
for shipping. 

.2 Waste Constituents 

From the above brief description of the process alternatives it
i can be seen that a wide variety of chemical wastes emanates from the ! extraction process. However the prime concern in uranium processing is 

the control of radioactive isotopes. Uranium 238 normally accounts for 
more than 99 per cent of the uranium content in natural ores and includes 
in its decay series Radium 226 (half life 1620 yr) which is extremely 
toxic — control of Ra 226 emission is therefore a priority in uranium 
production. Acid leaching dissolves only 0.5 per cent of Ra 226 in the 
original ore while alkaline leaching dissolves about four times that amount. 
Most of the Ra 226 therefore passes through the process and is deposited 
in the tailings. Of that which is dissolved 93 to 95 per cent appears in 
the waste stream to tailings in the case of acid leaching whereas virtually 
100 per cent is shipped in the yellow cake (final concentrate) where 
alkaline leaching is used. Wastewater volumes average 850 gal/ton for 
acid leach plants and 250 gal/ton at alkaline leach plants. 

Chemical waste characteristics are influenced by trace elements 
in the ore such as boron, selenium, lead, fluorine, arsenic, vanadium, etc. 
Alkaline leach mill wastes have a pH close to 10, high total alkalinity, 
high Na ion concentrations due to the use of Na2CO3 and NaOH, and often 
high COD due to the presence of chemical oxidants. Acid leach wastes have 
a pH near 1 with high sulphate concentration and high nitrate and low 
chloride ion concentrations where ion exchange is used. As much as l to 
2 lb of organic solvent per ton of ore may be discharged to waste where 
solvent extraction is used. These organics are very toxic to the aquatic

I environment. a 

Tailings contain the bulk of Ra 226 entering the mill and may 
also contain sulphides which cause acid generation and leaching problems. 
In sulphide areas acid generation and leaching of Ra 226 and heavy metals 
present cause similar but more severe problems (due to the radio-activity) r 

to those encountered in base metal mining (See page A2—56). 

.3 Treatment Methods 

.31 Normal As in the case of base metal mining wastes, the emphasis 
must be placed on waste minimization by drainage control and recirculation
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of tailings water as well as on treatment itself. The industry has made 
very significant advances in this respect in the past 5 to 10 yr. 

Perpetual storage and surface stabilization of tailings is now 
accepted practice but acid generation and leaching giving rise to 
contaminated seepage remain a problem. fl

é 

~.many dissolved solids including up to 90 per cent of Ra 226 in acid mill 
wastes and eliminates the directly harmful effects of high acidity or , 

alkalinity. 1 

I { 

Neutralization of acid or alkaline wastes causes precipitation of f 
l

i 

.32 Advanced Further reduction of Ra 226 may be achieved by precipitation 
with barium chloride or carbonate. Raffinate wastes from solvent extraction 
pose a treatment problem; excess solvent is skimmed off in stilling basins 
but some excess appears in the effluent. Deep well injection of acid mill 1

V 

wastes is used where conditions are favourable. .

; 

.33 Costs The following costs are applicable: 

— Ion exchange followed by neutralization 21¢/lb of uranium 

— Solvent Extraction 

Mill grade 22¢/lb of uranium y 
. ? 

High purity 27¢/lb of uranium f 

.4 Summary
' 

Many of the general characteristics and problems encountered 
with the uranium mining industry are similar to those posed by base metal 
mining but with the additional problems associated with radioactive 
contamination. Where the host rock contains sulphides, acid generation 
by biochemical oxidation and subsequent leaching of metals, including Ra 
226, necessitates the control of contaminated surface and mine drainage 
during the operating and rehabilitation phases. Rehabilitation of tailings 
deposits where sulphides are present poses a most serious problem 
particularly with respect to acid/radioactive seepage. 

A2.15 PRODUCTION OF ALUMINUM 

.1 Process 

Aluminum is produced by the reduction of crude or purified bauxite 
most of which is imported from the Caribbean area. In the Bayer process 
for the purification of alumina (See Fig A2—l5), the alumina is solubilized 
as sodium aluminate by heating with sodium hydroxide under pressure. This 
leaves a residue which is known as red mud which contains some aluminum 
silicate but mainly consists of silica, iron, and titanium dioxide. The 
mud varies between 15 and 50 per cent solids. Only the Arvida refinery 

A2~6l
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imports crude bauxite which is treated by the Bayer process. The (5 

remainder take purified bauxite, and hence have no red mud problem. q 

Purified aluminum is recovered by electrolysis of a mixture of f 

alumina and fluorine salts. The same purification process is used in all L,‘ 

Canadian aluminum plants. K 

In the casting operation chlorine is used as a purge gas for l 

paluminum produced by electrolysis of molten bauxite. Chlorine prevents 
the formation of hydrogen bubbles in the billets as the aluminum is cast. i 

This gas is normally scrubbed. 

.2 Waste Constituents 

.21 Bauxite Purification In the Bayer process, sodium hydroxide is 
recovered and recycled and because the stack gases are primarily water 
vapour, the only waste produced in large quantities in this process is 
the red mud. Between 0.15 and 0.3 lb of red mud is produced per lb of 
alumina produced. Other waste waters arise from the dumping of spent acids 
used to clean process equipment but the quantities are so small that the 
waste acid is usually neutralized either by pumping to red mud lakes or by 
lime treatment. 1 

.22 Production of Aluminum The "off" gases from the electrolysis of 
alumina contain 0.1 to 0.2 per cent fluorine in the gaseous form, mainly 
as HF. This is equivalent to discharges of 0.015 to 0.03 lb of fluorine 
per lb of aluminum produced. These gases, since they are toxic to vegetation 
and livestock, are normally scrubbed with water which removes 90 to 95 per 
cent of the fluorine. Gas scrubber effluent is the main waste water in 
refining of primary aluminum and is the main waste which requires 
treatment. 

.23 Aluminum Casting The scrubber liquors from purge gas removal have 
high chloride concentrations. } 

3,} 

.24 Rolling Oil, suspended solids and oily emulsions are wastes produced ‘,,} 
in the two rolling processes. 1,“ 

.3 Treatment Methods :gfi.f 

.31 Normal Typically red mud contains 13 to 20 per cent A1203, 40 to 50 _> 

per cent Fe203, 3 to 8 per cent SiO and 4 to 6 per cent Ti02, the remainder If: 
being salts of calcium and sodium. Red mud has a pH between 10.5 and 11. 
The red mud coming from the alumina recovery plant is normally stored in 
lagoons which allows the solids to settle and a supernatant liquor becomes 
available for recirculation through the fluorine scrubbers. The effluent ‘{ 

from these simple lagoons is caustic and has a high level of clay particles 
in colloidal suspension. The lagoons are dredged periodically. A possible g 

use for red mud could be as fillers for plastics etc. This would require 
the red mud to be dried, but the fineness of the particles might create a 
dust problem.
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Scrubber water waste normally contains, suspended solids 44 to 144 ppm, dissolved solids 214 to 420 ppm, fluoride 107 to 145 ppm, aluminum 10 to 14 ppm, H28 70 ppm, at a pH of 3 to 3.7. The above effluent exceeds the desirable limit for H28 (1 ppm) and fluorides (1.6 ppm) and the desirable pH is between 5.5 and 9.0. This effluent should, therefore, not be discharged into natural waterways. Current practice is to use scrubber _water on a once—through basis but it could be recycled after treatment
‘ with lime, as described below. 1 

The effluent is first neutralized with hydrated lime to a pH of
E 11. From this solution insoluble calcium fluoride settles out. The
5 solids can then be separated using a continuous clarifier. The sludge filtered by vacuum and the clarified liquid acidified to pH 6. This ! clarified liquid could then be recycled back to the absorption system.
‘ Calcium fluoride recovered as sludge can either be used as landfill or the 3 

fluoride value recovered. 

The above treatment process can also be improved by neutralizing \ 

the initial scrubber liquor to a pH of 8 to 9. Under these conditions
. aluminum hydroxide will precipitate and can be recovered. The pH can then be increased to 11 to precipitate calcium fluoride. Hydrogen sulphide can 'be removed by air blowing or by precipitation of the sulphide by a suitable metal. 

The initial practice was to purge chlorine gas to atmosphere, but this practice has now stopped and the gases are scrubbed by water; the waste liquors are discharged to the normal effluent. Improved scrubbing would be obtained by using weak caustic where the vent gases could be combined with other chlorine recovery systems. 

Wastes from aluminum rolling mills are of two types: Oils and suspended solids are waste products of mild condition rolling and from high temperature rolling the wastes are emulsions and are more difficult to treat than the non—emulsified oils from mild condition rolling. The emulsions are treated by acidification and separation or by heating and separation. 

