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REMEDIAL
ACTION PLAN

October 1, 1993

Canada and the United States have designated the Niagara River an Area of Concern (AOC)
under the terms of the Great Lakes Water Quality Agreement. The agreement calls for the
development of Remedial Action Plans (RAPs) for the Areas of Coricern, and documentation in
three stages to the International Joint Commission. RAPs are being developed separately for the
Canadian and U.S. portions of the Niagara River AOC.

The Stage 1 RAP document provides a description of environmental conditions, pmblﬁms and
their causes based on information available at the time of preparation,” On behalf of the Niagara
River RAP Team, I am pleased to provide you with a recently released final copy of the Nlagara
River RAP Stdge I document for the Canadian portion of the Nlagara River AQC. - This.
document has been submitted to the International Joint Commission for‘it§ review..

Sincerely,

B J’<c» Z} (i ; jﬂr*l

e

BRelinda Koblik-Berger, P.Eng.
RAP Co-ordinator
Niagara River Improvement Project

Remedial Action Plan
Plan d'Assainissement

Canaell & Ontang



Ontario

September 30, 1983

Mr. Claude Lanthier Mr. Gordon K, Durmnil
Chairman, Canadian Section Chairman, United States Section
International Joint Commission International Joint Commission
100 Metcalfe Street. 18th Floor 1250 23rd 51, N.W., Suite 100
Qitawa, Ontario, Canada Washington, D.C. 204400
K1F 5M1 U.5.A,
Dear Sirs:

The Niagara River has been designated by Canada and ths United States as an Area of
Concern under the terms of the Great Lakes Water Quality Agreement (GLWQA), as amended
by the Protocol of 1987. Annax 2 of the Agreement calls {for the development of Remedial
Action Plans for Areas of Concern and submission of documentation in three stages to the
JC. Remedial Action Plans are being prepared separately for the Canadian and LS. portions
of the Niagara River Arga of Congern.

inCanada, the Remedial Aciion Plan process is a joint federsl-provingial initiative. The Niagara
River RAP is being daveloped with the active involvement of a Public Advisory Committes
{PAC) representing many sactors of society, including the general public, local governments,
interest groups and indusiry.

On behalf of participating agencies and the Niagara River PAC, we are pleased to submit
Stage 1 of the Niagara River Remedial Action Plan. The document has been developed in
close cooperation with the Public Advisory Commitiee and their letter of support is attached.

The New York Department of Environmental Conservation, which has responsibility for
development of the RAP for the U.5. portion of the AOC has received Canadian
Federal/Provincial comments on their drafy RAP document and anticipate that they will be
subrnitting their RAP raport 1o the LIC for review in the near future. American and Canadian
agencies are cooperaiing in the exchange of information and documentation on their
respective RAP programs. The Canadian Stage 1 Report is being forwarded 1o U.3. agencies
and the U. 5. Niagara River Advisory Committee. In addition, the four-party Niagara River

Toxics Management Plan provides a joint mechanism for furthering clean-up of the Niagara
River.

Both the Canadian Niagara Stage 1 Report and conclusions of the Niagara River Toxics
Management Plan highlight the significance of U.5. sources as major coniributors to
impairments in the Niagara River ecosystern. |t is apparent that complete restoration of
impaired uses will not ocour without concrete study, planning and action on these U.5. point
and non-point sources. We will continue to urge U. 5. regulatory agencies 1o take prompt and

effective action and to provide clear evidence of redustions in toxic discharges to the Niagara
River.



-

The Stage 1 RAP provides a description of environmenial conditions and problems based on
information available at the time of preparation. Results of more recent investigations and
further consuliation with the public will be reflected in the Stage 2 submission.

Twenty-five copies of the Stage 1 RAP have been forwarded directly 1o the 1JC Regional
Office in Windsor, The RAP Coordinator for Ontario, Belinda Koblik-Berger, would be pleasad
to make a presentation on this document to the Commission or its staff at your invitation.
We look forward 1o receiving comments from the Commission,

///': /.\
L / /
/f’“ e LQ\«‘/CLW/

Victor Shantora

AfRegional Director General
Conservation and Protection
Ontario Region

Environment Canada

25 5t. Clair Ave. E,

Gih Floor

Toronio, Ontario M4T 1M2
(416) 973-6540

Attachmant

3B070301.MEM

' (/ \/Ut;? \é’:“

Peter Victor

Assistant Deputy Minister

Erwvironmental Sciences & Standards Division
Ontario Ministry of Environment & Energy
138 5t Clair Ave., W,

Tdih Floor

Toronto, Ontario

May 195

(416) 323-4273

—

Sheila Willis

Assistant Deputy Minister

Regional Qperations Division

Ontario Ministry of Environment & Ensrgy
135 St. Clair Ave. W,

14ih Floor

Toronto, Oniario

M4V 1P5

(416) 323-4354
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BYISORY COMMITTEE

The Honourable Claude Lanthier
Chairman, Canadian Section
International Joint Commission

Mr. Gordon K. Durnil
Chairman, U.§. Section
International Joint Commission

The Honourable Ruth Crier
Minister, Ontarioc Ministry
nf the Environment

Honourable Pauline Browes

e
finister of State for the Environment
November 10, 1992.

Dear Madams/Sirs:

RE: Niagara River Remedial Action Plan - Stage I Renort

On behalf of the WNiagara River Remedial Action Plan Public
Advisory Committee (PA(C), I wish tc express our endorsement of
the Niagard River Stage T Remedial Action Plan (RAP). T would
also 1ike to convey our appreciaticn o the governments of Canada
and Ontaric  for initiating and conducting the Hiagara River
Remedial Action Plan, and for involving the public ‘through its
PAC. It is refreshing to note that the input of the PAC has been
glven serlous consideration by the RAP Team, and our input has
more than once altered the nature of the final preduct. One such
example 13 provided by the PAC's recommendation in 1989 Lo extend
the boundaries of the Area of Concern (AQC) to the headwaters of
the Welland River.

The Niagara Rilver PAC Is a group of dedicated volunteers,
who have been holding wmeetings of the whole committee and various
subcommittees reqularly for 3 1/2 years. The commitment of tThe
PRC Yo providing input to ©he Stage [ report through its
meet ings, workshops, and varicus public outreach activities is
detalled In section 1.6 of the document. A1l Niagara River PAC
members have had an  opportunity to share ©their individual
concerns during the process, and all FPAC neetings are upen fo the
public.

Remedial Action Plan
Dlan o’f Sgsom

Canadil @ Ontario



While supporting and endorsing the Stage I Remedial Action
Plan, the PAC has raised some issues, namely:-

* The Stage I component of the RAP and the
production of the Stage I report has taken
too long. This is due mainly to the effcrt by
the RAP Team and PAC to ensure that the
document accurately represents the views of
all concerned parties. However, some may not
still be entirely satisfied with the
consensus con an 1ssue for which Lthey have a
particular concezn. '

* The PAC is concerned that delays occurred due
to over-worked RAP Team members who, despite
their dedication, had insufficlent heours and
other resources to =esxpedite Uthe process;
further funding cut-backs can only exacerbate
this situation,

* The submission of the Jtage T report
represents & milestone in the RAP for the
Niagara River. While the report paints a
picture 1n  time, 1t would be mwore viable to
issue annual or bil-annual reports that depict
the present state of knowledge, the current
trends, and inforwmation on improvements made
and plans for the Ffuture. Shorter summarwv
reports nlght be more =ffectively used o
reflect the public's concerns and to
demonstrate progress being made under the
ongoing programs of the involved agencisas.

® While it is recognized that the RAP process
is new to both RAP Teams and to PACs, better
procedures are regulred to reduce the

duplication of effort that presently exlsts
as each PAC struggles through the process.
These procedures shouid ensure that nore
productive processes arc developed to deliver
more timely responses to the public.

® There are 2 RAPs Dbeina Jdeveloped for the
Niagara River. The Miagara River PAC i3
concerned that the remedial wmeasures which

de of

will be implemented on the Canadlan sl
restore

i

the river will not bhe cutficient o
the Niagara River ecosystem,



Finally, it is hoped that as Stage 7 progresses, these
issues previously outlined will be addressed. Our cver-riding
concern is to move forward to the restoration oif the Nlagara
River ecosystem. We have been honoured in being allowed to
participate in this endeavour. In addition to our endeorsement of
the Stage [ report, we offer %to provide our continued support to
the cleanup of the Niagara River, the Great lakes, and our global

environment.

Yours truly,
JRA
et }mmM

Ted Simonen
Chair
Niagara River Public Advisory Conmittee

c.c. H. Wong, Director, MOE - WCR

5. Irwin, Coordinatcr, Niagara River Improvement Project
MOE - WCR

V. Shantora, A/Regiocnal Director General, Conservation &
Protection, UOntaric RKegion

H. Shear, Director, Great Lakes Environment Office (GLED)

D. Epstein, Chief Program Coordlnator, GLEO

M. Malhotra, RAP Public Involvement Coordinator, GLEC



The Niagara River (Ontario) Area of Concern

Remedial Action Plan — Stage 1

Frepared jointly by.
Ontario Ministry of Envirenment and Energy
Environment Canada
Ontario Ministry of Natural Resources

Fisheries and Oceans Canada

Sepiember 1993
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PREFACE

The Niagara River has been designaied by the
International Joint Commission (I7C) as one of forty-
three Areas of Concern in the Great Lakes Basin. This
designation is due to degraded water quality which
impairs complete use of the river's resources,

In response to concems over the health of the
entire Niagara River ecosystem, this Remedial Action
Plan (RAP) is being developed by a RAP team com-
prised of scientists from Canada and Ontario environ-
ment and resource agencies with the advice and assist-
ance of a Public Advisory Commitiee which repre-
sents various seciors of the community. All parties
involved share a common inferest in the Miagara River
and iis ecosystem,

The development of the Miagara River (Oniario)
RAP is a dynamic threc siage process based on the
framework established in Annex 2 of the 1987 Proto-
col of the Great Lakes Water Quality Agreement
(GLWQA),

‘This Siage I document describes the current
environmential conditions in this Area of Concern,
identifies the sources of contamination, outlines the
benefictal uses which are impaired and the extent of
that impairment.

Stage I will identify the remedial activities nec-
essary torestore the desired beneficial uses and achieve
the environmenial goals. Goals and objectives for the
Niagara River AOC will be identified. Commitments
and a schedule for implemeniation of remedial options
will be outlined.

Results of ongeing studies that wili be used in
both updating Stage 1 and incorporated into Siage 2
include:

1) Continuation of weekly upstream/downsiream
moniioring ai Niagara-on-the-Lake and Fort Erie by
Environmeni Canada, as parl of the Four Agency

Niagara River Toxics Management Plan commitment
for 509 reduction in loading of chemicals of concern
from point and non-poini sources;

2) data from MOE biomonitoring sampling pro-
grans;

3) Misa monitoring daia for the applicable indus-
tries in the area,

4) resuits from engoing Pollution Control Plang
and Infrastructure Needs Stodies developed by the
logal municipaliiies;

5) a re-assessment of loadings from the four
Oniario landfills;

6) rescarch in the study of blota in the Welland
River 1o determine the exient and canse of deformities
m aguatic species;

7y information on the success of a sediment
dredging and treatment demonsiration project under-
taken in falf 1991, and;

8) data 10 assess water quality of shorewells
along the Niagara River,

Data gaps have also been noted. These mclade:

1) cause of degradation of fish populations in the
Welland River and other tributaries, both in numbers
and diversiiy;

Zyadditional information on the impact of chemi-
cal uptake on fish and wildlife regarding reproductive
impairmenis and physical deformities;

3) additional information is required to establish
cause and 1o determine whether there is a recurrent
probiem regarding taste and odour, and

4) status of phytoplankton and zooplankion
populations in the Welland River.

In the third (and final) stage of the RAP, the
evaluation of the success of remedial measures will be
documented. Detatls of moniioring and surveillance
programs will also be presented,

Niagara River Remedial Action Plan

Stage 1
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This Niagara River Remedial Action Plan relates
only to the Canadian side of the Niagara River. Canada
and Ontario would prefer that a binational RAP be
develaped for the Niagara River; however, New York
State has chosen 10 develop a scparate Remedial Ac-
tion Plan for the U.S ., side. For the New York RAP, the
Niagara River Action Committes (NRAC), comprised
of staie environment agency, public, industry and mu-
nicipal xepreseniatives, provides commanity input.

As a bridge berween the two RAPs an Interna-
tional Advisory Commitiee (YAC) was established o
provide a linkage between the two RAP teams and
their advisory commitiees. The Niagara River recog-
nizes no international boundary; iis problems are mani-
fested on both sides, Likewise its solutions are inier-
iwined and concerns over the river must be addressed
by solutions on both sides. There is a concern that the
efforis undertaken by the Ontario RAP 1o restore ben-
eficial uses will have limited impact unfess significant
LS. sources are addressed.
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EXECUTIVE SUMMARY

Public concern for the quality of life and of the
environment over the last decade, has led o an in-
creased awareness of environmental issues, The Nia-
gara River has been a particular focus of environmen-
ial concern. It is a major source of water 0 Lake
Ontario and some four million residents of the Prov-
ince of Ontario and one million residents of the Staie
of New York.

Many of the concemns have been noted by the
Internaiional Joini Commission in designating the
MNiagara River as one of foriy-three Argas of Concemn
in the Great Lakes Basin, This Remedial Action Plan
(RAP) is being developed o restore impaired benefi-
cial uses 1o the Area of Concern.

Separate Remedial Aciton Plans are being de-
veloped for the Ontario side and the New York side of
the Niagara River.

Many sources discharge a wide range of con-
ventional and toxic chemical contaminanis io the
Miagara River. Many of these confaminants are chemi-
cals of concern due 1o their effects on human and other
lifeforms, Some of these chemicals are found at levels
that exceed aquatic life criteria. These chemicals con-
cenirate in the aquatic food chain, resuliing i fish
consumpiion advisories for the Niagara River,

Environmental degradation caused by excessive
loading of conventional contaminanis and bacieria
occurs in the ibptary sireams of the Niagara River, In
these tributaries suspended solid concenirations have
caused significant loss of some aquatic biological
production. Sediment in the Welland River 15 also
contaminaied with heavy metals which has funhber
reduced benihic diversity in some sections,

The Miagara River Toxics Commitiee (NRTC)
in 1984 provided the furst comprehensive catalogue of
sources of toxics contamination o the Miagara River.
The repori also provided a preliminary assessment of
the environmenial condirion and the extent of degra-
dation of the river and the nearshore area of Lake
Ontario. Because foxic contaminanis is the prime
concern in this area, the NRTC report and a large
number of governmeni follow-up studies form the
fargest pari of the scientific information nsed in this
report.

The RAP development program is occuwrring
concrenily with a toxics reduction plan, organized
by the environmenial agencies of the four govern-
menis with jurisdiction over the Niagara River. This
1987 government program, known as the Niagara
River Toxics Managemeni Plan (NIRTMP) has identi-
fied 18 Niagara River Chemicals of Concern and
established goals for reduciion of discharge of 10
persistent toxic chemicals 1o the viver, The NRTMP
reflects the philosophy of the International Jaint Com-
mission., The NRTMP siates that “this (reduction) is
consistent with the goal of virnal elimination of toxic
discharges, as agreed upon in 1978 by ithe Govemn-
ments of the United Siates and Canada under the Great
Lakes Water Quality Agreement”.

L0 o §

! r 509 Oiher Prioriv Toxics
Reduction
benz(ajanifracens chrysene
benzo(a)pyrene chlordane
benzo(b)fluoranthene dieldrin
benzo(i)luoranihens octachiorostyrene
igtrachloroethylens DDT and metabolites
mirex lead
hexachlorobenzense arsenic
PCB's tpxaphens
mercury
2.3,7.8-TCHBD (dioxin)
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The NRTMP goal of 50% reduction of persisient
toxic discharges by 1996 for 10 of these 18 Chemicals
of Concern identified for the Niagara River, is viewed
ag animportant step on the way (o virtual elimination of
these substances and reduction of all contaminants
released to the Niagara River. The four agencies hold
periodic consultation with the public in the Miagara
area Lo present progress reparis and o ontline new
iniiatives.

The Niagara River RAP goes beyond the bounds
of the NRTMP, addressing the entire Niagara River
ecosystem. In addition 1 addressing toxics discharges,
the RAP addresses in-siiu contamination, problems
associated with conventional contaminants, bacieria,
physical coniaminanis and undesirable biotogical spe-
cies and concems over the impact of future activities.
It is as ruch a plan for the future as it is a plan for
¢leaning up past mistakes.

The Bemedial Action Pian team also recognized
the necessity for public participation and accepiance
early in the development process. This participation
mvolved three components:

providing the public with the facts concerning
the environmentat condition of the Miagara River;

2)establishing a dialogue beiween the public
and the government agencies o gei public informa-
tion and advice in preparation of the RAP;

Destablishing a means of bringing together the
two RAPs for the Niagara River under the scrutiny of
the public to ensure that issues of mutual interest and
concern are addressed.

Following a serics of public meetings in 1988, a
public advisory commitiee (PAC) was established for
the Niagara River (Ont.) RAP, The PAC consists of
somme 20-30 members of varicus groups and individu-
als with a sirong interest in the Niagara River and has
met monthty since January 1989 1o advise the RAP

team during creatton of the Siage I and 11 documenis.
Two members of the PAC have sat on the RAP team
since spring 1990 io represent the PACs interesis in
the development of this document. The past several
drafts have been reviewed by all PAC members, the
last draft involving a workshop in January 1991. Con-
cerns taised by the PAC have been outlined in the
Stage T document atong with the RAP team tesponse,
The suggestions of the PAC have been incorporaied in
this document, wherever possible.

Fnvironmental Description

The Miagara River is the principal connecting
channel beiween Lakes Erie and Ondario. The Miagara
River has a drainage basin of 686,000 square kilome-
tres and a long-term average flow of 5860 cubic
metres per second. This flow accounts for 83% of the
waier flowing into Lake Ontario and significantly in-
fluences Lake Ontario’s water quality and fish pro-
duciivity, Velocity and flow in the river itself are
regulated by a control siructure above MNiagara Falls,
operated primarily 1o divert waier {or hydro-eleciric
generation purposes by Onitario and New York State.
Flow over the falls at Niagara and through the power
plants is governed by the 1953 Niagara River Treaty,

The Niagara River is highly utilized for recrea-
tior, predominanily fishing, but also includes recrea-
tional boating, swimmang and birdwaiching, 1t is used
as a source of poiable waier for the City of Niagara
Fails, Oniario, as well as a number of towns and cities
in Mew York State. The river is the source of water for
many indusiries as well as the receiver of their efflo-
ents, It also receives the reated effluents of a4 number
of municipalities that Yine both shores. Commercial
navigation occurs in the lower river up o Queanston
and in the upper river 10 Niagara Falls and Chippawa
via the Black Rock Canal and Erie Barge Canal, The
Miagara and Welland Rivers receive a number of
stormwater discharges and combined sewer overflows
from the older portions of most urban areas that line
their shores.

Niagara River Remedial Action Plan - Stage {
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One of the major uses of the Niagara River is
aesthetic appreciation. The Horseshoe Falls and the
American Falls, the Niagara River, the Niagara Gorge,
the Whirlpool, the Whirlpool Rapids and Devils Hole
Rapids and the Niagara Hscarpment are world-re-
nowned tourist attractions. Visitors from around the
world come 0 view the river, making tourism a major
industry in the Niagara Peninsula,

The Niagara River (Ont.) Area of Concern ex-
tends from Lake Exie at Fori Erie to Lake Oniario at
Niagara-on-the-Lake and includes several small tribu-
taries 1o the opper Niagara River and the entire drain-
age basin of the Welland River. Diversions of water io
the Welland River and Lyon’s Creek from the Welland
Ship Canal augment the natural flows in these basins,
The combined flow from these tributaries (including
riparian flow) is a very small portion of the flow io the
Miagara River compared to ouiflow from Lake Lrie.

The two sitles of the Miagara River are markedly
different in development. The New York side is highly
urbanized and heavily developed by industry atong its
banks beiween Buffalo and Niagara Falls. Extensive
residential development continues from MNiagara Falls
fo the top of the escarpment. Below the escarpment,
the area is predominantly undeveloped, with the ex-
ception of the residential communities of Lewision
and Youngstown.

The Ontario side of the river is much less dovel-
oped. Most of the upper river is undeveloped parkland
and open space between Fort Erie and Niagara Falls,
Beiween Niagara Falls and the Whirlpoal the arca is
urbanized, North of the Whirlpoo! and extending to
Lake Oniario, the area is mixed parkland/fruitland
with the exceptions of the residential communities of
Queenston and Niagara-on-the-Lake. The upland area
of the Niagara tributaries, incloding the Welland River
basin is mixed agricultwral/undeveloped land with the
exception of the City of Welland and a number of
small roral communities. YVery little heavy industry is
esiablished within ithe entire Miagara River (Oni)
Area of Coneern.

Since the early 1900°s, the Niagara River has
been identificd as a river with serious water pollution
problems. Most sources of pollution and the problems
they cause have existed for decades. Over the past
decade, contamination of the MNiagara River by per-
sisteni toxic substances has become a major public
concern in both the United States and Canada. Public
concern has arisen over the quality of the water, toxic
chemicals in the mist and in the air and the appeavance
of foam in the pool beneath the Falls, Environmental
concern in this area focnses on exceedances of water
quality criferia for the protection of aquatic life, sedi-
ment contamination which impairs benihic organisms
and both reductions in aguatic populations and habitat
{oss due 10 a number of causes,

Six municipal sewage planis and fourteen indus-
iries on the Ontarle side of the Niagara River dis-
charge directly io surface waiers. Monitoring pro-
grams for the indusirial and sewage plant discharges
have shown that remedial measures underiaken be-
tween 1982 and 1989 have resulied in a greater than
80% reduction in gross loading of toxic contaminanis
discharged by Ontario-based point sources from 152.5
kg/d in 1981-82 10 22 kg/d in 1988-89. This monitor-
ing shows that heavy metals contribuie maore than 70%
of this total load from Ontario. On the New York
shore, over 100 indusirics and sewage plants dis-
charge to the Buffalo or Niagara Rivers. Inputs of
toxics from these U5, point sources have been re-
duced from 1160 kg/d in 1984 10 184 kg/d in 1987-88.
A considerable number of storm and combined sewer
discharges are located on the U.S, shore. Mo estimate
of contaminant load from these sources has been
made.

The Miagara is also known io receive leachaie
from a number of hazardous waste sites on the U5,
side; 24 siles (or clusters) have been estimated to
contribuie some 307 kg/d of EPA puority pollutanis
directly to the tiver, 179.1 kg/d of which are organic
compounds. These sites, currently under various stages
of investigaiion or remediation are considered 10 he
the most significant of the more than 200 hazardous
wasle sites in Niagara and Erie Counties. In compari-
som, the Ontario portion of the Arca of Concern con-
taims 16 landfill sites, {ive of which have the potential

Niagara River Remedial Action Plan

- Stage [



EXECUTIVE SUMMARY

Page (ES-VIID)

to introduce contaminanis to the Niagara River. De-
tailed investigations into each of these {ive siles were
reported in a 1991 study 1o estimate the poiential
contribution of priority pollutants reaching the MNia-
gara River. Heavy metal contamination was identified
as a minor component (¢sl. 4 kg/d) of input from these
sites; however, cyanide (foxic, nol persistent) was
identified as the major potential contaminant {from 1
siie at an estimated load of 26 kg/d), From those five
sites, no persistent toxic chemicals have been found
and none of the 18 NRTMP Chemicals of Concern
were identified. Remedialion programs are completed
cr underway at all sites.

Ground water on the Ontario side of the Niagara
River coniains high levels of naiurally occurring min-
erals and is therefore generally of poor guoality as
potable water without treatment. Mo significant ¢on-
tamination of this resource by human activity has been
detected,

The Chippawa Channel and the lower Niagara
River do not contain exiensive arcas of sediment
accumulation, The fast-{iowing nature of the Niagara
carries sediment and contaminants alike rapidiy down-
stream 1o Lake Ontario. Sediment is deposited in Lake
Ontario on the Niagara Bar. Relatively uncontami-
nated sands and gravels are deposited on the Ontario
side while fine silis and clays are carried inio the Mew
York waters.

Fine silts and clays are also deposited within the
Ontario Area of Concern in the Niagara River tributar-
ies, particularly the Welland River. A considerable
amount of clay soils from the basin erode from the
fand due 10 agriculture, diching and land develop-
ment. These generally low-flowing, low gradient
streams often appear murky due to the suspended
solids, Many of the finer ¢lays are suspended (or
resuspended) in the waier column ali the way 1o the
Miagara and hence to Lake Ontario; however, larger
size solids deposit on the tributary streambeds causing
loss of aquatic habitat. The soils readily adsorb con-
taminanis from the waier column both in the Weliand

River and in the Niagara River. Significant zones of
contaminated (heavy metals) sediment exist in the lower
Welland River,

Stage I Of The Remedial
Action Plan

One of ihe tasks in the development of this Stage
I document is the establishment of impaired beneficial
uses within ihe Avea of Concemn, Alihough a wide
range of impairmenis may exist, the RAFP program
focuses on water quality impairments. To that end the
17 has ideniified fourteen use impairment criteria for
listing Areas of Concern,

The impaired uses in the Niagara River AQC
have been identified independenty by the government
agency RAP ream and the Public Advisory Committee.
Both seis of impaired uses are presented in the report.
In most, the uses are similar; none are conflicting. The
RAP ieam uses have been used to assess whether or not
the 14 IFC criteria apply. The criteria have been sepa-
rated into paris a and b where they are multiple because
only part may apply (eg. fish have consumption
advisories but not wildhife consumption advisories).

Table A summarizes the 14 LC beneficial use
impairmenis as they periain 1o the Niagara River
{Ont) Area of Concern. Several criteria are not defini-
tvely impaired or unimpaired due 10 a lack of data on
ihe topic. These are reflecied in Table A. Some impair-
ments have been noted that are not related to water
gualiiy or cannot be remediated.

Niggara River Remedial Action Plan - Stape [
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Impaired Beneficial Uses

The determination of impaired beneticial uses in
the Miagara River (Ont) Area of Concern was made
using the [JC Listing/Delisting Criterta, MOE/MNR
Fish Guides and Provincial Water Quality and Drink-
ing Water Objectives and Provincial Sediment CQual-
ity Guidelines.

Impaired beneficial uses are identified individu-
ally in Table A along with a brief discussion of the
impairment.

Other Environmental
Concerns

During the RAP process, there were several is-
sues raised which were not necessarily related to the
G 14 use impairment criteria, These additional con-
cerns are identified in Table B along with a brief
discussion of the issue.

Cause Of Use Impairments

A cross reference matrix of the impaired uses
versus known and potential spurces is presented in
Table C. This tabie summarizes the linkages that have
been established using the database available and also
identifies where other linkages may exist but more
mformation is needed to definitely establish the link.

Sources of contamination within the Area of
Concern are discussed in detail in Chapter 5 of this
report. Since many problems are associated with ouside
sources. these are discussed separalely in Chapter 6.

Unimpaired Beneficial Uses

A considerable number of beneficial uses are
currently unimpaired by water quality 1o the Niagara
River (Ont.) Area of Concern. The 1ist of beneficial
uses which are not impaired are presented in Table A
along with a short discussion on the current state of that
use.

The Future

A recent trend towards water guality improve-
ment appears o be continuing despite human encroach-
ment on the ecosystemn. Some past problems have
already been rectified, many more are currently being
addressed. Present probiems are being abated and new
issues are being resolved betore they become prob-
Jemns. The Niagara River AOC has an adaptive ecosys-
tern; however, civilization has enacted some dramatic
changes on it. For decades, people have been part of the
problem; we must now be part of the solution. This
region will never return to pristine condition but, with
our help, it can veturn to a useful, balanced, self-
sustaining ecosysten,

In order to allow naiure to resiore the Niagara
River while we clean up past practices, we must no
longer abuse its resources. The principles of sustain-
able development and environmental responsibility
must puide our activities for the futore.

Niagara River Remedial Action Plan - Stage I
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TABLE B
OTHER ENVIRONMENTAL CONCERNS

Concern Description of Impairment
Zebra Mussels The influx of the zebra mussel into the Niagara River

Area of Coneern has affected a number of beneficial uses
of the river and its tributaries. Chief concerns involve
clogging of drinking water intakes and submesged
outfalls, accumulation at swimming areas, loss of aguatic
habitat, competiticn for food and the impact on the scenic
resource at Niagara Falls.

Unconirolled Uncontrolled community development, whether it is
Development industrial, commercial or residential and its impact on the
ecosystem has been raised as a concern.

Uncontralied Uncontrolled community development, whether it is
Development industrial, commercial or residential and its impact on the
ecosystem has been raised as a concern.

Fluman Health There has been concern expressed over the need for
source control of contaminants in order to protect water
supplies and ensure that fish from the river are safe to eal.

Niagara River Remedial Action Plan - Stage |
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TABLE C

CAUSES of USE IMPAIRMENT  Ares of Concern: NIAGARA REVER

Tapaired Use Crlterlon

SOURCES |Ia Yika

oF Figh Degradation
PROBLEM | consumption |of flah
FUTEIN restriciicns | populsiions
AREA OF
CONCERN

VY
Degradation
of beathes

Vi
Dreaging
ackivity
restictions

Yn
Enireph-

ication

cdeur
probbems

Ko X
Tezte Beach
aod cloatngs

p:e

Lagradation
of sesthetics

b
Addad
ool to
Industry

K¥a
Lasa of

habtiat

HIVh

Lozs of
wildlie
hahbitat

Tndhasirial

Poml Sources YES MAY

YES

Munlcipal

e
Pojat Sowrces VES

Cambinesd
Sewer
Ovesflows

MAY

Urban Runoff MAY MAY

MAY

WS

Rugal Runoflf MAY

Leandfills

Sedimenis MAY MAY

YES

WS

vES

Short-range
Admos,
Depositlon

Contevainated
Growmdwater

Spills MaY MAY

MAY

Contaminated
loduzirial
Planjies

Nagural
SERITCES

MAY

MAY

MAY

MAY

Developraent

P MAY

MAY

MAY

SOURCES OF PROBLEM

DUTSIDE

AREA OF CONCERN

Niagara River
M) AOC YES MAY

MAY

MAY

Matural
Swwces

MAY

Exotic
Biotogical MaY
Species

YES

Lalee Brie /
Luke Ontario

MAY

Bufialo River

AQC MAY MAY

iong-renge
Atmos.
Deposition
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For those interested in more detailed Niagara-related environmental information, reposiiories of reports,
papers, texts and mapwork have been established for public access by Public Advisory Commiuees of both
Niagara River RAPs a1 the following lecations:

ied Skates
MNiagara Falls MNew York Statc Department of
Public Library Environmental Conservation
Main Branch Region TX Office
4848 Victoria Avenue 270 Michigan Avenue
Niagara Falls, Ontario Buffale, New York

Niagara River Remedial Action Plan - Stage I
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Page (1-1)

1.0 ENVIRONMENTAL
CONCERNS

Governmental agencies and privale Inierests
have been investigating the Niagara River for dec-
ades. In the beginning, concerns and studies centred
on conveniional ¢ontaminanis such as bacteria, col-
our, oil, metals and notrients.  These concems were
not unigue to the Niagara River bui existed as a global
probiem: the discharge of raw ar partially weated
sewage to the waters of the world. In the mid-1950’s,
in the Great Lakes basin, the Province of Ontario anl
the Government of Canada started a massive construc-
tion programrae of municipal sewage treatmeni planis
in conjunction with Onfario municipalities,

Over the last three decades, treatment of sani-
tary sewage has improved rremendously in terms of
the number of planis and improverenis in iechnol-
ogy, both in Oniario and in the eight Great Lakes
Staes. As technological advances in science during
the same period led to ihe wentification, investigation
and understanding of more complex substances in
more complex media, concem has changed to the
problem of eliminaiing toxic substances from the
environmeni.

The environmental agencies of Canada, the
United States, Ontario and New York have recognized
that the vast majority of the pollution in the Niagara
River comes from the Mew York side of the river.

The State of New York is curvently preparing
similar Remedial Action Plans (RAPs) for both the
American side of the Niagara River and the Buffalo
River, The Buffalo River RAP is currenily in Stage 1T
while the 1.5, Niagara River RAP is in Stage [ genera-
101,

1.1 Pollution of the Great
Lakes

Canada and the United States of America signed
the Boundary Waters Treaiy in 1909 and established
the International Joint Commission for the Great Lakes
(UC). The IFC was formed to co-operatively resolve
problems atong the common border, including water
and air pollution, lake levels, power generation and
other issues of mutnal concern.

The Governmenis of Canada and the United
States, as carly ag 1912, asked the UC 1o examine the
extent and canses of polluiton in the Great Lakes. The
Commission identified specific water bodies, includ-
ing the 5t. Marys, 8t. Clair, Detroit, Niagara and St
Lawrence Rivers, as being polluted with raw sewage,
‘This pollution affecied nearby human populations;
waterborne diseases such as typhoid and cholera were
common. The Comimission identified sources of pol-
lution and recommended specific remedial actiong
such as waier purification and wasiewater weatment.
Such actions eventually contribuied 1o the elimination
of these diseases in the Great Lakes basin.

In the early 1960°s, nutrieni entichment was
being accelerated, pariicularly in the lower Great
Lakes. In 1964 Canada and the United Staics re-
quested the 17C o anderiake a study into the causes of
pollution in the lower Great Lakes, including the
recommending of solutions. The IJC investigated the
problern from 1964 to 1968 and a final report was
submitied to the governments of Canada and the
United States in 1970, The siudy concluded that the
lower lakes were suffering from accelerated
eutrophication.  The IIC's recommendations were
embodied in the 1972 Great Lakes Water Quality
Agreement (GLWQA) that was signed by the Govern-
ments of Canada and the United States. The Govem-
ments of Canada and Ontario are both represented on
the IJC boards. In Canada, joint federal-provincial
environmental commitments are ¢oordinated through
the Canada-Ontario Agreement. This agreement sets
the rules and the responsibilities of the varicus agen-
cles and is renewed every five years by the parties.

Niagara River Remedial Action Plan - Stage I
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In response o pollution problems reporied by
the TJC in 1948 and other Great Lakes studics, ihe
goveraments undertook a programme in the 1960’s
and 1970's to provide adequate sewage treatment {0
municipal discharges within the Great Lakes basin.
These facilities, together with similar controls on
indusirial discharges have largely eliminated prob-
lems with conventional contaminants in the basin

Since the early 1970’s, the complexity of envi-
ronmental problems has become evident. In 1978, the
GLWQA was revised and expanded to address the
loading of toxic substances 1o the Great Lakes, An
ecosystem approach was adopied whereby the interac-
tions of land, alr, water and all lifeforms were consid-
cred.

In 1987, the two nations reaffirmed their com-
miimenis to clean up the Great Lakes in 2 second
revision of the Great Lakes Water Quality Agreemen.
The 1987 [.C. PROTOCOL incorporated more recent
concerns and information including the issue of per-
sisteni foxic substances, Areas of Concern and the
development of Remedial Action Plans.

As a result of the Agreemenis, considerable
monies have been spent by the two couniries, the eight
Great Lakes States and the Province of Ontario to
reduce the pollution of the lower Great Lakes and the
Iniernational portion of the Si. Lawsence River by
municipal sources through treatment of sewage streams
and separation of storim water from sanitary sewage,
Large amounis have also been spent by government
and industry to reduce or climinate pollution from
indusirial sources.

Health and Welfare Canada is cumenily em-
barked on health effect studies programines Lo assess
public health in the Great Lakes basin in general and
the RAP Areas of Concern in particular,

Goals of the program include determining the
nature, magaitude and extent of effects on human
healih of exposure o contaminents, developing strat-
egies 1o reduce the risk and improving comraunication
and consuliation on health-environment issues.

1.2 Pollution of the Niagara
River

Early development of the Miagara Frontler, based
largely on economic criteria, has proven o be the
cause of environmental problems both in the Niagara
River and the surrounding area. (Fig. 1.1)

The earliest recognized chemical pollution prob-
lems in the Niagara River were identified in a 1948
study by the I¥C as sewage, bacieria, oil, phosphorus,
chloride, phenol, mercury and general discolouration.

in the 1980°s, the focns shified to contamination
by toxic substances. This shift has been particulariy
true for the Niagava River, where concern has also
centred on the effects of ihese chemicals on human
health and the ecosystem, A toxic substance is de-
fined by the IJC as one which can ¢canse death, discase,
behaviourial abnormalities, cancer, genetic muagions,
physiological or reproductive malfunctions or physi-
cal deformities in any organism or iis offspring or
which can become poisonons afier concentration in
the food chain or in combination with other sub-
stances. A persistent toxic subsiance in water is
defined as a toxic substance with a balf-life (time at
which half of the original amount of chemical still
exists) of greater than eight weeks.

In addition to the activities and attention of
government agencies, public atiention around the
Great Lakes basin focused on the Niagara River in
1981 when the New York Public Interest Research
Group (NYPIRG) released its study on toxic contami-
nation of the Miagara River entitled “The Ravaged

Niagara River Remedial Action Plan - Stage I
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River”  In that siudy the authors resticied their
concerns and subscqueni investigations to the U.S.
side of the Niagara River. The repori presented infor-
mation on discharge of indusirial wastewater, histori-
cal kandfilling activitics and the threat that both present
0 the natural integrity of the Niagara River, the
quality of its swrounding environment and the health
and well-being of the people who drink water drawn
from this source.

The NYPIRG recognized that during the 1970°s,
environmental awareness had led 1o 3 substantial
amount of public funds being used to improve water
quality. These efforts had cenired, by and large, on
contrelling degradable biological wastes and liitle
progress had been made on the control or elimination
of toxic chemicals, The same conclusions could be
drawn for the Canadian side of the Niagara River,
although 10 a much smaller degree, since the Canadian
side is much less developed and populated.

Since the early 1980’s, technological advances
have produced far more sophisticated analytical equip-
ment and methodology than before, This has enabled
scientists to detect a far greaier number of chemicals
and at much lower concentrations (several orders of
magnitude) than in previons decades. These capabili-
ties have contributed to the perception that the Nia-
gara River is more pollated now than in the past. Our
ability to detect chemicals at these lower concenira-
tions has outpaced our anderstanding of the shori and
long term effecls at these levels on either human
healih or the ecosystem. In many cases, the scientific
basis for understanding the environmenial and human
health significance of these chemicals, both alone and
in concert with other chemicals, is not well under-
stoad. The determination of toxicological effects is
both difficult and expensive; it will also take consider-
able time to establish resulis with some certainty.,

Research is only now clarifving the link be-
iween toxic substances in the Niagara River and the
subseguent effects on the ecosysiem.  Some condi-
tions in Lake Ontario such as the occurrence of dioxin

and mirex in Lake Ontario sports fish can be attributed
directly o conditions in the Niagars River. In some
instances, commercial fishing in Lake Ontario has
been restricted as a result of mirex and PCB levels:
these restrictions are partly aitributable to contami-
nanis infroduced by the Niagara River. There is also a
possibility that some chemicals from the Niagara
River, although not a problem themselves, may, i the
presence of chemicals from other squrces around Lake
Ontario, gencrale synergistic reactions which con-
taminaie the water, sedimeni or biota in the fake. Such
synergistic reactions, atthough less direct, can have
just as significant an effect as specific contaminants,

Toxic chemical contamination of the Niagara
River 15 a complex problem, Toxic chemicals have
probably been in the Niagara River for years, over the
eniire period of their production and continuing to the
present.  Analyses of sediment cores taken from the
Miagara Sediment Bar in Lake Ontario have indicated
that many of these substances were present in the river
as long ago as the first quarier of this century. This
time period coingides with the establishinent of indus-
trial complexes on the banks of the river.

Existing long-term water quality data generally
show a decline in the concentration of many contami-
nants in the river when compared io levels found
during the 1960's.

Once of the biggest worries o the public is the
contamination of potable water. There is widespread
concern ameng the public that the consumption of
waier containing (oxic contaminants has led 10 a gen-
eral decline in the health of the residents of the Great
Lakes arca. For those chemicals for which drinking
water standards exist, moniloring data shows that
Miagara River levels are below current Canadian, U5,
and World Health Organization fimits, Development
of drinking water standards, as for other standards, is a
dynamic process. There are chemicals present in the
Niagara River for which drinking water standards do
not exist.  {t has not yet been determined whether
standards shonld be established for these chemicals or
if these substances have any detrimental effeci on
humans. With respect to the public’s perceived de-
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cline in health due to contaminants in drinking water,
it may be that, similar to advances in science, parallel
advances in medicine have increased our capabilities
to detect disease far more readily than was possible in
the past. Therefore some consideration must be given
to the possibility that incieasing instances of discase
may be related to a beiter capability of diagnosing
these diseases. To date, siudy information i3 not
available comparing differences in health beiween
residents of the Great Lakes basin and control groups
that would confirm whether or not the perceived dete-
rioration in health levels is a real phenomenon,

Toxic subsiances have been detecied and are
routinely monitored in the effluents of industrial and
municipal fagilities discharging 1o the tiver. They
have also been detected in urban stormwater runoff.
In addition, major toxic wasie disposal sites have been
identified along the eastern bank of the MNiagara River
and many of these are known to leak contaminanis
into the river.

Contamination of the Niagara River Area of
Concern (Figure 1.1) by toxic chemicals may be the
predominant issue; however, environmental degrada-
tion by conventional conlaminants such as nuirients
and bacteria is still a problem in the Niagara tributar-
ics and feeder streams and 10 a lesser extent in the
Niagara itself. In the tributary portions of this Area of
Concern, aquatic and wetand habitat has been dis-
turbed or lost due to the activitics of man. Siliayion is
also & significant problem in the Miagara River tribu-
taries, particalarly the Welland River. In significant
partions of these sireams, soil has been carried down-
stream and deposited 1o critical habitat areas. Thig
sediment, although not normally thoughi of as a con-
taminant, has nonctheless physically degraded the
environment,

Soils in the upland areas of the Area of Concemn
are eroded both by the acrivities of people and their
livestock and by precipitation runoff. The soil is
suspended in the tributary waters as sediment and
¢ither drops out in the tributary or is carried ont into
the Niagara River and deposited on the Niagara Sedi-

ment Bar. This area, referred 1o as the ‘Niagara Bar’
(Figure 1.2), is located in Lake Ontario o the north of
Niagara-on-the-Lake.

During their passage down the Niagara River,
the finer clay particles become highly contaminated,
and subsequently, where these clay sediments fall ont
of the water column, a heavily coniaminaied
depositional area is found.

1.3 Environmental Data
Base

Data collections which staried in the mid-1970"s
have now developed into imimense databases, In the
caxly 1980°s, the Niagara River Toxics Commitiee
(NRTC) collated and anatyzed all of the 1980-1982
data for ihe Niagara River*®”_ That work is presented
ina 1984 repon™.

Since 1984, Envirenment Canada, the Ontario
Ministry of Natoral Resources and the Ontario Minis-
try of ihe Environment have undertaken subsequent
studies both in concert with, and in addigon to, the
NRTC report recommendations.  These studies in-
volve the following:

1} annual moniioring of & wide range of con-
ventional and foxic contaminants from all
point source discharges;

2) detatled mvestgations of all landfills iden-
tified in the NRTC report and estimation of
ihe loading of contaminants 1o the Niagara
River from these sources;

3} regular biomonitoring of contaminants us-
ing freshwater mussels and leeches,
Cladophorg and spotigil shiners;

4) intensive year-round monitoring of river
water for chemical concenirations at Fort
Erie and Niagara-on-the-Lake;

Niagara River Remedial Action Plan - Stage I
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5) intensive monitoring of chemical concen-
trations in raw and treated drinking water
at filtration planis in the Niagara Peninsuly;

&) annual sampling and analysis of fish flesh
from spozi and forage specles in the upper
and fower Niagara River and nearby areas
of Lake Omntario to determine toxic con-
taminant body burden and establish con-
sumption advisories where required;

7} detailed, intensive monitering of wibutar-
les 1o the Niagara River 1o establish the
relative propordon of contamination from
each of these sources.

1.4 Areas of Concern

Over the past decade, great progress has been
made 10 overcome the effects of more than a century
of unabated pollution in the Great Lakes basin. De-
spite this progress, scrious problems remain.  The
Great Lakes Water Quality Board, which advises the
UC on water quality issues has identified 43 Areas of
Concern in the Great Lakes basm. These Areas of
Concern include the major municipal and industrial
centres on Great Lakes tributaries, Great Lakes har-
bour areas and the interconnecting channels. In each
of these arveas, the objectives, siandards, criteria or
guidelines of one or more environmental agency bhave
been exceeded. The IC requires that remedial meas-
ures be instituted io restore and maintain desired
beneficial uses. These may include use as municipal
and industrial waier supplies, recreational activities
and unresivicted use by aquatic life,

1.5 Remedial Action Plans

The Province of Oniario and the ecight Great
Lakes Siates have commitied themselves 1o the devel-
opment of Remedial Action Plans to restore all benefi-
cial uses in the Areas of Concern within their jurisdic-
tions.  In Oniario, the Governments of Canada and

Ontario are working under the framework of the
Canada-Ontario Agreement Respecting Great Lakes
Water Quality (COA), to jointly develop Remedial
Action Plans for the 17 Areas of Concern within the
Province.

A Remedial Aciion Plan or RAP i3 a plan io
restore and protect water quality in an Area of Con-
cern. The complete ecosysiem musi be considered as
it relates to the aquatic component within this Area of
Concem.

The RAPs ulamately will identify specific meas-
nres necessary to control existing sources of pollution,
abaie environmental contamination alyeady present re-
store beneficial uses and pre pollution sources,

The development of RAPs will be a coordinated
cffori amongst all programmes, agencies, communi-
ties and the public in an Area of Concern. These
diverse groups will come together to work on common
poals and objectives. These RAPs represent the first
concerted effori in most Areas of Concern to restore
beneficial uses. They reflect the ccosystem approach
outlined in the 1978 Agreement to protect the waters
of the Great Lakes sysiem. The ecosystem approach®
involves consideration of all water dwellers and users
in addressing pollution concerns.

Components of any Remedial Action Plan in-
chude, but are not limited to, municipal and indusirial
wastewater treatment, hazardous waste management,
non-point source potlution controd, ground water man-
agement, fisheries and wildlife management, harbour
maintenance and dredging, land use planning and
recreation,

Niagara River Remedial Action Plan
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Eight specific clements will be included in the
Remedial Action Plan. These are:!

1) Definition and detailed description of the
environmenial problem, including the ex-
tent of the affecied area,

2) Identification of the beneficial uses that are
tmpaived including the degree of impair-
ment,

3) Description of the causes of the use impair-
meni and identification of ail sources of
poliution that may have coniribuied to these
problems,

4

S

Bvaluation of the remedial actions in place,
as well as those additional measures neces-
sary to restore the impaired beneficial uses
10 the Area of Concem,

5

—rt

Selection of remedial measures and devel-
opment of a schedule for their implementa-
tion and completion,

6) ldeniification of the partics responsible for
the implementation and regulation of these
remedial measures,

7y Development of a method for monuoring
the implemeniation and evaluating the ef-
feciiveness of the remedial programme and

8) Design of a surveiliance and monitoring
programme that will be used by the various
participants to gauge the cffeciiveness of
the remedial measures and eventually con-
firen that the impaired uses have been re-
stored to the Area of Concern,

This Stage I addresses elements 1) through 3),

1.6 Public Involvement

Public invelvement is an important part in the
RAP process. Every person or organization that has
an inferest in or responsibility for the Niagara River is
considered 10 be part of the public, and is encouraged
1o become involved in the development of the RAP.

1.6.% The Public Advisory
Committee

In Movernber of 1988 the Minisivy of the Envi-
ronment held a series of public meetings in Niagara-
on-the-Lake, MNiagara Falls and Fort Erie to present the
RAP programme, These meetings provided an oppor-
tupity for those citizens, organizations, etc., who
wanted greater involvement in the RAP 10 join and
participaie in a Public Advisory Commitice (PAC).
As a result, the Niagara River Public Advisory Com-
miliee was established in January of 1989,

The PAC operates as an advisory body 1o the
RAP Team, representing a variety of views on key
aspects of ithe RAP preparation and implementation.
Information was provided to the PAC on the issues
within the Niagara River Area of Concern during early
1989. This included preseniations by the Owntario
Ministry of Natural Resources on the ecosystem com-
ponenis, the Ontario Ministry of the Environment on
the new sediment quality criteria development and by
Environment Canada on the Niagara River sampling
program.

The PAC considers all views presented by the
general public in formnlating s consensus during the
development of the RAP. The commitiee consists of
representatives from major seciors having interests i

Niagara River Remedial Action Plan - Stage I
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the Niagara River Area of Concem. Representatives
from the following sectors are participating on the
PAC:

-environmenial and pablic interest groups
-umversity and lugh school siaff & students
-recreation and tourlsm interests

-industry

-municipalitics

-labour

- health

~agriculture.

1.6.2 PAC Organization

The PAC is chaired by Prof. Tan Brindle from
Brock University. It meeis regularly on the evening of
the second Tuesday of each month at Miagara Falls in
the City Hall Council Chambers. the mestings are
conducied using the parliameniary system and min-
utes are recorded and filed. The PAC has appointed
sub-commitiees 1o address specific issues. The RAP
Co-ordinator or alternaie atiends all meetings. All
PAC meetings are open {0 the general public and are
advertised in the local media,

1.6.3 The Community Liaison
Coordinator

The PAC has employed the services of a Com-
munity Lialson Coordinator (CLC), through wiom all
PAC matters are direcied. The CLC has established
the PAC office and the telephone/fax number is adver-
tised in the local and Toronto directories for the
convenience of those members of the public who wish
to obtain information on the RAP program, eic. Col-
lect calls are accepted. The CLC co-ordinates ati
mectings and activities of the PAC and its subcommit-

iees; this includes attending all meetings (including
RAP Team mectings), recording minuies, preparing
agendas and circulating reporis. To facilitate the flow
of information beiween various groups during the
development of the RAP, the CLC liaises with the
public, governmeni agencies (both in Oniario and the
U.8) and the PAC. The CLC networks with other
PACs through such evenis a8 the Ontario PAC Councii
meetings, and the IIC RAP Forum {Traverse City,
Michigan, September 27 & 28, 1991} and reports back
io the PAC.

Special projecis or proposed public outreach
activities are planned and carried oul with the help of
the Community Liaison Coordinaior. Details arc
presenied in the section on public outreach activities.

1.6.4 The PAC Terms of Reference

The PAC operates under a Terms of Reference it
established in 1988 and revised in January 1992, This
inclndes a description of how it relates with the RAP
Team and the public at targe and defines the roles and
responsibilities of the PAC as a whole, the PAC Chair,
PAC Commission Liaisen Coordinator and each of the
individual member organizations and their representa-
tives. The criteria for membership on the PAC are
ouilined and the rules of PAC operation arc identified,

The Terms of Reference are summarized in a
Facisheet entitled “Public Advisory Commities (PAC)
Terms of Reference” which outlines these responsi-
bilities, roles and objectives of the PAC.

Niagara River Remedial Action Plan
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1.6.5 The PAC and Inpuf {nto the
RAP

The PAC has a three-fold mandate:

- toprovide advice and assistance to the RAP
Team

- to implement public outreach activities

1o liaise between the Canadian and U.5.
MNiagara River RAPs,

The PAC achieves input into the RAP through
various sub-committees, which meet on a regular or ™
as required” basis. These are:

1) The International Advisory Cominiiice
(IAC)

2) The Technical Sub-commiitee

3) The Communicaiions and Editorial Sub-
commitiee

4y The Land-use Sub-commiitce.

In addiiton, the PAC provides direct input
through pariicipation of 2 represeniatives on the RAP
leam,

1.6.6 The International Advisory
Commiitee (IAC)

The IAC is composed of 5 PAL members and 5
members of the Miagara River Action Comumities
(NRAQO) of the U.S. RAP, including the PAC Chair
and the NRAC Co-chair. The 1AC acis as a forum for
the exchange of information, discussion of common
concerns, and the development of joint activites be-
tween the two RAPs on the Niagara River, The TAC
meets each month, with the meeting venue afternaiing
beiwesn Ontario and New York State. The host

couniry chairs the meetings and records the minutes.
Agenda irems are discussed and agreed upon for each
of the meetings.

The TAC has provided a forum for review of the
RAP Stage 1 documenis. The NRAC members were
provided with copies of the deaft RAP Stage 1 (Ont)
document. Comments from the NRAC were directed
to the PAC in a letter, and these commenis were
reviewed by the PAC before being submitted io the
RAP Team. The Canadian IAC members and ihe
Technical Sub-commitlee are presently reviewing the
draft chapters of the U.5. RAP Stage 1 document.
Their comments and requests for further clarification
on some issues were discussed at the November 1991
TAC meeting. The PAC will convey iis comments to
ihe NRAC through 2 letter via the IAC when the
complete drafi RAP Stage | has been reviewed.

To daie, joint activities undertaken by the PAC
and WNEAC via the IAC have included a boat tour of
the upper Miagara River, and the establishment of
repositories coniaining reporis on pollution in the
Miagara River, The NRAC repository is housed in the
Buffalo office of the N.Y. Depariment of Environ-
mental Conservation. The PAC s Niagara River Re-
pository Is housed at the Miagara Falls Public Library.

1.6.7 The Technical Sub-committee

The Technical Sub-comimities acts as an advi-
sory and technical review body 1o the PAC. It meeis
beiween PAC meetings as required 0 review and
provide commenis and suggesiions on marietial of a
technical namre. The Technical Sub-commitiee fa-
cilitates PAC decisions on various issues presented for
consideration during the RAP process.  Any issues
arising from PAC meetings that require further con-
sideration are usually referred to the Technical Sub-
committee, On several occasions the Technical Sub-
committec has made recommendations to the PAC for
discussion or endorsement.

Niagara River Remedial Action Plan - Stage ]
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Response 1o the RAP Stage i drafi document by
the PAC has been provided primarily by the Technical
Sub-committee, It reviewed the RAP Stage 1 (Ont)
report and presenied detailed wrliten comments te the
PAC for discussion before submission to the RAP
Team. The Techmcal Sub-commitiee is presently
reviewing the draft chapiers of the NRAC RAP Siage
1 (L1.S.) report. Comments will be conveyed to the
JAC members, who will in twn present and discuss
these issues at the LTAC meetings.

Most recenily, in Stage 2 of the RAP, the Techni-
cal Sub-committee has reviewed and discussed in
detail the preliminary identification of yomedial op-
tions compiled in a technical options, discussion docu-
meni, Comients from this review have been brought
10 PAC meetings for discussion and clarification, and
subsequently directed o the RAP Team for integra-
tion into the technical options report.

1.6.8 The Land-use Sub-commiitee

The Land-use Sub-commitiee was established
t0 address concern expressed by the PAC on various
land-use issues in the AQC. To date the sub-commit-
fec has commented on the need for a discussion on
tourism.

1.6.9 The Communications &
Editorial Sub-committee

The Communications & Editorial Sub-commii-
tee was established to design, develop and implement
public outreach activities, These activities informn the
public of the RAP process and provide an avenue for
receiving suggestions, comments, etc., from the public,

One of the first accomplishments of the sub-
commitice was the production of a slide-show and
script, which explains the environmental problems in

the Niagara River AOC, the Niagara River RAP and
the PAC’s involvement 1n the RAP process, The
slide-show and a portable display sysiem has enabled
the PAC 10 provide exiensive information to the gen-
eral public at various evenis, such as:

1990: - Envirenment Day, City of Miagara
Falls, June 1990

- Niagara Falls University Women’s
Chab, October 1990.

1991: - Brock University’s *Two Days of
Canada’ Conference, February 1991

- High Schools, AN, Myei's Global
Awareness Day, May 1991

- Niagara South Board of Education’s
fnvironmenial Conference, May 1991

- Environment Day, City of Niagara
Falls, June 1991

- Canada Day exhibit in Optimist Clab,
Miagara Falls, July 1991

- Christ Church, River Road, Wiagara
Falls, October 1991

- Miagara Square Shopping Mall, No-
vember 1991

- RAP Stage 1 Media Familiarization
Tour of the main poinis of inierest in
the AQC, November 1991,

- Maclean-Hunier Cable Television In
terview, December 1991,

During the spmmer and fall of 1991 the display
system was exhibited at Niagara Falls, St.Catharines,
Welland and Fort Frie peblic libraries.

Factsheets on the Niagara River and the RAP
program are available as handout maserial to the gen-
eral public. Also, a business card with details of the
PAC office address, wlephone and fax numbers is
available,

Niagara River Remedial Action Plan - Stage 1
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Through ihe sub-commiitee, the PAC has re-
cently produced a document entitled “The Niagara
River - How did we get to this Stage?” This report has
been produced at the initiatve of the PAC and under
the collaborative direction of the PAC, RAP Team and
the Canada-Ontario Agreement (COA) Sicering Com-
mitiee. It was prepared o present the problems, both
real and perceived, to the public in the AOGC. This
report includes a tear-off sirip, which has been de-
signed by the PAC to solicit comments from the
general public or requests for further information or
slide-show presentations.

Also, the PAC has produced a newsletter *Cur-
rent” which contains up-to-daic information on the
RAP and acuvines within the AOC,

These documents are available o the general
public in both English and French, and are being
aciively distributed through networks of local citi-
ZENS.

A receni public putreach campaign was held 1o
publicize the Stage I activities and the work of the
PAC during the week of November 4, 1991 and in-
cluded the following:

- RAP Familiarization Tour of poinis of in-
terest in the AQC for the media, November
5, 1991

- CJRN Radio Talk-show on which the PAC
Chair and the NRAC Co-chair were guesis
to provide information about the RAP proc-
ess and public involvement, and they re-
sponded to questions iclephoned in by the
fistening public,

- Miagara Square Shopping Mall, Movember
7 & 8, 1991, The slide-show and display
system were exhibited and Factshects were
available for the general public.

1.6.10 PAC Activities

The PAC has been instrumental in establishing a
pollution report repository. The establishient of the
repository was recommended by the PAC 10 be avail-
able as reference material to the cidzens of the com-
munity. The bibliography contains over 550 entries,
and acquisition of the items commenced in Seplember
1991,

To date the PAC has held 2 workshops for PAC
members, the RAP Team and ihe general public to
discuss the 1ssues. In each case, the PAC scheduled a
Saturday session, from 9:00 a.m. w 5:00 p.m., for
which a Facilitaior was cmploved to conduct the
workshop, consolidate all commenis and to provide a
report of the proceedings.

The furst workshop was held in January 1990,
when the PAC identified impaired uses of the Miagara
River, such as fishing, swimming and boaling. From
the report of the workshop, the PAC initiated the
developmenti of its goals.

The second workshop was held in February
1991 10 review and comment on the RAP Siage 1
(Ont.) report. All comments from the PAC were con-
sideved by the RAP Team. Where appropriaie, this
report conigins the PAC’s recommendaiions and sug-
gestions,

Since the January 1990 workshop, the PAC has
been developing goals and objectives so that it might
accomplish the mission it established at its incepiion
“to protect and mainiain the integrity of the ecosystem
for the Niagara River.” The PAC is presenily going
through the exercise of linking those goals and objec-
tives.

Niagara River Remedial Action Plan - Stage I
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The PAC has also been consulted and asked 1o
gither comment on or endorse special projects within
the AOC. Thesc have included the following:

1) Atlas Specialty Steels dredging project in
the Welland River to remediate areas of
sediment contamination,

Members of the PAC sit on the Welland
River Liaison Commiitee 10 provide contl-
nuity of concern in the RAP process, The
PAC provided suggestions during the de-
sign and initiation of the demonstration
project.  With support from the PAC, the
project received funding from Environment
Canada’s Federal Great Lakes Clean-up
fund.

2} Infrastruciure MNeeds Study by the Regional
Municipality of MNiagara. Afier a preseria.
fion about this study and discussion of its
application o Stage 2 of the RAP, the PAC
endorsed this project,

3y The PAC was presented with information
on the proposed remediation by Cyanamid
of its landfill sites in the north end of the
City of Niagara Falls.

1.6.11 The Ontario PAC Council

Networking among the RAPs in Ontario is
achieved via the Ontario PAC Council, which is com-
prised of represeniatives {rom each of the 16 PACs,
The Chair of the Niagara River PAC represents the
PAC at the PAC Council meetings, The PAC Council
meets bianmually at different AQTs. To daie meetings

have been held at the Bay of Quinte (October 1990,
establishment of the PAC Council), Toronto {(April
1991) and Hamilton (October 1991).

1.6.12 New initiatives for Public
Involvement

The Niagara River PAC encourages involve-
ment of all sectors in the community in the RAP
process, including student participation.  Student in-
terest in the RAP has resulied in the discussion of a
possible “student ¢lub” associated with and under the
direction of the PAC, The student ¢lub is carrying out
a “hands on” activity within the AOC in February
1992 1o complement input 1o the RAP by the PAC,

1.6.13 Reports by the PAC

1} Niagara River RAP/PACT workshop to de-
finc water quality problem and use goals.
Workshop Report January 27 1990,

2) Miagara River RAP/PAC Siage 1 Report
Workshop Report February 2 1991,

3) "Niagara River - How did we get 1o This
Stage.” Joint RAP/PAC Report.

4y "Current” Newsletier, Fall 1991 Volume 1
MNo. 1.

5) "An Courant” Newsletier, Automne 1991,

6) "La riviére Miagara - Comment en esi-on
arrivé 14 77 Jan, 1992,

Niagara River Remedial Action Plan - Stage I
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2.0 DESCRIPTION OF
THE AREA

The complete Great Lakes arga awhich, deains
into the Niagara River is 227,000 sqiiart kilometres
(88,000 square miles) and encompasses the entire
drainage basins of the four upstream Grear Lakes:
Superior, Huron, Michigan and Erie, as well as ihc
Ogoki and Long Lake Diversion north of Lake Supe-
rior. The Niagara River “Area of Concern” (AQC)
involves only that portion of the drainage area be-
tween Lakes Erie and Ontario (Figure 1.1).

The Niagara River 1s the major interconnecting
waterway between Lake Frie and Lake Ontavio (Fig-
ure 2.1). Flowing northerly from the former 0 the
latter, the Niagara River drops some 100 metres (330
feel) in waier elevation over a distance of 58 kilome-
tres (37 miles). The river includes one of the seven
naiural wonders of the world, Niagara Falls (one of ihe
world’s major waterfalls), which physically divides
the river inio an upper and a lower section. More than
half of the drop (56 m or 182 {t) in the Niagara River
occurs over the Niagara Falls.

The border between Canada and the United
States of America lies down the middle of the Niagara
River. The west bank and tributaries on the west side
of the river are the jurisdictions of Canada and the
Province of Ontario. The east side s under the juris-
diction of the United States and the State of New York.

2.1 Physical Characteristics

On a regional scale, the Niagara River Area of
Concern extends the entire 38 kilometre fength of the
Niagara River and, in Omniario, encompagses the
Wellang River drainage bastn. The Welland River
basin extends some 70 kilometres westward from the

MNiagara River to Its headwaters in the agriculiural area
south of Hamilton, This Niagara-Welland drainage
basin is predominantly agriculiural in nature; a few
urban cenires are found in the area, notably the cities
of Welland and Niagara Falls (Ont.) and the urban
areas of the Towns of Fort Erie and Niagara-on-the-
Lake. These centres are primarily residential, with a
limited number of secondary industries.

At the head of the upper Niagara River (Figure
2.2), the flow is divided. Since the waier flows very
swiftly down the uppermost seciion between Fort Erie
and Buffalo, the Black Rock Canal was built along the
.S, share. This canal lies between Squaw Island
(11.5.) and the MNew York State maindand, The canal
exiends upriver into Lake Erie towards Buffalo Har-
bour and downstream from Squaw lsiand towards
Tonawanda. Warer Levels in the Black Rock Canal
are maintained by a set of locks beneath the Interna-
tional Railroad Bridge. The wesi bank of the canal is
formed by the mass of Squaw Island extended by 3
concrete reinforced seawall which separates the canal
from the river iiself. The Canal was built to allow
small cargo vessels o navigate this portion of the
river, access docks on the New York side in
Tonawanda, North Tonawanda and Niagara Falls and
feed into the Erie Barge Canal in Tonawanda. Two
bridges cross this section of the river, The Peace
Bridge between Fort Erie and Buffalo permiis road
and pedestrian traffic between the countries. The
International Bridge further downstream beiween Fort
Erie and the norih end of Buffalo via Squaw [sland
allows rail waffic across the river.

Below the fast-flowing section, a number of
islands separaie the tiver’s flow. At a distance of §
kilometres (5 miles) downstream from Lake Erje,
sand-based Strawberry Island (U.S.) divides the upper
river into two channels: the Chippawa Channel 1o the
west and the Tonawanda Changel to the easi. The
channels are further separaied by Grand Island (U.8.),
the largesi island in the MNiagara River, which lies
immediately downsiream of Strawberry Island. Two
bridges span the Tonawanda Channel from the U.S.
mainiand to Grand Island. The bridge 10 the north
crosses o Miagara Falls (N.Y); the one 10 the south
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links Grand Island o Tonawanda. Both bridges are
part of U.5. Interstate 190. The Canada/U.5. border
passes to the west of Grand Island in the Chippawa
Channel. The 18 kilometre (11 mile) long Chippawa
Channel, carrying about 57% of the flow, is a
wransborder waterway; the 24 kilometre (15 mile) long
Tonawanda Channel, which carries the remaining 43%
of the upper river flow, is completely in U.S, temritory.

At the northwest corner of Grand Island (Figure
2.3}, the Chippawa Channel is further divided into the
Chippawa and Emerald (West) Channels by MNavy
Island (Can.}, The interaationat border passes down
the Emerald Channel between Navy Istand and Grand
island. Bevond (nosth)y Grand and Mavy Islands, the
three channels recombing in & widening of the Niagara
River known as the Chippawa-Grasgs Island Pool. This
pool is a sowrce of water for hydro-electric power
generation. Water is diveried from the poof to gener-
ating stations at Lewiston (N. Y.} and Queension (Oni.)
as permittcd by the 1950 Miagara Diversion Treaty.
Between the control structure at the downsiream end
of the Chippawa-Grass Island Pool and the falls at
Niagara Falls, a 1.5 kilometre {1 mike) reach of the
river known as the Niagara Rapids provides a spec-
tacular whitewater section with many rock ladge out-
crops.

At the brink of the Miagara Falls, Goat Island
{U.5.) divides the falls into two paris: the principal
Horseshos Falls between Goat Island and the Cana-
dian mainiand and the smaller American Falls be-
tween Goat Island and the U.5. mainland.

Downstream from Niagara Falls, the lower Nia-
gara River (Figure 2.3) flows through a 50 metre (160
foot) deep gorge. The gorge exiends some 12 kilome-
tres to the Miagara Escarpment at Queenston, This
Niagara Gorge area is virtually inaccessible except for
a few Ontario Hydro aceess points, commercial (tour-
ist) access poinis and other irails created by enierpris-
mg fishermen. At the base of the Niagara Falls, the
water plunges into a one kilometre long, deep river
section known as the Maid-of-the-Mist Peol, which
lies between the falls and the Rainbow Bridge, The
Rainbow Bridge spans the Miagara Gorge over the

Maid-of-the-Mist Pool. This bridge provides vehicu-
lar and pedestrian traffic between Niagara Falls, On-
tario and Niagara Falls, New York.

Downstream from the Maid-of-the-Mist Poaol,
the river enters a fierce whilewater section known as
ihe Whirlpool Rapids. The Whirlpool Rapids presents
some four kilometres of 3 i0 5 metre standing waves.
This set of rapids ends at a sharp dogleg in the Niagara
River known as the Whirlpool. The Whirlpoo! is a
deep decreasing concentric whirlpool in the main-
stream of the river. Immediately downstream from
the Whirlpeol lies another set of whiiewater rapids
known as the Devil’s Hole Rapids. This set of rapids,
with shorter and choppier waves than the Whirlpool
Rapids, is still not navigable, They extend some 4
kilometees downsiream through the Niagara River
Gorge o the bend at Bloody Run Creek where it
recombines with the discharges of the hydro-electric
planis ar Queenston and Lewiston. A drop in the river
of 23 meires (75 fect) occurs over the length of ithe
Whirlpool Rapids and the Devil’s Hole Rapids.,

At Queenston, where the river exits the Niagara
Gorge (Figure 2.4}, the recombined flow of the Nia-
gara River is still very turbulent. The underlying rock
formations crop out at this poiat in the east-west lying
Niagara Escarpment. The water flows rapidly north-
wards from this point some 10 kilometres where it
discharges into Lake Ontario. The portion of the
lower river from Lake Ontaric 10 Quesnsion is sxten-
sively nsed for fishing and boating. Most of the
viverbank norih of the escarpment is parkland; shore-
line access along this portion is largely unresiricted.

The focal point of the Area of Concern is the
mouth of the Niagara River between Niagara-on-the-
Lake, Ontatio and Youngstown, New York. Waier
passing this point accounts for 83% of the total wibn-
tary flow 10 Lake Ontario,

Niagara River Remedial Action Pian
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2.2 Development along the
Niagara River

In the early 1900°s, a highly industrialized area
was created along the banks of the Niagara River,
particnlarly on the U.S. side. This development in-
volved steel, petrochemical and chemical manufac-
turing complexes which located on the Niagara Fron-
tier as a result of readily avaitable cheap elecirical
power and vast quantities of water for use in industeial
processes. Cheap sources of power became available
at that tme because the hydro-electric gencration
potential of the hydraniic head at Miagara Falls was
exploited by power authorities in Ontario and New
Youk State.

Treaties were signed in 1909 and 1950 which
provided for the diversion of waters around Niagara
Falls. The 1950 Miagara River Treaty was signed to
preserve the scenic spectacle by providing a guaran-
teed flow over the Miagara Falls and {0 make more
efficient use of the river for power generation pur-
poses. As a resull, Ontario Hydro and the Mew York
Power Authority construcied a control structure ai the
lower end of the Chippawa-Grass Island Pool. The
struciure consisis of eighteen gates exiending from the
Canadian shore about half way across the river and
into U.S. territory, terminating at Tower Island. The
structure 1s operated by the two power entities under
the direction of the Intgrnational Joint Commussion’s
International Niagara Board of Control.

The majority of the flow in the Niagara River, a
long term average of 3810 m%s¥°, (Figure 2.5} is now
diverted for use by the power authonitics. The 1930
Treaty requires that a minimum flow of 2,832 m3/s
{100,000 ¢fs) be maintained over the falls during the
daylight hours of the tourist season from May through
October. At all other times, the flow over the falls
must be at least 1,415 m¥%s (50,000 ¢fs), Operation of
the control structure permits a relatively quick shilt
between daytime and nighttime operation. The struc-
ture alse creates an in-stream Siorage reservoir in the
Chippawa-Grass Island Pool, Current procedures call
for the water level in the pool to be maintained as close

as practical o its long- term average elevation. Opera-
tion is permitied over the range of +/- 0.46 m from the
long-term mean pool elevation of 170.99 m. Fluctua-
tions in the water levels and velocities in the Chippawa,
Emerald (West) and Tonawanda channels exiend as
far upstream as Strawberry Island.

On the Ontario side, there are five hydro-elec-
tric plants, four of which continae to use the share of
diverted water allocaied to Canada, Three older fa-
cilities: Canadian Miagara, Toronto Power and On-
tario Power (known as the Cascade Plants), are situ-
ated around the brink and at the base of the Horseshoe
Falls. The Toronto Power Plant was retired in the
1970’s. The lwo planis remaining in operalion are
now used if flow available for power generation ex-
ceeds aboul 4700 m/s and have the capability to pass
520 m¥s. The major power planis on the Canadian
side are Ontario Hydro's Sir Adam Beck Generating
Stavions [ and I ai Queenston with a combined capac-
ity of 2500 m¥/s.

Water 15 divected 1o the cascade planis by a
series of submerged channels and seawalls along the
Canadian shore. It is also fransporied from the
Chippawa-Grass Island Pool to the Sir Adam Beck
stations via two aqueducts beneath the City of Niagara
Falls, Ontario and via the Queenston-Chippawa Power
Canal. Total Canadian diverston capability s 2,350
m¥fs (84,000 ¢fs). Total U.5. diversion capability (1o
the Robert Moses and Lewiston Hydro-clectric gener-
ating stations) is 3,115 m%s (110,000 cis).

The Queenston-Chippawa Power Canal flows
northward from the Welland River at a point 6 kilome-
tres west of the junciion with the Niagara River, The
enire flow of the Welland River is also diveried ar this
poini through the Power Canal and discharges to the
Lower Niagara River via the iailraces of the power
Dlants ai Queenston.  The operation of the Power
Canal and the Control Structire cause the section of
the Welland River between Chippawa and the Queen
Ehzabeth Way {locally known as Chippawa Creek) 0
flow wesiward (upstream) as water is diverted from
the Niagara River io the Power Canal. Water 15 also
stored in a large artificial reservoir adjacent to the Sir

Niagara River Remedial Action Plan -

Stage 1
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Adam Beck plants at Queenston for ready use when
additional power is needed or when the diversion of
water must be reduced to ensure guaranteed flow over
the Falls. Dvscharge from the turbine taitraces of the
Sir Adam Beck stations back o the Niagara River
occurs immediately upstream of the Queenston-
Lewiston Bridge. On the U.S. side of the river, the
New York Power Authority operates a diversion from
the river 1o the Robert Moses Station, the Lewiston
Fumping Generating Station and the Robert Moses
Reservoir.

The Grass Island Pool upsiream from the falls
provides very limited storage. During periods of low
energy demand, some water in excess of that neces-
sary for flow maintenance over the falls and for diver-
sion for power generation and storage can be stored in
the Chippawa-Grass Island Pool. However, most flow
in excess of diversion flow (ie. to generation facilities
in New York State and Ontario) passes over the Falls.
During daylight hours of high power demand, the
stored supply is converied to hydro-eleciric power by
release through the pensiocks and turbines at the
Oueensten and Lewiston plants. Diversion flows are
reduced when required to maintain minimum fiows
over the Fails.

The Niagara River, while providing a connect-
ing channel between Lakes Erie and Omario, also
presents a physically insurmountable barrier to navi-
pation between these lower two Great Lakes. Conse-
quently, a canal and series of locks were constructed
around the Niagara Falls. The Welland Ship Canal,
hetween Port Weller on Lake Ontario and Port
Cotborne on Lake Erie, is the fourth and current route
by-passing the Niagara River and represents a second
interconnecting channel between Lakes Erie and On-
tario. 1t is used by both recreational and commercial
vessels including ocean-going ships. Operation of the
canal (by the St. Lawrence Seaway Authority) occurs
predominantly during the Great Lakes navigation sea-
son {April to December).

2.3 Watershed
{Characteristics

The Niagara River carries an annual average
flow of 5,700 cubic metres per second from Lake Erie
to Lake Ontario. The vast majority of the flow comes
from the basins of the four Great Lakes upsircam of
the Niagara River; the Niagara-Welland basin con-
tributes less than 0.1% of the total flow,

In itself, the Niagara River has a relatively small
drainage basin on the Canadian side. This basin,
between Fort Ene and Chippawa, extends inland up to
10 kilometres. This is an undeveloped area drained by
several smail creeks which discharge along the length
of the Chippawa Channel of the Niagara River. The
drainage area on the west side of the Niagara between
Chippawa and Niagara-on-the-Lake comprises a nar-
row sirip of land extending generaliy less than one
kilomeire inlapgd. The central portion of the drainage
basin censists of the Welland River Basin, which
covers a drainage area of about 1050 square kilome-
ires. The agricultural nature of this basin predomi-
nates, with the City of Welland being the largest urban
centre in the basin. The river {lows eastward on a very
low gradient from headwaters located south of the
City of Hamilton.

The tervain above the escarpment is generally
flat and dominated by the laminated glaciolacustrineg
clay overburden of the Haldimand Clay Plain which
overlays Halton Clay Till. This tight laminated Jayer
generally exceeds 25 metres In thickness and exhibits
an extremely low water permeability of 107 to 10" mys.
The upper 5 metres is generally highly weathered and
has much higher permeabilitics. The overburden
overlies dolomitic bedrock of the Guelph-Lockport
formation.

The portion of the basin notth of the Escarpment
has a tacustrine silt and clay overburden generally up
to 30 metres thick, which overlies a fine-grained sand
stratum immediately over bedrock. This bedrock s
red shale of the Queension Formation in the northern

Niagara River Remedial Action Plan - Stage I
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section and sandstones and dolostones in the portion
immediately below the escarpment. The clay units
here are relatively tight with a hydraulic conductivity
ot 10 mfs: that of the shale bedrock is typically 107 m/s,

The topography and the high clay composition of
the scils in both basins resuit in a very slow ground
rater movement, with some increase in flow rate in
the shallow weaihered zones. Ground waler recharge
and base flow in these basins is therefore not a large
contributor to surface flows on a volumetric basis.
The nature of the soils promotes surface runoft rather
than infiliration during precipitation events. Within the
Welland River basin, agricultural acuvities, in the pres-
ence of fine-grained, low permeability surface materi-
als, contributes surface runoff that adds to river water
degradation through both contaminant migration and
erosion. This runofi carries with it suspended fine clay
particles; hence, the waters of the Welland River ap-
pear murky most of the time due to these suspended
materials. The same effect is noticed to a lesser extent
in the Niagara River during spring runoff.

The fast-flowing waters of the Niagara provide
fittle in the way of depositional areas. Along its lengih,
only a handful of backwaters create areas for sedimen-
tation. The bottom of the Niagara River, particularly in
mid-channel, is generally scoured clean. Materials sus-
pended in the water column of the river are deposited
outside the river mouth in Lake Ontario where a bar of
predominantly sandy material (the Niagara River Bar)
is an extensive feature.

