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. EXECUTIVE S U W I A R Y  

INTRODUCTION 

The  conversion  over  many  decades  of land from its  natural covering o f  
mostly  forest  to  more  intensified  uses  such a s  urban  developments and 
extensive  areas o f  row  crops in farming  has  been  a  major  causative  agent in 
, t h e  degradation of water and other  components  of  the  Great  Lakes  Basin 
Ecosystem. In many  cases,  pollution  from  man's  activities  on land continues 
to worsen 2 s  the  years  pass, as a  result  of  increasing  population and 
technological  change.  The  Governments of the  United  States and Canada 
requested in April 1972 that  the  International  Joint  Commission  study  and  make 
recommendations on the  extent and causes of land use  pollution and possible 
remedies. 

This  Report is written in response  to  that  request.  It  focuses  on 
pollution  from  land-use  (nonpoint)  sources.  Nonpoint  sources are different 
from  sources  such as industrial and municipal  sewage  treatment  plants  (point 
sources), in that  the  former is caused  by  a  larger  number of diffuse  sources 
causing  individually  insignificant,  but  cumulatively  significant,  quantities 
of pollution. 

To assist  the  Commission in this  study,  a  binationzl  group of scientists 
and other  specialists, :ne Pollution  from  Land  Use  Activities  Reference  Group 
(PLUARG), v:as formed.  Tne  basic  questions  asked by the  Governments  were:  are 

; the  boundary  waters of the  Great  Lakes  System  being  polluted  by land drainage 
fron land use  activities? If such  pollution is occurring,  by  what  causes,  to 
whzt  extent, and where is the  pollution  .tzking  place? b!hat remedial rnezsures 
would  be m o s t  practicable  to  deal  with  such  pollution,  and  what  would  be  their 
probable  cost?  The  Reference  Group  was  also  asked  to  assess  the  adequacy o f  
existing  programs and control  measures  for  addressing  nonpoint  pollution. 

The  desire  for  widespread  citizen  input  to  the PLUA!?G prooram led the 
Reference  Group  to  initiate  a  new  approach in public  participztion.  Nine 
p u b l i c  consultation  panels in the U.S. and eight in Ontario  were  established 
t o  discuss  the  snvironmental,  social and economic  aspects of the  study,  and  to 
present  their  resulting  views and recommendations thereof. As well,  the 
panels. had the  opportunity  to  review  the  PLUARG  report .and provide  comments 
prior  to its being  completed.  Additional  public  input  was  available  directly 
to  the  Commission  through  public  hearings held both  before and after the  study. 

The  information  received  throu9h  this  process and subsequent  reports  forms 
t h e  basis  for  the  Comnission's  consideration and conclusions. 

The Comission  agrees in ceneral  with  the  study finding that  the  Great 
Lakes z r s  bejng  polluted f r o n  land drainage  sources. Such pollution  occurs 
m s t  seriously  from land ?reas of intensive  agricultural and urban use. Tne 
most significant  pollutants f r o m  these  sources are phosphorus,  sediment,  a 
cumber of industrial  oraanic  compounds 2nd pesticides  and  some kavy metals. 

vi 



Phosphorus i s  of  significance  to  the  Great  Lakes Ecosys tem beczuse i t  i s  . 

the  principal  controllinq  factor in eutrophication  (nutrient  enrichment), 
which  can  cause  severe  water  quality  degradation. h'hile phosphorus  comes  from 
natural sources,  phosphorus  loadings  have been increased b y  man's  activities 
(e.g., agricultural and urban land use)  to  levels  which are of  environmental 
concern. Land use activities  contribute  from  a  third  to a half  of  the  total 
phosphorus  loads to the  various lakes.. The  highest  loadings are associated 
with  the  most  intensely-polluted  lakes, Erie and  Ontario. The  movement  of 
phosphorus  downstream  from  one  lake  to  another, and deposition of phosphorus 
from  the  atmosphere  are  significant  sources in some lakes. 

.Cropland  was  the  major  source  of  nonpoint  loads,  especially in areas 
characterized by high  density  row  crops and fine-grained  (clay)  soils, 
particularly  northeastern  Ohio,  southwestern  Ontario  and  southern  Wisconsin, 
and where  insufficient  attention is paid  to soil conservation and drainage 
practices.  Nutrient  runoff  from  feedlots and other livestock operations  can 
contribute  significantly  to total phosphorus  loads,  especially in 
central-southern  Ontario  and  southern Wisconsin,. Other  agricultural  sources 
of phosphorus  pollution,  particularly  affecting local .areas,  stem  from 
improper or excessive  fertilizer  ZDplication,  including  the  spreading  of 
manure in winter.  A  large  proportion o f  the  nonpoint  phosphorus  loads, 
especially t.o lakes Ontario  and  Erie,  comes  from  urban areas, due  to  their 
large irnpervjous surfaces,  rapid  runoff  characteristics and large  quantities 
o f  loose  phosphorus-laden soil particles in such areas. The  highest 
phosphorus  contrihtions  per  unit o f  surface  area  are  from  lands  undergoing 
construction.  Except for Lake  Superior,  private,  non-sewered  waste  disposal 
system$ (e.g., septic tanks), forestry  operations  ova-  laroe  areas and 
atmospheric inputs a1 1 contribute  notable,  .but  overall, not  large  components 
of the  total  phosphorus  loads  to  the  various lakes. Other land uses  have 
minimal impacts. 

The  Commission  has  reviewed  questions  concerning  present  total  phosphorus 
loads  and the  proposed  target  loading  levels in the 1078 Great  Lakes  Water 
Quality  Agreement in order  to  assist  the  governments in determining  the 
quantities by which  phosphorus  loadings shou1.d be reduced in order  to  achieve 
desired  water  quality  or  other  conditions in the lakes as well  as the 
appropriate  strategies  for  meeting  these goals. Partly on the  basis of an 
interim  report from  its Task  Force on Phosphorus  Management  Strategies,  the 
Comission has concluded  tentatively  that  the  phosphorus loads contained in 
Table 5 with  this  Report,  represents  the  best  estimate  availableat  the  present 
time and should  be  used  as  a  basis  for  developing  phosphorus  control 
strategies.  With  respect  to  target  loads,  the  Commission  has  concluded 
(pending  a  further  report  from  its  Task  Force)  that  those  outlined in the 1978 
Great  Lakes  later  Quality  Agreement are generally  valid g o a l s  for  phosphorus 
reduction  proprams,  although  the  adequacy of the  target loads for  Lake  Erie 
and Saginaw  Bay  for  reaching  the  objectives  expressed in the  Agreement is 
questioned. A number of scientific  questions  relevant  to final policy 
decisions  renzin  to  be  resolved,  including  the  relative  biological 
availability o f  phosphorus  from  various land use  sources, and the  variability 
of  loads a n d  effects on the  lakes, both over  time and  between the  nearshore 
and open  water areas. 

Pollution  by  toxic and hazardous  substances  from land drainape is  an 
equal, if not greater,  concern in the  Great  Lakes  Basin  Ecosystem. 

: bproximately 2900 chemicals, including 2200 organic  compounds, are being 
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produced  or  used in the  Great  Lakes Gasin. About LOO organic cornpounds have 
been identified in the  Great  Lakes  ecosystem  including  many o f  the  compounds 
in the  above invent0r.y. Residuzl  levels of persistent  pesticide co;npounds, 
specifically DDT, aldrin-dieldrin and chlordane,  continue  to  appear in Great 
Lakes  biota,  although  their  use in the  Gasin has been  banned  or  severely 
restricted in recent  years. 

Unacceptable  levels  of  industrial  organic  compounds,  heavy  metals  and 
other  trace  elements  are  also  present in the  water of the  Great  Lakes.  Lakes 
Ontario  and  Erie  sediments,  particularly  those  adjacent  to  large  urban  areas, 
are highly  contaminated  with  PCBs,  which  represent an environmental  hazard 
because  they  are  exceptionally  stable and bioaccumulate  readily  through  the 
food chain in fish,  birds and human  beings.  While  they  have  been  used  in  the 
basin  for  over 40 years,  steps  to  ban  their  use  were  taken  only  recently. 
Hexachlorobenzine  and  Mirex  are  two  additional  hazardous  organic  compounds 
that  pose  environmental and health  problems. 

While  a  number o f  heavy  metals and trace  elements  were  identified  as 
present  or  potential  pollutants  of  the  Great  Lakes  System,  mercury and lead 
were  identified as being o f  greatest  concern.  Various  point  source  discharges 
o f  mercury  have  contaminated  the  sediments and fish of Lake St. Clair. 
Subsequent  control , O F  these  sources  has  resulted in encouraging  declines of 
mercury  to  the  extent  that  re-opening of the  Lake St. Clair  commercial  fishery 
is being  considered.  Substantial  inputs  of lead from  nonpoint  sources  such  as 
automobile  exhausts  have  produced  measurable lead concentrations in lake 
sediments.  While  concentrations o f  lead in Great  Lakes  fish  are  below t.he 
currently  acdeptable  guidelines,  further  studies  of  its  potential  for 
methylation  to  a  more  toxic  organic form may lead to revised  guidelines. 

The  input of sediments to the  Great  Lakes,  is  most  often  associated  with 
siltation and its  effects,  such as drinking  water  limitations,  aesthetics, 
siltation  effects  of  fisn  spawning  grounds and interferences  with  navigation. 
It has  more  recently  been  identified  witn  other  ecological  concerns. 
Sediments  function  as  botb  pollutant  carriers and as pollutant  traps.  Because 
as many as il million  metric  tons  of  sediments  from  agricultural,  urban  and 
forested  lands  reach  the  lakes  each  year,  they  play  a  significant  role in 
transporting  phosphorus,  metals and other  pollutznts  to  the  lakes;  on  the 
other  hand,  they  can  also  bind  toxic and other  pollutants  to  the  sediment 
particles  thereby  removing  the  pollutants  from  the  water itself. The  nature 
o f  .the  sediment-associated  pollutants and the  conditions in the  water  are 
important  factors in this  regard. 

!n addition  to  the  wide  array o f  toxic and hazardous  materials  that  reach 
t h e  lakes  from land drainage  sources,  many  pollutants  are  transported  to  the 
lakes via the  atmosphere.  Recent  investigations,  including  those  carried out  
by PLUhRG,  indiczte  that  substantial  amounts  of  phosphorus  PCBs and other 
pollutants  are  carried  to  the  lakes in this  mznner.  While  acid  rain so far 
h z s  had little  direct  effect  on  the  Great  Lakes  because o f  their  high 
buffering  capacity  (which  counteracts  the acidity), effects on vegetation 2nd 
~ ~ 2 1 1  lzkes in the Bas'n with low bufferin?  capacities  have  been  significant 
especizlly in upstzte Ne\.! York and the  Canadijn  Shield  area of Ontario. To 
the  extent that t hese  inland 1ak?s drain  into  the  Great  Likes,  continued  hish 
zcid'ity. .in  rzin  mav  ultimately  have  measurable  effects on at least SOIT? 
components  of  the  Great  Lakes  Ecosystem. 
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The  disposal o f  hazardous liquid and solid  wzstes,  annorated  by  the 
intense  industrial  activity in the Great  Lakes  "Dsin, is another  matter o f  
urgent and immdiate concern. kith the  recent  aDpreciation of the  magnitude 
of the  environmental and health  problems  zssociated  with the disposal of these 
wastes, it is being realized  that  adequate  treatment and disposal  regulations 
and facilities do not now  exist, nor has adequate  concern been directed at 
methods  to  reduce  the  generation of pollutants and to  dispose of such  wastes. 
The  Commission is also  aware  that  many old inactive but potentially  dangerous 
waste  disposal  sites  exist  throughout  the  Basin, and sees  the  problem of 
hazardous  waste  management as requiring  immediate  attention. 

COMPREHENSIVE f.lANAGEblENT STRATEGY 

The  Commission  believes  that  remedial  measures  required  to deal with  these 
and other  pollution  problems  should be identified and implemented  within  a 
comprehensive  management  strategy. A framework is required for ensuring 
comprehensive,  consistent and equitable  action  across  the  Great  Lakes Basin. 
There  are  various  components  to  the  recommended  framework,  which is an 
expansion of the  concept  recommended by PLUARG. As a  starting  point,  there i s  
value in adopting  a  basin-wide,  long-term  perspective  which  includes  taking 
account  of  the  impacts of  all o f  man's  activities on the  natural and 
socio-economi  c  systems.  This  concept has become  known as the  "Ecosystem 
Approach."  With  nonpoint  pollution,  perhaps  more  than  other  types,  seemingly 
simple  management  decisions  with  respect to the  many  diffuse  sources  may  have 
complex  ramifications  that, if not taken into account,  could  have  unintended 
consequences or even  result in the  failure of the  program  xonc2rned. It .is 
within  this  .perspective  that  the  Commission  outlines  a  tiered  system of 
developing  management  strategies,  plans and specific  remedies at all levels of 
jurisdiction.  Such  a  framework,  however,  should not delay  development and 
implementation of immediately  needed  remedial  measures. 

At  the  international  level, using Article VI of the  Great  Lakes h'ater 
Quality  Agreement as a  basis,  there is a need  for  a  clear  understanding 
concerning  the  goals and, general  nature o f  programs  required  to deal with 
nonpoint pollution. Within  this  mechanism,  each c0untr.y should  ensure  the 
development and/or strengthening  of  interjurisdictional  coordinating 
mechanisms  to  ensure  comprehensive,  effective  action  by  relevant 
jurisdictions.  The  third level .of coordination  required is between  the 
various  agencies  of  the  jurisdictions.  The  myriad of policies and programs 
b0t.h within and beyond  the  environmental  policy  area,  but  affecting  the 
actions of corporations. and individuals  contributing  to  nonpoint  pollution, 
have  generally not been well coordinated or necessarily  consistent.  Resulting 
gaps and conflicts in policies and programs, as well as funding and manpower 
constraints,  can  be  mininized  by  developing  a  more  cooperative  approach  to 
government.  This goal would be fostered  by  a  strong  mechznism  for 
inter-agency  coordination, and by reaching  clear  understandings on agency 
roles and responsibilities.  The  institutional  basis  for  such  coordination 
exists in all jurisdictions, but needs to be  strengthened and formalized. 
Established  institutions  might well be used for  this  process and for  the 
implementation of programs.  While  then  more  effective  use  may  be  desirable, 
this  should  not,  however,  inhibit  the  establishment of new  mechanisms if 
necessary. 

Within  such an institutional  environment,  hut  not  necessarily  waiting  for 
; it to  come  about  before any action is taken,  the  jurisdictions  can  set  about 
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developing  mznagement  plans  with  particular  reference  to  nonpoint  pollution. 
Priorities  should  be  established for  major  remedial  mezsures,  with  highest 
priority  to  areas in the  drainage  basins of the  lakes and lake  segments  having 
the  worst  water  quality  (Lakes  Erie,  Ontario,  Saginaw Ea.y and southern  Lake 
Huron)  and within  those  to  the  potential  contributing  areas  identified in this 
Report,  especially  the  hydrologically  active  areas  therein. 

On  the  other  hand,  certain  environmentally  sound  or  "best  management" 
practices  should  be  encouraged, or in some  cases  required,  throughout  the 
Basin. These  are  generally  low-cost  measures,  such as certain  soil 
conservation  practices  that  could  well  result in a  direct  economic  advantage, 
at least in the long  term. This  would, if widely  adopted,  assist in 
controlling  nonpoint  pollution,  while  not  bringing an undue  or  inequitable 
burden  on  any  group of land-owners  or  other  individuals. 

While  the  Commission  generally  endorses  the  pollutor-pays  principle, it 
believes  that  there is a  basis  for  exception  with  respect  to  small  farming 
operations  which  are  often  marginally  viable a s  well as  local  municipalities, 
which  form an important  part of our  two  nations'  social  and  economic  fabrics. 

With  major,  site-specific  measures,  the  cost-effectiveness of all 
alternative  remedies  should  be  assessed in order to select  the  best  approach 
both  within and between sites. The  Commission  notes  the  'paucity o f  data a n d  
even  meaningful  measurement  criteria  with  respect  to  the  socio-economic 
benefits and costs of controlling - or  failing  to  control - pollution in the 
Great  Lakes,  particularly  from  the  perspective o f  nonpoint  source  pollution. 
There i s  a recommendation,  therefore,  that  governments  initiate  a  program to 
assess  the  social and economic  implications of pollution  control  concurrently 
with  the  development o f  management  strategies. 

i .  

In the  review o f  specific  legislative  and  administrative  changes  that 
might  be  required  to  implement  remedial  programs,  the  jurisdictions  should 
consider  three  additional  elements: 

o The  value of using  and  improving  on  voluntary  programs  where 
practical,  rather  than  relying  solely  on  regulations,  should  be 
recognized. In order  for  this to be successful,  however,  a  greater 
effort  will  be  essential  to  develop  an.  informed  public  through  both 
general  education and technical  assistance.  The  Commission  provides 
a broad  outline  of  the  needs in this area. In some cases, horvever, 

. reaulation  will  still  be  required.  Three.  specific  instances 
identified in this  Report are the  prohibition o f  winter  spreading of 
manure on frozen  ground, the regu? at i on o f  sedircent runoff  from  new 
urban  development, and the  regulation  of  industrial  waste  management. 

o Adequate  legislation  and  mechanisms  for  implementing po.llution 
control  measures  cannot  be  effective if sufficient  funding and 
manpower is not  provided.  The  failure  to  appropriate  sufficient  (or 
any) funds snd/or necessary  manpower  have  been  commonly  experienced 
problems in environmental  programs  throughout  the  Basin's 
jurisdictions. 

o . While  basic control and coordination  should  be  maintained and 
strengthened at the senior levels of government,  thcre is 
considerable merit in delegating a laroe  degree  of  implementation 
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responsibility and managnent-planning  to  the local level. The 
provision  of  guidance and technical/financial  zssistance  will, 
however,  be  required.  Appropriate  mechanisms  for  such  partnership 
appear to exist in the  Conservation  Authorities in Canada, and the 
Section 208 planning  agencies, as well as Soil and Mater  Conservation 
Districts, in the  United States. 

Finally,  with  respect  to  the  Management  Framework,  there  will  be  a  need 
for  further  water  quality  monitoring, and review of the  overall  strategy, 
jurisdictional  management  plans and the  effectiveness  of  remedial  progams. 

SPECIFIC  RECOMMENDED  REMEDIAL  PROGRAMS 

The  Commission  reviewed  the  applicability  of  various  specific  remedial 
measures.  These  should  be  considered  within  the  context  of  the  proposed 
manaaement  strategy.  Their  implementation,  however,  should  not  necessarily 
await  the full development  of  this  strategy. 

For  phosphorus  control,  PLUARG  reviewed  various  scenarios and found  that, 
of the  measures  reviewed ' that  could  accomplish  target  loads,  the 
implementation  of  a 0.5 mg/L effluent  limitation on major  municipal  treatment 
plants  was  the  most  cost-effective  option of those  considered.  With  this 
effluent  limitation,  nonpoint  pollution  programs of varying intensi'ty would 
also  be  required  to  meet  target loads on  Lakes  Erie,  Ontario, 5aginaw  Bay and 
southern  Lake Huron. The  incremental  cost of further  reductions in 
conventional  treatment  plant  effluents  to 0.3 mg/L is high,' being  comparable 
to  some of the  most  expensive  agricultural  phosphorus  reduction  programs.  The 
Commission  believes  that  the  cost-effectiveness  estimates  for  nonpoint 

2 measures  establish  a  firm  basis  for  developing  remedial  strategies  for 
pollution  from land use  activities. It does not  consider it possible at th2 
present  time,  however, to  make  a  recommendation  on  controlling  municipal 
treatment  plant  effluents  to  a level of 0.5 mg/L. A  further  review  of its 
feasibility  throughout  the  Easin and of  alternative  mezsures is required.  The 
Commission's  Task  Force 'on Phosphorus  Management  Strategies is expected  to 
-address  this  issue in its Final  Report, and provide  the  basis  for  further 
Com;ni s s i  on  recommendat i ons. 

A number  of  agricultural  measures  deserve  the  attention o f  Governments in 
developing  management  plans  for both broad and site-specific  mezsures.  These 
measures  include  the  encouragement of sound soil conservation  practices,  which 
will usually  be o f  minimal  cost and may  even  yield  benefits  to  .individual 
farmers,  but  which  will  require  a  clear  demonstration of need  and technical 
zssistance.  Nore  intensive and expensive soil conservation  measures  are 
required in certain  hydrologically  active  areas  with  fine-grained  soils, 
possibly  also  requiring  financial  incentives.  Fertilizer  application  should 
be  the  subject o f  an effective  training and information  program  to back up  the 
technical  services now availzhle.  The  registrztion  process  of  fertilizers  for 
manufacture and marketing  should  take  environmental  criteria  into  account. 
k'inter spreading of manure on frozen  ground  should  be  prohibited, 
environnentally-sound  storage  measures  encouraged, and provision  made  for 
financial aid t o  affected  farmers.  The  application of sewage  sludge  and, 
effluents on lind requires  increased attention. 

Livestock  operations  may  require  regulatory  action  (lzrge  operations are 
' already  covered  under NPDiS in the United  States) if measures  cannot  be 
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developed to encourage  the  implementation  of  strict vo1untar.v guidelines. 
Existing procrams of this  nature  should be reviewed  to  ensure  their  adequacy 
with  respect to water  pollution. 

In the  urban  areas,  greater  attention  should  be  paid  to  the  water  quality 
aspects  of  erosion and stormwater  runoff  control.  Systems  for  their  control, 
using  natural  drainage  characteristics  where  possible,  should  be  required in 
all development  design. As these  concepts  have  not  been  widely  recognized, 
there  will be need for  further  education,  technical  assistance and financial 
incentives to local level planners and decision-makers.  Sediment  control  from 
new  urban  areas  under  construction,  on  the  other hand. should be required by 
regulation,  with  the  costs  incorporated  into  overall  development  costs. 
Governments  should  also  ensure  that  further  urban  expansion  does  not add to 
the  problem  of  combined  sewer  overflows. 

In older,  developed  urban  areas,  the  only  practicable  measures  for 
imediate implementation  may  be  reduction at the  source o f  pollutants  that  can 
be  carried t o  the  lakes by runoff  during  storms.  These  measures  include 
street  cleaning,  public  education  to  reduce  spills and intentional  disposal of 
toxic and oil-based  substances, and even  the  control  of  air  pol7ution. 
incentives  for  encouraging  the  use of non-leaded  gasoline  should  be  considered. 

Hazardous  waste  disposal,  particularly  concerns  relating . to  the 
identification,  transport and disposal of hazardous  industrial  wastes,  has 
become a najor and growing  area  of  concern.  Emerging,  programs  of  the  various 
jurisdictions  are  described in this  Report,  with  a  view to giving  guidance  .on 
some  shortcomings and strengths of the  various  programs to date. The 
Commission  recomnends  that  Governments  conduct  a  complete  inventory of waste 
disposal  sites in the  Basin, a determination o f  their  capability, and the 

j adequacy of their  regulation;  that  every  effort  be  made  to  reduce  generation 
of such  wzstes,  to  iientify  and  secure  abandoned  sites and to establish  safe 
disposal  sites  that  can  be  acceptable to the  public;  and  that  governments 
establish z compatible  manifest  system  between all jurisdictions  within and 
beyond the  Great  Lakes  Basin. 

Various  measures  for  tightening  the  prevention of pollution  from  sources 
having  mainly local impact  are  suggested.  These  measures  include  proper 
design,  location and maintenance of private  waste  disposal  systems. 
Government  control over forestry practices and mineral  extraction  operations 
is .generally  adequate,  but  may  be  inhibited by funding  and  manpower  shortages. 

Three  special  considerations  relevant  to  the  Reference, but not  strictly 
part of it, are noted by the  Comnission. As much of the  pollution  of  the 
Great  Lakes  results  from  a  waste  of  resources,  a  greatsr  and  continuing 
attention  should  be  directed  to  developing  a  conservation  ethic  among 
individuals,  municipalities and industry, and specifically  on  such  measures  as 
recycling,  resource  recovery, and conservation in the  content and use  of 
products.  Secondly,  there is environmental and social  value in preserving 
pririie agricu:tural lands,  since  more  marginal  lands  when  farmed  tend  to  create 
increzsed  pollution  runoff.  Thirdly,  land-use  planning and regulation  should 
recognize the values  of  wet1  and  areas , both as buffers  between  developed 1 ands 
and the  lakes, and as important  biological  habitats in their  own  right. 

Finally,  the  Commission  has  noted a number of subject  areas  requiring 
further  research.  The  pursuit of such  further  work  should not prevent Or 
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divert  attention  from  the early implementation o f  control action. iiather, tho 
Commission  suggests  the  concurrent  initiaLion o f  additional s t u d i e s  to  refine 
the  management  strategies  being implemented. 
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I. IKT2OOUCTION 

In October  1964,  the  Governments of Canada and the  United  States  directed 
the  Comission's  attention  to  certain  concerns  related  to  the  Lower  Great 
Lakes and requested  the  IJC  to  enquire  into  the  extent  of  pollution in Lakes 
Erie,  Ontario and the  International  Section  of  the St. Lawrence  River.  Should 
such  pollution be causing  or  likely  to  cause  injury  on  the  other  side  of  the 
boundary,  the  Commission  was  to  determine its causes and localities and also 
the  most  practicable  remedial  measures. . In 1970, after  a  six  year  study,  the 
Commission, in its Report  on  "Pollution  of  Lake  Erie,  Lake  Ontario and the 
International  Section  of  the St. Lawrence  River",  stated  that  the  advanced 
state of eutrophication in the lower Lakes  demanded  urgent  remedial  actions by 
the  two  Governments. It recommended  that  the  countries  enter  into an 
agreement on programs and meksures  to  implement  water  quality  objectives, and 
that  the  1964  Reference be extended to an investigation of pollution in the 
Upper  Great Lakes. 

Two  years later on  April 15,  1972, as recommended in the  Commission's 

signed.  Concurrently  with  the  signing o f  the  Agreement,  the  Governments  gave 
two  addjtional  Great  Lakes  References  to  the  Commission  for  study and 
recomnendations. 

5 - Report,  the  Canada-United  States  Great  Lakes  Water  Quality  Agreement  was 

In one  Reference,  the  Commission  was  requested  to  conduct  a  study of water 
quality in Lake  Huron and Lake  Superior  to  determine  whether  the  lakes  were 
being  polluted,  the  transboundary and downstream  effects of this pollution and 
the  localities  of  such  pollution and to recomnend  remedial  measures  where 
necessary,  or  preventative  measures  where  the  waters  are  of high quality.  The 
Commission  reported in May I979 that the  overall  water  quality  of  the  Upper 
Lakes is excellent, but that  there  are  many  sources o f  localized  pollution 
which  should be reduced or eliminated if the  existing  high  water  quality is to 
be  maintained.  The  Commission  recommended  a  policy  of  non-degradation in 
these lakes where  applicable as the long term goal for  the  preservation o f  
their  unique  values, in conjunction  with an offset  policy to permit  growth in 
the  basins  without  adverse  effect  on  water  quality.  This  offset  policy, 
applicable  only to substances  which are biodegradable,  non-toxic and 
non-cumulative, and based on  the  application  of  more  effective  waste  treatment 
and control  technology  or  alternative  production  processes,  would  permit 
future  discharges o f  such  substances  only  to  the  extent  that  the  receiving 
waters  can  accommdate  such  discharges  without  altering  existing  water 
quality. By contrast,  noting the impending  threat posed by toxic and 
h'azardous chemicals  (e.g. PCGs, DDT, mercury),  the  Commission  concluded  that 
no discharge  of  these  substances to the  environment  should be allowed  and, 
hence,  recomended  strict  control  over  the  production and handling of these 
types o f  non-degradable,  bioaccumulating  chemicals.  The Ccmrnission also 
recomxnded  .that  there  should be no production  or use of  materials  whcse 
escape  into  the  environment is inevitable  because o f  their  nature  or use. 
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The  second o f  the  two 1972 Great  Lakes  References  directed  the  Commission 
to  investigzte t h e  question o f  the  pollution o f  the  Great  Lakes  from  various 
land use  activities.  The  Commission’s  answers to the  following  Reference 
questions,  the  full  text of which  appears in Appendix 1, form  the  basis  of 
this  report. 

(1) Are the  boundary  waters of the  Great  Lakes  System  being  polluted by 
land drainage  (including  ground and surface  runoff and sediments) 
from  agriculture,  forestry,  urban  and  industrial land development, 
recreational and park land  development,  utility and transportation 
systems and natural  sources? 

(2) If the  answer to the  foregoing  question is in the  affirmative,  to 
what  extent, by what  causes, and in what  localities i s  the  pollution 
taking  place? 

(3) If the  Commission  should  find  that  pollution o f  the  character  just 
referred to i s  taking  place,  what  remedial  measures  would, in its 
judgment, be most  practicable and what  would  be  the  probable  cost 
thereof? 

The  Commission  was  requested  to  consider  the  adequacy of existing.programs 
and control  measures  relating  to  nonpoint  sources and pollutants and the  need 
for  improvements  thereto  relating  to  each of the  sources  potential, and to 
identify  d?ficiencies in technology and recorninended corrective  action  where 
necessary. 

The  earlier 1964 Reference  on  the  pollution o f  the  Lower  Great  Lakes, and 
’ the 1972 Reference  on  the  pollution of the  Upper  Great  Lakes  (Huron  and 

Superior)  concentrat2d  on  the  water  auslity of the  lakes, and on  solutions 
which t e n d d  to  address  point sourc?s o f  pollution.  Nonpoint  sources  were 
recognized  but  not  analyzed in detail.  The  Reference  on  pollution of the 
Great  Lakes  from land use  shifted  the  focus  to  a  study of these  nonpoint 
.sources, and thereby  to  the  direct  impact on Great  Lakes  water  quality of many 
dispersed  actions,  through  various  rural  or  urban land use zctivities,  rather 
than  the  more  institutionalized  and  identifiable  point  sources of pollution. 
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11. THE STUDY  PROCESS 

The  International  Reference.Group  on  Pollution  of  the  Great  Lakes  from 
Land  Use  Activities  was  established in November 1972 to assist  the  Commission 
in responding  to  the  Reference. The group,  consisting of nine  Canadian and 
nine  United  States  members,  was  instructed to carry  out  the  necessary  studies 
according to the  terms o f  the April 15,  1972  Reference. 

After establishing  the  Pollution  from  Land  Use  Activities  Reference  Group 
(PLUARG),  the Cornmission held  a  series  of  pre-study  public  hearings in 
December  1972 and January  1973.  The  main  purpose o f  the  hearings was to 
acquaint  interested  persons and organizations in the  Great  Lakes  Basin  with 
the  study  plans and to  receive  suggestions and water  quality  information  which 
might  be o f  assistance to PLUARG in the  conduct o f  i t s  investigations. 

Most o f  the  testimony  received  by  the  Commission  highlighted  local 
pollution  problems of which  the  Commission and members of PLUARG  were  already 
aware. Nevertheless  the  hearings  were  beneficial in corroborating  problem 
areas and indicating  to  some  extent  the  pollution  problems t;;zt were  then of 
the  greatest  concern  to  people  living in various  parts of  the  Basin -- urban 
growth,  erosion/  sedimentation, and agricultural  runoff. . .  

Detailed  plans  for  binational  study  were  developed i n  early 1973 and 
updated in 1976.  The  following  major  tasks  or  activities  were  conducted 
during  the  course  of  the  study: 

(A) Task  A - An assessment of the  current  state o f  the  art,  including an 
assessment o f  problems,  management  programs and effects  of  present 
land use  activities,  from  the  best  information  available, on water 
quality in the  Great  Lakes,  the  legislative and institutional 
framework,  existing and alternative  remedial m.asures, and the 
probable  costs  of  remedial  measures  applied  to  problem  areas 
affecting  Great  Lakes  water  quality. 

( B )  Tzsk B - An inventory  of  major and speci a1 ized land  uses and land  use 
practices in the  Great  Lakes  Basin,  with  emphasis  on  certain  trends 
to 19SO and t o  2020 where  appropriate. 

(C) Tzsk  C - Intensive  studies  of  a  small  number  of  representative 
watersheds,  selected and conducted  to  permit  some  extrapolation of 
the  data to the  entire  Great  Lakes  Basin in order  to  evaluate  the 
extent,  causes and localities o f  pollution  from lznd drainage. 

(D) T ~ s k  D - An assessment o f  the  degree o f  impairment to Great  Lakes 
water  quality  resulting  from  land-derived  source o f  pollution. 

The need for  widespread  citizen  input to the program  to aid in identifying 
puSlic.concerns and practiczble manzgclnent strategies led PLUARG  to  initiate a 
new  approach in public participstion. Nine public  consultation  panels in t h e  
United  Statos and eight in Ontario  were  established in the  autumn o f  1977 to 
provide for- this  purpose.  Individual  panelists  wkre  selected to be as 
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representztive as possible  of  the  public in the  Great  Lakes Gasin. Each 
panel,  after  discussing  the  environmental,  social and economic  aspects  of  the 
study,  submitted a report to PLUA2G containing its views and recomnendations. 

In addition,  each panel was  given  the  opportunity  to  provide  input  into  the 
drafting  of the PLUARG  final report. The panel reports  included  broad 
recornendations  for  Great  Lakes  clean-up plans. In general,  they  recommended 
that  uniform  water  quality  standards, based on  recommended IJC objectives,  be 
established and implemented  for  the  Great  Lakes.  The  panels  called  for  broad 
based environmental  educational  programs,  clarification of public  review 
process,  including public funding and class  actions in .courts  of  law; 
streamlining and enforcement  of  existing  legislation;  public  access  to 
government and private  research;  a  stress  on  prevention  of  pollution  rather 
than  treatment; and the installation  of  the  conserver  society ethic. These 
recornendations  were  taken  into  account in the final PLUARG  Report and in the 
writing o f  this Report. 
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111. PUBLIC HEARING ISSUES 

The  International  Reference  Group  on  Pollution  from Land Use  Activities 
(PLUARG) completed its assessment of the  extent and source  of  pollution  of  the 
Great  Lakes  from land use activities and submitted  its  final  report  io  the 
Comission in July  1978.  Public  hearings  were held in  November and December 
'of 1973 at various  locations  wthin  the  Great  Lakes  Basin to obtain  public 
reaction  to  the  PLUARG  Report.  Shortly  before  the  hearings,  information 
meetings  were  arranged to familiarize  citizens  with  the  results  of  PLUARG's 
work . 

Hearings  were held in Buffalo,  New  York;  Cleveland,  Ohio;  Chicago, 
Illinois;  Sheboygan, h'isconsin; Duluth,  Minnesota;  Thunder Eay, Ontario; 
Toronto,  Ontario;  Kingston,  Ontario;  Chatham,  Ontario;  Lansing,  Michigan; and 
Sault Ste. Marie,  Ontario;  in  November  and  December o f  1978. 

A  variety of issues were  addressed and considerable  attention  was  focused 
on  the  following areas: fiscal  arrangements;  voluntary  versus  regulatory 
measures;  control  strategies;  institutional and legislative  questions; 
phosphorus;  toxics. A summary of comments  directed to  these general topics 
I'u I lows. These  represent an overview of pub1 ic concerns  expressed  at  the 
hearings,  some of which  contradicted  PLUARG  findings. 

(1) Fiscal  Arranaements 

It was obvious  that  there was a  strong  public  desire  to  see  the 
implenentation of programs  to  clean up pollution.  Indeed,  few  people 
questioned  the need for  nonpoint  source  pollution  control  efforts. blany 
people,  however,  were  also  seriously  concerned  about  how such programs  would 
be  managed and funded. Because  PLUARG's  recommendations  were  seen as having 
major  cost  implications,  many  people,  particularly  those  from  the  farming 
community,  said  they w r e  unable  to  afford  the high investment  required  for 
remedial  mezsures.  Substantial  compensation, in the  form of subsidies,  was 
seen as being necessary  to  encourage  farmers  to  participate i n  programs 
involving  considerable  costs. 

Some  municipal  officials  representing  their  jurisdictions  stated  that  the 
implenentation  of  remedial mc?asures would  be  a  major  financial  burden and 
could  jeopardize  other  urban programs. I n  view of scarce  financial  resources 
at the local level management plans for  new  environmental  programs  must 
carefully  weigh  the  associated  costs and the avai 1 ability  of  funds  before  such 
programs are implemented.  These  witnesses  recognized,  however,  that  certain 
programs are required in areas  where  pollution  impacts  are  severe and may  soon 
be  irreversible. 

It was  generally  recognized  that  success in pollution  control will require 
a. commitment  from all levels  of  government and may  require the alteration o f  
existing  program  priorities. In order to ensure  effective  implementation and 
adequate  funding,  overall  coordination and monitoring o f  all programs  should 
be left in the hands  of  senior  governments.  At  the  same  time, local 
governments  should be given  adequate  finances to implement  remedial  measures 
in their  respective  jurisdictions. 
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/i preference  for  voluntary  implementation of remedial  measures  rather  than 
more  regulation,  was  frequently  expressed.  Regulations  should  be  used  only 
where  cooperative  participation is not  forthcoming  or  effective (e.g. certain 
aspects  of  toxics  control).  Many  farmers, it was  noted,  are  already 
implementing  conservation  practices and should  be  given  the  opportunity  to 
voluntarily  implement  other  programs. 

The  contrary  view  was  also  frequently  expressed,  that  is,  a  reliance  on 
voluntary  controls  would  be  ineffective, and that  specific  control  measures 
and their  enforcement  were  necessary to ensure  the  resolution of nonpojnt 
water  pollution  problems. 

( 3 )  Control  Strateaies 

Two  basic  options  suggested  were that: 

(a) a  selective  approach  be used to  identify and concentrate on only the 
most  critical  problems;  or 

( b )  all areas  be  treated  uniformly. 

In considering  the  above  options, it was  noted  by  some,  that  the  immediate 
implementation  of  new and costly  nonpoint  programs  would be unwise  without 
knowing  the  results  of  meeting  point  source  targets.  Therefore, . i n  
incremental or selective  approach  would be better.  Experimental  remedial 
programs  should  be  tested  selectively before embarking on extensive  unproven 
programs. . 

A counter  argument  of  other  individuzls,  proposed  equal  treatment  for all 
on  the  basis  that  requiring  remedial  action on the  part  of  one  individual b u t  
not  another  was  unfair.  The  "equal  treatment  for  all"  approach,-  by  avoiding 
incentives at a  later  date  for  those  who  choose  not  to  participate  initially 
on  a  voluntary  basis  would  thus  not  penalize  those  who  lead in pollution 
control. 

It was often  sugaested  that  the  elements of any  successful  strategy  should 
include  the  identification of  all major  contributing  areas o f  nonpoint 
pollutants, long term  planning and management,  research and public  education. 

(4) Institutional  zqd  Leqislative  Questions 

While  there  was  general  agreement  that  some lead agency  or  ag2ncies  should 
be  given  the  mandate to develop a coordinated  approach  involving all 
jurisdicticnal  levels,  there wzs disagreement  over  the  assignment of this 
function. Some said  that the federal  governments must take  the lead by 
setting n5nimun standsrds, and  also by assuming  jurisdiction if  the  various 
states on t h e  United  States  side, and Ontario  an  the  Canadian  side fzil t o  
act.  Although  Ontario i s  only i n  the  early  stases  of  developing  plans to cope 
with  nonpcint  sources o f  pollution, it hzs the  necessary  legislative  authority 
within  which  administrative  regulatory  action  can be taken. 

Occasionally  witnesses  called  for the IJC to  provide overall long  term 
coordination, and to zssign  duties to existing  agencies  ratner  than  creating 
new  ones. In opposition. to this  view  was  the  suggestion  that an independent 



body be  given  the task of  assuming the responsibility to monitor and 
coordinate  the  PLUARG  implementation program. 

A number of statements by members of the public  indicated  that  there is a 
lack of  confidence in existing  institutions and legislation.  Because  existing 
pollution  control laws are  often not implemented, it was  stated  that  there is 
a need to  evaluate all existing  legislation and programs.  Better  planning 
mechanisns and information  are needed to  improve  the  competence  of  agencies at 
the  local,  state and provincial levels. On the  other  hand,  some  programs, 
such as the  United  States  Section 208 program,  were  noted as having  a  firm 
planning  approach but were  inadequate at the  implementation  stage.  The 
inability  of  governments to  deal  with the  large  backlog of issues,  often  seen 
as a  relaxation o f  enforcement  efforts, not only  inhibits  pollution  control 
but  also  undermines  the  morale  of  citizens  seeking  stricter  enforcement. 

Other  concerns  expressed  were  that  stronger and more  specific 
recommendations  than  those  submitted by PLUARG  are  needed  for  legislative and 
management  changes. To be  successful,  these  will  need  the  backing of adequate 
funding and personnel. 

(5) Phosphorus 

On several  occasions  people  questioned  PLUARG's  estimate of phosphorus 
inputs to the  Great  Lakes  from  nonpoint  sources, and the  method  used to derive 
the phosphorus  target  loads in the 1975 h'ater Quality  Agreement.  More  studies 
to clarify  the  phosphorus  ambiguities  were  recommended by a  number of 
witnesses.  The  role o f  phosphorus  from  farm  fertilizers as a  major  source of 

i plant  nutrients  was  questioned by some  members o f  the  agricultural  community 
on  the  basis  that  phosphorus  adheres  to  soil  particles and as long as it 
remains  immobile in the s o i l  it is unavailable  to  aquatic plants. It  was 
argued  that  the  phosphorus  that  ultimately  reaches  the  lakes  would  still  be 
fixed to sediment and would not remzin in suspension  for  any  significant 
period of  time, and heqce  would  remain  relatively  unavailable  to  aquatic 
plants.  PLUARG's  estimate o f  available  phosphorus  from  tributaries  was  also 
questioned as being  based on insufficient  data and inadequate algal biozssay 
techniques. 

Some of the  comments on phosphorus  were  directed to specific 
jurisdictions.  Ohio  was identified as  an important  sDurce  of  agricultural 
phosphorus and sediments. It was also urged that  Ohio  should  legislate  a 
reduction in its detergent  phosphates  to  the level that has been  adopted. by 
other  states.  That  Canadian  detergent  phosphate  regulations  also  be  tightened 
to 0.5 percent by weight  was viewed by the  industry 2s being unsupportable 
given that  only a small  proportion  of  the  total  detergent  phosphorus 
contributed  to  the  lakes  originates  on  the  Canadian side. The  adequacy of 
Ontario  programs  for  controlling  livestock  wastes and agricultural  runoff  was 
also  questioned in sone  areas. 

Some  municipal  officials  commented on the  recommendation  that  there  be  a 
further  reduction of the  phosphorus  effluent  target  level  from 1 mg/L  to 0.5 
mg/L. They  sugg2sted t i ~ a t  no  further  reduction  of  point  source  phosphorus be .  
contemplated uriil the  effectiveness of existing  programs is determined and 

. its practicability  further  demonstrated.  Other  witnesses  favoured  further 
reductions in effluent  levels as soon as possible. 
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(6) T o x i c  and iizzardous Substances 

With  the  recent  Love  Canal  incident  fresh in the  mind o f  the  public, 
. considerable  attention at the  hearings .was given  to  the  toxics  problem jn the 

Great  Lakes.  Love  Canal  was  not viewed as an isolated  event,  but an event 
which  could  occur in other  locations if the  disposal  of  toxic  wastes  was 
uncontrolled.  The  existence o f  many  inadequately  regulated  dumps  was  given as 
evidence  that  the  toxics  problem  demands  immediate  attention. In the  opinion 
of some,  the  lakes  may  now  be in a  more  precarious  state  than  ever  before 
because of contamination by toxics in spite  of  the  introduction  of  recent 
pollution  control  programs. 

Some  criticism  was  directed at the  PLUARG  Report  for  concentrating  too 
heavily on the  phosphorus  issue, and for not closely  scrutinizing  the  problem 
of toxics. It was  proposed  that  this  weakness  could be remedied  with  specific 
IJC recomnendations  to  expand and improve  toxic  sampling  programs and efforts 
to  identify  the  health  effects of toxic  residues  on  humans. 

Industrial  discharges,  inadequate  sewage  treatment  facilities,  airborn 
pollutants  (e.g.  PCGs)  urban  stormwater  runoff,  and  new  pesticides  were 
variously  identified as sources  of  toxics  which  enter  the  lakes and eventually 
contaminate  the  lakes and their  resources.  Solutions  recommended  to  cope  with 
these  problems  included  more and better  surveillance  efforts,  the 
establishment  of  methods  to  control the handling and disposal of all 
contaminated  materials and expanded  research  efforts  ranging  from and 
examination  of  the  contribution of asbestos  to  Lake  Superior  through  various 
land  uses  to a search  for  the  source of heavy  metals. 

Private CJaste Disposal and Landfi 1 I s  

Most  problem  associated  with  private  wzste  disposal and landfills  were 
seen 2s being  primarily local in nature  requiring local solutions. , Many of 
the local laws and regula,tions governing  landfills,  deep  well  disposal,  septic 
tank  control and the  operation of sewage  treatment  plants  were  seen as being 
inadequate and in need of  upgrading. 

Non-sewered  waste  disposal  was  seen by several  witnesses as a  serious 
problem, since a b o u t  20% o f  thz Great  Lakes  population  uses  septic  tanks and 
drain  field  systems.  Up  to 30% of sucn  installations  may be faulty, and thus 
may be an .important  source  of  phosphorus  to  the  lakes.  Increasing  density of 
residential development' in non-sewered  areas,  especially in recreational 
arezs,  was held  to be a major  component  of  this  problem. 

(8) Heavy  Metals 

Although  referred to on  only  a  few  occasions  throughout  the  hearings,  lead 
wzs seen in terms  of  being  a  "pollution  time  bomb".  One ~ ~ j t n e s s  suggested 
that  tnsre is an urgent need to  develop  a long term  view of the  risks  of all 
heavy  metals.  The  distribution of some  heavy  metals,  such as lead, does  not 
follow the expected or predicted  distribution  bzsed  on  the  level o f  its use  by 
man and this  further  complicates  the  identification and control  of  their. 
sources. 

In response to questions  raised at the  Public  Hearings,  PLUARG  provided 
the  Commission  with  supplementary  reports in  biarch and June, 197: which  were 
utilized by the Commission in the  preparation  of  this  Report.  The  reports  are 
available on request  from  the  Commission. 
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JV.  THE  COMMISSION'S  CONSIDERATIONS  AND  CONCLUSIONS 

FROM LAND  USE  ACTIVITIES 
REGARDING  THE  CAUSE  AND  LOCATION OF POLLUTION 
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I\'. THE COt~JlISSIOt4'S CONSIDERATIONS At49 CO~4CLUSIOi~S  REZARDING THE CAUSE  AND 
LOCATION OF POLLUTION FR0i.i  LAt4D USE  ACTiVITIE5 

The first  Reference  question asked by the  Governments of the  Commission 
was to determine  whetner  the  boundary  waters  of  the  Great  Lakes  System  were 
being  polluted by land drainage.  The Comission agrees  with  PLUARG's  general 
findings  that  the  Great  Lakes ,?re being polluted  from  land  drainage  sources by 
phosphorus,  sediments,  a  number of industrial  organic  compounds and pesticides 
and,  potentially,  some  heavy  metals. 

The  Commission  also  agrees in general  with  PLUARG's  findings in answer  to 
the'  second  question o f  the  Reference,  namely,  the  extent,  causes and 
localities  of  pollution  from land use  activities.  The  localities  generally 
coincide  with  the  areas  of  greatest  agricultural and urban land use. The 
quantities  of  pollutants  from  these  sources  vary  across  the  Basin,  depending 
on a  number  of  factors.  Some  special  problems,  including  landfills,  septic 
systems,  forestry and atmospheric  pollution  were  also  identified.  The  major 
concerns  regarding  the  identified  pollutants  associated  with land .'drainage 
sources  are  highlighted below. The  Executive  Summary of the  PLUARG  Report, 
including its conclusions and recornnendations, is contained in Appendix 2. 
More  details are available in PLUARG's Final Report,  Environmental Manaaernent 
Strateay  for  the  Great  Lakes  System,  (Appendix 111, No. 001) and the 
supporting  Technical  Reports  listed in Appendix 111. 

1. PhosDhorus 

The  inflow of phosphorus  to  the  Great  Lakes  has  been  a  focus of concern 
.for many  years. A report by the  International  Joint  Commission in 1970, 
Pollution o f  Lakes  Erie,  Ontario and the  International  Section of the St. 
'Lawrence River  idenxified s?vere phosphorus  pollution o f  the  Lower  Great 
Lakes. The  control  of  phosphorus  .was  a  primary  focus  of  the 1972 Great  Lakes 
h'ater Quality  Agreement, and continues' to be an important  component of the 
1978 Great  Lakes  Water  Quality  Agreement.  The  quantification  of  actual  loads 
and. target  loads, t h e .  relative  contribution  from  various land uses, and 
appropriate  remedial  strategies  for  controlling  phosphorus  occupied  much  of 
the  attention  of  the  PLUARG  study. 

The  basis  for  this  concern is the role  of  phosphorus as  an aquatic  plant 
nutrient, and hence as a  critical  factor in the  process  of  accelerated 
eutrophication.  Eutrophication is a natural  aging process  comnon  to all 
lakes,  whereby  they  become  filled  naturally  with  sediments and organic 
materials  which  enter  from strems draining  the  surrounding  watershed, and 
from  atmospheric  izllout 2 s  well 2s f rom primary  production  of  aquatic  plan15 
(alaae,  macrophytes)  occurring  within  the  water body. Tne  natural 
eutrophication  .process has a  geologic  time  scale. 

Man's  activities in a wat.rshed, however,  can  greatly  increase  the 
quanti  tics  cf  phosphorus and other  materials  entering  a  water  body, and 
thereby  can  greatly  accelerate the eutrophication  process.  This  situation i s  



usually  designated as "cultural  eutrophication",  to  distinguish it frcm  the 
natural process.  Cultural  eutrophication is caused by nutrient  inputs, 
especially  phosphorus of sufficient  magnitude  that  the natural assimilation 
capacity of a  waterbody, is exceeded.  The  excess  nutrients  produce  excessive 
or  nuisance  growths o f  algae and other  aquatic  plants  which  interfere  with 
man's  use  of  the  water.  The  process  can  also  produce  fundamental  changes in 
the  chemical  balances of a  water  body, as well as changes in the  biologic21 
comunities.  Desirable  species  of  fish and algae  may be replaced by less 
desirable  species  able t o  compete  more  efficiently  in  nutrient-rich  water 
bodies. In extreme  cases,  decay of excessive  algae  growth  can  produce  oxygen 
.depletion in bottom  waters,  rendering  them  devoid  of  fish life. 

. .  

The  role  of phosphoru; in this process, is that it  is generally  the 
nutrient in the  Great  Lakes  which acts as the  constraining  or  limiting  factor 
o n .  aquatic plant growth.  Thus, if phosphorus  inputs  to  the  lakes  are 
controlled, so then is the  growth and decay of aquatic  plants, and hence  the 
extent  of  eutrophication. 

Changes  resulting  from  cultural  eutrophication  usually  produce  a 
deterioration  of  water  quality,  which  can  greatly  hinder  the  use  of  the  water 
for  domestic and industrial  water  supplies,  for  irrigation and .for 
recreational  purposes,  such as swimming and boating.  While  the  socio- 
economic  impact of these  effects has not been studied in sufficient  detzil  to 
quantif%y  its magnitude,  there is adequate.  information  from  case  studies, 
exp::rIerlce, and  scientific  knowledge  of  the  extent of eutrophication and i t s  
impact,  to  show  this  problem  deserves  the  concentration and continued  efforts 
of Governments in further  controlling  the  input of phosphorus  to  the  Great 
Lakes  System, so as to  alleviate  problems  associated  with  eutrophication.  The 
ultimate  extent of control  efforts  required  or  feasible is somewhat  uncertain, 
however,  'pending  the  evaluation of present and desirable  phosphorus  targ2t 
loads  and  their  implications  for  management  strategies.  The  remainder .of this 
section  addresses  the  current  knowledge of present (1976) phosphorus  loads, 
target  loads, and specific  sources of phosphorus  pollution. 

It is enphzsized  that  the  terms Ynajorll and "minor" as applied in this 
report to the quantities or effects  of  pollution  from  various  sources  are used 
in a  generzl  qualitative  sense  only to convey  orders of magnitude  with  respect 
to  whole-lake  effects.  They  should not be construed, in themselves, as a 
designation of ultimate  importance cr significance  with  respect  to  the  need 
f o r  remedial masures. Other  factors are also  part of. this  determination, 
including  remedial  costs,  implementation  practicability, local water  quality 
imglications,  indirect  benefits and equity, as will be  discussed in Chapter V. 

(A) PHOSPHORUS  LOADS  TO  THE  GREAT  LAKES 

As part of its efforts,  PLUARG  .provided an estimate  of  the  United 
States and Canadian  phosphorus loads  to each  of  the  Great  Lakes, as well 
as the  InternJtional  Section of the St. Lawrence  River.  Because  most  of 
PLUARG's  detailed  studies  on  tributaries  were  conducted  during  the  mid 
1 9 7 0 ' ~ ~  the  estimates of present loads to the lakes is for  the  year 1976. 
These  estimates are presented in Table 1, by major  type of source: t h e  
"traditional"  point  sources  (municipal and industrial  effluents), and the 
nonpoi nt including " 7  2nd use"  sources  of  phosphorus.  The 1 and use  ,sources 
are conveyed to the lakes by natural runoff to tributaries,  ditches, 
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(Metr ic   tons)  

UNITED STATES 

Municipal STP's 201  2,498 32 5 6 , 5 7 3  1,.581 
Indus t r i a l  33 279 112 
Land use 76 9 1 ,891  1 ,564   6 ,675   2 ,169  

63  
183 51 0 

659 

Sub Total 1 ,003 4 ,668   2 ,001   13 ,431  . 3,801  722 

CANADA 

C'lunicipal S T P ' s  
Indus t r i  a1 
Land use 

67 
102 

1 , 4 6 9  

190 255 1,234 
0 164 51 

880 1 ,770  1 ,412  

84  
42 . 

88 

Sub Total 1 , 6 3 8  - 1,070 2,189  2 ,697  214 

BOTH COUKTR I ES 

riunicipal  STP's 268 2,  498 515 6 , 8 2 8  2,815  14 7 
Indus t r i a l  135 279 122 347 102  42 
Land use 2 ,238  1 , 8 9 1  2 ,442  8 ,445  3,581  747 
Atmospheric' 1,566 1 ,682  1 ,129  7 7 4  488 - 
Load irom 

Upstream Lakes' 657  1 ,070  4 ,769  4 ,545 

TO TAL 4 ,207  6 , 3 5 0  4 ,857   17 ,474   11 ,755   5 ,481  

hlotes : 

1. These  estimates d o  nct  include  internal  phosphorus  loading  from  lake 
botton  sediments.  The r o l e  of sediments 2s a source  and/or  sink  for 
phosphorus a n d  o ther   mater ia l s   i s   p resented   in .  a fo l lowing   sec t ion .  
Load es t imates  do n o t  include  phosphorus from shore l ine   e ros ions  
which,   while   substant ia l   in   quant i ty ,   i s   pr imari ly   in  a form t h a t  
does n o t  con t r ibu te  t o  eu t rophica t ion .  

2 .  Loads  from atmospheric a n d  ups.treak  sources  which  were n o t  a t t r i b u t e d  
t o  e i t n e r   s p e c i f i c   c o u n t r y .  

3. Individual  lake  loads are  n o t  add i t ive  t o  a basin t o t a l  due t o  the  
inc lus ion  of  con t r ibu t ions  f rom upstream  lakes. 



groundwzter,  storm  sewers,  or as combined  Sewer  OVerflOwS, 2nd are  usually 
associated  with  various land use  activities. A portion of  nonpoint 
phosphorus  enters  the  Great  Lakes  System  via  the  deposition of this 
substance  from  the air. 

The  sources  of  phosphorus  entering  the  Great  Lakes, and their 
relative  importance  vary  considerably  between  the lakes. Phosphorus loads 
were  estimated  for  point and nonpoint  sources,  distinguishing  between 
those  entering  the lakes directly  from  their  shores,  and  those  passing 
first  through  tributaries  prior to entering  the  lakes. 