.32 Advanced Mixing red mud with limestone and soda ash to recover } 

aluminum is an advanced treatment method being investigated. ' 

Improved sedimentation in lagoons is possible using starch as a coagulant but it is an expensive treatment method (estimated at between 
$3 and $5 per ton of alumina produced). Dry scrubbing of hydrogen fluoride M emissions is a possible improvement over the wet scrubbing now commonly 3 used. “ 

Leaving aside the prospect of aluminum recovery the problem is 
essentially to find an efficient method of settling the red mud. 
.4 Summary 

Red mud is being placed in Category C primarily for the reason
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that there is no known method of treating it economically. It is estimated 
that the one plant which takes crude bauxite (and therefore produces red 
mud waste) generates 400,000 tons of red mud a year which is discharged 
without treatment. If this plant were to import purified bauxite the red 
mud problem would be eliminated. Failing that, it will be necessary to 
introduce efficient settling basins that will reduce the suspended solids j

g 
of the supernatant liquid to an acceptable level, and to find some way of L

I 

using the mud itself. No other problems are foreseen for the aluminum }

i
Ir industry.

y 

A2.16 PRODUCTION OF COPPER 2

j 
:4 

.1 Process Description 
‘

g 

See Fig A2-l6. Copper sulphide concentrates (containing 15 to 
30 per cent copper) are first smelted in a reverberatory furnace to produce ; 

a copper matte (25 to 45 per cent copper). In the furnace metallic copper g 

is produced and the impurities form a slag. Most of the 502 is evolved at i 

this stage. The blister copper is then refined either in a refining j 
furnace or electrolytically. The electrolytic process produces anodic mud, ‘ 

"1 
which is further refined to recover precious metals; $02 evolved when this 1

{ 

mud is dried can cause minor problems. * 

The gases from the reverberatory furnaces contain 1 to 2 per cent 
502, 10 to 17 per cent CO2, 0.2 per cent CO (the rest is mainly nitrogen), 
and a dust which contains copper, arsenic, antimony, lead, zinc and 
sulphuric acid vapours. The gases are cooled and large dust particles 
settle out in the first stage. Fine dust is removed by electrostatic 
precipitation. The remaining gas, then mainly containing 802, C02, and 
N passes on to lead chamber or contact acid plants where 802 is oxidized 
to 803 leading to sulphuric acid. Conversion of SO to sulphuric acid in 
this way is only done when geographical factors make it economical to do so. 

Copper is sometimes extracted by leaching with aqueous sulphuric 
acid and passing the resulting solution over scrap iron where copper is _Y. 
deposited. I, 

ii. 

Brass normally contains 66 per cent copper and 34 per cent zinc. 
During the operation of rolling and drawing of brass tubes, copper becomes p 

hard and annealing is required every two to three steps of the process. M} 
The oxide is removed by sulphuric acid dipping. Sodium dichromate is

1 

added to obtain a bright dip which removes stains on the finished metal. 
Finished pieces are rinsed and the rinse water contains copper, zinc, 
chromium and sulphuric acid. g 

.2 Waste Constituents 

Three main wastes exist, SO solution, slag and ferrous sulphate; 
rinsewaters from brass manufacture may also be present.
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.2l Slag Slag could cause a problem if washed in the process and fine 
particles are entrained in the wash water. 

.22 802 Flue gases usually contain 1 to 2 per cent 802. The solubility 
of $02 in water is of the order of l to 2 per cent, making this a very 
inefficient method of scrubbing. 

.23 Ferrous Sulphate Final traces of copper are removed from process 
~solutions by passing the solution over scrap iron. Copper is deposited 
on the iron and waste ferrous sulphate is produced. 

.24 Brass Rinsewaters These contain copper, zinc, chromium and 
sulphuric acid. 

.3 Treatment 

.3l Normal Most liquors containing suspended slag and copper oxide can 
normally be treated by diversion to a settling pond or sedimentation tanks 
allowing the slag to settle and recirculating the water to process. These 
tanks are sufficiently large to allow cooling to take place. Solids removed 
from the tanks by periodic cleaning can be used as landfill. The most 
effective way of dealing with 502 gas is to convert the gases by catalytic 
oxidation to 803 followed by absorption in 90 per cent sulphuric acid, 

pro— 

ducing sulphuric acid. This method of disposing of 802 is limited by the 
demand for sulphuric acid. As was pointed out, water scrubbing is 
ineffective on small quantities of 802. Methods are being developed 
for scrubbing using weak caustic or suspended lime. 

Waste liquors containing ferrous sulphate are difficult to handle. 
These are normally not treated. The treatment could be by concentration 
and recovery of ferrous sulphate. Liming could be used to precipitate the 
iron as ferrous hydroxide. 

Ninety per cent of the waste from brass fabrication comes from 
the rinse stage. These can be treated in the usual manner of neutralization, 
precipitation of heavy metals and clarification and possibly a final polish 

by means of ion exchange. 

.32 Advanced Ion—exchange treatment of liquid wastes containing heavy 
metal ions is a possibility. 

New methods of recovering copper without producing sulphur dioxide 

(802) would overcome the problems of inefficient removal of 802 from smelter 
emissions and the subsequent disposal of 802 (usually as sulphuric acid). 
Chloride extraction of copper is one such method that may be possible. 

.4 Summary 
Heavy metals found in trace quantities in liquid waste from copper 

refineries are recovered normally by liming and lagooning. Advanced methods 
of copper recovery are being evolved. Ferrous sulphate recovery may be 
improved by better waste management control to produce a more concentrated 
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effluent, which will allow ferrous sulphate to be crystallized out of the 
solution and recovered. Low concentrations of ferrous sulphate present 
special problems concerning waste treatment. 

This summary deals only with production of pure copper but several 
organo—copper compounds such as copper naphthanate and inorganic chemicals 
(CuSO4) are produced in Canada and wastes from these would require treatment 
for copper removal. 

all. 

44L! 

A2.l7 PRODUCTION OF LEAD 

.1 Process Description
{ 

The major lead ores are sulphides, and the primary treatment is 
smelting to give crude lead, which is purified by electrolysis. However, 
lead production by the lead recovery industry is nearly as large as that 
by the primary producers. Lead recovery includes such plants as battery 
breakers; it is complexed by antimony found in lead/antimony alloys used 
as grids for supporting the lead paste. This industry discards unwanted .‘ 

parts by burning or by dumping and this can be a problem. See Fig A2—l7.

~ 

.2 Waste Constituents 

The three main wastes in lead refining are sulphur dioxide ($02), 
arsenic, and heavy metals (Pb, Cu etc.). - 

The problem of $02 is similar to that described for copper, and 
is treated in the same way. 

Arsenic is present in the flue gases leaving the reverberatory 
furnace, and can be trapped by condensation. 

Lead and other heavy metals are contained in spillages from aqueous 
solutions used in the electrolysis process. 

.3 Treatment Methods 

.31 Normal Sulphur dioxide is dealt with in the same way as for other 
metallurgical recoveries involving sulphides. The basic method is to 
produce sulphuric acid, however, sulphur dioxide can also be reduced to 
sulphur. 

Arsenic is normally condensed out in the flue gases as As O and 
the final traces dissolved in water in a scrubbing system. Arsenic 15 
currently either disposed of as landfill or by deep mine deposition. 

Lead—containing wastewaters are collected and refined to recover 
valuable materials.
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A2.18 

.32 Advanced Arsenic in wastewaters can either be precipitated as the sulphide or as calcium arsenite (using lime slurry). Alternatively, ferrous arsenite can be precipitated using iron salts. In each case the arsenic salt is trapped by filtration. 

Traces of metal ions can be removed by ion—exchange treatment. 
.4 Summary 

Advanced methods of lead removal such as ion-exchange resins are being developed now; this method could be of use whenever the concentration 
of lead in treated effluents has to be lower than that normally obtained with chemical precipitation, i.e. less than 5 ppm. 

METAL FINISHING 

.1 Process Description 

The metal finishing industry may be broken down into three 
categories: 

— Cleaning and conversion coating 
— Plating and anodizing 
— Organic coatings 

The industry as a whole is not organized into a single trade 
association because there are many small shops, a smaller number of large 
independent establishments and many captive metal finishing plants oriented 
toward a specific end product such as the automobile. 

Before work pieces enter the plating bath, they are cleaned and 
conditioned with intermediate rinses after each treatment. These rinses 
are the carriers of waste by dragout from the processing tanks, as the 
pieces are transferred from tank to tank. The organic finishing cycle 
is less complex since after cleaning the only steps are rinsing, drying 
and painting. 

.2 Waste Constituents 

Due to the diversity of the metal finishing industries the waste 
characteristics of various stages of the operation are many and varied. 

.21 Cleaning Wastes The wastes from the cleaning and rinsing stages may 
contain any of the following: phosphates, chromates, chlorinated hydro— 
carbons, ketones, surfactants, oils and metal cations. 