2.4 Ground Water
Movement

Under natural conditions, ground water flows
from areas with high water levels to areas with low
water levels, When the water in a well is lowered, the
hydraulic potential 15 changed.
lowered locally and water from the surrounding water
bearing zone flows towards the well. This action is
known as drawdown

The water level s

Three types of grond water zones are commonly
referred ro in the discussion of hydrogeology: aquiters,
aguitards and aquicludes, based on their ability to yield

rater, Aguifers yvield water in usable quantities”. Those
layers which are sufticiently permeable to permit verti-
cal water movement to or from the aquifer, but not
horizontal movement, are known as aquitards, Layers
through which virtually no water moves are called
aquicludes.

Previous investigations of the ground water re-
sources of the Niagara Peninsula’ have lead to the
conclusion that ground water divides generally coin-
cicle with the surface water divides. A secend conclu-
sion is that ground water movement is toward grounc
water discharge areas  which usually  are
topepraphically low areas (for example, i the shaliow
ground water system, regional ground water discharge
is to Lake Ontario in the north, Lake Erie in the south,
and the Welland and Niagara Rivers in the central and
castern parts of the study area, respectively).

Detailed studies™ indicate that the waler tabie
fluctuates over the weathered/fraciured upper 2-3
metres of the glaciolacustrine silts and clays compris-
ing the overburden aguitard. Consequently, precipita-
tion causes an immediate response or flow in this
shallow zone when the weathered fractures quickly
fill with water. After the weathered overburden is
filled, a large portion of the remainder of the precipita-
tion becomes surface runoff. A small portion of the
remainder penetrates to depth to recharge the ground
water system. During periods of no precipitation, the

sater table drops just below the level of surface swales.
This results in the stoppage of sutface water recharge
and promotes deep ground water flow from the water
table through the overburden aguitard into the bedrock
aquifer.

Hydraulic head information within the bedrock
aquitard i3 limited. 1eep boreholes have been drilted
by Ontario Hydro and Environment Canada to estab-
itsh a geological and hydrogeological data base on the
Canadian side of the Niagara River in the vicinity of
the NMiagara Gorge, These data indicate™ that very high
hydraulic heacs occur at the base of the Lockpont
Formation.

Niagara River Remedial Action Plan - Stage |
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Hydraulic heads measured below the Lockport
Formation are higher than the ground level due to
contined water pressure in these formations. These
extreme pressures would prevent vertical ground wa-
ter movement downward from the shallow ground
walter system. Omario Hydro™ determined that large
vertical gradients oceur in the deep formations across
the less permeable horizons such as the Rochester
Formation. This indicates a strong potential for down-
ward movement of ground water below the Clinton
Giroup (see table 2.2

The influence of the Niagara Escarpment on Lhe
deeper hydraulic heads in the gorge and escarpment
arcas is not clear. Both areas may be influenced by
dewatering effects close to the scarp face. turther
studies are required to deiermine the hydraulic head
distribution below the bedrock aguifer in the areas
away from the influence of the gorge or escarpment.

Ground water movement in the Niagara area is
generally slow and deliberate. Although surface con-
tamination may be taken to depth, this is an unlikely
occurtence due 1o both the nature of ground water
movement and the scarcity of contaminani sources in
the area. The potential for contamination of deeper

ground water systems is dependent on a number of

factors: the nature of the source, the thickness and
permeability of the confining units, prevailing hydrolic
gradients and the presence of fractures in otherwise
impermeable units.  Although feedlot and landfill
sources may create localized ground water problems,
the lew permeability nature of the rock and soils in the
Canadian Area of Concern sufficiently confine con-
larninant migration so that ground water problems are
not widespread

The hydrogeology of the area protects the ground
water resource; however, this results in heightened
inputs to the surface waters.

2.4.1 Hydrogeology

Hydrogeology is the study of ground water with
emphasis on its chemistry, movement and relation 10
the geographic environment’.  With the increasing
demand for water by soclety, ground water continues
io be an important resource. Thig is particufarly true in
areas where surface water supplies are not readily
available. The Niagara Peninsula 13 surrounded by an
apundance of surface waters which supply a consider-
abte portion of the water used in the area. However,
some peopte, particularly those in rural areas located
inland in the peninsula, rely on ground water as a
source of potable water or for livestock use,

The ground water resources of the Niagara Pe-
ninsuia are based mainly in a geologic formation
known as the Guelph aquifer. In order to anderstand
the limitations of ground waier resources in peneral
and this aquifer in particular, it is necessary to under-
stand a few of the basics of hydrogeology.

The term ground water is usually reserved for
the subsurface water thal occurs beneath the water
table in soils and geologic formations that are fully
saturated. Ground water is more than a resource. 1t is
an important feature of the natural environment; if
polluted, it can lead 1o environmental problems; alter-
natively, it may in some cases offer o medium for
environmental selutions®.

2.4.2 Hydrogeologic Units

Geologic land masses are clustered together into
horizontal units which have a similar capacity to
transmit water. The generalized hydrostratigraphy of
the Niagara-Welland basin is presented in Table 2.1,
The landmass in this basin is generally composed of
clay or clay-till soils everiying limestone bedrock. The
soils are collectively referred to as overburden.

Niagara River Remedial Action Plan - Stage |
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TABLE 2.1

Hydrostratigraphy of the
Niagara Peninsula

Hydrostratigraphic | Geological Units

{nit

Overburden Aquifer Post-glacial deposits

St Davids Gorge
deposils

Fonthill Kame complex

Overburden Aquitard Upper glaciolacusirine

Halion Till

Lower glaciolacustrine

Lower till complex

Bedrock Aquifer Basal granular deposits

Weathered bedrock

Unweathered and
weathered bedrock

Bedrock Aquitard

The hydraulic conductivities of the geologic
uniis in the area are listed in Table 2.2.

2.4.2.1 Overburden Aquifer

Where overburden aquifers exist within the Nia-
gara-Welland basin, the aquifer is generally located
within near-surface granular deposits. Such deposits
are found at Niagara Falls, and to the east of Weband.
Other deposits are located 10 close proximity to the
basin at Fonthill and St. Davids. These are the only
significant areas of overburden deposits in the Niagara
Peninsula that are vsed as sources ol water supply.

Flydraulic conductivities of the sands and gravels are
typified by the Fonthill and St. Davids deposits and are
generally in the order of 167 my/s {Table 2.2).

2.4.2.2 Overburden Aguitard

The surface sopils over much of the Area of
Concern consist of glaciolacustrine clays and tills
which act as an aguitard.  The reported hydraulic
conductivities of these sotls are less than 107 mys.
Where these materials are weathered, they contain
numerous infercennected fractures that can transmit
very small amounts of ground water. A number of
studies conducted on silt and clay materials™™** con-
firm that weathering is generaily a surface feature, the
extent of weathering and frequency of fractures de-
creasing with depth. The hydraulically active part of
the weathered zone has been estimated 10 extend to a
maximum depth of about 5 m with the average, for the
most part, being 2 to 3 m deep’.

Where weathering has not occurred, hydraulic
conductivities of less than 107 m/s have been meas-
ured (Table 2.2). Betow the weathered zone, ground
water movement is dominated by the porosity of the
malerials. A number ot tests have shown that the total
or bulk perosity of the materials tends to be the same
as the intergranular porosity ™11

In areas of sandy silt 4l higher bydraulic con-
ductivity rates are found" (Table 2.2). These higher
permeabilities have been attributed to sand and gravel
layers reported to be present in the tll at some loca-
tions'*.

2.4.2.3 Bedrock Aquifer

The bedrock generally consists of dolomitic
limestenc of the Lockport formation above {south of)
the escarpment and Queenston Shale below (north of)

Niagara River Remedial Action Plan - Stage I
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TABLE 2.

2

Hydraulic Conductivity of the Geologic Units in the Niagara Peninsula

#% - slug rests, constant head tests and pump iesis

Geologic Uit [Hydrawlic #of |Hydreostratipraphic | Remarks
Conductivity Range Tests | Classification
(m.,fs) EE ] B
Near-Surface Granular
Gravel 1% 10-5 1 {Overburden Aquifer | Found at Fonthill
Sand 2% 10-5 to 2x10-4 2 |Overburden Aguifer  |Foond in St.David's Gorge
Upper Glaciolacustring
Silt 2x10-9 to 3x10-6 11 |Overburden Aguitard  |Higher Values from Sandier
7 Maierials
Sitt Clay 2% 10-10 o 7% 10-7 10 |Overbweden Agquitard
Clay 2x 109 1w 7 x 10-7 37 Includes Praciured Clay
(weathered)
Clay 5% 10-11 w0 1x 109 57
{unweaiherad)
Silg Till 1% 10-10 0 7x 10-5 40 Higher Values from
(Halion) Sandy/granular Wentwaorth Till
Shaliow Bedrock
Onondaga  [No Data 0 [Bedrock Aquifer No data Available for this
formation
Bois Blane  [6x 10-7 10 1 x 10-6* 3 1Bedrock Aguifer
Beriie 0x10-8 10 2x10-6* | 18
Salina 1x10-5 to 6 x 10-4 * 2
Guelph 3x10-11 1o 1x10-5% 45
Lockpori Sx 9 w0 4x103% | 52 | Dolostone
Deep Bedrock
Clinton Grp. |4 x 10-11 to 5 10-6 88 |Bedrock Agquitard Higher valoes from
Irondeqguoit/Decew Formations
Cataract Grp. |7 % 10-12 1o 2x 10-7 31 |Bedrock Aquitard Higher values from Whirlpool
Formation
(reenston 6x10-12 to 1x 10-8 31 {Bedrock Aquiclude Does not include weathered
Queenston Formation o the
north of the Niagara Escarpment
NOTES: * - weathered bedrock is generally more permeable than the underlying bedrock

wHk - data sources, MOE, OWMC, Hav. Cda, and Ont. Hydro,

Niagara River Remedial Action Plan - Stage I
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the escarpment. Both of these formations exhibit highly
variable hydraulic conductivities. Water moves through
these rocks primarily via horizontal breaks known as
bedding planes and through vertical routes such as
joints, fractures and solution cavilies (in carbonate
rocks).

It is recognized that limesione bedrock generally
has higher hydraulic conductivities than underlying
shales (Table 2.2). A large number of closely spaced
fractures provide increased permeability.

The uppermaost part of a bedrock formation gen-
erally has a higher hydraulic conductivity than the
same formation at depth due to weathering of the
bedrock surtace. This generality is supported by water
well record data ' These data indicate that most
water wells completedt in the bedrock obtain their
water from the uppermost part of that bedrock.

2.4.2.4 Bedrock Aquitard

The underlying shale bedrock {ormations ex-
hibit significantly lower hydraulic conductivities than
the limestone formations above {about one to three
orders of magnitude lower)'.

Hydraulic conductivities ranging from 1 x 107
w 5 x 10" mys, representing the upper permeable
limits, have been egstimated for the carbonate and
sandstone formations. The estimated low range hy-
draulic conductivities for the remaining formations
are generally from 7 x 107 to 1 x 10 més,

2.4.2.5 Bedrock Aquiclude

The hydraulic conductivity of the Queension
Shale is highly vawable, particularly in the upper
surfaces, and ranges from 6 x 10" 10 1 x 10 m/s.
Tabie 2.2 shows values for decp boreholes drilled near
the Niagata River.  All but one of the measured
hydraulic conductivity values are less than 1 x 107" m/
. Although itis possible to obtain a water supply from
the upper weathered bedrock surface of the Queenston
Formation, the generally low hydraulic conductivities
and signiticant thickness of the formatien potentially
clagsifies this formation as an aquiclude or barrier to
deep ground water {low,

2.4.3 Water Well Yields

Water well yields are dependent on the
hydrogeologic properties of the materials in which the
wells are completed. Generally, within the Niagara-
Welland basin, wells completed in the bedrock aquifer
are higher yielding. The water well data indicate that
some of the bedrock wells located in the basin produce
in excess of 2 L/s (Table 2.2).

Overburden wells that are high yielding are
generally completed in granuiar materials cverlying,
and hydraulically connected to, the uppermost bed-
rock formation,
restricted in the extent of their occurrence throughout
the Niagara-Welland basin. High yielding overbur-
den wells have been identified” in the following
materials:

These basal granular materals are

the basal sands of the headwaters aren of
the Weiland River basin from Mount Hope
o Caistor Centre,

the basal sands of the south-central part of
the Welland River basin north of Dunnville,
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the kame deposiis of the Fonthill area adja-
cent to the basin to the northwest of
Welland,

ihe valley fill deposits adjacent to the basin
in the vicinity of Niagara Falls and 5t
Davids.

2.4.4 Ground Water Levels

The water table is the upper surface of the
groune water in an unconfined aquifer. The water
table fluctuates in response to both, the water infiltrat-
ing from the ground surface through the unsaturated
zone toward the ground water, and to the depletion of
the aquifer. These water level fluctuations can be
measured in water wells.

The variation in levels that can be expected in
the ground water of the Niagara-Welland basin is
shown in the hydrograph of the bedrock observation
well located within the basin at Wainticet and the
bedrock observation well located oulside the basin al
Grimsby (Figure 2.6). Both wells are completed into
the bedrock aquifer through the overburden
aquitard o7 P02LE The data indicate a eyclical
pattern where maximum ground water recharge oc-
curs in the spring months and minimum water levels
occur in the late summer/fall correspending to a pe-
ood of water table drawdown contributed to by a
period of maximum depletion of infilirating water by
vegetation and evaporation. Deviations to this general
patiern occur when precipitation exceeds evaporation
during the growing season, or when infittration does
not ceeur because of frozen ground conditions or lack
of precipitation

Flowing wells have been reported adjacent to
the basin in the St Davids area, along the Onondaga
Escarpment near Lake Erie and in the Pelham area
northwest of Fonthili®.

2.5 Biological
Characteristics

The {ish and wildlife of an area depend on many

factors, Habitat can be defined as any arca where fish
and/or wildlife spend part of their fife cycle. The
habitat available determines the abundance and diver-
sity of wildlife in any given area. The provision of
diverse and well-mixed habitat types allows for a
variety of animals to obiain food, water and sheler
from the elements and 10 escape from predators™.

The detrimental effects of urban land uses on
habitat, particularly fish habitat, have been docu-
mented”. The damage to fish habitat may be atirib-
uted to five changes that occur with land conversion:
increased erosion/sedimentation, removal of vegeta-
tion. increased huroan intrusion, introduction of oxic
material, addition of nuirienis o the stream, and dis-
ruption of streamflow characterisiics. Wetlands cur-
rentty make up less than 0.1% of land use in the
Niagara River and its tributaries (Table 3.2).

The re-introduction and maintenance of vegeta-
tive buffer strips along watercourses can significantly
reduce the effects of urbanizaticn on water quality.
Buffer strips reduce stream bank erosion, decrease
sediment input, increase the aesthetic quality, reduce
water temperature variations, provide cover and food
tor wildlife, fish and insects,

Buffer strips along watercourses provide guality
habitat and travel corridors for wildlife species such as
birds, mammals, reptiles, and amphibians. Improving
the water quality of an area, partially through buffer
strips, will help move towards a quality environment
for all species. Future integrated resource manage-
ment has the potential to provide the largest positive
effect on wildlife if the needs of wildlife are consid-
ered durmg land use planning activities.
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2.5.1 The Niagara Fishery

The Niagara River coniains an impressive array
of fish species which in turn generaies a diverse and
enthusiastic sport fishery. Adding to the diversity in
the river are migrating fish runs from each of two
Great Lakes giving distinct identities to both the upper
and lower rivers. The MNiagara River watershed aiso
includes various tributaries including the Welland
River.

The fisheries of the Niagara River waiershed
can generally be divided inte three arcas; the upper
Niagara River and inlet from Lake Erne, the lower
Niagara River and meouth into Lake Ontario, and the
numerous warm water tributaries. The tributaries can
be subdivided into those entering the Wiagara River
directly and those which drain inio the Welland River,
which subsequently flows into the Chippawa Power
Canal and ultimately enters the Niagara River via the
Sir Adam Beck generating station.

The dominant species, harvest estimaies and
pressure estimates discugsed in the following sections
were determined using creel data collected i 1983-84
by the Ontario Ministry of Natural Resources®.

2.5.1.1 Fish Distribution

The fish species historically recorded in the
watershed are listed in Table 2.3, The upper and lower
Niagara River support different types of fisheries with
varied community structure. The upper river is simi-
lar to Lake Erie with angler harvest dominared by
smallmouth bass, yellow perch, rock bass, and rain-
bow smelt, when total numbers of fish arc considered.
[T woral welght of harvest is used muskellunge s in the
top four species. Seasonal migrations of walleye
(yellow pickerel}, white bass, and rainbow smelt oc-
cur on the upper river. Moderate runs of rainbow
trout, brown rout, coho salmon, and chincol salmon

also occur.  An economically important commercial
baitfish harvest, consisting primarily of emeraid shin-
ers, exists on the upper river.

The lower Niagara River is considered o be a
cold water fishery similar to Lake Qntario with angler
harvest, by weight, dominated by rainbow trout, lake
trout, cofio saimon, and white bass. Other imporiant
angler catches include yellow perch, freshwater drum,
and rockbass. The lower river has heavy runs of
rainbow trout in the spring, and lake trout, brown
wout, coho salmon, and chinook salmon i the fall.
There is some influx of fish from Lake Erie to the
lower Niagara River, including golden and palamino
trout, {(genetic variants of rainbow trout introduced
exclusively by the state of Pennsylvania).

The walleye harvest currenily amounis to about
/3 of 1 % of the toial harvest by number of fish from
the Lower Niagara River®. This would not seem 0
be a very significant comiribution to the fishery at
present although fishing patterns may change in the
future,

The species composition of fish in the river is
constanily changing due to various faciors including
water quality, loss of habitat, over-harvest, and intro-
duction of foreign species. The grass pickerel and
lake sturgeon, now considered rare in the area, were
once abundani in the upper river®. There have been
introductions of many foreign species into the Great
Lakes Basin, many of which have developed ingo
viable self-sustaining populauvons. These include rain-
bow trout, rainbow smeli, alewife, goldfish, carp,
white perch, coho salmon and chinook salmon. All
these species with the exception of the salmons are
self-sustaining populaitons®.  Though some nataral
reproduction has been reported, the coho and chinook
salmon have been mainiained by annnab stocking
since 1966, A highly successful salinon sport fishery
has developed though restrictive consumption guide-
limes exist for coho and chinook sabmon greater than
35 and 85 cm, respeciively®, in the fower river,

Niagara River Remedial Action Plan

- Stage I



CHAPTER 2

Page (2-18)

TABLE 2.3

Fish Species of the Niagara River and Its Tribotaries

Species

[

Scientific Name

Species

Scientific Name

Sen Lamprey ﬁunmﬂon marinus = Lake Stuegeon ‘ Acipenser Ralvescer W
lnngue;éﬁﬁr Lepisoatous osseus Dowfin ) Amicalvn
Alewife Alpsa pseudohnrengus Gizzard Shad Dorosorna ch_&_@_Lﬂur
Brown Trow N Salmo it Lake Whitefish Corcgonusaugmfog_x_xig

" Coho Saiman o Omneorhynehus kisuich Chincok Onmrhg&hus shawyische )
Rainbow Teowt i Omeoritynchu! i Luke Trour i Salvelinus nnma){cﬁuﬂdi
Central Mudminonow : Livpbri timii Smelt Q_s_mcr}u monlax
Ciruss Pickerel Espa nmericanus vermiculbous “Chein Pickers) F.sox_;{i_}_e&:;
Nosther Pike Esox luchus Muoskellunge Esox mlg_i‘guinqggxrug ______
Ansecican el " Anpuilla rostram T Goldfish

Carsssing auratus

Cuip

Cyprinus carpio

Carp-Golfish Hybrid

Central Smnerolicr

Hornyhead Chub

Nocomit biguttalus

River Chub

" Golden Shiaer

Kolemigenus crysoley

Emerntd Shiner

Comimon Shiner

Common Shiner

Binckuose Shiner

Morropis hicterolepis

Spounil Shiner

Motropis hudsanivy

Spotfin Shiner

Mowopis spiloterus

Sand Shingr

MNotropis spwminens

Mimic Shiner

Nolmgiﬂ__;ril,\i_::cllus

Pimepholes notntus

Fathead Minnow

Pimephules promelas

Creek Chub

Semptiivg atromaculats

Quillback Sucker

Carpiodes cyprinus

Lengaose Dace

Rhinichthys entnneciae

White Sucker

Cotozlotmus ¢

mersoni

"Lake Chubsucker

Northern Hog-‘Suckcr

Hypentelivm nigricans

Redhome Sp. Monestoma 5p. Shorthead Redhorze Mozostomn macrolepidomim
Grester Redhomse Moxoslorna ¥olenciennesi Siiver Redherse Moxostoms anisurum

Golden Redhorse

Moxosioma erythrurum

Bleck Bullhead

Teanlurug melas

Brown Bullhead

Tetalurus nebulosug

Yellow DBullhead

Iczalurus antaliy

Chiume! Catfish

Ictalurus punciatus

Prook Silverside

Leabidesies sicculos

Trom-p&h Percopsis omiscomayeus Tadpole Madwm Nowmrs gyrinng
Stonecat T —w}!oai;us lsvus Bended Killifish R Fundulus diaphagus
Thrcc-s};‘irlc-d Stickleback {Jasterosieus peuleatus Beook Sticklehnek Culacn in_;;mslnn:!
White Parch Muorope americana Yhite Dasg Morone chyraops
Rock Bass - Ambloplites nipestri - T Pumpkinseed Lepomis gibosus
Bluegill } fa Lepomis macrochiru Snln?ﬂs'ﬁ.[}_l_l_ln_ss 1 Mr_;t)lc_r_us dolomicui
Largernouth Bass While Crappie Fomexis annu oy,
Iiln_cm;(_!rnppic } Yeltow Perch T Peren finvescens
Walleye Blue Pike Stzostdion vitrmmmgul:\gucum
Rainbow Darler 7 Town Darter Lt \costomn exil
Johnny Darter Ethgostoma nigrum Taowil Danter Etheostoms Oabellare

Tesaeloted Johnny Darter Itheostoma olmuedi Chveennide Darier Etheostoma blennpides
Logperch Percing caprodes Freshwater Drum Anlodinoms grunniens

Mottled Sculpin

Cotus bairdi

References used: Hamilton 1987, L. Crossman 198%; ANON 1989 Lewies ei al. 1985;
OMNR 1974; Spotila et al. 1979,
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The species composition of angler harvestin the
tributarics of the Niagara River was dominated by
what are considered “coarse” fish. These species are
more tolerant o adverse conditions such as high sus-
pended sediment and chemical pollutant concentra-
tions™.

Dominant in the harvest are bullheads, rock bass
and crappie, suckers, sheephead, carp, and catfish.
The percentage of cyprinids in the population is hard
to accuraiely state with the information available.
Commercial harvest of baitfish in the tributaries gen-
erally occurs mn the evening when fish from the MNia-
gara River move into mouths and a hardier caich ¢an
be abiained®.  Popuiation estimates have not been
done in Niagara District and extensive stream surveys
have not been conducted since 1972, Several tributar-
ies of the Niagara River are designated as having
provincially significant warm wager fisheries™.

The harvest on the Welland River is difficalt o
determine from the creel ag the Welland River results
are inciuded in the inland waters category, The caich
from gifl netting, done at four sites on the Welland
River by a graduaie student ai Brock University, was
dominated by ‘coarse’ fish; including brown bullhead,
channel catfish, freshwater drurm, crappies, and carp®.

The effects of adverse conditions in the river on
the distribution of fish species is unknown. One can
preswme, however, that when aquatic plants disappear
so will some fish species. Work by rescarchers at
Brock Unjversity?” indicated that indusirial effluent
discharge 1o the Welland River caused an impact zone
where no aquatic plants survived and plant diversity
recovered with increasing distance downstream of the
effluent source. Aguatic habitat degradation has been
linked to changes in fish species composition and
decreases in fish diversity®, leading 1o more ‘coarse’
fish including builheads, catfish, freshwater drum,
and carp.

2.5.1.2 Fishery Productivity

The producitvity of the Niagara River has never
been determined directly since its size presents physi-
cal hazards 10 conducting such surveys,

The cffects of water quality degradation on
spawning beds in the Area of Concern are not likely to
be asceriainable.  On the Niagara River itself very
litite information exists on the precise location or
condition of spawning beds since they are suspecied 1
be in locations inaccessible to man such as backwaier
areas of the whirlpoo! and rapids or the talus around
the foot of both falls. Invesitgations of these areas are
prehibitively difficult and dangerous.

Angler nse of the Niagara River is extensive.
Estimates of angler use of both Mew York and Ontazio
waiers {1976-77, 1983-84, and 1989-90) ranged from
53,000 to 515,700 angler days per year with an annual
harvest between 85,000 and 2.4 million sport fish™.

Sport fish harvest estimates from cieel data of
8.84 and 39.45 kg/ha/yr for the upper and lower river,
respectively, indicate a very productive system. When
batifish harvest is included in the upper river harvest,
ihe vatue increases 10 61,27 kg/ha/yr. Table 2.4 shows
historical baiifish harvest values. Harvest depends on
both relationships with fish poputations in the adia-
cent Great Lake and the angler effort. The estimated
anpual angler hours on the upper and lower river were
96,000 and 97,500 respectively.

Individuals surveyed for a questionnaire in ihe
1989 "Guide 1o Eating Ontario Sport Figh” (Table 2.5)
ranked the Niagara River ninth in popularity among
Ontario rivers fished.

Niagara River Remedial Action Plan - Stage I
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TABLE 2.4

Niagara Area Commercial Baitfish

Harvest
Year Niagara |Niagara |River
District | River Karvest
Harvest |Harvest [as % of
(gallons) | (gallons) | Total
1969 9054.3 47273 52.2%
1970 12054.2 10114.2 83.9%
1971 191174 | 14864.2 T1.8%
L1_97:2 11298.8 5418.8 48.0%
1573 106160.3 1 1007354 94.9%
1974 47610.0 241054 50.6%
1875 845527 43370.6 51.3%
1976 807‘80,; 62181.4 77.0%
1977 G0RGBA | 44B44.0 73.7%
1978 44145 2581.0 58.5%
1979 4683.2 2811 6.2%
1980 116584 8338.1 71.5%
1981 N/A N/A N/A
1982 | 226002 N/A N/A
1983 16328.1 N/A /A
1984 7825.8 6827.5 87.2%
1985 17065.0 13414 .5 78.6%
1986 30023.0| 213760]  712%
1987 9633.7 6833.0 70.97:
1988 16332.4 NfA /A
Average 304000  1B501.2 50.9%

Individuals swrveyed for a questionnaire in the
1991 Guide o Bating Ontario Sporl Fish (Table
2.5) ranked the MNiagara River ninth in popualarity
among Ontario rivers fished,

In the Ontano portion of the Niagara River,
fishing pressure comprises approximately 25 percent
of the tetal for the entire Niagara District, which
includss portions of Lakes Erie and Ontario and most
of the inland portion of the Niagara Peninsula®™. This
must be considered in assessing the productiviry of the
Niagara River because most sport fish species are
migratory: fish produced in the river may be caught in
nearby areas of Lakes Ontario or Erie or vice-versa, In
fact, for some species it may not be possible to sepa-
rate (he productivity of the Miagara River from the
entive lake basins of Erie and Omtanio.

Historical data indicates a relatively stable catch
per unit effort (CUE) int the upper river (0.38 and 0.55
in 1980 and 1983) and an increasing CUE (0.08 and
0.32 in 1977 and 1983) in the lower river, The
increasing CUE in the lower rver may be due to
changes in harvest, being increasingly dominaied by
species that are only seasonal migranis, spending most
of their lives in Lake Ontario.

in 1983, the inland waters of the Niagara Penin-
sula had higher CUEs (0.82) than those found on the
Miagara River; however, the survey did not distin-
goish between argas in and out of the Niagara River
watershed. Twenty percent of the angler effort in the
district oecurs on inland waters. The harvest from
these waiers 15 mainly ‘coarse’ fish.

The impact of changes in the ecosysiem upon
species productivity is hard o assess.

If reproductive success is considered, observ-
able bebaviour of salmonids and the physiological
changes that they vndergo in the Miagara River sug-
gests that spawning does occur but there does not seem
10 be much evidence of spawning success for most
salmonid species. There are however other resident
species in the river such as smallmouth bass, northern
pike and muskellunge which also musi spawn in or
near the river. They do appear io have success be-
cause they confinue 10 persist in the face of heavy
fishing pressure. The bass use gravel areas of the river
such 25 may ocenr in the whirlpool and rapids and
which do oceur around Navy Island,  Muskellunge

Miagara River Remedial Action Plan - Stage I
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TABLE 2.5

Relative Popularity of Angling Areas and Fish Species®

Most Irequently Fished Lakes and Rivers.

Most Frequently Caughi and

Consumed Sport Fish.

Relative Relatlve
Popularity Popularity
Lake/River (%) Specles %)
) Ten Most Popular Angling Areas
i. Lake Ontario 19.5 1. Walleye 187
2. Lake Huron/Georgian Bay 19.3 2. Smallmouth Bass 15.9
3. Lake Brie 135 3. Yellow Perch 121
4. Lake Simcoe 16.0 4. Northern Pike 11.2
5. Credit River 7.1 5. Largernouth Dass 9.7
6. Grand River 0.9 6. Ruinbow Trout 9.2
7. Frem River 6.5 7. Lake Trout 7.8
8. Lake Seugog 6.4 3. Brook Trow 6.1
9. Lake Nipissing 5.4 9, Chinook Salmon 4.9
10. Saugeen River 5.0 10. Coho Satmon 4.4
100.0 100.¢
b} Inland Lalkes
1. Lake Simeos 239
2. Lake Scugag 15.3
3, Lake Nipissing 137
4. Rice Lake 117
5. Buckhorn Lake 9.8
6. Pigeon Lake 1.6
7. Balsam Lake 6.3
3. Sturgean Lake 5.8
9. Swony Lake 4.5
10. Chomusng Lake 1.4
100.0
¢) Rlvers
1. Credut River 136
2. Grand River 133
3. TventRiver 12.4
4. Saugeen River 9.7
5. Quawa River 2.5
6. Thames River 9.3
1. French River 5.6
FS‘ Ganuraska River 5.3
9. MNiapara River 7.7
10. Rideau River 1.6
100.0 #- Data from 1989 survey of Auglers
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spawning arcas are generalty found on the American
side of the river such as at Swawberry [sland and may
possibly occur aiso around Grand Island and Navy
Island. Northern pike are known io come up the
various fributaries on the Ontarie side of the river such
as Black, Frenchmans, Lyons and Tee Creeks and the
Welland River to spawn, These may be affecied by
man-made alterations of the habitat but specifics are
generally not very well known.

There appears 1o be no impairment of fish and
wildlife habitat in the Niagara River and along us
banks but this conclusion is difficult to suppori with
positive information; this conclusion is based mostly
on the lack of evidence 10 the contrary in this Arga of
Concern. U.S. based information from the New York
side of the river would not seem 1o support that
conctusicon for the river as a whole. Neiting work by
Ontario MINR 1o collect fish from the Welland River
for contaminant anafysis showed very liitle in caich
for the effori expended, This suggests quite a de-
pressed population for this major fributary io the
Miagara River which may be aitribuiable to habiiag
degradation or a number of other faciors.

The cause of reductions in a species is difficult
io determine and is probably the result of 2 number of
factors, which include stresses imposed due to loss of
habitat arcas and poor water guality.

Loss of habitat occurs in various ways. Shore-
line development and urbanization along the water
course generally means loss of forest cover, edges and
wetlands, Wetlands act as spawning and nursery areas
for many species. Southern Ontario has already lost
more than 70 percent of its original wetlands®. Table
2.6 summarizes known spawning and nursery areas
on the Niagara River. Spawning and nursery ateas on
the Welland River and other twibutaries are very sparse,
In the spring of 1989, a pike spawning assessment was
started in the Niagara District by the Ministry of
MNaiural Resowrce (MNR)Y*, The spawning areas within
the watershed can be seen in Figure 2.7, The informa-
tion on spawning and nursery arcas is incomplete and
additional surveys are needed o fill the gaps in ihe
current knowledge.

In the past, during summer dry periods, low
water flow in the upper Welland River basin has had
detrimental effects on the lower Welland River and its
fish population. High contaminani levels combined
with high temperatures and low oxygen levels have
probably stressed the aquatic population and may
have lowered productivity in the Welland River as a
whole.

Waier quality encompasses an enormous number
of factors including physical, chemical and biological
elements. Physical alterations, which alter the natural
temperature regime of the ecosysiem, can affect fish
productivity in various ways including altering spawn-
ing activities”. High levels of suspended sediment
and sedimentation have been shown 1o deciease pro-
ductivity™*,

Habitat can also be {ost through siliation; clog-
ging of gravel beds with settleabls material means foss
of spawning areas and possible smothering of cggs.
The introduction of farsign species can aggravaie the
problem of lost habitat and productivity. For example,
carp are aggressive feeders; they uproot vegetation
and increase turbidity while foraging in the sedi-
ment®,

The focus of current efforis appears to be mov-
ing towards fisheries habiiat conssrvation, restoration
and development, A White Paper on wetlands policy
has been developed by the Ontario Ministries of MNaru-
ral Resources and Municipal Affairs and is currently
being reviewed by the public.

2.5.1.3 Fishery Areas

The fishery of the Niagaa dlisirici is economi-
cally important 1o the arca. Fishermen spend money
on eguipment, food and accommodation. With the
introduction of resident fishing licences in 1986, 1o
complement the non-resident licence, the revenues
have ncreased.
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TABLE 2.6
Species With Known Spawning and Nursery Areas on the Niagara River
Species Lo, |Evidence Date
Lake Sturgeon UNR  [spawn (1891} disappeared around 1890
Longnose Gar TUNR  |yonng late 1920's
Lake Herring LNR |Aduli spawners |1878 N
Rainbow Trout LNR |Adult spawners  |(1973)
Aftangic Salmon LNR [Adult spawners  |umtil late 1800's )
Rainbow Smelt UNR | Adult spawners |1959 first seen run )
[Northern Pike UNR  JAduli spawaers  [untid 1960's in main river, now mainly in wributaries
and Black Rock Canal (1978)
LNR— Adult spawoers  1(1977)
Muskellunge o UNR |Aduli spawning  [two major spawning areas (1978)
Carp | UNR | Adull spawners ((1929,1968) -
LNR N
Bmerald Shiner - 1 youug fate 1920
Blackehin Shiner 9 |Adult spavmers |(1929) }
Blacknose Shiner UNR {Adult spawners  [(1929)
Spotiail Shiner | UNR |young (1979)
'White Sucker UNR  |young (1980)
Greater Redhorse ftib  jyoung (192,
Catostomid spp. i UMNR  |Adult spawners  |(1860-1898) 3
Threespine Stickleback LNR [young late 1920 -
Trout-Perch ? young late 1920's
White Bass ? young late 1920's
Rock Bass UNR | Adult spawners  |four shoals (1978)
EI;H]EEOUﬂl Bass o
Largemouth Bass UNR  |Adalt spawnmérs Sirawberry, Motor and Grand slands (1979)
Bass spp. UNR | Adule spamgﬁ: Grand and Mavy Islands and Chippawa Creek (1977,
1860-98)
B lNR Adudt spawners  [Queension (1860-98)
Yellow Perch UNR | Adnlt spawners  |(1967) )
o young (1929
Walleye UNR | Adult spawners  {(1860-98) " ]
- YORNE 7 (1929) - o

UNR - Upper Niagara River
LR ~ Lower MNiagara River
- from Goodyear, C.D., T.H. Edsall, D.M.0. Dempsey, 4.1, Moss and P.E. Po|
Spawning and Nursery Areas of the Great Lakes Fishes Yohune X - Niagara River, 1982, U.S. Fish and
Wildlife Service, FWS/0BS-82/52: 15p.

anski, 1982, Atlas of the
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Various favourite fishing spots are present in the
Niagara River watershed. These "hot spots’ will
change with season, fish abundance and community
structure. In the last decade the numbers of salmonids
in the lower river have increased. Fishing pressure at
the mouth of the river and at the whirlpool for salmans
has paratieled this increase. Contaminani levels in the
salmonids does not appear 1o deter fishermen. The
percentage of anglers who consume these fish Is un-
known and may be worth determining. It is believed
by some community agencies thar anglers in lower
income brackets are consuming all they catch,

Fishing also occurs in the Sir Adam Beck Gen-
erating Station Reservoir and forebays on Oniarlo
Hydro land, The water level in the reservolr fluctuates
and can have an influence on fishing success.

On the upper river, fishing occurs upstream of
the Welland River mouth. The shoreline on the
Canadian side is owned by the Niagara Parks Com-
mission so there 1$ continuous access 1o the river.
Fishing at the inlet from Lake Erie is popular and there
are numerous boat lannching facilities along the river.
Care must be taken on this river cdue to the rapid
cumrent and hazard of the falls. A map of “Upper
MNiagara River Fishing Hot Spois” has been published
by the Urban Waterfront Advisory Committee in Buf-
fale, New York. A book, “Fishing in Niagara” has
also been published™.

Fishing also occurs on the tributaries, especially
ihe mouths. The siphons on the Welland River at Port
Robimson and in the city of Welland are popular
fishing spots,

2.5.2 Wildlife

Wildlife in The Niagara Peninsula have not
been studied in depth. Most efforts in documenting
specics and numbers have come through the efforts of
organized groups of individuals,

The geological nature of the Niagara Escarp-
ment was a major factor in its being declared a bio-
sphere reserve by the United Nations Educational
Scientfic and Cultural Organization (UMESCO) on
April 4, 1990. The wildlife of the Niagara Escarp-
ment, with its wide diversity of birds, mammals,
reptiles and amphibians, including 3 number of rare or
endangered species, was a contributing factor o the
UNESCO decision.

Although few members of the wildlife commu-
nity appear affected by the waiter quality of the Nia-
gara River, the entire Niagara arca environment may
play a part in ks makeup.

2.5.2.1 Avian Wildlife

The Niagara Peninsula has g wide diversity of
bird species, with 341 species being identified (Table
2.7 located at the end of this chapter). Of these, 152
species breed in the area. OFf the 302 species in ihe
peninsula, {exclusive of specics considered o be in
the avea accidentally) 123 species of birds oceur on the
river or in aquatic habitat closely related to the river™,
Twelve of the peninsula species are considered rare,
threatened or endangered by the Commitiee on the
Status of Endangered Wildlife in Canada (COSEWIC)
or the Ontario Ministry of MNatural Resources.

The Niagara River is an important area for stag-
ing and migeation of waierfowl, Thirty-six species
have been recorded in the peninsala with many species
using the area for winter habitat. The numbers of bizds
in any area varics between years but the average number
of birds counted on the river, using nine years of mid-
winter waterfow! counts usually conducied on the first
weekend of January by the Peninsula Field Naturalists
and the MNiagara Falls Nature Club in co-operation with
the Omario Ministry of Natural Resources (1977-87),
15 9,700, Declines in the population ave hard to deter-
mine, as numbers in the area depend partially on
weather and ice conditions.

Niagara River Remedial Action Plan
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TABLE 2.7

Birds of the Niagara Peninsula

Species IStatus ISpecies [Status  [Species {Status
Common  Loon M. Bamow's  Goldeneye Ra. American Woodcock * ’
Agtic  Loon A Bufflehead Al Common Spnipe * M.
Red-throated  Loon OM. Oldsquaw WY, Whimbrel M.
Red-necked  Grebe OM. Hardleqin  Duack oWV, Upland Sandpiper *

Homed Grebe MWV, Common  Eider Ra. Solitary ~ Sandpiper M.
Western  (rebe Al King Eider WY, Spoiied  Sandpiper *

EBared Grebe Ra. M. White-winged MWV, Willet Ra.M.
Pied-billed Grebe * Surf  Seoter M. Greater  Yellowlegs M.
‘Wilson's  Petrel A. Common  Scoter . Lesser  YWellowlegs M.
White Pelican A Ruddy Duck *1 M. Knot M.
Brown Pelicen A Hooded Meiganser * MWV, Pugple  Sandpiper WY,
Gannet Al Common  Merganser M.WR.5V |Pacioral  Sandpiper M.
Double Cresied  Cormorant OM.WY, Red-breastedd  Merganser  M.WR.SV [White-tumped  Sendpiper M.
Great Blue Heron * Smew A Baird's  Sandpiper M.
Gieen Heron * Turkey Yulture = 5R. Least Sandpiper M.
Little Blue Heron A Black Vulture A Curlew  Sandpiper A
Black-crowned Night Heron # Goshawlk OM. WV, | Dunkin M.
Yellow-crowned  Might Heron  Ra. Sharp-shinned Hawk 2 MWV, =hort-billed  Dowitcher .
Wood Stork Ra.8V. Gryfaicon ¥.Ra. Long-billed  Dowitcher Ra.M.
Caitle  Fgret Ra.SV. Cooper's Hawk #1 MWV, St Sandpiper O.M.
Common Egret 5v. Red-tailed flawk * PR. Semipalmated  Sandpiper M.
Snowy  Egret A Redeshovldered Hawk 1 SR Western  Sandpiper Ra.M
Least Blitera * Broad-winged Hawk M. Buif-breasted  Samdpiper  Ra.M.
American  Biftern ® Rough-legged  Hawk WER. Marbled Godwit Ra.M.
Glossy Ibis Al Golden  EHagle Ra.OM. Hudsoman  Godwit .M.
White-faced s A Bald Tagle #] Ra. M. Sanderling M.
Sandhill Crane Ra. M. Morthern Harcier * SRAWY. |Amercan Avocet Ra.M.
Tundra  Swan A Osprey M. Red  Phalarope O.M.
ute Swan Ra. Peregrine  faleon Ra, M. Wilson's  Phalarope o.M,
Whnstling  Swan M. Mexlin oM. Red-necked  Phalarope Ra.M.
Canada Goose * M.OW. Amencan  Kesirsl ™ PR. Long-tailed  Jaeger Ra. M.
Brani OM. Ruffed Grouse * PR, Parasific  Jaeger Ra.M.
Snow Goose OM. Bobwhite Ra.PR. Pomarine Jaeger Ra.M.
Blue Goose OM. Ring-necked Phessant * PR, Glaucous  Gull WY,
Mallard PR. Gray Partridge PR, Iceland  Gull WY,
Black Duck FR. Wild Turkey PR. Great Black-backed Gull #1 WV.SR,
Gadwall * OM. WV, King Rail 0.5R. Lesser Black-backed Gull Ra.M.
Pintail M.WY. Virginia Rail * Hewring Gl PR.
Green-winged Teal *2 M. Yellow Rail Ra.SV. Thayer's Gul Ra.M.
Blue-winged Teal * Sora ® Califomia  Gult A.
Furopean  Widgeon A Purple  Gallinute A, Ring-billed Gull = PR,
American  Widgeon * M.O.SR. WV Commoen Moorhen # Mew Gull A
Shoveler * QM. American Coot * WY, Sabine's Gull Ra.M,
Wood Duck * American  Oyster-caicher A, Black-headed Gl Ra. WV,
Redhend? M.WER. Semipalmated  Plover M. Langhing  Gull Ra. WV,
Ring-necked Duck MWV Piping Plover M. Franklin's  Gull Ra.M.
Canvasback MWV, Killdeex LR Bonapare's  Gull WR.
Greater  Scaup M.WR. Amersican  Golden Plover M. Liitle Guit Ra. WV,
lesser Scaup M. Black-bellied  Plover M. Ivary Gull Al
Common  Goldeneye MWR.EV, [Ruddy  Tunsione M. Black-ltegged  Kittiwake  Ra WV,
Forster's  Tem Ra.M. Purple Maciin Yellow Wariler #

Common Terp * Black-billed  Magpic A, Magnolia  Warbler M.
Casplan Tern # 0.. Blue Jay # PR. Cape May Warbler M.
Black Torn ¥ Common Crow * PR. Block-throated Blue Warbler M.

Miagara River Remedial Action Plan -
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TABLE 2.7 (con't)

Birds of the Niagara Peninsula

Species [Stams  |Species Status | Species [Staws
Roseate Tern A Black-capped Chickadee * PR. Myrtle Warbler M.O.WY,
Arctic Torn AL Boreal Chickades 0. WV, Dleck-throased Grecn Warbler ¢1 M.
Razorbiil Ra.M. Tufted Titmouse * 0.WR. Cerulean Warbler *

Thick-billed Murre A, White-breasted Nuthatch * PR. Blackburian Warbler *1 M.
Black Guillemot A. Red Breasted MNuthatch *  M.OWV,|Chestnut-sided Warbler *2 M.
Rock Dove * PR. Brown Creeper ™ . 0. WR. |Bay-breasted ‘Warbler M.
Mourning Dove * PR, Tlouse Wren * Blackpoll Warbler M.
Yellow-billed Cuckoo * Winter Wren *2 M.WV. |Pine Warbler 0.M.
Black-billed Cuckeo * Carolina Wren * O. Yellow-thioated Warbler A,
Barn Owl * O.PR. Benwick's Wren A Prairie Warbler O.M.
Great Grey Owl Ra WV, Marsly Wren * Worm-eating  Warbler Ra.
Eastern Screech Owl * Ra, Sedge Wren * Palm Wazrbler M.
Great Homed Owl * Rock Wren A, Ovenbird *

Siowy Owl WY, Mockingbird * PR, Northern Waterthrush %2 M.
Long-cared Owl * QUWR. Catbird * Louisana Waterthoush 2 M.
Shori-eared Owl * O.PR.CWR| Brown Thrasher Kentucky Warbler O,
Horeal Owl] OWV. Sage Thrasher A, Connecticut  Warbler O
Saw-whet Owl * WY, Robin * WV, Mourning Warbler * M.Ra.SR
Hawk Owl Ra.Wv. Wheatear Ra. Yellowthroat * Ra.WV.
Whip-poor-will M. Wood Thrush * Yellow-breasted Chat * o,
Common MNighthawk * Henmit Thrush M.O.SV. |Hooded Warbler *2 Ra.M
Chimney Swift * Swainson's Thrush M. Wilson's Warbler M.
Ruby-throated Hummingbird * Gray-cheeked Thrush .M. Canada Warbler *2 M.
Belied Kingfisher * OWV, Veery * American Redstarg *

Yellow-shafted Tlicker * PR, Yaned Throsh Al House Spacrow * PR.
Pileated  Woodpecker PR. Fostern Bluebird * Bobolink *

Red-bellied Woodpecker * O. Blue-gray Gnateateher *  Q.SR. Fastern Meadowlark * WV,
Red-headed Woodpecker * PR. Golden-crowned Kinglet MWV, [Western Meadowlatk 0.5R.
Yellow-beliied  Sapsucker M. Roby-crowned  Kinglet M.OWYV. | Yellow-headed Blackbird A
Hairy Woodpecker PR. Water Prpit M. Red-winged Blackbird * VAR
Downy Woodpecker PR. Bohemian Waxwing Ra. WV, [Orchard Oriole * 0.
Northern Theeetoed Woodpeeker A Cedar Waxwing * PR, Northern Criole *

Hastern Kingbied * Townsends Solitaire A Rusty Blackbird M.OWY.
Western  Kingbird A Northem Shrike * WY, Common Grackle * OWVv,
Scissor-tailed  Flycaicher A, Loggerhead Shrike * O.WV, |Brown-headed Cowbird * OQ.WV,
Great Crested Flycaicher * Starding * PR. Surmer Tanager Ra.¥
Hastern Phoebe ™ White-cyed Viveo *2 O.M. Western Tanager A
YVellow-bellied  Flyecatcher Q.M. Yellow-throated Vireo ™ OL8R. Scarlet Tanager ¥

Acadian Flycatcher * 0, Solitary Vireo M. Cardinal * PR,
Willow Flycatcher * Red-eyed Vireo * Blue Grosbeak Ra.
Alder Elycatcher ® Philadelpkia Vireo O.M. Rose-breasted Crosbeak *

1east Flycatcher * Warbling Vireo * Indigo Buoating *

Eastern Wood Powee * Black-and-White Warbler M, Dickeissel ORAS
Olive-sided Flycaicher O.M. Prothonotary Warbler *1  Q8R. Evening Grosbealk WV,
Horned Lark * PR, Golden-winged Warbler * SR, Purple Finch * MWV,
Tree Swallow * Blue-winged Warbler * Ra.5R. Pine Grosboak WY,
Bank Swallow # Tennessee Warbler M. Hoary Redpoll A,
Rough-winged Swallow # Orange-crowned Warbler O.M. Common Redpoll WY,
Barn Swallow * Nashville Warbler * M. Pine Siskin * M.WE.
Clift Swallow * Parula ‘Warbler O.M. American Goldfinch * PR,
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TABLE 2.7 (con't)

Birds of the Niagara Peninsula

Species |Status | Species |Stams | Species |Status
Red Crossbill MWV, |Vesper Sparrow * White-crowned Spacrow  MOWYV,
White-vringed Crossbill MWV, |Legk Sparrow A White-throated Spaoow ¥ M.OWY,
Green-tafled Towhee A Slate-colored Junco MWV, |Fox Spamrow MWV,
Rufous-sided Towhes * W, COregon Junco O.WY. |Lincoln's Spamow * 0.
Savannah Sparrow * Tree Sparrow MWY. [Swamp Spawow * M.OWY.
Grasshopper Sparrow * (.5R. |House Finch # Song Sparraw # PR.
Le Conte's Sparow Al Chipping Sparrow * Harris's Sparrow .5V,
Henslow's Sparrow 0.8R.  |Clay-coloured Sparrow ReSK.  |Lapland Longspur WV,
Sharp-tailed Spatrow O.M. Ficld Sparrow * LORVA"S Snow Buniing WY,
Ruff A, Lark Bunting Ry ¥,
Legend: PR,  |Permanent Resident, breeding in surnmer.

® Breeds in the region in summer, may also migrate through

the region
ML Migrant
Q. Occasional

OM. |CGccasional Migrant

SE. Summer Residentt, no breeding evidence
Ra. Rare

SY.  |Suminer Visiior

WR. |[Winter Resident

CWR. |Common Winier Resident

WY, [Winter Visitor

A, Accidental (birds which are out of their normal range in the
region and for which there are few records).

bold | = Species considered rarethreatened or endangered by
COOSEWIC or MNR.

From: |Miagara Peninsula Conservation Report Volwne 11972

Adtlas of the Breeding Birds of Ontario - 1987

Birds of the Niagara River - Buffalo Omithological Society - 1989
Wildlife of ihe Miagara Escarpment Planning Area - 1978
1=possible sighting  Z=probable sighting

rest are confirmed nesting sighiings in Atlas or other reference,
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The Niagara River is an intemationally recog
nized arca among naturalisis for numbers and diver-
sity of gulls. The maximurn number of species of gulls
documented on the river at one time is thirteen includ-
g rare species. Bonaparie’s Guils are seen by the
thousands with a record of 60,000 at one itme®.
Birders come in busloads to observe atong the MNiagara
River, particularly during November.

Re-incoductions of rave, endangered or exiir-
pated species have been aitempted in the area, includ-
ing peregrine falcons, wild turkeys aad bald eagles, A
very enthusiastic effort was made in 1986-87 1o re-
iniroduce 19 peregrine falcons into the area by a local
naturalist club. Two pairs of bald eagles were intro-
duced west of Caynga between 1986 and 1987, Wild
turkeys were first reintroduced to the Niagaga Region
in 1984, Since that time, uwkeys have been trapped
and wansferred 1o additional areas. Nesting platforms
are currently being erecied in an attempt 0 encourage
nesting of osprey in the area.

2.5.2.2 Mammalian Wildlife

There are 44 mammalizn species found in the
Niagara Peninsula {Table 2.8 located at the end of this
chapter), with 22 considered common, The detrimen-
tal effects of the environmenial quality of the area on
these populations are hard 10 determine. A limited
amouni of work has been done on the statws of mam-
malian populations, primarity white-tailed deer using
aerial surveysand jacklight surveys 1o determing popu-
lation, sex ratio, and fawning rate. Differences in the
condition between Navy Island and mainland deer'™
were thought to be mainly due to overpopulation on
Navy Island. A population of about 116 deer/km® (300
per square mile) was found on Navy Island as a peak
level prior 1o the 1981 conirolled hunt that was used 10
reduce the population to a susiainable level. The high-
estpopulation density found on the mainland in Miagava
was 18 deer/km?® (47 per square mile) in the Wainfleat
bog during 1989,

Population surveys of other species are virtually
nonexisient and the use of harvest data 1o determine
other mammalian population trends has several draw-
backs. Harvest is dependent on trapper cffort and
experience, pelt prices and demand, and habimt quan-
ity and quaklity'®.  Also trappers arc not presently
required to record specifically where within a trapping
unit the pelt was iaken,

2.5.2.3 Reptilian and Amphibian
Wildlife

Thirty-four species of amphiblans and reptiles
occur in the Wiagara penmnsula (Table 2.9 locaied ai
the end of this chapter). These species include 13
snakes, 8 turtles, 10 frogs and toads, and 7 salaman-
ders and newis'®.  The recent discovery of local
specimens of dusky salamander 1 the MNiagara River
area is the only known population in Oniario. Sam-
pling of rare or endangered species is discouraged, as
the act of sampling itself could have significant detri-
menial effects on population levels,

The status of the populations of reptiles and
amphibians in the area is not well documented. These
animals are generally small and secreiive in their
behavigur. Liitle is known about their distribution,
abundance, habiial requirements, breeding behaviour,
hibernation and other aspects of their life cycles',
The Cntario Field Herpetologists document sightings
of species but little is known about the numbers and
repraductive success.  Six species in the arca are
considered rare, threatened or endangered, Depletion
of weilands, urban developmen: and physical distur-
bances, along with contaminant problems, probably
contribuie to dechines innumbers, Freshwater wetlands
are important as habitai for agquatic reptiles and am-
phiblans and the disiribuiion and abundance of these
organisms is conirolled by several major {actors in-
cluding wetland size and location, water quaiity, flood-
ing regime, substrate and vegetalion structure'™.

Niagara River Remedial Action Plan - Stage I
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TABLE 2.8

Marmmalian Species of the Niagara Peuninsula |
COMMON MNAME SCIENTIFIC NAME
Northern  Shori-tailed Shrew Bladna_brevicauds

Little Short-tailed Shrew Lrypiosis. pacvs

Swmoky Shrew Sorex_Dmeus

Masked Shrew (Common) ¢ Scingrous

Pigmy Shrew Microsorex_hovi

Star nosed Mole * Condyivn_crisiara
Hairy-imiled Mole (Brewers Mole) Parnscalops  brewerd
Meadow Vole * Missoins_peansylyanious
Gapper's Red-becked Vole Clethrionomys_gapnetl
Weodtand Yole {Pine Volc} Microtus_piaclorum
White-footed Mouse * Prromyscws__leugopus
Meedow Jumping Monse # Lapus hudsoniys,

Desr Mouse » Poromyseus  maniculatts
Fouse Mouze ¥ Mus _museuing

Norway Rat ¥ Batius porvegiens

Silver Haired Bat Tasionveteds . roctivagans
Red Bt Laosims_borenlis

Hoary Bat Lasims clagreus

Keen's Myotis (Hastem Loag-eoved Bat) Myotis keonii

Least Bot Myotis_subulgtus

Little Brown Bal * Myolis_lucifugus

Big Brown Bat * Eptesicns_{uscus

Lastern Pipistrelle Pipisimeling_subilavus
Southern Bog Lomming Senapiomys cooperd
Woodchuek * Marmela_monax

Muskrat * Ondatra_zibethicus
Americon Beaver Castor__canadensis
American Mink Mustela_vison
Long-taited ‘Wensel Mustcla frenaeg

Ermine Mustcly_srminen
White-tniled Decy * QOdocoileus_virgininous
Bobeat Lo rufus

Eastern Cottontail * Sylvilagus flondanus
Ewropean Hare * Lepus _eurppacus
American Red Squimrel ® Tomivsciurus _hndsonicus
Gray or Black Squirre] * Svigrus _cuelingnsis
Southern Fiylng Sguirrel G, _volans

Enstern Chipmunk * Tamins_strintus

Striped Skunk * Mophtis_mephitis
Regcoon Brogyon_fotor

Virginia Opposum Didelphis . virginisng

Red Fox * Mulpes yulpes

Gray Fox LUrogyon . cinersoacgeniays
Coyole (Brush Wol) # Canis_latoos

~rotn Ni"z{grz;re\ Penumenta Conservation Repord Volmme 1 1972 aad The Amegican
Society of Mammalogisis - Specics racuographs

* indicates coramon specics

-species identified 1 bold are currently considered rave, threatencd, or endangercd in
Omario or Canuda
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Table 2.9

Miagara Pemnsula Herpetofaunal Summary

Common Scientific Name
Mudpuppy Negture  guculosus
Red-spotted  Mewt Trilgn_yedt

Jefferson  Solamsader Ambystonm __ieffermonisnng
Yellow-spoited  Solamander Ambystomn___masculatinn
Dusky Salamander * Desmognnthus . fuseus
Four-toed  Salamander Hemidagiylivm _ scutntum

Yastern  Redback  Selamender
American  "Toad
Woadhomse's  Toad
Spring  Peeper
Tetraploid Gray Treefrog
Striped Chorus Trog
Woed Frog

MNorthem Leopatd Frog
Pickeral Trog

Grean  Frog

Bullfrog

Commoen  Snapping  Turtle
Srinkpot

Paointed  Turile
Blending’s  Tustle
Spotied  Turile

Tastorn Box Turile®
Splney Softshell
Five-lined Skink *
Commwon  Gorder Sneke
Eastorn  Ribbon  Bonke
Northern  Water  Snnke
Redbellied  Snake
Brown Snoke

Smooth  Gresn Snake
Ringneck  Snake
Hastern Hognose Soake?
fat Soske

Fox Soake®

Milk  Snake
Massesanuga®

Timber Raitlesnake??

Plethodon___cinerous
Bufo__ wosdhonsel
Huls_coucifer
Byla..vemicalox
Reessbwens.... tosgdala
Rana_sylvatica
Rann._plpists
Rava.palustoy

Bapa_. cniesbeinng
Chelydm __sorpenting,
Semettiens odormiys
Chravmys. . pigh
Dinwdoidea _ blandingi
Clommys.__palinia
Trionyx . spiniferms
Ihamnophis  saygiing
Herodia__sipedon
siarerla occipitomneulaia
Stoceria_ dekavi
Lpheodrys  vemalis
Dindopliz __puocining
Heterodon _platyriines
Elapba.__obsolets
Elaphe._ywpion

I i S
Slsims. . catenius
Crotalus hopridns

-from Disteibution and Status of the Herpetofauna of Ceniral
Region, August 1989 (Plourde et al, 1989)

-bolded species are cumenily considered rare,
endangeredd in Oniato or Canada

-bolded  first letters indicate species cumently under review for status

threatened,

< oindicates the species is considered vare in the aren
-Hspecies probably expirated from Niagara R. watershed

or

Niagara River Remedial Action Plan - Stage I
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3.0 USE OF THE
RESOURCE

The potential of the Niagara River has long been
recognized. The waiers of the Niagara River idiself
were used for potable water by Mative Peoples for
centuries before Niagara Falls was first visiied by
Father Hennepin, Today, the river continues (o serve
as a potable water source for the public and for indus-
trial facilities. However, the Niagara River area is
primarily used for hydro-electric power generation
and for fourism and recreation,

3.1 Water Uses

Lake Qniacio is the source of drinking water for
approximately 4 million residents of the Province of
Oniario and 1 million residents of the State of New
York, In addition, it serves a myriad of recreational
uses for residents and visitors to the Lake Ontario area,
Such uses include: swimming, diving, boating,
windsurfing, fishing and hunting (waterfowl),

The Miagara River liself serves as a source of
drinking water for the City of Niagara Falls, Ontario
via a filtvation plant at the junction of the Niagara River
and Chippawa Creck in Chippawa. Most of the urban
areas in MNew York State between Buffalo and
Youngstown are also serviced by plants that draw
waler from the Niagara River,

The river 13 also used for many of the same
primary recreational activities as Lake Ontario, On
the lower miver, fishing takes place from boats and
from the shoreline for snch species as: american eel,
yellow and white perch, rainbow wout, walleye,
muskellunge, pike, coho salmon, rock and smallmouth
bass, suckers and smelt.  In the upper river, smeli,
vellow perch, rainbow trout, smallmouth bass, suckers

and walleye are exiensively fished. Lake trout and
brown trout are also caught in Lake Erie ricar the head
of the river off Fort Erie.

Marinas for both sail and power boais exist at
Fori Erie, Chippawa and Niagara-on-the-Lake as well
as several locations along the Chippawa Channel and
in Chippawa Creek.

The exiensive parkway belt along the Canadian
shoreline of the Niagara River provides a habitat for a
wide range of amphibians, birds, mamimals and rep-
tiles. Habitat for most of these species is also found in
areas not normally accessible 10 humans, such as:
Mavy Island, emergent arcas in the Miagava Rapids
and through the Niagara Gorge,

For the most part, the fast-flowing Niagara River
1s 100 dangerous for bathing. However, bathing
heaches are found at Miagara-on-the-Lake, Chippawa
and Fort Hrie.

The spectacle of the Niagara Falls panorama,
the Miagara Rapids, Whirlpool Rapids and Devil’s
Hole Rapids, the Niagara Gorge and the Whirlpool,
historical aitractions such as Fort George, Queenston
Heights and Gld Fort Erie and recreational atfractions
such as the Spanish Acro Car, the Shaw Festival, the
Maid-of-the-Mist and the Cave of the Winds bring
millions of tourists 1o the Niagara area each year from
all over the world.

The exiensive park lands along the Niagara
River are also popular for bicycling, hiking, picnick-
ing, sighiseeing, camping and photography.

Niagara River Remedial Action Plan
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3.2 Land Uses

The drainage arca associated with the Canadian
side of the Niagara River can be divided into two paris:
the Niagara River proper (and its minor tributaries) and
the Weliand River (and its tribuiaries) having associ-
ated drainage areas of approximately 230 and 1,050
km?, respectively {Table 3.1).

Land use can have a dramatic influcnce on water
quality within a drainage area. A survey of ihe land
use in the Niagara-Welland watershed has not been
done directly. The agencies responsible for cotiection
of iand use daiz work on a geographic township-by-
township basis. Statistics for each regional munici-
pality are available for varying time periods, The
values reported in Table 3.2 and in the following
sections were estimated using land use maps of the
reglonal municipalities of MNiagara {1980, Haldimand-
Norfolk (1982} and Hamilton-Weniworth (1980).

The following sections discuss the various land
uses in the area and how they can affect environmental
quality, particularly water guality. Niagara disirict
agricultural statistics quoted are from the Ministry of
Agriculture and Food®.

3.2.1 Agricultural Lands

Agriculture is an importani industry in the Nia-
gara Peninsula. In 1986, the Niagara region had 3,147
farms reporting some farm income, with 2,619 farms
reporiing income greater than $2,500 per year®, These
farms covered 95,887 hectares, with 70,964 hectares
under crops. The total value of the agricultural prod-
ucts prodoced in the Miagara Peninsula was over
$250,000,800.  Unfortunately, the data are not re-
ported in such a manner as 1o make it praciical 10
identify the income from the agriculiursl operations
within the Miagara-Welland watershed.

The soils of the area are primarily clay, and the
slope is low. This implies that the drainage of the area
is naturally poor. Portions of the arca have been tile
drained, with {rui¢ production arcas highly drained.
However, tile dramnage in areas that are flat and have a
high clay content is ineffective, In the Niagara Penin-
sula, there were 71,000 hectares of cropland, of which
21,000 hectares are systematically or randomly
dramned®. The drains are, however, concentrated be-
low the escarpment In fruit production areas which are
outstde the Niagara-Welland watershed.

The Niagara Peninsula is acknowledged as one
of the country’s leading fruit production areas. The
Niagara River watershed does not include a large
proportion of these orchards and vinevards; these are
primarily located between the Miagara Escarpment
and the Lake Ontario shoreling, Some fmit produc-
tion does pccur along the northwest shore of the
Niagara River and near Fonthill. ‘This makes up
approximately 1,000 hectares, or less than 1 percent,
of the land in the watershed.

A breakdown of the differcnt crops grown in the
Miagara River area can be seen m Table 3.2. Row-
crops (com, soybean) and cereal grains (winter wheat,
barley, oats) make up a large percentage of the crops
of ihe area. The acreage of each crop varies from year
i year depending on crop rotation and current market
value. In the lasi five years the amount of soybean
planted in the area has increased dramartically.

Livesiock produced mm the area includes cattle,
pouliry, sheep, and pigs. There is no livestock access
directly to the Niagara River, but livestock do have
access o the iributaries, and this contributes to focal-
ized bank erosion problems. Manure siorage and
application Is a source of bacterial/nuirient problems
and is not strictty regulaited or enforced.  Spills of
liquid wastes from poultey or livestock operations can
produce immediate and significant fish kills.
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TABLE 3.1

Watershed Arcas of the Niagara River
Sub-watershed Area Sub-watershed Area
sq. km 5q. km
MNiagara River Welland River
{total} 229.9 (1otal) 919.6
Direct Drainage 2.9 Direct Drainage 3513
Frenchman Creck 17.2 West Wolf Creek 14.0
Miller Creck 8.3 Buckhorn Creck 23.9
Beaver Creek 349 Elsie Creck 34.3
Baker Creck 3.2 Oswego Creek 169.1
Black Creck 70.3 Liule Wolf Creck 10.0
Bayer's Creek 13.5 Wolf Creek 13.3
Usshers Creek 19.6 Mill Cresk 19.7
Moores Creek 13.0
Wilson Creek 59
Chippawsz Cr./Powsr Canal Beaver Creck 39.3
{total) 130.2 Blnck Ash Creck 3.6
Parkers Creek 19.7
Chippawa Creek Liutle Forks Creek 14.3
Dircel Drainnge B35 Big TForks Cresk 272
Lyons Creek 47.5 Sucker Creek 0.9
Tee Creck 301 Mill Race Creek 80.1
Grassy Brook 13.7 Coyle Creck 40.0
Fhunter's Drain 3.8 Drapers Creek 11.5
Queenston/Chippawa Thompsons Creek 13.8
Power Canal 26.6

Tree nursery areas are usually kept bare between
the irees, leading o erosion problems on a continual
basis, Herbicides are generally used to control weed
growth. Sod farms similarly are lefi bare at eniting
trmes and erosion can also be a problem at these times.
Herbicides are also used on the grass for weed control,

Agriculiure in the asea includes nursery areas and
sod farms. Farmers in Ontario are encouraged to test
their soils before application of phosphorus, nitrogen
and potash fertilizers. The solls of this area generally

have low levels of phosphorus and are
high in potash content. The pH is low,
between 5-6 without the application of
lime, Itis believed that farmers in the area
are generally not over-applying fertiliz-
ers. Possible exceptions exist for live-
stock operations, particularly poultry,
where large amounts of wasle are being
spread over small areas. Application of
livesiock wasies a3 the wrong time of the
year appeass to be a larger problem and is
not regulated.  Application of large
amounts of manure during the spring run-
off period can resuit in serious contami-
nation of surface waters. The crop planted
also has specific requirements; for in-
stance, the increase in soybean acreage
leads 1o an overall decrease in the applica.
rion of nitrogen fertilizer.

The amounis of herbicides,
fungicides and pesticides applicd in the
Miagara peninsula s unknown. Untl re-
cently, farmers and other users were not
reqaired to obtain a permit or to record
volumes used. These chemicals can in-
fluence water quality and wildlife espe-
cially if they are not applied according to
specificaiions. There is a course available
on proper cheimnical application but it is
not required by law. Organic farming is
gaining popularity in the peninsula.

Past and present agricultiral practices arc not
always benelicial 1o the environment or the farmer in
the long term. Recent awareness of the effect of
agricultural land vse practices on environmental qual-
ity, particularly the effects of sediment and phosphorus
lpading, has led io the introdaction of programmes that
encourage changes in farming praciices. These pro-
grammes include: SWEEP (Soil and Water Environ-
mental Enhancement Program), Rural Beaches Pro-
grams, Land Stewardship Program and Tillage 2000.
However, these are usually short-term programmes.
Time and resources are needed to initiate substantial
change.
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TABLE 3.2
Land Use in the Niagara River Watershed

Land Use Type Niagara R. | Power Canal | Welland R, | Total
& Tribs. & Chippawa & Tribs.
Cr.
Area (ha) 23000 13000 92000 100%
Agricuiture
{orchards & vineyards) 2.7% 0.4% < 1%
(vegetables & berries) 0.3%
mixed 8.1%
TOWCIODS 0.4%
corn-wheat 12.0%
cereal graing 1.1%
hay 5.6%
pasture, grazing 2.4%
nursery, sod 0.3%
Abandoned land
sy | B
Forested 15.5%
Recreation 1.7%
;lr}xs;;;;ﬁ;zi;@%idemiﬂﬂ & 93.0%
Wetland 0.1%
Extraction 1.0%

. estimates based on land use maps from Niagara, Haldimand-Norfolk, and Hamilton-Wentworth
Disiricts (1980, 1982, and 1980)

Government granis for farmers witling toinitiate | tmproved construction practices, proper chemical ap-
changes are scarce. Encouragement in the use of crop | plication methods and discouragement of wetland
rotation, buffer sirips, grassed waterways, green belts, | draining will help to eliminate the detrimental effects
restricted cattle access, proper manure managemeni, | of agriculivre.
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The smail farm appears io be a thing of the past,
Recenily there has been a move to larger, mose effi-
cient farms. Urban development, especially along the
escarpment and the Lake Ontario shoreline, is threat-
ening fruit preduction in these areas of Niagara, which
for the most part are outside the study area. There 1s
afso concern with the potential groundwater contami-
nation arising from rural strip housing, particularly in
the upper Welland River basin,

3.2.2 Urban and Rural Cenires

The main Ontario urban centres with waier and
sewage services in the Niagara River drainage area are:
Fort Erle (pop. 23,486), Niagara Falls (pop. 72,107),
Miagara-on-the-Lake (pop. 12,050) and Welland (pop.
44,569). The population figures in parentheses are
1988 estimaies, These centres arc all sitwated along
the Niagara River or iis irbutaries and make up only a
small percentage of the land in the drainage area, The
sewage freatmeni plants for these wban cenires are
currently in various stages of improvements, but inputs
of nuirients and contaminanis arc still significant.

3.2.3 Industrial Sites

The extent of industry on the Canadian side of
the Miagara River is considerably less than that on the
U.S. side. Many of the companies situated on the river
have been identified tistorically as point sources of
pollution®. Some degree of clean-up activity is cur-
rently underway at the plant sites of most point sources.
In the upper reaches of the Welland River there are no
ssgnificant industries.

There are, however, industries in the cities of
Welland and Niagara Falls, During storm cvents, con-
taminants from these properties are carried into the
Welland River which in tumn flows inwo the Power
Canal and ¢ventually inio the Niagara River through
the Sir Adam Beck generating station.

Industrial propertics in Fort Frie and Niagara
Falls also contribuie contaminated storin water runoff
into minor {ribviaries or inio the Niagara River di-
recdy,

3.2.4 Abandoned Lands

'The percentage of the land in the MNiagara-
‘Welland basin considered abandened agricultural land,
including abandoned pasture, orchards and scrubland
is considerable. These lands are considered imporiant
areas for wildlife habitat. Often these iands are held
for future development by speculaiors.

3.2.5 Landfill Sites

Seventeen landfitl sites have been identified in
the area®, Of these sites, five ave currently ceriified
and still operating, and twelve are closed. Five landfill
sites were considered possible problem areas in 1984%.
Since then, further investigations inio the sites have
imtiated remedial action and only one site remaing a
possible problem. These five landfills are discussed in
more detail in section 5.6, There may exist other
abandoned sites that have not been identified since
landfill sites have only been required io be licensed
since 1971, Leachate colleciion is not praciised at any
of the five sites.
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TABLE 3.3

Conservation Authority Holdings on
the Niagara River and lis Tributaries
Name Area (ha)
Binbrook Conservalion Area 396
Canboro )
Chippawa Creek Conservation Area 148
E.C. Brown 6
Hedley Forest 17
Humberstone Marsh 82
Oswego 6
Port Davidson 0.2
Ruigrok Tract 76
Stevensville 49
United Empire Loyalist 22
Willoughby Marsh 231
Total Holdings 1639.2

3.2.6 Recreational and Forested
Areas

Recreation and forested areas alse make up a
considerable portion of the fand in the Niagara and
Welland River basing. The Niagara Peminsula Conser-
vation Awthority now owns over 1,800 hectares of
land, consisting of 34 conservation areas in the penin-
sula. Of this land area, 1,039.2 hectares lie within the
Welland and Niagara watersheds directly (Table 3.3).
These areas are used for various recreational activities
and provide important wildlife habitat.

The Ontario Ministry of Natural Resources owns
three tracts of land in the Niagara River watershed.
The Wainfleet Bog acquisition, in the City of Port
Colbourne, is probably the most ecologically signifi-
cant. This 207 hectare piece of land is part of a class 1

wetland and was acquired {o preserve this habitat and
prevent the expansion of the peat extraction practices
in the bog. There are two acquisitions in the City of
Fort Erie; the Nigh (29 1 hectare) and Bowen Road (8.9
heetare) properties. These properties are used for re-
forestation projects and are considered wildiife areas.

3.2.7 Wildlife Areas

All Tand and water has the potential to be wildlife
habitat using the most basic definition. Planning can
make it possible for wildlife to coexist with most, if not
all land use.

The Niagara Peninsula is considered part of the
Carolinian life zone and southern Ontario has the only
arez of this type in Canade. Therefore many species
that occur in this area are provincially or nationally
significant. These include many of the rare vascular
plants listed 1n Table 3.4 (located at the end of this
chapter).

Wetlands in the past have been randomly and
continuously drained and tilled. 1t is now realized that
wetlands have economic, water-related, ecotogical
and social benefits in Southern Ontaric™. These in-
clude tourjsm, renewable resource production, flood
reduction, ground water recharge and flow augmenta-
tion, water quality improvemenis, diversity of eco-
logical habitat, education, research and aesthetic
vatue™. The realization of the importance of these
areas has led to an atiempt o protect the remaining
wetland areas. The Provincial Wetland Policy state-
ment was approved in May 1992, Its goals are: to
ensure that wetlands are identified and adequately pro-
tected through the land use planning process and to
achieve no loss of provircially significant wetlands.
Table 3.5 (located at the end of this chapter) lists the
wetlands of the Niagara River waiershed which have
been evaluated by the Ministry of Natural Resources.
Many of these areas are small in size but all the wetlands
are Provincialiy significant (Classes 1, 2, or 31, All
these wetlands merit protection as required by the
Provincial Wetland Policy statement.
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TABLE 3.6

Natural Areas of the Niagara Region Within the Niagara River Watershed

(Regional Municipality of Miagara... 1985)

Areas Associated With Escarpment
Niagara River Gorge *#

Queenston IHeights *#

Forested Recreation Areas

Stevensville Conservation Arca #

MNR Classified Weilands
Wainfleet Marsh *#
Wainfleet Wetlands *#
Lyons Creek Wetlands #
Willoughby Marsh “#
(Clay Plain duck Basin Forest)
Humberstone Marsh *#
Mud Lake *#

Moulton East Wetland

Addliional Wetlands
Ridgeville Swamp

Welland River #

South 81, Anns Slough Forest *

Importani Fisherles and Waterfowl
Habltat
Niagara River
Boyer's Creck
Usshers Creek #
Black Creek #
Miller Creek

Frenchman Croek

Wet Forests
Cyanamicl Corners *
Forks Creck Woods *#
Comfort's Bush *
Sucker Creek
Silverdale Woodlot *
(Soutk 5. Anns Slengh Forest)
Flewcher Woodlot #
Chambers Comers Clay Plain
Marshville Station Clay Plain
Bartell's Bush *
Bismarck Bush *
Hardy's Wood *
Garber's Grove *
Pot's Woodlot *
McCready's Bush *

Ruigrok *

{Caistor-Canborongh Slovgh Forest)

{Unusual Landforms
Ridgemount Quarty

Humberstone Quarry

Woodlots
Surmmer Street Woodlon *
Chippawa Creek Con. Avea *#
Navy Island

Oher Sites of Rare fMora and Fauna
Milier Creek
Usshers Creek Mouth #
Garner Road Woodlot

Cream and Welland Streeis

* - FESA in Brock University ESA Report

# - BESA in Regional Policy Plan... Municipality of Miagara
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3.2.8 Environmentally Sensitive
Areas

An environmenially sensitive area (ESA) is des-
igmated by a natural feature satisfying at least four of
the following nine criteria®:

1) unnsual and distinctive landform,;

2) ecological functions (eg. water storage or
recharge, wildlife siopover or conceniya-
tion point);

3) unnsual/distinciive plant and/or animal com-
MIILES;

4) unusual/disiinctive habiiat;

5) high diversity of biological communities;

6) habimat for rare or endangered indigenous
species;

7) large potenidal habiiat for species requiring
CXPANSEs;

8) amenable 10 scientific research and conser-
vation education purposes;

9} high acsthetic value where alieration re-
sults in loss of amenity.

The Regional Municipality of Niagara recog-
nizes 90 natural areas, 42 of which are designated as
ESAS in the Regional Miagara Policy Plan®, The
watershed of the MNiagara River contains 39 of the 90
natural areas (Table 3.6). Hamilion-Weniworth re-
gion has 1 BESA within the Welland River watershed®,
There are 3 ESAs within the Haldimand-Norfolk juris-
diction of the watershed®.

The identification of natural areas or ESAs as-
sists tu the review of development plans for all re-
gions. The intent is to ensure that development does
not adversely affect the ESA. This does not necessar-
ily mean restricted development within the ESA, but

TABLE 3.7

Arxeas of Natural and Scientific
Interest on the Niagara River and lis
Tributaries

Life Sciences

Miagara Gorge

Caistor-Canborough Slough Forest
Attercliffe Station Slough Forest
Wainfleet Peat Basin Heath

Humberstone Muck Basin Swamp Forest
Lyons Creek Flood Plain Wetlands
Willoughby Clay Plain Muck Basin Forest
Navy Island

Farth Sciences

Niagara River Bedvock Gorge
Humberstone Quarry
Ridgemount Quarry

proteciion as determined through preparation of envi-
ronmenial assessments (EAs). In many cases, all or
large portions of ESA arcas may need 10 be protecied.

