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LETTER OF TRANSMITTAL 

International Lake Erie Water Pollution Board 
International Lake Ontario - St. Lawrence River Water 

Pollution Board 

September 2, 1969. 

International Joint Commission, 
United States and Canada. 

Gentlemen: 

In accordance with the International Joint 
Commission's directive, dated August 23, 1965, the Water 
Pollution Boards have conducted investigations to determine 
the extent and nature of pollution in the waters of Lake 
Erie, Lake Ontario and the international section of the 
St. Lawrence River. 

Herewith transmitted is the report of the 
Boards in three volumes. Volume 1 summarizes the pertinent 
data contained in Volumes 2 and 3 and states the Boards' 
findings and recommendations. Volume 2 (Lake Erie) and 
Volume 3 (Lake Ontario - St. Lawrence River) provide 
detailed technical information on the quality of waters 
under reference, and develop the basis on which the 
recommendations in Volume 1 are made. 

Data on which the report is based cover the 
period from 1963 through 1967, but further source 
information has been added in order to include significant 
observations. 

It is worthy of mention that international 
relationships have been of a high order throughout this 
joint Canadian - United States study. At the personal 
level, friendships have developed and mutual understanding 
and respect have grown among the many individuals of our 
two countries who participated. At the official level, 
there has been full cooperation of the several provincial, 



state and federal agencies which carried out the coordinated 
programs involved in the undertaking. The mutual regard 
and desire to proceed in concert give promise of effective 
cooperation in the joint international action that will 
be required for the abatement and control of pollution 
of the Great Lakes. 

The members of the Boards and the state, 
provincial and federal agencies from which they have been 
drawn appreciate the opportunity to be of assistance to 
the Commission. 

H.W. Poston, 
Chairman, 
U.S. Section. 

Respectfully submitted, 

Ernest A. Watkinson, M.D., 
Chairman, 
Canadian Section. 
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INTRODUCTION 

The first comprehensive report on pollution of 
boundary waters was issued by the International ~oint Commission 
in 1918 following investigations from 1913 to 1916. The section 
of that report dealing with water pollution problems in the 
Great Lakes area, though concerning itself primarily with the 
Connecting Channels (St. Clair River, Lake St. Clair, Detroit 
River, and Niagara River) did examine the quality of waters 
in both the western and eastern ends of Lake Erie and Lake 
Ontario, and in the international section of the St. Lawrence 
River. Subsequently, in its 1950 report2, the Commission re- 
examined the problem of pollution in these waters based on 
studies undertaken from 1946 to 1948. 

Pollution problems have changed materially over the 
period of study from 1913 to the present. The 1913 
investigations were almost solely concerned with bacterial 
pollution from domestic sewage, a reflection of the few municipal 
sewage treatment plants then in existence. Industrial pollutants 
were not discharged in sufficient quantities to seriously 
affect water uses. The investigations showed that the open 
waters of Lakes Erie and Ontario were essentially free of 
bacterial pollution except for the western basin of Lake Erie 
near the mouth of the Detroit River and Lake Ontario near the 
mouth of the Niagara River. Bacterial pollution on a localized 
scale in nearshore waters did, however, constitute a direct 
threat to municipal water supplies. 

The report of 1950 indicated that many of the 
municipalities identified in the earlier report had constructed 
sewage treatment works and water filtration plants to ensure 
safe water supplies. However, the extension of sewer services 
and the installation of treatment plants for domestic wastes 
had not kept up with growth in the area. The economic, 
industrial and agricultural expansion which took place from 
1913 to 1946 resulted in major increases of sewage discharges 
and new wastes. Industrial pollution which was not considered 
to be a problem in 1913 was recognized as a growing problem 
in 1948. 

Control programs to combat the bacterial pollution 
reported in the 1918 study and to provide the treatment 
recommended in the 1950 report were not adequate to keep pace 
with the problems arising from continued urban and industrial 
expansion in the lower lakes basins. Changes in manufacturing 
processes and commodity use had caused new and widespread 
pollution problems, while bacterial pollution continued in 
evidence despite the fact that many of the major sources were 
controlled. The urban and industrial complexes in the lower 

l~inal report of the International Joint Commission on the 
Pollution of Boundary Waters Reference, August, 1918. 

* ~ e ~ o r t  of the International Joint Commission on the 
Pollution of Boundary Waters, October, 1950. 



l a k e s  b a s i n s  were developed wi thou t  adequa te  knowledge of t h e  
e f f e c t s  of  m u l t i p l e  releases of  w a s t e s  t o  w a t e r .  F u r t h e r ,  
many r e sou rce  materials w e r e  d i scharged  i n t o  t h e  l a k e s  because 
ignorance e x i s t e d  of ways and means t o  conve r t  t h e s e  materials 
t o  economic b e n e f i t .  I n  o t h e r  cases materials recovery  systems 
w e r e  e i t h e r  inadequa te  o r  poor ly  opera ted .  

On October 7 ,  1964, t h e  Governments of t h e  United 
S t a t e s  and Canada informed t h e  I n t e r n a t i o n a l  J o i n t  Commission 
t h a t  they had reason  t o  b e l i e v e  t h e  wa te r s  of Lake E r i e ,  Lake 
Ontar io ,  and t h e  i n t e r n a t i o n a l  s e c t i o n  of t h e  S t .  Lawrence 
River were being p o l l u t e d  by sewage and i n d u s t r i a l  wastes, and 
accord ing ly  had "agreed upon a j o i n t  r e f e r e n c e  of t h e  ma t t e r "  
t o  t h e  Commission pursuant  t o  t h e  p r o v i s i o n s  of  A r t i c l e  I X  of 
t h e  Boundary Waters Trea ty  of  1909. 

The Commission w a s  r eques t ed  t o  i n q u i r e  i n t o  and 
r e p o r t  t o  t h e  two governments as soon as p r a c t i c a b l e  upon t h e  
fo l lowing  ques t ions :  

1. a r e  t h e  waters of Lake E r i e ,  Lake On ta r io ,  and 
t h e  i n t e r n a t i o n a l  s e c t i o n  of t h e  S t .  Lawrence River  
being p o l l u t e d  on e i t h e r  s i d e  of t h e  boundary t o  
an e x t e n t  which is caus ing  o r  i s  l i k e l y  t o  cause  
i n j u r y  t o  h e a l t h  o r  p rope r ty  on t h e  o t h e r  s i d e  of 
t h e  boundary? 

2. i f  t h e  foregoing  q u e s t i o n  i s  answered i n  t h e  
a f f i r m a t i v e ,  t o  what e x t e n t ,  by what causes ,  and 
i n  what l o c a l i t i e s  is such p o l l u t i o n  t a k i n g  p l ace?  

3.  i f  t h e  Commission should f i n d  t h a t  p o l l u t i o n  
of  t h e  c h a r a c t e r  j u s t  r e f e r r e d  t o  is t a k i n g  p l a c e ,  
what remedial  measures would, i n  i t s  judgment, be 
most p r a c t i c a b l e  from t h e  economic, s a n i t a r y  and 
o t h e r  p o i n t s  of view, and what would be  t h e  probable  
c o s t  t h e r e o f ?  

I n  o r d e r  t o  make t h e  necessary  i n v e s t i g a t i o n s  and 
s t u d i e s  t o  form t h e  b a s i s  f o r  i t s  r e p o r t  t o  t h e  Governments 
of t h e  United S t a t e s  and Canada, t h e  Commission e s t a b l i s h e d  
two Advisory Boards : 

1. The I n t e r n a t i o n a l  Lake E r i e  Water P o l l u t i o n  
Board, and 

2. The I n t e r n a t i o n a l  Lake On ta r io  and S t .  Lawrence 
River  Water P o l l u t i o n  Board. 

Represen ta t ives  from t h e  Federa l  Governments of t h e  
two c o u n t r i e s ,  and from t h e  S t a t e s  of  New York, Pennsylvania ,  



Ohio, Michigan, and the Province of Ontario were appointed to 
these Boards. 

While the two lakes, Erie and Ontario, are the 
smallest of the five Great Lakes, over half the population of 
the Great Lakes region live and work in these two basins. 
Thus Lake Erie and Lake Ontario have been subjected over the 
years to great use pressures, and have received large quantities 
of industrial and municipal wastes. It seems appropriate, 
therefore, that the first major international investigation 
of the Great Lakes pollution problems should be directed at 
these two lakes. 

When the United States and Canada became signatories 
to the Boundary Waters Treaty, they did so in recognition of 
the value of protecting the boundary and transboundary waters 
and established an order of precedence for water use. These 
were (1) domestic and sanitary, (2) navigation, and (3) power 
and irrigation. The uses of these waters for industry, 
recreation, and fish and wildlife purposes were not cited in 
the Treaty. However, they have played an increasingly important 
part in the development of the lakes and are recognized as 
uses which are entitled to full consideration along with those 
specifically named in the Treaty. 

PROGRAM OF INVESTIGATIONS 

In 1960, the Congress of the United States 
appropriated funds to launch a comprehensive pollution study 
of the Great Lakes, specifically providing for the Secretary 
of the Department of Health, Education and Welfare "to conduct 
research and technical development work, and make studies, 
with respect to the quality of the waters of the Great 
 lake^,....^^. Actual studies of Lake Erie were initiated in 
1963 and of Lake Ontario and the international section of the 
St. Lawrence River in 1964. Subsequently, through 
reorganization, these studies were continued by the Department 
of the Interior and have been used in the preparation of this 
report. 

In Canada studies of the lower Great Lakes for this 
report began in 1964 after water pollution became a matter of 
reference to the International Joint Commission by the two 
governments. The Department of National Health and Welfare, 
the Department of Energy, Mines and Resources, the Fisheries 
Research Board of Canada, and the Ontario Water Resources 
Commission, all initiated programs to develop data on which 
to base recommendations for the necessary remedial actions on 
the two lakes. 

l ~ e d e r a l  Water P o l l u t i o n  Contro l  Act ,  1956,  as amended 
( 3 3  U.S.C. 466 e t  s e q . ) .  



Of considerable importance in the development of 
this report has been a cooperative and well-coordinated program 
of investigations and special studies by personnel from federal, 
state and provincial agencies. Other sources of pertinent 
data have been examined and incorporated in this report for 
the evaluation of long term changes. 

INTERIM REPORTS 

Since the work of the Advisory Boards was initiated, 
semi-annual reports have been submitted to the Commission to 
apprise it of the Boards' progress. 

In September of 1965, the Boards submitted an interim 
report to the Commission. In that report the Boards recognized 
significant pollution in Lake Erie and the rapid development 
of similar conditions in Lake Ontario and the international 
section of the St. Lawrence River. The report recommended the 
development of a comprehensive program to locate sources of 
pollution; to bring these sources under control or to eliminate 
them; to develop and adopt uniform regulations at federal, 
state and provincial levels concerning discharge of wastes 
from pleasure craft and vessels; to encourage and support 
research and related activites; and to establish data centres 
on both sides of the border to facilitate the exchange of data. 
In December 1965, the International Joint Commission summarized 
the Boards' findings and issued its own "Interim Reportn to 
the Governments of Canada and the United States. 

A second interim report was prepared by the Advisory 
Boards and submitted to the Commission in June, 1968. This 
report reiterated the conclusions stated in the 1965 report 
and noted the achievements in pollution abatement since that 
time. A number of other pollution reports commissioned by 
federal, state and provincial agencies participating in this 
study have been tabled with the Advisory Boards. These have 
been thoroughly reviewed and recognized in the planning of 
surveys, preparation of data or as source documents. 

PRESENT REPORTS 

This report has been prepared in three volumes. 
In Volume 1 the Boards have endeavoured to summarize the 
findings and to identify the critical problems of pollution, 
and pollution control measures which are of immediate concern 
to both countries as well as those long range problems which 
must be brought under continuing review and study. Volume 2 
contains the scientific and engineering data and findings which 
have been used to determine the sources and levels of pollution 
in Lake Erie, as well as recommendations for the necessary 
remedial measures. Volume 3 contains similar information for 



Lake Ontario and the international section of the St. Lawrence 
River. 

EXISTING POLLUTION CONTROL PROGRAMS 

The Boards fully recognize the ongoing pollution 
abatement programs of the bordering states and the Province 
of Ontario. The recommendations of this report reinforce these 
existing programs, and are not intended to replace earlier 
completion dates or more stringent water quality criteria where 
such exist. 



N E W  Y O R K  



1. SUMMARY OF FINDINGS AND RECOMMENDATIONS 

1.1 SUMMARY OF FINDINGS 

Transboundary Pollution 

The Advisory Boards conclude, on the basis of data 
and other information developed by the United States and Canada 
over the last six years, that Lake Erie, Lake Ontario and the 
international section of the St. Lawrence River are being 
polluted on both sides of the boundary (United States-Canada) 
to an extent that is causing and is likely to cause injury to 
health and property on the other side of the boundary. 

The Advisory Boards have concluded from flow studies 
conducted by United States and Canadian agencies, that there 
is substantial mixing of waters in the lakes to the extent 
that concentration levels of polluting materials are remarkably 
uniform throughout extensive areas of each lake. Thus, there 
appears to be no doubt that all major sources of pollution to 
the lakes have contributed directly, or indirectly, to their 
generally degraded condition. 

To support this finding the following evidence is 
provided : 

1. nutrients, especially phosphorus, have been and are being 
added to the waters of reference in such quantities that Lake 
Erie, particularly the western basin, is in an advanced state 
of eutrophication. Similarly, accelerated eutrophication is 
occurring in Lake Ontario with the effects being carried into 
the St. Lawrence River. 

2. the eutrophic conditions described above have caused 
excessive algal growths which interfere with water uses, 
including water supplies, aquatic life, aesthetics, industrial 
uses, recreation and shoreline properties. 

3. commercial fisheries statistics while showing relatively 
stable catches over the last forty years in terms of weight 
indicate that dramatic changes in the fish populations have 
occurred. The contribution to the annual catch made by once 
abundant and valuable species has decreased while that of less 
valuable species has increased. This important change, at 
least in part, is attributable to the effects of pollutants. 

4. disposal of dredged materials, floating refuse, and 
suspended materials also cause pollution problems in the lakes. 

5. bacterial contamination occurs in local areas, mostly 
along the United States shores of Lake Erie and the Canadian 
shores of Lake Ontario. 



6. a d d i t i o n a l  p o l l u t a n t s  t h a t  a r e  of immediate concern i n  
t h e  re ferenced  waters a r e  o rgan ic  contaminants,  s p i l l s  of o i l  
and o t h e r  hazardous subs tances ,  r a d i o a c t i v e  m a t e r i a l s ,  v i r a l  
contamination and thermal  po l lu t ion .  

Extent  

The Advisory Boards conclude t h a t  s e r i o u s  p o l l u t i o n  
problems e x i s t  throughout t h e  waters  of r e f e r e n c e  inc lud ing  
many beach a r e a s  and t h e  shore l ine .  

To suppor t  t h i s  f i n d i n g  t h e  fol lowing evidence is 
provided : 

1. p o l l u t a n t s  e n t e r i n g  t h e  boundary waters  a r e  f i r s t  
i d e n t i f i e d  a s  p o i n t  sources  wi th  l o c a l  e f f e c t s .  

2. d i s p e r s i o n  soon diminishes  t h e  l o c a l  e f f e c t s  b u t  over  
t h e  y e a r s  p o l l u t a n t s  have continued t o  reach t h e  l a k e s  i n  very 
l a r g e  q u a n t i t i e s  s o  t h a t  t h e  gene ra l  q u a l i t y  of t h e  l ake  waters  
has d e t e r i o r a t e d  s i g n i f i c a n t l y .  

3 . s e r i o u s  p o l l u t i o n  problems are occur r ing  i n  l o c a l  waters  
and harbours.  Complexes of urban and i n d u s t r i a l  development 
have been c r e a t e d  wi thout  adequate knowledge of t h e  e f f e c t s  
of m u l t i p l e  r e l e a s e s  of wastes  t o  the lakes .  

4. t h e  l a r g e  i n c r e a s e  i n  popula t ion  and i n d u s t r i a l  a c t i v i t y  
a n t i c i p a t e d  i n  t h e  lower l akes  b a s i n  over  t h e  n e x t  twenty y e a r s  
may n e c e s s i t a t e  r e s t r i c t i o n s  on some developments t o  p r o t e c t  
t h e  resources  of t h e  lakes .  These r e s t r i c t i o n s  could be avoided 
i f  adequate provis ion  is made t o  r e s t o r e  and maintain water 
q u a l i t y  . 
Causes and L o c a l i t i e s  

The Advisory Boards conclude t h a t  t h e  major sources  
of p o l l u t i o n  t o  t h e  re ferenced  waters a r e  m u n i c i p a l i t i e s  and 
i n d u s t r i e s .  Municipal wastes comprise t h e  p r i n c i p a l  source  
of phosphorus t o  t h e  lower lakes .  Municipal and i n d u s t r i a l  
wastes a l s o  c o n t r i b u t e  d i s so lved  and suspended s o l i d s ,  oxygen- 
consuming materials, t o x i c  subs tances  and pathogens. 

The fol lowing s p e c i f i c  sources  of p o l l u t i o n  a r e  
i d e n t i f i e d :  

1. t h e  major c o n t r i b u t i o n  of many p o l l u t i n g  m a t e r i a l s  t o  
Lake E r i e  a r i s e s  from t h e  D e t r o i t  River,  which r e c e i v e s  very 
l a r g e  q u a n t i t i e s  of p o l l u t a n t s  from t h e  heav i ly  i n d u s t r i a l i z e d  
D e t r o i t  met ropol i tan  a r e a ,  and p a r t i a l l y  t r e a t e d  sewage from 
t h e  C i t y  of Windsor, Ontario.  



2. the Maumee River at the western end of the lake, and the 
Cuyahoga River at Cleveland discharge significant amounts of 
pollution to Lake Erie. 

3 . the Niagara River is the greatest contributor of pollutants 
to Lake Ontario. Already in a nutrient-enriched state from 
Lake Erie, the Niagara River receives additional waste materials 
from the heavily industrialized Buffalo and Niagara Falls areas 
on the United States shore. Finally, the city of Niagara 
Falls, New York, discharges poorly treated wastes to the river. 

4. Rochester and Toronto contribute major amounts of nutrients 
to Lake Ontario. 

5. waste discharges from private and commercial vessels are 
sources of pollution to both lakes. 

6. disposal of dredged materials is a significant source 
of pollution in some areas. 

7. nutrient runoff from agricultural lands is considered 
to be a source of pollution but there is limited reliable 
information at the present time on the magnitude of this 
contribution. 

8. oil and gas well drilling in the lakes must be recognized 
as a potential source of pollution. Because of a number of 
generally favourable conditions surrounding the extensive well 
drilling activity in the Canadian portion of Lake Erie, 
(uncomplicated geological conditions, effective regulations 
and good operational practices) no serious problems have arisen. 

Finally, there are two general conclusions to which 
the Advisory Boards can readily find unanimous agreement. 
First, that the lower lakes (Erie and Ontario) and the 
international section of the St. Lawrence River are seriously 
polluted from waste sources in Canada and the United States 
to the detriment of both countries; and second, that vigorous 
and effective remedial programs must be carried out promptly 
and on a continuing basis, to reverse the deteriorating 
conditions of the lakes. 



1.2 RECOMMENDATIONS 

The Boards recommend: 

1. t h a t  t h e  Commission adopt  t h e  Water Q u a l i t y  Ob jec t ives  as 
set f o r t h  i n  t h i s  r e p o r t  f o r  Lake E r i e ,  Lake On ta r io  and t h e  
i n t e r n a t i o n a l  s e c t i o n  of t h e  S t .  Lawrence River and f u r t h e r  
t h a t  new water q u a l i t y  o b j e c t i v e s  be  developed f o r  t h e  Connecting 
Channels t o  r e p l a c e  o b j e c t i v e s  adopted by t h e  Commission i n  
1951 from t h e  Report  on P o l l u t i o n  of Boundary Waters (1950).  

2. t h a t  a program of phosphor us^ c o n t r o l  be implemented i n  t h e  
d ra inage  b a s i n s  of Lakes E r i e  and On ta r io  t o  reduce  t h e  adverse  
e f f e c t s  on w a t e r  q u a l i t y  and w a t e r  u se  r e s u l t i n g  f r o m  e x c e s s i v e  
b i o l o g i c a l  growth. The r e q u i r e d  r e d u c t i o n  be achieved by: 

(a) immediate r e d u c t i o n  t o  minimum p r a c t i c a l  l e v e l s  
o f  t h e  phosphorus c o n t e n t  of  d e t e r g e n t s  and 
t h e  amounts of  phosphate-based d e t e r g e n t s  used; 
complete replacement  of phosphorus compounds 
i n  d e t e r g e n t s  wi th  environmental ly  less harmful 
s u b s t i t u t e s  as soon as p o s s i b l e ,  b u t  n o t  later 
t h a n  1972. 

(b )  implementing programs f o r  t h e  r e d u c t i o n  of  
phosphorus from municipal  and i n d u s t r i a l  w a s t e  
e f f l u e n t s  d i s cha rg ing  d i r e c t l y  t o  Lake E r i e  
and Lake Ontar io ,  and f o r  t h e  necessary  t r e a t m e n t  
of waste e f f l u e n t s  d i s c h a r g i n g  t o  t h e  t r i b u t a r i e s  
where t h e  i n f l u e n c e  of t h e s e  on t h e  l a k e s  is 
s i g n i f i c a n t .  

F a c i l i t i e s  f o r  t h e  c o n t r o l  of d i s c h a r g e s  
d i r e c t l y  t o  Lake E r i e  and t h e  D e t r o i t  River  
should be  provided no later  than  1972 and f o r  
t h e i r  t r i b u t a r i e s ,  i n c l u d i n g  Lake S t .  C l a i r  
and t h e  S t .  C l a i r  River ,  no la ter  than  1975. 
S i m i l a r l y ,  f a c i l i t i e s  f o r  t h e  c o n t r o l  of 
d i s c h a r g e s  d i r e c t l y  t o  Lake On ta r io  and t h e  
Niagara River  should be  provided no la ter  than  
1975 and f o r  t h e i r  t r i b u t a r i e s  no l a t e r  t han  
1978. 

I n  t h e  i n i t i a l  s t a g e  of t h i s  program, t h e s e  
f a c i l i t i e s  are t o  prov ide  by t h e  above d a t e s  
n o t  less than  an 80 p e r c e n t  r e d u c t i o n  of t h e  
phosphorus from municipal  and i n d u s t r i a l  w a s t e  
l o a d s  d i scharged  t o  t h e  Lake E r i e  and On ta r io  
b a s i n s  from t h e  Province of  On ta r io  and t h e  
S t a t e s  of New York, Pennsylvania,  Ohio, Ind iana  
and ~ i c h i g a n .  It is a n t i c i p a t e d  t h a t  by 1986, 

l ~ h e  term phosphorus in this report refers to phosphorus 
as a constituent of various organic and inorganic complexes 
and compounds, not to elemental phosphorus as a chemical 
substance. Concentrations and loads are given in terms 
of the element phosphorus to assure uniformity of 
expression. 



reductions of 95 percent or more will be 
required for Lake Erie. 

(c) the development of programs for the control 
of phosphorus from agricultural activities. 
State and provincial water pollution control 
agencies should encourage and assist agricultural 
agencies in the development of such programs 
as soon as possible, but not later than 1972. 

(d) regulation of any new uses or significant 
changes in the addition of phosphorus to the 
drainage basins that would result in appreciable 
additions to the lakes. 

3. that state and provincial agencies accelerate their pollution 
control programs where necessary to meet the objectives 
recommended in this report. 

4. that federal, provincial, state and local agencies, 
authorities and commissions review their existing laws and 
regulations relating to the reporting and control of spills 
and disposal of oil and toxic or deleterious substances, 
including transportation of these materials, and strengthen 
programs, laws and regulations where necessary. Such programs, 
laws and regulations are required to prevent discharges of 
these substances to waterways and to improve the capability 
for control and clean up in the event of spills. 

5. that an international contingency plan be formulated to 
deal with pollution incidents (a discharge of oil or other 
hazardous substance of such magnitude or significance as to 
require immediate response to contain, clean up or dispose of 
the material to prevent conditions threatening public health, 
welfare, safety and damage to property). 

6. that the Province of Ontario and the States of New York, 
Pennsylvania, Ohio and Michigan develop compatible policies 
and regulations by 1970 with reference to the prevention of 
pollution from oil and gas exploration and production in the 
referenced waters. 

7. that federal, provincial and state laws be reviewed and 
revised where necessary to provide legislation for water quality 
management authorities to prevent or abate pollution where a 
number of waste sources in more than one jurisdiction 
collectively cause pollution or deteriorate water quality. 

8, that adequate water quality surveillance and monitoring 
activities be maintained in the referenced waters including 
inputs from tributaries to allow for assessment of and 



adjustments  t o  programs of enforcement, management, p lanning 
and r e sea rch .  

9. t h a t  compat ible  l e g i s l a t i o n  f o r  t h e  c o n t r o l  of water  p o l l u t i o n  
from a l l  c l a s s e s  of b o a t s  and v e s s e l s  be considered by t h e  
va r ious  governments and implemented by 1970. Fu r the r ,  t h a t  
t h e  va r ious  governments cons ide r  t h e  p o s s i b l e  need t o  r e g u l a t e  
commercial bulk t r a n s p o r t  of hazardous m a t e r i a l s .  

10. t h a t  dredged m a t e r i a l  con ta in ing  o b j e c t i o n a b l e  q u a n t i t i e s  
of p o l l u t a n t s  be disposed of i n  a  manner t o  p r o t e c t  t h e  q u a l i t y  
of t h e  r e fe renced  waters ;  c o n t r o l  of d i s p o s a l  o p e r a t i o n s  be 
p u t  i n t o  e f f e c t  by 1972 o r  e a r l i e r  and t h a t  unconfined open 
l a k e  dumping of such m a t e r i a l  be  p roh ib i t ed .  

11. t h a t  f e d e r a l ,  p r o v i n c i a l ,  s t a t e  and l o c a l  agenc ies  review 
e x i s t i n g  o r  p o t e n t i a l  p o l l u t i o n  problems a s s o c i a t e d  wi th  s o l i d  
waste d i s p o s a l  p r a c t i c e s  and e x i s t i n g  laws and r e g u l a t i o n s  
r e l a t i n g  t o  s o l i d  wastes  t o  provide  e f f e c t i v e  methods f o r  t h e  
prevent ion  of water  p o l l u t i o n .  

12. t h a t  compat ible  and coord ina ted  programs designed t o  
e f f e c t i v e l y  c o n t r o l  p o l l u t i o n  from h e r b i c i d e s  and p e s t i c i d e s  
be implemented by 1972 and t h a t  s u b s t i t u t e s  be  found f o r  
p e r s i s t e n t  t o x i c  chemicals and t h e i r  use  encouraged. 

13. t h a t  v i r a l  r e sea rch  be i n t e n s i f i e d  s o  a s  t o  determine t h e  
s i g n i f i c a n c e  of  v i r u s e s  i n  water ,  t h e  epidemiologic  r e l a t i o n s h i p  
of t h e  va r ious  types  and amounts of v i r u s e s  i n  waters  used f o r  
r e c r e a t i o n  and human consumption, and morbidi ty  caused by 
exposure t o  v i r u s e s .  

1 4 .  t h a t  municipal  and i n d u s t r i a l  w a s t e  c o l l e c t i o n  and t rea tment  
systems be opera ted  and maintained t o  avoid bypassing of 
un t r ea t ed  wastes  and t o  a t t a i n  a s  a  minimum s t anda rd  t h e  
approved des ign  and degree  of t r ea tmen t  a t  a l l  t i m e s .  

15. t h a t  m u n i c i p a l i t i e s  c a r r y  o u t  p o l i c i e s  of s e p a r a t i n g  
combined s torm and s a n i t a r y  sewage c o l l e c t i o n  systems i n  newly 
developed areas; i n  a r e a s  wi th  e x i s t i n g  combined s e w e r  systems, 
s e p a r a t i o n  of t h e  s torm and s a n i t a r y  systems be  undertaken o r  
c o n t r o l  measures be  i n s t i t u t e d  t o  prevent  p o l l u t i o n  from 
combined sewer overf lows,  and f u r t h e r  t h a t  a l l  m u n i c i p a l i t i e s  
submit  f o r  approval  p l ans  f o r  a b a t i n g  p o l l u t i o n  from combined 
sewers by 1972. 

16. t h a t  power companies, p r i v a t e  i n t e r e s t s  and a u t h o r i t i e s  
planning thermal  power p l a n t s  on Lake E r i e  and Lake Ontar io  
be r equ i r ed  t o  submit  p l ans  t o  p o l l u t i o n  c o n t r o l  agenc ies  t o  
ensu re  t h a t  s i t e  s e l e c t i o n  and des ign  a r e  such a s  t o  e l i m i n a t e  
o r  minimize adverse  e f f e c t s  on t h e  r e c e i v i n g  waters  of thermal  



inputs and radioactive materials and that the effects of large 
thermal inputs to these lakes be evaluated by power authorities, 
private interests and water pollution control agencies. 

17. that the federal, provincial and state governments give 
high priority to the support of research essential for the 
continuing improved management of water resources. 

18. that federal, state and provincial agencies begin or 
accelerate programs to control riverbank and shore erosion. 

19. that an appropriate Board be appointed on a continuing 
basis for the coordination of joint international programs in 
water pollution control of the Great Lakes. This coordination 
is to include: 

(a) water quality objectives and plans for their 
attainment. 

(b) recommendations for legislation affecting these 
waters. 

(c) a water quality management model for the Great 
Lakes. 

development of plans and programs to prevent spills 
of polluting materials and to handle the contingencies 
arising from spills should they occur. 

(e) monitoring and surveillance. 

research. 
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Fig. 2. 1.1 Lake Erie and Lake Ontario drainage basins. 



2. DESCRIPTION OF STUDY AREA 

2 . 1  PHYSICAL FEATURES 

Lakes E r i e  and Ontar io occupy t h e  terminal  por t ion  
of t h e  system of Great Lakes drained by t h e  S t .  Lawrence River. 
They are the smallest of t h e  Great Lakes and f o r  t h a t  reason 
a r e  more s e n s i t i v e  and responsive t o  changes induced by human 
a c t i v i t i e s .  This  is p a r t i c u l a r l y  t r u e  of Lake E r i e  which has 
a mean depth of only 58 f t  (18 m) . 

The two l akes  d r a i n  a t o t a l  of 59,000 square miles  
of watershed area, excluding t h e  watershed of t h e  upper lakes.  
This a r e a  extends i n t o  four  bordering s t a t e s  and covers a l a r g e  
por t ion  of southern  Ontario.  The Lake Ontar io  drainage bas in  
is almost equal ly  divided between t h e  United S t a t e s  and Canada, 
whereas 70 percent  of t h e  Lake E r i e  bas in  l ies wholly wi th in  
t h e  United S t a t e s  (Fig. 2 .1 .1) .  

The c l ima te  of t h e  region is  c o n t i n e n t a l  i n  cha rac te r ,  
with l o c a l i z e d  inf luences  due t o  t h e  l a k e s  themselves. 
P reva i l ing  winds i n  t h e  winter  a r e  from t h e  northwest and 
southwest s e c t o r s ,  whereas summer winds predominate from t h e  
south t o  the n o r t h e a s t  sec to r s .  Average annual p r e c i p i t a t i o n  
is i n  t h e  range of 29 t o  32 inches.  The leeward shores  of t h e  
lakes  r e c e i v e  t h e  h i g h e s t  p r e c i p i t a t i o n ,  mostly a s  snowfal l  
during winter .  

The mean discharge r a t e s  used i n  this r e p o r t  a r e  
178,000 cubic  f e e t  per  second ( c f s )  f o r  t h e  D e t r o i t  River a t  
t h e  ent rance  t o  Lake Er ie ;  202,000 c f s  f o r  t h e  Welland Canal 
and Niagara River; and 232,000 c f s  f o r  t h e  St .  Lawrence River 
a t  t h e  o u t l e t  of Lake Ontario.  Var ia t ions  i n  water l e v e l  a r e  
more pronounced i n  Lake E r i e  than i n  Lake Ontar io due t o  t h e  
shallow depth and t h e  f a c t  t h a t  water l e v e l s  of Lake Er ie  a r e  
not regulated.  

Both l ake  bas ins  are e r o s i o n a l  i n  o r i g i n ,  t h e  shape 
and o r i e n t a t i o n  having been con t ro l l ed  by t h e  na tu re  of t h e  
underlying bedrock. The i s l a n d  chains  of western Lake E r i e  
a r e  formed of e r o s i o n - r e s i s t a n t  dolomite formations,  while  t h e  
remainder of t h e  Lake Er ie  bas in  is  a composite of two 
depressions loca ted  i n  a r e a s  of weak s h a l e  and s i l t s t o n e  
bedrock. The bedrock is mantled wi th  t h i c k  unconsolidated 
g l a c i a l  and l a t e - g l a c i a l  depos i t s ,  p a r t i c u l a r l y  i n  the e a s t e r n  
and c e n t r a l  basins .  The Lake Ontar io bas in  is  s i t u a t e d  along 
an outcrop band of s o f t  s h a l e  bedrock, wi th  underlying 
sedimentary rock s t r a t a  of sha le ,  l imestone, dolomite and 
sandstone. The s t ra ta  l a p  t o  t h e  nor th  t o  a complex of o l d e r  
igneous and metamorphic rocks known a s  t h e  Canadian Shield.  



Following the last ice retreat the whole area has undergone 
uplift resulting in the formation of dramatic shore bluffs in 
Lake Erie which are being eroded by wave action. 

2.2 POPULATION 

The whole of the Great Lakes basin supported fewer 
than 300,000 persons early in the nineteenth century. In 1966, 
30.rnillion people lived on the shores of or near the Great 
Lakes, equivalent to about one in every three Canadians and 
one in eight Americans, a one hundredfold increase in population 
in 150 years. In 1966, in the Lake Erie basin the population 
was 10.4 million persons on the United States and 1.4 million 
on the Canadian side. In the Lake Ontario basin the populations 
in 1966 were 2.3 and 3.8 million on the United States and 
Canadian sides, respectively. 

In the Great Lakes basin there are essentially four 
major zones of urbanization, Cleveland-Akron-Lorain, Windsor- 
Detroit-Flint, Toronto-Hamilton-Buffalo, and Chicago-Milwaukee. 
The first two of these exert a direct influence on the waters 
of Lake Erie, and the third on Lake Ontario. 

In the Lake Ontario basin population is concentrated 
in an arc extending from the western end of the lake from 
Niagara to just east of Oshawa, including the major urban areas 
of Hamilton and Toronto. Other population pressures are 
expected in the Rochester metropolitan area and the Oswego, 
Syracuse metropolitan areas on the southern shore of the lake. 
It is predicted that within the next 50 years a megalopolis 
will extend from Milwaukee on the west shore of Lake Michigan 
to Montreal supporting a population of some 50 million people 
(MacNish and Lawhead, 1968). 

Even within as short a time span as 20 years a 
definite trend toward urbanization is clearly evident in the 
basins with accelerated growths taking place in many of the 
principal cities. It can be anticipated further that urban 
localities will account for the major portion of the projected 
increases in population and industry. 

The problems of water supply and waste disposal 
with such central developments have already reached major 
proportions in some of the tributary basins. Future developments 
must be planned within broad basin concepts where a limitation 
in growth of population and industry might have to be recognized 
as a basic principle of water management policy. 



2.3 NATURAL RESOURCES 

Much of t h e  t o t a l  Great  Lakes b a s i n  economy has  
developed i n  the Lake E r i e  and Lake On ta r io  b a s i n s  because of 
t h e  abundance of o r e s  and minera l s  nearby. The proximity  of  
t h e s e  raw m a t e r i a l s ,  low cost water t r a n s p o r t a t i o n ,  minera l s ,  
petroleum, n a t u r a l  gas  and t imber  has  led t o  t h e  c e n t r a l i z a t i o n  
of many of the base  metal  and primary i n d u s t r i e s  i n  bo th  
coun t r i e s .  It is  estimated t h a t  i n  1964 i n d u s t r y  a lone  
c o n t r i b u t e d  about  18 b i l l i o n  d o l l a r s  t o  t h e  economy of t h e  
Lake E r i e  b a s i n  and about  7 b i l l i o n  d o l l a r s  t o  t h a t  of t h e  
Lake Ontar io  bas in .  Indus t ry  ranks a s  the major economic base  
f o r  bo th  r eg ions ,  b u t  mining is  an  impor tan t  a s p e c t  i n  Ontar io  
s i n c e  it c o n t r i b u t e s  t o  a wide range of products .  The farmland 
a r e a s  border ing  t h e  t w o  l a k e s  have had a s i g n i f i c a n t  e f f e c t  
on t h e  economic development i n  t h e  t w o  b a s i n s .  

The Lake Ontar io  b a s i n  c o n t a i n s  l a r g e  t r a c t s  o f  
f o r e s t e d  l ands  i n  t h e  Precambrian a r e a s  border ing  t h e  lake .  
These r eg ions  a r e  wel l - su i ted  t o  r ec rea t ion -o r i en ted  s p o r t s  
and a r e  be ing  developed by p r i v a t e  and government i n t e r e s t s .  
Lands have a l s o  been set a s i d e  on t h e  l a k e s  and channels  f o r  
p u b l i c  parklands and r e c r e a t i o n  a reas .  