Alkaline cleaning solutions are used to emulsify fats and oils and 
to remove other undesirable materials so as to provide a clean surface to 

w 
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which a coating will adhere. Alkalis of many types are used according to
j the metal being treated.
1 

Emulsion and two-phase cleaners formulated with hydrocarbon 
solvents are also used. 

Conversion treatment by the chromate process utilizes an acid 
bath and therefore produces acid wastes. 

.22 Plating and anodizing baths These baths may be acid or alkaline 
and always contain significant amounts of metal ions. They may contain 
toxic amounts of cyanide or chromic acid, small amounts of these being 
transferred to the rinse water as the work proceeds to its next processing 
step. 

.23 organic finishing wastes These consist of oils, thinners and pigments 
that escape the area from the water—wash spray booths and spillage. 

.3 Treatment Methods 

.31 Normal Waste streams from metal finishing operations are normally
i segregated and treated by several methods depending upon oil, chromium
g or cyanide concentration. 

The major objectives of treatment are: (i) removal of chromium; 
(ii) removal of cyanide; (iii) removal of all other metals, oils and 
greases; (iv) neutralization of acid and alkaline wastes. Chromium and

‘ cyanide washes should be segregated at the source, kept separate and — 

treated separately. 

Acid—alkali rinse waters are usually neutralized by blending in 
a surge tank or by addition of sulphuric acid or lime solution. 

Oil and grease contained in the wastes are removed by grease 
traps or oil Skimmers. 

Cyanide wastes normally are an alkaline stream containing high 
concentrations of heavy metals. Cyanide is normally removed by the 
addition of chlorine gas at high pH accompanied by violent agitation of 
the waste to prevent cyanide salts from precipitating out prior to 
oxidation. This is followed by a detention stage during which the heavy 
metals present in the waste precipitate out. 

Chromium—bearing plating wastes are pumped to a holding tank where 
sulphuric acid and sulphur dioxide are added to reduce the chromium from 
the hexavalent to the trivalent state. Other reducing agents such as 
soluble sulphites and ferrous sulphate are also commonly used. The 
chromates settle out in the tank when an alkali (usually lime slurry) is 
added. How rapidly trivalent chromium is reoxidized when introduced into 
a watercourse is not known.
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sludges from the various treatment stages contain lime and high 
concentrations of toxic metals. These are best disposed of by off-site 
landfill or incineration. 

.32 Advanced The use of caustic soda for neutralization purposes and 
chromate precipitation instead of lime slurry will greatly reduce the 
quantity of sludge produced. The cost of caustic soda, however, is ten 
Xtimes that of lime. 

Advanced treatment methods of cyanide wastes include distillation 
procedures, oxidation by ozone, electrolytic oxidation and ion exchange. 
Distillation procedures yield up to 95 per cent recovery of cyanide 
which then can be reused in the process. Ozone is more expensive than 
chlorine and is only used for high strength wastes. 

Chromates can also be removed by ion—exchange; by electrolytic 
reduction or by ion flotation. 

The use of ion—exchange for metal plating wastes enables nearly 
100 per cent recycling of wastewaters, producing high quality process 
water required for the operations. 

.33 Costs The capital cost of a complete treatment plant for an average 
metal finishing firm is nearly 30 per cent of the capital cost of the 
plating shop. 

Operating costs are high, mainly due to chemicals employed. The 
cost of chemicals used for treatment is 25 per cent of the cost of the 
plating chemicals. 

Capital costs and operating costs for plants incorporating cyanide 
destruction, chromium reduction, pH adjustment, clarification and solids 
handling are given overleaf. 

Capital Annual Operating 
Waste Water Volumes Costs Costs 

gpm (Us) $ $ 

Small Plant 200 250,000 42,000 

Medium Plant 1500 1,000,000 130,000 

Large Plant 4000 2,500,000 300,000 

SOURCES: 1. Design of a treatment plant for metal finishing wastes, 
A.E. Kramer, H. Nierstrasz. Plating, January 1971 

2. The cost of clean water: volume III 
industrial waste profile no 2, motor vehicles and parts 
Washington. U.S. Dept. of the Interior. FWPCA. 1967 
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A2.l9 

Summary 

The wastes from metal finishing operations are usually generated 
in urban areas. The highly toxic nature of these wastes places them in 
the group of more serious Category C wastes. Plants are multitudinous 
and of many different sizes. 

Changes that will improve the metal finishing industry are 
improvement in good housekeeping, improved rinse tank design with conser— 
vation of water in mind, reduced dragout of plating solutions and 
reclaiming rinses in the first rinse tank. To achieve this, the first 
rinse tank is non—flowing, therefore rinses build up in concentration and 
can be returned to the plating tank. Other systems include integrated 
waste treatment. Here the first rinse after the chromic acid or cyanide 
tank serves as a treatment tank for destroying the cyanide and chromic 
acid. Advantages of this method are that the impurities are destroyed at 
the point of highest concentration undiluted by other rinses and it is 
not necessary to control the amount of reagents because an excess is 
eventually consumed and not wasted in a waterway. 

Care should be exercised in dumping trivalent chromium to waterways. 
In nature it may be rapidly oxidized back to the toxic hexavalent state. 

AUTOMOBILE INDUSTRY 

.1 Process Description 

Many automobile manufacturers have their own stamping, casting, 
metal finishing and electroplating divisions. Since metal finishing has 
already been dealt with, the discussion of these wastes is limited to 
treatment in combination with other wastes. 

Steel sheets are cut to size and formed into various components. 
Drawing compounds are used to enable the die to move freely over the metal 
in the forming operation. The drawing compound may be one of several types 
ranging from mineral oils with fatty oil additives to pigmented soluble 
soaps. It may also be in an aqueous, oil or emulsified medium. 

The component parts are next welded to the finished assembly and 
the drawing compounds previously used are removed, usually with an aqueous 
solution of an alkaline detergent. The next stage is to form an adherent 
phosphate coating on the clean metal. The final rinse in the phosphating 
process is usually a dilute chromic acid solution. 

In some installations unitized bodies having the structural 
members welded to the other body components are dipped in a water— 
dispersible paint, after phosphating and oven drying, to protect the inner 
surface of the structural members. This paint is removed, by a water 
rinse, from the exterior surfaces that are to receive the final colour 
coats .
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Exterior surfaces of a car are spray painted with primer and 
surfacer, cured, wet sanded to improve surface finish, dried, spray painted i and cured. Air is exhausted from the spray booths through a water spray that washes the air clean before it is released to the atmosphere. Effective; removal of paint from spray water is aided by means of an additive in the water spray which causes the paint to float in the skimming tank, from which the paint is removed and the spray water recycled. 

Engines, transmissions, power steering units etc., are normally 
produced at plants other than the assembly plants described above. Cutting 
oils are used in machining operations to remove metal dust and particles 
from the surface and to cool the cutting edges; water is also used in 
machining. To prevent the metals from corroding and to provide for 
improved cutting tool life an oil—in—water emulsion of soluble oil is added. 

The plating department of automobile manufacturers is called upon 
to plate, anodize or phosphate many different parts for a variety of 
processes. Wastes from these processes vary considerably, but are similar 
to those from normal metal finishing plants. 

Batteries and tires are not usually produced by the automobile 
manufacturer, but will be included in this industry since their primary 
function is in the running of automobiles. 

Lead storage batteries are manufactured from lead plates in the 
orm of grids which are insulated from each other by means of glass 
separators. Lead peroxide and sulphuric acid are added to the battery 
when production is completed. sq 

The rubber tire is built up as a cylinder on a collapsible, round, 
rotating drum by applying alternate sheets of rayon and nylon fabrics and 
rubber. The materials are stitched to the tire before the drum is collapsed 
and the cylindrical tire removed. 

Curing of the tire takes place in a mold press where heat is 
applied to the tire by steam injection. 

.2 WfimeCmmfltmnm 
Oils and alkaline detergents are wasted from the fabrication 

and cleaning stages of machine metal treatment. 

Chromium is obtained from the phosphating section and chrome plating;i 
processes. 

Paint is contained in the wastewater leaving painting booths. 

Lubricating oils are part of the engine manufacturing sections of 
the automobile industry. 

Lead rinse waters from battery manufacture may contain lead, and
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sulphuric acid. 

High levels of coloured rubber particles are present in the 
condensate from the curing process in tire manufacture. 

.3 Treatment Methods 

b.3l Normal Wastes containing oil, lubricating oil and alkali detergents 
can best be separated by passing through an API separator. This will, 
theoretically, remove oil particles 0.01 cm and larger in diameter; 
separated oils are removed from the surface of the separator. 

Particles less than 0.01 cm are removed by air flotation. The 
waste flow leaving the API separator is pressurized using compressed air. 
A coagulant such as alum can also be added to improve separation. When 
the pressure is released small bubbles are formed in the waste liquor 
causing fine droplets of oil to be carried to the surface and be removed. 

Hexavalent chromium is reduced to trivalent chromium and 
precipitated with lime in the same manner as described in metal finishing. 