The ESAs may also be identified by other pro-
gramines such as Arcas of Matural and Scientific Inter-
est (ANSIs) (Tahle 3.7), Niagara Parks Commission,
Niagara Escarpment Commission, and MNR Wetland
Classifications.
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TABLE 3.8

Composition of the Regional Municipality of Niagara

Municpatiy  (Saws | OPUon Growh ()] Ares
St. Catharines City 1234355 2.5 94.4
Niagara Falls City 72107 6.2 212.0
Welland City 45054 02 6812
Fori Erie Town 23253 0.8 168.3
Port Colborne City 18281 -1{.1 122.8
Crimsby Town 16956 9.0 68.1
Thorold ity 16131 9.8 84.6
Lincoln Town 14391 1.0 1634
Miagara-on-ihe-Lake Tow 12494 0.9 131.1
Pelham Town 12137 234 1245
West Lincoln Township 9918 6.2 382.9
Wainfleet Township 5955 0.4 2174
Total 370132 3.2 1850.9

source: 1986 census data (see ref 852)

3.3 Socio-economic
Perspective

The Niagara River Area of Concern includes a
major portion of the Niagara Peninsula. Niagara is not
a peninsula in the tradilional sense although it is
bounded by water on three sides. Because the Miagara
River no longer forms a barrier 1o the east, the Niagara
area serves as a corrdor or gateway between Canada
and the United States. A corresponding major water
transportation corridar through the Niagara between
Lake Erie and Lake Omiario makes Niagara a transpor-
tation crossroads. The demography, social patterns
and developmeni are strongly associated with the rans-
portation rounies which transect this area®™’, Although
ihe AOC does not include the potential corridor along

the Queen Elizabeth Way north of the Niagara Escarp-
ment, a sumber of whan cenires and considerable
agriculmral areas make up the population in the Arca
of Concem,

The historical panorama of Niagara Falls, com-
bined wiil the existence of cheap elecirical power has
fed to conceniraied development along the banks of
the Niagara River and particularly in the vicinity of
Miagara Falls. The majority of the Miagara River area
lies within the municipal boundaries of the Regional
Municipality of Niagara. Small portions of the Re-
gion of Hamilion-Wentworth and the Region of
Haldimand Norfolk are included in the agriculwral
headwaters of the Welland River 1o the south and east
of Mount Hope and to the east of Caynga and Dumnville,
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The socio-economic fabric of the Niagara Re-
gion, imvolving population and money, effects the popu-
lace’s ability to support remedial measures in the AOC,
particularly if there i3 a dircet cost to the individual or
£conomic sector or 0 a municipality as a whole.

3.3.1 The Repional Municipality of
Niagara

In 1969, the region of Niagara was the first area
in the province 10 undergo full-scale regional reorgani-
zation. The Regional Municipality of Niagara Act
reorganized four cities, five towns, three villages, four-
teen iowmships and the counties of Linceln and Welland
into the Regional Municipality of Niagara and twelve
area municipalities®™ (Table 3.8). The Regional Mu-
nicipality of Miagara is a more powerful unit of govern-
ment than the two couniles it replaced. ‘Within the
Niagara River Arca of Concern lig the cities of Niagara
Falls and Welland, the Town of Fort Erle, significant
portions of the towns of Pelham and MNiagara-on-the-
Lake and the iownships of West Lincoln and Wainfleet,
and small portions of the City of Port Colborne and the
Town of Thorold. The City of S1. Catharines and the
towns of Grimsby and Lincoln are outside of the Area
of Concern; however, due 1o the mobility and regional
nature of the labour force, residents of these areas work
within the AOC and some residents of the AOC work
ousside the area. Their socio-economic piciure is di-
rectly or indirectly related to the Region as a whole™.

The Region is responsible for activities which
benefit more than one area municipality or which re-
quire a large scale 10 be most effective or economi-
cal®, including: health, welfare, police and social
services subject 10 Provincial control. Tn other areas
such as planning and public works, the Region and
local municipalities have split-jurisdiction, both hav-
ing responsibilities in these areas, In water and sewer
avens, the local municipalities supply water and pro-
vide sewage collection but ihe Reglon manages all
waier filtration plants and water pollution conirol
plants as well as main trunks and pumping stations™.
Within the Region, residential, commercial and indus-

trial assessments have steadily increased over the past
3 years to support the municipalitics in these pro-

grams®™,

The population of the Region of Niagara is cur-
rently estimaied at 383,400 (1991 assessment)™, up
some 15,000 from the 1986 census of 370,130 (a popu-
tation density of 200/km™). In another source, provin-
cial population projections®” were 381,680 for the year
1991 and 415,110 for the year 2011, For the vear 2000,
the projected population is 389,010 (51% female) with
53% of the entire poputation between 25 and 64 vears
of age®®. These projections also show the median age
of both men and women in Niagara increasing from
32.0 (1987) 1o 38.9 (2011} for men and from 34.5
{1987) w0 42.2 (2011) for women. These figures are
extrapolations based on the 1956 census.

Trends®™ indicate that the popualation grew siead-
ily in ihe sixiies and seventies (2400/yr.) but levelied
off during the laie seveniies and early eighiies (470/
yr ¥ Population projections based on assessment
indicate that between 1985 and 1991 the population
has again started 10 expand (3050/yr)®®. The 1991
assessment roles show a 4.1% increase in population
since the 1986 census®™ (Table 3.8). For the most part,
this population expansion has occurred in municipali-
ties along the QEW transportation corvidor,

3.3.2 The Economy of the Niagara
Peninsula

The readily accessible high-speed wansporta-
tion corridor of the QEW is a significant factor in the
Peninsula’s development over the past 4 decades. It
places most of the Area of Concern within one hour’s
drive of Metropolitan Toronio or Buffalo and Western
New York. The four road bridges over the Niagara
River are the busiest border crossings between Canada
and the United States. They place Niagara within one
day’s trucking of 56% of the 1.8, industrial market and
more than 120,000,000 consumers®®,
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The economy of the Niagara Peninsula has in-
volved three sectors, since the development that cccured
at the tum of the century.  Although modern trends
change the balance of these three, they co-exist through-
out the Peninsula, These economic mainstays are
agriculture, manufacturing and tourism. The area is
caught betwesn the economies of its major neighbour-
ing communities™, To the east, Niagara and Erie
Counties in the U.S. have suffered severs periods of
economic decline over the past three decades. To the
west, the expanding metropolis of the “Golden Horse-
shoe” Toronto and Hamilion is “suburbanizing”™ the
western poriions of the Niagara Peninsuta, The
economy of the Wiagara Peninsula is reflecied in the
regional assessment base. Tax assessmenis reflect
growth and decline in both residential and industrial
scctors.  Table 3.9 shows a levelling off of growth
between 1985 and 1988 with a slight growth indicated
beiween 1989 and 1990, The 199(-1992 yecession is
expected to halt the weak growth patiern once again as
indicated in the sparginal assessmeni increase be-
tween 1889 and 1990,

TABLE 3.9

Niagara Regional Assessment Base
(1986-1990)

Regional Assessment (Miltion $)

Year R%%jgg;ai Industrial | Residential
1986 895 309 587
1987 910 311 599
1988 9226 310 616
1989 1013 373 642
1990 1045 370 634

source: NRDC (see ref 851)

The development of Niagara mirrors the devel-
opment of Canada on a smaller scale. Until the second
half of this century, Niagara, like Canada, was viewed
as vast land area with limitless resources. In the
1970’5, people staried coming to the realizagion that
these resources are both limited and fragile; ihese
limits have been reached and in some cases are dimin-
ishing. As in the rest of Canada, ihere is a strong
dependency between these resources and our acrivi-
yies o the extent that they are ofien in conflict™®,
Regional and Municipal Official Plans atiempt to
resolve these conflicts but the pressures remain. One
of the most serious and poientially far-reaching con-
flicts in the 1990°s is the development (and loss) of
farmtand throughout the peninsula (pariicularly those
operations involving tender fruit production),

Within the Niagara River (Oni.y AOC, the 1985
income per household was $33 038%%  RBased on
Revenue Canada information, there was a 25.5% in-
crease in this income between 1985 and 1988, Using
a figure of 8.0% increase in income per family/unai-
tached in Ouiario for 1988-89 and a 10.1% increase in
the consumer price index between 1989 and 1991, the
estimated income per household in Miagara for 1991 is
$50,600%,

3.3.3 Agriculture

Niagara has been known for many years for the
production of grapes and tender fruit for markets
provincially and acress the country. Although most of
this fruit-growing area is ouiside the Niagara River
Area of Concem, a portion is found inside, along the
northern edge of the AGC. The vast portion of the
agriculiural area of the Welland River basin is more
diverse than the area below the escarpment, exiending
into all aspects of agriculiure, especially row crops and
livesiock. Agricultural development grew 10 impor-
tance in the late 1800°s and peaked in 1911 when an
estimated 340,000 acres was in agricultural produc-
tion. This acreage had declined o approximatety
307,000 acres by 1941, predominantly thwrough loss of
field crop area in the former Welland County. Since
1941, the acreage has genesally continued 1o decline
(272,000 in 1951, 239,000 in 1961, 211,000 in 1971
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and 219,000 in 19819 The 1991 census 18 not yet
available; however, indications are that the decline has
continued and that the major impact has been in the
acreage under tender frult crop.

The number of farms in the peninsula has also
coniinually declined from 5,828 in 1941 10 3,512 in
19817, The trend to fewer and farger farms is also
likely io continue through the 1991 census. The
decline in both acreage (29%) and number of farms
{40%) reflects the agricultiral trends country-wide.
The decline in the number of farms has not been as
great in Niagara as nationafly; this has been atiibuted
10 the high proportion of pari-time farming in Niagara
which is less influenced by Auctvations in the general
economy than full-ime farming®™®, The changes in
agriculture are not simply associaied with urbaniza-
tion but are the result of a complex interaction of
socig-economic factors. The reduction in acreage of
improved land, market gardens, orchards and field
crops of 20 to 30 percent resulied in the removal of
some 88,000 acres from production between 1941 and
1981%. In contrast the acreage under grape produc-
tion, greenhouse operations and feedlot operations
nereased during the same period. Intensive livestock
operations form the lfargest part of the agriculiural
econoimy 1n the peninsula, particularly pork and poul-
try and to a lesser extent, beef. These operations are
often pari-time and frequently are connecied with
field crop production as the manure generated forms a
prime source of fertilizer for the crops.

The global “greenhouse effect’ may have con-
tributed o a changing climaie in the Niagara Penin-
sula, a climate already mild compared 10 the remain-
der of Canada. The mild climate benefiis both live-
stock and greenhouse operations, in veducing heating
costs, a large portion of operating cosis for these
operations. This temperate climate has resulied in a
four-fold expansion of the greenhouse mdustry in
Niagara between 1961 and 1981 to 0.57 million square
metres (6.1 million square feet)™. This rapid expan-
sion, more than double the provincial average, has
occuwrred predominantly north of the escarpmeni (lo-
wards Lake Oniario) and reflects the intensification of
Niagara's agricultural industry. This activity is spe-
cradized, capital and lahour intensive,

Fruit and grape production receive the most at-
tention in MNiagara. They accountl for about 80% of
Canada’s grape area, almost 90% of Ontario’s peach
acreage and 75 to 85% of the province’s cherries,
pears and plums®™. Nevertheless, the fruit industry in
MNiagara has been declining over the past two decades
and the industry has shifted in the varistals used and
the methods employed for planting and harvesting.
Peach production is likely to continue to be stable;
however, other tender fruits will Tikely continue 1o
decline. Grape acreage stabilized in 1971, but, changes
over the next decade, in varieties, planting density and
harvesting methods significantly increased production,
By 1983, the number of vines in preduction ingreased
to some 14 million and new varieties accounied for
429 of the harvest™, Some of the crop surpluses that
have resulted have been purchased by government to
profect the indusery.

Agriculiure is wraditionally susceptible o price
fluctuations in the marketplace, variable interest rates
and the cost-price squeeze on the producer. In addi-
iion, a reduction in processing facilities and the result-
ant decline in food processing capacity has affected
the tender fruit indusiry by reducing the available
market® for the indusiry’s producis. Trade policies,
including the GATT and the Free Trade Agreement
with the United Staies, have aliered 1ariff levels and
the degree of protection permitted, which in turn is
having a serious impact on the agricultural indusiry.
The differences in climate beiween Canada and the
United Siates also contribute to an imbalance in the
grape and fruif production capabilities which is now
being further sessed by the ongeing tariff changes.
Additionally, the sale of subsidized European wine
has depressed wine prices and contributed to the grape
swplus in vecent years™,

An additional factor in the decline of farmland is
the development of agricultural land as residential or
industrial. This occurred rapidly in the 1950°s when
agriculiural fand was considered as undeveloped ur-
ban area rather than as a resourcs, Although official
plans now restrict this activity somewhat, the develop-
ment of farmland still continues and is a substantial
issue in this decade, While the loss of land 1o urbani-
zatlon 18 serious, arban encroachment through
severances and the introduction of alien uses may be
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more significant by raising property values, making
future expansicen difficult and often resulting in costly
changes in farming practices or crop fosses.

Competition also occurs within the agricultural
community as vineyards displace orchards and green-
house operations displace both. In the area south of the
escarpment within the northern portions of the Area of
Concern, grapes have already displaced com and grain
in some operagons.

There has long been recognition of the signifi-
cance of, and the need for, protecting Niagara’s agn-
culture, pariicularly the less stable fruit, grape and
general agricuiture. This protection did not occur until
the 1970°s with the development of the Region of
Niagara’s Official Plan, supporied by citizen interesi
and the Provincial Minisiry of Agriculiire and Food.

The well-being of MNiagara’s agriculiure relies
on the continued support of the various levels of
government but the future use of the land for agricul-
tere is not guaranteed. The well being alse relies on
the farmers having an opportunity to make a reason-
able living in this business. The competition {or
available land 1s slanted towards developers who can
aftford to pay more than farmers for the same parcel.
There is increasing concern in 1991 that the squeeze
between high investment cost and low return is creat-
ing a serious problem for the farmer. This is being
further aggravated by the removal of tariffs on forergn
produce and the elimination of protection for domes-
tic procdiuction o the point where agriculture is become
ing non-viable in this area,

There is still opportuaity for agriculiural growih
in the Niagara area, even in grape and peach produc-
tion which can be compatable with urban and indus-
trial growth, Niagara’s agriculiure is changing, it is
intensifying and speciatizing in response 10 social and
economic change, The maintenance and expansion of
farming can continue, but only under suiiable eco-
nomic conditions, a reasonable certainty of future

viability and a respectable financial return. If these
factors do not occur, the agriculwural tndustry will
disappear.

3.3.4 The Manufacturing Industry

The manufacturing industry in Niagara was ini-
tially established around the avaiiability of cheap
electrical power, the major land and water transporta-
tion routes and rail corridors®™. Over recent decades,
these factors have decreased in importance., Cheaper
electriciiy has disappeared with the equalization of
rates across the province. The Welland Canal is now
a route rather than a destination on ihe 5t Lawrence

TARBLE 3.10

Comparison of Unemployment Rates
in Niagara
Percent Unemployment
Year Niagara Ontario Canada
CMA*

1981 9.7 6.6 7.6
1982 13.8 9.8 11.0
1983 15.8 10.4 11.9
1984 11.1 9.3 11.3
1985 1.1 8.1 10.6
1986 9.9 7.0 9.6
1987 9.4 6.2 9.1
1988 6.5 5.1 1.7
1989 72 5.2 75
1990 7.4 6.3 8.1
100"
% 31); 1(9“;1) 122 9.7 10.7

source: Stais Can Cat.71-001P

*CMA - Canadian Manufacturing Association
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Seaway system and other modes of transportation have
replaced the rallways in Southern Ontario, Where the
QFW once was the only high speed corridor in the
province, many such corridors now exist, each repre-
senting a major competing axis of provincial develop-
ment.  Changing technologies and economic condi-
tions have changed lifestyles over the past three dec-
ades; education and iraining facilitics along with rec-
reation and leisure facilities have become more im-
portant io society as a whoie.

Since 1945, there have been seven recessions in
Canada, the seventh currently underway. In the sixth
such vecession in the early 1980°s, Niagara was more
deeply affeciad™ with unemployment levels 4 10 3
percentage points higher than either the provincial or
national average (Table 3.10).

The rate of recovery in the Niagara area also
seems 10 be greater; in 1984, it was led by a sivong
rehound in the automotive sector which accounied for
25.1% of the manofacturing jobs in 1989 (Table 3.11).

TABLE 3.11

Major Manufacturing Sectors (1989)
Sector Proportion
Automotive 25.1%

Meial Fabricating 144%

Food and Beverage 8.9%
Primary Metal 87%
?ﬁggﬁﬁgﬁ?m@ 6.8%
Machinery 5.5%
source: RMON (see ref B51)

Employment in MNiagara has tradinonally relicd
on the fransportation equipment and relfated products
industries™, Niagara’s mdustry closely follows that
of the neighbouring communitics of Buffalo and Ham-
ilton which rely on large-scale mannfacturing opera-
tions established at the turn of the cenury o take
advantage of regional featres which are no longer
applicable. These industries include fransportation
equipmeni, iron and steel and metal fabricating,
abrasives, paper products and chemical manufaciur-
ing. Mosi of these industries are now experiencing
massive structural economic change involving partial
or complete shuidowns and restructuring.  Although
this post-industrial transformation is having a signifi-
cant effect on the economy of the Niagara area, it is
necessary ror the long-term viability of industry in the
area. This change is towards tertiary (small business)
and quaternary (service indusiry) economic activi-

ties®.

This past reliance on a narrow manufaciuring
sggment in a mature indusivial base has been an unsta-
ble factor in the demand and supply of labour in the
peninsula.  The employment picuure is further
destabilized by the seasonal eraployment nature of the
region’s agriculiure, tourism and waser ansporiation
indusiries. MNiagara is attempting to diversify its manu-
facturing and develop a more competittve manufac-
turing base. The short term costs are reflecied in high
unemployment®™' (Table 3.10); however, it is hoped
that ihis natural and necessary wansformation will be
to Niagara’s long-tctm economic benefit.

As ihe natwre of mdustry changes, the workforce
is also undergoing change. The local workforce is
becoming very mobile, ofien working in one commu-
nity and living in another {from 24 1o 74% depending
on the communiity)™. As employment opportunities
are redisiributed throughout the area, displaced work-
grs are able to secure new and ofien different posi-
tions, The workforce can be considered as a regional
workforce based in a number of interdependent com-
muniies. There is also a portion of the workforce
living in and aromnd Fort Frie which works in the
Buffalo area of New York Siate,
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The cconomic development “megatrend” of a
shift towards tertiary indusiry such as communiiy serv-
ices, small business, retail and wholesale wade and
other commerce has been experienced in the Niagara
area during ihe last four decades. Between 1951 and
1989, a major wend has appearcd in an increasing rate
of job creation in the tertiary sector. In 1981, the
service secior surpassed the manufacturing sector in
the percentage of the workforce employed in the
Miagara area (Table 3,12).

TABLE 3.12

Service Indusiry Base (1989)
Service Industry Type | Employment
Legal Services 743
Architectural/Enginesring 1464
Acconnting 626
Customs Brokerage 546
Compuier Services 169
source: RMOMN (see tef 851)

TABLE 3.13

Size of Niagara's Mamafacturing
Industries Based on Employment

Number of Employees
Year <50 fég ];&f »280 | Total
1984:
# Firms | 528 51 37 42 658
#liobs | 7009 3589) 4775 318401 47213
1985:
#Firms | 669 59 38 36 802
#lobs| B672| 41644 5438 25615 43889

Data showing the switch from targe scale manu-
facturing to small business also reveals that virtsally all
of the net job creation over the period 1980-1985
occurred in buginesses with less than 50 employees
(Table 3.13). This movement results in smaller scale
plants with more capital-iniensive manufacturing. The
number of small businesses i MNiagara increased in the
early 1980’s while the number of larger manufacturers
decreased over the same period (Table 3,14),

Goods and services produced in Niagara are also
gxporied to other areas. These contribuie to the re-
gion’s income and employment.

The trend towards expansion in tertiary industry
appears (0 have coniinued during the 1980°s™'; how-
ever, a new phenomenon, “cross-border” shopping by
the residents of the Niagara area, may be having a
profound offect on Miagars’s teriiary business indus-
tries, particularly diring ihe 1990-92 recessionary pe-
riod. This exodus of money, spent in Mew York rather
than Ontario, may be severely irapairing Oniario busi-
ness, particularly in the Niagara Peninsula and may
seriously damage the small business sector if the irend
Coniinues.

TABLE 3.14

Number of New Manufacturing
Industries in the Niagara Region
Year | #of New #of New Total # of
Industries Jobs Jubs
1986 21 502 45690
1987 32 728 45089
1988 2% 283 47726
1989 17 324 49149
1650 12 730 47328
19917 6 83 45943
*jo Zod Quarier 1991
source: Summer 1591 Business Direciory Updaie
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3.3.5 Tourism and Development

Since the tumn of the century, the Falls at Niagara
have attracted millions of tourists each year into the
Niagara Region. Today, tourism in the arca has reached
more than ten million visitors per year, making Niagara
Falls THE largest tourist attraction in Ontaric and one
of the largest in North America, An important fact is
that tourism worldwide has been one of the growth
indusiries in recent years and tourism is big business.
The trend towards expansion of tourism is related fo a
number of social and economic factors: increased lei-
sure time, a large popuolation of senior citizens, more
disposable income, improved transportation, higher
levels of education and a greater interest in our sur-
roundings.

The primary attraction for almost every visitor is
ihe combination of the Horseshoe and American
Falls™, The majority of people (70%) make day trips
1o the Niagara Falls and stay an average of four hours.
The majority of these visitors to Niagara Falls (44 %)
are from the United States; 43% are from Ontario.
Most tourisis (80%) are repeal visitors coming froim
Ontario, New York State, and Pennsylvania. The
population in the Great Lakes basin is expected to
stabilize over the next two decades and therefore the
market of the future either will be in other areas or
more will have to be done to attract ihe existing
market.

Niagara Falls annually receives as many visitors
as Disney World in Orlando, Florida., While most
tourksis come to see the Falls, many visitors who stay
in Niagara Falls at teast overnight also participate in a
wider range of activitics while in the area (golfing,
shopping, dining, eic.). However, the Niagara Falls
visitors do not siay as long or spend nearly as much
money as Orfando tourists do. Only 30% of Niagara
tourists stay more than one day compared 1o 90% of
Orlando tourisis®™. These overnight visitors are likely
1o be any age from 15 0 over 60%'. Generally, these
peopte have had to iravel farther ithan single day
visitors and their trips are usually motivated by gen-
gral pleasure and sightsesing. Of these long-term
visitors, the average length of siay in Niagara is 1.5

nights whereas the average lengih of stay in Orlando is
Just under 6 mights. In Niagara Falls, $22 is spent
during the average day trip while 3116 1s spent during
the average overnight trip; hence, it is easy to under-
stand why the tourist indusiry is working 10 increase
the visitor’s length of stay. Accordingly, if 90%
(rather than 30%) of Niagara Falls® visitors were to
stay the typical 1.5 nights, it would double annual
visitor sperding to almost one billion doliars. The
focus for promotion of Niagara tourisim has 1o be split
between atiracting people who have not been herc
before and keeping visitors longer in the Niagara
area®s,

There arc & number of {actors which influence
the tonrism market. The makenp of society is chang-
ing. Mosi tourists in the wraditional senge are in ihe
older age groups. With decreases in the average
famnily size, a considerable number of holidays are
organized trips, orienied less io children and are taken
in the ‘shouider-seasons’; fail and spring. In addition,
with many families having two working parents, vaca-
tions are more weekend getaways due to the difficulty
of both people getting away at ihe same tme. The
most imporiant factor is that people demand value for
money. Particularly in tough economic times, the
consumer demands high standards of service. If peo-
ple are not saiisfied, they will not come back nor will
they recommend the ares to others; in fact, if dissatis-
faction is high, they may recommend against the area,

The majority of single day visitors 10 the Nia-
gara area spend their time enjoying the aven and
facilities around the Falls. Typical single day tourists
to Niagara Falls tend t0 be aged 40 or clder and their
trips are much more likely to be motivated by personal
errands (ie. shopping, visiting friends or family, ew.)
than a specific trip to the Falls.

It is easy o understand how the community of
Niagara Falls could be overwhelmed by tourism when
more than ten miflion people visit annuatly. In the
past, tourism was largely taken for granied by the
average Niagara Falls resident and has even been a
point of some aggravation to some. Only recently, as
tourisme has stagnaied in the Niagara Region, or cven
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declined, has the community begun to fully realize the
beneficial economic impact that tourism has had on the
Niagara arca in general and on the Niagara tourist
industry in particular. A deeper understanding of
tourism, based on a shift in the Niagara work force
towards the service industry, seems to be lending itself
to an increased spirit of cooperation between the
community and the tonrist industry, The city and the
citizens of Niagara Falls stand to benefit from this
cooperation®™, as tourist revenues subsidize the cosis
of many municipal services to the community. Every
motel/hotel room generates as much income for the
municipality as a three bedroom bungalow.

A report prepared by the Minisiry of Staie for
Tourism has established®™ a classification sysiem for
Canada’s lourist atiraciions based on unigueness, com-
petitiveness and stage of development. Caiegories
are:

A) unique or superior world-class atiractions

B) quality atiractions competitive with similar
MNorth American aitractions

) attractions compeiitive within Canada

D) local recreation asiractions.

Development categories are:

Emmature -a primitive attraction with lack of
service infrastrocture

Developing -developed atiraction needing sec-
ondary visifor services

Developed -fully-serviced attraction needing
mainienance

Declining -aitraction, infrasoucture and serv-
ices have deteniorated due to lack of main-
tenance or a failure to address changing
market requirements and major revitaliza-
tion 1s required,

In 1985 this report positioned Niagara Falls in
caiegory A - Declining™. Such areas are “on the
downside of their product cycle. Indeed, substantial
development or restoration s required, including new
or renovated hotels and restaurants, additional visitor
services and new recreational activities or changes in
product availability, w enable them to atract and sat-
isfy the number of visitors they have accommodated in
the past.”

Tourism has a profound economic effect on both
the Niagara Peninsula and the entire Province. Tour-
15ts spend half a billion dollars annually in the Niagara
area, of which over four hundred million comes from
outside of Ontario®™?, More than 300 million dellars of
this money is retained o the arca and relnvested
tocally in capital expenses and operating costs includ-
ing: employee wages, goods, services and taxes which
in turn are spread throughout the community as work-
ers and support industries purchase goods and receive
services. This economic trickle-down effect is vast
and complex and is central (o the econcmy of the
entire Miagara Falls area.

Every vear, tens of millions of tourist dollars
also flow through Miagara Falls to the vest of Ontario,
teaving the local economy in the form of payment for
goods/services not generated locally in Niagara
Falls**. In addition io these direct economis impacts,
there exist numerous indirect benefits to industries
which support and/or complement Niagara tourism. [t
is estimaied that this tourist trade gencrates an addi-
tienal 175 million dollars annually ouside of Niagara
Falls. In addition, spinoff tourism vevenues in other
parts of the Province are directly inflaenced by people
drawn o Onwrio by MNiagara Falls who remain 10
enjoy the many other atiraciions™ that the Province
has o offer. Some of these are in neighbouring areas
of the Peninsula. The tourist industry and government
have aitempied 10 develop the Welland Canals as a
major tourist initiative over the decade of the 8(0’s. It
is most beneficial 1o link tourism with other segments
of Miagara society, The introduction and promotion of
blossom festivals, winery iowrs, grape and wine festi-
vals, peach festivals and pick-your-own activities not
only contribuie to Niagara’s tourism, they also support
Niagara’s agricultire industry.
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While “tourism” generally equates 1o holidayers,
it does not exclusively refer to this segment of society.
Tourism should also incorporate people who come i
the Niagara area for recreational enjoymeni of the
river. This includes not only visitors from out-of-town
bt alse local citizens and regional residenis who
come to enjoy the river. Mosi of these people do not
come for the view from Table Rock hut for other
things that the river as to offer,

Residents and visitors make considerable use of
the river's resources; the Niagara is widely known and
used for fishing and bird waiching, Thesc individaals
and parties make considerable use of the river’s re-
sources and coniribute significantly 1o the indusiry
and economy of the Niagara area. There 15 concern
over the ability of ihese river users 10 access the re-
source; provision must be made to address this in long-
igrm planning.

The lands surrounding the Falls of Niagara on the
Canadian side are publicly owned. Since 1885, some
60 hectares of parkland next io the Horseshoe Falls
have been mainined and developed by the Niagara
Parks Commission (NPC), a self-supporting agency,
now part of the Ontario Ministry of Tourism and Rec-
reation. The NPC has also accumulated shoreline
lands from Fort Erie to Niagara-on-the-Lake and cur-
rently manages more than 1200 hectares of parkland
including a number of significant natural and historical
sites. These sites angment the speciacle of Miagara
Falls in atfracting visitors 1o the Niagara area, The
Niagara Parks Commission as well as being the major-
ity property holder, in trust for the citizens of the
Provinee, s also one of the largest emplayers in the
area,

Over the past few years, the tourism industry in
MNiagara has started 1o address the concerns presenied
in the Minisiry of State for Tourism report. The hotel
industry has undergone and coniinues to endergo reno-
vaiion and expansion of accomimedation and ancillary
services. The Clty of Niagara Falls is working with
the Niagara Parks Commussion and the Regional De-
velopment Commission o improve Niagara’s image
and promote their ativactions. More and varied atirac-

tions are being added (o draw the tourist to Niagara.
The season has been exiended into the winter period
with the Festival of Lights.

In 1988, the NPC prepared a long-ierm plan®®
which presented its views on tourism and the divection
of future development in the parklands it administers.
The NPC’s strategy is 1o provide facilities which
enhance the Niagara Falls panorama in atiracting
tourisis to the area and more iImportanily in prolonging
their visit 1o Niagara, The NPC is working with the
ity of WNiagara Falls and the Towns of Niagara-on-
the-Lake and Fort Erie, 10 get more tourisis to enjoy a
longer stay in the Niagara arga, Currently, many
visiiors to the parks system only jonrney here to view
the Falls from Table Rock, The NPC hopes to make
Table Rock just one of many highlighis along the
Niagara River.

The Miagara Parks Commission’s plan involves
the creation of a series of points of interest along ihe
Niagara River upstream and downstream of Table
Rock®™, To creaie these points, the NPC intends io
revitalize and/or enhance existing parklands and at-
tractions, in addinion to developing and acquiring new
attractions. These poinis would consist of interpretive
displays, focusing on local natural and geological his-
tory, local prehisiory and the history of man in Nia-
gara. These would be linked by a promenade to create
a discovery trail, intended to guide and promoie the
flow of pedestrian traffic. Within the discovery trail
areq, the commission woukd incorporate tourist infor-
mation centres which could promoie other attractions
in the region. This promenade coudd also be designed
to encourage tourisis {0 visit other attractions within
the City of Niagara Falls, Ouiside of the discovery
trail, the Commission would like to enhance tourism
to Fort Frie and Fort George. The intent of the NPC is
to maximize the use of these and other historical sites
within its care.

The NPC’s stated objective is to maintain the
world’s percepiion of Canada as a place of natural
beauty, largely untonched and unspoiled by human
development. The current plan for the fuiure of the
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Niagara Parks sysiem attempis to sirike a balance be-
tween nature and development, while maintaining its
mandate of self-funding®.

There is concern in the local environmenial com-
munity, especially among members of the MNiagara
River PAC ithat development of Miagara Parks Com-
mission propetly is not reflecting the desires nor the
concerns of Niagara-area residenis. The plan, as oui-
lined, has been strongly criticized by PAC members as
an enginecred spectacke where most altempts to im-
prove use by tourisis results in “manicaring” of the
environment in the interests of aitractng tourists. This
“engineered environment” is felt by the local public 1o
detract, i some cases steongly, from the natoral envi-
ronment along the Niagara River. Strong exception
has been taken to the creation of an artificial ecogysiem
on NPC parkland. ‘While artificial environments may
be the only reasonable developmeni in high maffic
areas, there is concern over the use of artificial land-
scaping in all aveas, PAC members fecl that too much
of the area which could and should either be allowed io
regenerate naturally or be coltivated with native spe-
cies, 18 not being alfowed o do so, nor is such a
consideraiion being actively considered by the NPC.

There is increasing concern over the need to
preserve existing aspects of Niagara which are part of
the image which attracis tourists. Development of
shorelines, the Niagara Escarpment, the Canal corri-
dor and the fruit belt in an inappropriate fashion could
seriously affect these resources. Continued urban
expansion will likely encroach on the fruit bels; indus-
trial development along the Welland Canal could
reduce its porential for a landscaped parkway; residen-
rial development aleng the cscarpment could reduce
the atwractiveness of the Bruce Trail; and water pollu-
tion can desiroy the assets of lakeshore and river
locations. These issues must be seriously considered
in the development of the Niagara area. In most cases,
Official Plans or Governmeni Commissions control
development of sensiiive areas, The concerns of the
public must be considered in the deliberation of devel-
opment prapesals o ensure that developing Niagara’s
resources does not result in a less desirable atraction
for the people.

In some cases, development for fourism pur-
poses has been detrimental to the physical and aesthetic
beauty of the Niagara River. Examples include the
consiruction of modern-design pedestrian bridges over
all ributaries to the Niagara and the blasting of consid-
erable quantities of bedrock into the Niagara Gorge o
construct a new restaurant.  The resuliant “rock fall”
was simocothed over and subsequently paved 1o make 2
parking lot in the Miagara Gorge.

Concerns have been identified by PAC members
over the proposed removal of the upper levels of gorge
face and replacement by glass, steel and concreie
“skybox™ observation facilities immediately north of
Table Rock.

The MP( is atiempting 1o work toggther with the
Miagara municipalities in the setting of environmenial
and developmeni standavds for the areas near the
Falls. However, the major part of this activity in-
volves developmenial compatibiliey rather than envi-
ronmental concerns. Tt should be noted that during the
environmental deliberations by the NPC in develop-
ing iis plan, the federal and provincial envirorment
and resource agencies were not consulied. The envi-
ronmental impact on the Niagara River has not been
considered durtng development by the Niagara Parks
Commission, the area mumnicipalities (especially Nia-
gara Falls and Welland) and area indusiry.

The issue of service quality directly impacts the
tourisra industry. A high standard of service reflects
well on the area and visitors are likely to return or to
recommend the experience to others. Similarly, a low
level of service reflects poorly and is equally well
remembered by visitors when choosing not 10 return.
The fourist expecis fair exchange rates, high quality
cuisine, rcasonable costs and friendly, efficient serv-
ice,

‘Fourisis are also part of the problem faced by the
Niagara River. Increased tourism also increases the
demand for additional tourist and municipal services.
The redevelopment of the commercial core of Niagara
Falls has resulied i o much higher accommodation
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density than previously existed. This increase in com-
mercial development for tourist purposes could result
in considerable environmentzal problems, particularly
for the Miagara River. Existing scwage services were
inadequate to meet the demands of the 1970°s. The
inadequacy of Niagara Fall's combined sewer sysiem
is seen in the continucus and intermittent discharge of
unireated sewage to the Niagara River both above the
Falls and 1o the face of the Niagara Gorge. Conse-
quently, there is already a need for upgraded water
mains, storm and sanitary sewers and other uiilities,
The projecied higher density use creaies an even moire
urgent need for upgrading of these existing municipal
services. The planning and upgrading of utilittes must
precede tourist development or the impact on the envi-
ronment conld be iremendons.

The tourist indusiry in Niagara Falls is reason-
ably healthy, although some sectors of the industry are
experiencing difficulty. MNiagarn Falls would also like
io increase tourism i the winter monihs. Af present,
three quariers of the touvism occurs between April and
September.  The Niagara Parks Commission plan
mcorporaies this desire by including ideas for winter
faciiittes, programs and attractions intended 1o spread
the concentration of tourists throughout the year'™.

Development within Areas of Concern is itself a
concern.  Society continues o grow and the demand
for services and housing continues in Niagara Region
as in the rest of the Provinge, There is increasing
public concern over the environmental impaci of de-
velopmeni of all types. This includes transportation
and utility corridors, residential, institutional and in-
dustrial construction and development of open spaces.
All development should be self-sustaining and have
no net impact on the environment, There is a growing
demand for development to be conducted with mini-
mal environmental impact, indeed, for environmental
mitigation to be an integral pari of any development.
Development that provides a net gain to the environ-
meni is preferable from the perspectives of both the
enviconmenial agencies and the general public, Refore
these types of judgement ¢an be made, much more
specific and detailed plans are reguired for all develop-

ment, particularly adjacent to the Niagara River. This
planning precess should undergo review by appropri-
ate government agencies and have extensive commu-
nity-based support.

Niagara River Remedial Action Plan - Stage 1
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TABLE 34

Rare Vascular Planis in the Niagara Region

Common Name

Scientific Name

Common Name

Scientific Mame

Hemlock Parsley

Coniosetinum chinense

Red Mulberry

Morus rubra

Harbinger-of-spring

Erigenia buthosa

Yellow Pond-lily

Nuphar advena

Hairy-jointed Meadow
Parsnip

Thaspium harhinode

Biack Gum

MNyssasylvatica

Creeping Frapile Fern

Cystopleris protrusa

Biennial Gaura

CGlaura bitnnis

Cherry Birch

Betla lenta,

Many-fruited False
Loosestrife

Ludwizia polyearpn

Yellow Gromwell

Lithospermum_jucisum

Sondrops

Ocenothera fruticosa

A

American Gramwell

Lithospermurm lalifolium

Meadow Sundrops

Qenolhiers pilesella

Virginia Cowslip

Mertensin virpinica

Ragpulose Grapefern

Botrychium rugulosum

Huiry-forked Chickweed

Paronyehia fastiyinta

Moss Pilox

Phiox subulata

Wild Potato-vine

]‘ QI OCA ﬂl]dlll’ﬂu\

Halberd-leaved
Tear-thumb

Polygonum arifolium

Fieid Dadder

Cuscuta campesiris

Erect Knotweed

Polygonum grecium

T Butionbush Dodder

Cuseutn cephalanthi

Hills Pondweed

Potnmopetum hillii

Sedge

Carex emmonsii

Hairy Bedsraw

Galiwn pilosum,

Gloucescent Sedge

Carex plaucodea

Mosquito Fern

Azolla caroliniona

Willdenow's Sedge

C. willdenowii

Woodiand Fern-leal

Aureolaria pedicularia

Wild Lupine

Lupinus perennis

Branching Bur-reed

Sperganium androciadum

Chesmut Castancs dentata Morsh Valerian Yaleriang sitchensis
: . Valerianciln
Pin Oak Quereus palustris Goose-foot Corn-galad T

chenopodiilolia

Shumard Qak

Quercus shumardii

Green Violet

Hybanthus concolor

Yellow Harlequin

Corydalis Ravula

Early Blue Violet

Viola palmsia

Pignut Hickory

Carya gladra

Bird's-foet Yielel

Violz pedata

Big Shellback Hickory

Carya lociniosn

Stemless Yeilow Violet

V. rotundifolin

Tapered Rush

Juncus acuminaluy

Spoucd Wintergreen

Chimaphiln maculnta

CGrass-teaved Rush

Juncus marginatus

American Water Willow

Justica american

Purple Giant Hyssop

Agastache
scrophulariifolia

Green Dragon

risagma draconlinun:

Taper-teaved Bugleweed

Lycopus rubellus

Hoep Tree

Prelen wrifolian

Oswego Ten

Monarda didymg

Downy False Foxglove

Aureolaria virginicn

Ben Trillivm

Trillium flexipes

Virgininn Bartonia

Beronia virginica

Winged Looscstrife

Lythrum aintum

Common Greenbrair

Smilax rotundifolin

Tulip Tree

Liriodendron Wlipifera

Wedge Grass

Sphenophelis nilids

Cucumber Tree

Maznolia scominatn

Deerberry

Yecciniuin stam neumn

—_—

Swamp Rose Mallow

Hibiscus moschenlos

OMNR, 1989,

-from Rare Yascular Plants of Gntasio - 1987, Natonal Museums of Canada, and the Endangered Species Mapping Project,
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TABLE 3.5
Wetland Fvalwations on  the Niagara River and Is Tributaries
Wetland Class Ares (ha) | TDS mgl Year  assessed
Miagara  River ‘Watershed 5 -
Beaver  Creek 2 113.6 629 19838 L
‘Black  Creek 2 37.2 266 1986
Frenchmnn  Creek 3 4.5 1121 Lo86 |
HFumberstone Marah 2 62.8 170.5 1984
Miller  Creck 3 17.1 6948.4 1925 |
Lyons  Creek o 1 150.5 261.5 1984
Lyons Creek Woodlol #13 3 17.2 123 1988
#26 3 31.5 1988
#36 3 5.0 820 1988
#43 3 4.1 450 1988
- #44 o 3 47 | 419 988
Navy  JIslamd 3 25.8 250 1937
‘Nisgam  Falli Woodlor 3 1280 | 790.6 1986
Tee Cresk 2 15.8 325 1980
Wetland  River  Whaiershed ]
Abingdon  (Noxthwest) 3 0.5 406.3 1987
Abingdon  (Southwest) Ml Ok 3 8.9 | s32.5 1987
Attercliffe  Station  Slough  Forest 2 L 254
Batiour Sumbler Road Woodlot 3 13.4 56.4 1987
Besver Creek  (Weet  Lincoln) 1 61.3 405 1988
'Big Forks Cresk 2 61.5 337.8 1986
Binbrook  CA T 1 90.9 318.3 1985
Bismark  (Nosthwest) Beaver Ck 3 23.4 166.5 1987
Bismazk  (Noithwest) 3 9.7 95.1 1987
Parker's  Creek  Headwaters -
Caistor Centre  (SE  woodlot) 3 12.2 60 1987 .
Moores Creek  Trilanarie )
Caigtor  Cemtre  (SW  wooedlol) 3 23.5 113.2 1987
Mooses  Creek h i
Caistor  Centre  (SW  woodlot) B 3 48.5 78 1987
Mills  Creek  [ribuearics
Caistor  Centre  (SE woodiot) 3 14.3 100 1987
Mills  Cregk  Woodlot
Cristor Ceatre (NE  woodlot) B o
Ares #1 3 5.1 122.1 1987
Area #2 3 19.6 157.5 1987
Aren #3 3 6.3 68.3 1987
. Ares 24 3 14.8 190.5 1987
7 Aen 5 3 22,4 306 1987
“Caiﬂtm' Centre (NW  woodlol) 3 12.2 352.2 1987
o Moores  Cresk
Caistor Centre (NW woodlol) . 3 26,2 96.4 1987 L
Mills  Creek
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TABLE 3.5 (con't)

Wetland Evaluations on the Niagara River and Its Tributaries
Wetland Class Area (ha) | TDS mg/L Year assessed
Caistor-Canborough Slough
Forest Hast 2 72,2 92.6 o 1986
Centre 2 79.5 926 1986
West 2 33.6 92.6 1986
Chambers Comers Clay Plain 3 5.7 200 1985
Chippawa Creck CA 1 62.6 121 1985
Clement Tract 2 66.4 839.7 1987
Ellsworth Drain Woodlot 3 e - 700 e
Fish Cardicr Tract #1 3 7.2 393.3 1987
Fish Caryier Tract #2 2 10.4 461.5 1987
Fish Carrier Tract #3 2 15.0 B 300 B 1987
Fish Corricr Tract #4 - 3_“_% MHE.Z 140 1987
Grassy Brook 3 | 19 890 1988
Hightand Golf Course Woodiot 2 20.4 525.0 T 1987
Little Forks Creck B 2 il6 332 1689 T
Litle Forks Creek Woodlot 3 37.5 252 1987
Marshville Starion Swamp (W) T 3 159 303 1988
Marshviile Station Swamp 2 28.1 152.3 ]98.:5_—
Mill Creck 3 331 825.7 1987
Mud Lake 3 507 308.1 1989
Niagara Falls Woodlot 25 49.4 320.2 1986
36 69.7 288 1986
01 Welland Feeder Canal 2 404 409.2 1985
Ontano Waste Managment Area 3 2.3 264.4 1987
| Oswego Creck 2 85.0 224.7 1986
Parker's Creck Headwater 2 23.6 92.6 1987
Port Robinson Woodlot N 1 9.1 693.8 T 1987 T
Ridgeville Swamp 3 3.6 2067.5 1983
Sitverdale: Lot 2 Con. 5 s 20.6 316.7 1998 .
St. Anus Slough Forest p 375 88.7 1985
“”\;—elughan Woodlots B 2 16.1 107 1987 )
Wainfieet Marsh (Bog) 1 1526.4 2534 1983
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TABLE 3.5 (con't)

Wetland Evaluations on the Niagara River and Its Tributaries

Wetland Class Area (ha) | TDSmg/ll | Year assessed
Welland River #1 1 36.4 403 1985
#2 1 347 4297 1985
#3 2 30.8 603.1 1986
#4 2 104.5 202.6 1987
#5 2
Welland Swamp 2 17.8 230 1985
Willoughby Marsh 1 62.8 170.5 1984
Winslow Area #1 3 121 02.5 1987
Winslow Area #2 3 15.7 398 1987
Winslow Area #3 2 169 | 2099 1987
Wolf Creek 2 23.2 213.0 1987
Young Tract #1 1 3847 492 1984
#2 3 34.5 587 1984
#3 3 7.9 63.2 1984
#d 3 154 60.9 1984
#3 2 116.4 64.7 1984
#6 3 13.2 218.9 1984

(Young Tracts 1,2,3,5, and 6 are within the ANST known as the North Cayuga Slongh Forest)
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4.0 DESCRIPTION OF
ENVIRONMENTAL
CONDITIONS

The environmental condition of the Niagara River
1s greatly influenced by human activities 1 the Niagara
Peninsula. Although ithe regenerative powers of the
river are immense, given its physical characteristics,
decades of abuse have left a poor legacy for current and
future gencrations, The upper Niagara River appears io
be in relatively good condition on the Oniario side;
however, chemical coniamination from poini and non-
point sowrces has significantly deterioraied the condi-
tions i the lower Niagara River,

In addition, agricuttural getivities, combined with
indnstrial development have strained the assimilative
powers of the Welland River io a poini where it has
veen necessary to divert riparian flows from the Welland
Ship Canal. Poor water guality during low flow condi-
tions in the Welland River has been compounded by
excessive sediment load from the agricultural areas up-
stream. Siltation, combined with chemical contatnina-
tion, has aliered the aquatic habitat of the lower Welland
River.

4.1 Public Perceptions

Residenis in communities in the Niagara Penin-
sula are well aware of the water quality problems in the
Niagara Raver and Lake Ontario. A 1983 public atti-
tudes survey conducted by Environment Canada® quan-
tuarively provided the levels of public awareness and
degree of concemn about the problems,

About 75% of the 569 survey respondents in Fort
Ene, Niagara Falls (Ont) and Niagara-on-the-Lake
considered water pollution 10 be a serious problem in
thew communitics and were aware that the ¢ty waier
treatment plants do not remove all toxic chemicals

from drinking water supplies. The concern and aware-
ness were broad-based, disiributed evenly across major
social factors such as occupation, education, income
and age.

The survey alsa showed that mast of the respong-
ents (60%) believed that drinking water from the Nia-
gara River and Lake Ontario is a health hazard. There
was strong public support for stricter controls on indus-
trial dischargers and waste disposal activities. About
72% of the survey respondenis expressed a willingness
to pay more taxes for better water quality. Since 1983,
it s believed that public opinion has sirengthened on
the desire for an improved environment; however, it is
not known whether or not the public would still support
additional taxation for environmental cleanap.

The question over toxics is not new or iocalized,
many people in Ontario are concerned over cheimicals
in their drinking waier, Public perception generally is
thai the chemicals are there and therefore the water is
unfii to drink. Little consideration is generally given by
the public at large 10 drinking water crteria. This is
particularly rue of the Miagara River where chemicals
of all types have been identified for many years on a
random basis and at very low levels; however, the
public perception is of a highly contaminated “ioxic
soup”, Many residents have opted for boiled water
rather than drink the viver’s water hecause they believe
it 15 of better gnality. Occasional occurrences, such as
the atgal die off in late 1991, leading o smell and taste
problems in mumeipal waler supplies in the Niagara
Peninsula, sustain the public’s perception of poor water
quality.

There are similar concems over the quality of the
mist ai Niagara Falls. These anxieties remain, despite
the faci that the mist has been tested and no chemicals
detected.

There 15 also a perception of pollunon associated
with the water’s colowr. During spring runoff, with the
fine clay soils suspended in the waler column, the water
over the falls takes on a tan colowr. Immediaie public
reaction, particelarly from iourists, associaies the brown

Niagara River Remedial Action Plan
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water with toxic chemicals despite the actual cause. This
apprebension over colour extends year-round to the
brown foam in the maid of the mist pool. This foam,
natural in origin, and coloured by the same fine clay
soils is aesthetically displeasing, is very visible and is
often misinterpreted as evidence of chemical polivtion of
the Niagara.

The evidence of chemicals in the Niagara River
has led 10 u concern over the same chemicals being
present in the sports fish from the Niagara River. Al-
though bioaccumulation of chemicals in larger sports
fish species has led to fish consumption advisories, there
i5 also some belief that all Niagara River fish {lesh is
tainted. For all the years of record, there is only one
complaint of taste or odour (tainting} for fish from the
lower Niagarz River and none from the upper Niagara
River,

Newspapers andmagazines were the major sources
of information on water quality for 55% of the respond-
ents. A content analysis of four newspapers' showed that
on both sides of the siver, newspapers have been provid-
ing a wide range of information about toxics issues
including spills, contaminated dump sites, health con-
cerns and so on. As a whole, the media message seemed
to be that the situation was quite serious and oul of
coatrol. Despite progress in cleaning up the Niagara
River ecosystem, a Lot of doubt and scepticism remains.
These perceptions will take consicderable time and effort
o dispel before an unbiased and accurate view of the
Niagara problem is widely held by the general public.

4.2 Surface Water Quality

Annualty between 1967 and 1982, and periodi-
cally thereafier, the Ontario Mmistry of the Environ-
ment conducied surveys of water quality in the upper
and lower reaches of the Niagara River. Since 1975,
Environment Canada has also routinely ¢ollected sur-
face water quality sammples at a permanent menitering
station al the downstream end of the river where it enters

fLake Ontario at Niagara-on-the-Lake. In 1983, Environ-
ment Canada added ap upstream station to menitor Lake
Erie’s input to the river at Fort Erie,

In addition to surface water quality monitoring of
the ambient river, the Ministry of Environment also
conducts routine monthly sampling in the Chippawa
Power Canal and Welland River. The Ministry of the
Environment also carnied out intensive surveys o moni-
lor tributary inputs in 1983 and [988/89. During the
summer months, the Niagara Regional Health Unit
sampiles for fecal coliform bacteria at three beaches on
the river (Figure 4.1).

Ongoing monitoring of drinking water, upstreamy/
downstream river water {continuous), tributaries {1988-
89 and cross-river transects (1988) will provide addi-
tional data during the development of the RAP o aid in
the selection of appropriate remedial measures and
chart the progress of existing and future abatemens
programmes.

4.2.1 Conventional Pollutants

Fecal Coliform bacterial contamination has been
greatly reduced in all areas of the river since having
been detected during early surveys of the river water
(1960°s-19707s)y™, however, elevated levels were still
detected in the 1980°s close to the mainland shores of
ihe Chippawa and Tonawanda Channels and at Nia-
gara-on-the-Lake™.  Levels of fecal coliform bacieria
in the Power Canal at the Whirlpool Road monitoring
station, located a short distance dowastream of the
Niagara Falis W.P.C.P. oulfall, were also elevated
above the Provincial Water Quality Objective (PWOO)
(100 orgs./100 mL) during the years 1980 to 1982%
The PWQO for fecal coliform has also been exceeded
al the Princess Sireet, King's Bridge and Dufferin
Islands beaches (Figure 4.1) tn recent years (1985-
1987y, In 1992, no beach closures occurred due 1o
bacteriological contamination, based on the new provin-
cial protocot for E. coli bacterium. The elevated levels of
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Figure 4.2 Upstream-Downstream Monitoring Stations
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fecal coliform bacteria pose adverse health effects to the
peopte who use these areas for $wimming during the
summer months.

Phosphorus levels in the Niagara River have gradu-
ally been decreasing since control measures were estalb-
lished in the 1972 Great Lakes Water Quality Agree-
ment™. Concentrations of lotal phosphorus in the Niagara
River have declined at a rate of 0.001 mg/L/year since
1967, Reductions in phosphorus loadings to the Great
[akes throngh phosphate detergent bans and upgrading
treatment at waler poliution control plants has resulied in
a slow but steady decrease in phosphorus concentrations
and reduced eurrophication in Lake Erie and Lake On-
tario™.

Nitrate andl nitrite nitrogen concentrations have
been increasing in the Niagara River since 1967 at a
raie of 0013 mg/l/ycar. No specific impacts have
been identified with the increasing levels, although
nitrate s an important plant nutrient which can enhance
ewtrophication™.  Environment Canada data for 1984
and 1985 at upstream and downsiream monitoring
stations indlicated that point sources located on the
Niagara River and/or non-point sources in the hasin
could be contributing 1o the higher levels™. Presently,
ne impaitment of uses in the Niagara River are attrib-
uted to the Increasing nitrate and nitrite levels,

4.2.2 Persistent Toxic Substances

The major cause for concern in the Niagara River
is the presence of toxic and persisient compounds,
particularly heavy metals and chlorinated organic
chemicals.

In 1984, the Niegara River Toxics Comimittee
(NRTC) produced a report™ which identified the Nia-
gara River as a significant source area of a number of
these foxic substances. In studying the ambient condi-
tions {water. sediment and biota} in the Niagara River,
the NRTC tdentified 267 separate chemicals. Of these
267 chemicals, iron, sulphur, cholesterol, vanillin and

silicon were determined to be of natural origin and of
minimal toxicological concern.  Fhe remaining 261
chemicals were considered to be ones which warranted
further investigation to determine whether or not they
require remedial action.

lo the NRTC studies, some organic substances and
metals were occasionaily found to exceed the most strin-
gent water guality standard amongst the agencies in-
volved. In the nearby area of Lake Erie, and in the Fort
Erneand lower river sections, the following contaminants
were found to exceed the standards:

aluminum cadrmium copper

lead silver phenolics.

fnthe Fort Erie area, chromium, alpha-BHC, aldrin
and dieldrin were also were found to exceed the stand-
ards, while in the Jower river, alpha-BHC and PCBs
exceeded the standards.

Chromium exceeded the standard in some instances
in Lake Erie.

The MOE conducted an intensive survey of ambi-
ent water quality in transects across the river during 1980}
to 1982 and found that a substanlial reduction in the
levels of total phenclics was noted from 1971, In carlier
years, up to 100% of the samples from the Niagara River
exceeded the provincial water quality objectives for
phenelics {1 wg/L) (Table 4.1). The concentration of
total phenotics in samples taken at vanious locations
along the river” during 1980-1982 ranged from meeting
the PWOO 10 exceeding the PWQO by up to 34%.
Phenalic compound levels in Lake Erie also exceeded
water quality criteria in some instances. Over the three
year period from 1980 to 1982, levels of copper, iron and
silver were also frequently found in excess of the provin-
cial objectives.

Niagara River Remedial Action Plan
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TABLE 4.1
Exceedences of the PWGO for Tetal Phenolics in the Niagara River
Chippawa Power Canal and Welland River
River Portion Location Year %;,2;, 86" bove N;:‘z:]k:;;";f
Niagars River Transect Mile 1.3 1980 25 N/A
Traosect Mile 19,3 1971 74 N/A
1980 10 N/A
Troansect Mile 20.5 1980 8 NIA
Transcet Mile 28.7 1980 8 N/A
Transeer Mile 37.7 1971 66 N/A
1940 1 gl;w_
Chippawn Poveer Whirlpool Rd., 1980 9 12
Canal
1981 0 11
1982 B 9 11
Wolland River Montrose Bridge 1982 27 11
1983 8 1
1584 9 11
1985 30 11
1986 50 14

Analyses for PCBs and organochlorine pesti-
cides during 1980, 1981 and 1982 indicated that the
majority of samples did not contain concenirations
above the PWQOs, PCBs exceeded the objective
{0.001 ug/L.) in the upper river only, in less than 109 of
the samples. Levels of gamma-BHC (Lindane),
heptachlor epoxide, endrin and dieldrin occasionally (<
10%) exceeded Provincial Waier Qualily Objectives,
primarily in the Tonawanda Channel, aithough detec-
tions of organochlorine compounds were observed
throughont the river. OF fifty-two additionat com-
pounds analyzed for in 1982, only six (toluene, ethyl-
benzene, dichloromethane, dichloroethane, 1,2-

dichloropropane, and 1,1, 2-wrichloroettiylene) were iden-
tified in Niagara River water, with concentrations just
above the analytical detection limits.

For many subsiances, particularly organics, there
still exists a scavcity of information on the effects on
the ecosystem. Likewise, for a mumber of these chemi-
cals, no guideline or critetion has been esiablished
gither for protection of aguatic life or for human
consumption, This lack of “effeci” data makes it
difficult 10 determine the relative environmental sig-
nificance of some substances. This is particularly oue
for long-term or *“chronic” effects.

Niagara River Remedial Action Plan - Stage
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In 1984, NRTC scientists screened each chemi-
cal of concemn, hased on their judgement of the avail-
able information in threc areas:

Existence of a water quality standard for
that chemical.

Chemical and toxicological information.

Environmental occurience information.

The concenirations of each of these chemicals
moniiored in the Niagara River were compared with
this screening information and the chemical was as-
signed 1o a “group” with chemicals of a similar levs of
concern.  These groups are presenied in Table 4.2
located at the end of this chapeer.

Since 1984, studies have concentraied on the
chemicals of highest concern in NRTC groups I, A
and 11B. These chemicals were those that had some
indication of environmenial or human healih concem at
that time. The listings of the group 1, TIA and 1B
chemicals are presented in Table 4.3 located at the end
of this chapter.

In 1988, the Coordinating Comimitiee for the
Wiagara River Toxics Managemeni Plan (NRTMP)
asked for a reappraisal of the chemicals of concemn in
the Miagara River based on more recent information,
An gg hge commitice was charged with developing a
mutually accepted lisi of persisient chemicals of con-
cemn for which loading reductions of 50% should be
required by 1996, That committes was responsible for
establishing a procedwe through which persistent
chemicals of concern could be ideniified and then,
using this proceduare, develop a list of chemicals 1o be
considered for 50% loading reduction. The commiries
considered those chemicals which were both persistent
and wxic. The master list of chemicals considered by
this commitiee included the NRTC group 1 and TIA
chemicals (Table 4.3), the C Water Quality Board’s
1985 list of critical pollutants (Table 4.4) and the list of
chemicals crarently being monitored by the ongoing
Niagara River ambient water quality monitoring pro-

gramme (Table 4.5). The U.S. EPA Priority Pollutants
list {Table 4.6 was also used. Tables 4.5 and 4.5 are
located at the end of this chapier.

TABLE 4.4

UC Water Quality Board,
Chemicals of Concern (1985)

Polychiorinaied biphenyls (ioal)
Mirex

Hexachlorobenzene

Digldrin

DT and metabolies (HGDD/DDE)

2,3,7 Baeteachlorcdibenzo-p-dioxin
(ICDD

2,31, 8-tetrachlorodibenzofuran (TCDE)
Benzo{a)pyrene

Lead (alkylated)

Toxaphene

Mercury

‘There are many ways of identifying persistent
toxic chemicals of concem, Each has its advantages and
disadvaniages and there is no clearly superior method.
Conseguenily, one methodology was adopted based on
the best information available ai that time.,

Persistent and ioxic chemicals were identified by
considering bioconcentration in and soxicity o fish, and
carcinogenicity to mammals. Fish were chosen as repre-
sentatives of the aquatic ecosystem because of their place
in the aquatic food chain, their socio-economic impor-
tance and thelr vole as environmental veciors of chemi-
cals to man. While considerable data may be found for
toxiciiy, not all chemicals have been tested. In addition,
measurements of persisience (residence fme in aguanc
media or in particulaies i real or aniificial sysicms) are
scarce.
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Conseguently, bioconcentration factors (BCFs) for
fish were used as surrogates for persistence.  Acuie
jethality (LLC,,) to rainbow trout, bluegills apd fathe_:ad
minows was used as a surrogate for aquaie LOxICity.
Carcinogenicity and mutagenicity were also taken into
account because of concern for human consumption of
water and fish from the river.

BOFs are associated with slow rates of retabolism
and excretion of chemicals by fish. A chemical that is
“lost” slowly will acournulate and “persist” in fish 10 a
greater degree than one which passes through the diges-
tive system quickly,

There is a relationship between the stroctuie oF
properties of a chemical and its foxicity,
bioconcentration or other environmenial behaviour,
The most useful measure of these propernes is the
partiioning coefficient for ocianol and water.  This
coefficient, K__, is a measwe of a chemical’s relative
affinity for lipid (fats) and water. The higher the K,
value, the higher the relative affinity for lipids. Highly
potar compounds dissolve primarily in the water phase
and therefore cannot readily bioconcentrate (low X ).
In contrast, non-polar compounds dissolve more read-
ity in organic material, such as n-octanol, than in wager,
Since these non-polar compounds prefer fatty tissue
(lipophilic), they are the ones that readily
bioaccumulate. K is determined by placing a chemi-
cal in an octanol-water mixture and determining the ratio
of concentrations of that chemical in each phase. K
models have been developed 1o define the uptake of
chernicals by fish from water across gill lipid merm-
branes.

The masier list was soried into compound class
and each chemical within that class was ranksd aceord-
ing o its ¥ value. A BCF, carcinogenicity and LC,
were defined for each of these chemicals. The link
between chemical properties and environmental be-
haviowr means that ranking by the X values is also an
indication of their relative hazard. The chemicals and
their determinations ave presented in Table 4.7 located
at the end of this chapter.

In cases where the scientific data were incorclu-
sive or insufficient, the commitiee considered water
quality standards or guidelines in a comparison with
measured levels of these compounds.

4.2.3 Chemicals of Concern

Concern over chemical contamination of the Nia-
gara River ecosystemn has led to a detaited review of
which chemicals, specific 10 the Niagara area, are
causing the problems the river is facing.

The 1988 NRTMP revision™ included a prelimi-
nary caiegorization of 92 ioxic chemicals present or
potentially present in the Niagara River. The secre-
farial idenufied™ {ificen Niagara River Toxics which
were present in the Miagara River/Lake Ontzrio ecosys-
e ai unaccepiably high levels. Ten of these fifieen

NRTMP 1988 Priority Toxic
Chemicals
Chemicals of Concern .
Scheduled for 50% ?i‘;“zspmmy
Reduction
benz{a)anthracene (14) | chuysene (1A)
benzo({ajpyrene (14) | chlordans {1a)
benzo(b)luoranthene (I8) | dicldrin {TA)
banzo(iofvoranthene 18) ! etachioro- B)
tetrachloroethylens (1A) styrens
mirc (A oot ma 1A
hexachlorobenzene {14) metabolites
PCB'S (14)

. r () indicates
merenty B 1 NrTMP
23,7 8- TCH category
{dicxin) (18)
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priority toxics had significant Niagara River sources and
were therefore scheduled for 50% reduction by the year

1996.

The most recent assessment™ of chermicals in the
Niagara River was comploted in 1990 by scientists from
all four environmental agencies with responsibility for
the Niagara River, asazeview of the chemicals identified
in previons assessments. 74 The Categorization Com-
mitiee has reported™ to the Secretariat of the Niagara
River Toxics Management Plan the results of this review.

The Categorization Commitiee used the previous
listing of 92 priority chemicals and data collected
beiween 1976 and 1989304,30‘!,310,5%ﬁ52203,33,6m.3&9.829.7i3. 0
recategorize 342 chemicals.

The chemicals are categorized in two groups
{each wiih sub-categories) as follows:

Category ¥ - Chemicals with Availabie
Ambient Data

Bub -

Category Pescription

1A Exceeds an enforceable standard

m Bxceeds a more sivingent
menforceable griterion

1 Heuals/less than the most stringent
criterion

I Detection limit too high to categorize

izl Mo criterion available

Category I - Chemicals with No
Available Ambient Data

Sub o
Deseription

Category

Evidence of presence in or input 1o
JIA .

the river

No evidence of gresence in or input o

the river

The categorization above was appiied to the 15
priornity chemicals identified in 1988, These chemicals
all appear in categories IA or IB. The categories (as
determined in 1990} arc indicated in the listing table
following the chemical name. In addition o the 11
caiegory LA chemicals identfied in the 1988 priority
goxic chemical table, the following cight chernicals
weie also classified as category TA.

Chemicals assigned to Category 1A not denitfied
in the above iable.

hexachlorocyclohexane  (BHC (total))
cadmium

heptachior

heptachlor epoxide

iron

lead

photomirex

In addition o the four category IB chemicals
identified in the 1988 prioriy toxic chemical tabls, the
following nine chemicals were also classified as cat-
egory 18,

Chemicals assigned 1o Category IB not identified
in the above iables,

atdrin

aluminwm

arsenic (total)

copper

endosulian(iotal)
pentachlorobenzene

12,3 4-etrachlorobenzene
1,24 5-ietrachlarobenzene
toxaphens

The munbers of chemicals in the remaining cat-
egories ace presenied in the following table.

NMiagara River Remedial Action Plan - Stage {
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Toxic Chemicals in Catergory 1C

through 115
Category Numnber of Chemicals
i 31
B i
i) 14
Tia 342
g not applicable

4.2.4 Upstream/Downstream
Programine

An upsirear/downsiieam monorng programmne
was Imidaed by Environmeni Canada in 1983. The
purpose of the programme was 0 estimaie input
loadings of comiaminanis eniering the Miagara River
from Lake Frie ai Fori Frie and output loadings leaving
i0 Lake Gntario at Miagara-on-the-Lake (Figure 4.2).

Loadings rather than concentrations of contarni-
nanis were considered becapse of the vasi quantities of
water, in the order of 7,000 cubic meires per second,
(240,000 1w 250,000 cubic feet per second (cfs)) mov-
ing through the Niagara River. At these discharge
raies, even minute concenirations of a contaminani can
translate 1o large inpuis to Lake Omtario over the conrse
of a day or a year. For example, a ¢concentration of 2.8
nanograms/Litre (ng/l) of a chemical at Niagara-on-
the-Lake represents a daily loading o Lake Ontario of
1.56 kg and an apnual leading of 555336 kg, The
difference between downstream and upsiream loadings
(the differential lcad) was taken to represent the com-
bimed input of coniaminanis from point and non-point
sources along the course of the river. The programme
orignally involved bimonthly collection of water and
sugpended sediment at two permancni monioring sia-
tlons located at the head (Fort Erig) and mouth (Wia-
gara-on-the-Lake) of the Miagaca River. The frequency
of sampling for this program was increased 1o bi-
weekly in 1984,

Resulis from the period December 1984 1o March
1986 were released in a four party repori in October
1986%. Due w vncertanties in gampling methods,
analyiical procedures and quality asswrance and control
practices, only the most conservative interpreiations of
this data set were possible.

Effective April 1986, the programme was modi-
fied in an effort 10 unprove the reliability of future data
seits, Modifications included:

increaging the sampling frequency from bi-
weekly o weekly;

exiending the sampling peried from single
grab samples 0 24 honr composite samples;

improvements in exiraction methods;

incorporation of agreed 1o analyiical and
quality conirol/quality assyrance protocols;
and

development of improved statistcal meth-
ads 1o deal with the data,

The large difference between preseni methods
and those nsed prior to April 1986 makes direct com-
parison with the earfier data seis inappropriate. Conse-
guently, the following discussion will focus on Niagara
River water and suspended sediment data obtained in
the laiest studies reporied for the period April 1986 10
March 1987% and April 1987 10 March 1988%°,

Contaminants which were present at statistically
significant higher (p > 0.1) concenimations at Miagara-
on-the-Lake than ai Fort Erle, in either the water or
suspended sediments fraction, or in both fractions, in
1986-87*" and 1987-88%° respectively, arc presenied in
Table 4.8. From Table 4.3, it can be seen that concen-
trations of twenty-two congaminants (16 organics and 6
meials) were significantly higher (statisiically) in both
years.

Niagara River Remedial Action Plan - Stage I
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TABLE 4.8
Contaminants Showing an Increase in
Concenirations At Niagara-On-
The-Lake (Compared o Fort Erie) in 1986-87
and 1987-88 (+)
Chlorinated Organics and PAZHs
1986-87 Data 1987-88 Data
Water | Sedi- Water | Sedi-
Ceontaminang ments ments
mirex + *
PCH's (Toul) * +
BHC ¥ +
lingare { -BHC) "
wethaxychlor +
bexachlorabutadione + + n “
—_l-_;/-dinhlmu?muzznc i + 4 " &
3-3-dichlorobenzens + + 4
1-4-dichlorobeniens 4 T +
1-2-3-trichl crobtiecns - . - +
I-2-4-wrichlorobenzens + + " +
1-3-5-irichiorobenzens T & - -
pentachiorobercns + & " +
bexachlorobenzenc & + 4 "
baro(alpyrens +
bere(s)anhracene 4
borzo(b)lveranthene -
benz(k)normthens " |
chryzens + + +
flucrnthene + + -+ +
pyrene i + -+ :"*“"

TABLE 4.8 continued

Contaminants Showing an Increase
in Concentrationsg At Niagara-On-
The-Lake (Compared to Lake Erie)
in 1986-87 and 1987-88

Trace Metals

Elemnent Recombined Whole Water
1986-87 Data 1987-88 Daty
alwm inum + +
arsenic + +
chromium + +
fron + -+
“;-unguncsa + +
nickel +
zine + + i
sirontium not analyzed +
vanadinm not analyzed +
barium ol analyzred +

Higher concentrations of these chemicals at the
downstream station indicate that they originate {rom
sowrces along the river. The specific sources of these
chemicals cannot be deicrmined from the upstream/
downstream data alone, The relative contribution from
“non-point sowces” can be crudely estimated using the
differcntial loadings from the upsiream/downstream
study and point sowrce loading data from Canadian and
.5, point sowrce monitoring programmes. However,
inconsistencies in sampiing and analyiical methods, 1o-
gether with inadequate numbers of samples, make any
such estimates of relative point/non-point sowee contri-
bution unreliable.

Niagara River Remedial Action Plan -
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Itis noteworthy that the following seven chemicals
were detected only at Niagara-on-the-Lake;

1.,3-dichlorobenzene
1,3,5-trichlorobenzene
- 1,23 A-tetrachlorobenzene
- pentachlorobenzene
- hexachlorobenzene

- hexachlorobutadiene (suspended sediment
fraction only} and

- mirex (suspended sediment fractuion only).

Since these chemicals were only encouniered at
the downsiream station, it appears that they oviginate
exclusively from sources along the Miagara River.

Contaminant concentraiions in Niagara River
water were compared 10 several sets of water gquality
criteria, standards or guidelines, Water quality criteria
adopted by the United Staies Environmenial Protection

TABLE 4.10

Agency, the New York Department of Environmental
Conservation, Environment Canada, and the Ontario
Ministry of Environment, along with the IJC Specific
Objectives, are summarized in Table 4.9 located at the
end of this chapter.

As a result of the four-agency deliberations on
monitoring data, it was decided o report contaminant
concentrations for ‘Recombined Whole Water (RWW).
In sampling and preserving samples taken from the
Niagara River, the suspended sediment is removed
from the water by centrifugarion.  This resulis in two
distingt samples: a solid sediment phase and a “fil-
iered” water phase. These are analyzed uwsing com-
pleiely different procedures, The results are then com-
bined {0 produce the otal RWW loading 1n the river.
Mean RWW contaminant concenirations for those
chemicals at Fort Erle and Niagara-on-the-Lake in
1986-87°7 and 1987-887°, respectively, which exceeded
the most stringent water quality criteria are listed in
Table 4.10.

Contaminant Concentrations Exceeding Strictest Water Quality

Criteria at Fort Erie and Niagara-on-the-Lake

Contaminant Criterlon Fort frie Fort Krke NOTL NOTL

1986-87 1987-88 1986-87 1987-88

benz(a)anthracene 0.002(NY) 258 (12) 226 (15)

benzo(b)flouranthene D.002(NY) 2.35(6)

benzo(k)flouranthene | 0.002(NY) 2.43 (6)

benzo(a)pyrene 0.0020NY) 159 (7)

chrysene 0.002(NY) 2,61 (12) 330(18) 2.82 (25)

PCBs 0.001(MOE) 3.90 (26) 2.18 (45) 1.66 (28) 2.89 (43)

tetrachlorosthylene 0.7(NY) 973.60 (6)

Aluminum 294.5 2432 459.1 343.2

Iron 459.7 3804 833.1 659.3

NOTE: All concentrations in ug/l. Numbers in brackets indicate the number of times
waier quality criteria were exceeded, Criteria may be for water phase, solids
phase, or Recombined Whole Warer (RWW).
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For the 1986-87 database®™, mean RWW con-
centraiions of chrysene, total PCBs, aluminum and iron
exceeded the striciest water quality oriteria at Fort Erie,
Al Niagara-on-the-Lake, water quality criteria were
exceeded for benz{a)anthracene, benzo(h)flouranthene,
benzo(k)flouranthene, chrysene, PCB3s,
terachloroethylene, aluminum and iron.

The 1987-88 data®™ show that water quality crite-
ria for PCBs, aluminum and iron were excecded at Fort
Erie ang those for benz(a)anthracene, chrysene, PCRBs,
aluminum and ron were exceeded at Niagara-on-ihe-
Lake. Water quality criteria were exceeded more
frequently a Niagara-on-the-Lake than at Fort Exe.

Exceedence of water quality criteria for chrysene
at Fort Exie and Niagara-on-the-Lake is, in par, indica-
iive of the quality of water entering the Miagara River
from Lake Frie. However, statistically significant
differential loads for this chemical were determined,
suggesting that there were inpat sources of this chemi-
cal along the river. The 1987-88 data indicaie that
chrysene was measured almost exclusively in samnples
collecied ai Wiagara-on-the-Lake,

Although atumninum and iron exceeded water
quality criteria at both Fort Erie and Niagara-on-the-
Lake, concentrations of these metals were considered
to refiect natural levels in sucface waters rather than the
resull of focal source inputs. Since there was a statisgi-
cally significani difference beiween total PCB concen-
trations measured ai Fort Erie and Niagara-on-the-
Lake, sources must exist along the Niagara River;
however, water quality exceedences for these contami-
nants at both stations are more a reflection of waier
quality in the Eastern Basin of Lake Erie than of
excessive loading to the Niagara River,

In 1989, the Coordinating Commitice for the
Niagara River and Lake Ontario Toxic Management
Plans formed a Chemical Categorization Commitiee to
continue the work of the ad hoc commitiee. The ad hog
committee had recommended that the universe of

chemicals be broadened and a mechanism be established
1o develop, review and update a more coraprehensive list
of chemicals of concern for the Niagara River,

4.2.5 Drinking Water

With the knowledge that a wide number of toxic
chemicals were present in the Niagara River, the peo-
ple living along the shores of the river became con-
cerned with the quality of the water they were drinking.

There are a number of water treatment plants that
serve ihe residents in the Miagara area. These are
operated by the Regional Municipality of Niagara. The
Rosehill Treatment Plant in Fort Erie deaws water from
Lake Erie, approximaiely 5 kilomeires west of the
convergence of Lake ¥rie and the Niagara River. The
plant serves a population of about 24,000 in the com-
munities of Ridgeway, Fort Frie, Crysial Beach,
Stevensville and Douglasiown.

The Miagara Falls Treamment Plant is located in
Chippawa. It draws water from the east end of
Chippawa Creek. This water is drawn from the Niagara
River’s Chippawa Channel as it is being divered 10
Queension for power generation purposes. A popula-
tion of approximately 133,000 is served by this plant
over an arca of 70 square kilometres.

The MNiagara-on-the-Lake Treatment Plant was
removed from service in 1982 due to {ts inability to
service the needs of a rapidly expanding community.
Miagara-on-the-Lake, along with the nearby communi-
ties of Virgil and Queenston, are now served by the
Region of Miagara by pipeline from iis main plant at
DeCew Falls in 5t. Catharines. The DeCew Falls plant
treais water taken from Lake Erie via the Welland Ship
Canal.

The Welland Ship Canal also provides a water
source 1o the central perinsula area via water treatment
plants in Wellsnd, Port Robinson and Port Colborne.

Niagara River Remedial Action Plan
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Rural residences between Fori Erie and Chippawa
have their own shore wells for providing potable water.
Individheal ireatment systems vary,

in 1984, in response 10 the NRTC Hst of chemi-
cals of corcern, the Omario Ministry of the Environ-
ment supplanied the existing water treatment plant
monitoring programme in the Miagara Peninsala with a
detailed monitoring of the 139 chemicals of concern
thai were present in the ambient water environment,
along with 15 general chemisiry parameters. The
resulis of thai monitoring were presenied in a report
entitled “Drinking Water Survey of Selected Munici-
palities in the Niagara Area and Lake Oniario”™. The
waler reagment planis in Niagara Falls, Fort Erie,
Welland, St Catharines, Hamiljon, Qshawa and To-
ronto R.L. Clark) were involved in the programme. Of
particular concern was the Niagara Falls (Ont.) Waier
Treatment Plant, the only remaining plant on the Cana-
dian side of the Niagara River.