2.4 WATER USES 

The water  uses  r e q u i r e d  t o  suppor t  t h e  popula t ions  
and i n d u s t r i e s  i n  t h e  b a s i n s  a r e  numerous. Those depending 
upon o r  a f f e c t i n g  water  q u a l i t y  are domestic and i n d u s t r i a l  
water  s u p p l i e s ,  coo l ing  wa te r s ,  domestic and i n d u s t r i a l  waste  
w a t e r  d i s p o s a l ,  nav iga t ion ,  power development, a g r i c u l t u r e ,  
i r r i g a t i o n ,  f i s h e r i e s  and r e c r e a t i o n .  

Withdrawals of water  f o r  municipal  use  a r e  heavy 
and i n d i c a t i v e  of t h e  r e l a t i v e  use  p r e s s u r e s  on t h e  l a k e s  by 
t h e  t w o  coun t r i e s .  United S t a t e s  m u n i c i p a l i t i e s  withdraw some 
634 m i l l i o n  g a l l o n s  p e r  day (U.S. mgd) from Lake E r i e  whi le  
Canadian withdrawals  amount t o  20 mgd (Imp). I n  t h e  Lake 
Ontar io  b a s i n  Canadian use is  t h e  h e a v i e s t  w i th  withdrawal of 
349 mgd (Imp) ve r sus  83 mgd (U.S.) i n  t h e  United S t a t e s .  

Hydroe lec t r i c  power a u t h o r i t i e s  u t i l i z e  t h e  l a k e  
system f o r  t h e  power p o t e n t i a l  of t h e  o u t l e t  r i v e r s .  The 
h y d r o e l e c t r i c  development of t h e  lower l a k e s  and r i v e r s  is  
approaching i t s  p o t e n t i a l  c a p a c i t y  and is now being supplemented 
wi th  major developments i n  thermal  and nuc lea r  power gene ra t ing  
p l an t s .  These f a c i l i t i e s  and i n d u s t r y  withdraw 13,000 mgd 
(U.S.) of water  from both  l akes ,  most of which is  subsequent ly  
r e tu rned  t o  t h e  l akes .  



Utilization of the lakes as a waterway dates back 
to the days of the early explorers and fur traders. Since 
then the waterway has been improved with navigation facilities, 
channels, locks and harbours making it one of the most 
sophisticated water transportation systems in the world. 
Traffic and tonnages have increased steadily since the seaway 
opened in 1959; tonnages have more than doubled in the Welland 
Canal and in the St. Lawrence Canal system over the period 
1959 to 1966. 

The increase in water-borne commerce may pose further 
threats to other water uses by the discharge of ship wastes 
and the potential danger of cargo and material spills from 
collisions or accidents. 



P L A T E  I WATER USES IN LOWER LAKES 

Summer Exodus to 
Toronto Island 

Swimming 
in Lake Ontario 

Commercial Waterway 

A Cool Drink 



WATER QUALITY PROBLEMS 

3.1 ACCELERATING ENRICHMENT 

3.1.1 Nature of the Problem 

In recent years a great number of accounts have 
been published referring to Lake Erie as a dead or dying lake. 
Such articles have often led to a good deal of misinterpretation 
and misunderstanding. For this reason, it is necessary to 
consider the nature of the problem. 

Suspended algae in open water (phytoplankton) and 
rooted plants and attached algae on the bottom in shallow areas 
constitute the plant life of lakes. These plants, directly 
or indirectly, serve as the source of food for all of the 
animals that make up the complex communities of life in lakes. 
Many factors control the biological productivity of lakes; 
however, since plant growth depends on the supply of essential 
nutrients, lakes well supplied with nutrients tend to be the 
most productive. Indeed, this relationship provides a recognized 
basis for lake classification. 

According to the trophic system of lake 
classification, lakes are generally classified as otigotrophic, 
mesotrophic or eutrophic, depending on their degree of plant 
nutrient enrichment and biological productivity, Oligotrophic 
lakes are poorly supplied with plant nutrients and support 
little plant growth. As a result biological production is 
generally low, their waters are clear and the deeper waters 
are well supplied with oxygen throughout the year. Eutrophic 
lakes are rich in plant nutrients and support a heavy growth 
of plants. As a result, biological production is generally 
high, the waters are turbid because of the dense growth of 
phytoplankton, and the deeper waters during periods of restricted 
circulation become deficient in oxygen as a result of the 
decomposition of great quantities of organic material produced. 
Lakes intermediate between oligotrophic and eutrophic, that 
is, with a moderate supply of nutrients, moderate plant abundance 
and biological production, are known as mesotrophic lakes. 

If the supply of nutrients to an extremely 
oligotrophic lake is progressively increased, the lake will 
become more mesotrophic in character; with further continuing 
enrichment it will eventually become eutrophic and finally 
extremely eutrophic. This whole process of progressively 
becoming more eutrophic is known as eutrophication, Thus, 
eutrophication refers to the whole complex of changes which 
accompany continuing enrichment by plant nutrients, These 
include progressive increases in the growth of algae and other 
plants, general increases in biological productivity, successive 



changes in the kinds of plants and animals living in the lake, 
oxygen depletion in deep water during periods of restricted 
circulation, and dec.reasing depth as a result of accumulating 
organic sediments. The three general lake types (oligotrophic, 
mesotrophic and eutrophic) are merely relative in that they 
indicate the general degree of eutrophy in a spectrum ranging 
from oligotrophy to eutrophy. 

Sewage, some industrial wastes and surface runoff 
from heavily fertilized farmlands contain significant 
concentrations of essential plant nutrients which enrich lake 
waters. With increased urbanization, industrialization, 
intensified agricultural practices and use of phosphate-based 
detergents in recent decades, there has been an ever increasing 
number of examples of such enrichment and rapid eutrophication 
of lakes in many parts of the world. Lakes of all types and 
sizes have been affected. In some cases even very oligotrophic 
lakes have become eutrophic in a matter of a few decades. The 
end result of excessive enrichment is always the same: 
production of dense nuisance growths of algae and aquatic weeds 
that generally degrade water quality and render the lake useless 
for many purposes. Heavy enrichment particularly favours the 
growth of certain algae that produce unpleasant side effects. 
CZadophora, an attached alga growing on rocky shores often 
accumulates on beaches when disrupted by wave action. Blue- 
green algae can also accumulate at the shore as a result of 
wind action causing unsightly, odourous scums. 

The similarity of the eutrophication resulting from 
man's activities as described above to natural eutrophication 
is often overemphasized. The natural enrichment and 
eutrophication of lakes are generally so slow that they can 
only be measured on a geological time scale. For example, 
most lakes in north temperate regions were created by glacial 
action six to twelve thousand years ago; yet many of these 
lakes are still in an oligotrophic condition. The extent of 
enrichment and eutrophication which has occurred in many of 
the world's lakes in the past few decades would require thousands 
of years under natural conditions. Indeed, such enrichment 
might never be possible naturally. It is unfortunate and 
misleading, that the drastic eutrophication in lakes affected 
by man is so often referred to as a mere acceleration of a 
natural phenomenon. This analogy often gives the impression 
that eutrophication is irreversible. That this is not true 
has been demonstrated in a number of cases where man's wastes 
have been diverted away from lakes and they have subsequently 
recovered to a less eutrophic condition. 

Sewage effluents, certain industrial wastes and the 
runoff from agricultural land are all extremely rich in a 
number of plant nutrients. Of these nutrients, compounds of 



phosphorus and nitrogen are generally considered to be the 
most significant and their key role in eutrophication has long 
been recognized. Experience in many lakes has shown that of 
these two, phosphorus is most often the controlling nutrient. 
Although many other nutrients and growth promoting substances 
are common in sewage effluents and other wastes, there is no 
evidence from the present state of knowledge for attributing 
a principal role to any of these substances in the eutrophication 
process. On the other hand, they may play a role in determining 
the composition of the biological community or the type of 
algal water bloom. 

The nature of the enrichment problem in Lakes Erie 
and Ontario is clearly the fertilizing effect of added nutrients 
in causing eutrophication. The nature of the problem is not 
that the lakes are dead; on the contrary, it is the abundance 
of life. 

3.1.2 The Present State of Eutrowhication 

Table 3.1.1 gives the best available assessment of 
the current trophic state (oligotrophic-mesotrophic-eutrophic) 
of Lakes Ontario and Erie using a number of physical, chemical 
and biological criteria. 

Based on the criteria examined in Table 3.1.1, it 
is concluded that Lake Ontario is presently in a stage of 
eutrophication between oligotrophic and mesotrophic. Lake 
Erie in its present condition is rather eutrophic, although 
it has some mesotrophic characteristics. It is obvious that 
the three interconnected basins (Fig. 2.1.1) of Lake Erie 
differ in their degree of eutrophy. The western basin is 
clearly eutrophic. The central basin is moderately eutrophic 
and the eastern basin is mesotrophic with some oligotrophic 
characteristics. 

The differences in degree of eutrophy shown by Lakes 
Ontario and Erie and the three basins of Lake Erie should be 
expected for a number of reasons. First, other things being 
equal, the shallower a lake is the more predisposed it is 
towards eutrophy. With a given supply of plant nutrients per 
unit of lake surface area, the shallower the lake the higher 
the concentration of nutrients in the lake water and the greater 
the fertilizing effect on plant growth. In this regard, Lake 
Erie (mean depth 18 metres) is more prone to eutrophy than 
Lake Ontario (mean depth 84 metres). Similarly, the western 
basin of Lake Erie (mean depth 6.9 metres) is more disposed 
to eutrophy than the central basin (mean depth 18.5 metres) 
or the eastern basin (mean depth 24.4 metres). Another obvious 
cause for the differences among the basins of Lake Erie is the 
location of nutrient inputs. More than half of the total 



phosphorus and t o t a l  n i t r o g e n  i n p u t s  t o  Lake E r i e  e n t e r  d i r e c t l y  
i h t 0  t h e  wes te rn  b a s i n .  Consider ing t h e  r a p i d  uptake of 
n u t r i e n t s  and t h e i r  d e p o s i t i o n  i n  t h e  l a k e  sediments ,  and t h e  
g r o s s  movement of water through Lake E r i e  from w e s t  t o  east,  
t h e r e  is  l i t t l e  doubt  t h a t  t h e  wes te rn  b a s i n  s e r v e s  i n  some 
deg ree  as  a n u t r i e n t  t r a p  f o r  t h e  c e n t r a l  bas in .  The c e n t r a l  
b a s i n  a c t s  s i m i l a r l y  f o r  t h e  e a s t e r n  b a s i n ,  j u s t  a s  Lake E r i e  
as a whole s e r v e s  as a n u t r i e n t  t r a p  f o r  Lake On ta r io  and Lake 
On ta r io  f o r  t h e  S t .  Lawrence River.  Of t h e  t o t a l  i n p u t  of 
phosphorus e n t e r i n g  Lake E r i e  on ly  16 p e r c e n t  l eaves  t h e  l a k e  
through t h e  o u t l e t ;  and o f  t h e  to ta l  n i t r o g e n  e n t e r i n g  Lake 
E r i e  on ly  44 p e r c e n t  l e a v e s  t h e  lake.  

The i n s h o r e  waters of Lake E r i e  and Lake O n t a r i o  
are m o r e  e u t r o p h i c  t h a n  o f f s h o r e  waters. Th i s  i s  a r e f l e c t i o n  
of  t h e  sha l lower  dep ths  involved and t h e  f a c t  t h a t  most n u t r i e n t  
i n p u t s ,  bo th  n a t u r a l  and man-derived, e n t e r  a long  t h e  shores .  
The geograph ica l  proximity  of  t h e s e  h i g h l y  e u t r o p h i c  problem 
areas t o  known c e n t r e s  o f  n u t r i e n t  p o l l u t i o n  is perhaps  t h e  
b e s t  ev idence  t h a t  t h e  a c t i v i t i e s  of  man are c r e a t i n g  t h e  
problem. 

3.1.3 Recent Changes and Water Q u a l i t y  Problems 

There i s  a s e r i o u s  d e f i c i e n c y  of  s t a t i s t i c a l l y  v a l i d  
l imno log ica l  d a t a  on Lakes E r i e  and On ta r io  from e a r l i e r  years .  
What l i t t l e  h i s t o r i c a l  in format ion  does e x i s t  i s  p r i m a r i l y  f o r  
t h e  wes te rn  b a s i n  of  Lake Er i e .  Nonetheless,  evidences  of 
r e c e n t  r a p i d  e u t r o p h i c a t i o n  have been documented i n  a number 
o f  p u b l i c a t i o n s :  Beeton (1961 and 1965) ,  Davis (1964),  Schenk 
and Thompson (1965). 

The best  ev idence  of r e c e n t  d r a m a t i c  changes i n  
Lakes E r i e  and O n t a r i o  is t h e  long  h i s t o r y  on c e r t a i n  chemical  
d a t a  examined by Beeton (1965).  These d a t a  are p re sen ted  i n  
Fig. 3.1.1. Although v a r i a b i l i t y  of  t h e  d a t a  p r e v e n t s  the 
de t e rmina t ion  of  t h e  f i n e  d e t a i l s  of  t h e  t r e n d s  i n  c o n c e n t r a t i o n ,  
t h e  curves  show t h a t  marked i n c r e a s e s  have occur red  s i n c e  1910. 
The i n c r e a s e s  have been g r e a t e s t  f o r  c h l o r i d e  and s u l p h a t e ,  
bo th  o f  which are conspicuous i n  domest ic  and i n d u s t r i a l  wastes. 
The chemicals  i n  Fig.  3.1.1 of cou r se  a r e  n o t  growth- l imit ing 
p l a n t  n u t r i e n t s .  With r e f e r e n c e  t o  t o t a l  phosphorus 
c o n c e n t r a t i o n s ,  d a t a  over  a s h o r t e r  pe r iod  of  t i m e  from the 
wes te rn  b a s i n  of  Lake E r i e  show i n c r e a s e s  from 1 4  pg/l  i n  1942 
t o  33 pg/ l  i n  1958, 36 pg/l i n  1959 and 40 pg/l  i n  1967/68. These 
f i g u r e s  i n d i c a t e  an  even g r e a t e r  i n c r e a s e  i n  phosphorus t h a n  
shown by any of  t h e  chemicals i n  Fig.  3.1.1. S i m i l a r  d ramat ic  
i n c r e a s e s  i n  phosphorus have been observed i n  o t h e r  l a k e s  i n  
v a r i o u s  p a r t s  of  t h e  world and correspond w e l l  w i t h  t h e  widely  
i n c r e a s i n g  use  of  phosphate-rich d e t e r g e n t s  s i n c e  t h e  1940 's  
(Vollenweider, 19 68) . 



P L A T E  I I  CLADOPHORA PROBLEMS 
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Table 3.1.1 Best overall estimates of current trophic states in the open 
waters of the three basins of Lake Erie and in the open waters 
of Lake Ontario. It must be recognized that the range from 
oligotrophy (0) , mesotrophy (MI, and eutrophy (E) is 
continuous. 

Category Lake Erie Lake Ontario 

western central eastern 
basin basin basin 

Morphometry E M-E 0-M 0 

Transparency 

Nutrient concentrations 

Nutrient loading 

O2 in hypolimnion 

Biological: 

Phytoplankton 

Zooplankton 

Bottom fauna 

Fish production 

Overall assessment: 

E M 

E M 

E * 
* x M-E 

E M 

E M 

E M-E 

E* 

E M-E 

- ~ - 

*For the lake as a whole. 

**The western basin of Lake Erie is normally unstratified in summer. 
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P L A T E  I l l  WATER QUALITY P R O B L E M S  
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There has  been a r e c e n t  r a p i d  e u t r o p h i c a t i o n  of 
Lake E r i e ' s  wes te rn  bas in .  S t u d i e s  c a r r i e d  o u t  between 1928 
and 1957 showed t h a t  the phytoplankton w a s  dominated by s p e c i e s  
of diatoms.  More r e c e n t  work i n d i c a t e s  an i n c r e a s i n g  
r e p r e s e n t a t i o n  of f l a g e l l a t e s ,  blue-green and green  a l g a e  
du r ing  t h e  summer and f a l l .  Nuisance growths of  CZadophora 
have been r e p o r t e d  f o r  many y e a r s  i n  t h e  i s l a n d  a r e a  of t h e  
wes te rn  bas in .  The e x t e n t  of t h e s e  nuisance growths has  
i nc reased  s u b s t a n t i a l l y  i n  r e c e n t  years .  Marked changes i n  
the abundance and s p e c i e s  o f  zooplankton have occur red  s i n c e  
1939 i n  t h e  wes te rn  bas in .  Great mod i f i ca t ions  of t h e  bottom 
fauna i n  t h e  wes te rn  b a s i n ,  t h e  i s l a n d  area and t h e  wes te rn  
p a r t  o f  t h e  c e n t r a l  b a s i n  have also occur red  ove r  t h e  pe r iod  
from 1930 t o  1961. The cadd i s  f l y  l a r v a e  and mayfly nymphs 
formerly  extremely abundant i n  t h e s e  areas have a l l  b u t  
d isappeared.  Concurrent ly ,  t h e r e  have been tremendous i n c r e a s e s  
i n  the t y p e s  of  bottom organisms t y p i c a l  of  e u t r o p h i c  w a t e r s  
(a t e n f o l d  i n c r e a s e  i n  t h e  abundance of  sludge-worms, and a 
f o u r f o l d  i n c r e a s e  i n  t h e  abundance of midge l a r v a e ) .  Also, 
t h e s e  e u t r o p h i c  forms have extended t h e i r  range of d i s t r i b u t i o n  
i n t o  t h e  a d j a c e n t  p a r t s  of  t h e  c e n t r a l  ba s in .  

Evidence of r e c e n t  changes i n  t h e  c e n t r a l  and e a s t e r n  
b a s i n s  of  Lake E r i e  i s  more l i m i t e d .  However, i n  t h e  Cleveland 
area Davis (1964) has  shown that  average  a l g a l  abundance 
inc reased  from 100-200 c e l l s  p e r  m l  i n  1927/30, t o  1200 c e l l s  
p e r  m l  i n  1944/48, and t o  1300-2400 c e l l s  p e r  m l  i n  1960/64. 
The g e n e r i c  composi t ion of the phytoplankton a l s o  changed 
du r ing  t h i s  t i m e  t o  forms m o r e  t y p i c a l  of  e u t r o p h i c  w a t e r s .  
I n  r e c e n t  y e a r s  t h e r e  have a l s o  been i n c r e a s e s  i n  t h e  f requency 
and e x t e n t  of blue-green a l g a l  blooms and i n  nuisance growths 
of CZadophora and roo ted  a q u a t i c  p l a n t s  i n  bo th  t h e  c e n t r a l  
and e a s t e r n  b a s i n s  of Lake E r i e .  Although t h e r e  are no data 
adequa te  t o  a s s e s s  t h e  degree  of i n c r e a s e  i n  n u t r i e n t  l e v e l s  
i n  the e a s t e r n  and c e n t r a l  b a s i n s  du r ing  t h e  p a s t  50 y e a r s ,  
t h e  i n c r e a s e d  a l g a l  growth i t s e l f  r e f l e c t s  t h e  l i k e l y  t rend .  
The g e n e r a l  p a t t e r n  of n u t r i e n t  i n c r e a s e  has  probably been 
similar t o  t h a t  shown f o r  t h e  western  b a s i n  of Lake E r i e .  Low 
d i s s o l v e d  oxygen c o n c e n t r a t i o n s  du r ing  l a t e  summer w e r e  d e t e c t e d  
i n  l i m i t e d  areas o f  t h e  bottom w a t e r s  i n  t h e  c e n t r a l  b a s i n  as 
e a r l y  as 1929. Recent obse rva t ions  i n d i c a t e  t h a t  such oxygen 
d e p l e t i o n s  have become more seve re ,  widespread and prolonged.  

C o m m e r c i a l  f i s h i n g  r eco rds  g i v e  reliable evidence 
t h a t  marked changes i n  t h e  f i s h  popu la t ions  of  Lake E r i e  have 
occur red  du r ing  t h e  p a s t  40  yea r s .  These changes a r e  t h e  
r e s u l t  of a number of f a c t o r s ,  o v e r f i s h i n g ,  p o l l u t i o n ,  sea 
lamprey p reda t ion ,  and invas ion  by such in t roduced  s p e c i e s  as 
t h e  s m e l t  and t h e  a l ewi fe .  However, some of t h e  changes t h a t  
have occur red ,  p a r t i c u l a r l y  the d r a s t i c  d e c l i n e  of bo th  l a k e  
h e r r i n g  and w h i t e f i s h ,  are t y p i c a l  of t h e  changes i n  f i s h  



populations which accompany eutrophication. The low levels 
of oxygen found in the cold hypolimnetic waters of the central 
basin during the late summer are well below those regarded as 
minimum for healthy maintenance of fish populations. The 
declines of lake herring, whitefish, and blue-pike, all of 
which require low water temperatures may well be associated 
with increasing oxygen depletion in the deep waters of the 
central and eastern basins. Lake herring, whitefish, walleye, 
blue-pike and sauger spawn over rocky or gravel shoals. It 
is suspected that the decline of these species may be related 
to increasing algal growth or accumulation of organic deposits 
on spawning grounds. In spite of all the changes in commercial 
fish catches in Lake Erie over the past 40 years the total 
catch from the lake has remained at about the same level. The 
major change has been in the kinds of fish, with less valuable 
forms now predominating. 

Adequate historical data are not available to assess 
the extent to which the trophic status of Lake Ontario as a 
whole has been modified by human activity; however, localized 
changes are evident. Schenk and Thompson (1965) have shown 
that average phytoplankton populations doubled in concentration 
at the Toronto Island Filtration Plant during the period from 
1923 to 1954, with associated increases in nutrients as well. 
A most obvious change in recent times has been the general 
increased nuisance growth of CZadophora and rooted plants in 
many inshore areas. 

Striking changes in the fish fauna of Lake Ontario 
have also occurred in the past three decades. There have been 
drastic declines in the abundance of the more valuable and 
desirable salmonid and coregonid species typical of oligotrophic 
lakes. Except in some localized areas (Bay of Quinte) there 
has been no excessive oxygen depletion in the deep cool waters 
as in Lake Erie. On the other hand, excessive growths of CZadophora 
on some spawning grounds are believed to have had an adverse 
effect. 

In summary, the water quality problems which have 
developed as a result of biological changes in Lakes Erie and 
Ontario in recent years are as follows: 

1. in some areas the increasing growths of algae 
have led to a deterioration in the quality of 
the domestic water supply as a result of taste 
and odour problems. Algae have also caused 
problems in water treatment plants by clogging 
of filters, thereby increasing the costs of 
water treatment. 



nuisance growths of rooted aquatic plants such 
as CZadophora and blooms of blue-green algae 
have impaired the aesthetic qualities of water 
and interferred with recreational activities. 
Such growths have also been a problem in the 
fouling of commercial fish nets. When these 
luxuriant plant growths are blown ashore they 
litter beaches in many areas with masses of 
decaying matter which cause obnoxious odours 
and generally foul the beaches and desirable 
shoreline property. 

3. dramatic changes in the fish populations have 
occurred. Once abundant and valuable species 
have been replaced by species of less value 
both to the commercial and the sport fishery. 
Although other causes are involved (overfishing, 
lamprey predation and invasion by new species) 
nutrient pollution is at least in part 
responsible. 

4. in Lakes Ontario and Erie during the months 
of June to August, many beaches are littered 
with the dead remains of alewife, smelt, perch, 
white bass and gizzard shad. In recent years 
the alewife has become increasingly prominent 
among the dead forms. Fish mortalities of the 
magnitude observed in Lake Michigan in 1967 
(which cost the City of Chicago nearly a quarter 
of a million dollars just to clean its beaches) 
have not occurred in Lake Erie or Lake Ontario; 
however, alewife mortalities still constitute 
a serious problem. 

Although many of the present water quality problems 
are localized, there can be no question that the entire lakes 
are being affected. Unless some action is taken to curb this 
rapid eutrophication, there will be an ever increasing 
deterioration of water quality. 

3.2 ACCUMULATING SOLIDS 

3.2.1 Sediments 

The probable major sources of the post-glacial mud 
accumulations in the lakes are erosion of soils in the drainage 
area, shoreline recession and reworking of shallow lake bottom 
deposits. Although studies are now underway, sufficient 
information is not yet available to accurately assess rates 
of sediment accumulation, or the rates of exchange of organic 
matter, phosphorus and nitrogen between the sediments and the 
lake waters. 



P L A T E  I V  OIL PROBLEMS 

Oil covered shore1 ine, 
Burlington Bay, 
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G l a c i a l  depos i t s  a r e  widely exposed on t h e  l ake  
beds ad jacen t  t o  t h e  shore.  These a r e  genera l ly  l ake  c l a y s  
and c l a y  t i l l s  charac te r i zed  by a s t i f f  t o  hard consis tency,  
and a lack of organic  matter.  Approximately 58 percent  of t h e  
l ake  bottom i n  Lake Er ie  i s  covered with a grey s i l t y  c l ay  o r  
c l ay  mud depos i t .  The mud occurs a s  a continuous o f f shore  
d e p o s i t  wi th in  each sub-basin. 

The highly po l lu ted  s t a t e  of bottom sediments i n  
t h e  western bas in  of Lake E r i e  is  ind ica ted  by t h e  spread,  and 
inc rease  i n  populat ion d e n s i t y  of s ludge worms i n  t h i s  a r e a  
(Sect ion 3.1.3). Examination of t h e  t o t a l  organic  content  of 
bottom muds i n  Lake Ontar io has revealed t h a t  up t o  6 percent  
occurs along t h e  a x i s  of t h e  c e n t r a l  p a r t  of Lake Ontar io i n  
t h e  Kingston b a s i n  a r e a  and i n  t h e  muds of t h e  western bas in  
extending o u t  a s  a tongue from t h e  mouth of t h e  Niagara River. 

In  most a reas ,  ox id iz ing  condi t ions  p r e v a i l  wi th in  
t h e  t o p  cent imetre  of sediment. This mud su r face  i s  usua l ly  
capped by a t h i n  oxidized microzone, be l ieved t o  be enriched 
f e r r i c  hydroxide and f e r r i c  phosphate. I t  forms a chemical 
b a r r i e r  t h a t  keeps phosphate ions  i n  t h e  reduced sedimentary 
l aye r  below from going i n t o  s o l u t i o n ,  and a l s o  a s s i m i l a t e s  
m a t e r i a l  f a l l i n g  t o  t h e  bottom. However, a t  t i m e s  of oxygen 
d e p l e t i o n  of t h e  bottom water,  t h e  microzone is destroyed. 
This r e s u l t s  i n  a r e l e a s e  of phosphate and fe r rous  ions  t o  t h e  
over ly ing  waters.  

Though t h e  c l ay  depos i t s ,  s o  widely d i s t r i b u t e d  i n  
Lake E r i e  and Lake Ontar io,  may be an a s s e t  s o  f a r  a s  t h e i r  
s o r p t i v e  capaci ty  f o r  phosphate is  concerned, they are a f f e c t i n g  
spawning a r e a s  of d e s i r a b l e  f i s h  forms and degrading sand and 
g rave l  depos i t s  i n  Lake E r i e  and Lake Ontario.  Some of t h e  
g rave l  depos i t s  a r e  commercially va luable  and have been mined 
i n  both lakes .  Continuous encroachment on these  a r e a s  by muds 
may w e l l  render  a n a t u r a l  resource less valuable .  Even i f  it 
was no t  necessary t o  l i m i t  shore eros ion  t o  p r o t e c t  l ake  f r o n t  
p r o p e r t i e s ,  it would be necessary t o  prevent  t h e  f u r t h e r  
d e t e r i o r a t i o n  of spawning a reas  and sand and gravel  depos i t s  
i n  t h e  lakes.  

Disposal of Dredqing Spo i l s  

Dredging is  another  means by which muds and p o l l u t a n t s  
a r e  introduced and r e d i s t r i b u t e d  i n  t h e  l akes  from heavi ly  
s i l t e d  and po l lu ted  t r i b u t a r i e s  and harbour a reas .  

The maintenance of adequate naviga t ion  depths 
r equ i res  r o u t i n e  dredging of both commercial and r e c r e a t i o n a l  
harbours and s h i p  channels. The mate r i a l s  dredged from harbours 
a t  r i v e r  mouths a r e  composed mainly of eroded s o i l s  with varying 



amounts of municipal and industrial wastes. Some of these 
sediments contain large amounts of pollutants such as oil, 
toxic materials, metals, nutrients, and oxygen-consuming 
substances, On the other hand, materials dredged from outer 
harbour areas may consist of lake sediments moved into the 
channels by storms and currents. Lake disposal of these 
materials may not be objectionable from the standpoint of water 
quality, but may affect other aspects of the water environment 
such as fish spawning grounds and wildlife feeding areas. 

In most harbours it has been customary to dispose 
of the dredged materials in deep waters a few miles offshore, 
but pollution from this source may still degrade water quality. 
The dredging operation itself may also damage water quality 
through resuspension of pollution-bearing sediments. 

Dredging in Lake Erie is fairly extensive occurring 
periodically in some 22 ports, harbours or river mouths. In 
1967 over 6 million cubic yards of material were dredged and 
dumped into the lake. Dredging in Lake Ontario is less 
extensive, occurring periodically in various ports, harbours 
and river mouths. 

3.2.3 Floatinq Materials and Refuse 

Floating materials and refuse are nuisances in Lake 
Erie, Lake Ontario and the international section of the St. 
Lawrence River. These generally result from the irresponsible 
dumping of garbage and rubbish by commercial vessels and 
pleasure craft and by unauthorized disposal from shore 
properties, Floating garbage and rubbish are not generally 
present in large enough quantities to cause chemical or 
biological deterioration of water quality, or to cause a hazard 
to health. The problem is, nevertheless, a nuisance at water 
intakes and to shore property owners, swimmers and boaters. 

Suspended Materials and Turbidity 

Turbidity is a measure of the extent to which 
suspended matter in water inhibits the penetration of light 
because of particle scattering and absorption. Increases in 
turbidity result from material carried into the lakes by rivers, 
erosion of shore bluffs, wind-induced water turbulence and 
plankton. 

Since the growth of plankton depends upon the 
availability of light, turbidity is an important physical 
factor affecting plankton production. High turbidity values 
are also a measure of the suspended loads in the water. Turbid 
water frequently occurs near tributaries and along the shore 
where it reduces the aesthetic quality and endangers spawning 



beds from depos i t ion  and sedimentation. The source and 
composition of t h e  m a t e r i a l  are d i f f i c u l t  t o  t r a c e  and i d e n t i f y .  

Except f o r  t h e  de t r imen ta l  e f f e c t s  of t u r b i d i t y  on 
a q u a t i c  l i f e  and t h e  impaired a e s t h e t i c s  of beaches, t h e  p resen t  
l e v e l s  do n o t  s e r i o u s l y  a f f e c t  t h e  w a t e r  q u a l i t y  of t h e  l akes  
and t h e  i n t e r n a t i o n a l  s e c t i o n  of t h e  S t .  Lawrence River f o r  
most uses.  

3.2.5 To ta l   iss solved So l ids  

Dissolved s o l i d s  r ep resen t  t h e  r e s idue  l e f t  on 
evaporat ion of a f i l t e r e d  sample of water. They have increased 
from approximately 140 mg/l i n  1910 t o  about 185 mg/l i n  1967 
i n  both lakes .  Present  l e v e l s  of d isso lved  s o l i d s  i n  Lake 
E r i e  and Lake Ontar io  a r e  s t i l l  w e l l  below t h e  maximum al lowable 
concent ra t ion  of t h e  United S t a t e s  Publ ic  Health Service 
s tandards  f o r  d r ink ing  w a t e r  (United S t a t e s  Publ ic  Health 
Service,  1962). The waters  a r e  s u i t a b l e  f o r  i r r i g a t i o n  bu t  
may need t rea tment  f o r  some i n d u s t r i a l  uses. 

Though t h e s e  inc reases  i n  themselves do no t  pose 
any immediate danger t o  t h e  use of t h e  waters ,  they  do i n d i c a t e  
t h e  changes which have occurred through man's use of t h e  G r e a t  
Lakes and t h e i r  Connecting Channels as rece iv ing  waters f o r  
wastes. 

BACTERIAL CONTAMINATION 

The abundance of col i form b a c t e r i a  has  long been 
used t o  eva lua te  w a t e r  q u a l i t y  i n  r e l a t i o n  t o  pub l i c  hea l th .  
This group of organisms includes t h r e e  important biotypes:  
Enterobacter ,  and Ci t robac te r  which a r e  usua l ly  found on p l a n t s  
and g r a i n s ,  i n  t h e  s o i l  and t o  a small  e x t e n t  i n  human and 
animal feces ;  and Escherichia,  which o r i g i n a t e s  i n  t h e  i n t e s t i n a l  
t r a c t  of man and animals. Although col i forms a r e  no t  normally 
regarded as pathogenic, t h e  presence of members of t h i s  group 
i n  a water serves  a s  an i n d i c a t i o n  of t h e  p o t e n t i a l  presence 
of t h e  scarcer, and much more d i f f i c u l t  t o  i s o l a t e ,  pathogenic 
organisms of t h e  d i g e s t i v e  t r a c t ,  such a s  those causing typhoid 
feve r ,  dysentry and cholera .  Standards f o r  water q u a l i t y  a r e  
based t o  a l a r g e  e x t e n t  on col i form concent ra t ions .  

Data c o l l e c t e d  from t h e  1963-1964 and 1966-1967 
Lake E r i e  s t u d i e s  i n d i c a t e  t h a t  co l i form concent ra t ions  i n  t h e  
main body of Lake E r i e  a r e  l o w  (mostly less than 5 col i forms 
per 100 m l ) .  However, s e v e r a l  inshore  a r e a s  do have b a c t e r i a l  
p o l l u t i o n  problems. These a reas  are immediately ad jacen t  t o  
major populat ion c e n t r e s  and a t  t h e  mouths of t h e  l a r g e  
t r i b u t a r i e s  e n t e r i n g  Lake E r i e  (Toledo and Cleveland, Ohio, 
E r i e ,  Pennsylvania, P o r t  Maitland, Ontario,  and t h e  De t ro i t ,  
Maumee, Cuyahoga and Grand Rivers) .  



A l l  b a c t e r i a l  p o l l u t i o n  appears  t o  be l o c a l i z e d .  
The c o l l e c t e d  1963-64 and 1966-67 d a t a  do n o t  i n d i c a t e  
transboundary p o l l u t i o n  with  t h e  except ion  of t h e  D e t r o i t  
River,  where a transboundary e f f e c t  has  been noted. 

The major i ty  of Lake E r i e  water  samples c o l l e c t e d  
more than  two m i l e s  o f f s h o r e  had median co l i form d e n s i t i e s  of 
less than  1 co l i fo rm per  100 m l  o r  a t  t h e  most, 10 co l i forms  
pe r  100 m l .  The lowest d e n s i t i e s  occurred i n  deep water  
samples. Prel iminary win te r  d a t a  though s p a r s e ,  w e r e  comparable 
t o  those  obta ined  dur ing  t h e  summer. 

The h i g h e s t  counts  f o r  t h e  ma jo r i ty  of b a c t e r i o l o g i c a l  
parameters s t u d i e d  i n  1966-67 w e r e  observed i n  t h e  western 
bas in .  S tud ies  were of n e c e s s i t y  confined t o  waters  navigable  
by deep draught  vesse l s .  S tud ies  of the sha l lower  waters  of 
t h e  western b a s i n  i n  1963-64 i n d i c a t e d  t h a t  t h e  h i g h e s t  lakewide 
co l i form l e v e l s  occurred i n  t h e  v i c i n i t y  of t h e  major 
t r i b u t a r i e s .  High counts  w e r e  observed c o n s i s t e n t l y  a t  a l l  
depths  i n  t h e s e  a reas .  

I n  t h e  c e n t r a l  b a s i n  t h e  ma jo r i ty  of sampling 
s t a t i o n s  had median co l i form d e n s i t i e s  of 5 o r  less pe r  100 
m l .  Though t h e  Cuyahoga River con t r ibu ted  g r e a t l y  t o  t h e  
p o l l u t i o n  of t h e  Cleveland a r e a ,  t h e  1963-64 and 1966-67 d a t a  
i n d i c a t e  t h a t  b a c t e r i a l  p o l l u t i o n  from t h i s  source  does n o t  
p e n e t r a t e  deeply i n t o  t h e  l a k e  b u t  i n s t e a d  fo l lows  t h e  s h o r e l i n e  
i n  an  e a s t e r l y  d i r e c t i o n .  

D a t a  c o l l e c t e d  i n  the e a s t e r n  b a s i n  dur ing  t h e  1966- 
67 s tudy  i n d i c a t e  t h a t  this i s  t h e  l e a s t  p o l l u t e d  b a s i n  i n  
Lake E r i e ,  w i t h  t h e  except ion  of t h e  harbours  a t  P o r t  Maitland,  
Ontar io ,  and E r i e ,  Pennsylvania (beaches a t  Presque Isle are 
n o t  a f f e c t e d ) .  

Although t h e  o f f s h o r e  waters  of Lake E r i e  can be 
c l a s s i f i e d  b a c t e r i o l o g i c a l l y  as good, t h e r e  are very s e r i o u s  
problems of  b a c t e r i a l  p o l l u t i o n  i n  nearshore waters .  There 
i s  a d i r e c t  hazard t o  h e a l t h ,  p a r t i c u l a r l y  near  t h e  l a r g e  
me t ropo l i t an  c e n t r e s  of D e t r o i t ,  Toledo, Cleveland and Buffalo.  
Raw sewage, discharged d i r e c t l y  t o  t h e  l ake ,  much of it from 
combined sewers, is  the major source.  