Water-dispersible paints are normally separated along with oils. 
Alum and silica can be used as coagulants. Air flotation removes solids 
from paint waste effluent down to a concentration of 25 to 50 ppm. Most 
of the paint waste is collected in sludge pits in the paint booths. The 
solids separated out and disposed of as landfill.

' 

Polishing of the total waste by activated sludge removes traces 
of oils and paints. 

Battery plant wastes are neutralized and lead is removed by 
precipitating as lead hydroxide. 

Suspended rubber particles in wastes from tire manufacturing 
plants are removed by flotation. 

.32 Advanced Treatment Activated carbon filters following chromium 
reduction and separation processes will remove 95 per cent of BOD and COD 
and all chromium and suspended solids present in the total stream. 

.33 Costs Capital costs and annual operating and maintenance costs for 
a treatment plant including chromium removal plant and activated sludge 
plant for the automobile industry are given overleaf. 

.4 Summary 

Many organics occur in the automobile industry, and are found 
in trace forms in effluent wastes leaving primary treatment plants. These 
are finally removed by activated sludge and clarification. The purified 
water is available to be recycled back to the process. 
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A2.20 

Size of Manufacturing Capital Annual Operating & 
Plant Costs Maintenance Costs 

$ $ 

Small: 500 cars/day 450,000 39,000 

Medium: 1000 cars/day 765,000 63,000 

Large: 2000 cars/day 1,300,000 108,000 

SOURCE: The cost of clean water: vol III, profile no 2 — 

motor vehicles and parts. U.S. Dept. of the Interior. FWPCA. { 

Washington, D.C. 1967 

LEATHER 

. 1 Process Description 

Chrome tanning is the method employed to produce the majority of 
light leathers. 

A simplified flow chart of the process is shown in Figure A2—20. 

Hides may be received by the tannery in any one of several con—
‘ 

ditions: fresh, green-salted, sun—dried and possibly de—haired, and the 
pollutional characteristics of the waste will depend to a large extent on 
this condition. 

.11 De-hairing The hides are de—haired by soaking in a vat containing 
lime solution fortified with sodium sulphide. (The vegetable tanning ‘

1 

process employs a longer de-hairing period with lower sulphide concentration, 
resulting in a lower sulphide content in the total waste).

1 

This process dissolves the hair from the hide and removes blood, 
dirt and soluble protein. n 
.12 Fleshing In the modern tannery, fleshing is done by a machine which 
brings revolving knives against the hide while a stream of water carries [I 
away the particles removed. i 

.13 Eating Treating the hides in a pancreatic enzyme solution has two 
functions: the removal of the lime absorbed by the skins, and the hydrolysis 
of some of the proteins which are undesirable in final leather. 

.14 Pickling This consists of treating the hides in a sulphuric acid 
and salt solution. It reduces the pH of the hides in preparation for the V 

tanning process.
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The pickling liquors, containing in the order of 0.75 per cent 

acid and 5 to 8 per cent salt, can be regenerated and reused for long 
periods and therefore are discharged only occasionally. 

After pickling, the hides are tanned in revolving 
ivalent chromium—base tanning liquor. Following the 

d and neutralized with sodium bicarbonate 
.15 Chrome Tanning 
drums containing a tr 
tanning process, the hides are rinse 
in a second series of drums. 

.16 Fat Liguoring This involves impregnating the tanned hides with oil 

and is carried out by tumbling the hides in drums containing 
oil. 

The hides are thoroughly cleaned to remove the excess 
The dyeing is carried out in drums which are charged 

.17 Finishing 
tanning material. 
with dye solutions. 

.2 Waste Constituents 

e waste from a tannery is heavy, carrying large 
The basic types of waste streams resulting 

1 Canadian chrome tannery are 
The composit 

amounts of suspended matters. 
from the tannery operations for a typica 
listed below. 

The biggest problem is chromium; the waste contains trivalent 

chromates in a range of 10 to 200 ppm, sulphides from l00 to lOOO ppm, 

chlorides, sulphates and grease in fairly high concentrations.
‘ 

Composite waste from a typical chrome tannery has moderate 
to 

high BOD (1200-9800 ppm), a COD value of 2500 ppm, suspended solids from 

2,500 to 40,000 ppm and dissolved solids from 4,000 to 40,000 
ppm. 

Hair and fleshings cause great problems in treatment systems 
if 

allowed to mix with other wastes. 

ria are present in the waste streams from most Pathogenic bacte d in the process. tanneries due to the nature of the raw materials use 

.3 Treatment Methods 

Utilization of by—products is practised to some extent in all 

tanneries, hairs are recovered for sale, exhausted chrome, pickling 
and 

bating solutions are regenerated wherever possible and recycled in 
the 

plant and exhaust liquors from degreasing drums are tanked for removal 

by a contractor. 
are removed from the effluent by 
these will be burned or disposed Most excess hair and fleshings 

means of screens, and if not recovered, 
of by landfill. 

I?!“ 

[III
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WASTE PROFILE S 

_p§_ BOD Susp. Solids Diss. Solids Cr 

ppm ppm ppm ppm f, l; 

Soak (De-hairing) 6.6 1,200 1,500 13,500 0 i: ; 

Sulphide Wash 12 700—10,000 l,OOO-40,000 2,000—40,000 0—0.1 iv A 

Bate Wash 9—11 400-800 500 2,000—11,000 0 ‘i 

Brine Wash (pickling) 2 500 300 100,000 0 
I

i 
‘ 

Spent Chrome ‘ 

)‘ 

Solution 5 300 1,000 2,000 50—500 

Spent tanning liquors, bating solutions, and pickling liquor are 
normally discharged to a settling tank or lagoon. 

Spent solutions and wash waters from de-hairing vats together 
with soak water containing fleshings are normally treated separately in 
a settling tank. 

Solids from the settling tanks are removed at regular intervals 
and trucked away for land disposal. 

Some plants, where grease and oil is a problem, have installed 
grease traps prior to settling tanks. 

Expected removal efficiencies for a normal treatment plant 
incorporating grease removal, screening of hairs and fleshings, and settling 
tanks are in the order of 40 per cent of BOD, 60 per cent of suspended 
solids, 50 per cent of trivalent chromates, 95 per cent of sulphides and 
§;_Coli is reduced by approximately 50 per cent. 

Following this type of treatment (or in some cases only screening), 
the waste is discharged to the sewer. 

.32 Advanced Treatment 

Further removal of suspended solids and BOD is achieved by adding 
coagulant chemicals such as sulphuric acid and alum or ferric salts to the 
settling tanks with continuous pH measurement to control the process. 

Removal efficiencies of coagulation with acid and alum are in the 
order of 70 per cent for both solids and BOD. 

Biological treatment methods are seldom used for tannery wastes 
in North America because of the relatively high expense and comparatively 
low profit margin of this industry, but pilot plant studies show that BOD 

Replacing the bar screens which normally are 
used to remove large particles such as hair, fleshings and shavings with 
vibrating screens increases the removal efficiency by up to 50 per cent. 

,*0&_-2+;hlz»~;n 
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removals of 97 per cent and suspended solids removals of 91 per cent can 
be achieved. 

Recovery of chromates from the spent chromate solution can be 
achieved by precipitation of chromium hydroxide by the addition of alkalies, 
filtration of the precipitate, and treatment of the precipitate with 
sulphuric acid to produce a chromic sulphate solution. 

This method has so far only been used when chromates have been in 
short supply. 

Sulphides resulting from beamhouse operations can be removed 
successfully by use of manganese or heavy metal precipitation. 

Chlorination of the final effluent serves two purposes, near- 
complete removal of total coliforms and removal of sulphides. 

.33 Sludge Disposal All methods of treatment indicated above result in 
large quantities of sludge, amounting to 5 to 10 per cent of the total 
volume of the waste. 

The disposal of this sludge frequently presents a more difficult 
problem than the treatment of the liquid waste. 

.34 Costs Estimated treatment costs for a medium—size plant producing 
leather by the chrome tanning process are shown below: ' 

Range of 
End of Line Annual Operating 
Treatment Capital Cost Cost 

Dollars Dollars 

Screening 4,000 — 25,000 300 — 3,000 

Sedimentation 20,000 — 40,000 1,000 — 3,000 

Chemical Precipitation 20,000 — 160,000 3,000 — 15,000 

Activated Sludge 75,000 — 200,000 3,000 — 16,000 

Sludge Disposal - 3,000 — l5,000 

SOURCE: Pollution control and management. Charles River Associates, Inc. 
Cambridge, Mass. October 1969 

.4 Summary 

Treatment of tannery wastes beyond the level of sedimentation or

, 
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chemical coagulation is not envisaged in the near future due to the fact _
_ 

that the tannery industry is a low profit investment and has a high volume 4"
a waste. . 