The report® indicated that the drnking waier at
all of these plants meets all Ontario Drinking Water
Objectives for those compounds referenced in the
NRTC report, The data also show that the drinking
water quality meets World Health Organization drink-
ing water criteria for these compounds,

The levels of the metals and inorganic chemicals
found in this study were consisient with those found in
treaied water supplies in Southern Oniario, The levels
of organic chemicals (large number of non-detecied

TABLE 4.11

Other Organic Chemicals Above
Detection Limits (1984)

Componnd Name ?ﬁi?;;f
}-3-5-wrichlorobenzene 1
1-2-4-5-telrachlorobenzene 2
2-4-S-trichlorotoluene 2

hexane 3
bis(2-ethy liexylphthalate 3

values) is consistent with historical databases for these
compounds. With the exception of Alpha-BHC (0.003
t0 0.006 parts per billion), no chlorinaied pesticides or
PCBs were found to be present.  This level is well
below the Objective of 4 paris per billion for Lindane,
which 1s a mixture of BHC isomers. Three
orihaiomethanes, which are chlororganic compounds
wadionally formed in the drinking water ireatment
process, were detected at levels well below the ODWO
for mihalomethanes, Only five other organic chemicals
were found above the detection Ly, these are listed in
Table 4.11. Cumently, ODWOs do not exist for these
compounds. A water quality criterion for chlorinated
argmafics as a group has been proposed by the 1.5,
EPA ai alevel 5,000 times higher than those measured
m this study.

In 1985, the COA (Canada-Ontario Agreement
Respecting Water Qualiiy) Review Board released a
report on ivace organics in Ontario drinking water along
the Wiagara River?. This report was prepared for COA
by a group of scientists from the Ontario Minisiey of the
Environmeni, Environment Canada and Health and
Welfare Canada, That repori made a number of con-
clusions and recommendations relaiing io drinking
water on the Miagara River. i evalugied primarily ihe
chemicals identified by the NRTC and compared these
with chemicals which had been desected m vaw or
treated drinking water at plants in the Niagara area.

Thirty seven chemicals were deiecied in Niagara
aren drinking water (Fable 4.12); 16 of these appear on
the NRTC s Group 1, HA or 1IB lists. Eleven of the 37
chemicals have established drinking water guidelines.
It was concluded that none of ihese guidelines was
exceeded and consequently, there appeared 1o be no
immediate concern regarding their impact on human
healih.

Recommendations coming from this repod for
more extensive monitoring resulied in the implementa-
tion of the Drinking Water Survelilance Programme
(DWEP). This programime, which mnitially incorporaed
inost Miagara area waler ireatment planis, is now a prov-
Ince-wide drinking waier monitoring programms,
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TABLE 4.12

Trace Organic Chemicals in Niagara
Area Drinking Water
Chemicals with Drinking Water Guidelines

Chemical Guideline
Benzene WHO
Bromaoforim MOE/CAN
Carbon tetrachloride WHO

Chlorodibromomethane | MOE/CAN
Chioroform WHO

1, 4-Dichlorobenzene WMOE/CAN
Dichlorobromomethane | MOE/CAN

Lindane MOE/CAN/WHG
Heptachlor epoxide MOB/CAN/WHO
Tetrachioroethylene WHO

Trichloroethylene WHO N
Chemicals Without Drinking Water Guidelines
Chemical Chemical

Aceione Herane

Benzaldehyde Izopropanol

BHC-(alpha) * bethyl ethyl ketone
Butanal Methylene chloride *
t-Butancl Pentane |
Chlorotolnene Styrene *
Dibromomethane Teirahydrofuran
Bichloroicdomethane  [Toluens

Diethyl ether 1,1 A-Trichlorcbniadienc
Dimethyl disuiphide 1L 1-Trichloroethane
Ethylbenzene * Trichlorophenol *
Heptanone m-Kylene

Hexanal o- or p-Kylene

* - denotes chemical on NRTC List 1T, [IA, or (U8,

The quality of the deinking water for Niagara Falls
{Ont.) is protecied by filiration and disinfection proc-
esses; however, some dissolved organic and inorganic
chemicals may not be removed during this treatment.

Contarninants bound to pagiculate matter are, for the
most part, filtered out and recent data on treated water
show that no drinking water quality objectives are
exceeded at the water freatrnent plant in Niagara Falls®,

Chlorine disinfection is widely used at waier
treatment plants, including the one at Niagara Falls
(Ont.), w desroy bactenial contarninants and patho-
genic material. Most raw water samples taken at the
Niagara Falls Water Filtration Plant contain some
coliform bacteria, alihough the Provincial Water Qual-
ity Objeciives for recreational use of water (1,000
org./100 ml total coliforms and 100 org./100 mlL
fecal coliforms) have not besn exceeded®, Chlorina-
tion of drinking water is known to create
trihatomethanes and these compounds do appear in
finished drinking water at most communities which
are served by water ireatment plams with chlorine
disinfection.

In 1986, the Canadian Public Health Associa-
tion (CPHA), in cooperation with the Omario Minis-
iry of the Environmeni and Health and Welfare
Canada, weleased a vepori on Great Lakes drinking
water. The TPHA found that available data indicated
that applicable standards and guidelines were only
rarely exceeded. Because the frequency and extent of
these guideline exceedences were low and overall
exposure was below gmideline values (based on a
review of relevant ioxicological data) the health im-
plications were considered 0 be negligible, How-
ever, it was noted that there was a lack of information
on exposure i and health effects of several of the
cormpounds identified. Where information was avail-
able, food appearad to be a more significant route of
exposire than water,

The CPHA report also concluded that epidemio-
logical studies on populations surrounding the Great
Lakes have not snggesied that ingestion of water from
these sources contributes significantly 10 cancer or other
health risks. 11 also concluded that whike freamment
progesses differ among water weaiment planis, the daa
clearly show that the overall effect of the in-place water
rreatment facitines 1s a significant and beneficial effect
on drinking water quality.

Niagara River Remedial Action Plan
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Although specific areas wathin the Great Lakes
basin are not discussed, data used are presented in Vol-
ume (1 of the CPHA repori. A summary of the data from
the Miagara River area of concern is given in Table 4,13
jocated at the end of this chapier,

This data shows that there is no significant con-
tamination problem in the municipal water supply of
Niagara Falls. Although some tribalomethanes are
generated in the disinfection process, these are well
below the drinking water standards,

In 1987, the Oniario Minisiry of the Environment
released a repori on monitoring at the Niagara Falls
Waiter Treatment Plant on Macklem Strect in Chippawa,
as pari of the DWEP siudies. The Miagara Falls (Ont.)
plant is designed w0 supply 145,500 m*/day 1o the City
of Niagara Falls and 2 swall part of the Town of
Niagara-on-the-Lake. This report gave the resuls of 15
samplings of raw and weated water during the year
1686. Chemical analysis was conducted for six chemi-
cal groups and the resulis are presented in Table 4.14.

A value indicated as positive is one that is greaier
than the statistical limit of detection and is quantifiable.

The data reveals that for metals, inorganic ions and
bacleriological parameiers, raw water values are fre-
quently in the deteciable range; levels of metals and
organics are also found in the weaied water, The
concenirations of meials, inorganic compounds and
bacteria are consisteni with those found in other water
supplies in the Province of Ontario.

Most concenirations of organic compounds were
below detection hmits, even though the most sophisti-
caied equipment available was employed in the chemi-
cal analysis,

For those parameters with Ontario Drinking Water
Objectives (ODWOs), none exceeded the Objectives
with the exception of organic nitrogen. OTWOs have
1ot been established for some of the compounds anatyzed;

TABLE 4,14
Chemical Compounds Monitored at
Niagara Falls Water Treatment Plant
Drinking Water Surveillance
Program _ 1987 Swnmary
Treated
Raw Water Water

. fof | #of | #of | #of
Chemical Scan Tests | +ves | Tests | +ves
Bacteriological 48 47 48 13
Field Chemistry 36 38 71 71
Lab Chemistry 225 180 225 159
Metals 242 123 243 113
Chloroaromafics 143 0 156 i
Chlorophenols 12 t O 0
PAHs 51 0 51 0
Pesticides & ;
PCEs 215 0 297 0
Phenolics i1 0 i1 1
Specific
Pesticides 161 0 153 0
Volaitle Organics 339 2 339 47

for these few compounds, reference was made 1o appro-
priate guidelines established by other agencies, MNo lev-
els exceeded any drinking waier guideline or objective
set by other jurisdictions, such as she 1.5, EPA, the
World Health Organization, and Healih snd Welfare
Canada. The results of these analtyses were also consist-
ent with those obtained in other avcas of the Great Lakes,
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4.3 Ground Water Quality

Field sampling and ¢hemical analysis of ground
water have been undertaken by a number of par
tigg!®t7es1 233855 Table 4.15 shows the resulis of
ground water analysis from these studies and may be
considered as representative of background conditions.
Most of the analyses represent water samples from the
bedrock aquifer. The overburden aquifer, because of
its limited areal exient in the vicinity of Niagara Falls,
St. Davids and Fonthill, is orly represented by four
analyses.

Traditionally, general ground water quality 18
measured by consideration of concentrations of a small
number of conventional chemical parameters and a few
metals. Detaled chernical analyses of groand water for
heavy meials, organics, pesticides or herbicides are not
conducted, except in the case of known or suspecied
ground waier contamination,

One of the traditional parameters is specific elec-
irical conductance. This is a measure of the concentra-
tion of lons in water and historicalty has been used as a
qualitative measwre of overall ground water quality, A
drinking water critcrion has not been established for
this parameter; however, the closest applicable meas-
ure of water quality using this parameier comes from
criteria which have been produced for irrigation waters
in the State of California™ as shown in Table 4.16,

TABLE 4.15

Health and Aesthetic Related Water
Quality Parameters Exceeded in
Niagara Peninsula Ground Waters

Health Related Parameters

Fluoride

The concentration of fluoride in
ground water was found to
exceed the Provincial Drinking
Water Objective (DWQ) on
one occasion in a deep
mozitoring well near the
Niagura River.

Sodium

There is ne objective for
sodiwn; however above 20
mg/L restricted diets should
consult their physician(®).
Sodivm concentyations
exceeded the 20 mg/L level
significantly in most samples.

Aesthetic Quality Parameiers

Total The DWO for total dissolved

Dissolved solids (TD3) was exceeded

Solids consistently by about six times.

Hardness The DWO for hardness was
exceeded by about three o five
trees.

Sulphate The DWO for sulphate was
exceeded by about three to five
times.

Tron The DWO for iron: was
exceeded by two o ten times.

Chloride The DWO of
250 mg/L. for
chloride was
exceeded
infrequently.

*

see references -96
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TABLE 4.16

Ground Water Quality Rating Based on Electrical Conductance
Class Designstion Specific Eiechji(:éjal Sub-cluss
Conductance Limiis Limits (1$)
(uS)
Class I <1000 <250 {excellent)
(sniiable nnder most conditions) 250 - 750 (go0d)
750 - 1060 {permissible)

Class 11 1000 - 3000 1600 - 2000 (permissible)
(suliability dependent on soll, ciop, _
climate, ic.) 2000 - 3000 {doubtfir])
Class 1 -

s » >3000 unguiiable)
{snsitable under most conditions) 3000 (

4.3.1 Overburden Aquitard

A number of studies™'** conducied in the
Haldimand Clay Plain have indicaied very high con-
centrations of major ions in the shallow ground waters
in the upper part of the overburden aquitard, In shallow
(=9 m) ground water monifors, the specific electrical
conductance ranges from 3,400 to 9,680 uS. Below thig
depth, specific conductance readings decline rapidly
and reach levels of abou 700 uS at a depth of 25 m.
High concentrations of ions are associated with the
dissolution of readily available constituents in the highly
weathered portion of the near-surface silt and clay
materials by downward percolating water®®,  The de-
crease in the major fon concentraiions with depth is
auributable to the slow downward movement of ground
water and diffusion of dissolved constitents from the
shaliow (poor quality) overburden aguitard mixing with
the betier quality ground water in the deeper overbur-
den bedrock aquifer'®,

4.3.2 Bedrock Aquifer

The specific electrical conductance of ground wa-
ter from bedrock wells in the Miagara River area of
concern is shown on Figure 4.3. Values range from 643
io 4,800 uS. The distribution generaily suggests that
ihe specific electrical conductance of ground waters in
the bedrock is slighily higher than in the overburden.
Well water from most of the bedrock wells is classified
unsuitable as irrigation waters (Class 1IT),  Very few
wells in the area have suitable Class [ or Class 11 ratings
as shown on Table 4,16,

The bedrock of the Niagara Peninsula south of the
Niagara Escarpment is predominanily calcareons and
comprised of glaciaied carbonate and shate bedrock with
a high content of soluble gypsum. Large quantities of
absorbed chloride and sutphate salts are retained by these
formations™. Because of this, ground waters are gener-
alty rich in chloride and sulphate which suggesis a slow
raie of grownd waier movement. This provides for the
dissolution of significant amounts of minerals from the
rock. The ground waters found in the bedrock in the

Niagara River Remedial Action Plan - Stage I
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Niagara Peninsula were classified in the mid-1930"s¥.
Most of the ground water samples are classed as sulphate
walers,

Bicarbonate type waters are similar in composilion
to rain water and appear only to be present in ground
water in those areas where rapid infiltration occurs, usu-
ally where the overburden aquifer s found.

Those chemicals exceeding Ontario Drinking
Water Objectives® in the Niagara arca are identified in
Table 4.15.

The high concentrations of chloride and sulphate
in the ground waiers limit their usability without exien-
sive pre-treatment,  Although, as indicated above, ihis
chemical composition is entirely natural, derived from
soiution of natural minerals, it still prevenis the ground
wager from being used in large quantitics in the area,
Bedrock ground waters do not appear o be contami-
nated by man’s activity nor do they appear to be widely
affected by man’s requirements.

4.3.3 Ground Water Susceptibility

The Ontario Minisiry of the Environment hag
prepared a series of maps detailing ground water sus-
ceptibility 10 contamination. These were produced in
vesponse to the widespread occurrence of potential
contamination sources in Cniario, ranging from wasie
disposal sites (landfills) o accidenial spills of chemi-
cals. These maps evaloate the susceptibility of ground
water 10 potenilal sources of contamination, Ground
water susceptibility maps have been produced for ihe
Niagara River {Ontario) area of concern'?, The maps
arc also used 1o flag envirommental concemns with
respect 10 ground water contamination when a specific
land use development is being considered. Due 10 the
general nature of these maps they shouk! not be used
alone o determine site-specific suscepiibility of ground
water contamingiion from specific sources.  Site-spe-

cific mvestigations must be carried oui to determing
actual, local hydrogeological conditions and 1o relate
these fo specific potential contaminant sourees,

Ground water susceptibility is based on the threg
hydrogeological factors which play the largest part in
determining the movement of contaminanis into the
ground waier system: the permeability of near-surface
maierials, ground water movemnent and the presence of
major shaliow aquifers.

4.3.3.1 Overburden Aguifer
Susceptibility

The major shallow aguifer of concern in the
Miagara Peninsula is  the FPonibill Kame Complex
which les outside the Welland River basin fo the
southwest of St Caibarines. The protection of this
overburden aquifer is extremely fmporiant becanse of
its potential for generating high yields and the wide-
spread use of this aquifer as a water supply. If this
aquifer were 0 become contaminaied, the contami-
nants would likely move i depth because of the mod-
crate (0 high relief and because of the deeper water
table in this area,

There are also three localized areas where other
water-bearing overburden zones, based in permesble
glaciolacusirine sands are susceptible 10 contamina-
tion. These areas are located in the vicinity of WNiagara
Falls, north and east of Dunnville, and along the south
shore of Lake Oniario, the latter two being outside the
Niagara-Welland basin. The ground water movement
in these localized areas is slow due to the low hydraalic
gradient imposed on the ground water by the relatively
flat topography. Therefore, although these areas are
susceptible 1o contamination (should it occur) the con-
taminants would not spread as rapidly as at Fonthill.
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4.3.3.2 Overburden Aguitaird
Susceptibility

The scils of the southern portion of the Niagara
Peninsula, above the Niagara Dscarpment, are com-
prised of relatively 1mpermeable glacial deposits of
clay, till and silt.  Waters in these deposits are not
generatly useful as a source of water due to the low
permeability of the rock and soil material.  In some
areas, low vields of water are obtained from these tight
soils by the slow collection of ground waters in large-
diameter bored or dug welis. The potential for any
contaminant movement over appreciable distances in
these deposits is small. The need o include susceptibitity
for contamination can be greatly enhanced by presence
of vertical fractures which provide pathways for con-
tamninant movement especially those greater than water.

4.3.3.3 Bedrock Aguifer
Susceptibility

The limestones and dotostones in the Niagara area
are unique because of iheir widespread use for water
supply. Areas of the Niagara Peninsula where the bed-
rock aquifer is within 10 m of ground surface are consid-
ered to be the most susceptible to ground water contami-
nation.  Such shallow becrock areas are located in the
eastern part of the study area: along the north shore of
Lake Erie, along the Niagara River between Fort Erie and
Chippawa and west of Niagara Falls. Two small areas of
shale bedrock also subcrop below the Niagara Escarp-
ment but, since the shale is not used as a major source of
water, its susceptibility 1o contamination is considered to
be less than that of the carbonate bedrock above the
Niagara Fscarpment. While groundwater is used for
some rural water supplies, most urban centres use surface
water supplies.

4,3.4 Risk of Contamination from
Ground Water

The available information supports the hypothesis
that ground water within the Niagara-Welland basin is
relatively slow moving with o ow risk of being contami-
nated. Situations exist that could fead to ground water
contamination, for example extensive bedding plane
fracutres, but in general, such contamination wouldd not
migraie to the Welland and Niagara rivers and contribute
to surface water contamiination.

4.3.5 Contaminated Ground Water

Contaminated ground water, leachate and surface
waiter runoff can each adversely affect the water quality
in the Niagara and Welland Rivers. Of these inpuis, the
contribution frem ground water is the hardest o deter-
mine. Pollutant loadings from ground water are not well
known due to the complexity in determining the exact
movement of contaminants beneath the earth’s swtace.

Before the influence of contaminated ground
water can be defined, it must be determined if the
ground water itself can be or has been contaminated. in
Section 2.4, the physical surface layers were described
in detail. The massive clay plain which ovetlies most
of the Area of Concern provides excellent protection
for the ground water from contaminants which are
deposited on the ground surface.

Investigations undertaken in a number of locales
within the Area of Concern have shown that the water-
bearing units have remained free of contamination
from human activities.  Although the high mineral
nature of the bedrock has made the aquifer high in
dissolved minerals, these dissolved chemicals will not
adversely aftfect the surface waters in the Area of
Concern, were they 10 be discharged 0 the surface
waters. The high mineral content of this water inhibits
potability but can easily be removed threugh conven-
tional water treatment processes.
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In Section 4.3.3, several areas are 1dentified where
the overburden consists of more permeable materials or
the clay layer is thin and the potential for ground water
contamination is greater. Ground water has been con-
taminated in a number of these isolated pockets in the
Area of Concern, These are located where an insutli-
cient thickness of clay soils overlies the ground water.
The sites of these occurrences: in the Fort Erie area, along
the side of the Niagara Gorge and along the Niagara
Escarpment, are associaied with waste disposal sites and
chemical spills.

Remedial activities have been underway within
Ontario to correct each of these problem sources of
pollution as they have arisen. In the 1970°s, abatement
activities centred around conventional pollutants such
as Biochemical Oxypen Demand (BOD), suspended
solids, phosphorus, oil and grease. In the laie 1970°s
the significance of excessive levels of heavy metals
became well known and abatement of sources of these
contaminants was undertaken by the respective agen-
cies on a case-by-case basis

In the 1980’s, great concern arose over the -
pact of toxic wasies buried at hazardous waste sites
such as the Love Canal in Niagara Falls (N.Y.) and
nation-wide and mternational attention was focused on
the Niagara River. The majority of the contaminated
ground water problem lies with hazardous waste
dumpsites on the US. side of the Niagara River.

Abatement activities with respect 1o ground wa-
ter contamination on the Canadian side of the Niagara
River have been expanded to include the control and
remediation of texic metals and organic pollutants.
Investigations and remediation of this contamination is
continuing with the respective federal and provincial
agencies.

A study recently completed for the MOE™ has
involved an evaluation of Canadian waste disposal sites
identical o one conducted for the EPA in 1988, This
study identified many data gaps in the varied studies
conducted on all sites. It was determined that a “best
estimate” total of 30.3 kgfday of toxic contaminants

have the potential to be discharged from Canadian waste
disposal sites to the Niagara or Welland Rivers. Of this
total, 20.4 kg/day is attributed to contaminated ground
water; consisting of 26.4 kg/day of inorganic contami-
rants and (.01 kg/day of organic contaminanis.

The largest portion of the potential loading, 23.8
kg/day of one inorganic chemical (cyanide) comes from
one location, the disposal sites surrounding the Cyana-
mid plant in Miagara Falls {Ont.). The loading estimate
considers the cyanide to be completely in the form of free
cyanide (the toxic component). The cyanide 15 also
treated in the report as a conservative substance (i.e. no
degradailon}. In fact, cyanide, aithough toxic, is noi
persistent and readily degrades biojogically and
photochemically. Actual measurements from this area at
around water moniiors on the perimeter indicate elevated
levels of the breaicdown products in the nitrogen cvele
(NO,, NO,, NH, andorganic nittogen} but no evidence of
either free or complexed cyanide. A remediation plan for
this site has been submitted to the Ministry of the Envi-
ronment and will be presented to the public in the spring
of 1992, 1f the plan is accepied, remediation will start in
1993,

There is no evidence of contamination of greund
water by chlorinated organics on the Canadian side of
the Niagara River, including the entite drainage basins
of the Welland River and all the sjoall tributaries to the
Niagara River between Fort Erie and Niagara-on-the-
Lake.
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4.4 Contaminants in Biota

Since aquatic biota are In continuous coniact
with their environment, contaminant levels observed
in fissues are a primary indication of water-borme
contaminant levels. Aquatic biota also integrate con-
taminants over time, thereby reflecting those contami-
nanis which are intoduced sporadically into the envi-
ronment or occur in waier at levels below current
analytical detection limits.  Determination of con-
taminani levels in resident agoatic biota is thus a
nseful tool for identifying areas of contamination and
the relative degrees of coniamination in various seg-
ments of the river.

The measurement of inorganic and organic con-
raminarts in the lower trophic levels of the ecosysiem
also provides information on biological availability
and poteniial for biomagnification. These data are
essential in the determination of ecosystem ¢ontami-
nang dynamics.,

A wide variety of plants and animals may be
used as biclogical monitors of coniaminant levels.
The choice of a biological monitor is dependent on the
chemical of interest (organic or inorganic contami-
nants), the trophic level and what portion of iis
lifecycle the organism spends in a specified region.

Aguatic biota can also be introduced w an arca
as a biological monitor. The accumulation of con-
taminants by intreduced aguatic biota is valuable for
investigations where a resideni population cannot be
sustained. The ability io place a biological monitor at
a specific location for a pre-determined period of
expositre is also an advaniage in that variability due to
movement, age or size and contaminant body-burden
at the start of the exposure period can be conirolled,

4.4.1 Biota - Algae

Attached filamentous aigae (Cladophora
glomgrata) can serve as a useful biomonitor of con-
taminant source arcas due 1o its growth habiis, prolif-
eration throughout the Niagara River and is non-
mobile nanwe, Since this algac grows attached 10
rocky substraies, obiaining all its nutrient require-
ments from the ambient water, any crease in its
contaminant concentrations can be directly related 10
uptake from the water column.

Cladaphora is frequently used as an indicator of
trace metal pollution rather than as a monitor of
organic contaminanis. Cladophora responds o metals
in seluiion, whereas trace organics exhibii 2 higher
depree of asscciation with pariicnlaie matter. There-
fore, biomonitoring of Cladophora for meials comple-
ments other studies of the aquatic ecosystem.

Since 1980, the Oniario Ministry of the Fovi-
ronment has annually moniioved PCB and elemenial
concenirations in Cladophoia at shoreling sites in the
Niagara River, The Niagara River Toxics Commit-
tee™ reporied the following based on a summary of
existing data at that time:

Cladophora specimens taken from the Niagara
River at Fori Erie, the Chippawa Channel and the
lower raver all exhibited higher levels of the following
contaminants than the Lake Erie specimens:

lead seleniumn zinc
PCBs chromium capper
nickel

The Fort Erie specimens exhibited higher levelg
of mercury and the lower river specimens showed
clevated concentrations of mercury, cadmiom and
arsenic,
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In a source investigation study carried out by the
Omntaric Ministry of the Environment in 1987%, the
following sites had the highesi mean values, of a total
of 34 sites surveyed on both sides of the Niagara River,
for the clements indicated. See Figures 4.4 at the end
of the chapter,

Canadian side:
Boyers Creek (aluminum)
Lyons Creek (barlium, cobalt & nickel)

& Usshers Creek {tiianiam, magnesium)

American side:

Occidental's sewer 003 {(arsenic & iomal
Kjeldahl aitrogen)

2-mile Creek (beryllium, mangancse &
phosphorus)

Landfill Norih (boron)

Bloody Run Cregk (cadmium)
Love Canal (chromium & mergury)
Pettit Flume (copper, won & lead)

Gill Creck area (seleninm & zinc)

Although there are exceptions, a general pattern
of gradually increasing downstream levels wags seen
on the Canadian side of the Upper Miagara River for
the following elemenis: aluminum, barivm, cobalt,
chromium, copper, iron, magnesium, nickel and tita-
nium. For these elements, the highest results were
found at tribuiaries Boyers Creek and Lyons Creek®',

Studies undertaken by the Ministry of the Envi-
ronmeni from 1980 1o 1987 have shown mercury
levels in Cladophora from gpecific sites in the mid-
Wiagara area and in the St. Clair River to be the highest
levels found in the Great Lakes. The Miagara sites:
Love Canal (0.85 - 2,35 ug/g) and Gill Creek (0.45 -
1.09 ug/e), are hoth siinated on the American side of
the river. Elevaied levels of mercury (above 0.05 ug/g)
during the same period have been found in samples

from the upper river on the Canadian side at levels
ranging from less than 0.01 10 0.13 ug/g. Overall, it is
appareni that the Niagara River Cladophorg mercury
levels were found to be higher in the early 1980’s and
lower in the laie 1980°s. This wend is most evident in
the lower river on the Canadian side and in the middle
of the river on the American side®,

PCB levels in samples taken ai Gill Creek (1U.5.)
(2200 - 16000 ng/p) during 1982-87 studies have been
identified as the highest levels in the Great Lakes
sampling, Elevated levels {above 200 ng/p) in
Cladophorg at Love Canal (152 - 442 ng/g), Landfill
Morth (120 - 578 ng/g) and Bloody Run Creck (<20 -
1810 ng/g) were also recorded on the American side of
the river onjy.

The Niagara River (17 - 57 ug/g at Gili Creek)
and 51 Clair River samples had the bighest overall
fcad levels in the 1982 1o 1987 Greai Lakes surveys
(MOE data report @ press), No clear trends are
evident however the data suggesis decreasing levels
on the Niagara River, These decreases may be due io
the varlability of sampling and/or weather toduced
faciors which affect the bioavailability of lead in the
CNVITONIMCnt,

4.4.2 Biota - I'ish

Fish accumulate chemical substances from water
and from the aguatic food chain. Consumption of
contaminated fish provides a major rouie of exposure
for numerons organic compounds {0 man as well as
other fish-eating organisms (e.g. gulls, mergansers
and mink). Biomonitoring for contamimanis in fish is
carried ouil under two programmes within the Ontario
Ministry of the Environmeni: young-of-the-year
spottail shiner collections and the sport fish programme
conducted in cooperation with the Ontario Minisiry of
Natural Resources.
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High levels of phenols can lead 1o tinting of fish
flesh. Levels of phenols have been recorded over the
waler quality objective in Frenchman’s Creck, how-
ever, littke work has been done to relate concentrations
in the organisms to effects on the population®,

4.4.2.1 Spottail Shiners

Young-of-the-year spottail shiners (Notropis
hudsoniug) have proven io be sensitive biomonitors
for organochlorinegs and maetals. Accumulaied residues
of these subsiances reflect the most recent water qual-
ity conditions and bicavailability of conlaminants for
a given locality. Due 1o thew resiricied habitat, young-
of-the-year spotiail shiners have useful applications in
compliance moniioring and the detection of recently
introduced persisient contaminanis from land-based
SOUNCES,

In accordance with ihe long-term biological
menitoring recommendations of the NRTC report,
yearly sampling of young-of-the-year spottail shiners
has been continued by the Ministry of the Environ-
ment since 1975, Table 4.17 {locaied at the end of this
chapter) summarizes the findings at several locations
on the Canadian side of the Niagara River,

Although residue levels of PCBs in spotiail
shiners are significandly lower than comparable resi-
due accumulations of the mid-1970’s the downward
trends identified n earlier collections have moderaled
considerably in the 198075, PCB residue levels during
a four year period (1979-1983) showed little change at
Niagara-on-ihe-Lake. Residoe concentrations for
PCBs in 1985 were generally lower than concentra-
tlons in the 1984 collections; and remained consistent
in 1987 and 1988. Concentrations decreased consider-
ably in 1989 but then increased significantly (p<0.03)
i1 1990. Sampling by the WNew York State Department
of Environmental Conservation between 1981 and
1987 indicated an 80% decline in total PCBs in the
Niagara River, a significant reduction when combined

with Suns® (1983) data®; however, 1990 samples
showed PCB concentrations were significantly higher
(p<0.05) than sampies from 1988 and 1989 a1 all sites
in the lower Niagara River, The highesi concentra-
tions were found in shiners collected from the New
York State shoreline at Lewiston.

The most pronounced PCB residue reductions in
1983 samples, in absoluie terms, were noted at the
Peitit Flume in North Tonawanda and at Wheattield
(both upper Miagara River locations) in New York
State, The 1985 PCB levels (127438 ng/p) sull ex-
ceeded the JC s Greai Lakes Water Quality Objeciive
for whole fish of 100 ng/g. In 1987, one of three siles
sampled in the Niggara River was in excess of the 100
ngfg objective.

Total DT residue fluctuations remain largely
unexplained, alihough residue increases at Niagara-
on-the-Lake in 1981 and 1982 were investigated and
appeared 1o be related to agriculiural runoff with high
DDT conteni®. DDT residiues consisted largely of the
metabolite DDE and have not exceeded the
1,000 ng/g UC’s Greai Lakes Waier Quality Agree-
meni whole fish objective. Samples collecied in 1985
by the Department of Envirommental Conservation in
the Buffalo River had the highest concentrations of
p,p’-DDD of ali their Great Lakes sites (mean 34 ng/s,
min. 29 ng/g, max, 40 ng/g)*. None of the 1987
collections by the Ministry of the Environment ex-
ceeded the total DDT (and congeners) objective of
1,000 ng/g®; however, concenirations increased in 1989
and 1990 at several locations.

Althoungh temporal irends in the conceniration of
mirex in the Niagara River remain undefined due to the
extreme fluctuations in residue concentrations, mirex
levels in recent spottail shiner collections were clearly
lower than residue concentrations in comparable sam-
ples from the mid-1970’s. The decling is likely associ-
ated with the discontinuation of mirex packagiog op-
erations at Miagara Falls, New York during the mid-
1970°s. The guideline for the protection of aquatic life
requires that mirex be “substantially absent” in the
biota®. In 1990 mirex was detected in samples taken
from the Canadian side of the Niagara River both at
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Niagara-on-the-Lake and at Quesnston.  All samples
taken downstream of the 102ad Street iandfill on the
New York side had measurable mirex concentrations
in 1990,

A considerable decline in mercary concentra-
Hons was observed at Niagara-on-the-Lake beiween
1977 and 1980; however, recent mercury residue levels
indicate a levelling off of this decline. Mercury

restdues in all MOE Great Lakes spottail shiner collec-
tions were found 1o be below the Aquatic Life Guide-
tine of 500 ng/g.

Generally, there are no indications that signifi-
cant changes are taking place in total DDT, mirex, total
BHC, hexachlorohenzene or ociachtorostyrene residues
thag may be construed as wends,

TABLE 4.18
Tetrachiorodibenzo-p-dioxin (2,3,7,8-TCDD) Residues in
Young-of-the- Vear Spottail Shiners from Selected Sites in the Niagara
River
2,3,7,8-TCDD

Site | Sarapling Site 1981 1982 1983

" N | pg/g | N |pglg| N | pg/g
46 |Fort Erie 1 | ND
47 {Frenchman's Creek 1 15 1 | ND
49 | Wheatfield, N.Y. 1| ND
50 | 102nd St. Niagara Falls, N.Y, 2 8
51 |Cayuga Creek, N.Y. 2 59
52 |Search & Rescue Sin,, N.Y, 1 | ND | 1| ND
53 | Ussher's Creek 1 | ND |1 ND
58  |Peggy's BEddy, N.Y. 2 7
59 | Niagara-on-the-Lake 2 14
Detection Limit - 3 pg/g
ND - Non detectable
N - Number of samples; Hach sampie is a composite of 20 fish.
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Table 4.19

Polychlorinated Dibenzofuran Residues in Young-of-the-Year Spottail
Shiners from Selected Sites in Niagara River - 1983
Congener Mix % o Total

Sampling Site B 41 | 5C1 6Cl 7CH 8Cl | PCDF-pg/e
Wheatfield N.Y. 1 24 17 38 20 1 3179
Search & Rescue Stn. Yo
Niagara Falls, N.Y. t 76 23 17 4 0 646
Ussher's Creek Ont. 1 99 1 0 0 0 232
Niagara-on-the-Lake i 57 19 16 8 D 680
N = pumber of sampling periods
4C1 = tetrachlorodibenzofurans
5C1 = pentachlorodibenzofurans
6C1 = hexachlorodibenzofurans
7C1 = heptachlorodibenzofurans
8C1 = oerachlorodibenzofuran
PCDF = polychlorodibenzofurans (sum of congeners)

Tables 4.18 and 4.19 present resnlts of residue 4.4.2.2 Sp@rﬁ: Fish

analysis for teira~chlorodibenze-p-dioxin (2,3,7,8-
TCDD) and polychlorinated dibenzofurans from se-
lected Canadian and U.5. sites on the Miagara River.

Data from the 1990 collections at Cayuga Creck
N.Y. and Miagara-on-the-Lake show that dioxin avail-
ability has decreased. The mean concenation of
2,3,7,8-TCDD which was 59 pg/g (parts per iillion) in
the 1981 Cayuga Creck collection, showed only 8 pg/
g (8.8 pe/g of 2,3,7.8-TCDD equivalenis) in the 1990
collection, These results are tn agreement with resuls
published by NYDEC. DEC investigations show that
fish contaminant levels decreased by 22-80% follow-
ing clean-up activities in the Cayuga/Black/Bergholtz
Creek system associated with the remediation of the
Love Canal, 2,3,7,8-TCDD concentrations in shiners
taken from Niagara-on-the-Lake have similarly reduced
from 14 pg/g in 1981 io not-detected in 1990.

The Niagara River has been monitored since
1978 as part of the Oniario Sport Fish Contaminani
Monitoring Program because it is a popular angling
location. This programme is a co-ordinated underiak-
ing of two Ontario Minisiries; the Ontario Ministry of
MNaiural Resources, whose staffl is responsible for col-
lecting fish flesh and the Ministry of the Environment,
whose staff analyses the fish for various contaminants,
using skinless, boneless, dorsal fillet samples. Con-
sumption advisories for Ontario anglers are then pro-
vided for various sizes of each species iesied. The
advisories are based on human health protection advics
provided by medical specialisis in the Minstry of
Labour, and on Health and Welfare Canada guidslines
for commercially matketed fish, Consumption advice
on Niagara River spoit fish as well ag spori fish from
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over 1,600 Ontario locations is provided io the public
in the annoually updated “Guide 10 Eaung Ontario
Spori. Figh” 9

A number of sport fish species have been sam-
pled from both the upper and lower Niagara River. In
the upper Niagara River (Table 4.20), only freshwater
drum over 35 cm and white suckers over 45 cm are not
suitable for unlimited consumption. The drom are
restricted due to PCB values above the 2.0 ppm crite-
rion, while mercury levels above the 0.5 ppm criteria
are causing the consumption restrictions on white
suckers. In the iower Niagara River (Table 4.21), the
following species have consumption restrictions due
to PCB/mirex values above ihe federal guidelines:

Ainerican Eel > 55 cm
Rainbow Troul > 65 cm
White Perch > 25 cm
Fake Trout > 25 cm
Channel Catfish > 85 cm
Chinook Saimon > 65 cm
Coho Salmon > 55 cm.,

I must be noted that some spegies, particularly
sport fish are nomadic in naivre. Those caughi in ihe
Niagara River will have spent considerable time in the
adjacent Great Lake (Erie or Oniario). Exposuie to
chemicals outside the Niagara River may have con-
ributed 10 the levels detected.

For all these species, women of childbearing age
and children under 15 shonld not consume these fish.
For adult males and women not in the childbearing age
catcgory, consumpiion should be Bmited 10 one 1o two
meals per month. As well, yellow perch, while snit-
able for unlimited consumption at sizes below 30 cm,
have consumption restrictions due to mercury levels
of between 1.0and 1.5 ppm in sizes above 30 cm. Lake
trout (which end to accomulate the highest organic
contaminant levels among Lake Onavio sport fish)
sampled near the mouth of the river were restricted
above 25 cm due 10 elevaied PCB and mirex levels.

Mirex has been acknowledged as the contami-
nant most limiting io sport fish consumption in Lake
Oniario. Three potential sources of Mirex to Lake
Ontario have been identified: the MNiagara River, the
Oswego River and the Credit River. Recent work by
Ontario and New York indicate that inputs from the
Oswego River are lessening and that no impact from
the Credit River has been detected,

Mirex was not detecied in the upper MNiagara in
any of the yellow perch and white suckers sampled.
Mor was it detected in any of the rainbow trout sam-
pled except one. For these same species in the lower
Niagara, mirex was detected in almost all the sport
fish samples, with maximum values above the 100 ppb
foderal government guideline in whiie sucker and
ramnbow trout. As well, Lake trout were sampled in the
lower Wiagara, and all samples were above the 100
ppb guideline. These results indicate a definite source
of mirex in the Niagara River. Table 4,22 shows the
comparative mirex resulis for sport fish sampled in the
upper and lower MNiagara River in 1986,

Mean mirex levels in lower Niagara River whiie
sucker and yellow perch increased slightly throughout
ithe garly 1980°s (Table 4.23), which further indicates
a continuous input from the Niagara River.

Mean mirex valoes in white sucker and vellow
perch from Lake Oniario do not exceed the 100 ppb
consumption guideling; however, the conceniration
did not decline between 1982 and 1986, also sugpest-
ing continning input from the Miagara River. Mirex
levels in lake trout and rainbow trout are more than
doubie the 100 ppb guideline, indicating severe con-
famination of these species. While the 1986 mean
mirex level in rainbow trout 1s substantially less than
the guideline (Table 4.23), any rainbow trout over 65
cm in length will exceed the guideline, therefore
significantly impairing the uiilization of these fish for
food. Although mirex is present in substantial conThe
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TABLE 4.20

Consumption Advisories for Sport Fish from the Upper Niagara River

Fish Size in Centimeires

Water Body Fish Species 15-20 | 20-25 | 25-30| 30-35 |35-45] 45-55| 55-65 | 6575 | »75
Ypger Hiagara Rainbow Smelt g
Rivar Freshwater DU R
{Furt Evlo) Yellow Perch <
Rock Bass S =
White Bass S
Smallmouth Bass | A <R O
Rainbow Trout N RN
Hedhorse Sucker oA R | R | T | |
iler Crask Smallmouth Bass S G L Ei T
Yellow Parch €M) < | <,
White Sucker L= L L~ O E = § B0
Ralnbow Trout L R 3 E
Uppst Nisgara Yellow Perch | | S
%ﬁ%ﬁg%ﬁ? " Ralnbow Trout S g R |
Duaferis lsiand White Sucker | | <

15-20 2025 25-30 30-35 35-45 45-55 B5H5 G575 »7H

Consumption Guidelines for Fish Caught by Anglers

Consum ption Advisory Level

Freguency -

Long-term o " pals/im0. Tiona
Consuimption resirleitons 0.2 g .wk 01 kghwi. 0.5 kg/mo.

One Week 0 0 meats 7 meals -2 imeals

Vacation resirlesions 2.9 ky. 1.54g. 0.5 kg. nong
Two Wesk o 5 maalsfak. 4 maalsfwi. 1-2rnealafink

Vacation resiriciions 1.3 kg vk 0.8 kg favk, 0.5 ko. Ak nng
Three Week o 4 etk 3 inaslefwi T-2maalsfiik

Vacation sestictions Thg ok, 1.8 ly Sk, 0.5 kg furk. nona

Children Under 15 and Women of Childbearing Age Should Eai ONUY FISH IN CATEGORY m

Sowrce:

The Guide io Eating Ontatio Sport Fish, Febrary 1990
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TABLE 4.21

Consuraption Advisories for Sport Fish from the Lower Niagara River

Fish Size in Centimetres

Waker Body Fish Spacles 15-20 | 28-25 | 25-30| 85-35 |35-45 | 45-55| 8588 | 6575 »15
Lower Nisgara American Eel | G Gt [
River Rainbow Trout S R S L {2 I g Lo g e
(Queension ¢ Yellow Perch |
W hiripool) Walleye <

Muskie < 3%

Northern Pike A R e 0

White Sucker S R~ = { =

Coho Salmon

Rock Bass

Smallmouth Bass

Whiie Perch

Brown Bulthead
Redhorse Sucker
Kainbow Smelt
Lake Trount
Channel Caifish
Freghwaier Dium
White Bass
Chincok Salimon
Lake Untario,

Miagara-on-the-Lak Lake Trout 3
mmlgggig %?eﬁ!er A Kainbow Smelt <

15-20 20-25 25-30 30-35 35-45 45-55 B5-B5 6516 7%

Consumption Guidelines for Fish Caught by Anglers
Consumpiion Advisory Level

Frequency

Long-term T b

Consumption wsitlctions 0.2 hg.wie 0.1 kg,

{Ime Week a0 10 asis 7 maals

YVacation resirisilons 2.3 g, 15 ky.

Two Week o 5 mealsfi A masisiu 1-Smealsiw

Yacation rastrictiong 1.8 kg Ak 0.8 k. Ak, 0.5 kg fork, s
Threo Week o 4 menlafrk, 3 mealsfork, 1-2roalshk

Vacation restricdons 1 kg 0.5 kg fark, 0.5 kgl nate

Children Under 15 and Women of Childbearing Age Should Eat ONLY FISH IN CATEGORY
Source: The Guide io Hadng Ontardo Spori Fish, February (990
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TABLE 4.22
Mirex in Niagara River Sport Fish
Sampling Species # Length Mirex Congentration
Location
Mean e (o Mean Range
(cm.) Range (cm.) {ppb) (pply)
Upper Yellow 17 18.4 15.2 - 25.8 ND ND
Niagara Perch
River
White 6 33.5 15.8 - 44.8 ND ND
Sucker
Rainbow 1 36.4 31.0-47.0 ND ND-12
Trow
Yellow 20 235 199350 7 ND-134
Perch
White
Lower Sucker 20 39.3 284 -51.7 24 ND-160
Niagara
River Rainbow | 58.2 40,0 -90.5 60 ND-218
Trout
Lake ;
T 20 66.6 56.1-72.8 251 114-540
YOul
LEGEND:  # - number of fish analyzed
NI - not detected (detection limit = 5 ppb)
NOTE: for MD, the detection limit value was used in calcuiating the mean
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TABLE 4.23

Lower Niagara River

(Queenston-Whirlpool)

PCB and Mirex levels* (ppb) in sportfish 1978-1984

PCB (puideline = 2000ppb)

Species ‘84 82 81 80 Wt
Lake Tront 3284 - - - -
Rainbow Trout - 1075 - - -
White Sucker - 1081 692 505 -
Yellow Perch - 222 194 86
White Perch - 1394 - - -
Rock Bass - 146 270 -
Smallmouth Bass - 366 -
Eel - - - 2928
{Coho Salmon - - - - 2094

MIREX {guideline = 100 ppb)

Species '84 ‘82 81 80 "78
Lake Trout 269 - - -
Rainbow Trout - 70 -
White Sucker - 27 20 -
Yellow Perch - 8 5 -
White Perch 39 -
Rock Bass 7 16
Smallmonth Bass - 15
Bel . - - -
Coho Salmon - - - 142

* - mean concenirations based on a ranimum of 9 fish per sampling
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TABILE 4,24

Contaminanis in Fish Data Summary (1984)

Location: (Lower) Niagara River  (Queenston-Whirlpool)  Reglona] Municipality of Niagara

Species of Tish: Lake Trout R??}miw Si:l(;::m Brown Trout Fm;;?fmuter

Bample Size: 19 6 3 2 1

Leagth (cm) Menn 62.8 52.2 473 39.2 40.5
Min 53.0 29.2 41.5 36,3 -
Max 69.9 754 53.5 420

Weight (gm} Mean 2351 2376 1415 1155 900
Min 1500 352 909 694 -
Max 3500 4175 1762 1615 -

g (ppn) Mean 037 0.19 0.07 0.0 0.49
Min 0.28 0.04 0.06 0.03 -
Mlax 0,47 050 0.08 0.06 -

2CB (ppb) Mean 3284 1362 297 1305 2190
Min 1710 187 261 1120 -
Plax 5320 3610 367 1480

Mirex {ppb) Menn 269 154 8 59 91
Belin WD 10 ND 54 -
Pelax 490 385 14 64 -

Cu (ppuy) Mean 0.54 047 0.34 (.49 0.29
Min 0.28 0.31 0.20 0.48 -
Mnx 1 0.78 0.6l 0.49 -

Ni (ppm) Menn <0.42 <0.39 <0.58 «0.39 <0.39
Mia <036 <0.38 «0.40 <(.38 -
Max 0.62 <0.41 0.92 <0.39 -

Zn (ppm) Meas 3.2 4.4 4.7 5 6.3
Min 22 32 d 4.2 -
Max 4.3 738 LN 5.7 -

Pb (ppm) Miean 0.59 <0.59 <06t <{.59 <0.59
DMlin .53 <{1.59 <{1.60 <0.58 -
blax 0.65 <{).61 <{.61 <{.59 -

Cd (ppm) Mean <0.039 <0.039 <0040 <0.039 <0.039
Min <0.035 =0.038 <0.040 <0.038 -
Max <0.044 <0.040 <0.04C =0.039 -

Mua (ppm) Mean <0.39 <39 <0.41 <0.39 =0.39
Min <035 <0.38 <0.40 =038 -
Max 0.44 <0.41 <041 <(.39 -
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centrations in rainbow wout throughout Lake Ontario,
concentrations are higher in locations nearer o the
Niagara River.

The mirex in the Niagara River is chiefly from
U.5. sources and has been found to have an impact on
sport fish from ali parts of Lake Ontario from Hamilion
Harbour in the west to the Bay of Quinte in the east and
includes such species as lake irouni, rainbow trout,
chinaok salmon, white perch and wallsye.

In the five sport fish species listed above, and in
other species not listed here, mirgx is found at deteci-
able and quantifiable levels. Mirex is not a deiectable
contarmninant o fish from any other of the Canadian
Great Lakes or from inland waters in Oniario.

PCE levels were higher in the lower MNiagata
River species, however, only one white sucker and
one rainbow irout sample were above the 2,000 npb
guideline,  Significani PCRB levels were detecied in
lake trout and rainbow troui which were temporarily
resident in the Niagara River in the 1982-1986 period.
The lake trout exhibited considerably more PCB con-
tamination than the rainbow trout. Lake Trout are sub-
Jject to a consumption advisory because of PCB levels
in the fish flesh.

Other organic contaminanis were occasionally
detected in the lower Niagara vellow perch, white
sucker and rainbow trout, and were more elevaied in
the lake froug samples, but not at levels of concern,

Analysis of upper and fower Niagara River sport
fish for arsenic and selenium did not indicats any
elevated levels.

Although a number of contaminanis are detecied
in fish flesh, the only organcchlorine coniaminanis
which vesult in sport fish consumpiion advisories for
the lower Niagara River (Table 4.24), are mirex and
PCBs.

Even though this Remedial Action Plan is re-
stricted to identifying and providing remedial alterna-
tives for Canadian sources of contamination, the ef-
fect of contaminants originating on either side on
migrating fish is a concern felt equally on both sides of
the river.

Fish consumpuon advisories, particularly for
mirex and PCBs, are based on the concept of “tolerable
daily intake”. The ideal intake of persistent oxic
chemicals such as these, is zero, since they have no
useful purpose in the hwman body.

4.4.2.3 Fish Pathology

(reater than anticipated incidences of lesions
and neoplasia in several species of fish in the Niagara
River drainage sysiem have been documenied®,
Among the causes known io produce these phenom-
cna are chemical contaminants, pariicutarly PAHs,
Researchers have been successful in producing der-
mal neoplasia on brown bullheads with periodic paini-
ing of extracis of PAH-contaminated sediments from
ihe Buffalo River®,

Researchers from Brock University have stud-
ied™ gonadal neoplasms in wild carp-goldfish hybrids
froim the Welland River. Higher incidences of tumors
in carp-goldfish hybrids and lower species richness
occur in the lower Welland River compared to the
upper Welland River, This has been correlaied to
deteriorated water guality in the lower Welland
River”,

In addition, 80% of the mature hybrids in the
portion of the Welland River with the worst water
guality (lower portion) had ncoplasms™. No neo-
piasms were found in juvenile fish.

Recent investigations into mutageneticity of this
hybrid have shown that the ncoplasms are geneticatly
related rather than associsied with contaminant ef-
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fects, The varnations in percent occurrence of neo-
plasms is now thought to be linked with the abundance
of this hybrid and the difficulty in differentiating carp
from carp-goldfish cross rather than conditions in
various reaches of the Welland River. The non-
incidence of carcinomas in juvenile carp-goldfish ap-
pears 1o be related o age. As the hybrid ages, the
neoplasms siart 1o increase.

Other biologicat manifestations seen in areas of
high contaminant levels but not found in the Niagara
River (Ontarlo) area of concern, include high
incidences of liver and gonadal neoplasms, lip
papillomas, spinal clrvatures, reduced fecundiry and
condition, and reduced egg survival and hatchability.
The exact cause of these symptoms is unkoown in
most cases.

4.4.3 Biota - Benthos

Benthic invericbrates bave been recognized for
their value as indicators of environmenial quality due
o their abundance, low mobility and habiiat prefer-
ence. They usually remain in a localized area for their
entire life-cycle, which may vary from six months to
two vears, and thereby indicate past as well as present
environmental conditions.

In a study conducied in 1983 to assess the rela-
tive abundance and disiibuiion of benthic inverte-
brates in the Niagara River, a variety of benthic inver-
lebrate community types were observed™. The distri-
bution of community types was largely governed by
the physical environment (i.e. depth, current speed,
botiom subsirate composition and the presence of
aquatic plants).

In 1983, some local arcas along the Niagara
River shoreling in the Buffalo area exhibited a slower
water velocity and numbers of inveriehrates tradition-
ally regarded as “pollotion sensitive” wese identi-

fied™. The sedimenis deposiied there were severely
contamanated and appearcd to have resulied in some
impairment of these invericbraie communities,

In the Chippawa Channel, benthic communities
were healihy in spite of fairly high levels of arsenic
and cadminm tn the sedimenis. In the lower river and
adjaceni parts of Lake Ontario, a small number of sites
had communities which were apparently impaired by
contamination.

Benihic invertebrate communities appeared to
be somewhat healthier in 1983 in the Tonawanda
Channel and the lower river compared 10 a previous
survey carried out i 1968 by the Ministry of the
Environmeni’s predecessor, the Ontagio Water Re-
sources Commission™. Some of this difference may
be due to changes in sampling methodology and intey-
pretation iechnigues.

A study in the early 1980 regarding contami-
nant. levels in benthic inverichrates in Lake Ontavio
(western basin) and Lake Erle (easiern basin) was
conducted 1o determine differences based on Miagara
River contaminant inpuis™. Significantly higher lev-
els of organic contaminants were found in Pontoporeia
affinig, an amphipod, in samples collected at the mouth
of the Niagara River compared 10 those collected in
Lake Eric (Table 4.25)

NOTE: For PCBs, DDE, dieldrin, hepiachlor
epoxide, oxychlordane, mirex alpha-chlordane and
hexachlorobenzene, the daia reported in Whittle and
Fitzsimmons (1983) has been checked and monitored
annually for QA/QC and is fully acceptable,

For photomirex, tri-, ieiva- and penia-
chiorobenzenes, alpha- and beta hexachloro-
cyclohexane (BHC) and wans-nonachlor, the data re-
poried is fully acceptable although it has not been
checked and monitored annually for QA/QC.
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TABLE 4.25

PCB and Organochiorine Concentrations in Ponioporeia affinis

Lake Erie Lake Ontario

(Fastern Basin) {(Western Basin)
Number of 5 5
Samples
Percent Lipid 203 (0.3) 24,1 {(14)
Mean Contaminant Concentirations (ng/g dry weight) and Standard Error )
p.p-DDE 58 (18) 292 {an
iotal DDT 110 31 440 (43)
total PCBs 560 (4 1378 (100}
Dieldrin 62 (23) 226 210
Chlordane 35 (15) 64 (14)
Mirex WD 228 {4
LHGEND: ND - not detected

() - standard error of the mean

For DDD and DDT, results should be inger-
preted with caution.

Mirex was detecied in samples from the Lake
Ontario sitie (mean 228 ngfg, dry weight) while all
Lake Erie samples were below the 10 ng/g detection
limit. All other organic comaminanis measured wege
significantly greater in the Lake Ontario samples.

Ponioporeia also had significanily higher mean
concentrations of mexcury, arsenic, copper and zinc
{Table 4.26)™. The resulis of this study confirmed that
the Niagara River, as the single largest tribniary io
Lake Ontario, is 4 major source of organic coniami-
nants and irace metals.

4.4.4 Biota - Mussels

Freshwater mussels (Elliptio_complania), ob-
tained from a clean locaton with low background
concentrations, have been shown 1o accumulate race
contaminants following exposure 1 a known source
argn’7, Since mussels are filier feeders, the accumu-
lation of contaminants is from food, from solution and
from the ingestion of inorganic particulate magerial.
The ability of mussels 1o respond 1o these three ronies
of contaminant uptake provides additonal informa-
tion on environmental conditlons and sources in a
given area,
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TABLE 4.26

Inorganic Contaminant Mean Concentrations in Pontoporeia affinis

Lake Ontario
{(Western Basin)

Lake Erie
{Fastern Basin)
MNuriber of 5
Sarnples

4

Contaminant Concentrations (ug/g dry weight) and Standard Error ()

Mercury 0.09 (0.00)* 0.40 (0.05)
Arsenic 3.10 (0.10)* 7.43 (0.24)
Copper 85.60 (0.40y* 98.50 (2.08)
Zinc 60.0 (1.00)* B9.75 {1.89)
Lead 2.90 {0.40) 4.50 (D.75)
LEGEND: () - standard error of the mean

*. gignificant difference at p<0.05

Environment Oniario has been condocting
biomonitoring stdies using introduced (caged) mus-
sels in the Niagara River since 1980. Resulis from
ihese sindies have shown that, excepl for BHCs de-
weeted in the Chippawa Channel, most areas of con-
taminant sources in the river are locaied along the
mainland shore in the upper river on the American side.
The table, “Areas of Elevated Contaminants”, shows
levels above background Lake Frie levels,

The locations of elevaied levels of contaminanis
in mussels agreed with known sources in the river and
also corrglated with the spatial differences observed in
indigenous biota (Cladophora, and young-of-the-year
fish).

The daiacollecied in 1981 and 1983 (Table 4.27)
show considerable within-year variability in contami-
nant concenirations and when compared 10 1987 re-
sulis, no clear long-term twrend was evident. Mean con-
cenirations of some contaminanis however, were mach
higher than in previous vears {¢.g. mirex at OCC Sewer
003; 1,2,3,4-tetrachlorobenzene and penia-
chlorobenzene at Peutit Fhume, Love Canal & OCC
Sewer 003, hexachlorobenzene at Peutit Flume,
octachlorosiyrene at Gill Creek). PCB and
hexachlorobenzene levels were lower in 1987 af the
Miagara-on-the-Lake station than in 1980-83.

Niagara River Remedial Action Plan - Stage 1



CHAPTER 4

Page (4 - 38)

Areas of Flevated

Contaminants
Buffale River month

Bloody Ruou Creek

{(Hyde Park)
PCBs PCBs
Chlordanes hexachlorobenzene
Gl Cresk mouth ‘Wheatfietd
PCHs PCBs
hexachlorobenzene Chlordanes
ootachloroiyrene hepinchior epoxide

hexachlorobniadicne hexachlorobenzene

Petiit Flmme S & N Area
Occidenta] sewer 083

PCRs PCBs
BHCs mirex
Chlovdanes pexachlorobnsadiens
hexacihlovobenzens 1.2, 3-tetvachlorobenzens
1,2,3 4-tetrachlorobenzena praiachlorobenzens
peniachlorobenzene

Niagara Falls, New York
PCBa dieldrin
BHCs endrin
Chlordanes aATAINEC
heptachlor epoxide £Opper
hexschlorobenzene zine

Drioxin and furan levels were monitored at se-
lected siles in the Niagara River in 1985 and 1987 by
Environment Cniario.  The Petiit Flume site in
Tonawanda, (N.Y.) was found 1o be an active source of
dioxins (inciuding the mosttoxic form, 2,3,7,8-TCDD)
and furans, Maximum 1985 levels of 2,3,7,8-TCDD
were 3.6 ng/g in sediment and 0.02 ng/g in caged
mussels. In 1987, samples iaken at the same site
reached 9 ng/g i sediment and 0.2 ng/g in the mussels.
In 1989, measured sediment conceniraiions of 2,3,7,8-
TCDD at the Peitit Flume decreased 10 batween (.52 10
1.10 ng/g. This variation in andistnbed sediments
likely indicaied localized variabiiity in sediment con-
cenrations. These concentrations are still high and the
findings indicate thai the source is continuing to velcase
dioxin to the Nlagara River and that 2,3,7,8-TCDD is
still available for uptake by the Miagara River biota.

4.4.5 Biota - Avian Wildlife

The status of the avian populations of the area is
unknown. The general opinion of long-ierm bird waich-
ers indicates that the number of birds is declining. The
actual cause for this percetved decline is hard to deter-
mine but is suspected to be the culmination of many
factors including toxic contaminanis, loss of habitat,
and physical disturbances. Birds end 1o be sensitive
indicators of environmental toxicant problems due o
their small liver size, rapid food uptake, and high body
temperaiure®, Many birds ulumately depend on aquatic
food chains, whether they eat fish direcfly, aquatic
vegetaton, or msects that emerge. Waier quality ob-
jectives for the protection of fish-eating birds are ex-
ceeded in the cases of PCBs and organochlorine pesii-
cides in some locations along the river,

Moniioring of spatial and temporal tends in
wildlife in the Great Lakes basin bas been underway
by the Canadian Wildlife Service since 1974, The
Niagara River programme has been cenired on con-
tamninani levels in Herring Gull and Black-crowned
Night-Heron eggs. Contaminant levels in indigenous
and inireduced biota in ihe Niagara River also have
provided a good indication of sources and
bioavailability in the Niagara River.

Herring gull eggs have been collecicd almost
vearly by the Canadian Wildlife Service (CWES) for
contaminant analysis from an island just above the
falls. In April 1989, 37 nests were counied. Black-
crowned nighi-heron (BCNH) eggs are also periodi-
cally collecied from the island. In Aprl 1989, 153
BCNH nesis were counied on this island and 43 nests
were counied on two smaller islands upsiteam, The
location of these islands prevents revisiting of the
colgnies 1o determine hatch success and rate of de-
formities: the disturbance would cause the chicks 1o
retreat 1o the water and be swept over the falls. The
resulis (Table 4.28) from these collections and some
done in 1971 on Lake Erie suggest a reduction in
organochloring coniaminant levels between 1971 and
1986 in Herring Gulls. Fish-cating birds have gener-
ally been found to accumunlaie bigher residue levels
than camivores feeding on terresinial marmals or
birds”.
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TABLE 4.27

Contaminant Concentrations in Mussels Kxposed in Niagara River
Station Year ;g‘;’ pac e e Ji,z,a,as,cn ocn | nes ocs | % Lipid
Cake Loie - HGa0 ~‘ TH71 YRR HA | TR 1%, | A [REY NP
Thunder Bay 1981 Tr. Tr * NA z MA NA Tr. # 0.9+/-0.2
1983 * L+ « LI . - » NA
1987 « E - @ « @ ® * L0+/-03
Chipprwa Ch. - | 1980 | 23+/-4 SR NA A NA | ND NA | L3404
Chippawa 1981 “ VA » NA NA NA 2443 " MA
1983 . Tr, w | 2eke - . . . NA
Tonawanda Ch. | 1080 FA I NA MNA NA NA WA NATTTTNA NA
Patlt Flume 1981 | 38421 1U+f-2 " MA NA NA 1445 w MA
1985 . « ) e -4 - e ] e * 0.9+/-0.2
1987 | 350025 405 10 L1043 2460450 17054242 5584485 | 2eht | L1403
Tonawanda Ch. 1981 | 213+/-49 1+/-0 " NA NA NA )2 %« 1.04/-0.3
- Love Cannel 1983 1 107+/-74 2443 * - B0/-60 44f.1 S+f-2 " NA
47448 g * “ " 1. 20| 5ekl ] 1400
W Ed = L] o '['r_ Ll @
- A+f.5 @ 142 “ 234439 195438 1 2/2 NA
a w & & ' a 31 # NA
1987 | 110+8 443 ° 1s1 [2914206  [343+211 | 5845 | LI.SH)A
"onawanda Ch. “ 1G8D | 18+/-8 143 “« | MNA i NA MA 441 NA : 1.5+0.3
MNia Falls, NV 11981 | 161+/-37 Stz | B2 ] NA NA NA Bt =] NA
1983 | 15244200 -2 L - 114/-6 Baf-l - 1.da/-0.1
ronawands Ch. | 1983 " Tr. | 344 | 200421 | 30+£51 | 36415 | 12010 {1411 NA
5 & M Slie 183+/.158 # B+f7 | 24f-L - G128 1 124061 14443 | 094402
(outfall 093) 27 L% L+ a5 » 124420 1104119 | 2402 NA
WaerEs | # o f6aei0a * 1244433 28042108 | NA
# “ * Fafed * 1144} 242 % BA
1987 32242102 | 2473 1679'”'4 3442 |16244-207 [20440.260 | 2046 | /4 | 144/0.1
Tonawanda Ch. | 1981 | 72247164 | 1253 [T NA | NA NA |10+78 | 3eEr | 09402
Gill Creck 1983 | 825+/-454 g A 43448 Tr., 409 | 11s/12 - NA
119241367 | 34/-1 *  IND T, 2403 jrwr Lo 1.04/-001
197441736 | 1+/.5 B #3ep45 * 2M4/-17 | 154218 » NA
268+/-130 | 1443 O HDALG » Tr, 4412 » A
Tr. Zf-4 “ “ " 12940204 | 5442 @ MNA
1987 | 93544133 | 7443 74458 | G0 /13 [adep16 824451 3 B1w02
ow. Mlagara R [1983 ] ¢ | ¥ T bt o 1a0e/5 3545 |1aeli] | NA
Bloody Run Cy 12240102 1 1wl G AeA3 ® 18412 [38+/22  |49+/32 k4 1.2440.1
(Hyde Park) 1174262 | ND 184415 | BaATR (1384030 11964182 ¢ NA
864476 1e/] SR » 1284421 | 984413 . NA
[ 104414 | = ND » 2764817 1714413 * NA
1987 | = 0afes A 10423 | dAepS (324436 |514419 | 1efl | 104402
Low, Ningava R | 1980 | -1 7 2377 # 7T HA NA NA T MA | OHEDA
MNisgara-on- 1981 | 48414 Uef2 | Tr. | Na NA NA 344 3443 | NA
the-Lake 3420 | Sapl " * e 1405 § T NA
| 15438 P eel |« | e » LR PO R 14004  NA
RTINS s b 5 “ 1402 T | NA
69417 Sep1 * w “ o 14/-1 o | Na
1983 * 1, " * " k3| 3442 * NA
11987« . . . “ ¢ . ¢ | 1o
Method Detection Lim [ 20 43 b] ] 1 t 1 1 T
MNote: 1) NA = Not Available 2}* = not detected at ML,

Niagara River Remedial Action Plan - Stage 1



CHAPTER 4

Page (4 - 40)

TABLE 4.28

Contaminant Concentrations in Herring Gull and Black-Crowned

Night Heron Eggs from the Niagara Peninsula

Species Vear ﬁ'ﬂ/‘;@ﬁaﬂ T@iﬁ?. Fotal T@tai Number @f

Mean DDT* Mean P(CBs Samiples

Herming Gull 1971 10.4 (14.5) 74 (87 21
1979 4.2 1.334 50.5 22.51 10
1982 3.73 1.143 45.5 1in
1986 2.73 1.106 22.55 10.52 10

Black-crowned | 1971 7.82 (24.1) 27 {1y i3

Nighi Heron 19712 (2.6) 7 10
1971 ©.3) (18} 3
1982 5 e 189 i
1986 3.44 e 334 1

LEGEND: * . refers to sum of BDT and metabolites {DDE and DDD)
5D - standavd deviation (aumbers in brackeis ate ranges)

NOTE: figgs taken in 1971 were by independent researchers from the north shore of Lake
gggs taken after 1971 were by Canadian Wildlife Service from colonies on the
Niagara River above the falls.

Analyses of Niagara River Black-crowned Night-

Heron eggs from the Canadian Wildlife Services’s
1982 coliection? indicaled elevated levels of digldrin,
mirex, beta-HCH and the four chilorobenzenes over the
eggs from colonies in Lakes Erie and Huron.

The Niagara River was ranked the lowest in
tenms of quality when compared @ the other 4 sites
momnitored {in Lakes Erie, Horon, and Omario). An
mcrease m prang-nonachlor and PCB levels in egps
from 1982 to 1986 appears to be indicated by the data
collecied,

The Canadian Wildlife service has moniiored
dioxin levels in the eggs of herring gulls from sites in
the NiagaraRiver since 1981, Dioxin and dibsnzofuran
results are presented in Table 4.29. Levels in 1986
appear to have declined somewhat since the inigat
sampling stadies, atthough there is no indication of a
significant downward wrend.

Crganochlorines (PCBs, dieldrin, and DDE) were
implicated as the cause of deail of ring-billed gufls in
1969 and 1973, Levels of organochlorine in the beain
were significanilty higher in birds found dead compared
10 those collected by gan-shoi®. Recent colonial bird
contaminant work deals exclusively with egg levels;
tissne concenirations in most bird species is unknown,

Niagara River Remedial Action Plan - Stage I



CHAPTER 4 Page (4 -41)

TABLE 4.29
Concentrations of selected chiorinated dioxins and dibenzofurans in
herring gull eggs from sites in Lake Ontario and the Niagara River
1981-1986. (Single poels of 10 eggs per site per year).
Dibenzodiozins (ppt) Dibemaofurcans (ppi)
Location Year 2,378 TCDD| Other® | 23,78 TCOF | Other**
Ningara River 1981 87 39 - -
1982 69 29 -
1683 19 24 - -
1984 41 35 2 40
1985 4] 28 <2 19
1986 40 25 2 38
Lake Ontario
Snake Island 1981 185 33 -
1982 129 39 -
1983 90 51 - -
1934 101 54 <2 24
1985 &7 22 <2 <14
1986 65 26 <2 <14
Muggs Ysland 1984 60 44 2 28
1985 39 22 <2 <10
1986 49 23 <2 <12
;:otch Bonnet Istand 1981 50 36 <2 33
1982 42 25 <2 <12
‘Hamilton }:I';rbour - 1984
1986
Source: Canadian Wildlife Service, Ottawa, Ontario.
* {ncludes 112,3,7,8-;}@1,3 %,2,.3.16,7,&11(:;(& and octa-chlorodibenzo-p-dioxins.
No heptachlorodioxing were found.
1,2,4,7, 8-penta. 2,3,4,7.8-venta. 1,2,3,4,7,8-hexa. and
w* Inclndes 1,2,3.6,7,8-hexachlorodibenzofurans.
No hepta or octachlorodibenzotnrans were found,
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Some studies have been completed on PCB and
DDE concenwations in waierfowl by the New York
Siate Depariment of Environmental Conscrvation™,
the results of which are summarized in Table 4.30

Studies by NYDEC (1984-85}) on one waisriow]
species - goldeneye (Bngephala angula), that

overwinter on the Niagara River, involved the meas-
urernent of the relative upiake of an aray of chernicals

TABLE 4.30

during their period of residence on the river, Goldeneye
are migranis from northern Canada, thus were ex-
pecied to contain low levels of chemicals prior to
migration 1o the Niagara River system. Resulis indi-
gated that althongh these ducks arrived with elevated
levels of confaminants, significant accumulations of
several contaminanis (PCBs, Dieldrin, HCSH,
Heptachlor epoxide) occuered during their residence in
the area (Table 4.31), DDT concentrations remained
stable but the yate of cecurrence increased by a factor of

PCB and DDE Concentrations in Waterfowl
from the Niagara Frontier and Eastern Lake Ontario
and Fastern Lake Ontarie/St. Lavwrence Flyways
Concentration in ng/g of tissue®
Miagara Frontier
Waterfowl Species Compounds Wi Puscle
PCB 1.2 +-1.1 0.07+/-0.04
Mallard
DDE 1.58+/- 1.70 0.03+/-0.02
PCB .73+/-11.33 0.10+/-0.14
Bufflehead
DDE 0.82+4/- 1.16 <0.01
PCB 1.0 +/- 0.8 0.0 +/-0.2
Scaup
DDE 0.34/-0.34 0.01+/-0.01
BCB 0.6+/- 0.2 <{.01
Black Duck
DDE 0.67+/-0.75 0.01-+/0.01
PCB 0.014/-0.04 <0.01
Canada Goose
DDE 0.044/- 0,02 0.03+/-0.005
PCB 0.20+/- 0.1 <0.1
Wood Duck
DDE 0.134+/-0.08 <0.1
PCB 3164237 A
Common Goldeneye
LDE 5.57+f-7.84 KA
* - Arithmedc Mean -+/- standard deviation
NA - Not Analyzed
Sowrce: New York State 1983
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six between December 1984 and February/Maich 1985,
Goldeneye feed primarily on crustaceans and gastro-
pods and constitute a link between contaminants that
occur in prey species residing in sediments and water
and uptake by wildlife.

Tissue contaminant level in waterfow!| were de-
termined for goldeneve collecied just below Grand
Island upon arrival for the winter in 1984 and just
before migration to breeding grounds in the spring™.
Mean organochlorine levels in the duck fat increased
at least 1.5 times during their stay on the river: how-
ever, the fat conlent of the ducks was not determined.
Comparison of contaminant levels in hatching-year
and aduii male ducks indicate a significant body bur-
den of contaminants already in adult birds upon arrival
on the river.

Ten oldsguaw ducks were collected from the
river near Niagara-On-The-Lake in 1980 for contami-
nant analysis.  Unpublished resuls™ indicate very
high levels of PCBs in the breast muscle (>1 ppm toial
PCBs wel weight) and males contain higher levels
than females. The low numbers of ducks sampled at
the same stage of maturity and sex limits the statistical
confidence of the results.  These results cannot be
directly compared with those found in the goldeneye
as different tissue was measured.

Mallards were collected in 1988 around the
Welland River for contaminant analysis but resulis
have not yet been released.

The levels of organochlorines and PCBs in wa-
terfow! of the Niapara River need further investigation
and may warrant the need for consumption advisories.
CWSE is currently investigating the possibility ot con-
sumption adviseries for waterfowl harvested from spe-
cific sites in Canada. In [990/91, an intensive survey
was conducted in Ontario; samples were collected from
Niagara AOC. Breast muscle was analyzed for
organochlorines, metals and sclected samples were
analyzed for dioxins/furans. The residue data are now
undergoing assessment by Health and Welfare Canada.
Cruidelines do exist in New York Stale and the State of
Wisconsin, Twenty-six percent of duck hunters in the
Niagara District hunt exclusively on the river!™.

Work on contaminants in birds of the Miagara
River is very limited and restricted to levels. Back-
ground levels of contaminants need to be determined
in relatively “clean™ areas and compared with the fev-
¢ls found in the area of concern. There 35 a definite
needd for studies which determine the relationship
between tissue burden level and chronic effects on the
populations.  Possible sub-lethal effects can be cat-
egorized into physiological, behaviourial, and genetic
and morphological responses'™.

Ege shell thinning and embryonic mortality,
due 10 levels of DDT and its metabolites, were respon-
sible for the decline of several North American avian
species in the past including peregrine falcons, bald
eagles, and osprey. Recent work indicates that Bald
Eagles living near the Great Lakes have lower breed-
ing success and survival than those farther away'™.
Baldl cagles are opportunist feeders, with fish compris-
ing a large portion of the diet. Organechlorines have
also been implicated in mortality leading to the de-
cline in Great Horned Owls near the Hudson River and
Lake Ontario™.

Current research indicates contaminant burden
reproductive faiture is due not only to egg shell thin?
ning but also abnormal incubation behavicur, abnor-
mal thyroids®™, deformities, decreased weight atbirth™
and changes in sperm characteristics’™. Studies done
that involved feeding an organochlorine mixture to
ringdoves™ indicated changes in breeding behaviour
and fledgling success. These effects could altet repro-
ductive success in the wild.

4.4.6 Biota - Mammalian Wildlife

Monitoring of contaminant levels in mammals
has been very lumited in the past. Some work™ indi-
cates that organochlorines and PCB levels in mink in
the Lake Erie area are extremely high (0.6-7.37 ppm
wet weight hody homogenaie} and are probably high
enough to reduce reproductive success since mink ap-
pear 10 be sensitive 10 PCBs. PCB levels of 5 ppm in

adult mink and | ppm in kits {in hver or muscie tissue)
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TABLE 4.31

Occurrence of PCB and organochlorine pesticides in common
soldeneye overwintering on the Niagara River winter 1984-85,

Concentration (ng/g wet weight)
Decermber 1984 February/March 1985
Chemical Brain Fat Braim Fag
PR 0.2 23.5 0.3 35.1
7*(’).?1-0.2 18.2-30.4 0.2-(0.4 B ,—25.9—-47.6
Total DDT 0.024 3.39 0.03 4.89
0.019-0.03¢ 231-4.59 0.022-0.041 3.44-0.98
Bieldrin® 1.013 0.228 0.014 0.71
m().010~0.017 0.163-0.317 0.016?0,()19 0.48-1 .()5ﬁ
HCB# 0.003 0.101 (.003 0.1587
0.0026-0.0035 0.078-0.132 0.0025-0,6036 0.115-0.215
Oxvychlordane 0.003 0.24 0.0025 0.25
0.0026-0.0032 0.18-0.31 0.0022-0.0028 0.19-0.35
Heptachlor <0.023 0.13 <0.025 ) 0.23
Epoxide* 0.091-0.17 0.16-0.34
Micex _ND nnnnnnnn 0.109 ND , 0.107
- 0.067-.18 0.058-0.19
Endrin <0.025 0.00a <{2,025 .005
. 0.004-0.006 - 0.06%15:(}{}7
Heptachlor 0.0026 NC 0.0028 NC
W'EOOZ?}«O.OOZS 0.0025-0.0032 ~

ND = Not detected
NC = Not calculaied
* - Significant change (p<0.03) between collection periods,

For each item - ficst row is the Mean and second row is the range.
SOURCE: New York Staie Department of Environmental Conservation,
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have been shown to cause mortality™,

indications that the numbers of mink living near Lake
Ontario are reduced although the exact reason is pres-
ently unknown

There are

Correlations between contaminant levels in mam-
mals and sub-lethal, or lethal effects are not well known.
In many cases, very little monitoring cccurred in the
The major problem with case histories is deter-
mining the toxic agent as many environmental con-
taminants are found in the affected species and their
concentrations are often correlated,

arca.

4.4.7 Biota - Reptilian and
Amphibian Wildlife

Little work has been done on contaminant levels
of amphibians and reptiles in the area. Recent sam-
pling of 3 snapping turtles from the Welland River
indicates moderate levets of otal PCBs in muscle
{mean 012 ppm wet weight). However, the age and
sex of the turties has not yet been determined and the
effect of these levels on the biola was not investigated.
Recent work on laboratery haiched eggs indicates that
embryonic development of snapping turtles may be
sensitive to organochlorine residues'?.

4.4.8 Biota - Other

Due to the highly developed area bordering the
Niagara River and the precipitous terrain of the lower
Niagara River, the habitable area for other residen
wildlife of potential value as contamtnant indicators is
very limited. Sample sizes necessary to provide reli-
able indicators of changes in contaminant load or as a
measure of current contamination levels would se-
verely aftect local wildlife populations.  Therefore,
there is no routine monitoring of wildlife species.

4.5 Sediment

Sediment is a significant factor in the environ-
mental problems in the Niagara River (Ontario) Area
of Concern,

Seils and other materials from natural processes
(erosion and snowmelt) and human activities (agricui-
ture, waste disposal and residential/industrial land
development) gradually accumulate in bottom
sediments along with much of the load of organic and
inorganic contaminants associated with these materi-
als, The predominance of sedimentazion and burial as
a pathway is due, tn part, 10 the strong affinity of many
contaminants for particulate matter. The transport of
contaminanis from their point of entry to the river
systermn to their final burial in depositional areas is a
complex cyele of deposition and resuspension, which
15 further complicated by the incorporation of con-
taminants within the biota.

Contaminants in sediment can be available o
bottorm-dweliing members of the biotic community
and can be converted to sotuble forms through bio-
logical and/or microbiological processes. In addition,
contaminants in sediment that have been deposited in
shipping channels can be remoebilized as a result of
propeller activity and the pressure waves created by
passing ships. Conataminants can also be remobilized
during dredging and disposal operations, which are
essential 1o the maintenance of navigation channels
and harbours and to the excavation of new channels
and harbour facilities.

The Niagara River has very limited depositional
areas in the main channel due io high velociiies. An
extensive side-scan sonar survey by Environment
Canada has shown that virtually the entire viver is
swept clean of any fine sediments.