Approximately one- third  of t h e  United S t a t e s  s h o r e l i n e  
is e i t h e r  cont inuous ly  o r  i n t e r m i t t e n t l y  fouled  wi th  b a c t e r i a l  
contamination,  i n  p a r t i c u l a r  Michigan beaches near  t h e  mouth 
of t h e  D e t r o i t  River and those  near  Cleveland. I n  gene ra l ,  
Canadian shore  waters  a r e  much more accep tab le  than  United 
S t a t e s  shore  w a t e r s .  Bacterial contamination,  however, is  
ev iden t  on t h e  Canadian s i d e  of t h e  D e t r o i t  River and can be 
t r a c e d  f o r  10 m i l e s  t o  t h e  e a s t  along t h e  nor th  shore  of Lake 



Er ie .  Shore l ine  b a c t e r i a l  contamination has  n o t  a f f e c t e d  
waters  f o r  p u b l i c  wa te r  supply,  s i n c e  most i n t a k e s  are l o c a t e d  
w e l l  o u t  from shore  away from p o i n t s  of waste  i npu t .  

In  Lake On ta r io  t h e  b a c t e r i a l  q u a l i t y  of o f f s h o r e  
waters i s  e x c e l l e n t ,  b u t  degrada t ion  occurs  a long t h e  s h o r e l i n e  
and i n  harbour  a reas .  High b a c t e r i a l  d e n s i t i e s  show a c l o s e  
c o r r e l a t i o n  w i t h  h e a v i l y  populated a reas .  T r i b u t a r i e s  i n  most 
i n s t a n c e s  in t roduce  f a i r l y  h igh  q u a n t i t i e s  of b a c t e r i a l l y  
p o l l u t e d  water  i n t o  t h e  lake .  The t r i b u t a r y  wa te r s  mix and 
d i s s i p a t e  t h e i r  p o l l u t i o n a l  load i n  t h e  l a k e s  and except  f o r  
i n shore  and harbour a r e a s  i n  c l o s e  proximity t o  t h e  t r i b u t a r y  
mouths, t h e  water  q u a l i t y  of the inshore  a r e a s  remains good. 

The Niagara River  i s  one of t h e  major c o n t r i b u t o r s  
of b a c t e r i a l  p o l l u t i o n  t o  Lake Ontar io .  The h i g h e s t  co l i form,  
f e c a l  co l i fo rm and f e c a l  s t r ep tococcus  median d e n s i t i e s  recorded 
i n  1967 w e r e  a t  s t a t i o n s  i n  t h e  Niagara River a r ea .  

Data ob ta ined  from a survey of t h e  southern  shore  
i n d i c a t e  t h a t  t h e  l a k e  r e a d i l y  a s s i m i l a t e s  t r i b u t a r y  waters  
and except  f o r  a few i n s h o r e  s t a t i o n s  e a s t  of Rochester ,  New 
York, t h e r e  i s  only  minimal p o l l u t i o n  w i t h  t h e  ma jo r i ty  of 
s t a t i o n s  r eco rd ing  median co l i form counts  of less than 5 
co l i forms  per  100 m l .  The s tudy  of Canadian in shore  wa te r s  
has  revea led  t h a t  t h e  ma jo r i ty  of t r i b u t a r i e s  w e s t  of Oshawa 
w e r e  d i scha rg ing  p o l l u t e d  wa te r s  i n t o  Lake On ta r io  wi th  recorded 
median co l i fo rm d e n s i t i e s  i n  excess  of 2,400 co l i forms  per  100 
m l .  However, median co l i fo rm counts  one m i l e  from shore  w e r e  
less than  100 and t w o  m i l e s  from shore  w e r e  less than 10 
co l i fo rms  p e r  100 m l .  

Local b a c t e r i a l  p o l l u t i o n  problems are common near  
populated areas and have r e s u l t e d  i n  t h e  c l o s u r e  of ba th ing  
beaches,  p a r t i c u l a r l y  i n  t h e  v i c i n i t i e s  of Toronto and Rochester .  
The co l i form-pol lu ted  a r e a s ,  however, are l i m i t e d  t o  w a t e r s  
w e l l  w i t h i n  two m i l e s  from shore .  

B a c t e r i a l  p o l l u t i o n  i n  t h e  i n t e r n a t i o n a l  s e c t i o n  
of t h e  S t .  Lawrence River  is l o c a l  i n  n a t u r e  and t h e r e  is  no 
evidence of transboundary movement of such contamination.  I n  
gene ra l ,  s h o r e l i n e  b a c t e r i a l  contaminat ions  i n  Lake Ontar io  
and t h e  i n t e r n a t i o n a l  s e c t i o n  of t h e  S t .  Lawrence River have 
n o t  a f f e c t e d  wa te r s  f o r  p u b l i c  wa te r  supply,  s i n c e  i n t a k e s  
have been cons t ruc t ed  away from p o i n t s  of waste  i npu t s .  

3.4 O I L  SPILLS AND DISASTERS 

The r i s k s  of contamination by o i l  and o t h e r  hazardous 
subs tances  a r e  a s  numerous and v a r i e d  a s  t h e  uses  of t h e  
m a t e r i a l s  and t h e  means of t r a n s p o r t a t i o n .  These involve  



almost any form of manufacture, production, s to rage  and 
t r a n s p o r t a t i o n  networks encompassing te rminal  and dockside 
f a c i l i t i e s ,  tank farms, loading f a c i l i t i e s ,  f r e i g h t e r s ,  
p i p e l i n e s ,  tank c a r s  and t rucks .  

Apart from major o i l  s p i l l s ,  severe  cases  of l o c a l  
p o l l u t i o n  have occurred as t h e  r e s u l t  of mishaps i n  t r a n s f e r r i n g  
petroleum products between s h i p  and shore,  discharging b a l l a s t  
from v e s s e l s ,  c leaning  o i l  tanks and from t h e  neg l igen t  d ischarge  
of o i l y  b i l g e  wastes. These acc iden t s  occur a t  t h e  r a t e  of 
s e v e r a l  a month during t h e  shipping season on t h e  G r e a t  Lakes. 
Some 30 sunken s h i p s  i n  t h e  two l akes  a l s o  pose a t h r e a t  of 
o i l  po l lu t ion .  

Other p o t e n t i a l  hazards i n  t h e  lower l akes  a r i s e  
from o i l  and gas  d r i l l i n g  on submerged lands i n  Lake E r i e  where 
such opera t ions  hold a p o t e n t i a l  r i s k  f o r  blowouts of we l l s ,  
i nd i sc r imina te  dumping of oil-based d r i l l i n g  muds, c u t t i n g s ,  
and l o s s e s  of o i l  o r  gas i n  production, s to rage ,  and 
t r anspor ta t ion .  P ipe l ines  from of f shore  platforms t o  s t o r a g e  
f a c i l i t i e s  a r e  s u b j e c t  t o  rup tu re  by storms and t h e  dragging 
of s h i p s '  anchors. I t  should be noted, however, t h a t  gas w e l l  
d r i l l i n g  and production opera t ions  have been c a r r i e d  ou t  
success fu l ly  i n  t h e  Canadian waters  of Lake E r i e  f o r  more than  
50 yea r s  without  a s e r i o u s  p o l l u t i o n  inc iden t .  

Although highway and r a i l  acc iden t s  involving 
hazardous ma te r i a l s  and o i l s  tend t o  be discounted a s  l o c a l  
inc iden t s ,  acc iden t s  have occurred which endangered l o c a l  w a t e r  
supp l i e s  and t r i b u t a r i e s  i n  both count r ies .  

Other sources of o i l  p o l l u t i o n  a r e  waste o i l  from 
gaso l ine  f i l l i n g  s t a t i o n s ,  a c c i d e n t a l  s p i l l a g e  during i n d u s t r i a l  
t r a n s f e r  and s to rage ,  leaks  from p ipe l ines  and r e l a t e d  systems. 
The United S t a t e s  Army, Corps of Engineers, has  est imated t h a t  
40 percent  of a l l  o i l  p o l l u t i o n  enforcement cases  with which 
it i s  involved a r e  from o t h e r  than vesse l s .  I n  add i t ion ,  
d i s a s t e r s  o r  s p i l l s  involving o the r  substances a r e  poss ib le  
and should be a n t i c i p a t e d  i n  contingency plans.  

Although t h e  l ike l ihood  of a major o i l  s p i l l  on t h e  
l akes  is f a i r l y  remote, t h e  r i s k  is real and continuing. The 
l o s s  of 1000 tons  of bunker f u e l  o r  s i m i l a r  petroleum product 
would be enough t o  p o l l u t e  ex tens ive  areas of t h e  l ake  and 
many miles  of shore l ine .  The immediate consequences of such 
a d i s a s t e r  would be t h e  damages t o  w a t e r  supp l i e s ,  ba th ing  
beaches and o t h e r  r e c r e a t i o n a l  f a c i l i t i e s  a s  w e l l  a s  the  
d e s t r u c t i o n  of l a r g e  numbers of waterfowl. The e f f e c t s  of o i l  
p o l l u t i o n  on t h e  l i t t o r a l  ecology are l a r g e l y  unknown b u t  
experience elsewhere i n d i c a t e s  t h a t  some of t h e  methods used 
t o  remove o r  d i s p e r s e  t h e  o i l  are more harmful than t h e  o i l  
i t s e l f .  



The Torrey Canyon incident of March, 1967, and the 
recent Santa Barbara events have served to emphasize that 
effective programs for mitigation of damages from spills should 
be established. Quick action is required in such situations 
and preplanning is dictated. Such planning would include 
prevention, surveillance, notification and cleanup. 

3.5 DISSOLVED OXYGEN DEPLETION 

Low dissolved oxygen (DO) concentrations were 
detected in limited areas of the bottom waters of the central 
basin of Lake Erie as early as 1929. Oxygen depletion in these 
waters was reported in 1959, 1960 and 1964 (Beeton, 1963; 
Anderson and Rodgers, 1964; United States Public Health Service, 
1965). These have become more widespread and have had 
significant effects on the biological community, playing a 
role in the shift to less desirable fish species. 

Oxygen data on Lake Ontario have been collected 
only in recent years. In general, this lake is able to maintain 
adequate oxygen levels because of its large reserve of dissolved 
oxygen present in the deep water. The dissolved oxygen 
concentrations also reflect the relatively low amounts of 
oxygen-consuming substances contributed to Lake Ontario. 

3.6 DEVELOPING PROBLEMS 

3.6.1 Organic Contaminants 

Organic contaminants include the persistent or 
biochemically resistant compounds which occur in industrial 
and domestic wastes, insecticides, herbicides and other 
agricultural chemicals. In view of their persistence and toxic 
nature, even in low concentrations, they pose a continuing 
threat to receiving waters and the aquatic environment. 

Many of these substances resist conventional water 
and waste treatment processes and their effects have already 
been experienced in public water supplies and in the food 
processing industry. The problem presents itself in many other 
forms as well: new product formulations, organic and inorganic 
complexing and lack of suitable detection techniques. As a 
result it is difficult to present quantitative data and to 
assess any major changes in the concentrations of these 
persistent substances in the lakes. Studies to date show that 
lake values are well below the standards of 200 ug/l of carbon 
chloroform extract (CCE) set by the United States Public Health 
Service and the Ontario Water Resources Commission. However, 
concentrations of 250-660 pg CCE, far exceeding the acceptable 
limits, have been found in the Cuyahoga River, off Cleveland, 
Ohio, and have been higher than desirable near Metropolitan 
Toronto, Ontario. 



P e s t i c i d e s  are s p e c i f i c  forms of  o rgan ic  contaminants  
which dese rve  p a r t i c u l a r  a t t e n t i o n .  Herbic ides  and i n s e c t i c i d e s  
may reach  p o t a b l e  water s u p p l i e s  from aerial  spray ing ,  runof f  
from a g r i c u l t u r a l  areas, p e r c o l a t i o n  through t h e  so i l  t o  
underground s u p p l i e s  and w a s t e  d i s cha rges  by producers  and 
from c a n n e r i e s  whose wastes c o n t a i n  r e s i d u e s  o f  p e s t i c i d e s .  
The amounts l i k e l y  t o  be  p r e s e n t  i n  w a t e r  s u p p l i e s  w i l l  t h u s  
be dependent upon e x i s t i n g  c i rcumstances .  High c o n c e n t r a t i o n s  
might be p r e s e n t  i n  s u r f a c e  w a t e r s  because of  aerial  spray ing ,  
d i s c h a r g e s  i n t o  streams from producing p l a n t s ,  a c c i d e n t s  and 
misuse such as t h e  emptying of s u r p l u s  i n s e c t i c i d e s ,  o r  spray  
t anks  r i n s e  waters. I n c i d e n t s  of  t h i s  n a t u r e  have r e s u l t e d  
i n  f i s h  mortalities. Because of  t h e i r  p e r s i s t e n c e  and 
accumulat ive  n a t u r e ,  lower c o n c e n t r a t i o n s  have a f f e c t e d  f i s h  
f e r t i l i t y .  Furthermore,  heavy c o n c e n t r a t i o n s  might also 
c o n t r i b u t e  c h a r a c t e r i s t i c  odours,  s i n c e  most of t h e  h e r b i c i d e s  
and i n s e c t i c i d e s  are h igh ly  odourous. 

The United S t a t e s  P u b l i c  Heal th  S e r v i c e  and t h e  
Department of t h e  I n t e r i o r  have c a r r i e d  o u t  s t u d i e s  on p e s t i c i d e  
l e v e l s  i n  t h e  w a t e r s  of  t h e  G r e a t  Lakes b a s i n  s i n c e  1958. 
P e s t i c i d e s  w e r e  observed t o  be  p r e s e n t  i n  t h e  S t .  C l a i r  River  
as e a r l y  as 1960 and i n  t h e  e a s t e r n  end of  Lake E r i e  i n  1958. 
P e s t i c i d e s  are be ing  d e t e c t e d  more f r e q u e n t l y  i n  w a t e r  samples 
t aken  from t h e  lower l a k e s  a l though c o n c e n t r a t i o n s  do n o t  
appear  t o  be inc reas ing .  P e s t i c i d e s  have been observed i n  t h e  
Lake On ta r io  b a s i n  s i n c e  1962 when t h e  United S t a t e s  P u b l i c  
Health Se rv i ce  e s t a b l i s h e d  a s t a t i o n  on t h e  S t .  Lawrence River  
a t  Massena, New York. While d i e l d r i n ,  e n d r i n  and DDT o r  i t s  
d e r i v a t i v e s  w e r e  observed i n  1962, only  DDT has  been observed 
a t  t h i s  s t a t i o n  w i t h  any cons i s t ency  s i n c e  t h a t  t i m e .  

Recent s t u d i e s  of p e s t i c i d e  r e s i d u e s  i n  t h e  i n t e r n a l  
organs of f i s h  i n  Lakes E r i e  and Ontar io ,  i n d i c a t e d  t h a t  l e v e l s  
w e r e  g e n e r a l l y  low. The G r e a t  Lakes F i s h e r i e s  Commission has  
warned, however, t h a t  p e s t i c i d e  l e v e l s  i n  c e r t a i n  impor tan t  
Lake Michigan f i s h  are a l r e a d y  a f f e c t i n g  r ep roduc t ion  and pose 
a s e r i o u s  t h r e a t  t o  t h e  r e h a b i l i t a t i o n  of  t h e  f i s h e r y  r e s o u r c e s  
of t h a t  l ake .  Though DDT l e v e l s  i n  f i s h  from t h e  lower l a k e s  
are n o t  as h igh  as Lake Michigan f i s h ,  t h e  p e r s i s t e n c y  of t h e s e  
chemicals  makes t h e i r  c o n s i d e r a t i o n  a matter of  s e r i o u s  concern 
n o t  on ly  f o r  t h e  f i s h e r y  r e sou rce  b u t  a l s o  f o r  human h e a l t h ,  
This  has  r e c e n t l y  been demonstrated by t h e  s e i z u r e  of  34,000 
pounds o f  Lake Michigan Coho salmon i n  1969 by t h e  United 
S t a t e s  Food and Drug Adminis t ra t ion  (USFDA). The DDT r e s i d u e  
i n  t h e s e  f i s h  ranged from 1 3  t o  19 p a r t s  p e r  m i l l i o n ,  about  
t w i c e  t h e  a l l owab le  (USFDA) l i m i t  f o r  r ed  m e a t .  

Fu r the r  r e s e a r c h  is u r g e n t l y  needed on t h e s e  s y n t h e t i c  
p e s t i c i d e s  and o rgan ic  contaminants ,  t h e i r  e f f e c t  on p l a n t s  
and animals ,  and t h e i r  u l t i m a t e  impact on man. Enough is 



known, however, t o  demons t ra te  t h e  need f o r  c l o s e r  c o n t r o l  
over  p e s t i c i d e  usage. A permi t  and a c c o u n t a b i l i t y  system is 
i n  u s e  i n  O n t a r i o  which w i l l  y i e l d  in format ion  on t h e  k inds ,  
amounts, and p l a c e s  o f  p e s t i c i d e  a p p l i c a t i o n  throughout  t h e  
e n t i r e  watershed areas. Such a system coupled wi th  programs 
of environmental  moni tor ing would permi t  an assessment  of t h e  
t o t a l  o rgan ic  contaminant use  and t h e  p e r s i s t e n c e  of t h e  
chemicals  involved.  

3.6.2 R a d i o a c t i v i t y  

Monitoring programs f o r  t h e  measurement of 
r a d i o a c t i v i t y  i n  t h e  G r e a t  Lakes have been under taken by 
government agenc ie s  i n  Canada and t h e  United S t a t e s  f o r  t h e  
p a s t  s e v e r a l  years .  

I n i t i a l l y ,  t h e  n a t u r a l l y  occu r r ing  r a d i o n u c l i d e s  
found on t h e  e a r t h ' s  s u r f a c e  w e r e  t h e  main causes  of concern. 
However, w i t h  the advent  of  nuc l ea r  weapons t e s t i n g  and t h e  
i nc reased  a p p l i c a t i o n s  of nuc l ea r  energy and n u c l i d e s  i n  atomic 
r e a c t o r s ,  medicine,  i n d u s t r y  and o t h e r  a r e a s  of  r e s e a r c h ,  t h e  
problem has  assumed g r e a t e r  importance i n  r e c e n t  yea r s .  I n  
t h e  case of Lakes E r i e  and On ta r io  t h e  main sou rce  of 
r a d i o a c t i v i t y  is  from f a l l o u t  fo l lowing  nuc lea r  weapons t e s t i n g .  

F a l l o u t  r a d i o n u c l i d e s  can e n t e r  bod ie s  of  w a t e r  
d i r e c t l y  through p r e c i p i t a t i o n  and d r y  f a l l o u t ,  or through 
runof f  and l each ing  o f  t h e  soi l .  The g r e a t e s t  percen tage  of 
f a l l o u t  occu r s  w i t h  r a i n s  a f t e r  a tmospher ic  n u c l e a r  weapons 
t e s t i n g .  I n  t h e  late 1950 's  f a l l o u t  l e v e l s  as h igh  as 35 
p i c o c u r i e s  pe r  l i t r e  (pCi/ l )  occur red  i n  Lake Ontar io .  I n  t h e  
e a r l y  1960 's  a moratorium on a tmospher ic  t e s t i n g  r e s u l t e d  i n  
a lowering o f  t o t a l  b e t a  a c t i v i t y  t o  10 pCi/ l .  Subsequent 
t e s t i n g  i n  1962 produced an i n c r e a s e  i n  r a d i o a c t i v i t y  t o  26  
pCi/ l .  F a l l o u t  from t h e  more r e c e n t  tests has  n o t  been 
a p p r e c i a b l e  i n  w a t e r  samples i n  t h e  G r e a t  Lakes r eg ion  as 
evidenced by g r o s s  b e t a  a c t i v i t y  l e v e l s  of less than  1 0  pCi/ l .  

Radioac t ive  wastes  from n u c l e a r  r e a c t o r s ,  w a s t e  
p roces s ing  p l a n t s ,  i n d u s t r i a l ,  medical  and r e s e a r c h  uses ,  are 
e i t h e r  d i scharged  d i r e c t l y  t o  t h e  l a k e s  or through municipal  
sewers. On e n t e r i n g  t h e  w a t e r ,  t h e  r a d i o n u c l i d e s  are d i l u t e d  
and d i s t r i b u t e d  by v e r t i c a l  and h o r i z o n t a l  mixing. The d i l u t i o n  
e f f e c t  is g r e a t e s t  i n  l a r g e  l a k e s ,  hence r e l a t i v e l y  low l e v e l s  
of r a d i o a c t i v i t y  are found i n  such bodies  of  water. Furthermore,  
t h e  amount of  r a d i o a c t i v i t y  t h a t  can be d i scharged  t o  s u r f a c e  
waters by n u c l e a r  r e a c t o r s  o r  o t h e r  o p e r a t i o n s  i s  c a r e f u l l y  
c o n t r o l l e d  by government r e g u l a t i o n s ,  t h u s  ensu r ing  t h a t  t h e  
r a d i o a c t i v i t y  is  mainta ined a t  l e v e l s  w i t h i n  p re sc r ibed  
s t anda rds .  



The On ta r io  Hydro Douglas P o i n t  nuc l ea r  r e a c t o r  on 
Lake Huron h a s  been cont inuous ly  monitored f o r  r a d i o a c t i v i t y  
s i n c e  1963 by t h e  On ta r io  Department of Heal th  and t h e  Radia t ion  
P r o t e c t i o n  Div i s ion  of t h e  f e d e r a l  Department of  Nat iona l  
Health and Welfare. Samples of  water, f i s h  and beach sands  
have been analyzed f o r  g r o s s  a lpha  and beta a c t i v i t i e s  from 
strontium-90 and cesium-137. No anomalous r e s u l t s  have been 
ob ta ined  which could be  a t t r i b u t e d  t o  l a c k  of  adequate  c o n t r o l s  
o r  t o  the o p e r a t i o n  of t h e  nuc l ea r  r e a c t o r .  

Lake E r i e  and i ts  t r i b u t a r i e s  w e r e  s t u d i e d  by t h e  
United S t a t e s  P u b l i c  Heal th  S e r v i c e  from 1963 t o  1965 t o  
determine t h e  g r o s s  beta and a lpha  r a d i o a c t i v i t y  l e v e l s  i n  
w a t e r ,  bottom sediments  and p lankton  samples (R i s l ey  and Abbott ,  
1966).  I n  g e n e r a l ,  t h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  r a d i o a c t i v i t y  
of  t h e  wate r  w a s  low and w e l l  w i t h i n  t h e  accep ted  s t a n d a r d s  
f o r  d r i n k i n g  water. B e t a  a c t i v i t y  f o r  d i s s o l v e d  s o l i d s  of t h e  
l a k e  and t h e  sampled t r i b u t a r i e s  averaged 7.9 and 14.3 pCi/ l ,  
r e s p e c t i v e l y .  I n  bo th  cases t h e  a lpha  a c t i v i t y  averaged less 
than  1 pCi/l .  

Lake On ta r io  has  r ece ived  s p e c i a l  a t t e n t i o n  over  
t h e  p a s t  few years .  I n  a d d i t i o n  t o  f a l l o u t  r a d i o n u c l i d e s ,  it 
r e c e i v e s  wastes from t h e  uranium r e f i n e r y  a t  P o r t  Hope, Ontar io ,  
and from medical ,  u n i v e r s i t y  and r e s e a r c h  f a c i l i t i e s .  Also,  
a n u c l e a r  g e n e r a t i n g  s t a t i o n ,  which is  scheduled t o  be 
o p e r a t i o n a l  i n  t h e  e a r l y  19708s ,  i s  being b u i l t  a t  P icker ing ,  
20 m i l e s  n o r t h e a s t  of  Toronto. Pre -opera t iona l  moni tor ing of  
t h i s  area began i n  e a r l y  1969. 

Observat ions  have shown t h a t  t h e  concen t r a t i ons  of  
strontium-90 and cesium-137 i n  t h e  Toronto d r i n k i n g  wate r  are 
t h e  lowest  of a l l  l a k e  de r ived  sou rces  s t u d i e d  i n  a n a t i o n a l  
d r i n k i n g  water moni tor ing program of t h e  Department of Na t iona l  
Heal th  and Welfare. Average v a l u e s  over  a four-year  pe r iod  
f o r  t h e  Toronto supply  w e r e  1.02 pCi/ l  f o r  strontium-90 and 
0.17 pCi / l  cesium-137 compared wi th  t h e  n a t i o n a l  average of  
2.20 pCi / l  and 0.25 pCi / l ,  r e s p e c t i v e l y .  

I t  should be  noted t h a t  a l l  va lues  observed i n  Lakes 
E r i e  and On ta r io  are w e l l  below maximum p e r m i s s i b l e  
c o n c e n t r a t i o n s  recommended by t h e  I n t e r n a t i o n a l  Commission f o r  
Rad io log ica l  p r o t e c t i o n  (ICRP) and are w i t h i n  t h e  a l lowable  
l i m i t s  o f  t h e  United S t a t e s  P u b l i c  Heal th  Se rv i ce  d r i n k i n g  
water s t a n d a r d s  (United S t a t e s  Pub l i c  Heal th  Se rv i ce ,  1962) . 

3.6.3 Thermal E f f e c t s  

I n d u s t r i a l  and thermal  power requi rements  f o r  c o o l i n g  
waters r e p r e s e n t  one of  t h e  most s i g n i f i c a n t  uses  of water i n  
t h e  bas ins .  Demands w i l l  con t inue  t o  i n c r e a s e  as a f u n c t i o n  



of economic development and power consumption. Power 
requirements  a r e  based on an expected doubling of c a p a c i t y  
every t e n  y e a r s  and most of t h i s  product ion is  expected t o  be 
m e t  by f o s s i l -  o r  nuclear-fueled genera t ing  s t a t i o n s .  

A t y p i c a l  thermal power p l a n t  conver t s  h e a t  t o  
electr ic energy, wast ing l a r g e  q u a n t i t i e s  of h e a t  i n  t h e  
process.  For example i n  a 2000 megawatt p l a n t ,  h e a t  i s  r e j e c t e d  
a t  a r a t e  of 2.5 t o  3 m i l l i o n  B r i t i s h  thermal u n i t s  (BTU) per  
second. The h e a t  r e j e c t i o n  d i f f e r s  wi th  t h e  type  of p l a n t .  
Nuclear-fueled p l a n t s  reject 50 pe rcen t  more h e a t  than  f o s s i l -  
f u e l e d  p l a n t s  of s i m i l a r  e l e c t r i c a l  capac i ty .  

It  has  been p r o j e c t e d  i n  t h e  United S t a t e s  t h a t  i f  
a l l  f u t u r e  p l a n t s  w e r e  nuclear-fueled t h e  t o t a l  h e a t  r e j e c t e d  
by t h e  y e a r  2000 would i n c r e a s e  by twelvefold b u t  i f  a l l  f u t u r e  
p l a n t s  w e r e  f o s s i l - f u e l e d  t h e  h e a t  i n c r e a s e  would be sevenfold.  
However, improvements i n  nuc lea r  r e a c t o r  des ign  are expected 
t o  reduce h e a t  l o s s e s  t o  t h e  p o i n t  where h e a t  r e j e c t i o n  w i l l  
be e q u i v a l e n t  t o  today ' s  f o s s i l - f u e l e d  u n i t s .  

Localized e f f e c t s  of  thermal  p o l l u t i o n  i n  confined 
a r e a s  o r  a long t h e  s h o r e l i n e  can s t i m u l a t e  a l g a l  growth and 
cause oxygen dep le t ion .  The q u a n t i t i e s  of was te  h e a t  may be 
such t h a t  t h e  s u r v i v a l  and p r o d u c t i v i t y  of l a k e  s p e c i e s  a r e  
endangered by high temperatures  and a l t e r e d  seasonal  
c h a r a c t e r i s t i c s .  Uncontrolled thermal i n p u t s  could have more 
s e r i o u s  and d i r e c t  e f f e c t s  on t h e  q u a l i t y  of water  f o r  dr ink ing ,  
r e c r e a t i o n  and i n d u s t r i a l  uses  inc lud ing  cool ing.  

~ r t i f i c i a l l y  heated waste  waters  need n o t  n e c e s s a r i l y  
be considered a s  a waste  product  wi thout  value.  Mul t ip le  uses  
are p o s s i b l e  and should be encouraged through t h e  development 
of sa te l l i te  i n d u s t r i e s ,  communities, r e c r e a t i o n  f a c i l i t i e s  
o r  t h e  s i t i n g  of such ope ra t ions  where t h e  waste  h e a t  could 
f r e e  or  prevent  the format ion of win te r  ice i n  sh ipping  channels ,  
l ocks  o r  harbours.  

Thermal p o l l u t i o n  is n o t  y e t  a major problem. 
Whether it becomes a problem o r  a b e n e f i t  is  s t i l l  t o  be 
determined. Governments, m u n i c i p a l i t i e s ,  water  and power 
a u t h o r i t i e s  can  determine t h i s  outcome b e f o r e  a d d i t i o n a l  thermal  
p l a n t s  are planned and p u t  i n t o  opera t ion .  

3.6.4 Viruses  

Although v i r u s e s  r e q u i r e  t h e  presence of l i v i n g ,  
s u s c e p t i b l e  cells i n  o r d e r  t o  grow and mul t ip ly ,  a v a i l a b l e  
evidence i n d i c a t e s  t h a t  they s u r v i v e  o u t s i d e  these  cel ls  f o r  
cons ide rab le  per iods  of t i m e  (G i l c reas  and Kelly,  1955; Rhodes 
e t  aZ, 1960; Malherbe and Coetzee, 1965; Joyce and Weiser, 



1967).  Water must t h e r e f o r e  be  cons idered  a s  a  p o s s i b l e  v e c t o r  
i n  t h e  t r ansmis s ion  of v i r a l  d i s e a s e s .  Vi ruses  of human, 
animal and p l a n t  o r i g i n  could reach  p o t a b l e  w a t e r  s u p p l i e s  by 
means of  urban and r u r a l  runof f  o r  v i a  d i r e c t  d i s cha rge .  The 
la t te r  could occur  by a l lowing  animals  d i r e c t  access t o  t h e  
body of  w a t e r ,  by d i s c h a r g e  from p l e a s u r e  or commercial 
w a t e r c r a f t ,  o r  from municipal  and domestic sewage t r ea tmen t  
p l a n t s .  The v i r u s e s  which would be expected t o  be p r e s e n t  i n  
t h e  l a r g e s t  numbers would t h e r e f o r e  be t hose  found i n  t h e  
i n t e s t i n a l  t r a c t  of man and animals.  The v i r u s e s  which have 
been m o s t  i n t e n s i v e l y  s t u d i e d  i n  connec t ion  w i t h  w a t e r  s u p p l i e s  
are t h o s e  of  t h e  e n t e r i c  group ( P o l i o m y e l i t i s ,  Echo, Coxsackie 
v i r u s e s ,  etc.),  which are pathogenic  t o  humans. However, 
some v i r u s e s  of  animal o r i g i n  may be capable  of caus ing  i n f e c t i o n  
i n  man, b u t  t h e  s i g n i f i c a n c e  of t h e s e  and p l a n t  v i r u s e s  i n  
wate r  i s  l a r g e l y  unknown. 

There i s  a l a r g e  volume of evidence t o  i n d i c a t e  
that  many of  t h e  t r e a t m e n t s  a f fo rded  sewage are n o t  adequa te  
w i th  r e s p e c t  t o  v i r u s e s ;  v i a b l e  v i r u s e s  have been i s o l a t e d  i n  
e f f l u e n t s  from sewage p l a n t s  employing t e r t i a r y  t r ea tmen t ,  and 
they  are n o t  i n a c t i v a t e d  i n  lagoons o r  s e p t i c  t anks .  A s  ha s  
been noted e lsewhere ,  some sewage e n t e r s  t h e  l a k e s  u n t r e a t e d  
and most probably would c o n t a i n  v i r u s e s .  

The number of  v i a b l e  v i r u s e s  p r e s e n t  a t  any g iven  
p o i n t  i n  t h e  lower l akes  would be  dependent on s e v e r a l  f a c t o r s ,  
such a s  proximity  t o  l a r g e  urban areas, ba th ing  beaches ,  
a g r i c u l t u r a l  a r e a s  and s o  on. Winds and c u r r e n t s  would tend  
t o  d i s p e r s e  and d i l u t e  any concen t r a t ed  d i s c h a r g e  and p l ay  a 
p a r t  i n  reduc ing  v i r u s e s  t o  a non- infec t ive  l e v e l .  Where, 
however, t h e r e  i s  t h e  p o s s i b i l i t y  of s u r v i v a l  of  even l o w  
numbers of v i r u s e s ,  such as i n  t h e  nearshore  wa te r s  where 
p o l l u t i o n  i s  g r e a t e s t ,  t h e r e  should be cause  f o r  concern. 
This  i s  e s p e c i a l l y  c r i t i c a l ,  s i n c e  it i s  t h e s e  very  r e g i o n s  
t h a t  a r e  used f o r  r e c r e a t i o n  and wa te r  s u p p l i e s .  

The a c t u a l  t i m e  of  s u r v i v a l  of v i r u s e s  depends upon 
t h e  degree  of  p o l l u t i o n  and appa ren t ly  i s  g r e a t e s t  Ln s l i g h t l y  
or moderately p o l l u t e d  w a t e r .  Such c o n d i t i o n s  of  p o l l u t i o n  
p r e v a i l  i n  many a r e a s  of bo th  Lake E r i e  and Lake Ontar io .  

S ince  v i r u s e s  a r e  very d i f f e r e n t  from b a c t e r i a ,  t h e  
i n d i c a t o r s  used as an index  of  b a c t e r i a l  p o l l u t i o n  ( t h e  c o l i f o r m  
count )  may n o t  be  a p p l i c a b l e  t o  v i r a l  p o l l u t i o n .  There is a s  
y e t  no s u i t a b l e  agen t  a v a i l a b l e  which can be  used as an  i n d i c a t o r  
of t h e  presence  of  human or o t h e r  v i r u s e s .  A s  a  r e s u l t  of t h e  

' absence  of an i n d i c a t o r  organism, and s i n c e  l a r g e  s c a l e  
i n v e s t i g a t i o n s  a r e  hampered by t h e  l a c k  of an adequate  i s o l a t i o n  
method which can  be a p p l i e d  t o  wa te r s  where only  s m a l l  numbers 
of v i r u s e s  would be  expected t o  occur ,  t h e r e  are no data 
a v a i l a b l e  r ega rd ing  t h e  presence  o f  v i r u s e s  i n  t h e  Grea t  Lakes. 



T a b l e  4 . 1 . 1  D i r e c t  i n p u t s  o f  phosphorus  from m u n i c i p a l ,  i n d u s t r i a l  and m a j o r  t r i b u t a r y  
s o u r c e s  1966-67 ( s h o r t  t o n s  p e r  y e a r ) .  
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Continuous d i scha rges  of t r e a t e d ,  un t r ea t ed  and 
p a r t i a l l y  t r e a t e d  waste waters  e n t e r  Lakes E r i e  and Ontar io  
and t h e  i n t e r n a t i o n a l  s e c t i o n  of t h e  St .  Lawrence River from 
m u n i c i p a l i t i e s  and i n d u s t r i e s  s i t u a t e d  along t h e i r  shores .  
The inf lowing s t reams c a r r y  d e b r i s ,  eroded s o i l ,  components 
of municipal  and i n d u s t r i a l  wastes and land dra inage  waters 
from sources  w i t h i n  t h e  t r i b u t a r y  bas ins .  When considered as 
p o i n t  sources  of m a t e r i a l  i n p u t s ,  t h e  t r i b u t a r i e s  e s p e c i a l l y  
t h e  D e t r o i t  and Niagara Rivers  c o n t r i b u t e  by f a r  t h e  g r e a t e s t  
p o r t i o n  of t h e  waste  loads.  Sources of i n t e r m i t t e n t  o r  
uncont ro l led  p o l l u t i o n  inc lude  v e s s e l s ,  dredging materials, 
s p i l l s  of o i l  o r  o t h e r  hazardous m a t e r i a l s ,  sediments,  o i l  and 
gas  w e l l  d r i l l i n g  and combined s e w e r  systems. Natura l  sources  
of m a t e r i a l s  i n p u t  t o  t h e  l akes  are t h e  sediments from eroded 
s h o r e l i n e s  and t h e  atmosphere. 

I n  t h i s  r e p o r t  a d i r e c t  i n p u t  i s  one d e l i v e r e d  
d i r e c t l y  t o  t h e  l a k e  r a t h e r  than through a t r i b u t a r y .  T r ibu ta ry  
i p p u t s  inc lude  c o n t r i b u t i o n s  from a l l  upstream sources .  A 
summary of t h e  i n p u t s  of phosphorus from d i r e c t  municipal ,  
i n d u s t r i a l  and t r i b u t a r y  sources  c o n t r i b u t i n g  t o  t h e  
eu t roph ica t ion  problems i n  t h e  l akes  i s  given i n  Table 4.1.1.  
Of t h e  t o t a l  phosphorus i n p u t  t o  t h e  two l a k e  systems, 67 
pe rcen t  is  der ived  from municipal  sewage wi th  an a d d i t i o n a l  8 
pe rcen t  from i n d u s t r i a l  wastes.  The bulk of t h i s  m a t e r i a l  i s  
d ischarged  i n t o  t r i b u t a r y  waters ,  r a t h e r  than d i r e c t l y  t o  t h e  
l a k e s  themselves. 