The total waste from a chrome tannery would become a Category B 
‘

j 
waste if secondary treatment were used, but at the present level of treatment,

1 

materials such as chromium; arsenic (in some processes); high BOD, and ‘ 

sulphides are present in the effluent leaving the plant. Category C has 
therefore been assigned.

, 

Longer sedimentation should be provided for further removal of 
chromium and chlorination should be practised in all plants to reduce the 
sulphide and coliform levels. 

Modifications such as change in chemicals used, complete recovery 
of waste materials which can be utilized as by—products, and segregation 
of streams which do not require treatment can reduce the pollutional strength 
of the waste considerably. These improvements are practicable but the 
low profit margin of this industry has discouraged operators from investing 
the capital amounts required. 

A2.21 AGRICULTURE - CLOSED FEEDLOTS 

.1 Process Description 

Farms, which keep animals in closed feedlots in which the feeding 
rate, animal movement, temperature and humidity are controlled to maximize 
the animal weight with respect to time, may well be regarded as industries 
as far as their mode of operation and wastewater problems are concerned. 

Feed and water are brought to the animals and manure is no longer 
dropped on pastures where it can be absorbed naturally. Instead, the wastes 
must be collected, stored and then handled by conventional techniques. 

.2 Waste Constituents 

The quantity and composition of waste from closed feedlots vary 
with the type of animal, age of animal, feed ration and water consumption. 

In recent years there has been a changeover from solid to liquid 
manure handling practices due to ease of removal of waste by water sprays. 

Average daily production of manure by livestock is listed 
overleaf: 
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l,000 broilers (0—4 lb) 250 

100 hens 45 

SOURCE: Farm animal waste disposal OWRC Research Publication No. 28 

S.A. Black 

The waste from a closed feedlot such as a milking parlour, may 
contain the following range of constituents: 

- BOD: 450 — 8,200 ppm 

- COD: 4,000 — 52,000 ppm 

- Suspended Solids: 390 — 1,660 ppm 

— Dissolved Solids: 1,500 - 2,000 ppm 

The waste will furthermore contain high values of nutrients 

(N and P) and have a high coliform count. 

animal feed ration, the waste may contain large 
ed to the animal for disease control, 

less the waste is diluted 
Depending on the 

amounts of undigested antibiotics, f 
which may become toxic to biological systems un 
sufficiently. 

.3 Treatment Methods 

In large closed feedlots, manure is handled mechanically .31 Normal Methods lically by a continuous or periodic by tractors, conveyors or pumps and hydrau 
flushing of the manure. 

n a modern dairy farm normally pass The solid and liquid wastes i 
e is stored 

through slots in the floor to a collection tank where the wast 
until the manure can be distributed on land. 

Problems are frequently encountered due to very strong odours 
and 

toxic gases evolved from anaerobic decomposition and lack of
s pace. 
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The conventional method of keeping manure dry by using sufficient 
bedding, then depositing it into a manure pile frequently leads to ground 
pollution by percolation and surface water pollution through runoff. 

Anaerobic lagoon treatment of "liquid—carried manures” is one of 
the most frequently used methods for destruction of organic matter. 

The effluent from these stabilization ponds has a BOD content in 
the range of 70 to 1,760 ppm, COD 400 to 4,700 ppm, suspended solids 180 
to 840 ppm and a coliform count of 0.1 to 0.4 x 106/100 ml. Thus further 
treatment is required prior to discharge to a stream or other water body. 

The lagoons normally serve as holding ponds before the waste is 
spread on the fields. 

The main problem with any anaerobic treatment system is the odour 
involved, and lagoons should therefore only be operated in unpopulated areas. 

.32 Advanced Methods Anaerobic digestion of animal wastes has been 
successfully operated in the United States, but due to high cost and the 
semi-technical skills required in operating the process, it is unlikely 
that this type of treatment will be used extensively. 

Wkly... 
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Aerobic treatment in biological filters or activated sludge plants 
can be effective if farm wastes are diluted prior to treatment. Studies 
have been carried out on treating the waste anaerobically by digestion prior 
to aerobic treatment, giving BOD removal efficiencies in the order of 90 
per cent in the summer. Due to semi—technical and economic considerations, 
however, the installation of biological treatment systems is unlikely except 
for large enterprises. 

was...“

. 

The oxidation ditch process, basically a concrete tank in which 
the solids are kept in suspension by a metal paddle wheel and the organics 
are decomposed aerobically, will probably become the most widely used 
advanced treatment method for animal waste in Canada. 

The in—house oxidation ditch is inexpensive to construct because 
it is part of the confinement building and odour problems are minimized 
since the system is designed to be aerobic. 

Effluent quality is good, but discharge to surface waters before 
further treatment should not be contemplated due to the high concentration 
of bacteria present. 

.33 Costs Agricultural liquid waste treatment is still in the experimental 
stage and cost data for full scale plants have not yet been published. 

.4 Summary 

-With greater emphasis being placed on nutrient removal from 
municipal and industrial wastewaters, it is likely that animal waste with 
its high nitrogen and phosphorus content will require extensive treatment 
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A2-86 

before discharge. 

The strength of the liquid waste from livestock operations depends 
to a great deal on the degree of removal of manure before washing. 

If sufficient land is available, effluent from anaerobic lagoons 
should be used as fertilizers. 

Incineration can be successfully applied when the moisture content 
of the manure is less than 66 per cent. 

It would appear that biological treatment processes will have to 
be introduced to handle agricultural wastes. The technology for this is 

available but farmers would have to be trained in this new field of 
endeavour. Limits should be established for the number of cattle on a 

feedlot of a given size. 

AGRICULTURE — OPEN FEEDLOTS 

.l Process Description 

Open feedlots differ from closed feedlots in that the waste is 
not concentrated in confined spaces but is spread over pastures. 

If the concentration of animals per acre of farmland is low and 
the topography of the land prevents surface runoff to streams, the manure 
will decompose and be absorbed in the ground without causing serious 
pollution problems. 

If, however, water other than that from precipitation (e.g. from 
spray irrigation) passes over the land and the animal population density 
is high, serious pollution causing fish kills in streams can occur. 

Depending on the soil conditions in the feedlot, infiltration 
and percolation of the liquid portion of the manure may cause stream 
pollution. 

.2 Waste Constituents 

The quantity and concentration of liquid wastes from open feedlots \ 

depend largely on animal<flxmity, surface runoff auiprecipitation, soil I! 
conditions and topography.

“ 
Total waste from open feedlots with little runoff has the h following characteristics:
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Flow: 6.2 gal/animal per day {’0 

BOD: 2,900 - 20,000 ppm 4": 
7%! 

COD: 6,000 ~200,000 ppm B
V 

Suspended Solids: l,500 — 30,000 ppm
g 

Dissolved Solids: 2,000 — 4,000 ppm
1 

.3 Treatment Methods 

.31 Normal Methods Manure is normally used for its fertilizer value by 
spreading it on the ground. 

We; 

all; 

-

. 

Wherever possible, the feedlot should be designed so that no 
water passes over it except precipitation. 

If the only treatment provided is spreading of manure, feedlot 
runoff characteristics to watercourses may be as follows:

H 

«M- 

.44.; 

BOD: 4,000 ppm 

Total Solids: 6,000 ppm 1 

Nitrogen (N): 250 ppm :i 

Phosphorus (P): 35 ppm 

Surface runoff holding ponds, acting as anaerobic lagoons, are 
frequently used where the density of animal population is high. 

r

l

1 

As in the case of closed feedlots, any anaerobic treatment system ‘f‘ti 
u 

p 
i, 

i

g 

causes great odour problems. 

Typical Effluent from Anaerobic Lagoon
i 

BOD: 1,300 — 6,000 ppm 

COD: 3,000 - 80,000 ppm 

Suspended Solids: 200 — 6,000 ppm 

Total Solids: 2,000 — 8,500 ppm 

.32 Advanced Methods It has been proposed to cover entire feedlots to 
avoid runoff due to precipitation. The dry manure would then be used as 
fertilizers provided a demand existed in the area.
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Anaerobic digestion followed by aerobic treatment of the liquid 
waste, as used in the treatment of wastes from closed feedlots, has been 
employed successfully in the United States. 

.4 Summary 

Once the liquid wastes have been collected from open feedlots, the 
disposal problems are essentially the same as those for closed feedlots. 

The topography of new feedlots should be flat to avoid high 
runoff rates. . 

Construction of runoff retention ponds will reduce surface and 
water pollution during and following rainfalls. 

An Open feedlot may have to be surfaced to prevent ground—water 
intrusion of pollutants, depending upon soil conditions. 

Manure holding, storage and treatment through the winter needs 
greater research and developmental study, even in the case of open feedlots. 
Limits should be established for the number of cattle on a feedlot of a 
given size. 