Most sediments in the Niagara River are sus-
5B
pended while in the river and carried to an area in Lake
Onlario known as the Niagara River Bar {at the maouth
o
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of the Niagara River nerth of Niagara-on-the.[ake)
which is the main depositional area for the sediment-
borne contaminants from the Niagara River.

A minor depositional area, particularly for sus-
pended sediment which originates in the Welland
River is the reservoir at the Siy Adam Beck generating
stations, which provides a relaiively quiescent area in
which a partial deposition of suspended sediments can
occur. Over the years, there has been a significant
accumulation of sediments in this reservoir. In addi-
tion o accumulation, these may also be resuspended
and discharged to the lower river,

Surficial bottom sediments (¢0p 3 cm) in the Sir
Adam Beck Reservoir were found™? 1o be contami-
nated with arsenic, cadmitm, chromiam, copper, iron,
lead, nickel, silver and zinc at levels in excess of the
MOE guidelines for open water disposal of dredged
sediments, The mobility of the reservolr sediments
and the availability of their associated contaminants
has been investigared.

This sedimentation within the reservoir has cre-
ated problems for Oniario Hydro. The wptility bas
implemented mitigative measures 10 minimize the
resuspension of coniaminanis. Precauiions arc now
required during construction activities or changes in
operation of the reservoir 1o prevent the resuspension
and mobilization of the contaminated sedimenis™.

Some sediment deposition afso occurs within
the Area of Concern, particularly at the mouths of
Niagara River tributaries and thronghout the lower
portions of the Welland River. In many of these areas,
habiiat and bioia loss through sediment deposition is 2
far greater concern than chemical contamination, ak-
though both may occur.

In addition o contamination that exists on sedi-
ment particles prior 1o suspension in water, the sus-
pended sediment in the Niagara River tends to sorb
contaminants from the waigr column, paracularly heavy
meials and organics, during its passage to Lake On-
taria,

4.5.1 In-5itu Sediment
Contamination

A number of studies were underiaken between
1980 and 1982 during the NRTC investigation to
assess botiom sediments in the Niagara River. The
findings have been reporied in the NRTC final report
of 1984.

(On the Oniarlo side of the upper Niagara River,
the Fort Erie and Chippawa segments were relatively
nuncontaminated, showing only some metal contami-
nation and no PCBs in excess of NRTC screening
levels. These two segments along with background
conirol arcas in Lake Erie were also less contaminated
than the lower river segment. The MRTC determined
that polintani levels were higher in the Lake Erie
conirol area than in either the Fort Ene or Chippawa
segment,

On the 1.5 side of the upper river, contami-
nated sediment removed by the 115, Army Corps of
Engineers from the navigation channels in the Niagara
River, harbours and tribuiaries 1o the river, is depos-
ited at a dumping ground in Lake Erie off Buffalo
Harbour near the head of the Niagara River. By virtne
of its location and the prevailing cwrrenis, this ground
may be a source of contaminants to the river, espe-
cially if persistent organic snbsiances are remobilized
from the dredgeate,

The lower Niagara River was classified by the
MNRTC as having an intermediaie level of pollutants
(sunilar to Lake Erie), atthough elevated levels of
hexachlorcbenzene and chlorinated aromatics were
noted.  Levels of zinc, mercury, p,p’-DDT, alpha-
endosulfan, BHCs, mirex, PCBs and heptachlor epox-
ide in the lower river also exceeded average Lake
Ontario levels,

The resulis of the NRTC study were, in general,
confirmed by a Ministry of the Environment sediment
survey in 1983%° Three sediment samples wers
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collected at each of over 120 sites along the Canadian
and American sides of the river, Each sei of threg
samples was homogenized to provide a single sample.

The Oniario Ministry of the Environment has
recently produced a series of draft provincial sediment
guality guidelines (PSQGs)*™. These guidelines are
biological-effects based 1o protect those organisms
which are directly impacted by contaminants in sedi-
meni (benthos). The guidelines establish three levels
of ecotoxic effects for a number of metals, nuirients
and organics. These levels are:

NOEL:No-Effect Level at which no toxic effects
have been observed on aquatic Organisms.

LEL: Lowest Effect Level at which a level of
sediment contamination can be tolerased by
most (95%) agquatic organisms.

SEIL: Severe BEffeci Level at which a lovel of
sediment contamination is detrimental fo
most (95%) aquatic organisms.

Development of the guidelines has progressed
threugh three drafts and are currently being applicd in
a number of areas, including the lower Welland River.
The guidelines themselves are now supporied by a
development document®™ for ten of the metals and an
applications consideration decument™2,

Concentrations of metals in sediment collecied
on the Canadian side of the upper river were generally
lower than for those collecied on the American side.
In addition, exceedances of the deafi Ontario Provin-
cial Sediment Quality Guidelines® “lowest effect
level” (LEL) and “severe effect lovel” (SEL) were
rarg on the Canadian side. The single exception was
arsenic which exceeded the LEL concentration on the
Canadian side at Fort Erie and in ihe Chippawa Chan-
nel. Exceedances of these criteria occurred frequently
on the American side of the river,

Sediment collected from the lower river in 1983
had higher concentrations of phosphorus, nitrogen and
metals than sediment collected in the Chippawa Chan-
nel and at Fort Eric. Exceedances of the LEL. were
more commoen on the lower tiver than on the Canadian
side of the upper river, As a comparison, there were
several sites in the Tonawanda Channel that had con-
cenirations of metals higher than those found in the
lower river.

Contaminant concenirations on both sides of the
lower river were similar, due primarily to the strong
mixing effects of the falls, the rapids and the power
plant discharges. Exceedances of the LEL for arsenic,
cadmium, zinc, chrominm, copper, lead and mercury
coeurred equatly on both sides with the exception of
chromiopm which was present ai Youngstown, N Y,
and not at Niagara-on-the-Lake and arsenic which wasg
higher mear Queenston than near Lewision. Lead
concentrations peaked on both sides of the river below
Queenston-Lewiston,

The Ministry of the Environment has also stud-
ledd contaminant levels in bottom sediments in the
reservoir af the Sir Adam Beck generating stationg™?,
It was found that surficial bottom sediments (top 3 cm)
in the reservoir were contaminaied with nine heavy
metals at conceniration levels in excess of Ministry of
the Environment guidelines for open water disposal of
dredged sediuments.  However, only cadmium, iron,
lead and nickel concenirations in some samples ex-
cecded the proposed Ministry guidelines for unre-
siricted land use of dredgeate; in one sample, the con-
ceniration of iron exceeded the guideline for resiricied
land vse.

PCEs wexe detected in about half of the samples
collecied from the reservoir bt at levels close 1o the
detection limit. DDT and its metabolites were the
only organochlorine pesticides detecied in the reser-
voir sediments. * These findings suggest relatively
recent upsiveam input of contaminants. The origin of
these contaminanis is not known at this time and may
warrani investigation.  Ontario Hydro has proposed
mitigaiive measures © prevest the reservolr from
becoming a future source of comaminants™,
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In 1983, The Ministry of the Environment con-
ducted a survey at the mouths of eleven Ontario tribu-
taries to the Niagara River'™. This survey included the
collection of bottom sediments samples, some of which
were found to contain metal concentrations at levels in
excess of the Ministry guidelines for open walter dis-
posal of dredged materials.  Chiorinated compounds
and phenoxy herbicides were also detected in some of
the bottom sediment samples.

Contaminated sediments and a coal tar deposit
were identified in 1983 by the Ministry of the Envi-
ronment fellowing public complaints of chemical
burns to bathers in Chippawa Creek.  Subsequent
investigations reveated a 10 by 20 meire deposit of
materiat on the bottom of the Chippawa Creek. Tests
revealed the material to contain high levels of coal tar
and naphtha residue including 26 ditferent types of
polycyclic aromatic hydrocarbons (PAHs). The mate-
rial was also determined to contain ng/l. levels of
dioxins and furans; however, 2,3,7,8-TCDD was not
detected.  The source of these materials was deter-
mined to be historical and the location was linked 1o
the area currently occupied by the Norton Company.
The possibility existed of migration of the deposits as
a result of continual scouring action in this part of the
river system along with the possibility of continued
direct exposure 10 swimmers; theretore, clean-up op-
erations were required.

In 1986, the Ministry of the Environment and
Norton subsequently undertook a joint program to re-
move this deposit from the bottom of Chippawa Creek.
The coal tar mass was remaved using a barge-mounted
clamshell dredge and hydraulic removal. A total of
500 cubic metres of sediment were removed from the
creek bed and temporanly stored in a settling basin
located near the site. The dredged sediment was dis-
posed of at a certified landfiil site, after oo site treat-
ment. This process was conducted between the fall of
1986 and the fall of 1987, Local residents that swim in
the area were prohibited from swimming during the
remediation period.  Removal activities were com-
pleted in 1987,

4.5,1.1 Welland River Sediments

Contaminated sediments may also represent a
problem in the lower sections of the Welland River.
The typically slow-flowing areas of the river lead to
deposition of suspended sediment {approximately 10
mg/L. loss) during most of the year. Fine soils, eroded
from the agricultural basin, may contain nutrients and
pesticides.  Industrial activities in Welland also add
heavy metals to the suspended foad, Dredging has not
vocurred in the Welland River because spring run-off
tends to remove this bed-load from these depositional
argas to a large extent.

In 1996, a study of the environmental condition
of the lower Welland River was conducied for the
Ontario Ministry of the Environmeni”®. This study
concentrated on the surficial botiom seciments of the
Welland River between Welland Airport and
Chippawa (25 stations) with the inlent 1o develop a
database for the assessmeni of remedial options and to
determine the significance of this arca in the overall
contamination problem in the Niagara River Area of
Concern.

This study determined that sediment guality was
quite variable throughout the study area. The concen-
trations of lead, chromium, nickel, zinc, cadmium,
COpper, arsenic, iron, mercury, nitrogen, phosphorus,
PCBs, PAHs, oil and grease exceeded MOE open
water disposal guidelines at some locations. No
organochiorine pesticides were detected.

The area of severest contamination was the reach
of the Welland River between the old and new Welland
Canals. Between the upper syphon and the Weliand
sewage treatment plant outfall, sediment quality was
degraded by several metals, oil and grease, cyanide and
PAHs. Many of these parameters were also at elevated
levels in the area east of the Welland Ship Canal, A
number of industrial, municipal and stormwater dis-
charges are Jocated in these areas, as well as several
landfill sites, although no attempt was made to link
sources o contaminated sediments in this study.
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The sediments in the portion of the Welland
River known as Chippawa Creek were determined” 1o
be generally uncontaminated although the fast moving
current tends to inhibit sedimentation.

4.5.1.2 The Atlas Reef

Studies by Brock University researchers in the
mid- 19807 " revealed a heavily contaminated sedi-
ment deposition area in the Welland River in the City
of Welland. Results of the initial sediment sampling
and chemical analysis indicated an area of heavy
metal contamination in the Welland River in the
vicinity of the Atlas-Mansfield sewer outfall on the
gast bank of the river between Almond and Bruce
Streets in Welland. Fusther testing showed a reef-type
deposit of heavy metals adjacent to the sewer outfall
with chromium and nickel the major contaminants.
During tow flow conditions, portions of this sizabic
deposit are exposed above the water level and have
formed a hard rock-like crust which resembles an
uasightly “reef” in the Welland River,

Brock researchers have also investigated the
aguatic life in the vicinity of the reef™ ™7 and discov-
ered that parts are devoid of macrophyies and benthos.
There is also a defined zone of lesser impact and
various recovery zones which extend at least to the
Welland water pollution control plant outfall, ap-
proximately 800m. downstream.

The deposit has been associated with the dis-
charge of Atlas Specialty Steels of Welland, Ontario,
which has released contaminated effluents into the
Weland River for approximately 50 to 60 vears. Over
the past several years, Atlas has undertaken efforts to
eliminate or minimize the impact of its Welland op-
eration on the surrounding environment. Atlas and its
parent company Sammi Steel have recognized corpo-
rate and community responsibility in the contamina-
tion of river sediments and, in 1987, committed to

clean-up the river contamination  Atlas™ plant clis-

charges have, in the past. consisted of granular and oily
indusirial wastes which contain heavy metats and sol-
vent extractables (oif and grease); some of these were
discharged as instantancous contaminant batches which
were identified as causes of “shock™ to the ecosys-

tern, "

Process modifications and construction of
wastewater treatment facilities al its north and scuth
plants during the past decade and a half have improved
the quality ot Atlas” discharge. While some heavy
metal contamination remains, solids, oil and grease
have been largely removed at the plant. Further
modifications towards a closed-loop system should
reduce the contaminant load further.

Adtlas has commiited itself to undertaking a clean-
up of the contaminated sediment deposits and, as a
result, has implemented investigations which included
a complete definitien of the limits and nature of the
contamination, characterization of the reef deposits
and an assessment of appropriate clean-up technolo-
gies. These investigations were conducted during the
summer/fall of 1989 and again in the spring of
1990°' and have established the presence of three
distinct deposits in the Welland River. The three reefs
are located between the Regional Municipality of
Niagara (RMON) Welland Water Treatment Plant at
the south end of Meritt [sland and the RMON Welland
Water Pollution Control Plant approximately 2km
downstream. The reefs are known as:

1. Atlas-Mansfield Reef
2. Downstream Reef

3. McMaster Reef
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The reefs are composed of a black coarse granu-
lar metallic material, occasionally mterlayered with
soft, black clay, sand or silt, overlying the natural
reddish-brown, stiff clayey till river bottom. The granu-
lar material is generally compact (35-65% relative
density)*™® while underwater. Upon iis exposure Lo alr,
the material undergoes oxidation to a 30-50 mun, thick,
orange, easily broken crust. Both wet and dry forms
give off an oily odour, as well as an oily sheen and
texture. In the downstream reef, the black granular
material is not always present and contamination wis
sometimes obscrved as soft, black, silty-clay sedi-
menl.™? In the vicinity of the reefs, natoral sedimenta-
tion also occurs. This material is gencrally a soft o
firm mixture of clay and silt with waces of sand. Occa-
sionally this sediment may also contain more sand and
minor amounis of gravel.

The sediment investigations in and around the
Atlas Reefs have shown that the main reef deposiis
contain copper, chromivm, ivon, lead, manganese,
nickel and zinc ai levels exceeding Ontario’s drafi
PEQG “severe effect levels”. Analyses for PCBs and
trichloroethyiene showed concenurations near or be-
low detection limiis®™®.  Reef material was also
analyzed for base/meatral extractable organics inclad-
ing PAXs. These showed some compounds detectable
at trace levels or low ng/g range™. All organics, with
one exception are below PSQG “lowest effect levels”
indicating thai organic contamination is not a facior in
the reef sediments.

A fairly large area of coniaminaiion, approxi-
mately 1300m. in lengih, has been delineated, concen-
trated mostly on the east side of the Welland River but
in spme locations migrating across the full width of
the river”®', Generally, concentrations of metals on
the west side are similar o upsiream (background)
metal concenrrations and significantly less than metal
concentrations in the reef deposiis. A statistical analy-
sis of sediment data by Acres®™ has generated an
estimate of 30,000 ¢nbic mekres of contaminated sedi-
ment requiring remaoval,

As part of the investigation, Atlas confers with
the public through a Liatson Commiitee. The com-
mitiee raised the issue of potential contamination of
the floodplain, in addition io the boitom sediments,
Acres has conducted preliminary east bank floodplain
investigations®' and detailed investigaiions are
underway. The preliminary investigations revealed
elevated levels of heavy metals, 0il and grease con-
ramination in the top two surface strata in the eastern
floodplain. These stwata (up to 3m. thick)} have a
strong oily sheen and odowr and covers a layer of
sandy septic material (1.6m. thick). Contamination of
the floodplain is still under investigation®?,

Ailas intends to implement a remediation project
which uses staie-of-the art dredging and sediment
treatment technelogies. Prior o its implementation,
the poteniial cnvironmental effects of the proposed
project and the mitigative measures required to mini-
mize its impact will be identified. They have deier-
mined that the dredge method which is most cost-
effective and environmentially accepiable is the “suc-
ton dredge method”.  In partnership with Environ-
ment Canada, under the Great Lakes Action Plan,
Atlas conducied a sediment removal and treatment
demenstration project in the fall of 19914, During
this time, 500 to 1000 m? of sedimenis were removed.
If this demonsization project is successful (e, meets
all government operational and performance stand-
ards, and meets all governmeni regolaiory require-
ments for remediaton of the Welland River), it will be
apphied on a much larger scale to the entire Atlas Reef
deposits.
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4.5.2 Suspended Sediment
Contamination

In a fluvial system, sediments are continually
resuspended, transporied and depoesited in other areas.
This is particularly true of fine-grained sediments. In
the Niagara River, with its high vate of flow, the
iransportation of sediments and deposition at the Nia-
gara Bar arca in the wesiern basin of Lake Ontario has
been well documented*® 1, Due to the water veloc-
ity, accumulation of any particles that are lass than 63
um in size is rare, although occasionally & small
quantity of fine-grained sediment becomes entrapped
within the coarser botiom sediments'™, Rescarch in
the 1970s estimated that fifty perceni'*® of the silt and
fine-sized grain material load to Lake Ontario, or 4.56
milbion tonnes per year, was contributed by the Nia-
gara River. In 1983, this load was estimated at 1.54
million tonnes of siit and fine-sized grain material per
year'”. Most of the material is believed 1o come from
Lake Erie*.

Substantial quantities of contaminants enier
Lake Ontario from the Niagara River on the sus-
pended sediment fraction because of the propensiiy of
organic and inorganic contaminants o bind (or ad-
sorb) io fine-grained particulate matier™, Tt was
estimated that the river contributes a significant pro-
porticn of the sediment-bound lead (46%}, copper
{68%), zinc (86%) and PCBs (33%) to Lake Ontario®,

Niagara River bottom sediment study vesulis®
suggested that resuspension of contaminated sediment
1s probably insignificant throughout most of the riv-
er's channel. Concentrations of organics in the bot-
iom sedimenis were greater than those in Lake Erie
sediments. [t was concluded that organic contami-
nanis from different sources also become associated
with coarse grained botiom sediments in the river.

Niagara River suspended sediment collections®
contained levels of inorganic and organic contami-
nants greater than those measured at Fori Erie with the
exception of DDT. For example: lead, copper and

zine measurements at Fort Erle were 43, 25 and 76 ug/
g respectively, while measurements at Niagara-on-the-
Lake were 133, 102 and 350 ug/g. This is equivalent to
the levels found in the boitom sediments in the western
basin of Lake Ontaric,

In summary, while there is 2 farge sediment load
flowing through the MNiagara River, very liitle of the
quantity is thought o originate from sources in the
river itself or from resuspension of botiom sedimen..
The quality of the suspended particles however, can
be attnibuted to sources atong the river and the abilizy
of both inorganic and organic coniaminanis to adsorb
onto the fine-grained fraction.

4.5.3 Siltation and Krosion

Sedirnent itself must also be considered a pollui-
ant when it interferes with heneficial use of the wa-
ter'™. In 1970, pollution was the most serious water
problem in the Niagara peninsula'®. One of the main
pollutanis of the inland rivers was sediment. Water
having suspended sedimnent concentrations in excess
of 5 mg/L. was considered unsuitable for drinking,
whereas swimming waters having levels greater than
10 mg/L lead to complainis™®. In 1970, the recrea-
tional potential of the inland rivers of the Niagara
Peninsula was considered seriously curtailed due pri-
marily io low flows and sediment pollution'.

There are many coniributors 10 increased eso-
sion and siltation, One of the major contributors 1s
poor tand management praciice, including excessive
removal of vegetative cover, channelization, cultiva-
tion close 0 the bank, and field crosion®2. Field
and strearnbank erosion problem areas were mapped
in 1970 and indicaie the upper Welland River as a
problem area for the watershed. Suspended sediment
in the water has been related 10 land use; levels
increase with cropland and decrease in areas of wood-
land and improved grassland™®,
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There are many problems associated with high
erosion and siltation, The clarity of the waters in the
Welland River is poor due to the high sediment load.
Suspended sediment in the water column can ad-
versely affect water quality in various ways. High
sediment load can increase waigr temperature and
decreases light penetration, which lead to a decreased
photosynthetic rate® 12627 1 ow light can also re-
duce feeding activity of fish that are visual feeders™.
High loadings of nuirienis associated with sediment
can cause increased eutrophication, which leads 1o
decreased oxygen levels®.

In poriions of the Welland River, scdiment has
seitled out of the water column. This has resulted in
changes 1o the characienistics of the bottom, covering
it with a layer of silt. This degrades imverichrate
populations by removing subsirate, causing increased
drifi, and clogging filtering devices® .  Fish
populations are similarly affecied by the changing of
spawning areas, resulting in decreasing fish egg sur-
vival, abrasion of fish gills which leads io increased
susceptibility o disease, changing of food sources and
feeding rates, changes in distribution in the water
column which could affect adulke fish survival, possi-
ble inierference with migrations and changes in blood
physiology at high levels? #4121125,127,128.130

The net effect of increased sediment is change to
the composition and diversity of aquatic species. Spe-
cies composition usually moves from sensitive spe-
cies to more iolerant ones; this means a movement
from original fish species like bass, perch, and wall-
cye, 1o carp, catfish, and freshwater drum and from
filter fecding inveriebraies such as caddisflies and
mayflies to sediment dwellers such as worms and
chironomids?s!3.132,

Sediment loading has a negative economic ef-
fect on the system by reducing numbers of desired
high value sport and commercial fish and by reducing
recreational activiigs. The waterbody, in general, is
not as acsthetically pleasing to man. The economic
effect of soil loss from agriculiure must alse be con-
sidered™™. Sediment can also cause pavigational prob-
lems and indirectly canse dunking water Himitarions'®,

Generally, the “no effect level” for suspended
sediment levels is considered to be 25 myg/l.. This is
the maximum acceptable concentration of
nonfilierable residue in Manitoba. The European
Inland Fisheries Advisory Commission (19659) set 25
mg/L as the maximum concentration of suspended
solids for a high level of protection with no harmful
effects on fisheries. Levels higher than 80 mg/L
indicaie a low level of protection and the system s
unlikely able 1o support a good fishery™.

Suspended sediment levels on the Welland River
arc higher than those in the Niagara River, due pre-
dominanily to the basin soils. The main soil type in
the Welland River basin is clay., Fine grained cohe-
sive maierials, such as clay particles, are hard 10 erode
but once in the water column, remain suspended for
longer periods™ and will wavel farther downsiream.
The Welland River is very turbid, year round, from the
headwaters at Mouni Hope to a point just east of Port
Robinson, afier the tiver passes nnder the Welland
Ship Canal. Flow augmentation from the canal at this
point dilutes ihe suspended sediment concentration in
ille river causing a change in the water colour. Even
with flow augmentaiion from the canal, the average
suspended solids concentration at the confluence with
Chippawa Creek is 28 mg/L,

Levels of suspended solids are defermined
monthly at varions sites along the Welland River by
fderation. Average levels in mg/L. at the Sinclairville
bridge and Montrose bridge sampling sites are 86 and
28 respectively, with maximums, over 4 nine year
period (1980-1988), of 542.4 and 451.7. In 1970,
suspended sediment concenirations in the Welland
River, downstream of Warner, exhibited levels lower,
but within the range, of current levels at the
Sinclairville bridge'®. The maximum levels of sus-
pended solids occwr at peak flows, which may last
from several days o weeks,

Suspended sediment levels found in the Welland
River {and on oceasion in the Niagara River iributar-
ies) are above the level which provides a high level of
protection o fisheries (25 mg/L).  Although these
suspended solid levels are not direcily lethal to fish it
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has been shown that at levels greater than 100 mg/L
growth rate and feeding response 15 slower, and with
levels greater than 300 mg/L fish are displaced, oxy-
gen uptake is increased, and ioxicaat tolerance is
decreased™s,

Sedunent loading 10 the Wetland River can be
estimated using average annual suspended sediment
concentrations and flows. The continuous flow gauge
for the Welland River is located at Caisior Cormers,
well upstream from the confiuvence with the
Queenston-Chippawa Power Canal, Mo water quality
sampling is undertaken at this location but flows from
the gauge, together with flow figures of water diver-
siong from the Welland Canals, provided by the St
Lawrence Seaway Authority are used by the Ministry
of the Environment to estimate flows at Monirose
where suspended sediment conceniraiions are moni-
tored.

These load estimates are based upon average
annual suspended solids estimates; therefore, they
tend o underestimate the inpuis ai peak flows. Est-
mates made in the Welland River Report* are ap-
proximately 25 percent of those determined here, The
annual flow used i the former siudy 18 tower than that
determined by the MOE (1989). Other methods of
estimating sediment load are available but there is a
lack of flow-related data for the Welland River and
other tributaries.

Measurcments along ihe Welland River indicale
that the average suspended sediment concentration
decreases downstream from Sinclairvitle. This sug-
gests that siltation rates could be higher in the upper
yeaches or that dilution 1S occurring as more waier
enicrs the siream.

Dissolved solids are operationafly defined as
material that passes through a 0.45 ug pore-size filier.
Average levels of dissotved solids (filicrable residue)
in the Welland River at the Sinclairville bridge and
Montrose sampling sites are 490 and 235 mg/L. with
maximums of 1,270 and 386 mg/L. over a nine year
period (1980-1988). These values were determined

from monthly water sampling. Sampling results from
1970 show similar results for the Welland River and
levels of 400-560 mg/L far Forks, Coyle, and Oswego
Creeks™, Dissolved solids in the Niagara River and
tributaries' were not monitored,

Dissolved solids determine the ionic strength of
the water and are involved in complexations and
precipiiation processes with trace metals'®, They also
provide nuivitionally  important  ions 1o
phytopiankion'®. The composition and concentration
of dissolved solids are important in determining the
variety and abundance of aguatic planis and fauna.
Major changes in the quantity of composition of total
dissolved solids will influence the function and struc-
ture of the tocal aguatic ecosystem'.

Total dissolved solids are correlated 1o
eutropitication. One researcher suggested a relation-
ship between the morphoedaphic index (total dis-
solved solids/mean depth) and total vield to fishing. If
mean depth is held constant, total dissolved solids
{(TD8) is related 10 vield and as TS increases there 15
a change in species composition from salmonids to
cyprinids.  Therefore, high levels of TDS indicates
cutrophication and au effect on the fisheries of the
water body!.

The biological impact of sedimentaiion is sig-
nificant. It has been reported that a silt deposit rate of
L0 mm/day can be associated with 97% mortality in
pike eggs™. Inan ecosystem siudy, sedimentation was
reporicd 1o be the major habitat factor in the viability
of smallmouth bass population® in Towa streams.
Other researchers confirm that increased sedimenia-
tion leads to decreased fish production®,

The total dissolved solids levels found in the
Welland River are well above the optimum range of
dissolved solids for walleye (40-80 mg/L)'*. There-
fore, walleye may be impaired by the high level of
dissolved salids in the Welland River but itis only one
of several possibilities. Walleye used 1o be present in
the WeHand River but now are gone. Rehabilitation
seems unlikely nnless dissolved solids are reduced,
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suspended solids are reduced, possible blockages to
migration correcied, and siltation cleaned off possible
spawning areas.

Very litle information is available on suspended
sedirnent levels in the fributaries of the Welland and
Niagara Rivers. In 1970, suspended sediment levels

were determined on Forks and Oswego Creeks, tribu-
taries of the upper Welland River. Levels ranged from
80-180 mg/L..

A 1983 rributary study'™ estimated suspended
sediment loadings (Table 4.32); however, these esii-
mates wore based on flow values from one day and, on

TABLE 4.32
Suspended Sediment Concentrations and Loadings for the Niagara River
and its Tributaries
Waterbody Suspended Sediment Water Flow | Date Gauged

Concentration Load {cms)

(mg/L) {t/yr)
Miagara River # 10 1,700,000 6400 1979-81
Welland River ¥ 28 30,100 34.1 1980-88
20.5-38.3 26,200 40.6 June 10/83

Frenchmans Creek 13.9-17.6 /A 0.084 June 7/83
Miller Creek 12.0-34.4 216 0.020 May 1/83
Baker Creek 10.5-29.7 N/A N/G NG
Black Creek 26.9-93.4 3,000 1.691 June §/83
Boyers Creek 15.7-42.8 N/A N/G N/G
Usshers Creek 3.0-5.8 2.2 0.012 June 9/83
Pell Creek 17.3-66.7 2.6 0.023 Fune 9783
Lyons Creek 7.3-12.0 1,600 4,358 June 11/83
Chippawa Creek 4.5-6.0 N/A MAG N/G
Thompsons Creek 25.8-294 2,300 0.132 Jone 11/43
LEGEND: # - Average fow calculated from houdy flow at Queenston

- suspended sediment sampled bi-weekly April 1979 - Dec, 1981

* - Flow calculated from gange at Mernit's Church

- suspended sediment sampled monthly 1980 - 1988

M/A - naot available

N/G - not ganged
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average, threc suspended sedimen: sampling dates,
Concenirations ranged from 3.0-93.4 mg/L with the
highest concentrations found in Black Creck'. Re-
sulis extrapelated from such himited data are generally
vareliable.  Given the gediment lpad patiern of the
Welland River much higher loads from these tributar-
ies are very possible.

Suspended sediment levels for the Wiagara River
are determined weekly at Fort Erie and Niagara-on-
the-Lake by centrifugation over a 24 hour period.
Average levels at Niagara-on-the-Lake are approxi-
mately 10 mg/L with arecorded maximum, over a ten
year period (1979-88), of 33.7 mg/L.

Estimates of sediment loadings {rom the Nia-
gara River and its ivibutaries to Lake Ontario can be
made nsing average annual suspended sediment con-
centrations, as determined on a weekly basis by cen-
trifugation, and flow data from the gauge at Niagara-
on-the-Lake. This provides only an estimate of toad-
ing and will be underestimating the aciual load, as
peak suspended sediment concentrations and water
flows coincide and the majority of the load occurs
during pedk evenis'™. Esiimated suspended sediment
icads can be seen in Tabie 4.32.

A comparison of the suspended sediment and
water fiow values determined at Fort Erie wiih those
from Niagara-on-the-Lake indicates the loads leaving
the river at Niagara-on-the-Lake are slightly higher
than those entering at Fort Erie. These resulis indicate
that the majority of the suspended sediment in the
Niagara River originaies from Lake Erie. This is
supported by the fact that suspended sedimeni concen-
trations at Niggara-on-the-Lake can be correlaied with
storm events on Lake Erie, Erosion and sedimentation
on the Niagara River itself are primarily due to erosion
al the gorge face, a8 the bottom of the river is predomi-
nantly bedrock, Deposition will occur in areas of
increased chanmnel capacity or decreased gradient;
bends in the river and deep holes!™,

The estimate provided indicates that, even though
ihe suspended sediment concentrations in the Welland
River are much higher than those in the Niagara River,
the impact of the Welland sediment load is minimal
due to the large relanve difference in the volumes of
flow in the ywo rivers. However, the plume of waler
discharged from the Sir Adam Beck power generating
stations is visible in the Miagara River, most likely a3 a
resuli of this higher suspended sediment levels associ-
ated with the Welland River waicr that discharges
through the power plant.

The suspended sediment load in the Miagara
River represenis ihe major portion of the sediment
loading 0 Lake Ontario. Over 1.6 million tonnes of
sediment are discharged annually with much of this
ioad being deposited on the Miagara Bar at the mouth
of the Miagara River. The fine gravels and sand
deposited on the Canadian portion of the bar are mined
for consiruciion aggregate by a company holding 2
license for dredging operations.

The biological effects of the deposition and
mining of the sand and gravel from the Miagara Bar
are not fully understood. It may be assumed that the
deposiiion will change the boitom topography.
Resuspension during dredging in Denmark has been
reported™, with concentrations of up o 5,000 mg/t;
however, such concentrations are likely associated
with fine grained clays and silrs. The course maierial
in the Canadian poriton of the Niagara Bar would not
resuspend solids to the same level, nor would the
materials conain significant amounis of adsorbed
chemical contaminants.  Currently, there is no evi-
dence to suggest that organic chemicals are bemng
resuspended inio the water colamn as a result of the
dredging activities on the Canadian portion of the
Niagara Bar,

The most heavily coniaminaied areas of sedi-
ment involve the fine clays and silis which are carried
oui further from the month of the river and deposited
in U.5. waters on the western portion of the Niagara
Bar. Presumably, the levels of suspended solids re-
ported in the Danish study might be achicved if dredg-
ing were 10 be carried out on such fine grain contami-
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nated sedimenis. In such a case, the subsequent in-
crease In the proportion of fine sediments could have
further detrimental effects 1o Lake Ontario, both by
increasing contaminant concenirations in the water
column and by depositing a layer of highly contami-
nated fines over a larger area.

4.6 Aesthetics

The majestic seiting of the Niagara River has
made it a major attraction for millions of people,
rourists and residents alike. However, for many peo-
ple, the heauty of Niagara Falls is compromised by the
presence of invisible foxic contaminans.

There are also a number of visible contaminants
that detract from the aesthetics of the Niagara River;
however, these are not necessarily associated with
human aciivities and are also not necessarily associ-
ated with toxic contaminanis, In the spring period,
snowmelt and erosion cagry soils into the surface
waiters throughoni the Great Lakes Basin., Many of the
larger soil particle setile out in river mouths and lake
basins. Many of the very {ine particles, especially the
clays of the Lake Erie basin, remain in the water
column and are delivered to the Niagara River, These
50ils cause the Niagara River to take on a light tan
colour, during the spring period. Many viewers asso-
ciate this discolouraiton with chemical pollution but
there is no indication that this association occurs.
Contarninant evels measured at Niagara-on-the-Lake
show no significant increase during this period.

In late summer, algac blooms and dies in Lake
Erie causing discolowration of the Niagara River simi-
lar to the spring sediment discolouration. This prob-
lem has been reduced significantly over the pasi two
decades with the pollution control measures that have
been implemenied in the Lake Erie basin; however, a
stronger than normal algal bloom in Lake Erie during
the late summer and early fail of 1991 and subsequent
die-off has been associsted with iagie problems in
municipal water supplies in the Miagara River.

Excessive growth of aguatic macrophytes or
planis has created aesthetic problems in many inland
lakes and rivers. Although concerns aver this problem
may be valid for tributaries in localized portions of the
watershed, this 1s not a major concern in the Niagara
Ruver in that due 1o its fast-flowing, iurbulent nature, i
is not affected by abundant weed growth,

Aesthetics conceins have also included air qual-
ity in the Maid-of-the-Mist Pool and the associated
quality of the mist at the brink of the Horseshoe Falls.
Repors™ on air quality investigations have faited
to provide evidence of mist related conlamination thal
could be a probleim.

One of ihe most recognized acsthetic concerns
in the Miagara River is the year-round appearance of a
brown foam or “scum” in the Maid-of-the-Mist Pool.
Investigations have shown thal, although this foam
affects the aesthetics of the immediate Niagara Falls
area, it is caused by the plunging of the water at the
Horseshoe Falls and comprises mainly decayed veg-
etation and the tan-coloured clay particles mentioned
above. The foam rapidly dissipates downstream from
the falls.

4.6.1 Aguatic Vegetation

Aquatic plants form an important component of
the environment in a lake or river by providing shelier
and feeding arcas for many fish and wildlife species.
Some researchers have reporied™ at least 603 specics
of aquatic animals feeding on aquatic plants. Some
species of fish, such as yellow perch and musgkellunge,
spawn in shallow vegetated areas of lakes and streams.
Many species of birds and mammals utilize vegetated
areas.

Excessive growihs of aguatic planis can have
detrimental eifects on biological diversity and pro-
duction and on aesthetic and recreational values. The
most productive wetlands are those which have gener-
ous interspersions of open-water areas that are inier-
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connected by channels. These channeis serve as travel
corridors for fish and other aquatic animals, Water
currents through these channels serve 10 keep the
wetland fresh and clean. Infitiing of wetlands by cattail
or other dominant species reduces the biological diver-
sity and limits productivity and the number of animal
species utilizing the wetland. Excessive submergent
aquatic growth in otherwise open-waier areas inder-
feres with fishing and pleasure boaiing. Perhaps more
importantly, during the winter, decomposition of these
planis can deplese the oxygen content of the water
under the 1ce causing high winter mortality of fish and
other organisms that are dependent on dissolved oxy-
gen,

4.6.1.7 Niagara River

Very little research work has heen done on the
MNiagara River aguatic plant community. Excessive
weed growth 10 the point where it would be considered
a nuisance, is noi common on ihis waterway, Exami-
nation of 1989 aerial photographs of the river indi-
cated limited areas along the shore and around islands
as potentially suiiable for vascular plant growth, In
the Ontario waters of the Niagara River there are
perhaps fifty to fifiy-five bectares available in arcas
protecied from the severe current and shallow enough
for plant growth. Much of this area may, however, be
bedrock suitable only for fitamentous altgas.

Aquatic vegetation is generally associated with
wetlands, few of which exist on the MNiagara River,
Navy Island has a wetland area of 25.8 hectares, of
which 69 percent are marshes bordering the river at
the northern and southern iips. The remaining 31
percent is swamp to the upland side of the northern
marsh, ranning back into the intertor of the island.

The Mavy [sland marsh species in order of domi-
nance, include grass species, sedge, catail species,
purple loosestrife, water milfoil, cooniail, and
pondweed.

4.6.1.2 Welland River

The Chippawa Creek portion of the Welland
River drainage basin is slightly more hospitable 1o the
production of aguatic macrophyies than the Niagara
River proper, with some growth occurring along its
banks and in backwater areas. The Welland River
itself, west of ithe Power Canal is a slow-moving
waterbody. This low velocity, combined with an area
of deep sediments provides a habitai that is much more
amenable to plant growth. There is 2 well-established
plant community along both banks of the Welland
River, even through the urban area of Welland, Sus-
pended solids concenwrations in the Welland River
tend to restrict light penetration and consequently the
growth of weeds in mid-channel; however, zebra mus-
sels have recently eniered the lower Welland via the
diversions at the Welland Canals and i has not yet
been determined whether these organisms will have
an effect on light penciration and macrophyie growih,

The total wetland area atong the Welland River
{excluding thai on twibutaries) 18 206.6 heciares, OF
this, 191.6 hectares is marsh and only 15 hectares is
swamp. Swamp arcas arc mainly restricied io the
upper reaches of the viver with 13.6 of the 15 hectares
found between Atierctiffe and Binbrook,

Plant species diversity of both the marshes and
swamps increases along the Welland River from mouth
to source, as the river depihs become more suitable for
plant growih, Between the Niagara River and the old
Welland Canal in Welland, 19 plant species contrib-
ute significantly to the marsh communities in either a
dominant or sub-dominani role. Other specics are not
present in significant numbers. Between the old
Welland Canal and Agtercliffe the number of signifi-
cant marsh species increased 10 22; from Adterchiffe to
Binbrook the number increased to 40. Table 4.33 lisis
the marsh and swamp plani species in order of domi-
nance.

Although the physiography of the Welland River
west from the power canal lends itsedf to macrophyie
grawil, that growth appears {0 be abundant but not
excessive. This may be due, in pas, 1o reduced water
clarity n the lower pariions, which reduces the pro-
ductive zone in the nver.
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TABILE 4.33

Estirnated Order of Dorminance of Plant Species in the Wetlands of the
Welland River Basin

I, Marshes (1916 Ha.)

i |Species # Species # o |Species

1 |Cattail 18 Purple Loosestrife 35 | Waier Starwort

2 |Arrowhead ' 19 |Sw. Rose 36 |Wild Grape

i—3 (Orass sp. o White Elm 37 |Ferns

_KT Burreed ﬁ 21 Buttonbush 38 (Nighishade »
5 |Cooutail 20 |Water Milfoi 139 |Black Wainut B
6 |Willow (low) 23 Arrow Arum |40 C. Scuilca:p -
7 i¥ellow Waierlily 24 Blue Flag 41 {8w. Cinquefoil

8 |White Waterlily 25 |Jewelweed 42 |wild Celery

S |Sedge 20 White Ash 43 |Bindwesd

10 |Bulrush 27 |Willow (iree) 44" |Black Ash o
11 |Dogwood 28 |Giant Reedgrass 45 |Hawthomn

12 |Sw. Milkweed 29 |Manitoba Maple 46 |Highbush Blucborry
15 |spatterdock 30 |Sw. White Oak 47 |Red Ash o
14 {Willow (tall) 31 Winterberry 48 [Red Maple

13 {Pickerelweed - 32 Red Qak ;$9 Shagbark Hickory

16 |Potomogeton i 33 Horsetail B

17 |Smartweed ] 34 %ta o

1E. Swamp (15.0 Ia.)

#  |Species # Species #  |Species

1 swillow (low) 11 Dogwood 21 [Southern Avrowwood

2 H‘\}Vil]ow (tree) ) 12 Red_Mapie __22 Sw. Rose

3 |willow {talf) 13 White Ash 23 |Burresd

4 (Grasssp. 14 [Begger's Tick 24 |Red Elderberry
5 |Buuonbush 15 [Catal 25 |Red Elm

6 {Black Ash H'.l6 Jewelweed 26 |Arrowhead -

7 [Winterberry 17 Ferns . ) 27 |Sw. Milkweed |
8§ |Sedge 18 |White Elm 28 |Manitoba Maple o
9 |Highbush Blueberry 19 Coontail 29 INettle

10 |8w. White Oalk 20 Shagbark Hickory 30 |MNightshade ]
NOTE: - B

This is not a comprehensive listing of all plant species within the wetlands but is a listing of the
dominant and more frequent subdominant plant species,
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4.6.2 Algal Growth

Documentation of algal growth in the Niagara
River appears to be very iimited. Virinally all of the
information available is qualitative in nature, as no
formal algal population studies have been done for the
river ttself. Literatare on the eastern basin of Lake
Erie and the western section of Lake Ontario is more
extensive, and some of that information is presenied in
an attempt to draw inferences 1o conditions in the
Niagaza River,

4.6.2.1 Eutrophication

Eutrophication is defined as the process of ferti-
fization ihat cavses high produciivity and bilomass in
an agquatic ecosysiem'",  Euoirophication can be a
natural process or it can be a cultural process acceler-
ated by increased nutrient loadings from human activ-
ity. Advanced or accelerated eutrophication 1s char-
acterized by an increasing abundance of algae and
other aguatic plants to nuisance levels, ncreased i~
bidity and chlorophyll levels, oxygen depletion of
waters at depth and undesirable shifis i fish cominu-
nity structure and total production', The variables
that determine the biological productivily of a body of
waier are: substrate, temperaiure, light, depth, volume
and the amount of nutrients received from the envirorn-
ment,

Lake Erie was the first of the Great Lakes 1o
demonstraie a serious eutrophication problem because
it is the shallowest, warrnest and most naturally pro-
ductive, As of 1987, Lake Erie also received more
efffuent from sewage treatmeni plants than any of the
other Greai Lakes, since about one-third of the total
Great Lakes poputation lived within the drainage arca
of this Jake™ . In the 1950°s, massive algal blooms,
increased tarbidity, and depletion of oxygen (indica-
tive of eutrophication) began to occur as a result of
unabated loadings of nutrienis.  Cladophora, a
filamentous blue-green algae which thrives under
ewtrophic conditions, became the dominant nearshore

algae and covered beaches in green slimy magses™.
Government aciions in the 1970°s resulied in major
reductions of nuirient discharges 10 the Great Lakes.
The results were visible, most notably in Lake Erie,
Nuisance conditions occurred less frequently, dis-
solved oxygen levels improved and algal mats disap-
peared as nuirient levels declined.

The following represent evidence of improve-
ments in water quality problems associatied with
eutrophication in Lakes Frie and Ontario:

= redoctions in blue-green algal biomass in
Lake Erie botween the mid-1960°s and late
1970’s;

= reductions in total phytoplankion biomass
and a shift in phytoplankion composition to-
ward more oligotrophic species in Lake Brie
between 1970 and 1980,

> reductions in the amount of algae washed up
on bathing beaches on Lake Erie between the
mid-1960"s and laie 1970’s;

» 2 decreasing chiorophyll trend in the easiem
basin of Lake Erie between 1968 and 1980
and

» 2 shift in the Lake Ontario phytopiankton
community sirycture and composition toward
more species indicative of meso- and
oligotrophic conditions beiween the laie
1960’s and late 1970’s.

Although evidence exists to suppori the claim
that the frophic status of all the Great Lakes is improv-
ing toward more oligotrophic characteristics, no re-
search is available to confirm if this is also the case in
the Niagara River. Only inferences can be made based
on other factors.

Traditzonally, measurements of phosphorous and
chlorophyll g have been analyzed over time to deter-
mine the trend in the trophic status of the Great Lakes.
If levels of either of these decreased, then the algae
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poputation correspondingly decreased and the trophic
status of the lake improved. This situaiion was ob-
served in all of the Great Lakes during the 1970°s.

The most comprehensive data which may shed
light on the trophic status of the Niagara River is also
phosphorous level trends'™. A study by Environment
Canada™ in the mid-1970’s indicated that phosphate
levels increased with passage though the Niagara
River (indicating the presence of active input sources).
A mean level of 16 ug/L (total phosphorus as P) at the
eastern end of Lake Eric was found, whereas the walier
leaving the Miagara River averaged 20 vg/L. phosphio-
rous'®™, However, these levels, as well as levels in
Twelve Mile Creek, the Welland Canat, and the
Chippawa Power Canal were all better than the phos-
phorous objective level of 20 ng/t. {(0.020 ppm) during
1976 10 1978, Trend analysis' indicates that year (o
year concentrations of phosphorous in the Niagara
River decreased significantly overall, at the rate of
approximaicly 1 ng/L per year over the period 1967 io
1981, This resulted in associaied loading decreases
from about 8,100 tonnes in 196§ o 3,400 tonnes in
19811,

This, then, would tend to indicate that the Nia-
gara River, like the Greai Lakes during this time
period, enjoyed a period of wophic improvement.
Caution must be exercised with this conclusion though;
more vecent studies indicate that phosphorous is only
the algal growth determinant for low-level concentra-
tions, and at higher concentrations of phosphorous,
growth is not most affected by this nutrient.

Mitrate and nitvite concentrations, in conirasi,
exhibited a significani increase over the same time
period, increasing at the vaie of approximately 13 ng/
L per annum',  Reasons for this are speculative;
however, the increases appear io be a consisient obser-
vation for all the Great Lakes (except Lake Michigan).
The Great Lakes Water Quality Board (GLWQB)
highlighted its concern about this mend in its 1985
reportt®,

In the Miagara Peninsula, only the Welland River
cxpericnced levels that exceeded objectives for phos-
phorus and nifraies. The surface waters of Lake
Ontario coniained about one-third more of phosphorus
and nitrates than the waters of Eastern Lake Frie'™,

Some data and trend information on algal
popuiations exist in Lakes Erie and Ontario that might
indicate trends in the Niagara River.

Chrysophycean algae are common 1o some Great
Lakes tocations and frequentty dominate the algal
populations in the late spring and early fall, Increases
in this group as a perceniage of the toial biomass have
been shown o reflect decreases tn phosphorous con-
contrations', With high biomass levels of diatoms in
the spring, silica concentrations can become a limiting
factor, thus leaving room for mare enirophic green
and blue-green forms to develop later in the season™s,
Diatonmm populations can be lost from the water quite
rapidly by sedimentation bui some of the blue-greens
are transporied great disiances™, Tor this reason,
populations of green and blue-green algae are more
noticeable in late summer and early fall when silica
levels are at a minimim,

The community structure in Lake Erie on an
annual basis appears 1o be changing 10 one with lower
relative importance of diatoms and Chrypiophyceae
(because of their absolute declines) to one with greens
and bine-greens as more obvious components. Trends
in Lake Omario appear 0 follow this shift also'.

One criterion that is agreed upon by various
scieniists 1o determine the trophic status of a body of
waicr utilizes open water conceniratons of chloro-
phyll a 1o assess the degree of algal growth in g body of
waier™®.  This meihod may be useful if exiensive
sampling for chlorophyll g is ever conducted on the
Niagara River. Ongce again, the numerical values are
not universally agreed upon, and in thai sense are
arbitrary.
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entrophic waters  : chlorophyll o > 8.8 ug/L

mesotrophic waters : chlorophyll 3 4.4-8.8 ug/t.
oligotrophic waters ; chlorophyll 2 < 4.4 ug/L

Some information is available regarding chioro-
phyll a levels in Lakes Eriec and Ontario. Although
trends from the data sources are not aklogether clear,
the offshore waters (depth > 50 m) of both Lake
Ontario and the eastern basin of Lake Erie were
considered mesorrophic in 1981, according o the
above criteria™. A linear regression on the chloro-
phyll a concentrations in nearshore Lake Ontario from
Ajax to Miagara-on-the-Lake indicates that there is
vistually no change in levels for 1967-1979, and the
concentration 1s roughly 4-4.5 ug/l; indicating no
eutrophic problems™®. One source'? argues that ihe
large range of values for chlorophyll a profiles and
large spatial wartability imply that year-to-year
changes and long-term trends of the phyloplankion
abundance in Lake Ontario are difficuli to discern.

In Lake Erie, chlorophyll g levels in the eastern
basin have shown only a shight decline from 1971 io
1978, The easiern basin of Lake Erie indicales a
bimodal seasonal change in chiorophyll concentra-
tion, with the highest concentrations occrrring during
the spring and in the early fall; the lowest concenira-
tions are in the swnimer™, Levels seem to be contained
mthe 3 to 6 ug/L range. Seasonally normalized yearly
average data from 1968, 1970, 1972 and 1980 (5.37,
5.23, 3.67 and 2.85 vg/L respectively) were regressed
o vield a highly sigmificani (p<0.01) decrease in
chlorophyll g in the eastern basin®,

The following equation (normalized for sea-
sonal and spatial effecis) is thought to relate the
conceniration of chlorophyil a to that of phosphorous:

[ehl 8] (ug/l) = 1.6 + (.206 (toial phosphorous] (ug/1.)

If this is the case, then the past and present
phosphorous levels imply a mesotrophic status in the
Niagara River.

4.6.2.2 The Niagara River System

There 15 a lack of rescarch for the Niagara River
proper on lower trophic levels such as phytoplankion,
particularly nannoplankion, which are quite abundant
in the Great Lakes system'®!,

A map apparentty derived from a 1978 Inierna-
tional Joini Commission publication indicates that the
upper Niagara River is considered eutrophic, and the
lower Niagara is meso/eutrophic'®.  However, this
representation must be considered qualifative at best.
No source reference is available {or the map, and the
river itself may just have been exmrapolated inwards
from the nearshore conditions of Lakes Erie and On-
tario.

On the other hand, in 1980, the Water Quality
Board of the IJC, in its anatysis of arcas of concem,
identified the Miagara River as a Class A Area of
Concern, but only with respect to contamination of the
water, sediments and/or biota by organic and/or inor-
ganic substances (excluding phosphorous). 1t was not
seen as having eutrophication/phosphorous envich-
meni problems'®.

A 1985 TIC assessment supports this claim, In
addressing areas of concern, problems and sources for
ihe Great Lakes Basin, the IJC indicated that the
Niagara River suffered from problems with conven-
tional pollution, heavy metals and toxic organics,
coniaminaied sedimenis, biological impacis and re-
quired {ish advisories, but not from cutrophication',
All of these assessmenis were hased only upon quali-
taitve resulis so their value is Hmied.

One study on phyioplankion®s! compared
biomass and taxonomic composition by algae group
for iest assemblages taken from the mouth of the
Niagara River and mid-Lake Oniario in 1983, The
phytoplankion biomass at the mouth of the Niagara
River was 0.73 g/m’ as opposed 10 0.83 g/m? in Lake
Omiario.
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Diatoms (32%), green algac (29%), and
Chrysomonads (19%) were the dominant groups at the
mouth of the Niagara. As far as size is concemed, the
5-20 um {raction (19 species) was the dominant size
and was a mixed assemblage of green algae, diatoms,
cryptomonads and dinoflagellates. Cyglotella
glomerata (Bachm,) (24%), Chrysgehromuling parva
(Lackey) (16%) and Gymnodiniym varians {(Maskell)
(4%} were the dominani species in this size'®,

The uv-algae (<5 um) consisted of only six spe-
cies belonging to blue-green algae, green algae,
chrysomonads, and diatoms, although the green alga
Chlorella vl garis (Beyer) was viripally the exclosive
contribaior.

The remaining size fraction (>20 um) consisied
of 14 species belonging to blue-green algae, green
algae, diatoms, crypiomonads and dinoflagellates.
Oscillarocia_limnetica (Lemm.) (4%), Gymnodiniym
sp (3%) and Crypiomonas erosa (Bhe} (3%) were
most comimont®t,

When compared to the mid-Lake Ontario
bioassays, the following was found. In the u-algae
size, there were also 6 species, although one species
differed. Again Chlorella vulgaris (Beyer) dominated
the ¢lass on a percentage basis, but was 4.5% less
abundant overall, The 5-20 um class contained 21
species, and was dominated by Gymnodinipm varians
(Maskell) with 10%, Chryseochromnling parva
{Lackey) (9%), and Cyclotelta plomerata (Bachm.)
(6%). The differences between sites may be the most
significant in this size class. In the largest size class,
18 species were found, with Melosira eranulata (Ehr.)
Ralfs the mostabundant (9%), followed by Oscillatoria
limnetica (Lemm.) (3%), and Crypromonas_erosa
{Ehr.) 3%)"".

Overall, the diversity of species is reasonably
consisient between the two locations and the only
differences lies in which species are most predomi-
nant, Table 4.34 surmnmarizes the taxonomy and size
distribntion resulis from the two stations ai which
sampling occurred.

4.6.2.3 Niagara Tributaries

Scant mformanion exists for the Welland River
and Lyons Creck, The samples, from which some of
the information is derived, were collecied in 1964,

The upper Welland River was characterized by
an abundance of emergent aguatic plants, and a Hm-
ited development of submergent aquatic vegetaiion,
The filamenious algae, Cladaphora, was common in
an 1solaied area directly downstream of the Cyanamid
plant'™.  Filamentous algae were obscrved growing
tiroughout the pondweeds and beyond them 1o a depth
of about six feet.

Thirty-one genera of plankionic algae were ob-
served in samples collected in July of 1964, Green
algae predominaied with 18 genera, while blue-green
and diatoms were represented by four and six genera
respectively™, Populations of planktonic algae were
low throughout the Welland River except below Cy-
gnamid’s Welland plant, where a large nnmber of
pencia made up a very dense population. A reduction
in the nwmber of genera and standing crop of algae
was evideni between Welland and the Cyanamid plant.
All of the comman genera taken below Welland were
known to be tolerant 10 polfution™. Several genera,
possibly intolerani to pollution, that were noticeable
above Welland were absent below the city., At Port
Robinspn, a greater variely of algae indicaied some
improvement, A iotal of 24 pencra of algae was
established for samples taken below the Cyanamid
plant’®.  Several forms not noted for tolerance to
pollution were abundant.  Apparently, the levels of
ammonia did not impede the development of a varied
and abundant population, and in fact, together with the
levels of phosphorous, appeared to have promoted
algae growth'™.

In Lyons Creek, high phosphorous levels were
noted throughout the survey. A moderaie amount of
submerged vegetation was present at ope sampling
station in association with the algae!'®,
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TABLE 4.34

Algal Taxonomy and Size Distribution in the Niagara River and Lake
Ontario
Site Units Niagara River Lékﬁj dﬁiﬁ?"
Biomass gfm*3 0.73 0.83
Species Composition
Cyanophyia % 5.2 5.3
Chlorophyta % 28.8 314 |
Chrysophyceae H % - 18.6 N 10,7
D;iaﬁ;ameae — I ¥ 318 28.0 o
Crypiophyceae P - 8.0 9.2
-Dinophyc\aae B b B N 14,5
Size Distribution <5um % 22.7 20
<2um % 60,7 55
>20um % 16.6 25

In more recent studies of the Welland River done
in 1978 and 19807, a more deiailed account of the algal
growilis was documented.

Severe reduociions of periphyion diversity were
found immediately below the Cyanamid outfalls with
distnct recovery zones in the downstream part, Nor-
mal periphyton density and diversity cccurred at sites
approximaiely 1.6 km below the puifall®?,

The natwre of the atiached algal communities at
each of the eight stations differed. Species diversity
dropped in the primary recovery zones and improved
with distance downsireamn. However, the overall algal
biomass was greaissi in the primary recovery zones
(closest to discharge source)., This is a resuli of the
abundance of the filamentous blue-greens”, which
commonly thrive in polluied waters.

Species composition and relative abundances of
the various groups and species of algae also varied
between sigtions, In primary recovery zones, the algal
community was dominated (in ierms of nombers of
individuals) by the blue-greens, particularly
Qscillatoria and Lyngbya. Phormidium, bowever, was
less abundant in these zones than in others. Green
algae, especially Qedogoniym, became increasingly
more abundani (in terms of both number of individo-
als and species) in the secondary and tertiary recovery
zones®, This may be expecied since filamentous blue-
greens are least sensitive to pollution, while
filamentous greens appsar mosi sensitive, Blue-greens
were, however, the most abundang class in all zones™,
Mo mrend in diatom abundance with respect o disiance
from discharge could be determined.

The periphyion community showed aligration in
response 10 waste discharges. Species richness and
diversity were lowest immediately downsiream of the
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discharges and increased with distance downsiream.
Species composition also showexd variation correspond-
mg to waste discharges. Blue-green algae were the
dominant forms at all stations, especially at those near-
est waste discharges®”. Filamentous green algae dis-
played the opposite trend, becoming more common
with distance downstream below discharges, Diatoms
displayed no common trend in response to waste dis-
charges. Replacement of Nizzschia dissipain by
Nifzschia palea ocourred immediately downstream of
Thompson’s Creek, but not at the other discharge site®’.

Sampling at the Binbrook Reservoir by the Mia-
gara Peninsula Conservation Aunthority (NPCA) during
1988 supports the contention that algal blooms are
localized and seasonal in nature, Blue-green blooms
are typically maost prevalent in September/October. A
variety of algae species exist in this reservolr, and there
are definite spatial variations. Bloe-greens appear io
be the most dominant type of algae in this reservoir,
and depending on location, Oscillajoria, Nitzschia,
Coclosphaerium, or Spirogyra are the dominant spe-
cies, Cyanophyceae, Dinophyeeae, Chrysophyceae,
Chlorophyceae, and Bacillariophyceae are all repre-
sented.

In suromary, the phosphorous conirol efforis ap-
pear ity have arrested the water quality degradation
which had created eutrophication problems in the Great
Lakes earlier this centary, but have not yet achieved the
desired water quality conditions describad in the 1978
Agreement. Muisance algal blooms and associated
twbidity appear under control and only occur in iso-
lated instances and areas,

Insofar as algal blooms are concerned in the
Niagara River Area of Concern, their incidence seems
o have decreased, as it has in other Grear Lakes
regions, and their occurrence is localized and follows
seasonal trends. There is no evidence 10 suggest that
algal blooms occur as a result of human iniervention
on any large scale or {requent basis,

4.6.3 Foam

The cascade of water over the Horseshoe Falls,
an average of about 1,200 to 2,500 tonnes per second,
hits the pool below at a speed of about 10 metres per
second over a crest jength of some 760 metres. The
impact of this water results in the creation of foam in
the Maid-of-the-Mist Pool. This foam is natwral in
origin and composed primarily of plant decay prod-
ucts such as Hgning, tannins and lipids. Itis creaied by
infense and contimuous gas (air) injection as the water
plunges into the pool of water below the falls. The air
injecied ingo the water provides a bubble surface
autracting dissolved and particulate materials wiich
are adsorbed onio a bubble’s surface and concentrate
as the bubble rises. This acration is ofien cited as a
mechanism {or conceniration (bubble scavenging) of
organic and inorganic substances in the water column,
Normally accepiable levels of both organic and inor-
ganic compounds may be concentzated by this process
into material with significantly higher levels of con-
TAmInAnis,

Upon surfacing, materials ave incorporaied into
surface films and foams on natural waters. These
fitms and foams themselves are especially subject 1o
concentration of maicrials iransported by air bubbles
io the surface and are regions in which organisms can
experience acceterated rates of accumulation of sur-
face-active foxic materials®. This increase in expo-
sure of organisms 1o elevaied levels of toxing at the
inierface is of particular concern because the surface
microlayer on natural waters is an especially rich
biological microcosm'™ (Table 4.33).

These rising bubbles, as a dispersed gas phase,
also provide an enhanced raie of gas ransfer for those
substances affecied by differences in partial pressures
in the atmosphere and near-surface waicrs,  This
ransfer of substances via the gas phase is importans in
increasing the oxygen concentration in the water and
in stripping volatile compounds from the waier phase.
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TABLE 4.35

Percent of filter area occluded by particies and concentrations of
particle-associated bacteria bulk water samples taken above and below

Niagara Falls.
Area of Filter .
Locati Filter Occluded b Concentration
sealion e . 7 of Bacteria
Particles
Above Falls
16 % 3.7x14E4/ml.
(bulk water) 2 am (Nuclepore) o p /m
Relow Canadian Falls , .
3 > 4 9 7 451484 /ml,
(bulk water) 2 um (Nuclepore) T4 % X /

Most of the foam is shori-lived in the Maid-of-
the-Mist Pool, dispersing in the peol or being dissolved
by the river’s action in the Whirlpool Rapids. This
dissolution, as well as the breaking of bubibles when
they originadly surface, can aggregate the adsorbed
maierials (surface coagulation). This process can con-
veri dissolved and colloidal matevial into pariiculate
form. This maierial can contain highly concentrated
maierials such as surface active woxins. This activity
can increase the sedimentation raic of these particular
materials and make them more readily available for
ingestion by organisms®.

The process of fractionation of chemicals by
bubble injection caused by the falls at Miagava was
studied in 1985 by a group of researchers from
Dalhousie University'®. On July 23 and 24 of 1985,
samples of water were collecied from locations above
and below the falls along with foam sarples from the
Maid-of-the-Misi Pool. This stady was underiaken o
deierming the types of substances thal might be in-
volved in these surface-active adsorption processes.
The most significant result of bubble njection below
Niagara Falls was determined o be the very high
enrichineni of pariiculaie materials in the foam'®,
This is believed to be cansed by the physical *scour-
ing” of larger calloidal and particulate maierials as the
bubbles rise through ihe water column, This collec-
tion of particultates, pardenlarly fine suspended clay
paricles, produces a light tan colouration o the foam.

Tn addition 1o patticulaie matter, concentrations
of copper, cadmium, zine and classes of lipids were
measured in the water and the foam. No assessment
was made of pricrity pollutant chemicals with the
exception of the three trace metals,

The concenirations of e subsiances measured
in bulk water changed typically by less than a factor of
2. In fact, for the three irace meials, copper concentra-
tions showed litle change and zinge concentrations
conld not be measwed, while cadminm concentra-
tions increased by about 1.5 (Table 4.36). However,
as can be expecied from this nawral phenomenon, the
foam showed much higher concentration of surface-
active substances. Trace metal concentrations in the
foam were concentrated by a facior of 289 for copper,
19 for cadmivm and 78 for zing,

Lipid class concentrations showed significant
change after passage over the falls (Table 4.37). The
conceniation in water of some classes (hydrocarbons
and keione) decreased while others {iriglycerides and
phospholipids) showed an increase.  All lipids are or
may be nataral in origin, relaied to zooplankion, chlo-
rophyll and cell membrane components. Concentra-
tions of fipids in the foam weve highly enrched from
15 10 370 times those concentrations in the bulk water;
however, the ratios of lipid classes were much differ-
ent than those in water. Major foam coniributors were
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TABLE 4.36

Trace metal concentrations for bulk water (30 cm) from above and below
the falls and for foam below the falls. Resulis for below refer to the
Canadian (Horseshoe) Falls unless otherwise stipulated.
Location Samaple Sample Concentration
Type Fraciion {mg/mi)
Cu Cel Zn
above falls b d(0.4 uin) 0.95 0 -
b p(12 nm) 0.05 0 0.59
below falls b (0.4 um) 0.85 0 5.1
o p(12 um) 0.102 th 0.91
b (2 wm) 0.8 0 14
£ d(0.4 um) 30 6 242
f i 280 9 510
below f 13 123 5 189
Arerican Falls
b=bulk water, f=foam, i=total, d=dissolved, p=pariculaie,
Filter pore size is in parenthesis.

monoglycerides, pigrents and glycolipids, all derived
from natural materials such as chlorophyll and algal
blooms.

Foam samples from below the Armerican Falls
showed slightly less trace metals and similar concen-
rations of lipids o the foam from the Horseshoe Falls.
Differences in concentrations below the two falls is
aitributable to the differences in physical processes at
the two falls. The water over the Horseshoe falls is
much greater In volome and plunges directly inio the
Maid-of-the-Mist Pool. The water over the American
Falls (and satellite Bridal Veil Falls) is much smaller in
volume and tmpacis on extensive rock ialus beneath
the falls before running off inw the Maid-of-the-Mist

Pool. The potential for bubble scavenging is far fess
from the American Falls as the depth of gas injection is
less. Mo assessment was made of concentration of
organic contaminanis of man-made origin,

While the presence of foam below the falls is the
most apparent result of bubble injection, this foam
collapses downsiream and near-surface enrichments
are erased in trbulent mixing'e, Thus, any contami-
nants collected by the foam are either re-released 1o the
water column or volatilize o the atmosphers. Little of
the foam remains afier passing through the Whirlpool
and Devil’s Hole Rapids, although the action of these
Tapids may, in themselves, promote some surface ac-
tive scavenging,
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TABLE 4.37 (a)

Lipid classes in bulk water above and below the falls and from foam
samples below the falls. Resulis from below refer to
Canadian falls unless otherwise stipulated.
b=bulk water, f=foam, t=total, d=dissolved, p=particulate.
All filtrations refer to GEFC filters.
Lotation | Sample | Sample Class (ug/L)

Type | Hraction HC | WE | ME | KET| TG | FFA | ALC| ST | DG | AMPL | PL
above b P 20 |13 [14] 4 |96 |19 |32 12|y 92 10
falls b 50 | 63 | - | 53| 43 | 40 15 | 14 21 1.8
below ) D 21 09 (07| 05 | 44 | 38 - 1.1 ] 09 9.1 7.2
falls b d 390 | 43| - | <2 | 83 | 66| - | 45| - 34 8.7

£ f 1400 | 97 |130| 66 | 1500 |1100] 220 |2100] - | 4200 | 960
below - o
Amerca| f { 1570 | 100 | - | 320 | 1150 | 1500 | 450 [ 2580| - | 4800 | 500
Falls
HC - Hydrocarbons TG - Triglycerides | DG - Diglycerides
WE - Wax esiers FFA - Free fatly acids | AMPL - Acetone mobile polar
ME - Methyl esters ALLC - Alcohols fipids
KET - Kefones ST - Sicrols L - Phospholipids
4.6.4 Climate out the peninsula and atmospheric condensation on the

The southerly location of the Niagara region
within the Province of Cnrario causes the climate 10 be
more temperais than that in other areas. This area has
a mean annual growing season of 215 days and a frost-
free period of 165 days. Normal daily temperatures
range from -3°C 10 20°C; annual average temperaiure
is 8°C. Total annual precipitation in the Niagara
Pemnsula frequently exceeds 900 mm. The amount of
snowfall varies across the peninsula, with lower snow-
fall in the northern portion and higher snowfall in the
soithern portion (cavsed by the presence of Lake
Erie). The proximity of both Lake Ontario and Lake
Erie iends to create sndden snowsquall activity through-

colder landmass is a frequent occurrence. Due 10 the
southem location of the Miagara Peninsula, there is not
a great deat of snowfall accumutation; snowmelt oc-
curs throughout the winger period and provides a damp-
ening of the waditional spring breakup and runoff in
area creeks and streams,

Prevailing wind dircction measured at Niagara
Falls Ont., is from the southwest (more than  of the
simne).  Dominant wind direction is etther from ihe
songhwest or from the west for each maonih of the year.
Wind speed at Niagara Falls averages 15.4 km/hr
annually and is about 4 km/hr weaker than come-
sponding winds measured at Buffalo,
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TABLE 4.37 (b)
Lipid classes in bulk water above and below the falls and from foam
samples below the falls. b=bulk water.. f=foam.. t=(otal.. d=dissolved..
p=particulate.
A1l filtrations refer to GFC filters.
Sampling Location
above Niagara | below Horseshoe | below American
Falls tralls Falls

Sample Type b b b b £ f B
Sample Fraction P d D d £ i
Class Congentration {(ug/)
Hydrocarbons 0 30 Z1 30 1400 1576
Wax esters 1.3 6.3 09 43 97 100
Methyl esiers 14 - 0.7 - 130 -
Ketones 4 3.3 035 <2 ) 320
Triglycerides 9.6 43 4.4 e 1500 1150
Free faity acids 19 40 38 60 1100 1500
Alcohols 3.2 - - - 220 450
Sterols 1.2 - 15 1.1 4.5 2100 2580
Diglycerides 19 14 09 - -
Acetone mobile polar lipids 9.2 21 9.1 34 4200 4800
Phospholipids 10 13 12 8.7 960 300

The prevailing wind directions wounld indicate
that the area is not generally affected by airbome
contaminants from urban centres 1o the northwest
(Hamilfon or St. Catharines), 1o the norih (Toronto) or
io the southeast (Buffalo). Airborne pollution originai-
ing in the industrial commdor of Wiagara Falls (New

York), Morth Tonawanda and Tonawanda is onlikely
io be deposited on the Niagara River {Ont) Area of
Concern, although deposition in drainage basms on the
Mew York side of the river may introduce these con-
taminants into the Niagara River warers.
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4.6.4.1 Microciimates

The climate of a region is the general long-term
weather condition that exists in thai region and is
based on the number of months the mean temperature
is above a certain threshold value and the amount and
distribution of the precipitation in that region. Within
each climate category there are local conditions that
vary from the regional climate by a variance in the
temperaiure regime or a difference in the amount of
precipitation. These variations from the regional ¢li-
mate are termed microclimates.

There are eight general climatic parameters ihat
may vary depending on the local conditions in a
region. It is the measurement of these parameters that
defines the conditions of the microchmate.

The cight parameters thai are nsed are:

radiation sunshine
tight temperstiue
humidity evaporaiion
air flow precipitation

Each parameter’s effect on the microclimate is
determined by the physical conditions of the region.

Radiation energy is affected by the angle at
which it strikes a surface and the relative facing of the
surface to the radiation source. In the norihern hemi-
sphere, a south facing slope will receive more radiation
energy then a north facing slope. Also a steeper slope
will receive legs radiation then a shallower slope. In
addition the amount of shading caused by surrounding
ebjects will affect radiative pattern of an area,

Sunshing, and light are dependent on the same
basic faciors as radiation. Thus the factors encompass-
Ing the degree of slope, aspeci and the amount of
shading of surrounding objects affect them the same
way they affect racliation.

Temperature is closely related 1o radiative en-
ergy. It differs from sunshine and light in that with the
movement of a different ailr mass into a region a
change in temperature can accur with liitle change in
radiative load,

The humidity of the region is influenced by ihe
amount of water available. Vegetation, water surfaces
and the ground (if water is within the iop few ceniime-
tres of the soil) are ali sources of water vapour, There-
fore, it is i be expected that the humidiy will be
higher in regions with heavy vegetation and large
bodies of open water.

Evaporation of water has the effect of cooling
the air. Areas with dense vegetation or around waier
surfaces arc cooler but with a higher relative humidity.
The creation of a higher humidity will only occur if
the local air flow is low,

The physical landforms of a region have a great
effect on the air flow and precipitation. A hill can
cause precipitation to occur on the windward side
rather than the leeward side, Flills can also act as
barriers with the ability 1o direct air flow. Some
regions will have an increased air flow, while other
areas will have a rednced air flow,

In addition to individual effecis, all of these
parameters interact with one another, 1t is the interac-
itve effects thar also determine the conditions of the
microclimare,
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4.6.4.1.1 Niagara Microclimates

There are a number of localities within the
Niagara area which exhibit microclimates. Each 1s
governed by a varied set of climatic parameiers as
identified above. Many of these have 1o do wiih Jocal
effects of the adjacent water bodies, enhanced by
topographical features.

Two of the most significant microclimates within
the Area of Concern border the area to the north and 10
the south. Only small poriions of each micreclimate
are found within ithe Niagara rviver (Ong) Area of
Concern,

The first localiiy is the far eastern end of Lake
Hrie. This area experiences severe winier conditions
throughouni the winter months. This is referred 10
{ocally as the "Buffalo Effect” and sxtends across the
head of the Niagara River to the Fort Erie - Port
Colborne area of Oniaric.  Sirong wesierly winds
covering the length of Lake Frie and temperature and
humidity effects of the Iake combine to produce colder
conditions and heavier snowfalls in this area than in
the rest of the Niagara Peninsula.

The second locality is the area to the north of the
Niagarg Escarpment, a small band of which exisis in
the Area of Concern immediately to the wesi of the
MNiagara River. This area experiences much miider
wintess and springs than the majority of the area due 1o
the blocking effect of the Niagara Escarpmeni and the
influence of the waters of adjacent Lake Cntarto. In
the summertime, climate is strongly influenced by
Lake Ontario and the prevailing wind direction,

Another zone that exhibiis a microclimaie is the
Niagara Gorge. Parameters causing variations from the
regional climate are the topography of the depression
and the waters of the Niagara River. The turbulent

action of the falls and the rapids significantly increases
the humidity, particularly in the vicinity of the Horse-
shoe Fails. In addition, the veriical walls of the gorge
combined with its narrowness limit the penetration of
light and heat to the botiom of the gorge, while at the
same time blocking the influence of most winds.

4.6.5 Air Quality

The Ontario Minisiry of the Environment has
established air quality guidelines on a one hour, 24-
hour and annual basis as part of its Ajr Management
Program to conirol man-made emissions so that they
comply with ambient air guality standards. Sources of
pollution are identified, their emissions evaluated, and
appropriate control measures ase institnted so that
these objectives may be met.

It has been demonsiraied that the combination
of sulphur dioxide and particulate maiter at high con-
centrations results in adverse health effects. Siarting
in 1970, the Air Pollution index or API became one of
the prime measures of air quality in the Province of
Ontario.  This index was derived from twenty-four
hour running average concentrations of both sulphur
dioxide and particulate matter. These were measured
at single monitoring stations and the API was vsed as
a warning system o alert the public 10 elevated air
poliviion levels, When the API value excecded 50,
industries were required 1o reduce thelr air emissions,

The formula for the calculation of API is site
specific. For each monttoring locale, the coefficicnts
vary depending on the natwre and opacity of the
airbome contamination,
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AP values and their associated significances are
tabulaied below:

YValue Significance

<32 |acceptable level

known as the advisory level if continwed
unfavourable conditions are forecast,
significant industrial sources meay be asked to
voluntarily curtail operations

32

major emitiers would be ordered by law to

30 curiai} some operations

75 | further cutbacks would be required

100 | all sources wot gssential to the public health
and safety could be ordered to cease
operations

The gengral air monitoring program thropghoni
the Province measires the following contaminanis:

A) Gasesmeasured with continuous analyzers which
include:

i) Sulphur Dioxide (SQ,)

It is mostly monitored near industrial
sourves but 50, is also 2 produc of domestic
space heating.  Sulphur Dioxide combines
with water to form acidic compounds that can
cause eye and lung iwitation, corrode metal
and darnage vegetarion.

i) Total Reduced Solphur (TRS)

TRS is monitored only near industrial
sources. Measuremnent of TRS inclades hy-
drogen sulphide (F,S), as well as other sul-
phur-containing compounds. They originate
from indusirial sources such as pulp and pa-

per mills, coke ovens and refineries. They do
not have a health impact at levels normally
measured in the ambient air,

B) Particulates (dust) which are measured by three
methods, each relaiing 10 a different size
range of particles:

D Dusifall

Dusifall incorporates the heavy matenial
generally greater than 10 microns in size that
setiles out of the atmosphere by gravity.

ii) Total Suspended Particulates (T5F)

TEP is measured using high volume (hi-
vol) samplers set up at permanent locations
{near industdal sources). The paricles col-
lected by Hi-vol samplers range in size from
submicton 10 approximately 50 microns,

i) Soiling Index {Coefficient of Haze)

The coefficient of haze (COH) is monitored
by fape samplers which measure fine parii-
cles (less than 10 micions) on an hourly basis.

The Ministry of the Environimeni has been
conducting routine monitoring in the Niagara Falls
area since the early 1970s.

At Niagara Falls the following stations are em-
ployed:

# 27086 - Allendale Avenue near Niagara Falls
10uKist aren

# 27085 - Siandey Avenue 500 m northeast of
General Abrasives

L.
# 27053 - First and Bridge (300 m southeast of
Cyanamid Inc,, N.F.)

# 27080 - Victoria Avenne (500 m east of Cyanamid
Inc, NF)
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Station #27053 was operated only in 1984 and
1985. Station #27050 replaced 1t in 1986 and is still
operational. Stations #27055 and #27056 have been in
continupus operation since 1984,

In Niagara Falls, during the 1976-1979 period,
the 24-hour and annual criteria for sulphur dioxide
(S0,) were never exceeded. The one hour criterion
was exceeded only once in 1976. The 24-hour crife-
rien for suspended particulates was exceeded on six
occasions during that same period; the annual crite-
rion was not exceeded.

At station #27056, for the pariod from 1984 1o
1987, the AP1 was generally low and weil below the
advisory level, Sulphur dioxide and soiling index
concenirations were also generally low and met all
objectives. The daia suggest that sulphur dioxide is
mostly due to the influence of the MNiggara Falls (N.Y.)
industrial area. TSP were low and met the objectives
- the trend from 1980 shows a decline to well below
the yearly oObjective,

At station # 27055, all the objectives for sulphur
dioxide were met and the data for 8O, and TRS show
mostly fow levels for the period from 1984 to 1987,
General Abrasives Lid. is indicated as ihe primary
source of both pollutants. The hi-vol sampler continy-
ously showed a very high vearly mean for suspended
particulates although fevels did decrease between 1984
and 1987, There is a local fallout problem in the
immediate vicinity of the plant. The major sources of
dust cmissions are both the silicon carbide and
aluminum oxide fumaces. The former is also the
major source of odours at the plant.