4 . 1  MUNICIPALITIES 

Cons t i tuen t s  i n  municipal  w a s t e s  which may c o n t r i b u t e  
s i g n i f i c a n t l y  t o  l o c a l  o r  lake-wide p o l l u t i o n  problems inc lude  
d i s so lved  and suspended s o l i d s ,  oxygen-consuming w a s t e s ,  t o x i c  
m a t e r i a l s ,  pathogenic b a c t e r i a  and n u t r i e n t s .  Raw o r  p a r t i a l l y  
t r e a t e d  sewage cont inues  t o  be discharged t o  Lake E r i e  from 
t h e  v i l l a g e s  of P o r t  Burwell, Po r t  S tan ley  and P o r t  Rowan i n  
Ontario.  On Lake Ontar io ,  t h e  v i l l a g e  of Wellington, Ontar io ,  
and t h e  c i t y  of  Oswego, New York, both d ischarge  inadequate ly  
t r e a t e d  sewage t o  t h e  lake.  Five m u n i c i p a l i t i e s  - Cape Vincent, 
Clayton,  Alexandria Bay and Morristown i n  New York and P r e s c o t t ,  
Ontar io ,  d i scha rge  inadequate ly  t r e a t e d  sewage t o  t h e  S t .  
Lawrence River. 

The m u n i c i p a l i t i e s  d i scharg ing  wastes  d i r e c t l y  t o  
t h e  l a k e s  c o n t r i b u t e  about 10 pe rcen t  (2,740 tons  per  yea r )  
of the t o t a l  phosphorus loading t o  Lake E r i e  and 22 pe rcen t  
(2,960 tons  per  y e a r )  of the t o t a l  in t roduced d i r e c t l y  t o  Lake 
Ontar io  (Table 4 . 1 . 1 ) .  The percentage of t h e  t o t a l  d i r e c t  
municipal  loadings  of phosphorus, n i t rogen ,  BOD5 ( b i o l o g i c a l  

l ~ e e  Appendices 1.1 to 1.11 for locations and sources of 
Canadian and United States waste loads. 



oxygen demand w i t h  a 5 day incuba t ion  pe r iod )  and c h l o r i d e s  
c o n t r i b u t e d  by each s t a t e  and by On ta r io  are shown i n  Table 
4.1.2 f o r  t h e  l a k e s  and t h e  S t .  Lawrence River.  There are no 
Michigan m u n i c i p a l i t i e s  d i s cha rg ing  d i r e c t l y  t o  Lake E r i e .  
Es t imates  of t h e  phosphorus c o n t r i b u t e d  from t r i b u t a r i e s  by 
m u n i c i p a l i t i e s  w e r e  55 p e r c e n t  (16,000 t o n s  p e r  y e a r )  of t h e  
t o t a l  d i scharged  t o  Lake E r i e  and 32 p e r c e n t  o r  4,500 t o n s  pe r  
year  f o r  Lake Ontar io .  Large me t ropo l i t an  areas from which 
w a s t e s  are d ischarged  t o  t r i b u t a r i e s  nea r  t h e i r  mouths i n c l u d e  
D e t r o i t ,  Windsor, Toledo and p a r t  of Cleveland.  The c i t ies  
of Buf fa lo  and Niagara F a l l s ,  New York, d i s c h a r g e  t o  t h e  Niagara 
River.  

Combined s e w e r  systems a t  Toledo, Cleveland,  E r i e ,  
Rochester ,  S t .  Ca tha r ines ,  Hamilton, Toronto,  Kingston and 
Cornwall overflow t o  t h e  l a k e s  and t h e  i n t e r n a t i o n a l  s e c t i o n  
of t h e  S t .  Lawrence River  du r ing  pe r iods  of s u r f a c e  runof f  o r  
because l o c a l  sewage f lows may exceed t h e  c a p a c i t y  of t h e  
sewage c o l l e c t i o n  o r  t r ea tmen t  systems. These d i s c h a r g e s  
c o n t a i n  h igh  c o n c e n t r a t i o n s  of b a c t e r i a ,  BODS, suspended s o l i d s ,  
c h l o r i d e s  and n u t r i e n t s .  

4.2 INDUSTRIES 

The main sou rces  of i n d u s t r i a l  wastes d i scharged  
d i r e c t l y  t o  t h e  l a k e s  are l o c a t e d  on t h e  United S t a t e s  s i d e  
of Lake E r i e  (23 of 27 sou rces )  and on t h e  Canadian s i d e  of 
Lake On ta r io  ( 4 4  of 45 s o u r c e s ) .  E igh t  of t h e  e l even  major 
i n d u s t r i a l  sou rces  d i scha rg ing  d i r e c t l y  t o  t h e  S t .  Lawrence 
River are l o c a t e d  a long  t h e  On ta r io  s h o r e l i n e .  Waste waters  
o r i g i n a t e  from a v a r i e t y  of i n d u s t r i e s  i n c l u d i n g  steel making, 
o i l  r e f i n i n g ,  automobile manufactur ing,  aluminium f a b r i c a t i n g ,  
food p roces s ing ,  chemical ,  paper and rubber  p l a n t s .  Wastes 
d i scharged  i n  l a r g e  q u a n t i t i e s  i n c l u d e  o i l ,  suspended and 
d i s s o l v e d  s o l i d s ,  and oxygen-consuming m a t e r i a l s .  While 
i n d u s t r i a l  w a s t e s  u s u a l l y  have an adverse  e f f e c t  on t h e  immediate 
l a k e  w a t e r s ,  p e r s i s t e n t  w a s t e  c o n s t i t u e n t s  such as c h l o r i d e s  
and o t h e r  d i s s o l v e d  s o l i d s  c o n t r i b u t e  t o  t h e  i n c r e a s i n g  
impairment of t h e  o v e r a l l  q u a l i t y  of t h e  l akes .  

The i n d u s t r i a l  sou rces  w i t h i n  t h e  lower l a k e s  b a s i n  
c o n t r i b u t e  10 p e r c e n t  of t h e  phosphorus e n t e r i n g  t h e  lakes .  
When t aken  t o g e t h e r  municipal  and i n d u s t r i a l  wastes accounted 
i n  1967 f o r  about  75 p e r c e n t  (29,000 t o n s  p e r  y e a r )  of t h e  
t o t a l  amount of phosphorus d i scharged  t o  t h e  d ra inage  b a s i n  
of t h e  lower l a k e s  (21,000 t o n s  p e r  y e a r  t o  Lake E r i e  and 8,000 
t o n s  pe r  yea r  t o  Lake O n t a r i o ) .  The t o t a l  d i r e c t  i n d u s t r i a l  
load ings  of phosphorus, n i t r o g e n ,  d i s s o l v e d  s o l i d s  and c h l o r i d e s  
t o  each l a k e  and t h e  S t .  Lawrence River  are summarized i n  Table  
4.2.1. 



Table 4 . 1 . 2  D i r e c t  municipal  waste d i scha rges .  

Phosphorus Ni t rogen BOD5 Chlor ides  
(PI ( N  

% % % % 

Lake E r i e  
On ta r io  1 
Ohio 85 
Pennsylvania  11 
New York 3 - 

loo* 
(2,740) 

Lake On ta r io  
On ta r io  6 8  
New York 32 - 

loo** 
(2 ,960)  

S t .  Lawrence River  
On ta r io  89 
N e w  York 11 - 

loo*** 
( 2 1 0 )  

*78% of t h e  phosphorus, 76% of t h e  n i t r o g e n  and 75% of t h e  c h l o r i d e s  
a r e  c o n t r i b u t e d  by t h e  t h r e e  m u n i c i p a l i t i e s :  Cleveland and Euc l id ,  
Ohio, and E r i e ,  Pennsylvania .  

**94% of t h e  phosphorus, 92% of t h e  n i t r o g e n  and 96% of t h e  c h l o r i d e s  
a r e  c o n t r i b u t e d  by t h e  f o u r  r eg ions :  Metro Toronto,  Hamilton and 
S t .  Ca tha r ines ,  On ta r io ,  and Roches te r ,  N e w  York. 

***83% of t h e  phosphorus, 9 1 %  of t h e  n i t r o g e n  and 92% of t h e  c h l o r i d e s  
a r e  c o n t r i b u t e d  by t h e  f o u r  m u n i c i p a l i t i e s :  Kingston,  Brockv i l l e  
and Cornwall,  On ta r io ,  and Ogdensburg, New York. 

F igu res  i n  b r a c k e t s  a r e  q u a n t i t i e s  i n  s h o r t  t o n s  p e r  y e a r  d i scharged  
d i r e c t l y  from municipal  sou rces  t o  t h e  l a k e s  and t h e  S t .  Lawrence 
River.  



Table 4.2.1 Direct industrial waste discharges (short tons 
per year). 

Total Total Total 
phosphorus nitrogen dissolved 

( P  (N) solids Chlorides 

Lake Erie 

Lake Ontario 

St. Lawrence 
River 



T a b l e  4 . 3 . 1  T o t a l  phosphorus  i n p u t s  by m a j o r  t r i b u t a r i e s  and  s o u r c e s .  
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*With t h e  e x c e p t i o n  o f  t h e  N i a g a r a  R i v e r  b a s i n ,  i n d u s t r i a l  s o u r c e s  of phosphorus  
c o n t r i b u t e  a  s m a l l  p a r t  of t h e  t o t a l  l o a d .  

F i g u r e s  i n  b r a c k e t s  a r e  i n  u n i t s  of s h o r t  t o n s  p e r  y e a r .  



4.3 TRIBUTARIES 

The major t r i b u t a r i e s  d r a i n i n g  upstream municipal ,  
i n d u s t r i a l  and a g r i c u l t u r a l  a r e a s  convey materials which inc lude  
d e b r i s ,  sediments,  p e s t i c i d e  r e s idues ,  d i s so lved  s o l i d s ,  
n u t r i e n t s  and oxygen-consuming subs tances  i n t o  t h e  lakes .  
These t r i b u t a r y  loads  o f t e n  compound l o c a l  p o l l u t i o n  problems 
a t  o r  near  t h e  p o i n t  of d i scha rge  t o  t h e  l ake ,  where they 
c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  n u t r i e n t  supply,  and t h e  lake- 
wide problems of eu t roph ica t ion  and increased  l e v e l s  of d i s so lved  
s o l i d s ,  

Major waste  loads  a r e  c a r r i e d  t o  Lake E r i e  by t h e  
D e t r o i t ,  Maumee, and Cuyahoga Rivers. The D e t r o i t  River 
in t roduces  83 percent  (29,000,000 tons  per  y e a r )  of t h e  d i s so lved  
s o l i d s ,  74 pe rcen t  (3,300,000 t o n s  p e r  y e a r )  of t h e  c h l o r i d e s ,  
and 58 pe rcen t  (17,600 tons  per  yea r )  of t h e  t o t a l  phosphorus 
and 65 pe rcen t  (126,000 tons  per  yea r )  of t h e  n i t r o g e n  from 
a l l  sources  d i scha rg ing  t o  Lake E r i e  (Table 4 -5.1) , The Maumee 
River is  t h e  l a r g e s t  source  of suspended s o l i d s  accounting f o r  
more than  40 p e r c e n t  (2,000,000 t o n s  per  y e a r )  of t h e  t o t a l  
t r i b u t a r y  i n p u t s  t o  t h e  lake.  The Sandusky and Grand Rivers  
of Ohio, Cat taraugus Creek and Buffa lo  River of New York and 
Grand River i n  Ontar io  a l s o  c a r r y  heavy w a s t e  loads  i n t o  Lake 
E r i e .  

Of t h e  t o t a l  loading on Lake Ontar io  from a l l  
sources ,  t h e  Niagara River accounts  f o r  55 pe rcen t  (95,000 
t o n s  pe r  y e a r )  of t h e  n i t rogen ,  56 pe rcen t  (7,700 t o n s  per  
y e a r )  of  t h e  t o t a l  phosphorus and 76 pe rcen t  (5,200,000 tons  
per  yea r )  of t h e  c h l o r i d e s  (Table 4.5.1) . Deta i l ed  information 
on t h e  primary sources  of p o l l u t i o n  of t h e  r i v e r  i s  contained 
i n  t h e  "Summary Report on P o l l u t i o n  of t h e  Niagara Rivern 
( I n t e r n a t i o n a l  J o i n t  Commission, 1967). I n  Ontar io ,  Twelve 

M i l e  Creek, t h e  Welland Canal o u t l e t  and t h e  C r e d i t ,  Humber 
and Don Rivers  a l l  c a r r y  s i g n i f i c a n t  material l o a d s  t o  Lake 
Ontario.  The Oswego River ,  Genesee and Black Rivers  i n  New 
York a l s o  c a r r y  l a r g e  loads  of n i t rogen ,  phosphorus, c h l o r i d e s  
and suspended s o l i d s .  

A l a r g e  p o r t i o n  of t h e  phosphorus conveyed by t h e  
t r i b u t a r i e s  t o  t h e  l akes  o r i g i n a t e s  from municipal  waste  waters  
with  o t h e r  sources  account ing f o r  less s i g n i f i c a n t  c o n t r i b u t i o n s  
of n u t r i e n t  (Table 4.3.1). Nevertheless ,  t h e  amounts discharged 
from i n l a n d  d ra inage  sources  o t h e r  than  municipal  and i n d u s t r i a l  
wastes account f o r  about  20 pe rcen t  of t h e  t o t a l  phosphorus 
i n p u t  t o  t h e  l akes  excluding t h e  outflow from Lake Huron. In  
t h e  Lake E r i e  bas in  s l i g h t l y  h igher  loads  are found which 
probably r e f l e c t  t h e  i n t e n s i v e  a g r i c u l t u r a l  a c t i v i t i e s  i n  i ts  
t r i b u t a r y  bas ins .  



4.4 OTHER SOURCES 

Boat and V e s s e l  Wastes 

Commercial v e s s e l s  and r e c r e a t i o n a l  w a t e r c r a f t  are 
sources of wastes i n  Lakes Er ie  and Ontario,  and t h e  
i n t e r n a t i o n a l  s e c t i o n  of t h e  St .  Lawrence River. Large numbers 
of commercial t ankers ,  barges,  and cargo sh ips  use the  St .  
Lawrence Seaway each yea r ,  br inging  i n  fo re ign  t r a d e  products 
t o  in land  markets, and ca r ry ing  United S t a t e s  and Canadian 
goods t o  a l l  p a r t s  of t h e  world. Thousands of p leasure  c r a f t  
use t h e  l akes  as a prime r e c r e a t i o n  area .  

Approximately four  t o  f i v e  thousand commercial 
v e s s e l s  use t h e  seaway each year ,  most of which a r e  equipped 
with marine t o i l e t s .  Only a very s m a l l  percentage provide 
holding tanks o r  t rea tment  f a c i l i t i e s .  In  a l l  p r o b a b i l i t y  t h e  
majori ty  d ischarge  t h e i r  wastes d i r e c t l y  overboard. 

The wastes comprise sewage, garbage, b i l g e  and 
b a l l a s t  waters ,  dunnage and bunker o i l .  The d ischarge  of these  
substances,  a c c i d e n t a l  o r  otherwise,  causes problems p a r t i c u l a r l y  
i n  harbour and docking a reas .  Only a few of t h e  p o r t  f a c i l i t i e s  
on t h e  lower l akes  provide c o l l e c t i o n  and t reatment  of v e s s e l  
wastes. Discharges of f u e l  o i l  may a l s o  occur during f u e l i n g  
opera t ions ,  o r  during pumping of b a l l a s t ,  e i t h e r  i n  p o r t  o r  
while under way. 

Exact numbers of p leasure  c r a f t  using t h e  lower 
lakes  i s  unknown b u t  e s t ima tes  set  t h e  f i g u r e  i n  excess of 
250,000. Most of t h e  l a r g e r  boats  have t o i l e t  f a c i l i t i e s ,  bu t  
l i k e  commercial v e s s e l s ,  r e l a t i v e l y  few provide holding tanks 
o r  t rea tment  devices .  The g r e a t e s t  p o l l u t i o n  problems occur 
near t h e  l a r g e r  c e n t r e s  of population, and more s p e c i f i c a l l y  
i n  those  marina a r e a s  where d i sposa l  f a c i l i t i e s  a r e  no t  
available. 

The inc rease  i n  p leasure  boat ing  i n  r ecen t  years  
has r e s u l t e d  i n  a growing concern f o r  p o l l u t i o n  from t h i s  
source and has l e d  t o  t h e  enactment of l e g i s l a t i o n  and 
regu la t ions  r equ i r ing  waste t reatment  c o n t r o l  on p leasure  c r a f t  
equipped with t o i l e t s  i n  Ontario,  Michigan and New York. 
An inc reas ing  number of marinas a r e  being f i t t e d  with pump- 
o u t  f a c i l i t i e s  and a f u r t h e r  ex tens ion  of t h i s  program is  
required.  

4.4.2 Disposal of Dredqed Mater ia ls  

Routine maintenance dredging is performed annual ly 
a t  15 major, and s e v e r a l  small  harbours and channels i n  the  
United S t a t e s  waters  of Lake E r i e ,  t h e  lower D e t r o i t  River, 



and t h e  Niagara River ,  and a t  3 major United S t a t e s  harbours  
i n  Lake Ontar io .  The agency r e s p o n s i b l e  f o r  t h i s  work, t h e  
Corps of Engineers ,  United S t a t e s  Army, estimates t h e  f u t u r e  
annual  maintenance dredging  t o  be  6,800,000 c u b i c  y a r d s  f o r  
Lake E r i e  and 480,000 c u b i c  ya rds  f o r  Lake On ta r io  (United 
S t a t e s  Army, Corps of  Engineers ,  1969). 

I n  Canada, t h e  Department of P u b l i c  Works i s  
r e s p o n s i b l e  f o r  maintenance dredging,  which i s  c a r r i e d  o u t  as 
r e q u i r e d  a t  4 Canadian harbours  i n  Lake E r i e  and a t  8 l o c a t i o n s  
i n  Lake Ontar io .  Estimated annua l  amounts are n o t  a v a i l a b l e ,  
b u t  i n  1968 q u a n t i t i e s  t o t a l e d  297,000 cub ic  y a r d s  i n  Lake 
E r i e  and 577,000 cub ic  ya rds  i n  Lake Ontar io .  Of t h e  l a t t e r  
amount, 450,000 cub ic  y a r d s  w e r e  used f o r  l and  f i l l .  

It h a s  been t h e  g e n e r a l  p r a c t i c e  a t  most harbours  
t o  d i spose  of t h e  dredged material i n  t h e  open wa te r s  of  t h e  
l a k e s  a t  l o c a t i o n s  which would n o t  i n t e r f e r e  w i t h  nav iga t ion .  

The en l a rged  and deepened harbour  areas act as 
s e t t l i n g  b a s i n s  and t r a p  much of t h e  sediment o r i g i n a t i n g  from 
l and  runof f  and municipal  and i n d u s t r i a l  w a s t e  d i s cha rges .  
Therefore ,  a t  many harbours ,  t h e  sediments  c o n t a i n  l a r g e  
q u a n t i t i e s  of p o l l u t a n t s  such as i r o n ,  o i l  and g rease ,  t o x i c  
materials, n u t r i e n t s ,  and oxygen-consuming subs tances .  It i s  
e s t ima ted  by t h e  F e d e r a l  Water P o l l u t i o n  Con t ro l  Adminis t ra t ion  
t h a t ,  du r ing  t h e  pe r iod  January 7, 1966 t o  January 7, 1967, 
approximately 71,000 s h o r t  t o n s  of v o l a t i l e  s o l i d s ,  18,000 
t o n s  of o i l  and g r e a s e ,  2,000 t o n s  of  phosphorus, 2,000 t o n s  
of n i t r o g e n ,  and 60,000 t o n s  of i r o n  were t r a n s f e r r e d  t o  Lake 
E r i e  from Cleveland Harbour by dredging.  

The d i s p o s a l  of t h e s e  waste materials i n  t h e  l a k e  
environment, w i t h  which they  a r e  n o t  i n  equ i l i b r ium,  c o n s t i t u t e s  
a sou rce  of  p o l l u t i o n .  Although t h e r e  are s h o r t  t e r m  e f f e c t s  
which may i n c l u d e  i n c r e a s e d  t u r b i d i t y ,  d i s c o l o r a t i o n ,  o i l  
s l i c k s ,  oxygen d e p l e t i o n ,  and t o x i c i t y ,  t h e  primary concern 
is  f o r  t h e  long t e r m  e f f e c t s  on t h e  w a t e r  q u a l i t y  of t h e  l akes .  

I n  r e c o g n i t i o n  of t h e  problem of  dredged materials, 
t h e  Fede ra l  Water P o l l u t i o n  Con t ro l  Adminis t ra t ion  and t h e  
Corps of  Engineers have conducted a j o i n t  two-year s tudy  t o  
f i n d  o t h e r  s u i t a b l e  methods of d i s p o s a l .  Confined d i s p o s a l  
areas on s h o r e  and i n  t h e  l a k e  nea r  s h o r e  have been found t o  
prov ide  good p r o t e c t i o n  of  l a k e  water q u a l i t y .  The United 
S t a t e s  Army, Corps of  Engineers has  proposed t h r e e  p l a n s  of 
vary ing  scope f o r  p rov id ing  a l t e r n a t i v e  d i s p o s a l  a t  harbours  
which c o n t a i n  p o l l u t e d  sediments  (United S t a t e s  Army, Corps 
of Engineers ,  1969).  



Preliminary results of a recent study by the Ontario 
Water Resources Commission with the assistance of other 
provincial and federal agencies indicate the majority of 
Canadian dredging operations on the Great Lakes shipping 
channels have been satisfactory. Only in a few cases have 
pollutants been involved in dredged materials. 

Sediments 

Decomposition of organic sediments contributes 
carbon dioxide, ammonia, phosphorus, iron and manganese to the 
overlying waters and can seriously affect its quality. 
Constituent exchanges occurring at the mud-water interface are 
produced by biological activity, physical disturbances and 
chemical reactions. A better knowledge of these interactions 
is needed to understand the potential for enrichment of overlying 
waters by the sediments. The effects of sedimentation on 
desirable fish populations may also be one of the factors 
contributing to changes in fish life in the lakes. 

Large quantities of sediment enter the lakes from 
rural and urban land runoff as a result of subdivision and 
highway construction, shoreline erosion, plowing and other 
agricultural activities. While the physical damage from 
sedimentation may be obvious, the chemical effects of 
sedimentation are more subtle. Phosphate compounds, unlike 
other constituents of fertilizers, are not easily leached out 
of soil and tend to cling to soil particles. Nutrients are 
also incorporated into the bottom sediments through the death 
and sedimentation of plankton, Under some conditions these 
nutrients may be recycled into the oxygen-deficient bottom 
waters of Lake Erie, 

4.4-4 Oil and Gas Wells 

Natural gas is being produced in substantial 
quantities from Canadian submerged lands in Lake Erie. While 
traces of oil have been reported, no commercial exploitation 
has proven economically feasible. At the end of 1968, 221 
wells of 529 drilled were producing natural gas at the rate 
of 3,700 million cubic feet per year, or 30 percent of the 
Province of Ontario's total production, During 1968 45 new 
wells were drilled in Lake Erie of which 16 were producers. 
Few wells have been drilled in the United States portion of 
Lake Erie and there has been no production of either oil or 
gas to date. Some submerged lands offshore from Pennsylvania 
were leased for drilling in 1969, but exploration is not 
anticipated until 1970. 

The increasing frequencies of oil spills including 
the recent blowout of a well in the Santa Barbara basin have 



r a i s e d  t h e  concern of c o n s e r v a t i o n i s t s  and o t h e r s  over  p o t e n t i a l  
hazards  i n  Lake E r i e .  Canadian o i l  and gas  i n t e r e s t s  have 
been d r i l l i n g  i n  Lake E r i e  s i n c e  1913 wi thou t  s i g n i f i c a n t  
p o l l u t i o n  i n c i d e n t s .  The p o t e n t i a l  e x i s t s ,  however, and s t r i c t  
r e g u l a t i o n s  and c l o s e  s u p e r v i s i o n  a r e  r equ i r ed  t o  minimize t h e  
dangers.  

4.4.5 Atmosphere 

P r e c i p i t a t i o n ,  d u s t f a l l  and f i x a t i o n  of n i t r o g e n  
by a l g a e  are s e v e r a l  of t h e  n a t u r a l  sou rces  of  n u t r i e n t s  t o  
t h e  l akes .  These are g e n e r a l l y  i n  t h e  form of n i t r a t e s  and 
ammonia. 

Es t imates  based on t h e  s t u d i e s  of Matheson (1951) 
sugges t  t h a t  t h e  amount of n i t r o g e n  c o n t r i b u t e d  by r a i n ,  snow 
and d u s t f a l l  t o  t h e  s u r f a c e  of Lake E r i e  i s  about  16,000 t o n s  
p e r  y e a r  and about  12,000 t o n s  p e r  y e a r  t o  t h e  s u r f a c e  of Lake 
Ontar io .  The c o n t r i b u t i o n  by n i t r o g e n  f i x a t i o n  t o  t h e  two 
l a k e s  i s  cons idered  t o  be i n s i g n i f i c a n t .  

4.5 OVERALL BALANCE OF MATERIALS I N  LAKES 

I n c r e a s e s  of d i s s o l v e d  c o n s t i t u e n t s  i n  Lake E r i e  
from a l l  sou rces  w e r e  de sc r ibed  by Beeton (1965) (Fig. 3.1.1) . 
T o t a l  d i s s o l v e d  s o l i d s  have inc reased  r a p i d l y  s i n c e  1910. The 
c h l o r i d e  l e v e l  i n  Lake E r i e  is  about  2.5 t i m e s  t h a t  of Lake 
Huron and has  t r i p l e d  i n  t h e  p a s t  50 years .  

Comparison i s  made i n  Table  4.5.1 of f o u r  material 
c o n s t i t u e n t s  - c h l o r i d e s ,  t o t a l  d i s s o l v e d  s o l i d s ,  t o t a l  n i t r o g e n  
and to ta l  phosphorus - f o r  bo th  Lake E r i e  and Lake On ta r io  i n  
r e l a t i o n  t o  the sum of  a l l  i n p u t s  t o  t h e  l a k e s  and t h e  q u a n t i t i e s  
observed i n  t h e  ou t f lows  du r ing  t h e  s tudy  pe r iod  of 1965 t o  
1967. E s t i m a t e s  of t h e  d i f f e r e n c e  between t h e  in f low and 
outf low q u a n t i t i e s  o r  t h e  amounts of t h e s e  c o n s t i t u e n t s  r e t a i n e d  
i n  t h e  l a k e s  are a l s o  g iven  i n  t h e  Table. 

The i n p u t s  of c h l o r i d e s  and t o t a l  d i s s o l v e d  s o l i d s  
t o  Lake E r i e  are found t o  b e  e s s e n t i a l l y  i n  ba l ance  wi th  t h e  
d i scha rge  of t h e s e  m a t e r i a l s  through t h e  Niagara River and 
Welland Canal. The l a c k  of ba l ance  of t h e  c o n s t i t u e n t s ,  
n i t r o g e n  and phosphorus, i n d i c a t e s  r e t e n t i o n  o r  a l t e r a t i o n  of 
t h e s e  materials w i t h i n  t h e  lake .  Whereas t h e  phosphorus 
r e t a i n e d  or s t o r e d  i n  t h e  sediments  i s  84 p e r c e n t ,  only  about  
56 p e r c e n t  of t h e  incoming n i t r o g e n  i s  r e t a i n e d  i n  t h e  lake .  
I n  Lake Ontar io ,  77 p e r c e n t  of t h e  phosphorus and 35 p e r c e n t  
of t h e  n i t r o g e n  a r e  r e t a i n e d  i n  t h e  lake .  

I t  i s  noted t h a t  t h e  de t e rmina t ion  of t h e  o u t p u t  
of c h l o r i d e s  and d i s s o l v e d  s o l i d s  from Lake E r i e  is  s l i g h t l y  



greater than the total inputs to the lake, whereas the output 
for Lake Ontario is considerably less than the total inputs 
to that lake. This suggests that in the case of total phosphorus 
the percentage retained in the lakes may in fact be similar 
and not significantly different. 

The difference in rates of storage of phosphorus 
and nitrogen can be explained by the difference in the phosphorus 
and nitrogen cycles. Only under special circumstances, is 
stored phosphorus returned from the sediments to the water in 
significant quantities. 

The high percentage of the phosphorus which is 
deposited in the lakes is important in determining the rate 
at which the lakes ought to respond to remedial measures. As 
an example, considering only the volume of Lake Erie and the 
volume of river discharge into that lake one might presume 
that it would take only 2.5 years to completely replace the 
lake water. However, vigorous mixing in the lakes interferes 
with the orderly replacement of lake water by the inflowing 
rivers. Because of this process the lakes do not immediately 
reflect changes in input concentrations. Elementary 
considerations indicate that the time required to accommodate 
90 percent of a change in input of an inert substance would 
be 6 years for Lake Erie. However, when a substance which is 
involved in biological productivity, the situation is modified. 
In the case of phosphorus a substantial proportion is removed 
from the lake water each year by growing plants and deposited 
on the lake bottom where it tends to be retained. The importance 
of this process relative to that of removal of phosphorus 
through the lake outlet is such that there are strong theoretical 
reasons to indicate that the lakes will react quickly to a 
decreased loading and that a 90 percent response can be expected 
in Lake Erie in a period considerably less than 6 years. 

4.6 TRANSBOUNDARY MOVEMENT OF POLLUTANTS 

One of the principal questions to be resolved is 
whether the waters of Lake Erie are being polluted on either 
side of the international boundary to an extent which is causing 
or is likely to cause injury to health or property on the other 
side of the boundary. Technical information included in Volumes 
2 and 3, especially on circulation of the lake waters, water 
chemistry and sources of material inputs, allow some statements 
to be made concerning transboundary movement of pollutants. 

The Detroit River is by far the major source of 
contaminants to Lake Erie and its western basin (Tables 4.3.1 
and 4.5.1), although the western basin also receives major 
loadings from the Maumee and Raisin Rivers. For the main part, 
surface and bottom flows in the western basin are dominated 



Table  4 . 5 . 1  M a t e r i a l s  ba lance  f o r  lower  l a k e s  1966-67 ( i n  thousands  of  s h o r t  
t o n s  p e r  y e a r ) .  

T o t a l  

1 d i s s o l v e d  T o t a l  T o t a l  
C h l o r i d e s  s o l i d s  n i t r o g e n  phosphorus  

Lake Huron o u t p u t  

D e t r o i t  R. o u t p u t  

Lake E r i e  
t o t a l  i n p u t  
t o t a l  o u t p u t  
d i f f e r e n c e  
p e r c e n t  d i f f e r e n c e  o r  r e t a i n e d  

Niagara  R.  o u t p u t  

Lake O n t a r i o  
t o t a l  i n p u t  
t o t a l  o u t p u t  
d i f f e r e n c e  
p e r c e n t  d i f f e r e n c e  o r  r e t a i n e d  

l ~ h e  d i f f e r e n c e  between t h e  i n p u t s  and o u t p u t s  o f  c h l o r i d e s  c a n n o t  b e  i n t e r p r e t e d  
a s  a n  i n d i c a t i o n  of  t h e  p e r c e n t  r e t a i n e d ,  b u t  as a measure  o f  t h e  r e l i a b i l i t y  
of  t h e  d e t e r m i n a t i o n  of t h e  m a t e r i a l s  b a l a n c e .  The d i f f e r e n c e s  of  11 and 12 
p e r c e n t  between t h e  t o t a l  i n p u t s  and o u t p u t s  f o r  c h l o r i d e s  f o r  b o t h  l a k e s  
p r o v i d e s  a  good example of t h i s  r e l i a b i l i t y .  I t  i s  assumed t h a t  t h e  
d e t e r m i n a t i o n  of t h e  m a t e r i a l s  b a l a n c e  f o r  t o t a l  n i t r o g e n  and phosphorus i s  of  
comparable  r e l i a b i l i t y .  



by a major southward t h r u s t  of the D e t r o i t  River outf low which 
extends eastwards  t o  the Ohio shore .  A gyre  which t ends  t o  
concen t r a t e  contaminants from the Maumee and Ra i s in  Rivers  
a long  this shore ,  develops  between the D e t r o i t  River  outf low 
and the western s h o r e  of the basin .  Some of t h e  D e t r o i t  River 
i n p u t s  become t rapped  i n  this gyre.  However, i n  t h e  s u r f a c e  
l a y e r s ,  t h e  D e t r o i t  River i s  turned  from a southwestward flow 
t o  a northwestward c u r r e n t  w e s t  of the Bass I s l ands .  This  
water  c r o s s e s  over  t o  the Canadian s i d e  and f lows o u t  of the 
western b a s i n  through Pelee Channel (Fig.  4.6.1). 

I t  is c l e a r  t h a t  t h e  D e t r o i t  River flow c a r r i e s  
p o l l u t i n g  m a t e r i a l s  t o  bo th  United S t a t e s  and Canadian wa te r s  
and s h o r e l i n e s ,  In  a d d i t i o n ,  the evidence sugges t s  t h a t  t h e  
mean summer flow about Pelee I s l a n d  i s  a counterclockwise  gyre  
i n  t h e  bottom waters ,  wh i l e  being mainly clockwise about  t h e  
i s l a n d  above the thermocline.  I n  e i t h e r  ca se ,  i n p u t s  o r i g i n a t i n g  
on t h e  United S t a t e s  s i d e  a r e  t r a n s p o r t e d  i n t o  Canadian waters  
and v i c e  versa .  

In  t h e  c e n t r a l  b a s i n  the predominant s u r f a c e  flow 
is southward from Pelee Channel a long t h e  southern  sho re  of 
t h e  l ake ,  E a s t e r l y  f lows dominate throughout t h e  rest of t h e  
bas in .  These appear t o  be counterbalanced by g e n e r a l l y  wes t e r ly  
f lows a t  i n t e rmed ia t e  dep ths  i n  the main body of the l ake ,  b u t  
w i th  a con t inu ing  e a s t e r l y  flow near  the United S t a t e s  s h o r e l i n e .  
This  imp l i e s  t h a t  t r i b u t a r y  and o u t f a l l  d i scha rges  tend  t o  
s t a y  a long  t h e  sho re  and move eastward p a r a l l e l  t o  t h e  southern  
s i d e  of the lake .  

I n  t h e  e a s t e r n  b a s i n  the s u r f a c e  flow i s  mostly 
e a s t e r l y  towards the Niagara River o u t l e t .  However, d i scha rges  
n o t  caught  i n  the Niagara River  outf low can be d i s t r i b u t e d  
over  the whole bas in .  A t  i n t e rmed ia t e  depths  a counterclockwise  
g y r e  i s  e v i d e n t  which exchanges wa te r s  ac ros s  the i n t e r n a t i o n a l  
boundary from t h e  sou th  s h o r e  i n t o  t h e  Long P o i n t  Bay a rea .  

I n  gene ra l ,  s u r f a c e  water  t ends  t o  move toward t h e  
south  sho re  and deeper  waters  towards t h e  n o r t h  shore .  I t  
should be noted t h a t  these g e n e r a l  p a t t e r n s  a r e  n e t  f lows and 
may n o t  r e p r e s e n t  the s i t u a t i o n  a t  any g iven  t i m e .  The c u r r e n t s ,  
and i n  p a r t i c u l a r  the s u r f a c e  f lows,  a r e  very respons ive  t o  
the wind f i e l d .  Changes i n  the d i r e c t i o n  and speed of t h e  
wind can cause r a p i d  changes i n  the c u r r e n t s  of t h e  l ake ,  bo th  
by d i r e c t  a c t i o n  on t h e  water  s u r f a c e  and by inducing l a r g e  
set-ups and s e i c h e s  which a r e  accompanied by s u b s t a n t i a l  c u r r e n t  
speeds a t  i n t e rmed ia t e  depths .  

The lakewide e f f e c t s  of c i r c u l a t i o n  and mixing 
processes  a r e  a l s o  e v i d e n t  from t h e  d i s t r i b u t i o n  and 
concen t r a t ions  of chemical ,  b i o l o g i c a l  and b a c t e r i o l o g i c a l  



parameters. The concent ra t ions  and d i s t r i b u t i o n s  of some 
substances are a l s o  subj 'ect  t o  seasonal  in f luences ,  n a t u r a l  
decay, complexing and b i o l o g i c a l  uptake. Transboundary movements 
a r e  ev iden t  o f f  t h e  mouth of t h e  D e t r o i t  River,  where high 
b a c t e r i a l  counts on one s i d e  of t h e  boundary may we l l  have 
o r ig ina ted  on t h e  o the r  s ide .  

The remarkably uniform d i s t r i b u t i o n  of conduct iv i ty ,  
ch lo r ides  and d isso lved  s o l i d s  i n  t h e  c e n t r a l  and e a s t e r n  
bas ins  i l l u s t r a t e s  how e f f e c t i v e  t h e  mixing and exchange of 
waters are i n  t h e  lake.  It is only i n  the eut rophic  western 
bas in  t h a t  concent ra t ions  are n o t  uniform. 