AGRICULTURE - PESTICIDE APPLICATION 

.1 Process Description 

The term “pesticides” includes all types of chemicals designed 
to kill and modify the growth of any pest such as insects, weeds, fungi, 
rodents, etc. 

Of the agricultural areas treated with various pesticides in 
Canada, 93 per cent has been treated with herbicides, mostly in the 
agricultural belt of the Prairie Provinces. 

Other large agricultural areas treated include fruit areas, berry 
areas, potatoes, tobacco, corn etc. 

A list of pesticide consumption in Canada in 1969 is shown in 
Table A2-ll. 

The historical rate of application (weight/area) of pesticides 
applied on Canadian soil is only half that used in the United States for 
the same purpose. Typical quantities used in Canada have been: 

DDT: l/2 — l lb/acre 

Dieldrin: l oz/acre 

Heptachlor 3 oz/acre
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TABLE A2-ll 

Major Agricultural Pesticides Used in Canada 1969 

PESTICIDE COMPOUND QUANTITY 

'000 lb 

Insecticides DDT 1971 
‘ " Organo—phosphates 1514 

Mixtures (e.g. aldrin— 
heptachlor) 921 

" Arsenicals 384 

" Aldrin 127 

Insecticide—Fungicide Includes DDT, 
Mixture arsenicals, Endrin, 

Sevin, etc. 547 

Fungicides Sulphurs 560 'u
i 

ll 

" Copper compounds 153 1*It; 

” Ferbam 82 i

} 

Seed Treatment Organic fungicide ,,‘,m 
plus insecticide 360 

L KI 
Organic fungicides 7 

(Captan, Thiram, etc.) 189 
3' ‘ 

Organic Mercurials 110 3‘ H 

Herbicides 2, 4—D 13,500 
1 
;»i 

2, 4‘D and 2, 4, 5": L3 

mixtures 2,800 L {d 
Arsenicals 1,250 ,‘L 
2, 4, S-T 74 '" 

Rodenticides Warfarin 800
~ 

SOURCE: DBS 46-212-1969
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.2 Waste Constituents 

Pesticides may enter water either through direct application, 
indirect application during treatment of adjacent areas, or percolation 
and runoff from treated agricultural or forested lands. 

It is to be noted that DDT has been taken off the market in Canada. : 
Erosion resulting from heavy rains or from irrigation is also a 

source of pesticide movement into ponds and streams as absorbed pesticides 
are carried with the soil particles. 

The area on which livestock dipping vats are located is recognized 
as a source of pesticide pollution as is the careless dumping and cleaning 
of spray tanks. 

There are no typical data for pesticide concentration in runoffs 
from agricultural lands or in receiving waters. 

The following specific residuals have been found but are not 
necessarily "typical": 

Re ce ivi ng Waters: 

Parathion: l.2 ppb — 1.9 ppm 

Dieldrin: 0.1 ppm — 0.13 ppm 

Runoffs: 

DDT: l — 2 ppb 

Dieldrin: l - 2 ppb 

BHC: 0.75 ppb 

Toxaphene: 0.4 ppb 

Parathion: O.l — 1.2 ppb 

Heptachlor: 0.5 — 1 ppb 
VJ

. 

The chlorinated hydrocarbon pesticides are of particular concern I 

because of their concentration in successive positions in the aquatic food 
chain and their unknown effects on man.

, 

Some common pesticides, their toxicity to animals and fish and
" 

their major applications are detailed in Table A2—l2. ’



~ 

AmHmEV 

mmm

~ 

.opm 

moHE 

~mpmm

1 

AmHmEmmV 

mm 

QHmHmz 

wwfloflpqom 

mQOHo 

.GHOU 

o.m 

om 

H0H50mgmmm

: 

mmanmwmmm> 

.uHSHm 

.mQOMU 

m.o 

mm 

CHHUGM

: 

mamaflcm 

.uflsum 

.mQOHO 

v.m 

om 

cflHUHGHQ

: 

xOOpmm>HH 

wuflmu 

.gfld 

m.mH 

oowa 

coagpmamz

: 

OOOMQOp 

.MUOpmm>HH 

.#H5Hm 

H.N 

MMH 

Boa

= 

mmouu 

.pfldhm 

.Uamflm 

o.m 

mm 

QHHUH¢

: 

Mooumw>HH 

.uflsmm

1 

mNH 

mcmwgflq

: 

maupmo 

.manmummo> 

.pflsnm

I 

oooo

I 

mma 

umm 

mwfloflpowmcH 

OOUMQOE

I 

w.H 

wUHEmgoaowu

: 

m>flum>mmmwgm 

@003 

I 

l 

mgomomHU

: 

mmoumuom 

.mwOmOB 

omH 

oom 

mpmgmHSm 

mmoo 

mwfloflmcdm 

wcmammqmm

u 

OOH 

Bum 

.w 

.m

: 

mmasgmmm 

.cHoo 

.mCHMHm 

Hmwmmo 

com 

com 

Div 

.N 

®UHOHQH®E 

COfipmoHHmmfl 

Hommz 

mhpfla 

Hmm 

Hmfiflcm 

EMHWOHHM 

mcsomfiou 

wUHOflummm 

mEMHmOHoHE 

:fl 

Am“: 

wvv 

age 
:mflm 

amm 

HMUHEmQU 

we 

omoq 

mpfioflxoe 

Hmuo 

wgflofi 

~

~

~ 

mHOHummm 

maom 

wo 

mCOflumoflHmmfi 

Honmz 

mam 

hpfloflxoe 

NHIN< 

mgmfiE 

A2—9l

~



WASTE PROFILES 

A2.24 

A2-92 

.3 Treatment Methods 

Although highly toxic to mammals, many pesticides are quite safe 
if prOperly applied, because they undergo decomposition in the presence of 
air, sunlight and bacteria, and form harmless compounds. 

However, this is not true for highly chlorinated compounds such 
as DDT, lindane, endrin and BHC. 

It has been estimated that nearly 2/3 of all DDT produced still 
remains in existence. 

Although it is theoretically possible to treat water containing
' 

chlorinated hydrocarbons (e.g. removal of heptachlor with potassium i 

permanganate, chlorination of DDT, etc.), such methods cannot be practised 
in agriculture unless the runoffs can be concentrated and collected for ‘ 

treatment. 

Although the trend is to utilize pesticides which are biodegradable, 
it is doubtful that organisms in receiving waters will degrade pesticides 1 

except at very dilute levels.
1 

Consequently, these chemicals will have to be reduced at the source 
before they enter streams and lakes by using a minimum of pesticides. 

.4 Summary 

Studies on biodegradability and toxicity of pesticides have led 

to a definite change in the manufacture and use of nonbiodegradable 
pesticides such as chlorinated hydrocarbons- 

In the last ten years no new chlorinated hydrocarbon insecticide
. 

has been introduced; research and development long ago shifted to bio- 7 

degradable compounds such as organophosphates and carbamates. 

IRISH MOSS - DRYING AND EXTRACTION 
. . 

F' 

.1 Process Description y 

The production of alginic acid for use as a stabilizer and emulsifier E 

is carried out in two main stages, the drying of Irish moss immediately 
after harvesting, followed by the extraction of the algenate using isopropyl 

alcohol. 

The two production stages are normally carried out in separate 
locations; Canada supplies over 80 per cent of the world‘s production of 

dried Irish moss, but to date there is no extraction plant in 
this country. 

A simplified flow sheet of the total production is shown in 
Fig A2—2l.
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FLOW DIAGRAM IRISH MOSS DRYING AND EXTRACTION
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.2 Waste Constituents 

Wastewater volume from an Irish moss drying and 
extraction plant 

is in the order of 8 cu ft/lb of dry moss processed. 

ss wastewater contains inorganic salts, silt 
and other solid 

Proce addition to moss itself, which matter washed from the Irish moss, in 
results in a high BOD content. 

id used in the process at a rate of l lb/lb of moss 
Spent filtera ntervals. 

processed, has to be disposed of at regular i 

Other characteristics of the waste are high pH, 
strong colour and 

foaming tendencies. 
ss processing plants have caused serious Discharges from Irish mo 

d have lowered the dissolved discolorations in the receiving waters an 
oxygen content by as much as 2 ppm. 

.3 Treatment Methods 

.31 Normal Wastes from an Irish moss extraction plant are 
normally 

disposed of by one of three methods: 

(i) Disposal to open sea; 

(ii) Sanitary landfill; 

(iii) Land spreading. 
fill is preferred. With land sanitary land marine te may present problems; 

rounds. 
Of the three methods, 

spreading the alkaline nature of the was 
disposal often will affect commercial fishing g 

Settling tanks for the removal of spent filteraid will 
be 

.32 Advanced although such treatment has not yet required by all processing plants, 
been used. 

No advanced treatment for the removal of 
colour has been proposed. 