Data were cotlected at station # 27053 in 1984
and 1985, The annual peometric mean for suspended
particulates was reduced by 12% in 1985 from 1984,
The major influence was determined 1o be Cyanamid,

In 1986, monitoring was switched over from #
27053 1o # 27050, The yearly mean for suspended
particulates was well abovs the objective. It should be

noted that this station is more downwind of Cyanamid
with tespect to predominant winds, which likely ac-
counis for this increase. The major sources of dust
frora Cyanamid are the calcium carbide furnace and
its product handling system.

The decade from 1980 1o 1989 brought signifi-
cant advances in air quality monitoring technology, In
June of 1988, the reporting of air quality was re-
vamped 1o a new Alr Quality Index or AQ! (which
includes the Air Pollution Index) to more accurately
reflect ambient air quality in response to growing
concern with the quality of air in Ontario as well as
scientific advancement.

The AQI incorporates the two contaminanis,
SO, and suspended particulate matier, which deter-
mined the APL  In addition, the new AQI measures
four additional air pollutants;

s carbon monoxide (CO)

Carbon monoxide is 4 colourless, odourless
and tasteless gas mainly resulting from auto-
mobile emissions. CO causes impaired per-
ception and reflexes, and, at high levels, can
aggravate chwonic heari and respuatory dis-
£A5ES.

> nitrogen dioxide NO,)

Mitrogen dioxide is an irritating gas pro-
duced by combusiion processes. Ii can com-
bine with water in the atinosphere 1o form
acid rain and ¢an also contribuie to the forma-
tion of ozone or photochemical smog. Mito-
gen dioxide can affect health, reduce visibil-
ity, correde metals and damage vegetation,
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> pzone (O,)

Ozone is a pungent, colourless gas produced
by the sun’s photochemical action on hydro-
carbons and oxades of mirogen. Ozone also
occurs naturally,  EHigh levels of ozone can
cause eye irritaiion, respiratory distress, de-
creased vigibility and damage 1o vegetation.

o total reduced sulphur (TRS)

As previously identified for site specific in-
stances,

The AQI s based on the 24-hour running average
concentrations of pollutants and dees not emphasize
shori-term extreme readings. The air guality is re-
ported as very poor, poor, moderate, good of very good
based on an AQI number from 0 to 100 (Table 4.38),
Various levels of pollutanis as identified by the AQI
can be associated with various human health effects
{Table 4.39). Reporied AQT levels are based on the
most recent one hour congentrations and the previous
23 howrly readings. The AQI is reported four times a
day and more frequenily when the air quality is moder-
ate or worse, When ithe AQI reveals high levels of
pollutants, action is taken 1o reduce emissions, El-
evated levels of any_one parameter can canse the
AQI to ncrease.

If the AQI reports poor, very poor or moderate
conditions, the specific pollutanis causing those con-
ditions are ideniified along with acttons being taken to
reduce these pollniants to accepiable levels. An esti-
maie 1s also given of how long these conditions are
expected 1o persist. The APE is still measuved along
with the AQI as it is used o conirol industrial air
pollution in the area of the monitoring station,

For the last three years, allf areas in the Province
had AQI readings of either good or very gaod, 90% of
the time. Poor conditions occurred less than 19 of the
time. Very poor conditions did not occur,

Air quality standards on the ULS. side of the
MNiagara Rives are established by both US, EPA and
M.Y. DEC. Between 1973 and 1979, annual criteria
for sulphur dioxiade (50,), carbon monoxide (CO),
nitrogen dioxide (NO.) and lead were not exceeded in
the area of the escarpment (to the north and northeast
of Niagara Falls). In Niggara Falls (N.Y.), the levels
of particulate matter, both setileable and suspended,
have consisiently excecded the State siandard. This is
probably a resuli of the location of the Buffalo Avenue
industrial corridor in Niagara Falls and the prevailing
wind direction, which would carry airborne
particulaies into the Miagara Falls (N.Y.) area. This
combination is probably responsible for sporadic
particulate exceedances in Lewiston and excessive
ozone levels on two occasions in Niagara Falls (N,)).

There are bitle published data on the concenira-
tion of foxic species in the air along the river. The lack
of such data does not allow an assessmeni of whether
the river acts as a source of such chemicals 1o the air
(or vice versa). It is reasonable 10 assume that any
source segment atong the river in the indusirialized
corridor may present a possible source of airborne
contaminants incloding: direct emission from indus-
try, urban emissions, volatilization from industrial or
municipal wastewater systems and volitilization from
the river uigelf,

Sampling has been conducted for gas-phase and
particuiate-phase polycyclic aromatic hydrocarbons
in the Niagara river area'™. This study confirmed the
resulis of previous studies, that PAH concentraiions in
the air are greatesi when the air mass is under the
influence of wban and industrial sources. Along the
Niagara River this indicates a south to north gradient
in the concentrazion due o larger population in the
Buffalo area.
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TABLE 4.38
Ontario Air Quality Index
Table Units are Concenirations
Brackets Indicate Rationale
Pollugant Units Category / A.Q. Index
~ Ver
Yery Good Goud Mederate Poor sz
0-13 16-31 32-49 50-99 100+
Sulphur Dioxide o 0-0.16 0.17-0.25 | 0.26-0.34 | (.35-1.99 57,00
1 he, ave, B (VDY) (OC) (MA) (PL) i
Coef, of Hare . 0-1.06 1119 2.0-3.9 4.0-5.9
1 . avg. COH (AR) (AR) (AR) (AR) >6.0
Carbon Monoxide 0-12 13-22 23-30 3149 +50
1 hr. avg. ppm (VD) EX) | (©OC.MAY|  (EQS)
Carbon Monoxide 0-5 6-9 10-13 1417 ~18
] hr. avg. P (MD) EX) 1(OC.MAY|] (M)
Mitrogen Diaxide o 0-0.10 0.11-0.20 | 0.21-025 | 0.26-0.52 ~0.53
1 hr. avg. pp ME) | (CC.MA) | (EX) (MT) '
Ozone b 0-30 51-80 81-120 121-199 5900
1 hr. avg. PP (MD) (OC) (EPA) (MT)
Total Reduced Sulphur 0-5 6-10 11-27 28-999
1 br. ave, ppb ©CM) | (OCP) (S0) ®L) >1000
RATIONALE: (MD) - Federal Maximum Desirable Level
(MA) -~ Federal Maximum Acceptabie Level
(MT) - Federal Maximum Tolerable Level
(OL) - Ontario Criteria
(PL) - Prodent Level for Safety
(EQ8) - Equivalent Effect as Federal Maximum Tolerable Level for 8 Hours
(AR) - Arbiirarily Setected
(EX) - Exirapolaied
(NE) - No Effects
(FPA) - U.SEP.A, Standard
(30) - Swong Odor
(OCP) - Oniario Criterion for TRS emitted from Pulp Mills(OCM) - Ontario
Criterion for Methyl Mercapian
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TABLE 4.39

Ontario Air Quality Index Health Effects by AQI Category
Pollutant Category
Very ood Moderate Poor Yery Poor
Good
Carbon No Effects | Mo Effects | Blood Increased Increasing
Monoxide Chemistry Cardiovascular Cardiovascular
Changes. Symptoms in Symptoms in
NoDetectable | Smokers With Heart | Non-smokers With
Impairment. | Disease. Heart Disease. Some
¥Yisual Impairment. -
Nitrogen No Effects | Slight Odor | Odorous Odor and Increasing Sensitivity
Dioxide Discoloration. Some |in Patients with
Increase In Asihuma and
Bronchial Reactivity | Bronchifls.
in Asthmatics.
Ozone Mo Effecis | Injures Injures Many | Decreasing Light Exercise
Vegetation | Vegetaiion Performance by Produces Respiratory
When Species. Athletes Exercising | Effects in Patients
Combined Regularly. with Chronic
With Pulmonary Disease.
Sulphor
Dioxide.
Sulphur Mo Effects | Injures Injures Some | Odorous. Increasing | Increasing Sensitivity
Dioxide Yegetation Vegetation Vegetation Damage. | in Patients with
When Species., Asthma @and
Combined Bronchitis,
With Gzone
Suspended | No Effects | No Effects Some Yisibility Decreased | Increasing Sensitivity
Particulate Decrease In Soiling Lvident, in Patienis with
Visibility Asthma and
Bronchitis.
502+ 5P Mo Effects | No Effecis Injurious to Increased Symptoms | Significant
Vegetation in Patients with Respiratory Effects in
Chronic Respivatory | Patients with Asthma
Disease. and Bronchitis.
Total No Effecis | Slight Odor | Odorous Bxiremely Odorous. | Sensitive Individuals
Reduced May Suffer Nausea
Sulphur and Headaches Due
0 Severc Cdor.
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During a one-week sampling period in Sepicm-
her 1982, a screening of compounds was carried out at
stations in Miagara-on-the-Lake (Fort George), Nia-
gara Falls (Diversion Structure) and Fort Erle (Old
Fort Erie). The majority of the organics deiccted
consisted of compounds which are typical of urban
and rural environments. Resalis showed alarge amount
of faity acids associated with vegetative burning, for
which there is no local sowrce. The prescace of high
concenitations of these in the foam below Miagara
Falls poinis (o the river as a possible source. These
compounds have also been noied in wban samples
from Detroit and Mew York Siate. Chiorinated spe-
cies were not seen during this full-range screening of
compounds.

The sampling was repeated doring the last week
of January, 1983, At this time volatilization from the
river was indicated as not likely to occur since the
water temperaiure during the period was 04°C 10
LI1°C. The study showed that concentrations of
particulate PAHs were higher during winter months
especially for phenanthrene and pyrene,  This indi-
cated that source inpui from a strong local influence
was the conwolling factor for the difference between
September and January, In general, aithome PAH
levels were highest in Fort Erie, lower in Niagara Falls
and lowest in MNiagara-on-the-Lake,

4.6.6 Odour

There have been occurrences recorded in the
last decade of complaints of unaccepiable air quality
in the area of the Maid-of-the-Mist Pool.  These
complainis have been made by both visitors and resi-
dents, Most occurrences have been noted by those
individnals who work in the viginity of the Falls, the
cusioms and immigrations staff at the Rainbow Bridge
and the Maid-of-the-Mist fleet staff.

Adthough most complaints have not been veri-
fied because the cmassion has ceased before investiga-
tors arrive, some occurrences have been of sufficicnt
duration to give an indication of responsibie sources.

Most of the complaints which have been iraced
have been assoctated with discharges from Niagara
Falls (N.Y.}, either from industrial spills above the

American Falls or discharges from the Falls Sireet
“Sewer or from the Adams Tailrace Tunnel. Particu-

larly strong odowrs filled the Niagara Gorge in the
Falls arca on September 8, 12, 17, and Sepiember 21,
1987, 'The incident on Sepiember 12 was reported 0
Ontario’s 5pills Action Centre; eight Canada Customs
Officials were gvercome and three had 10 be taken ©
hospital for observaiion. During the same occurrence,
siaff and passengers of the Maid-of-the-Mist reporied
irritaiion of the eyes and throat,

The majority of odowr complaints and poor air
quality occurrences are linked to discharges 1o the
Maid-of-the-Mist Pool. Three Hydro-electic plants
discharge 10 the poot on the Canadian side. Investiga-
tions of these discharge systems do noi show any
possible rouie of introduction of coniaminanis 1o these
waters.  Thewr sole pwrpose remains the fransfer of
waler from the upper river o the lower viver for
elecirical power generatian puarposes.

The only recorded polintion sources to this por-
tion of the river are the two main sewers for the City of
Niagara Falls, New York. The Falls Sweet Tunnel is a
combined sewer which contributes contarninaied
ground water to the Maid-oi-the-Mist Pool doring
periods of high precipiiation. The City, along with
EPA and DEC are attempting to redirect as much of
this water stream as possible io the Niagara Fails
(N.Y.) Waste Water Treatment Plani (NFWWTP).
The larger of the iwo outfalls is the Adams Tailrace
Tunnel; it receives the discharge from the NFWwWTP
along wiih non-contact cooting waiers fiom the chemi-
cal indusities ateng Buffalo Avenue.

The NEFWWTP has the ability to bypass infloent
directly to ihe Adams Tunnel in the event of a spill,
from any of 1ts significant industrial users, that threat-
ens the operation of its reatment system, particolarly
the activated carbon beds. Bypassing has occurred in
the past as excessive stormwaier conleibutions threat-
ened to hydranlically overload the plant. The munici-
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pal, state and federal authoriues, once again, have
been working on better control of flows through the
plant.

The bypassing of a spil} from the NFWWTP or a
spill directly from the industries to the NFWWTP still
poses a threat to the well-being of people and animals
in the Maid-of-the-Mist area. These poorly treated,
full-strength waste streams have the ability of creating
serious air guality problems in the confined space at
the bottom of the Niagara Gorge. This may be particu-
larly true during periods of reduced flow over the falls
and through the Maid-of-the-Mist Pool. These lower
flow periods provide less dilution for the concenivated
siream and create 3 longer residence tme in the Maid-
of-the-Mist Pool. Extending these periods of low flow
or increasing their frequency would mcrease the risk
of a combinaion of low flow with a spill coadition.
The severity of the exposure will depend on the natare
of the contaminanis invelved.

4.6.7 Mist

Mist is formed in three ways at Niagara Falls
and the amouni formed by cach method is dependent
on the ambient iemperature and humidity as well as
the termperature differential between the air and the
river water. One way involves the bubbles which are
created by the plunge inio the Maid-of-the-Mist Pool;
the bubbles break upon surfacing, producing aerosol
droplets that can carry surface-aetive matcrials into
the atmosphere™. A second, and ore important,
method is by the spray of fine water dropleis created
by the mmpact of the cascade as i hits rocks or the
surface of the water belows; this fine spray is carried to
the iop of the gorge by the unprediciable npdrafis of
air from the Maid-of-the-Mist Pool. The third method
involves the evaporation of water from the river's
surface layer as It goes over the Falls. This evapora-
tien cools and condenses in the aw above the Falls.

[t has been hypothesized that, although the proc-
ess of volatilization by the falls at Niagara may pro-
vide a pathway for the removal via siripping of any

volatile contaminants, it may m tarn cause widespread
dispersal of contamnants in aercsol form that may
increase risk of human exposure 1o toxing and patho-
gens for individuals who work in the vicinity of Nia-
gara Falls or to visitors to the falls area.

In 1987, a graduate thesis project from the Uni-
versity of Toronto involving mathematical modelling
of toxic contaminanis in the Niagara River theorized
that significant amounts of toxic chemicals were be-
ing volatilized in the mist a1 Miagara Falls'™®. Thig
project aitempted to account for the iniroduction,
movement and ultimate fate of eleven chemical spe-
cies along the Niagara River. The model predicted
that significant amounis of PCBs, tetrachiorobenzenes
and chloroform were volatilized by the intense mixing
of air and water going over the falls. An air to waier
entrainment ratio of 2011 was estimated as the alr
breaks up in the “nappe”, or falling curtain of water.
A calculation was then made of an air {lux of 59,000
m’fs evolving owt of the gorge due 1o the rsing spray
plume. The model could not be validated due 10 the
lack of environmenial data.

Comparing maximum in-plume concentration
estimates with Air Concentration Guidelines from the
Ministry of the Environment, it is possible for the
predicted concentrations to exceed the daily and an-
nual limit for PCBs. The total mass emission of PCB
piedicted by the model wonld make the falls the
largest *“point source™ of PCBs 1o the atmosphere in
Morth America.

Data used in the medel were drawn from a wide
range of sources and, consequently, were heavily
gualified by the researchers. Some areas of study had
no readily available information, so extrapolations
were made from scientific research or permitied val-
ues, In afollow-up article written by Dr. D, Mackay'?,
one of the researchers involved, the authors expressed
concern over the reaction to the siady. Dr. Mackay
stated that, in reality, the concentrations, even 1n the
plame (of mist) are low, and thus *non-toxic” and well
below any levels applicable 1o occupational aimos-
pheres, Unfortunately, the publicity surrounding the
“bad news” that toxic chemicals were evaporating at
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the Falls was moere widely distribuied than the “geod
news” that no harm would be suffered by the visitors
and residenis.

In November, 1986, the Ontarie Ministry of the
Environment conducted an air survey'® from the Nia-
gara Falls area in the vicinity from Table Rock 1o the
Diversion Swucture. This survey indicated no PCBs
above a detection limit of 40 ng/m? 33583

In response 1o recommendations in the previ-
ousiy mentioned thesis project, Environment
Canada'®*"** and the Ontario Ministry of the Environ-
ment® 1 conducted studies adjacent to the Horseshoe
Falls on the Ontario side of the tiver.

During the week of June 15, 1987, the Air
Resources Branch of the Ontario Minisiry of the Envi-
ronment deployed two sophisticated mobile air moni-
toring units (MAMUs) adjacent to Table Rock'®.

MAMU #1 contains a variety of analyzers that
enabled screening of the ambient air in the mist arising
from Niagara Falls for 141 different volatile organic
compounds and up 1o tert common contaminanis (NO ,
NGO, TRS, NO, CH,, 50, CO, O,, total hydrocarbons
and non-methane hydrecarbons). MAMLET #1 also
contains a complete meteorological stanion. MAMU
#3 1s a Trace Aimospheric Gas Analyzer (TAGA) unit
(madel 3000). Tt couples a mass spectrometer/APCI
source with an Automated Short Term Adsorber
(ASTA)Y 1o monitor specifically for PCBs in 2-minute
intervals with a running half-hour average. Aimos-
pheric conditions for monttoring during the entire
survey were ideal: light to moderaie winds and ambi-
ent temperatures in excess of 20°C. The mist was
always present and ihe monitoring units were either in
or directly downwind of the mist.

MAMU #1 analysed 135 one-hour volaiile organ-
ics samples collecied in the mist. Inaddition, 83 hours
were spent at the Diversion Structure downwind of the
misi (ncluding all 64 howrs of the overnight periods).
These 83 readings of common contaminani daia col-

lected during the study showed compliance with the
Ontario Guidelines, Air Quality Criteria or Provi-
sional Guidelines. A total of 23 chiorinated alkanes
(including chloroform), 9 chlorinated alkenes and 7
chlorinated aromatics (including chlorobenzene) were
detected in the mist samples by the GC. None of these
contarninant concentrations excecded Guidelines or
TLVs. Aiotal of 405 air samples were screened for
PCBs.  Occasional detection-tevel interference og-
curred in the TAGA; however, these inerferences
were not indicative of the presence of PCBs since the
data did not meet the ¢riteria for the identification of
PCRBs!,

In Augusi, 1987, Environment Canada’s Atmos-
pheric Environmeni Service conducted a study to test
the predictions of elevated air concentrations at the
Falls". Following a series of samplings and analyses,
AFES conchuded that, althoagh concentrations of pollut-
ants were measured in the air at several locations
around Niagara Falls, the concentrations of the chemi-
cals measured were consisient with previous measure-
ments of urban and rural concentrations in North
America and in disagreement with the thesis model
project predictions. Using the same Ontario Guide-
lines, AES concluded that the concentrations measured
during the study are acceptable on a half-hourly, daily
and vearly basigh®®,

It is certain that coniaminants ave being released
into the mist, the foam and the air as the Niagara River
plunges over Miagara Falls and into the Maid-of-the-
Mist Pool below, The tendency for some contami-
nants such as meials io concentrate on surface-active
maierials and for others such as low molecular weight
organics 1o volatilize is a scientific fact. The question
that must be answered is the degree 1o which this
oceurs and the threat posed by this degree of occur-
rence.

Simulation studies have been conducied by On-
tario Hydro to deienmine the flow pattemns in the upper
Niagara River. In addition, mathematical modelling
has been conducted by the University of Windsor for
the Ministry of the Environmeni. These studies show
that the upper Miagara River remains relatively un-
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mixed due to the predominance of downstream flow
over lateral flow, The waters passing over the Horse-
shoe Falls, representing primarily the waters of the
Chippawa Channel, are of the same quality as Lake
Ere water. Contributions from the lightly populated
shores of the Chippawa Channel, including the urban
area of Fort Erie, do not substannally change the
quality of the waier passing down the Chippawa Chan-
nel.

The heaviest degree of contamination of the
Miagara River comes from the highly populated and
mdustriatized corridor on the U.5. side of the river and
the Buffalo area. These contaminanis are carried
predominantly by the Tonawanda Channel. These
more contaminated waters are significandy diverted
above the American Rapids by the New York Power
Authority through their underground agueducts to the
Robert Moses Generating Station in Lewiston, New
York. Some of the waiers of the Tonawanda Chanoel
are introduced into the Maid-of-the-Mist Pool over the
American and Bridal Veil Falls,

It is suspected that concentrations of contami-
nants, particuiarly man-made organics, in the air and
must on the U.S. side are higher than on the Canadian
side, given the higher water concentrations and the
prevailing wind directions, This aspect has not been
investigated by authorities on the U.5. side of the
Niagara Falls. Tt may be difficuli to assess an impact
in this area given the much more highly indusirialized
nature of Niagara Falls, New York.

Some mixing of the waters of the Tonawanda
and Chippawa Channels may occur in the Grass Island
Pool due to the operation of the Divegsion Struciure by
the two power authorliies.  Although this mixing 1is
believed not to be a significant occurrence ai this time,
plans for increased use of the Miagara for power
generation purposes may further exacerbate this
mixing.
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TABLE 4.2
List of Chemicals Detected im the Niagara River**

CAS NRTC CAS  NRTC
PARAMETER Number |Grouph PARAMETER NumbenGroup#
Acenaphthene 83-32.9 1S Butylphenol, 4-1- 98-54-4 JIIC
Acenaphthylenc 208-96-8 DS Corbon disutphide 75-15-0 |l
Acetone 67-64-1 I Carbon tetrachloride 56-23-5 |
Aldrio [HHDN] 309-00-2 s Chlorcdane, Alpha- 12789-3-6(1
Amanonaphthalene, 1-[1-Naphthyiamine] HIPY Chlordane, Gamima- 57-14-9 3
Auiline 62-533-3 EHAS Chloroanthracene 1
Anthracene 120-12-7 G Chloropenzene [mono-} 108-90-7 UC
Benzaldehyde 100-52.7 HI Chiorodibromozthane 1D
Benz(a)anthracene 56-55-3 { Chloredibromomethane) 24-48-1  [ItA
Benzene T1-43-2 1 Chloroform 67-66-3 |l
Benzene sulfonamide 98-10-2 [c Chlorohydrexybenzophenons D
Benzofluorene 30777-19-6 JIIFS Chlorohydroxyphenothinzine D
Benzoic acid [Benzyl benzoate) 65-83-0 ns Chiloromethoxytenzophenone o
Benzothiazole 95-16-9 IiI Chioromethyl-bis(phenylmethyl)benzenc ED
Benzo{a)pyrene 50-32-8 I Chiosonaphihalene, - 90-13-1 1A
Benzo(b)fluoranthene 205-99-2 I Chioronaphihalene, 2- 91.58-7 1A
Benzo(e)pyrene 192-97-2  {1IDS Chioro-o-pitrobenzene 83-73-3 |IDS
Benzo(g,ht)perylene 1 9i-24.2 unD (Chiorophenyl)oyctohexene 1125
Benzo(k)fluornthene 2070-08-9 [ Chlorotoluene (1C
Benzyl alcoho! 100-51-6 1S Chloro (trifluoromethyl}benzene, 2- [IDB
Benzyl benzoate (see Benzoic acid) Chloro(triftuoromethyl}benzene, 3- 1M
Benzylbutylphthalate 85-68-7 s Chloro (trifluoromethyi) benzene, 4- (IDE
Benzylidene-4 4'-bis(dimethylaniline) oS Chrysene 218-01-9 It
Benzyl-n-ethylanitine, n- DS Coronene 191-07-1 HIES
BHC Alpha- [A-Hexachlorocyclohexane] {319-34-6 1 Cumene 08-82-8 Y
BHC Bela- [B-Hexachlorocyclohexane] NCYIAS | DCPA [2,2-Dichloropropiornic Acid) 75-99-0 JMICSB
BHC Gamma- [G-Hexachlorecyclohexane] {58-89-9 1 DDD pp'- I
Biphenyl §2-52-4 m DDE p,p'- [DDX] [
Bis-(2-ethyihexylphihalate 117-81-7 1 DOT o,p- LIAB,IICS
Bromoform [Tribromomethane} 75-25-2 1A DOT pp’- 50293 0
Buanal 123-72-8 ue Deeadienal, 2,4~ (DB
Butanol, n- [n-buty! sicohiol] 71-36-3 ic Dibenzofuran [0S
Butanol, t- [i-buty] alcohol] 75-65-0 I Dibenz(o,h)antbracene 33-70-3 HIB
Butanone, 2- 78-93.3 1 Dibromomethane [Meihylene bromide] T4.95-3  JlID
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TABLE 4.2 (Cont’d.)

List of Chemicals Detected in the Niagara River®*

CAS NRTC CAS  NRTC
PARAMETER Number |Grouph PARAMETER Numbes| Group#
Di-n-buiylphthalate 84-74-2 IE [niethy] ether [Diethyl formamide] 60-29-7 HIl
Di-t-butylquinone uns Diethylphthalate 86-66-2 ICS
Dichloroanthracene j118] Dimethyladipate {AGS
Dichlerobenzene, 1,2- 95-50-1 1A (Dimethylamino)benzophenone, 4- (DS
Dichiorobenzene, 1,3- 541-73-1 1A fhmethylaniline [n,n-7} 121-69-7 {0
Dictlorobenzene, 1 3. [PEB;paradichlorotenzens] i 06-46-7 1A Dimethy! disulphide 624.92.0 {ID
Dichlorobromoethane 1D Dimethy]-2,5-hepiadien-d-one, 2,4- [Phovone] s
Dichlorobromomethane 75274 1B Dimethylphenanthrene I
Dichloreethane, 1,1- 75-34-3 JHON Dimethylphthadaie [INTHM; DMP) 131113 1ICS
Dichloroethane, 1,2- [Ethylene dichloride] |107-06-2 1 Dimnethyi-2-propenonmide, o a- (1D
Dichloroethylene, 1,2+ (cis) 156-59-2 TIAS Dinitroasisole, 2,4- 119-27-7 JICS
Dichlorosthylene, 1,2~ (trans) 156-60-5 1A% Di-n-octylphthalaic 117-81-7 1L
Dichlosomethane {Methylene chloride) 75-09-2 I Diphenylaming 122-39-4 jl{AS
Dichloromethyl-bis(phenylmethy Dbenzene HE Diphenylcyclohexane DS
Dichloromethyldiphermylmethane 1o Diphenyidifluoromethane (15
Dichloronaphthalene 18 Diphenylhwdmzine, 1,2- 122-66-7 [1CS
Dichlorophenanthrene 1S Eadosulfan [ [Thiodan 1] 115-297 [
Dichlerophenol, 2,4~ 120-83.2 Iic Endosulfan [I {Thiodan [f] ? i
Dichlerophenol, 2,5- nc Endrin 44 H
Dichlosophenol, 2,6- 87-65-0 Jite: Bthylbenzence 100-41-4 1IA
Dichlorophenoxyacetic acid, 2,4- [2,4.10] {94-75-7 A Ethyloluene ik
Dichlore-2-phenoxyethanol, 2,4- o Eihyl-4-methyimaleic anivydride,3- 1S
BDichloropropane, 1,2- 78-87-5 uc Fluoranthens 200-44.0 If
Bichloropropylene, 1.2- 542-75-6 nc Fluorene 86-73-7 G
Dichloropropylene, 1,3~ (cig) 1006 1-G1-5 IIC Fluoroethyl-pentschlorobenzene, 2- 1S
Bichloropropylene, 1,3- (trong) 16061-02-6 |1IC Fluorotrichtoromethane #* gee trichloroflupromethane
Dichloroquinone IS Faran 110-00-9 1D
Dichlorotolueng, 2,6- ne Hepiachlor 76-44.8  {IS,1IAB
Dichloro(trifluoromethyl)benzens e Heptachlor epoxide 1042-57-3[
heyclohexyiphthatate 1nns Heptachlorodibenzoinran [HE
Dieldrin [HEOD] 60-57-1 [ Heptachlorotolueae [
Diethylbenzene 25340174 |IE Hexachiorobenzene [HCH) L38-74-1 JIEAISE
Dicthyleyclohexanone oS Hexachlorobutadicne [HCBD] 87-68-3 I
Diethyl disulphide 110-81-6 unc Hexechlorodibenzofuran (S

Niagara River Remedial Action Plan - Stage 1



CHAPTER 4

Page (4-382)

TABLE 4.2 (Cont’d.)

List of Chemicals Detected in the Niagara River®#

CAS NRTC CAS WNRTC
PARAMETIER Number |Groupd PARAMETER Numben Growpd
Hexachioroioluene D Pentachioroanisole H1C
Hexanal nc Peatachlorobenzene 6508-93-3 [IiC
Hexane 110-54-3 uG Pentachlorobiphenyl 5
Hexenone e Pentachlorobiphenylene [HB
Hydroxybenzaldehyde, 4- B Pentachlorocarbazole DS
Indeno{i,2,3-¢,@pyrene 193-39.5  [IIDS Pentachlorodiben zefuran (103
Isophorone 78-59-1 HCB Pentachlorodifluoronaphthalens DS
Lindane ** seg BIC-G #* Pentachioroffuorene 1155
Methorychlor [Methoxy-DOT, DMDT] T2-43-5 ISB Peatachioromethytbis(phenylmethyDbenzage Ly
Methylanihracene TS Pentachloraphenol [FCP) 87-86-5 I
Methylbutaneic acid, 2- DB Peatachlorophenylfluoremethylether oS
Methyleonmarin nes Pentachlorotoluene (>
Methyldibenzotumn s Pentane 1130
Methyiene-4,4-bis(n.n-dimethyl)aniline 11IDs Perylene 198-55-0 IS
Methylene chloride *#*gee Dichloromethaney* Phenanthrene 85-01-8 W
Methylfluorene s Phenol 108-95-2 |l
Meitylfuran e Phenothiazine 118
Methyl-3-hexen-2-one, 5+ DA Phenylacetaldehyde 1)z
Methylnaphthalene, 1- 90-12-0 nc Phenylacetic acid DB
Methyloxime-3-pentanone, o- ins Phenylnaphthaiene (15
Methy lpalmitate IIFS Piperidinone DB
Methylpentene nc Propano} 81}
Methyiphenanihrene 1ES Pyrene £29-00-0
Methylpivalate s Sitvex **sec Trichlorophenoxypropionic agid™*
Methylpyrene s Styrene 100-42-5 (IA
Mirex [Dechlorane, Dechlorane plus) 2385.5 i 2,4.3-T #gec Trichlorophenoxyacetic Acide®
MNaphthalene 95-20-3 i TCDD **see Tetrachiorodibenzo-p-tioxin
Nitrosodiphenylamine, n- 86-30-0 nes Tetrachlorobenzene, 1,2,3,4- 634-66-2 J{IC
Monen-2-one, 3- 11DB Tetrachlorobenzene, 1,2,3.5- 634-90-2 {ICB
Qciachlorodibenzofuran DS Tetrachlorobenzene, 1,2,4,5- 95.94.3  HIC
CGciachlorostyrene 29082-74-4 {ICSH Tetrachiorobiphenyl Ik}
PCB - Axochlor 1242 53469-21-9 {ISB Tetrachlorocarbazole DS
PCR - Arochlor (254 11097-69-1 {18 Tetrachiorodibenzofuran [iDG
PCB - Arochlor 1260 13096-82-5 {1 Tetrachtorodibenzo-p-diozin, 2,3,7,8- 1746-01-611
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TABLE 4.2 (Cont’d.)

List of Chemicals Detected in the Niagara River®®

CAS NRTC CAS  PNRTC
PARAMETER Number |Grooph PARAMETER Number] Groops
Tetrachloroethane, 1,1,2,2- T9-34-5 uc Trichlorophenoxyacetic Acid, 2,4,5- [245T) 93-76-53  [HA
Tetrachleroethylene [Perchioroethylene] 127-18-4 1 Trichlosophenoxyprapionic Acid, 2,8,5- [SilvexTenoproy 2¢5TP)93-72-1 11 A
Tetrachtoromethylbis(phenylmethyYbenzen up Trichlorotoluens,2,4.5- 6639-30-1 fIC
Tetrachlorophenanthrene s Trichlorotriflsoroetlone 1§44
Tetrachlorophensl, 2,3,4,6- 58-90-2 e (TrifluoromethyDbenzene [ip]
Teirachlorotoluene 1o Trimethylbenzene 25551-137 [ HIC
Tetrahydrofusan 109-99-¢ nc Trimethylbipheny! s
Tetmmethylbenzidene, nnn’ w’',- ns Trimethyiphenanihrene s
(Tetramethy lbutyiphenol [H& Trimethyl-3a 4,5,6-ttubydo-2-counaranasc, 32,6,6 [HEAS
Thicdan ** sec Endosulfan #% #ylene, m- 108-38-3 JU3
Toluens 108-88-3 T Kylens, o- 95476 (I
Tribromornethane ** dee bromoeform % Kylenol, 2,4- [CsS
Trichloroanthracene 1D Zytron oss
Trichlorobenrene, 1,2 3- 87-61-6 [t Alumisum 7429-90-5
Trictilorobenzene, 1,2,4- 120-82-1 1c Antimony 7440-36-0)}
Trichlorobenzene, 1,2,5- nes Arsenic 7440-38-2 [§S,11A
Trichlorebenzene, 1,3,5- nc Barim (1D
Trichlerobiphenyl i) Beryllivm 7440-41-TH
Trichlorodiphenyimethane 1 Cadmiwm 7440-43-91
Trichloroethane, 1,1,8- IIE Chromium T440-47-3{
“Irichloroethylene 79-01-6 IIA Copper 7440-50-8]
Trichloroflueromethane T5-69-4 [1GS Cysnide 57-12-5 I
Trichloromethyl-bis{pheaylmethy Ybenzene un Lead 7439-92-11
Trichloronephthalene TS Manganese 7439-96-3 [ICS
Trichlorephenanthrene s Mercury 7439-97-6H
Trichlorophenol, 2,3 ,4- 15950-66-0 [HA Nicket 7440-02-0H
Trichteroplenol, 2,3,5- 933-78-8 IiA Selenium T182-49-2
Trichlorophenol, 2,3,6- TEA Kilver T440-22-411
Trichjorophenol, 2,4,5- 95-95-4 1A LB Thallum T440-28-0H11D8
Trichlorophenol, 2,4,6- 88.06-2 HAJSE | Zinc T340 i
Trichlovophenol, 3,4,5- HA
% Source: Miagara River Toxics {'oromitiec
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TABLE 4.5

Upstreain/Downstream Monitoring Parameters

Persistent Toxic Chemicals of Concern

Chemiecal 1984-86 1986-87 1987-88 1985-89

Benzene Monitored Monitored Monitored Moenitored
Carbon tetrachloride Monitored Monitored Monitored Monitored
Chleroform Monitored Monitored Monitored Monitored
Dichloreethnae, 1,2- Monitored Monitored Monitored Monitored
Methylene chloride Monitored Monitored Monitored Monitored
Tetrachtoroethylene Monitored Motitored Moniiored Monitored
Acrolein Not Monitored Monitored Not Monitored Monitored
Acrylonitrile Mot Monitored Monitoped Not Monitored Meonitored
big{Chicromethylether Not Menttored Monitored Mot Menitosed Monitored
Bromoform Not Monitored Monitored Mot Moniiorec Monitored
Chlorobenzene Not Mogitored Monitored Mot Monitored Monitored
Chlerodibromomethane Mot Monitored Monitored Not Monitored Monitored
Chloroethme Mot Monitored Monitored Mot Monitored Monitored
Chloroethylene Not Monitored Monitored Not Monitored Monitored
Chloroethylviny| ether, 2- Not Monitored Monitored Not Monitored Monitered
Dichlorebromomethane Mot Monitored Monitored Mot Monitored Monitered
Drchlorodifluorcmethane Mol Manitored Maaitored Mot Monitoyed Monitored
Dichloroethane, 1,1- Not Monitored Monitored Not Monitored Monitored
Dichioroethylene, 1,1~ Mot Monitored Monitored Not Menitored Monitored
Dichloroethylene, 1,2-irans- Mot Monitored Monitored Mot Monitosed Monitored
Dichloropropase, §,2- Mot Monitored Monitored Mot Monitored Monitored
Dichicropropyiene, 13- (cis) Not Monitored Monitored Mot Monitcred Monitogec
Dichloropropylene, 1,3- (trens) | Not Monitored Momtored Not Monitored Monitored
Ethyibenzene Not Mozitored Mouaitored Mot Monitored Monitored
Meshyl bromide Not Monitored Monitored Not Monitored Monitorad
Methryl chloside Not Monitored Monitored Mot Monitored Monitored
Tetrachloroethone, 1,1,2,2- MNot Monitored Monitored Not Monitored Monisoree
Toluene Not Monitored Monitored Not Mornitored Monitored
Trichloroethang, 1,1,1- Not Monitored Monitored Not Monitored Monitored
Trichloroethane, 1,1,2- Not Monitored Monitored Mot Mounitored Monitored
Trichloroethy lene Not Monitored Monitored Not Monitored Monitored
Trichlorofluoromethane Mot Monitored Monitored Not Mouitored Monitored
Viayl chloride Mot Monitored Monitored Not Monitered Monitorad
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TABLE 4.5 (Cont’d.)

Upstream/Downstream Moniioring Parameters

Persistent Toxic Chemicals of Concern

Chemical 1984-86 1936-87 1987-88 1983-89

Dichlorophenel, 2,4- NEW 89 NEW ‘89 NEW '89 Monitored
Dichlorophenol, 2,3+ NEW *89 NEW ‘89 NEW '8¢ Meoniored
Dichlorophbenol, 2,6- MEW ‘89 NEW '89 NEW '89 Menitored
Chloro-m-cresol, p- NEW *89 NEW *89 NEW ‘89 Monitored
Trichlorophenal, 2,3,5- NEW *89 NEW 89 NEW *89 Monitored
Trichlorophenol, 2,4 6- NESW '89 NEW 89 NWEW *89 Monitered
Trichloreplenol, 2,4,5- NEW B9 NEW ‘89 NEW ‘89 Monitored
Trichlorophenot, 2,3 4- MEW ‘39 NEW ‘89 NEW 89 Menitored
Dichlorophenol, 3,5- NEW 89 NEW ‘89 NEW *89 Monitored
Trichlerophenol, 3,4,6- MEW ‘89 NEW *89 NEW 8% Monitored
Dichlorophenol, 3 4- NEW ‘89 NEW 89 NEW *89 Monitored
Trichlorophenol, 3,4,5- NEW 89 NEW '89 NEW *89 Monitored
Pentachloropheno! MEW 89 NEW ‘89 NEW 39 Maonitored
Phenol NEW *89 NEW 89 NEW “89 Monitored
Chlorophenel, 2- Mot Mosgitored Monitored Mot Monitored Monirored
Dimethylphesncl, 2,4- Mot Monitored Monitored Not Monilored Monitored
Ianitrophenol, 2,4- Not Monitored Monitored Mot Monitored Moniiored
Dinitro-o-cresol, 4,6 Mot Monitored Monitored Not Moniiored Monitored
Nitrophenol, 2- Mos Monitored Monitored Mot Monitored [Menitored
Nitropheneol, 4- Mot Monitored Monitossd Not Monitored Monitored
Tetrachlorophenol, 2,3,4,5- Mot Menitored Monitored Mot Moanitered Monitored
BHC (alpha-) Monitored Moniiored Monitored Monitored
BHC {ganunsa-) Monitored Monitored Monitored Monitored
Hepiachlor Monitored Monitored Monitored Monitored
Aldrin Monitored Monitored Monitored Monitored
Heptachlor epoxide honitored Monitored Monitored Menitored
Chlordane, GAMMA. Monitored tonitored Monitored Monitored
Chlordane, ALPHA Monitored Moniiored Monitored Monitored
DDE (o, Monitored Menitored Monitored Monitored
Dieldrin Monitored Memitored Monitored Monitored
Endrin Monitored Monitored Monitored Monitored
DDT (o,p) Moaitored Monitored Monitored Monitored
DD (p,p) Menitored Monitored Menitored Monitored
DPRT (p,p Monitored Monitored Monitored donitored
Endosuiphaa (alpha-) Monitored Monitored Monitored Moniiored
Endosulphan (beta-} Moritored Monitored Monitored Monitored
Mirex Monitored Monitored Monitored Monitored
Methoxychlor Monitored Monitored Monitored Monitored
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TABLE 4.5 (Cont’d.)

Upstream/Downstream Monitoring Parameters

Persistent Toxic Chemicals of Concern

Chemical 1984-86 1886.87 1987-88 198889
PCH, Total ali congeners Moniiored Monitored Monitored Monitored
Hexachlorehutadiene Monitored Monitored Meonitored Monitored
PCB Arochior 1221 Congeners not specisted - toial only

PCB Arochior 1232 Congeners not specinted - 1otal only

PCB Arochlor 1242 Congeners not speciated - woial only

PCB Arochlor 1016 Congeners not speciated - total only

PCE Arochlor 1254 Congeners not speciated - total only

PCE Arochlor 1260 Congeners not speciated - total only

PCB Arochlor 1248 Congeners not speoiated - tolal only

BHC (beta) MNot Monitored Monitored Mot Monitored Monitored
BHC (delta-) Nat Monitored Monitored Mot Monitorad Monitored
Chlordane fsomers identified separately

D, 24 Not Monitored Monitored Not Moniiored Mopitored
Endosulphan sulphate Not Monitored Monitored Mot Monitored Monitored
Endsin aldehyde Mot Monitored Mondiored Mot Monitored Monitored
CGoiachlorostyrenc Not Monitored Monitored Not IMonitored Meonitored
Toxaphene Net Monitored Monitored Mot Monitored Monitored
Naphthalene Monitored NEW 89 NEW ‘89 Meonitored
Methylnaphthalene, 2- NEW *89 NEW ‘89 NEW 89 Monitored
Methylasphthalene, 1- NEW *89 NEW ‘89 NEW ‘89 Monitored
Chioronaphthalene, 2- NEW *89 NEW ‘89 NEW ‘39 Monitored
Acenaphthylene NEW ‘89 NEW '89 NEW *89 Monitored
Fluorene Monitored NEW ‘89 NEW *89 Monitored
Anthracene Monitored NEW ‘89 NEW *89 Monitored
Phenanthrene Monitored NEW *89 NEW ‘89 Monmnitored
Fluoranthene Monitored Monitored Monitored Monitored
Pyrene Monitored Monitored Monitored Monitoged
Benz(m)anthracene Monitored Monitored Monitored Monitored
Chrysene Monitored Monitored Monitored Monitosed
Benzo(b)fluoranthene Monitored Monitored Monitored Monikored
Benzo(k)fluoranthenc Monitored Monitored Monitored Monitored
Benzo()pyrene Monitored Monitored Monitored Monitosed
[ndeno(l,2,3-cd)pyrene WNEW ‘89 NEW ‘89 NEW 39 Monitored
Dibenzo(a,anthracene NEW 89 NEW *89 NEW 89 Monitored
Benzo{g,h.peryiene NEW '89 NEW B9 NEW 89 Wonitored
Acenaphihene Momtored Monitored Monitored Monitored
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TABLE 4.5 (Cont’d.)

Upstream/Downstream Monitoring Parameters

Persistent Toxic Chemicals of Concern

Chermical 1984-36 1986-87 1987-88 1938-89

Teirachlorodibenzo-p-dioxin, 2,3,7,8- NEW '89 NEW ‘89 NEW ‘89 Monitored
Heptachlorodibenzofuran Monitored Monitored Mot Monitored Monitored
Heptachlorodibenzo-p-diexin | Not Monitored Monitored Not Monitored Menitored
Hexachlorodibenzofuran Not Monitored Monitored Not Monitored Monitored
Hexachlorodibenzo-p-dioxin | Monitored Monitored Not Menitored Monitored
OGetachloredibenzofuran Monioged Monitored Not Moenitored Monitored
Octachlorodibenzo-p-dioxin Monitored Monitored Mot Monttored dMonitored
Pentpchlorodibenzofuran Mot Monitored Meonitored Mot Monitored Monstored
Pentachliorodibenzoe-p-dioxin - | Mot Monitored Manitore Mot Monitoresl Monttored
Tetmachlorodibenzofuras Mot Monitored Monitored Not Monitored Monitored
Dimethylphthialate NEW 89 NEW 89 NEW ‘89 Monitored
Diethylphithslate NEW *89 NEW *89 NEW ‘89 Monitored
Di-n-butylphihalate NEW *89 NEW ‘39 NEW *89 Monitored
Butylbenzylphthalate NEW '8 NEW '89 NEW ‘89 Monitored
bis(2-Ethylhexyphihalate Monitored NEW 89 IWEW *89 Monitored
Di-n-ociylphthalaie NEW 88 NEW *88 Mlonitored Monitored
Benzidene Not Monitored Monitored Not Monitored Monitored
bis{2-chlosoethexy) methane Not donitored Monitorod Not Monitored Monitored
bis{2-Chlorocthyl)ether Not Monitored Monitored Not Monitored Monitored
bis(2-clioroisopropyl} cther Not Monitored Monitored Not Monitored Monitored
Bromopheny) phenyl ether, 4- | Not Monitored Monitored Mot Monitored Monitored
Chlorophenyl phenyl ether, 4- | Not Monitored Monitored Mot Monitored Monitored
Dichlovobenzidine, 3,3"- Not Monitored Monitored Mot Monitomed Monitored
Dinitrotoluene, 2,4- Not Monitored Monitored Not BMonitored Monitored
Dinitrotoluene, 2,6- Not Monitored Monitored Not Monitored Monitored
Diphenylamine Not Monitored Monitored Not Monitored Monitored
Diphenylhydraziae, 1,2- Not Monitored Monitored Not Monitored Monitowsd
Hexachlorocyclopentadiene Mot Mouitored Monitored Mot Monitored Monitored
Hexachloroethane Not Monitoged Monitored Mot Monitored Blonitored
Isophorone Not Monitored Monitored Mot dMonitored Monitered
Nitrobenzene Mot Monitored Moniiored Not Monitored Monitored
n-Nitrosodimethylamine Not Menitored Monitored Not Monitored Monitored
n-Nitrosodiphenylamine Not Monitored Monitored Not Monitored Monitored
a-Nitrosodi-n-propytamine Not Monitored Monitored Not Monitored Monitored
Trichlorotolueae, 2.4,5+ Not Monitored Monitored Mot Monitored Monitored
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TABLE 4.5 (Cont’d.)

Upstream/Downstream Monitoring Parameters

Persisient Toxic Chemicals of Concern

Chemical 1984-86 1986-87 1987-88 1988-89

Dichicrobenzens, 1,2- Monitored Monitored Monitered Monitored
Dichiorobenzene, 1,3- IMonitored Monitored Meonitorad Monitored
Dichlorobenzene, §,4- Monitored Monitored Menitored Mouitored
Trichlorobenzene, 1,3,5- Mounitored Monitored Monitored Menitored
Trichlorobenzene, 1,2,4- Monikored Monitored Monitored Menitored
Trichlorobenzene, 1,2,3- Monitored Monltored Menitored Monitored
Yetrachlorobenzene, 1,2,3 4~ Monitorcd Monitorsd Monitosed Monitored
Pentachlorobenzene Monitored Monitered Moniiored Monitored
Hexachiorobenzene Monitored bonitored Monitored Monitored
Tetrachlorobenzene, 1,2,3,5- Nol Moenitored Monitored Not Moniiored Moniiored
Teirachlorobenzene, 1,2,4,5- Not Monitored Monitored Not Monitored Monitored
Atsazine NEW 89 NEW *89 NEW ‘80 Monitored
Metolachlor NEW ‘89 MNEW ‘89 NEW *8% Monitored
Asbestos Mot Monitored Monitored Not Monitored Monitored
Cyanide Mot Monitored Monitared Not Monitored Monitored
Lithium Monitored Monitored Monitored Momnitored
Aluminwun Menitored Monitored Monitored Monitored
Vanadnim Manitored Monitored Monitored Monitored
Chromiun Monitored Monitored Monitord Monitored
Manganese Monitored Monitored Monitored Monitored
{ron Monitored Monitored Monitored Meonitored
Cobalt Monitored Monitored Momnitored Monitored
NMickel Monitered Monitored Monitored Monitored
Copper Moniiored Monitorzd Monitored Monilored
Zinc Monitored Monitored Monitored Monitored
Arsenic Morntitorsd Monitorad Monitored Monitorad
Selenium Monitored Monitored Monitored Moritored
Strontium Moniiored Monitored Meonitored Mositored
Molybdenum Meonttored Monitpred Monitered Monitored
Silver Moniiored Monitored Meonitored Monitored
Cadmium Monitored Monitored Monjiored Monitored
Antimony Monitored Meonitored Monitored Monitored
Barium Monitored Monitosed Wonitored Monitored
Lead Monitored Monitored Monitored Monitored
Mercury Monitored Monitored Monitored Moniiored
Beryllium Monitored Monttored Monitored Monitoged
Thallium Mot Monitored Mositored Not Monitored Monitored
Tetraethyl lead Not Monitored Meanilored Not Menitored Monitored
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TABLE 4.6
Priority Pollutant List

Enited Siates Environmenia] Protection Agency

Clags  Chemlent Class  Chemlesal Class Chemteal

PAIL | Acenaphthene V(I | Methyiene chloride YOL | Vinyl chloride

VOL. | Acrolein VOL | Methy! chionde PES | Aldrin

VOL | Acrylenitrile YOL | Methyl bromide PES { Dieldrin

VOL |Benzene YOL. | Bromoform PES { Chlerdane

BN Benzidene VOL { Dichlerobromamethane PES | DDT (pp)

VOL. | Cnrben tetrachloride YOIt Trichiorofluoromethane PES | DDE {p,p)

VOL {Chlorobenzene YVQL | Dichierodifluoromethane PES [ DDD (p,p)

BN 1,2 4-Trichlorobenzene YOL | Chlorodibromomethane PES | Endosulpban {alphn-}

BM Flexachlorobenzene BN Hexachlorobuladiene PES | Endosulphan (beta-)

VOL [ 1.2-Dichlorocthnne BN Hexachlorocyclopentadiene PES { Endosulphan sulphate

VOL |1, L I-Trichioroethane BN Isophorone PES | Endrin

BM Hexachleroethane PAX | Maphthalene PES | Endrn aldehyde

VOL  11,1-Dichloresthane BM Mitrobenzene PES | Heptachlor

VOL | L,1.2-Trichloroethane Al Z-Nitrophenol PES | Heptachlor epoxide

VOL  {1,1,2,2-Tetrachlorogthans AE 4-Niwrophenol VPES | BHC (alpha-)

YOL  [Chloreethane AE 2.4-Dinitrophenol PES | BHC (betas)
bis(Chloromethyl)ether AR 4,6-Dinjiro-o-cresol PES | BHC (gamma-)

BN bis(2-Chlerocthyl}ether BN n-Nitresodimethylamine PES | BHC (dela-)

VOL  |2-Chlorocthylvinyl ether BN n-Nitrosodiphenylamine PCH | PCB Arochlor 1242

PATL  [2-Chloronaphthalene BN n-Nitrosodi-n-propy lamine PCB | PCB Arochlor 1254

AE 2.4,6-Trichlorophenol Al Pentochlorephienod PCB | FCB Arochlor 1221

AE p-Chlore-m-eresol AL Phenol PCB | PCB Asochlor 1232

YVOL  [Chloroform BN bis(2-Eihy lkexyl)phitiaiate PCH | PCB Arochlor 1248

AR 2-Chlorophenol aN Buiylbenzylphthalate PCB } PCH Agochlor 260

BN [, 2-Dichlorobenzene BN Di-n-butyiphthalaie PCB | PCB Arochlor 1016

BN 1,3-Dichlorobenzene BN Di-n-octylphthalate PES | Toznphene

BN 1, 4-Dichloyobenzene BN Dicthyiphthalate MET | Silver

BN 3,3"-Dichlorobenzidine BN Dimeslyiphthaiate MET | Arscnic

YOL | L 1-Dichloroethylene PAH | Benz{an)anthracene MET | Beryllium

YOL | 1,2-trros-Dichloroetliylene PAH | Benzo(a)pyrene MET | Cadminm

AL 2.4-Dichlorophenol PAK | Benzo{b)fluoranthene MET | Chronnium

YOL [1,2-Dichlosopropanc PAIL | Benzo{k)fluoranthene MET | Copper

VOL |1,3-Dichloropropylene (cis-) PAH | Chrysene MET | Mercury

VOL | 1,3-Dichloropropylene (trans-) PAY | Acenaphthylene MET | Lead

AE Z,4-Dimethyiphenol PAH | Anthracene MET ] Nickel

BN 2,4-Dinitrotoluene PAH { Benzo(g,h,iypeiylene MET | Antimoony

BN 2,6-Dinitrotolsens PAH | Fluorene MET | Selenium

BN 1,2-Diphenylhydrazine PAH | Phenanthrene MET | Thelitnm

VOL | Ethylbenzene PAH | Dibenzo(a hanthracene MET | Zine

PAM | Fluoranthene PAH | Indens(1,2.3-cd)pyrene IN Cyanide

BN 4-Chloropheny! pheny| sther PAI | Pyrene MET { Asbestos

BN 4-Bromopheny! pheny] ether VOL | Tetrachlorocthylene BN {23,783 TCDD

BN bis{2-chleroisopropyl) ether VOL | Tolnene

BN bis(2-chleroethoxy) methane VOL | Trdchloroethylene

AE - Acid Extmctable Grganics YOL - Volatite (Purgable) Organtcs

BN - Base-Nentral Extrociable Organics PES « Pesticides

PAH - Base Nentmal Exiractable PAs MET - Metals and Asbestos

PCB - Polychlorinated Biphenyl [somers ING - Other Inorganic Compounda
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Page (4-94)

TABLE 4.7()
Persistence Determination

Chemteal KOwW MW log BCE Caorelnogenielty
CHLOROBENZENES
hexachlorobenzene 523 284.78 3.89 2
pentachlorobenzene 5.19 250.34 3.70 -1
1,2,3 4-teirachlorobenzene 4.99 215.90 -1
1,2,4,5-tetrackicrobenzene 4.97 215.90 -1
1,2.3,5-tetsnchiorobenzene 4.46 215.90 -1
1,2,3-trichtorobenzene 4,26 181.50 -1
1,3,5-trichlorobenzens 4.26 181.50 236 -1
1,2, 4-trichlormbenzene 423 181.50 332 ~
1,2-dichlorobenzene 3.38 147.01 3.00 -1
1, 3-dichlorobenzene 3.38 147.01 3.00 -1
1, 4-dichlorobenzene 3.38 147.01 233 -1
pentachloyophenol 5.01 2606.40 2.89 1
2,3.4.5-tetrachiorophenol 4,10 231.89 -1
2.,4,5-trichloroplienol 3.84 197.50 3.28 -1
2,3.3-trichlorophenol 370 197.50 -1
2,4 6-trichlorophenol 3.62 197.30 2
2,3 4-tricklorophenol 3.61 197.50 =1
3 4-dichlorophenol 13 163.00 -1
2,3-dichioraphenol 3.10 163.00 -1
2 4-dichlorophenol 3.08 163.00 1.53 2
2,6-dichlorophencl 2.88 163.00 -1
gamma BHC 3.89 290.85 12,15 2
alpha BYIC 3.36 2090.85 12.26 2
hexachiorobutadiene 3.74 260.74 3.00 2
carbon tetrachloride 2.64 1533.82 1.24 2
tetrachloroethylene 2.53 165.83 1.69 2
trichloroethylene 2.47 £31.50 2
tribromoethylene 230 25277 264 1
1, 2-dichlorethylene 2.00 96.95 -1
chlorodibromosthane 2.00 208.29 -1
chloroform 1.95 11839 078 2
1,2-dichloroethane 179 98.96 2
meihiylene chloride 151 39.94 -%
octachlorostyrene 6.29 376.00 4.52 -1
Total PCB's 5.00 4,770 2
methoxychlor 4.30 343,63 3.92 0
ioxaphene 330 413.80 4.88 2
mirex .89 545.49 4,26 2
photomirex

6.00 511.06 -1
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TABLE 4.7(b)

Persistence Determination

Cheroteal ®OwW MW log BCT Carclnogenlelty
JUQKING AND FURANS

D8CDF 6.70 443,72 -1
H7CDF 6,50 409.28 -1

08CDHD 6.50 459,72 1

B6CDF 6.30 374.84 -1

H7CDD 6.30 425.28 -1

H6CDD 6.10 390.84 o1

P5CDF 6.00 340.40 -

P3CDD 5.80 356.40 -1

2.3, 7.8 TCDE 5.70 305.96 -1

T4CHY 570 305.96 -1

TACDD 5.50 321.96 3.67 2
LR ANDMETABOLITES

DDE 5.69 318.63 4.71 2
TDE 3713 320.05 3.43 1

o,p’ DOT 575 354,50 4.57 -\

pp DT 875 354.50 4.47 2
silvex 3,93 269.50 -1
2,4,5-T 372 235.49

2,4-D 2.81 221.04 1.14 1
atdrin 5.67 364.93 3.10 1
dieldrin 548 380.93 4,11 2
heptachlor 3.44 373.35 430 2
heptachlor expoxide 540 389.30 4.16 2
chlordane 5.16 409.80 Z.51 2
endrin 4.56 380,93 3.7 t]
endosulphan 3.60 406,95 0
PHTHALATES

dioctyl phihalate 400 390.62 3.97 2
bis-2-ethyl-hexyl phthalate 511 390.62 293 2
ARDMATICS

ethylbenzene 3.15 106.17 -1
benzene 211 78.12 110 :

aniling 0.90 93.13 1
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TABLE 4.7(c)
Persistence Determination
Chemieal KOowW MW log BCF Carcinogenicity
I
FOLYCYCLIC AROMATIC I DL WRBONS
benzo(k)fluoranthesie 6.006 5232 -1
benzo(a)pyrene 6.06 252.30 1.85 2
benzo(g,h,i)perylene 6.05 276.60 -1
indenopyreng 6.00 276.34 -1
chiysene 5.61 22820 2
fluoranthene 5.33 202.00 -1
benzo(b)fluoranthene 5.22 235.04 2
pyrene 4.88 202.26 3.43 0
acenapthalene 4.50 132.20 -1
phenanthrene 4.46 178.22 3.42 Q
anthracene 4.34 178.23 2.96 0
dibenz{a,h)anthiracene 4.32 278.35 2
fluorens 4.18 166.22 0
monochloronapthalene 4.12 163.00 -1
acenapthene 392 154.21 2.59 -1
naphthalenc 3.45 128.17 2.63 1
tetraethyllead 6.12 4.00 -1
INORGANIC CHEMICALS
Ag 107.87 »215 2
Al 26,98 -k
As 92 1
Cd 112.40 2,32 2
Cu 63.55 217 -1
Fe 35.85 -1
Hyg 200.59 3.70 i
Mn 54.94 -t
Ni 58.7¢ 1.78 2
Mo 207.20 3.00 1
Sb 121.78 0.00 -1
Se 78.96 0.80 I
Zn 6337 -1
1 LEGEND:
KOW  -octanolfwater coeffictent determines nuscibility of chemical
MW -melecular weight of the chemical
log BCF - chemical uptake has n logrithmic retationship
BCF ~Pio-Concentration Facter
Carciogenicity is rated on a genle of -2{tow) to +2(extreme)
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TABLE 4.7(d)

Acute Toxicity Values

LC50 (m meles/l)
Ralnbow Bluegllls Fathend
Chretn Josd Kow Tront Mlnnows
hexachlorohenzene 5.23 0.000430
pentachlorcbenzene 519 0.009800 0.001000 0.001000
1,2,3,4-tctrachlorobenzene 4.99 0.002300 0.005100
1,2.4,5-tetrachlorobenzene 4.97 0.007410 0.007200
1,2,3,5-letrachlorobenzene 4.46 0.007100 0.029600
1,2, 3-trichlorobenzene 4.26 0.275000
1,3,5-trichlorobenzene 4.26 0.275000
1,2 4-trichlorobenzene 4.23 0.018700 0.016000
1,2-dichlorobenzene 3.3% 0.017G00 0.038100 0.388000
1,3-dichlorobenzene 3.38 0.006000 0.034000 0.053000
1,4-dichlorobenzens 3.38 0.009900 0.029000 0.027600
pentachiorophencl 5.01 0.660600 0.000720 0.060852
2.3.4,5-tetmchioropienol 4.10
2.4,5-trichlorophenol 3.84 0.002300
2.3, 5-trichlorophenol 370
2.4,6-irichlorophenol 3.62 0.002900 0.0031600 0.003000
2,3,4-trichlorophencl 361
3,4-dighlorephenol 3.13
2.3-dichlorophenol 310
2 4-dichlorophenol 3.08 0.016000 0.012400 0.050000
2,6-dichlerophenol 2.88 0.016000 0.012G60
HALOGENATED ALICY.CLICS
gamma BHC 3.89 0.000090 0.000230 0.000090
alpha BHC 3.36 0.000238
hexachiorobutadiene 3.74 0.001230 (.000390
carbon tetrachloride 2.64 0.310000 0.346000 0.176000
iztrachloreethyiene 2.33 0.078000 0.081200
trichlorecihylene 2.47 0.309500
tribromcethane 230 0.1i4800 0115000
1,2-dichlorocthylens 2.00
chilorodibromoethane 2.00
chloroform 1.95 0.510000
1,2-dichloroethane 1.79 4.350000 1.192000
methylene chloride 1.51 2.490000 2.446000
OTHER, CHLORINATED COMPOUINIX
oclachlorostyrene 0,29 0.001760
Tolal PCB’s 500
methoxychlor 430 0.00{064 0.000179 0.000110
toxaphene 330 0.600013 0.000045 0.000034
mirex 6.89 ={).183 =0.183 >0.183
phatomirex 6.00
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TABLE 4.7(e)
Acute Toxicity Values
L350 (m moles/L)
Raknbow Hlueghts Fathead

Chemical Row Tront Minnows
DIQEING AND FURANS
08CDF 6,70
HICDF 6.50
03CDI 6.50
H6CDF 6.30
H7CBD 6.30
HoCDD 5.10
P3CDF 6.00
P5CDD 5.80
2,378 TCDF 5.70
T4CDE 5.70
T4CDD 5.50 . 14e-10
LIV AN METABOLILES
DDE 5.69 0000160 0.001260
TDE 5.75 0.000220 0.000130 0.013700
o,p’ DDT 595
P DT 575 0.000027 0000022 0.000054
silvex 3.93 G.054900 0.035600 0001300
2,4,5-T 3,72 0.003800 0.001760 =0.0391
2,413 2.81 0.004930 0.004100 0.006500
CYQLODENES,
aldrin 5.07 0.0006020 0.000040 0.000036
dietdrin 5.48 0.000026 0.000021 0.000042
heptachlor 5.44 0.000051 0.000509 0.000019
heplachlor epoxide 5.40 0.000051 0.000014
chiordane 5.46 0.000050 0.000140 0.000090
endrin 4.56 0.000018 0.000016 0.000010
endosulphan 3.60 0.000740 0.000010 0.000002
dioctyl phthalate 4.00
bis-2-ethyl-tiexyl phihalate 5.11 =256 »0.256 {1256
AROMATICS
cthylbenzene 315 0.033800 0.330200 0.398400
benzene 211 0.103000 0.280000 0.410000
aniline 0.90 {.389000
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TABLE 4.7(F)

Acute Toxicily Values

LC50 (m moles/L)
Ratabow Bluegills Frathead
Chemical KOW Trouf Minnows
I

POLYCYCLIC AROMATIC HYDROCAR QNS
benzo(d)flnoranthene 6.06
benzo(aypyrene 6.06
benzo(g,h,ipeiviene 6.05
indenopyrens 6.00
chrysene 5.61
fluoranthene 533 0.019800
henzo(b)fluoranthene 5.22
pyIens 4.88 0.000130
acenaphthalene 4.50
phenanthrene 440
anthracene 4.34
dibenz{a,banthracene 4.32
flucrene 4,18 0.C040600
menochlorenaphthalene 4.12 013900
acenapthene 3.92 0.006000
naphthalene 3.45 0.005500 00538060
OROGANOMETALS
tetracthyltiead 6.12 0.000034
Ay 0.000121 0.000370
Al 7.A00000
As 0.356400 0.398000
Cd 0.000089 0.007400
Cu 0.002400 3.035000 0.003950
Fe =018
Hg 0.000800 0.000790
Mn
Ni 0.545100 0.048000
Pb 0.005790 0.114900 0.031200
Sk 0.074000
Se 0.072200 0.028400
Zn 0.030000 0.229000 0.125000
KOW -octanolfwater coefficicnt determines miscibility of chemical
LC50 ~concentration which is lethal 1o 50% of the test orpanisms
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TABLE 4.7(g)

Chemical Properties
hemnical TAS NO MW log KOW log BLEF
CHLOROBENZENES
2.4 5-trichlorotoluene 66349-30-1 195,47 4.94
chlorobenzene 108-90-7 112.60 2.84 2.650
p-chloro-m-cresol 59-50-7 142.89 3.10
2-chlorophenol 95-57-8 128.56 2,19 2.330
4 nitrophena) 100-02-7 139.11 181 2100
2 nitrophenol $8-75-3 139.11 1.7
2.4 dinitrophenol 51.28-3 184,11 1.51
4,6 dinitro-a-cresol 524-52-1 198,13 1.07
2,4 dimethylphenol 105-67-9 122.16 242 2.180
Phenol 108-95-2 94,10 1.49
AROMATICS
Biphenylamine 122-39-4 16%.23 3.59 1.480
1.2 diphenyldrazine 122-66-7 184.26 3.03
Styrene 100-42-5 104.14 2.95
Toluene 108-88-3 92.14 2.69 1.B50
Benzidine 92-87.5 184.26 1.81
NITRO AROMATICS
2.4 dinitrotoluene 121-14-2 182.13 2,10
2,6 dinitroatoluene G06-20-2 182.15 2.00
nitrobenzene 98-95-3 123.12 1.88 1.180
liexachlorocthane 467-72-1 236,76 3.93 2,140
1,1, 2-trichloroethane 79-00-5 133.41 242
1,1,2,2-tetrachloroethans 79-34-5 167.85 2.39 0.900
L,i,1-trichloroethane 71-55-6 133.41 2.17 0.950
1,2 dichloropropane 78-87-5 112.99 2.16
1,1 dichleropropane 75-34-3 98.96 179
cis 1,3 dichloropropane 10061-01-5 110.97 174
Chloroethane 75-00-3 64.52 1.54
1, i-dichiorocthyiene 75.35-4 96.95 1.48
Chloraethylene 75.01-4 62.50 1.40
bromomethane(methyibromide) 14-83-9 94,93 1.19
chloromethane(methylendoride) T4-87-3 50.49 0.9
HALOHTHERS
4 bromophenyi pheay! ether 5.07
4 chiorophenyl plicnyl ether 4,92
Bis(2-chloroethoxy)methane 111-91-4 173.05 1.50
Bis(s-chloroisopropyl)ether 108.60-1 171.08 1.12 1.040
2 chtoroethy! vinyl ether 110-75-8 106.55 1.00
bis(2-chioroethyljether 111-44.4 143.01 0.98
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TABLE 4.7(h)

Chemical Properties

Cherinteal CASNO MW log KOW log BCT
Hexachlorocyciopentadienc Ti-47-4 21215 3.99 1.040
Endosulfan 115297 400,91 .60

Endrin Aldehyde

E!_I' ‘E_ ﬁ 9' ZT&

1}i-n-butylphthalate 84-74-2 278.34 5.20 3.820
Butylbenzylphthalate $3-68-7 31240 4.73 2.820
Dimethy Iphthalate 131-11-3 194.18 161 1.760
Diethylphthalate 84-66-2 222204 1.40 2000
POLYCYCLIC AROMATIC HYDROCARBONS

tenzo(b)flueranthenc 205.99.2 25232 6.20

Renzo{a)anthacens 56-55-3 228.30 3.61 4,000
L-methylnaphihalenc 90-12-0 142,20 3.96 2.480
Z-methylnaphthalene 91-57.6 142,20 395 2480
MOBOSOAMINES

N-nitrosodiphenylamine 156-10-3 198.23 313
N-pitrosodipropylamine 621-64-7 130.22 1.50
n-nitrosodisethylomine 62-15-9 74.08 -0.57

OTHER ORGAMIC CHEMICALS

3,3" dichlorobenzidine 91-94-1 25314 276 2700
{sophorone 18-59-1 138.21 1.67 0.850
Acrylontrife 107-13-1 53.06 1.20

Acrolein 107-02-8 56.10 0.90 2.540
INORGANIC CHEMICALS

Ashestos 1332-21-4

Thallinm 7440-28-0 20437

Chromium 7440-47-3 52.060 2301

KOw -octanol/water coefficient determines miscibility of chemical
MW -molecular weight of the chemical

log BCKF ~chemical uptake has a logrithmic relationship

BCE -Big-Concentration Factor

CASNO ~Chemical Abstracis Service regisiration number
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TABLE 4.9
List of Aquatic Criteria, Objectives and Standards
(Values are ug/l)

Chemical BEPra DEC nc MOx  EC

Agquatic Health | Aguafic Health
Aldrin 0.001(cy; 0.602 0.00L{cy |0.001(c) |0.004(c)
Benzola)pyrene (0.0012 | 0.002
Benzo(b){luoranthene 0.002
Benzo(k)flnoranthene 0.002
Benz(a,h)anthracene 0.002
BHC, alpha- 0.01 0.02
BHC, gamma- (.01 0.02
Bis(2-ethylhexylyphihalate 0.6 4 0.6
Cadmiam L1(b) i0 1.5 10 0.2 0.2 0.8(b)
Carbon tetrachloride 0.4
Chiordane 0.0043 0.002 10.02 0.06 0.06 0.006
Chloroform 1240(a) 0.2
Chrominm note 1 I note 2 279 50 100 2
Chrysene 0.002
LT and metaboliies 0.001 0.001 0 0.003 0.003 0000
Dichloroethane, 1,2+ 20000(a) 0.8
DBieldrin 0.0019 0.001(c) 0.0609 | 0.001(c) | 0.001{c) [0.004(c)
Di-n-octyl phthalate 50
Endosulphan, atpha- 0.056 0.009 0.003 0.02
Endrin 0.0023 | 0.2 0002 0.2 0.602 0.002 10,0023
Fluoranthene 50
Heptachior 0.0038 G.001(d)| 0.009(d) | D.001(d) | B.001(d) 10.01()
Heptachlor epoxide .00 0.609(d)y | 0.001(@ | 0.001(d) [0.01(d)
Hexachiorobenzene 0.02 0.0065 |0.0065
Hexachlorobuiadiene 9.3(x) 1 0.5 0.1
Hexachlorogihane 540(a)
Lead 3200 | 50 5.1 50 25 7 2(h)
Mercury 0.012 2 0.2 2 0.2 0.2 0.1
Methoxyehlor 0.03 100 0.03 35 0.04 0.04
Mirex 0.001 0.001 004 0.001
Maphthalene 620(a) 10
PCRs, total 0.014 0.001 [0.01 0.001 0.001
Pentachlorophenol 13(e) 0.4 1 0.5 0.5
Pyrene 50
Tetrachlorobenzene 10 0.1 0.1
Tetrachlorodibenzoturan
Tetrachlorodibenzo-p-dioxin 0.00001 0.06601
Tetrachloroethylene 840(a) 1 0.7 260
Trichlorobenzene, 1,2,3+ 5 10 0.9 0.9
Trichlorobenzene, 1,2.4- 5 10 0.5 0.5
Trichlorohenzene, 1,3,3- 5 10 0.65 0.65
Trichlorophenol, 2.4,6- 970(a) 1 1

a =insufficient data to develop criterion, value presenied is lowest observed effect level

b =hardness dependent criierion (100mg/l used)

¢ =sum of aldrin and dieldrin

d =sum of heptachlor and hepiachlor epoxide

e =pH dependeni criterion (pH = 7.8 used)

note § -1iug/! for hexavalent chromium; 210 ug/l for irivalent chromium @& 100mg/! hardness)
note 2 -50ng/l for both hexavalent and trivalent chrominm (@ 100mg/ hardness)
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TABLE 4.13

Chernical Monitoring Results for Raw and Treated Drinking Water

Niagara Falls Water Treatment Plant

Mean Conceniration
Paricd Raw Treated
Water Water
GENERAL PARAMETERS
Total Alkaliaity (as CaCO3) 1984-83,1981,1978 93(20) 82.6(10)
Chloride,Unfiltered Reactive (as Cl~) 1984.83,1981 5.8(14) 17.3(8)
Celour (i HZU 1984-83,1978 <4319
19831978 <L.0ChH
(i) TCU 1984 5.8(1)
1984-74 L3
Fluoride, Unfiliered Reactive (as Fr) 1984-83,1981 0.12(%) 0.12(%)
Toial Hardness 1984-83,1981,1978 1180200 111(10)
Nitrate Nitrogen (as N) 1983,1981 0.2(2)
1984-31983,1981 0.2¢4)
Nitrite Nitrogen (as N) 1981 <0.01(1)
1984-83,1981 0.0()
ot 1984.83,1981,1978 110 320200
Sodium, Unfilt.React.(as Ma) 1983 9.001)
1984-83 8.8(3)
Turbidity 1984-83,1931, 29020 0.29{19)
1978
MICRQBIQLOGICA L
Bacti Fecal Coliforms 1984 28(48)
Bacti Fecal Strepiococal 1984 12(50)
Bacti Total Coliforms 1984 182(50)
Backgrouad 1984 22950050y
Alpha, Gros 1980 <1(1)
Beta, Gross 1980 2D
Cesium Cs 134 1980-1979 <23(2)
Cs 137 19801979 <23{2)
Cabalt Lo 60 1980-1979 <23(2)
Radium Ra(226) 1980 0.1(8)
Strontivm Sr89 1980-1979 <0.3(2)
Sr 20 1980-1979 0.7(2)
Concenirations are mg/L. (pprm) for parameters on this page (if applicable)
Conceatrations are ug/L. {ppb) for metals and organic parameicrs
Mumbers in brackets indicate number of samples nsed 0 calculae mean
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TABLE 4.13 (Cont’d.)

Chemical Monitoring Results for Raw and Treated Drinking Waier

Niagara Falls Water Treatment Plant

Mesn Concentratlon
Paoriod Raw Treated
Waker Water,
INOBGANIC
Aluminum, Unfill. Tot.(as Al 1984 143(2)
1983 2001) T
1981 66(1) 31001
Antimony, Unfill. Tot.(as Sb) 1984 0(2)
Arsenic, Unfilt.Tot.(os As) 1934 0@
1983 <1(1) <k}
1981 <1(1} <t(1)
Batinim, Usfilt, Tot.(as Ba) 1984 1
1943 181 7(1)
1981 L&) 17(1)
BeryRiom, Unfilt. Tot.(as Be) 1984 ()
1943 <10(1) <10(1)
Boron,  UnfdlFot.(as 1) 1981 <0.02(1} <0.03(1)
Cadmivm, Unfilt. Tot.(as Cd) 1984 o)
1983 <22(1) <21
1983 0.3(1) 0.3(1)
Caleium, Unfilt, Tot.(as Ca) 1984 33.9(2)
1983 305 387D
Chromium, Unfilt. Tot.(as Cr) 1984 2(2)
1983 <10(1) <10{1)
1981 2 1
Cobalt, Unfill.Tet.(as Co) 1983 <0.010(1) <0.010(1)
Copper,  Unfilt, Tol.(as Cu) 1934 4(2)
19833 201 50¢1)
1981 26(1) 3(1)
Cyanide, Avail.Unf React.(asCN) 1984 A(5)
1983 o) o1
1981 <10(1) <10{1)
Iron,  Unfili.Tol.(as Fe) 1984 0.22
1983 0.07(H
1981 0.025(1) 0.005(1)
Lead, Unfilt.Tot(as Pb) 1984 0(2)
1983 <30(1) =30(1)
1981 4(1) <3
Magnesium, Unfilt. Tot.{as Mg) 1984 3.0(2)
1983 8.90(1y 8.45(1)
Manganese, Unfilt.Tot.(as Mn) 1983 0.000(1) 0.012(1)
1981 Q.002(1) 0.002(1}
Mereury, Usnfilt. Tot.(as Hg) 1984 0
1983 0.01(1) 0.01(H
Nickel, Unfili.Tot.(as Ni) 1934 0(2)
1983 <101} <10(8)
1981 200 )
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TABLE 4.13 (Cont’d.;

Chemical Monitoring Results for Raw and Treated Drinking Water

Niagara Falls Water Treatment Plant

fMean Concentration
Period Rawy Treated
Water Water
Seleniun, Unfilt. Tot.{as Se) 1984 oy
1983 <l <1
1981 <] <l
Silver, Unfilt. Toi.(2s Ag) 1984 o)
1983 <5{1) <53(8)
1981 <5(1) <3(1}
Strontium, Unfilt, Tot.(as 81} 1983 0.160(1) 0.140(1)
Zine,  Unfilt, Tot.(as Zay) 1984 2(2)
1983 <ty <101y
1981 4(1) 201}
ADDITIONAL DATA
Calcium 1983 215 28(5)
Magnesum 1983 6,.9(5) 5.2(5)
Molybdenum 1983 <0.010(1) <0.010(1)
Sodium 1983 0.0(1) 9.5(1)
1981 1001} 1001
Titanium 1983 <0.010 <{1.010
Vanadiurm 1983 <0010 <0.010
VOLATILE ORGANICS
Benzene 1984 ()
1983 0.1(0) 0.1(D
1982 0.0(4) 0.3(i4)
1981 0.3(5) 0.2(3)
1980 0.3(11) 0.6(9)
1679 0.030(6) 0.175(3)
1978 0.58(2)
Bromoform 1983 0.4(11)
1982 0.421)
1981 0310
1980 0 0.5¢1 1)
1979 0.4(4)
Carbon tetrachloride 1984 o2
1983 o) 0.1(2)
1982 0@ 0.3(4)
1979 o) 0.05(1)
Chlorobenzene 1984 002y
1983 Ly
1979 N2)
Chloredibromomethane 1984 5(2)
1983 04y 390D
1982 0(6) 4420
1981 0 40010
1980 0(5) 40011
1979 02} TR
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TABLE 4.13 {Cont’d.)