Transboundary e f f e c t s  a r e  c l e a r l y  evident  a t  the  
o u t l e t  of t h e  l ake  where t h e  r e s i d u a l  loads c a r r i e d  through 
t h e  l ake  e n t e r  t h e  Niagara River and become p a r t  of t h e  t o t a l  
p o l l u t i o n  load of t h i s  well-mixed r i v e r .  There i s  l i t t l e  doubt 
t h a t  both s i d e s  of t h e  r i v e r  a r e  a f f e c t e d  a s  w e l l  a s  Lake 
Ontar io . 

In  Lake Ontar io  t h e r e  a r e  s e v e r a l  dominant f e a t u r e s  
of t h e  n e t  flow which permit  some genera l  in fe rences  t o  be 
drawn on transboundary movements. I n  t h e  summer, a l a r g e  
counterclockwise c i r c u l a t i o n  p e r s i s t s  i n  t h e  main l ake  with 
wester ly flows along t h e  nor thern  shore  of t h e  l ake  and e a s t e r l y  
c u r r e n t s  along t h e  south s ide .  This p a t t e r n  sugges ts  t h a t  
materials o r i g i n a t i n g  i n  t h e  Rochester a r e a  a r e  t r anspor ted  
northward t o  t h e  Canadian shore  and t h a t  ma te r i a l s  o r i g i n a t i n g  
i n  t h e  heavi ly  populated Canadian western bas in  a r e  swept along 
t h e  New York S t a t e  s h o r e l i n e  (Fig. 4 .6 .1 ) .  

There is a l s o  no doubt, from t h e  evidence presented,  
t h a t  i n  Lake  Ontario,  m a t e r i a l  inpu t s  from the  Niagara River 
a f f e c t  both Canadian and United S t a t e s  waters  and shores ,  
depending on t h e  c u r r e n t s  a t  t h e  t i m e .  The heav i ly  po l lu ted  
Niagara River outflow, has  been shown t o  t u r n  mostly along t h e  
New York S t a t e  shore  under wes ter ly  wind condit ions.  Under 
e a s t e r l y  winds, t h e  outflow from t h e  r i v e r  has  a major component 
d i r e c t l y  ac ross  t h e  lake ,  almost t o  t h e  shore  i n  t h e  Oakville- 
P o r t  C r e d i t  area.  It is  est imated t h a t  t h e  Niagara River 
accounts f o r  55 percent  of t h e  i n p u t  of n i t rogen ,  56 percent  
of t h e  phosphorus, and 76 percent  of t h e  ch lo r ides  t o  t h e  lake.  

With winds from nor th  around t o  sou theas t ,  a s u r f a c e  
gyre develops i n  t h e  western bas in  which tends  t o  t r a p  m a t e r i a l s  
from t h e  Niagara River and t h e  Toronto-Hamilton-St. Catharines  
region  wi th in  t h a t  basin.  W i t h  winds from wester ly  d i r e c t i o n s ,  
t h e  p o l l u t a n t s  i n  t h e  western bas in  tend t o  be d i s s i p a t e d  by 
flows towards t h e  e a s t e r n  end of the lake  along t h e  New York 
S t a t e  shore. 



I n  g e n e r a l  it is d i f f i c u l t  t o  s ta te  t h a t  a c e r t a i n  
c o n c e n t r a t i o n  of a p o l l u t a n t  on one s i d e  o f  t h e  l a k e  is  due 
t o  a p a r t i c u l a r  sou rce  on t h e  o t h e r  s i d e .  However, it i s  c l e a r  
from t h e  s t u d i e s  on mixing and advec t ion  t h a t  t h e  material 
i n p u t s  from t h e  Niagara and D e t r o i t  Rivers  and from both  s i d e s  
of t h e  two l a k e s  have t ransboundary e f f e c t s .  



In the shaded area of Lake Erie the mean 
. . . . . . . . water movements are not well defined. 

CLEVEUNO .- 

Fig. 4. 6. 1 Mean water movement in  Lake Erie and Lake Ontario. 



5 .  WATER OUALITY OBJECTIVES 

5.1 ESTABLISHMENT OF WATER QUALITY OBJECTIVES 

Although water quality objectives or standards have 
been established for the waters of Lake Erie, Lake Ontario and 
the international section of the St. Lawrence River by provincial 
and state authorities, it is desirable that the International 
Joint Commission develop objectives for its use in administering 
the Boundary Waters Treaty. 

Water quality objectives should be designed to 
provide suitable water quality for present and future beneficial 
use of the waters. Uses which should be considered are: 

(a) domestic water supply 

(b) propagation of aquatic life and wildlife 

(c) recreation and aesthetics (including body 
contact and pleasure boating) 

(d) agriculture (including irrigation and stock 
watering) 

(e) industrial supply (including process and cooling 
waters, and power generation) 

(f) commercial shipping. 

Water quality objectives should apply to the receiving 
waters since it is the quality of the lake waters that is 
important. Regulation of waste discharges to assure compliance 
with the objectives will involve the setting of effluent 
controls and monitoring of waste discharges by the provincial 
and state pollution control agencies. A review of objectives 
will also be required to meet the demands and requirements of 
population, industrial growth and technological changes in 
industry and waste treatment processes. 

5.1.1 General Objectives 

These general objectives should apply to all waters 
at all places and at all times; 

(a) free from substances attributable to municipal, 
industrial or other discharges that will settle 
to form putrescent or otherwise objectionable 
sludge deposits, or that will adversely affect 
aquatic life or waterfowl. 



(b)  f r e e  from f l o a t i n g  d e b r i s ,  o i l ,  scum and o t h e r  
f l o a t i n g  materials a t t r i b u t a b l e  t o  municipal ,  
i n d u s t r i a l  o r  o t h e r  d i scharges  i n  amounts 
s u f f i c i e n t  t o  be uns igh t ly  o r  d e l e t e r i o u s .  

(c) f r e e  from materials a t t r i b u t a b l e  t o  municipal ,  
i n d u s t r i a l  o r  o t h e r  d i scharges  producing co lour ,  
odour, o r  o t h e r  cond i t ions  i n  such degree as 
t o  c r e a t e  a nuisance.  

(d)  f r e e  from subs tances  a t t r i b u t a b l e  t o  municipal ,  
i n d u s t r i a l  o r  o t h e r  d i scha rges  i n  concen t ra t ions  
t h a t  a r e  t o x i c  o r  harmful t o  human, animal,  
o r  a q u a t i c  l i f e ,  

(e) f r e e  from n u t r i e n t s  der ived  from municipal ,  
i n d u s t r i a l  and a g r i c u l t u r a l  sources  i n  
concen t ra t ions  t h a t  create nuisance growths 
of a q u a t i c  weeds and algae.  

5.1.2 S p e c i f i c  Objec t ives  

The s p e c i f i c  o b j e c t i v e s  l i s t e d  below a r e  f o r  
eva lua t ion  of cond i t ions  i n  t h e  waters of t h e  lower G r e a t  Lakes 
o t h e r  than a r e a s  i n  proximity t o  o u t f a l l s  where mixing zones 
should be p resc r ibed  by p o l l u t i o n  c o n t r o l  agencies ,  

The parameters s e l e c t e d  a r e  i n t e n t i o n a l l y  l i m i t e d  
t o  those  be l ieved  t o  be most meaningful i n  r e l a t i o n  t o  
I n t e r n a t i o n a l  J o i n t  Commission r e s p o n s i b i l i t i e s .  The recommended 
o b j e c t i v e s  a r e  designed t o  p r o t e c t  i n t e r n a t i o n a l  wa te r s  f o r  
t h e  most r e s t r i c t i v e  use i n  each case.  

( a )  Microbiology (Coliform Group) - The geometric 
mean of n o t  less than  f i v e  samples taken over  
n o t  more than a 30-day per iod  s h a l l  n o t  exceed 
1,000/100 m l  t o t a l  co l i forms ,  nor  200/100 m l  
f e c a l  co l i forms  i n  l o c a l  waters .  

Water used f o r  body c o n t a c t  r e c r e a t i o n  a c t i v i t i e s  
should be  f r e e  from b a c t e r i a ,  fung i ,  o r  v i r u s e s  t h a t  may produce 
e n t e r i c  d i s o r d e r s ,  o r  eye,  e a r ,  nose,  t h r o a t  and s k i n  i n f e c t i o n s .  

Discussion: Where i n g e s t i o n  is  probable ,  r e c r e a t i o n a l  
waters  can  be considered impaired when t h e  above cr i ter ia  a r e  
exceeded. A s  a gene ra l  r u l e ,  t h e  waters  of i n t e r n a t i o n a l  
s i g n i f i c a n c e  w i l l  be p ro tec t ed  and maintained i f  l o c a l  water  
q u a l i t y  cond i t ions  m e e t  t h e s e  microbio logica l  o b j e c t i v e s  o r  
s tandards .  The I n t e r n a t i o n a l  J o i n t  Commission adopted an 
o b j e c t i v e  f o r  b a c t e r i a  i n  t h e  Boundary Waters (Connecting 
Channels) i n  which t h e  co l i fo rm median va lue ,  MPN (most probable  



number) was not to exceed 2400/100 ml (International Joint 
Commission, 1950 and 1951). 

(b) Dissolved Oxygen - Not less than 6.0 mg/l at 
any time in epilimnetic (upper) waters or in 
concentrations which would not adversely affect 
cold water species in hypolimnetic (lower) 
waters. 

Discussion: The objective is established to support 
fish and their associated biota, particularly cold water 
species. 

(c) Total Dissolved Solids - Not more than 200 
mg/l. 

Discussion: The total dissolved solids concentration 
is a gross indicator of water quality, and is approaching the 
200 mg/l level, which indicates the need for immediate action 
to reduce inputs of dissolved materials. Dissolved solids 
become important to domestic and industrial water supplies at 
about 500 mg/l. 

(d) Tem erature - No change which would adversely 
Z d k E i Z f i c i a l  use. 

Discussion: It is not considered practicable at 
this time to establish absolute limits, due to the lack of 
adequate information on the effects of temperature changes in 
the referenced waters. 

(e) Taste and Odour - Virtually no taste or odour. 
Phenols - Not to exceed a monthly average value of 

1.0 1 .  It would be desirable to obtain even lower 
concentrations. 

Discussion: The effectiveness of conventional water 
treatment in removing odour from public supplies is highly 
variable depending on the nature of the material causing the 
odour. Tainting of fish flesh may result from materials not 
adequately removed by waste treatment processes. It is desirable 
that odour and taste producing materials be virtually absent. 
The International Joint Commission adopted an objective for 
phenols in the Boundary Waters (Connecting Channels) in which 
the average value was not to exceed 2.0 pg/l. The objective 
for taste and odour called for a threshold number of 8 or less 
(International Joint Commission, 1950 and 1951). 

(f) pH - No change from present levels. 



Discussion:  P r e s e n t  l e v e l s  a r e  cons idered  t o  be 
w i t h i n  t h e  d e s i r a b l e  range,  f a l l i n g  w i t h i n  t h e  o b j e c t i v e s  f o r  
t h e  Boundary Waters (Connecting Channels):  "The pH of t h e s e  
wa te r s  fo l lowing  d i l u t i o n  is  t o  be n o t  less than  6.7 nor  more 
than  8.5.' ( I n t e r n a t i o n a l  J o i n t  Commission, 1950 and 1951).  

(g )  I r o n  - Not t o  exceed 0.3 mg/l. - 
Discussion:  The o b j e c t i v e  conforms t o  t h e  United 

S t a t e s  Pub l i c  Heal th  S e r v i c e  d r i n k i n g  water s t a n d a r d s  (United 
S t a t e s  P u b l i c  Heal th  Se rv i ce ,  1962) and t h e  Canadian d r i n k i n g  
water s t a n d a r d s  and o b j e c t i v e s  (Department of  Nat iona l  Heal th  
and Welfare,  1969) f o r  p r o t e c t i o n  of p u b l i c  water s u p p l i e s .  
Th i s  v a l u e  is t h e  s a m e  as t h e  Connecting Channels o b j e c t i v e  
f o r  i r o n  as se t  f o r t h  i n  t h e  1950 r e p o r t .  

( h )  Phosphorus - Concent ra t ions  should be l i m i t e d  
t o  t h e  e x t e n t  necessary  t o  p reven t  nu isance  growths of a l g a e ,  
weeds and s l i m e s  which are o r  may become i n j u r i o u s  t o  wate r  
use. 

Discussion:  Phosphorus, which under c e r t a i n  
c o n d i t i o n s  s t i m u l a t e s  nu isance  growths of  a l g a e ,  weeds, and 
s l i m e s ,  i s  cons idered  t o  be s u s c e p t i b l e  t o  c o n t r o l .  It  h a s  
been found t h a t  a l g a l  blooms can be  expected t o  fo l low i n  y e a r s  
when t h e  c o n c e n t r a t i o n  of  i n o r g a n i c  phosphorus and i n o r g a n i c  
n i t r o g e n  exceed 10 and 300 ~ g / l ,  r e s p e c t i v e l y ,  a t  t h e  t i m e  of 
s p r i n g  tu rnover .  

Reduction of phosphorus i n p u t s  t o  t h e  lower l a k e s  
is  t h e  on ly  method c u r r e n t l y  a v a i l a b l e  f o r  c o n t r o l l i n g  t h e  
rate of  e u t r o p h i c a t i o n ,  I t  is  expected t h a t  phosphorus c o n t r o l  
would r e s u l t  i n  a return t o  a condi t ion  of mesotrophy for Lake 
E r i e  as a whole, and a c o n d i t i o n  of  o l igo t rophy  f o r  Lake 
Ontar io .  

(i) R a d i o a c t i v i t y  - Gross Beta - n o t  t o  exceed 
1 0 0 0  pCi/ l  

Radium-226 - n o t  t o  exceed 3 pCi/ l  

Strontium-90 - n o t  to  exceed 1 0  pCi/l .  

Discuss ion:  Ob jec t ives  w e r e  e s t a b l i s h e d  t o  conform 
t o  United S t a t e s  P u b l i c  Heal th  S e r v i c e  d r i n k i n g  wate r  s t anda rds ,  
f o r  p r o t e c t i o n  of p u b l i c  wa te r  s u p p l i e s .  



5.2 REVISION OF WATER QUALITY OBJECTIVES FOR 
THE CONNECTING CHANNELS 

Since the Connecting Channels have a profound effect 
on the water quality of the lower lakes it is recommended that 
the Advisory Boards for the Connecting Channels develop revised 
water quality objectives for adoption by the International 
Joint Commission. Their objectives should be compatible with 
those set out in this report for the lower lakes. 
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Fig. 6. 1. 2 State of eutrophication for a number of lakes in  Europe and North America. 

LEGEND 

A - Aegerisee (Switzerland) 
An - Lake Annecy (France) 
B - Baldeggersee (Switzerland) 
Bo - Lake Constance (Austria, Germany, Switzerland) 
F - Lake Furesb (Denmark) 
G - Greifensee (Switzerland) 
H - Hallwillersee (Switzerland) 
L - Lake Geneva (France, Switzerland) 
M - Lake Mendota (U.S.A.) 
Ma  - Lake Malaren (Sweden) 
M o  - Moses Lake (U.S.A.) 
No - Lake Norrviken (Sweden) 
P - Pfaff~kersee (Switzerland) 
S - Lake Sebasticook (U.S.A.) 
T - Tiirlersee (Switzerland) 
Ta - Lake Tahoe (U.S.A.) 
V - Lake Vanern (Sweden) 
W - Lake Washington (U.S.A.) 
Z - Zurichsee (Switzerland) 
E - Lake Erie 
0nt . -  Lake Ontario 



6. REMEDIAL MEASURES 

6.1 RATIONALE FOR PHOSPHORUS REMOVAL 

The most s e r i o u s  water  p o l l u t i o n  problem i n  the 
lower Great  Lakes, having long t e r m  i n t e r n a t i o n a l  s i g n i f i c a n c e ,  
is t h e  i n c r e a s i n g  e u t r o p h i c a t i o n  of t h e  lakes .  This  
d e t e r i o r a t i o n  o f  water q u a l i t y ,  due t o  t h e  l u x u r i a n t  growth 
of a l g a e  and o t h e r  p l a n t s  and i t s  repe rcuss ions  on t h e  o v e r a l l  
b i o t a  of t h e  l a k e s ,  is  c l e a r l y  t h e  r e s u l t  of t h e  i n c r e a s i n g  
i n p u t  of f e r t i l i z i n g  n u t r i e n t s  from municipal  sources ,  i n d u s t r i a l  
wastes and land  drainage.  Although many of t h e  most obvious 
e f f e c t s  appear l o c a l i z e d ,  each l a k e  is being adverse ly  a f f e c t e d  
a c r o s s  t h e  i n t e r n a t i o n a l  boundary by n u t r i e n t  enrichment from 
e s s e n t i a l l y  a l l  sources  i n  both coun t r i e s .  Unless a c t i o n  i s  
taken  by Canada and t h e  United S t a t e s  t o  reduce t h e  n u t r i e n t  
i n p u t  and f e r t i l i z a t i o n  of t h e  l a k e s ,  t h e r e  w i l l  be  an eve r  
i n c r e a s i n g  d e t e r i o r a t i o n  of water  q u a l i t y .  

Complete d i v e r s i o n  of municipal  and i n d u s t r i a l  
wastes would no doubt be t h e  s u r e s t  method of  e l i m i n a t i n g  the 
majo r i ty  of a l l  n u t r i e n t s  from human-derived sources .  Th i s  
method has  been s u c c e s s f u l l y  c a r r i e d  o u t  on a number of smaller 
l a k e s  through t h e  c o n s t r u c t i o n  of a complete cana l i zed  system 
which c a r r i e s  a l l  wastes  away from t h e  lake.  Unfortunately ,  
complete d i v e r s i o n  from Lakes E r i e  and Ontar io  is  n o t  
economically p o s s i b l e  due t o  t h e  volume of wastes involved and 
t h e  d i s t a n c e s  t o  t h e  sea. With t h e  p r e s e n t  s tate of  knowledge 
and technology, t h e  only  f e a s i b l e  approach t o  t h e  problem i n  
t h e  lower Great  Lakes is  t h e  removal of s p e c i f i c  n u t r i e n t s  
from wastes. 

Phosphorus and n i t r o g e n  are recognized as t h e  most 
important  n u t r i e n t s  r e spons ib le  f o r  eu t roph ica t ion .  Trace 
elements and o rgan ic  growth subs tances  a l s o  p lay  a p a r t ,  
however, t h e i r  r o l e s  are inadequately  understood as ye t .  The 
exper ience  i n  many l a k e s  i n d i c a t e s  that phosphorus is most 
o f t e n  t h e  c o n t r o l l i n g  ma te r i a l .  

The reasons  f o r  proposing phosphorus removal from 
wastes t o  combat e u t r o p h i c a t i o n  are: 

1. t h a t  i n  most n a t u r a l  waters  t h e  growth of a l g a e  is 
c o n t r o l l e d  more by t h e  supply of phosphorus compounds than  by 
t h e  supply o f  n i t r o g e n  compounds. Other n u t r i e n t s  are g e n e r a l l y  
of lesser importance. There is every reason  t o  b e l i e v e  t h a t  
t h i s  i s  a l s o  t h e  case  f o r  Lakes E r i e  and Ontario.  

2. t h a t  t h e  loading  of phosphorus t o  t h e  l a k e s  can be 
c o n t r o l l e d  more e f f e c t i v e l y  than  t h a t  of n i t r o g e n  (70 pe rcen t  
of t h e  t o t a l  phosphorus con t r ibu ted  t o  Lake E r i e  is  a t t r i b u t a b l e  



P L A T E  v EFFECT OF PHOSPHATE 
O N  ALGAL G R O W T H S  

REMOVAL 

1. ERIE 1, flUTADIA 1 
Filter residues showing algal growths from culture experiments using waters from the 
eastern basin of Lake Erie and the western basin of Lake Ontario. 

The "A" flasks contained lake water alone. 

The " B" flasks, lake water plus 2 percent raw sewage. 

The "C" flasks, lake water plus 2 percent effluent from a secondary waste treatment 
plant. 

The "D" flasks, lake water plus 2 percent effluent from sewage treated chemically to 
remove phosphorus (with essentially no removal of nitrogen). 

The "E" flasks, the same as the "D8' flasks, but with phosphate added to replace that 
removed. 

Note the fertilizing effects of raw sewage (B) and secondary effluent (C); the bene- 
ficial effect of treatment for phosphorus removal (Dl; and the demonstration that 
phosphorus is the factor involved (El. 



t o  municipal  and i n d u s t r i a l  sou rces ,  v e r s u s  30-40 p e r c e n t  f o r  
n i t rogen ;  comparable f i g u r e s  f o r  Lake On ta r io  a r e  57 p e r c e n t  
of phosphorus and 30 p e r c e n t  of n i t r o g e n ) .  

3. t h a t  e f f i c i e n t  and r e l a t i v e l y  inexpens ive  methods 
are a v a i l a b l e  f o r  80-95 p e r c e n t  removal of phosphorus du r ing  
sewage t r ea tmen t ,  whereas comparable e l i m i n a t i o n  of n i t r o g e n  
compounds i s  n o t  y e t  f e a s i b l e .  

4. t h a t  n i t r o g e n  is  c o n t r i b u t e d  more from t h e  
u n c o n t r o l l a b l e  sou rces  t h a n  phosphorus because: 

(a) phosphorus has  a h ighe r  n a t u r a l  r e t e n t i o n  i n  
soi ls  t h a n  n i t rogen .  

( b )  phosphorus is s u b j e c t  t o  f u r t h e r  losses by 
n a t u r a l  b i o l o g i c a l  sed imenta t ion  processes .  

(c) t h e  release of phosphorus from bottom sediments  
t o  wate r  is less both  i n  magnitude and i n  
percen tage  than  is t h e  case f o r  n i t rogen .  

(d )  a p p r e c i a b l e  q u a n t i t i e s  o f  r e a d i l y  a s s i m i l a b l e  
n i t r o g e n  compounds ( n i t r a t e s  and ammonia) are 
d e l i v e r e d  d i r e c t l y  t o  t h e  l a k e s  i n  p r e c i p i t a t i o n .  
The comparable q u a n t i t i e s  of  phosphorus are 
s o  low t h a t  they have y e t  t o  be  a c c u r a t e l y  
measured. 

(e) du r ing  t i m e s  o f  n i t r a t e  d e f i c i e n c y  i n  s u r f a c e  
w a t e r s  s o m e  blue-green a l g a e  can  u t i l i z e  N2 
de r ived  from t h e  atmosphere as a sou rce  of 
n i t rogen .  An e q u i v a l e n t  phenomenon does n o t  
e x i s t  f o r  phosphorus uptake.  

The most d i r e c t  and obvious evidence of t h e  importance 
of phosphorus i n  t h e  enrichment of t h e  lower G r e a t  Lakes by 
man's wastes comes f r o m  r e c e n t  c u l t u r e  exper iments  (Val lentyne,  
1969).  These are i l l u s t r a t e d  on P l a t e  5 which shows t h e  
r e l a t i v e  amount of a l g a l  growth i n  w a t e r  t aken  from t h e  e a s t e r n  
b a s i n  of  Lake E r i e  and t h e  wes te rn  b a s i n  of Lake Ontar io .  A l l  
c u l t u r e s  conta ined  t h e  s a m e  volume of l a k e  wate r  and w e r e  
incubated under i d e n t i c a l  c o n d i t i o n s  of l i g h t ,  t i m e  and 
temperature .  One set  of c u l t u r e s  w a s  f i l t e r e d  a f t e r  10 days 
growth, when a l g a l  popula t ions  w e r e  near  t h e i r  maxima. The 
o t h e r  set  w a s  f i l t e r e d  a f t e r  30 days,  showing t h e  r e s i d u e s  
remaining a f t e r  t h e  growth and decay of t h e  popula t ions .  The 
heavy growths i n  t h e  "B" and "C" f l a s k s  show t h e  s t r o n g  
f e r t i l i z i n g  e f f e c t s  of bo th  r a w  sewage and e f f l u e n t  from a 
convent iona l  t r e a t m e n t  p l a n t .  The s i m i l a r i t y  of t h e  "A" and 
"Dm f l a s k s  shows t h e  b e n e f i c i a l  e f f e c t  of chemical  t r e a t m e n t  



f o r  phosphorus removal, v i r t u a l l y  r e t u r n i n g  t h e  l a k e  wate r  t o  
i t s  o r i g i n a l  c o n d i t i o n  i n  r e s p e c t  t o  a l g a l  growth, The 
pronounced growths i n  t h e  "En f l a s k s  show t h a t  phosphorus w a s  
indeed t h e  f a c t o r  involved.  

Cons ide ra t ion  of phosphorus removal a s  a remedial  
measure f o r  c o n t r o l l i n g  e u t r o p h i c a t i o n  has  two fundamental 
requirements .  F i r s t ,  r e l i a b l e  estimates of  t h e  t o t a l  i n p u t  
( l oad ing )  of  phosphorus and t h e  i n p u t  from t h e  v a r i o u s  sou rces  
are r equ i r ed  i n  o r d e r  t o  estimate t h e  e x t e n t  of r e d u c t i o n  t h a t  
can be  achieved ( a t  t h e  p r e s e n t  t i m e ,  it is assumed t h a t  on ly  
municipal  and i n d u s t r i a l  w a s t e s  a r e  amenable t o  d i r e c t  c o n t r o l ) .  
Es t imates  of  n u t r i e n t  i n p u t  from a l l  sou rces  have been a 
s u b s t a n t i a l  p a r t  of t h e  work i n  t h e  p r e p a r a t i o n  of  t h i s  r e p o r t .  
Tables  6.1.1, f o r  Lake E r i e ,  and 6.1.2, f o r  Lake Ontar io ,  g i v e  
t h e  i n p u t s  o f  t o t a l  phosphorus from t h e  v a r i o u s  sou rces  f o r  
t h e  p r e s e n t  t i m e  (1967) and t h e  p r o j e c t e d  i n p u t s  f o r  1986 i f  
no remedia l  measures are undertaken.  These p r o j e c t i o n s  a l l ow 
f o r  a n t i c i p a t e d  popu la t ion  and i n d u s t r i a l  growth i n  t h e  Grea t  
Lakes region.  The t a b l e s  a l s o  g i v e  t h e  p r o j e c t e d  t o t a l  l oad ing  
i n  1986, i f  by then  a l l  phosphorus i s  e l imina t ed  from d e t e r g e n t s  
and 95 p e r c e n t  of  t h e  phosphorus is  removed from a l l  municipal  
and i n d u s t r i a l  w a s t e s .  

The second requirement  i s  f o r  a b a s i s  of e v a l u a t i n g  
t h e  probable  e f f e c t  on t h e  l a k e  i f  a program of phosphorus 
r e d u c t i o n  w e r e  c a r r i e d  ou t .  The r e c e n t  work of Vollenweider 
(1968) on t h e  r o l e  of phosphorus and n i t r o g e n  i n  t h e  
e u t r o p h i c a t i o n  of l a k e s  prov ides  t h e  only  b a s i s  f o r  making 
t h i s  eva lua t ion .  Vollenweider made a comparison of a l l  t h e  
wor ld ' s  l a k e s  where r e l i a b l e  in format ion  w a s  a v a i l a b l e  on bo th  
phosphorus l oad ing  and t h e  degree  of eu t roph ica t ion .  The 20 
l a k e s  f o r  which such in format ion  w a s  a v a i l a b l e  v a r i e d  i n  a r e a  
and depth.  I n  o r d e r  t o  compare t h e s e  l a k e s  of d i f f e r e n t  area 
and volume, t h e  l oad ings  w e r e  expressed as t h e  amount of  
phosphorus d e l i v e r e d  t o  a u n i t  s u r f a c e ,  a r e a  i n  a u n i t  t i m e  
(grams of t o t a l  phosphorus pe r  squa re  m e t r e  of l a k e  s u r f a c e  
p e r  y e a r ) .  P r e d i c t e d  e f f e c t s  w e r e  t hen  eva lua t ed  as a f u n c t i o n  
of t h e  mean dep th  of t h e  l akes .  

Fig.  6.1.2 shows Vol lenweider ' s  e v a l u a t i o n  of t h e  
e f f e c t  of phosphorus l oad ing  and t h e  degree  of e u t r o p h i c a t i o n .  
The two l i n e s  enc lose  t h e  range  of mesotrophic  cond i t i ons .  
This  area w a s  d e f i n e d  on t h e  b a s i s  of knowledge of  t h e  t r o p h i c  
c o n d i t i o n s  of v a r i o u s  l a k e s  involved.  Three of  t h e  l a k e s  - 
Leman, Bodensee (Constance) and Annecy - are d e f i n i t e l y  
mesotrophic ,  w h i l e  Lake Mendota w a s  s t i l l  r a t h e r  mesotrophic  
i n  t h e  e a r l y  1940 ' s  ( t h e  lower p o i n t ) .  Lakes Sebast icook and 
T u r l e r  are s l i g h t l y  eu t roph ic ,  Vanern and Aeger isee  are 
o l i g o t r o p h i c .  The upward s l o p e  of  t h e  two l i n e s  enc los ing  t h e  
range of mesotrophy, is  i n  good agreement w i th  t h e  accep ted  



f a c t  t h a t  t h e  deeper  t h e  l a k e  and t h e  g r e a t e r  i t s  volume, t h e  
g r e a t e r  i s  i t s  c a p a c i t y  t o  absorb  a given n u t r i e n t  load.  

This  e v a l u a t i o n  of t h e  r o l e  of  phosphorus i n  
e u t r o p h i c a t i o n  i s  based on e m p i r i c a l  r a t h e r  t han  t h e o r e t i c a l  
r e l a t i o n s h i p s .  A s  such,  it provides  a s o l i d  b a s i s  f o r  comparison 
which i s  f r e e  from assumptions. However, as Vollenweider 
p o i n t s  o u t ,  mean dep th  i s  t h e  only parameter cons idered  h e r e  
i n  r e l a t i o n  t o  phosphorus load ing ,  and o t h e r  f a c t o r s  ( f l u s h i n g  
t i m e ,  geographica l  l o c a t i o n ,  etc.) must be considered.  Also, 
t h e  added e f f e c t s  o f  o t h e r  n u t r i e n t  subs tances  and growth 
f a c t o r s  may be involved.  For t h i s  reason,  he emphasizes t h a t  
the a c t u a l  boundar ies  denot ing  t h e  mesotrophic range as shown 
i n  Fig. 6.1.2 might be  d i f f e r e n t  f o r  o t h e r  l akes .  

The re la t ive  p o s i t i o n  of p o i n t s  f o r  some of t h e  
l a k e s  i n  Fig.  6.1.2 s t r o n g l y  i n d i c a t e s  t h a t  t h e i r  mesotrophic  
boundar ies  must indeed be cons iderab ly  d i f f e r e n t .  For example, 
t h e  re la t ive  d i s t a n c e  above l i n e  ( 2 )  would i n d i c a t e  Lake 
Washington w a s  more e u t r o p h i c  than  e i t h e r  Zur ichsee o r  Lake 
Mendota. I n  f a c t ,  Lake Washington is cons ide rab ly  less e u t r o p h i c  
t han  e i t h e r  of t h e s e  l akes .  

I n  t h i s  r ega rd  it is  i n t e r e s t i n g  t o  n o t e  t h e  r e l a t i v e  
p o s i t i o n  of t h e  p o i n t s  d e s c r i b i n g  t h e  1967 s i t u a t i o n s  i n  Lakes 
E r i e  and Ontar io .  I n  Fig. 6.1.2, the upper X (1986) g i v e s  t h e  
p r o j e c t e d  load ing  i n  1986 wi thou t  any phosphorus c o n t r o l ,  and 
t h e  l o w e r  X g i v e s  t h e  p r o j e c t e d  1986 load ing  i f  a l l  phosphorus 
i s  e l imina t ed  from d e t e r g e n t s  and 95 p e r c e n t  o f  t h e  phosphorus 
from a l l  municipal  and i n d u s t r i a l  w a s t e s  is  removed. A t  t h e  
p r e s e n t  t i m e  it is  es t imated  t h a t  50 t o  70 p e r c e n t  of  t h e  t o t a l  
i n p u t  o f  phosphorus from a l l  municipal  and i n d u s t r i a l  w a s t e s  
i n t o  t h e  lower Grea t  Lakes comes from d e t e r g e n t s .  I t  is 
p r o j e c t e d  t h a t  t h i s  w i l l  become about  70 p e r c e n t  by 1986 i f  
no c o n t r o l s  a r e  c a r r i e d  ou t .  

Fig.  6.1.2 s u g g e s t s  t h a t  Lake 0 n t a r i o  i s  p r e s e n t l y  
mesotrophic,  i n  t h e  upper range n e a r e r  t o  eutrophy.  However, 
based on t h e  v a r i o u s  c r i t e r i a  examined earlier (Table 3.1.11, 
Lake On ta r io  a c t u a l l y  seems to  be much more o l i g o t r o p h i c  t han  
t h i s :  i n  a s t a g e  between o l i g o t r o p h i c  and mesotrophic. I f  
t h i s  is t r u e ,  t hen  e l i m i n a t i o n  of phosphorus from d e t e r g e n t s  
p l u s  95 p e r c e n t  removal of  phosphates would r e t u r n  Lake On ta r io  
t o  an o l i g o t r o p h i c  range  (Fig.  6.1.2) . I t  seems very probable  
t h a t  t h i s  would indeed be t h e  case. 

Lake E r i e  is i n d i c a t e d  a s  being r a t h e r  h i g h l y  
e u t r o p h i c  i n  1967 from i ts  p o s i t i o n  i n  Fig. 6.1.2 Also, it 
is  suggested t h a t  it would s t i l l  be  w e l l  w i t h i n  t h e  e u t r o p h i c  
range  a f t e r  e l i m i n a t i o n  of phosphorus from d e t e r g e n t s  p l u s  95 
pe rcen t  removal of c o n t r o l l a b l e  phosphorus i n  1986. A s  was 



T a b l e  6 . 1 . 1  L a k e  E r i e :  A n n u a l  i n p u t  o f  t o t a l  p h o s p h o r u s  ( s h o r t  t o n s  p e r  y e a r ) .  

- 

S o u r c e  
P r o j e c t e d  f o r  1 9 8 6  

w i t h o u t  c o n t r o l  m e a s u r e s  

L a k e  H u r o n  2 , 2 4 0  2 , 6 0 0  

U.S. C a n a d a  T o t a l  U.S. C a n a d a  T o t a l  

D e t r o i t  R i v e r  
M u n i c i p a l  1 0 , 7 5 0  760 1 1 , 5 1 0  1 5 , 0 0 0  1 , 0 5 0  1 6 , 0 5 0  
I n d u s t r i a l  350  6 3 0  9 8 0  1 , 0 0 0  1 , 5 8 0  2 , 5 8 0  
L a n d  D r a i n a g e  1 , 4 9 0  1 , 3 8 0  2 , 8 7 0  1 , 6 0 0  1 , 5 0 0  3 , 1 0 0  

S u b - T o t a l  1 7 , 6 0 0  2 4 , 3 3 0  

P o i n t  S o u r c e s  
M u n i c i p a l  2 , 7 1 0  30  2 , 7 4 0  4 , 0 0 0  50  4 , 0 5 0  
I n d u s t r i a l  N i l  2 0  20  5 0  5 0  

S u b - T o t a l  2 , 7 6 0  4 , 1 0 0  

O t h e r  Major T r i b u t a r i e s  
M u n i c i p a l  4 , 3 6 0  480  4 , 8 4 0  8 , 0 0 0  1 , 0 5 0  9 , 0 5 0  
I n d u s t r i a l  5 6 0  4 7 0  1 , 0 3 0  1 , 0 0 0  1 , 1 8 0  2 , 1 8 0  
L a n d  D r a i n a g e  3 , 3 2 0  550  3 , 8 7 0  4 , 0 0 0  9 5 0  4 , 9 5 0  

S u b - T o t a l  9 , 7 4 0  1 6 , 1 8 0  

T o t a l - M u n i c i p a l  & I n d u s t r i a l  2 1 , 1 2 0  3 3 , 9 6 0 *  

T o t a l - O t h e r  S o u r c e s  

TOTAL 

TOTAL - I f  b y  1 9 8 6  a l l  p h o s p h o r u s  i s  e l i m i n a t e d  f r o m  
d e t e r g e n t s  a n d  9 5 8  r e m o v e d  f r o m  a l l  m u n i c i p a l  
a n d  i n d u s t r i a l  s o u r c e s  

2  
1 1 , 1 6 0  ( 0 . 3 9  g/m .yr) 

- - - -- 

* I t  i s  est imated t h a t  7 0 %  o f  t h i s  w i l l  be f r o m  d e t e r g e n t s .  



T a b l e  6 . 1 . 2  Lake O n t a r i o :  Annual i n p u t  of  t o t a l  phosphorus ( s h o r t  t o n s  p e r  y e a r )  . 

Source  
P r o j e c t e d  f o r  1968 

w i t h o u t  c o n t r o l  measures 

Lake E r i e  
N i a g a r a  River  

U.S. 

N i a g a r a  R i v e r  
M u n i c i p a l  
I n d u s t r i a l  
Land Drainage  
Unaccounted 

Sub-Total  

P o i n t  S o u r c e s  
Munic ipa l  
I n d u s t r i a l  

O t h e r  Major  T r i b u t a r i e s  
M u n i c i p a l )  
I n d u s t r i a l )  
Land Drainage  

Sub-Total  

4,500 

Canada T o t a l  

N i l  180 180 
3,140 

T o t a l - O t h e r  Sources  
TOTAL 

To ta l -Munic ipa l  & I n d u s t r i a l  

U.S. 