In all cases,  the  contribution  of  phosphorus  from land use  sources 
was substantial.  Except  for Lake. Nichigan,  this  component  of total 
phosphorus load was  greater  than 'the load from  municipal  wastewater 
treatment plants. The land use sources  ranged  from  about  half of the 
total load to  Lakes  Superior,  Huron and Erie  to  about  one-third of the 
total load  to Lakes  Michigan and Ontario in 1976. 

The  magnitude o f  the  sources  of  phosphorus  must  also  be  examined i n  
view o f  the land use  activities  which  produced  them.  Table 2 presents  a 
compilation  of  the  major  land uses in the  Great  Lakes Basin. 

Comparison of Tables 1 and 2 shows  that  the lakes receiving  the 
largest  phosphorus  loads  are  generally  those  with  the  greatest  degree of 
~ ~ . h m  and agricultural  development in their  basins,  relative  to  their 
s i z e .  This  illustrztes  the  concept o f  the  "unit  area  load"  (the  quantity 
of phosphorus  or  other  pollutants,  generated  per  unit  area of land). For 
example,  the  large  heavi  ly-forested 'areas, such  as  most of the  Lake 
Superior  Basin,  contribute  less  phosphorus  to  the l'akes than  smaller  areas 
of urban and agricultural lands. This is because  the  quantity o f  
phosphorus  generated 'per unit  area of forested land is considerably  less 
than  that  produced  per  unit  area of urban and agricultural land. The 
basins  with the lzrgest  areas in agricultural and  urban  land uses  also 
have  the  largest  inputs  from  municipal  wastewater trea'ment plants. 

In addition to the  lznd-derived  nonpoint  contributions,  phosphorus 
also  enters the lakes  through  atmospheric  deposition, both directly to the 
lakes and to their  drainage basins. The  PLUARG  study  results  indicate 
that  atmospheric  pollution is relatively  significant  source  of  phosphorus 
in the  Upper  Great  Lakes (Superior, Micnigan, t - luron) ,  Sut o f  less  relative 
importance in the  Lower  Lakes,  due  to  the  very  large  inputs  from  other 
sources in their  basins 2s well as to  their  smaller  drainage  areas. 

While  most of the  phosphorus  entering  a  lake is retained  within  the 
lake by sedimentation and other  processes, some phosphorus  from  each o f  
the  Great Lakes i s  transferred to the  downstream lakes by way  of  the 
interconnecting  channels.  The  upstream  lake  loads  -are of particular 
importance to Lake  Ontario and the  International  Section o f  the St. 
Lawrence River. (41 and 83%, respectively, of their total loads  excluding 
shoreline erosion). The  upstream load from  Lake  Huron  constitutes  about 
six  percent o f  the Lake Erie  input. Thus,  measures  taken  to  control 
phosphorus  upstream  could  have  measurable  effects  on the quality of these 
waters.  PLUARG  data  for 1976 (Table 1) indicate that 22% of the  Lake 
Huron  load, 27% of the  Lake Erie load and 39% o f  the  Lake  Ontario l o a d  
passes  downstream. 
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TA3LE 2: R A J ? ?  LAND USES IN THE GREAT LAKES SASIN AND THEIR  CONT2IGUTION 
TO DIFFUSE TRIBUTA2Y PHOSPHORUS LOADS 

LAK t L A K t  LAK t LAK t LAK t IUlCIL 
SUPERID? MICHIGAN H U R O N  ERIE ONTARIO BASIN 

" 

TOTAL L A N D  A R E A  ( t h o u s a n d   h e c t a r e s )  

U n i t e d  S t a t e s  
C a n a d a  

T o t a l  

4 , 400 
9,459 

11,741  4,192  5,559  4,577  30,469 
0 8,694  2,318  2,950  23,421 

13,859  11,741  12,886  7,877  7,527  53,890 

U R B A N  A R E A  AS % OF TOTAL L A N D  A R E A  

U n i t e d   S t a t e s  
C a n a d a  

1 
1 

3 - 3 
1 

11 
4 

4 
16 

4 
2 

T o t  a 1 1 3 

12 

2 

12 

9 

21  

4 

19 

3 

% of Tributary 
Diffuse Load 7 

CROPLAND A R E A  AS X OF TOTAL LAND A R E A  

U n i t e d   S t a t e s  
C a n a d a  

1 
1 

12 - 16 
6 

35 
51 

9 
13 

15 
9 

T o t  a 1 12 

64 

9 39 11 12 

% of T r i b u t a r y  
. Difftzse Load 6 1  61 55 

PASTURE A R E A  AS % OF TOTAL L A N D  A R E A  

U n i t e d   S t a t e s  2.6 
C a n a d a  - 1  

16 
29 

11 
36 

21  

11 

11 
13 

11 
- 9 

15 

T o t  a1  1 11 13 20 12 

4; of Tributary 
Diffcse Load 3 7 7 5 

FO3EST A R E A  AS 2 OF TOTAL L A N D  A R E A  

U n i t e d   S t z t e s  
Cz;zda 

85 
99 

50 - 48 
74 

1s 
15 

64 
43 

5 1  . 
74 

T o t  a1 94  50 66 17 56 6 1  

% cf Tributary 
Diffcse Load 74  3 11 1 3 



(5) P2INCIPAL fKlrl'POIEiT SOU2CES OF PHOSPHORUS 

The PLUARG  znalysis  of  pollution  sources  (including  phosphorus)  was 
based on a  series  of  approximately  thirty individual watershed  studies 
(pilot  watersheds) to determine  unit area loads  for a variety of land use 
activities and land characteristics.  These  pilot  watershed  studies  showed 
that  the  amount  of  phosphorus  entering  the  Great  Lakes  from nonpoin: 
sources on land is a  complex  function  of  the  physical,  chemical and 
hydrological  characteristics of the  land,  the  type and intensity of land 
use and the land use practices,  including  materials  applied  to  the land 
and land management  practices.  Thus, it was  found  that.  unit  area  loads 
exhibited  a high variation between localities and the  different  uses of 
1 and. 

A  detailed  summary o f  unit area  loads  for  phosphorus and other 
selected  pollutants  from  the  pilot  watershed  studies is presented in the 
Final Report o f  PLUARG  (Table 14) and will not  be  repeated here. It is 
instructive,  however,  to  note  a  range  of 0.2 to 9.1 kglhalyr (0.11 - 10.2 
lblacrelyr)  for  phosphorus  contributions  from rural (agricultural land and 
a  range  of 0.1 - 4.1 kglhalyr (0.11 - 4.6 lb/acre/yr) for  urban land 
(except  for  urban  areas  under  construction,  which have a  significantly 
higher  unit  area load). Forested  areas in the  pilot  watershed  studies 
have  a  markedly  lower  unit area  load than  urban  or  agricultural  lands, 
ranging  from 0.02 to 0.67 kglhalyr (0.02 - 0.75 lb/acre/yr). The  urban 

1 agricultural  unit  area loads thus  overlap  considerably. It appezrs 
that,  overall  for  areas of man-associated land uses,  the  variation of 
phosphorus unit area  loads  can be greater  within  major land  use types, 
than . between  major land uses, due primarily  to  differing land 
characteristics  and land management  practices. 

Cropland is the  major  contributor of nonpoint  phosphorus  loads in all 
the  lakes,  except  for  Lake  Superior,  where it is an insignificant 
component o f  land use. The  highest  phosphorus  unit  area  loads  occur in 
the  Ohio and southwestern  Ontario  portions  of  the  western  Lake Eri? Basin 
and the  southern  portion o f  Green  Bay in Lake  Michigan.  Kajor  areas of  
moderately high unit  area  loads  include  Southeastern h'isconsin  in the  Lake 
Michigan  Basin,  the  Michigan and Ontario  portions of the  southern  Lake 
Huron  Basin,  both  shores o f  central  Lake  Erie,  the  Niagara  area  of  Lake 
Ontario, and the  eastern end of Lake Ontario. Although  PLUARG  also  notes 
other  factors  of  importance in affecting  phosphorus  inputs from croplands, 
these  areas  of  highest  unit area loads are generally  characterized  by  hign 
density  row  crops and fine-grained  clay  soils. 

PLUARG  found  that  phosphorus  unit  area loads tended to increase in 
proportion to the  percentage of the land in row  crops and the  fineness o f  
the soil. Runoff of water is greatest in fine-grained, low permeability 
soils.  This  runoff  carries with it sediment and phosphorus, as well 2s 
other  pollutants, and it can  eventually  reach  surface  waters  draining to 
the  lakes. By contrast,  coarse,  sandy  soils, being more  permeable  allow 
greater  infiltration of water and its Essociated  pollutant  content.  Such 
coarse  soils are ais0 less susceptible to soil erosion. 
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High natural  levels  of  phosphorus in calcareous  soils,  steep  slopes 
and poor natural drainage  contribute to high  phosphorus unit area  loads 
from  agricu7tural lands.  Fzrm management  practices  can be another 
inportant  factor.  Minimization  of  vegetative  buffer  strips  along  stream 
banks, as well as any  farming  practices  which  expose soil to various  forms 
of erosion,  such 2s intensive  cultivation  especially  during  the  Fall,  are 
significant in increasing  phosphorus  loads  from  croplands.  Thus, 
continuous and widely-spaced  row  crops  usually lead to a high degree of 
soil erosion and associated  phosphorus  inputs  to  Great  Lakes  tributaries. 

The  Commission  concludes  that  intensive  row  cropping  on  fine-grained 
soils in areas in which  they are prevalent, and with  insufficient  regard 
for  proper soil conservation and drai-nage techniques, are a  major  cause  of 
high nonpoint  phosphorus  loads  from  croplands  into  the  Great Lakes. It is 
also  noted  that  the  excessive  application  of  commercial  fertilizers 
re1 ati  ve to soi 1 and crop  needs , and the  failure  to  incorporate 
fertilizers  into  the  soil,  increase  nutrient  runoff , although  this is not 
a cause  of  lakewide  nonpoint  phosphorus  pollution at the  present time. 

Livestock  Operations  also  produce  elevated  phosphorus  loads  and, in 
fact,  contribute  about 20 percent of the total  phosphorus load in several 
agricultural  watersheds.,  The  runoff o f  phosphorus  from  feedlots, 
barnyards and manure  storage  areas, in particular  those  located  near 
stream  banks, on relatively  impervious  surfaces  (due to compaction, soil 

.:.Lure and in some  cases pavement), and those  exposed  to  the  elements, 
can  result in phosphorus  pollution.  Cattle  operations  contribute  the 
lhrgest  quantities of livestock-derived  phosphorus,  although pig and 
poultry  operations  can  also  contribute  large  quantities.  Other  associated 
detrimental  practices  include  the  spreading of manure on frozen gr0un.d 
during  the  winter, and allowing  cattle  access  to  streams and stream  banks, 
resulting both in direct  deposition of manure and in destabilizing o f  
stream  banks,  which  leads  to increased erosion of soils  that  may  have high 
natural  contents  of  phosphorus. 

The  area  of  highest  phosphorus  loading  to  streams  from  livestock 
operations are the  counties  between  the  Bruce  Peninsula in Ontario and 
Lake  Erie,  flowing  into  central  Lake  Erie, as well as Georgian  Eay and 
southern  Lake  Huron  (Figure 2). Moderately high unit  area  loads  from  this 
source  principally  occur  over  much  of  southeastern h'isconsin and  the 
northeastern corner of Indiana in the Lake  Michigan  Basin, and the portion 
of eastern  Ontario  lying  between  Lake  Simcoe and central Lake  Ontario. 

The Cornrnission concluded  that  cattle  operations  can  contribute 
significantly to high  phosphorus loads in some  tributary  streams, and add 
further  phosphorus  contributions to portions  of the Great  Lakes  also 
impacted by other  agricultural  activities, as noted  earlier above. These 
high unit  area  loads  arc  due to the  concentration  of  livestock  operations 
in the are2.s indicated  above, and in some  degree to inadequate d e s i y ,  
site  location .and manure  handling  practices. 

Urban  Arezs  are  a  third  source of high phosphorus unit area  loads. 
About 20 percent of the  nonpoint  tributary loads for  Lakes  Erie and 
Ontario  zre  from  urban  arezs.  The urban proportion i s  about 12 percent in 
Lakes  Nichigan and Huron, and about 7 percent in Lake  Superior,  reflecting 
the  smaller  fractions  of  urbanized land in these  latter  three basins. 
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h'ithin u r b a n  areas,   phosphorus  loads  are  related t o  t h e   i n t e n s i t y  a n d  
type of  urbm l a n d .  At one extreme,  parks and undeveloped  lands 
cont r ibu te   very   l i t t l e   phosphorus ,   whi le  a t  the  other  extreme, 
newly-developing u r b a n  a reas ,  . par t i cu la r ly   t hose  under ac t ive  
construction,  produce  extremely h i a h  phosphorus u n i t  a rea   loads,  u p  t o  a 
thousand  times t h a t  of e s t ab l i shed  low-medium dens i ty ,   r e s iden t i a l   a r eas .  

The fundamental  cause of h i g h  uni t   area l o a d s  i n  u r b a n  areas i s  the  
large,  impervious  nature of the l a n d  sur face  i n  these   a reas ,  a l o n g  w i t h  
the  h i g h  q u a n t i t i e s  of  loose  par t iculate   mat ter  a n d  a man-made d r a i n a g s  
system which allows for the  rapid  runoyf of storm  water  containing 
phosphorus-laden  soil  particles.  Replacement of  n a t u r a l  l a n d  su r f aces ,  
which a l l o w   i n f i l t r a t i o n  of storm  water  into  the  soil  a n d  s e t t l i n g  of  
p a r t i c u l a t e   m a t e r i a l ,  w i t h  large  continuous  areas o f  impervious  surfaces 
( s t r e e t s ,   r o o f s ,   s i d e w a l k s )  which allow  for  rapid a n d  l a rge - sca l e  
drainage,  i s  a major f a c t o r  i n  high  phosphorus  loads  from urban  a rezs .  

As w o u l d  be expected,   the   highest  u r b a n  u n i t  loads  are from areas  o f  
in tense  u r b a n  densi ty ,   including  the  bel t  between  Sheboygan,  Wisconsin, 
and S o u t h  Bend, Indiana,   in  Lake Michigan,  the  Detroit  a n d  Clevelznd  areas 
and  the   southeas t   shore l ine  of Lake Er ie ,   the  Niaga ra  Peninsula and 
Toronto-Cobourg  areas o f  Lake Ontar io   (Figure 3 ) .  Koderately  high u n i t  
a rea   loads   o r ig ina te   in   v i r tua l ly  a l l  of southern  Michigan,  the  remaining 
United  States Lake Erie  watershed,  the  western  half  o f  the  Lake Ontario 
$?:?sin and  the  Rochester-Syracuse  region o f  New York S ta t e .  

A spec ia l  problem in  u r b a n  areas  concerns combi  ned sewer  overflows , 
which ex i s t   pa r t i cu la r ly   i n   o lde r  u r b a n  cen ters  which genera l ly  d o  n o t  
have separate  storm a n d  sanitary  sewers.   In  such  si tuations,   storm  events 
can  cause  the  overflow o f  combined sewers, which then  bypass  waste 
t reatment   plants  and d i scharge   d i rec t ly   in to   the   l akes  a n d  t r ibu tary  
streams. I n  some cases ,   these  overf lows  occur   f requent ly  and t h o u g h  
variable  in  impact, can increase  the  annual  phosphorus l o a d  from l a rge  
urban  areas  by as much' as ten  percent .  

Another special   concern in urban  centers   are   areas   under  
cons t ruc t ion .  The accompanying massive  disruption of vegetative  cover a n d  
s o i l   r e s u l t s  i n  a h i g h  degree o f  erosion.   I f   the   loose  soi ls   are  n o t  

. s t a b i l i z e d  or allowed t o  s e t t l e   p r i o r  t o  reaching  water   courses ,   large 
q u a n t i t i e s  o f  sediment and i t s   assoc ia ted   po l lu tan ts   inc luding   phosphorus  
can  enter   the  Great '  Lakes  System. The encroachment of u r b a n  development 
on f lood  plains ,   areas  of  high  natural   erosion a n d  s teep   s lopes   a re  
e s p e c i a l l y   s e n s i t i v e   a r e a s .  

The Comnission  concluded t h a t  u r b a n  a r eas ,   pa r t i cu la r ly   t hose  t h a t  
a re   l a rge  and densely  developed,  contribute  substantial   nonpoirl t  
phosphorus  loads t o  the  Great  Lakes, a n d  t h a t  these  loadings can t o  some 
degree be ameliorated by more environmentally-sound urban  planning,  design 
a n d  maintenance  procedures. 

( C )  OTHER NONPOINT SOURCES OF PHOSPHORUS 

P r iva t e ,  non-sewered  waste  disposal  systems  (usually  septic  tanks 
w i t h  a s o i l   a b s o r p t i o n   f i e l d )  can con t r ibu t s  t o  phosphorus  loads  if  they 
a re  p o o r l y  designed,  located i n  u n s u i t a b l e   s o i l s   ( e . g . ,  impermeable  clayey 
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soils or soils  with  a  low  sor7tion  capacity  for  phosphorus) and/or not 
adequately  maintained.  Impropa-ly  designed  or  faulty  septic  systems may 
produce  localized  pollution by phosphorus in areas  where  urban and rural 
populations  are  concentrated and .where they  use  private  waste  disposal 
systems,  particularly in areas  with  soils  not  suited  for  such  purposes. 
Generally,  regulation and inspection  of  septic  tank  installations  fall 
within  the  direct  jurisdiction of local health  authorities.  However,  such 
regulation has been in the past primarily  concerned  with  preventing 
bacterial  rather  than  nutrient  pollution.  Further,  monitoring program 
are  often  inadequate to identify  system  failures, if at all, until the 
systems  become  totally  inoperable. As a  result,  septic  systems,  the 
method o f  sewage  disposal for at least 20 percent  of the population in the 
basin,  have led to  instances  of  localized  water  qgality  problems (e.g., 
the  cottage  country  shoreline of Georgian Eay). Private  waste  disposa1 
systems do not appear,  however,  to be a  lakewide  source of phosphorus 
pollution at the  present time. 

Forested  lands  are  not  a  significant  source  of  nonpoint  tributary 
phosphorus  loads,  except  .to  Lake  Superior.  While  three  quarters  of  Lake 
Superior's  nonpoint  phosphorus load comes  from  forests,  unit  area  loads 
for  forests &re very  small.  Certain  large-scale  forestry  practices  such 
as clear-cutting and scarification  can lead to  elevated  phosphorus  loads 
in individual  streams,  but  these  are  generally  short  term i n  duration,  due 
to  a  usually  rapid  revegetation. 

Atmospheric  inputs  (including  rain and dry fallout)  were  found  to 
contribute  a  substantial  portion of the  phosphorus load t o  several o f  the 
lakes. In the  strictest  sense,  the  atmosphere  does not constitute a land 
drainzge  source;  rather it is a  vehicle  for  transportation  for  pollutants 
generated on land  to the lakes. The actual source o f  the  pollutant  may be 
from  inside  or  outside  the  Great  Lakes  'Basin.  The  present  state of 
knowledge  does  not  yet a1 1 ow for an accurate  determination of the 
locations or quantities  of  pollutants  discharged to the  atmosphere. 
PLUARG  found  that  a i'arger proportion of the total phosphorus load to  the 
Upper  Lakes  was  contributed by the  atmosphere  than  the  Lower  Lakes (e.g., 
37 percent of the total  load for  Lake  Superior  versus  only  four  percent in 
Lake Erie). This  was  because  there are many  more  phosphorus  sources in 
the  Lower  Lakes  than in the  Upper  Lakes,  thereby  decreasing  the  relative 
magnitude of the  atmospheric inputs in the  Lower Lakes. It i s  noted  that 
the  estimation of atmospheric inputs o f  pollutants to the  Great  Lakes is 
still in an early'  stage  of  development, and the  task of relating 
atmospheric  loads to specific  sources  on  the land is presently  very 
difficult, if not  impossible.  The  atmosphere as a source  of  other 
pollutants is discussed in sections of this  chapter. 

Specialized land uses,  including  landfills,  transportation  corridors, 
mineral  extraction  areas and recreational  land,  while  they  may  have 
localized  impacts,  have  minimal  impacts  on  the  phosphorus  loads  to th? 
Lakes. 

The  Commission  concludes  that land use  other than agriculture and 
urban do not contribute  major  quantities o f  phosphorus  to  the  Great 
Lakes.  Localized  impacts,  however, nay result  frcm  inadequate  design, 
siting, and maintenance  of  private  sewage  disposal  systems and from 
large-scale  forestry  operations. 
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( D )  PHOSPHORUS T A R G E T  LOADS 

The determination o f  whether  phosphorus  loads  should be a publ ic  
policy  concern  is  a mat ter  n o t  only of t h e i r   q u a n t i t y  a n d  source,  b u t  a l s o  
of t h e i r  impact on the  environment a n d  other  uses of the   l akes .  As noted 
e a r l i e r ,   t h e   i n f l o w  of phosphorus  is t o  some degree a natural   occurrence,  
a n d  fur ther ,   the   Grea t  Lakes  have an  a s s imi l a t ive   capac i ty  even  above 
natural   phosphorus  levels  within which  phosphorus  inputs may n o t  cause 
measurable  water q u a l i t y  or use   de t e r io ra t ion .  I n  t h i s   r ega rd ,   t he  
Com.nission a n d  t he   Pa r t i e s  t o  the  Great  Lakes  blater  Quality  Agreements of 
1972  a n d  1978 have  dis t inguished between the  improvement of e x i s t i n g  
degraded  waters and  t he   p r inc ip l e  of non-degradation of h igh   qua l i ty  
waters .  

I n  e i ther   case ,   the   p rocedure  t h a t  has  been  used t o  e s t a b l i s h  
acceptable  phosphorus  loads and  hence  the  degree t o  which current   loads 
are  considered t o  be a ha rmfu l  p o l l u t a n t ,  was t o  e s t a b l i s h   t a r o e t   l o a d s .  
The d i f f e rence  between cu r ren t  and  t a rge t   l oads   r ep resen t s   t he   quan t i t i e s  
by which phosphorus  should be reduced by remedial  measures,  in  order t o  
achieve  acceptable   water   qual i ty   condi t ions.  

As p a r t  of i t s   s t u d y ,  P L U A R G  def ined  target   loads for the  var ious 
lakes a n d  sub-basins   thereof ,   general ly   bzsed on r e l e v a n t   d e f i n i t i o n s  of 
acceptab le   water   qua l i ty   for   each   bzs in ,  on a whole-lake  basis.  These 
ta rge t   loads  h a d  t h e  same basis   as   those  targets   developed by Task Group 
111. Task  Group 111 was c b i l a t e r a l   t e c h n i c a l  work ing  g r o u p  e s t ab l i shed  
j o i n t l y  by the  U.S .  and  Canadian  Governments t o  develop  phosphorus  loading 
o b j e c t i v e s   ( t a r s e t   l o a d s )   f o r   e a c h  of the  Great  Lakes  as part  of t he  
r equ i r ed   f i f t h   yea r   r ev iew and r enego t i a t ion  of  t h e  1 9 7 2  Great Lakes  Water 
Qual i ty  Agreement. The t e n t a t i v e   t a r g e t  l o a d s  fo r   t he   Grea t  Lakes 
contained  in  the 1978 Agreement a re   i den t i ca l  t o  those  recomxnded by Task 
Group 111. 

The interference  with  water  uses by man was the  general   guiding 
c r i t e r i o n  used by Task Group I11 (TG)  t o  e s t a b l i s h   t h e   t a r g e t   l o a d s ,  and 
t h i s   c r i t e r i o n  was r e l s t ed   p r imar i ly  t o  l imnological   considerat ions i n  t he  
Great  Lakes.  Because of the  prominence of t h e  TG e f f o r t  i n  development of 
P L U A R G ' s  t a r g e t  l o a d s ,  a review of t he  TG exe rc i se  i s  presented below. 

Th. basic  approach  used b y  TG t o  e s t a b l i s h   i t s   t a r g e t   l o a d s  was t o  
def ine  desired  water '   qual i ty   object ives  i n  the   l akes  a n d  then t o  determine 
w h a t  phosphorus  load would produce  these  water   qual i ty   condi t ions.  
Desirable  wzter q u a l i t y  was based on achiev ing   spec i f ic  t o t a l  phosphorus 
concentrat ions i n  the   l akes   except   for  Lake Erie  a n d  Saginaw Bay. The 
Lake Erie   target   load was based on el iminat ion  of   the  anoxic   area  ( the 
area w i t h o u t  oxygen i n  bottom  waters) i n  t he   l ake ' s   cen t r a l   bas in ;   hence  
dissolved oxygen was the  water q u a l i t y  paraneter   focussed on i n  th i s   water  
b o d y .  The S a g i n a w  Bzy t a r g e t  l o a d  was based pr imari ly  on reiu:tion of  
t a s t e  a n d  odor  p r o b l w s  a n d  secondar i ly  on r eve r sa l  of inner bay 
degradat ion.  These l a t t e r  two cases   are   discussed  fur ther   below.  

The t o t a l  phosphorus  concentration  objectives  used by the  TG xere 
developed by the  Science  Advisory Board's Sc ien t i f i c   Ges i s  for  Katcr 
Q u a l i t y  C r i t e r i a  (SSWQC). These ob jec t ives   a r e   app l i cab le   fo r   t he   ez r ly  
spr ino,   the   t ime of the   year  t h a t  nu t r i en t   concen t r a t ions  i n  the   lakes  21-e 
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usually at their peak. The  objectives  were  developed 2s lakewide or 
sub-bzsin  average  concentrzTions.  Limnologists  have  generally  accepted as 
"rule-of-thumb"  values,  that total phosphorus  concentrations  below 10 
pg/L signify  oligotrophic  water  bodies,  while  concentrations  above 20 
pg/L are  indicative of eutrophic  waters.  The  intermediate 
concentrations  between 10 to 20 ;rg/L represent  mesotrophic  waters 
(waters in a  transition  state  between  oligotrophic and eutrophic). 

With  these  concentration  objectives as guides,  the  goals  for  the 
target  loads in the 1978 Agreement  are  presented below: 

o Restoration of year-round  aerobic  conditions in the bottom  waters of. 
the Central Easin of Lake  Erie; - 

o Substantial  reduction in the  present  levels  of algal biomass  to  a 
level below  that of a  nuisance  condition in Lake Erie; 

o Reduction in present  levels of algal' biomass to below  that of a 
nuisance  condition  in  Lake  Ontario  including  the  International 
Section o f  the St. Lawrence  River; 

0 '  Maintenance of the  oligotrophic  state and relative algal biomass  of 
Lakes  Superior and Huron; 

Substantial  elimination  of algal nuisance  growths in Lake  Michigan to . restore it to an oligotrophic  state; and 

o The  elimination o f  algal nuisance in bays and in other  areas  wherever 
they occur. 

The Task Group  concluded  that  present  water  quality in Lakes 
Superior,  Michigan and Huron  (except  for  Saginaw Bay) was  adequate and 
acceptable.  Therefore,  TG  indicated  that  reduction  of  phosphorus in 
municipal  wastewater  treatment  plant  effluents  to.  a 1 mg/L limitation in 
plants  discharging  in  excess  of  one  million  gallons per day wzs  sufficient 
to maintain  the  present  acceptable  conditions in these lakes. The 1975 
Agreement  target  loads  for  these  lakes  were  developed  on  this basis. 
These  loads  corresponded  also  to  the total .phosphorus  concentration 
objectives  for  these  lakes  established by SBNQC. 

The  Task  Group  used  mathematical  models in Lakes  Erie and Ontario, 
and in Saginsw  Say,  to  determine  the  phosphorus loads corresponding  to 
either  the total phosphorus or dissolved  oxygen gozls. These  ioads  were 
thus  the  target  loads. At lezst three  models  were used for  each  basin  or 
sub-basin.  The  basic  approach used by TG was to calibrate its models  to 
"existing  conditions in each  lake" and then  rerun  the  models in order to 
determine  the  necessary  reduced phos?horus loads to meet  the total 
phosphorus or dissolved  oxygen goals. Tne  overall  criteria used for  those 
wzter  bodies were: 

Saginaw Bay - The  primary  criterion  used wzs elimination o f  taste and 
odor pr0DlCinS at the  Khitestone  Point ;8:2t?r Filtration  Flant  (which 
processes about S5 percent of t h e  water  taken  from  Saginaw 6sy fer 
drinking purposes). SEWQC recommended 15 p g / L  as zn objective  for 
Saginaw  Bay, \:hich corresponds to a target load of about 440 . metric 
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tonslyr  xcording to the  models used. This load would  plzze Sag'naw Bay 
in a  mesotrophic  state.  The  models  indicated  that 210 metric  tonslyr 
would  eliminate  taste and odor  problems  completely, but that  the  large 
diffuse load reduction  necessary to achieve  this load was  impractical. 

Thus,  on the basis  of  reduction  of  taste  and  odor  problems and 
reversal  of  some  of  the  inner  bay  ecosystem  degradation, TG recommended 
target load of 440 metric tohs/yr for  Saginaw Bay. 

Lake  Ontario - The  primary  criterion  was  degradation  of  the  lake 
ecosystem,  using  the  total  phosphorus  concentration as the  principal 
indicator.  The  average of the  three  models  used  for  this  lake  suggested 
that 2 total phosphorus  concentration  of 10 vg/L (recommended  also by 
SSWQC) corresponded  to a phosphorus load of  about 7,000 metric  tonslyr. 
This  would  place  Lake  Ontario at the oligotrophic/mesotrophic boundary 
condition.  Thus, TG recommended  a  target load of 7,000 metric  tons/yr  for 
Lake  Ontario. 

Lake  Erie - Although  totil  phosphorus  and  chlorophyll  a 
concentrations  were  also  examined,  the  primary  criterion  was  the  dissolvea 
oxygen  concentration in Lake  Erie's  central  basin, Model results 
suggested  a 90 percent  reduction  of  the  anoxic  area and elimination of 
"any  substantial  amount" of phosphorus by regeneration  from  lake  bottom 
sediments  corresponded to a  phosphorus load of 11,000 metric  tonslyr. 
Complete  elimination of the  anoxic  area, and assurance  of an average of ,it 
least 4 mg O,/L for  fish in the  hypolimnion,  would  require  a 
phosphorus load o f  no more  than 9,500 metric tons/yr. However,  this 
latter  target load was  deemed to be  impractical  by  TG, in view of the 
large  diffuse  source  reductions  necessary  to  achieve it. Thus,  TG 
recom-nendod a target  load o f  11,000 metric  tonslyr for  Lake Erie. 

In establishing  its  targst  loads,  PLUARG  used  the  same  philosophy as 
that used by Task  Group 111. The  target  loads  for  the  Upper  Lakes ( i  .e. 
Superior,  Michigan  and  Huron)  were based on  achievement  of  a 1 mg/L 
effluent  limitation  for  phosphorus in all municipal  wastewater  treatment 
plants  discharging in excess  of  one  million  gallons  per day. Differences 
in the  targzt  loads  of  the 1978 Glater Quality  Agreement ( i  . e .  the  Task 
Group I11  ioads) and those  of  PLUARG  result as  indicated earlier mainly 
because  PLUARG had some  different  estimates  for  the  atmospheric and 
nonpoi nt sources  for  these lakes. The  basis for  the  taraet  loads is 
identical,  although  some  specific  data  for  these  lakes  diffir  between  TG 
and PLUARG. 

For  Lakes  Erie and Ontario, and Saginaw  Bay,  PLUARG  accepted  without 
change both the  rationale and the  target  loads  developed by Task.  Group 
i ! I .  PLUAiiG felt it could not improve on the  model l-ing approach  used by 
TG to  establish  the taro?: loads for  these  water  bodies.  Hence,  the 
taroet  loads for these wat?r b o d i e s  are  the  same as those  developed by TG, 
and whi cn appear in Annex 3 of the 1976 Agreement. 

Based  on this approach,  the  PLUARG  target  loads  for  the  Great  Lakes 
are presented in Table 3. 
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T A B L E  3:  PRESENT (1975)  A N C  T A R G E T   L O A D S  Ar\;3 
NECESSA9Y F E D U C T I O N S  TO M E E T  TARGET LOADS ( P L U A R G ) '  
(Metr ic  to:;:) 

PRESENT ( 1 9 7 6 )  TARGET NECESSARY R E D U C T I O N  
LAKE L O A D  LOAD IN PRESENT L O A D  

. Superior  4,207 4,000 207 

M i  chi gan 6,350 4,900  1,450 
Huron 4 ,  a57 4,400 457 
Erie 1 7 , 4 7 4  11,000 6 , 474 
Ontario 11 ,'755 7,000  4,755 

I 1 1. All loads  exclude  shorel ine  erosion,  I 
L ".- J 

( E )  VALIDITY OF PHOSPHORUS L O A D  AND TARGET LOAD FINDINGS 

r PLUARG recognized t h a t  i t  was present ing 1976  actual a n d  t a r g e t  l o a d  
es t imates  t h a t  d i f fe red   in   severa l   ins tances  from those  developed by Task 
Group 111.  P L U A R G  phosphorus  loads  also  differed from those  developed by 
the  Great Lakes  Water Qual i ty  Eoard. T a b l e  4 surrrnarizes the  loading 
estimate  differences  between  these groups. 

Because  of t hese   d i f f e rences ,  a n d  .subsequent t o  receiving  the  Final  
Report  of P L U A R G ,  the  Commission w 2 s  advised by i t s  Great Lakes  Water 
Qual i ty  Board t h a t ,  despi te   i ts   overal l   concurrence  with  the P L U A R G  
f i n d i n g s ,  i t  h a d  reservations  concerning  the  accuracy a n d  v a l i d i t y  of some 
o f  t h e  P L U A R G  phosphorus l o a d  es t imates  a n d  t a rge t  loads.  I t s  
observat ions  centered on the  implications f o r  the  nature a n d  magnitude o f  
the  remedial  programs  necessary t o  achieve t a r g F t  loads. As noted  above, 
the  necessary  degree of phosphorus  reduction t o  reach  the  target  loads 
depends on the   d i f fe rence  between the  present  loads and  tne   t a rge t   loads .  
Thus,  the  accuracy of b o t h  of these numbers i s  o f  importance  in 
determining by how much the  loads need t o  be reduced. 

I n  response t o  the  concerns of the  k'ater  Quality Board ,  P L U A R G  
reviewed  the  various  loading  estimates of a l l  three  groups.  I t  f o u n d  t h a t  
d i f fe rences   in   the  1976  loading  estimates were general ly   explainable  on  
the   bas i s  o f  di f fe ren t   assunpt ions  or d a t a  w i t h  respect t o  cons t i t uen r  
source   es t imates ,  or t o  omissions o f  spec i f ic   po in t   source   cont r ibu t ions  
by one or more of the  groups. Lakes Superior a n d  biichigan l o a d  es t imates  
w2re s imi la r ,   except  for  the  P L U A R G  higher  atmospheric  estimate a n d  lower 
t r i b u t a r y  l o a d  es t imate ,   respec t ive ly .  The o r ig ina l  P L U A R G  values  were 
s . t i  11 believed t o  be the  more accurate   es t imates   in   these two cases .  The 
lower Task Group 111 es t imate  for  Lake Huron was due t o  a lower  tr . ibutzry 
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'iocld es t imate .  The Greatest d i f fe rences  were f o r  Lake Erie ,   wi th  t h a t  in 
the  P L U % G  Report  being midway between the  other  two es t imates .  I n  i t s  
review, P L U A R G  general ly   accepted t h e  Task Group i I I  estimate  as  being 
more accurate   except   for   the C a n a d i a n  t r i b u t a r y  component. The lower 
P L U A R G  e s t ima te   fo r  Lake Ontario was pr imar i ly  due t o  the  lower, a n d  
bel ieved t o  be  more accu ra t e ,   e s t ima te  o f  the  upstream  lake  load  from Lake 
Erie  t o  Lake Ontar io .  

T A B L E  4: SUMMARY OF 1976 A N D  TARGET PHOSPHORUS L O A D S  ESTINATED BY P L U A R G ,  
TASK G R O U P  111 A N D  THE G R E A T  L A K E S  WATER QUALITY E O A R D  
(h le t r ic   tons)  

r LAKE 
1 9 7 6  L O A D S  P R O P O S E D  T A R G E T   L O A D S  

PLUARG TASK G R O U P  WATER QUALITY PLUARG TASK G R O U P  
I11 BOARD 1 1 1 1  

Superi or 4,000  3 ,400  4 ,207  3 ,570  3 ,550 

R i  chi gan 6 ,350  6 ,671  6 ,642 
4,857  4 ,293  4 ,798 Huron 

4,900  5 ,600 

11,000 11,000 17,474  19,677  15,416 I Erie 
4,400  4 ,360 

I Ontario 
11,755  12,799  12,695 7,030 7,000 . 

i. h'ote: - 
1. Tiles4 ta rge t   loads  were those incorporated  into the  1978 Great Lakes k 'a ter  

Qual i ty  Agreernent, b u t  a r e   sub jec t  t o  confirmation or rev is ion  by t h e  
Par t ies   wi th in  18 months of the  November 22,  1975 s igning of the  Aareement. 

In terms o f  t h e   t a r o e t   l o a d s ,   i t   i s   n o t e d  t h a t  the  phosphorus  control 
s t r a t e g y   f o r   t h e  Upper Lakes  except  Saginaw Bay remained  unchanged  from 
the  requirements of  the  1972 Great Lakes Water Quality  Agreement; t h a t  i s ,  
1 m g / L  e f f l u e n t  l i m i t a t i o n  for  phosphorus i n  municipal  wastewater 
t rea tment   p lan ts   d i scharg ing  one mill ion  gallons  per  day or more.  Thus, 
while  the  actual load  es t imates  may  be d i f f e r e n t  between P L U A R G  a n d  Task 
G r o u p  111, t hese   d i f f e rences  are of no actual  consequence  in  terms of 
necessary  phosphorus management s t r a t e g i e s  for these   l akes .  

I n  contrast ,   the  development of management s t r a t e g i e s  f o r  t he  Lower 
Lakes a n d  S a g i n a w  Bay r equ i r e  a review of ta rge t   loads ,   desp i te   the  
agreement on these  values by P L U A R G  and Task Group 111.  This i s  because 
the  proposed  target  loads were derived  with  the  use of severa l  
ma thmat i ca l  models simulating  lake  responses t o  phosphorus  inputs. T h u s ,  
t he  appropriateness  of the  target  loads  is   dependent on t h e   v a l i d i t y  of 
t hese  models a n d  the  basic  d a t a  used. 

The Comnission,  having  noted  these  differences i n  loading a n d  t a r g e t  
l o a d  es t imstes  a n d  x t i n g  upon  t h e  a jv ice  a n d  information of PLUARG a n d  
the  Great Lakes  'Kater Qual i ty  Board, concluded i n  197s  t h a t  s u f f i c i e n t  
u n c e r t a i n t y   s t i l l   e x i , s t e d ,   d e s p i t e  PLUARG's valued  reassessment, t o  
r equ i r e   fu r the r   s tudy  a n d  technical   advice  before   the Commission could be 
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in a posi t ion t o  advise t h e  Governzents w i t h  confidence cn the  phosphorus 
loads a n d  t a r g e t s  a n d  consecuently  the  required  remedial  proc~rarns.  These 
concerns a n d  o thers  were therefore   re fe r red   subsequent ly  t o  a j o i n t  Task 
Force of the  Xater Q u a l i t y  S o a r d  a n d  the  Great Lakes  Science  Advisory 
Board f o r  f u r t h e r   . i n v e s t i g a t i o n . -  This j o i n t  Task Force on Phosphorus 
Management S t ra teg ies   i s   scheduled  t o  p resent  a report   addressing  these 
top ics  a n d  o thers  t o  the  Commission i n  1980,   af ter  which the  Boards may 
forward any addi t ional  commentary t h a t  they deem appropr ia te .  A t  the  
fur ther   reques t  of the Commission,  stemming  from the  need f o  ear ly  advice 
t o  the  United  States a n d  C a n a d i a n  Governments, w h o  a re  i n  the  process o f  
considering  future  phosphorus l o a d  a l l o c a t i o n s  a n d  compliance  schedules 
under Annex 3 of the  1978  Great ' Lakes  Water Quality  Agreement,  the Task 
Force  provided a n  in te r im  repor t   in  December 1973 on the  adequacy of the 
actual  a n d  t a rge  l o a d  e s t ima tes ,  as  well   as  the  significance o f  phosphorus 
availabil i ty  in  developing  phosphorus management s t r a t e g i e s .  

The in te r im  f ind ings  of t h e  Task Force a n d  the  Commission's 
conclusions  resul t ing  therefrom  fol low.  The Com;ilission wishes t o  s t r e s s ,  
however, t h a t  these  Task  Force f i n d i n o s   a r e   t e n t a t i v e  and sub jec t  t o  
reconsiderat ion a n d  poss ib le   rev is ion  Once the Task Force  study i s  
completed. In any even t ,   i t   shou ld  be noted t h a t  both d a t a  acqu i s i t i on  
a n d  ana ly t ica l .   capabi l i ty   a re   dynanic   p rocesses  t h a t  are  expected t o  
improve  over  time, and  t h a t  any conclus ions ,   e i ther  now or in t h e  f u t u r e ,  
must be tempered by the   r ea l i za t ion  t h a t  they   a re   subjec t  t o  change as the  
rlrrality and quan t i ty  of  d a t a  a n d  t h e i r   a n a l y s i s  improve. 

The Task Force  reviewed  the  various  estimates of  phosphorus  loadings 
a n d ,  in  essence,  concluded t h a t  the  PLUARG es t imates  w i t h  minor r ev i s ions  

est imated  loading  for  Lake Erie   is   h igher   because,   for   the  Canadian 
sec t ion  of t h a t  basin,   the  average of  the PLUARG a n d  l a rge r  Task Group 111 
es t imates  was deemed t o  be a more reasonable   es t imate  t h a n  the  former 
alone. The minor  zdjustments t o  t he  P L U A R G  loading   es t imates   for   o ther  
lakes  are due t o  c ' l a r - i f ica t ion  o f  cer ta in   d i rec t   munic ipa l  a n d  i n d u s t r i a l  
discharge d a t a .  The Task Force ' s   "bes t   es t imates ' '  are provided  in  Table 5. 

, (except   for  Lake Erie)   were  the  "best   es t imates"  of  1976 loads.  The 

The estimates  in  Table 5 are  believed by t h 2  Task Force t o  be within 
10 t o  20% o f  the   actual  l o a d  for the  sources  o f  t o t a l  phosphorus  included 
in  the  estimates,   acknowledging  the  lack of a r i g o r o u s   s c i e n t i f i c   b a s i s  
for th i s   e s t ima te  of uncer ta in ty ,  due i n  p a r t  t o  the  inclusion of 
es t imated  ra ther  t h a n  measured loads  from sources  where  actual . d a t a  were 
n o t  ava i lab le .  

The Commission concludes t h a t  the  phosphorus l o a d  es t imates  i n  Table 
5 ,  desp i te  some inadequacies  noted  below,  represent  the  "state of the  
a r t " ,  and hence  should be used 2s a basis  for  developing  phosphorus 
cont ro l   po l ic ies .  

I n  the Task Forc2 's   evaluat ion of  the  a b i l i t y  of  the  models t o  
pred ic t  l a k e  responses t o  phosphorus  inputs, i t  was concluded t h a t  the  
expec ted   l ake   e f fec ts ,   fo r   the  Lower Lakes a n d  S a g i n a w  Bay, w o u l d  be 
w i t h i n  10 t o  30 percent of those  predicted by the  models.  This  shows, i n  
the.  opinion of the Task Force, t h a t  the   models   are   suff ic ient ly   accurate  
t o  be used in f o r m u l a t i n g  a n d  zssessing  a l ternat ive  phosphorus management 
s t r a t e g i e s .  The  Task Force  has n o t  ye t  been ab le  t o  conclude what 
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spec i f ic   t a rGet   loads  w o u l d  zssure  achieving t h e  s t a t ed   wz te r   cua l i t y  
object ives   for   the  lake  bodies  i n  quest ion,   s ince  these  are   dependent  n o t  
o n l y  on t h e  accuracy of the models  themselves b u t  a l s o  on o t h e r   f a c t o r s  
inc luding   the   qua l i ty  of d a t a ,  b i o l o g i c a l   a v a i l a b i l i t y  o f  phosphorus from 
various  sources ,  a n d  var ia t ion   in   na tura l   condi t ions .   This   mat te r   i s  
being  addressed  further by t h e  Task Force  in  the  preparation of i t s   f i n a l  
r epor t .  

T A B L E  5 :  "BEST" ESTIMATE OF 1976 PHOSPHORUS LOAD 
(Metr ic   tons)  

Superior 72 103 2,455 16 1,566 - 4,212 3,800 
Michigan 1,041 38 3,595 - 1,682 ' - 6,357 3,700 
Huron 126 38 2,901 16  1,129 657 4,867 794 
Erie  ,6,292 275 . 9,950 " 44 774 1,080 18,425 10,526 
Ontario 2,093 82 4 , 047 3 24 488 4,769 11,803 1,230 
Notes : 
1. Includes-   land  use,  atmospheric a n d  point  sources con t r ibu t ions   en te r ing  

the  lakes  t h r o u g h  t r i b u t a r i e s .  I t  ex,cludes  direct   urban  runoff t o  t he  
,$ l a k e s   l i s t e d   s e p a r a t e l y .  

2. I nd i r ec t   po in t   sou rce . con t r ibu t ions   (me t r i c   t ons   pe r   yea r )  as  estimated by 
P L U A R G  a re :  Lake Superior - 233; Lake Michigan - 1,785; Lake Huron - 473;  
Lake Erie  - 1,242;  Lake Ontario - 790. The d i f f e rence  between these  
f igu res  a n d  t h e   t r i b u t a r y  t o t a l  provides a conserva t ive   es t imate  o f  land 
use cont r ibu t ions  t o  t r i b u t a r y   l o a d s .  

1 3. Atmospheric  inputs  directly o n t o  l a k e  s u r i z c e .  

The Comnission  concludes t h z t ,  pending  the  . f inal   report  of i t s  Task 
Force on Phosphorus Management S t r z t eg ie s ,   t he   t a rge t   l oads   ou t l i ned   i n  
the  1978 Great  Lakes  \*!ater  Quality  Agresment  are  valid  goals on which t o  
formulate  pnosphorus  reduction  programs.  This  conclusion  for  Lakes 
Superior,  tdichigen,  Ontario a n d  Huron (except  Saginaw  Bay) i s  founded on a 
review of t he   t a rge t   l oads  t h a t  should  permit  the  achievement of 
acceptab le   water   qua l i ty   condi t ions   in   these  Lakes'. 

The proposed tsrgc)t load   for  Lake Erie  (11,000 me t r i c   t ons ly r )  
represents  a subs t an t i a l   r educ t ion  from i t s   c u r r e n t  phosphorus  input. 
Khile n o t i n g  t h a t  present  l imnological knowledge  concerning  oxygen 
deplet ion i n  Cake E r i e ,   e s p e c i a l l y  t h a t  r e l a t i n g  t o  long  term  sediment 
responses ,   i s   s t i l l   incomple te ,   the   Ccnniss ion   concludes  t h a t  , the  Lake 
Er ie   t a rge t  l o a d  r ep resen t s  c substant ia l   s tep  toward  achieving  the g o a l  
s t a t ed  i n  the  197s Great  Lakes b!ater Qual i ty  Agreement of r e s t o r a t i o n  o f  
year-round  aerobic c o n d i t i o n s  in the  bo t tom waters a t  t h e  cen t r a l   bas in .  
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The Com.nission also notes,  however,  that  Task  Group i ' i i  reForted :he 
1!,000 metric  tonlyr  target load would  acnieve  a  reduction of only  about 
90 percent of the  anoxic  area in the  central  basin of the  lake, in an 
average  water  year.  According to Task  Group 111, complete  elimination  of 
the  anoxic  area, and assurance of an optirr,?l oxygen  concentration  of 4 
mg/l for fish in the  hypolimnion,  would  reqaire  a  phosphorus load of  no 
more  than  9,500  metric  tonslyr in an average  water  year.  These 
distinctions  have not been  made  clear in the  wording of the  Lake  Erie 
oxygen  objective and the  associated  tentative  target load presented in 
Annex 3 of  the 1978 Agreement.  Further,  more  recent  research and mod2ling 
efforts,  while still undergoing  review  and  refinement,.  suggest  that  a 
complete and consistent  elimination of the . anoxic  area  under all 
conditions  could  require as little a s  8,000 metric  tonslyr,  depending  on 
the  specific  model used in the  analysis.  Based on these  observations, it 
appears  to  the  Commission that achieving  the  optimal  limnological 
conditions  for  fish in the  hypolimnion in Lake  Erie  would  require  a 
phosphorus input substantially  lower  than  the 11,000 metric ton/yr target 
h a d  presented in Annex 3 of the  1978,Agreement. 

Task  Group I11 defined  taste and odor  problems in drinking  water at 
the  major  water  filtration  plant  on  Saginaw  Bay as the  primary  criterion 
for  establishing  phosphorus  target loads. This  definition  was a l s o  
accepted by PLUARG. A reduction  of  taste and odor  problems  would  be 
achieved  with  a  phosphorus  reduction  from its present level to  the 
proposed  target load of 440 metric  tonslyr. To eliminate  virtually all 
teste and odor  problems,  however,  a  phosphorus load of no more than 210 
metric  tonslyr is called for, according  to  the  best  available  estimate. 
It i s '  not  clear  what  measure  of  "nuisance"  w2s  intended by the  Parties in 
establishing  "elimination  of algal nuisance in bays" as a goal for 
phosphorus  control  within  the  1978  Great  Lakes h'ater Quality  Agreement. 
IC other  measures or definitions of nuisance  conditions  were  applied  to 
Saginaw  6ay,  then  indicated  target  loads  might  be different. 

j 

(F) BIOLOGICAL  AVAILABILITY OF PHOSPHORUS 

The  control  of  phosphorus in the  Great  Lakes  Basin has to-date  been 
based on considerations  of total phosphorus..  While  this  approach  nay  have 
been adequate  while  phosphorus  control  strategies  were  directed  primzrily 
at the  relatively  reasonably  easily-removable  fraction  of  phosphorus  from 
municipal  wastewater  treatment  plants and the  regulation of phosphorus 
content  of  detergents,  the  situation  will  be  much  more  complex in the 
future,  when  the  control of phosphorus in runoff  from land use activities 
of  various  types by various  means, and a  range o f  alternative  point  source 
technologies  must be taken  into  account as possible  alternatives  versus 
further  control  cf  the  phosphorus  content  of  effluents in existing  or 
planned  municipal  treatment plants. 

The  key  issue i s  the  biological  availability o f  phosphorus in 
different  forms and from  different  sources;  that  is,  the  fraction  of  the 
total phosphorus load in a  form  that is readily  available  or  could  become 
available  for uptake by aquatic  plant life. 
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The b i o l o g i c a l   z v i i l a b i l i t y  of phosphorus  re la tes  t o  t h e   a b i l i t y  of 
a l o a e  a n d  o ther   aqua t ic   p lan ts  t o  readily  use  the  phosphorus.  
Biological ly   avai lable   phosphorus  is   in  a chemical form  which  can be 
e a s i l y  used by algae  for  growth a n d  reproduct ion.  By c o n t r a s t ,  
unavailable  phosphorus  is  the  phosphorus  which  because of i t s  form, cannot 
be r ead i ly  used by t h e   a l g a e .   T h i s   a v a i l a b i l i t y   f a c t o r   v a r i e s  
cons iderably  between the  various  forms of phosphorus. 

The proportion of a lga l - ava i l ab le  phosphorus  associated  with 
p a r t i c u l a t e   m a t t e r   i n   t r i b u t a r i e s  i s  of par t icu lar   in te res t   because   such  
phosphorus i s   usua l ly   assoc ia ted   wi th   sed iment   par t ic les .   reaching   r ivers  
a n d  streams  from 1 and  runof f ,  and  hence has imp1 i ca t ions   a l so   for   sed iment  
con t ro l .  P L U A R G  s tud ie s  showed t h a t  the   p ropor t ion  of b i o l o g i c a l l y  
available  phosphorus  varied  between  point a n d  d i f fuse   sources  a n d  between 
lake  basins,  as  well  as  from  stream t o  stream a n d  from  season t o  season. 
F u r t h e r , '  some in i t ia l ly   unavai lab le   phosphorus  may become slowly 
"avai lable"   over   t ime,  or the   reverse   nay   occur .   Overa l l ,  i t  appears t h a t  
a s izeable   por t ion  of the  phosphorus from t r i b u t a r i e s   i s  n o t  in   the 
available  form. The var ious  s tudies '  showed t h a t  on average, a t h i r d  of 
t h e  ph:sphorus associated  with  suspended  sediments   in   t r ibutar ies  was in 
availasle  form.  Phosphorus from shore l ine   e ros ion ,   wh i l e   subs t an t i a l   i n  
q u a n t i t y ,   i s  n o t  ccnsidered t o  be a s ignif icant   problem  in  terms of Great 
Lakes  eutrophicat ion  s ince i t   i s   p r i m a r i l y   i n  a n  unavailable  form, 
according t o  bes t  current es t imates .  By contrast ,   phosphorus  in  municipal 
was tewater   e f f luents   i s   genera l ly  80%+ i!: t h e  avai lable   form.  The net  
e f f e c t  from a l l   sources  i s  t h a t  about  half of t h e  phosphorus  entering  the 
Great Lakes from t r i b u t a r i e s   i s   b i o l o g i c a l l y   a v a i l a b l e .  

A number  of aspects  of the  avai labi l i ty   quest ion  remain  unresolved a t  
the   'p resent   t ime,   inc luding  t h e  a v s i l z b i l i t y  of various  forms of 
phosphorus a n d  re lease   ra tes   under   d i f fe ren t   l ake   dynamics ,   the   ava i lab le  
f r a c t i o n s  from di f fe ren t   sources   such   as   var ious   types  of s w a g e  
t r ea tmen t ,   ag r i cu l tu ra l   runof f ,  u r b a n  r u n o f f ,  e t c .  a n d  t he   e f f ec t s   du r ing  
t ransmission of such  inputs t h r o u g n  t r i b u t a r i e s   t o   t h e   l a k e s .  

The information a n d  knowledge ava i l ab le  t o  P L U A R G  was i n s u f f i c i e n t ,  
w i t h i n   i t s   t i m e   f r a m e ,   t o   p u r s u e   f u r t h e r   t h e   a v a i l a b i l i t y   i s s u e .  F o r  
example,   studies on s e l ec t ed  C a n a d i a n  watersheds  were n o t  able  t o  d e t e c t  
any c l ea r   r e l a t ionsh ips  between  land  uses  within a watershed 2 n d  t he  
ava i l ab le   f r ac t ion  of phosphorus a t  t h e   t r i b u t a r y  m o u t h .  Consequently, 
PLUARG based i t s   conc lus ions  on ta rge t   loads  a n d  rernedial   s t ra tegies  on 
t o t a l  phosphorus  values ,   whi le   suagest ing  fur ther   s tudy of the   b io logica l  
a v a i l a b i l i t y  a n d  t ransmission t h r o u g h  t r i b u t a r i e s  t o  the   l akes  of 
phosphorus a n d  o the r   po l lu t an t s  from d i f f e ren t   t ypes  of land  uses. 

i n  view of this   cont inued  uncertainty,   the   concerns of the  \dater 
Q u 2 1 i t y  60ard, a n d  t es t imony  rece ived   dur ing   i t s   publ ic   hear ings  on the  
c ruc ia l   ro l e  of t h i s   f a c t o r  i n  phosphorus management s t r a t e g i e s ,   t h e  
Comission  determined t h a t  f u r the r   i nves t iga t ion  was required  before  
advising  the Governments on the  importance of  b io log ic21   ava i l ab i l i t y  a n d  
indeed on the   en t i re   ques t   ion  o f  phosphorus  target  loads a n d  control  
s t r a t e g i e s .  As a resul : ,   tn is   mat ter  K Z S  a l s o   r e f e r r e d  t o  the  Task  F o r c e  
on .Phosphorus  3znagcment  Strategies, t n r o u g h  the  Great Lakes Nater   Qual i ty  
a n d  Science  Adviscry  boards. 
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In its interim  report,  the Task Force  underlines  the  importance of 
phosphorus  availability as a factor in developing  management  strategies. 
The Task Force also notes,  however, the wide  rznge of estimates of the 
proportion of available  phosphorus in tributary  sediments, based on  the 
incomparability of analyses to date. The  Task  Force  concluded,  therefore, 
that  since the only  current  comprehensive  data  base is for total 
phosphorus,  management  strategies in the  near  future  will  have to be base6 
on  the  consideration  of  total  phosphorus inputs. 