.4 Summary 

Effluent from both dry 
prior to discharge to the ocean. 

ing and processing plants should be 
treated 

of liquid wastes to municipal sewers has 
been proposed, 

0 investigate the biodegradability 
These wastes will probably be 

Discharge 
but no studies have been carried out t 

of the compounds present in the effluent. 
completely amenable to biological treatment.



A2.25 

WASTE PROFILES 

POWER GENERATION - COOLING WATER 

.1 Process Description 

A simplified flow diagram of power generation is shown in 
Fiq A2—22. 

After steam has been generated in the boiler and has passed through 
the turbine, it is condensed by cooling water circulating through tubes 
in a condenser. In Canada cooling water is normally used on a once—through 
basis. All salts and chemicals naturally present are increased four—fold 
over that found in the intake water. 

Cooling water requirements for power generation are in the order 
of 25 to 40 gal/kwh or approximately 173 Mgd for a 200 Mw unit. 

.2 Waste Constituents 

Heated cooling water is discharged at a temperature 15 to 20 deg F 
above that of the intake water. 

Thermal generating stations discharge approximately 6000 Btu/kWh 
as waste heat; nuclear stations discharge in the order of 10,000 Btu/kWh. 

The effluent, since it is warmer and consequently lighter than 
the receiving water, is spread over the surface by means of surface currents 
and prevailing wind. For nuclear plants, impact areas range from 2,500 
acres to 3,500 acres per 1,000 Mw, whereas for thermal units the area is 
approximately 40 per cent less. 

Condenser cooling water may contain anti—fouling agents such as 
chlorine, acrolein, bisthiocyanates or chlorphenols in small concentrations 
depending on the quality of the incoming water. 

In fossil fuel power stations, air pollution control can be expected 
to increase water management problems e.g. scrubbers to remove particulates, 
802, H28 and other gases. 

.3 Treatment Methods 

.3l Normal No methods are presently employed in Canada for treatment of 
thermal discharges from power stations. 

Studies of the effects of thermal discharge are normally carried 
out prior to power plant construction or expansion, covering possible 
physical and ecological changes due to increased temperatures. 

For existing plants the problem is greatest at times of low flow 
and in summer. 

Under some conditions load limitations are imposed to reduce the 
waste heat dissipated. 

A2-95
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FIGURE A2-22 

FLOW DIAGRAM POWER GENERATION 
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.32 Advanced Although costs for waste treatment of water are not available 
for this industry primarily because it is not regarded as a serious problem, 
data are available on costs for cooling water systems. 

Some data published in the United States are given in Table A2—13. W 
However, current estimates by Montreal Engineering Company are being made . \ 

using the following costs for cooling towers: 

— mechanical draft $7.50/kw to $ll.OO/kw T
2 

- natural draft $14.00/kw to $18.00/kw {

z 

- closed circuit $22.00/kw to $27.00/kw 
3 fl 

(dry towers) . I? 

TABLE A2~l3 

Comparative Costs of Cooling Water Systems 
for Steam—Electric Plants 

Investment Cost, $/kw 
Fossil Fuelled Nuclear Fuelled 

Type of System Plant 1 Plant 1 

Once through2 2.00 — 3.00 3.00 — 5.00 

Cooling ponds3 4.00 — 6.00 6.00 — 9.00 

Wet cooling towers: 

Mechanical draft 5.00 — 8.00 8.00 — ll.OO 

Natural draft 6.00 — 9.00 9.00 — 13.00 

1. Based on unit sizes of 600 Mw and larger. 

2. Circulation from lake, stream, or sea and involving no investment in 
pond or reservoir. 

3. Artificial impoundments designed to dissipate entire heat load to 
environment. Cost data are for ponds capable of handling 1,200 to 
2,000 MW of generating capacity. 

SOURCE: Problems in disposal of waste heat from steam—electric plants. 
(US) Federal Power Commission, Bureau of Power. 1969 

A2-97
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A2—98 

Conventional wet cooling towers frequently produce fog or icing 
in 

the surrounding area, the towers from a 1,000 Mw power plant would 
evaporate 20,000 to 25,000 gpm. 

Series of cooling ponds have been utilized for cooling; 
it is 

estimated that for thermal stations, 1 to 2 acres of effective cooling 

area are required per Mw. 

Cost of treatment depends on land cost in the area. 

.4 Summary 

Thermal discharge from power generation stations is more likely 

to be considered a pollutant when the stations are 
located inland on small 

rivers and lakes; for stations discharging heated water into large lakes
- 

even as large as Lake Ontario — it is possible that the discharge 
could 

be considered a pollutant, depending on the amount and manner in 
which it 

is dispersed. Generating stations discharging heated water into the 
tidal 

sea should not have a thermal pollution problem. 

POWER GENERATION - ASH HANDLING 

.l Process Description 

Removal of ash and pyrites from large power stations is normally 

carried out by one of the following methods: 

Bottom Ash 

Periodic or continuous removal by slurry pumps or 
hydraulic ejectors 

from ash storage hopper to disposal areas, or 

Disposal from ash hopper to dehydrating storage bins 
arranged for 

unloading to trucks or railroad cars, or 

Hydraulic discharge of ash through a sluiceway to 
sump. 

Flyash 

Dry removal of ash to a pneumatic vacuum system 
discharging into a 

storage silo, or 

Periodic removal by gravity flow to a pneumatic vacuum 
system 

discharging through wet facilities, followed by slurry discharge 

to a sump. 

.2 Waste Constituents 

Approximately 200 gal of water is required for the 
discharge of 

one ton of ash. The ash slurry contains approximately 15 per 
cent suspended

Fa
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solids and 1000 ppm dissolved solids. 

Depending on the type of coal being used and hence composition 
of coal ash, the slurry may contain traces of the following elements: 

Hg; Se; Te; Cd; Ba; CO; V; B; Ge; Ga; MO; Mn; W9~ 
Sr; Ti; Cu; and Zn. 

.3 Treatment Methods El _.._____————————__—
y 

.31 Normal Ash slurries are usually discharged into settling ponds where 
the decanted liquid is allowed to flow into a lake or river. This liquid 
may contain some of the elements listed above and will also contain some 
afine ash particles. I

~ 
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.32 Advanced Little work has been done on removal of dissolved solids;
\ 

to date attention has been focussed on removal of suspended matter. 
Recirculation is a possible solution, but it is likely that this would y 
lead to scale formation in the system. 

.4 Summary h 

The discharge of supernatant liquid from ash lagoons requires ;“V 
further investigations. P 

The supernatant liquid should be treated if it contains significant V“
j 

amounts of mercury and other heavy metals; alternatively dry ash handling M

5 

systems could be used. 

New products must be developed to assist this industry in handling Nw3f. 
the tons of ash generated. 

A2—99
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Many industrial establishments generate relatively small quantities 
of highly concentrated, difficult—to-handle wastes which are disposed of most 
conveniently and economically by hauling away in containers and tank trucks 
to land disposal sites, incinerators or regional treatment facilities. In 
Ontario, hauled liquid wastes are regulated by the Waste Management Branch of

z 

the Department of Energy and Resources Management and are differentiated from 4 

piped liquid wastes which are regulated by the Ontario Water Resources 9;

3

. 
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._ 
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Commission. Although the volumes tend to be small in comparison to the H 

volumes of liquid industrial wastes generally these wastes can pose severe é 

problems unless adequate facilities for their disposal are available. I 1 

Moreover, if these wastes are simply discharged to a municipal sewer they can cj ,3 
cause severe problems in the municipal treatment plant. In a large “ 

metropolitan area such as Toronto or Montreal there are several hundred 
industrial establishments (metal finishing and fabricating plants, service 
industries using oils, chemical manufacturers, etc.) which are unable 
economically or practically to treat their concentrated liquid wastes in plant 
and rely on private contractors or the municipal garbage collection service g, 5 

to haul these wastes away. For these reasons, larger industries may segregate 
‘

t 

the difficult wastes and sludges from the waste stream and dispose of them ‘, _§ 

separately with their own resources. ;'

{ The problem of hauled liquid industrial wastes has been tackled 
vigorously in Ontario in recent years and much of the information presented 
here is based on the experience to date in that Province. 

A3.l THE WASTES INVOLVED ) 

A wide variety of concentrated liquid industrial wastes is produced 
in a modern industrialized urban environment. Many of them are metal 
finishing and fabricating wastes, e.g., acidic and alkaline cleaning fluids, 
spent plating solutions such as chromic acid, spent phosphating and bonderite 
(chromate) baths, sulphuric acid pickle liquor, muriatic acid, metal hydroxide 
sludges and paint spray booth wastes. Waste oil and emulsions of oil and 
cleaning agents are generated by service industries such as the railways. The 
paper industry produces concentrated wastes of the coating materials — latex, 
clay, casein, starch, size and pigments. The chemical industry produces a 
long list of concentrated liquid wastes: complex and toxic chemicals such as 
diisocyanates, cyanides and sulphur compounds (from the petrochemicals 
industry); pesticides and herbicides from washing operations in agricultural 
chemicals plants; brine and caustic tank—bottom wastes (petroleum refining); 
caustic phenolates from gasoline treating (these have a typical composition 
4 per cent phenol, 6 per cent caustic, 90 per cent water); carbide lime (from 
acetylene manufacture); cheese whey; septic tank wastes. 