6 ,  700k 

Canada T o t a l  

TOTAL - I f  by 1986 a l l  phosphorus  i s  e l i m i n a t e d  
from d e t e r g e n t s  and 95% removed from a l l  
m u n i c i p a l  and i n d u s t r i a l  s o u r c e s  
( i n c l u d i n g  c o n t r o l s  on Lake E r i e ) .  

* I n c r e a s e d  i n  p r o p o r t i o n  t o  p r o j e c t e d  1986 l o a d i n g  t o  Lake E r i e .  
* * I t  i s  e s t i m a t e d  t h a t  70% o f  t h i s  w i l l  b e  from d e t e r g e n t s .  



found f o r  Lake Ontar io ,  t h e  earlier examination of v a r i o u s  
c r i t e r i a  i n d i c a t e d  t h a t  Lake E r i e  i s  cons ide rab ly  less e u t r o p h i c  
t han  Fig.  6.1.2 sugges t s .  I t  t h u s  s e e m s  more probable  t h a t  
t h e  recommended phosphorus removal might w e l l  b r i n g  Lake E r i e  
back down i n t o  t h e  mesotrophic range.  This  assessment  of Lake 
E r i e  i s  f o r  t h e  l a k e  as a whole; r e g a r d l e s s  of phosphorus 
c o n t r o l ,  t h e  wes te rn  b a s i n  w i l l  con t inue  t o  be  more e u t r o p h i c  
t han  t h e  c e n t r a l  and e a s t e r n  bas ins .  

Although Lake E r i e  has  obviously  undergone r a p i d  
e u t r o p h i c a t i o n  i n  r e c e n t  y e a r s ,  it must be emphasized t h a t  it 
was n o t  an o l i g o t r o p h i c  l ake  be fo re  t h e s e  r e c e n t  changes. 
This  can be  i n f e r r e d  from t h e  r a t h e r  shal low dep th ,  t h e  r i c h  
s o i l  and sedimentary rock d ra inage  area, and t h e  e a r l y  h i s t o r y  
of a h igh ly  p roduc t ive  f i s h e r y .  Even p r i o r  t o  r e c e n t  changes, 
Lake E r i e  w a s  probably a mesotrophic l a k e  and any c o n t r o l  
measures a p p l i e d  w i l l  n o t  a l t e r  i t s  t r o p h i c  c o n d i t i o n  below 
mesotrophy . 

The c o n d i t i o n s  i n  t h e  i n t e r n a t i o n a l  s e c t i o n  of t h e  
S t .  Lawrence River  are l a r g e l y  dependent on t h e  q u a l i t y  of 
wate r  f lowing o u t  of Lake Ontar io .  Implementation of phosphorus 
c o n t r o l  i n  t h e  Lake O n t a r i o  b a s i n  would be s u f f i c i e n t  t o  improve 
wate r  q u a l i t y  i n  t h e  S t .  Lawrence River.  However, no i n c r e a s e s  
should be al lowed i n  t h e  phosphorus loads  d i scharged  d i r e c t l y  
i n t o  t h e  S t .  Lawrence River.  Indeed s o m e  of t h e s e  sou rces  may 
need c o n t r o l  t o  e l i m i n a t e  l o c a l  nu isance  c o n d i t i o n s  downstream 
from t h e i r  p o i n t s  of e n t r y .  

I n  t h i s  c o n s i d e r a t i o n  f o r  phosphorus c o n t r o l ,  on ly  
d e t e r g e n t s ,  munic ipa l  and i n d u s t r i a l  was tes  have been cons idered  
as amenable t o  c o n t r o l .  F u r t h e r  r e d u c t i o n s  i n  phosphorus i n p u t  
could be achieved w i t h  implementation of t echniques  t o  reduce 
t h e  i n p u t s  from l a n d  dra inage .  There seems l i t t l e  doubt  t h a t  
a cons ide rab le  i n p u t  comes from a g r i c u l t u r a l  l ands .  For 
example, it is estimated t h a t  more than  89,000 s h o r t  t o n s  of 
t o t a l  phosphorus w e r e  con ta ined  i n  f e r t i l i z e r s  a p p l i e d  t o  l a n d s  
i n  t h e  Lake E r i e  b a s i n  i n  1966. I f  only  2 p e r c e n t  of t h i s  
reached t h e  w a t e r s  of Lake E r i e  it would r e p r e s e n t  a s u b s t a n t i a l  
i npu t .  Con t ro l  of such sou rces  should be implemented a s  soon 
as p o s s i b l e .  Implementation of t h i s  program i n  t h e  Lake E r i e  
b a s i n  would f u r t h e r  reduce  t h e  i n p u t  t o  Lake Ontar io .  

A good deal of concern i s  expressed  about  t h e  
r egene ra t ion  of  n u t r i e n t s  from sediments  of enr iched  l a k e s  
a f t e r  the n u t r i e n t  supply  from c o n t r o l l a b l e  sou rces  i s  c u t  
o f f .  Once a l a k e  has  become p roduc t ive  enough s o  t h a t  oxygen 
i s  exhausted from deep wate r  du r ing  summer, chemical  changes 
a t  t h e  mud-water i n t e r f a c e  cause  a release of n u t r i e n t s  i n t o  
t h e  wate r  from t h e  s u r f a c e  sediments.  This  has  been e s t ima ted  
as 8 p e r c e n t  of t h e  t o t a l  phosphorus load  f o r  one sma l l  eu t roph ic  



l a k e  (Vollenweider,  1968).  Large l a k e s  are be l i eved  t o  be 
p r o p o r t i o n a t e l y  less a f f e c t e d  than  s m a l l  l a k e s ,  b u t  Lake E r i e ,  
which a l r e a d y  shows cons ide rab le  oxygen d e p l e t i o n  i n  t h e  
hypolimnion, is approaching t h i s  dangerous p o i n t  i n  
e u t r o p h i c a t i o n .  Prevent ion  of t h i s  s t a t e  would s e r v e  t o  d e l a y  
t h e  r e g e n e r a t i o n  of ano the r  sou rce  of n u t r i e n t  enrichment.  

The recovery t i m e  f o r  a l a k e  t o  r e v e r t  t o  a  less 
e u t r o p h i c  c o n d i t i o n  a f t e r  r e d u c t i o n  of  n u t r i e n t  i n p u t  i s  ve ry  
d i f f i c u l t  t o  a s s e s s .  I t  depends on how f a r  t h e  t o t a l  n u t r i e n t  
load  is  reduced and t h e  e x t e n t  t o  which t h e  remaining load  i s  
d i l u t e d .  This  i n  t u r n  depends on t h e  volume of  w a t e r ,  area, 
thermal  s t r a t i f i c a t i o n  and c i r c u l a t i o n ,  renewal of t h e  l a k e  
volume, r e c y c l i n g  of  n u t r i e n t s  w i t h i n  t h e  l ake ,  and sediment- 
water exchange processes .  The exchange between w a t e r  and 
bottom sediments  is  p r i m a r i l y  a t  t h e  s u r f a c e  l a y e r ,  a t  leas t  
i n  deeper  waters. I f  t h e  e x t e r n a l  i n p u t  of n u t r i e n t s  t o  t h e  
l a k e  i s  d r a s t i c a l l y  reduced,  it w i l l  d ec rease  t h e  n u t r i e n t  
c o n t e n t  of  t h e  s u r f a c e  sediments ,  and t h e  amount of r e g e n e r a t i o n  
of  n u t r i e n t s  from t h e  muds. 

I f  a l l  phosphorus w e r e  removed from d e t e r g e n t s  and 
95 p e r c e n t  removed from municipal  and i n d u s t r i a l  wastes by 
1986, t h e  to ta l  phosphorus l oad ing  t o  Lake E r i e  i n  1986 would 
be  on ly  37 p e r c e n t  of what it w a s  i n  1967. Although t h e r e  are 
no d a t a  on t h e  t o t a l  l oad ing  t o  Lake E r i e  i n  earl ier  y e a r s ,  
t h e r e  is ev idence  t h a t  mean phosphorus l e v e l s  i n  t h e  wes te rn  
b a s i n  i nc reased  about  t h r e e f o l d  from 1942 t o  1967. With t h e  
n o t  unreasonable  assumption t h a t  t h i s  r e f l e c t s  t h e  p r o p o r t i o n a l  
change i n  phosphorus load ing ,  it s u g g e s t s  t h a t  t h e  c o n d i t i o n s  
i n  Lake E r i e  might e v e n t u a l l y  be  r e s t o r e d  t o  t h o s e  of t h e  e a r l y  
1940's.  The same phosphorus c o n t r o l  i n  t h e  Lake On ta r io  b a s i n  
would reduce t h e  l oad ing  i n  1986 t o  about  25 p e r c e n t  of t h e  
1967 va lues .  There are no h i s t o r i c a l  d a t a  on e i t h e r  phosphorus 
or t h e  phosphorus c o n t e n t  f o r  Lake Ontar io .  However, s i m i l a r  
c o n t r o l  would appear  t o  be  s u f f i c i e n t  t o  e v e n t u a l l y  r e s t o r e  
Lake O n t a r i o  t o  a c o n d i t i o n  w e l l  i n t o  t h e  range of  o l igo t rophy .  

The e v a l u a t i o n  of t h e  probable  e f f e c t s  of phosphorus 
removal i s  t h e  best assessment  t h a t  can be  made wi th  o u r  p r e s e n t  
knowledge. Perhaps t h e  most d i f f i c u l t  q u e s t i o n  t o  answer i s  
whether or n o t  e u t r o p h i c a t i o n  can be  c o n t r o l l e d  by t h e  r e d u c t i o n  
of phosphorus a lone.  A l l  evidence s u g g e s t s  t h a t  it can. 
Phosphorus removal is t h e  only  economically f e a s i b l e  s o l u t i o n  
a t  t h e  p r e s e n t  time, and it is t h e  l o g i c a l  p l a c e  t o  s ta r t  i n  
a series of accessory  remedial  measures t h a t  may u l t i m a t e l y  
be  necessary  i f  popu la t ion  and t e c h n o l o g i c a l  growth i n  t h e  
Great Lakes b a s i n  con t inue  wi thou t  l i m i t .  Thus, it is  n o t  
claimed t h a t  phosphorus removal w i l l  c o n t r o l  a l l  t h e  problems 
of  t h e  f u t u r e ;  on ly  t h a t  it is t h e  b e s t  known remedia l  measure 
a t  p r e s e n t  and one t h a t  must be  accepted as t h e  b a s i s  f o r  a l l  



future controls. Treatment for removal of nitrogen compounds 
may have to be instituted in the future. 

Encouragement can be taken from the fact that 
phosphorus removal as a remedial measure is now being undertaken 
at the very eutrophic Swiss lake, Zurichsee, where 55 percent 
of the phosphorus loading comes from controllable sources (Fig. 
6.1.2). Phosphorus removal is also being undertaken in Sweden. 
If phosphorus is as important as believed, then the results 
of the recent sewage diversion from Lake Washington (Fig. 
6.1.2) are also most encouraging (about 50 percent of the 
phosphorus loading came from sewage). Lake Washington has 
already shown dramatic recovery to a much less eutrophic 
condition since the diversion was completed little more than 
one year ago. 

It is obvious that a very high degree of phosphorus 
removal will be necessary by 1986, particularly in Lake Erie. 
We have examined here the projected effects of elimination of 
all phosphorus from detergents and 95 percent removal fron all 
municipal and industrial wastes by 1986. Although this high 
degree of phosphorus control is not presently feasible, it is 
expected that it will be necessary by 1986. 

6.2 MUNICIPAL AND INDUSTRIAL WASTE TREATMENT 

Remedial measures are required to reduce the 
fertilization and resulting adverse effects on water quality 
from nuisance biological growths by implementing phosphorus 
removal or control at waste water sources and other locations. 

These measures are outlined under Recommendations 
(Section 1.2). They include immediate reduction and eventual 
replacement of phosphorus in detergents and implementation of 
programs for the reduction of phosphorus in municipal and 
industrial waste effluents. The municipal and industrial 
pollution control effort should be guided by the limits set 
out in the basis of recommendations for control of phosphorus 
inputs to the lower lakes and their connecting rivers. 

As previously indicated, a very high degree of 
phosphorus removal will be required in Lake Erie to arrest the 
rate of eutrophication and improve lake water quality. For 
this reason, all feasible approaches to the phosphorus removal 
problem must be implemented. The question may be raised as 
to why it is necessary to remove phosphorus both from detergents 
and at sewage treatment plants. 

The first concerns timing. Partial replacement of 
phosphates in detergents is now possible with no reduction in 
cleansing power. Also if urgency is attached to finding an 
environmentally harmless substitute for full replacement of 



phosphates 
few years .  
f o r  sewaqe 

, it might be poss ib le  t o  f i n d  an answer wi th in  a 
A s  seen  from t h e  d a t e s  recommended i n  Sect ion  1.2 

p l a n t  n u t r i e n t  removal, it w i l l  be economically and 
imprac t i ca l  t o  have f u l l  f a c i l i t i e s  completed f o r  

Lake E r i e  and i ts t r i b u t a r i e s  before  1975 and f o r  Lake Ontar io 
before  1978. I f  t h e  technology f o r  de te rgen t  phosphate removal 
can be quickly developed, an almost immediate e l imina t ion  of 
a s u b s t a n t i a l  propor t ion  of t h e  phosphorus loading t o  Lake 
Er ie  and Lake Ontar io could be achieved t o  prevent  f u r t h e r  
d e t e r i o r a t i o n  of t h e s e  lakes  while  sewage t reatment  f a c i l i t i e s  
a r e  being b u i l t .  

Secondly, t h e  requirement of phosphorus removal 
would i n  many cases  impose undue f i n a n c i a l  burdens on small  
m u n i c i p a l i t i e s ,  i nd iv idua l  homes and i n d u s t r i e s  i n  t h e  drainage 
basins .  I n  such cases  t reatment  f a c i l i t i e s  cannot be 
economically provided, o t h e r  than by reduct ion  of t h e  phosphorus 
cont r ibuted  by de tergents .  An added b e n e f i t  from a program 
of phosphate removal from de te rgen t s  would be a s i g n i f i c a n t  
reduct ion  i n  t h e  r a t e  of f e r t i l i z a t i o n  and eut rophica t ion  of 
in land  l akes  and r i v e r s  i n  t h e  drainage bas in  of t h e  Great 
Lakes, improving t h e i r  q u a l i t y  f o r  r e c r e a t i o n a l ,  domestic and 
o the r  uses ,  

Thirdly it is est imated t h a t  t reatment  c o s t s  f o r  
phosphate removal a t  sewage t reatment  p l a n t s  would be reduced 
by a ha l f  t o  two-thirds by removal of phosphates from detergents .  
A t  t h e  p resen t  t i m e  70 percent  of t h e  phosphorus i n  municipal 
sewage i n  t h e  United S t a t e s  and 50 percent  i n  Canada a r i s e s  
from phosphate-based de te rgen t s ,  t h e  o v e r a l l  bas in  average 
ly ing  c l o s e  t o  t h a t  of t h e  United S t a t e s ,  The c u r r e n t  average 
content  of phosphorus i n  sewage i s  about 1 0  mg/l, of which 7 
mg/l o r i g i n a t e s  from detergents ,  I f  phosphates were replaced 
i n  de te rgen t s ,  removal of 80 percent  of t h e  remaining phosphorus 
a t  t h e  sewage t reatment  p l a n t  would then reduce t h e  concent ra t ion  
t o  0.6 mg/l. To achieve t h e  same e f f l u e n t  concent ra t ion  without 
replacement of phosphates i n  de te rgen t s  would r e q u i r e  more 
than 9 5  percent  removal a t  t h e  sewage t reatment  p l a n t  with two 
t o  t h r e e  times t h e  o v e r a l l  c o s t ,  l a r g e l y  due t o  t h e  a d d i t i o n a l  
chemicals needed and s o l i d  wastes produced. Since s o l u t i o n  
of t h e  combined sewer overflow problem w i l l  t ake  a number of 
years  t o  accomplish, an e a r l y  reduct ion  i n  phosphorus i n p u t s  
t o  t h e  lakes  from t h i s  source could be achieved by de te rgen t  
r e f  ormulation, 

The two remedial  measures should be thought of a s  
complementary s i n c e  de te rgen t s  and human wastes a r e  t h e  p r i n c i p a l  
sources  of phosphorus t o  t h e  lakes ,  For these  reasons both 
measures should be i n s t i t u t e d  a s  recommended, 



Water p o l l u t i o n  c o n t r o l  should be t r e a t e d  l i k e  any 
o t h e r  p u b l i c  u t i l i t y ,  t h e  purpose of which i s  t o  s e r v e  t h e  
p u b l i c  wi th  t h e  b e s t  and most e f f i c i e n t  s e r v i c e .  Grea t e r  
a t t e n t i o n  should be  g iven  t o  p rov id ing  s tandby equipment capable  
of p revent ing  w a t e r  p o l l u t i o n  du r ing  pe r iods  of breakdown o r  
inadequa te  performance. The need e x i s t s  f o r  m u n i c i p a l i t i e s  
t o  extend t h e  p o l i c y  of  s e p a r a t i n g  combined s torm and s a n i t a r y  
sewage c o l l e c t i o n  systems i n  newly developed a r e a s  t o  i nc lude  
t h e  c o r r e c t i o n  of e x i s t i n g  combined s e w e r  systems. I n  e x i s t i n g  
combined sewered areas, where s e p a r a t i o n  is  n o t  economically 
f e a s i b l e ,  m u n i c i p a l i t i e s  should provide f o r  c o n t r o l  of p o l l u t i o n  
r e s u l t i n g  from overf lows of t h e s e  systems. 

There are s e v e r a l  municipal  l o c a t i o n s  where b a s i c  
sewage s e r v i c e  i s  s t i l l  l a c k i n g  and sewage t r e a t m e n t  needed. 
N u t r i e n t  removal w i l l  probably become a u n i v e r s a l  requirement  
throughout t h e  Grea t  Lakes b a s i n  a s  t h e  d e n s i t y  of urban 
development i n c r e a s e s .  P r i o r i t i e s  should be e s t a b l i s h e d  t o  
a t t a c k  i n i t i a l l y  t h e  major sou rces  of the problem. The c o s t  
e s t i m a t e s  g iven  i n  Chapter  7 a r e  based on c o r r e c t i n g  t h e  
ou t s t and ing  problems i n  t h e  lower Great  Lakes b a s i n  and provid ing  
f o r  growth and improvements over  t h e  pe r iod  t o  1986. 

The p r i n c i p a l  i n d u s t r i e s  c o n t r i b u t i n g  d i r e c t  
d i s cha rges  of  was tes  t o  the l akes  a r e  l i s t e d  i n  Appendices 1.1 
t o  1.8. I n  a number of cases t h e i r  w a s t e  r ecovery  and/or 
t r e a t m e n t  programs are inadequa te  t o  p r o t e c t  t h e  q u a l i t y  of 
l a k e  w a t e r s .  Acce le ra ted  i n d u s t r i a l  remedial  programs a r e  
r equ i r ed  t o  c o n t r o l  oxygen-consuming m a t e r i a l s ,  o rgan ic  
subs tances ,  a c i d s ,  a l k a l i s ,  i r o n ,  phenols ,  o i l s  and t o x i c  
subs tances .  

6.3 CONTROL OF POLLUTION FROM LAND DRAINAGE 

Measures are r e q u i r e d  t o  reduce  t h e  amount of 
phosphorus l o s t  from t h e  l ands  of t h e  d ra inage  b a s i n s  of t h e  
lower Great  Lakes. This  w i l l  r e q u i r e  improved c o n t r o l  of 
animal waste  d i s p o s a l ,  s o i l  and r iverbank  e r o s i o n  by t h o s e  
r e s p o n s i b l e  f o r  l i v e s t o c k  and land  management. Water p o l l u t i o n  
c o n t r o l  agenc ies  should  ensu re  t h a t  a p p r o p r i a t e  a c t i o n  is  taken  
t o  reduce t h e  i n p u t  of  phosphorus from t h e s e  sou rces  by 
encouraging government a g r i c u l t u r a l  and o t h e r  agenc ies  t o  
develop and implement p l ans  d i r e c t e d  toward t h i s  o b j e c t i v e .  
These measures should  i n c l u d e  improved p r a c t i c e s  of  s o i l  
f e r t i l i z a t i o n ,  l and  t i l l i n g  and conse rva t ion  a c t i v i t i e s .  A 
system of inventory  and improved techniques  f o r  t h e  a p p l i c a t i o n  
of t o x i c  p e s t i c i d e s  and h e r b i c i d e s  t o  f i e l d  c rops  should be 
developed a t  t h e  earl iest  oppor tun i ty .  S u b s t i t u t e s  should be  
found f o r  p e r s i s t e n t  t o x i c  chemicals and t h e i r  use  encouraged. 



6.4 O I L  AND INDUSTRIAL MATERIAL SPILLS 

An i n t e r n a t i o n a l  program i s  r e q u i r e d  t o  cope w i t h  
o i l ,  i n d u s t r i a l  o r  t o x i c  s p i l l s  on t h e  Great  Lakes whether 
such i n c i d e n t s  are cons idered  as c a t a s t r o p h e s ,  o r  less 
s p e c t a c u l a r  events .  The e s s e n t i a l  e lements  of t h e  program 
must recognize  prevent ion ,  s u r v e i l l a n c e ,  n o t i f i c a t i o n ,  and 
cleanup.  

Contingency p l ans ,  which a r e  e s s e n t i a l l y  p rocedura l  
arrangements f o r  t h e  n o t i f i c a t i o n  and c leanup  of s p i l l e d  
p o l l u t a n t s ,  have been developed i n  t h e  United S t a t e s  f o r  t h e  
G r e a t  Lakes b a s i n s  by t h e  F e d e r a l  Water P o l l u t i o n  Cont ro l  
Adminis t ra t ion ,  These p l ans  are e x t e n s i v e  and have been 
developed t o  t h e  p o i n t  t h a t  a s i g n i f i c a n t  response c a p a b i l i t y  
is now a v a i l a b l e .  Development of s i m i l a r  p l ans  has  been 
i n i t i a t e d  i n  Canada, and as d e t a i l s  are worked o u t  c o o r d i n a t i o n  
of t h e  i n t e r n a t i o n a l  a s p e c t s  of such p l ans  should be provided 
by t h e  I n t e r n a t i o n a l  J o i n t  Commission. 

Water q u a l i t y  o b j e c t i v e s  and t h e i r  enforcement a r e  
t h e  most e f f e c t i v e  methods of p reven t ing  p o l l u t i o n  of a 
con t inu ing  na tu re .  P o l l u t i o n  p reven t ion  programs should i n c l u d e  
a requirement  by governments t o  have a l l  t h o s e  who handle ,  
p rocess ,  t r a n s p o r t  and d i s p o s e  of materials which may cause  
water  p o l l u t i o n ,  examine e x i s t i n g  f a c i l i t i e s ,  procedures ,  
personne l  t r a i n i n g  and o p e r a t i o n s  t o  p reven t  s p i l l s  and o t h e r  
p o l l u t i o n  i n c i d e n t s ,  

Immediate r e p o r t i n g  is  e s s e n t i a l  i n  t h e  ca se  of a 
sudden p o l l u t i o n  i n c i d e n t .  A proper  s u r v e i l l a n c e  and r e p o r t i n g  
system i s  necessary  t o  e f f e c t i v e l y  o rgan ize  countermeasures 
and minimize p o l l u t i o n  damages. E x i s t i n g  l e g i s l a t i o n  should 
a l s o  b e  reviewed a t  a l l  l e v e l s  of government t o  ensu re  t h a t  
i n  t h e  even t  of danger of p o l l u t i o n  from a r e c u r r i n g  o r  non- 
r e c u r r i n g  source ,  t h e  a u t h o r i t y  e x i s t s  f o r  under tak ing  adequate  
measures t o  a b a t e  p o l l u t i o n  e i t h e r  by t h e  p a r t i e s  concerned,  
o r  t h e  a p p r o p r i a t e  governments i f  t h e  p a r t i e s  f a i l  t o  do so.  

The f i r s t  s t e p  i n  any e f f e c t i v e  c leanup  program on 
t h e  G r e a t  Lakes should be t o  develop an i n t e r n a t i o n a l  contingency 
plan.  Such p lanning  must recognize  t h e  problems a t  a l l  l e v e l s :  
l o c a l ,  r e g i o n a l ,  s t a t e ,  p r o v i n c i a l ,  n a t i o n a l  and i n t e r n a t i o n a l ,  
The p l a n  must a l s o  i nvo lve  t h o s e  agenc ies  which have t h e  
t e c h n i c a l  and s c i e n t i f i c  personne l  t r a i n e d  and l o c a t e d  t o  
handle  t h e  problems. This  may r e q u i r e  t h e  i n t e g r a t i o n  of 
r e sou rces ,  manpower, materials, equipment and technology i n  
bo th  c o u n t r i e s ,  

The cont ingency p l an  and p reven t ion  measures a l though  
d i r e c t e d  p r i m a r i l y  t o  o i l  s p i l l s  and d i s a s t e r s  should a l s o  



encompass the handling, storage and transfer of hazardous 
substances whether by ship, rail or road. Cargo tonnages now 
transported on the Great Lakes are expected to increase 
substantially by the turn of the century. It is not unreasonable 
to expect that a part of the increase might include oil. 
Therefore, consideration should be given now by the appropriate 
regulatory agencies to the increased potential of pollution 
from this source. 

6.5 OTHER SOURCES 

6.5.1 Vessel Wastes 

Compatible rules and regulations governing all types 
of waste discharges from vessels and boats are required. 
Local, provincial, state and federal governments concerned 
with water pollution control and the licensing and registering 
of all commercial and recreational vessels should develop these 
rules and regulations to be effective no later than 1970. The 
agreements should not preclude interim measures that might be 
promulgated and made effective by any local, state or provincial 
governments prior to 1970. 

The rules and regulations should include all forms 
of pollutants which might be discharged from any type of vessel 
or boat using the international waters between the United 
States and Canada. Of particular concern are discharges of 
sewage, ballast, bilge water, waste oils, garbage, litter and 
related solids. 

6.5.2 Thermal Wastes 

Plans and programs for the location and operation 
of thermal power plants, including conventional and nuclear- 
fueled generating stations on the Great Lakes should recognize 
both the potential benefits and adverse effects of waste heat. 

6.5.3 Radioactivity 

Radioactive wastes, discharged directly to the lakes 
or their tributaries from nuclear reactors, waste processing 
plants, industrial, medical and research centres, are presently 
monitored by federal, state and provincial authorities. Such 
wastes should continue to be controlled and monitored. 

A lake surveillance program should be implemented 
for observance of total levels of radioactivity. The need for 
contingency plans must be recognized in advance of a serious 
accident or undesirable radioactive levels in the lakes. 



6.5.4 Dredging 

The d i s p o s a l  of dredged mate r i a l  conta in ing  
ob jec t ionab le  q u a n t i t i e s  of p o l l u t a n t s  should be undertaken 
i n  such a manner t h a t  the mate r i a l s  w i l l  n o t  damage t h e  q u a l i t y  
of waters and w i l d l i f e  feeding a reas  i n  Lakes Er ie  and Ontario.  

6.5.5 So l id  Wastes 

So l id  wastes,  some of which con ta in  garbage, metals ,  
o i l  and o t h e r  d e l e t e r i o u s  substances,  should be disposed of 
i n  areas o r  containments where t h e r e  can be no adverse e f f e c t s  
on water q u a l i t y .  Shore improvements and o t h e r  cons t ruc t ion  
opera t ions  which u t i l i z e  r e f u s e  o r  o t h e r  d e l e t e r i o u s  m a t e r i a l s  
o r  wastes should n o t  be permit ted,  unless  a u t h o r i z a t i o n  has 
been granted by t h e  appropr ia t e  a u t h o r i t i e s .  

6.6 SURVEILLANCE AND MONITORING 

Water q u a l i t y  s u r v e i l l a n c e  and monitoring of l ake  
waters, t r i b u t a r y  s t reams and waste sources a r e  c a r r i e d  o u t  
f o r  t h r e e  b a s i c  reasons: 

1. enforcement - t o  determine degree of compliance 
o t  p o l l u t i o n  sources wi th  t h e  water q u a l i t y  
o b j e c t i v e s  o r  s tandards;  

- - 

2. mana ement - t o  develop comprehensive water 
&nagement programs f o r  t h e  dra inage  
bas ins  and assess t h e  progress  made i n  p o l l u t i o n  
abatement following t h e i r  implementation; 

3. research  and   re diction of water a u a l i t v  t r ends  - .. A * 
t o  determine long t e r m  t r ends  i n  water q u a l i t y  
f o r  planning, research ,  and development of 
water q u a l i t y  p red ic t ion  models. 

Survei l lance  and monitoring f o r  these  purposes, 
r e q u i r e  d e t a i l e d  sampling programs i n  nearshore a reas  and 
t r i b u t a r y  bas ins  t o  a s sess  t h e  d i r e c t  impact of waste sources 
and t o  develop comprehensive water q u a l i t y  management p lans  
f o r  t h e  drainage system. Lakewide sampling and observat ional  
programs are requi red  i n  t h e  lakes  f o r  research  i n v e s t i g a t i o n s  
and t h e  p r e d i c t i o n  of long t e r m  water q u a l i t y  t rends.  The 
survey programs should be developed i n t e r n a t i o n a l l y ,  using 
common s tandards  of observat ions  and sampling techniques.  
Water q u a l i t y  s u r v e i l l a n c e  and monitoring of l ake  waters ,  
t r i b u t a r i e s  and w a s t e  sources  should be expanded t o  allow 
cont inuat ion  of and adjustment t o  t h e  programs f o r  enforcement, 
management, planning and research.  A s  t h e  necessary c o r r e c t i v e  
programs a r e  e s t ab l i shed ,  provis ion  should be made f o r  a 



continuing review of the effectiveness of the programs and 
their adjustment in the light of the expanded information 
available through continued monitoring. 

An early warning system must be provided at all 
sites where the potential exists for major spills of oil, 
radioactive contamination, or other hazardous material. Strict 
surveillance of pesticide use should be initiated along with 
continuous monitoring of pesticide concentrations in the aquatic 
environment, and procedures be established to account for 
distribution and application of pesticides. 

6.7 FURTHER STUDIES 

Federal, provincial and state governments should 
develop, encourage and support research leading to more effective 
water quality management policies for the future. There are 
a number of problems requiring further research attention. 
Many of these are noted in various sections of this report, 
and the more important ones summarized here. 

Because of the very large financial implications 
(Section 6.8) increased engineering development efforts on 
alternative means for reducing pollution overflows from combined 
storm and sanitary sewer systems should receive considerable 
support. Less expensive nutrient removal and waste treatment 
processes resulting from research projects would also yield 
large benefits. Research to find environmentally harmless 
replacements for phosphates in detergents is urgently needed. 

Environmental problems require the application of 
our present knowledge in environmental technology as well as 
the information and results obtained from continuing research 
investigations. Among the problems needing the most urgent 
attention are those concerned with (a) the nutrient requirements 
for algal growth and determination of whether and how micro- 
nutrients may limit growth, (b) sediment-water interchanges 
of polluting substances, (c) pesticide movement through the 
food chain and its effect on various life forms, (d) more 
refined estimates of lake chemical budgets including an 
assessment of the extent of man-made and natural sources, (e) 
better understanding of circulation of lake waters and diffusion 
of pollutants, (£1 development of reliable remote reading or 
automatic recording instruments for monitoring chemical, 
biological and physical parameters in the lakes, (g) effects 
of increased heat inputs on the energy balance and the ecological 
balance of nearshores areas, (h) viral epidemiology. 

Some of these studies will contribute to the 
development of water quality prediction models. Such models 
can be used to develop more efficient surveillance systems, 



t o  a n t i c i p a t e  w a t e r  p o l l u t i o n  c o n t r o l  needs,  and permi t  r a t i o n a l  
p lanning f o r  w a t e r  p o l l u t i o n  c o n t r o l .  To be  complete,  w a t e r  
q u a l i t y  p r e d i c t i o n  models must i n c o r p o r a t e  socio-economic 
s t u d i e s  i nc lud ing  i n d u s t r i a l ,  demographic and wa te r  u se  
p r o j e c t i o n s .  1nforma.tion must a l s o  be  acqui red  on p u b l i c  
pe rcep t ion  of  p o l l u t i o n  problems and on t h e i r  w i l l i n g n e s s  t o  
pay f o r  p o l l u t i o n  abatement. 

6.8 SUMMARY OF COSTS 

The cost of  w a s t e  management measures t o  c o r r e c t  
ou t s t and ing  problems and provide  f o r  t h e  r a p i d  development 
expected i n  t h e  l o w e r  l a k e s  d ra inage  b a s i n  i n  t h e  nex t  two 
decades i s  p re sen ted  i n  t h i s  s e c t i o n .  C a p i t a l  costs f o r  
municipal  and i n d u s t r i a l  w a s t e  t r ea tmen t  are based on p r o j e c t e d  
popula t ions  and a n t i c i p a t e d  i n d u s t r i a l  development a s  fo re seen  
u n t i l  1986. Allowance is  made f o r  t h e  e x i s t i n g  backlog of 
needed works and equipment replacements ,  however, p rov i s ion  
is  n o t  made f o r  sewer ex tens ions ,  l and  a c q u i s i t i o n ,  o r  t h e  
c o s t s  of f inanc ing .  The e s t i m a t e s  p rov ide  f o r  t h e  implementation 
of phosphorus removal i n  accordance w i t h  t h e  program conta ined  
i n  t h e  recommendations of t h i s  r e p o r t .  A summary of t h e  
municipal  and i n d u s t r i a l  c o s t s  f o r  w a s t e  t r ea tmen t ,  i n  1968 
d o l l a r s ,  i s  g iven  i n  Table  6.8.1 f o r  each l a k e  and r i v e r  system. 

The cost of  c o n s t r u c t i n g  munic ipa l  w a s t e  t r ea tmen t  
p l a n t s ,  i nc lud ing  f a c i l i t i e s  f o r  n u t r i e n t  c o n t r o l ,  t o  m e e t  t h e  
needs i n  1986 is  e s t ima ted  a t  $(Can.) 185 m i l l i o n  and $(U.S.) 
895 m i l l i o n  f o r  t h e  d ra inage  b a s i n s  i n  Canada and t h e  United 
S t a t e s ,  r e s p e c t i v e l y .  These t o t a l s  i n c l u d e  $ (Can. ) 37 m i l l i o n  
and $(u.S.) 335 m i l l i o n  t o  meet today ' s  sewage t r e a t m e n t  needs 
i n  bo th  c o u n t r i e s  and allow $(Can.) 108 m i l l i o n  and $(U.S,) 
295 m i l l i o n  f o r  upgrading of s e r v i c e s ,  i n c r e a s e s  i n  popu la t ion  
growth, and replacement  of f a c i l i t i e s  t o  s a t i s f y  t h e  w a t e r  
q u a l i t y  o b j e c t i v e s .  Cos t s  of maintenance and o p e r a t i o n  w i l l  
con t inue  t o  i n c r e a s e  from yea r  t o  yea r  as improved f a c i l i t i e s  
are provided.  

The c a p i t a l  c o s t s  f o r  phosphorus removal amount t o  
$(Can.) 40 m i l l i o n  and $(U.S.) 265 m i l l i o n  f o r  municipal  and 
i n d u s t r i a l  w a s t e  t r ea tment .  While t h e s e  costs r e p r e s e n t  t h e  
i n i t i a l  c a p i t a l  investment ,  t h e r e  may be o p p o r t u n i t i e s  for 
c o s t  r e d u c t i o n  depending on t h e  des ign  of t h e  b a s i c  t r ea tmen t  
p l a n t .  

Using t h e  example of alum coagu la t ion  and s e t t l i n g  
i n  con junc t ion  wi th  a c t i v a t e d  s ludge  t r ea tmen t  f o r  phosphorus 
removal, o p e r a t i n g  costs i n  t h e  range of 3-5 c e n t s  pe r  1,000 
g a l l o n s  of sewage treated may be  expected1. These costs i n c l u d e  
d e b t  r e t i r e m e n t ,  o p e r a t i o n  and maintenance and w i l l  v a ry  wi th  
t h e  t ype  of sewage t r ea tmen t ,  p l a n t  c a p a c i t y  and o t h e r  l o c a l  

l ~ s t i m a t e s  of c o s t  a r e  based on c u r r e n t  c o s t  of chemicals 
( l i q u i d  alum) a t  C innc ina t i ,  Ohio, and on adding t h e  
chemicals between t h e  primary sedimentat ion tank and 
t h e  a e r a t i o n  chamber i n  an ac t iva t ed  s ludge p l a n t .  
Treatment c o s t s  would vary  wi th  t h e  s i z e  of p l a n t ,  t ype  
of t rea tment ,  l o c a l i t y  and a v a i l a b i l i t y  of chemicals.  



Tab le  6 .8 .1  Es t imated  c a p i t a l  costs f o r  waste t r e a t m e n t  and n u t r i e n t  removal 
i n  thousands of d o l l a r s * .  