The  Commission  considers  the  matter of phosphorus  availability  to be 
a  factor  that  could  have  relevance  to  the  selection of specific  phosphorus 
pollution  control  programs.  However,  due  to  the lack of data and even 
understanding  of  some of the physical-chemical  relationships in the 
ecosystem  that  affect  biological  availability  recognizing  that  phosphorus 
except  that  from  shoreline  erosion  has  potential  to be biologically 
available, and noting  that  controlling  total  phosphorus has usually 
produced  improvcnent in water  quality in other  lake  systems,  the 
Conmission can see  no  alternative at least in the  short  run,  to  developing 
overall  management  plans  on  the  basis  of total phosphorus. It is pointed 
out  that  most  phosphorus  reduction  programs in the  past  have  concentrated 
on  point  sources,  such as municipal  wastewater  treatment plants. As 
indicated  above,  such  sources  generally  produce  phosphorus  loads 
containing  a high proportion of available  phosphorus.  Thus,  although 
total phosphorus  was  being  reduced,  the  net  effect  was in fact  to  reduce 
'nput  of  the  available  fraction,  Therefore,  higher  availability fr.om 
sources  such as municipal  treatment  plants and detergent  phosphorus, as 
well as specific  types  of land use activities  should be kept in mind  when 
establishing  priorities  for specific remedial  actions. In the  meantime, 
the  Comnission  recomnends  a  reassessment of survei 1 lance and research 
activities to ensure  the  development  of  a  data  base  adequzte  to  addrezs 
the  question  of  relative  biological  availability of phosphorus in the 
Great  Lakes,  from  various  direct and tributary  point and nonpoint  sources, 
so that  choices as to  the  efficacy of point  versus  nonpoint  source  control 
can  be  more  precisely  determined. 

( G )  VARIABILITY OF PHOSPHORUS  LOADS AND EFFECTS 

Variability in climatic  conditions  results in fluctuations in 
tributary  streanflow,  from  year to year. To the  extent  that  phosphorus 
loads vary  with  the  quantity of land runoff a n d  stream  flow,  fluctuations 
in. precipitation  can  affect  phosphorus load estimates and actual  loads 
from  year to year. 

While  phosphorus  (and  other  pollutants) is believed  to vary in total 
quantities as flows  change,  there is neither  a  long term data  base  for 
tributary  phosphorus  concentrations,  nor  evidence  to  show  a  simple 
r?lationship  between  total  phasphorus  concentrations and discharge.  Since 
tne  modelling  exercise used by PLUARG  to  assess  phosphorus  nanagement 
options  was based on expected annual conditions,  however, it was  suggested 
that  the basic phosphorus  management  strategy  developed by PLUARG  for t h 2  
Great  Lakes  remains  relevant. 

. A further  issue  of  variability  relates  to  the  difference  between 
open-lake  phosphorus  concentrations and those in nearshore areas. While 
PLUARG  emphasized  (as  does the Commission)  whole-lake  problems 2nd 
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so lu t ions  due t o  the   na ture  of i t s  mandate  with  respect t o  t he   po l lu t ion  
of boundary waters ,  i t  recognized  the need for   greater   emphasis  on the  
s tudy of nearshore  areas  which  due t o  t h e i r   l o c a t i o n ,   d i f f e r i n g  
physjcal/chemical/biological dynamic c h a r a c t e r i s t i c s  a n d  obvious   d i rec t  
i n t e r f a c e  w ' t h  m a n  a n d  h i s   a c t i v i t i e s ,   c o u l d  a n d  do  i n  some c a s e s   r e s u l t  
in  an  exacerbat ion of b o t h  phosphorus  concentrations and  t he i r   de t r imen ta l  
impacts  over  those  occurring i n  the  open lakes.   This  suggests  the need 
for c l o s e r   a t t e n t i o n  t o  the  causes o f  and so lu t ions  t o  phosphorus  loadings 
t o  pa r t i cu la r   l akes  t h a n  would be ind ica ted  by the  whole-lake 
loading- ta rge t  l o a d  approach. 

The Commission views  phosphorus  load a n d  impac t   va r i ab i l i t y ,  due t o  
c l imate  a n d  intralake  (nearshore/opefi- lake)   complexi t ies ,  as mat ters  which 
l i e   ou t s ide   t he   s cope  of t h i s   r e p o r t ,  b u t  which mer i t   c a re fu l   fu r the r  
stctdy of expected  phosphorus  IGzdings, . t a r g e t   l o a d s ,  and ind ica ted  
remedial  programs. With regard t o  c l i m a t i c   v a r i a t i o n s  a n d  t r ends ,   t he  
Cornrnission recognizes t h a t  t he   ca l cu la t ions .  of loadings would change  from 
year  t o  year .  I t  also  suggests  though t h a t  , u n t  i 1 such  time  as i t  can be 
demonstrated t h a t  periodic  higher  phosphorus  loadings t h a n  the  long  term 
mean f o r  one or a s e r i e s  of years  do n o t  have a longer  term  effect  on t h e  
lake  ecosytems,  the Governments  adopt the  approach  of  developing 
phosphorus management s t ra teg ies   for   phosphorus   loads  and  ta rge ts   based  on 
1976,  the   year   for  which comprehensive d a t a  a r e   ava i l ab le .  The seasonal 
va r i a t ion  i n  loading,  a n d  i t s   r e l a t i o n s h i p  t o  eco log ica l   e f f ec t s ,   . i s  
another  matter t h a t  mer i t s   fu r the r   a t t en t ion .  

The i n t e r r e l a t i o n s h i p  between the   cumula t ive   e f fec ts  of a number o f  
nearshore  problems a n d  an open-lake  problem i s  n o t  well  understood. T h e  
Connission  suggests t h a t  the  problems a n d  i n t e r r e l a t i o n s h i p s  between 
nearshore and  open-lake  problems be f u r t h e r  exzmined  in  order t o  determine 
whether  whole-lake  loadings a n d  t a rge t   loads  -- which are   the   cur ren t  
bas i s  of analysis ,   except  for the  major subdiv is ions  of  Lake Erie a n d  Lake 
Huron - -  a r e  always  the  most  relevant  ,measures of appropr ia te   po l lu t ion  
con t ro l   s t r a t eg ie s .  

Despi te   the   perce ived   needs   for   fur ther   s tudy  i n  t hese   a r eas ,   t he  
Comnission  supports  the  view t h a t ,  g iven   the   p resent   s ta te  o f  knowledge, 
the  b r o a d  s c a l e  of  po l icy  w i t h  which th i s   r epor t   i s   p r imar i ly   conce rned ,  
and t he  need for   ear ly   remedial   act ion  where  possibl?  a n d  f e a s i b l e ,   t h e  
po l lu t ion  d a t a  a n d  con t ro l   s t r a t egy  for land  use  pol lutants   out l ined i n  
t h i s   r epor t   a r e   r e l evan t  t o  the   p resent   s tage  of policy  decision-making 
a n d  mer i t   ea r ly   cons idera t ion  a n d  implementation by t h e   j u r i s d i c t i o n s  i n  a 
manner t h a t  w i l l  be s u f f i c i e n t l y   f l e x i b l e  t o  permit  future  adjustments Z S  
bet te r   in fcrmat ion  becomes a v a i l a b l e . .  

2. Toxic a n d  Hazardous  Substances 

The po l lu t ion  of the  Great Lakes by tox ic  a n d  hazardous  substances from 
1 a n d  drainage  as a lso  a major  concern of  P L U A R G .  The po ten t i a l ly   s eve re  
consequences  posed by tox ic  a n d  hazardous  substances  in t h e  environment  have 
received  \ : l ide  recognition only  i n  the   past  few yea r s .  I t  i s  now c l e a r  t h a t  

; such   subs tances ,   espec ia l ly   o rganic   po l lu tan ts ,   a re  of equal i f  n o t  g r e a t e r  
concern t h a n  phosphorzs i n  t he  Great Lakes ecosystem.  Indeed,  they  consti tute 
a P o t e n t i a l l y  more serious  environmental   problem  related t o  l a n d  use  ttian  the 
relat ive  weight   given them i n   t h e  P L U A R G  r epor t  would  seem t o  i nd ica t e .  



Various  classes  of  organic  pollutants  can  degrade  biologically  or 
chemically, and may  produce  varying  degrees 0-f oxygen  reduction in the  wzter, 
as well as taste and odor  problems in water  supplies  or  fish.  However,  the 
main  class of such  substances  which  are of environmental  concern  are  those 
which do not readily  degrade  and which may  bioconcentrate  or  bioaccumulate in 
aquatic  organisms, or which  may be directly  toxic  to  aquatic  life  or to 

of aquatic life. Another  possibility  which  warrants  concern is that 
Some  organic  pollutants  can  also be metabolized or changed  to  a  more  toxic 
form in a  water body. Since  little is known  about  the  chemical and biological 
movement  or  their  fate in tho  environment,  or  even  the  individual or combined 
effects o f  many  such  pollutants,  special  vigilance  must  be  accorded  to  their 
presence in the  environment.  Indeed,  a  wide  variety of persistent  synthetic 
organic  contaminants  has been identified  either  qualitatively or 
quantitatively in the  environment,  including  water,  fish and fish-eating 
birds, 2nd sediments in the  Great Lakes ecosystem.  Threats  posed  by  toxic and 
hazardous  substances in the  Great  Lakes  Basin  ecosystem  were  highlighted in 
the  Commission  report  to  Governments  on  water  quality in the  Upper  Great 
Lakes, and hlater Quality  Annual  Reports of recent  years. 

Heavy  metals  can  have  both  direct  chronic and subtle  acute  effects on 
biota. They  may be taken up by  organisms  directly  from  the  water or through 
the  food  chain and cause  severe  growth and reproductive  problems , as we1 1 as 
prr:; I 8 ~ ! l ;  related to changes in behavior  patterns. As with  organic  compounds, 
biorrldynification in fish  tissues can also  occur,  depending  on  the  metal, and 
be 2 hazard both  to the  fish and to fish  consumers,  including  man, if such 
tissue  levels  are  sufficiently high. 

PLUARG  found  that land use  activities  (as well as the  atmosphere as 3 
mechanism  for  pollutant  transport)  are  presently  contributing  or n z v e  
contributed  to the Great  Lakes several groups  of  toxic  or  hazardous  substances 
with actual or  potential  detrimental  environmental  effects.  The  categories of  
substances  identified by PLUARG  include  trace  elements  (especially  the  heavy 
metals,  mercury and lead,) and organic  compounds  (some  pesticides;  PCEs, and 
.several  industrial  organic compounds). These  are  discussed  briefly below. 

( A )  PESTICIDES 

PLUARG  studies indicate that Great  Lakes biota continue to show 
. residual  levels o f  DDT, aldrin-dieldrin and chlordane, all of  whose  us2 
.has either been banned  or  restricted in the  Great  Lakes  Sasin, in recent 
years.  Heptachlor-  heptachlor  epoxide and atrazine  were  also  found, 'but 
are not  determined to be an environwntal  probicm at the present  time. 

- 

PLUARG noted that  organochlorine  pesticides (e.9. DDT)  were  first 
used in the  Great  Lakes  Basin  following k'orld Nar 11. These  pesticides 
were  widely used because  they  were  very  effective in controlling  insect 
pests and w2re  easy to apply.  The  capacity  of  these  substances  to  resist 
normal  degradztion in t h 2  environment, and their  resulting  bioaccumulation 
in aquatic  orgsnisms,  Nere  subsequently  discovered and their  biological 
implications  appreciated.  Because o f  these  factors, all of  thes? 
particular.  pesticides  have  either  been  eliminated  or  greatly  restricted in 
the  Great  Lakes Basin. PLUARG  focussed its initial  concern  on  these 
pesticides. 



Current  problems  concerning DDT r e l a t e  t o  i t s   p a s t  widespread  use. 
P L U A R G  s tud ie s  show t h a t  t o t a l  D D T  l eve l s  i n  f i s h   a r e  wel l  below the 

Lake Michigan  where 1976 lake t rou t  DDT l e v e l s   s t i l l   e x c e e d   t h i s   l e v e l .  
The  i n i t i a l   r a t e  of decl ine  in  DDT levels   fol lowing  the 1972  ban  bas 
slowed  in  recent  years.  

- 
, United  States  a n d  C a n a d i a n  gu ide l ine  o f  5.0 mg/kg, with  the  exception G f  

p < l d r i n - d i e l d r i n  has never  received  the same a t t en t ion   a s  DDT, 
although i t  has  been in use  as l o n g .  Levels i n  f i s h  from 1969 t o  1973 
have  been j u s t  a t  or below the  0 .3  m g / k g  guideline.   Levels  in  lake trout 
a n d  chub exceeded  the  guidelines i n  1975 a n d  1576. The reason for  t h e  
e leva ted  1 eve1 s i n  Lake Hi chi g a n  alone  are u n k n o w n .  Current  bans on t he  
use of d i e l d r i n  i n  b o t h  countr ies .   appear  t o  be r e s p o n s i b l e   f o r   i t s  
dec l in ing   l eve l s  i n  Great  Lakes f i s h ,  a l t h o u g h  sporadic   f indings  of   higher  
l e v e l s   a r e   s t i l l   n o t e d .  

Chlordane was detected by P L U A R G  i n   a l l  components of the  Lakes Erie  
a n d  Ontario  ecosystern;  in 1 9 7 6 .  Levels  exceeded  established  guidelines i n  
f i s h  samples  in  the  nouth of the  Niagara  River  in 1 9 7 7 ,  a n d  increases   in  
chlordane  res idues were also  found i n  f i s h  sampled  near  Point  Pelee  in 
Lake Er ie .  The use o f  c h l o r d a n e   i s   c u r r e n t l y   r e s t r i c t e d  and  PLUARG 
an t i c ipa t ed  t h a t  t h i s  s h o u l d  produce a dec l ine   in   ch lordane   res idues ,  
although  the  process may be slow. 

The p e s t i c i d e s   a t r a z i n e  and heptachlor-heDtachlor  eDoxide  were  also 
found i n  Great  Lakes  waters.  Past  bans on the  use of neptacnlor   in   the  
Great Lakes Basin  appear t o  have   e l imina ted   th i s   pes t ic ide  as a watzr 
q u a l i t y  problem a t  the   present   t ime.  P L U A R G  f o u n d  a t raz ine   in   every  
O n t a r i o  rivermouth  sample  taken  during i t s   s t u d y  a n d  concludcld t h a t  
because of i t s   re la t i .ve ly   rap id   b iodegrada t ion   in   the   envi ronnent   a ' i raz in?  
v:as n o t  be a problem a t  the  present  t ime. No res idues  of a t r a z i n e  were 
found  in   Grea t   Lakes   f i sh .   Never the less ,   the   d i f f icu l t ies   involved   in  
determining " s z f e "  leve ls  for such  conpounds  gives  cause for caut ion  in  
permit t ing  undesirable   levels   in   the  water .  

The new p e s t i c i d e s  b e i n g  used in t h e  Great Lakes B a s i n  (e ,g .  
organophosphates,  carbamates)  generally  have  chemic21  properties  whlch 
e i t h e r   a l l o ~  them t o  be r ap id ly  degraded or e l s e  n o t  bioaccumulated i n  
b iota .   Consequent ly ,  no water  quality  problem ' r e l a t i n g  t o  t h e i r   u s e   i s  
evident  a t  p r e sen t ,  a l t h o u g h  continued m o n i t o r i n g  i s  warranted. 

( 6 )  INDUSTRIAL O R G A N I C  COElPOUi!DS 

P C 3 8  (polychlor ina ted   b iphenyls )  were found t o  be wide ly   d i s t r ibu ted  
t h r o u g h o u t  the  Great Lakes ecosystem, h a v i n g  been  used i n  the  basin for  
m3re t h a n  40 y e a r s .  PCBs have  been ca l l ed  one o f  the  most p e r s i s t e n t  
t ox ic   po l lu t an t s  i n  the   environnent .  PC3s a re   excep t iona l ly   s t zb ie  
compounds t h a t  have  been  used i n  a wide v a r i e t y  of i n d u s t r i a l  and 
co lmerc i a l   app l i ca t ions ,   p r inc ipa l ly  i n  e l e c t r i c a l   t r s n s f o r m r s ,   p a p e r  
coa t ing  a n d  the  use o f  PCS-contaminzied o i l s  on unsurfaced  rocas.  They 
are  very r e s ' s t a n t  t o  biodeci-adation, and :hey can usua l ly  be s u c c e s s f u l l y  
destroyed only  by h i g h  t empera ture   inc inera t ion .  A l t h o u g h  t he  U.S. 
Environmental  Protection Agency  banned the  manufacture o f  PCBs i n  1976, a 
t o t a l  ban  on the  use a n d  t r anspor t  o f  PCBs (except  by E P A  - approved 
permi t ) ,   d id  n o t  go  i n t o   e f f e c t   u n t i l  mid-1979. I n  C a n a d a ,  a b a n .  on t he  



use of  PCBs,  except  for their continued use (but not replenishnent) in 
certain  existing  elecrrical  equipment, has  been proposed but is still 

\ under  review. 

While  PCBs  are  only  sparingly  soluble in water,  they  are  quite 
soluble in fat, and as a  result  can  bioaccumulate  readily in the  fatty 
tissues  of  fish,  birds and  human beings. It is for  this  reason  that the:, 
represent an environmental  hazard,  with  the  effects noted  below. This is 
reflected in the  PLUARG  findings  that  even  when  levels of PCBs  may be 
barely  detectable  in  water, PCB levels in fish  tissue  can  exceed 
established  guideline  concentrations  for  human  consumption.  The  average 
concentration  of PCi3s  in fish  for  the  past  eight  years has exceeded  the 
United  States and Canadian  guidelines  only in Lakes  Nichigan and Ontario, 
although  the maximm levels of the  range of PCE  concentrations in fish 
exceeded the guidelines in  a1 1 the  lakes. 

The  bioaccumulation  effects of PCEs,  which  cause  reproductive  failure 
and deformities in fish-eating  birds,  were  seen in Lake  Ontario  herring 
gulls. Adult  gulls  exhibited  a  sharp  decline in egg  hatching, and their 
young  were  often  grossly  deformed,  particularly  their b i l l s ,  rendering 
them  incapable  of  eating. IJhile there is no toxicological  data as yet on 
the  human  effects o f  PCBs, it was  found  that  subjects  with  the  highest 
1 ~ ~ ~ 1 s  of PCB in fat  tissues  were  also  those  who  consumed  large  quantities 

, ;'ish from  the  Great  Lakes.  Because of elevated  PCB  levels,  numerous 
warnings and several bans have been  issued in the  past concerni.ng 
comnercial  fishing of coho and chinook  salmon in Lake  Huron,  Georgian  Bay, 
North  Channel,  Lake  Erie and Lake  Ontario;  catfish and  eel' in Lake 
Ontario; and salmon in Lake  Michigan.  PLUARG  found  that  the  levels  af 
PCBs in fish  tissue  have not changed  significantly  over  the  past 8-9 
years. 

Sediments in the  Great  Lakes,  Darticularly  Lakes  Ontario and Erie, 
are highly  contaminated  with  PCEs  (Ficyre 4). The  sediment  contamination 
pattern  indicates  that  large  urban  areas  are  major  sources of PCBs. They 
are found in both  municipal and industrial  wastewaters. Also tile 
widespread  dispersion  of  PCBs  throughout  the  Great  Lskes  sediments 
suggests  that  the  atmosphere is transporter  of  PCBs  to  the Lakes. 

Hexachlorobcnzene (HCS), an organic  material  used in the  plastic and 
dye  jndusIry, nas been sho\:ln to be  very  stable in the  environment and 
readily  bioaccumulztive,  although it  is easily  volatilized.  HCB  has  been 
shown to be carcinogenic in laboratory tests. PLUARG  studies  showed 
levels  of 10-25 pg/kg in fish tissues in Lake  Ontario  tributaries.  Lake 
surveil  lance  data  show  concentrations  ranging iron non-detectable  to 20 
pg/ka in Lake; Oritario and Erie. The  sources  of  HCB  are not  well known 
at present. I t  is .noted that  there are no  formal  guidelines  for  HCB in 
fish  for human consumption at the present time. 

Kirex is a  substance  which,  while  used in pesticides in southern 
parts o f  the  United  States, is considered  primarily an industrial  chemical 
in the  Great  Lakes  Basin. It  is used in the  manufacture of plastics, ss 
well as a fire  retardant in synthetic  fibers. It has never been 
registered  for  use in pesticides in Canada. 
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Mirex  was  first  reported in Lake  Ontario  fish in 1974, and continued 
without  decline to  1977. The input was  traced to  point sources  on  the 
Niagara and Oswego  Rivers of New York. No source  was  detected in Canadian 
tributary  suspended  sediments i n -  1974-75; high levels of  mirex  were 
detected in fish in Kettle  Creek,  Ontario  during  1978,  but  not in fish 
collected in the  open-lake.  The 1978  Great  Lakes  Water  Quality  Agreement 
established an objective of substantially  eliminating  mirex and its 
degradation  products  from  water and aquatic  organisms. 

Many  other  ch2micals  produced and used in the  United  States and 
Canada  may  pose  severe  environmental  or  health  problems.  However,  our 
knowledge of the potential  risks  associated  with  many  chemicals is 
relatively  scarce.  Indeed, in many  cases  we do not  learn of the  risks 
associated  with  chemicals unt i 1 after  they  have  produced  damage  to  human 
or environmental health. Examples are asbestos, DDT and PCBs. A recent 
inventory  prepared by the. IJC's  Science  Advisory  Board  indicates 
approximately 2800 chemicals are produced  or  used in the  Great  Lakes 
Basin,  with  nearly  2200 of these  chemicals  being  organic  compounds. The 
IJC's  Rater  Quality Board. reported  that  about 400 organic  compounds  have 
been  identified in either  discharges  to  the  lakes, in sludges, in lake 
water,  sediments,  benthos,  plankton,  fish  or  wildlife, or in the air. 
Another 100 organic  contaminants  are  currently  being  evaluated.  Both 
fFJn-associated and natural  sources are believed  to be contributing  these 
jilialerials to  the lakes. 

(C) HEAVY t4ETALS AND OTHER  TRACE ELENENTS 

.! The  beginning  of  heavy  metals  entering the. Great  Lakes  above  naturzl 
levels  roughly  corresponds  with  the  beginning of European  settlement ~f 
the  basin in the  mid-l800's, and the  clearing  of  large  areas of land f o r  
agricultural and urban  use. The  rapid  growth  of  industry in the  basin 
since  that  time has produced  significant  increases in inputs  of  heavy 
metals  to  the basiq. PLUARG  studies  involving lake sediment  cores 
demonstrate  that man has been instrumental in increasing  inputs o f  

. virtually all pollutants  to  the  Great  Lakes. 

PLUARG  determined  that  several  trace  elements  were  present  or 
potential  pollutants to the  Great  Lakes  System,  some but not a l l  o f  these 

. being heavy  metals.  The  substances of concern  are  mercury,  lead,  arsenic, 
cadmium,  selenium,  copper,  zinc,  chromium, and vanadium. 

PLUARG  indicated  that the basic  criteria  for  establishing  the 
potential for environmental  contamination  for  these  above  listed  elements 
should be based on their  accumulation in the  sediments and biota  above 
natural background  levels, and more  importzntly, on their  ability  to 
undergo  methylation to a  more toxic form.  Gased  primarily on this latter 
criterion, PLUARG determined  that  mercury and lead are  of  greatest  concern 
in the Great  Lakes  ecosystem. 

The  concern  with  mercury  stems  from  the  discovery  that som? 
microorganisms in lake bottom  sediments  can  convert  inorganic  mercury i n  
sediments into an oroanic  form,  methyl  mercury  which  can  undergo 
bioaccumulation in fish and is a very  potent  human  nerve  poison. 



Sediments and fish,  especially in Lakes  Ontario,  Erie  and St. Clair, 
are  presently  Contaminated  with  mercury.  This  mercury is dzrived  from 
several  sources,  including  pesticides,  past  point  source  discharges  from 
severzl  chlor-alkali  industries in the  Lake St. Clair  Basin, and present 
atmospheric  deposition  both  directly  into  the  Great  Lakes, and onto  the 
]and surface  with  subsequent  drainage  to  the  lakes. 

A s  a  result  primarily  of  the  point  source  discharges  to  Lake St. 
Clair and the  Detroit  River,  the  sediments and fish of Lake St. Clair 
became  contaminated  with  mercury.  The  commercial  fishery wzs subsequently 
closed,  bans on sport  fishery  were  also  imposed  on  for  Lake St. Clair and 
for  certain  fish in Lakes  Huron,  Erie and Ontario. 

It is noted  that as a result of the  control of point  sources o f  
mercury  discharges, an encouraging  decline in mercury  levels  occurred in 
Lake St. Clair  fish  between 1970 and 1977. Re-opening of the  Lake St. 
Clair  comnercial  fishery is being  considered.  It i s  also  noted,  however, 
that  mercury-laden  sediments  are  moving  slowly  eastward  into  Lakes  Erie 
and Ontario. 

Lezld has also  been  identified by PLUARG as a  pollutant of concern 
mainly  because of  i t s  potential  for  undergoing  methylation  to  a  more  toxic 
form.  PLUARG did not  identify lead as  an actual  environmental  concern at 
present, but ratner  cited  its  potential  for  undsrgoing  biomethylation as a 
reason  for  concern and continued  monitoring.  Substantial  inputs of lead 
f r o m  nonpoint  sources,  particularly  from  automobile  exhausts in the  larse 
urban  complexes o f  the  Lakes  Erie . and Ontario  Bzsins,  have had a 
measurable  effect  on  the  concentration o f  lead in lake sediments.  The 
influence o f  large  urban  centers, in particular,  can be seen in the lez5 
levels in sediments .o f  Lakes  Erie and Ontario.  The  importance of the 
atmosphere as a transport  mechanism  for  lead  entering  tne  Great  Lakes  was 
stressed by PLUARG. A t  present,  the  levels of total lead in Great  Lakes 
fish are below  the  accepted  guideline o f  10 mg/kg. PLUARG did note, 
however,  that  the  early  staae of evaluation of methyl lead levels in fish 
may  ultimately lead to  a  revision of the  guideline  for  fish. 

- 

(D) SEDIMENTS 

Erosion o f  land and the  subsequent  input of sediments  into  the  Great 
Lakes is a  natural  phenomenon  which has been  occurring  since  the  formation 
of the  lakes. kith the  settlement of the  basin,  and  subsequent  clearing 
of land for  agricultural  and  urban  uses,  has  come  an  increase in sediment 
loads to the 1 akes. 

The imrnedizte effects o f  sedimFntation  ?re  the  problems  observed in 
ths d o m s t r ? m  portions of tributary  streams and in harbours and bays in 
the  nearshore 2r22.5 o f  the l ? k e s ,  where  siltation  may  impair  the  use of 
water f o r  drinking  or  may  present  aesthetic  problems.  Sedimentation mJy 
also  hampa-  shipping  activities,  or  reduce  the  visbility of fish spamina 
grounds. 

Another  concern re1 ated  to sedimefits is their  role as 2 "pol lutant 
carrier" on t h e  one  hand,  and r? pollutant  sink  or  trap on the  other.  This 
phenomenon  applies to virtually all pollutants  discussed  thus far, 
including  organic  compounds,  phosphorus and heavy  mstals, and depends  to a 
lzrge  extent  on t h e  chemical  conditions in t.he water. 



Sediment  particles  can  trans2ort  pollutants to the lakes and thus be 
a  pollutant  "source",  when the latter  becone  bound  to  the  particle 
surface,  especially  clay-sized  particles.  The  pollutant-laden  particle 
can  then be carried to the lakes, where  the  pollutant  may  become  unbound 
from  the  particle.  surface under certain  conditions,  such as oxygen 
depletion in the  water. It will then be available  for  uptake by organisms 
in the lakes. This is the. manner in which  phosphorus  regeneration ft-oril 
lake  bottom  sediments  ("internal  loading")  generally  occurs. 

Conversely,  pollutant-laden  sediment  particles  may  not  release  the 
pollutant to the  water. In addition,  sediment  particles  may  adsorb 
pollutants  from  the  lake  water. In this  case,  the  sediment is acting as a 
pollutant trap or  "sink" by rendering  the  pollutant  unavailable  for  uptake 
by aquatic  organisms.  The bound pollutant  may  remain  unavailable 

. essentially  permanently  when  the  sediment  particle  sinks to the  bottom of 
the lakes or leaves  the lake by way of the  outflow  stream.  Alternately, 
the  pollutant  may be slowly  released to the  water  and  become  available 
over  time,  depending on the  biochemical  conditions in the lake. 

A s  a general rule,  pollutants  are  released  from  sediments  under 
chemically-reducing  conditions in the  water,  such as occur  under 
conditions  of  oxygen  depletion.  Phosphorus,  for  example, is usually 
,-?leased from  sediments in large quantities  when  this  occurs in the 
nypolimnetic  waters  of  Lake  Erie's  central basin. Metals  are  also 
relezsed under reducing  conditions. By contrast,  chemically-oxidized 
conditions  Generally  cause  pollutants  to  remain  attached  to  sediment 
particles. If any release  does  occur, it is usually  very slow, so that 
the  pollutant in effect  becomes  buried in the  bottom  sediments. Eletals, 
for  .example,  usually  remain bound to particles  under  such  conditions, 
while  phosphorus  release is usually  non-existent or very slow. As a 
result, it  is generally  preferable,  from  the  point  of  view  of  water 
quality, to maintain  oxygenated  conditions in water  bodies  since  this 
tends to decrease  pollutant  releases  from  sediment  particles. This dual 
nature  of  the  role and effects  of  sediment  particles  should be kept in 
mind  when  assessing  the impact o f  sedimentation on the  Great  Lakes 
ecosystem. 

, 

Sediment  sources in the  Great  Lakes  include  surface  runoff  from a 
variety  of land uses,  including  ayricultural and urban  areas,  forests and 
other 1 and uses, as we1 1 as shore1 i ne  erosion. Of these  sources , erosion 
of agricultural  land,  particularly  croplands and streambank  erDsion, are 
the  primary  contributors  of  sediments.  PLUARG  observed  that  unit  area 
loads of suspended  solids  (sediment)  ranged  from 60-969 kglhalyr  (67-1,075 
lblacrelyr). The total  loadings o f  suspended  solids and sediments  from 
the  above  sources anlount to an estimated 60,323,560 metric  tons pe.r year. 
Tributary  inputs,  which  include  runoff  from  agricultural,  urban and 
forested lands account  for  11,266,560  metric tons,  while  the remainir!g 
49,157,000  metric  tons  are  from  shoreline  erosion. It is evident  thzi 
soil losses, apart froin any associated  pollution  problems, can represent .? 
substantial  econonic l o s s  to the Great  Lakes  Basin, in terms o f  lost 
production to individuJl farmers. It  is a lso  noted,  however,  that th? 
absolute  quantities  of  inputs o f  sediments to the  lakes  should be viewed 

the lakes. Sediment  from  shoreline  erosion, while lJrge in quantity 
basinwide, does not ,usually  carry  substances whictl can  affect  water 

i with  caution  when  considering their actual impacts on the  water quality o f  



quality to the same  degree as agricultural  or  urban  sediments.  Even  where 
chemical  substances  of  concern  are  a  natural  component  of  shoreline 
sediments,  they  are  not  generally as concentrated or in a  form  readily 
zssimilated by organisms or lake  waters  (particularly  the  apatite  form o f  
phosphorus). Hence  the  potential  impact  on  water  quality  from  shoreline 
erosion is less  severe  th2n  similar  or  even  much  smaller  quantities  of 
sediment  from  developed  areas  where  polluting  substances  are  generated in 
large  part by man's  activities. 

Highly-erodible  soil, and erosion-sensitive  land  uses, do not 
necessarily  result in high  sediment  loading  rates,  since .the location and 
management of waterwzys  that  could  receive  eroded  sediments  (including 
streams and ditches) as well as soil  management  practices  can  also  have 2 
significant  effect on soil erosion and transport  to  the  Great  Lakes. The 
effect  of  such  renedial  management  practices 2s  bufflring waterways  with 
grzss or trees  can  be to decrezse  sediment loads. PLUARG  results  indicate 
that  a  substantial  reduction in the  transport of fine-grain  sediments by 
improved  erosion and sediment  control  progrems,  coupled  with  such 
established  measures as contour  cultivation,  would a l s o  reduce  the  loads 
O f  sediment-associated  pollutants,  particularly  phosphorus,  nitrogen and 
pesticide  residues. 

3. Localized  Nonpoint  Pollution  Problems 

P L U A R G  pointed  out in its  study  that  wnile sone pollutants did not 
consitituto  lakewide, transboundary  problems,  they  did  have  actual  or 

.- potentit!l.environmental consequences  on  a 'localized scale. lhese pollutants 
are discussed below. 

- 

( A )  NI CROORGAXI SNS 

Pathogenic bacteri'a (i.e. disease-causing  bacteria)  of  human and 
anirnzl origin  enter  the  Great  Lakes  through . direct  sewage  plant 
discharges,  direct  storm  sewer  discharges,  combined  storm and sanitary 
sewer overf1oP:s and private w a s t e  disposal systern failures,  discussed 
earlier in the  section on phosphorus . A major  component of the  urban 
diffuse  bacterial load is of non-human  origin (e.9. pets). 

PLUARG  studies  indicated  that,  comparatively  speaking,  bacteria 
entering the Great  Lakes  due to land drainage  do  not  represent  a  major 
water  quality  problem in the  basin at present.  Gacterial  impact is 
generaliy  restricted to the  nearshore  zone o f  the  lakes.  Local  problems 
could  arise  within  the  vicinity  of  municipal  water  intake,  or in areas 
where  surfzce  waters ?re used for swimming.  Beach  closings  resulting  from 
bacterial  contamination  hzve  been corninon in recent.  years in the Loi;'r?r 
Great Lakes .  Hence,  increased  vigilance is necesszry  jn  such  areas. 

(6) CHLORIDES 

The  use of road  deicivg  salts  (especially  chlorides) in the  Great 
Lakes  Gasin  h3s  been  increasing  since  the  turn of the  century.  The  hezvy 
use of  salts, and related  snow  disposal  practices,  ..has.  resulted in a 
substantial  input of chlorides  to  .the  .lakes. I t  is also iL;,ted, however, 
that ind,ustrial sources  are  the  major  sources of salts  to  the  lakes, 



accounting  for 57-93 percent  of  the total input, depending  on  the  lake 
basin. 

Localized  problems  due to chloride  pollution  have been observed in 
some  nearshore  zones and harbours and bays,  particularly  near  urban 
areas. In terms of  Great  Lakes  environmental  problems,  however,  chlorides 
from  diffuse  sources  are not of  concern  to  open-lake  water  quality  or 
biota  since  present  concentrations are far  below  detrimental  levels, 
although  changes in algal species  caused by rising  chloride  levels  have 
been identified in the  literature.  From  the  ecosystem  viewpoint,  other 
problems  are  caused  such as the  social  costs of automobile  corrosion and 
damage  to  vegetation and clothing.  These  factors  warrant  consideration 
and concern in assessing  the  benefits  of  salt  application. 

( C ) -  NITROGEN 

Nitrogen is o f  localized  concern  where it contributes  to  groundwater 
pollution. As such it affects  the  use  of  groundwater as a  drinking  water 
supply.  Nitrogen  levels  about 10 mg/L in drinking  waters  can  affect 
newly-born  infants,  causing  the  health  problem  known as 
rnethyloglobinemia. In  terms of  Great  Lakes  water  quality,  however,  PLUARG 
determined  that  nitrogen from diffuse  sources is not a concern at  present. 

4.  W x t e  Disposal 

( A )  SANITARY  LANDFILLS 

.Leachate  from  sanitary  landfills can contain  elevated  levels  of  heavy 
metals,  organic and inorganic  compDunds and chlorides. Such leachate  from 
improperly  designed or managed  landfills  may  percolate  down to contaminate 
groundwaters or leak out  from  improperly  sealed  sites  to  contaminate 
surface  waters. 

Some  localized  pollution  from  sanitary  landfills  has  been  identified 
in the  Great  Lakes Basin. PLUARG,  however,  determined  that 
properly  designed and managed  landf i 11s used ‘for disposal of normal human 
produced refuse (i.e. garbage)  minimize  potential  impacts and present 
little  threat to Great  Lakes  water  quality. It must be emphasized  that 
this is a  difierent  problem  from  that  of  hazardous  .waste  disposal  sites 
discussed below. 

It is now  realized  that  many 1 andfi 1 1  operat  ions, both regulated and 
unauthorized,  contain  large  quantities  of  hazardous  wastes,  yet  the  types, 
quantities a n d ,  often  locations o f  hazardous  waste in the  basin  are  often 
not clearly  known.  The  relative  importance of landfills as sources  of 
PCBs, for example,  compared to other  sources is not  known.  Further, 
existing  lsndfill  sitcs  are  often not designed to safely  contain  hazardous 
rnateriLls over tho, long term.  improperly  designed or located  hazardous 
waste  disposal  sites  have  considerable  lmplications  for  Great  Lakes  water 
quality.  The  siting and proper  operation  of  sites  for  disposal of 
hazardous  wastes has been  identified as s severe  problem in the Great 
Lakes Easin by t h e  Great  Lakes  Water  Quality Board. 



( B )  HAZARDOUS WASTE DISPOSAL 

Because t h e '   G r e a t  Lakes  Basin i s   t h e   " i n d u s t r i a l   h e a r t l a n d "  o f  t he  
United  States  a n d  C a n a d a ,  industry o f  a l l   t ypes  can be found  there ,  
espec ia l ly   near   popula t ion   cen t res .  A by-product of t h i s   i n t e n s e  
i n d u s t r i a l   a c t i v i t y   i s  a wide v a r i e t y  of l i qu id  a n d  so l id   was t e s ,  
including a b o u t  one-fourth of a l l   the   hazardous  mater ia ls   produced i n  t he  
United  States .  

The loca t ions  a n d  types of hazardous  waste  disposal  si tes were 
surveyed by P L U A R G  as p a r t  of i t s   i n v e n t o r y  of special ized  land  uses .  

However, because   the   s i tes  were o n l y  those t h a t  could be i d e n t i f i e d ,  
a n d  which handle a g r e a t   v a r i e t y  of wastes,  no t  a l l  of which a r e   c l e a r l y  
i d e n t i f i e d ,   t h e  numbers o n l y  h i n t  a t  the  scope o f  the  problem of 
c o n t r o l l i n g  and  assessing  the  impacts o f  hazardous  waste  disposal i n  the  
Great  Lakes  Basin. 

Only recent ly   has   the  ful l   magni tude of the  environmental  a n d  hea l th  
problems  associated w i t h  the   disposal  of  hazardous  wastes become 
appreciated.   In  the  United States,  the  Environmental  Protection Agency 
( E P A )  has  estimated t h a t  more t h a n  35 m i  11 ion  tons ( 7 0  bi 11 ion  pounds) o f  
hazardous  wastes  are  produced  annually  across  the  country,  mainly i n  the  
chemical,  petroleum,  metals or r e l a t e d   i n d u s t r i e s .  Government ac t ions   in  
recent   years  which r e s t r i c t   t h e   d i s c h a r g e s  o f  hazardous. a n d  toxic   wzstes  
t o  municipal  sever  systems and to  water  bodies  in  order t h a t  b o t h  such 
systems  might be p ro tec t ed ,  have helped  focus  a t tent ion on the  problems o f  
the   u l t imate   d i sposa l  of  a wide va r i e ty  of toxic or hazardous   indus t r iz i  
wastes .  

Hazardous and t o x i c  w z s t e s ,  usually  produced  as  by-products of 
manufacturing  processes,  can  have a mult i tude o f  e f f e c t s  i n  t h e  
environment. O f  primary  concern  is t h a t  they   th rea ten  human a n d  animal 
hea l th .  Hazardous  waites  can  cause  birth  defects and cancer  in huwans  a n d  
they  can  also h a m  or  k i l l   f i s h  a n d  wi l d l i f e .  These  wastes  can  severely 
a f fec t   water   qua l i ty   i f   a l lowed t o  enter   water   bodies ,  a n d  can r e s u l t  i n  
s e r ious  economic losses  t o  users  of the  water.  

The leaching o f  l i q u i d  \qastes t h r o u g h  the   under ly ing   sur face  of 
disposa l   s i tes   in to   the   g -3undwaier  a n d / o r  u l t ima te ly  i n t o  sur face   waters  
pose a s e r i o u s   t h r e a t  t o  huinan and  envi ronnenta l   hea l th .   Other '   rou tes .of  
exposure  a lso  exis t ,   including  overf low a n d  r u n o f f  from d i s p o s a l   s i t e s ,  
the  atmosphere ( t h r o u g h  improper inc inera t ion ,   evapora t ion  or wind 
e ros ion ) ,   f i r e   and /o r   exp los ions  due t o  chemical   react ions  occurr ing a t  
s i t e s ,   d i r e c t   c o n t a c t  o f  hunans or w i l d l i f e  w i t h  the   was tes ,  a n d  poss ib ly  
o f  m o s t  importmce t o  humans i n  the  Grezt Lakes Bzs in ,   adverse ly   a f fec t in3  
hurnzn h c z l t h  througiil the  f o o d  chain v i a  b ioaccuinulzt ion  in   the  f ish  eaten 
by h u m a n s .  

A t  a recent  k'orld  Health O r g a n i z a t i o n  ( \ N O )  meeting i t  wzs noted t h a t  
i n  Europe  nearly a thousand new cherni c z l s  go into  product ion  each  year .  
Experts a t '  t h i s   w e t i n s  spoke o u t  s t rong ly   fo r  2 world-wide p l a n  to   deal  
w i t h  c h m i c a l  p o l l u t i o n ,  noting t h a t  " n a t i o n a l  l ? g i s l a t i o n  was 
i n s u f f i c i e n t  t o  deal w i t h  the  hazards of  uncontroll?d  or  improper  use." 



I t  i s   i ron ic  t h a t  environmental laws aimed a t  p ro tec t ing   the  a i r  a n d  
waters have i n  part  forced more a n d  more wastes t o  be disposed of on the  
land. Rany o f  the   resul t ing  disposal   s i tes   have  proven t o  be wholly 
inadequate  for  such  purposes. Even adequa te   i ndus t r i a l   l and f i l l s  may be 
inadequately  secured  after  they  have become f i l l e d   ( i . e .   " c a p p e d " ) ,  so 
t h a t  they can eventually  leak  chemicals.  Incomplete a n d  unsecured dump 
s i t e s ,   a r e   p o t e n t i a l l y  even more se r ious ,  b o t h  because  they  are numerous 
and because  of ten  their   exis tence is unknown. Hence people who l ive   near  
such s i t e s  can be exposed t o  t h e   e f f e c t s  o f  such  chemicals  without  their  

. knowledge. I n  recent   year  i t  has become common t o  f i n d  b a r r e l s  of 
unidentified  chemicals  hidden  in abandoned  warehouses or s tored  on l o t s  i n  
r u n d o w n  sec t ions  o f  c i t i e s ,  under e levated roadways  or open f i e lds   bes ide  
them. 

Further ,   chemicals   are   of ten  indiscr iminant ly  dumped on vacant  lands 
or  poured i n t o  municipal  sewers or pr ivate   disposal   wel ls .   There  are  now 
in   the  United  States  a b o u t  18,500 s i t e s  for municipal  solid  waste 
d i sposa l ,  23,000 s s t e s   f o r  sewage s ludge  disposal ,  a n d  more t h a n  100,000 
s i t e s   f o r   i n d u s t r i z l   w a s t e s ,  n o t  count ing   those   s i tes  of  k n o w n  q u a l i t y  
which  have  been closed.  The United  States EPA has ,   i n   f ac t ,  documented 
more than 400 cases  .of damage t o  heal th  and  the  environment which  have 
occurred  as a r e s u l t  of t he  improper  managenent of hazardous  wastes, a 

The Great  Lakes  Basin Commission has  concluded t h a t  "adequate 
t featment  and  disposal   capaci ty  for hazardous  wastes  in  the  Great  Lakes 
Easin  does n o t  e x i s t . "  I t  further  concluded t h a t  "o ld ,   inac t ive   d i sposa i  
s i t e s  which may contain  hazardous  wastes  exist  around t h e  Basin. Ti?? 
s p e c i f i c .  number, loca t ion  and  potent ia l   hazards  o f  t h e s e   s i t e s   a r e  
u n k n o w n . "  Yet because o f  the  concentrat ion of industry  in  the  Great Lakes 
Basin,   maintaining of t h i s   r e g i o n ' s  economy, while a t  the  Sam?  time 
assuring  adequate  environmental a n d  health  protection,  depends more on the  
a b i l i t y  of the  populat ion  in   this   region t o  adequately  address  problems 
assoc ia ted  w i t h  production of hazardous  materiais t h a n  i t  w o u l d  i n  o ther  
l e s s   i ndus t r i a l i zed   a r eas  o f  the  United  States a n d  C a n a d a .  

, :  ! la t ion  descr ibed  as   the  " t ip  of the  iceberg".  

5. Atmospheric P o l l u t i o n  

The atmosphere  acts  as a mechanism t o  t r anspor t   po l lu t an t s  from a 
l a rge  number of d i f fe ren t   sources  t o ,  a n d  wi th in ,   the   Grea t  Lakes Easin. 
These po l lu t an t s   a r e   depos i t ed   d i r ec t ly   i n to   t he   l akes   o r  on the  land 
within  the  basin,  a n d  then  carr ied by storm r u n o f f  and snowmelt i n t o  the  
lakes  and  t r ibutar ies .   k 'hi le   the  a tmosphere  is  n o t  a source of po l lu t ion  
i n   i t s e l f ,  i t  can ca r ry   l a rge   quan t i t i e s  of  polluting  substances  over 
grea t   d i s tances .  D u r i n g  th i s   t rznspor t   p rocess ,   ce r ta in   po l lu tan ts   f ron  
l a n d  sources can s l s o  be transformed  into more t o x i c  forms t h a n  the;lr  
o r i g i n a l  form: P L U A R G  found t h a t  the  amognts of mater ia l   deposi ted  into 
the  individual   lakes  were genera l ly  p r o p o r t i o n a l  t o  the  lake  surface  area.  

I t  was f o u n d  t h a t  the  atmospheric  input  cas  surprisingly  high i n  s o w  
ins tances .  For example,  the  atmosphere  contributed a b o u t  1,603 metr ic  
t o n s  of phosphorus in  1976 t o  b o t h  Lakes Superior a n d  Michigan. The 1976 
phosphorus i n p u t  t o  Lake Huron was a b o u t  1 ,100  metr ic   tons.  Even the 
r e l a t i v e l y  small   surface arezs  .of Cakes Erie a n d  O n t a r i o  received abou t  
800 and  500 metr ic   tons o f  phosphorus d u r i n g  t h i s   pe r iod .  



The atmospheric i n p u t s  of severa l   o ther   mater ia l s   inves t iga ted  by 
P L U A R G  were a l s o   s i g n i f i c a n t .  The Reference Group noted t h a t  lead was 
cont r ibu ted  t o  the  Great  Lakes by the   t r anspor t  of lead t h r o u g h  the  a i r  
from  automobile  exhausts. Also,  atmospheric  inputs of asbestos  from 
vehicular   brake  l inings  occurs  i n  the  Great Lakes  Basin. 

Toxic  materials  were  also  found t o  be t rznsported  via   the 
atmosphere. Urban a reas   a re  ma jo r  sources for  P C B  po l lu t ion  o f  t he  Great 
Lakes. P L U A R G  also  observed,  however, t h a t  the   widespread  dispersal  o f  
PCBs throughout  the  sediment o f  the   lakes ,   including  areas   remote from 
indus t r i a l   cen t r e s ,   i nd ica t e s   t he   impor t ance  of a tmospheric   t ransport  of 
PCBs throughout   the  ent i re   Basin.  

Rind e ros ion   r e su l t s  i n  l i f t i n g   s o i l  a n d  sediments  from  the  land 
surface.   This  i s  so e spec ia l ly   i n   cons t ruc t ion   a r eas  and  in  other l a n d  
areas  whose sur faces  have  been c leared ,   thus   expos ing   the   so i l  t o  wind 
ac t ion .  The dust bowl i n  the  southwestern  United  States  during  the 1930 ' s  
serves  as an extreme  example of s o i l  movement t h r o u g h  t h e  a i r  as a r e s u l t  
of wind eros ion .  

Acid rain i s  a dramatic and s e r ious  example of indus t r ia l   emiss ions  
being  t ransported  ovcr   long  dis tances  t h r o u g h  the  atmosphere .and 
undergoing  chemical  trmsformation  in  the  process t o  produce a severe 
environmental  problem.  Indeed,  the  problems of ac id   ra in   a re  becoming 
global  in  nature.  Acid rzin  is   produced when su l furous   ox ides   (espec ia l ly  
f rom  coa l -burn ing   thermal   l l ec t r ic  p l z n t s  a n d  sme l t e r s )  and  n i t rous   ox ides  
(nz in ly  from  automobile  exhaust  emissions)  interact w i t h  moisture i n  t he  
atmosphere  producing  water  with  substantially  increased  acidity.   Thfs 
water  is   then  distributed  over  land and  water   sur faces   as   p rec ip i ta t ion .  
The jmpacts of the  resul t ing  acid  ra in   have been shown t o  be sev2re t3 
b i o t a ,   e s p e c i a l l y   f i s h ,   i n   l a k e s  w i t h  low "buf fe r ing"   capac i t i e s .  Such 
lakes   ex is t   in   a reas  whose geologica l   charac te r i s t ics   a re   such  t h a t  t h e r e  
i s  l i t t l e  or no n a t u r a l  czipacity t o  neu t r a l i ze   t he   i nc reased   ac id i ty  which 
en te r s   t he   l akes .   In   s eve re   ca ses ,   e s sen t i a l ly   l i f e l e s s   l akes  have  been 
produced. 

Acid rain  has   received  considerable   a t tent ion  in   the  Great  Lakes 
region i n  recent  months  because i t   a f f e c t s  some lakes   in   upstate  New York, 
and  lakes i n  the  C a n a d i a n  Shield  area o f  O n t a r i o .  I n  terms of Great  Lakes 
water  quali ty,   however,  P L U A R G  concluded t h a t  acid r a i n  has no measurable 
e f f e c t  a t  present,  excep.t  in two isolated  enbayments i n  Georgian  6ay. 
Because o f  t he   l a rge  volume o f  water  in  the  Great  Lakes, and an enormous 
buf fer ing   capac i ty ,   the   l ike l ihood o f  the  pH changing as a r e s u i t  o f  acid 
rain  is   remote.  

Never the less ,   the   e f fec ts  of ac id   ra in  on in land   lakes ,   vege ta t ion  
a n d  b i o t a  i n  the  Great Lakes  Basin  can be severe .  Such e f f e c t s  nave 
r ece ived   cons ide rab le   a t t en t ion  i n  upper New York S t a t e  a n d  i n  the  
C a n a d i a n  Shield  area.   Furthermore,   acid r a i n  can lead t o  the   mobi l iza t ion  
of heavy  metals  from s o i l  a n d  sediment  into  the  water a n d  may then bz 
t ranspor ted  i o  the  Great Lakes.  Thus, t h e  e f f e c t s  of  acid r a i n  on the  
1an.d a n d  t r i b u t a r i e s  rr,~,y u l t imate ly  be  shown t o  have a measurable   effect  
on the  Great  Lakes ecosystem. 



I t  is clear  from  the  PLUARG  study  that  atmospheric  inputs of 
materials to the  Great  Lakes  deserves  much  more  consideration.  Virtually 
any  material  dischJrged  into the atmosphere (e.9. stack  emissions, 
automobile  exhausts) will eventually be returned to the land or water 
surface in dry  fallout or precipitation.  Naterials  may be deposited in 
the  Great  Lakes  Basin  from  sources both within  the  basin and outside  the 
basin. Such long range  transport  of  pollutants i s  already  a  problem of 
global  nature, as exemplified in acid rain  problems  occurring in nurnerogs 
regions in Europe and North  America and 2s highlighted in recent  reports 
of the I JC 's  Science  Advisory Eoard and Rater  Quality Eoard. These 

. concerns will become  more  severe in the future as energy  demands  increase 
the  burning  of  coal as  an alternate  energy source both  within and outside 
the  Great  Lakes  Bzsin. 





V. T H E   C O M M I S S I O N ' S   C O N S I D E R A T I O N S   A N D   C O N C L U S I O N S   R E G A R D I N G  
R E N E D I A L   N E A S U R E S   A N D   P R O S A B L E  COSTS: 

A C O t I P R E h ' E N S I V E   M A N A G E M E N T   S T R A T E G Y  

- 48 - 



V .  THE  COMMISSION'S  COCSI3ERATIONS AP:D  COf!CLUSIOi:S R E G A R D I N G  REbiEDIAL 
MEASURES AND PROBABLE  COSTS:  A  COf~~PREHENSIVE f"lNAGEPtE14T STRATEGY 

In advising  the  Commission  on  the  nature and cost of remedial  measures, 
pLUARG  adopted  the  approach of outlining an overall  framework  for  the 
assessment and implementation of the  required  measures.  This  framework is 
outlined in Chapter 3 of  the  final  PLUARG  Report  Environmental  Manaaement 
Strateav  for  the  Great  Lakes  System. 

As noted  earlier,  the  reference  requested  further  to  the  assessment of 
remedial  measures,  that  the  Commission  "Consider  the  adequacy of existing 
programs and central  measures and the  need  for  improvements  thereto." 
Therefore,  the  Commission has reviewed  the  general  eaequacy  of  governmental 
programs and legislation and recommends  some specific' m5asures in Chapter VI 
on  the  basis  of the information  available  to it.  blith some  updating,  the 
basic  sources  of  information.to  the  Commission  were  the  series  of  technical 
documents  created  within  the  PLUARG  project and the  Public  Hearings.  The 
PLUARG  Technical  Reports 011, 012 and 013 are  listed in Appendix 111 o f  this 
Report. PLUAR-G itself did not  provide an extensive  review  of  .existing 
programs in its Final  Report. 

This  chapter  presents  the  Commission's  considerations;  conclusions ar,d 
recommendations  regarding  the  requirements  for  an  overall  management  strategy 
identifying its elements,  current  shortcomings and possible  new  directions, 2 s  

: requested i n  the  Reference.  Chapter VI deals in a  simi ler manner  with 
specific  remedial  m3asures  that  are  appropriate  for  dealing  with  various 
nonpoint  pcllution  problems. 

The  Connission  recognizes  the  value of the  comprehensive  framework  for 
addressing land use  pollution  problems, and accepts  PLVARG's  concept of  a 
.comprehensive  management  strategy, in principle.  The  Commission  recommends 
that  the  Governnents  of  Canada and the  United  States in partnership  with  the 
state end provincial  governm?nts, and local jurisdictions  where  relevant, 
should  undertake  to  develop  a  comprehensive  strategy of pollution  control for 
the  Great  Lakes  which  would  be  specifically  directed at but  not  restricted  to 
nonpoint  pollution.  The  goal  would be to  provide  a  coordinated,  consistent 
and .effective  approach , to tne  management of the  Great  Lakes  ecosystem.  The 
Commission  further  recommends  that  such 2 strategy  have  sufficient  flexibility 
to permit indiIJidua1 jurisdictions  to  maintain  their  resource and land 
nznagenent  prerogatives to the  extent  that  they  are  consistent  with  the  Great 
Lakes \deter Quality  Agreement  of 197.9. This  flexibility s h o u l d  also  ensure 
that  the  strategy can be  responsive to future  scientific,  technological and 
socio-economic  developments  concerning  the  means and effects of pollution 
control. L!hile tnis  overall  strategy  should  form  the b a s i s  for dealing  with 
nonpoint  pollution in the  Greet  Lakes  Besin,  ongoing and priority  programs 
should be pursued in the  meantime. 