Chemical Monitoring Resuits for Raw and Treated Drinking Water

Niagara Frallis Water Treatment Plant

Menn Concentration

Period Raw Treated
‘Water ‘Water
Chloroform 1984 12(2)
1983 0.2(13) 9.8(12)
1982 0.53(19} F27(22)
1981 0.2(8) 2.1
1080 <0.2¢11) 5.5{11)
1979 G.1(6) 14.4(5)
1978 o)
Dibromomethane (Methylene bromide) 1984 002
982 0.1 0.542)
Dichlorobenzens 1,2- 1984 (i}
1983 0(2)
Dichlorobenzene 1,3- 1984 0Cd)
Dichlorobenzene 1,4 1984 0(2)
1082 <0.1(1} <011}
Dichlorobromomeihane 1982 Q.01 4.5(%)
Dichloroethane 1,2- 1984 0{2)
1982 0.1¢0)
Dickleromethane  (Methylene chloride) 1084 0(2)
1983 0.0(2)
1982 3.3 10.6(8)
1981 0.5(h 0.67
1980 18010} 1.4(5)
Dichleropropane 1,2- 1984 002y
1980 o)
Hexachlorebutadiene 1984 0(2)
Pentachlorobenzens 1984 0¢2)
Styrene 1984 0(2)
1983 0.1{1}
1982 <0.1(1)
1980 He) o(1)
Tetrachlorobenzene 1,2,3 4- 1984 002y
Teirachloroethane 1,1,2,2- 1984 [1]¢3)
1982 ogl)
Tetrachloroethylens 1983 02) o)
1982 0.1{4) 0.8(4)
1981 0.0(2)
1980 00(3) 0.0(1)
1979 0.0(5) 0.0(4)
Toluene 1983 01010y 0.3(10)
1982 <(0.1(15) 0.4(18)
198] 0.0(6) 0.1(6)
1980 0.03) 112y
1979 0.1(6} 0.05(3)
1978 0.06(3)
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TABLE 4.13 (Cont’d.)

Chemical Monitoring Results for Raw and Treated Drinking Water

Niagara I'alls Water Treatment Plant

Mean Concentmtion
Period Raw Treated
Water Water
Trichlorobenzene 1,2,3- 1984 o)
Trichlorobenzene 1,2,4- 1984 0(2)
Trichlorobenzene 1,3,5- 1984 0@)
Trichlorpethane 1,1,1- 1984 0(2)
1983 oLy
1982 0(5} 0
1981 0.1(3) 0.3
1980 03} 0.4(1)
1979 0.2(1)
Trichlorocthylene 1983 0.6(3) 000
1982 0.1{5) 0.0(6)
1981 0.3 0.6(%)
1980 0.0{6) 0.0(4)
1979 0.007(6) 0.008(4)
1978 0001y
Hylens 1,3+ (meta-) 1963 0.1 0.1(6)
1982 (D) 0.1(16)
1981 o) 0.1(6)
£980 0.1(8) 0.2¢1)
Hytene 1,4- {para-) 1982 TR TR
Additionad Bain
Acetone 1983 0.2(12) 03(10)
1982 1.0{15) £.3(14)
1981 oL 400
Carbon Disulphide 1983 003 0.1(1}
1980 o 0(3)
1979 (1) TR{1)
Chlorodibromotthane 1984 0(2)
Chloro(difluorochloromethylbenzene 1984 0(2y
Chlorotoluene 1984 0.0(2)
1978 0.002)
3. Chicro{triftecromethyltenzene 1984 02y
m-Chierotrifluorotelnene 1984 02}
Dichiorobenzene 1980 0(2)
1978 (1)
Dichlorebromomethane 1984 5(2)
1983 0{d) 6.3(113
1982 0(2) 2.4020)
1981 0(6) 8.6(10)
1980 0.0{9) 7.0010)
Methylpentenes 1984 0.002)
1979 TR
Parachlorotrifluoroioluene 1981 [{E))
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TABLE 4.13 (Cont’d.)

Chemical Monitoring Resulis for Raw and Treated Drinking Water

Njagara IFalls Water Treatment Plant

Mean Concentrailon
Perlod Raw Treated
Water Water
1,2,4,5-Tetmchlorobenzene 1984 0.005(2)
Tetrachloroethane 1984 02y
Tetrachlorotoiuencs 1984 02y
1 1.4-Trichlorobutadiene 1983 032(11)
1982 0.2(18)
198] 0.2(1)
Trichloroethane 1984 02)
1979 oy o
2,4,5- Trichlorotoluene 1984 0.807(2)
Trichtoro-trifluorocthane 1981 0.0(1)
1979 0.0(1)
alphg,alpha,alpha- Triblucromethylbeazene 1984 Q.0(2)
Trimethylbenzenes 1984 0.0(2)
1978 0.0(1
Kylene 1980 0.0(5) 0.0
1979 &002) 0.0(3)
1978 0.0(3)
Autliracene 1984 02y
Benz{a}anthracens 1984 0(Z)
Benzo(b)fluoranthene 1984 0%
Benzo(k}fluoranthene 1984 02y
Benzo(g,h,perylene 1984 0(2)
Benzo(a)pyrene 1984 0(2)
bis(2-Ethythexyphihalate 1984 0(2)
Chrysene 1984 0(2)
Fluoranthene 1984 o)
Filuorene 1984 02)
Phenanthrene 1984 0¢2)
Pyrene 1984 0(2)
Addltional Dagy
Benaldehyde 1984 0¢3)
1981 (L)
1980 o
1980 agL)
Benzenesufonamide 1984 0
Butanal 1944 (11¢3)]
1981 01y
1980 003 (14Y]
Butan-2-al 1980 <0.1(3) oy
n-Buianol 1983 00 0102
t-Butanol 1983 o 0.4{1)
1980 1]€)]
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TABILE 4.13 (Cont’d.)
Chemical Monitoring Resulés for Raw and Treated Drinking Water

Niagara Falls Water Treatment Plant

Mean Concentration
Peried Haw Treaied
Water Water
Chtorounthracencs 1984 0(2)
Chlerohydioxyphenothanzenes 1984 0(2)
Chloremethydiphenylmethane 1984 02
Chleramethoxybenzophenone 1984 2)
Chiloronaphthalenes 1984 o)
Cumene 1979 02
Dibenzo(ah}-anthracene 1984 002)
Di-n-butylphihalate 1984 0(1)
Dichloroanihracenes 1984 02}
Dichlorometliylbis-  (phenylmethyl)-benzeae 1984 002}
Dichioromethyldiphenylmethanc 1284 0(2)
Dichloronaphthalencs 1984 02
2,4-Dichlore-2-phenoxyethanol 1984 0(2)
Dichloro(isiflucromethyly-  benzophienone 1984 0¢2)
Bimethytanitine 1984 (t¢)]
N,M Dimeiliyl-2-propenamide 1584 H2)
Dioctyiphthalate 1984 O
Dioxin 1982 0.002(7) 0.00N
1981 0,001 0.0(10)
980 0.0(2) 0.0(12)
Diphenyllueromethane 1984 02)
Ethanal 1983 a(3) 0.1(2)
1982 0-81) (1
Furan 1982 G2)
Heptanal 1982 (/98]
HCB 1984 <1(3) <1(8)
1983 <1(20) <1(1%)
1982 <1(19} <1(20)
1981 <1(12) <1(t0)
1980 <111 <1(N
1979 <k <§{5)
1978 <I(1)
1975 <1()
1974 <1(1)
Hexachlorotolnene 1934 00
Hexanal 1984 [11¥3)]
1983 01} 0.5(1)
1982 0.5(1)
1981 0.1(3}
1980 <0.1(5} 0.2(2)
Hezanone 1980 o)
Hexanones 1984 002
Isobtanal 1984 0(2)
1979 TR
Isobutano} 1984 [1y3)
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TABLE 4.13 (Cont’d.)

Chernical Monitoring Results for Raw and Treated Drinking Waier

Niagara Yalls Water Treatinent Plant

PMean Concentratlon

Peried Raw Treated
Water Water
Isopropanol 1982 0.0(2) 0.3(4)
Methylethyl Keione 1983 0.1(5) 0.2(9)
1982 0.0(5) G.3(0
1981 Q.11
Mettylfuran 1984 0.0(2)
1983 0.2(1)
1982 0.141)
1980 TR(L)
Methylnaphihalenes 1984 02)
2 Methyipyrrole 1983 G(1y
Pentachloranisole 1984 0(2)
Pentachloromethlybis {phenylmethyl)-benzane 1984 o)
Pentachlerotoluenc 1984 o)
Phenothiazine 1984 [1[¢3)]
1982 0.6(1)
Propanol 1982 0.6(1)
Propylene sulfide 1981 9.1(1)
TCDD 1984 0.0(2)
Terrachloredioxing 1984 <1(2) <1(@
1983 <1(3) <1
1982 <IN <1(7)
1981 <1(10) <1(10)
1980 <1(1D) <1(h
1979 <1(®) <1(5)
1978 <1(1)
1975 <1(1)
1974 <1(1)
Tetrachloromethylbis-(pheny Imethy))-benzene 16984 .02y
Tetrahydrofarmn 1984 02y
1983 0(8) 0.3(2)
1982 0.0(2) 0.0(2)
1981 0.0(6) 0.0(7)
Trichloroanthracenes 1984 0.002)
Trichlerodiphenyimetiane 1984 0.0¢2)
Trichloromethylbis-{phenylmethyl)-benzens 1984 0.0(2)

Niagara River Remedial Action Plan - Stage I
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TABLIE 4.13 (Cont’d.)
Chemical Monitoring Results for Raw and Treated Drinking Water

Niagara Falls Water Treatment Plant

Mean Concentration
Period Haw Trested
‘Water Waler

EESTICIDES & POBs

Aldrin 1984 <1(3) <1(3)
1983 <1(20) <1(19)
1982 <1(19) <3(20)
1981 <1(10) <H{10)
1980 <1(11) <7
1979 <1(7} <1(%)
1978 <1(1}
1975 <1(1)
1974 <1(1)

BHC (alpha-) 1984 4(8) 4(3)
1983 <2(22) <321
1982 <537 <5(38)
1981 <A{19 <4(19}
1980 <317y <311
1979 <2(B) <1(6)
1978 <1(1)
1975 <1(1)
1974 <1()

Beta-BHC 1984 <1{3) <1(5)
1983 <k{19) <1(18}
1982 <1(22) <1(22)
198% <1(11) <i(1)
1980 <1(13) <N
1979 <1(8) <1(6)
1978 <1(D)
1975 <1(1}
1974 <1(1}

BHC (gamma-) Lindnne 1984 <1(3) <1(5)
1983 <1 (20} <1(19
1982 2(29) <1(33}
1981 <1{14) <1(14}
1980 <1{(16) <1(8)
1979 <7y <"
1978 <1{1)
1975 <I{1)
1974 <16(D)

Chlordagne 1984 H2)

Dieldrin 1984 <2(3) <1(3}
1983 <220 <2(19}
1932 <2(19) <2(20)
1981 <2(10) <2(10)
1980 <2(13) <)
1979 <2(10) <2(T)
1978 <2(1)
1975 <2(1)
1974 <2(1}

Niagara River Remedial Action Plan - Stage 1



CHAPTER 4 Page (4-112)

TABLE 4.13 (Cont’d.)

Chemical Monitoring Results for Raw and Treated Drinking Water
Niagara Falis Water Treatment Plant

Mean Conceniration
Period Rawr Treated
VWater Water
D24- 1984 002y
DDD {po) 1984 <5(3) <5(5)
1983 <5(20) <5019
1982 <5(19) <5020)
1981 <5(10) <5(10)
1980 <5(11) <507
1979 <5(7) =5(5)
1978 <5(H)
1975 <5(%)
1974 <35
DDE (pp) 1984 <1(3) <1{5)
1983 <1(20 <i(20)
1982 <1(19 <1{20)
1981 <1(10) <1{1Q)
1980 <1{(11) =1{7}
1579 <i(N <i(7}
1978 <)
1975 <1
1974 <1}
DDT (o) 1984 <5(8) <5¢8)
1983 <5(20) <5(19
1982 <5(19) <5(19)
1983 <5(10) <5¢10)
1989 <5010 <5{7)
1979 <5(Ty <5(5)
1978 <1
1975 <5(1)
1974 =<5(1)
Endrin 1984 <4(3) 25
1983 <4(2) <419
1982 <419 <d {20}
1981 <4(10) <4(10)
1980 <4(13) <6(8)
1979 <4(8) <4(6}
1978 <3(1}
1975 <4(1}
1974 <4(1)
Endosutphan (alpha-) 1984 <2(3} <2(4}
1983 <Z2(20) (1N
1982 <2(19) <2(20)
1981 <2 (10} <2(10)
1980 <2(11} <21
1979 <2(9) <N
197§ <201}
1975 <201
1974 <2(1)

Niagara River Remedial Action Plan - Stage I
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TABLE 4,13 (Cont’d.)
Chemical Monitoring Results for Raw and Treated Drinking Water

Niagara Falls Water Treatmeni Plant

Mean Concentoatlon
Perlod Raw Treated
Water Water
Endosulphan (beta-) 1984 <4(3) <2(5)
1983 <4(20) <4(19)
1982 <4(19) <d4{20)
1981 <4(10) <4(10)
1980 <d(11) <4(1)
1979 <d{N <4(5)
1978 <4(1)
1975 <4(1)
1974 <d{1}
Heptachlor 1984 <1(3) <1(3)
1983 <120} <119y
1982 <119 <J{20}
1981 <115y <i{10}
1980 <I(13) <A
1979 <1(8) <1(6)
1978 <1{1}
{975 <1(1)
19714 <i (1)
Heptachlor epexide 1984 <1(3) <1(5}
1983 <120 <1(19)
1982 <1{1% <L (20)
1981 <1{10) <1(10)
1980 <1(11) <1{7)
1979 <IN <k{5)
1978 <1{1)
1975 <1{1)
1974 <1(1)
Mirex 1984 <5(3) <3(5)
1983 <4{26) <4(25)
1982 <3(35) <3(36)
1981 <3020} <320
1980 <320 <3(13)
1979 <3(14) <3(9}
1978 <2
1976 0@
1975 <A1}
1974 <5(1}
Ozyehlotdane 1984 <2(3) 2N
1983 <220 <2(19)
1982 <1(19} <220)
1981 <9 <2{9)
198G <2(11) <21
1979 2Ty <2(5)
1978 <2(1)
1975 <2(1)
1974 <2(1)
TP 2,4.5- 1984 0{d)

Niagara River Remedial Action Plap - Stage I
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TABLE 4.13 (Cont’d.)

Chemical Monitoring Resufts for Raw and Treated Drinking Water

Niagara Falls Water Treatment Plant

Mesn Concentration
Perlod Raw Treated
Water Waier
Additional Data
Alpha Chiordane 1984 <2(3) <)
1983 <2(20) <2(19)
1982 <2(10) <2(10}
1981 <2(11) <2(1)
1980 <2(N) <2(5}
19779 <21}
1978 <2(1)
1974 <2(1)
Gamma Chiordane 1984 <2(3) <2(3)
1983 <2(19) <219}
1982 <2(19) <2{20}
1981 <201 <2(10)
1980 <2(12) <2(B)
1979 <28} <2(6)
1978 <21}
£9713 <2{1
(974 <2(1}
Endosulfan Sulphaie 19584 <4(3) <4(3)
1983 <4{20) <4(19)
1982 <4{19) <4(20)
1981 <A4(9) <A(9}
1980 <4(11} <4(7}
1979 <4(7) <d(5)
1978 z4(1)
1975 <4(1)
1974 <A(1)
B-BHC Hexachlorocyclohex 1983 3@ 3D
G-BHC Hexachlorocyclohex 1983 o) o)
DMDT-Methoxychior 1984 <5(3) <25(3)
1983 <5(19) <3(18)
1982 <5(19) <5(20)
1981 <5(9) <5(M
1980 <5(11) <5(N
1979 <50 <5(5)
1978 <5(1)
1975 <5(1}
1974 <5(1)
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TABLE 4.13 (Cont’d.)

Chemical Monitoring Results for Raw and Treated Drinking Waier

Niagara Falls Water Treatment Plant

Mesan Concentration
Perlod RBaw Treated
Waier Water
PCB 1984 <24(3) <12(5)
1983 <15(26) <14(25)
1982 <12(33) <11{36)
1931 <10(20) <10{20)
1980 <12(23) <9(15)
1979 <10(14) <t1(9)
1978 <10(2}
1976 0
1973 <20(1)
1974 <20(1}
Pentane 1983 TR
1982 0.9(1)
1980 0{2) (409
ACID EXTRACTABLE ORGANICS
Pentachlorophenol 1984 0(2)
Phenol 1984 0(2)
Trichlorophenol 2,4,6- 1982 <0.04(8) <0.04(8)
1981 <0.03{10) <0.02(10)
1980 0(2) <0.04(4)
Additionat Daia
i-Butyiphenols 1984 A
Chlorohydroxybenzophenone 1984 0(2)
Dichlorophienols 1984 0C2)
Phenols, reactive 1984 0(2)
Tetramethyibutyiphenols 1984 0@
Trichlorophenols 1984 0(2)
2,3,5-Trichlorophenol 1982 <0.04(8)
<0.06(8)
1981 003010y <0.03(10)
1980 0(2) <0.04(4)
2,3.4;2,4,5-Trichloyopheno} 1982 <0.04(8) <0.04(8)
1981 <0.03¢14) <0.04(10)
1980 0{2) <0.04(4)
2,3,6-Trichlorophenol 1982 <0.04(8) <0.06(8}
1981 <0.04(10) <0.04(10)
1980 0 <0.04(4)
3,4,5-Trichlorophenol 1981 <0.03(8) <0.03(8)
1980 0(2) <0.03(4)

L ECL e

All concentrations ug/l, unless otherwise indicated

Numhers indicated < are below detection limit

Mumbers in brackets refer {o number of analyses

(0 indicates too few samples (all below detection) to calculate mean

ADDITIONAL DATA refers to compounds not on prioxity polfutant list

Miagara River Remedial Action Plan - Stage I
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TABLE 4.17

Organcchlorine Residues in Young-of-the-Year

Spottail Shiners From the Niagara River
(Concentrations in ng/g)

Sampling Year a0 PCB Total Mirex Chiordane Total HCB Octachlor
Site # Dot BHC -styrene
Niagara River| 1982 6 181+/-69 3+-12 ND Gt/ Al TR T
Fort Ee 1983 7 66+/-20 T+/- & ND NED ™ ND WD
Cnt. 1984 7 1184712 25+/- 8 ND TR, ™= ND ND
1985 7 63+/-10 10+/-6 &1 ND ND T’ NI¥
1987 7 344127 19+/-2 ND ND NI ND NI
1989 7 ND TR ND ND NI ND NI
Frenchman's 1980 35 H6+1-31 13+/-9 ND 943 3+4/-1 ND MNA
Creek 1981 5 164+/-56 374419 NI R /1 NI NA
Ont. 1982 7 216+/-34 57410 NI B+/-6 Obfel 1+/-1 ND
1983 7 Ga4/-2] LRI ND TR NB ND NI
1985 7 31+/16 T34/-49 ND 2471 ND 241 MDD
1990 6 78+/-21 18445 ND ND ND ND 341
Pettit Fhume 1984 7 896+/.234 1444-3 [ df-3 NIZ 7805784 284/-13
MY, 1935 5 25144711 154/-2 ND BfaB NI S4fn 4 240
Cayuga 1981 4 5734/~ 84 344- 4 184/ 4 18+/-4 Y- 9 [1afe 2 MA
Creek i982 6 380+/-130 504/~ 4 &/ 2 1944-7 204410 1da-2 NID
NY. 983 5 406+/-194 29+/-15 9415 S4fth 144119 54/~ 8 ND
1985 35 T50+/-180 2344-9 ND 3+f1 3817 24447 NG
1950 3 207+4-23 942 542 ND G- 1 Gf- 5 ND
Gill Creek 1985 5 196041711 1854437 N 3/ 26T+TL 2734/-85 ND
N.¥.
Usher’y 982 7 124+/- 14 30+/-5 ND 1042 NI /-1 ND
Creek 1983 7 6T+ 17 24t 4 WD TR NG NB ND
Ont. 1984 7 994/~ 28 23+)-5 ND NI N2 NI NI
1985 7 40+/- 19 15+/-9 ND ND ND TR ND
1986 7 204/-25 124/- 9 ND ND NI 34/ 2 ND
1987 7 ND 6v/-13 D ND N2 WD ND
1989 7 ND 11+/-5 MDD NI ND ND N
Niagara River] 1979 7 108+-/- 28 34449 ND 2146 4f-d) o+ 3 NA
Queenston 1980 7 134+/- 20 El+/-6 TR 214/-19 T+1-2 1+/-1 NA
Ont. 1981 6 32944-120 107+/-57 154/-8 474420 A4/3 IS 2 NA
1982 3 2454/ 21 6144419 T+/6 Bl 3/ 3+ 8 24-1
1989 6 30/ 30 3444 8 MND NI N 2441 240
1990 6 198+/ 23 KLV 11443 NG N TR 3+/0
Niagara River] (975 5 §90+/-195 244+-52 NG ND N3 N NA
Nisgars. 1977 9 626+/-154 157+4-38 13+/-4 5542 626+/-20 27+/11 NA
on-the-Lake 1978 8 320+/-49 99 /.49 20448 8+/-10 Taf- 2 241 NA
Cut. 1979 8 153+/-23 26+/-9 TR 24118 MND 4af- 1 NA
1980 7 266+ 51 414/ 9 42 28405 26T 45} 3 NA
1981 7 3T+ 62 T3+1-15 10+4-3 /-4 NI /-1 NA
1982 5 2554~ 24 §2+1-14 G342 V117 Bafe t A4/ 1 44/-1
1983 6 1364+/- 35 0449 ND kRIS NI 34f-3 2441
1984 7 273+1-107 T1+/-23 104/-6 3+-1 NI 1543 4/-}
1985 7 127+/- 38 134413 ND TR ND I+ 1 E-tfud
1987 7 1164/ 18 344+, 9 B3 TR NI 341 NIz
1988 7 1454+/- 59 47+4-30 ND MD ND ™ TR
1989 6 824/ 21 334410 ND ND ND -1 df-1
1990 7 226+/- 32 T2+-11 10441 ND ND ND 444§
NA = Not Analysed
ND = Below Detectable Limits
TR = Trace

Niggara River Remedial Action Plan - Stage I
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Figure 4.4 (a)
NIAGARA RIVER Accumulation of
BIOMONITORING Aluminium in Cladophora

Miagara River Remedial Action Plan - Stage I



CHAPTER 4 Page (4 - 118)

Bloody Run Creek Mouth

Gillt Greek Mouth

Gill Greek Contmi 1980
19862
Crcidenial 003 Sawer Ouiiall 19807

%
.
T
% Love Canal
ks
T
% Fort (George
Usshar's Creek Mouth
Frenchiman's Creek Mouth
1983
Frerohman's Cragk Control 19802
19R6:
1083
Fon Erie 1880
b 05 ] 15 5 25 5
Cadmiurm Concentration [ug/y)
Figure 4.4 (b)
NIACARA BIVER Accumuiation of
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NIAGARA RIVER Accumulation of
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5.0 DESCRIPTION OF
CONTAMINANT
SOURCES

Pollation to the Niagara River from Ontario
originates from both point and non-point sources.
Point sources are readily identifiable municipal and
industrial discharges io the Niagara or Welland Rivers
or to their iributaries. Mon-point sources are either noi
readily idendfiable or imregular discharges of complex
origin soch as: wrban runoff, combined sewer over-
flows, atmospheric deposition and recharge of con-
taminaied ground waier from wasie disposal sites and
facility operations,

All of the Oniario point sougces in ihe Miagara
River drainage basin have been swrveyed annually
since 1981 1o obtain estimates for toxic loadings to the
river. These loading estimates are vpdaied annually
with data collected from the discharge sampling pro-
grams, In 1981/1982 when ihe first toxics samples
were coilectad from the Ontario peint sources for the
NRTC studies, approximately 154 kg/day of Prioriiy
Pollutanis were being released to the xiver, Of this
amouni, the majority of contaminanis were heavy
metals®™, The gross Ontario loading of Priority Pollut-
ants represented about 11% of the total poini source
load of Priority Pollutants w0 the Niagara River®. The
remaining 89% was calcolated to originaie from point
sources i New York State. The 23 Ontario point
sources shown in Figure 5.1 include:

Abaiemeni actions have oecurred at virtually all
Ontario point sources since the first estimates of Prior-
ity Pollueans loadings were made in the 1984 NRTC
Report.  Conirol Orders, Cerificates of Approval,
voluntary programs by industrics and sewage treai-
ment piant upgrading and expansions have resulied in
dramatic declines in the point source loadings since
the 1981/1982 loading estimates, The Minisiry of the
Environment has estimated™ that from 198171982
until the 1988/1989 monitoring year, a reduction in
toxic Priority Pollutant loadings from Ontario poing
sources 1o the Miagara River of approximaiely 86%

Municipal Sourges Map ID
Fort Erie (Anger Ave.) WPCP 3
Stevensville-Douglastown Lagoons 4
Welland WPCP 13
Port Rabinson Lagoons 9
Niagara Falls WPCP 21
Queenston WPCP 22
McMaster Avenue Combined Sewer -

Welland 11
Stanley Avenue Combined Sewer -
Niagara Falls 16

Industriai Sources - Upper Niaggara Arvea

Niagara River Remedial Action Plan

Cenadian-Oxy Chemicals Lid, Z

GNB (Canada) L, -

formerly Gould Batieries 23

Fleet Manufacturing Lid. 1

Diner’s Delite - formerly Holiday Farms 24
Industrial Sources - Welland Aren

Atlas Specialty Sreels Division 12

Gencorp-Diversitech General 14

Steleco-Stelpipe Welland Tube Works 10

Ford (Canacla) -

Niagara Falls Glass Plant 5

B.F. Goodrich Inc. 8

Cyanamid of Canada Lid. - Welland Plant ki

Laidlaw Envivonmental Services -

formerly Tricil 15
Industrial Sources - Niagara Falls Areg

Washingion Mills - Electro Minerals i8

Noron Company Canada Lid, 14

Washington Mills Lid. 17

Cyanantid of Canada Lad, -

Nisgara Fails Plant 20

- Btage I
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Lake Ontario

21

Queension

FIGURE 5.1

Location of Niagara
Canadian Point Sources

Fleet Manutacturing
Canadian-Oxy Chemicals Lid.
Fort Erie (Anger Avenue) WPCP
Swevensville-Douglastown Lagoons
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. Stanley Avenue Combined Sewer — Welland
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. Washington Mills - Eleciro Minerals
. Norton Company Canada Lad,
. Cyanamid of Canada Lud. — Niagara Falls
Niagora Falls (Stamford Avenue) WPCP
Queension WPCP
. GNB (Can.) Lid. — formerly Gould Bateries
. Diner’s Delite ~ formerly Holiday Farns

PMiagara Falls WWMB

o,

e i al ol

Grand
Island
N Y.,

Metherby Rl

Gilmore Rd

Bufralo

Niagara
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has occurred (Table 5.1). Figure 5.2 illustrates how the
Ontaric point source ioadings have declined doring
TECEN Years.

TABLE 5.1

Ontario Point Source Loadings
of Toxic Priority Pollutants to
the Niagara River
YVenr Londing | Reduction | Reduction
(kg/d) | {kg/d) (%)
1981/82 154.4 ) 0.0%
1983/84 | 541 | 1003 | 65.0%
1084/85 | 589 | 955 | 619% |
1985/86 6.7 87.7 56.8%
1986/87 0.8 | 936 60.6%
1987/88 30.2 124.2 80.4%
1988/89 | 218 | 1326 | 85.9%

FIGURE 5.2

Detailed descriptions of remedial programs that
have been put in place at the different point sources
over the last decade are included in each description,

Pollutant loadings from non-point sources are
not as well defined due to the complexity of determin-
ing the exact movernent of contaminanis from these
sources™. Additional studies are required to generate
or refine loading estimates for these sources,

Point Sources

Currently, within the Ontarie Niagara River
drainage basin, st municipal point source discharges
{(water pollntion control planis) exist,

The Town of Fort Erie (Anger Ave.) Water Pol-
hagton Control Plant (WPCP) is operated by the Re-
gional Municipality of MNiagara. Uniil December 1989,
the plant provided enhanced primary treatrnens. Al that
time, this sewage treatment
plant was upgraded to an ex-
tended acration activaied

Reducton Percemiags (%)
180

SIGNIFICANT SOURCE REDUCTIONS

COMPARED TO BASE WEAR 153l

sludge facility and now pro-
vides secondary wastewater
ireatment to the sewage gen-
erated in Fort Erie. The plant

O lsemr | sas 19 1935
Monitaring Wear

1586/87

also provides physical-
chemical reatment for storm
flows. The new secondary
weatment plant which was
commissioned in December
1989 was the final municipal
wastewater ireatment plant in
Ontario, discharging to the
Miagara River 10 be upgraded
t0 & miniinmn of, or equiva-
lent to, secondary wastewater
treatment,

1887/88  1888/80

Niagara River Remedial Action Plan « Stape 1



CHAPTER 5

Page (5-4)

Along the Chippawa Channel, facultative
stabilization ponds owned and operated by the Re-
gional Municipality of Niagara, serve the small rural
communities of Stevensville and Douglastown (pari
of the Town of Fori Erie). Both the Fort Erie (Anger
Ave)) WPCP and the Sievensville-Douglastown La-
goons are divect point source discharges o the Niagara
River,

The City of Welland is sexved by an activated
sludge plant that has recenily (1990) been expanded to
4 tertiary treatment facility providing effluent filira-
tion and partial niwification. The expansion of ihe
plant o tertiary treatment follows expansion of the
secondary treatment system i 1983, The facility is
owned and operated by the Regional Municipality of
Miagara, This plant discharges its treaied effluent 10
the Welland River,

Al Port Robinson in the City of Thorold, a new
sewage treatment facility was consirucied and com-
missioned fo resolve health concerns over failed septic
tanks and tile fields. The facility, which is owned and
operated by the Regional Municipatity of Miagara,
consists of acrated and faculiative lagoons. The treat-
ment works are located on the bank of the Welland
River downsiream from the Port Robinson syphon.
This facility discharges ireated municipal effluent 10
the Welland River,

In the City of Niagara Falls, Ontario, the sewage
treatment plant (known as the Miagara Falls (Stamford)
WPCP) was expanded to the equivalent of secondary
treatment in 1985. The secondary ireatment phase of
the Niagara Falls plant consists of 35 rotating bicologi-
cal contactors, The Niagara Falls (Stamford) WPCP is
alse owned and operated by the Regional Municipal-
ity of Niagara and discharges weated effluent 1o the
Queenston-Chippawa Power Canal at a point upstream
of the forcbay of Ontario Hydro’s Sir Adam Beck
power generating stazions,

Al Queension, in the Town of Niagara-on-ihe-
Lake, a new sewage ireatment facility has been con-
structed 10 resolve health concems over falled sepiic

tanks, tile fiekds and grey water discharges, The facil-
ity, which is owned and operaied by the Regional
Municipality of Niagara, consists of a package acti-
vated sludge plant. The treatment works are located at
the base of the escarpment at Queenston on the west
bank of the Miagara River and discharge treated effiy-
ent directly 10 the Niagata River.

The Town of Niagara-on-the-Lake and the Vil-
lage of Crystal Beach are serviced by municipal water
pollution conirel planis that discharge respectively 1o
Lake Oniario and Lake Frig directly outside the Mia-
gara River Area of Concern,

8.1.1 Fort Erie (Anger Ave.) WPCP

The Fort Erie {Anger Ave.) Water Pollution
Control Plant historically provided enhanced primary
treaument with phosphorous removal by ferric chlo-
ride addition. The plant, owned and operated by the
Regional Municipality of Miagara, was designed to
serve a population of approximately 13,800, Flow
specifications for the plant indicated a hydraulic rated
capacity of 16,300 m/d and a peak hydvaulic capacity
of 32,600 m¥d. Average daily flows 10 the plant over
the eight year period ending in 1988 are listed in the
iable below.

YHAR AVG, DATLY FLOW

{(m3/d)
1981 17,180
1982 15,188
1983 14,108
1984 12,900
1985 13,060
1985 10,740
1987 10,755
1988 9,530
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Due 10 the conditon and
type of sewer infrastrocture
which exisied in the area served
by the plant, flows ofien ex-

FIGURE

5.3

ceeded the design capacity of
ihe wreatreent plant during wet
weather periods. Frequent sew-
age pumping station and com-
bined sewer overflows have

Yotal Friority Polluimat Loadings (kg/d)
0

ENVIRONMENT ONTARIO MONITORING

FL. ERIE (ANGER AVENUL) WPCP

been decumented. Resolution
of these problems has been oc-
curring over the past three years
and will continue with sewer
separation and infiltration re-
duction measuzes, plus other s0-
lutions io reduce the overflow
problem ancluding storage, in-
creased pumping station capac-
ity and increased trunk sewer
capaciiies,

Influent o the treatment
plantis comprised largely of do-

1986/87
Muondoring Wear

1583 1934 1245 1557168 158889

mesiic sewage (approximaiely

90% of the average daily inflow) and 2 small contribu-
tion (the remaining 10%) being indusirial wasiewater.
The types of industries which discharge to ihe plant
include metal and sieel fabricators and paini, plastics
and pharmaceutical manufacturers.

A new wasiewater weatment facility was de-
signed and has been construcied ai the Fort Erie
(Anger Ave.) WPCP io provide exiended aeration
aciivated studge treatment for the sewage generated in
the Town of Fort Erie. Special considerations were
required for the design of the treatment works due io
the weak organic pature of the influent sewage. The
weak sewage is a resuli of the aforementioned infra-
structure problems. The freatment plant was comumis-
sioned in December 1989,

At the npgraded weanment plant, wastewaier
eniers the facility by forcemain from the Parkway
Pumping Station and passes through a meter chamber
and mechanically cleaned bar screens. Following grit
retnoval, the wasiewaier enters the exiended acraiion

activated slndge portion of the weatment works. Aera-
tion is accomplished nsing fine bubble diffusers. Fol-
lowing activaied sludge meatment, gravity separation
occwsin the final clarifiers. Clarified effluent enters a
two siage chlorine contact chamber prior to discharge
through a 100 meter submerged diffuser outlet in the
Niagara River,

Based on the resulis of the 1984 NRTC sidy,
this facility had been designaied a significant point
source to the Niagara River. Monitoring resulis of total
priority pollutanis for the period 19811989 are shown
in Figure 5.3,

5.1.2 Stevensville-Douglastown
Lagoons

Sievensville and Douglastown are the two small
communities within the predominanily rural portion of
the Town of Fort Erie. The Stevensville-Donglastown

Niagara River Remedial Action Plan

- Stage I




CHAPTER 5

Page (5-6)

Lagoons were constructed because of concerns raised
by Niagara Regional Health Unit officials foltowing
ohserved delerioration of many private sewage treat-
ment systems (septic tanks and tile fields) and evidence
of raw or paritally treated sewage entering Black Creek.
Septic tank and tile field failures were dug in pari to the
heavy clay soil which predominaies throughout both
communities.

The faculiavive stabilization lagoon teatment -

system was chosen because of the remote location of
the treatment facility, 1is relatively low capiial and
maintenance costs and low staff operating require-
menis. The simple wasie siabilization pond, which
services the two residential communities, provides an
effluent of quality that is equal to or greater than that
of a much more expensive and labour iniensive sec-
ondary sewage treatment plant.

The treatmeni lagoons are located on a #ie
bounded by the Queen Elizabeth Way o the east,
Baker Road io the north and the Niagara Falls city
limits to the sonth,

The lagoons were designed for a projecied popu-
lation of 1,565 plus 2 future industrial component
bringing the toial design equivalent to 2,750 persons,
The lagoon consists of two large cells (ar present),
with room for expansion to three cells.

The lagoons were designed for an organic (B0OD)
loading of 22 kilograms/hectare/day (20 pounds/acre/
day). The ponds cover a surface area of 9.7 hectares
(24 acres) and are 1.3 wmeiers desp. The lagoon
hydraunlic retention dme is 103 days at the design
average flow rate of 1470 mday. The peak hydrap-
lic flow to the lagoons is 2,940 m?/day.

The average daily flows 1o the lagoons for the
six year penod (beginning with the year the lagoons
weie placed into wse and ending in 1988) are as
foliows:

YEAR AYG, DALY FLOW
(m3/d)
1983 208
1984 363
1985 459
1986 647
1987 573
1988 580

The effluent from the lagoans 15 discharged con-
tinuously o the Chippawa Channel of the MNiagara
River. The discharge pipe and diffuser exiend 137
metres inio the river {rom the shore. The diffuseris 13
melras long and is locaied in a depih of 5 meives of
water,

The Stevensville-Douglastown lagoon facility
is not considered a significant point source (0 the
Miggara River if NRTC criicria are applied.

5.1.3 Welland WPCP

The City of Welland Water Pollution Control
Plant has, uniil recently, been operaied as a conven-
tional activated sludge treaiment plant providing sec-
ondary treatment and phosphorous removal to a mixed
domestic and industrial wasiewater sircam. The in-
dustaal portion of the wastewater accoanis for ap-
proximately 35% of the influeni, The plant 1s owned
and operated by the Region of Niagara and serves a
population of approximately 47,200.
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The plani has under-
gone iwo expansions in re-
cent vears. In 1983, the fa-

FIGURE 5.4

cility was expanded with the
installation of two addi-
tional secondary clarifiers
and a new chlorine contact
chamber. Hydraulically, the

ENVIRONMENT ONTARIO MONITORING
WELLAND (RIVER ROAD) WPCP

Toral Priovity Pollutant Loadings (kg/d)
it

plant was upgraded to a
raied capacity of 45,460 m?/
d. In 1990, a second expan-
sion of the facility was com-
pleied and includes im-
pravements io the main sew-
age pumping station, new
mechanical screening facili-
ties, new aerated grit re-
moval chambers, upgraded
flash mixing and
flocculation tanks, addi-
tional primary clarification
capacity, additional acraiion
cells, efflnent filtration fa-

19818 1983

1957788

1985/89

1484 1985 1984/87
Monltoring Yesr

cilities, improved chlorine

contact facilities and addidonal anaerobic digestion
facilities. The activated slndge portion of the ireatment
works has the capability of providing foll nitrification,

MNitrification and filivaiion capabilities at this
treagment works result in a terilary treaiment rating for
this facility.

Average daily flows 1o the plant for the six year
period 10 1988 are as follows:

I YEAR AVG, DALY FLOW

(m3/d}
1983 48,778
1984 40,240
1985 35,840
1986 37,959
1987 35,013
1988 33,180

The wastewater eniers the freatment plant grit
removal tanks following collection in the River Road
Interceptor Sewer and pumping at the main sewage
pumping siation. The influent passes through screen-
ing and gris removal facilities and passes into the flash
imixing and flocculation section where chemical co-
agulants are added. The wastewaier then enters pri-
mary clarifiers, biological activaied sludge aeration,
final clarifiers, effluent filiers and chlorine contact
chambers prior to release 10 the Welland River,
Wastewater treatment sludge (primary and wasie acii-
vated) is treated using 2 two stage anacrobic shidge
digestion process.

Based on the resulis of the 1984 NRTC smdy,
this facility had been designated a significani point
source. Monitoring results for iotal priority pollutants
for the pariod 1981-1989 are shown in Figure 54.
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5.1.4 Port Robinson Lagoons

In 1989, the community of Port Robinson in the
City of Thorold had a new wastewater treatment facil-
ity constructed and commissioned fo treal up to 441
m*/day of sewage, The plant is owned and operated by
the Regional Municipality of Niagara and is located
imrnediaiely adjacent to the Welland River, down-
stream of the Port Robinson syphon (the point where
the Welland River crosses undemcath the Welland
Ship Canal).

Infloent sewers discharge 1o an aerated lagoon
with a volume of 2,384 m? with a side water depih of
3 m. The iotal hydranlic retention time of the aerated
cellis 5 days. Following acration, the partially treated
sewage then enfers two faculiative cells having a
combined swiface avea of 2.5 hectares (0.2 acres). The
side water depth of the faculiative cells is 1.5 m and
provides a hydraulic retention tume of 76 days, Efffu-
ent from the treatment facilities is discharged continu-
ously via an onifall extending into the Welland River,

Because this facility was recenily commis-
sioned, no toxics daa exist as vel to determine the
impaci of this source 1o the Miagara River. It is
expecied that these lagoons will not be a significant
source of toxics to the Miagara River if the MRTC
criteria were applied,

5.1.5 Niagara IFalls (Stamford Ave.)
WPCP

The Miagara Falls (Stamford) Water Pollution
Control Plant was sxpanded in 1985 1o provide sec-
ondary treatmemnt 10 a combined domestic and indns-
irial wastewater streamm.  The plant is owned and
operated by the Region of Miagara and is designed for
a populaiion of 107,050. Hydraulically, the plant has
a rated capacity of 68,200 m?d with peak factors of 2

and 1.47 for the primary and secondary section of the
plant respectively, Average daily flows io the treat-
men; plant for the eight vears prior io 1989 are:

YEAR AVG. DALY FLOW

{m3/d)
1981 44,500
1982 51,800
1983 61,270
1984 56,150
1985 57,060
1986 36,700
1987 56,755
1988 58,500

‘Wastewater enters the reatment plant by gravity
and passes through a sevies of manually cleaned coarse
bar screens. The sewage is then pumped to grit re-
moval and pre-geration mrior 10 entering the primary
seiiling ranks,

Following primary treatment, ¢larified sewage
enters the secondary ireaiment stage. Secondary reat-
ment consists of 35 coverad rotating biological con-
tactors (RBCs) in a series of 5 trains, The secondary
plant was consirucied to accommodate shock loading
arising during the canning/grape crushing season. The
RBCs were not designed to provide complete second-
ary treatment for the entire waste strean: for the whole
vear. Under the existing Certificaie of Approval, all
influent wastewater receives 100% primary irearment.
However, three different operating schemes exisi for
secondary treatment. During the period of Angust,
Sepiember, October and November, the RBCs receive
51% of the primary effluent for weamment, The re-
maining 49% of primary effluent is blended with the
RBC effluent prior o chlorination. During December,
January and February, the RBCs receive 80% of the
primary effluent while 20% is blended prior 1o chlo-
rination. During March, April, May, June and July, the
RBCs receive 100% of the primary effluent,
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Ferric chloride is added at
numerons locations throughout

FIGURE 5.5

the plant for phosphorous re-
moval. Siudge stabilization iy
accomplished using iwo-siage
anaerobic digestion for primary
and biological sludge. Follow-
ing secondary treatmeni and

ENVIRONMENT ONTARIO MONITORING

NIAGARA FALLS (S3TAMEORD) WP(P

Total Priority Pollutnnt Loadings (cgp/d)

blending of primary effluent, the 5

ireated sewage is chiorinated
prior io release 1o the Queenston- e
Chippawa Power Canal.

In 1984, the NRTC desig-
nated this facility as a significant
poini source io the NisgaraRiver.
Loadings of iotal priority pollui-
ants discharged from this source
over the past 7 years are shown in
Figure 5.5.

o -
1981/82

1585 1986/87 1938/89

Monlioring Year
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5.1.6 Queenston WPCP

The Regional Municipality of Miagara has re-
cently compleied the construction and commissioning
of an extended aeration water pollution control plant
at Queenston in the Town of Miagara-on- the-Lake.
The plant is rated for an average daily fow of 500 m?/
d with a peak capacity of 1700 m%d.

The influent sewage eniers the treatment facili-
ties ai a raw sewage lift station and is pumped o the
velocity controlled grit removal channels. Following
the grit removal stage, the sewage flows thwough a
comminuior prior o entering the exiended aeration
compartment.  Aeration of the sewage, nsing coarse
bubble diffusers in spiral-roll type compariments, oc-
cirs for a mintmum of 18 hours. The volume of the
aeration section is 375 m°. Following aeration, ireated
effluent 15 gravity-separated in a single seitling ank,
disinfecied in a chlorine conact chamber and dis-
charged directly 1o the Niagara River from a shore-
based headwall outlet,

Because this facility was recently commissioned,
no toxics daia exists yet to determine the impact of this
source on the MiagaraRiver. 1tis expecied o be a non-
significant source of toxics 1o the Niagara River if the
NRTC criteria were applied.

5,1.7 McMaster Avenue Combined
Sewer ~ Welland

Frior to 1989, the McMaster Avenne Combined
Sewer discharged 1o the Welland River downsiream
of the point where the Welland River flows under the
Old Welland Canal and npstream of Atlas Steel’s 42"
sewer outfall,

NMiagara River Remedial Action Plan

- Stage I




CHAPTER 5

Page (5-10)

In 1984, the McMasier Avenue combined sewer
was a 48" combined sewer which discharged industrial
process wastewaier, cooling water, domestic sewage
and storm water direcily io the Welland River. Since
that time, considerable effort has been made by the
industries connected to the McMasier Avenue sewer to
segregaie contaminated domestic and indusirial waste
water from the once- through cooling water and storm
water. The City of Welland has built a parallel storm
sewer to the McMasier Avenne Combined Sewer for
storm water and ceoling water discharges.

In Ociober 1989, the necessary diversions of
cooling water and storm water were completed. Afthe
time, the City of Welland connected the McMaster
Avenue sewer o the River Road Interceptor which
conveys the flow 1o the Welland WPCP. Therefore this
seurce no longer discharges 1o the Welland River on a
COntnuons Hasis,

FIGURE 5.6

The McMaster Avenue sewer was determined io
be a significant point source based on the NRTC’s cui-
off values during the 1981/1982 studies, Total priority
pollutant loadings from the McMaster Avenue com-
bined sewer for the period 1981-1989 are given i
Figure 5.6,

5.1.8 Stanley Avenue Combined
Sewer - Niagara Falls

The Stanley Avenoe Combined Sewer, at the
time of the NRTC siudy, discharged indusiral wasie
and univeaied domestic sewage direcily to Chippawa
Creck (Welland River),

Shorily afier the 1981/1982 studies by the NRTC,
the Stanley Avenue sewer was segregated. Industrial
wasiewalers and sewage were redirecied 10 the
Chippawa Parkway low it pumping station, thus leav-
ing a storm sewer which received both wban storm
mun-off and industrial non-
coniaci cooling waier dis-

Toral Priority Polluesai Loadings (kg/d)

ENVIRONMENT ONTARIO MONITORING
MCMASTER AVENUE COMBINED SEWER

charge (from Washington
Mills - Electro Minerals),
The Stanley Avenue storm
sewer discharges 1o
Chippawa Creek,

20

16

1981182 15483 1584 1885
Montoring Year

1986/87

Al the time of the
NRTC surveys, the Stanley
Avenue sewer was deter-
mined 0 be a non-signifi-
cant source of 1exIcs 1o the
Miagara River.

1987/8 1528/39
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5.2 Industrial Point
Sources

Fourteen indusirial point spurces in Onianio dis-
charge 10 the Niagara River drainage basin, Four
industries discharge to the Upper Niagara River and
Frenchman Creek. Six industries discharge to the
Welland River or Lyons Creek and the remaining fonr
discharge 1o the Chippawa Creck/power canal system,
One of these also discharges 1o the lower MNiagara
River at the Whirlpeol.

5.2.1 Upper Niagara River Area

In 1984, three indusiries in Fort Erie discharged
directly to receiving water bodies: Canadian-Oxy
Chemicals Lid., Gould Manufaciuring and Fleet Manu-
facturing, They discharged a combined total of 1,290
m¥d of wastewaier direcily 0 the Niagara River or
indirectly via Frenchman Creek to the Niagara River.
In 1988, Fleet Manufacturing direcied iis progcess wa-
ters to the Fort Erie WPCP leaving the non-coniact
cooling water being discharged to Frenchman's Creck,
Since 1988, Gould Manufacturing has been connected
to the Fort Erie municipal system and no longer dis-
charges to the Niagara River. In the Chippawa Chan-
nel area, the Ontario side of the MNiagara River is
relatively undeveloped.

5.2.1.1 Canadian-Oxy Chemicals
Ltd,

Canadian-Oxy Chemicals Lid., Durez Division,
is a division of Canadian Gecidenial Peiroleum which
has iis head office in Calgary, Alberia. The piani,
located on Duniop Sweet in Fort Erie, was built in
1970, Approximately 50 people are employed at the
plant which operates 5 days per week,

The company manufaciures Phenol-Formalde-
hyde (P/F) resins and moulding compounds, furfuryl
alcohol-formalidehyde resins and ethylene bis-
stearamide wax. All produciion is in semi-continuous
batches. Raw materials used in P/F resins include
nonyl phenol, phenol, cresol, formaldehyde and cata-
lysts.  Furfuryl alcohel, formaldehyde aund
furfuraldehyde are used t0 produce the furan resins.
The resins are used in the manufacture of coarings and
insulation.

Approximately 330 m*/day of water is purchased
from the Town of Fort Erie and used in the process.
Appraximately 140 m¥/day of non-coniact cooling
waier is discharged by sewer to Frenchman Creck,
The remaining contact cooling water is discharged w
town and regional sewers for treatment ar the Anger
Avenue WPCP.

Reaction water from the P/F resin ketiles is
distilled off and this highly contaminated phenol-
bearing distillaic watcr is stored on-site prior 10 being
shipped for product recovery or disposal. Ceoling
water is the major discharge from the plant. A single
sewer conveys the cooling water and storm water 1o
Frenchman Creek and subsequently to the Niagara
River.

The major cooling water discharge comes from
the “flaker” operation. Molien product is poured from
kettles to the flaker where cooling waiter is used io
solidify the product.  Although the water is used o
cool flaker equipment, product can contamninate the
cooling water stream. Phenol in the cooling water is
the major contaminant,

The NRTC determined that this plant was a
minor point sowce of contaminants 1o the Niagara
River.
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5.2.1.2 Gould Manufacturing of
Canada Ltd.

Gould Mannfacturing of Canada Lid. (Gould
National Batieries or GNB) is located on Lewis Street
in Fort Erie. Gould manufactures lead acid storage
batieries, primazity for industrial applicarions such as
lift ucks, aircraft, railroad and mining equipment.
Baitery plates are formed by casting molien lead/
antimony or lead/calcium alloys into a mould. Afier
casting, plates are trimmed and stamped into final
shape with the scraps being recharged into the melting
operation furnace. Plates are pasted with lead oxide
and cured in humidity and temperature controlled
Qvers.

A number of charging operations (both wet and
dry) oceur prior to final asscmbly and finishing of the
hatteries.

Process wastewater is generated primarily from
washwater and cooling water in the battery disassem-
bly, casting and charge cycle arsas. Wastewater i
weated by pH adjustment and solids separation prior {0
release {rom the plani.

The major contaminant from this facility has
been lead. Uniil recently, the plant discharged ap-
proximately 120 m%/d of process wastewater, Gould’s
discharge entered a ditch which drained o the Niagara
River approximaiety | km away,

Due to increasingly tighier reswictions placed
on the company for effluent compliance, primarily for
lead contamination, the company rerouted its
wastewaters and now discharges entirely w the Town
of Fort Erie sanitary sewer system. Effluent has been
therefore eaied at the Anger Avenue WPCP since
1988.

The ditch at Gould became heavily contaminated
with lead due to an extensive period when high lead
concentrations accurred in the company 's effluent. The
company has complied with requiremenis of the Minis-
tries of the Environment and Natural Resouwrces in
remediating the drainage ditch, Approximately 1 km
of disch, sediment, bedding and banks was excavated
angd the coniaminated materials were removed and
disposed of at an approved waste disposal site. The
ditch was subsequently restored and nio longer provides
either a source or a pathway for heavy metafs 1o the
MNiagara River.

Gould was designated a minor poini source by
ihe NRTC m 1984.

5.2.1.3 Fleet Manufacturing Ltd.

Flee: Manufacturing Division of Ronyx is lo-
cated on Gilmore Road in Foit Erie. The company
manufaciures alrplane components, sonar and madar
assemblies and satgllite componenis. Process opera-
tions include machining, degreasing, drying, bonding,
plating, auteclaving and primer finishing.

Numerous organic solvents (irichloroethylene,
xylene, cic.), inorganic acids, plating solutions (chro-
minm and metal cvanide) angd salt baths (sodiwm and
potassium nitrate) are used throughout the plant op-
erations.

Process wastewater discharges consist of non-
contact cooling water, boiler blowdown, ireated spent
anodizing and plating solutions, plating rinse waters,
ireated spent spray booth recirculation water and con-
taminated spray water. Contaminanis in the process
wastewater discharge primarily consist of heavy mei-
als (cadmivm and chromium), cyanide from plating
operations and organic solvenis (irichlorosthylenc)
from degreasing operations,  Treated sanitary
wastewater along with the process wasigwaier has
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FIGURE 5.7

the Chippawa Channel, 4 km
upstream of Navy Island.

Total Priority Polhntant loedings (kg/dy
0

ENVIRONMENT ONTARIO MONITORING
FLEET MANUFACTURING

Originally, the NRTC con-
cinded that Holiday Farms was
aminor poini source discharge
io the Niagara River.

Since that time, Diner’s
Delise has purchased the facii-
ity which prepares frozen din-
ners only.  No slaughiering
operations are performed at
this plant. Major processing
oparatons include food prepa-
ration, cooking and packag-
ing. The present operation has
been downsized from Holiday
Farms Lid. ariginal volume,

Montborlng Veay

1UBTIEE 1988/80

Process  wasiewatsr
originates from operations
such as cooking waiter, pouliry

been diveried to the municipal sewer 10 receive treat-
ment at the Anger Road WPCP. Non-coniact cooling
water 15 discharged to Frenchman's Creek,

Fleet was designated as a significant poini source
in 1984 by the NRTC due to loading of chrominm in
the combined efflueni entering Frenchman Creek,
"This source should be reduced 1o the mumnicipal sewer
as the only flows 1o Frenchman’s Creek are non-con-
1aci cooling water. Figore 5.7 illustrates the trend in
loading of toxics in the efftuent from 1981 to the
present.

5.2.1.4 Diner’s Delite

Diner’s Delite, formerly Holiday Farms Lid, is
located on Marshall Road at the intersection with
Miagara River Boulevard. The plant historically dis-
charged combined process and sanitary wastewater,
that had undergone seitling in a meial tank, directly 10

defrosting, product cooling
waier and clean-up water. ‘Wastewaier is frequently
mixed with deiergent and bleach. Other process re-
lated water uses include boiler water and steam con-
densate.

All process wastewaters flow via floor drainstoa
common sump. From the sump, wasiewaier passes
through flotation separators for oil and grease removal,
Following grease removal, process wastewater eniers a
recenily constructed siabilization pond and is spray
irrigated back on plant property thus removing thisas a
Miagara River polnt source.

Historically, the iotal plant discharge at maxi-
murn production was 90 m*/day. The parameiers of
concern in the discharge from Holiday Farms were
primarily conventional polluants, including BOD, sus-
pended solids and oil and grease.
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5.2.2 Welland Area

The Welland area has six industries which dig-
charge to the Wellang River either directly or indirectly
via Lyons Creek.

In the City of Welland, Atlas Specialty Steels
Division and Gencorp-Diversitech General discharge
weated induserial wastewater to the Welland River.
Stelco-Steipipe Welland Tube Works Division dis-
charges industrial wastewater io Lyons Creck which
ultimately flows inio Chippawa Creek (Welland
River).

In the area between Welland and Niagara Falls,
Ford Motor Company Lid., B.F.Goodrich and Cyana-
mid of Canada-Welland Plant discharge industrial
wastewaier to the Welland River. In addition, Laidlaw
Environmental Services, a hazardous waste transfer
station located in Thorold, discharges storm water
from site runoff 1o the Welland River near Port
Robinson.

5.2.2.1 Atlas Specialty Steels
Division

Atlas Specialty Sieels Division, until recently a
part of Rio Algom Lid. and now owned by Samini
Steel, is located in Welland, east of the Welland River
between Brown Road and East Main Sireet, The plant
employs 1200 people and produces specialty grades of
steel. The steel grades inglude carbon, stainless, low
and high alloy, tool, machinery and mining steels in
billet and ngot form. During 1987, Atlas Specialty
Steels produced 200,000 tonnes of sieel,

Atlas Siecls was ideniified as the single largest
coniributor of priority pollutant metals 10 the Niagara
River from Canadian point sources during the stadies
carried out by the WRTC.

Electric arc furnaces are used to melt scrap metal.
Argon ladle refining, vacuum oxygen refining and
vacuum arc degassing are used to refine the steel meli.
The steel 13 then continuousty cast or subject to top and/
or bottomn pour ingot ieeming, Surface imperfections
are removed from billets and ingots in conditioning
operations prior to furiher processing. Mo coke making
operations (coke oven batieries) or blast furnaces exist
at this facikity.

The steel undergoes either forging or hot rojling,
Hot wolling consisis of primary rolling to produce
blooms, billets and large bars and secondary rolling to
produce specialty sieel shapes. Following ihe forging
and hot rolling processes, the steel may undergo heat
treating, machining or cold finishing.

Atlas Steels discharges approximaiely 85% of
its process wasiewaters {cooling and reated process)
through a single sewer known as the Atlas 42" Sewer.
The Ailas final effluent ts composed of mainty contact
and non-contact cooling water with a minor coniribu-
tion of ireated pickling rinse water and ireated effivent
from the Waste Acid Solidification Plant. Discharge
from Ailas Sieels through this sewer averages 24,700
m*/day.

Atlas raw cooling water is pumped from the Old
Welland Canal for use in the plant and then weated in
two water filtvation plants prior to being discharged o
the Welland River. An ongoing sewer scparation
project performed at the plant has vesulted in all
contaminated sireams being treated in the treatment
plants prior 1o release 1o the 42" sewer.

Figure 5.8 shows the trend in ¢ffluent loading of
toxics from Aitas Siecels 1o the Welland River and
utiimately the Niagara River for the period commenc-
ing 1081,

Historic deposition of materials, mostly metals,
have accumulated in the river at the 42" sewer dis-
charge forming the Atlas “reef”. This zone of con-
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FIGURE 5.8

The Diversitech opera-
tion involves the mixing of raw

Toisd Folowlty Pollutant Loadings (kgf/d)
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rubber, carbon black and for-
mulating chemicals to obtain a
processed rubber with desir-
able characteristics for extru-
Siom into automotive products
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or sporting equipment.  Fol-
lowing extrusion, the proc-
essed rubber is generally cured
using either high emperature
and pressure or a hot liquid sali
bath {(normally sodium nitrite).
Following caring, excess rub-
ber is removed from the prod-
uct and ghring 10 appropriate
frames is performed using an
isocyanaie-based glue,  Afier
final curtng, the finished prod-
uct 1s shipped from the plant 1o
appropriats markets,
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taminated sediment has been discussed in detail in
section 4.5.1.2. Preliminary clean-up efforts have been
conducted and the resulis arg being assessed. Biologi-
cal assessment and further work is continuing with
excavation of contaminaied material contemplated in
ihe near future,

5.2.2.2 Gencorp-Diversitech
General

The Engineered Elastomers Division of
CGencorp-Diversitech General is focated at John and
Bernard Streets in the City of Welland. Gencorp is the
single largest user of wreated City water in Welland,
The company manufaciures automotive rubber trim
(window, door, trunk seals) and, prior to 1992, sporting
equipmeni (bowling balls and hockey pucks), Effluent
from this operation is discharged via a number of
outfalls o either the McMaster Avenue Combined
Sewer or 10 Atlas Sieels” 42" sewer.

The company has implemenied a water reduc-
tion program, increased cooling water rense, and is in
the process of replacing the hot liquid sali baths with air
curing equipment to reduce discharges.

Limited data exasis at this time to determine the
impact of the Diversitech operation and whether or not
this is a significant source of toxics w the Niagara
River,
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5.2.2.3 Stelco-Steipipe Welland
Tube Works

The Stelpipe Welland Tube Works is located on
Ridge Road in Welland just east of the Welland Ship
Canal, Process wastewater passes through an oil/
water separator and a setiling lagoon hefore being
discharged to the headwaters of Lyons Creek, a iribu-
tary to the Chippawa Creck portion of the Welland
River. Results indicate this facility was identified as a
non-stgntficant source of toxics to the Niagara River,

Two planis for manufacturing of sieel tube are
locaied at the Stelpipe Works. The two planis are
capable of manufacturing tube from 20 1o 60 inches in
diamgier. The older of the two plants, known as the
*U and O” Mill produces pipe from 20 10 36 inches in
diameter using a submerged arc welding process. The
newer plant, known as the Sielform Mill, produces 36
to 60 inch diameier bes using the spirally formed
submerged arc welding processes,

Steel skelp (plate) is brought into the facility
from other sources and formed and welded on site,
Maierials used during the processing of the steel skelp
into finished pipe include: welding fluxes,
trichloroethane for degreasing, toluene solvent and
paints for finishing of the bes. In addition o process
and cooling waier discharges from operations involv-
mg these contaminants, silver bromide is also dis-
charged from photographic processing of X-ray films
used to quality assure welds on the tubes. Waier is
also used for pressure sizing (expansion), hydrostatic
testing of finished pipe and rinsing w preparation for
surface finishing, Site stormwater is discharged to a
lagoon for seitling prior to overflow 1o Lyons Creek.
Wastewater ts now treated through 8 reverse 0smosis
process, prior 1o discharge t the sanitary sewer.

5.2.2.4 Ford Motor Company of
Canada - Niagara Falls Glass
Plant

Ford’s Niagara Glass Plant is located in Niagara
Falls, on Montrose Road, on the south bank of the
Weliand River. There are two discharges from this
facility, both to the Welland River., The discharge
points are approximately 1 kilometre upsiream of the
confluence of Chuppawa Creek and the Welland River,
where they form the headwaters of the Queenston-
Chippawa Power Canal, The Ford Glass Plant was
determined by the studies of the NRTC w0 be a non-
significant source of toxics to the Miagara River,

The plant manufactures automobile and truck
windshiclds, rear windows and body glass (side win-
dows) from raw matetals including float glass and
polyvinylbuiyral resin (laminaie for safety glass).
Major process operations include cutting, scaming,
edge grinding and laminating. In addition, there are
several detergent wash and water tinse sieps beiween
stages of the process operations. Other materials used
in the manofacturing operations include cuding oil,
grinding coolani, detergent, calcium carbonate pow-
der and avtoclave oil. Xylene and silver pasie are used
in the rear window defogger application process.

Water supply for domestic purposes is provided
by the City of Niagara Falls’ municipal waier supply
sysicm. Process waler nsed in the plant is drawn from
the Welland River. Raw water from the Welland
River is ireated on-site at Ford’s water treatment plani
prior to distribution to the various process operations,
The treatment consists of coagulanon/ficeculation,
clarification, filtration and chlorination. Sludge from
the treaiment process is direcied to the process efflu-
enl treaiment lagoon.

The majority of plant process wasicwater is gen-
erated on a continuons basis and originates from cool-
g water locations at antoclave wash baths and rinse
tank overflows. Intermittent flows include weekly
batch discharges of coolant tanks, wash baths and rinse

Niagara River Remedial Action Plan - Stage |



CHAPTER 5

Page (5-17)

tanks and from periodic clean-up operations. The
majority of the cooling water is non-contact and there-
fore 15 of the same quality as the treated water provided
1o the facility by the process water ireatment plant,
Some cooling streams may contain minor goantities of
particulaie.

Potential contaminants to the effiuent include
suspended solids, BOD,, il and grease, dissolved salts
and minor quantities of xylene, silver and phosphorus.

The company is reviewing its present sanitary
wastewater freatment facility and is embarked on a
wasiewaler reduciion plan.

5.2.2.5 B.F.Goodrich Inc.

R.F. Goodrich is located on Thorld Towaling
Road in Thorold. The plant manufactures polyvinyl
chloride (PYC) and PYC/polyvinyl acetaie resing from
monomers. These resins are used in the manufaciure of
¢lothing, actomobile trim, piping, wire insulation, win-
dow frames, swimming pool liners and siding for
houscs.

Intake water for the plant is pumped from the
Welland River. The site makes use of cooling towers o
reduce fresh cooling water inpuis. Blowdown is routed
through the biological treatment plant prior o
recirculation. Total effluent discharged is approxi-
mately 2 329 m3 per day.

Unidl the summer of 1988, two distinet processes
were employed in produciion, emulsion/polymeriza-
tion and suspension. The emulsion process is the older
of the two processes used at this facility. It resulis in
greater contamination of water due to the inhereni
nature process and the age of the plant. Wastowater
from the emulsion process was steam siripped in three
tanks prior 10 biological treatment. The treated effluent

was then routed i an acration pond, {ollowed by 2
polishing lagoen pricr to discharge into the Welland
River.

In June 1990, a facility for compounding PVC
with plasticizers and stabilizers was opened. Both PVC
resin and cubes of compound began production under
this method. The newer suspension unit process uses a
distiltation column to recover vinyl chloride monomer
before the wasiewater is discharged 1o the common
aeration pond and polishing tagoon,

- Waste PVC and thickened biological sludge were
dewaigred in a reclaim pond equiped with underdrains.
The resulting leachaie was directed 1o a valved off
leachate pond which was baich discharged to the
Weliand River every 1 0 2 months.

The old emulsion process was phased out with
the full commissioning of the new suspension process
plant. The emulsion process ceased by June 1991 and
ihe plant was decommissioned in Movember 1991,

Coinciding with the process change was an up-
grading of the on-site wastewater treatment sysiem.
The stabilization ponds were removed and replaced
with two cqualization basins. Biological treatment was
increased to iwo activated sludge units followed by a
secondary clarifier, Tertiary reaiment was added in
the form of a gravity sand filter sysiem. A vacuum filier
was also insialled for the sludges generated by the
primary and sccondary clarifiers. The resulting
superpaiant is now routed back to the ireatment system
while the filier cake is disposed of off-site.

The NRTC determined that this plant was a mi-
nor source of contaminanis 1o the Miagara River,
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5.2.2.6 Cyanamid of Canada
Limited - Welland Plant

Cyanamid of Canada's Welland plans is located
at the western boundary of Niagara Falls at Garner
Road and Chippawa Creek Drive, The Welland facility
manufactures ammonia, dicyandiamide, 50% cyana-
mide solutions, phosphine and phosphine derivatves
and elecironic grade chemicals. li currently has one
effivent disharge into Thompson’s (Miller) Creck
which drains into the Welland River.

The ammonia production facility was closed n
Aprll 1990, Previpusly, ammonia was maanfacivved
by the reaction of hydrogen gas with nitrogen over a
catalyst ai elevaied temperatures and pressures. Natu-
13l gas is reformed at high ifemperaiores 1o supply
hydeogen, while niogen is obtamned from the air,
Carbon dioxide is formed as a by-product.

Dicyandiamide is formed when hydrogen cyana-
mide soluiion is reacted at elevated pEl. The resuliing
dicyandiamide solution is then crystallized, cenirifuged
and dried. Hydrogen cyanamide solution is also con-
cenirated and sold as produoct.

Phosphine gas is produced
when yellow phosphorus is
heated with steam in 2 reactor.

FIGURE

Waler for process operations is pumpad from the
Weliand River to the facility and treated for use as
process water. Approximagely 28,800 m?/day of
volume 1s discharged to Thompson’s Creek. Uil
recently, backwash from the filiration plant had been
discharged dwrectly back 10 the Welland River. The
filtrarion plani is no longer in aperation at this facility.

‘Wastewater is generated from boller, compres-
sor, cooling tower and sicam plant blowdowns.
Wastewater also originates from once- through cooling
water streams, barometric condensers, and decani wa-
wr from a sludge setiling pond.  All process units
discharge to Thompson’s Creek, which mns through
Cyanamid property. The active sludge pond on siie
receives wasie sludge from the phosphine and
dicyandiamide plants; the solids settle out in the pond
and the water overflows inio Thompson’s Creek,

In ihe past, discharge from this facility has been
subject o sudden pH changes as well as sudden changes
in electrolyies (as measured by changes in specific
conduciance). Cyanamid has installed an eqnalization
pond upsiream of is final ouefall point in order 1©
reduce the severity and frequency of occorrence of
these surges in the makeup of the effivent.

5.9

In May 1987, a major por-
tion of the Cyanamid - Welland
facility was shut down, Unit 50

ENVIRONMENT ONTARIO MONITORING
CYANAMID OF CANADA - WELLAND PLANT
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In 1984, the NRTC designated the Cyanamid of
Canada - Welland Plant as a significant point source
due to the loading of cyanide and heavy metals enter-
ing the Welland River from Thompson’s Creek and an
old outfall (since abandoned) 0 the Welland River.
Figure 3.9 illustrates the wend in effluent loading of
roxics to the Niagara River for the period beginning in
1981, The major source of heavy metal has been
eliminated with the discontinuation of the use of chrome
in the cooling tower,

5.2.2.7 Laidlaw Environmental
Services Facility

Until recently, the Laidlaw Environmental Serv-
ices Facility was known as the Tricil-Syniath hazard-
ous wasie iransfer station. This site is located in the
Port Robinson portion of ithe city of Thorold.
Laidlaw’s Thorold operation ¢an best be described as
two separaie operations, previously known as Syniath
and Alero.

The Syntath portion of the site processes waste
laboratory materials or LAB-PACKS, Waste labora-
tory solvents, acids, bases, eic., are ransporied 1o the
site where the materials are bulked, blended and new-
ralized in a baich reactor. The blended material is
then stored in two storage tanks prior o shipment o
the Laidlaw-Tricil Samia operation for incineration,
Syntath can process most waste types provided they
are small quantities and limited to laboratory wastes.

The Alero poriton of the Laidlaw site processes
primarily indostrial wasic liquids such as solvenis.
The wasie is transported  the site and bulked inio
dedicated storage tanks or 45 gallon drums. The bulk
material 1§ then re-shipped either to recyclers or for
final disposal. The site’s activity is restricied io
butking chemicals,

Mo process wasiewaier is generated ai this facil-
ity. However, a storm water management sysiem on-
site results in storm water being collected in a holding

area, monitored for a number of parameters and dis-
charged ai conirolicd rates to the Welland River. This
storm waier management sysiem has been in place for
only a short period of tme and its impact as a signifi-
cant or non-significant source to the Niagara River has
not yei been assessed.

5.2.3 Niagara Falls Area

In the Niagara Falls area, four indusiries dis-
charge wastewater to Chippawa Creek, the Quesnston-
Chippawa Power Canal ar the lower Niagara River. In
Chippawa, Washington Mills - Electro Minerals and
the Norion Company discharge cooling waters to
Chippawa Creek and Pell Creek (tributary to Chippawa
Creek). In the same area, a second Washingion Mills
Lid. plant also discharges wastewaters 0 a small
onnamed ivibutary of Chippawa Creek. In the north
end of Niagara Falls, Cyanamid of Canada’s Fourth
Avenue plant discharges wastewaiers o0 the power
canal and to Whitty's Creek, a small tributary of the
Niagara River near the Whirlpool,

5.2.3.1 Washington Mills - Electro
Minerals

Washington Mills - Eleciro Minerals Corpora-
tion has undergone a nomber of corporate name
changes over the past decade. This facility has previ-
onsly been known as Eleciro Minerals, Sohio and
Canadian Carborundum. The plant is located on the
east side of Stanley Avenue near Mcleod Road in
Miagara Falls, There are two combined effluent dis-
charges: one 1o the headwaters of Pell Creek and the
other to the Stanley Avenue siorm sewer, which dis-
charges to Chippawa Creek.

Washington Mills - Eleciro Minerals manufac-
tures a variety of metallic abrasive rods, Theserods are
brown alumina, pink alumina, alumina bubbles, ferro-
silicon, fused mag-chrome and ferro-carbo briquettes.

Elecuo Minerals employs approximately 100 people.
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All of the products are manofactured by similar
processes and vary only in the starting raw materials,
Allraw materials are weighed and fed into a furmace in
defined proportions where they are fused together and
poured into moulds for cooling. The coaled maierial is
then crushed, soried and screened to vield the final
product. Raw materials incinde bauxite, coke, iron,
white alumina, chromic oxide, ferro-silicon, magnel-
ite and chromium ore,

Intake water is pumped from Chippawa Croek at
arate of approximately 30,000 m3/day. Wastewaler is
generated from power transformer cooling, contact
cooling of product during solidification and head cool-
mg of furnaces. The cooling waler is sent (o two
settling lagoons for solids removal and ol and grease
removal prior to discharge to Pell Creek and the
Stanley Avenue sewer,

The MRTC determined that this plant was a mi-
nor peint soarce of contaminants to the Niagara River.

5.2.3.2 Norton Company Canada
Lid,

The Norton facility is located in Chippawa on
the norih bank of Chippawa Creck (Welland River)
and employs approximately 225 people. The facility
has four discharges, two 10 Pell Creek (a iributary to
Chippawa Creek) and iwo o Chippawa Creek di-
rectly. Morton manufactures varicus types of abrasive
graing mcluding light and dark aluminum oxide,
alumina-zirconia and ¢chromic oxide.

The dark aluminum oxide is produced by fusing
bauxite, coke and iron together in cupelas. The maie-
rial 15 then cooled, ¢rushed and ground before ship-
ping as a granular product,

The light aluminum oxide is produced in a simi-
lar manner; however, sulphur is added during the re-
duction process while in the electric arc furnaces. Light
aluminom oxide is formed into ingots and crushed.
The grains are first slaked in acid before being washed
with water to remove iron impuritics. Finally, the
grains are dried and undergo magnetic separation.
Alumina-zirconia is mancfactured by fusing calcined
alumina, baddelyite (zirconia) and coks together, The
melt is solidified and crushed 1o produce a very tough
abrasive grain,

Intake water for the facility is pumped from
Chippawa Creek at a volumetric rate of approximately
14,200 m¥/day. Wastewater is generated from cooling
vraier for furnace shells, power ransformers and cool-
ing moulds. Wash waier from the light alominum
oxide process is neutvalized and discharged o a sei-
thing lagoon prior o being pumped o the Pell Creek
discharge location.

In 1984, the NRTC determined that this plant
was a minor point source of contarninanis (o the Niagara
River.

5.2.3.3 Washington Mills Ltd.

Washington Mills other facility is located on the
west side of Stanfey Avenue at the end of Progress
Sireet in the south end of Niagara Falls. The plant,
which employs approximaiely 35 people, has one
discharge point on a small iributary to Chippawa
Creek.  The facility manufactires aluminum oxide
abrasive grains, ferro-silicon and crude aluminum
oxide.

Aluminum prodacts are manufaciured in eleciric
are furnaces where bauxite, coke and iron are fused
together (o produce an aluminugm oxide melt. The melt
is poured into ccoling pots for solidification. Solid
material 15 then exiracted from the cocling pots and
broken down io final product grams.
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Intake water is supplied from an on-site well at 8
raie of 1,630 m’/day. Wastswater is generaied from
cooling of furnace shells and mels pots. Spent cooling
water is collected in open chanoels and flows 1o a
cooling pond for solids settling. A portion of this water
isrecycled while excess overflows to Chippawa Cresk.

Limited toxics data exist for this facility and #s
impact as a source o the Miagara River is sill being
assessed, However, preliminary indications are that
this source will be a non-significant source of foxics to
the Niagava River if the NRTC criteria were applied.

5.2.3.4 Cyanamid of Canada
Limited - Niagara ¥Falls Plant

Cyanamid of Canada’s Niagara Falls plant ig
tocated on 4th Avenue in the City of Niagara Falls. The
comparty smploys approximately 300 neople ai this
facility. 11 manufactures calcium carbide, calcium
cyanide, calcium cyanamide

industry for desulphurization of steel. Calcium cya-
nide is used in the gold refining industry,

Waier for the plant processing 18 pumped from
the Queenston-Chippawa Power Canal ai a raie of
approximately 32,400 m?%day.

The process waier is used mosily for cooling
jackets of the electric furmaces and transformer cables.
Approximaizly one-third of the cooling water is dis-
charged directly back to the Power Canal while the
remainder is discharged o the cooling water pond
where i can be recycled. Overflow from the cooling
water pond, approximately two-thivds of the 1o1al daily
plant flow, discharges o the Niagara River ai the
Whirlpool via Whiity’s Creek from a 54" sewer ouifall.
Contaminagion of cooling water within the plant occurs
from spiilages of raw materials and product ino storm
drains that discharge divecily into cooling water dis-
charges.

and desnlphurization reagents.

Calcium carbide 1is
manufactured by reacting coke
with lime in an electric arg fur-
nace at high temperaiure. Cal-
cium cyanamide is formed
from the reaction of caleinm
carbide, nittogen and fluorspar.
By-products formed from these
processes inchude carbon mon-
axide, oxygen and calcium cag.
bonaie sludges. Desulphur-
ization reagents are formed
from the blending of diamide
lime with calcium carbide.

Calcium carbide is nsed
in the maonfaciure of acety-
lene gas, as an intermediate for
calcium cyanide and in the sicel

FIGURE 5.10
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All production faciliies at the Niagara Plant
were permanently shutdown in March 1992, thereby
eliminating this facility as a point source o the Miagara
River.

Cyanamid of Canada’s Niagara Falls plant was
designated as a significant point source by the NRTC
due 10 loading of cyanide and heavy metals entering
hoth the Power Canal and the Niagara River. The
trend in efflueni loading of toxics for the period
commencing 1981 from this facility is shown in Fig-
ure 5.10.