C A N A D A  

Municipal  I n d u s t r i a l  T o t a l  
Dra inage  E x i s t i n g  f u t u r e  Phosphorus 

s y s  t e m  backlog growth removal 

D e t r o i t  - 
S t .  C l a i r  

Lake E r i e  

Niagara  R i v e r  

Lake O n t a r i o  

S t .  Lawrence 
River 

TOTALS 

Detroi t  - 
S t .  C l a i r  

Lake E r i e  

Niagara  River  

Lake O n t a r i o  

S t .  Lawrence 
River  

TOTALS 

U N I T E D  S T A T E S  

*1968 d o l l a r s  



f a c t o r s .  A s  t h e  c o s t  of  chemicals becomes a major p a r t  of t h e  
t o t a l  c o s t  f o r  phosphorus removal f o r  l a r g e r  c a p a c i t y  t r e a t m e n t  
p l a n t s ,  means of reduc ing  t h e s e  c o s t s  should be pursued. 

For e a s e  of comparison, c o s t s  have been e s t ima ted  
on c u r r e n t  sewage flow rates us ing  t h e  i n i t i a l  o b j e c t i v e  of 
80 p e r c e n t  o v e r a l l  r e d u c t i o n  i n  t h e  phosphorus d i scha rged  from 
municipal  and i n d u s t r i a l  sou rces  i n  t h e  lower l a k e s  b a s i n  i n  
each state and province.  Also recognized is  t h e  p r e s e n t  
i m p r a c t i c a l i t y  of  phosphorus r educ t ion  f o r  smaller communities 
wi th  popu la t ions  of 10,000 persons  o r  less and t h e  d e s i r a b i l i t y  
t h e r e f o r e ,  of o b t a i n i n g  90-95 pe rcen t  removal i n  t h e  l a r g e r  
i n s t a l l a t i o n s .  The c o s t s  a r e  g iven  i n  Table  6.8.2 f o r  bo th  
t h e  c o n d i t i o n s  where d e t e r g e n t  phosphorus i s  p r e s e n t  ( 1 0  mg/l) 
and a b s e n t  ( 3  mg/l) i n  sewage. 

The comparative advantage i n  chemical  c o s t  s av ings  
f o r  t h e  c a s e  wi th  d e t e r g e n t s  removed from sewage i s  c l e a r l y  
apparen t .  For Lake E r i e  and t h e  Det ro i t -S t .  C l a i r  River system 
t h e  i n i t i a l  o b j e c t i v e  would be m e t  by r e d u c t i o n  of t h e  10 mg/l 
l e v e l  i n  t h e  sewage of t h e  l a r g e r  c e n t r e s  by 95 p e r c e n t  a t  a  
t o t a l  annua l  c o s t  f o r  chemicals of $(Can.) 1.2 m i l l i o n  d o l l a r s  
and $(U.S.) 17.6 m i l l i o n  d o l l a r s  r e s p e c t i v e l y  f o r  bo th  c o u n t r i e s .  
However, t h e  s a m e  o b j e c t i v e  could be  m e t  w i t h  c o s t s  of  $(Can.) 
260,000 and $(Urns . )  5.3 m i l l i o n  wi th  a phosphorus l e v e l  of 3 
mg/l i n  sewage and on ly  an 80 p e r c e n t  removal requirement  f o r  
t h e  l a r g e r  communities. An annual  sav ing  i n  c o s t s  of chemical  
t r ea tmen t  a t  sewage p l a n t s  would b e  approximately $(Can.) 1 
m i l l i o n  and $(U.S.) 12 m i l l i o n  i n  each count ry ,  r e s p e c t i v e l y .  
A t o t a l  annua l  s av ings  of about  $(Can.) 5 m i l l i o n  and $(U.S.) 
17 m i l l i o n  i s  i n d i c a t e d  f o r  t h e  combined Lake Erie-Lake Ontario- 
S t .  Lawrence River  bas in .  

The c o s t s  of i n d u s t r i a l  waste  c o n t r o l  t o  c o r r e c t  
t h e  e x i s t i n g  backlog of needed works i n  bo th  c o u n t r i e s  a r e  
estimated t o  be  $ (Can.) 27 m i l l i o n  and $(U.S.) 478 m i l l i o n  
(Table  6.8.1). Add i t i ona l  f i n a n c i a l  c o s t s  must be  a n t i c i p a t e d  
f o r  maintenance and o p e r a t i o n  of  t h e s e  f a c i l i t i e s  as they  are 
completed. 

Although no d e t a i l e d  c o s t  estimates have been made, 
s e p a r a t i o n  of combined municipal  sewers would r e q u i r e  l a r g e  
sums of c a p i t a l .  I n  the Canadian p o r t i o n  of t h e  lower l a k e s  
b a s i n  approximately $(Can.) 600 m i l l i o n  is needed, wh i l e  about  
$(U.S.) 4,500 m i l l i o n  is  r e q u i r e d  i n  t h e  United S t a t e s .  These 
f i g u r e s  do n o t  i n c l u d e  t h e  c o s t s  of  s e p a r a t i n g  b u i l d i n g  s e r v i c e  
connec t ions  which i n  t o t a l  would be very  l a r g e .  Because of 
t h e  extremely h igh  c o s t  of sewer s e p a r a t i o n ,  more economical 
methods of  c o n t r o l l i n g  p o l l u t i o n  from combined sewers need t o  
be  developed. I n  1964 a survey  of  t h e  problem of c o n t r o l  of 
p o l l u t i o n  from combined sewers i n d i c a t e d  t h e  extremely h igh  



T a b l e  6.8.2 Annual c o s t s  of phosphorus removal f o r  sewage t r e a t m e n t  
p l a n t s  of  c a p a c i t y  1 . 0  mgd o r  g r e a t e r  ( i n  m i l l i o n s  o f  d o l l a r s )  

Leve l  mg/l conc .  
o f  phosphorus 

CANADA 
% removal 

95 80 

USA 

Lake E r i e  - D e t r o i t  - S t .  C l a i r  R i v e r  sys tem 

Niagara  R i v e r  - Lake O n t a r i o  - S t .  Lawrence 
R i v e r  s y s t e m  

5 .41  4.31 

1.55 1.60 

Bas in  t o t a l  

6.62 17 .61  

1.90 6.87 

Savings  w i t h  removal of  d e t e r g e n t  phosphorus 
f o r  t h e  Lake E r i e  b a s i n  

Canada 1 . 2 1  
-0.26 
-m 

USA 

Sav ings  w i t h  removal of  d e t e r g e n t  phosphorus 
f o r  e n t i r e  lower l a k e s  b a s i n  

Canada 6.62 
- 1 . 4 1  
$5.21 

USA 



c o s t  involved i n  s e w e r  s e p a r a t i o n  i n  t h e  United S t a t e s  
(Department of Hea l th ,  Education and Welfare,  1964).  A s  a 
r e s u l t  of t h i s  s tudy ,  t h e  Federal Water P o l l u t i o n  Con t ro l  
Adminis t ra t ion  was au tho r i zed  t o  c a r r y  o u t  a r e s e a r c h  and 
development g r a n t  and c o n t r a c t  program. P r o j e c t s  were supported 
f o r  t h e  development of new o r  improved methods of  c o n t r o l l i n g  
t h e  d i s c h a r g e  of u n t r e a t e d  o r  inadequa te ly  t r e a t e d  sewage o r  
o t h e r  wastes from s torm w a t e r  d i s cha rges .  A s  of January,  1969, 
5 4  p r o j e c t s  have been funded, t o t a l l i n g  over  2 2  m i l l i o n  d o l l a r s .  
I t  is expected t h a t  t h e s e  r e s e a r c h  programs w i l l  l e a d  t o  
economically f e a s i b l e  methods f o r  handl ing t h e  problems i n  t h e  
f u t u r e .  

Recognizing t h a t  t h e  f i n a n c i n g  and c o n s t r u c t i o n  of 
t h e  needed works w i l l  extend over t h e  n e x t  few y e a r s ,  a  
c o n s t r u c t i o n  pe r iod  from 1970 t o  1978 has been used t o  p rov ide  
an  example of c o s t s  i n  terms of c u r r e n t  d o l l a r s  (Table  6.8.3). 
I f  t h e  t o t a l  c o s t s  of i n d u s t r i a l  and municipal  w a s t e  t r ea tmen t  
were t o  be expended about  equa l ly  each y e a r  over  t h e  pe r iod  
1970 t o  1978, having r ega rd  f o r  t h e  recommended s t a g i n g  of 
phosphorus removal f a c i l i t i e s ,  t h e  t o t a l  f o r  Canada and t h e  
United S t a t e s  would become $(Can.) 271 m i l l i o n  and $(U.S,) 
1,618 m i l l i o n ,  r e s p e c t i v e l y ,  a l lowing  4 p e r c e n t  f o r  annua l  
i n c r e a s e  i n  c o s t s ,  This  does n o t  p rov ide  f o r  waste c o n t r o l  
f a c i l i t i e s  t o  s e r v e  f u t u r e  i n d u s t r i a l  developments which are 
estimated t o  be  3 t o  5 p e r c e n t  o r  as h igh  as 1 0  p e r c e n t  of t h e  
t o t a l  c a p i t a l  investment  i n  new i n d u s t r i a l  p l a n t s .  I f  t h e  
c o s t s  of combined sewer s e p a r a t i o n  systems were t o  be inc luded ,  
t o t a l  expend i tu re s  i n  c u r r e n t  d o l l a r s  i n  t h e  o r d e r  of $(Can.) 
1 b i l l i o n  and $(U.S.) 7 . 3  b i l l i o n  would be r equ i r ed .  

Replacement of phosphorus by an environmental ly  
harmless  subs tance  i n  d e t e r g e n t  fo rmula t ions  w i l l  ach ieve  an 
immediate r educ t ion  i n  t o t a l  phosphorus i n p u t s .  This  measure 
would enhance t h e  deg ree  of  c o n t r o l  by s e c u r i n g  phosphorus 
removals from uncon t ro l l ed  w a s t e  o r  d ra inage  sources ;  such as  
overf lows f r o m  combihed s e w e r s  and t hose  sou rces  t h a t  cannot  
be connected t o  municipal  sewage c o l l e c t i o n  systems.  

A complete assessment of t h e  f u t u r e  c o s t s  of  p o l l u t i o n  
abatement i n  t h e  lower G r e a t  Lakes d ra inage  system i s  n o t  
p o s s i b l e  a t  t h i s  t i m e  f o r  a v a r i e t y  of r ea sons ,  t h r e e  of  which 
are: 

(a) t h e  c o s t s  of p o l l u t i o n  abatement r e q u i r e d  f o r  
t h e  upper G r e a t  Lakes t o  l i m i t  f u r t h e r  i n c r e a s e s  
i n  t h e  phosphorus o u t p u t  of Lake Huron a r e  
unknown. I t  i s  probable  t h a t  removal of 
phosphorus from d e t e r g e n t s  would ach ieve  t h e  
amount of r e d u c t i o n  necessary  f o r  t h e  f o r e s e e a b l e  
f u t u r e .  



( b )  t h e  c o s t s  of land r equ i r ed  f o r  sewage s e r v i c e s  
are unpred ic t ab l e .  

(c) programs need t o  be developed f o r  t h e  c o n t r o l  
of phosphorus and sediment accumulations from 
sources  of l i v e s t o c k  was tes ,  s o i l  and r iverbank  
e ros ion .  It  w i l l  be  necessary  t o  demonstra te  
t o  t h e  farmer ,  l and  owner, and c o n s t r u c t i o n  
c o n t r a c t o r  t h e  economic b e n e f i t s  of improved 
management of l i v e s t o c k ,  s o i l  and land.  

While n o t  of t h e  same o r d e r  of  magnitude a s  t h e  
preceding c o n s i d e r a t i o n s ,  such problems as o i l  s p i l l s ,  w a s t e  
t r ea tmen t  f o r  commercial v e s s e l s ,  d i s p o s a l  of waste  h e a t  from 
t h e  thermal  g e n e r a t i o n  of power, and a l t e r n a t i v e s  f o r  d i s p o s a l  
of dredging s p o i l s  a r e  s p e c i f i c  areas f o r  which t h e  e v e n t u a l  
c o s t s  remain unknown. A s  a r e s u l t  of a r e c e n t  s tudy  of t h e  
p o l l u t i o n  problems a s s o c i a t e d  wi th  dredging i n  t h e  United 
S t a t e s ,  t h e  Corps of Engineers has  developed a 1 0  yea r  program 
t o  d e p o s i t  p o l l u t e d  dredgings  from 35 G r e a t  Lakes  harbours  i n  
dyked areas (United S t a t e s  Army, Corps of  Engineers ,  1969).  
The c o s t  of c o n s t r u c t i n g  t h e  dyked a r e a s  i s  e s t ima ted  t o  be 
about  70 m i l l i o n  d o l l a r s  w i t h  i nc reased  o p e r a t i n g  c o s t s  of 
about 5 m i l l i o n  a year .  It  w i l l  t a k e  2 o r  3 y e a r s  t o  complete 
t h i s  program and t h e  s t o r a g e  c a p a c i t y  provided should accommodate 
dredged material  f o r  a t  least  10 years .  The succes s  of a l l  
t h e s e  measures w i l l  depend i n e v i t a b l y  upon t h e  w i l l i n g n e s s  of 
t h e  p u b l i c  t o  pay f o r  t h e  i nc reased  c o s t s  of wa te r  p o l l u t i o n  
c o n t r o l .  



T a b l e  6.8.3 E s t i m a t e d  c a p i t a l  r e q u i r e m e n t s  f o r  m u n i c i p a l  
was te  and i n d u s t r i a l  was te  t r e a t m e n t  o v e r  
p e r i o d  t o  1978 ( i n  m i l l i o n s  o f  d o l l a r s ) .  

CANADA 

T o t a l  
1968 To ta l1  

d o l l a r s  t o  1978 

U N I T E D  STATES 

T o t a l  
1968 To ta l1  

d o l l a r s  t o  1978 

Munic ipa l  
Backlog 37 47 
Upgrading and 

rep lacement  1 0  8  137 
Phosphorus 

c o n t r o l  40  53 

I n d u s t r i a l  
TOTALS 

Combined Sewer 
s e p a r a t i o n  

TOTALS 

' c u r r e n t  d o l l a r s  



7. INSTITUTIONAL ARRANGEMENTS AND LEGISLATION 

7.1 INSTITUTIONAL ARRANGEMENTS 

Informal arrangements exist for coordination of 
Great Lakes research, such as the Great Lakes Study Group, the 
International Association for Great Lakes Research and 
international coordination of action programs and planning 
activities through the International Joint Commission. In the 
past the International Joint Commission has coordinated specific 
studies at particular times when urgent problems have arisen. 
There is at present no provision for continuing international 
coordination of water use planning in the Great Lakes basin. 

As population pressures build in the Great Lakes 
basin, an increasing number of difficult decisions must be 
made on the location and growth of communities and industry 
within the basin and especially on the shores of Lakes Erie 
and Ontario. These and other planning decisions such as the 
recommendations of the International Great Lakes Levels Board 
(International Joint Commission) will affect the state of the 
shared water resource in increasingly important ways - the 
quality of lake water being only one of the criteria. It seems 
obvious that just as Canada and the United States have each 
formed basin planning boards or commissions for some of the 
major basins within their own borders, planning at an 
international level is a necessity for the Great Lakes. 

The International Joint Commission should consider 
possible ways of establishing a continuing arrangement to 
coordinate internationally the planning for water pollution 
control in the Great Lakes, recognizing the necessity for: 

(a) water quality objectives and plans for their 
attainment 

(b) recommendations for legislation 

(c) contingency planning for oil and toxic material 
spills 

(d) monitoring and surveillance 

(el engineering development of waste treatment and 
environmental technology 

(f) research. 



7.2 LEGISLATION 

1. Federal ,  p rov inc ia l  and state l e g i s l a t i o n  should be 
reviewed and rev i sed  where necessary t o  recognize t h e  f a c t  
t h a t  waste sources from one o r  more a r e a s  of j u r i s d i c t i o n  may 
c o l l e c t i v e l y  cause p o l l u t i o n  i n  o t h e r  regions.  

2. Compatible l e g i s l a t i o n  should be sought by t h e  var ious  
governments t o  c o n t r o l  water p o l l u t i o n  from a l l  c l a s s e s  of 
boats  and vesse l s .  

In  t h e  United S t a t e s ,  waste d ischarges  from p leasure  
c r a f t  are p r e s e n t l y  regula ted  by some s t a t e s  i n  which t h e  c r a f t  
a r e  l i censed  o r  r e g i s t e r e d .  Commercial v e s s e l  d ischarges  are 
s u b j e c t  t o  l i m i t e d  f e d e r a l  con t ro l s .  

I n  Canada, t h e  Ontar io  Water Resources Commission, has  
l e g i s l a t i o n  governing p leasure  c r a f t  waste d i sposa l .  The 
Marine Regulations Branch of t h e  f e d e r a l  Department of Transport ,  
i n  c o n s u l t a t i o n  wi th  o t h e r  f e d e r a l  agencies ,  i s  a l s o  preparing 
regu la t ions  designed t o  c o n t r o l  d ischarges  of sewage and garbage 
from a l l  v e s s e l s  wi th in  Canadian w a t e r s .  These r e g u l a t i o n s  
w i l l  set  s tandards  f o r  sewage d ischarge  which could be m e t  by 
e i t h e r  an  onboard t reatment  system, o r  by containment of t h e  
wastes. Discharge of o i l  by v e s s e l s  is  a l ready covered by 
l e g i s l a t i o n ,  and i n  1967, 24 success fu l  prosecut ions w e r e  
c a r r i e d  o u t  f o r  i n f r a c t i o n  of o i l  p o l l u t i o n  prevent ion 
regula t ions .  

3.  The Province of Ontar io and t h e  Great Lakes states should 
develop compatible p o l i c i e s  f o r  safeguarding water q u a l i t y  i n  
advance of any extens ive  o i l  and gas exp lo ra t ion  and production 
a c t i v i t i e s  i n  t h e  United States s e c t o r s  of Lake E r i e  and Lake 
Ontario. 

I n  t h e  United S t a t e s  t h e  Great Lakes submerged lands a r e  
recognized by law a s  s t a t e  owned. Leasing f o r  o i l  and gas 
exp lo ra t ion  and production is  t h e  r e s p o n s i b i l i t y  and r i g h t  of 
each s t a t e  owning such lands.  Michigan and Pennsylvania have 
p o l l u t i o n  c o n t r o l  r egu la t ions  o r  p o l i c i e s  governing o i l  and 
gas d r i l l i n g  i n  t h e i r  r e s p e c t i v e  s t a t e s .  Ohio has developed 
regu la t ions  f o r  d r i l l i n g  on its submerged lands b u t  has 
i n d e f i n i t e l y  postponed any promulgation of them. New York has 
developed r e g u l a t i o n s  b u t  they have n o t  y e t  been formally 
adopted. 

Ontar io r egu la t ions  governing l i c e n s i n g  c a l l  f o r  t h e  
proper d i sposa l  of waters  and o i l  recovered from w e l l s  and f o r  
plugging of  d ry  w e l l s .  L i a b i l i t y  insurance must be held i n  
t h e  event  of compensation claims f o r  damages caused by d r i l l i n g  
o r  production operat ions.  These c o n t r o l  measures are considered 



as meeting the necessary protection for the Ontario waters of 
Lake Erie. 

4. Legislation should be enacted to control the use of 
herbicides and pesticides affecting the waters of the lower 
Great Lakes basin. 
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Appendix  1.1 M u n i c i p a l  w a s t e  d i s c h a r g e s  d i r e c t  t o  Lake E r i e  1966-67 ( s h o r t  t o n s / y e a r )  . 

M u n i c i p a l i t i e s  
Map E x i s t i n g  

index1  t r e a t m e n t  

P o p u l a t i o n  
Sewage s e r v e d  

f l o w  w i t h  s e w e r s  
(mgd) ( x l o o o )  

S o l i d s  

BOD 5 T o t a l  Susp .  

~ o t a l ~  
n i t r o g e n  

(N) 
phosphorus  

(PI 

O n t a r i o  
K i n g s v i l l e  
Learning t o n  

P 
0 Ohio  

Camp P e r r y  
P o r t  C l i n t o n  

Lagoon 
P r i m a r y  

Secondary  
I n t e r m e d i a t e  

S  -C 
I n t e r m e d i a t e  

WESTERN BASIN 

L a k e s i d e  
TOTAL 

CENTRAL BASIN 

O n t a r i o  
O n t a r i o  

H o s p i t a l  
P o r t  S t a n l e y  
P o r t  B u r w e l l  

Oh io  
Sandusky 
E a s t  E r i e  

Co. SD 
L o r a i n  
Avon Lake 

Secondary  
None 
None 

P r i m a r y  S-C 

P r i m a r y  S  
P r i m a r y  S  
I n t e r m e d i a t e  

C  



Appendix 1.1 (Cont inued)  

P o p u l a t i o n  
Sewage s e r v e d  S o l i d s  T o t a l 2  T o t a l 2  

Map E x i s t i n g  f low w i t h  sewers  n i t r o g e n  phospnorus  
M u n i c i p a l i t i e s  index1 t r e a t m e n t  (rngd) (XlOOO) BOD5 T o t a l  Susp.  (N) (PI c h l o r i d e s 2  

Rocky R i v e r  
SD 6 M-16 I n t e r m e d i a t e  

S  4.8 
C l e v e l a n d  

Wes te r ly  
C l e v e l a n d  

E a s t e r l y  

M-17 Pr imary S-C 34.1 

M-18 Secondary 
S-C 122 .0  

M-19 I n t e r m e d i a t e  
S  14.6 

P a E u c l i d  

a3 
Willoughby- 

E a s t l a k e  M-20 I n t e r m e d i a t e  
S 2.9 

Lake County 
S  D 
Willoughby- 
Mentor M-21 I n t e r m e d i a t e  

S  1 .82 
Lake County 

SD 1 
Geneva-on- 

t h e - l a k e  
Ash tabu la  

M-22 Pr imary  S  1 . 1 4  

M-23 Pr imary  S - 
M-24 I n t e r m e d i a t e  

S  5 .0  



Appendix 1.1 (Continued) 

Population 
Sewage served ~ o t a l ~  ~ o t a l ~  Solids 

Map Existing flow with sewers nitrogen phosphorus 
Municipalities index1 treatment (mgd) (XlOOO) BOD5 Total Susp. (N) (p) chlorides2 

EASTERN BASIN 

Ontario 
Port Rowan 
Port Dover 
Crystal 
Beach 

None 
Primary 

Secondary 

Pennsylvania 
Erie Secondary 

S-C 

New York 
Ripley 
Dunkirk 
Hamburg Twp. 
Wanakah 
Mt. Vernon 

TOTAL 
TOTAL FOR LAKE 

Primary S 
Primary S-C 
Primary 
Primary S 
Primary S 

- - 

'separate sewer system; C= Combined sewer system; S-C= Separate and combined sewer system. 

L~stimates based on population served. 



Appendix 1 .2  P r i n c i p a l  i n d u s t r i a l  waste d i s c h a r g e s  d i r e c t  t o  Lake E r i e  1966-67 ( s h o r t  t o n s / y e a r ) .  

I n d u s t r i e s  

S o l i d s  
T o t a l  T o t a l  

Map 1 E x i s t i n g   low^ n i t r o g e n  phosphorus  
i n d e x  t r e a t m e n t  (mgd) BOD5 T o t a l  Susp. (N) (PI C h l o r i d e s  

WESTERN BASIN 

O n t a r i o  
H . J .  Heinz Co. 

o f  Canada 
1-1 Screen ing  1.1 2,035 4,440 1,020 6  1 

Michigan 
E n r i c o  Fermi* 1-5 

(Laguna Beach) 
I--' Consumer Power ( ~ r i e )  
I--' 
0 

Ohio 
Toledo Edison  

(To ledo)  
TOTAL WESTERN BASIN 

O n t a r i o  
Olmstead F i s h e r i e s  

1 9 6 1  L td .  (Wheat ley)  

Ohio  
U.S. Gypsum 

(Gypsum) 
Aluminum & 

Magnesium (Sandusky) 
TRW ( E u c l i d )  
Diamond Shamrock 

( P a i n e s v i  l l e )  

- - - 

2,035 4,440 1,020 6 - i  

CENTRAL BASIN 

1-2 Sc reen ing  0.4 467 6  9  0 3 6  0 35 



Appendix 1 . 2  (Con t inued)  

I n d u s t r i e s  
Map E x i s t i n g  Flow 

2 

index1 t r e a t m e n t  (mgd) BOD 5 

S o l i d s  

T o t a l  Susp.  

T o t a l  
n i t r o g e n  

(N) 

T o t a l  
phosphorus  

(PI C h l o r i d e s  

Midland Ross IRC 
( P a i n s v i l l e )  

D e t r e x  Chemical  I n d .  
C h l o r i n e  & A l k a l i  
P l a n t  ( A s h t a b u l a )  

Union C a r b i d e  L inde  
Div. - Welding 
M a t e r i a l s  P l a n t  

Union C a r b i d e  - 
M e t a l s  D i v . .  

Ohio  Ed i son  ( L o r a i n )  
C l e v e l a n d  E l e c t r i c  
I l l u m i n a t i n g  (Avon) 
C leve land  E l e c t r i c  
I l l u m i n a t i n g  

( C l e v e l a n d )  
C l e v e l a n d  M u n i c i p a l  

(C leve land)  
C l e v e l a n d  E l e c t r i c  
I l l u m i n a t i n g  

( E a s t l a k e )  
C l e v e l a n d  E l e c t r i c  
I l l u m i n a t i n g  

( A s h t a b u l a )  
TOTAL CENTRAL BASIN 



Appendix 1 . 2  (Con t inued )  

2 S o l i d s  T o t a l  T o t a l  
Map E x i s t i n g  Flow n i t r o g e n  phosphorus 

i ndex  t r e a t m e n t  (mgd) BOD5 T o t a l  Susp. ( N )  (PI C h l o r i d e s  I n d u s t r i e s  

EASTERN BASIN 

O n t a r i o  
Algoma S t e e l  Corp. 

(Canadian Furnace  
Div. 

I n t e r n a t i o n a l  N i c k e l  
Co. o f  Canada 

None 

3 .0  

1-4 N e u t r a l i z a t i o n  0.2 

Pennsy lvan ia  
E r i e  Reduct ion  ( E r i e )  
Hammermill ( E r i e )  
Pennsy lvan ia  E l e c t r i c  

C1 
( E r i e )  

P 
h, New York 

Seneca  w e s t f i e l d  Maid 
(Wes t f i e l d )  

Bethlehem S t e e l  
(Lackawanna) 

Hanna Fu rnace  
( B u f f a l o )  

N iaga ra  Mohawk 
TOTALS EASTERN BASIN 

TOTALS FOR LAKE 

* I n t e r m i t t e n t  o p e r a t i o n  
* *  Discha rge  b u t  q u a n t i t y  unknown - Data  n o t  a v a i l a b l e  
TR T r a c e  
1 Map i n d e x  r e f e r s  t o  Appendices 1 . 9 ,  1 .10 ,  1.11 
2 O n t a r i o  s o u r c e s  i n  i m p e r i a l  g a l l o n s ;  New York s o u r c e s  i n  U.S. g a l l o n s  



Append ix  1 . 3  O t h e r  i n d u s t r i a l  waste d i s c h a r g e s  direct  t o  Lake  E r i e  1966-67 ( s h o r t  t o n s / y e a r ) .  

D i s s o l v e d  E t h e r  
I n d u s t r i e s  I r o n  i r o n  S u l p h a t e  S u l p h i t e  s o l u b l e s  COD C y a n i d e  P h e n o l s  O t h e r  

WESTERN BASIN 

O n t a r i o  
H . J .  H e i n z  Co. o f  Canada  

M i c h i g a n  
E n r i c o  Fe rmi*  

F (Laguna Beach)  
Consumer Power  ( E r i e )  

O h i o  
T o l e d o  E d i s o n  ( T o l e d o )  
TOTAL WESTERN BASIN 

O n t a r i o  
O l m s t e a d  F i s h e r i e s  1 9 6 1  
L t d .  ( W h e a t l e y )  

Oh io  
U n i t e d  S t a t e s  Gypsum 

(Gypsum) 
Alumlnurn a n d  Magnesium 

( S a n d u s k y )  
TRW ( E u c l i d )  
Diamond Shamrock 

( P a i n e s v i l l e )  

CENTRAL BASIN 

Heat** 
Heat 1 , 4 7 2  
BTU/hour x 1 0  

Hea t*  

O i l  50 



Appendix 1 .3  ( C o n t i n u e d )  

D i s s o l v e d  E t h e r  
I n d u s t r i e s  I r o n  i r o n  S u l p h a t e  S u l p h i t e  s o l u b l e s  COD Cyanide  P h e n o l s  O t h e r  

O i l  780 
Mid land  Ross  IRC - - Zinc  1 , 2 0 0  

( P a i n e s v i l l e )  pH 2.3-3.8 
D e t r e x  Chemical  I n d .  

C h l o r i n e  and A l k a l i  
P l a n t  ( A s h t a b u l a )  

Union C a r b i d e  L i n d e  
Div .  - Welding 
M a t e r i a l s  P l a n t  

Union C a r b i d e  - 
Metals Div .  

Ohio  E d i s o n  ( L o r a i n )  
C l e v e l a n d  E l e c t r i c  
I l l u m i n a t i n g  (Avon) 
C l e v e l a n d  E l e c t r i c  
I l l u m i n a t i n g  ( C l e v e l a n d )  
C l e v e l a n d  M u n i c i p a l  
C l e v e l a n d  
C l e v e l a n d  E l e c t r i c  
I l l u m i n a t i n g  ( E a s t l a k e )  
C l e v e l a n d  E l e c t r i c  
I l l u m i n a t i n g  ( A s h t a b u l a )  

TOTAL CENTRAL BASIN 

EASTERN BASIN 

O n t a r i o  
Algoma S t e e l  Corp.  

(Canad ian  F u r n a c e  D i v . )  2 ,830  

Copper 2  
pH 0.0-11.0 

Heat** 
Hea t  920 

Calcium 530 



Appendix 1 . 3  ( C o n t i n u e d )  

D i s s o l v e d  E t h e r  
I n d u s t r i e s  I r o n  i r o n  S u l p h a t e  S u l p h i t e  s o l u b l e s  COD Cyanide  Phenols  O t h e r  

I n t e r n a t i o n a l  N i c k e l  
Co. o f  Canada 

P e n n s y l v a n i a  
E r i e  R e d u c t i o n  ( E r i e )  
Hammermill ( E r i e )  
P e n n s y l v a n i a  E l e c t r i c  

( E r i e )  

New York 
Seneca  Westf i e l d  Maid 

(Westf i e l d )  
Be th lehem S t e e l  

(Lackawanna) 

Hanna F u r n a c e  
( B u f f a l o )  

N i a g a r a  Mohawk 
TOTALS EASTERN BASIN 2,830 9,300 
TOTALS FOR LAKE 2,830 9,300 

N i c k e l  105 
Calcium 1390 

Copper 18 

Heat  720 

pH 4.0-7.0 
Heat** 

O i l  5 ,650 

Heatx* O i l * *  
Hea t  2,200 

* I n t e r m i t t e n t  o p e r a t i o n  

**Discharged  b u t  q u a n t i t y  unknown 

-Data n o t  a v a i l a b l e  



Appendix 1 . 4  T r i b u t a r y  was te  d i s cha rges  t o  Lake E r i e  1966-67 ( s h o r t  t o n s / y e a r ) .  

Popula t ion  
s e rved  S o l i d s  T o t a l  T o t a l  

Flow wi th  sewers n i t r o g e n  phosphorus 
T r i b u t a r i e s  (cf.5) ( X l O O O )  BOD5 T o t a l  Susp. (N) (PI Chlor ides  

O n t a r i o  - Michigan 
D e t r o i t  River  

Michigan 
Huron R ive r  
River  Bas in  

Ohio 
Maumee River  
Po r t age  River  

P TOTAL 
P 
m 

O n t a r i o  
K e t t l e  Creek 
C a t f i s h  Creek 
Big O t t e r  Creek 

Ohio 
Sandusky River  
Huron River  
Vermil ion River  
Black River  
Rocky R ive r  
Cuyahoga River  

WESTERN BASIN 

CENTRAL BASIN 



Appendix  1 . 4  ( C o n t i n u e d )  

P o p u l a t i o n  
s e r v e d  S o l i d s  T o t a l  T o t a l  

Flow w i t h s e w e r s  n i t r o g e n  p h o s p h o r u s  
T r i b u t a r i e s  (cfs)  ( X l O O O )  BOD5 T o t a l  Susp .  ( N )  (PI C h l o r i d e s  

C h a g r i n  R i v e r  
Grand R i v e r  
A s h t a b u l a  R i v e r  
Conneau t  C r e e k  

P 
4 

TOTAL 

O n t a r i o  
B i g  Creek  2  0  9 
D e d r i c k  C r e e k  29.6 
Lynn R i v e r  104" 
N a n t i c o k e  C r e e k  56" 
Sandusk  C r e e k  46* 
Grand R i v e r  1 , 8 2 0 "  

New York 
C a t t a r a u g u s  C r e e k  
B u f f a l o  R i v e r  

TOTAL 

EASTERN BASIN 

LAKE ERIE TOTALS 159 ,480  3 9 , 4 1 7 , 2 1 3  4 , 5 3 6 , 5 4 8  27 ,343  4 ,449,646 1 6 7 , 8 3 5  

" E s t i m a t e d  



Appendix 1.5 Municipal waste discharges direct to Lake Ontario and St. Lawrence River 1966-67 (short tons/year). 

Population 
sewage2 served Solids Total Total 

Municipalities Map Existing flow with sewers nitrogen phosphorus 
Lake Ontario index1 treatment (mgd) (XlOOO) BOD5 Total Susp. (N) (p) Chlorides 

Ontario 

North Niagara 
Peninsula 
Reg ion 
Niagara-on- 

the-lake M- 1 Lagoon 
St. Catharines 
-Port Weller M- 2 Primary 
- Port 

Dalhousie M- 3 Primary 
Beamsville M- 4 Secondary 
N. Grimsby 

F - Grimsby 
03 Beach M- 5 Secondary 

- Grimsby 
Biggar M- 6 Lagoon 

Northwestern 
Lake Ontario 

Hamilton M- 7 Primary 
Burlington 
- Skyway M- 8 Secondary 
- Drury Lane M- 9 Secondary 
- Elizabeth 
Gdns . M-10 Secondary 

Oakville 
- Trafalgar M-11 Secondary 
Mississauga 
- Clarkson (1) M-12 Secondary 



Appendix 1 . 5  ( C o n t i n u e d )  

P o p u l a t i o n  
sewage2 s e r v e d  S o l i d s  T o t a l  T o t a l  

M u n i c i p a l i t i e s  Map E x i s t i n g  f l o w  w i t h  s e w e r s  n i t r o g e n  phosphorus  
Lake O n t a r i o  index1  t r e a t m e n t  (mgd) ( X l O O O )  BOD5 T o t a l  Susp .  (N) (P C h l o r i d e s  

M e t r o p o l i t a n  
T o r o n t o  Reg ion  

M i s s i s s a u g a  
- Lakeview 

F ( 2  M- 1 3  Secondary  
I-' Metro  T o r o n t o  
w - Long Branch  M-14 Secondary  

- Humber M-15 Secondary  
- Main M-16 Secondary  

C e n t r a l  Lake  
O n t a r i o  

P i c k e r i n g  
- Bay R i d g e s  M-17 Secondary  
Whitby 
- O n t a r i o  

H o s p i t a l  M-18 Secondary  
P o r t  Hope M-19 Secondary  

T r e n t  R i v e r  
Reg ion  

T r e n t o n  M-20 P r imary  
T r e n t o n  
- C a n a d i a n  

F o r c e s  Base  M- 2 1 Secondary  



Appendix 1.5 (Continued) 

Municipalities 
Lake Ontario 

Existing 
treatment 

Population 
sewage2 served 
flow with sewers 
(mgd) (xlooo) 

Solids 

Total Susp. 

Total Total 
nitrogen phosphorus 

(N) (PI chlorides 

Bay of Quinte 
Region 
Picton M-22 Secondary 0.8 4.8 3 0 612 15 2 5 8 6 0 
Picton 
- Canadian 
Forces Base M-22 Secondary 0.1 2.0 2 7 3 2 2 1 5 

Belleville M-24 Primary 6.6 33.0 397 5,600 650 220 5 5 8 31 
Deseronto M-25 None - 1.8 6 1 2 30 7 0 8 2 2 3 

TOTAL CANADIAN 
LAKE ONTARIO 
LOADING 

New York 

Youngs town 
Wilson 
Rochester 
Irondequoit 
Webster 
Oswego 

TOTAL AMERICAN 
LAKE ONTARIO 
LOADING 

M-26 Primary 
M-27 Primary 
M-28 Primary 
M- 29 Secondary 
M-30 Primary 
M-31 None 



Appendix 1 . 5  (Cont inued)  

P o p u l a t i o n  
M u n i c i p a l i t i e s  sewage2 s e r v e d  T o t a l  T o t a l  

S o l i d s  St. Lawrence Map E x i s t i n g  f low w i t h  sewers  n i t r o g e n  phosphorus  
R i v e r  index1 t r e a t m e n t  (mgd) ( X l O O O )  BOD5 T o t a l  Susp. ( N )  (PI C h l o r i d e s  

O n t a r i o  

Kings ton  Twp. 
Kings  t o n  

+ B r o c k v i l l e  
h, P r e s c o t t  
I-' C a r d i n a l  

I r o q u o i s  
Morr i sburg  
Osnabruck 

Twp. 
Long S a u l t  
Cornwal l  

TOTAL CANADIAN 
ST. LAWRENCE 
RIVER LOADING 

Secondary 
Pr imary 
Pr imary 
None 
Secondary 
Pr imary 
Pr imary 

Secondary 
Secondary 
Pr imary 

N e w  York 

Cape V i n c e n t  M-42 None 
C l a y t o n  M - 4 3  None 
A l e x a n d r i a  

Bay M-4 4 None 



Appendix 1.5 (continued) 

Population 
Municipalities sewage2 served Total Total Solids 
St. Lawrence Map Existing flow with sewers nitrogen phosphorus 

River index1 treatment (mgd) (XlOOO) BOD5 Total Susp. (N) (PI Chlorides 

P Morristown M-45 None 
h, Ogdensburg M-46 Primary 
h, Waddington M- 4 7 Primary 

TOTAL AMERICAN 
ST. LAWRENCE 
RIVER LOADING 

TOTAL DISCHARGE 
(CANADIAN AND 
UNITED STATES) 

1 Notation used to locate waste sources on Appendices 1.9, 1.10, 1.11 

20ntario sources in imperial gallons New York in U.S. gallons 



Appendix 1 .6  P r i n c i p a l  i n d u s t r i a l  w a s t e  d i s c h a r g e s  d i r e c t  t o  Lake O n t a r i o  and  S t .  Lawrence R i v e r  1966-67 ( s h o r t  t o n s / y e a r ) .  