There are several  components to the  overall  strategy  which  the  Commission 
believes i t  should  recomnend as a planning a n d  management  framework. These 
are  discussed in a  descending  order of generality as i o l l o ~ ~ s :  



0 

0 

0 

0 

0 

0 
1 

0 

0 

1. 

An Ecosystem  Viewpoint 

- the need for  a  comprehensive,  Basin-wide  perspective 
A Management  Framework 

- the  development of programs by each  jurisdiction  within a 
coordinated,  Great  Lakes  framework, and provision  for  monitoring  the 
effectiveness  of  these programs. 

Coordination and Assignment of Responsibilities  within  Jurisdictions 

- the need to  ensure  a  mechanism  for  improved  coordinated  consideration 
of  environmental  issues in goverrment  decision-making 

Identification  of  Broadscale  Remedial  Programs and Priorities 

- the need to establish  priorities  while  ensuring  equity  between  the 
various  segments  of  the  population  affected in different  degrees  by 
remedial  programs,  as well as ensuring  a  broad  minimal level of 
acceptable land use  practices  throughout  the  Basin 

Assessment o f  Cost-Effectiveness and Implementation  Practicability 

- the need for  assessing  alternative  remedial  measures  from a practical 
and socio-economic  standpoint, and the  difficulties  of  doing so 

Administrative and Legislative  Requirements 

- the  adequacy of current  legislation and administrative  systems in 
general,  from  .the  management  framework  perspective  (specific 
requirements  to be noted  in  Chapter VI) 

Public  Involvement and Information 

- the need for, and some  ways to achieve,  better  public  knowledge, 
involvement, and action 

Monitoring and Review of Management  Plans and Remedial  Programs. 

An Ecosystem  Viewpoint 

An ecosystem  approach  to  environmental  management  means  recognition of the 
unity and the  complexity o f  interconnections  within 'the ecological  system  of 
which  man is a  major  component.  The  natural  system  has a fixed or "finite" 
capacity  for  stress  from  man's  activities.  This is being  pushed  to  the 
limits,  especially in certain  sub-components  of  the  ecosystem;  the  created 
stress is turned back on mankind in the  form o f  detrimental  impacts  on  humsn 
health,  aesthctics.and  the econornic system itself. 

All o f  man's  activities,  either  individual  or in the  form  of 
institutionalized (e.9. urban and industrial)  activities,  have  a  potential 

: series o f  impacts  throughout  the  complex set of  interrelationships  which  make 
L'P the  ecosystem. fiot  all or  even  most of these  impacts are obvious  but  they 
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could  appear  much  later in time,  or at other  places in the  ecosystem,  some c f  
them  unexpected. ~nerefore, it  is important  that,  to  the  extent  possible,  the 
probable  impacts of actions,  are  assessed.  This  approach  should be applied  to 
actions  capable  of  causing  mzjor  social or environmental  change S O  that 
informed and rational  decisions  can be made  and, if necessary,  approached  with 
caution. 

” 

Plhile it has  become  clear  that  such an approach is required  for  major 
development or resource  management  decisions, it applies  also  to  the  area of 
nonpoint  pollution and control  strategies.  The  impacts of land-use  activities 
often may  not  be  clearly  definable  or  attributable  to  specific  actions  or 
individuals,  but  rather  are  the  cumulative  result o f  individually  minor or 
apparently  unrelated  actions  which,  together and over  time  do  cause  serious 
harm. Similarly,  efforts  to  remedy  such  problems  may  have  far-reaching 
effects and should  be  dealt  with in a  comprehensive  manner. 

An example  will  serve  to  illustrate  the  value o f  the  ecosystem  approach. 
There  have  been  proposals  that  fertilizer  application  on  agricultural land 
should  be  limited, as a  measure  to  reduce  phosphorus  runoff  into  the  Great 
Lakes. Some of the  considerations  that.would  be  relevant are: 

- the  relative and absolute  impacts  on  water  quality and aquatic  resources 
in both ‘the  lakes and tributary  streams;  (phosphorus  loads  from  ferti 1 izer 
use  have  not  been  shown to be 3 major  component of total  whole-lake 
loadings,  but  may  cause  local  problems and contribute  to  the problem); 

- alternate  measures o f  phosphorus  pollution  control  both  within and outside 
t6e  agricultural  sector,  to  ensure  the  best  action;  (other  measures  could 
result in larger  reductions, but’  the  relative  practicality and 
cost-effectiveness  must  be assessed); 

- the  short and long  term  effects  of  such  measures on agricultural 
productivity as opposed  to  others  such as erosion and runoff  controls, or 
phosphorus  control in other  places;  (the  proper  application of ferti 1 izers 
may  reduce  phosphorus  loads  sufficiently.  to  avoid  other  actions  that  would 
affect  productivity.  On  the  other  hand,  large  reductions in applications 
could 2 1 5 0  reduce  productivity;  therefore,  the  trzde-offs  should  be 
assessed) ; 

- the  implications  of  such  measures  for  the  control and impacts o f  other 
substances  such as toxic  substances in ths  same  sub-ecosystem;  (limiting 
fertilizers  may  induce  other  meSsures  to  increase  productivity,  such as 
increasing  herbicides,  that  could  present  greater  environmental dangers); 

- administrative  and  legislative  implications  including  the  enforcement 
capabilities;  (does  the  .legislative  .basis  exist, o r  i s  it desirable, if 
so, could it be  enforced); 

- the  relztive  efficiency  of  farmer  education and setting  guidelines a; 
opposed to req.ulations  concerning  best  management  practices  for  fertilizzr 
applicztion;  (persuasion and incentives  may  be  more  appropriate,  given  the 
scope of t h e  problem and practicability of regulations); 



- the  economic and energy  consequences of alternate  measures  for  both the 
individual  farmers and the regional economy  (other  measures  might  be  more 
beneficial with regard  to  farm  economics and the  use  of energy). 

Undoubtedly,  there are other  considerations  that  could  be  noted, as this 
example is but  illustrative and very  broad in definition.  The  point i s  that 
even  seemingly  simple  management  decisions can have  complex  ramifications 
throughout natural and socio-economic  systems and that, if these  ramifications 
are  not  taken  into  account,  may  result in unintended  consequences  including 
economic and soci a1 harm  without  commensurate  benefit,  or  the  absolute  failure 
of  the program. 

In its Fifth and Sixth Annual Reports on Great  Lakes  Mater  Quality,  the 
Commission  endorsed  the  ecosystem  approach  to  the  study and management  of  the 
boundary  waters of the  Great Lakes  System. The  basis o f  this  approach  was 
contained in recommendations of the  Great  Lakes  Science Advis0r.y Board and in 
particular its 1978  special  report,  "The  Ecosystem  Approach".  The  validity of 
an ecosystem  approach  was  given  recognition in the  revised  Great  Lakes  Water 
Quality  Agreement of 1978 which uses the  term  "Great  Lakes  Basin  Ecosystem", 
and is the  perspective of this Report. 

?.. A Kanaqement  Framework 

Due  to  the  nature  of  nonpoint  pollution,  there is a  need  for  a  management 
strategy  that is somewhat  different and more complex  than  that  for  point 
source pollution. it should  include  detailed  plans  for  coordinated and 

! comprehensive  action at all levels of jurisdiction and between  jurisdictions 
that can 'be assessed as to  their  adequacy and effectiveness in reachins 
agreed-on  goals for  the  control of nonpoint  pollution of the  Great Lakes. 

At the  international  level,  there is a need for a  clear  understanding 
between all Great  Lakes  jurisdictions  which  sets o u t  the goals and general 
nature of programs  required.  The  basis  for  such an understanding  exists at 
the  binational level in Article V I  of the 1978 Great  Lakes  Nater  Quality 
Agreement  which  provides  for  a  wide  variety of programs and other  measures  to 
meet  the  objectives o f  the  Agreement. Th.:! jurisdictions  could  build on this 
part  of  the  Agreement, to ensure  a  basic  understanding as to  the  desired  scope 
and nature o f  nonpoint  pollution  control,  within  the  overall  pollution contro! 
context  for  the  Great Lakes. I.!ithin this  international  understanding, an 
adequate  process  for  ensuring  comprehensive  action  wjthin  Canada and the 
United  States is required.  The  purpose  of  such  understandings,  both 
internztionally and within  each  country  could be at least  three-fold: 

(a) to  make  explicit  a  commitment by all jurisdictions  to  nonpoint  pollution 
control, and also  to  assure  cooperative,  coordinated and comprehensive . 
programs o f  research,  planning and implementation, so that  efforts in one 
jurisdiction  would not be rendered  ineffective by the land managemect 
policies o f  other  jurisdictions. At the  same t i m e ,  it is important  to 
recognize  that  identical progranls or  approaches  to  pollution  control may 
not be relevant to all jurisdictions and that  the  precise  nature o f  
remedial  programs  remsin  within the preroga;ive o f  each  relevant 
jurisdiction as long as the  water quality objectives  of  the  Great  Lakes 
system are met or exceeded; 



( 5 )  t o  the  degree  consis tent  w i t h  the  need for m u t u a l  a n d  e f f e c t i v e   a c t i o n ,  :o 
deal w i t h  concerns t h a t  cont ro l  of nonpoint  Great  Lakes p o l l u t i o n  w o u l d  
t-,ave d i f fe ren t ia l   impacts  on var ious   ju r i sd ic t ions ,   a rezs   o r   g roups  of 
i nd iv idua l s ,  t h a t  w o u l d  n o t  be j u s t i f i e d  i n  terms of equi ty ,   impacts  on 
the  Great Lakes  and/or  cause  comparative  economic  disadvantages. 

(c) t o  es t ab l i sh   t he   po r t ion  o f  the  requirements of A r t i c l e  VI of the  Great  
Lakes  Rater  Quality  Agreement t o  be  met by n o n p o i n t  source  control  so 
t h a t ,  together  w i t h  water   qua l i ty   ob jec t ives  a n d  su rve i l l ence  d a t a ,  t h e  
p z r t i e s  t o  the  Agreement and  th is  Commission can   be t te r   assess   the  
adequacy of the  programs  which  are  implemented. 

In C a n a d a ,  the  Federal  government  does n o t ,  in   genera l ,  have j u r i s d i c t i o n  
Over l a n d  use a n d  re la ted  pol lut ion  problems,   these  being  pr imari ly  w i t h i n  
p rov inc ia l   j u r i sd i c t ion .  A number o f  mechanisms e x i s t  for f ede ra l -p rov inc ia l  
coordination,  however,   including.  the  provision i n  t h e  Canada h'ater Act f o r  
formal  cost-sharing  Agreements, and consultation  such as through  the  Council 
of Resource a n d  Environmental  Ministers. 

With respec t  t o  the  Great  Lakes,  the  Canada-Ontario Water Q u a l i t y  
Agreement has provided  the  basis  for cooperative  implementation of t h e  1972 
Great  Lakes  k'ater Q u a l i t y  Agreement, w i t h  specif ic   agreements  on using  water 
qua l i t y   ob jec t ives ,   acce l e ra t ion  of investment   in   sewage  t reatment   faci l i t ies ,  
the  development of r e s e a r c h   s t r a t e g i e s ,  a n d  research i n  a number of a reas  
including  phosphates,   their   removal and  a l t e r n a t i v e s ,  sewage disposal  a n d  
bzsic   ecological   processes .  A Federal-Provi  nci a1 Review Board adminis ters   the 
Agreement.  This  Agreement, when renewed,  could  serve  as a useful   vehicle  for  
an expanded j o i n t  program, w i t h i n  which an expanded  research  program a n d  
provision for a management p lan   for   dez l ing  w i t h  nonpoint  pollution  shotlld 
rece ive   spec ia l   a t ten t ion .  

I n  the  United  States,   the  Federal   government  has  the power t o  implenent 
programs  in t h i s  z r e a  b u t  r e l evan t   l eg i s l a t ive   measu res  a n d  admin i s t r a t ive  
pol ic ies   p lace   p r imary   qespons ib i l i ty  for implementation on t h e   S t a t e s .  
Formal cooperative  arrangements  between  the  Federal a n d  S t a t e  Governments  have 
r ecen t ly  been e s t ab l i shed  w i t h  t h e   i n s t i t u t i o n  o f  annual  agreements  between 
 ne U.S. Environnental   Protection Agency a n d  t he   "os in   s t a t e s   r ega rd ing  
p r i o r i t i e s  for environmental  problems and how they  are  t o  be addressed. As 
these  agreements  are  renewed,  they  could  incorporate  explicit  a n d  spec ia l  
considerat ion of  tne  needs f o r  nonpoint  pollution  control  programs,  such  as 
csntained  in  the  proposed Ohio agreement. 

C '  

Other  provisions for Federa l -S ta te   l inkaae  have e x i s t e d  i n  the   d i scharge  
permit  systen f o r  p o i n t  sources ,  and the   p rovis ion  of  funding  ( including 
cons t ruc t ion   g ran t s )  a n d  t echn ica l   a s s i s t ance  for p l a n n i n g  a n d  remedial 
ac t ions   nee t ing  s e t  s tandards .  The msjor example of  re levance t o  n o n p o i n t  
poi lut ion  has  bean the  developnent of t h e  Water Q u a l  i t y  bianagement Plans 
develo7ed  under  Section 208 o f  P ?  c12-500+, v,fhich a r e  intended t o  ensure t h a t  
ccritrols  over l a n d  r u n o f f  are  developed where required a n d  include  water 
quality considerations.  These  plans  have  been a comprehensive,   effect ive 
mezsurt? from a p l a n n i n g  s t andpo in t ,  b u t  lack  adequate  imp1ment;tion 

*Ar,3ther re levant  example o f  Federal-Stat+Local  cooperation  discussed 
: eisewh3r-e i n  t h i s   r e p o r t ,  a re   the  v o l u n t a r y  programs of s o i l  a n d  water 

Conservation  such  as t h a t  o f  the  S o i l  Conservation  Servjce. 



assurances  for  non-point  source control. In addition,  the  Great  Lakes  Easin 
Comnission  provides a state-federal  mechanism  for  basinwide  water-related 
planning,  but has no implementation authority. 

The  degree  of  concern  for  environmental  problems  varies  greatly  between 
states,  although it is senerally  increasing. In that  the  EPA  Federal-State 
agreements  noted  above  recognize  the  requirements  of  the  Great  Lakes  Water 
Quality  Agreement, it is hoped that they  will lead to a stronger  more 
effective  commitment  of a11 States to the  Great  Lakes  Water  Quality  Agreement 
and coordinated  nonpoint  remedial  programs in particular.  With  respect to 
cooperation  between  states,  there are mechanisms in place  such as the  Great 
Lakes'  Bzsin  Comnission  that  could  serve as a  forum  for  discussion and the 
basis  for  more  formal  arrangements. 

The  following  subsections  present  the  Commission's  considerations of 
various  elements of the  management plan, identifying  current  shortcomings and 
possible  new  directions, as requested in the  Reference. 

3. Coordination and Assianment  of  ResDonsibilities  Within  Jurisdictions 

It is a general observation  that, at least until recently,  many  policies 
and programs  have  been  developed  with  respect  to  the  great  variety of 
act i r:'t,jes pertinent  to  nonpoint  pollution,  without  sufficient and consistent 
consideration  of  the  environmental  ranifications.  This  can in large  part be 
attributed  to  the  inherent  complexity of government and the  difficulty  of 
turnin-g around  major  programs as the  appreciation  of  environmental 
considerations  slowly  emerges.  Certain  leaislation and programs  that  may  hzve 

i been  very  comprehensive  when  instituted,  may not yet  nave  caught up with  the 
growing  awareness  of  environmental  impacts and values. 

One  problem  that  was  noted in the  PLUARG  review  of  the  current 
institutional  framework and which  was  expressed at the  Public  Hearings, is 
that  the  separation of responsibilities  between  agencies  dealing  with  the 
regulation  of  human  activities,  such as agrkulture,  urban  development,  public 
health and forestry,  from  those o f  the  newer  environmental agencies,.  has 
resulted in some  cases in insufficient  environmental  constraints  on  regulatory 
decisions  which  alter land use and its ecological  impacts.  Conflicting  goals 
and mandates of various  agencies,  such as production vs. environmental 
concerns,  remedial and research needs vs. fiscal  restraint, lead to  a  policy 
milieu  that  contains  inherent  conflicts, and programs  that  are  silent or 
inadequate  respecting  environmental cr'teria and that in some  cases  provide an 
incentive  to pollute. 

This has been a  problem in both the  United  States and Canada.  On  one 
hand,  for  exzmple,  acencies  charged  with  regulating land use  or  associated 
practices, and having a  legislative  mandate to meet  certain  goals  that  may not 
be  entirely  consistent  with  environmental  concerns  have not traditionally 
taken  them into account.  On  the  other  hand,  because o f  legislated exclusiofls 
@r administrative'  practices,  environmental  agencies  may  not  have sufficier?: 
authority to impose  conditions and then nay face  resistance. In some  cases, 
this nay be due in part  to  their  failure to be sufficiently  attuned t-o the 
traditions and needs  of  established  programs. In other  instances,  the 
duplication or overlapping  of  responsibilities  can  result in policy g a p s  since 
neithcr  agency  feels  that it has  adequate  jurisdiction  or  the  required  range 
of administrative and regulatory  tools  to deal with  the  probler, or that  such 
action  might  be  construed as being  the  pregative  of the other  agency. 

- 54  - 



A further  general  problem is that, in all jurisdictions,  there  are 
instances of agencies  being  constrained  from  fully im9lernenting their mandates 
for  environmental  protection  due to insufficient  staff  and  funding.  This 
'problem is discussed  further  below, so that it i s  sufficient to note  here  that 
i t  is a  further  reason  for  instituting  better  intra-governmental  coordination, 
including  with  the  financial  agencies of government. 

Some  examples of the lack of coordination  between  policies, and the 
failure  to  ensure  commitment to environmental  considerations  within  various 
jurisdictions,  for  whatever  reason,  serve  to  indicate  the  nature and scope of 
this  problem. 

' A t  the  Federzl level i n  Canada,  the goals of line  agencies are not  always 
compatible  with  environmental  protection  some  are  development-oriented and, 
coupled  with  fiscal  restraint,  may  not  pay  adequate  attention  to  environmental 
concerns.  The  Environmental  Assessment and Review  Process, k:hile a  major  step 
forward at the  time it was  implemented, is severely  limited in its application 
only  to  major  federal  projects and is discretionary  rather  than  a  statutory 
requirement.  Various  statutes  are  restricted  .as  to  jurisdiction  (resource 
ownership and management  being a provincial  responsibility)  or  are  single 
purpose,  with  environmental  control  responsibility, if any,  vested in the 
operating  agencies. Fiscal  and  energy  policies d o  not  always  promote 
environmentally-sound  practices,  such as the  system of tax  write-offs  for 
various  activities,  gasoline  pricing  which  encourages  the  use o f  leaded  gas, 
and decisions  on  pipelines,  and  sources of energy; all of these  policies  rest 
primarily in agencies  other  than  Environment.  Regulatory  programs  tend  to be 
mare  bealth and production-oriented  than  water  quality-oriented, and not all 
orant  programs  ensure  that  environmental  criteria  are  adequately  considered 
fsuch as those  for  housing  development  with  'respect  to  sediment control). 

In the  Province o f  Ont?..rio, despite  some  mzjor  environmental  initiatives; 
the  actual  implementation of legislation  has  been  gradual  or in 
non-environmental  legislation  has in some  cases  not  encouraged  environmentally 
sound  practices. For example,  tho  Environmental  Assessment  Act  has  been 
inglemenied  slowly a n d  with  major  exclusions.  The  Drainage  Act  makes 
provision  for  but  does  not  encourage  environmental  design and maintenance,  and 
it has  been  stated  the  Ontario  8inistry of the  Environnent  hzs  either 
inadequate  power,  or h a s  not exercised  it, over drains, septic  tanks and urban 
subdivision  agreements  (PLUARG  Technical  Report No.013). 

As for  United  States  Federal  situation,  the  statutory  mandate of EPA is 
strong and both E?!: and the  Council  on  Environmental Q u a l i t y  have  coordinating 
ro les .  It  is not  clear  to  the  Commission,  however,  that  a  coordinating 
m?chanisn  among  federal  agencies, has been  effectively  maintained  with  respect 
to  the  implementation of programs  affecting \:later quality in the  Great  Lakes 
3asin. A further  problem is that  federal  measures  usually apply throughout 
t h e  United  States so that  priorities are  not always  those  most  pertinent  to 
;be Great  Lzkes  Gasin,  fundin9 and manpower  resources  are  limited  due  to  the 
x e d  to d e a l  with  problems  over  the  wider  area  and,  for  both  reasons  the 
oroblems of the  .Great  takes  nay  not  receive  the  degree  of  concentrated 
cttention  that  they  might  require. 

In tile United  States,  federal agencies h ~ v e  inadequacies  with  respect to 
abandoned  landfills and despite  having le9al authority, the Environmental 
?rotection  Agency has not  exercised  this  authori  ty  over  the  implementation of 
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controls  on  pollution  stemring  fron most land use  practices. In most  Great 
Lakes  Easin  States,  matters  such as sediment  control and agricultural  drainag? 
have  traditionally  rested  largely  with local agencies  whose  responsibilities 

' are  not oriented  towards  water  quality  protection.  Also,  the  regulation of 
private  sewage  waste  disposal  systems has  been primarily  directed at public 
health  rather  than  water  quality  COnSideratiOnS. 

Examples of agencies  with  potentially  very  effective  mandates  that  could 
use their  powers  more  broadly but may be inhibited by lack of funding, 
expertise,  or  other  priorities,  include  the  Conservation  Authorities in 
Ontario, and County  Drainage  Eoards and many Soil and Water  Conservation 
Districts in the  United  States. 

Thus,  while  there  have been advances in incorporating  environmental 
concerns and major  new  pollution  control  programs,  there  remains  a  need  for 
jurisdictions  to  develop and implement  comprehensive  pollution  control 
strategies,  particularly  with  respect  to  dealing  with  diffuse  sources in a 
systematic  manner.  The  development and implementation of a  consistent, 
comprehensive  approach  which  can  overcome gaps and inconsistencies  both  within 
and beyond  the  environmental pol icy  area, as we1 1 as the  provision of adequate 
technical and financial  resources, is believed  to be important  to  achieving 
effective  progress in  an equitable manner. - Furthermore,  by  this  means, 
governments  will be able  to  'put  into  practice  a  more  holistic  approach to 
deci~,i'-I,l,.making, presented in this  Report as the  Ecosystem  Approach,  which 
will encourage  the  consideration and balancing  of all societal  goals,  both 
short  term and long term, as opposed to  continuing  a  race  for  funding and 
individual  agency  goals  that can only result in an emphasis on short  term and 

. relatively  narrow  perspectives.  The  problem of pollution  from  nonpoint 
sources on which a myriad  of  policies both 'direct and indirect  are  brought  to 
bear,  demonstrates  the  dangers of the  more  compartmentalized  approach  to 
government  which  may  have .been fruitful  and-indeed  necessary in the past. 

The  Commission  does not wish  to  imply  that  the  adoption of this  broader 
perspective  will  be  ezsy or accomplished  immediately. On the  contrary, its 
implementation will take  time and v!i11 be. difficult.  The  Commission  does 
believe,  however,  that  governments  should  take  real  steps  to  move in this 
direction.  Furthermore,  the  Commission  does  not  wish  to  imply  that 
governments and environmental  agencies  have  not  made  substantial  progress,  but 
rather that they  have  done so under sever2  constraints, and that is 
desirable  to  move  into  a  new  era of environmental  ethic, to be accomplished in 
partnership  with all agencies of government. 

A  major  elcment in achieving  such an approach,  would be the  provision o f  a 
strong  coordinating  mechanism  within each jurisdiction  that  would  ensure: 

o intergovernmental  coordination; ' .  

o that  programs  to  achieve  minimum  standards  or  guidelines are met; 

o the  resolution of priorities in a rational  manner  which  meets,  to  the 
degree  possible,  the  needs o f  the  Great  Lakes  system; 
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t h e  c l e a r   d e f i n i t i o n  of r e s p o n s i b i l i t i e s   f o r   a c t i o n  where more t h a n  
one agency  is  involved  in  the  rnanagemnt o f  a p a r t i c u l a r  a c t i v i t y  
s u c h  2s a g r i c u l t u r e  or u r b a n  development; a n d  

the   dedica t ion  of adequzte  funding and  manpower t o  carry  out  proarams 
i n  the manner described  above. 

While a h i g h  degree o f  coordinat ion i s  i m p o r t a n t ,  i t  w i l l  be a l so  
necessary t o  instill t h e  need for  active  cooperation  between  agencies,  and f o r  
the  understanding a n d  recogni t ion  of c o n f l i c t i n g  needs. The i ssu ing  of formal 
pol icy  s ta tements  t o  t h i s  end does no t  always resu l t   in   the i r   implementa t ion  
a t  t h e   f i e l d   l e v e l .  Hence, the  achievement o f  effect ive  environmental   control  
does n o t  necessar i ly   evolve  f rom imposed environmental  asse'ssment  requireinents 
w h e n  t h e r e  i s  no mutual  understanding and  commitment.  This s i t u a t i o n  can 
r e s u l t  i n  an atmosphere of a t tempts  t o  gain  except ions,  or t o  meet only 
m i n i m u m  c o n s t r a i n t s .  I n  order  t o  achieve a t r u e   i n t e g r a t i o n  o f  production, 
development,  heal t h y  nzitural  resource management a n d  environment a1 i n t e r e s t s ,  
a major i n t e rna l  program o f  education a n d  the  development o f  working 
i n t e r r e l a t i o n s h i p s   w i l l  be requi red  i n  each j u r i s d i c t i o n .  

T6e Commission be l ieves   tha t ,   in   genera l ,   the   e lements  of t h i s  system  are 
; in  place i n  t h e   f e d e r a l ,   s t a t e / p r o v i n c i a l  a n d  even   l oca l   j u r i sd i c t ions .  i n  

e2ch czse,  however,  the mechanism should be s t rengthened a n d  expanded tq 
ensure  comprehensive  coveraoe of a l l  p o l i c i e s  a n d  programs a f f e c t i n g   t h e  
generat ion a n d  control  of po l lu t ion  from l a n d  u s e   a c t i v i t i e s ,  a n d  t h e  a b i l i t y  
t o  implement t h e  management s t r a t e g i e s  t h a t  r e s u l t .  

A t  the   Federa l   l eve l ,  a l og ica l   focz l   po in t   r e s t s   i n   t he   cen t r a l  
environmental  agencies,  Environment Canada  and  the  Environmental   Protection 
Agency. I n  Canada, t he  power  of the  Department  has  been  primarily t h a t  of 
persuasion,  w i t h  the  Environmental  Assessment a n d  R e v i e w  Process n o t  being a 
s ta tu tory   requi rement ,   as   no ted   ear l ie r .  I he power of persuasion can and has 
been effect ive,   however ,  a n d  has  opersted t h r o u g h  bath b i l a t e r a l   c o n t a c t s  and 
w o r k i n g  r e l a t i o n s h i p s  w i t h  o ther   agencies ,  a n d  through  the more formalized 
interdepartmental   committees,   such  as  the  interdepartmental   Cormittee on 
h'zter. A s t rengthening of the a b i l i t y  t o  b r i n g  a b o u t  cooperat ion a n d  se r ious  
cons idwa t ion  o f  envi ronaentz l   fac tors  w o u l d  be bene f i c i a l .   Th i s  does n o t  
presuppose t h a t  these  factors   should be supreme or  t h a t  t h i s  one agency  should 
hzve l e a d   r e s p o n s i b i l i t y  i n  a l l  or even  most ins tances .   This  \ s ~ o u l d  help 
P R S ' J ~ S ,  how?ver, t h a t  a c o n s i s t e n t ,  l o n g  term  environmental  viewpoint i s  
czrefu l ly   cons idered  i n  policy  formulat ion,   including t h a t  of r e l e v a n t   f i s c a l  
p s l i cy  i n  which the  Federal Government  has  such a powerful  role.  

- 

I n  the  United S t z t e s ,  i n  order t o  improve t h e  c o o r d i n a t i o n  o f  programs and 
ensure h i g h  pri0rit.v f o r  Great Lakes programs,  thc  activc C o o r d i n a t i o n  of the  
Great  Lakes Gzsin a c t i v i t i e s  o f  2 1 1  relevant federa l   agencies  is requi red .  
InE! relevant  agencies would includc  the  Environnental   Protection  Service,   the 
1;ztionsl  Oceanic a n d  Atmospheric  Administration,  the U.S.  Arny Corps of 

-. 
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Engineers,  the  Fish and Lildlife  Service,  the Soil Conservation  Service and 
the U.S.  Agricultural  Stabilization and Conservation  Service, as well as 
others. 

A l l  States and the Province  of  Ontario  have  mechanisms  that  could  serve  a 
coordinating  role, if given an adequate  mandate and input  into  the  decisions 
of agencies  operating  under  present or future  legislation. In Ontarjo,  the 
Planning  Act itself is a  powerful tool , which  could  accomplish  a  great deal in 
;he realm of nonpoint  pollution  prevention,  particularly in urban areas. The 
implementation of the  Planning  Act has involved  interagency  review b u t  has not 
been fundarnentally environment-orientpd,  although it could be SO utilized  to  a 
greater  degree.  The  Environmental  Assessment  Act is similarly  wide-ranging 
and could  be used as a  further  basis  for an active  coordinating  mechanism, 
although its applicability  to  diffuse  sources of pollution is not clear. In 
any  event,  the  system of interdepartmental  coordination such as the  Land  Use 
Committee  with  representation  from  the  Ministries of Agriculture and Food, 
Environment,  Housing, Natural Resources,  Transportation and Communication and 
Labour,  could  be an appropriate vehicle. 

All States  have envi ronmenta l ly-or ien ted  agencies,  but 'with a  wide  variety 
in their  scope of powers.  Agencies  having  responsibi 1 i ties  such as  
agriculture  ,also  have  major  responsibilities in the  field  of  pollution  control 
in  sone cases. Provisions for coordination  exists .at the  State  level,  but  are 
' l i ! , : ' ! : , : i  in scope and degree,  and  vary,  between  states.  There is a general  need 
to  strengthen  such  mechanisms.  Further,  with  some  notzble  exceptions,  for 
most of the  major  nonpoint  pollution  problems  the  exercise of control  power 
has  traditionally  been  left  to  the local jurisdictions and in many  cases  not 

. used. 

Potential  coordinating  agencies  also  exist at the local level 2s will b e  
discussed in a  later sec.tion. It  is important  to  recognize,  however,  that 
reliance on local jurisdictions  for  environmental  policy  developnent and 
regulatory  control has generally  resulted in uneven  application  of 
environmental  standards  of  behaviour,  with  effective  controls  or  even 
consideration  of  ultimate  environmental  consequences  being  the  exception 
rather than the rule. This is due in large  part  to  the  narrow  geographical 
and functional  scope  of local concern.  With  their  broad  powers,  the  senior 
levels of government as relevant  within  each  country  should  assume  basic 
control and monitoring of nonpoint  pollution  control  measures,  centered in a '  
lead agency  or  coordinating  mechanism,  although  implementation  may  well be 
accompiished at  least in part at the local  level. 

4. Identification  of  Eroadscale  Remedial  Proarams and Priorities 

Once  a  conceptual  management  framework and cooperative  implementation 
mechanism  have been developed, -but prior to a  plan o f  action  for  dealing  with 
the  problems  identified, it will be necessary  to  deternine  a  basic  appr-ozch  to 
remsdial  action. TWO fundamental  methods  were  identified, and received  much 
discussion,  in  thG  PLUARG  Report and subsequent  Public  Hearings.  These are: 

o the  selective  approach,  whereby  specific  priority  areas  (mainly  those 
causing  the  greatest  pollution or easiest  to  control) are identified 
for  intensive  attention VJhile other  areas,  of less concern  from  a 

. watsr  quality  standpoint, are left alone or for  a  later  time  once  the 
most  severe  problems  have been solved; and 
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o the  broadscale  zpproach,  whereby  measures  are app1i.d equally 
throughout the Great  Lakes  Basin in order  to  achieve  a  reduction in 
pollution  from all land areas  within  a  particular land use  category 
or polluting  activity. 

The PLUARG  Report  stressed  a  site-specific,  selective  approach  to  major 
remedial  action,  with  priorities  based  on  three  basic  criteria: 

( a )  the  water  quality  conditions  within  each  lake,  or  sub-section  thereof; 

.(b) the  "potential  contributing  areas"  identified by PLUARG in its 
essessment of potential  pollutant  loadinss; 

(c) the  most  hydrologically  act?ve  areas  within  the  potential 
contributing  areas,  the  former  being  defined as those  areas  that  have 
the  highest  potential  for  pollutant  delivery  to  receiving  waters  due 
to their  hydrological  characteristics. 

The  rationale  for  emphasizing  the  selective  approach.  to  major  remedial 
action  was  three-fol d :  

- since  technical and financial  resource will likely  be  inadequate  to 
solve all pollution  problems  simulataneously,  there is a  need t o  
establish  priorities t o  solve the  worst  problems  first and obtain  the 
maximum  possible  improvement in environmental  quality  with  available 
resources; 

- if the  contrikztion to pollution  from  certain  arezs or uses is minor, 
then it should not be  necessary, and would  not  be  justifiable  or 
equitable,  to  impose  corrective  mezsures  that are required  to deal 
with  pollution  levels  caused  elsewhere; 

- in  order  to  be  practicable,  solutions  have to be  designed  for 
specific  locations,  since  only  then  can  the  required  practices and 
supporting  measures  be  defined,  due  to a virtually  infinite  variety 
in  the  physical,  chemical and hydrological  characteristics  of  the 
land, and of ongoing land management p r a c t i c e s .  

The  concern  expressed  about  the  selective  application of remedial  measures 
is that  sone of the  affected  individuzls  would be penalized  relative  to  other 
citizens or producers  (particularly i f  they  are in a  competitive  situation 
such zs  selling  farm  products)  solely  on  the  basis o f  geographical  location. 
The recent  increzss in knoxledge  about  the  causes and effects of pollution is 
seen as leading  to an unfair  burden  on  persons who,. by  accident  or  due to  a 
iack o f  knowledge and concern  about  environmental  impacts  when  they  began 
t k i r  activity,  happen  to  occupy land in a  potentiallv  contributing area. 
Furthermore,  this  burden is imposed to acki2ve  pollution  control  benefits  thzt 
xcruc to society 2s  a whole,  possibly  to  the  detriment of other  social 
inperatives  such as tile family  farm and food  supply. 

Applying  remedial  requirements  equally  to all units in a land us? 
category,  regardless  of  the  severity  of  pollution  occurring, the broadscale 
zqroach, is seen  by  its  proponents 2 s  being  more  equitable, in that it is 
broadcr-based and spreads  the  burden. 1i1e comrnon application o f  these 
requirements  could be on  the  basis o f  defining  acceptable  or  unacceptable 
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?ract ices ,   required  technologies ,   performance  s tandards or across-the-board 
percentage  reduct ions  in   loadings.  I n  add i t ion ,  i t  has been suggested t h a t  
such a n  approach v:ould be more e f f e c t i v e l y  and easi ly   appl ied,   monitored .and 

1 enforced t h a n  t h e   s e l e c t i v e  one s ince   t he re  would be no need t o  i n spec t ,  
zssess  or m o n i t o r  i n d i v i d u a l   s i t e s  and p rac t i ces .  These  procedures  can 
r equ i r e  1 arge a n d  c o s t l y  manpower  and anci 1 1  a ry   resources   tha t   a re   o f ten  
lacking even a t   c u r r e n t   l e v e l s  of  management. krhi l e  such  resources would a l s o  
be required t o  ensure  broadscale  compliance,   they would l i k e l y  be l e s s  
ex tens ive  and bssed on spot-checks  or some form of repor t ing .  

In cons ider ing   these   approaches ,   the  Commission concludes  that   resolving 
t h e .  "-dual   equi ty"   quest ion  requires  a two- t ie red   appl ica t ion  of proarams, on 
t h e '   b a s i s  o f  t h e   c o s t s  and bene f i t s   i nvo lved :   r e l a t ive ly  low cos t  b u t  
generally  beneficial   measures  should b e .  applied  throughout  the  Basin,  with 
more cos t ly   o r   se lec t ive ly   re levant   measures   appl ied   in   p r ior i ty   a reas .  I t  i s  
c lear   tha t   there   a re   cer ta in   measures   to   reduce   po l lu tan t   loadings  
( p a r t i c u l a r l y   n u t r i e n t s  and sed imenta t ion) ,  which  can  and should be appl ied  t o  
a l l   a c t i v i t i e s   w i t h i n  a land use ca tegory   genera l ly ,   wi thout   regard   for   the  
c r i t e r i a   s u g g e s t e d  above f o r   e s t a b l i s h i n g   p r i o r i t i e s .  Thus the  broadscale  
approach  should  also be appl ied .  

The concept of e s t a b l i s h i n g   p r i o r i t i e s  for major  remedial  neasures  from 
loca t iona l  and land use pe r spec t ives  is  a l s o   l o g i c a l ,   c o s t - e f f e c t i v e  and 
ipf i t . \pd  equi table .   Consequent ly ,   the  Commission endorses  the PLUARG 
r.c~uli~,i~;J~iC1ation for the  developnent of reg iona l   p r ior i t ies   for   implement ing  
major  remedial  programs  within management plans,  b u t  w i t h i n  the   fo l lowing  
c o n s t r a i n t s :  

, - the   designat ion of p r i o r i t i e s   o n -  the  b a s i s  of   lake  condi t ions  for  
var ious   po l lu tan ts   should  bear in  mind not   only  s ta ted  water   qual i ty  
ob jec t ives ,  h u t  a l so   t he   fo l lowing :   t he   p r inc ip l e  of non-degradation 
of h i g h e r   q u a l i t y   w a t e r s   ( f u r t h e r  t o  t h e  Commission's Report on b!ater 
Q u a l i t y  of the Upper Great  Lakes  specific21 l y  Chapter 7 )  , impacts on 
other  elements of  environmental   conditions  such  as  f ish  stocks and 
wi ld l i fe ,   the   occur rence  of severe  local  problems ( i n  p a r t i c u l a r  
nearshore   a reas   o r   t r ibu tary   s t reams) ,  and t h e  impact of cont ro l  1 i n g  
upstream  lake  pollution on to ta l   l ake   loadinas   v ia   connec t ing  
channel s ; 

- the  concent ra t ion  on po ten t i a l   con t r ibu t ing   a r eas   fo r   spec i f i c  
po l lu t an t s  and land  use  act ivi t ies   should n o t  preclude  nonpoint 
pol lut ion  controls   throughout   the  Zasin i f  t hey   a r e   r ead i ly  
achievable .   Further ,   the   control  of nonpoint  sources  should  not be 
considered i n  i s o l a t i o n  of point   source  pol lut ion and t h e   r e l a t i v e  
cos t - e f f ec t iveness  o f  fur ther   cont ro ls   thereon ,   inc luding  new or  
developing  technologies;  

- the   imposi t ion o f  remedial  programs t o  individual  areas  should  taks 
cognizance of t h e  economic a n d  social   impacts ,  w i t h  a view t o  
developing  measures  that would counterac t   o r  a1 levi  a t e  undes i rab le  
s i d e   e f f e c t s  of the  environmental  measures. 

The Conmission recomxnds t h a t ,  as p a r t  of t he  management p lans ,  
.. governnents  develop and implement  remedial  plans as m a y  be necessary   for  
' achiev ing   the   des i red   reduct ion   in   po l lu t ion   f rom  pr ior i ty   a reas .   Pr ior i ty  
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areas  should  be  selected  on  the  basis  of  the  most  severe  whole  lake and 
nearshore  water quality problems,  the  present land use  activities and areas 
which nave a high  potential  for  contributing  pollutants, and (within  these) 
hydrologically  active  areas.  The  major  contributing  areas  for  phosphorus  are 
identified in Figure 1-3. Nore  detailed  information will require an 
zssessment  .of  water  quality  data,  soils  maps and farming  practices,  much  of 
k!hjCh is available, at lezst at the  regional  or local level. The  assessment 
of such  information,  or  the  provision of additional  data  where  gaps  occur 
should be an integral  part  of  both  the  overall  strategy and the management 
plans. 

The  Comission  also  recommends  that  Governments  develop and implement 
plans to bring  about envi ronmenta l ly-consc ious  planning and land management 
practices  throughout  the Easin. 

. Measures  to  be  applied  across  the  Basin  should  generally  be  those  that  are 
l ow cost,  applicable  to  a  large  number  of  locations  for  a land use  activity; 
they  may well be  also  beneficial  for  other  reasons in addition  to pol!ution 
control,  for  example by actually  increasing  agricultural  production  or 
reducing  material  costs. h'hile these  will  be  discussed in more  detail in the 
second  section  of  this  chapter,  a  few  examples  serve to illustrate  the  types 
of measures  that  should  be  implemented  throughout  the Basin. For  the  most 
part,  these  correspond  to  proper  management  practices  and  what PLUARG termed 
"Level 1 Measures";  they are: 

- soil conservation  practices in farming,  including  appropriate  plowing 
techniques and avoiding  tillage  of  steep  slopes  or  stream  banks; 

- zpplication of inorganic  fertilizers and manures at rates  that  are 
not excessjvp to soil  and crop  needs, and their  proper  incorporation 
'into the s o i l ;  

- application of environmentally sound drainage design and adequate 
maintenance of drainage  systems; 

- reduction  of  urban  pollutants at source  including  provision  for  the 
proper  disposal  of  toxic and oil-based  substances; 

- adequate  planning and design  of  urban  developments  to  minimize  the 
disruption  of  nstural  stormwater  retention  capacities  to  the  extent 
possible, avoid developmsnt  on  particularly  erosion-sensitive  areas 
and flood  plains, and the  provision o f  sed'ment control  measures in 
all developments; 

- proper  design and rnaintenznce of  private,  non-sewered  waste  disposal 
systems. 

blhile the  Commission  generally  endorses  the  "pollutor-pays  principle", 
(that  is,  th2t  sources  of  pollution  should  internalize  the  costs  of  pollution 
control  rather  than  generalizing  the  social  costs by causing  environmental 
degradation  or b y  using  publicly  funded  pollution  control  programs), it 



be’,ieves that this should  be  modified  with  regard to  the jr?:enentation of 
major  remedial  medsures by certain  nonpoint  sources,  particularly  small-scale 
agricultural  operations. In order to avoid  harmful economic  effects and to 
encourage the cooperation  of  the many small-area  farmers  who  contribute 
individually  minor  although  cumulatively  significant  pollutant  loadings, but 
whose  economic  existence is often  marginal and highly  cost  competitive, 
adequate  programs of financial  assistance are  required. Subsidies  or tax 
measures,  for  example,  could  spread  the  burden  of  compliance in a  manner  that 
would not be done  by  market  forces, and thereby  meet  much of the  concern  about 
the  potential social inequity  of  the  selective  approach.  To  a  lesser  degree, 
the  same  concept  could  be  applied  to local municipalities  which  are  suffering 
under an increasing  burden  of  providing  expensive  infrastructure and services 
on a  narrow  taxation bzse. 

5. Assessment  of  Cost-Effectiveness and ImDiementation  Practicability 

With  respect  to  major  remedial  measures,  once  priority  areas  have  been 
identified,  the  next  stage is to identify  practicable  pollution  control 
measures and assess  their  relative  cost-effectiveness,  that  is,  the  amount  of 
pollutants  reduced  per  dollar  of  expenditure, in order to assist in selecting 
the  best  measure. 

Alternative  measures  can  be  designed. In some instances,  this will apply 
to  fairly  large  areas and a  range of land use operations,  whereas in others it 
may  be  necessary  to  develop  site-specific  solutions  for  the  individual  farm  or 
community.  This  can  be  determined,  although  there  may be major  implications 
of  time and expert  manpower, and many  complexities  may be involved in arriving 

j at practicable  remedial  measures  commensurate  with  the  scope and significance 
of the  site and its runoff  problems. 

The  question of the  costs,  ultimate  effectiveness and benefits of the 
proposed or alternative  solutions is much  more  difficult to determine,  given 
the  rudimentary  current  state o f  knowledge  concerning  nonpoint  pollution 
control and the  complex  interactions of the  many natural and management 
uncertainties.  Costs  mzy  be  identified  with  some  degree  of  assurance  for 
individual  sites, but can  only  he  estimated  within  wide  bounds  for  larger 
areas. Effectiveness  of  programs is somewhat  speculative,  due  to  a  laroe 
number  of natural and human  factors,  singly and in  combination,  that  can  have 
an impact on the  successful  application  of  management plans. These  include 
climate,  surface/groundwater  interrelationships, the transmission of 
pollutants  through  tributaries  (perhaps  over  great  distances)  prior  to 
reaching  the  Great  Lakes,  and  the  degree  of  dependability  with  which land 
o w e r s  will implement  the  prescribed  procedures  of  the manaqernent plans. To  a 
large  degree,  this is dependent  on  the amount of understanding, comnitrnent, 
Information and technical  support, and follow-up  action  that is involved. 

The  matter of benefits is still more  difficult.  Even if the  effectiveness 
of  measures in terms of pollutant  loading  reduction is known, very little 
lnformation is available  about its significance in terms of social welfare  or 
bcnefit,  except in a general,  qualitative way. The  ramifications  through  the 
ecosystem  are not well k n o m ,  and if they  were,  they involve public  rcsourccs 
which do not: have  established  values  through  the  market system.  Both PLUARG 
and thc  Commission  have  recognized  the lack o f  effort  towards  meas2ring 
quzntifiable  benefits  from  Great Lakes pollution control  except in those fer! 
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Despite  the  difficulties  involved, it i s  becoming  increasingly  evident 
that  governments  wish  to  have  information  on  cost-effectiveness o f  remedial 
programs  when  restricted  public  funds,  are  involved,  or  when  private  interests 
are to be  impelled  or  persuaded  to  bear  additional  costs.  Certain  dangers 
exist in this  area of policy  analysis.  Economics i s  Only  one  aspect Of 
decision-making, and while  improvements  have  been  made in recent .years in the 
me,hodology of environmental  economics, it i s  not  possible  to  obtain a 
complete  accounting o f  211 costs and benefits,  botn  tangible and intangible. 
some relevant  considerations  cannot be measured in concrete  terms, and for 
others  the  analysis i s  so complex  or  ;acking in basic  data,  that  the  results 
could  be  misleading.  One  example  of  tnis i s  the  attempt  to  measure  the  impact 
o f  carcinogens in dollar  terms. Also, an analysis  might  indicate  that an 
environmental  progrzm is not  desirable  from  the  viewpoint of economics; 
nevertheless,  the  analysis i s  still o f  value, as long as other  considerations 
that are  not included  in  the  economic  analysis  are  also  eventually  taken  into 
account. At the  least,  there is some  measure of the  benefits  foregone, 
perhaps in another  economic  sector - this is the  concept of "opportunity 
cost", i.e. t h e  foregone  values  due  to  taking o r  failing  to  take  a  certain 
action. In many  instances,  the  information  gained  could  assist in achieving 
acceptance and implementation of environmental  programs,  even if only  Some of 
the  benefits  can be readily  demonstrated. At the  present  time, f o r  much of 
the  Great  Lakes  pollution  control  propram,  only  limited  case  studies are 
available  on  which  to  judge  the  potential  magnitude of benefits.  The rJr2at 
Lzkes  Research  Advisorp  Board  (now  Science  Advisory  Board)  concluded in its 
1978 Report:  Canada-Unjted  States  Research  Programs  Pertinent to the bi'ater 
Oualitv of the  Great Lakes. which  reDort  resulted  froa  the 1976 Research  Needs " .  

b;orkshop ana i o 1  low-up zsskssment of 'existing  agency  programs,  that: 

"The  scope of effort  pertaining to identified  socio-economic and political 
issues  appears  limited.  Little  program  focus  or  co-ordination i s  evident, 
with  studies  being scattere.d and directed  to  specific  research  topics. 

"The  aggregated  research  proGrams  which  were  monitored (in a1 1 areas of 
Great  Lakes  environmental  research  covered  by  the  study)  identify  a 
research b u d g e t  ;illocation of  approximat3ly 100 million  dollars  with  some 
13 to 15 million  dollars  comnitted to efforts  specific to the  Great 
Lakes.  Programs  addressing  ecological and technologic21  issues  account 
for sone 921 percent of the  aggregated  budget  with an allocation  of 
approxirzately 50 percent to each o f  the  issue  areas.  The  remaining 2 
percent i s  directed  to  the social-economic-political area." 

The Comrnission believes  that  both  the  value and limitations of assessing 
bsnefits and costs as a m2ans o f  developing th. most  effective  pollution 
cantrol s t r ? t e s y  should  be  recognized. T h i s  activity w i l l  be a long  term and 
gradual ~ T T O T ~ .  Because o f  the  need to develop and ' implement manayvent 
F i a n s ,  zr-3 to proceed k:ithout delay  with  nonpgint  psllution  control 2s well ,zs 
other a s p e c t s  o f  the 1978 Great L a k e s  Water  Quality  Agreement,  the  Comnission 
does  nDt  suggest  that t h e  latter shou ld  be delayed  until  the  socio-economic 
consequences are better  known.  On  the  contrary,  the Comrnission recommends 
: h a t  2 progrem of zssessnlent of the'  social and economic  implications o f  
?ollution  control,  including  the  monitoring  and  evaluJtion of the ' effectiveness o f  remedial masures adopted as a  result of this  Report, be 

" 
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initiated  concgrrently  with  the  development  of  conprehensivo  management 
stratesies.  Furthermore,  since  certain  benefits and indirect  costs  may lie 
outside  the individual jurisdictions  undertaking  remedial  action 2s part of a 
national or international  obligation,  this  program  should  be  coordinated or 
perhaps even conducted, at least in part, at the  highest level of the 
management.framework,  that is at the  international  level,  much  as has occured 
with  various  scientific  programs. 

Furthermore, in developing  management  strategies and the analysis of 
cost-effectiveness  therein, it is the  recommendation  of  the  Commission  that 
responsible  agencies  institute  procedures  for  ensuring  that all alternatives 
'for  controlling  particular  pollutants, and their  local,  regional and nation21 
implications, are considered  consistent with the  ecosystem  approach.  This 
would  include  the  whole  range  of  point,  nonpoint and source-reduction  controls 
to the  extent  that  they  are  relevant, and alternate  practicable  technologies 
for.  achieving  these  control s. 

6. Administrative and Leoislative  Reauirements 

The  planning and implementation of nonpoint  pollution  management  programs 
within  the  general  framowork  provided would require a detailed  review of and 
; > , I T  irCpntS to  specific  administrative  mechanisms,  including  agency 
i esp~f~~lbilities and procedures, and the  legislative basis of environnental, 
land and resource  managenent  policies. 

Much  testimony at the  Public  Hearings and several  reports  from  the  various 
PLUARG Panels enphzsized  the  desirability of imprcving  the  mandate 2nd 
operations of existing  government agencies rather  than  creating  new ones. in 
effect PLUARG had taken  this  viewpoint a l s o ,  in its recomnendztions  that 
better use be made  of  existing  planning  mechanisms in implementing  nonpoint 
source  control  programs,  that  the  adequacy of existing and proposed 
legislation  be  assessed  to  ensure a suitable legal basis  for  enforcement and 
that  the  greater  emphasis be placed on the  preventive  aspects of laws and 
regulations. PLUARG suggested  that  governments  "review  the  adequacy of their 
present vo1untar.y programs and consider  other  inducements or regulation 
alternatives  where  these  programs are found  lacking .. . determine if more 
specific  guidelines  are  needed. Wherever possible ,  governments s h o u l d  
maximize the u e i l i t y  OF existing p r o g r a m s   r a t h e r   t h a n  creating new ones." 

L!hile the Cornmission supports, in principle,  the  concept of simplifying 
and minimizing  the  amount and complexity o f  government, and indeed of using 
existing  legislation and administratiLre mechanisms  more  effectively, it is 
zpparent  from  the  review of the  existing  status of nonpoint  pollution  control, 
and of government  policies and programs,  that  the  review and revisions  to 
current mxhanisms noted  above will be required and 'that  this  may well 
indicate the need for n w  initiztives or programs  rather  than  merely  adjusting 
old ones.  Thus,  while  existing  agencies and programs  may well be  retained and 
enhanced, \;'here possible and desirable, t h i s  should  not  unduly  inhibit  their 
supercession  or replacenlent b y  new  structures,  where they are  required  for 
effectively  addressing  nonpoint  pollution problems. 

Three  additional  elements  should be considered in the  le9islative- 
administrative  review, al l  within  the  context of the  ecosystem  approach acd 
the  comprehensive managecient strateg.y concept. 
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A.  \'OLUliTARY VS. REGULATORY A C T I O N  

A concern  expressed  frequently  during  the  Public  Hearings w a s  the 
extent  to  which  the  remedial  strategies  should  rely  on  voluntary  efforts 
2s opposed to government  regulation;  The  realities  of  government  funding, 
the  reaction  of land ovmers,  particularly  farmers  who  are  highly 
independent by nature, and the  general  trend  of  social  opinion, a11 point 
towards  a  reaction  against  further  layers  and  complexities  of  government 
regulation in favour  of  encouraging  voluntarism and a  more  efficient and 
effective  application  of  existing  measures . A significant  danger of 
increzsing  restrictions  on  individual  behaviour is backlash,  which is 
known  to  occur in other  regulated  areas, so that  the  object  becomes  one  of 
contravening  the  regulations  rather  than  the  cooperative  achievement of 
social and environmental  goals.  The  basic  philosophy  of  those  supporting 
the voluntary  approach is that  the  vast  majority of individuals  will 
change  their  undesirable  practices if they  are  brought  to  recognize  the 
problem end their  contribution  to it, are  provided  with  technical  support, 
2nd given  protection  from  the  severe  economic  hardship  that  might  result 
from  the  required  actions. 

There  was  also  a  strong  body  of  opinion  expressed at the  Hearings 
that  further  regulation is required,  along  with  effective  legislation and 
monitoring,  to  ensure  consistent and equitable  implementation  of 
environmental  programs.  This  attitude is based on experience  with 
resistance  against  environmental  controls,  the  failure of many 
corporations and individuals  to  recognize  their  impact  .on  water  quality 
and to adopt  "best  management  practices",  even  when  they  have  been 
provided  with  the  proper  procedures, and the  very  limited  success o f  
public  exhortation  programs  such as those  concerning  energy  conservation 
and resource  recovery  (recycling),  among  other  things. 

An example  of  the  failure  to  take  voluntary  action  from  the PLUkRG 
studies, is the  reaction  of  many  Ontario  fzrmers  to  the  free  soil  testing 
service of the  Ontario  Ministry  of  Agriculture and Food,  with  respect  to 
fertilizer  requirements. A survey o f  some  1,500  farmers,  selected 
randomly,  showed  that  whereas 91) percent of farmers were aware of the 
service, only 60 percent  had  ever  availed  themselves  of it. O f  this 60 
percent, 17 percent had not be.en tested in five  years and only 14 percent 
had been  tested  every  year.  Furthermore,  a  sub-sample of tested 

'respondents  indicated  that 90 percent o f  those  who  had  soil  tests  done 
made  changes to the.  reconnended  application  amounts,  over half. of  which 
were  considered to be i 1 1  -advi  sed. 

In the  survey  of  United  States  farmers,  which did not ask about  the 
use of soil tests,  nearly 90 percent  of  farmers  followed some kind of soil 
conservation  practice  (especially  crop  rotation and leaving  residues  over 
\.:inter) and half stated that they fol?ov:ed a  conservation plan. Nost 
l arwrs, hok!cver, were  not  aware  that  the  mzjor  farm  nutrient-pollution 
problem identified  by PLUARG existed. Only a tnird (32%) of all farmers 
felt  that  pesticides and fertilizers  contributed to Great  Lakes  pollution, 
and l e s s  than  a  quarter (22%) that  manure did so.  Almost half ( 4 9 % )  of 
the  farmers survcyed recognized  the  pollution  hzzard  from  soil  erosion, 
however.  The  mzjor  source o f  their  information  on the';? matters v!zs the 
public  media,  especially  nenspapers  and  magazines,  rathsr  than 
governmental  agencies or farm  organizations;  three  quarters (77%) o f  the 
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United  States  Great  Lakes  farmers agreed that  more  informztion on how to 
control  water  pollution  was needed. Doubtless  other  examples of the need 
to inform and encourage  individuals to adopt  environmental  ly-sound 
practices  can be derived  from  experience in other  jurisdictions and other 
sectors of economic and social  activity. 