Hauled wastes generally fall into one of the following categories: 

A3-l
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HAULED WASTES 

Type 1 

Inflammable wastes from petroleum, petrochemical, automobile and pulp 
and paper industries. 

Type 2 

Acid and alkaline wastes that are not neutralized at the plant 
generating the waste. (Ninety per cent of acid and alkaline wastes are 
usually neutralized at site and the neutralized effluents are being 
discharged to the sewers.) 

These acid and alkaline wastes may contain substances which cannot be 
removed by neutralization and which will be toxic to organisms present 
in a municipal treatment plant. 

Type 3 

This type includes miscellaneous wastewaters containing inert suspended 
solids and other wastes, such as sludges and liquid waste from air 
pollution control devices, iron and silicon particles from grinding and 
machining operations involving glass and metallic articles, etc. 

Solids are settled out in basins at the plant generating the waste 
and the sludge is disposed of by sanitary landfill after dewatering. 

Of the liquid industrial wastes that have been placed in either 
Category C or D the following are sometimes hauled away for final disposal: 

Industry Waste Type 

Iron & Steel Pickling Liquor 2 

Pesticides Chlorinated Hydrocarbons l 

Pharmaceuticals Organics, Acids, Alkalis 1 

Organic Chemicals Cyanide, Toxic organic compounds 1 

Glass Clarifier sludge 3 

Pulp & Paper Pigments, Latex, Digestion Liquid 1 

Petroleum Refining Brines, Toxic Compounds 1 
Metal Finishing Pickling, Chrome Baths, Cyanide Baths 2 

Automobile Paint Spray Booths, Bonderite Baths 1 

Other wastes commonly hauled away for disposal include: 

— Inorganic Chemicals — Calcium hydroxide slurry from the production 
of acetylene. 

— Food Industries — Whey from cheesemaking may have to be hauled away 
for disposal if it cannot be recovered economically for by—product 
manufacture. 
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HAULED WASTES 

- Tanneries — Spent vegetable tan solutions from the tanning process 
which may be toxic to microorganisms in municipal treatment plants. 

A3.2 DISPOSAL METHODS 

Disposal methods for hauled liquid wastes can be divided into three 
major systems: 

— Land disposal, subsurface disposal and burial 
— Incineration 
— Physical and chemical treatment 

LAND DISPOSAL, SUBSURFACE DISPOSAL AND BURIAL 

Most liquid industrial wastes are disposed of on land, usually as 
sanitary landfill. 

The possibility that a landfill will pollute the ground and surface 
waters, pollute the soils and generate combustible gases in the area of the 
fill is a major consideration in determining the suitability of sanitary land— 
fill at a site. 

Sub—surface disposal in Canada is only being practised in the Detroit 
River Sands formation (600 to 900 ft deep) along the St. Clair River Valley. 
This type of disposal method is expensive and requires extensive geological 
studies before use. 

Burial is only practised for very toxic wastes such as diisocyanates, 
cyanides and sulphur compounds. The liquids are stored in impervious drums 
and buried in pits or trenches at about 6 ft depth, ensuring that there is 
little influence by the surrounding water table. 

The cost of disposal by landfill is $2.25/ton which includes the cost 
of the land, interests and depreciation over 20 years, and all operating 
costs. Operation alone is $1.26/ton. 

Some wastes disposed of by landfill, subsurface disposal or burial 
are summarized in the table below: 

Waste Method of Disposal 

Acids Dumped over domestic garbage and 
covered with landfill 

Digestor liquors from pulp & paper Sprayed on roads in summer for dust 
control

~

~ ~
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Whey from cheese manufacture Spread on land 
Coating washes from paper mills Sanitary landfill 
Vegetable tan liquor Ridge & furrow irrigation 
Vegetable canning Spray irrigation 
Dairies Spray irrigation 
Ammonia, mercaptans, sulphides, 
cyanides, phenolic compounds, and 
fluorides from petrochemical industries Deep well disposal 
Toluene diisocyanate Buried at 6 ft depth 
Radioactive material Buried 

INCINERATION 

There are many materials which cannot be destroyed by incineration. 
These include: sodium or potassium caustic materials; aluminum chloride and 
other metallic salts; iron oxide and leaded compounds. 

In general, waste for incineration can be divided as follows: 

.1 Strong Organic Liquids 

These have a high enough heating value to sustain combustion. 
Liquids such as paint lacquer waste, waste oils, glycols, amines and solvents 
such as toluene, acetone and benzene qualify for this classification. 

Units burning these types of wastes will cost between $10,000 
and $15,000 for burning capacities of around 500 1b/hr of liquid, stack cost 
excluded; a 2,000 lb/hr unit would cost in the order of $20,000 to $25,000. 

.2 Weak Organic Liquids 

These usually contain less than 5 per cent of organics. These 
liquids are not capable of sustaining combustion without an auxiliary fuel 
such as oil or gas, or a strong organic liquid, as described above. 

Examples of materials in this category include phenolic waters, 
various washing and flushing fluids and separator sludges which are usually 
weak mixtures of oil and water. 

The cost of a 500 lb/hr unit for this kind of waste is in the range 
of $15,000 to $20,000 and the auxiliary fuel requirement is around 2 million 
Btu/hr. 

A 2000 1b/hr weak liquid incinerator would cost around $35,000 
to $40,000 and would require 8 million Btu/hr. 

.3 Halogenated Liquid Wastes 

These usually contain chlorinated hydrocarbons and are normally
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combustible because they are primarily a hydrocarbon and have only one or 
two chlorine or fluorine atoms attached. Typical materials in this category 
include trichloroethylene, ethylene dichloride and propylene dichloride. 
Special incineration equipment is required because the halogen will pass 
through the reaction. 

An excess of fuel is normally added to ensure that all the halogen 
forms its corresponding acid and the effluent is then scrubbed with water. 

Typical cost of.a unit with 500 lb/hr capacity is in the range of 
$25,000 to $30,000 with 2 million Btu/hr required from auxiliary gas and 
about 200 gpm of water required for scrubbing. 

A 1500 lb/hr system would cost between $40,000 and $45,000 and would 
require 6 million Btu/hr and 400 gpm of scrubbing water. 

PHYSICAL AND CHEMICAL TREATMENT 

Many hauled liquid wastes are toxic and require some form of 
treatment before disposal. 

Strong acids and alkalis should be neutralized and settled, cyanides 
must be oxidized and metal hydroxide flocs should be formed and precipitated 
before discharge. 

In many cases it may be more economical to carry out these ; 

operations at the plant generating the waste instead of having the waste 
hauled away by a contractor for disposal. 

If, however, the industry is located in a highly industrial area such 
as Sarnia, it may be more economical to have the waste treated at a central 
disposal system run by a private contractor. 

A3.3 TREATMENT FACILITIES 

The problem of disposal of hauled wastes, and particularly V 

hazardous and toxic liquids has led to the planning and construction of , 

privately owned treatment facilities for hauled wastes.
" 

The development of these specialized treatment facilities will solve f._: 
the problems of disposal for industries with highly toxic organic wastes such 

"’“" 

as those resulting from the petrochemical, pesticides and organic chemical 
industries, and toxic wastes from small industries that cannot economically 
justify the installation of complicated treatment plants such as the metal 
plating industry, and a series of other industries that all have sludges 
resulting from effluent treatment plants.

~



HAULED WASTES 

There are at Present two privately operated treatment facilities 
in Canada, one in Windsor and one in Sarnia. 

A treatment facility for the Metropolitan Toronto region is being 
proposed, which will treat all of the common types of hauled wastes generated 
by industry. A number of unit processes will be provided, including chemical 
treatment to neutralize acids and alkalis, with precipitation and separation 
of solids. Incineration equipment and biological treatment systems will 
also be incorporated. 

A similar plant has been proposed for the Montreal area, but there 
is no information available on further plans. 

The construction of privately operated treatment facilities in 
industrial areas is not expected to solve all disposal problems of 
concentrated liquid wastes, for the following reasons: 

(i) There are many plants which are located too far from major 
industrial centres where such facilities would be situated. 
Hauling charges for wastes from these industries would be 
too great to be economically feasible. 

(ii) Some wastes occur in too large quantities to be suitable 
for hauling. 

(iii) All wastes hauled to a common disposal plant must be 
properly identified to avoid formation of explosive mixtures 
or new toxic substances which may be extremely difficult to 
remove if not identified. 

(iv) There is a great risk of spillage of highly toxic wastes while 
being hauled, especially if the trucking company is not told 
the contents of the waste. 
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