2  S o l i d s  T o t a l  T o t a l  
I n d u s t r i e s  E x i s t i n g  Flow n i t r o g e n  phosphorus  

Lake O n t a r i o  i n d e x  t r e a t m e n t  (mgd BOD T o t a l  Susp.  ( N )  (P)  C h l o r i d e s  

O n t a r i o  

1-1 None 0 -1 

1-2 S c r e e n i n g ,  A e r a t e d  
Lagoon 0 - 2  

Nor th  N i a g a r a  
P e n i n s u l a  Region 

Louth  Twp. 
- C u l v e r h o u s e  

Canning L t d .  
S a l t f l e e t  Twp. 
- E.D. Smi th  & 

Sons 
w 
h, 
b~ N o r t h w e s t e r n  

Lake O n t a r i o  
Hamil t o n  
- S t e e l  Co. Canada 

L t d  . ( P a r k d a l e )  1-3 S e t t l i n g  Waste 
S e g r e g a t i o n  

- S t e e l  Co. Canada 
L t d .  ( # 2  Rod 
M i l l )  1-4 S e g r e g a t i o n  o f  

Wastes ,  S c a l e  
P i t  and Lagoon 

- F i r e s t o n e  T i r e  
& Rubber 1-5 None 



Appendix 1 . 6  ( C o n t i n u e d )  

S o l i d s  T o t a l  T o t a l  
I n d u s t r i e s  Map E x i s t i n g   low^ n i t r o g e n  phosphorus  

Lake O n t a r i o  index1 t r e a t m e n t  (mgd) BOD5 T o t a l  Susp .  ( N )  (P )  C h l o r i d e s  

- Dorntar Chemica l s  
L t d .  O i l  S e p a r a t o r s ,  

Waste S e g r e g a t i o n ,  
B i o l o g i c a l  
T r e a t m e n t  o f  
P h e n o l i c  Wastes 

- N a t i o n a l  S t e e l  
I- C a r  Corp.  L t d .  

- S t a n t o n  P i p e s  
b P  

L t d .  
- Dominion 

F o u n d r i e s  & 
steel  L t d .  

S e t t l i n g  

S e t t l i n g  & F i l t e r s  

Lagoon, A c t i v a t e d  
S l u d g e  P l a n t  

- Canadian  
I n d u s t r i e s  L t d .  1-10 Lagoon, 

N e u t r a l i z a t i o n  & 
E f f l u e n t  
R e c i r c u l a t i o n  

- S t e e l  Co. Canada 
L t d .  1-11 Lagoons,  O i l  

Skimmers Pheno l  
Recovery U n i t s  
S c a l e  P i t s  & 
S e g r e g a t i o n  
o f  w a s t e s  - I n t e r n a t i o n a l  

H a r v e s t e r  Co . 
Canada L t d .  1-12 S e t t l i n g  



Appendix 1.6 (Continued) 

S o l i d s  T o t a l  T o t a l  
n i t r o g e n  phosphorus 

T o t a l  Susp. (N) (PI Chlor ides  
I n d u s t r i e s  

Lake O n t a r i o  
E x i s t i n g  
t r ea tmen t  BOD 5 

- Canadian 
Vegetable  O i l  
P rocess ing  Ltd .  1-13 Process  Wastes t o  

Municipal Sewer, 
Cooling Water t o  
Bay 

O a k v i l l e  
- S h e l l  Canada 

Ltd .  1 - 1 4  API O i l  Sepa ra to r s  
Sludge Ponds, 
C l a r i f i e r s ,  
Retent ion  Ponds 

P 
PJ 

- B.P. Ref inery  
Canada Ltd .  1-15 Lagoon, API 

Sepa ra to r  
Secondary 
Treatment & 
Act iva ted  Carbon 
Treatment - S t e r l i n g  Fauce t  

Canada L td .  - Ford Motor Co. 
Canada Ltd .  

- Ford Motor Co. 
Canada Ltd .  STP 

1-16 S e t t l i n g  

1-17 Holding Tanks 

1-18 Ac t iva t ed  Sludge 
P l a n t  

Miss issauga  
- S t .  Lawrence 

Cement Co. 1-19 Cooling Water only  - 
Discharged t o  Lake 



Appendix 1 . 6  ( C o n t i n u e d )  

S o l i d s  T o t a l  T o t a l  
n i t r o g e n  phosphorus  

T o t a l  Susp .  (N) ( p )  C h l o r i a e s  
I n d u s t r i e s  

Lake O n t a r i o  
E x i s t i n g  
t r e a t m e n t  

- The B r i t i s h  
American O i l  Co. A P I  S e p a r a t o r s ,  O i l  

T r a p s ,  B i o l o g i c a l  
Trea tment  

S e t t l i n g ,  A P I  
S e p a r a t o r s ,  
Chemical 
T r e a t m e n t  

P o r t  C r e d i t  
- Texaco Canada 

L t d .  

M e t r o p o l i t a n  
T o r o n t o  Region 

P o r t  C r e d i t  
or - S t .  Lawrence 

S t a r c h  Co. L t d .  S c r e e n i n g ,  
C e n t r i f u g e ,  Wet 
Wells 

M i s s i s a u g a  
- Lakeview 

G e n e r a t i n g  
S t a t i o n  

M e t r o  T o r o n t o  
- Maple Leaf  M i l l s  

L td  . 
- Canada & 

Dominion S u g a r  
Co. L t d .  

- V i c t o r y  Soya 
M i l l s  L t d .  

S e t t l i n g  

( 
( 
( 
( 
( 
( P r o c e s s  Wastes t o  
( S a n i t a r y  Sewer 
( Uncontaminated 
( Cool ing  Water t o  
( Lake 



Appendix 1 . 6  ( C o n t i n u e d )  

S o l i d s  T o t a l  T o t a l  
I n d u s t r i e s  Map E x i s t i n g   low^ n i t r o g e n  phosphorus  

Lake O n t a r i o  index1 t r e a t m e n t  (mgd) BOD5 T o t a l  S u s p .  (N) (PI  C h l o r i d e s  

- C o n t i n e n t a l  Can 
Co. Canada L t d .  
# 1 

- C o n t i n e n t a l  Can. 
Co. Canada L t d .  
# 2  

- C a n a d i a n  
J o h n s - M a n v i l l e  
Co. L t d .  Lagoon 

C e n t r a l  Lake 
O n t a r i o  

Whitby 
- Lake O n t a r i o  

S t e e l  Co. L t d .  
Oshawa 
- G e n e r a l  Motors  

Canada L t d .  

S e t t l i n g  

P r o c e s s  Wastes  t o  
S a n i t a r y  Sewers  
C o o l i n g  Water  t o  
Lake 

P o r t  Hope 
- E l d o r a d o  Min ing  

& R e f i n i n g  N i t r i c  Acid 
Recovery,  S e t t l i n g  

Cobourg 
- Marbon Chemica l  

Div .  S e t t l i n g  & 
N e u t r a l i z a t i o n  



Appendix 1 . 6  ( C o n t i n u e d )  

S o l i d s  T o t a l  T o t a l  n i t r o g e n  phosphorus  
T o t a l  Susp.  (N) ( p )  

I n d u s t r i e s  
Lake O n t a r i o  

E x i s t i n g  
t r e a t m e n t  C h l o r i d e s  

T r e n t  R i v e r  Region 
Murray Twp. 
- Knox G e l a t i n e  

Canada L t d .  
T r e n t o n  
- S t o k e l y  Van Camp 

Canada L t d .  
p - T r e n t o n  C o l d  
N S t o r a g e  L t d .  
03 

E q u a l i z a t i o n  Pond 

S c r e e n i n g  

P r o c e s s  Waste t o  
S a n i t a r y  Sewer 
Cool ing  Water t o  
Lake 

- T r e n t o n  Dyeing & 
F i n i s h i n g  Co. 
L t d .  None 

Bay of  Q u i n t e  - 
Lake O n t a r i o  

P i c t o n  
- p r o c t o r - S i l e x  

L td .  
- Lake O n t a r i o  

P o r t  Cement 
B e l l e v i l l e  
- Union C a r b i d e  

Canada L t d .  
S i d n e y  Twp. 

I - Canada Cement 

None 

S e t t l i n g  

S e t t l i n g  

c o .  L t d .  S e t t l i n g  



Appendix 1.6 (Continued) 

Industries 
Lake Ontario 

Existing 
treatment 

Solids Total Total 
nitrogen phosphorus 

Total Susp. (N (p) Chlorides 

Millhaven 
- Canadian 
Industries Ltd. 

Deseronto - Metcalfe Foods 
Ltd . 

N. Marysburgh Twp. 
- Waupoos Canning 
Ltd. 

I-' 
TOTAL CANADIAN 

U) LOADING TO 
LAKE ONTARIO 

New York 

Oswego 
- Hammermill Paper 
Co. 

TOTAL AMERICAN 
LOADING TO 
LAKE ONTARIO 

Settling, Oil 
Skimmers 

Screening 

Lagoon 

1-45 None 



Appendix 1 . 6  ( C o n t i n u e d )  

S o l i d s  T o t a l  T o t a l  
)?low2 n i t r o g e n  phosphorus  
(mgd) BOD5 T o t a l  Susp .  (N) (PI C h l o r i d e s  

I n d u s t r i e s  Map E x i s t i n g  
S t .  Lawrence R i v e r  i n d e x 1  t r e a t m e n t  

O n t a r i o  

Kings t o n  
- Dupont o f  Canada 

L t d .  
Gananoque 
- Cow & G a t e  

o (Canada)  L t d .  

None 

E q u a l i z a t i o n  & 
Waste Skimming 

B r o c k v i l l e  
- B r o c k v i l l e  

Chemica l  I n d .  
L t d  . R e t e n t i o n ,  

N e u t r a l i z a t i o n  
Augus ta  Twp. 
- Dupont o f  Canada 
- Dupont of Canada 

(STP 
C a r d i n a l  
- Canada S t a r c h  

Co. L t d .  
M o r r i s b u r g  
- Sea-Way 

Chemica l s  L t d .  
Cornwal l  
- C o u r t a u l d s  

(Canada)  L t d .  

None 

Extended A e r a t i o n  

None 

API S e p a r a t o r  



Appendix 1 . 6  ( C o n t i n u e d )  

S o l i d s  T o t a l  T o t a l  
I n d u s t r i e s  Map E x i s t i n g   low^ n i t r o g e n  phosphorus  

S t .  Lawrence R i v e r  index1 t r e a t m e n t  (mgd) BOD5 T o t a l  S u s p .  ( N )  (PI  C h l o r i d e s  

- Domtar P u l p  & 
P a p e r  L t d .  1-54 B a r k i n q W a s t e s ,  

s c r e e n e d  & C e n t r i  
C l e a n e r s  50 37,000 140,000 24,000 5  4  - 8 * 14,000* 

TOTAL CANADIAN 
LOADING TO ST. 
LAWRENCE RIVER 

P 
w N e w  York 
P 

Ogdensburg 
- Diamond N a t i o n a l  

Corp . 1-55 None 
Massena 
- Reynolds  Metal 

CO . 1-56 None 
- G e n e r a l  Motors  

Corp. 1-57 S e t t l i n g ,  O i l  
S e p a r a t i o n  

TOTAL AMERICAN 
LOADING TO ST. 
LAWRENCE RIVER 

* E s t i m a t e d  

1 N o t a t i o n  u s e d  t o  l o c a t e  w a s t e  s o u r c e s  o n  Appendices  1 . 9 ,  1 . 1 0 ,  1.11 

2 O n t a r i o  s o u r c e s  i n  i m p e r i a l  g a l l o n s  
New York s o u r c e s  i n  U.S. g a l l o n s  



A p p e n d i x  1 . 7  O t h e r  i n d u s t r i a l  waste d i s c h a r g e s  d i r e c t  t o  L a k e  O n t a r i o  a n d  S t .  L a w r e n c e  R i v e r  1 9 6 6 - 6 7 *  ( s h o r t  t o n s / y e a r ) .  

I n d u s t r i e s  
D i s s o l v e d  E t h e r  

I r o n  i r o n  S u l p h a t e  S u l p h i t e  s o l u b l e s  COD C y a n i d e  P h e n o l s  O t h e r s  

L a k e  O n t a r i o  
S t e e l  Co.  C a n a d a  L t d .  

( P a r k d a l e )  1 2  

S t e e l  Co .  C a n a d a  L t d .  
( # 2  Rod M i l l )  1 5 0  

F i r e s t o n e  T i r e  & 
R u b b e r  1 

D o m t a r  C h e m i c a l s  L t d .  
N a t i o n a l  S t e e l  C a r  

C o r p .  L t d .  1 4  
S t a n t o n  P i p e s  L t d .  0 . 2  

,-, D o m i n i o n  F o u n d r i e s  & 

w S t e e l  L t d .  1 4 , 0 1 9  
N 

C a n a d i a n  I n d u s t r i e s  
L t d .  3  5 

S t e e l  Co.  C a n a d a  
L t d .  ( H i l t o n )  9 , 5 8 0  

I n t e r n a t i o n a l  
H a r v e s t e r  Co. 1 9  

C a n a d a  V e g e t a b l e  O i l  
P r o c e s s i n g  L t d .  

S h e l l  C a n a d a  L t d .  6 
B.P.  R e f i n e r y  

C a n a d a  L t d .  1 
S t e r l i n g  F a u c e t  

C a n a d a  L t d .  
F o r d  Motor Co. 

C a n a d a  L t d .  

0  Chromium 1 9  
A l k a l i n i t y  42  

2  A l k a l i n i t y  4  

1 

8 2  6  0  A l k a l i n i t y  
1 7 , 3 3 7  

F l u o r i d e  400  
Z i n c  1 2  
A l k a l i n i t y  
1 , 2 7 0  

1 9  3  2  8 1  S u l p h i d e  9 6  

TR 0 . 2  

0 . 6  0 . 1  

Chromium TR 

C o p p e r  6  
Chromium 8 



A p p e n d i x  1 . 7  ( C o n t i n u e d )  

I n d u s t r i e s  
D i s s o l v e d  E t h e r  

I r o n  i r o n  S u l p h a t e  S u l p h i t e  s o l u b l e s  COD C y a n i d e  P h e n o l s  O t h e r s  

S t .  L a w r e n c e  C e m e n t  
Co . Le$d 4 

A l k a l i n i t y  1 9 6  
T h e  B r i t i s h  A m e r i c a n  

O i l  Co. 7 . 0  S u l p h i d e  2 
F l u o r i d e  1 7 8  

0 . 9  T e x a c o  C a n a d a  L t d .  
S t .  L a w r e n c e  S t a r c h  

Co. L t d .  S u l p h i d e  3 
S o d i u m  200  

L a k e v i e w  G e n e r a t i n g  
I-' S t a t i o n  
Ld M a p l e  L e a f  M i l l s  L t d .  
Ld C a n a d a  a n d  D o m i n i o n  

S u g a r  Co. L t d .  
V i c t o r y  S o y a  M i l l s  L t d .  
C o n t i n e n t a l  C a n  Co. 

C a n a d a  L t d .  #1 
C o n t i n e n t a l  Can  Co.  

C a n a d a  L t d .  # 2  
C a n a d i a n  J o h n s  - 

M a n v i l l e  Co .  L t d .  
L a k e  O n t a r i o  S t e e l  

Co. L t d .  
G e n e r a l  Motors 

C a n a d a  L t d .  
E l d o r a d o  M i n i n g  a n d  

R e f i n i n g  L t d .  

S u l p h i d e  5 

Uran ium-238  2 
A r s e n i c  5 
C o p p e r  0 . 1  
C o b a l t  0 . 1  



A p p e n d i x  1 . 7  ( c o n t i n u e d )  

I n d u s t r i e s  
D i s s o l v e d  E t h e r  

I r o n  i r o n  S u l p h a t e  S u l p h i t e  s o l u b l e s  COD C y a n i d e  P h e n o l s  O t h e r s  

M a r b o n  C h e m i c a l  D i v .  
B o r g  - W a r n e r  
C a n a d a  L t d .  

T r e n t o n  D y i n g  a n d  
F i n i s h i n g  Co.  L t d .  

Knox G e l a t i n e  
C a n a d a  L t d .  

P r o c t o r  - S i l e x  L t d .  

L a k e  O n t a r i o  P o r t  
C e m e n t  

U n i o n  C a r b i d e  C a n a d a  
L t d .  

C a n a d a  C e m e n t  Co.  L t d .  
C a n a d i a n  I n d u s t r i e s  

L t d .  

New Y o r k  
H a m m e r m i l l  P a p e r  Co .  

TOTAL 

S t .  L a w r e n c e  R i v e r  
D u p o n t  o f  C a n a d a  

L t d .  ( K i n g s t o n )  
Cow & G a t e  ( C a n a d a )  

L t d .  
B r o c k v i l l e  C h e m i c a l  

I n d u s t r i e s  L t d .  
D u p o n t  o f  C a n a d a  

Magnes ium 1 3  

N i c k e l  0 . 9  
Chromium 1 
A l k a l i n i t y  8 

Chromium 0 . 7  
C o p p e r  3 1  
L e a d  1 0  



Appendix 1.7 (Continued) 

Industries 
Dissolved Ether 

Iron iron Sulphate Sulphite solubles COD Cyanide Phenols Others 

Courtaulds (Canada) 
Ltd. 

Reynolds Metal Co. 

General Motors Corp. 

Diamond National C o r ~ .  

Sulphide 200 
Zinc 66 

(81 
uq/ 1) 
(3.5 

lJg/ll 
TOTAL 21,058 19,352 0.9 

W 
~n *All loadings reported in tons per year unless otherwise noted. Where concentrations are shown, flow figures are not 

available. 



Append ix  1 . 8  T r i b u t a r y  d i s c h a r g e s  d i r e c t  t o  Lake O n t a r i o  a n d  S t .  Lawrence  R i v e r  1966-67  ( s h o r t  t o n s / y e a r ) .  

T r i b u t a r i e s  
Lake  O n t a r i o  

P o p u l a t i o n  
s e r v e d  

Flow w i t h  s e w e r s  S o l  i d s  

( c f s )  ( X l o o o )  BOD5 T o t a l  S u s p .  

T o t a l  T o t a l  
n i t r o g e n  p h o s p h o r u s  

(N) (p C h l o r i d e s  

N i a g a r a  R i v e r  1 9 5 , 0 0 0  4 2 , 8 0 0 , 0 0 0  5 , 0 3 0 , 0 0 0  9 5 , 3 0 0  7 , 7 0 0  5 , 2 0 0 , 0 0 0  

N o r t h  N i a g a r a  P e n i n s u l a  a n d  
N i a g a r a  R i v e r  R e g i o n  

a F o u r  M i l e  C r e e k  1 3 *  - 5  6  3 , 0 3 0  688  5  9  3  3  8  
(1) W e l l a n d  C a n a l  1 , 2 3 0  17 .4  2 , 4 9 0  3 5 0 , 0 0 0  5 6 , 0 0 0  1 , 1 2 0  116  42 ,400  
( 2 )  Twe lve  M i l e  C r e e k  6 , 4 0 0  3 . 0  4 4 , 5 0 0  1 , 8 1 0 , 0 0 0  217 ,000  7 , 6 7 0  587  1 8 0 , 0 0 0  

Twenty  M i l e  C r e e k  8  0  0 . 8  220 2 8 , 6 0 0  5 , 1 9 0  3 1 1  2  3  1 , 4 8 0  
F o r t y  M i l e  C r e e k  1 7  5 . 5  179  7 , 7 0 0  552  5  4  1 6  732 

N o r t h w e s t e r n  Lake  O n t a r i o  
R e d h i l l  C r e e k  
S p e n c e r  C r e e k  
G r i n d s t o n e  C r e e k  
B r o n t e  C r e e k  
O a k v i l l e  C r e e k  
C r e d i t  R i v e r  
S t o n e y  C r e e k  

M e t r o p o l i t a n  T o r o n t o  R e g i o n  
Mimico C r e e k  
E t o b i c o k e  C r e e k  
Humber R i v e r  
Don R i v e r  
H i g h l a n d  C r e e k  



Appendix  1 . 8  ( C o n t i n u e d )  

T r i b u t a r i e s  
Lake O n t a r i o  

Flow 
(cfs) 

P o p u l a t i o n  
s e r v e d  

w i t h  s e w e r s  
( X l O O O )  BOD5 

S o l i d s  

.I'O t a  1 Susp .  

T o t a l  T o t a l  
n i t r o g e n  phosphorus  

(N) ( P  C h l o r i d e s  

C e n t r a l  Lake O n t a r i o  
Rouge R i v e r  
D u f f i n  Creek  
C a r r u t h e r s  Creek  
Lynde Creek  
P r i n g l e  Creek  
Oshawa Creek  
Harmony Creek  
Bowrnanville Creek 
Graham 
Gamaraska R i v e r  
Gage Creek  
Cobourg Brook 
Wilmot Creek 
S h e l t e r  V a l l e y  
C o l b o r n e  Brook 
B u t l e r  Creek  
S m i t h f i e l d  Creek 

T r e n t  R i v e r  Region 
T r e n t  R i v e r  

Bay o f  Q u i n t e  
Moi ra  R i v e r  
M i l l h a v e n  Creek  
C o l l i n s  C r e e k  
W i l t o n  Creek  



A p p e n d i x  1 . 8  ( C o n t i n u e d )  

P o p u l a t i o n  
s e r v e d  S o l i d s  T o t a l  T o t a l  

F l o w  w i t h  s e w e r s  n i t r o g e n  p h o s p h o r u s  
( c f s )  (XlOOO) BOD5 T o t a l  S u s p .  (N) (PI C h l o r i d e s  

T r i b u t a r i e s  
L a k e  O n t a r i o  

S a l m o n  R i v e r  
N a p a n e e  R i v e r  

TOTAL CANADIAN DISCHARGE 
TO LAKE ONTARIO EXCLUDING 
NIAGARA RIVER 

* * I n c l u d e s  H a m i l t o n  STP F l o w  
* E s t i m a t e d  
(1) P h e n o l  1 0 . 5  
( 2 )  P h e n o l  1 8 3 , 0 0 0  

W 
co U n i t e d  S t a t e s  

B l a c k  R i v e r  
E i g h t e e n  M i l e  C r e e k  
G e n e s e e  R i v e r  
J o h n s o n  C r e e k  
Oak O r c h a r d  C r e e k  
Oswego R i v e r  
S a n d y  C r e e k  
S a l m o n  C r e e k  
S a l m o n  C r e e k  ( C e n t r a l )  
S a l m o n  R i v e r  
Walcott C r e e k  
M i s c e l l a n e o u s  T r i b u t a r y  

D r a i n a g e  
TOTAL UNITED STATES 
DISCHARGE INTO LAKE ONTARIO 



A p p e n d i x  1 . 8  ( C o n t i n u e d )  

P o p u l a t i o n  
served S o l i d s  T o t a l  T o t a l  

F l o w  w i t h  s e w e r s  n i t r o g e n  p h o s p h o r u s  
( c f s )  (XlOOO) BOD5 T o t a l  S u s p .  (N) (PI C h l o r i d e s  

T r i b u t a r i e s  
S t .  L a w r e n c e  R i v e r  

C a n a d a  
L i t t l e  C a t a r a q u i  R i v e r  
C a t a r a q u i  R i v e r  
G a n a n o q u e  R i v e r  

TOTAL CANADIAN DISCHARGE 
P TO S T .  LAWRENCE R I V E R  
W 
\D 

U n i t e d  States  
G r a s s  R i v e r  
O s w e g a t c h i e  R i v e r  
R a q u e t t e  R i v e r  

TOTAL UNITED STATES DISCHARGE 
INTO S T .  LAWRENCE R I V E R  
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Appendix 1.1 0 Sources and locations of municipal and industrial w a s t e s -  Lake Ontario 
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Appendix 1 .  1 1  Sources and locations of municipal and industrial wastes - International section of the St. Lawrence River 



APPENDIX 2.1 

SUMMARY OF LOWER LAKES DATA 

LAKE ERIE 

Millions 

Basin population: 1966 USA 10.4 
CAN 1.4 

Lake Characteristics 

1986 USA 15.4 
(est.) CAN 2.0 

Elevation, mean 1940-59 

Area: lake surface 
land drainage 

Volume 

Depth: maximum 
me an 

Outflow, mean annual 

Replenishment time 

90% removal time 
(conservative pollutant) 

English Units 

194,000 cfs 

Metric Units 

Loading, total-PI 1967: 
entire lake 30,000 27,300 

short tons/yr metric tons/yr 
per unit lake surface area 9.4 lb/acre.yr 1.6 g/m2.yr 
% retention in lake 84 84 
% municipal and industrial 70 70 

Loading, total-N, 1967: 
entire lake 194,000 

short tons/yr 
per unit lake surface area 61 lb/acre.yr 
% retention in lake 56 
% municipal and industrial 30-40 

176,000 
metric tons/yr 
6.8 g/m2.yr 
56 
30-40 



LAKE ERIE BASINS 

Lake C h a r a c t e r i s t i c s  W. Bas in  C. Bas in  E. B a s i n  

T o t a l  d i s s o l v e d  s o l i d s ,  
mg/l,  mean 

S p e c i f i c  conduc tance ,  
pmhos/cm, 25"C, mean 

A l k a l i n i t y ,  mg CaC03/1, 
mean 

T u r b i d i t y ,  JTU 

Total-N, pg N / 1 ,  mean 

To ta l -P ,  pg P/1, mean 

Deepwater sed iments :  
% organ ic -ca rbon ,  l a k e  

r a n g e  
E h  (0-5 c m )  v o l t s ,  r a n g e  

0.2 0.2-3.6 
E n t i r e  l a k e  r a n g e  
- 2 8 8  - . I 4 7  



APPENDIX 2 . 2  

LAKE ONTARIO 

M i l l i o n s  

Bas in  p o p u l a t i o n :  1966 USA 2.3 
CAN 3.8 

1986 USA 2.8 
( e s t . )  CAN 4.8 

Lake c h a r a c t e r i s t i c s  E n g l i s h  u n i t s  Metric u n i t s  

E l e v a t i o n ,  mean 1940-59 245.2 f t  74.7 m .  

Area: l a k e  s u r f a c e  
l a n d  d r a i n a g e  

Volume 393 m i 3  1 ,638  km3 

Depth: maximum 
mean 

Outf low,  mean a n n u a l  232,000 c f s  6,565 m3/sec 

Replenishment  t i m e  7.9 y r  7.9 y r  

90% removal t ime  
( c o n s e r v a t i v e  p o l l u t a n t )  21-22 y r  21-22 y r  

Loading,  t o t a l - P ,  1967: 
e n t i r e  l a k e  1 4 , 0 0 0  12,700 

s h o r t  t o n s / y r  m e t r i c  t o n s / y r  
p e r  u n i t  l a k e  s u r f a c e  a r e a  6.0 l b / a c r e  , y r  0.65 g /m2 .y r  
% r e t e n t i o n  i n  l a k e  78 78 
% m u n i c i p a l  and i n d u s t r i a l  56 56 

Loading,  t o t a l - N ,  1967: 
e n t i r e  l a k e  173,000 157,000 

s h o r t  t o n s / y r  m e t r i c  t o n s / y r  
p e r  u n i t  l a k e  s u r f a c e  a r e a  73 l b / a c r e  .yr  8 .3  g/m2.yr 
% r e t e n t i o n  i n  l a k e  35 35 
% m u n i c i p a l  and i n d u s t r i a l  30 30 



LAKE ONTARIO (Cont inued)  

Lake c h a r a c t e r i s t i c s  

T o t a l  d i s s o l v e d  s o l i d s ,  mean 

S p e c i f i c  conductance ,  25OC, 
mean 

A l k a l i n i t y ,  mean 

T u r b i d i t y ,  J T U  

Total-N, l a k e  mean range  

Total-P,  l a k e  mean r ange  

Deepwater sed iments  : 
% organ ic -ca rbon ,  l a k e  range  
Eh ( 0 . 5  c m )  v o l t s ,  r ange  

E n a l i s h  u n i t s  Metric u n i t s  



APPENDIX 3.1 

GLOSSARY OF TERMS 

Algae 

Cladophora 

D i a t o m s  

Coliform b a c t e r i a  - 

Cur ie  

mic rocu r i e  - 
p i c o c u r i e  - 

Epilimnion - 

p r i m i t i v e  pho tosyn the t i c  p l a n t s .  I n  
f r e shwa te r  they  occur  bo th  as 
microscopic  forms suspended i n  wate r  
(phytoplankton)  and a s  f i l a m e n t s  
a t t a c h e d  t o  rocks  and o t h e r  s u b s t r a t e s .  

b i o l o g i c a l  (or biochemical)  oxygen 
demand. The amount of  oxygen i n  
mi l l ig rams  p e r  l i t re,  r e q u i r e d  by 
organisms and f o r  t h e  a e r o b i c  
biochemical  decomposit ion o f  o r g a n i c  
m a t t e r  p r e s e n t  i n  w a t e r .  BOD5 is t h e  
biochemical  oxygen demand ove r  a pe r iod  
o f  f i v e  days.  

a branched, f i l amentous  green  a l g a  
which has  s p e c i a l  ho ld - f a s t  organs .  
I t  grows i n  enr iched  waters, a t t a c h e d  
t o  rocks  o r  o t h e r  s u i t a b l e  s u b s t r a t e  
i n  i n s h o r e  o r  shal low l a k e  reg ions .  
I n  h igh ly  en r i ched  w a t e r s  it forms 
dense  nu isance  m a t s  of  growth. 

one of t h e  m o s t  impor tan t  groups o f  
microscopic  a l g a e  found i n  f reshwater .  
D i a t o m s  are d i s t i n g u i s h e d  by t h e i r  s i l i ca  
cel l  w a l l s  ( c o n s i s t i n g  o f  t w o  h a l v e s ,  
one f i t t i n g  i n t o  t h e  o t h e r  l i k e  a box 
and i t s  l i d )  and by t h e i r  yellow o r  
brown c o l o r a t i o n .  

a group of b a c t e r i a  common i n  f e c a l  
w a s t e s ,  b u t  a l s o  i nc lud ing  forms 
a s s o c i a t e d  wi th  p l a n t s  and g r a i n s .  

a u n i t  of r a d i o a c t i v i t y ,  be ing  t h e  
q u a n t i t y  of  radium emanation i n  
e q u i l i b r i u m  w i t h  one gram of  radium. 

one m i l l i o n t h  o f  a c u r i e  

one m i l l i o n t h  o f  a microcur ie  

t h e  uniformly w a r m e r  and t u r b u l e n t  
s u p e r f i c i a l  l a y e r  of a l a k e  when it 
is thermal ly  s t r a t i f i e d  du r ing  summer. 
(Fig .  3.2) . The l a y e r  above t h e  
thermocl ine .  



Hypolimnion the uniformly cold and deep layer of 
a lake when it is thermally stratified 
during summer (Fig. 3.2). The layer 
below the thermocline. 

Limnology the scientific study of fresh waters, 
especially lakes. 

Littoral 

Midge 

the shoreward region of a body of water. 

a tiny insect of the family Chironomidae. 
Midges commonly spend the greater part 
of their life in the larval stage living 
on the bottom of lakes or streams. 
Bloodworms are the larvae of one important 
group of midges. 

mg/l 

Plankton 

milligrams per litre. 

the assemblage of micro-organisms, both 
plant and animal, which live (floating, 
drifting or swimming) in the open water 
region of lakes and rivers. 

phytoplankton - the plant portion of the plankton 
(unicellular algae of various kinds). 

zooplankton the animal portion of the plankton. 

abbreviation for oxidation-reduction. Redox 

Radionuc lide a radioactive species of an atom 
characterized by the constitution of 
its nucleus and hence by the number 
of protons, the number of neutrons, 
and the energy content. 

Seiche oscillating periodic movements of 
water in a lake. 

Thermal 
stratification 

the layering of warm (lighter) water 
over cold (heavier) water in lakes 
during summer. 

Thermocline the transition layer (~ig. 3 - 2 )  
of rapid temperature change 
between the upper warm water layer 
and the cold deep water layer. 



Virus - a p a r t i c u l a t e  i n f e c t i v e  agent  smal ler  
than  accepted b a c t e r i a l  forms, usua l ly  
i n v i s i b l e  by l i g h t  microscopy, incapable 
of propagation i n  inanimate media and 
mul t ip ly ing  only i n  s u s c e p t i b l e  l i v i n g  
c e l l s .  Causative agent  of many important 
d i seases  of man, lower animals,  and 
p l a n t s ,  e.g., po l iomye l i t i s ,  f o o t  and 
mouth d i sease ,  tobacco mosaic. 

l.lg - microgram (one m i l l i o n t h  of a  gram). 

d l  - micrograms per  l i t r e .  

g/cm2. y r  - grams pe r  square cent imet re  per  year ,  

Trophic Lake Types and Eutrophicat ion 

Depending on t h e  degree of p l a n t  n u t r i e n t  enrichment 
and r e s u l t i n g  b i o l o g i c a l  p roduc t iv i ty ,  lakes  a r e  genera l ly  
c l a s s i f i e d  i n t o  t h r e e  in te rg rad ing  types:  Oligotrophic,  
Mesotrophic and Eutrophic. 

O l i  o t r o  h i c  lakes  a r e  poorly suppl ied  wi th  p l a n t  
n u t r i e n t s  an - support  i t t l e  p l a n t  growth; a s  a  r e s u l t ,  
b i o l o g i c a l  production is  genera l ly  low, t h e i r  waters  a r e  c l e a r  
and t h e  deeper waters  a r e  w e l l  suppl ied  wi th  oxygen throughout 
t h e  year ,  

Eutro h i c  lakes  a r e  r i c h l y  suppl ied  with p l a n t  
n u t r i e n t s  an  T!+- suppor t  a  heavy growth of p l a n t s ;  a s  a  r e s u l t ,  
b i o l o g i c a l  p roduc t iv i ty  is  genera l ly  high, t h e  waters a r e  
t u r b i d  because of dense growths of a lgae  i n  t h e  water,  and 
deeper water  becomes d e f i c i e n t  i n  oxygen i n  t h e  summer due t o  
decomposition of t h e  abundant o rgan ic -mate r i a l  produced. 

Mesotrophic l akes  are in termedia te  i n  t h e i r  
c h a r a c t e r i s t i c s  between o l i g o t r o p h i c  and eutrophic:  t h a t  is ,  
they have a  moderate supply of p l a n t  n u t r i e n t s ,  and moderate 
p l a n t  growth and b i o l o g i c a l  production. 

These t h r e e  l ake  types r ep resen t  an in te rg rad ing  
s e r i e s  from o l igo t roph ic ,  through mesotrophic and eut rophic ,  
If t h e  supply of p l a n t  n u t r i e n t s  t o  an extremely o l igo t roph ic  
l ake  i s  progress ive ly  increased ,  t h e  l ake  w i l l  become more 
mesotrophic i n  cha rac te r ;  with f u r t h e r  enrichment it w i l l  
eventua l ly  become eut rophic ,  



Eut roph ica t ion  is t h e  p roces s  of p r o g r e s s i v e l y  
becoming more e u t r o p h i c  w i t h  i n c r e a s i n g  enrichment i n  t h e  
supply of p l a n t  n u t r i e n t s .  It  r e f e r s  t o  t h e  whole complex o f  
changes which accompanies i n c r e a s i n g  enrichment w i t h  p l a n t  
n u t r i e n t s .  The end r e s u l t  is always t h e  s a m e :  t h e  produc t ion  
of dense  nu isance  growths of  a l g a e  and a q u a t i c  weeds which 
g e n e r a l l y  degrade w a t e r  q u a l i t y  and r ende r  t h e  l a k e  u s e l e s s  
f o r  many purposes.  



HYPOLIMNION 

Water Surface 

EPlLlMNlON 

THERMOCLINE 

EPlLlMNlON - the warm (lighter) upper layer of water. 

THERMOCLINE - the transition layer of rapid temperature change between 
the upper warm water layer and the deep cold water. 

HYPOLIMNION - the deep cold (heavier) water zone below the thermocline. 

Fig 3.2 Section of a typical lake during summer, showing the three zones resulting from thermal stratification. 