PLUARG's  conclusions  on  this  question  was  that  a  mixed  approach  would 
be  required: it stressed  voluntary  action as desirable and indeed stated 
that  the  success of nonpoinf  pollution  control "will have  to  rely  heavily 
on the  interest and concern o f  individual  members  of  society". 
Nevertheless  reaulation  will  also  be  required,  since  reliance  on  voluntary 
compliance will not always be effective,  most  notably in instances  when 
the  environment and the  activities of people  are  subject  to  competing 
goals. P L U A R G  thus  concluded  that a l l  levels o f  government  should  review 
the  adequacy of existing  voluntary  programs and consider  other  incentives 
or  regulations  where  voluntary  measures  do  not  produce  the  desired 
results. 

The Cornmission recognizes  the, value of  using and improving on 
voluntary  programs,  particularly  when  they can be conducted by estai,lished 
organizations and when  they are likely  to be effective.  This  approach  has 
merit in its own right, by increasing public participation and commitment, 
and also a1 lows  governments to concentrate  limited pub1 ic funds in areas 
where  they  will be required most. It must  be  emphasized,  however,  thzt 

success of the  voluntary  approach  will  be  highly  dependent  on  the 
m o u n t  of guidance and effort  given  to it by  the  agencies o f  the 
government. The Commission  agrees  with PLUAFiG and its Public Consultation 
panels,  that  the  achievement o f  Great  Lakes  water  quality goals will 

concrete  efforts  to  provide  planners and land managers  with  relevant 
techn'ical information and assistance is the  key  to  the  success of the 
voluntary  approach. In sone  instances,  information  can be made  available 
that will demonstrate  economic  advantages, at least in the long term  such 
as erosion  control,  to  adopting  environmentally-sound  practices.  The 
Commission's  more  specific views on public  education. and participation are 
contained  later in this Report. 

.! - require a greater  emphasis on developing an informed  Dublic, and that 

Notwithstanding  the  potential  for  voluntary  action,  the Cornmission 
concludes  that  there is a need for  regulation in some instsnces.  The 
Commission recomxnds that  regulations be adopted  where  needFd  to  ensure 
consistent  an3  equitable  implementation of required rernerjial measures. 
Three  specific  areas  that  the  Commission  hss  identified as requiring  such 
regulation are: the  prohibition of  winter  spreading of manure  on  frozen 
ground,  the  regulation of sediment  runoff  from  urban  areas  under 
construction, and the  regulation of industrial \<zsto,s management to 
prevent environ!ncntal contamination.  Regulation  could  take  the  form of 
enforceabl?  guidelines  to be applied  first by the  individuals and then, if 
required,  enforcement by 10~31 agencies or State,  Provincial or Federal 
authorities as relevant. 

3. FUNDING 

. Adequate  legislation 2nd mechanisms  for  nonpoint  pollution  control 
can  be  rcndcred  ineffective by the  failure to ensure  sufficient  funding or 
manpower to carry  out  technical and financial  assistance  programs,  or 
monitoring and, enforcenlent activities. 
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h'ithin existing  financial  zssistance  programs, in both  countries, 
total zppropriations  may b e  too small to deal  with all or  many  of  even  the 
most  severe  cases of  polluticn.  Particular  grant  programs  may  be  too 
restrictive  with  respect to incorporated  conditions  on  location,  economic 
sector  or  type o f  investment,  to  apply  to  the  proper  priorities o f  a 
wide-range 0: nonpoint  situations, or  they  may  place  ceilings  on  the 
funding of individual  applications  that  2re  too l o w  t o  provide  sufficient 
incentive for their  wide-scale use. Agencies in both  countries  having 
roles in technical  assistznce,  inspection and enforcement  are  generally 
too constrained as to ogerating  funds and manpower  to  carry  out a 
sufficiently  intensive  program  within  a  reasonable  time  period  for  example 
feedlot  inspection  programs, seb/age sludge  management and private  sewage 
disposal system  inspections. Two examples o f  grant  programs  that  have 
been  inadequately  funded are: (a) The  United  States  Rural  Clean b!aters 
A c t ,  krhich has  the  potential to help  control  pollution  from  farmlands in 
the  high  priority  areas  which  are  identified by 208 plans,  but  which 
-received  very  little  funding  during  Fiscal  Year 1979.  In any  event,  given 
the  likely  distribution of authorized  funds  (even if appropriated), 
considerably  more  funds  will  be  required  to  remedy  a  significant  portion 
of the  problems in the  United  States  Great  Lakes  Basin  to  which i t  might 
be  applied, and ( b )  t h e  Province o f  Ontario's  capital  grants  program, 
under  which 40 percent of the  capital  costs of farm  improvements  relating 
t o  erosion  control,  manure  management  2nd  similar  matters  has  been 
available  to  farmers  from  the  Province,  but  grants  have had a' maximum 
limit o f  53,000, although  the  entire  provincial  capital  grants  program  hzs 
been  under  review.  This  amount  certainly  would not. act 2s a major 
incentive for farmers  to  undertake  specific  projects t o  reduce pollution.' 

While  recognizing  the  general  constraiFts  placed  on  the  expansion Of 
government  employment and expenditures at all levels in both  countries, 2s 
well as the  competing  needs  of a71 governmntal  programs,  the  Commission 
urges  the  governments to give  careful  consideration to the  sufficiency of 
financial  zssistance and personnel,  particularly  with  respect  to  nonpoint 
pollution  control  but  also  including  related  programs  now in place  or 
planned  for  the Great' Lakes Easin.  This  review is needed io assess  the 
likelihood  of  effective  implementation and monitoring of these  programs, 
and in order to make  suitable  provision,  (to  the  extent possible), for 
greater resources  or f o r  more  Efficient  utilizaticn of those  now 
available. 

C. LOCAL RESPONSIE!LITIES 

Despite  the  view  expressed  earlier  that  comprehensive  environmental 
coordination  should  rest  with  mechanisms in the ' senior  levels of 
governmwt,  there is considerable  merit in allowing  a  large  degree of 
responsibility f o r  implementation and management-planning  input  to fall at 
the local level o f  jurisdiction.  Lznd-based  problems  have  a  variety of 
site-specific  factors  thet  should  be  addressed in a mnanner responsible  to 
l o c e l  n Z t u r - 2 1  and human  needs,  while  msintaining a primary  thrust o f  
solving  problems t h 3 . t  mzy lie ogtside  the local area in their impact. In 
order  for  the deiinitior! o f  specific  remedizl requiremnts to be 
practiczble and for  their  implementation to he effectilve, a high  degree of 
local knowledge,  involvement and contact w i t h  individuals  ultimately 
causing  the  pollution  problems,  are  necessary. 
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At  the same time, local institutions  are usually lzcking in 
sufficient  technical and financial  resources  to  carry  out  this  function 
alone,  even  within  guidelines.  There is a need therefore, to reinforce  or 
establish  mechanisms to provide  for  a  local,  state,  provincial and, in 
Some instances  perhaps  federal  partnership,  on a county but preferably 
watershed  basis, in order  to  address  adequately  the  entire  sphere of land 
management  problems  from an environmental as well as a  traditional 
viewpoint.  Again, it would  appear  that  the  basic  mechanisms are in place 
and have indeed been  evolving  towards an environmental  Perspective. 

In Canada,  the  Conservation  Authorities  have  a long history of 
-provincial and local partnership in watershed  management that could  form 
'the  basis  for an effective  implementation of nonpoint pollution control in 
areas  where  they  exist.  These  incluee  most  of  the  developed  tributaries 
of  the  Great  Lakes  Basin.  Operating  under  provincial  legislation  that 
gives  them  a  broad  mandate  over  renewable  resource  planning and 
management, in particular  water  resources, and with  a high degree of local 
involvement,  the  Conservation  Authorities  could,  with  a  change in focus 
from  that  traditionally  maintained,  implement  most non point  controls 
relating  to soil and water  conservation, and  land use planning in flood 
plains. For  the  most  part,  their  efforts  have  been  directed at flood 
management and recreational  developments in designated  management  areas, 
although' some  authorities  hzve  recently  been  moving  towards  greater 
+forts in water  quality  protection,  erosion  control, and environmental 
.>iucdtion. The  furthering of this  trend  should  be  encouraged by firm 
guidelines and technical  zssistance in this  area  from  the  province, in the 
same  manner as it has  been  provided by the  Ministry  of Natural Resources 
i n '  areas  such 2s water  and  forest  resource  management.  Further,  greater 

provided  throughout  the  watersheds  covered. 
i power  to  regulate land use and potential  polluting  activities  should  be 

Also in the  Province  of  Ontario,  the  well-established  mechanism of 
urban  planning,  with  shared  responsibilities  between  the  Province, 
regional  government  and  municipalities  could  provide  a  further 
institutional  foundation  for  urban  nonpoint  pollution  prevention.  This 
procedure, based on  the  Planning Act can  influence  both  regional and urban 
plans  including  zoning  uses and the  designation of hazard lands where 
development  cznnot  occur, as well as individual  subdivision  plans 
including  infrastructure and overall  design. \!bile the  statute  has . 
sufficiently broad powers  to  incorporate envi ronmental  concerns , there is 
no requirement to do so, and many local plans  have been silent in this 
regard.  Environnental  agencies and Conservation  Authorities  have  a 
largely  advisory  role,  unless  specific  provisions  are  made  otherwise. The 
coordination o f  governmental  programs,  proposed  above,  should  extend t o  
the  Planning Act in those  aspects  relating to water quality. In their 
arezs of responsibility,  Conservation  Authorities  should be assured  a 
greater  role and expertise in assessing  the  suitability of proposed  plans 
or  subdivision  agreements  with  respect  to  flood and erosion  control, 
throughout  their  areas of responsibility. 

I n  the  United  States,  the area-\jfide v;ater quality management  plannin9 
process  under  Section 203 of  PL 92-500 involves local pljnning and 
approval,  state  pollution  control  responsibility and technics1  assistance, 
and federal  certification and funding, all in a  structured  manner. 
Designated area or  state  planning  agencies are requ,ired to develop 
controls  over land runoff as part of the  Plans,  on  the  basis o f  guidelines 
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provided by EPA to ensure  consistent  action  towards  improving  water 
quality.  This  process is a  good exarc?le of  comprehensive  environment21 
planning,  carried  out a t  the local or  regional level in some 30 locations 
in the  United  States  Great  Lakes  Basin, in a  generally  successful  manner. 
Several  problems  have  emerged,  however, as was  identified at the 
Commission's  Public  Hearings and in the  Great  Lakes  Basin  Commission's 
npOSt-pLUARG  Evaluation  of  Great  Lakes  Water  Quality  Management  Studies." 
Problems  include  the lack of EPA  action  to  ensure  implementation o f  
nonpojnt  aspects of approved  plans,  resulting in a reliance  on  the 
interest and comnitment o f  local  governments  to  take  action.  Problems in 
the  planning  process  itself  include  the  need  for:  greater  coordination, 
.communication and technic21  infornation  flaw betv!een the 205 agencies, and 
'basin-wide  environmental and other  resource  management  program  concerning 
the  Great  Lakes;  clear  goals and obje,ctives for  the  Great  Lakes  on  which 
planning  can  be  based; and more  area-specific  basic  data on links  between 
land use  practices and pollution.  The  Commission  recommends  that  measures 
should be taken  to  improve  linkages  between  the 208 agencies and other 
environmental and resource  decision-making  bodies,  and to strengthen  the 
powers cir implementation at the local or reg.iona1 level  within  the  context 
of overall  objectives and guidance  from the State  and/or  Federal level. 

The U.S. Soil Conservation  Service  with i t s  locally-bzsed  Soil 
Conservation  Districts or Soil and Water  Conservation  Districts, and 
similar  structures at the  state  level,  provide  a  strong  basis for 
implementing  various  nonpoint  pollution  control  measures,  relating  to  the 
agricultural  sector.  The local districts  have  a  wide  range of planning 
and implementation  powers, b u t  the  extent  to  which  these  are  enforced, 
ei'ther due  to  mandate  or  the  fervor  of local districts, and especially 
with  regard  to  water  quality,  varies  both  between  states and within 
states. A s  2 mechanism  somewhat  siEilar  to  the  Conservation  Authorities 
in Ontario,  including th? concept o f  Federal-State-Local  partnership,  thsy 
could  perform  a  comparable  role in the  agricultural area. 

Nith  respect  to  developing  areas, SCS, county and  loczl development 
and regulatory  bodies  have  varying  degrees of institutional  experience and 
expertise in regulating  runoff.  Those  agencies  could play significant 
roles in implementing  nonpoint  remedial  programs. 

h'hile the  institutional  basis  may  be  largely  present, it w i l l  be 
necessary  for  governments to assess in detail  the  improvements  that  are 
needed  within  their  mandate and within  the  general  context  outlined  above, 
in particular  to  provide  sufficient  powers of implementation, and to 
determine  the  need f o r  incentives and resources  on  the  part o f  these 
mechanisms  to  carry  out  their  ultimate  responsibilities  that  may be 
assigned  within  the  overall  management  strateay. . A shift in emphasis  from 
the  past  or  further  financial and technical  resources,  would  appear t o  be 
required i n  many instances. 

7. Pub1  ic Involvement and information 

The P L U A R G  Public liearings and the  Public  Consultation  Fanels , ~ h i c h  
preceded  them  demonstrated  that  most  people are unzware of the  extent  to  which 
urban and rural land use  activities  affect  the  water quality o f  the  Great 
Lakes., ana of  the  fact  that  they  themselves  may  be  directly  involved and 



responsible  for  deteriorating  ecosystem quality. The lack of  awareness  of  the 
effect o f  the various land use  activities on water  quality was attributed 
mainly  to  the  fact  that  there has  been little  or no public  education  with 
respect t o  these  diffuse  sources  of  pollution. it was  also  recognized  that 
the  acceptance and successful  implementation  of  PLUARG's  recommendations  would 
be  possible  only if there  were an informed public. A stronger  educational 
program  was  recommended by many  witnesses at the  public  hearings as being  the 
best wsy to create  this  informed public. An informed and active public would 
a l s o  assist  Governments in reaching  acceptable  solutions  to  nonpoint  pollution 
pro~lems and should  be  encouraged  for  this  reason also. In this  regard,  the 
Commission  notes  that each jurisdiction  has an environmental  informztion 
program, and Governments  have  provided  for  a  basin  wide  program in Article VI1 
of the 1978 Great  Lakes  Mater  Quality  Agreement. 

The  Commission  believes  that in addition  to  existing public information 
programs,  there is a  need  for  a general environmental-  education  program, and 
recommends  that  the  governments  consider  the  following  measures. 

First,  people  must be made  aware of the  existing  local  problems 2nd their 
impact  on  the  Great  Lakes  ecosystem, and be encodraged  to  participate in 
solving  these  problems.  Comments  received at the  public  hearings VJere 
Strongly in favour 07 giving  people  the  opportunity  to  participate  voluntarily 
in  the  implementation of remedial  measures. An educational  program  for  the 
general  public  could  use  such local civic and environmental  organizations  to 
explain  the  sianjficance  to  the  PLUARG  findings and to  encourage  program 
development.  Feed-back  from  these  groups  could  be  used  as an input into  the 
development  of an educational  program.  The  same  community  groups  could a l s o  
be  the  vehicle  for  encouraging  the  developnent of practical  demonstration 

.! programs at the loct!l level,  geared  to  the  needs of specific areas. The 
emphasis should be on  consulting  people to meet  their  particular  needs  rather 
than  presenting  them  with  a  fixed program. 

Secondly,  efforts  should  be  made  to  familiarize  government  officials at 
all levels  with  the  issues  concerning  both  ecosystem  management in general and 
nonpoint  pollution in particular.  Officials  should be encouraged to cooperate 
with  environmental and resource  management  agencies, and to allocate  funds in 
order to include  the  relevant  preventative  or  remedial  measures in their  own 
programs. 

Thirdly, the  successful  imglementation o f  the  various  remedial  mezsures 
w i  1 1  depend upon the ski 1 1  and knovrledge of program  .managers and field 
personnel,  notably at the local level. These  should be provided  the 
opportunity to acquire t h e  necessary  technical  information and the  skills t o  
implment  their  specific  program  or  tasks properly. 

Fourthly,  a solid community  base  must be established to provide  continuity 
once  nonpoint  remedial  measures are implemented.  This  can  best be achieved by 
making  information  more  accessible t o  the  public  education  systems and by 
assisting  schools in developing  the  appropriate  programs. 

Public  involvcnent in t h e  solution o f  local problens  should be developed 
within the perspective  of  the  overall  Great  Lakes  ecosystem. It is important 
for t i le .  public to be  aware of the  fact that the  water q u a l i t y  problems  of  the 
Great Lakss are to a large part the cumulative  effect  of  many small or local 
problens.  This a\i'areness i s  necessary  for  the  recommended  voluntary  approach 
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to work, and hence  the  requirement f o r  regulations to enforce  environmentally- 
apFropriate  behavior  might  be  minimized. 

a. Monitorinq 2nd Review of Manaaement  Plans and Remedial  Proarams 

The  success of the  recommended  comprehensive  management  strateoy W i l l  
depend in part upon  the  ability of the  various  jurisdictiors  to  adopt and 
implement th? various  elements  outlined in the  preceding  sections.  The 
Commission is o f  the  opinion,  however,  that  there is a  necessity  for  the 
establishment o f  some  mechznism to review and evaiuate  the  overall  success o f  
the  various  management  plans.  This  evaluation  should  consist o f  three  basic 
components.  First,  there  should be a  general  review of the  adequacy of a l l  
state,  provincial, and federal  management plans. The  second  component  should 
be an enhanced  continous  monitoring  program  within  the  surveillance  program 
developed  under  the  Gr2zt  Lakes Plater Quality  Aoreerxnt,  including  nearshore, 
river  mouth 2nd tributary rnoni.toring to  evaluzte  the  success  or  achievement o f  
the  various  remedial  programs  that are in place. Finally,  there  should  be a 
review o f  the  accomplishments of the  overall  management  strategy to determine 
whether  the  provisions of Article VI of the 1975 Nater  Quality  Agrement are 
being adequately  fulfilled. 
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VI. THE COt'li4ISSION ' S  CONSIDERATIONS AND CONCLUSIONS 
REGARDING REEDIAL MEASURES AND  PROSAGLE COSTS: 

S P E C I F I C   P O L L U T I O N   P R O B L E H S  AND REi4EDIAL I W S U R E S  
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INTRODUCTIOI: 

hli thin  the  context o f  the  proposed management s t r a t e g y ,   t h e  Comnission  has 
rev iewed  the   appl icabi l i ty  of various  nonpoint a n d  other remedizl  mezsures,  in 
order  t o  provide  advice on some spec i f ic   p rac t icable   measures  t h a t  can be 
taken.  To t h e  ex ten t  t h a t  these  measures  are  environnentally-sound and 
applicable  throughout  the  Basin  (as  discussed  in  Chapter V), they  should be 
encouraged by governments by a l l  means a t  t h e i r  d i sposa l .  The  more c o s t l y  
programs s h o u l d  be considered  as  options  in  developing management plans for 
spec i f i c   sub -bas ins  and p r i o r i t y   p o l l u t i o n  management a reas ,   inc luding  
loca t ions   con t r ibu t ing   t o   nea r shore  problem  areas which are   not   taken  into 
account   in   the  overai l   assessment .  Not a l l  problems  or  remedies  reviewed need 
t o  be a p p l i c a b l e   t o   a l l   a r e a s  nor would the   r equ i r ed   i n t ens i ty  of 
implementation  be  identical  everywhere. In any event,   programs  having  clear 
appl icabi l i ty   to   cur ren t   p roblems  should   no t   wai t  for the f u l l  development of 
t h e  management s t r a t egy   desc r ibed  above desp i t e   i t s   impor t ance ,   s ince   t he  
l a t t e r  may we11 be some time i n  being  brought  about.  These  proc*zms  should  in 
t h e  meantime,  however, be implenented  within  the s p i r i t  of t h e  overa.11 
management s t r z t e g y .  

1. PhosDhorus 

P,s phosphorus  enters   the  Great  Lakes  System  from a v a r i e t y  of sources ,   in  
va ry ing   quan t i t j e s  and forms, a h o l i s t i c  management s t ra tegy  should be used t o  
address the  most c o s t - e f f e c t i v e  means of reducing  exessive  loading  levels .   In  
tak ing   th i s   agproach ,  PLUSRG concluded  that   the  whole l ake   t a rge t   l oads  
recommended i n  i t s  Report  could be met  by p o i n t  source   cont ro ls  on a11 b u t  
Lakes Erie  and Ontario,  although  nonpoint  measc:-es \:auld be r e q u i r e d   t o  
reso lve  l o c z l  water   qua l i ty   p roblen~s  i n  southern Lake Huror! and Saginaw Szy.  

Present  phosphorus loacjs could be reduced t o  tarsst  levels ,   according t o  
P L U A R G ,  by municipal  sewage  treatment  plznt  effluent  i imi.tations of 1 m g / L  on 
Lzke Superior 2 n d  Kichigan, a n d  0 . 5  m S / L  on Lake Huron. ?LUF\RG also  concluded 
t h a t  p ro j ec t ed   fu tu re  l o a d s  ( t o   t h e   y e a r  2020) on Lakes Nichigan and Huron 
would r equ i r e  more r e s t r i c t i v e  b u t  a cn ievzb le   l imi t a t ions .   P ro jec t ed   t a rge t  
loads on Lakes Superior  and t4ichigan  could be reached by goin t   source   cont ro ls  
? l o n e  althnuGh local  nearshore  problems nay requi re   spec i f ic   nonpoin t   cont ro l  
ac t ion .  Sout!Iern Lake Ktrron \ ~ ~ o u l d  i n  t h e   f u t u r e   r e q u i r e  some nonpoint 
phgsphorus  control f o r  accept?.h:?  ir,sin-lai.,e l e v e l s ,  even 
l i n i t z t i o n  o f  23nicipL.l   sewage  treatment  plant  effluents.  

E o t h  p resent  and f u t u r e  loads \flould exceed t a r s e t   l o a d s  
O n t a r i o ,  even a t   t h e  0 . 3  nq/L  municipal p c ' n t  source 1 
ef5ective  nonpoint  phosphorus  control  programs. 

w i t h  a 0 .3  m g / L  

on Lakes Erie  and 
imi ta t ion ,   wi thout  
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PLUARG conc1ud.d that  of  the  options it considered,  the  most 
cost-effective  mezsure  for  controlling  phosphorus  was  a 0.5 mg/L  limitation on 

, municipal  sewaae  treatment  plants,  discharging o v e r  one  million  gallons per 
~ day. The  incremental  cost  of a 0.3. mg/L municipal  point  source  effluent 

limitation  was  evaluated  for  conventional  treatment  plants and found  to be 
very  costly,  equivalent in cost to some of the  most  expensive  agricultural 
programs.  PLUARG  also  indicated  that  a  comprehensive  nonpoint  source  program 
in Lake  Erie Easin and selective  nonpoint  controls  for  Lake  Ontario,  southern 
Lake  Huron and Saginaw  6ay  areas,  along  with  the 0.5 mg/L  limitation  would be 
required  parts o f  the  minimum  cost  programs  for  achieving  their  respective 
target loads. 

The  indicated  nonpoint  controls  include  "Level 2"* rural and "Level 1"* 
urban  remedies  for  Saginaw  Bay in Michigan and for  southern  Lake  Huron in 
Canada.  Lake  Ontario  would  require  "Level l*" rural and "Level 2" urban 
programs,  while  even  more  intensive  efforts are required in the  Lake  Erie 
Basin. The total  annual cost  of  nonpoint  controls,  including  sound  management 
Of 112,000 km2 (27.4 million acres) of agricultural land at a cost not 
quantified but estimated  to  be  "minimal",  was  estimated  to  range  from $26.5 to 
557.0 million  annually,  depending on the level of control  applied.  Close  to 
40 percent  of  the  .above  agricultural land would  require  treatment  exceeding 
"Level 1". In addition,  the total incremental  annual  costs  (above 1975 
levels) of  achieving  the 0.5 mg/L point  source  limitation  was  estimated at 
$13 ': liiillion for  the  United  States and $5.0 million  for  Canada. A breakdown 
of costs is provided in the  PLUARG  Executive  Sumnary,  (Appendix 11), and the 
various  options are outlined in Table 6 of this  Report. 

In subsequent  analysis of the  accuracy of its phosphorus  loading  estimates 
with  respect to climatic  variability and assuming  that  a  possible  lower  mean 
annual load can be maintained,  the  PLUARG  members  concluded  that it mzy be 
possible to maintain  target loading f o r  a11 lakes with  municipal  phosphorus 
discharge  limitations  of 0.5 mg/L phosphorus  alone  for some time  into  the 
future, and that  the  degree  or mix of application of the  various  alternate 
programs  may need further  consideration. It was  maintained,  however,  that  the 
cost  estimates  of  the  alternatives  remained valid. 

With  respect to the  accuracy of the  cost  estimates per x, the  Comnission 
has noted  several  suggestions  that  the  costs  are  either too high  or  too  low, 
including  one by the  United S t a t e s  Corps of Engineers  Lake  Erie Naste \dater 
Nanagement  study  which  suggests lower costs and greater  success  potential  for 
second level agricultufal  measures,  notably  the  practice of zero  tillage. 
Furthermore,  the  Great  Lakes k'ater Quality  Board  has  questioned, in its review 
of the  PLUARG  Report,  the  feasibility  of  consistently  achieving L 0.5 mg/L 
phosphorus  effluent level at municipal  treatment  plants.  PLUARG  has 

*Level 1 nonpoint  controls  include: 
Rural - s o u n d  mansgement  practices  such as proper  nutrient  application, 

minimum  tillage,  mulchinq,  avoiding  slopes  near  streams,  belizved 
achievable at minimal  cost 

development  controls, use o f  natural storage  capacities, 
street-cleaning. 

Urban - reduction  of  pollutants and stormwa'ter at source  including 

Level 2 nonpoint  controls  include Level 1 plus: 
Rural - conservation  tillage,  contour  strip  cropping,  use  of  cover  crop 
Urban - xtificial  detention and sedimentation of stormwater  runoff 

Level 3 (Rural  only) is Level 2 measures at greater  intensity of effort. 
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maintained  thzt its modelling  procedure led to  cost  estimates  that  are cis 
accurate as possible at the  qross level of calculation  2nd  within  a  range  of f 

30%, more  probably  over-estimated than under-estimated  due  to conservativ? 
assumptiocs.  Refined  cost  estimates  require a more  detailed level of  study, 
such as achievable  through  pilot  programs  for  specific  types  of  site and l a n d  
use  practices. 

The  Commission  has  reviewed  the  conclusions  of  the  Reference  Group 
concerning  phosphorus  management  strategies, and believes  that  they  represent 
a major  step  forward in addressing the probable  costs and loading  reductions 
with  respect  to  nonpoint  pollution  from  various  sources.  These  estimates 
 establish^ a  firm  basis  for  developing  the broad remedial  strategies  for land 
use  activities, and indeed for specific  corrective  programs, at least  until 
such  time as better  information  becomes  available.  These  values  may  be  better 
tuned  once  the  United  States  Corps  of  Engineers'  Lake  Erie  Waste \.later 
Management  Study  results  become  available  publicly, and as actual  experience 
can  be used as a guide. There is no  basis  to  assume  that  the  PLUARG 
conclusions in this  regard  are  seriously in error. Indeed,  many  Section 208 
planning  agencies, and at least  one  major  Conservation  Authority in Ontario, 
have  indicated  that  the  PLUARG  Report w i l l  form a basis  for  remedial  programs. 

The  Commission  does not consider it possible at the  present  time,  however, 
to make a  recomendation  on  controlling  municipal  treatment  plant  effluents to 
?, level of 0.5 mg/L. The  Commission  supports  the  need  for  further  phosphorus 
reductions,  beyond  those  to  be  achieved by the-piesent  programs in order  to 
achieve Agre2;nent objectives. It is not clear,  however,  that  achieving 0:s 
mg/L is either  feasible  (technically and economically),  for  the  majority of 
ex'isting sewage  treatment  plants, nor with  respect  to  Lake Erie zt  least, 

- 2  desirable  .on  the  basis of relative  cost-effectiveness.  Other  alternatives 
should bc investigated  further before embarking on another  major  public 
investment  program.  These  include tho, consideration  of  other  effluent 
limitations (e.g. between 1.0 and 0.5, or even 1ow2r in specific  plants  wh2re 
this is possible and cost-effective), and o f  alternate  technologies  for  the 
disposal of municipal  effluents such  as land application  which can reduce 
phosphorus  concentration  from  municipal  treatment  plants  under  appropriate 
conditions  to as low as 0.1 mg/L.  The  strategy  question  of  whether all plants 
should be required  to  reach identical effluent  levels,  without  regard  to 
relative  efficiencies in being  able to reach total loading  reductions,  should 
be  addressed in the  light  of  the  selective  appfication of these  technologies. 
The  Commission also notes  the  view  of  the  Great  Lakes  Basin  commission  that  a 
complete  achievement  of  the 1.0 mg/L effluent  standard, and  Level 1 nonpoint 
controls, is the  best  approach.  This Comission  obssrves, hoicever, that  the 
strategy  proposed by the  Great  Lakes  Basin  Commission is not  predicated on 
achieving  the  target  loads  tentatively  recommended in this  Report.  The IJC, 
therefore,  does not endorse  the  views of the  GLBC at this  time. 

The  Comission i s  thus  not in a position at the  present  time  to  recomnend 
specific  phcsphorus  management strategie; which m u l d  achieve  the  target l o a d s .  

The  Comnission's  Task  Force on Phosphorus t4anagernent Strategies is 
expected  to  address  this  entire  matter in' its Final  Report.  The  interim 
report,  noted  above, did not d e a l  with. this subject 2 s  its  purpose was to 
address  .specific  technical issues. The  Conmission is planning to provide 3 

i separate,  supplementary repol-t to the Governments on a  proposed  phosphorus 
management  strategy,  after  the final Task Force  Report is available in 1930, 
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a f t e r   cons ide r ing  the  advice of the  Grezt  Lakes  'dater  Quality S o a r d  a n d  
Science  Advisory  Board. I n  view of uncertainty  concerning  appropriate  
phosphorus management s t r a t e g i e s ,   t h e  Commission  recommends t h a t  Governments 

. exerc ise  c a u t i o n  when approving  sewage  projects t o  ensure t h a t  such  projects  
w o u l d  n o t  inh ib i t   l a te r   upgrading  t o  accomnodate new phosphorus manzoement 
s t r a t e g i e s  t h a t  may be considered  following  the  Commission's  further  report  o n  
t h i s   ma t t e r .  

2. Aqricu l tura l  Proqrams 

There i s  a va r i e ty  of p r a c t i c e s  t h a t  can be undertaken by farmers t o  
reduce  the l o a d  o f  po l lu t an t s  from t h e i r   l a n d .  b!hile t h e s e  h a v e  general  
app l i cab i l i t y ,   t he   deg ree  of implementation and  p rec i se  methods  taken, may 
have t o  be t a i l o r e d  t o  t h e   s i t e  a n d  pract ice   concerned.  To t h e  ex ten t  t h a t  
such  controls may be r equ i r ed ,   r a the r  t h a n  be ing   genera l ly   des i rab le ,  
farm-specific  plans  should be developed w i t h  t h e   a s s i s t a n c e  of a g r i c u l t u r a l  
extension  services  of government  agencies. 

Soil  Erosion  causes n o t  only  high  sediment and  phosphorus  loads t o  e n t e r  
t h e  Great  Lakes, b u t  a l s o  o t h e r   n u t r i e n t s ,   p e s t i c i d e s  and h e r b i c i d e   r e s i d u e s ,  
2s we17 as  being a l o s s  of a va luab le   r e source   i n   i t s  own r i g h t .  The l o s s  o f  
s o i l  has been t i e d ,   i n   l a r g e  part ,  t o  farming  practices,   al though  the  problem 
i s  more severe on f ine -g ra ined   so i l s  a n d  steep s lopes.   Al l   farmers ,  a n d  
pa r t i cu la r ly   t hose   i n   suscep t ib l e   a r eas ,   shou ld  a d o p t  sound so i l   conserva t ion  
p rac t i ces .  These  include  ident i fying  the minimal amount of  plowing  consiste'nt 
wi th   main ta in ing   c rop   y ie lds ,   main ta in ing   the   s tab i l i ty  of stream b a n k s  by 

i. avoiding  their   d isrupt ion,   the   maintenance of organic   mater ia l s   in   the  s o i l  
a n d  mulching, b o t h  u t i l i z i n g   c r o p   r e s i d u e s .  The expected  reduct ion of 
sedimsnt   is  n o t  large;   probably a b o u t  10 percent of  t h z t  c u r r e n t l y   l o s t ,  b E t  
t he   cos t s  a - e  also  minimal, a n d  the   reduct ion  would a s s i s t  i n  r each ing   t a rge t  
l oads. 

As these  measures  r 'elate t o  changes t h a t  m2y \:el 1 be bene f i c i a l  t o  
. individual  farmers,  a major  requirement would be t o  inform and  educate   farmers  
a b o u t  the  more appropr i a t e   p rac t i ces .  

A program of education a n d  technica l   ass i s tance   could  be t i e d  t o  e x i s t i n g  
far,m  pt-og:-ms, and  in so d o i n g  provide a f u r t h e r   i n c e n t i v e   f o r   f a r m e r s  t o  
develop  soi l   conservat ion  plans.  The developmnt a n d  implementation of such 
plans  could be linked t o  any o f  a ranse of f i s c a l  or adminis t ra t ive.   progrzms.  
An i m p o r t a n t  element i n  t h i s   p rocess  w o u l d  be the   c lear   demonst ra t ion  t o  
f2.rmsr-s t h a t  t h e i r   a c t i v i t i e s   d r e   c a u s i n g   p s l l u t i o n ,  and  hence   s ign i f icant  
soc ia l  a n d  ecological  harm, a n d  a lso  in  many c2ses t h a t  so i l   conse rva t ion  can 
have a p o s i t i v e  impact on l o n g  t e rm  ag r i cu l tu ra l   p roduc t iv i ty ,  a n d  hence be of 
economic bene f i t  t o  tile f a r x r s  themselves. 

i n  zrczs \+#here more in t ens ive  a c t i o n  i s   requi red  t o  pre:,ent  erosion,  such 
as tns  hydro ' l og ica l ly   ac t ive   l ands   hav ing   f i ne - t ex tu red   so i l ,  a higher  degree 
of f inanc i  a1 i nccn t ive ,   r egu la t ion  a n d  perhaps even land  use  control may be 
r equ i r ed .   Guf fe r   s t r i p s  o f  vegetat ion t o  redclce s o i l  movenent i n t o  s t reams,  
s t r i p   c r o p p i n g ,  a n d  improved drainage  designed so as t o  minimize  environment21 
daxage ra ther  t h a n  cos t s ,   a r e   po ten t i a l ly   u se fu l  methods o f  reducing  sediment 
and  phosphorus  pollution.  Another  mehsure \.;hich  can reduce t h e  exposure o f  
loose soil t o  long  periods of p r e c i p i t a t i o n  a n d  tllus e r o s i o n   p o t e n t i a l ,  i s  tile 
inglernentation o f  s p r i n g   r a t h e r  t h a n  f a l l  p l o w i n g  and/or   the   p lan t ing  Of  
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Hinter  cover  crops.  Uhile  capital  investment i s  not invol:/eui, higher  field 
preparation  costs and reduced  productivity  due  to  wet  field  conditions in the 
spring  (with drying further  delayed by the  winter  vegetative  cover) and hence 
more  difficult or delayed  spring  planting.  This  would  be  particularly 
critical and costly in the more  northern  areas  where  the  growing  season is 
1 imi ted. 

In the  United  States,  the  federal Soil Conservation  Service,  with its 
local soil or Soil and Water  Conservation D'stricts, noted  above, has a long 
history of assistance  to  farmers.  The Soil Conservation  Districts will 
prepare  a  conservation  plan  for a farm if a  cooperative  agreement is 
under-taken  between  the  farmer and the  District.  Both  the  agreement and 
implementation are voluntary,  although  the  SCS and oth?r state and federal 
programs  provide  financial  and  technical  assistance. In several  states, 
municipalities  have  the  power  to pass sediment  control  ordinances  which  may, 
or  may  not,  be in accord  with  the  concerns of the  Districts.  While  this 
program  has in the  past  been  primarily  directed at maintaining  agricultural 
productivity,  environmental  benefits do result and the  emphasis of this  type 
of program is shifting  to  incorporate  explicit  provision  for  protecting  water 
quality.  State  governments,  in  consultation  with  the  Federal E P A  and Soil 
Conservation  Service, and the  District. fjoards themselves,  should  review  the 
specific  powers of these  agencies,  with an objective of ensuring  that  they 
have suffici.ent guidance,  initiative,  coordination,  funding and authority  to 
serve.effectively as a local arm o f  the  management  planning and implementation 
prncess. 

In addition  to  the SCS program,  the  United  States  Agricultural 
Stabiljzation and Conservation  Service  with  its  network of state and local 
policy  units  hzs  a  similar  function  with  respect  to  cost-sharing  programs  for 

f soil and water  conservation and pollution  abatement  practices in accordance 
with  specified  standards, and  long term  agreements  covering 50-75 percent o f  
the  cost  of  establishing  the  conservation  practices, but with an annual 
naximum of only 52,500. The U. S. Federal  Government  should  consider  the 
respective  roles and practices  of  this  program and that of the Soil 
Conservation  Service,  to  avoid  the  duplication  of  effort and ensure an 
efficient  approach  to  this  area of responsibility in the  Great  Lakes  Basin. 
The  Federal and State  Governments  should  also  ensure  that  these  programs  have 
;idequate manpoxer,  funding, and eligibility  criteria  to  provide  a  basis and 
adequate  incentive  for  controlling  the  erosion  of  agricultural  soils. 

In Ontario,  approvals are not  required  for  agricultural  soil-disturbing 
practices, and advisory  programs are  not as well  developed as in the  United 
States. To the  extent  that  they  exist,  they  tend to be  productivity 
criented. Sone Conservation  Authorities  have  assisted  farmers with stream 
bank erosion  problems, and while  erosion-prevention  progams  have  very  recently 
received  more ernphzsis, they  are  generally  constrained by the lack of  funding 
2nd manpower, a n d  the  lack of  interest  or  initiative  among  farmers. 

Active use and sufficient  appropri2tions to programs  already in existence 
should  be  assured,  including, in the  United  States,  those  to  the Soil 
Conservation  Service,  the  Agricultural  stzbilization and Conservation  Service, 
2nd the Rural Clean h'atcr Act. In Canada,  the  Ontario  Drainage Act and the 
federal Agricultur-a1 Rehabil  itation  Devclopmlnt  Act,  Farm  Crsdit  Act and 'Farm 
Syndi  catcs  Act , sll have  potenti a1 to encourGge, but at present and for 

, various  reasons,  have  not  been  encouraging  farmers to implement soil 
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conservztion  activities.  Rhere  such  programs  zre  now in place,  there  would 
zppear to be  a  need  for  taking  better  account  of  the  environmental 
requirements  of  the  receiving  water  bodies,  including  the  need  for  maintenznce 
as well as capital  costs,  where  relevant. 

In addition  to  controlling  sedimentation and phosphorus  pollution 
problems,  proper soil conservation  practices  can  have  some  impact  on  the 
reduction of organic  pesticides and herbicides.  The  presence of persistent 

in this  category  are  largely  residual  from  use  prior  to  the  eariy 
1 g 7 0 1 s ,  and are  declining in concentrations.  Other  pesticides and herbicides 
have a shorter  life in the  environment, and are  generally  closely  regulated. 
Their  application and their  use in controlling  pests and weeds,  however,  still 
lead to some  runoff  from  agricultural  lands and thus  the  potential  for at 
least  short  term,  local  harm  to  the  ecosystem.  The  programs  that  reduce 
sedimentation  can  also  minimize  these impacts. It should be noted,  however, 
that  some soil conservation  practices  such as zero  tillage,  one  potential  but 
controversial  measure  for  minimizing  erosion  whereby  the  soil  between  crop 
lines is not disturbed,  can  result in the  need to  apply  greater  quantities  of 
selective  herbicides  to  prevent  weed  growth.  The  relationship  between  these 
additional  applications, and t.he reduction o f  runoff,  in  terms  of  the  eventual 
mount of toxic  chemical  substances  entering  the  Great  Lakes  system, is not 
well  known  but  should  be a consideration in the  development of individual 
management pl ans. . .  

Fertilizer  ApDlication,  while it is not  one of the  largest  contributors t o  
overall  Grezt  Lake  phosphorus  loadings,  the  runoff of. nutrients  from 
fertilizer  applications  can, as noted  earlier, have. a  significant  effect in 
certain  locations and at certain  times. Its effects on water  quality  can be 

; controlled by proper  application  procedures. 

The major  factors  associated  with b o t h  the  environmental and productivity 
effects o f  the  appiication of commercial  fertilizers  are  time of application, 
quantity and type  applied,  and  fertilizer  placement  including  the  degree of 
incorporation  into  the so i l .  The  spreading  of  fertilizers  too  close  to  or 
even i n  watercourses, not'ably during  "brozdcast"  spreading  can  result in i t s  
direct  entry  into  the  Lake  system. 

Guidelines  should  be  developed for general  principles  of  nutrient 
zpplication and basic  standards  under  a  vzriety  of  site and crop  conditions, 
backed up by direct  technical  assistance and soil  testing. L!hile no 
jurisdiction i n  the  Great  Lakes  requires  approvals  or  licences  for  fertilizer 
applicztion  (Minnesota 'has the  authority  to  regulate  usage  but  hzs  not 
devclopsd regu:ations), the  Provincs  of  Ontario and the Stcites have  voluntary 
informational  programs  for  individual  farmers  on  the  amount and types  of 
fertilizers  required  for  their  sites.  The  Stzte  program  are  generzlly 
administered  through  the  Agricultural  Co-operative  Extension  Services, 
providing soil test and technical  advice.  A  similar  proo:-m i s  zvaila!?le in 
O n t z r i o  t h r o u 9 h  the i4inistrg o f  of Agriculture and Food, dnd the  University o f  
GLlelph. 

The  availablity o f  technical  assistance  does  not  mean  that all farmers 
either avail themselves o f  it or  apply  the  resulting  information.  The  PLUARG 
survey of Ontario  farners  indicated  that  the  majority of farmers,  while beirlg 
&'are o f  tile Gntario blinistry of  Agriculture  and Food s o i l  testing  prooram, 
either did not  utilize it adequately,  or  made i l l  advised 2;nend;nCnts to 
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recomTended  fertilizer  aJplication programs. Most  American farriers surveyed 
in the  Great  Lakes  Zasin did not realize  the  water quality impzcts of f a r  
fertilizers. There is a  need  for a determined  educational 2nd training 
program to encourage the use of soil tests and best  management practice;. 
Extension  services, in cooperation  with  agriculturzl  organizations,  should be 
developed or expsnded in all State/Provincial  jurisdictions as required  for 
the consirjeration of  environmental as well as productivity impacts. The 
requirement  for  further  incentives  should be assessed and implemented  on  the 
basis of need. 

There  would be value in the  Commission's  view,  in an effective  training 
end. .information program  to  further back up the  technical  assistance  now 
ava'ilable. It has been  suggested  that  this  might  be  encouraged by requiring  a 
certificate  showing  completion  of an apDlicator  training  course in order to 
purchase  fertilizers i n  bull: quantities.  Another  mechanism  might be to  make 
any governmental  assistance  programs  that  apply to  fertilizer  costs,  such as 
the  Farm  Credit  Act in Canada,  contingent on proof of a  course  having been 
taken,  or on the  use of soil tests. 

The  manufacture and marketing  of  commercial  fertilizers is controlleti  at 
the  federal level in  Canada  under  the  Fertilizer  Act and in some  States (all 
aspects of distribution  are  controlled in Michigan), while  certain  constituent 
compounds are regulated at the  United  States  federal level. The  Commission 
recommends  that all jurisdictions  ensure  that  existing  registration and 
(ipproval programs  take  into  account  environment21 as well as productivity and 
public  health  criteria.  The  labelling  of all fertilizer  packaging,  or  notices 
accompanying bulk sales,  with  respect to potential  environmental darnage and 
the  desirability of application in accordance  with  soil  tests  may  be a useful 

I i nformati  on  mechani sm. 

A problem  related  particularly  to  the  application  of  natural  fertilizer 
(animal  manures) is their  spreading on the land during  the  winter.  This i s  a 
widespread  practice  that  leaves the manure  exposed,  while  on  top of frozen 
soil, and can result in high  nutrient loads into  watercourses  during  rain 
events  and  spring  melt.  The  alternative is. the  storage o f  manure  during  the 
periods  when  spreading in the land is undesirable. The  Commission  notes  that 
the  storage of manure  can  itself lead to  runoff  problems, and recommends  that 

systems nay lead to  great  sxpense  for  individual  farm  operations  which  may 
require  improved  provisions for financial assistance to those affected. 

.c I armers be encouraged  to  store it  in an environmentally-sound  manner.  Such 

A s  noted in Chapter V, the  Commission  recommends  that  the  practice of 
winter  spreading of manure  on  frozen  around be prohibited and that  provision 
be made  for  technical  assistance and financial aid to  cover  increased  costs. 

A specialized but related  problem is the  application of sewage  sludge  from 
municipal  treatment  plants  onto  agriculturzl land. At present,  this is a 
localized  concern  that  does  not  appear to have  caused  pollution o f  the 
bDundary  waters.  A  large  volume  of  sludge is generated in the  Basin,  hawever, 
and the anlotint  th:t will be disposed  on land will undoubtedly  grow as the 
population  increzses and alternative  means of disposal of sewaac  sludGe and 
effluents  (into  the v;ater and by  incineration)  are  more  severely  restricted. 
Increased  application  to  the land could we11 lead to 3n environmcntal  problem 

i if inadcqustely  controlled,  having  effects  similar  to  indiscriminatc animal 
manure. a?plication as ~ 1 1  as thc  potential f o r  heavy  metals and other  toxics 
entering  the lakes by leaching  from  sludges  containing  such  materials. . 
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The appl ica t ion  o f  sewage sludge a n d  e f f l u e n t s  t o  rural lands  is  a 
p rac t i ce  t h a t  w i l l  r equ i r e   i nc reas ing   a t t en t ion  t o  i t s   overa l l   managment .  I t  
w i l l  be necessary t o  ensure t h a t  an  adequate number of  s i t e s  meet k n o w n  
envi ronmenta l   c r i te r ia  a n d  t h a t  a l l  such  material  i s  applied a t  those  
locat ions  in  a n  environmentally  sound,  as  well  as  safe  manner. I n  Ontar io ,  
the  province  controls   the  handl ing a n d  appl ica t ion  o f  sewage sludge t o  
ag r i cu l tu ra l  l a n d  w i th   s i t e   app rova l s  a n d  r egu la t ions ,  a n d  regional  
governments may acquire  a n d  use l a n d  fo r   t h i s   pu rpose .  The  number of zpproved 
s i t e s  does n o t  appear t o  be comnensurate,  however,  with  the  anount of SllJdoe 
being  generated. I n  the   Uni ted   S ta tes ,   there  has been a n  inadequate number o f  
s i t e s  a n d  d i f f icu l ty   in   approving  new ones.   Sludge  disposal   i s   largely a 
.function of municipal  agencies,  with a wide v a r i a t i o n   i n   i t s   c o n t r o l ,  a l t h o u g h  
some s ta tes   requi re   permi ts  or provide  guidel ines .   Further   a t tent ion must be 
given t o  these   mat te rs  by governments   within  their   pol lut ion management 
s t r a t e g i e s  as   the  pract ice  of s ludge  disposal  on l z n d  increases .  

The  Commission wishes t o  emphasize,  however, t h a t  t h e   u t i l i z a t i o n  o f  b o t h  
a g r i c u l t u r a l  and domestic  "wc?stes" i s  a p rac t i ce  t h a t  i s ,  i n   p r i n c i p l e ,  
ecologically  sound. The recogni t ion  t h a t  they are  a valuable   resource t h a t  
can replace  other,  perhaps  non-renewable or unnecessary  capi ta l  a n d  
energy-intensive  commodities, a t  t h e  same t ime ,   ( i f   p rope r ly   u sed ) ,  
z l lev ia t ing   re la ted   d i sposa l   p roblems,  i s  a major advance over t r a d i t i o n a l  
d i sposa l  pract ices .   Their   use  i s  n o t  wi thout   l imi ta t ions ,  however, t h a t  must 
be taken  into  account.  

Livestoci:  ODerations. A l l  concentrat ions of l ives tock  a n d  poul t ry ,   in  
p a r t i c u l a r   i n t e n s i v e   f e e d l o t   o p e r a t i o n s ,  have a po ten t i a l   fo r   wa te r   po l lu t ion  
i f  n o t  properly  designed a n d  operated.   L'nlike  crop  practices and  generzl  
farming, major l ives tock   opera t ions   a re  b o t h  more amenable t o  a n d  m y  r e q u i r e  
regulatory  action,  if   measures  cannot be developed t o  encourage  the 
impleaentation of s t r i c t   v o l u n t a r y   g u i d e l i n e s .  

I n  the  United S t a t e s ,  the  National  Pollutant  Discharge  Elimination Systern 
( N P D E S )  requi res   permi ts   for   a l l   feed lo ts   handl ing   over  1000 animal u n i t s  z t  a 
time a n d  in  some cases those  handling 300-1000 animal  units.  Some 95 percent  
of  feedlots  in  the  Great  Lzkes  Basin  are n o t  covered by t h e s e   c r i t e r i a  
(a l though  ' there  i s  provision t h a t  individual   operat ions be required t o  
have a permit  if   they  are a p rob len ) ,  a l t h o u g h  cumulatively  they may produce a 
s ign i f icant   load  of p o l l u t a n t s .  lh!hile s t a t e s  have the  au tho r i ty  t o  develop 
more s t r ingent   requi rement ,  n o t  a l l  have  done so. Some S t a t e s ,  n o t z b l y  
Indizna,  Ohio,  Pennsylvania a n d  \.!isconsin,  have  identi.iied  pollution  from 
f e e d l o t s  as a p o l l u t i o n  problem,  while  the  other do n o t  s ee  i t  as a s e r ious  
prcblern. The Conmission  recomnends t h a t  a l l  states  develop  programs t o  deal 
with p o l l u t i o n  f r o m  f eed lo t   ope ra t ions  n o t  covered by NPDES regula t ions .  

I n  Ontar io ,  an  Agr icu l tura l  Code o f  Pract ices   has  been  issued which h a s  
been v e r y  successful  in  reducin9  odor  problems  since i t  'hzs  been applied  in 
conjunction w i t h  municipal  by-laws  based on separa t ion   d i s tances  f rom 
re s iden t i a l   6 rcas .  I t  a l s o  provides  msnagemnt  recomncndations on cont ro l1  i n g  
\:zter p o l l u t i o n  Tram f e e d l o t  a n d  f i e l d  r u n o f f  as ~ ~ 1 1  as  stock  watering. Thss 
cuidc l ine  p r o g r a m  a l t h o l r g h  encouraged, is voluntary ,  a n d  there  i s  no  
requirenznt  f o r  a p p r o v a l  or p e n n i t s  f o r   f e e d l o t s  or animzl  waste  handling 
systems., I t s   u se   fo r   en fo rc ing  v;ater po l lu t ion  p:-oblcms i s  ' n  dgubt  s i n c e ,  as  
t h e y  are  l e s s  manageable b y  distance  regcllst ions,   municipal  by-laws may be an  
inappropr ia te  a n d  i n s u f f i c i e n t   l e g a l   b a s i s  for  denying b u i l d i n g  permits when 
the  si t ing  requirements  niay.vary between indiv idua ls .  



The a g r i c u l t u r a l  comniunity a n d  Kin is t ry   ex tens ion   se rv ices  i n  O n t a r i o  have 
been ac t ive  i n  resolving  pollution  problems. However, l e s s  t h a n  a t h i r d  of 
Ontar io ' s   l ives tock   opera tors  were f a m i l i a r  w i t h  the   provis ions of the  Code of 
P rac t i ce  i n  PLUARG's agr icu l tura l   survey .   This   ind ica tes   the  need f o r  a more 
v igo rous   e f fo r t   t o   ensu re  knowledge of  and compliance w i t h  the  Code  of 
Pract ice .   . Information and technical   advice  concerning  the  s i t ing,   design and 
cons t ruc t ion  of  animal and manure manaaement systems  should be made a v a i l a b l e  
t,o farmers ,  a n d  where t h e  need a r i s e s ,   p rov i s ion  made for  loans or 
cos t - shar ing   in  an amount t h a t '  w i l l   a c t  a s  a r ea l   i ncen t ive   o r   t ha t   w i l l  
prevent u n d u e  economic ha rdsh ip   t o   ex i s t ing   ope ra t ions .  

The Commission recomnends t h a t  the Code  be reviewed  as t o  i t s  adequacy for  
deal ing w i t h  water  pollution  problems,  that   emphasis be given t o  these   aspec ts  
i n  a  more intensive  informational  program, and t h a t   f i n a n c i z l   a s s i s t a n c e  
programs be developed and adequately  funded.  After a reasonable  period of 
time,  the  implementation  success  should be reviewed t o  determine whether 
provis ions for mandatory  controls and r egu la t ions   a r e   r equ i r ed   t o   ensu re  
proper   s i t ing  and ope ra t ing   p rac t i ces .  

I n  some areas ,  i t  is 2 common p r a c t i c e  t o  a l l o w   l i v e s t o c k   t o   u t i l i z e  
s t r eam  fo r   wa te r ing .   Th i s  can  lead t o  t h e  d e s t a b i l i z a t i o n  of t he  banks and 
consequent ly   increased  erosion.  Clhile t h i s  i s  n o t  a 'major  problem, an 
awareness  program  and,  in pa r t i cu la r   a r eas  where  water  quality  problems 
r e s u l t ,  t h e  encouragement by incent ives  or o ther  means for developing 
z l t e r n a t i v e  methods of stock  watering  (such  as by p u m p i n g )  should be 
cons i dered. 

: 3. Urban Programs 

The major  problems of urban n o n p o i n t  po l lu t ion ,  w i t h  the   except ion of 
combined  sew2r o v e r f l o w s ,   r e l a t e   t o   t h e   c o n t r o l  of sediment and a s soc i s t ed  
po l lu t an t s .  To a la rge  degree, t hese  problems  can be prevented  or   a l leviated 
by greater  awareness,   planning and proper  design of  urban  developments and 
i n f r a s t r u c t u r e ,  and the  preventative  approach  should be universal ly   adopted 
f o r  new urban  development.  Application of s t ruc tu ra l   r emed ies   t o   ex i s t ing  
u r b a n  a reas   wi l l  be expensive and more d i f f i c u l t   t o   a c h i e v e ,  and should be 
assessed on a case-by-case  basis.  

Erosion a n d  Stormxater  Runoff. The inflov; of sediment,  phosphorus,  toxics 
and o t h e r   p o l l u t a n t s   r e s u l t s  from  erosion and the  suspension of loose 
p a r t i c u l a t e   m a t t e r  entering s t r eams   e i the r   d i r ec t ly  or through storm sewers. 
In the   pas t  ut-ban design  has  concentrated on u t i l i z i n g  land  most e a s i l y  
developed a n d  on h igh ly   i n t ens ive  use of land  in  order t o  minirnize b o t h  d i r e c t  
land a n d  i n f r a s t r u c t u r e   c o s t s ,  b u t  \ : l i thout   suff iceni   regard  for   environmental  
impl ica t ions .   Fur ther ,  i n  a l l   j u r i s d i c t i o n s   t h e   d i r e c t   r e s p o n s i b i l i t y   f o r  
land  developnent  approval  rests  at   the  municipal  level,   subject  to  guidelines,  
approval  and/or  appeal. The technical   expert ise ,   awareness  a n d  concern  for  
impl ica t ions   ex te rna l   to   the   munic ipa l i ty  'nave of ten  been lacking t o  ensure 
t h h t  water   qua l i ty  as well   as  water  qusntity  aspects of stormwater  control  are 
taken  into  account.   This  localized  approach may a l s o   r e s u l t  i n  a nal-row view 
of .  the  problem a n d  s o l u t i o n s ,  k:ith insuf f ic ien t   regard   for   impacts  on the  
Great Lakes ecosystem  as a whole. 



Urbzn planning should  incor7orate to the  degree  possible  natural  systems 
for  the  retention and settling of stormwater  runoff, and retain  natural 
streamflow  characteristics.  The use of  surface  retention  ponds  incorporated 

. into  development  design,  proper  drainage  grading and strategically  located 
open areas  are  preventative  measures  having  costs  that  can  be  intergrated  into 
overall  development  costs  rather  than  result in expensive  remedial  programs 
1 ater. As these  concepts  have  not  been  extensively  used in the  past,  there is 
2 need for  drainage  guidelines and their  understanding and acceptance by not 
only municipal  planners  but  also by elected  officials  and  the public. 

In Ontario, a "Elanual of  Practice  of  Urban  Drainage" has been  developed 
under  the  Canada/Ontario  Agreement  on  Great  Lakes h'ater Quality  which  attempts 
to  address  the  problem in a  coordinated way. In  the  United  States, 
consideration of urban  stormwater  problems is part o f  the 203 planning 
process, and considerable  technical and informational  material  hzs  been 
provided by EPA,  SCS and some  state  agencies.  There is a  need,  however , for 
further  encouraging  implementation of  the  resulting  prescriptive  measures by 
education,  technical  assistance  and  financial  incentives.  The  wider 
application  of  grant and loan  programs  to  stormwzter  control  should  be 
considered.  These  might  include  funds  available  under  the  United  States  Clean 
k'ater Act of 1977, and the  use of Central  Mortgage  and  Housing  Authority 
funding  programs  under  the  National  Housing  Act in Canadz,  both of which  might 
apply  to  or if not  already  the  case,  could  be  made  conditional on' approved 
stormwater  management pl zns , should  be  considered.  Other  relevant  proprams 
include  the  Federal-Stzte  Coastal  Zone  Management  prograxs in the  United 
States, and the  regulatory  activities of the  Conservation  Authorities in 
Ontario, in addition to other  state and provincial  planning  procedures. 

The  Commission  recommends  that all jurisdictions  ensure  the  adeayacy of 
procedures  for  requiring  the  proper  design o f  new  urban  developments in order 
to minimize  the  adverse  effects  of  excessive  runoff  of  pallutants, at least  to 
the level of control  identified by PLUARG as "Level 1 Urban"  (See  footnote, p .  
7 4 ) .  

Extremely  high  levels of sediment and phosphorus  enter  the  Great  Lakes at 
sites  under  construction.  The  massive  scale  of  earth  moving in subdivision, 
industrial and road  construction  result in large  quantities  of  disturbed  soil, 
which can be carried in suspension in stormwater  runoff. I t  has  not  been a 
normal practice to take  stops  to  prevent  such  erosion, and in no 
jurisdictions,  except  Pennsylvania and Michigan,  have  effective  regulations 
b2.n zdopted  for  the  widespread  control  of  sediment  transport  from  private 
construction  sites.  Nhile  in  Ontario,  the  Planning  Act  allows  municipalities 
to control land development  activities,  such as through  subdivision  lgrecments 
with developers,  there is no requirement and often  little local incentive  to 
enforce  such  measures v:hich might add to  development  costs.  Some  States,  such 
2 s  Ohio,  have similzt- permissive but not  mandatory  legislztion.  The  federal 
rsie is limited  (except on Fed?ral land) to funding programs,  sucn as that 
under  Canada's  National  Housing Act. These  have  not  generally  out presurna51y 
could b e  amended to require  acceptable  sediment  control  progrcms.  Education 
i s  a  possible  route,  but  may  not be effective  where  developers are caught in a 
ccst-price  squeeze  and  municipalities  anxious t o  encourage  development to 
b r o a d e n  the local tax  base.  The Comrilission therefore recornnlcnds that 
r;,andztory regulation be applied to  the  control of sediment  erosion  from  urban 
Ereas und?r construction. 
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Such  regulztions on future urban developnent  should be readily  enforceable 
by the  jurisdictions  that  maintain  supervisory  authority  over  urban 
development.  Their  costs  could be incorporated by developers into overall 
construction  costs, o f  which  they  would be a  minor  component. 

A special  problem,  especially in large,  older  centers  such as Cleveland, 
Milwaukee and Toronto, i s  that  of  combined  sewer  overflows. krhile the  impacts 
vary on local conditions,  they  occur  intermittently and in large  quantities 
which  can  result in a  "shock"  effect  to l o c a l  waters, as well as increasing 
total  lake  loadings  over  time.  Typically,  from 1-10 percent  of the annual 
sewage  volume  may  escape in this  manner, and it may be a high proportion of 
total  local phosphorus  loads.  This is now  widely  recognized as a  significant 
contributor to pollution by nutrients,  organic  matter,  toxic  materials and 
bacteria.  The  worst  instances are often' the most  difficult and expensive to 
solve,  however,  due  to  the trernendous cost o f  sewer  separation.  Governments 
should  ensure  that  further  urban  expansions  do  not add this  problem,  and  that 
a11 feasible  means,  particularly  non-structural  measures, be undertaken in 
existing  areas  to  reduce  potential  pollutants at. source. 

Reducing  Pollutants z t  Source. In developed  urban  arezs,  the  only 
practicable  measures  for  immediate  implementation,  may be the  reduction of 
pollutants  .exposed  to  surface  runoff and direct  input  to  the,  drainage 
systems. A number of nutrients,  heavy  metals and other  toxic  materials  are 
zssociated  with  loose  particulate  matter lying in yards and streets,  resulting 
from  human and natural  sources.  Fugitive  dust  from a large  number of sources, 
including  wind and water  erosion,  combustion and other  atmospheric  enissions, 
are deposited in urban  areas,  and  can be washed off during  storm  events. 

A measure  that  was  addressed by PLUARG in one  of  its  technical  reports as 
an effective  means of controlling  water  pollution in urban areas wzs t h 2  
removal  of  pollutants  by'street  cleaning  with  mechanical or vacuum  sweepers. 
Traditionally  employed  for  aesthetic  reasons,  street  cleaning has only 
recently  been  recognized as a \Qater pollution  control  measure.  Costs  vary 
v:ith the  type and frequency  of  measures eioployed, and  tend to  increase  with 
the  amount of pollutants  removed.  The Conrnission recomnends  that  street 
cleaning in urban areas be instituted  or  expanded  to  a level comqensurate  with 
water  quality  objectives. 

Other  measures  are avail able  to  control  pollutants at source.  These 
include  public  education to avoid  disposal  of  toxic and oil-based  substances 
into  sewer  systems,  accidental  or  intentional  spills and reduced  usage of 
non-biodegradable  materials.  Lead  was  identified by PLUARG as a  potential 
pol 1 ution  problem  for the Great  Lakes , with  the  urban  concentration of 
automotive  exhausts  being  a  major  contributor.  The  removal  of lead from 
ozsoline  could  help  alleviate  this  problem.  There is presently an economic 
disincentive  for  motorists  to  use  more  expensive  non-leaded  gasoline in older 
vehicles.  This  might be rectified by a  special tax on leaded azsoline to' 
remove or preferably  reverse  the  price  differential  between leaded and 
un 1 eaded g a s o l  i ne. . 

One  additional  component o f  urban  pollution  should be mentioned.  Much 
particulate  matter,  incorporating  a  range o f  poliutants, is deposited in urban 
areas  from the  air,  a  result o f  emissions  from  industries,  utilities,  low 
temFerature  waste  incineration and transportation  vehicles. An example of 
this  problem, and how it: can be controlled  or  elude  control, i s  the  situation 
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i n  Detroi t -   Kindsor ,   the   subject  of another  Reference t o  t he   In t e rna t iona l  
Jo in t  Commission a n d  a n n u a l  r epo r t s  from the  Commission. By reducing  these 
sou rces ,   t he re   i s  a decrease n o t  o n l y  i n  ?.ir p o l l u t i o n ,  b u t  a l s o   i n d i r e c t l y  i n  

. the  a v a i l a b i l i t y  of p o l l u t a n t s  which  can be washed o f f  i n  storm  events i n t o  
the  water of the  Great  Lakes  system. 

4.  lazardous Waste Disoosal 

An overview o f  the  problems  concerning  the management of t o x i c  a n d  
hazardous  wastes i n  the   Great  Lakes Basin r evea l s  t h a t  cu r r en t   p rac t i ces   a r e  
general ly   inadequate   to   ensure  the  long  term  protect ion of human hea l th  a n d  
the  environnent  from  such  wzstes.  Moreover,  problems  concerning  waste 
disposal   wil l   cont inue i n  the  short t e rm  e i the r   because   l eg i s l z t ion   r e l a t ing  
t o  overa l l   cont ro l  of t o x i c  a n d  hazardous  substances i s  incomplete  or  because 
of t h e   d i f f i c u l t i e s  i n  implementing  regulations  or o f  es t ab l i sh ing   accep tab le  
d i sposa l   s i t e s  a n d  procedures.  A l t h o u g h  governments  are  attempting t o  respond 
t o  such  problems,  the  current  evolution of control  programs i s   g e n e r a l l y   s t i l l  
i n  a s t a t e  of f l u x .  Several  programs  are  mainly  frameworks f o r  fu tu re   ac t ions  
t h z t  have ye t  t o  be implemented. I t  may  be  some t ime  before   the i r  f u l l  
provis ions  are  p u t  i n t o  e f f e c t .  

The most des i rab le   response  t o  the  hazardous  waste  problem i n  the  Great 
Lakes  Basin i s  a comprehensive  hazardous  waste management progran which  would 
provide   for   a l l   aspec ts  of the  problem t o  be addressed, from the  production 
( a n d  a l t e r n a t i v e s  t o )  such  wastes t o  t h e i r   u l t i m a t e   d e s t r u c t i o n  or long  term 
di  spos a1 . 

As a minimum, the  f o l  1 owing major  a reas  s h o u l d  be considered  as 2 p a r t  of 
any comprehensive program fo r  zanagement of hazardous  wastes. I t  i s  noted 
t h z t  t h e  fol lowing  e lements   refer  t o  an overa l l  management p l a n  fo r   d i sposa l  
of hazardous  wastes.   Discussions  will ,  however, be l imi ted  t o  waste  disposal 
s i tes   themselves   in  a fo l lowing   sec t ion .  

A. Naste  reduction a n d  recovery 

The reduct ion of waste  generation a t  the  source t h r o u g h  t h e  
development of conservat ion  technologies   should  receive a h i g h  p r i o r i t y .  
Manda to ry  provisions  should be  made for reclamation,   re-use a n d  recovery 
of hazardous  wastes,   wherever  feasible,  or for   the  complete  p r o h i b ' t i o n  o f  
the  manufacture,  impor t ,  t ransport ,  s a l e ,  a n d  use of spec i f i c   subs t ances .  
Process o r  p r o d u c t  component  changes a n d  p l a n t  modif icat ions  should be 
encourzged t h r o u g h  taxes  or other  economic i n c e n t i v e s ,   f o r  new technology 
hlhercver  feasible.   Reduction a n d  r ecove ry   poss ib i l i t i e s   shou ld  be a n  
i n t eg ra l  a n d  prominent p a r t  of any hazardous  waste manao,ernent program. 
The p roduc t ion ,   s a l e ,   t r anspor t  or use o f  p e r s i s t e n t   s y n t h e t i c   o r g a n i c  
compounds w i t h  k n o w n  h igh ly   t ox ic   e f f ec t s  whose use   wi l l   resu l t   in   the i r  
en t ry  i n t o  t h e  envir-on;;lcnt  shou:d be prohib i ted .  

3. k ' a s t e   i den t i f i ca t ion  a n d  c l a s s i f i c z t i o n  

Vsrious  methodoiogies can be developed fo r  iden t i fy ing  a n d  ' 

Cl2Ssifying h3Zcfrdous w a s t e s .  I n  order t o  p r o v i d e  a cons i s t en t  and 
comprehensive management  program,  however, com:non approaches  should be 
adopted  between ju r i sd i c t ions   w i th in   t he   Grea t  Lakes B z s i n  a n d  even  beyond 
i f   poss ib l e .  
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C.  h'aste tr?ns!Jorta:ion 

The nature of hazardous  wastes a n d  t h e   p o s s i b i l i t y  of  se r ious  
transportation  accidents,   such  as  those a t  Kiss issauga,   Ontar io  a n d  a t  
several   places i n  the  United  States i n  l a t e  1979 ,  require   appropriate  
container  construction,  maintenance  standards,  a n d  label l ing  procedures .  
A manifest  system for hazardous  wzstes, from the  generator  t o  disposal  
s i t e   ope ra to r ,   shou ld  be m a n d a t o r y  i n  the  Basin.  Compatible  manifest 
systems t h r o u g h o u t  t he   en t i r e   Cas in   a r e   c l ea r ly   r equ i r ed .  l!hen bene f i t s  
can be m u t u a l  or exchanged,  cooperative p r o g r a m  between j u r i s d i c t i o n s  for  
reduction of the  hazards  associated w i t h  waste  disposal  should be pursued. 

D. : h i a s t e   d i s p o s a l   f a c i l i t i e s  

Problems r e l a t i n g  t o  hazardous :vaste disposal   s i tes   themselves   are  
the  focus of the  remainder of  t h i s   s e c t i o n .   S i t e   s e l e c t i o n  a n d  opera t ion ,  
and public  acceptance of such s i t e s ,  pose   s e r ious   d i f f i cu l t i e s  for 
a u t h o r i t i e s .   S i t e   s e l e c t i o n  a n d  opera t ion   wi l l  have t o  be based on the  
b e s t   s c i e n t i f i c  and  technological   information  avai lable .  The 
soc io -po l i t i ca l   i s sue  of pub l i c   accep tab i l i t y  of such s i t e s ,  however, w i l l  
n o t  disappear  unti l   the  public  has  confidence i n  t h e   a b i l i t y  of  the 
j u r i s d i c t i o n s  t o  assure   sa fe   opera t ion  of such   s i tes  . There i s  an urgent 
need for. governments t o  address  this  problem.  This  acceptance wi l l  as a 
minimum requ i r e   s t r i ngen t '   s t anda rds  and  permi t   sys tems  for   the   s i t ing ,  
cons t ruc t ion ,   opera t ion  and closure of  waste  treatment a n d  disposal  

i l i t i e s  t o  assure  t h a t  such f a c i l i t i e s   a r e   s a f e ,  and public  confidence 
t h a t  governments  can a n d  wi 1 1  enforce  such  standards. I t  w i l l  a l so  
requi re  t h a t  adequate  information a n d  o p p o r t u n i t y   f o r  i n p u t  by the  publ ic  
into  the  decision-making  process  be.  provided.  Adequate,  long  term 
monitor ing/survei l lance of t h e   f a c i l i t i e s   i s  z l so  e s sen t i a l  t o  insure  
against  problems  during  operation or problems which may e n e r g e   a f t e r   s i t e  
c losure   (e .g . ,  Love C a n a l ) .  

. .  

I 

A "perpetual  care"  program for hazardous  waste  disposal  si tes wi 1 1  be 
required.  I t  must  encompass standards for  the   ac t ive   opera t ion  of the  
s i t e ,   i nc lud ing   en fo rceab le  mechanisms for  ident i fying  the  wastes   being 
p laced   in   the   s i tes ,   as   wel l  as provis ions for  dealing w i t h  problems 
a r i s i n g   a f t e r   c l o s u r e  of a s i te .   Necessary  funding for c lear -up  
opera t ions  must be included. The funding  aspect  has  attracted . 
considerable  debate  in  recent months a n d  adequate.  provision for i t  must be 
made. The Commission, cons is ten t  w i t h  t h e   p o l l u t e r  pays p r i n c i p l e ,  
endorses  the  concept t h a t  industr ia l   producers  of hazardous  wastes  should 
p a y  the   cos ts  of h a n d l i n g  a n d  car inc  for these  wastes .  I n  a d d i t i o n ,  i f  
t he   p r iva t e   s ec to r   i s   unab le  or unwill ing t o  assume the  burdens  associated 
w i t h  proper  waste  manaaement, or i f  the  public  remains  unsatisfied as  t o  
the  adequacy of such  programs,  then  governmental  participation w i l l  be 
required.  I n  any even:, government w i l l  have t o  have a s t rong   ro le  i n  t he  
administyation of any perpetual  care  system  for  hazardous  wastes. 

Regulations  for  hazardous  waste  disposal  si tes vary g rea t ly  among 
j u r i s d i c t i o n s  i n  the  Gasin. I t  i s   poss ib l e  t o  h i g h l i g h t  the   d i f fe rences  
i n  re levant   ru les  anong t h e   j u r i s d i c t i o n s .  To decide,  howev?r,  whether a 
given s e t  o f  rules   is   adequate  t o  meet the  problenl of hazardous  waste 
disposal i n  the  Great Lakes C a s i n  i s  a very complex question. A log ica l  
f i r s t   s t e p   i s  t o  es tab l i sh   the   des i red   genera l   s tandard  for hazardous 
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w a s t o  dispos.1 facility s i t i n g ,   c o n s t r u c t i o n ,   o p e r a t i o n  a n d  c losure .  This 
general   standzrd c o u l d  be whatever i s  necessary t o  assure  a m i n i m a l  or n o  
r i s k  of i n ju ry  t o  the  surrounding  environment ,   whatever   is   possible   based 
on Best  Available  Technology; or some o t h e r   c r i t e r i o n .  E u t  whatever i t  
i s ,  i t  w i l l  become the   re fe rence  p o i n t  aga ins t  which  "adequacy" i s  
assessed.  

Once a general   s tandard  is   determined,   the   next   s tep  is  t o  determine 
wha t  is r e q u i r e d   t o  meet t he   s t anda rd .  I f  i t  was decided,  fo r  example, 
t h a t  the  spec i f i c   s t anda rds  for i d e n t i f i c a t i o n  of hazardous  wastes, a n d  
f o r  s i t i n g ,   c o n s t r u c t i o n ,  a n d  opera t ion  i n  the  United  States  Resource 
Conservation  Recovery Act  ( R C R A )  r egu la t ions  f u l f i l l  the   general   Standard,  
a n d  then  measure  the  adequacy of s t a t e  a n d  p r o v i n c i a l   l e g i s l a t i o n  by 
determining how closely  they  fol low  those  regulat ions.   Another  
p o s s i b i l i t y   i s  t o  compare t h e  laws of e a c h   j u r i s d i c t i o n   a g a i n s t   t h e i r  
actual  success i n  meeting  the  desired  general  standard.  Either  approach 
presents  an awesome t a s k ,  b u t  one t h a t  should be undertaken a t  t he  
e a r l i e s t   o p p o r t u n i t y .  

This  report  does n o t  address i n  de t a i  1 ques t ions  o f  general and 
specific  standards.   There  are,   however,   several   major  issues  concerning 
hazardous  waste ,   d isposal   s i tes ,   as  a land use a c t i v i t y ,  which  should be 
addressed  in any management program for  hazzrdous  wastes.   These  issues 
?re t h e   i d e n t i f i c a t i o n   ( d e f i n i t i o n )  of hazardous  wastes ,   s i t ing of 
d i s p o s a l   f a c i l i t i e s ,   s i t e   c o n s t r u c t i o n   s t a n d a r d s ,   s i t e   o p e r a t i o n  
s tandards,   s i te   groundwater  and lezchate   monitor ing,  and.  s i t e   c l o s u r e  a n d  
long  term l i a b i l i t y .  This l i s t  does n o t  cover   the  ent i re   spectrum of 
i ssues   per t inent  t o  the  management of hazardous  wzstes.   Other  topics,  
such  as a l t e rna t ive   p roduc t  components or manufacturing  processes,  
reduction o f  waste  generation a t  t h e   s o u r c e ,   t r a n s p o r t a t i o n  of w a s t e s ,  a 
comprehensive  manifest  system, a n d  des t ruc t i cn  or n e u t r a l i z a t i o n  o f  
wastes ,  must a l so  be part  of a comprehensive  control  program.  Further 
d i scuss ion ,   however ,   i s   p r imar i ly   r e s t r i c t ed   t o   t he   d i sposa l   s i t e s  
themselves. 

The following  paragraphs i n  th i s  sect ion  provide a d e s c r i p t i v e  
discussion o f  whether   the   var ious   ju r i sd ic t ions  h a v ?  addressed t h e  above 
ma jo r  i s sues .  I t  does n o t  address  the  adequacy 07 e f f o r t s  t o  address 
these   i s sues ,  b u t  r a the r   po in t s  o u t  where j u r i s d i c t i o n s  have a t  l e a s t  i n  

. p a r t  considered them i n  the i r   p rosrams  to  manage hazardous a n d  t o x i c  
wastes i n  the   Great  Lakes  Basin  ecosystem. 

United  States:  A comprehensive  federal  program  addressed t o  many of these  
items  hss  been  developed i n  the   Uni ted   S ta tes   under   Subt i t le  C of the  Resource 
Conservation a n d  Aecovery Act ( R C R A ) .  The U.S. Council for Environmental 
Q u z l i t y  i n  i t s  9 t h  A n n u a l  Report  described R C R A  as  follows: 

" R C R A  requires   comprehsnsive  ("cradle  t o  g rave" )   r eau la t ion  of 
h a z a r d o u s  wastes.  The key provis ions  are f o r  asvelopment of c r i t e r i a  
f o r  i d e n t i f y i n g  hazardous  wastes,   publication of c h a r a c t e r i s t i c s  of 
h a z a r d o u s  \ ; 'astes a n d  of  1 i s t s  of par t icu lar   hazardous   was tes ,  
i n s t i t u t i o n  of a manifest  system t o  trace  wastes  from  the p o i n t  o f  
generat ion i o  t h i l  p o i n t  o f  d i s p o s a l ,  a n d  o r g a n i z a t i o n  of a permit 
s y s t e m  based or, performance a n d  rnmagrmmt  standards for  h a z a r d o u s  
was te   t rea tment ,   s torage ,  a n d  d i s p o s a l   f a c i l i t i e s .  W i t h  t hese  
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cont ro ls  a l l  ind iv idua ls  or industries  generating  waste w i l l  
determine  wh?iher  the  waste  is  hazardous.  Accordingly,  they must 
e i the r   ob ta in  a permit t o  manage i t  on the i r   p roper ty  or ship i t  t o  a 
pe rmi t t ed   t r ea tmen t ,   s to rage ,   d i sposa l   f ac i l i t y .  I n  t h e   l a t t e r   c z s e ,  
a manifest   containing  basic i n f o r m a t i o n  a b o u t  the  waste must 
accompany the  shipment. I n  e i t h e r   c a s e ,  a l l  t reatment ,   s torage,  a n d  
disposal   operat ions must  meet the  minimum standards  developed." 

Under R C R A ,  t he  U.S.  Environmental  Protection Agency was d i rec ted  t o  
promulgate   regulat ions  es tabl ishing  the  s tandards for t rea tment ,   s torage ,  a n d  
disposal of hazardous  wastes by 1978. Such regula t ions  have n o t  ye t  cone in to  
e f f e c t .  

The Act def ines  h a z a r d o u s  wastes  as  those  wastes which because of 
q u a n t i t y ,  concent ra t ion ,  o r  physical ,   chemical,  01- i n f e c t i o u s   c h a r a c t e r i s t i c s ,  
may cause an increase i n  m o r t a l i t y  o r   i r r e v e r s i b l e   i l l n e s s ,  or which may pose 
z. subs t an t i a l   t h rea t  t o  human health  or  the  environment.  The def in i t i on  does 
n o t ,  however ,   p rovide   spec i f ic   c r i te r ia  by which t o  determine  these 
properties.   Therefore,   the  proposed  regulations  themselves  set   out  extensive 
c r i t e r i a ,   c h a r a c t e r i s t i c s ,  a n d  l i s t s  of substances  identified  as  hazardous 
t h a t  must be managed accord ing ' to   Sub t i t l e  C regula t ions .  

S i t e s  for  disposal of "hazardous"  wastes must  meet several  requirements: 
they must n o t  be in a f loodplain,   wet land,   near  a so le   source   aqui fe r ,  or 
v!here they w o u l d  jeGpardize  the  continued  existence of endangered  animal 
species;   they must a l so  be located so as t o  prevent  dir ,ect   contact  with 
navigable  waters. A l i ne r   mee t ing   spec i f i c   c r i t e r i a   shou ld  be included  in 
construct ion of the   s i te .   Other   cons t ruc t ion   s tandards   for   l iners   apply  t o  
cover  material and  t o  c o l l e c t i o n  of gas ,   leachates ,  and  surfacewater.  

The regulat ions  a lso  provide for operat ion  s tandards 2s t h e y   r e l a t e  t o  
s e c u r i t y ,   t r a i n i n g  of f a c i l i t y   p e r s o n n e l ,   s i t e   i n s p e c t i o n ,  a n d  contingency 
plans  for  emergencies.  There  are  also  requirements for a contingency p l a n  
Hhich  must be f i l e d  c i t h  the  Regional E P A  Administrator,   the  local  police and  
f i r e   depa r tmen t s ,  a n d  t'he loca l   hosp i t a l s  t o  prevent h u m a n  heal th  or 
environmental damage i n  the   event  o f  l eakage  of hazardous  wastes. 

Regulations  provide  for b o t h  leachate  and groundwater  nonitoring  systems. 
Both  systems must e s t a b l i s h  a baseline  ("background")  level of water q u a l i t y  
by means o f  analyses   specif ied  in   the  regulat ions.   Signif icant   dif ferences 
betMeen l eve l s  of contaminants  noted d u r i n g  operat ion and  the  background  level 
must be reported t o  the  Regional  Administrator.  

The regula t ions   a l so   conta in   spec i f ic   requi rements   for ' the  f i n a l  cover of 
t h e   l a n d f i l l ,  a n d  provide  for   post-closure  care .  The s i t e   o p e r a t o r   i s  
responsible   for   the  maintenance a n d  rnonitoring of t he   l and f i l l  for  twenty 
years   fol lowing  c losure.  

Until   the R C R A  r ecy la t ions  come i n t o  e f f e c t ,   s t a t e s  can implement t h e i r  
ov:n hazardous  waste  disposal p r o g r a m .  I n  genera l ,   the  n a j o r  i s sues   c i t ed  
e a r l i e r   a r e  bandzd b y  t he   va r ious   j u r i sd i c t ions   e i the r  b y  r egu la t ions ,  or by 
'n t ra -depar tnenta l   gu ide l ines   tha t   se rve   as  a bas i s  for determining  the 
conditions n o r m a l l y  included as a p a r t  of hszardous  waste  disposal  permits. 
Cnce the  R C R A  r egu la t ions   a r e   i n   e f f ec t ,  EPA w i l l  a s s i s t   s t a t e s  n o t  having 
such  programs t o  develop  them,  consistent w i t h  R C R A  a n d  subjec t  t o  t h e  
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Agency's  ap?roval.  States  with  prosrams may rece ive   in te r im a u t h o r i z a t i o n  
f rom E P A  i f  t h e i r  programs a r e   " s u b s t a n t i a l l y   e q u i v a l e n t "  t o  t he   f ede ra l  
p r o g r a m .  I t  i s  noted,  however, t h a t  the  s l o w  implmentz t ion  o f  rules  under 
R C 2 A  has  meant t h a t  t h e   s t a t e s  have  been r e l u c t a n t  t o  update   the i r  own l a v s  
u n t i l  the  RCRA implementation  is   complete.   Further,   the  problems  relating t o  
the  environnental  a n d  h e a l t h   e f f e c t s  of abandoned  waste  disposal  si tes  are n o t  
covered  under  present  regulations.  The proposed "SUPERFUND" concept for such 
s i t e s ,   i f  implemented,  represents a s u b s t a n t i a l   s t e p  i n  t h i s   d i r e c t i o n .  

I n  a d d i t i o n  t o   t he   p rov i s ions  of R C R A  r e l a t i n g  t o  the  generat ions a n d  
disrJosal of hazardous  wastes,  the  Toxic  Substances C o n t r o l  Act ( T O S C A )  gives 
EPA. b r o a d  d i scre t ionary   subs tances   {except  f o r  p e s t i c i d e s )  i n  the  United 
States ,   including  the  requirement  f o r  health  assessments of chemicals  prior t o  
regula t ion .  The Federal   Insect ic ide,   Fungicide,  a n d  Rodenticide Act  (FIFRA) 
conta ins   p rovis ions   re la t ing  t o  t h e   e n t r y  of pes t i c ides   i n to   t he   wa te r  
environment. I n  addi t ion ,   the   d i scharge  o f  t o x i c  a n d  hazardous  substances 
i n t o  water   i s   cont ro l led  by discharge  permits  under  the  provisions of Public 
Law 92-500. The t r anspor t a t ion   i n  cornnerce of hazardous  mater ia ls  by a1 1 
modes is   regulated  under  the  Hazardous Materials.Transportation Act. 

The Great Lakes Easin Commission has noted t h a t  a major shortcoming i n  the  
management of hazardous  wastes i s  the  lack of su f f i c i en t   coo rd ina t ion  and  
i n t eg ra t ion  'among s t a t e  a n d  federal  programs. 

S t a t e  Proqrams: The f i r s t   i s s u e   i d e n t i f i e d  above i s  t h a t  of d e f i n i t i o n  
- a n d  i d e n t i f i c a t i o n  of hazardous  wastes.  While a l l  t h e   j u r i s d i c t i o n s   i n   t h e  
Basin  have a genera l   def in i t ion  of hazardous   was te   in   the i r   respec t ive   ru les ,  
only  fhe  State  of Kinnesota  has c r i t e r i a   i n   e f f e c t   f o r   s p e c i f i c   i d e n t i f i c a t i o n  

; of hazardous  v:astes.  Pennsylvani a mai n ta ins  a 1 i s t  of wastes deemed hazardous 
by the  administering  agency  based on i t s  own "expe r i ence ,   i nves t iga t ion ,  a n d  
l i t e r a t u r e " .  The intradepartmental   guidel ines   are  n o t ,  however, s tandardized 
in   the   regula t ions .  

There i s  somewhat  more regula tory   a t ten t ion   g iven  t o  s i t i n q  of d isposal  
f a c i l i t i e s .  While few people  believe t h a t  h a z a r d o u s  waste can be d isposed  o f  
anydhere,  agreewnt  does n o t  e x i s t  as t o  k!hich loca t ions   a re   the  most 
d2s i rab le .  K o s t  j u r i s d i c t i o n s   h a n d l e   t h i s  problem on a s i t e - b y - s i t e   b a s i s .  
I l l inois ,   t l i innesota ,  New York, Ohio,  Pennsylvania a n d  Wisconsin  have some 
genera l   p rohib i t ions   aga ins t   s i tes  i n  such  locat ions as f loodp la ins ,  or where 
the  geology, hydro logy ,  topography, or s o i l   i s   u n s u i t a b l e  t o  p ro t ec t  ground 
a n d  su r f acena te r .  The S t a t e  o f  Michigan  has recent ly   provided a mechanism for 
publ ic  i n p u t  i n to  t h c  hazardous w a s t e  management process  as part of i t s  
Ezzardous i:'aste Managcmenc Act.  This Act provides t h a t  bo th   s i t ing  a n d  
construct ion  permits  must be approved by a state  planning  committee,   appointed 
by the  :overnor, whose membership  includes b o t h  l o c a l '   o f f i c i a l s  a n d  members o f  
t h e  general   publ ic .  

i 4os t  j u r i sd i c t ions   dec ide   t he   i s sue  of cons t ruc t ion   s tandzrds  fo r  
h?zardous \:raste f a c i l i t i e s  on the   b2s is  of ind iv idua l   cons t ruc t ion   permi ts .  
hg l icants   ind ica te   the i r   p roposed   cons t ruc t ion   p lans   in   permi t   appl ica t ions  
Fhich t h e  a u t h o r i z i n g  body w i l l  approve o r  modify. An increas ing  n u r n b w  o f  
j u r i s d i c t i o n s ,   p a r t i c u l j r l y ,  New York a n d  Pennsylvania,  now prescr ibe  sue!) 
s3ec i f ic   s tandards   as   the   th ickness  a n d  mater ia l   required f o r  t h ?  l i n e r  a n d  
cover o f  t h e   f a c i l i t y .  T h e  p rov i s ion   fo r   c i t i zen   i npu t   i n  t h i s  process j.3 
Y,ichigan was noted  above. 
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S i m i l a r i l y ,  the  standards  for  oDerztion of  the  f a c i l i t y ,  including  the 
requ.i  rernents f o r  t r a i n i n g  of personnel a n d  emergency  procedures  are  generally 
prescribed by the  adminis ter ing agency  in  individual  permits,   or  else  the 
f a c i l i t y   o p e r a t o r  must propose  operation  procedures i n  his  permit  application 
which the  agency must approve. New York, Ohio,  Pennsylvania a n d  Wisconsin 
regulat ions  provide  for  a number  of operat ion  s tandards.   Training of f a c i l i t y  
personnel and emergency  procedures  are  required  only  in  Minnesota, New York, 
O h i o  a n d  Wisconsin. 

Concerning m o n i t o r i n q  of g r o u n d  a n d  surfacewater ,  a n d  leachates  i n  a n d  
adjacent t o  t h e   f a c i l i t y ,  o n l y  I l l i n o i s  a n d  Indiana do n o t  require  some s o r t  
of  monitoring i n  t h e i r   r e g u l a t i o n s .  

" 

Those few j u r i s d i c t i o n s  which address  the problem of c losure  have s p e c i f i c  
requirements,  namely procedures  for  covering a n d  f e n c i n g   t h e   s i t e ,  and  a 
requirement for m o n i t o r i n g  of groundwater a n d  leachates.  Minnesota, New York, 
Ohio and Pennsylvania a11 have  such  requirements. Of t he se   j u r i sd i c t ions   on ly  
Minnesota  provides for l o n g  term  post-closure  maintenance and monitoring of 
t h e   s i t e .  

A more de ta i led   descr ip t ion  o f  s t a t e  programs  concerning  these  vzrious 
aspects  o f  hazardous  waste management programs is   provided  in  Appendix V. 

C a n a d a :  Federal /Provincial   Leais la t ion.   There  is  a d i f fe rence   in   - the  
jur isdict ional   lead  role   for   hazardous  waste  management programs  between 
C a r l d d z  a n d  the  United  States.  I n  the   United  States ,   the   federal  EPA takes   the 
lead  role   with  the  States   adopt ing  the E P A  r egu la t ions ,  or the  EPA imposing 

:: such regulations  in  the  absence of s t a t e   a c t i o n .  In Canada,  j u r i s d i c t i o n  for 
cont ro l l ing   was te   d i sposa l   in to  or o n t o  l a n d  has  rested  primarily  in  the hands 
of the  provinces .  However, insofar  as  the  Great Lakes  Basin is concerned  the 
in t e rna t iona l  and  cc r t a in   o the r   t r anspor t  and  t rade  aspects   are  a f ede ra l  
responsi b i  1 i t y .  The development o f  a comprehensive C a n a d i a n  package i s  n o t  2s 
readily  apparent  as  the R C R A  model in   the  United  States ,  due t o  t h i s   d i v i s i o n  
of i n t e r e s t s  a n d  r e s p o n s i b i l i t i e s .  

The Canadian  approach t o  developing a comprehensive program i s  a 
loose ly-kni t   fabr ic  of p r o v i n c i a l   i n i t i a t i v e s  some limited  federal   programs, 
2nd mechanisnls for technica l   ass i s tance  a n d '  information  exchange. One 
mechanism t h a t  has been ac t ive   in   the   a rea  of hazardous  wastes i s  the  C a n a d i a n  
Council of Resource a n d  Environmental  Ministers ( C C R E N ) .  B i l a t e ra l  
federal-provincial   arrangements  are  also i m p o r t a n t .  

The f ede ra l   ro l e  i n  hazardous  waste management has  focused  primarily on 
technology  development a n d  t ransfer ,   demonst ra t ion   p ro jec ts ,  a n d  on funding. 
The p r inc ipa l   f ede ra l   l eg i s l a t ive  mechanism for  addressing  toxic  a n d  hazardous 
substances  is  the  Environnental  Contaminants  Act. The Act, somewhat analogous 
t o  the  United  States  Toxic  Substances Control Act ,   i s   d i rec ted  t o  con t ro l l i ng  
by prohibi t ion,   the   manufacture ,  import ' a n d  use of  new hazardous  substances 
(chemicals) a n d  exis t ing  designated  substances on a case-by-case  basis.  I t  i s  
not,  however, a hazardous  waste management 1 aw. However, l imi t a t ions  on the  
e f fec t ive   adminis t ra t ion  of t h i s  Act a re   r e l a t ed  t o  the  lack of i n f o r m a t i o n  on 
chemicals of  concern.  This i n f o r m a t i o n  i s   a v a i l a b l e  th rough  S t a t i s t i c s  C a n s d a  
a n d  the Custonls a n d  Excise Tax  Dcpartlncnt.  These  agencies,  however,  are n o t  

' obliged t o  idcnt i fy   manufacturers  of hazardous  substancss for purposes of 
implenenting  the  Environmental  Contaminants  Act.  These  conflicting  goals 
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c ' i l i n i s h   t h e   a b i l i t y  o f  Environment C a n a d a  and Health  and  h'elfare C a n a d a  t o  
i d e n t i f y  a n d  q u a n t i f y  hazardous  chemicals,  as  mandated i n  the  Environqent21 
Contaminants  Act. 

Under the  Ontar io   Environmental   Protect ion  Act ,   regulat ions t o  def ine  
" l iqu id   i ndus t r i a l   was t e s"  have  been issued. The d e f i n i t i o n  a n d  c r i t e r i a ,  
however, for ident i fy ing   "hazardous   was tes"   a re   s t i l l   under   rev iew by a C C R E M  
Task Force,  and  consequent ly   nei ther  a d e f i n i t i o n  nor c r i t e r i a   f o r   i d e n t i f y i n g  
hazardous  wastes  exist a t  p resent .  

k ' as te   t ranspor ta t ion   i s   cont ro l led  i n  Ontar io   under   i ts   IJaybi l l  
l eg is la t ion ,   where in  a waste-hauler  manifest   system i s  i n  opera t ion .  The 
in t e rp rov inc ia l  and  i n t e rna t iona l   r egu la t ion  of t h e   t r a n s p o r t  o f  hazardous 
wastes  continues t o  a w a i t  psssage of the  proposed  federal   Transport  o f  
Dangerous Goods Act,   al though  the C a n a d a  Shipping Act may a l so   p lay  a 1 imited 
ro l e .  A compatible  manifest  system  between  the  jurisdictions has y e t  t o  be 
deve 1 oped. 

S tandards   for   the   cons t ruc t ion ,   opera t ion  a n d  maintenance of hazardous 
waste  treatment and  d i s p o s a l   s i t e s  do n o t  y e t   e x i s t .   S i t e   s e l e c t i o n   c r i t e r i a  
are  a r e s p o n s i b i l i t y  of the  Province.  I t  i s  noted t h a t  i n  October, 197^0, t he  
Ontario f4i n ' s t r y  o f  .the  Environment  announced a seven-point  program  to  address 
these  a n d  related  concerns  as  applied t o  l i qu id   i ndus t r i a l   was t e s .   Th i s  
progran  is  one t h a t  cha r t s   t he   cou r se  of intended  act ion,  b u t  i s  y e t   l a r g e l y  
uncompleted  in  terms o f  r egu la t ions  and their   implementat ion.  The philosophy 
behind  the program i s  t h a t  i t  i s  a pr< :a te   sec tor  problem requ i r ing   t he  
development of e f f i c i e n t  and safe   waste   disposal   technology a n d  p r a c t i c e s ,  a n d  
t h a t  governmental  encouragenent,  leadership and  regula t ion   a re   necessary   to  
ensure t h a t  t h r e a t s  t o  environmental a n d  human heal th   are   minimized.  
Provis ions i n  t h i s   s even-po in t  progrm r e l a t i n g  t o  hazardous  v:zste disposal  
s i t e s   i nc lude :  1)  a new was te   c l a s s i f i ca t ion   sys t em  iden t i fy ing   t r ea tmen t  a n @  
d isposa l   requi remnts  f o r  various  substances;  2 )  gu ide l ines  on the  h a n d l i n g ,  
t reatment a n d  disposal of wastes ,   including a po l icy  of banning  the  direct  
l a n d f i l l i n g  of untreated  blastes;  3 )  regulat ions  concerning  required  disposal  
methods; 4 )  requirements for a f u n d  t o  provide for lon? term s u r v e i l l a n c e ,  a n d  
clean-up of any  resu1:ing  long  term  problems from ce r t a in   t ox ic   was t e s ;  a n d  5 )  
s i t i n g  a n d  e s t a b l i s h i n g   s a f e   w a s t e   d i s p o s a l   f a c i l i t i e s ,   i n c l u d i n g   i n t e r i m  
s i t e s ,   u n t i l  permanent  treatment . o r  d i s p o s a l   s i t e s  are avzi lable .   Other  
aspects  of the  seven p o i n t  program r e l a t e  t o  waybi 1 1  monitor ing,   generated 
was te   reg is t ra t ion  a n d  transboundary  shipment of wastes.  

The Connission  rccomnends t h a t  Governments accelerate   implementat ion 'of 
e x i s t i n g  and  proposed  programs a n d  t h a t  a comprehensive a n d  coordinated  review 
w i t h  the  f o l l o w i n g  elements be completed: 

- A complete  inventory of hazardous and  t ox ic   was t e   d i sposa l   s i t e s  i n  
the  Great  Lakes  Basin,   including  nature and  q u a n t i t i e s  of wastes 
handled  should be conducted. 

- T h e  adequacy of  t he   i nven to r i ed   s i t e s  t o  p rope r ly  a n d  sa fe ly   hzndle  
the  wastes  disposed o f  should be determined ( i n c l u d i n g  monitoring o f  
groundvJater f 1 o ~ s  a t  or near  such s i t e s )  , on the basi s of c r i   t e r i  2 
such 2s those  contained i n  R C R A .  Steps s h o u l d  be isken  to   provide 
necessa ry   a l t e r a t ions  t o  the s i t e s  i f  t h e i r   p r e s e n t   c o n s t r u c t i o n   i s  
inadequate   to   handle   the  wastes   contained  tnerein.  
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- I n  concert w i t h  eva lua t ion  of the  technical   quest ions,   Governmnts  on 
a l l  levels  should  carefully  review  the  adequacy o f  l e g i s l a t i o n  a n d  
reaulat ions  concerning  the  es tabl ishment ,   operat ion a n d  c losure  o f  
hazardous  waste  disposal s i t e s ,   i n c l u d i n g   p r e s e n t l y   o p e r a t i n g   s i t e s ;  
a n d  l o n g  term l i a b i l i t y   f o r  damages a n d  care .  

- Every e f for t   should  be made t o  determine  the  presence o f  abandoned 
hazardous  waste  disposal  si tes  in  the  Great Lakes  Basin,  as  these 
si tes  represent  potentially  severe  problems  to  groundwaters a n d  
surface  waters of the  Great Lakes Basin  ecosystem. 

- Special   a t tent ion  should be given t o  t he   e s t ab l i shnen t  of safe   waste  
disposal s i t e s ,  including i n v o l v i n g  the  publ ic  End educating i t  as t o  
the  need of such s i t e s  a n d  the  a b i l i t y  t o  insure  t h a t  s a f e   s i t e s   a r e  
feasible.   Public  lands  should be explored for t h e i r   p o t e n t i a l  for 
containing  such  s i tes   i f   inadequate   s i tes   are   otherwise  avai lable .  

- Efforts  should be acce lera ted  t o  e s t a b l i s h  a compatible  manifest 
system  between a l l   j u r i s d i c t i o n s .   w i t h i n  a n d  beyond the  Basin  in  order 
t o  enable   ready   ident i f ica t ion  and t r ac ing  of hazardous  wastes which 
may be t ransported  across   boundaries ,   including  the  internat ional  
boundary. 

The  Comrnission be l ieves  t h a t  these  recommendations  will a i d  in   the  
implementat ion  of .Art ic le  VI and  r e l a t e d  Annexes of the  1978  Great Lakes 'dater 
Qual i ty   Agreenent ,   par t icular ly   the  desire   expressed  therein t h a t  every   e f for t  
should be made t o  develop, a d o p t  and implement j o i n t  programs for   the  proper  

. t r anspor t a t ion  a n d  disposal  by 1980. 

' The Conrnission wi l l  be preparing one or more spec ia l   repor t s  t o  
Governments on t ox ic s  and hazardous  substances,   including a comprehensive 
assessment of hazardous  LJzste management programs,  in  order t o  formulate 
further  recomnendations t o  Governments on t hese   t op ic s .  

5 .  Pr iva te  I.!aste DisDosal 

P!hile private  waste  disposal  systems  are n o t  .a major  source of Great Lakes 
pol lut ion,   leaching of s e p t i c  t a n k  e f f luen t  a n d  occasional   surface p o n d i n g  of 
t he   e f f luen t  have contaminated  groundwater  in some local   areas .  Hov!ever, only 
where , t h e r e  was a f a i l u r e  t o  p r o p e r i y  implement a p p r o p r i a t e  g u i d e l i n e s ,  o r  
where private  waste  disposal  systems were i n s t a l l e d  under  unsuitable  soil  
c o n d i t i o n s   ( P . s . ,  impermeable w i t h  h i g h  c l a y   c o n t e n t   s o i l s ,  or s o i l s  w i t h  a 
low sorpt ive  capaci   ty  for phosphorus) d i d  water q u a l  i ty  problens  general l y  
a r i s e .  

Several   simple  remedial   options  identified by P L U A R G  are  endorsed by the 
Commission 2 s  so lu t ions  t o  the  localized  private  waste  disposal  problems. 
Unsat isfactory o l d  systems  should be cor rec ted ,  a n d  new ones  constructed 
according i o  cur ren t   regula t ions ,   inc luding  more s t r i c t   i n s p e c t i o n s  2nd 
approvals on the part of the  regulatory  agencies .  

Proper  evaluations o f  so i l   condi t ions  i n  arcas  proposed f o r  such  systens 
should be conducted.   Sui table   soi l  for a t i l e   f i e l d   s h o u l d  be imported i f  the 
on - s i t e   so i l   i s  n o t  s u i t a b l e  or i s  n o t  p re sen t   i n   su f f i c i en t   quan t i ty .  I n  
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6 .  Other  tionpoint Remedi a1  Programs 

Several   other  nonpoint  sources,  which by themselves d o  n o t  c o n s t i t u t e  
lakewide p o l l u t i o n  problems,  also warrant mention  because  the,y  represent  arezs 
where additional  nonpoint  remedial  programs may  be app l i ed ,  i f  des i rab le   o r  
necessary  as a component o f  a n  overa l l   cont ro l  p rogram.  These  additional 
nonpoin t   sources   inc lude   fores t ry ,   t ranspor ta t ion   cor r idors  a n d  e x t r a c t i v e  
ope ra t ions   ( i . e .   m in ing ) .  

Forested  lands,   as   noted  'ear l ier ,  may be the  source o f  s u f f i c i e n t l y  high 
concentrat ions of p o l  1 u t  ants,  mainly  phosphorus,  sediments a n d  occas iona l   ly  
pes t ic ides ,   to   cause  a d e t e r i o r a t i o n  o f  local   surface  waters .   Factors  
inf luencing t h ?  con t r ibu t ion  o f  such p o l l u t a n t s  t o  the   l akes   inc lude  t h e  
i n t e n s i t y  o f  opera t ions ,   harves t ing   techniques ,  road  design,   s teepness  of 
t e r r a i n ,   r a t e s  a n d  app l i c6 t ion  methods o f  p e s t i c i d e s ,   p r e c i p i t a t i o n  and 
re fores ta t ion   p rac t ices .   Acce lera ted   e ros ion   caused  by poor road  cons t ruc t ion  
and lopging  techniques a n d  t h e  improper  use of machines i s  probably t h ?  \.:orst 

-: t h r e a t  t o  water   qual i ty .   Regulatory mechanisms  encouraging l a n d  stewardship 
' t h r o u g h  use of management p rac t i ces   app ropr i a t e  t o  water quz l i t y   p ro t ec t ion  

are  generally  adequate t o  con t ro l   po l lu t ion   f ron   fo re s t ed   l ands ,  a l t h o u g h  
problems do  a r i s e  where cu r ren t   r egu la t ions  are inadequate ,  or where 
in su f f i c i en t   r e sources  a n d  manpower inh ib i t   the i r   enforcement .  

T ranspor t a t ion   co r r ido r s   i nc lude   h ighwzys ,   roads ,   r a i l roads ,   a i rpo r t s ,  a n d  
p i p e l i n e  and  u t i l i t y   co r r ido r s .   Sed imen t s ,   pes t i c ides ,   de i c ing   chemica l s ,  
vehic le   emiss ions ,   roads ide   l i t t e r ing  a n d  s p i l l s  are a l l   l o c a l i z e d   p o l l u t i o n  
problems r e s u l t i n g  from t r anspor t a t ion   co r r ido r s ,  P : i t h  de ic ing   sa l t s   perhaps  
the  most s i g n i f i c a n t  p o l l u t z n t .  . The general  lack of r egu la to ry   con t ro l s  
r e l a t ed  t o  t r anspor t a t ion   co r r ido r s  makes i t   v i r t u a l l y   i m p o s s i b l e  for 
enVi romental   agencies  t o  know the  degree o f  adherence t o  recomnended 
guide l ines .  Nany j u r i s d i c t i o n s   a p p l y   e x c e s s i v e   q u a n t i t i e s  of r o a d  deicing 
s a l t s .  I t  i s  l i k e l y  t h a t  po l lu t an t s   f ron   t r anspor t a t ion   co r r ido r s   w i l l  be 
d e a l t  w i t h  successfu l ly   on ly  wnsn the re  i s  a s i g n i f i c a n t  movement from agency 
s e l f - r e g u l   a t i  on t o  external  environmental  review and approval .  

Extract ive  operat ions  (pi ts ,   open-pi t   mines a n d  underground  mines)  are 
oene r s l ly   ca r r i ed  o u t .  under   considerable   reoulatory  controls   including 
?revisions t o  preventing  pollution  problems.  There is a problem,  however, of  
compliance b y  opera t ions  w i t h  perini t   requirements .   iacnt i f icEt ion o f  
v io l a t ions  a n d  f o l l o w - t h r o u g h  on enforcement   a re   d i f f icu l t   because  cf 
insuf f ic ien t   manpwer   for   s i te   inspec t ions .   There  i s  a need ,   t he re fo re ,   fo r  
the  d?velopinent a n d  implen~entation . of adequate  enforcsment  provisions 
including more enforcement s t a f f ,  a n d  t igh ten ing   the  l e ~ g t l ~  o f  t ine   g iven  t o  
e x i s t i n g  mine opera t ions  for compliance with p e r m i t   r e q u i r e n ~ n t s .  
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-. VII. S P E C I A L   C O N S I D E R A T I O N S  REGARDII\!G  LARD  PANAGEbiENT 
c AND POLLUTION 

- 93 - 



During the  Commission's  review of the  P L U A R G  Repor t ,   th ree   i s sues  
fundamental t o  l a n d  managenent a n d  po l lu t ion  were ident i f ied  which,   while   not  
s t r i c t l y  p a r t  of the   ana lys i s  a n d  control  of n o n p o i n t  p o l l u t i o n ,  mer i t  
cons idera t ion  by governments i n  the  development o f  management s t r a t e g i e s .  
These  issues  are  the  need: 

o for a conserva t ion   e th ic  i n  modern soc ie ty ;  
o t o  preserve  pr ime  agr icul ture   land;  a n d  
o t o  p ro tec t  wet 1 a n d  a reas .  

They are  presented  here t o  h ighl ight   the i r   impor tance  a n d  i n d i c a t e  some 
re levant   cons idera t ions .  

I n  a d d i t i o n ,  the  Commiss'ion draws a t t e n t i o n  t o  the  recommendations of  
P L U A R G  concerning  further  research  needs a n d  i d e n t i f i e s  some  of t he   a spec t s  of 
fur ther   research  d2serving o f  p r i o r i t y   a t t e n t i o n .   T h i s   i s   n o t  t o  d i v e r t  
concern  from  the  early  implementation of cont ro l   ac t ion   in   favor   o f '   fu r ther  
s tudy,  b u t  r a t h e r  t o  suggest a c o n c u r r e n t   i n i t i a t i o n  of the  addi t ion21 work 
required t o  r e f i n e  managenent s t r a t e g i e s .  

1. The  Need f o r  a Conservation  Ethic 
' Much of the  pol lut ion  occurr ing  in   the  Great  Lakes i s  a mirror  image of 

ths waste of resources .  Ey a l l o w i n g  or caus ing   the   re lease  of substances  such 
2s n u t r i e n t s ,  s o i l ,  r e t a l s ,   a n 3   o r o a n i c   p o l l u t a n t s  i r i t o  the  environnent ,  
s o c i e t y   i s  ir; e f fec t   d j scard ing   rna te r iz l s  t h z t  could  possibly be f u r t h e r  
u t i l i zed   for   p roduct ive   purposes .  A t  t he   sme   t ime ,   t he   ecosys t em  i s  harmed. 
The rezsons for  th i s   occur rence   a re   bas ic  t o  our economic a n d  resource 
management system - i t  i s  cheaper ,  or l e s s   t r o u b l e ,  t o  dispose o f  t hese  
c o m o d i t i e s  a n d  use neb! ma te r i a l s  t h a n  t o  recover  then f o r  f u r t h e r  use or make 
them mre   du rab le .   Th i s   i s   t he   ca se   w i th   i ndus t r i a l   e f f luen t s ,   i ndus t r i a l  
by-products,   pzckaging  materials,  used consuaer  goods a n d  the  l ike.   Resource 
p o l i c i e s  may encourzge t h e  use of v i r g i n  r a t h e r  t h a n  recycled raw ma te r i a l s .  
T h e '  throw-a;.iay a n d  planned-obsolescence  a t t i tudes o f  modern consumers ( o f  b o t h  
household a n d  indzs t r ia l   p roducts )   encourage ,  or may  be encouraged by, t he  
purveyors of products t h a t  a re  wasteful of resources  , including  non-renewable 
resources  such  as  metals a n d  foss i l   energy .  The environm?ntal   implications,  
b o t h  i n  tile p r o d u c t i o n  a n d  disposal  of such  commodities,  are  pervasive,  severe 
a n d  o f ten  1 o n g -  1 2 s  t i  n g .  

-. 
In? Cozmission recommends t h a t  governments  continue a n d  enhance e f f o r t s ,  

such 2 s  throuoh t h e  Resource  Recovery a n d  Recovery A c t  i n  t h e  United  States  
a n d  O n t a r i o ' s   e f f o r t s  i n  recycl i n g  a n d  resource  recovery,  t o  f i n d  innovat ive 
a n d  e f f cc t i i l e  ~;.?ans of encouraging 0 1 -  regulat ing  r5source  conservat ion ir! 
production, l o n g ? r  product 1 i f e ,  a n d  the ye-use of n;s.teri 21 s .  Ti l?  mechznisms 
are? s e v e r a l ,  and inc lude   regula t ion  of nater ia l   f lows,   p: - ic ing mechanisms t:, 
encouraT2,  rather t h a n  discourage,  resou:-ce  recover)' ,   tile  ckve'opaent clf 
" reve r se"   d i s t r ibu t ion  s y s t m s  for c o l l e c t i n g   r e c y c l a b l e   m a t e r i a l s   ( s o c i e t y  
has  developed  sophjsticated  systems for  dis t r ibut ing  commodit ies  b u t  n o t  the  
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r e v e r s e ) ,  2 n d  econoni c incent i vcs  or regul  ?:ions t h a t  f o r c e  t h e  i n t e rna l  izing 
of the  ul t imate   costs  of p 3 l l u t i o n  t o  p o l l u t o r s ,   r z t h e r  t h z n  t o  soc i e ty  a5 a 
whale. I f  d i scard ing   res idua ls  i s  necessary,   they  should be handled  in a n  
envi ronzentz l ly   sz fe  a n d  r z t i o n a l  matter a n d ,  i f   poss ib le ,   cons is t  of 
non-toxic  materials t h a t  can be readi ly   zss imi la ted  by t he  n a t u r a l  environment. 

The P L U A R G  study  has  provided  valuable i n f o r m a t i o n  t o  demonstrate  the 
h ' idespread  occurrence,   severity o f ,  a n d  some of t he   a l t e rna t ives   t o ,   t he  l o s s  
of resources v i a  po l lu t ion .  The Commission sugaests  t h a t  the   f indings  should 
provide a d d i t i o n a l  incent ive t o  develop a l o n g  term program for  resource 
conservation a n d  recovery  in a se r ious  way. 

2 .  The  Need t o  Preserve  Prime  Aqricultura-1 Lands 

P L U A R G  d rw at tent ion,   in   i ts   recommendzt ions,  t o  t he  need f o r   r e t a i n i n g  
h i a h  quz l i ty   agr icu l turz l   l ands  for agr icu l tura l   p roduct ion .  The t rend  of 
l o s ing   ag r i cu l tu ra l  l a n d  t o  u r b a n  or indus t r ia l   uses   i s  a problem of almost 
universal  concern  in North America, par t icular ly   near   expanding u r b z n  
cen ters .  While the  economic and social  debate  concerning  the  advantaSes a n d  
disadvantages of s t r i c t e r   a g r i c u l t u r a l  l a n d  use  controls  has  received much 
a t t e n t i o n ,   i t   i s   i m p o r t a n t  t o  consider  the  environmental   implications  as  well .  

Despite  the  pollution  problems from agricul tural   land n o t e d  i n   t h i s  
r e p o r t ,   i t  hzs been concluded t h a t  by preserv ing   for   agr icu l tura l   purposes  t h e  
b e s t  lands  sui ted  for   farming,   the amount of po l lu t an t s  generated by 
ag r i cu l tu ra l   p rac t i ces  would be minimized,  due t o  b o t h  t he  n a t u r a l  
charac ' te r i s t ics  of the  land a n d  i t s   a b i l i t y   i n  economic a n d  physical  terms t o  

,i support  remedial  measures.  If  these  lands  'are  preserved and properly managed, 
from b o t h  the  production a n d  environmental  viewpoint,  pollution  problems  ar? 
reduced.  Further,   there w o u l d  be l e s s  of a tendency or need for   fzrming t o  
move t o ,  or i n t e n s i f y  on , '  less  productive  lands.   This  is   important  since,   as 
more low grade  farmiands become farmed more jntensively,   wi th  a narrow or 
nonexis ten t   p rof i t   marg in ,   there   i s  a d e c l i n e   i n   t h e   a b i l i t y  of the 
ag r i cu l tu rz l  community 2s a whole t o  afford t o ,  as \.!e11 2s a decreased 
l ike l ihood of be ing   w i l l i ng   t o ,  implement environmentally-appropriate  farming 
p rac t i ces .  Marginal  lands may in  themselves be more prone t o  
po l lu t ion-genera t ion ,  due t o  s lope ,  poor  drainage a n d  p o s s i b l e   s u s c e p t i b i l i t y  
t o  f looding.  A t  the  same t ime,   the   sca t te re i ,   unplanned  or even o f f i c i a l l y .  
sanctioned  development of agr icu l tura l   l ands   for   u rban   (usua l ly   res ident ia l )  
purposes  leads t o  in tens ive   po l lu t ion  o f  i t s  own, as d iscussed   in   ear l ie r  
sec t ions   dea l ing  v ; i t h  u r b a n  po l lu t ion  

Thus,  the Co:nmission be l ieves  t h a t  the  problem o f  n o n p o i n t  po l lu t ion  adds 
t o  t he  many other  concerns  about  the  disadvantages of the  cont inued  loss  of 
priine a g r i c u l t u r a l  l a n d  t o  other  uses. 

3. Preservzt  i o n  o f  Wet 1 ands 

I t  i s   a lso  important   in   the p l a n n i n g  of  l a n d  use a c t i v i t i e s  t o  be aware o f  
the   loca t ion  o f ,  a n d  t he  need t o  p ro t ec t ,  wet1 and a reas .  These are   areas  
which are   saturated  or   covered with water a t  a frequency a n d  dura t icn  

I s u f f i c i e n t  such t h a t  they  normally support a prevalence of vegetat ion 
t y p i c a l l y  adopted t o  s a tu ra t ed  or flooded soil   conditions.   Flooded 
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p e r i o d i c a l l y ,  a n d  perhaps more or less   pernanent ly ,   they  can be n a t u r a l  
po l lu : ior ,  control  mechznisms in  themselves. 

C o a s t a l  wetlands, p a r t i c u l a r l y  2.t t r i b g t a r y  mouths,  tend t o  a c t  2s a t  
. l ezs t   t emporary   t raps  for  nut r ien ts ,   sed iments  a n d  other   chemicals .   Their  

d i s rup t ion ,  by development or intensive  use,   can  ' reduce  their   effect iveness   as  
sediment  traps a n d  i n  t h e   r e d i s t r i b u t i o n  of n u t r i e n t s  w i t h i n  the  annual 
cycle .  I n  add i t ion ,  a new d i rec t   source  of po l lu t ion  w o u l d  be caused by 
e r o s i o n ,   s i l t a t i o n  and  p o l l u t a n t s  emanating  from  the new l a n d  use,   problem 
hthich would be i n t e n s i f i e d  by the   loca t ion  on a f l o o d  p l a i n .  

U p l a n d  wetlands  can  also  reduce  the  transmission of p o l l u t m t s  
par t icular ly   sediment   f rom  other   lands t o  the  Great  Lakes by ac t ing   as  a 
buf fer  between p o l l u t i n g  or s o i l - d i s t u r b i n g   a c t i v i t i e s  a n d  wa te rcour ses   t o   t he  
1 akes. 

I n  add i t ion ,  a n d  perhaps more important,  b o t h  coas t a l  a n d  u p l a n d  wetland 
areas  normally  support   very  r ich,   productive a n d  d ive r se   b io log ica l  
communities which should be preserved. The pro tec t ion  a n d  carefu l  management 
of wetland  areas  should be done  in  order t o  max.irnize t h e i r   f u n c t i o n s  as  highly 
productive  ecosystems. 

4. Research Needs 

The P L U A R G  study marked a s u b s t a n t i a l  advancement in  our knowledge o f  the  
generation of po l lu t an t s  as a r e s u l t  of man ' s   ac t iv i t i e s   i n   t he   Grea t  Lakes 
Easin.  There  are,  however, s t i  1 1  large  areas  of unce r t a in ty   i n  our 

; understanding of nonpoint   pol lut ion a n d  i t s   e f f e c t s  on the  Great  Lakes.  The 
' Commission endorses  the  recomnendations for  fu ture   research   needs   fc r   the  

Great  Lzkes  Basin ecosysteem presented i n  t he  PLUARG Report a n d  wishes i o  
enphzssize several  as  being of par t icular   importance.  

The Com;nission be l ieyes  t h a t  t h e   h o l i s t i c  view should be the  guide i n  
designing a n d  car ry ing  o u t  Great  Lakes  pollution  studies.   This i s  a 
i-e-endorsement o f  the  ecosystem  approach  orioinally  presented by t h e  IJC's 
Science  Advisory Eoard. iio component o f  the  Great  Lakes  Bas'n  should be 
viewed i n  i s o l a t i o n  of i t s   i n t e r a c t i o n s   w i t h ,  a n d  po ten t i  a1 e f f e c t s  o n ,  o ther  
Fjasin components. As noted by the  Science  Advisory Board ,  " a n  ecosystem  is  
m y   u n i t  of na ture  i n  v:hich l i v i n g  organisms a n d  nonl iv ing   subs tances   in te rac t  
k:ith an exchanat. o f  mate r i a l s  between the l i v i n g  a n d  noriliving p ~ r t s . "  The 
land  area w i t h i n  the  Great  Lakes  Basin i s  p a r t  o f  the  Great  Lakes  Basin 
ecosystem a n d  as such in f luences ,  b o t h  by n a t u r a l  processes  a n d  as a r e s u l t  o f  
man's a c t i v i t i e s ,   t h e   c h a r a c t e r  and  q u a l i t y  of o the r   pa r t s  of the  ?cosyste;n,  
including  the  \:laters a n d  biological  organisms  contained  therein.   Research 
effor ts   conducted w i t h  t h i s  g u i d i n g  p r i n c i p l e  i n  mind w i l l  be o f  greater   value 
in  our e f f o r t s  t o  consider p o l l u t i o n  impacts  within  the  Great  Lakes. 

Attezpt ing t o  cont ro l  p o l l u t i o n  i n  the   Great  Lakes r equ i r e s  t h a t  we c2.n 
def ine  i t  aa?quztely.  P L U R R G  r e p o r t e d   d i f f i c u l t y  i n  severa l   ins tances  i n  
e v a l : ~ a t i n g   t h c   e f f e c t s  of n o n p o i n t  p a l l u t i o n  because t r a d i t i o n a l  d e f i n i t i o n s  
of  p o l l u t i o n  were inadequate.  T h i s  wzs p a r t i c u l a r l y   t r u e  when i n d i v i d u 2 1  
n o n p o i n t  sources ,  a l t h o u g h  they  could n o t  be s t r i c t l y   d e f i n e d  as " v i o l a t o r s "  
themselves,   produce  pollution i n  the Great  Lakes. I t  v:zs a 1  so noted t h a t  
def ined l o a d i n g  c r i t e r i a   e x i s t e d  only  for phosphorus. The manner i n  which 
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other  materials  being  contributed to the  lakes  could be defined as pollutants 
was  only  determined by their  exceedance  of  guideline  levels in biota or in the 
waters  themelves.  Such an approach  creates  difficulty in designating 
specific  non2oint  sources as causes  of  pollution. 

Concerning  quantification  of  pollutant  inputs,  PLUARG  noted,  its  own  study 
notwithstanding,  that  adequate  determination  of  pollutant  inputs  from  specific 
land use  activities and the  atmosphere  required  further  attention. 'vlhile 
general  unit  area  loads  compiled  from  several  sources  were  used in the 
overview  modeling  exercise,  the  pilot  watershed  study  results  illustrate  a 
wide  range of unit  area loads for  a  given  pollutant froin the  same land use 
activities in different  watersheds.  Ranges  of  a  factor  of  ten  or  more  were 
not uncomon  for  a  single land  use activity.  The  natural and rnan-associated 
factors  which  serve  to  produce this range  are  not  yet  clearly  defined  for  any 
pollutant.  The  atmosphere is also  a  component  of  the  Great  Lakes  Easin 
ecosystem  whose  significance in 'transporting  ana  transforming  pollutants is 
acknowledged,  yet  remains  largely  unquantified, both in terms of pollutant 
source  or  magnitude.  The  question of the  biological  availability of any 
material  inputs is also  an  area of little  knowledge, but can  have  a 
significant  effect in establishing  necessary  control efforts. The  impact of 
variability of pollutant  loads,  especially  phosphorus,  due  to  streamflow and 
climate  variability, and the  interconnections  or  dynamics of nears,hore v s .  
open  lake  concentrations  and  their effects, all merit  further  scientific 
investigation.  There  are  a  number of elements in the  ecosystem,  including 
sed I!.>nts and wetlands,  whose  interactions  with  pollutants  require  further 
clarification.  These  concerns need additional  research  attention in order  to 
allow  the  refinement of strategies  for  nonpoint  source  pollution  control 
measures, as well  as the  overall  most  effective  remedial  strategy. 

A1 though  many a1 ternative nonpoi nt source  pollution rernedi  a1 measures  were 
explored by PLUARG, it is also  clear  that  neither  the  short  nor  the long term 
effectiveness  of  many o f  these  measures is clearly  known at present. in 
addition,  the  socio-ecQnomic  tradeoffs  involved in choosing  the  mcst 
.cost-effective rernedial measure  for a given  nonpoint  source  requires  further 
study.  "Cost-effectiveness"  may  require an expanded  meaning in view  of  the 
lack of  adequate  pollution  yardsticks so that  effects  which  are not ezsily 
expressed in traditional  economic,  terms,  particularly  biological  effects,  can 
be  considered in choosing  the  "best"  remedial  measure  for  a  given  nonpoint 
source. 

The  Commission also' wishes  to  emphasize  its  concern  with  the  potentia'lly 
significant environrr~ental damage  associated  with  the  disposzl  of  hazardous and 
toxic  wastes in the Great  Lakes Easin ecosystem.  This  topic  has  become  one  of 
considerable  national and international  concern in recent  months,  especially 
in the  Great  Lakes  region  because of its large  concentration  of  industrial and 
municipal \ifaste disposal  sites.  The  whole  question of the  adequacy and 
coordination of present  United  States and Canadian  regulations  concerning  the 
siting,  operation and closure and rehabilitation of such  sites is one  which 
h!arrants a thorough  review by the  Governments. 
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V I  I I .  RECOMMENDATIONS 
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The  Reference  Group  made a. number of recornendations  to  the  Commission 
concerning  nonpoint  pollution in the  Great  Lakes  Basin  Ecosystem.  These 
recornendations  are  included in the  Executive  Summary  of  the  report of the 
Reference  Group,  attached as Appendix 111 of  this  Report. 

Bzsed on consideration  of  the  Reference  Group's  report and 
recommendations,  the  information  gained  from  the  efforts  of  the  public  panels 
organized by the  Reference  Group, and the  Commission's  public  hearings, and in 
response  to  the  Reference  dated April 17,  1972,  from  the  Goverment  of the 
United  States and Canada,  the  .International  Joint  Commission  recommends  that: 

1. The  Commission  recommends  that  the  Governments  of  Canada and the  United 
States, in partnership  with  the  state and provincial  governments, and 
local jurisdictions  where  relevant,  undertake to develop  a  Comprehensive 
strategy  of  pollution  control  for  the  Great  Lakes  which would, be 
specifically  directed at but not restricted  to  nonpoint  pollution.  The 
Commission further  recommends  that  such  a  strategy  have  sufficient 
flexibility to permit  individual  jurisdictions  to  maintain  their  resource 
JILI land management  prerogatives  to  the  extent  that  they  are  consistent 
with  the  Great  Lakes  Water  Quality  Agreement  of 1978. This flexibility 
should  also  ensure  that  the  strategy  can  be  responsive  to  future 

pollution  control. 
i scientific,  technological and socio-economic  developments  concerning  the 

2. Ongoing and priority  programs be pursued  without  awaiting  complete 
development  of  the  comprehensive  management  strategy. 

3. As part of  the  management  strategy  Governments  .develop and implement 
remedial  plans  for  achieving  the  reductions in nonpoint  pollution f r m  
priority areas. These  priority  areas  should be selected  on  the  basis of 
the  most  severe  whole  lake and nearshore wa.ter quality  problems,  present 
land use activities and areas  with  a  high  potential  or dernonstrated 
ability  to  contribute  pollutants, e,specially hydrologically  active  areas. 
Such  areas are identified in Figures 1-3 o f  this  report. In accordance 
with  the ecosystein concept,  selection o f  remedial  programs  should  also 
include consideration of  the  principle  of  non-degradation  of  higher 
quality  waters  (further to the  Commission's  Report  on \.later Quality o f  the 
Upper  Great Lakes), impacts  on  other  environmental  components,  including 
plankton, fish stocks and wildlife,  occurrence o f  severe local problems 
(especially  the  nearshore  ,areas and tributary  mouths?, and the  impacts to 
b2 realized in downstream lakes in the  Great  Lakes  System  via.  connecting 
channels. 

4. Governments irnplemcnt low cost but generally  beneficizl  measures 
throughout the Gzsin. Thus, certain rneasures to  reduce  pollutant 
loadings, to at least PLUARG level 1  agricultural and urban  control 
measures, be applied  throughout the 8asin  without  regard  for  the  criteria 
suggested  above  for  establishing  priorities. 
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5. Nonpoint  source  pollution  control  not be considered in isolation of point 
source pollutio:; or the rc'ztive ccst-effectiveness  of  further  control 
thereon.  The  economic  and  social  impacts of remedizl  programs in 
individual  areas  should  be  considered in the  development  of  such  programs 
and efforts  should  be  made  to  include  elements in the  program  which  would 
alleviate  such  undesirable  side  effects. All alternatives  for  controlling 
particular  pollutants, and their  local,  regional and national  implication; 
should  be  considered  consistent  with  the  ecosystem  concept,  including  the 
full range of all relevant  point,  nonpoint and source-reduction  controls 
and alternate  przcticable  technologies  for  achieving  these  controls.  The 
Governments  initiate  a  program  of  assessment  of  the  social and economic 
implications of nonpoint and point  source  pollution  control. 

6 .  Jurisdictions, in formulating  their  management  plans,  recognize and 
consider  the  need  for  strengthening  coordination  within and between 

' jurisdictions in developing and implementing  required  remedial  programs. 
That  senior  levels  of  government as relevant  within  each  country  assume 
broad  overview and basic  control and monitoring o f  nonpoint  pollution 
control  measures,  centered in a lead agency  or  coordinating  mechanism, 
while  recognizing  that  effective  implementation o f  such  measures  will  be 
done at least in part at a local level. The  Governments  review  existing 
legislative and administrative  measures to ensure  the  adequacy o f  nonpoint 
pollution  control  programs and sufficient-coordination. 

7. In this  regard,  Governments could  consider  the  utilization of such 
existing  nechmisrns as: 
a) at the  Canadian  Federal  level,  the  coordinating and environmental 

b)  at the  United  States  Federal  level,  a  coordinating  m2chznism  to  focu; 
.the  concerns of agencies  whose  programs are related  to  Great  Lakes 

c) at the  Canadian  provincial  level,  the  systematic use o f  the  Planning 

d) at the  United  Ststes  State level, the  Section 208 agencies  and  the 

review  roles o f  Environment  Canada, 

water  quality, 

Act and the  Environmental  Assessment  Act, 

environmental or "1 i ttle-NEPA"  agencies. 

These  mechanisms  could, i f  strengthen'ed,  provide  the  needed  coordination 
o f  environmental  perspectives in other  policy  areas such as development 
and energy  programs.  While  existing  programs  would  be  used  where  possible 
and zppropriate,  new or revised  programs  should  also be developed  where 
ne.cessary  to address  nonpoint  pollution problenls. 

8. The  Governments  use and accentuate  voluntary  mechanisms and approaches 
where  possible in implementing  pollution  control  programs.  Since  public 
interest  in, and acceptance and support of such program i s  of  paramount 
importance,  Governments  insure  adequate  environmental  information, 
educztior; and tschnical  support is sKpplied  to  the  public, and that 
provisions  a72  made for their  involvement. 

9. For  certain  measures  that are universally  desirable, but for \:lhich 
. voluntary  compliance i s  not  likely,.  Governments  adopt  regulations in order 

to insure  their  consistent and equitable irllplmentation. Specific 
measures  identified by the Conmission  requiring  regulJtion  are:  prohibit 
winter  spreading of manure  on  frozen  ground,  with  finzncial  assistance t o  
farmers who incur  uxpcnses by doing so; rtguljte  sediment  runoff  from 
urban  areas  under  construction;  and  regulate  industrial  hlaste nlanagement 
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to  prevent  environmental  Contamination.  Other  reoulatory  measures  should 
be  considered to  deal with  nonpoint  pollution  problems  when  voluntary 
approaches  are found inadequate. 

10. The  Governments  assure  that  adequare  financial  support  for small scale 
agricultural  operations and local municipalities is provided to adequately 
address  the  nonpoint  pollution  problems  outlined in this Report. 
Governments  also  assure  that  relevant  agencies  be  given  sufficient 
technical and manpower  support to address  these  problems. 

11. In recognizing  the  need  for an informed  public,  the  Governments  institute 
'a general environmental  education  program.  The  program  should be designed 
to make the  public  aware  of  existing local pollution  problems, as well as 
providing  for  public  input into the  solutions  to  such problems. Local 
civic and environmental  groups  should be used to the  extent  possible. 
Further,  Government  officials at all levels  should be made  familiar  with 
both  ecosystem  management in general, and nonpoint  pollution in 
particular, and with  the  agencies  which  address  such  problems. In 
addition,  remedial  program  managers'and  field  personnel  should be given 
all necessary  technical  information and skills  necessary  to  properly 
implement  their  specific  remedial  programs  or  tasks.  Finally,  efforts 
should  be  made  to  provide  environmental  education and information  at'the 
public  school  levels. 

1 2  Ar 2 follow-up  to  any  management  framework or strategy,  the  Governments 
establish  some  mechanism  to  review and evaluate  the  overall  success  of  the 
various  management plans. This  evaluation  should  include  a  general  review 

enhanced  continuous  monitoring  program  within  the  surveillance  program 
developed  under  the 1978 Great  Lakes k'ater Quality  Agreement,  including 
nearshore,  rivermouth and tributary  monitoring  to  evaluate  the  effects of 
the  various  remedial  programs in place  or  planned; and a  determination of 
the  ability of the  overall managernent strategy  to  adequately  fulfill  the 
provisions  of  Article VI of  the  Agreement. 

b -_ .x of the  adequacy of all state,  provincial and federal m m a g m e n t  plans; an 

13. The  Governments  implement  the  pollution  controlled  measures  presented in 
Chapter VI of this  report  to  the  maximum  extent  possible, to address  the 
specific  identified  pollution  problems  regarding  soil  erosion,  application 
o f  fertilizer,  and  control of runoff  from  livestock  operations in 
agricultural  areas;  street  sweeping and combined  sewer  systems in urban 
areas; and erosion  control in construction  areas,  described in detail in 
pages 77-86 of  this  Report.  The  Conservation  Authorities in Canada and 
the Soil Conservation  Service in the  United  States  could  play  a  major  role 
in these  functions. 

14. Governments  urgently  bring  hazardous  waste  disposal  priorities  under 
control.  To  this  end,  the  Governments: 
a) prepare a complete  inventory of operating and abandoned  waste 

disposal  sites in the  Basin,  including  nature and quantities  of waste 
handled \:he:-? pozsiblc; 

b )  the adequacy of such  sites, and  any proposed  sites,  to  properly a n d  
safely  handle the  \tlastes disposed of be thoroughly  assessed 2nd 
necessary  mczsures to correct  any  deficiencies  fosnd be implmented; 

c) a comprehensive  review of all existing  legislative and regulatory 
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mechanisms a l s o  be conducted and alterations  made  where  necessary to 
assure  the s a f c  transportation and disposal  of  hazardous  wastes in 
the Basin; 

d) a  compatible  manifest  system  for  hazardous  wastes  between all 
jurisdictions  within and beyond  the  Basin be establisned; 

e) Governments  embark  on a long  term  effort  to  reduce  or  eliminate 
pollutants at their  sources,  including  increased  resource  recovery 
efforts and alterations in the  manufacturing  process; 

f )  because  siting of hazardous  wzste  facilities  depends in part on 
public  acceptance  of  such  sites,  the  Governments  make  efforts to 
demonstrate  that  safe  disposal  sites  are  technically  possible,  or 
that  associated  risks  can  be  held  to  a  minimum. 

15. The  production,  sale,  transport  or  use  of  persistent  synthetic  organic 
compounds  with  known  highly  toxic  effects  whose  use  will  result in their 
entry  into  the  environment  be  prohibited. 

16. The  Governments  continue  to  enhance  efforts  to  find  innovative and 
effective  means  of  encouraging  resource  conservation,  recovery and 
recycling  efforts. 

17. The  Governments  recognize  the  values of preserving  prime  agricultural and 
wetland  areas in the  Basin. 

18. In regard to, phosphorus  control, and pending  the final report on the 
Comission's  Phosphorus  Management  Strategies  Task  Force,  the  Governments 
accept  the 1976 phosphorus load estimates  presented in Table 5 of this 
report 2s  the  best  estimates  of  "present" loads. Further,  the  proposed 
phosphorus  tarGet  loads in the 1978 Great Lakzs Mater  Quality  Agreement 
should  be  taken as vilfid minimum  goals  for  phosphorus  control  program. 
The  Connission  hzs  pointed  out  that  recent  work  and  interpretation o f  the 
Agreement  indicates  that  lower  target  loads  mzy  be  indicated  for  Lake  Erie 
and Saginaw  Bay if more  restrictive  interpretation o f  the  phosphorus 
control  goals , as obt 1 i ned in this  Report,  are  adopted. In view of 

. uncertainty  concerning  appropriate  phosphorus  management  strategies, 
Governnents  exercise  caution  when  approving  municipal  sewsge  projects  to 
insure  that  such  projects  would  not  inhibit  later  upgrading  to  accommodate 
new  phosphorus  management  strategies that may  be  considered  following  the 

. Comission's  further  report  on  this  matter, 

- 103 - 



Signed  this  seventh day of  February 1980, as the  Commission's 
response  to  the  Reference  from  the  Governments o f  Canada and the 
United  States,  dated April 15, 1972, on the question o f  pollution of 
the.  boundary  waters o f  the  Great Lakes System  from land use 
activities. 
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APPEf2DIX I 

"GI.!S OF R E F E S E N C E  

Text 0 :  Reference to lhe  lnlernational  Joint  Cornmission 
to  Study  Pollution  in  the Great Lakes  Systern  from 
Agricul ture.   forestry  and  other  Land use Act iv i t ies 

I have  Ihe  honour 10 inform you that the  Governments of 
the  United Stzles of America  and  Cansca.  pursuant io  Ar l lc le  
IX of the  Eoundery  Vr'alers  Treatyof 1 CC)?. have  agreed to re- 
qxst  lhe  In lerni l ioml Joln:  Ccmmissicn 10 conduc: 2 study 
o! pollulion ol the bunCzry  v:a!ers of ihe Great L ikes System 
from  apricultural,  lorestry  and other land  use  activities.  in  the 
light of  provision 01 Article IV of the Treaty which  p:ovldes 
:hat the boundary  weiers  and  waters  Ilowlng  across the 
bundary  shall not be Dolluted Gn eithei side to the  Injury of 
heal:n 2nd proaeriy on  the  cihcr  side.  and  in the l icht also of 
:he Great Lakes 1'Ja:er Oualily  Agreement s i g e d  on  this 
eale. 

The  Commission is requested :o enquire  into  end  repod 
to the two Governments  upon !ne following ques:lons: 

Are  the  boundary v4ate:s o! the  Great  Lakes  Sysiem 
k i n g  polluted  by  land  drainase  (including  ground 
and  surlace  runoff  and  sediments)  from  sgr~culture. 
forestry,  urban and industrial  land  deve!opmenl, 
recreational  and  park  lznd  developmen;,  u:ility  and 
transporktion  systems  and  natural  sources? 

If the  ansvlr!  to  the  foresoing  question is in :he aflir- 
m2iii.e. lo whht w e n t ,  by w h j i  cal:sPs. and  in what 
1ocr;li:ies is .the polluiion  taking  place? 

1: the  Cornmission  sh3uld  find i h a t  pollution of the 
characte: just referred to IS takin; place, \,:ha! remf-  
dial msasure would, in 11s judgemen!. be most prac- 
licable  2nd v&at would be :ne probzble cost 
thereof? 

The  Comrzission is reovested to consider  Ihe  adequzcy 
0:  existing progrms  and  control measures.  and  tho  need 13: 
Improven?ents  lhereto.  rc-la!lng lo: 

Inmts o! nu:rlenls. pes:  ccn!rol  prorjuc!s, se61-  
menls, an3 o:hc-r pOllui2nIs  from Ihe :ources re- 
ferred to above; 

land  use; 

land  fills,  land  dumpng.  and  deep  well disposal 
practices; 

confined  lives:ock  feeding  operations  and o:he: i n i -  
mal husSandry  operatlons;  and 

pollution  from other aoricultural.  forestry  and  land 
use sources. 

In  carrying out its study,  tho  Cornmission  should  idPntlfy 
deficiencies  in  technology  2nd  recommend  actions for their 
correction. 

The Commission  should  submit i!s report and recom- 
mendz t i zx  to the tiuo Governments es soon 2 s  possible  and 
shoQld  submit  reports  from  time to time on the progress 0:  its 
investigztion. 

In  the  conduct of i ts inves1igz:ion  and  otherwise  in tl-,e, 
performance of i ts  duties  under  this  reference. :he CD,Tmis- 
sion  may utilize the  services of Cualiiied  persons  and c:ner 
resources  made  availzble by the ccncerned  agencies  in  Can- 
ada  and  the  Unjled  States  and  should es  far  a s  cossible make 
use of in!ormation  end  technical Gaia heretofore  acpdired 3r 
which  may  beccme  available  during :he course of the in- 
vesticaticn.  includinc  informttion  and data Zcqgiie5 b ; ~  :he 
Conmission  in the course of its invssiisations  anc  ssrvsil- 
I2nce aci iv i t ies conducted  on  the lower Great Lakes anc I,? 
the  connecting  channels. 

In  conducting its investication.  the  Cornmission s rmld  
utilize  the  services of the  inlernatimal b z r d  structure  pro- 
vided for in  Ariicle VI1 of the Great Lakes 1'v'zier Cgali ty 
Agreement. 
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GREAT LAKES V/ATER QUALITY  POLLUTANTS 

I. Parameters lor which a Greal Lnkcs waler  qualily  problem has been  idcnl i l icd 
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\p,z! 11 IS the cunuiatlvc e!!ecI o! a varle!y t' land ~ ' : e  acllv- 
I \ les\ha:  ull lrr ,~te~y con!rlSutes ~op01Iu110n C! thc.Great Lake:. 

" I /  {he answer ro rhe loregoing queslfon I S  m the a!!v- 
malive, 10 w % f  exfent. by v m r  causes .  and rn w h ~ f  
/ oca / i ( ; p5  ;S !he pollution laking p l a c e ? "  

PLUARG finds lhal the lakes most z f f ec l cd  by phcs- 
phorus and ~ O X I C  substances  are Erre and  0n:arro.  Local prob- 
lems assoclaicd w l h  Fhcsphorus. m ~ c r o o r ~ s n r s n s  ;cd sedl- 
men\  are Sesn tn such  areas 2s Green Say. S2grna:v p -  J d Y .  

southern Georglsn Bay.  Lake SI. Clsir. the Bay of Ouinle.  and 
the south  shore :ed clay  area o l  Lake  Superlor. 

Intensive agricultural  ooerations  have  been  Identilied 2s 
the  malor  diffuse  source contriSu!or of phosDhorus. The fo l -  
lowing table indicates the relattve  lcadlng 01 phosphorus 10 
Eacn lake  from  the indicated land uses. 

Erosion  Iron  crop  production  on  fino-textcred  soifs  and 
from urbanizing i r eas .  where  larse  scale  land  doveiopmenis 
have  removed  natural  ground cove!, were  found lo be  the 
rnaln sources of seamen: .  Urbzn runoff and 2 tnOSDhWlC 6e- 
position were  ideniified 2s the  major  contributors of tCxlC 
substances from nonpomt  sources. 

The  most  important  land-related  factors  affectino t h o  
magnitude of pdlutron from  land use activities in. the  Great 
Lakes &sin viere found to be soli lyps.  land use  inienslly  2nd 
materiaisusace. For example,  iniansrvegCiiculturaI ZctlVlil?S 
such  as row cropplng (e.$, growlng corn.  soybelns  and  vegP- 
tables) on soils with flne  textures (i.e.. high clay Conieflt) CCn- 
tribuled the gre2;est  amoun!s of pnosmcrus. Areas of hlsh 
phcsphorus  loadir,g from intensive zEr;cu!:u:zl ec:lvi:l.;s 
clude north:vesiern  Ohio and Sctiihwes:ern  Oniario. 

Mercury in tho GreEt Lakes is assoclzted v4iih sediment 
end, in laroc? measure, re!iects  "in-lake"  redlstrlkuiion 01 th:s 
material from P'Si Industrial  point sogrces.  0;her  socrcos In- 
clude municj3al tn:: Indus::lal waste  water  discharges  and 
atmospheric depc.rt:lon of unknov:n dimensions. which  have 
resulted in S t ~ n l f l : ~ n i  trlbulary lozd ing  throushout tho Great 
Lakes watersnod, Hlghesl loadrncs were observed In Lake 
Erie. 

Eighly-five !o nlnely-nine  percent of the lead that enteis 
the Great Lakes comes4ron nonpoint  sources. w i t h  the h lch-  
est loaotngs oelnc found In Lakes Erie and  t~~olchlgan. L ~ s d  is 

G R E A T  LAKES PHOSFHORUS LOADS 



PLUARG finds that the remedy of nonpomt  source ;ollu- 
Lion will not be  simply nor Ifl2xpenSlvely accompllshcd. Non- 
pint sources of water pollution a r e  cr,a:acterized by thelr 
v:tde varlety  and large numbers  of  sources.  the  seemingly  In- 
significant nalure of theu  lndlvldual  contriSutions. t he  dam- 
aging effect of the11 CLmulatlve  Impact.  the  iniermttient  na- 
ture of their Inpu!s. :he complex set of na:u:al processes 
ac:ing to modlfy them and the vartely of soclal  and  economlc 
interactions v:hich alfect  them. 

PLUARG does  not favor  across-the-beard  measures for 
nonaolnt  source pollut~on  control. but  rather reco,mmends a 
methodology v;hereby prcj lern are25 are defined  on a p r b r l t y  
btsi; to which tns most  practlcable  control  means lo: a par- 
ticular source  ere then  applied.  Manac?menl  plans  must  be 
formulated  which  include  a nurnber o f  considerations  which 
have  not  be  comprehensively  addressed  in past polnl  source 
control  programs. Four major  components  have Seen identi- 
fie:: ( I )  planning; (2) fiscal  arranaemmts: (3) information. 
edxation  and  technical  essistance:  and (4) reguki ion. 

, In  addition,  rhesuccessful  implementationof  theseman- 
dgement  pians will rely  heavily  on the interest.  concern  and 
at i i3n cf rndlvrdual nembers of society. 

In s m e  timber and C ' J ~ ~ W S O ~  harve::lnc; c2eratlcns. I: 1s 
necesssry to p!c:cct :he  most  !-~yd:olo~tcslly s c t l v c  are35 In 
o:der 10 av3rd v:31Cr qlnl l ly  prcDlem;. A Common p:?cI~\-^p 
has been  :he  ma!ntenance 01 butler strig; along  open  vf?ier 
courses.  Locallon of me most  hydrolo~ical ly  actwe a!r-ss IS 
Ir;3riznt for slilng  solid  and tlQJld \.:J;lt: dlsoosal f a c ~ l ' l ~ e ~ .  
Thts is pertinent not only in consmra!lon of surf3ce *,vz:er 
dellvery. but also cy"v.mc!v:aler ccntamlnation. Stmllar con- 
cerns  are important for locating  dtsposal  areas for rnlne 
tarllncs. 

The minimum  estimated  annual costs to achieve r e x = -  
mended  phosphorus target lozds are presented  in the f c l ! ~ w -  
ing  iaale. Tirese esrimarod  costs  are in addilion :o 1,5oze of 
es;ab!ished : ' ; '~ ler  Ouali ty  kgreemenl prog:ams and are  
Case2 on/)! on  economic  eslrma:es. It IS noted !hat copu- 
latlon grovnh and other evPntS vfIII require cont lnul l  adjvst- 
ments 01 programs in order to  adhere 13 the  target  loads. 

In addiiion to the  foregoing  conclusions.  the  Inter- 
national  iieferencc  Group  on Grez: Lakes  Pollution from Land 
Use Aciivities  concludes  the  following as to: 

"the  adequacy 0: exist ing  programs  and  control 
measures" 

While  broad  legislative  authority.  which  may  tee  con- 
strued  as  covering  pollution  from  diffuse  sources, exists a i  
s:a!e, provincial  and  local  levels.  s2ecilic  legislation or tules 
may be  necessary in the imp le rnen~ t ion  of remedi- '  Fro- 
grams. Some states have  already inac ted  such sp5ci:ic leg- 
islation,  while others  are currently a:ts,mp:in:! enaci,Ten:. In 
the U.S., the 1072 an6 1977 2mendments to the Focera l  
VJater Po l l u t i o~  Control  Procram  provide  the rnechznlc.9 :SF 
the planning End fiscal aspects of ncnp3ini source ~ ~ ~ u t r o n  
control. The 1977 amendments also improve  the se lmer , :  
csn::ol Droyarns by providing 2ssis:znce on  a  prlori:y ;*;aisi 
quality  related  basis. 

Federal  pesticide con:rol legislation in both coun:;ies is 
d e m e d  to b? adequate a! present. 

Federal  legislation  and  control  programs  in 6evelopn;ent 
:?pear to be  adepuaie at present l o  reduce  and  eventually 
eltlninatz discharges o! toxic suSs:ances. 

The lecislation and/or control  prcsrams  and  mezsures 
conceinlng  Isndfll!s.  deep well  disposal  and forestry 0 7 s -  
a:Ions. v m r e   b w n d a r y  v;aiers are Zliecied.  irre consiC,ered 
adepua:n at present. These land uses 3re not deemed :o ccn- 
trlb>!e s~gnfrcsntly to the pollution of :he Grest Cakes. How- 
ever, local problems  related to these  activities  can  occur. 
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ESTIMATED t,'tINIhIUtrZ AF<h'L!AL COSTS 
TO ACHIEVE PHOSPHORUS TARGET LOADS 

~ 

millions of dollars 

United  Stales  Canada 
Poinl  Urban  Rural  Point  Urban  Rural 

costs Source Nonwlnt  Nonpoint  Sou:ce  Nonpoint  Nonpoint 
Total 

Lake Source  Source  Source  Source 

s3u:hern Huron 1.5 7.5 2.5 1 .o c.5 1.5 . 

105.5 13.0 4e.0 15.0 7.5 10.5 11.5 TOTAL 
21.5 2.5 7.5* Minimal 5.0 6.5' h4inimal Ontarioa 
E3.5 9.0 34.0 12.5 1.5 2.5 10.0 Eric 
14.5 

2 Conci l tna i  on Lake Erle Ix r ;e l  Icad Wlng ma. In ofcer IO reduce the a n n u l  Nlapara G w e :  r?c:morus in)cll ~y 12'33 me!r~C Ions. 
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( i )  CONTROL OF  TOXIC SUBSTANCES AT  THEIR 
SOURCE; 

( i i )  CLOSER COOPEEkTIOi.1 OF 5 0 T H  COUNTRiES IN 
THE I;J?LEL!ENTATIV^N OF TOXIC SiiBSTANCES 
CONTROL  LEGISLATION Ah'D PP,OSRAivIS; 

(iii) PilOPER  IJANAGEMENT AND ULTI!v%TE DIS- 
POSAL  OF  TOXIC SU3STANCES PRESENTLY IN 
USE: 

(iv) IDENTIFICATIOI\I AND FAONITORING OF HISTO3IC 
AND  EXISTIKG SOLID  WASTE  DISPOSAL SITES 
WHERS TtlE2E IS AN EXISTING OR POTENTIAL 
DlSCHAFiGE OF TOXIC SUBSTA;".!",S. AN9 TEE 
IM?LEMENTATION OF CONTROL PAOGRAMS A T  
THOSE SITES AS REEDED; AND 

(VI JOINT  EXPANSION OF EFFORTS TO ASSESS T i i f  
CUh+ULATI\.?E A N 3  SYidERGISTIC  EFFECTS 9' I[<- 
CREASING  LEVELS OF THESE CONTALl!idkh!7S 
ON ENVIF;OI<h:E!dTAL HfALTH .AND THE F;A?ID 
TRANSLATICIF! OF THESE ,ASSESSh;ENTS INTO 
REFINED \.\'ATE2 OQALITY OSZECTIVES. OTHE3 
ENVI~~ONL'IEN~XL Q3JECTI?lES AND, \'dKEREVEA 
POSSIOLE. TOLERASLE  LOADS.  FOR CERTAIN 
TOXIC SUBSTANCES. ZEiiO LOA3 WILL 3: 
NECESSARY. 

CONTiiOL 0' tviICROOAGANIS?~,lS "- "" 
FLUA3G REZCbw4t\lENDS  THAT EPIC!Eh4lCLOGICAL EVI- 

3Eh 'CE 6E EVALUATED TO E S i D L I S t i  AFFLiCAEjLE t,',lCRD- 

ATIONAL USE OF LZ'r;TCi?S EECEIVINS RUNOFF FRO:": 
UFi3AN AND AGRICULTURAL  SOURCES. 

SIOLOGICAL CKITEGIA FOG 5ODY CONit ICT sEcG,E- 

AS?!CU;TU2AL LA:;3 USE - 
PLUARG fiECO!.:!.lEXDS THAT AGE:<CIES VJHICH A S -  

SIST FA,R:JERS A D o x  A GErrERAL PRDSRAM TO I+LP 
FARMEX DEVELOP MPLEMNT WATER au;In 
PLANS. 

THIS PROGRAM SHOULD  INCLUDE: 

(i) A Slf!GLE PLAN DEVELOPED FOR EACH FARM, 
WHERE NEEDED; 

(ii) CONSIDERATION OF ALL POTENTIAL  NOKPCINT 
SOURCE P8OZLEMS EELATED TO  AGFtlCiJi- 
TURAL PRACTICES. II%;CLUDi:JG EROSION, FE2- 
TlLlZiR AND PESTICIDE USE, LIVESTOCK 0r"ER- 
ATIONS AND DRAINAGE;  AND 

(iii) A PLAN  COVJdENSURATE WITH THE FAAMERS' 
ABILITY TO  SUSTAIN AN  ECONOMICALLY VIABLE 
OPERATION. 

URBAN LAND USE ' 

PLUARG REC0M:vlENDS THE DEVELOPMENT OF MAS- 
AGEMENT PLANS FOR CONTROLLINS UR3kN STORM- 
WATER RUNOFF. THESE PLANS  SHOULD  INCLUDE: 

( i )  PiiOPEA DESIGN OF URBAN  STORMWATEZ SYS- . 
TEMS IN DEVELOPING A E A S  SUCH  THAT THE 
NATURAL STREAM FLOW CHAFWTERISTICS 
ARE MAINTAINED: AND 

(ii) PROVlSlGN FOR SEDIMENT  CONTROL IN CE\'EL- 
OPING AREAS. AND  CONTRDL GF TOXIC CCIS- 
STANCES FROM COIdMEECIA?  AND IND'.JSTRiAi 
AREAS. 

WETLANDS "" AKD  FARhILANDS 

' PLUARG RECOfJS:.IENDS THf PZESERVATION CF Vi'ET- 
LANDS. AND THE RETENTION FOR AGZICULTURAL PUG- 

NATURAL  Llfr'llTATIONS FOR THIS USE. 
POSES OF T H 3 E  FkRofALANDS  VJHICH HAVE  THE LEAST 

LOCAL  FROEiEid AREAS - 
PLUARG RECOfv'tiv.IENOS THAT THE INTEANATION.~L 

JCINT CO~~lMISSlOb!. THR3UGH THE GREAT LAKES RE- 
GIONAL OFFICE. Ir?sL;;IE TLKT LCCAL LEVELS OF GOVEW 
XiENT ARE hlACE A\YAi;E GF Ti-iE AVAIL/~,31LITY OF PLUAS,2 
FINDINGS. ESP'ECIALLY A S  T t E Y  RELATE TO  LOCAL ;.F;E.? 
PRC)SLEFw:S,  TO A,SS!ST TtlEhl  iN DEVELOPING AND ll.',?LE- 
MENTING I<ON?SINT SOURCE MANAGEhlENT PROG2Al,lS. 

Review and Evalusiion of Management  Plzn 
lmplemenlahon 

( I )  THE INTERNATIONAL  JOINT COX:E.:ISSlOi.I IN.  
SURE  REGULAR REVIEW OF PROGGAhSS UNGES- 
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(v) SOURCES OF  FUNDING; 

(vi) ESTIMATED  REDUCTION IN  LOADING TO  BE 
ACHIEVED; 

(vii) ESTIIJATEa  COSTS OF THESE REDUCTIONS; 
AND 

(viii) PR0VISIC)N FOR PUBLIC  REVIEW. 

PLANNING 

PLUARG  RECOIdMENDS  THAT  GOVERNMENTS MAKE 
BETTER  USE OF EXISTING  PLANNING  MECHANIStJS It4 IM- 
PLEMENTING  NONPOINT SOURCE CONTROL PROGRAMS 
6Y: 

(i)  DEVELOPhlENT OF BROAD PROCRAI.4S. 
THROUGH SCHOOL  SYSTEMS. THE MEDIt1 At,:D 
OTHER PUBLIC INFO2>.4ATION SOURCES. DE- 
SCRIBING THE O2lGIidS AND I l d k C T S  SF P9:- 
LUTANTS OP! THE G?EA;i LAKES APJD ALTE2ldA;- 
TlVE  STRATEGIES THAT  SHOULD BE FOLLOV.'ED 
BY  THE PUELIC A X 9  GOVERNMENT ACE:.iCIES 
TO  PREVENT WATER  OUALITY  DEGRADATION; 

(ii) INITIATION OF MORE SPECIFIC  ?ROGRA!\/S  TO 
Ih4PROVE THE AbVAREidESS GF IIVI?LEM~I.JTGRS 
AND THOSE VdORKI?v'S IN AND FO2 GG'\'ERI,;- 
h/iENT, Efv<PHASlZlN~2 THE  NEED FOR TH5 FUR- 
THER CONTROL  AND A3ATEhGENT OF I4ONPOINT 
POLLUTION;  AND 

(iii) STRENGTHENING AND  EXPANDING  EXISTING 
TECH:dICAL ASSISTANCE AP!D EXTfNSlON 220- 
GRAMS  DEALING VJITH  THE PROTECTION OF 
WATER  OUALITY.  INCLUDING RURAL AliD  UiiBAN 
LAND MANAGEtdENT PRACTICES. . 

REGULATION 

PLUARG  RECOMMENDS: 

( i )  THAT  THE ADECLIACY OF EXISTINS AN;) P2O- 
POSED LES!SLATIC?N ZE ASSESSED TO l?,Sb?.E 
THERE IS A SUITASLE  LEGAL ?ASIS FO2 TSE E::- 
FORCEMENT OF N3Pi?OlNT POLLUTlON FiEF.!E- 
DIAL  MEASURES IN THE  EVENT THAT VaLUN- 
TARY A?PROACHES ARE INEFFECTIVE:  AND 

(ii) THAT GXEATEA EM?HASIS BE PLACED ON TEZ 

LATIONS  DIRECTED TOWAKD  CONTROL OF 
PREVENTIVE  ASPECTS OF L A W S  AND REGU- 

.N3NPOINT  POLLUTION, 

Implementat ion of Management  Plans 

iiEGlONAL F2lO3lTIES 

PLUARG RECOhUdENDS T H A T  REGIONAL PRIOilITIES 
FOR lh4PLEh4ENTlNG MANAGEklENT  FLANS  DEVELO?ED BY 
THE JURISDICTIONS EE GASED UPON: 
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Role of the  Public 

LIC  PARTICI?ATION PROGRAM AT TEE  OUTSET OF FUTUFiE 
REFERENCES. 
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APPENDIX I i I 

PLUARG TECHFJICAL REPO2TS 
(See  explanation  of  symbols 

ai  end of Appendix 7) 

Report No. 1 
- 

PLUARG  FIWAL  REPORT 

t International  Reference  Group  on  Great  Lakes  Pollution  from 
Land Use Activities.  Environmental  Manaoement  Strateay for 
the  Great  Lakes  System.  Final  ReDort to the  international 
Joint  Commission. blindsor, Ontario, July 1978,  115 pp. 

" .... 
KODELL I NG REPORTS 

Johnson,  Murray G. " et al. Manaaernent Information  Ease and 
Overvieo  Modellins.  Submitted  to  the  international 
Referent? Group  on  Great  Lakes  Pollution  from Land Use 
Activities of the  International  Joint Cornnission. Windsor, 
Ontario,  August  1978, 90 pp. ............................... 
Eeidtke, Thomas t4., h ' i l l i a m  C. Sonzogni 2nd Timothy J. 
t4onteith. Wanaaement  information 62se and O/lerview 
t.:odel.inc: b d a t e  of  Projected Po1lL;tant Lozdinas 7 0  the 
G r e z t  Lzkes. Submitted TLO t h e  internation21  Reference 
Grour, on  Great  Lzkes  Pollution  from Land Use  Activities. 

- 

Aprii 1979, X I  pp. ......................................... 

001 

002 ' 

002 

Drynan, h'.R. and M.J. Davis.  ADplication of the  UniVersal 
Soil  Loss  Eauation to the  Estimation o f  NonDoint  Sources  of 
Pollutant  Loadinas to the  Grezt L ~ k e  
lnternatic 

~~ ~~ ~ 

" -. -~ ~~ ~ s. Submitted  to  the 
)rial Reference Grocp on Sreat Lakes  ?ollution  from 

Land Use Activities of the  International Joint  Commission. 
k'indscr, Ontario, July 197S, 102 pp. ....................... 003 

Drynan, \a!.R. Rela t ive  Costs of Achievinn  Various  Levels of 
Phosphorus  Control at Ylunicir?zl !.!?.stmzter treztment Plants 
in t h e  Great  Lakes  Sasin. iechnical Report  to  the 
International  Reference  Group on Great  Lakes  Pollution  from 
Land U s e  Activities of tile International  Joint  Comnission. 
July lC78, 59  Dp. .......................................... 004 

- - 

bizrsal?t, J. Pollution Due to U r b ? n  Runoff: U n i t  Loads 
an3 A S z t c m c n t  i~in?si!res. Sub!:li;:ed :a the in'icrns.tionz1 
Reference Group on Grcat Lakes Pollution'froa  Land U s e  
Activities of thc !ntern.tionzl Joint Comnlission. Nin:isor, 
Ontzrio, Octobe r  !97S, 37 pp. .............................. 005 

- 114 - 



Report h'o. J. I 

h'ORKS!-lO? P 2 O C E E D I N G S  

Proceedinos of a blorksho;, on  Water  duality  and Land Use 
Activities tieid at Guelph,  Ontario,  Seutember 11-12, 1973. 
Sponsored by the International  Reference  Group on Great 
Lakes  Pollution  from  Land  Use  Activities of the 
Internztional  Joint Cornmission, J.D. Wiebe,  ed.,  Windsor, 
Ontario,  1974,  248 pp. ..................................... 
Proceedinas of the  Sandusky  River  Basin  Svmposium  Held at 
Tiffin, Ohio, b1av 23, 1Q75. Cosponsored b y  Heidelberg 
College and Bowling  Green  State  University.  David B. 
Baker, Ialilliam B. Jackson and Bayliss 1. Prater, eds., 
1975, 475 pp. .............................................. 
Proceedinss o f  a Workshou on the  Fluvial  Transuort  of 
Sediment-Associated li!utrients and Contaminants Held in 
Kitchener,  Ontario, OctDbcr  20-22, 1976. Sponsored by the 
Research  Advisory  Board o f  the  International  Joint 
Commission on behalf of the  Pollution  from Land Use 
Activities  Reference  Group. H. Shear and A.E.P. IJatson, 
eds., 1977, 309 pp.  ........................................ 

TASK "A "  REPORTS 

Internztional  Reference  Group on Great  Lakes  Pollution  from 
Land Use  Activities. Sumaary Review o f  Pollution  from Land - Use  Activities.  Nindsor,  Ontario,  July 1975, reprinted 
September 19/6, 66 p p .  ..................................... 
International  Reference Group on  Great Lakes Pollution  from 
Land  Use  Activities Teyk Group  A ( U . S .  Section). 
Kanaaemnnt  Prosrams.  Research' and ' Effects of Piesent Land 
Use  Activities  on LJater Oualitv of t h e  Great Lakes .  2 
vols. h'indsor, Ontario,  November 1974, 1052 pp. ............ 
Castri 1 l i  , J. F. and A. J. Dines.  Control of Nater  Pollution 
from Land U s e  Activities in the  Great Lakes Rzsin: An 
Evalucltion of  Leoislative  and  Administrative  Programs in 
Canada and t h e  United  States.  Windsor, O n t a r i o ,  Narcn 
i976, 109 pp.  . . ............................................ 
Linton and Co., Inc. The  Leaislative and Institutional 
Framework  to  Control Polltltion from  Land  Use  Activities in 
t h e  United  States  Grcat  Lakes Ezsins. 3 vols .  Submitted 
to DLUI"\RG Task Groui) A b y  Linton and Co., Inc. under 
contract to t he  Great  Lakes  Basin  Commission. h'indsor, 
Ontario, A p r  i 1 1972, 913 pp. ............................... 

006 

007 

008 

009 

01 0 

01 1 

01 2 

- 115 - 



- Report P!o. 

Castrilli, J.F. Control  of  Water  Pollution  from  Land  Use 
Activities in the  Canadian  Grcat L ~ k e s  B3sin: An 
Evaluation  of  Leqislative, RFtoulatorv and Administrative 
Proqrams.  Submitted  to  PLUARG  Task  Group A (Canadian 'm. Nindsor,  Ontario,  1977, 460 pp. ( A  separate 
document  containing  only  the  first  chapter  of  this  report " 

i s  a l s o  available). ........................................ 
Kzrshall  3acklin  Nonaghan Ltd. Evaluation o f  Remedial 
t4ezsures to Control Plonuoint Sources o f  b!ater Pollution in 
the  Grezc Lzkes Bzsin. Submitted  to PLUAi3G Task Group A. 
Windsor,  Ontario,  October  1977,  159 pp. .................... 
Skinin,  Nilliam E., Elizabeth C. Powers and Eugene A. 
Jarecki. An Evaluation o f  Alternatives and Costs  for 
Nonpoint  Source  Controls in th2  United  States  Great  Lakes 
Basin. lechnical Report o f  tne  international  Reference 
Group on Pollution  from Land Use  Activities of the 

- 

International  Joint  Commission. Ju ly  1378, 351 pp. ....... 
Powrs. Elizabeth C. and Euqene A. Jarecki.  Survey ~~ of U.S. 
Great  Lakes  9asin  Farmers Rkcrzrdina CJater Pollution  from 
Acricultural Actil<ities. Survey by Statistical  Reporting 

- I  
~~~ ~ 

01 3 

01 4 

015 . 

Sprvirps. Submi 
01 6 

Bangzy,  Gzrth E. /*ariculture 2nd Nzter  Pollution - An 
Assessment o f  the ?rzc:tices 2nd kttiiude5 of Ontzrio 
Farrn.1-s. Submitted t o  t h e  internation21  Reference  Group  on 
Pollution  from Lznd Use  Activities o f  t n e  international 
Joint  ComTission.  February 197G, 57 pp. ................... 

~- 

International  Reference  Group on Pollution  from Land Use 
Activities. RtlDorts of  the  Unit2d  States  Public 
Consultatjon Pz>?ls to the  Pollution f r o m  Land.Use 
Activities " Reference  Group. ilindsor, Ontario,  March 1975,  
14s pp. .................................................... 
Internztional Reference Group  on  Pollution f r o m  Land  Use 
Activities. RcDorts of the Canadian P u b l i c  Consultation 
Panels  to the Polllrticn  fro;? Land Use Activities  Reference 
Group.  Kinasor,  Ontario,  Ekrch 1?7S, 
86 p p .  ..................................................... 

Reierenct? S t g d y  T a s k  62, Canz i i a  Depa:-tment o f  t h e  
Environnmt. h'i 1 l o w d a l c ,  Ontario, 1974, 182 pp. . . . . . . . . . . .  

01 7 

01 8 

01 9 

020 



Report No. 4 I 

$ Doneth,  John. R a t e r i a l s  Usaae i n  the  U.S. Great Lakes 
Basin.  Submitted t o  P L U A R G  Task Group B ( U . S .  Section)  in 
cooperation w i t h  t h ?  Great Lakes  Basin Commission. 
September 1 9 7 5 ,  319 p p .  .................................... 021 

* Gierman, David M .  a n d  Robert 'A. Ryerson. Land Use 
Information for  the  Great  Lakes  Easin.  (Unpublished). 
Submitted t o  the   Pol lu t ion  from Land Use A c t i v i t i e s  
Reference Group, Technical  Cormittee B.  1 9 7 4 ,  584 p p .  ..... 022 

= International  Reference Group on Great Lakes Pol lu t ion  from 
Land Use A c t i v i t i e s .  Land  Use a n d  L a n d  Use Prac t ices  i n  

(United  States  a n d  C a n a d a ) .  blindsor,  Ontario,  September 
1 9 7 7 ,  45 p p .  ............................................... 023 

. t h e  Great Lakes  BasSn, J o i n t  Sumrnary ReDort - Task e ,  

Great Lakes  Basin  Cornnission. I n v e n t o r v  o f  L m d  Use a n d  
Land Use Pract ices   in  t h o  United  States  Great Lakes  Basin 
w i t h  inwhasis on Certain  Trends a n d  Project ions t o  1980, 
a n d  \/here  ApDroDriate, t o  2020. 6 vo ls .  P L U A R G  Task Group 
B (U .S .  Section}  Report .  Windsor, Ontario,  1976. .......... 

~~- . . 

International  Reference Group on Great Lakes Pol lu t ion  from 
Land Use Act iv i t ies .   Inventorv  o f  Land  Use a n d  L a n d  Us? 
Prac t ices  i n  the  C a n a d i a n  Great Lakes  Easin  with  Emhasis 
on Cer.tain  Trends 2 n d  Pro jec t ions  t o  19EO, a n d  \.here 
h p r o p r i s t e ,  t o  2020. 5 vols .  PLUARG Task Group B 
(Cana'dian Sec t ion ) .  ialindsot-, Ontario,  1977.  ............... 

024 

025 

= Monteith, Timothy J .  a n d  Eugene A. Jarecki .  L a n d  Cover 
Analysis  for  the  United  States  Great Lakes Watersheds. 
Submitted t o  P L U A R G  Task Group 13. Windsor,  Ontario, Nay 
1978, 53 p p .  ............................................... 026 

* Deutscher, P .  The Usaae of Biocides,   Ferti l iz.et-s.  a n d  Road 
S a l t s  in  the  Great Lakes Easin:   Project ions t o  2020. 
(Unpublished).  Submitted t o  PLUARG Task E-5-Land Use 
Forecasts .   thy 197G, 7 2   p p .  ............................... 027 

* Sudar ,  A .  The Social  a n d  Economic Implications of 
E u t r o p h i c a t i o n  in the Canadian  Great Lakes Bzsin. 
( U n p u b l  isil?d d r a f t ) .  Submitted t o  PLUARG Task Group B .  
January 197S ,  29 p p .  ....................................... 028 

* Nuir, T. C o ~ ~ e r c i 3 1 - 1 n d u s t r i a l  Land Use Pro jec t ions .  
( U n p u b l  i s h e d )  . Subrni t t e d  t o  P L U A R G  Task 6-5 L a n d  U s e  
Forecasts.  January  1976, 11 p p .  ........................... 029 

* Sudar, A .  Urban  L a n d  Use Forecasts .  ( U n p u b l  isheci). 
?repared for  PLUAfG-Task G - j - L a n c i  Use Forecasts .  i.iay 1 9 7 6 ,  
" 

- 1 1 7  - 



* Coleman,  Dell E. Land-use  Forecastinq  Model:  Overview and 
Nethodoloay. (Unpublished).  Prepared  for  PLUARG  Task 
B-5. July  1975, 25  pp. ..................................... 

* Deutscher,  Patrick.  The  Path o f  Ontario  Aariculture:  Land 
Use  Projections  to 2020. (Unpublished).  Prepared for 
PLUARG Task 5-5-Land Use Forecasts.  Kay  1976, 84 p p .  ...... 

* . C.olernan,  D. E. Ontzrio  Recreation: A  Forecast t o  2020. 
(Unpublished). Submitted  to  PLUARG Task  Group B-5. 
December  1976,  23 pp. ...................................... 

* Sudar, A. and P. Deutscher.  Land  Use  Chanae in the 
Canadian  Great  Lakes  Basin,  1971-2020.  (Unpublished). 
Prepared  for  PLUA2G Task Group 3-5 Land Use Forecasts. t4ay 
1976, 46 pp. ............................... ;.... ........... 

* L.J. D'Fmor? & Associates  Ltd. Social,  Institutional  and 
Technolooical  Trends and Svneraisns  Affectinq  later 
t?esources Quality in the  Canadian  Portion of the  Great 
Lakes  Basin.  (unpublished).  Submitted  to  the  Canada 
Centre  for  Inland  Waters.  Burlington,  Ontario,  July  1975, 
71 pp. ..................................................... 

* L:J. D ' h o r e  & Pssociates  Ltd.  The  Knowledae Base. 
Appendix  to  report  entitled  Social,  Institutional  and 
Technoloaical  Trends and Svneroisms  Affecting !dater 
Resources Ouality in the  Canadian  Portion cf the  Great 
Lakes Gzsin. (Unpgblished).  Submitted to the  Canaaa 
Centre  for  Inland  Waters.  Burlington,  Ontario,  July  1?75, 
180 pp. .................................................... 

* Sonnen, C.A. and P.M. Jacobson.  Estimates o f  Econcmic 
Activitv in Recions o f  the  Canadian  Grest  Lakes  Basin  for 
the  Period  i972-2020.  Series A, Volume I. Submitted to 
the  Canada  Centre  for  Inland IJaters. Gurlinston,  Ontario, 

Sonnen, C.A. and P.M. Jacobson.  Estimates of Econcmic 
Activitv in Recions _ .  - . _  - __.  -. -~ 

thP Pariod  i972- 
" _  

the  Canada  Centre  for  Inland IJaters. 
- - - " 

December  1974,  121 pp. ...................................... 
* Estimates o f  Economic  Activitv in Reaions o f  the  Cznadian 

Great  Lakes B a s i n  for  the  Period  1072-2020.  Series A, 
bolune ii. Submi tied to the  Canada  Centre  for  Inland 
iiatt?rs. Burlington,  Ontario, May 1975, 35 pp. .............. 

* Estinates o f  Economic  Activitv " in Reaions o f  the  Canadian 
Grezt L a k e s  E?,sin for t h e  Period 1972-2020. Series 6. 
Subr:;i tted to t i i f  Canada Centre for Inland Ilaters. 
EurlinSton,  Ontario,  August  1975,  149 pp. .................. 

Report KO.' i 

031 

032 

033 

034 

035 

035 

036 

036' 

036 



Report  No. - ' 
TASK " C "  REPORTS 

g C h e s t e r s ,  G .  e t   a l .   P i l o t  Watershed S t u d i e s  Sumnary 
Report. h ' indsor ,   Ontar io .   June   1978,  78 p p .  

" .............. 
g Bahr, Thomas G .  Fel ton-Herron  Creek,  Mil 1 Creek  Pi l o t  

Ratershed  Studies- ,  Sumnisr\l Pi lot   Idatershed  Report .  
Submit ted t o  P L U A R G  Task  Group C Technical  Committee, 
S y n t h e s i s  and E x t r a p o l a t i o n  Nork Group.  Windsor,  Ontario. 
January  1973,  48 p p .  ....................................... 

* Burton,  Thomas M. and Thomas G .  Bahr. The Fe l ton-Herron  
Creek, bli11 Creek P i l o t   I l z t e r s h e d   S t u d i e s ,  F i n a l  Repor t .  
Submit ted t o  P L U A R G  Task  Group C .  C h i c a g o ,   I l l i n o i s .   J u n e  
107c  713 -,. I > / U ,  L I J  p p .  .............................................. 

G 11 H e t l i n g ,  L .  J .  e t   a l .  Genesee  River  Pi 'lot  I#!ztershed  Study, 
Sumnlarv Pilot   I4atershed  ReDort.   Submitted t o  PLUARG Tzsk  

" 

Group C.  Windsor ,   Ontar io .  March 1978, 73 p p .  ............ 
A t  the  t i m e   t h a t  t h i s  b i b l i o g r a p h y  went t o  press t h e  
Genessee  River   Pi lot   Idatorshed S t u d y ,  Final  ReDort  had n o t  
y e t  been p r i n t e d .   I t  \vi11 be prepared  by t h e  New York 
Department  of  Environmental   Conservation i n  r e s p o n s e   t o  an 
EPA g r a n t  requirement. ..................................... 

i 
J .  Konrad,  John G . ,  Gordon Chcs t e r s  and Kurt h'. Bauer.  c 

Menornonee R i v e r   P i l o t   R a t e r s h e d  S t u d y ,  Summary P i l o t  
Clatershed  Regort .   Submitted t o  P L U A R G  Task  Group C (U.S.  
Sec t ion ) .   Windsor ,   On ta r io .  Kay 1978,  77 p p .  

Menornonee River   P i lo t   Natershed   S tudy ,   F ina l   ReDor t .  . 
Submit ted t o  t h e  U.S. Envi ronmenta l   Pro tec t ion  Agency  and 
P L U A R G  Task  Group D. 11 vols. Kadison,  Wisconsin.   1979. 

J Jl Logan, Ter ry  J .  Maumee R ive r   Gzs in   P i lo t   Wate r shed  S t u d y ,  
Summary P i  l o t  I*!atershed  Report .   Submit ted  to  P L U A R G  Task 
Group C (U .S .  S e c t i o n ) .  Nindsor,  On ta r io .   Apr i l   1979 ,  
96 p p .  ..................................................... 
L o g a n ,  Ter ry  J .  a n d  Robert  C .  S t i e f e l .  filaumee River   Easin 

P L U A R G  Tzsk  Group C .  Iyiarcil 1979, 300 p p .  
- P i l o t  b!ate:-shed Stud!!? F i n a l  ReDort. 2 v o l s .  Submit ted t o  

6 h'ore, R . C .  a n d  R . C .  Os t ry .  Grar,ri R i v e r .   O n t a r i o ,  Summary 
P i l o t  L !a te rshed  Report.  Submit ted t o  P L U A R G  Tssk  Group  C .  
i ! indsor ,   Ontar io .   Apri l   1978,  63  p p .  ...................... 

037 

038 

039 

040 

04 1 

042 

043 

044 

045 

046 

- 119 - 



t Hore, R . C .  a n d  R . C .  Ostry.   Sauoeen  River,   Ontario.  Sumn72rv 
Pilot  \*!?tershed  ReDort.  Submitted t o  P L U A R G  Task  Group C .  
blindsor,  Ontario.  April  1972, 56 p p .  ...................... 
Onta r io   N in i s t ry  of the  Environment. \dater Oua l i tv  Data 
Collected for the   Pol lu t ion   f rom L a n d  Use A c t i v i t i e s  
Feference Gross (PL!J l ,QG)  Stud!, 1975. 197G a n d  1977. 
Submitted t o  P L U A R G  Task Group C .  1972 ,  500 p p .  ........... 

+ fiicho1son, J .  A .  Forested  \datershed  Studies ,  Summarv 
Technical  2epC)rt. S u b m i t t e d  t o  P L U A R G  Task  Group C ,  A c t i v i t y  2 .  b!indsor, Ontar io .  December 1977, 23 p p .  ...... 

= Agricu l ture  Canada, Ontar io   Minis t ry  o f  Agricu l ture  and 
Food  and On ta r io   K in i s t ry  of  tne  Environment.   Acricultural  
Katershed  Studies,   Great Lakes  Drainaoe  Basin,  Canatia; 
Finzl  Summarv ReDort.  Submitted t o  PLUARS Task  Group C 
(Canadian  Sect ionj   Act ivi ty  i .  Uindsor,  Ontzrio. May 
1978,  78 p p .  ............................................... 

f Sanderson, f4. Aaricultural   Watershed Studies ,  Great  Lakes 
Drainage  Basin.   PreciDitation - Q u a n t i t y  and Oual i ty .  
Submitted t o  P L U A R G  Tzsl: Group C (Canadian  Sectionj 
Ac t iv i ty  1. Windsor,  Ontario.  September  1977,  137 p p .  . . . .  

. -  
! Frank, f?. e t  a l .  Stream Flow Ouz l i ty -Pes t i c ides  i n  Eleven 

Acr 'cu l tura l  C,':t2rshecs ir; Southern Gntzr io ,  C z n a d a .  
1974-1377. S u b m i t t e d  t o  ?LUA!?G T z s k  Group C (Canadian 
Sec t ion )   , s , c t iv i ty  1. \din<sor,   Ontario.  1972, 
1 7 4  p p .  .................................................... 

= Frank, R .  a n d  S .D .  R i i l e y .  Land  Use A c t i v i t i e s  i n  Eleven 
- Aar icu l tu ra l  \s!atersneds in  Southern  Ontzrio,  Canadz. 

1975-1976. Pr2pareci for  ??U.riES, Task Group C (Canadian 
Sec t ion )   Ac t iv i ty  1. Xindsor ,   Ontar io .  Karch  1977,  176 p p .  

= , Acton, C .  J . ,  G.T. Pa t t e r son  a n d  C . G .  Eeath. Soil Survev o f  
S i x  As r i cu l tu ra l  Subwatersheds in  Southwestern O n t a r i o .  
S u S n i t t e d  t o  PLU%G Task Group C (Canzdi zn  S e c t i o n ) .  
January 197?, 2 1 0  pp. ...................................... 

= Can3ron, D.E.  e t  21. Nitroaen !.:ovement i n  Ti le-Drained 
Clzv 2 n d  S z n d v  Acr i cu l tu ra i  i3Iatersileds. S u b m i t t e d  t o  
PLliARG T z s k  Group C (Canadisn   Sec t ion)   Act iv i ty  1, P r o j e c t  

" 

: ?  -_,  b:indso:-, O n t a r i o .  October  1977, ?7 pp. . . . . . . . . . . . . . . .  
= Nei l s e n ,  G .  S., J .  L .  Cuiiey and D . R .  Cameron. A'ityooen 

L0;l.din.s f r o n  , ~ : , ~ r j c ~ ! l ~ ~ ~ y ~ l  A c t i v i t i n s  i n  t i l ?  Gre?.t L ~ / ; c s  
basin. inLcgration R e p s r t  on  i ; ' icroSen. Sublni1te .d  t o  
P L U N G  T z s k  G r o c p  C ( C J n s d i a n  Sec t ion)  Activity 1. 
Windsor, Ontar io .  April i C 7 S ,  iC3 p p .  ..................... 

04 7 

04 8 

049 

0 50 

051 

052 

053 

054 

055 

056 

- 120 - 



Report NO.+ 

F 

Kowalenko, G.C. Nitrogen  Transformation  Processes in 
Aoricultural L'atershed Soils.  Submitted to PLUARG  Task 
Group C (Canadian  Section)  Activity 1, Project 11. 
k'indsor, Ontario. April 1973, 98 pp. ...................... 
Robinson, J .B. ,  N.K. Kaushik'and L. Chatarpaul.  Nitroaen 
Transgort and Transformations in Canaqaaiaue  Creek. 
Submitted  to  PLUARG Task Group  C,  Activity 1, Project  19A. 
Guelph,  Ontario.  June  1978, 62 pp. ........................ 
Spires, A. and t 4 . H .  Miller.  Contribution of PhosDhorus 
from  koricultursl Land to  Streams b y  Surface Runoff. 
Submitted to PLUARG Task Group C (Canadian  Section7 
Activity 1, Project 18. Hindsor,  Ontario.  February  1978, 
101 pp. .................. .................................. 
Miller, M. H. and A . C .  Spires.  Contribution o f  PhosDhorus 
to  the  Great  Lakes  from  Aaricultural Land in the  Canadian 
Great Lakes  Easin. Submitted  to  PLUARG  Task  Group C 
(Canadian  Section)  Activity 1. March  1978, 55 pp. ......... 
Beak Consultants Ltd. Effects o f  Livestock Activit,v on 
Yurface  Nater  Oualitv, Final Report. Submitted t o  PLUARG Task Group C (Canadian Section)  Activity 1, Project 20. 

Robins.on, J.B. and D.P!. Draper. A Rodel for Estimatinq 
I n g u t s  to the  Great  Lakes f r o m  Livestock  Enterprises in the 
Great Lakes 9as'n. Submitted to PLUARG  Task  Group  C, 
Activity i .  ihrch  1978, 29 pp. ............................ 

ilindsor, Ontario.  November  1977, 103 pp.  .................. 

Patni, N . K .  and F.R. Hore. Pollutant  TransDort  to  Subsurface 
and Surface Iaiaters in zn Inteqrated  Farm  Operation.  PLUARG 
Special  Study 140. 22. February 1978, 73 pp. ............... 
Gillham, R.I.!. " et al. Studies of the  Aaricultural  Contri- 
bution to Nitrate Enrichmnt o f  Groundwater and the 
Subsequent Loadinq to Surface !deters. Submitted to PLUAR 
Tzsk  Group C, Activity 1, Project 14. January  1978,  430 

.G 
PP. 

Gaynor, J.D. Sources  of F!utrients and Metals in Hillrnan 
Creek. Subinitted to PLUA2G TasK Group C (Canadian 
Section).  April 1978, 66  pp. .............................. 
Hyncs, H.B.  and K.14. Dance.  Comaarztivc P![ltrient 6udoet  of 
the  Two  Branches of C?.n,?caaicue Creek.  Submitted  to  PLUARG 
Task  Group C, P r o j c . c t  19, Part E. Rindsor,  Ontario. 
February  1977, 3 2  pp. ...................................... 

057 

058 

059 

060 

061 

062 

063 

064 

065 

066 

- 121 - 



= h'hitby, L . N .  " e t  a l .  Sources,   Storage a n d  Transport  of 
Heavy bletals i n  Aaricult lrral   Watersheds.   Submitted  to 
P L U A R G  Task C (Canadian  Sect ion)   Act ivi ty  1. 1978, 1 4 2  p p .  

Report No. '  -I. 

067 

f h ' a l l ,  G .  J . ,  L .  J .P .  v a n  V l i e t  and W.T. Dickinson.  Contribution 
of Sediments t o  tho  Grezt  Lakes f rom  Aor icu l tura l   Act iv i t ies  
in  Ontario.   Submitted t o  P L U A R G  Task Group C (Canadian 
Sec t ion )   Ac t iv i ty  1. April  1978, 4 1  p p .  ................... 068 

# ~ 2 1 1 ,  G . J . ,  L .  J .P .  van V l i e t  and W.T. Dickinson.  Soil 
Erosion from Aor i cu l tu ra l  L a n d  i n  t h e  Canadian  Great  Lakes - 62sin.  T a s k  Group C (Canadian  Sect ion)   Act ivi ty  1, 
P ro jec t s  16 a n d  1 7 .  March 1978,  166 pp .  ................... 069 

;; 14. Ihnat .   Apricul turzl   Sources ,   TransDort  a n d  Storaqe o f  A 

Keta ls :  CoDDer, Zinc, Cadmium and  Lead Levels i n  Uaters of 
Selected  Southern  Ontar io   kar icul tural   Watersheds.  
Submitted t o  PLLJARG Task C (Canadian  Sect ion)   Project  9B 
Technical  Report.  Ottawa,  Ontario. November 1978, 156 p p .  070 

$ Topp, G . C .  Phys i ca l   P rope r t i e s  of  t h e  Soi l s  of 
Aaricultural   Watersheds 1 and 13 bihich Control  Moisture 
S torzae  a n d  TransDort.  Subrnitted t o  P L U A R G  Task  Group C , 

(Canadian  Section)  Project  12.   Ottawa,  Ontario.   1978, "- 43 p p .  u /  I ..................................................... 
$ Coote, D . R .  and F.R. Hore. Pol lu t ion   Poten t i21  of CEt t le  

Feedlots  a n d  i*'ian~re S t o r z q e s  i n  t he  Canadian  Great  Lakes 
bzsin.   Submitted 10 P L U A R G  TasK Group C (Canadisn  Soction) 
P ro jec t  21.  blindsor,  Ontario. Augus t  1978,  131 p p .  072 ....... 

T: Cooto ,  D . R .  and R .  DeHaan. Aqricultural   Watersheds 
. Overview  Data  Analjlsis a n d  Extrapolation.  Submitted t o  
f 

PLUA4G Task  Group C (Canadien  Sect ion)   Act ivi ty  1, P r o j e c t  

Conmosition o f  Id3ter and 3e31menis. 
 ask GrouD C (Canadian S x t i o n )   A c t i  - 
h'indsor,  O n t a r i o .   h g u s t   1 9 7 7 ,  i19 p p .  .................... 075 

oeoloay o f  Aar icu l tu ra l  
e on t h e  Chemical 

v i t y  l,, Pro jec t  23. 
S u b m i t t e d  t o  P L U A R G  

= K n z p ,  K c t h e r i n e  14. and \ $ i l l  i m  F.  t4ildner.  Streambank 
Erosion i n  t h e  Great Lakes  Gzsin.  Submitted t o  PLUilIlG Task 
Group C. June 1$7S, 29 p p .  ................................ 07 6 

- 122 - 



ReDort No. 1 

J. 

= Mildner,  William F. Streamsank  Erosion in the  United 
States  Portion o f  the  Great  Lakes  Casin.  Submitted to 
PLUARG Task C (U.S. Section)  Activity 6. Windsor, 
Ontario.  January  1978, 4 5  pp. ............................. 

= O'Neill, J. E. Pollution  from  Urban Land Use in the  Grand 
and Sauceen L!atersheds. PLUARG Task Group C (Canadian 
Section)  Activity 3.  January  1979, 55 pp. ................. 

= Avadhanula, 11. Rao.  Pollution  from  Eural,  TransDortation, 
Extractive and Undisturbed  Land  Uses in the  Grand and 
Sauceen  Ratersnods.  Submitted to PLUARG Task Group C 
(Canadian  Section7  Activities 3 and 4. March  1979, 
60 pp. ..................................................... 

f Chan, H.T. contamination  of  the  Grezt  Lakes.bv  Private 
k'astes. Submitted to PLUAFiG Task Group C (Canadian 
Section)  Parts 1 and 2,  Activity 3 .  December  1978,  269 pp. 

6 International  Reference Group on Great  Lakes  Pollution  from 
Land  Use  Activities. Ouslity Control  Handbook for  Pilot 
h'stershed Studies.  Windsor,  Ontario.  1975,  revised  June 
1..9?6, /,larch 1977, 49 pp. ................................... 

* Onn,  Dcnnis. Point Sosrce  Studies. (Unpublished). 
Submitted to PLUARC; Task Group C (Canadian  Section) 
Activity 4. November  197G, 3 pp. .......................... 
Bodo, 6. Loadincls and Parawter-Flow RelationshiDs. 
(Unpublished).  Submitted  to  PLUARS T a s k  Group C (Canadian 
Section)  Activities 1, 3 and 4. 1976,  27 pp. .............. 

* Avadhanula, 1.i. Rao.  Water Q u a l i t v  Studies, Fall ReDort. 
Submitted to PLUARG  Task  Group C (Canadjan  Section) 
Activities 1, 3 and 4. November 1976, 24 pp. .............. 

* Coot?, D.2. et al. Aaricultural Land Uses. Livestock and 
Ssils o f  the  Canadian  Great  Lakes  Gzsin  (South or' Latitude 
45 dearees h' ; ,  A ReDort o f  the  Activities  of  the . 
Enaincerinc FiCs??rch Service and the S o i l  Research 
Institutc (7s P21- t  o f  AoricL:lture Canada's  Contribution to 
the  Innicxcntation o f  t n o  G : - . c s . ~  L a k e s  \dater O u a i i t v  
kcreement. 1 ? 7 3 - 3 3 7 4 .  (UnpLI11 ished). Prepared in part f o r  
PLUARG,  ask Group C (Canadian Section). June  1974, 133 pp. 

" 

- 

077 

078 

079 

030 

081 

082 

083 

084 

085 

085 



.. c 

Ostry, R.C. The  Evaluation of the  Effect  of Some b!aste 
Di;oosal Practices on Great  Lakes  Rater Quality. 1979, 
40 pp. ..................................................... 
Ostry, R.C. D a t a  Collection Pethorfolosy Used i n  the  Study 
of Pollution  from  Land Use Activities in the  Grand  River 
2nd Sauaeen  River  Pilot Ilatersneds. 1 9 7 9 ,  70 pp. .......... 
Great  Lakes B a s i n  Commission.  Existina  River  Mouth  Lozdinq 
Dzta in the U.S .  Grezt  Lakes  Basin.  Submitted  to  PLUARG 
Task  Group D (II. 8. Sectionj. Fay 1976,  713 pp. ............ 

187 p p .  .... 
Ongley,  Edwin D. Land  Use, l:'zter Oualitv and River  Mouth 
Loadings: A Selective  Overview  for  Southern  Ontario. 
Subni  tted  to  PLUARG  Task  Group D (Canadian  Section) 
Activity 2.1. Nindsor,  Ontario,  March 1978, 110 p ? .  ....... 
Seibel, Erwin, John 14. Armstrono and Cheryl L. Alexander. 
Technical R2~0rt on  Determination of Ouantity and Oualitv 
of Grezt  Lakes U.S. Shoreline  Eroded  Material.  Submitxed 
to PLUA?,G Task Group D ( U . S .  Section)  Activity 1.1. 
Septenber  1976, 2 9 2  pp. .................................... 
Monteith,  Timothy 3 .  and K i l l  iam C. Sonzogni. U. S. Great 
Lakes  Shoreline  Erosion  Loadings.  Technical  Report o f  the 
Internztion21  Reference  Group on Great  Lakes  Pollution  from 
Lznd  Use  Activities.  December  1976,  211 p p .  ............... 
Thomas, R.L. a n d  L!.S. Haras. Contribution  of  Sediment and 
Associated  Elements  to  the  Grezt  Lakes  from  Erosion of t h e  
C a n a d i a n  S h o r e i i n e .  PLUA2G T z s k  Group  D,  Activity 1 
Techniczl  Report. 197S, 57 pp. ............................. 
Acres  Consulting  Services  Ltd.  AtmosDhPric  Loadina o f  the 
Lo!,:er Great  Lakes and the  Great  Lakes  Drainaae  Gasin. 
Subxitted  to t h e  Internztional tieference Group  on  Great 
Lakes  Pollution  from  Land  Use  Activities. I4arch  1.977, 
79 pp. ..................................................... 
h:mc?sohcric Lnadincs  to  the  Great  Lakes, a Technical N o t e .  
Subzitted t o  th? i n t e r n a t i o n s 1  iiefer-encc G r o u p  on P o l l ~ l " , o n  
of t h e  Great  Lakes  from Land Use  Activities. September 
1977, i 7  p ? .  ............................................... 

087 

088 

089  

090 

091 

092 

093 

094 

095 

095T 

- 124 - 



Report No.? 

* 

* 

* 

* 

Gregor, D.J. and E.D. Ongley.  Analysis of Nearshore  Water 
quality  Data in the  Canadian  Great  Lakes,  1?67-1973,  Part 
- 1. Submittpd to PLUARG  Task  Group  D  (Canadian  Section) 
Activity 2.1. Windsor,  Ontario.  January  1978,  270 pp. .... 096 

Chesters,  Gordon and Joseph J. Delfino.  Frequency and 
Extent  of  Wind-Induced  Resuspension  of  Bottom  Haterial in 
the U. S. Great  Lakes  Nearshore  Haters.  Submitted  to  PLUARG 
Task Group D ( U . S .  Section)  Activity 3.3b. Windsor, 
Ontario.  June  1978, 111 pp. ............................... 097 

Suns, K .  et al. Oroanochlorine and Eeavv  Metals  Residues 
in the  Nearshore  Eiota  of  the  Canadian  Lower  Great  Lakes. 
Submitted to PLUARG  Task  Group D (Canadian  Section) 
Activity 3.3. May  1978, 45 pp. ............................ 098 

Eadie,  Brian J. Effect of’the Grand  River  SDrinq Runoff on 
Lake  Kichiaan.  (Unpublished).  Draft  Report  submitted  to 
PLUARG Task Group  D (U.S. Section)  Subactivity 3.1. 
September  1976, 82 pp. ..................................... 099 

Environment  Canada and Ontario  Ministry o f  Natural 
Resources.  Canadz-Ontario  Great  Lakes-  Shore  Damaae  Survey 
Technical  Reoort.  October  1975, 97 pp. .................... 
Environment  Canada and Ontario  Ministry  of  Natural 
Resources.  Canada-Ontario  Great  Lakes-  Shore  Damage  Survey 
Coastal  Zone  Atlas. Plarch 1976,  732 pp. ................... 
Ongley, Edwin  David. HvdroDhysical  Chzracteristics  of 
Great  Lakes  Tributarv  Cwainaae,  Canada. 5 vols. 
(Unpublished).  Submitted  to  PLUARG Task Group D, Activity 
2, Subactivity 1. October  1974,  1,211 pp. ................. 
Ongley,  Edwin D. Hydrophysical.  Characteristics  of  Great 
Lakes  Tributary  Drainaqe,  Canada:  Evaluation of Loadinas 
from  Tributarv Islatcrs to  the  Great  Lakes and 
Interconnecting  Chznnels. (Unpublished). Submitted  to 
PLUARG Task Group  D.  February  1976,  227 pp. ............... 

100 

100 

101 

102 

Ongley,  Edwin D. Study  of  Statistical  Evaluation and 
Update of Data Bank w i t h  Disct1;iroe and Uater @ u a l  ity  Dzta 
f o r  the  Great  Lakes  Interconnectino  Channels and Associated 
Tributaries. (Uripublished). Submitted to PLUARG  Task 
Group D (Cznadi an Section).. ):arch 1977,  91 pp. ............ 103 

Sydor, liicnacl and Gordon J. Oman. Effects  of N m a r i j i  
River i?:lnoff on Lake Sriwrior:  Effects o f  R i v e r  InDuts  on 
the G r e a t  La!:cs. Sulmi t t c d  to t h e  U.S. Environmntal 
Protection  Agency and PLUARG, Task G r o u p  D in fulfillment 

- 
- 

of Subactivities 3.1 and 3.3a.  Kay  1977,  193 pp. . . . . . . . . . .  104 

- 125 - 



* 

* 

* 

Sydo:-, f*:ichzel and G.J. h a n .  Effects  of  Nemadji  River 
Runoff  on  Lake Stloerior. (Unpublished).  Submitted  to 
PLUARG  Task  Group D (U.S. Section)  Activities 3.1 and 
3 . 3 a .  December  i977, 174 pp. .............................. 
Herdendorf,  Chsrles E. and John E. Zapotosky.  Effects  of 
Tributary  Loadinq  to Is!estern Lake  Erie  Durinq  Sprinq  Runoff 
" Events.  (Unpublished).  Submitted  to  PLUARG  Task D (U.S. 
Section)  Activity 3.1.  Nay  1977,  153 pp. .................. 
Bannerman,  Roger,  John  Konrad and Don Becker. Effects  of 
kipnornonee River  Inouts  on  Lake  Michigan  Durinq Peak Flow. 
(Unpublished).  Subnitted to  PLUARG  Task  Group D (U.S.  
Section)  Activities 3.1 and 3 . l a .  August  1977, 78 pp. ..... 
State  University of New  York  Colleqe,  Buffalo,  Great  Lakes 
Laboratory.  Effects  of  Genesee  Riier  Discharqe and 
Kind-Induced  ResusDlnsion  on  the rlearstlore Area of Lake 
Ontario.  Submitted to the  international  Reference  Group on 
Great  Lakes  Pollution  from  Land  Use  Activities. Buffalo. 

~~ 

N.Y. December  1976, 69 p p .  ................................. 
National  Aeronautics and Space  Administration,  Lewis 
Researcn  Center.  Coordinated  Aircraft/ShiD  Surveys  for 
Determinino  the  Imozct o f  Riser inputs' on  Great  Lakes 
P!ate:-s - henote  Sensino  Results.  (Unpublished).  Submitted 
to t h e  1nterna;icJna I Reference  Group on Great  Lakes 
Pollution  from Lznd Use  Activities.  June  1977,  25 p p .  ..... 
Gregor,  Dennis J .  2nd Falter Rast. TroDhic  Characteri- 
zzition o f  the U.S. Znd. Canadian  Nearshore  Zones  of  the 
Great  Lakes.  Submitted  to  the  Pollution  from  Land  Use 
Activities  Reference  Group cf the  International  Joint 
Commission.  February  1979, 35 pp. ......................... 
Ras t ,  I.!?lter and Dcnnis J. Gregor.  ReDort  on  Differences 
.in Great  Lakes  Phnsnhorus  Load  Estimztos.  Submitted  to  the 
Po:lution from Land Use Activities  Reference  Group of the 
2nternational  Joint Comission.  February  1979,  27 pp. ..... 
Sonzopni, Wi 1 1  iam C. Critical  Assessment  of U.S. Land 
Derived  Pollutant  ioadinqs to the  Great Lakes. Technical 
Report of tile International  Reference  Group  on  Great  Lakes 
Pollution f r o m  Land Use  Activities.  Submitted to PLUARG 
i z s k  GTGL!? D ( U . S .  Section)  Subactivity  3-4.  Karch  1979, - 
179 p p .  .................................................... 
f* \ i l l ? . ra ' ,  E. 8.  et al. Siomaqniiication of Atrazine in Lake 
Colunn Sin~~lators.  Submitted  to  PLUARG Task Group D 
(Canzdian S c c t i o n ) .  Burlington,  Ontario.  August  1979, 

" 

27 p p .  ..................................................... 

ReDort N o . '  r 

105 

106 

107 

108 

109 

110 

1 1 1  

112 

113 

- 126 - 



Report No. 

$ Nillard, E.S., C.C. Charlton and G.A. Burnison. 
Availability o f  Phosphorus in Different  Sources  Enterinq 
the  Great  Lakes  for A l ~ a l  Growth.  Submitted io PLUARG  Task 
Group  D  (Canadian Section). Burlington,  Ontario.  August 
1979, 38 pp. ................................................ 

# Armstrona. D. E . .  J.R. Perry and D. E. Flatness. 
Availabijity of'Po1lutants"Associated with  Suspended  or 
Settled  River  Sediments  Nhich  Gain  Access  to  the  Great 
Lakes.  Submitted io PLUARG Task Group D. Windsor, 
Ontario.  December  1973, 96 pp. ............................ 

STUDY PLAf!S 

$ International  Reference  Group on Great  Lakes  Pollution  from 
Land  Use  Activities.  Detailed  Study  Plan  to  Assess  Great 
Lakes  Pollution  from Land Use  Activities.  February  1974, 
148 pp. .................................................... 

Q International  Reference  Group on Great  Lakes  Pollution  from 
Land  Use  Activities.  Supplement to the  Detailed  Study Plan 
to  Assess  Great  Lakes  Pollution  from Land Use  Activities. 
Submitted to th? Great  Lakes  Water  Quality  Board, 
International  Joint  Commission.  August  1976,  119 pp. ...... 

f r: . I  

, I  Coote; D.R. " et al. Detailed  Plan  for  the  Studv o f  
Aqricultural h'atersheds in the  Great  Lakes  Drainaqe  Basin - 
Canada, 1970-1975.  Prepared by PLUARG Task Group  C 
(Canadian  Section)  Technical  Committee.  Aoricultural 

a d  

Subcommittee.  February 1974, 54 pp. ....................... 
* \!isconsin Department of Natural  Resources,  University  of 

Fisconsin  System  Nzter  Resources  Center and Southeastern 
h'isconsin Regional  Planning  Comnission. Renornonee River 
Pi lot h'atershed Studv, Idork Plan. (Unpublished). 
Submitted to t he  'Sollution from Land Use  Activities 
Reference  Group and the U.S. Environmental  Protection 
Agency.  September 1974, 44 pp. ............................ 

* Ontario ):in istry o f  the  Environment,  Water  Resources 
Branch. Ialork Plan for Task C? Activities 1? 3 and 4, 
Pollution  from  Lznd  Use  Activities  Reference  GrouD. 
(Unpublished). T o r o n t o ,  Ontario.  October  1975, 130 pp. .... 

* Agriculture  Cznadz,  Ontario P7inistr-y o f  Agriculture and 
Food and 0 r ; t a r i o  Ninistry  of  the  Environment.  Aoricultural 
Clatershpd Studies.  Great L a k ~ s  Drainaqe  Easin.  Canada; 
D e t a i l e d  Study P l m .  !z)7-76. (Unpublished). Prepared 
for the inter.nationa1 Reiel-Ec Group on Great  Lakes 
Pollution fron Land Use  Activitics, Task Group  C  (Canadian 
Section)  Activity I. October 1975, 123 pp. ................ 

114 

115 

116 

117 

118 

119 

120 

121  



E X P L A N A T I O N  O F  S Y M ' B O L S   U S E D  

* .  U N P U B L I S H E D .   A V A I L A B L E  ON L O A N   F R O M   R E G I O N A L   O F F I C E   L I B R A R Y .  

f C O 2 R E S P O N D S  TO P A G E   N U f G E R  IN C O M P L E T E   R E P O R T  OF PLUARG  ANNOTATED 
B I B L I O G R A P H Y  

-128 - 



. UNITED STATES SECTION - 
htr. Normsn A .  5erg. Chairman 

Soil Conservalton  Servlce 
U.S. Department of Aglculture 

Mr. L. Robert  Carter 
Office of the Assistant 
Commissioner for Environmenial  Heallh 
Stale 01 Indiana 

Mr. Floyd E.  Hell 
Ohlo Dr;;artnent of Natural Resources 

Dr. Leo J .  Hstling 
New York S:SiC Department of Environmental 
Conservatton 

Dr. John G. Konrad 
Wlsconsln  Department ol Natural Resources 

Dr. Rlchard R .  Parizek 
The Pennsylvania  State University 

Mr. John Peg3rs 
Minnesota Pollution  Conlrol  Agency 

Mr.  h’terle A.  Tellekson 
G!ez! Lakos ?rcgrz- (?!!ice 

i Region V ... U.S. Environmental Proieclton  Asency 

h’ir. Gs:ald E. Vdelsh (Secretery) 
Soil Cooserva!ion  Scrvlce 

. U.S. Department of Agrlculture 

Secretarial  (Inlernationa!  Joint  Commism.  Great Lakes 
Reaionsl  Olftce.  Wlndsor.  Ontario) 
h!r. Patrick S. Ch3mui (1373-i\’lsrch. 1975) 
Dr. Dsrnell tb4. 1’:hlti (Ap:~l-?uly 1975) 
Dr. Harvey S h e z  (Acgcs:. 1975-JuIy..1977) 
Dr. 1’J.R. Drynan (August, 1 9 i i -  1 

CANkClAN  SECTION 

Dr. Murray G. Johnson,  Chairman 
Fisheries and Environment Canada 

Mr. J .  Edward Brubaker 
Ontario Mlnls;ry of Agriculture and Food 

M r .  Robert Code 
Ontario hillnistry of Natural Resources 

Mr. Donald  Jeffs 
Ontario Ministry of the  Environment 

Dr. H. Victor Morley 
Agricullure Canada 

Mr. John Ralston 
Ontario Ministry cf the  Environment 

Mr. Kim Shikaze 
Fisheries  and Environmen: Canada 

Dr. Richard L. Thomas 
Fisheries  and  Environment  Canada 

Mr. G. Martin Wood ’ 

Ontario Ministry of the  Environment 

Dr. John D. V.’iebe (Secretary) 
Fisheries  and Environment Canada 

OHIO 

Mr.  D.A. Sharp 
M r .  Calvin L. Taylor 

ONTARIO 

M r .  Lloyd H. Eckel 
M r .  Carl  Schenk 

- 1 2 9  - 



APPENDIX  V 

OVERVI EN OF HAZARDOUS  WASTE NANAGEIIIENT 
ISSUES IN STATE  JURISDICTIONS 

Illinois 

Under  the  authority  of  the  Environmental  Protection  Act  of  Illinois,  the 
Illinois Pollution  Control  Board  may  adopt  regulations  to  prescribe  standards 
for  the  disposal o f  hzzardous  waste. Up to  the  present,  the  state  has 
promulgated  only a few  regulations.  Although  hazardous  waste is defined in 
t h e  regulation,  there  are no criteria  or  list to more  precisely  identify  such 
waste. At present,  the  Board  determines  which  wastes  are  hazardous  based  on 
individual  cases.  Once it determines  that  a  waste is hazardous,  the  Eoard 
m u s t  give  special  authorization to dispose  of it in the  landfill.  The  new 
Environmental  Protection  Act,  effective  January 1, 1980 provides  a  more 
extensive  definition  of  hazardous  wastes,  but no specific  criteria for 
identification will be in effect until the  regulations  are  finalized.  Once 
finalized  the  RCRA  critsria and listing k!ill be  applied by Illinois. The new 
Act does,  however,  contain  specific  'standards  for  siting  hazardous  waste 
disposal  izcilities.  Sites  cannot  be  located in counties  with  populations 
exceeding 225,000, within  two.miles o f  an active  fault,  or  within 1000 feet  of 
an  ex'isting well or lake. 

There  are no standards  prescribed in the  regulations  for  construction, 
operation, and closure,  although  the  new  Act  does  grant  authority  to  adopt 
standards.  The  Board  prescribes  individual  standards  to be met as ConditiGns 
i n  the  Dwelcpment and Operating  Permits.  Operators and owners of  hazardous 

'- waste  disposzl  sitps  are respons'ible for  maintenance and monitoring of the 
sites  for 20 years  following  closure. 

Indiana 

Indiana i o l l o ~ ! s  illinois  insofar as hazardous  waste is regulated 2s part 
of the  solid 1v:zste management  program.  The  Indiana.  Solid  Waste  Management 
Permit  regulations  under  the  authority of the  2efuse  Disposal  Act  defines 
hazardDus  wzstes  but  contains no criteria  or  lists  for  specific 
identification.  Disposzl  of  hazardous  waste  must  be  authorized by the  Stream. 
Pollution  Control  Board in the  Solid IJaste Management  Permit.  Construction 
and operation  standards  are  described  by  the  permit  applicant in the 
application 2nd approved b y  the Board  which  may add conditions  of i t s  own. 
The  regulations  provide  the  general  standard  that  the  sanitary  landfill  must 
conform  to n1inirn:rm wzter  quality  standards.  There  are  more  specific 
construction and o?eration  standards in the  regulations,  but  they  are  relevant 
to t h e  disposal of nonhazardous  waste.  There  are no provisions  for 
groundwater  monitoring.  Under  the  Environmental  Nanagement  Act,  the  site  must 
be closed  with a two-foot  cover. 

Effective danuary  1, 1930 is the  Hazardous k'aste Kanagement Act. The  Act 
contzins a definition o f  hzzardous Ljlastes ar,d authorizes  the  Director o f  the 
Department o f  Ratural  Resources to propose  specific  guidelines  for 
identification of such ~ a s t e s .  These  are not y e t  pronulgatcd. 
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c . -  Planned   d i s9osa l   f ac i l i t i n s  for  hzzzrdgus  wzste  require a cons t ruc t ion  
Permit fro7 t h e  Director.  The permit must  conform t o  the   s ta te   hazardous  
waste m2nagernent p l a n ,  a plan t o  be c rea ted  by  a s t a t e   p l a n n i n g   c c m i t t e e .  
The committee w i l l  be composed of s t a t e  a n d  l oca l   o f f i c i a l s ,   eng inee r s ,  and 

. ( among  o t h e r s )   t h r e e  members of   the  general   publ ic .   This  i s  the  f i r s t  l a w  I n  
;he hazardous  waste  area whose admin i s t r a t ion   i nc ludes   d i r ec t   c i t i zen   i npu t .  

C i t i zens   a l so   pa r t i c ipa t e  on t h e   S i t e  Approval  Board.  Hazardous  waste 
genera tors  must apply   to  t he  Di rec to r   fo r  a cons t ruc t ion  permit. If t h e  
Director   approves  the  proposed  faci l i ty ,  he o r  she will  submit the app l i ca t ion  
t o   t h e  Board f o r   f i n a l   r e j e c t i o n   o r   a p p r o v a l .  In cons ider ing   the   appl ica t ion  
the  Board s h a l l  examine  such things  as   the  impact  of  Contamination  of g r o u n d  
a n d  surfacewater  by leaching and runoff   f rom  the  proposed  faci l i ty .  

A t  p resent ,  no r u l e s  h a v e  been promulgated  under  the Act t o  e s t a b l i s h  
sp : : i f i c   s t anda rds   fo r   s i t i ng ,   cons t ruc t ion ,   ope ra t ion  and closure  of  
hazardous  waste f a c i l i t i e s .   S t a n d a r d s   f o r  a proposed f a c i l i t y   a r e   a s s i g n e d  by 
the  Director   in  the  opera t ing   l i cense  on a case-by-case  basis. 

I t  i s  worthy  of  note t h a t  in   addi t ion   to  the  above, t h e  Act a l s o  
e s t a b l i s h e s  a one mil l ion  dol lar   hazardous  waste   service f u n d  t o   cove r  
hazard9us m s t e  emergencies. 

Ninnesota 

The Minnesota  Pollution  Control Agency has   recent ly   re leased  an ex tens ive  
s e t  of r u l e s  on hazardous  waste. The r u l e s   c o n t a i n   l i s t s ,   g e n e r a l   c r i t e r i a ,  
and t e s t  by which the  Agency can ident i fy   hazardous waste. I f  a waste i s  

I i d e n t i f i e d  by t h e  Agency as   hazardous,   the   generatJr  must obtain a Hazardous 
h 'as te   Fac i l i ty   Permi t   for   cons t ruc t ion  and opera t ion  of a d i s p o s a l   f a c i l i t y .  

Guidelines  are  provided i n  t h e   R u l e s   f o r   s i t i n g  o f  d i s p o s a l   f a c i l i t i e s  
i r lsofar   as   they  prohibi t   es tabl ishment  o f  a f a c i l i t y   i n  a wet land,   f loodplain 
o r  shoreland where the  tppography,   geology,   hydrology  or   soi l   i s   unsui table  
fo r   t he   p ro t ec t ion  of  ground and sur face   water  or where emissions  from  the 
a c t i v i t y  v:ould r e su l t   i n  a v i o l a t i o n  of s t a t e  ambient a i r   q u a l i t y   s t a n d a r d s .  
Beyond meet ing  these  guidel ines ,  the  permi t   appl icant  must desc r ibe   spec i f i c  
f e a t u r e s  o f  the  proposed s i t e   i n  the  app l i ca t ion .  

. The r u l e s  do  n o t  a s   ye t  provide cons t ruc t ion   s tandards .  Permit 
app l i ca t ions   mus t .   d i sc lose   t he i r   cons t ruc t ion   p l ans  which must answer  such 
specif ic   quest ions  provided i n  t h e   r u l e s   a s  a r epor t  on the  'subsurface 
condi t ions  a t  the   proposed  faci l i ty ,   p lacement  and construct ion  of  m o n i t o r i n g  
~ e l l s ,  a n d  engineer ing   repor t  t h a t  addresses   quest ibns of t h e   l i n e r  
s p e c i f i c a t i o n s ,  a n d  p r e l i m i n a r y   s p e c i f i c z t i o n s   f o r  a l eacha te   co l l ec t ion  
system. The  Agency bases   i t s   app rova l  on the  proposed  plans. 

Although spec i f i c   p rocedures   fo r   ope ra t ion  of the  p lan t   a re  n o t  named, t h e  
ru l e s   r equ i r e  t h a t  p r o c e d u r e s   e x i s t   f o r   s p i l l s ,   f i r e s ,   c o n t r o l  of access ,  and 
prevention o f  discharge of hazardous  waste  to  surface  or  groundwaters. The 
f a c i l i t y  must h a v ~ 3  a n  ope ra t ions  manual  which includes  dai ly   maintenance,  
inspec t ion ,   Rani tor ing ,  a n d  emergency  procedures.  This manual must a l s o  make 
spec i f i c   r e f e rences  t o  t h e   t r a i n i n g  t h a t  t he   f ac i l i t y   pe r sonne l   sha l l   r ece ive ,  
as such t r a i n i n g   i s   r e q u i r e d  by the  Rules.  
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Quarterly  monitoring is required to determine  the  effect of the  facility 
on  soil,  groundwater, and air. 

Finally,  the  rules lay out  general  procedures  for  the  closure of  the 
facility.  The  facility  operator  must 'perform such  duties as covering  the 
hazardous  waste  with an adequate  amount o f  cover  material  to  minimize  leachate 
production,  construction o f  a  ground and surfacewater  monitoring  system,  and 
the  establishment  of  a  final  grade  that  promotes  surface  water  runoff  without 
excessive  erosion.  Further,  the  operator  must  provide  long  term  maintenance 
of the  impervious  liner and final  cover and treat  contaminated  surface  water 
runoff. 

New York 

The  New York Solid  Waste  Nanagement  Facilities  Rules  provide  that 
hazzrdous  wastes  shall be accepted  only  at  facilities  which  the  Department  of 
the  Environmental  Conservation.  has  approved  for  disposal.  The  rules  define 
hazardous  wastes,  but  give  no  specific  guidelines for identification. 
Legislation  (Title 9 of  the  Solid k s t e  Nanagement Law) requires  that  the 
Comnissioner of the  Department  promulgate  regulations f o r  identification of 
hazardous  wastes  that  are  consistent  with  the RCRA regulations. 

All hazardous  wastes  shall  be  landfil led only in accordance  with  the 
provisions  for  a  "secure  landburial facility." This facility  must  not  be 
located  over  groundwater  recharge  areas  serving  public  water  supplies,  closer 
than  ten  feet  to  the ground\:later table  or  bedrock,  or  less  than five feet 
above  a  floodplain.  The s o i l  beneath  the  facility  must  have  a  hydraulic 

;. conductivity  specified in the  Rules.  These  provisions  are  likely  to  change 
once  regulztions  are  promulgated  under Iltle 9. -.  

Construction  standzrds  for  lzndburial  facilities  are  very  specific.  The 
rules  require.  that  the  liner and cap  have  a  permeability  given in the  rules. 
There is also  the  requirement for leachate and surface  water  collection. 

. Operation  standards  are  extensive and range  from  attendance  of  facility 
entrance  to  the  maintenance  of  records.  Personnel  must  attend and complete  a 
training  course  given by the  Department.  Em2rgency  procedures  must  also  exist 
and be approved  by  the  Department. . 

The  operztor  must  monitor  the  groundwater and surfacewater  where  the 
Department  requires it. . 

At present,  the  Department  prescribes  conditions  for  closure in the 
permit.  The  length  of  term  for  which  the  operator is responsible  for 
maintenance 2nd monitoring  of  the  facility  after  closure is determined  also  on 
a  case-by-czse  basis. As with  siting  standards,  Title 9 authorizes  the 
Comissioner to promulgzte  regulations  for long term  maintenance. 

Ohio 

The Ohio Solid I;'aste Dispossl  Regulations  under  the  authority of the  Ohio 
h '2s te  D i s p o s s i  La\.: contain  little  direct  reference  to  hazardous  waste 
cisgosal. Thc Ohio Environmental  Protection  Agency  treats  hazardous  \JzSte 

.! disposal primarily on a case-by-case basis. As in several  other 
jurisdictions,  hazaydous wzste i s  defined but there  are  no  specific 
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Cdentification  guidelines.  Persons  wishing t o  establish a s3l;d  waste 
disposal facility  shocld  submit to the  Director o f  :he Agency  detail  plans of 
the  types  of  waste mterials received,  including  hazardous,  the  proposed 
construction and the  proposed  site.  Specific  issues  that  should be addressed 
by an applicant  for a facility  are included in the  regulations. 

Siting and construction  of  the  facility  must  conform to the  approved 
detail  plans. There are some  specific  conditio,s in the  regulations  for 
siting. A landfill cannot  be in a  floodplain  outside  of  the  floodway, in a 
limestone  or  sandstone  quarry,  within 1,000 feet  of  a  well, 200 feet  of  a  lake 
or stream,  or less than  five  feet  from  the  seasonal  high  groundwater table. 

Operation  of  the  facility  must  also  conform  to  the  detail  plans and to 
conditions  prescribed by the  Director in a  solid  waste  disposal license. The 
rules  provide  few  specific  operation  procedures.  They  require  that all 
operations  be  carried  out by facility  personnel  thoroughly  familiar  with 
procedures laid out in the  detail  plans.  There is the  general  operation 
standard  that  the  facility  shall not be  operated in such  a  way so as to  create 
a nuisance,  health  hazard  or  water  pollution.  There  are also more specific 
requireinents for  a  daily log of  operations,  adequate  fire  control  equipment, 
and operable  facility  equipment. A contingency  plan  should  exist  to  meet 
possible  breakdowns in equipment. 

Ground and surfacewater  monitoring is generally  required as a  condition  of 
the  permit. 

The  rules  provide  specific  procedures  for  closure  including  thickness  of 
the  cover,  grading of the  slope, and monitoring of leachates. Long term 
monitorins and maintenance  are  determined  on  a  case-by-case basis. 

Pennsyl vani a 

The Pennsylvania  Solid Llaste Regulations  define  hazardous  waste. A list 
of  wastes  identified as hazardous is also  maintained by the  Department  of 
Environmental  Resources,  the  administrating  agency.  Waste  disposal  facilities 
can  be  built  znd  operated  only at those  sites  which  con7orm to the solid waste 
manageiwn'i plzn of  the  mgnicigality o f  the  proposed  site.  Applications  for 
Processing and Eisposal  Area  Permits  shall  include  design  plans  set  forth in 
the  regulctions  for  Sanitary  Landfills and Industrial and Hazardous h'aste 
Disposjl Sites.  The  latter  standards  require  a  leaching  analysis of the 
w a s t e ,  .and a report on t h e  s o i l s ,  geology and groundwater in the zpplication 
for  the  permit. Idhere the  disposal  site is to be  constructed  without a liner, 
renovatins soil must be  placed  between  the  waste and any  sidewall  with  a  slope 
;ess  than 119 degrees as measured  from  the  horizont5l  bottom o f  the fill 
are?. Furthermore,  where  there is no liner,  the  site  must  have  renovating 
soil beneath t h e  waste and above  the high groundwater  table  or  bedrock. 
f.',anu*:actured nwnbranes  must  meet  standards  prescribed in the  regulations  which 
are ~ e r y  detziled z s  to alloiable  concentrations of leachates and thickness. 

Standards exist for  plant  operation of sanitary  landfills,  but  these  apply 
pr,inizriIy to nonhzzsrdous ~ a s t e s .  Standby  equipmect is required in the  event 
of encrgencies.  Groundwater  monitoring is also required. 

Standards  also  exist f o r  ClDsure,  although  there is  no provision  for long 
term  post-closure  monitDring and maintenance. 



The  Pennsylvani?  legislature is presently  considering a cradle-to-grave 
hazardous  waste bill. There is no prediction,  however, as to  when  or if i t  
will pass. 

k'isconsin 

At  present,  the  Solid  Waste  Disposal  Rules  provide  some  coverage of  
hzzardous  wastes. As with  other  state  legislation,  there is a  definition  but 
no guidelines  for  identification  of  hazardous  wastes.  Persons  wishing  to 
dispose  of  hazardous  wastes  must  apply  for  a  solid  waste  disposal license. 
The  application  must  inlcude  the  names of the  toxic or hazardous w a s t e s  to  be 
disposed,  information  on  the  site  plot  plan, and a  description of signs, 
gates,  fences, and methods  of  waste  unloaing.  The  Department  of  Natural 
Resources as the  administrating  agency  holds  the  authority to approve  license 
zpplicztions and to  prescribe  conditions  of  siting,  construction and operation 
on  a  case-by-czse  basis, in addi,tion t o  standards in the  Rules.  The  Rules 
prohibit  siting of disposal  facilities  within 1,000 feet o f  any navigable 
lake,  pond  or  flowage, 300 feet o f  a  navigable  stream  or  flood  plain  or  a 
wetland.  Boundaries of the  facility  must  be  fenced  and  the  entrance  guarded 
by an attendant.  The Departrnent shall  also  specify  that  samples o f  
groundv:ater be taken on a  calender  quarterly  basis,  that  the  material  be 
compacted and covered at a  frequency o f  100 days, and rules o f  closure  of  the 
site. 

Nisconsin has passed a Hazardous  Waste  Management Act which is in 
conformity  with  RCRA.  Rules for  the s i x  issues  under  discussion  have  been 
drafted,  but  are  not  yet in effect. 
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