5,3 Combined Sewer
Overflows

Over the past 10 to 15 years, a lot of money has
been spent to build or upgrade municipal wastewaier
ireatment facilities within the Regional Municipality
of Niagara. However, relatively little has been spent
on building or uwpgrading the sewers that carry
wastewater 1o the weatment planis and which are com-
monly referred to as the “infrastruciuce”,

Historically, sewers were designed as combined
sewers throughout Oniario, including Miagara Falls,
Welland, Miagara-on-the-Lake and Fort Frie. These
sewers conveyed broth sanitary wastewater and storm
water elther directly to watercourses or o the nearesi
wastewater treatment facility, Over the decades (be-
tween 1950 and 19903} direct discharge of combined
sewers to surface waters has been reduced by either
redirection of flows 10 a treatment plant or sewer
separation. Combined sewer {lows 10 municipal treat
ment plants work well durng dry weather when only
sanitary wastewater is invelved; however, during wel
weather evenis, the quantities of sioim waier gener-
ated as a resuli of the intensity and duration of storms
requires that overflows be buili into the sewage collec-
tion system or infrastructure. During these wet weather
evenis, overflows of diluie untreaied wastewaier oc-
cur to the surface waters from adjacent communities.

This type of pollution is very difficuli to quanufy for
total loading to and mmpact of contaminaats on the
envircnment.

During recent years, sewage infrastructure has
increasingly been designed waith separate systems for
sanitary wasiewater and storm water. Generally, these
separaled systems do not incorporate overflows,
Pumping stations are used to deliver santiary sewage
to the wastewater treatment plant in areas where flow
via gravity alone cannot occur. However, the pump-
ing stations are generally designed with emergency
overflows incorporated into them.

During wet weather periods, overflows at pump-
g stations may occur due to inflow or infiliration
where the influx causes the combined flow o exceed
either the pumping capacity of the station or the
capacity of sewers furiher up in the sysiem. Inflow
and infiliration are terms wsed to define the eniry of
storm waier or ground water, respectively, into the
sanitary sewer system. Inflow can occur due to storm
water eniering the sanitary sewer {rom connections
such as rcof drains and foundation weeping tile drains
inresidential areas. Infiliration can occur when ground
waler enters the sewer through cracks or poor joints in
the sewer pipe.

In the Miagara River drainage area, ihe four
major municipatisics have both combined sewer over-
flows and overflows at sewage pumping stasions. The
municipalities of Fort Erle, Niagara Falls, Welland
and MNiagara-on-the-Lake all have relatively ofd centre
cores and infrastructure, which result in combined
sewer overflows and pumping station overflows 1o the
MNiagara and Welland Rivers.,

These municipalities are currently In various
stages of conducting Infrastructure Needs Studies
(INS). These detailed stadics of the infrastucture
systemn are designed o determing the general condi-
tion of the sewer system and the exient and cause of
the combined sewer overflows and the pumping station
overflows and to recommend remedial measures for
dealing with these problems.
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In Niagara-on-the-Lake, the INS has been com-
pleted.  The study recommends the expenditure of
approximately 11.7 million dollars for repair to and
upgrading of the local infrasteucture. Several storm
sewer separation projecis have been completed in addi
tion 10 increasing ihe Pumping Siation capacities o
transfer sewage flows to treatment facilities.

In Niagara Falls, the municipality is coniinuing
INS for the community of Chippawa. A city-wide
study commenced in 1991, The city has commitied toa
doubling of the budget 1o 4.0 million dollars annually
for sewer remediation projects. Half of the remediation
will accur in the fourist/commercial core of the city,
which is currenily served by combined sewers and
which 18 wndergoing considerable sedevelopment,
Niagara Falls is pursuing the instailation of water con-
servation devices in new development 1o reduce the
base flow in sewers and thereby reduce the guantity of
overflows or eliminate thein completely. Existing large
diameter runk sewers have been retrofitted with flow
control weirs 1o increase storage capacity during storm
flow evenis.

The Infrastruciure Needs Study for the Town of
Fort Erie is complete. Recommendations for appropri-
ate upgrading of the system and the vuse of storage
facilities for overflows is currently being finalized by
the municipality for future implementation. The Town
has implemented a water conservation program angd
increased storm s¢wer Separation projects.

In Welland, combined sewer overflows also ex-
ist and the municipality has also embarked on an Infra-
structiie Meeds Study.  The municipality is also in-
voived In extensive storm sewer separaiion projecis,

54 Urban Non-Point
Runoft

Urban ranoff in the Canadian hasin of the Nia-
gara River was studied in 1982 to establish frequencics
and annuat loading of selected persistent toxic sub-
stances'™, The cities of Welland and Niggara Falls and
the Town of Fori Erie were surveyed to obtain repre-
sentative samples of runcff and sediments. A total of
110 wet and dry events were sampled at 16 sites, The
samples were analyzed for PCBs, organochlorine pes-
ticides, PAHs, chlorinated benzenes and heavy metals.
The annual runoff and solids loading were estimated 1o
be 21 miltion cubic metres/vear and 6 thousand tonnes/
year, respectively, far this study area {1,360 km? arca).

In the sediment samples, the most frequently
detecied substances were metals (arsenic, copper, lead,
selenium and zing), PCBs, some pesiicides and sev-
cral chlorinated benzenes. PAHs were rarely de-
tected. In general, concenivations of toxic substances
i the runoff samples were several orders of magni-
tude lower than those in the sediments. Two metals
(mercury and zinc), one organic (1,2-dichlorobenzene)
and two pesticides (alpha-BHC and lindane) were the
most frequently detected compounds in the runoif
samples. None of the metal or pesticide concentia-
tions detected in the runoff samples exceeded ihe
Great Lakes Water Quality Objectives on average;
however, this does not preclude exceedance for indi-
vidual events.

The issue of stormwaier runoff imay not be as
significant for the Miagara River (Ontario) Area of
Concern as 1t s for other, more urbanized ACCs. The
urban aveas of this AOC are relatively residential with
minor amounts of historical or current heavy industry.
Stormwater runoff from the New York side is likely o
have a much greater impaci on the river itself. Urban
runoff from the Ontario AOC likely affecis the water
quality of the Welland River and other ieibutaries, and
possibly impacts some beaches,
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5.5 Rural Non-Point Runoff

Non-peint sources represent a complex hydro-
logical and biogeochemucal problem. In 1984, the 1).5.
Environmental Protection Agency determined thai, in
many cases, water quality goals could not be attained
unless non-point sources of pollutdon were cleaned up
or mitigated',  Almost any type of land use is a
potential contribuior of non-point source pollution.
Non-point sources have been simplistically defined as
those which are diffuse and do not discharge through a
pipe. This definition does not consider urban
stormwater runoff or irrigatien return flow which are
treated as non-pomt sources but discharge via drains,
ditches, culverts and storm sewers which are by strict
definition point sources. A better definition of non-
point sources are those sources where contaminants are
available on the land surface and contaminant transport
depends on surface runoff or leaching based on precipi-
tation {rain, snowmelt or krigation). As the state of
environmental knowledge progresses, other non-point
sources such as contaminated sedumenis, urban runoff
and atmospheric deposition broaden the nature of non-
point pollution beyond the iraditional.

Natural areas such as forests, marshes and
grasslands generally coniribuie littde to the pollution
or alteration of rivers and indeed likely improve and
protect water quality. Water passing through these
ecosysiems acquires a characteristic conceniration of
many substances, considered normal for that geologic
arca. This natural concentration of substances gencs-
ally fosters a wide range of aquatic organisms. Al
though naturally added materials can cause occasional
upsets, these are usually cleaned up by natural meth-
ods or are small enough 1o be solved by natural
dilution.

Non-point pollution has traditionally centred on
the issue of rural mnoff. For many yeazs, studies have
been centred avound farming activities and usually
invelved pesticides, herbicides, bacigxia, nutrients and
other conventional coniaminanis or the erosion and
deposition of the scil particles themselves. The overall
objective of these studies has been 1o reduce the hazard

associated with sediment and agricultural chemical
losses (and possibly Lo simulianeously protect the soil
resource and improve efficiency of chemical use)'s.

Water quality monitoring and assessment have
historically revolved around either loading
deferminations or basin mouth assessments in dealing
with rural non-point pollution. These types of studies
do not readily lend themselves 1o identfication of
specific problem sites. Locations within the drainage
network are not always specified, and distances be-
tween sources and monitoring points are noi generally
known.

Extensive agriculiural activities throughout the
Welland River Basin and areas on the west side of the
Upper MNiagara River may have abready cansed some
contamination of ground water, surface waters and
river sediments, although the impact and extent are
not known'®,

Agriculiral practices that generated concern
during the 195(0’s are still problems that exist today,
althongh some attempis have been made to control
this off-site migration through the use of better farm-
ing practices. New methods of control of pests and
vegetation are contributing toward a reduction in the
jmpact of contaminanis coming off figlds, orchards
and feedlots. Some residual contamination from past
practices, particularly the application of Jong-life her-
bicides and pesticides, is still being felt by the ecosys-
tem. This may continue for some tme at low levels,
until these substances have been leached out, bound
permanently in place by the native clay and il soils of
the upper Niagara Peninsula or been otherwise de-
graded 1o other, safer substances.

The iraditional rural method of disposing of do-
mestic wastes through sepiic tank systems can lead o
contamination of ground and surface waters, particu-
farly when these systems fail. This iendency to failure
is significant in older scptic beds. In the Niagara
Peninsula, the tight clay soils compound the problem,
since their capacity to assimifaie the sewage is poor,
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This problem has already surfaced in the Stevensville-
Douglastown area where cxiensive septic system fail-
ure has led o contamination of Black Creek.

Similar massive system failure in the Queenston
area also affected a yeach of the lower Niagara River
immediately below the escarpment. The problems in
these two communities have since been rectified with
the construction and operation of communal sewage
ireatment facilities,

Rises m contaminant levels in the waters of the
Niagara River and its tributarics which may be attrib-
utable to rural non-point runoff are typically associ-
ated with precipitation events. Rainfall or snowmelt
causes considerable erosion of the fine clay soils in the
Miagara arca. These soil particles remain suspended
in the water column and can be carried considerable
distances before seitling to the bottom of the creeks,
wivers, the Sir Adam Beck Reservoir or Lake Ontario.
These soils carry with them, the tightly boond chemi-
cals {pesticides, herbicides and fertilizers) and organic
matier (manure),

Soil conservation methods, such as the buffer-
ing by green sirips along tiver banks, contour plowing
and agricuttuwral planning can all contribuie 1o the
prevention of soil loss as well as organic and chemical
contamination of surface waters. However, the need
for economic productivity from the farming commu-
nity often makes such measures vneconomical to the
average farmer,

Delivery of pollutants from agricultural areas 10
the mouth of a watershed, such as the Welland River
basin, involves a number of chemical, biological and
physical steps. These processes and pathways can be
grouped into two distinct phases, Once flow starts, the
overtand or subsurface flow is significantly different
from ithe in-channel flow, Both subsurface (ground
water) flow and surface runoff are slow moving physi-
cal processes compared to m-stream flows due to the
differences i hydraunlics invalved. This is particularly
true for ground water flow through the active surface
soils, where the soll matriz has an oppartunity 10 par-

ticipate in physical-chemical processes. Pollutanis ex-
ist in either dry or damp conditions on the ground
surface depending on the moisture content of the soils,
Pollutants nnder dry conditions are susceptible to wing-
driven movement through the air in random directions,
while those in moist conditions can start percolating
downward to more mobile ground water routes. Once
these chemicals enter the surface water channels, the
chemical and biological conditions are markedly dif-
ferent. Biogeochemical processes vary dramatically
between the aquatic and ierrestrial environmenis'®,
These processes {infiltration, runoff, erosion, adsorp-
tien-desorption and chemical transformation) control
chemical pariitoning, decomposiiten, decay and re-
combination,

The loss of pesticides in subsurface drainage is
usuatly small due to pesticide adsorption (o soil,
particular to tight clay or organic soils, The excep-
tions are weakly adsorbed anionic herbicides such as
dicamba, picloram, 2.4-D propionic acid or
amiben'®%  Pesiicides are generally not found in
groumd or tile water'®¥17; when they are found in
these waters, they are at dilate concentrations'™ 7217
or are the result of polluted irmigation water'™ or direct
contamination'™, In siudies on herbicide runoff loss',
it was found that where hecbicides were surface ap-
plied with discing carried out with or following appli-
cation, runoff losses were markedly reduced; how-
ever, those herbicide losses which did occur were
mostly (75%) associated with dissolution in water and
therefare erosion control measures would be ineffec-
tive. The average herbicide concentrations in runoff
from reated ficlds is low (ppb level) in the long term;
however, intense rainfall or rainfall shortly afier appli-
cation can vesult in high (ppm level) concenirations in
runoff waser's?,

The impact of snowmelt on nuirient concenira-
tions has been stwdied. Snowmelt has been deter-
mined 0 account for 36 o 100 percent of soluble
nitrogen loss from mixed cover watersheds'™ .
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The concenirations of pesticides in runoff water
from agriculral areas only exceeds drnking water
objectives sorne of the tine'™, In-stream (rivers, lakes
and ground water) concenirations rarely exceed the
criteria, As far as nuirients are concerned, the drinking
water objective for nitraie is sometimes exceeded in
surface and ground waiers receiving agricultural ron-
off; however, instances have been noied where the
concentrations in rainwater themselves exceed these
criteria. I1 is possible that ammonia levels in runoff
can exceed 2 ppao which may be acutely toxic o fish,
I addition, concentrations of nirogen and phospho-
rus in runoff from iniensively farmed cropland are
usually sufficient for the growih of algae in nearby
receiving warers'®,

The problem of contamination of the Welland
and Miagara Rivers from agriculiural areas on ihs
Canadian side of the Niagara River has traditionally
been viewed a8 a8 minor contribution to a much larger
and complex problem,. Suspended solid information
for the Welland River, measured at Empire Comers,
suggest that this might not be a minor problem but
may be a significant cause of depressed fish populations
in the Welland River.

Recent efforis have cenived on ideniifying and
solving contamination from point source discharges
and landfills, In considering the need for pollution
conirols, the relationships (timing, flows and loads)
between point and non-poini sowrces of pollution are
very unporiant. Statements ave sometimes made that
conirol of point sources 1s not necessary because they
only confribuie a small percentage of the load a water
body receives. However, it must be remembered that
the point source is ofien a nearly constant load regard-
less of sireamflow, whereas the non-point ioad, if
from surface mnoff, usually comes only during shori-
duration, high flows. Therefore, if concentration-
duration criteria for a problem are used, the pownt
source may represent a much greater problem, if
uncontrofled, than its percentage of the iotal load
would indicate'®.

Iy order to properly defing the amount of con-
tamination from these sources, mMore sxiensive inves-
tigation may be reqnived. This basin-iniensive type of

data collection may involve wash-off monitoring over
specifically defined areas, determination of contribut-
ing areas to various monitoning pomts and evalyation
of the effect of distance on the area’s hydranlic and
biogeochemical processes, The guesiion of distance
alsc bwings into consideration additive effects and
mult-media nieracions.

5.6 Waste Disposal Sites

Solid wasie disposal associated with indysirial
and municipal activities has been deposiied in a
number of landfills throughont the Provinge of On-
tario, Within the Niagara and Welland Biver water-
gheds, 16 landfill sites were identified in 1983 by ihe
Ontario Minisiry of the Envivonmeni'™ as part of the
studies undertaken for the Miagara River Toxics Com-
mitiee. In addition o exisung closed and operating
landfills, the Oniavio Wasie Managerment Corporation
has also selecied its prime candidaie site within the
drainage boundaries of the Welland River. Of the 16
Tandfill sites identified by the NRTC, in its 1984
report, five of these were identified as having a signifi-
cant potenaal 1o impact on the water system®, This
significant site classification doss not necessarily im-
ply that off-sitc conlaminant fmigraton is aciually
occirring®. The five sites classified by the NRTC as
significant are indicated in the Tollowing iables,

Sibe
Adlas Landtil] Welland 25
Cyanzond Landll Wellan 14
Cyananic Landfill Iagara Falls 12
Bridge St1andtil Fort Brie 3
R Lemdfll Iiagara Falls 25
Legend; 1 cheraieal contenis (Cyanide)
2 prosaaity to suciace waters
F5E3 nosemmt 3 ko grovmgd water contaoination
4 size of shie
3 Jocal topograpty
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The first four sites come under provincial juris-
diction while the fifth is under federal jurisdiciion,
Investigations have been underiaken at all five of
these landfitis.

Atlas Landfill

Atlas Steels has operated 3 17,7 ha. landfill on
the east bank of the Welland River since the 19307s%,
This site is located at the north end of Welland imme-
diately north of the new Woodlawn Ave.- Cambridge
Rd. extension (Figure 5.11). Wastes disposed of at
this siie is primarily electrie furnace slag but n ihe
past has also incloded baghouse dusi, concrete and
refractory rabble, Hining bricks, metal scale, grinding
swarf, excavated soils and wasic acid sludges and
ringes®™. This waste was never measured nor weighed.
Since 1984, waste acids ceased to be ransporied to the
landfill.

The slag disposed ai the site 1s predominantly
calcium oxide and siticon dioxide with minor amounts
of alumina, magnesinm oxide, manganese oxide, chro-
mate and iron oxides, I may also cantain zinc, nickel
and cadmium oxides, For the most part, heavy meials
in slag tend 1o remain in place due {0 the chemical
properties of metals in this highly alkaline medium.
Provided the metals are kept at high pH, they do not
dissolve in water (with the exception of lead),

The major problem with Atlas’ landfill arose in
1982 with the mixture of the heavy-metal bearing slag
with waste acids. The site has been used over the years
for the disposal of these spent acid wastes angd acid
nnses in a natwal depression in the cenire of ihe
tandfill since a clay bottom already existed ihere. The
walls of the depression were extended upwards by
fandfilling the slag material. As acidic waters over-
flowed the natural depression, they ran through the
permeable slag cover and became neutralized by the
alkaline lime in the slag before emerging at the toe of
the fandfill.  Problems arose when the “buffering
capacity” of the slag between the depression and the

ioe had been used up, In the early 1980°s the water
leaking from the toe of the landfill staried 10 emerge at
low pH. This acidic water also staried to dissolve the
heavy metals in the spent slag and carry them away 1o
the Welland River.

Atlas Investigations

The Onuario Minisiry of the Environment con-
ducted a preliminary hydrogeological investigation of
this landfl1%, It was concluded that the tght clay
soils of the area would prevent any significant down-
ward migration of contaminanis® ¥ (heavy metals),
Laterat migeation of coniaminants was restricted by
the construction of a ¢lay berm around the toe of the
fandfill and treatment of solids in a settling pond prior
to discharge to the Welland River. The major cause of
contaminani movement, the waste acid, was removed
from the depression in 1985 and treated at Atlas’ waste
acid solidificasion plant (WASP) constructed under a
Ministry Control Crder. Waste acids generated in
Allas’ processes are now all neutralized at the WASP.
The solidified heavy metal WASP sludges are now
disposed of at the landfill in an engineered facility in
alternating layers with alkaline slag o keep the heavy
metals immobilized as part of Atlas’ operations man-
agement plan®™. The landfilling of heavy metals in a
sirong alkaline environment is designed 1o retain these
contaminants in their solid phase and prevent migea-
tion to surface waiers, Capping of the closed poriions
of the 1andfill with native clays is continuing to restrict
infiltration. A long term monitoring program for the
Landfill was prepared in 19875 following recommen-
dations in the Ministry's study and requireinenis of the
Binistry’s staff in the Welland District Office in 1986,
The monitoring program recognizes that the prime
pathway for contaminani migration is through and/or
under the berm separating the landfill from the Welland
River and us flood plain. There is a ¢ollection diich
between the landfill and the berm. The ditch water
and local runoff is collecied in a setling pond which
overflows i the Welland River. Elevaied levels of
Al Mo, Cr and Cu were present in this discharge in
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1987 althcugh the pH remained above 9. A surface
waler and ground waier monitoring program was 1ce-
ommended for the site o evaluate changes over tume.

Cyanamid Welland Landfill

Cyanamid’s Welland Plant occupics a large iract
of land on the north bank of the Welland River at the
nerthwest comer of Garer and Chippawa Creek Roads
on the border between Niagara Falls and Thorold
(Figure 5.12). The plantsite is locaied on 3 flat io
gently rolling clay plain. A large part of the property
is taken up by a series of solid waste “slurry” ¢ells used
io dispose of process slurries from the Welland Plant
operations since 1942, Cyanamid’s property is bi-
sected by Thompson’s Creek in an cast-west direction.
Process wastewaters are discharged to the creek from
the plant which sits on the south side of the creck; most
of the slurry cells are on the north side, These cells,
cover some 97 hectares of the plant sue and, for the
most part, predate the approvals process, Cyanamid
also operates three approved (C of A A820065) waste
disposal sites which are still in operation.

A three hectare stie, the West Dump, 18 ap-
proved to receive 0.9 tonnes per day of non-hazardous
wastes generated at the Welland Plant including: floor
sweepings, fly ash, scrap fibre and sieel drams, wood
and filter material®. This dumpsiie was the focus of
litigation in 1983, when workers, excavating part of
the waste site for Cyanamid’s wastewater frealment
facilities, were affected by fumes from the wasie
material, The probiem has since been attributed to
small amounis of chemicals having been accumulated
with the wasies and released during the excavation
procedures. Empty 45 gallon drums were rermoved in
1982, reusable ones to a scrap metal dealer and unus-
able ones (about 200) o the Brown Road Dump®™,
Operations at the West Dump are now more rigorously
controlled including control of burning practices and
the establishment of a new drum holding area.

A second area, the Brown Road Dump, located
on iop of cells 4 and 6 on the north edpe of the
plantsiie, is approved to accept 45,000 tonnes per year
of 100% non-hazardous waste, primarily lime, fime-
stone, carbon, ash, calcium carbonate, calciem oxide,
risbble and coke dust from Cyanamid’s other plant on
Fourth Avenue in Niagara Falls, This site has been in
operation since 1974 when cyanide-bearing wasies
from arcas at the Niagara Falls plang associaied with a
calcium cyanide process were moved o this site. Also
disposed at the Brown Road Dump are rubble, scrap
stecl, construction wastes and, at one time, empty non-
reugable metal drams (in poor condition) from the
West Dump.

The third approved site is the currently operai-
ing wasie sludge cell number 11, Ceil 11 15 currently
receiving waste sfudge from the plant; however, much
of the slndge 18 now reused in the plant processes and
ihe cell life has been substantlally exiended.

The slurry cells, dating back to World War 2, are
various shapes and sizes, contained by clay berms.
Untid 1974, the waste material consisied of a calcium
oxide/ calcium carbonate slurry from ihe
dicyandiamide plant mixed with waste acld from the
picrite (nitroguaniding) plani®. Cell #6 also received
32,000 tonnes of cyanide-bearing (0.16%) waste from
the Fourth Avenue plant. In 1974, graphite and lime
wastes from the Fourth Avenue plant were added o
the sturry for neusralization.®

The picrite plani was closed in the early 198("s
and the slurry now originates in the dicyandiamide
and phosphine plants. The slurry (20% solids) con-
sists of 50% CaCQ,, 40% Cas0,, and 10% graphiie.
The slurry has always been pumped to a raised cell
{currenily a 5-6m. high clay-bermed lagoon) where
ihe solids seitled out and the water fraction decanied
to Thompson's Creck. As each cell filled, it was
covered with approximately 20cm. of Tocal clay soils
and seeded. Some cells are filled to a depth of 12 m,
with the wastes. Although berm failure has cccurred
in the past, none bave taken place since 1974, Mostof
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the older cells are well vegetated with a wide variety
of plants and occupied by a large mixwure of wildlife
including deer and coyote.

Cyanamid Welland Investigations

In 1983, Cyanamid was inveolved in litigation
with the Ontario Ministries of Enviconment and La-
bour. This litigation resulted in an agreement beiween
the parties and approved by the court which provided
for a thorough hydrogealogical evaluation of the en-
tire plant site which was reclassified in total as a waste
disposal siie. 'The invesiigation, staried in March,
1984 by Gartoer Lee Lid. was designed to define the
hydrogeology of the site along with the surface flow
regime, the location of waste deposits, the nteraciion
of waste and water and the potential for contaminant
movement and provision for recommendations {or a
monitoering program,

‘The investigations revealed the presence of an
abandoned mine iailings site on the southwest corner
of the property. Part of this arca also involves a
100,000 m* area of 1 m deep sandy £i}} (tailings) which
abutied the West Dump Site on the southwest corner
and water movement through this sandy fill is subject
10 a menitoring program.  This sile, operaied by
Noranda Inc. on leased land has been rehabilitated by
Cyanamid as part of its Control Order program.

The mvesiigations also identified a network of
utility excavations in the shallow westhered clay be-
neath the operational arca of the plant site between
Thompson’s Creck and the Welland River. Shallow
ground water movement in this arga 1s dominated by
the bedding of these excavaiions. Some of the utilitics
and their bedding are causing drawdowns of the water
table and are acting as ground water drains and dis-
charges® ¥ The study concluded that the depth (-
15m.} and the type (straiified lacusirine clayey silis) of
overburden at this site would make pround water
transport a problem only in the weathered upper 3-
Sm., with downward movement of contaminants in-

hibited by the lower unweathered clays which operate
as an aguitard 1o this migration®”.  Coniamination,
where present, is in the weathered clay swrface soils,
Migration of contaminanis off-site is highly unlikely.
Problems where present were ideniificd o be of a
surface water nature®. The majority of contaminant
movement oceurs on the surface and through the
utility systems to surface waters®™. There is great
difficulty in separsiing the identification of contami-
nated ground water infiliration from process
wastewater in discharge from these sewers,

Contaminanis identifled with subsucface waters
as elevated above background levels include: nitrates,
nitrites, ammortia, TKN, cyanide (at Brown Road
Dmpy, fluoride, suiphate (at the West Dump and the
bermed cells), and chromium (associated with wasies
from the Fourth Avenue plant),

The study was completed in 1986 and submatted
io the Ministry of ihe Environment for review. The
Ministry has responded 1o Cyanamid, generally agree-
ing with the consultant’s findings and has asked Cy-
anamid o proceed with implementing the report’s
recommendations. The Minisiry is presently requesi-
ing Cyanamid to undertake a surface water control and
management program on the sie.

Cyanamid Niagara Falls Landfill

The landfills that comprise this area are located
1o ihe north of the Fourth Avenue plant in the City of
Miagara Falis. The sites are bounded by the Whirl-
pool, Victoria Avenue, Bridge Street, the Power Canal
and the St David’s buried gorge. The lands involved
are owned by Cyanamid, CN Rail, Ontario Hydro,
Theeb Lid. and the City of Niagara Falls, The Wasies
were generated by Cyanamid at the Fourth Avenue
plani. In various cases, this waste is mixed with waste
from other owners: shot rock from canal construciion
(Hydro), congiruction rubble and debris (Theeb), rail-
car sweepings (CNRE) and incineraior ash (Niagara
Falls). The Cyanamid waste was generated between
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1917 and 1973 from the production of caleium cyanide
and calcium cyanamide and disposed primarily on
lands leased from Oniario Hydro. In 1979, about
32,000 onnes of above-grade wasie was removed from
Oniario Hydro property (area B-1) to the Brown Road
Dump at Cyanamid’s Welland Plant.

The area involved at the Miagara Falls plant
includes ihree ancestral ravines {subsequently identi-
fied as A, B and C) into which waste, Cyanamid raw
materials and fill material were placed to ground
level. The creek beds of these ancestral ravines are
poiential contaminant pathways for surface and ground
water migration.  The Queenston-Chippawa Power
Canal, the 5t David’s Buried Gorge and the Whirl-
pool Gorge form hydrogeelogic boundaries to con-
taminant migration because they act as receivers,
Discontinuons layers of clay, till and sand provide
potential for lateral and vertical ground water con-
iaminant migratlon in ceriain aveas, along with natural
weathering of surface soils and velief fracturing of
bedrock formations near the gorge edges and around
the power canal.

Cyanamid Niagara Falls
Investigations

The Ontario Ministry of the Environment under-
took a preliminary investigation®™ of a portion of this
site, later idennified as arca B-1 following the recom-
mendations of the NRTC, This investigation led to the
idenafication of subsiantial amounts of

sites in the vicinity of the Ministry-identified landfill.
Although the site originally identified by the Minisiry
for the NRTC appears to contain the highest amount of
cyanide contamination, the other sites were identified
as having some portion of Cyanamid-generated materi-
als present, Offsite migration was not found to impact
ihe Niagara River ai that fime*'. A chain-link fence
was placed 1o resirict access 1o the oniginatly identified
site and 10 other identified sites. Consuliants for the
owner/generaior have investigated all of the areas origi-
nally identified. Phased siudies have been conducted
for the wastes, overburden and bedrock.

It has been concluded™ ihat ground water is
mounded in the waste. This causes leachaie to seep
around the periphery of the wasie deposits, Most
contaminaied ground water flows verically down-
wand through the overburden sails 1o the top of the
bedrock where it moves laterally through ithe weath-
gred top zone. All niirogenous speeigs, including free
cyamde are present in the ground water. MNatural
processes (photolysis, volatilization and microbial
oxidaton)" appreciably degrade free cyanide once it
reaches the surface waigrs and some processes also
reduce levels in the ground water by conversion
total cyanide {unavailable) and 10 ammonia as it mi-
grates, Toral eyanide is a form generally not taken up
by aquaiic organisms. Estimates of loadings from
ground water*” are listed in the Contaminant Loading
Table below.

Cyanamid-generated wasie at site B-1
despite the removal of considerable wasie
material in 1979, The contaminant iden-

Contaminant Loading from Cyanamid N.F.
Landfills; g/day

tified was cyanide. Following the Minis- Receiver Free CN- | Total CN- | Amimonia
try's report and considerapon of the rec-

ommendations by the site owners (On- Power Canal 136 5128 30,000
tario Hydro, Cyanamid, Theeb Lid.) and " .

the waste generaior (Cyanamid), detailed Whirlpoo! o7 37_9,_ 4726
investigations were underiaken®! #12A0.404 Buried Gorge 0.4 406 550

io define the exignt of the problem. In the

reporis on these investigations, reviewe Total Load (kg/iay) 0.2 5.9 35

by the Ministry, consultanis to the owner/
generator identified a series of disposal

Reference: 403
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These studies have shown both free and tozal
cyanide contamination of all the strats that were inves-
tigated. Although this chemical s reaching the power
canal, it is rapidly converted to nirate nirrogen. No
evidence of this contaminant reaching the Niagara
River exists. The sole chemical contaminant associ-
ated with these siies remains cyanide. A detalied
review on other wastes and disposal areas led 1o the
discovery of a small deposit of Thimet (organic phos-
phate pesticide) in the wasie material of the Ontario
Hydro right-of-way scction of area A-2*. Subse-
quent ground water monitoring showed no levels of
Thimet detected in 5 adjacent ground water monitors,

Cyanamid and Ontario Hydro have prepared a
remedial plan for each of these sites, This plan was
submitted o the Ministry of the Envircnment in No-
vember 1991 and is carrently under teview. Details of
this plan will be presented to the public in the spring of
1992, 1f ihe proposed plan is acceptable, remediation
is anticipated 1o start in 1993,

Bridge Street Landf{ill

The Bridge Street landfill is the current munici-
pal landfill site for the Town of Fort Erie and is located
in the northeast corner of Bridge Sireet and Pettit Road
on the western edge of Fort Erie (Figure 5,14). The
site (under Minisry of the Environment Cextificate of
Approval No. 4120501 to receive solid non-hazard-
ous waste and sewage sludges) hus been operational
since 1972, Prior 1o that year, the site was privately
operated. The site lies on a poorly drained, gently-
sloping clay plain dissected by several crecks draining
t0 the north and niumately to the Niagara River. This
Haldimand clay plain exhibits varying thickness. At
the site, the overburden ranges from less than 1.0m 1o
4m in thickness, The site straddles a vock scarp, likely
the Onondaga Escarpment, which runs beneath the
site in an east-west divection. A small scarp also exists
north of the site. The south porilon of the stie used io
be occupied by shallow sewage sludge lagoons and
may also have been involved with early landfill opera-
tions involving trenching. The sludge lagoons were

closed in 1988 and that arca is now part of the andfill.
General ground water movement beneath the site is
from south to north. Movement within the waste and
nearby surface water is to the northeast and northwest.
There is a potential for surface waters to move offsite
in the same directions. This effect was noted in early
investigations™ and the Town of Fort Erle has taken
steps to contain surface water runoff on site or on an
adjacent buffer property.

Records show that the landfill was used by a
aumber of local industries in the early days. Although
most wasie materials were inert, the potential for some
toxic wasies being disposed here exists. The site was
pperated with open access and without security for the
first 12 vears of operation. The siie is currently
approved for 136,000 cubic mewes of waste and the C
of A cxpires in 1992,

Bridge Street Investigations

In 1984, the Fort Erie Municipal Landfill on
Bridge Street was identified by the NRTC as having
significant potential to contaminate the Miagara River,
This finding was based on ithe identificaiion of con-
tamination in ground water beneath the site. In further
invesiigations by consuliants o the Town, it was
found that contamination was by conventional anion
(carbonates, sulphates and chlorides) and cation (so-
divm, iron and manganese) contaminants and that
contamination was assimilated close to the landfill
site.  Subsequently, the Town of Fort Erie expropri-
ated undeveloped property downgradient of the landfill
1o serve as a buffer zone for assimilation of contami-
nanis in the shailow ground water sysiem. The Minis-
try of the Environment conducted a hydrogeological
regvaluation® of daia collected af the site and several
concerns were identified. These concemns involved
the placement and sampling of wells, monitoring pro-
grams and concern over surface waier contamination.
Consglianis for the town of Fort Erie rapidly re-
sponded 10 these concerns with a detatled assessment
of the hydrogeology of the site ™' Surface water con-
ol was instituted with construction of a dramnage
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collection ditch and surface water ponds. Investiga-
tions and assessmeni included more well installations
and increased and expanded ground water monitoring.
Inthe hydrogeologic assessment of the stie, the Town's
consuliants generaily concluded that the Bridge Street
landfill had not caused a significant impact 10 water
resources in the area, was not a threat 10 any known
private ground water supply in the area and that there
was no evidence of a significant impact on Miller
Creck®. In specific conclusions on landfill impact,
the following was determined®:

1} Leachate generation caused two impacts -
seasonal seepage intd Watercourses ou-site
and slow migration downward in the over-
burden.

2y Long-term temporal variation exisied in
bedrock water quality monitoring making
identification of leachaic Impacts based on
inorganic parameters difficult,

3) Leachatc in ground water is generafly as-
similated withio site boundaries.

4} Methane gas does not preseni a hazard at
this sife.

Recommendations were made®! in a number
of areas to ensure continued minimization of environ-
mental impact. These include the following:

1) Recommendations on slope, cover and
other design criteria 1o minimize leachaie
production, conirol Jeachate seepage and
protect ground water.

2) Preparation of contingency systems (con-
tainment well(s) and leachaie collection
{french dram)) in the evenl that contain-
meni ks required in either surface or subsug-
face contaminant migration.

3) Ground water, leachaie and swrface water
sampling and analytical programs, well
sealing plans, methane gas and private well
monitoring programs 1o provids o database
for environmental mmpact assessment,

4y Plans for mmplementation of contingency
systems in 2) above in the event that offsiie
migration of contaminated ground waler or
excessive leachate seepage io surface water
Qcours.

In 1989, the C of A for the site was amended o
include requivements for annual reporting, waste track-
ing, increased ground waier monitoring and well in-
stalfation, leachate collection system planning, sur-
face water management planning, operational, ciosure
and design limiiations,

Recent monitoring of the site shows that ground
water travels to the north perpendicular to the
Cnondaga Escarpment and then swings 1o the east and
downward 0 the bedrock in the area norih of the
site® These 1990 studies confirm earlier indications
of leachate in bedrock wells near 10 the landfill site
{DOC, TKN, Fe). In addition, volatile organic param-
eters (primardy benzene and chloroform) have been
detected in hedrock mondioring wells™; however, the
source of these conaminants is unceriain since they
appear in both upgradient and landfill wells. This
contarninant will be focused on in the 1991 monitor-
ing program. Leachate secpage still occurs; this is
contained in the perimeter ditches and is not believed
io inpact Miller Creek®®, Iron levels in Miller Creek
already exceed the PWQO of 0.3 mg/L. Tn order to
address concerns over surface water runoff, consult-
anis for the town have submitied a stormwaler man-
agement plan design proposal for review by the Min-
istiy of the Environment®? to deal with site drainage
and stormwaicer detention based on a 1 in 100 year
SIOMm event,

The 1989 approval for interim expansion of the
site expires m May 1992, The Town of Fori Erig and
the City of Port Colborne are currently working on a
wasie master plan to solve the garbage disposal crisis
in the arca for the foresecable future. There will be a
gap between the end of the curcent landfitling period
and stari of the master plan solution. The Town of Fort
Erie is curcently working on measures 1o bridge the
gap. This may involve continued operation of the
Bridge Street site as one interim solution,
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CNR Landfil}

The CN Rail site occupies the southwest comer
of Victoria Avenue and Niagara Parkway in Niagara
Falls (designated as area B-2 on Figure 5.13), It is
immediaiely adjacent 10 the operations building of a
helicopter business., The siie is located on the side and
end of a steep ravine about 250m from the Niagara
River and adjacent 1o Niagara Parks Commission
tands. The site is approximately 60m by 200m in arca
and was used primarily for dispesal of domestic waste,
construction materials, scrap metal, clean-out wasies
(slag, ore, rock) from rail cars and minor amounts of
oil and machine shop wastes™, The site operaied as
an open durap with burning and occasicnal cover from
1962 10 1978, It was closed in 1981 due io problems
with fire and graded fevel with waste rock. In 1986,
CN Rail capped the sile with native solls and
revegetated the face of the ravine, A gabioned
floodway was included on the ravine face,

CNR Investigations

The contamination at this landfill was evaluated
by Environment Canada. The bazard from the site
was assessed and the site classified as a Priority 11
sie®™ . Fnvironment Canada’s havard assessment “This
site draing by way of an intermittent creek at its base o
the Nuagara River.,” Waier i the creek is iron-stained
and has elevated conductivity measurements. Only a
small fraction of the wasie is considered medinm con-
cern - metal filings with oil film from machine shops.
The potential for impact scores high mostly because of
surrounding recreational and residential land uses.
Also, the Whirlpool on the river below is known to be
where pacific salmon and rainbow trout congregate
during fall migration.™

Subsequently the siie was investigated by con-
sultants 10 CNR and a report®™* prepared for CN Rait
was accepted by Environment Canada. A piezometer
was installed in the floor of the ravine near the toe of
the landfill. Water levels in the bedrock here are above

ground level resuliing in an upward hydraulic gradient,
Ground water, when it flows, ultimately discharges to
the intermittent creck that flows through this ravine,
The water from the plczometer was sampled and
analyzed. The ground water showed similar inorganic
levels o the ravine creek. Four categories of organic
substances were analyzed and none were found in
detectable concentrations. The consultant concluded
that, although various wasics were disposed of at this
landfill, there is no evidence of ground water contami-
nation by chlorinated hydrocarbons and phenoxys in
the vicinity of the landfill™. CNR has closed and
capped this siie in accordance with Environment
Canada protocols.

5.7 Spills

The inadvertent release of pollutants commonly
referred (0 as a “spill” represents a potentially signifi-
cani source of contaminanis to the Niagara River, [l is
within the mandate of the Ontaric Ministry of the
Environment o atiempt o minimize any potental
environmental impaci of polluiants associated with
spills. Despite proper precautions, stringent poticies
and procedures for chemical handhing, spills still oc-
cur. The most common causes of spills to the environ-
ment are: equipment failure, accidents on highways,
railways and waterways, forces of nature, human error
and third party error,

There are several mechanisms, based in lepisla-
tion, throngh which the Ministry attempis to reduce
spilis and their environmental impacis.
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In 1991, the Ministry adopied a Spills Reduction
Strategy (SRS} under section 17 of the Environmental
Protection Act®™, This is a proaciive program which
asks industries with a high potendal for a spill that
could negatively tmpact on the environment io evalu-
ate their operations with respect to spills reduction.
This gvaluation includes the following:

© hazards analysis (determining the vulner-
ability of a geographic area, or a particular
process or facility to a hazardous materials
release);

o assessment of the adequacy of spills con-
tatnment, diversion and treaiment;

©t determination of the need, piesence and
adequacy of spills deteciion and warning
devices, including mainignance schedules
and

o provision of all necessary spill containment
and clean-up equipment including a de-
tailed spills response plan which inchudes
internal and external notification proce-
dures, training and refresher courses for all
staff in emergency response, emMErgency
communications (This includes provisions
for informing the public as what hazards 10
expect and what precautions o take, in-
cluding the poiential for evacuation)

Federal proactive fegislation also plays a sig-
nificant role in the conirol of and response o spills,
primarily under the Canadian Transportation of Dan-
gerous Goods (TDG)Y Act®® which controls all aspects
of materials shipping from forwarding yagds including
transport and warchousing, The TDG Act obligates
the carrier of hazardous maierials o remove any
potential danger associated with the release of such
malterials, The co-ordination of the clean-up and safe
disposal of the spilled maierial remains the responsi-
bility of the Provincial Environment Ministry. On-
tarto has enacied the Dangerous Goods Transporiation
Act (DGTA) which provides for the province to adopts
the federal legislation (Gmelnding idenufication and
transport standards) and also provides a mechanism 1o
improve and review truck safety. The DGTA 1s admn-
wsiered by the Ministry of Transporiation (MOT).

The actual responsc to spill incidents 18 governed
by several pieces of legislation. Under the Canada/
U.S. Water Quality Agreement®, Ontario s nvolved
m a joint contingency plan which organizes the na-
tional, provincial/siate and locat resources io deal with
spilis. Also covered in this agreement is the Canada/
1.5, Joint Marine Pollution Contingency Plan {Annex
93, This plan is specific to the boundary walers of the
Great Lakes and holds the Canadian and United States
Coast Guard responsibie for coordinating and main-
taining the Plan. Federal, provincial, state and local
agencics are responsible for the organization of a spills
Tesponse.

In addition to the Joint Contingency Plan, a sepa-
rate Canadian Maring Continency Plan organizes the
same Canadian resources as above, but applies only to
those navigable waiers which do notcross iniernational
houndaries.

The Province of Oniario Coniingency Plan spe-
cifically addresses how Ontario agencies will respond
to the national contingency plan and also deaks with the
specifics of the containment, clean-up and disposal
phases of spilis of significant magnitode o canse envi-
ronmental damage, but which are not a threat 10 human
healih and safety. This plan designaies the Provincial
Environment Ministry to be in charge of the response
cffort but atso allows that Ministry to draw on the
resources of the Minisiry of Labous, Minisiry of the
Solicitor General, Minisiry of Natural Resources, Min-
istry of Health, Ministry of Consumer and Corporate
Relations, Ministry of Transportation, Environment
Canada and Canadian Coast Guard. Simifarly, under
the Ministry of the Solicitor General’s Ontario Nuctear
Plan, the Ministry of Healih’s Health Protection and
Promotion Act, and the municipal Emergency Plans
Acts, the Minisiry of the Environment is at the disposal
of these groups in an advisory capacity.

In 1983, in response to the increasing occurrence
of and concern over spills in Ontario, a 24 hour-a-day
environmental Emergency Response Frogram (ERP)
wag established under Part IX of the Environmental
Protection Act and administered by the Ministry of the
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Environment, This ERP legally defined the roles and
responsibilities of those invelved in a spill and created
a Spills Action Cenure (SAC) 1o provide a focus for
spill reporting and response in Ontario. This Centre 18
operated by Minisiry personnel on a 24-hour basis in
order to:

o contact local Ministry of the Environment
personnel in order to initiaie the field re-
SpONSE;

= contact other agencies or potentially af-
fected partics as necessary eg. local police,
fire and ambulance, Coasi Guard, US au-
thorities, etc.;

= notify senior Ministry of the Environment
personnel o co-ordinaie briefing of the
public;

« mainiain a liaison with other agencies and

= provide chemical bandling and clean-up pre-
cautions, either divectly or through the Ca-
nadian Transpori Emergency Cenfre
(CANUTEC).

Under the provincial Emergency Response Pro-
gram, one staff member in each MOE Districi Office
is on emergency 24-hour a day call to respond. In the
Niagara Area of Concern, ERP personnel are on duty
for the Welland and Hamilion District Offices. These
personnel operate completely equipped environmen-
tal response vehicles and recelve regular training in
spills handling. In addition o these initial response
unitg, the Ministry of the Environment bas second and
third level response uniis. These units predominantly
deal with high risk materials, atmospheric (gas and
vapour) spills and human risk situations,

In the co-ordmation of a spills response, the
discharger is held responsible for the adverse effects
of a spill. The discharger is seen as having taken 2
foreseeable risk for which they shouid be prepared.
Most companies have spill clean-up procedures, stock-
piled containment and clean-up equipment and cither
teazned staff which respond to spills or conrraciors
which are retained io clean-up spills. nthe event of a

spill during transportation, when the spill exceeds the
carrier’s ability to respond, several outside parties are
available 10 assist. These include:

© The Transportation Emergency Assisiance
Plan (TEAF), organized by the Canadian
Chemical Producers Association. This re-
sponse group involves the pocling of mem-
ber’s resources such as shared information
banks, experiise and specialized equipment,

t The Ontario Petroleum Association {OPA)
which, along with 5 independent mdustrial
co-operatives 15 capable of responding to
major oil spiils;

o Local municipal agencies which are te-
quired to undertake surveillance in deter-
mining the oceurrence and source of spills
and are required io take physical counter-
measres o a spill. A number of smaller
municipalities in Ontario pool their re-
sonrces for a collective spills response net-
work;

& Environment Canada which provides cur-
rent information on countermeasure tech-
nigques, recovery equipment and chemical
treatment agents; meteorological data 1o
assist in determining required containment
and 24 hour access to the Environmental
Emergency Managemeni Information Sys-
icm;

o Transport Canada/Canadian Coast Guard
which are both accessible by a 24 houwr
emergency phone line and are able o pro-
vide booms, skimmers, sorbents, boats, spe-
cial vehicles, protective clothing, 1ools and
equipment as well as emergeacy communi-
cations and
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o The Canadian Transporl Emergency Centre
(CANUTEC) which provides a product in-
formation bank which outlines the physical
and chemical properties of products, health
hazards, fire and explosion hazards and ap-
propriate clean-up procedures.

The Canadian Coast Guard is the primary re-
sponse agency to the canadian waters of the Great
Lzkes including the Canadian side of the Niagara
River. Between January 1987 and December 1990, 19
incidents of pollution or potenual pollution were re-
corded in the MNiagara peninsula. This area includes
the Niagara River proper, the Wetland Ship Canal and
the Fori Erie arca of Lake Erie.

Ome potential spill occurred on the Buffalo
River, A ship carrying toluene and xylene ran aground;
however, no leakage was detected.

Four reporied spills of oil slicks on the water
were investigated and determined 1o be wave action
creating the appearance of an oif sheen, All were false
alarms.

Five reports of spills other than oil were investi-
gated. The pollutants all originated on shore and were
identified as shore based spills of sewage, coal dust or
fertilizer. One small shore-based oil spill was re-
parted.

Eight ship-generaed diesel oil spills were re-
ported during fuelling, The average amouni spilied
was 26 gallons,

Miagara River Remedial Action Plan - Stage I
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6.0 OUTSIDE INFLUENCES

There are significant influences outside of the
Niagara River (Ontario} Area of Concern which also
affect the water quality within,

It has been recognized that the majority of the
contamination in the Niagara River comes from
sources on the U.5. side of the river.® It has also been
shown that contamination from the Buffalo River
Area of Concern contribwies to degradation of water
quality in the Niagara River.'

Contamination from sources in the four up-
siream Great Lakes contribute 1o background fevels in
the Niagara River,*®

The large surface area of the upper Great Lakes
and the geographical location of Lake Erie makes
these bodies receptors of significant loads of airborne
pollutanis which contribuie to the background levels
in Lake Erie.™

These elevated background contaminani levels,
of both water and sediment, reduce the capacity of the
Niagara River io handle wastes discharged or leached
1o it from sources within s own basin,

6.1 Inputs from the
Niagara River (1.5.)

The Miagara River Arca of Cencern is the focus
of two Remedial Achon Plans, one for the Ontario side
and one for the U.S, side. The discharge of contami-
nanis, particularly toxic chemicals, from outfalls and
hazardous waste landfills in New York Staie has been
identified as the major influence on the environmental
quality of the Niagara River 20897382, 10712.723 205,610

The New York side of the MNiagara River is home
to over 100 municipal and industrial point source
dischargers, including 22 which were described as
significant by the NRTC, These include 7 municipal
wastewater treatment planis and 10 major industrial
complexes. One of the 22 significant incustrial dis-
chargers 1s presently closed, Smaller indusiries also
contribuie contaminanis to the Niagara River either
directly or indirectly (connected (o0 municipal sewer
systems}.  The major U.8, based point source dis-
chargers to the Niagara River are shown on Figure 6.1,
These facilities are identified in Table 6.1 along with
associated EPA priority pollutant groupings.

U.5. point sources along the Niagara River werc
calculated to coniribute 1,160 kg/d of toxic chemicals
io the river in 1984%. This figure represents approxi-
mately 95% of the estimaied total discharged from all
pomnt sources. A considerable loading of conventional
contaminants is also added to the aquatic system.
Subsequent studics reporicd by DECY® have reported a
reduciton in the ioial loading of the most imporiant
organic and inorganic priority pollutanis to 245 kg/day
in 1985-86 and o 150 kg/day in 1986-87. In 1987-
88" ihese loadings increased by 18% o 184 kg/day.

The largest impacts of loxic chemicats on the
Miagara River occur in the lower portion of the river
below Niagara Falls. In this portion, the river recog-
nizes no ngtional boundary, The waters from both
countries mix routinely as the water moves towards
Lake Oniavio. Environmental impacts also recognize
no borders; impamwrments in the New York Area of
Concermn mirror wnpacts ideniified for the Ontario
Arca of Concern. Fish consumption advisories exist
and are mutually recognized by the public in both
arcas. Water and sediment quality is impacied by
clevaied levels of PCBs, mirex and heavy metals.

Contaminanis leaking from hazardous wasie
sites along the U5, side of the Miagara River arc
knownt io enter the waters of the Niagara River and
Lake Ontario. These contaminanis include some of
the most hazardous chemicals known, including:
mirex, PCBs, chlorobenzenes, chlorotoluenes,
chlorophenols, polycyclic aromatic hydrocarbons
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TABLE 6.1
Significant Dischargers of EPA Priority and Special Pollutanis on the New York
Side of the Niagara River
Thscharger gﬁ;ﬁi@gﬁﬁﬁﬁh ta%) fig 6.1 #
Industrial General Motors Corp. ACM i -
Niagara Mohawk Power Corp. ACM 2
Dunlop Tire 8 Rubber Corp. M 3 B
FMC Corp, M 4
Spaulding Fibre Co. MP 5
QOceidental Chemical Corp. Durez Div, ADV ) 6 o
Occidental Chemical Corp. Niagara Plant | ABDFGMY ) 7 ]
EIL DuPount T(-)nawandu Phant v 8 |
F.L DuPont Niagara Plant M 9
Union Carbide Corp. Linde Div. H 10 B
L-TEC (formerly Union Carbide Weldfiux) M 11
SOHIO Electro Mimeral Co, M 12 B
611'.11 Corp. CMV 13 E
CWM Chemical Sorviees B M 14 )
Municipal Buffalo Sewer Authority WWTP ABCEHIMOV 5
(Waste Water |—— z e
Treatment Tonawands WWITP ACDMO 16
Planis) Amherst WWTP M R 17
North Tonawanda WWTP ACMY 18
Niagara County SD#1 WWTP aMv v
Grand Island SDH42 WWTP . BM 20
Niagara Falls WWTP ' ADFMOV 21
Gorge Stn. Overflow BIHMY 22
City Diversion Sewer BCEMOY o 23
Lewiston MSIA WWTP M 24
LEGEND: * - groups of chemicals over NRTC cutoff lmits A = Acid Exiractables (other)
B = Base/Neuiral Extractables {other) C = Cyanide
D == Chlorobenzencs £ = Chlorophenols
F = Chlorotoluenes G = Mirex
H = Polyeyclic Aromatic Hydrocarbons [ = Mercury
M = Metals {other) 0 = Organo_chlorine Pesticides
P = Polychlorinaied Biphenyls V = Volatile Organics (other)
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N Lake Ontario

Figure 6.1
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(PAHSs), 2,3,7,8-tetrachlorodibenzo-p-dioxin, BHC and
other chlorinaied organic pesticides. It is assumed that
a number of chemicais with unknown properties
that are by-products of the manufacturing processes
that produced the above chemical compounds and/or
cembination products of the above chemicals could
also be escaping to the river. It has been estimated
that, of 307 kg/d of total priority poilutants, 179 kg/d
of organic priority pollutanis enter the Nisgara River
via coniaminated ground water discharge from ihe 33
most significant siie areas.'” However, this estimate
may be oul by several orders of magnitude'™,

In 1979, a total of 215 hazardous waste disposal
sites were identified in Niagara and Erie Counties'®,
In 1984, ihai list was reviewed and updated by the
NRTC. At ihat time, 164 sites within three miles of
the MNiagara River were identified as poiential con-
taminant sources 10 the Niagara River®. The Depart-
ment of Environmental Conservation has now denti-
fied aver 300 waste sies in Niagara and Erie Coun-
ties'®.

The EPA’s National Pricority List {NPL) identi-
fies sites, Arnerica-wide, that pose a significant risk 10
hnman health, Five of the wasie disposal sites on the
New York side of the Niagara River have been as-
signed to the NPL for Superfund consideration and
iwo additional sites are on the New York Staie
Superfund list. All seven siies are known o leach
contaminants directly to the Niagara River.

In 1988, the United Siates Environmental Pro-
tection Agency released the results of a study'™ which
atempted 1o estimate actual and potential loadings of
toxic chemicals to the Niagara River from hazardous
waste sites in the United States. This report focussed
priority on 70 hazardous wasie sites and grouped
together a number of associated or adjacent waste siies
into clusters.  In all, 33 site areas or clusters were
evaluated,

Of these 33 areas, 24 waste sites, some being
clusters of individual waste areas, were associaied
with leaching 307 kg/day (677 lb/day) of priority

pollutants to the Niagara River directly. The remain-
ing 9 areas leached some 8 kg/day (17 Ib/day) to the
Buffalo River'™, The authors indicated that this figure
was an “order of magnitude” calculation. Based on a
review of the assumpnions and data used in genarating
this number, an evaluation prepared for the MOE™®
determined that the possible emors could be + 2-3
orders of magnitude.

Eighteen of the 24 areas that contribuie con-
taminants 1o the Niagara River directly have been
linked with one or more of the 135 priority toxics of
concern in the Miagara River (Table 6,2). In addition
to the 24 sies investigaied, 11 others were identified
as contributors of tgxic chemical loading to the river,
The waste sites are ideniified and estimated loadings
are presenied in Table 6.3, The locations of these 24
siies are shown on Figure 6.2,

Late in 1989, DEC and EPA released a follow-
up repori'® for these sites. In this document,
remediation schedules and measures are identified for
sach of the 33 site areas or clusters. These measures
will achieve an estimaied 99.9% reduction in the
known loadings from these siies by the year 1996.
This reduction assumes ihat the remedies will be
100% efficient from the moment they are completed.
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TABLE 6.2

Priority Toxic Chemicals of Concern under the

River Toxics Managemeni Plan

Chemical Water Fish Significant

Quality Flesh Niagara River
Exceedance fxceedance Source

henz{ayanthracene Yes N Yes

benzéa(a)pyrcne Yes No B Yc,s -
7‘0 ano(b) fluoranthene Yes N;)w Yes
7 bﬂt;ﬁ;;(k)fluoramhcne -------- _ Yes No Yes

chlordane - No M ‘[;; No

chysene I Yeos Mo ) Mo -
rrrrrr dieidrin - N No Yes 7 Mo ‘
ﬁ;;;(-:hlombsnzcne - Moo | Y—Efa — ves R
711:(:1'(:1.11'3/ """" No Yes B B Yes )

mirex Mo ves Yes N

ocmchlm‘;styrcna --------- I No Yes No

PCBs - 1 Yes Yés Yes

DDT & memtﬁlims No Yes o No
;‘578I‘CDD _- No _ Yes Yes :

tet:'acl;i;octhylene N Yes ” No " Yes
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TABLE 6.3

Loading of EPA Priority Pollutants from Hazardous Waste
Sites on the New York Side of the Niagara River
Wasie Site Site # Loading (Ib/d)
Occidental Chemical Corp. Niagars Plant 41b 340
Niagars County Refuse Disposal 81 g8
Dupent Neeco Park/CECOS 14/78 65
Oceidental Chemical Corp. Hyde Park 39 57
102nd Street 40 26
Beli Aerospace Textran 3 19
BTL Specialty Resins 66 15
Occidental Chemical Corp. S_Area 4la 4
Stauffer Chomical- Lewiston 255 12
Solvent Chemical 251 9.3
SKW Alloys ] 1 8.6
Olin Corp. Buffalo Ave, 58 7.1
DuPont Buffalo Ave. 13 6.6
[Buffalo Harbour Containment® 254 6.1
Buffalo Color* 120 4.4
Bethlehem Steel® 118 3.0
INS River Road 136 2.7
Frontier Chemical- Pendleton 67 2.6
Occeidental Chemicel Corp. Durez 24 2.0
Small Boat Harbour* 253 1.8
Gratwick Riverside Patk 68 13
Mobil Oil* - 141 L3
Alliift Realty® 162 0.17
Charles Gibson 242 0.16
Great Lakes Carbon 22 0.13
Huntley Power Station } 182 0.11
Times Beach Containment® 241 0.091
Tonawanda Coke B 108 0.056
Alfied Chemical* B 107 0.020
Tonawanda Landill ) 207 0.0061
Dunlop Tire & Rubber 123 - 0.0017
Columbus McKinnon 123 0.0001
I,ovc Canal 38 0.0000
* = sites in Buffajo area
# =relers to location on Figure 6.2
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Lake Ontario Figire 6.2
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6.2 Buflfalo River

The Buffalo River has also been identified as one
of the 43 Great Lakes Areas of Concern and, therefore,
has been undergoing a process of environmenial as-
sessment and Remedial Action Planning, The dis-
charge of the Buffalo River enters the Miagara River at
Buffalo, thercby representing a significant input to the
Niagara River Area of Concesn,

Impatrmenis in the Boffalo River watershed in-
clude:

fish consumpiion advisories due (o elevated
levels of PCBs, Chlordane and DDT in fish
flesh;

gvidence of mours on fish and tainting of
fish flesh likely caused by elevated PAH
levels in the water and sediment;

contamination of sediments by metais and
cyanides; and

low dissolved oxygen levels in the water,

Since the early 19707s, the Buffaic River water-
shed has been home 1o 5 major industrial complexes'®,
The major industries (3 of which are presently closed)
consisted of Z chemical planis, 1 coking operation, an
oil refinery and an iron and stect complex. Smaller
industrics in the Buffalo River area, such as food
processing and grain milling operations are connecied
o the Buffalo Sewer Authority system. In addition, the
watershed includes 7 combined sewer overflows and
32 inagtive hazardous waste sies!®,

Resulis of spotiail shiner collections fiom the
Buffale River suggest that it is a significant source of
PCBs 1o the Miagara River®, Siudies conducied by
Ontario Ministry of the Environment, at & iransect
located just downsiream from the mouth of the Buf-
falo River, have shown bacieria, nuiricnis and levels
of inprganic and organic contamninanis in the Niagara
River (1980-82) 1o be higher on the U.S. side of the
river than on the Canadian side.

6.3 Inputs from Lake Erie

Chemical contamination from Lake Erie has
been shown 0 enter the Niagara River. IHigh concen-
trations of some contaminanis have been detected at
Fort Erie®, Given the flow regime ai the head of the
Miagara River, it is unlikely that the contamination
measured at Fort Erie originates in the vicinity of
Buffalo. It is more likely that this reflects contamina-
tion in the western basin of Lake Erie.

Most of the siudies on Lake Erie water chemis-
try have centred on those chemicals which contributed
io the severe cumrophication problems in the mid-
1960°s.  The undersianding of these nuirient cycles
within the water and sedionent and the exiensive con-
irol and reduction programs of governments on both
sides of the lake has resulted in a much more stable
chermical siructure in the lake’s waters®™, Phosphoros
loadings were reduced from 28,000 ionnes in 1968 w0
12,350 sonnes in 1983*. Rouune open lake monitor-
ing has shown a reduction in open lake phosphorus
concentrations in all three basins™’.  Although these
show a more conservative decline than loading fig-
ures, probably due to resuspension of phosphoros-
laden sedimenis, they do indicate a positive environ-
menial effect in Lake Erie. This is reflected by a
decrease in chlorophyll a concenirations since 1970 in
all three basins. These declines correspond generally
with the reduction in phosphorus loading 1o the take.
Modelling of chlorophyll 3 concenirations in the easi-
em basin showed a highly significant (p<0.01) trend
of decreasing concentration for the years 1968, 1970,
1972 and 1980,

The net west-to-east movement of water through
the lake is considerably more complex than a simple
umidirectional flow*:. Water movement through the
central and easiem brasing varies considerably during
stratified and non-stratified thermal conditions and is
heavily influenced by prevailing winds and major
storms'™?,
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The chemical makeup of Lake Erie is signifi-
cantty affected by oxygen depletion in the bottom of
the lake’s central basin®. The easiern basin has
oxygen-rich waier and during storm events this water
can be transferred Into the depleted portion of the
central basin and re-oxygenate the beitom lay-
ers™i?4192 The rate of oxygen depletion in the central
basin was highest in the 1960°s and 1970"s*, Studies
undertaken between 1980 and 1984 indicaie that the
oxyeen depletion rates in the central basin appear to
have stabilized or decreased.

The activity of sediment resuspension by strong
winds is an imporiant factor in the redistribution of
nutrients and contaminants throughout the water col-
umn in the eastern and central basing of Lake Erie
during periods where these busins are unstratified. In
the western basin, which does not permanently stratify,
resuspengion occurs periodically throughout the sum-
mer,

The mibutaries 1o the western basin of Lake Erie
are a second major source of suspended sediment'®,
Although some atiempts at remediation of eresion of
soils from these predominantly agricultural basins
have been made, resuspension of unconsolidated
sediments is virtvally uncontrollable.  This is evi-
denced by the nearshore concentrations of nuirients
and major ions remaining high along the predomi-
nantly agricultural south shore of the wesiern and
central basins.

Four of the five major tributaries to the westem
basin are themselves IIC Areas of Concern: ihe
Maumee River, the River Raisin, The Rouge River
and the Detroit River, Only the Huron River has not
been designated by the [IC as an area of concemn. Over
the years, industrial and residential development of
these waterways has led to the combination of conven-
tional and oxic conaminants in wastewater discharges
with the sediment ronofl from these basins,  Since
many toxic substances prefer the sediment phase 0
the water phase, they have attached themselves to the
soil particles which have subscquently been deposited
in the haging of Lake Erie.

The eastern basin is the least affecied by spring
runoff or sediment resuspension and therefore does
not exhibit the wide annual fluctuations of the other
two basins, There is still some fluctnation, similar to
the central basin. The highest phosphorus level occurs
in the eastern basin in the spring and declines through
the summer and fall periods, During turnover of the
water column, some increase in contaminant levels
does occur but below those for the spring period®. Tt
can be expected that concentration patterns of other
contaminants follow the same wend exhibited by the
well-studicd phosphorus levels.

Cver time, these contaminated sediments have
worked themselves easiward and likely cause the
majority of the backgrouad contamination in the wa-
ters and sediments of the Niagara River. This residual
background contamination from upstream sources in-
hibits the capacity of the Niagara 1o assimilaie con-
taminanis originating within the Niagara River Area
of Concern.

Organic substances and metals are measured in
biota. For these chemicals, the trend 1s to generally
declining councentrations.  Long term biomonitoring
data for total PCBs and total DDT from young-of-the-
year spettail shiners in Lake Eric suggest a real down-
ward trend in all sites monitored. Most of the decline
was observed during the late 1970°s*,

Although there are no trends in Lake Enle for
metal contaminaiion'®, recent stndies have shown
elevated leveis of arsenic, cadmium, copper, iron and
selenium in the waler colurn (exceeding GLWQA
objectives)®. Elevated levels of cadmium, chromiun,
copper, lead, nickel, mercury and zinc were also
detected in the sediments'>% . This corresponds well
with four of the six chemicals identified by the NRTC
as having exceeded the most stringent guideline or
standard at Fort Lirie; chromiom, cadminm, copper
and lead®. Elevated concenirations of aluminum
were also noted at Fort Erie,  Aluminum s a major
constituent of the natural sediment found in all three
basins of Lake Erie. Aluminum is 2 pritnary constitu-
ent of the fine grain clay soils which is common 1o the
area and this naturaily ccourring phenomenon may by
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mainly responsible for the tagh levels detected at Fort
Erie. The highest concenirations of aluminum in Lake
¥rie were found in the major sediment depositional
zones'®, Silver, the sixth element found in clevated
concenirations at Fort Erie 1 found in low concentra-
tions throughont Lake Erie. Although no detectable
concenwations of silver were found in the easiern
basin, silver was detected in the western basin and the
easiern portion of the central basin'®,

The assessment of Lake Erie water quality trends
concluded that alihough the single mosi sigaificant
source is the Demroit River™ (Table 6.4), loadings of
heavy metals from atmospheric deposition and sew-
apge discharges are certainly significant.

The effects of remedial eiforis in upstream areas
of concern will likely be felt very slowly in the waiers
and sediments of Lake Erie. 1t will take a considerable

TABLE 6.4

period of time for contaminani levels in the sediments
10 stabilize or decline to levels where their impact on
the water column throngh resuspension is negligible.

6.4 Long-Range
Atmospheric Deposition

Atrmospheric deposition of toxic pollutants 1o
surface waters has long been recognized as a “path-
way” in the environmental ¢cycling of some of these
chemicals'®, Organic and inorganic chemicals enigr
the water by wet deposition {snow, 1ain, aerosols), dry
particnlate deposidon and vapour exchange af the air-
water inierface. The laiier process may also resull in
the loss of volatlle species © the aimosphere from the
WALET.

Inventory of Sources and Sinks of Heavy Metals in Lake Erie
o Rate (tonnes)
Source Cadminmg Copper Lead Zine
Detroit River B/A, 1640 630 5220
U.5. Trik;umﬂes B N/A 100 m%z 271
Can. Tributarics /A 31 i9 140
E(;wage Plant Discharges 5.5 448 283 759
Dradged Spoil Action i E 42 56 175
Atmospheric Deposition 380 200 GAS 903
Shoreline Erosion - 7.9 190 221 308
Total Inputs M/A B 2657 19(}_6 176
Flax Rate (toones)

Simk Cademivm Copper Lend PATITS
Miagara River/Welland Canal /A 1320 660 440}
Retained in Sediment N/A 1337 i 1246 B 3376
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Atmospheric transport and deposition of indi-
vidual chemical species depends on the distribution of
ihe chemical between the particulate and vapour phase
and the relevant removal efficiencies of each. At the
present time there are insufficient data io reliably
estimate the relanve importance of the atmospheric
deposition of many of these contanmnanis to the Great
Lakes,

For more than two decades, researchers have
investipated the relative importance of the atmosphere
as a long range carvier of persistent toxic substances,
Large quaniities of these substances have been depos-
tted from the atmosphere into the Great Lakes. In
Qctober 1986, the International Joint Comimission
(1IC) sponsored a workshop™ 1o discuss the signifi-
cance of selecied persistent toxic chemicals deposited
by atmospheric transport in the Great Lakes and to
develop mass balance budgets for chemicals derived
from atmospheric sources.

The upper Greai Lakes receive a significantly
greater fraction of their total inputs from the atmos-
phere than do the lower Great Lakes. This is attributed
to the larger surface aveas and lack of lecal sources.

There were fourteen chemicals of interest; how-
ever, information was available for only five chemi-
cals: PCBs, DDT, benz(a)pyrene, mirex and lead. The
most complete data were available for lead and PCRs.
These data indicate that 90% of the iotal PCBs input to
Lake Superior come from atmospheric deposition,
whereas in Lake Oniario only 7% is atiributed 10
atmospheric sources. Similarly, atmospheric deposi-
ton of lead ranges from 99.5% in Lake Michigan to
46% in Lake Erie,

Evidence suggests that precipitation scavenging
of both fine particles (<2 um) and vapours dominaies
atmospheric inputs that are at some distance from the
major point seurce o source region, Dry deposition of
large pariicles may be wmore significant closer 1 the
SOUTCES.

The 1987 amendments 1o the Great Lakes Water
Quality Agreement added a distinct Annex for air-
borae loxic substances. Annex 15 advocales the es-
tablishment of an Integrated Atmospheric Deposition
Metwork (IADM) for the identification of selected
toxic substances with emphasis on persisieni toxic
suhstances.

The IJC, through its Atmospheric Deposition
Monitoring Task Force and three working groups, is
investigating atmospheric transport of contaminanis
in the Great Lakes basin. To date, a Canadian Master
Station for depositional monitoring has been instalied
ai Point Petre in Lake Omario {Ociober 1988), thus
joining the U.S. Masier Siation at Green Bay Wiscon-
sin. Two additional Masier Stations (one in the U.S.
and one in Canada) are scheduled o be installed.
These master stailons will be accompanied by five
.S, and five Canadian satellite stations placed around
the Great Lakes.

Although long-range transport of toxic chemi-
cals from the American mid-west and other npwind
sources such as Naniicoke and Detroit/Sarnia reaches
the Niagara River Area of Concern, the amount of
deposition 13 hard 1o deiermine. Since the ratio of land
mass 1o open waier is large, the greatest armount of the
deposittion will likely occur on land. The buffering
capacity of the sois in the arca may reduce any
detectable impact to insignificant levels.

With regard to localized deposition, the Niagara
River is fortunate in that the major industrial sites
within the watershed are io the east of the River and
hence most of the airborne pollniants are dispersed
away from the atea by the predominaiely south-south-
west winds.
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7.0 IDENTIFICATION
AND DELINEATION OF
SPECIFIC CONCERNS

The Niagara River, over the years, has achieved a
considerable amount of notoriety, From a perception
as one of the world’s most scenic rivers, it has been
perceived in the last two decades as an “open sewer”
that conveys man’s wasic directly into Lake Ontario.
In the environmental decade of the [980°s, attention
has been focused directly on toxic chemicals in the
waters of the Niagara River.

The activities in the Niagara acea over the last 50
years, and in particular those associated with the heav-
ily wurbanized U.8. shoreline, have introduced many
toxic chemicals, both persisient and non-persistent, to
the Niagava River. The presence of many of the most
famous 1oxic dumpsites, such as Hyde Park, Love
Canal, 5-Area, 102nd 5t., Necco Park and Durez, along
the shore of the Niagara hag coniribuied io the “open
sewer” perception. Many of these sites, filled with the
most xic chemicals created by man, have heen leak-
ing into the Niagara River for some time. Remediation
of these sites has been occurring but it is a ong and
expensive process which involves experts in many
arcas, areas where expertise is scarce.  Although
progress continues to be made, because of the complex
nature of the remediation, it has to be measured in years
rather than days.

The heavy indusirial complexes on the shores of
the river affect the ecosystem. Their discharges,
combined with those from the municipatities in which
they sit, have contributed to the contaminant burden
on the river over the years. Although many of the
discharge problems have been comrecied over the last
30 years, some contaminants still enter the system
through wastewater discharges.

The definiiion of specific problems associated
with the water quality of the Miagara River (Ont)
Area of Concern has been discussed at lengih by both

the RAP igam and the Public Advisory Commitles
{(PAC). These discussions have taken place independ-
ently to ensure that all applicable problems are identi-
fied.

7.1 Impaired Uses and the
LJC Criteria

The HC has required the preparation of Reme-
dial Action Plans (RAPs). As part of the RAP convol
process, the UC has identified a number of ‘criieria’
under which each RAP will be judged. These criteria
cover fourteen diverse ecosysiem impairmnents. Not
all eriteria may be applicable in each Area of Concern.
In addition, some of the potential uses which may
relaie to the IJC criterta may not be desired,

In Annex 2 of the 1987 Great Lakes Waier
Quality Agreement, Section 1.(c) stages:

“Impairment of beneficial use{s)” means a
change in the chemical, physical or biological integ-
rity of the Great Lakes System sufficient to cause any
of the following:

1) Restrictions on fish and wildlife consump-
tion;

i) Tainting of fish and wildlife flavour;
Degradation of fish and wildlife populations,
Fish wmours and other deformities;

v)  Bird or animal deformities or reproduciive

problems;
vi) Degradation of benihos;
vil) Restrictions on dredging acttvities;
viii) Eutrophication or undesirable algae;

ix} Restrictions on drinking waier consumption,
or taste and odour problems;

x) Beach closings;

Niagara River Remedial Action Plan
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x1)  Degradation of acsthetics;
xil)  Added costs to agriculture or industry;

xidi) Degradation of phytoplankton and zooplankion
populations; and

xiv) Loss of fish and wildlife habitat,

Because the UC criseria are broad it has been
necessary io be more specific in identifying problems
(impaired uses) for the Niagara River Area of Con-
Certl.

7.2 Problem Definition by
the Public

One of the major tasks required of the public in
the preparation of the Remedial Action Plan is the
identification of beneficial uses thal are impaired.
Although the public has expressed dismay at the length
of ume taken to prepare a RAP for the Niagara River,
it has become apparent that the problems and soluiions
in this Area of Concern are not clear cut.

Staiements that *‘we all know what the problems
are” have not been readily converted to a writien
definition. Considerable time has been spent in clari-
fying different concepts of the environmental issues in
the Niagara River Area of Concern. A nnmber of
different points of view and several misconceptions
have besn discussed by the Public Advisory Commit-
tee on the read to developing problem siatements that
the meribers could agree on.

In July 1989, ihe PAC agreed upon a mission
statement or overall philosophy for the Niagara River
Remedial Action Plan. Thai statemeni was as follows:

“The mission of the Niagara River RAP is o
re-establish, protect and mainiain the integrity of
the ecosystem for the Miapara River.”

At the same meeitng, the PAC also identified 23
environmental issues of concern in the Niagara area,
These 23 issucs are;

Water Quality

Use of Water For Human Consumption
Fishing and Consumption of Fish
Aquatic Life (Fish and Algac)
Recreational Boating and Water Sports
Industrial and Municipal Use
‘Wetlands

‘Birds and Mammals

-Aesthetics

-Economic Growth

Power Generation

-Access

Legislation

-Hiking and Rock Climbing

Sediment Quality

Jrrigation - Agricultural Use
Commercial Shipping

Education of the Public (keeping it informed)
Clean Air (Mist/ Acid Rain/ Toxic Rain)
-Additional Control Structires
-Ecosystern Health

-Sustainability

-International Cooperation,
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In order o siep up progress on defining the
problem, the issues developed by the PAC were moye
specifically defined during a workshop in Niagara
Falls on January 27, 1990. At that workshop, the PAC
members reviewed the preceding issues and organized
them ini¢ groups of similar jssues. Six of these issucs
were identified as non-specific problems and were set
aside for future development. These six were :

‘Heosystem health
‘Sustainability

JAdditional Controf Struciures
International Cooperation
Legislation and

Fducanion of the Public.

The PAC decided that these six did not represent
environmenial problems or goals but rather, principles
or solutions and may relate more directly io the mis-
sion statemenl.

The remaining 17 issues were divided into 5
categories (also numbered in order of priority by the
PAC members) as follows:

Priority/Group 1
Water Quality
Use of Waier for Human Consumption

Clean Alr (Misy/Toxic Rain/Acid Rain)

Priority/Group 2

Aquatic Life (Fish and Algas)
Wetlands

Birds And Mammals

Sediment Quality

Priority/Group 3

Power Generation

Irrigation - Agriculiural Use
Indusirial and Municipal Use
Commercial Shipping

Economic Growih/ Tourism

Priovity/Group ¢

Hiking and Rock Climbing
Aesthetics

Access

Recrcational Boating and Water Sports

Priority/Group 5

Fishing and Consumpiion of Fish

Working groups were established for each group
of issues and a statement of the problem associated
wiih each issue was developed. The following sections
contain the problem statements developed by the PAC.

7.2.1 Water Quality Related Uses

7.2.1.1 Water Quality

“The water in the lower Niagara River, although
it generally meeis the provincial water quality guide-
lings, 1§ perceived to be unacceptable because of
possible long-term effects related to the toxics it con-
taing. Impacts on aquatic organisms have been ob-
served and are of present concern. Lower levels of
toxics have been ohserved in the upper MNiagara River,

In the upper Niagara River, siltation and biologi-
cal contamination are 3 concern to municipal water
treatment sysiems, indusiry and Niagara shore wells.

Miagara River Remedial Action Plan
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The impact of zebra mussels on water quality is a
concern that necds 10 be investipated. Water quality
guidelines are frequently excecded in several tribuiary
streams.

7.2.1.2 Clean Air

“The water of the Niagara River has been ad-
versely affected by pollution carried through the air
and deposited on the Niagara River Area of Concern
by acid or toxic rain; the river itself is also a source of
volatile organic chemicals to the atmosphere.’

7.2.2 Aquatic and Wildlife Uses

7.2.2.1 Aquatic Life (Flora and Fauna)

*Aquatic flora and fauna in the lower Niagara
River Area of Concern are unsuitable for human or
animal consumption. The bicaccumulation of toxing
has affected the production and specics composition
of Niagara River flora and fauna.”

7.2.2.2 Birds and Mammals

“The reduced quality and quaniity of water has
impaired the food source and habitat of birds and
mammals 1n the lower Niagara River Area of Con-
cern. Increased boating activigy has increased the risk
1o resident and migratory waterfowl populations,”’

7.2.2.3 Wetlands

‘Waterborne pollutants and encroaching devel-
opment have veduced the quality and quantity of
wetland for use by nauve fish, wildlife and vegeta-
tion.’

7.2.2.4 Sediment Quality

‘Contamination of sediment in the Welland River
and lower MNiagara River has impaired both aquatic
and terrestrial food chains, resulting in a reduction in
the species composition of biota and increased the
body-burden of toxic substances, In addition, exces-
sive erosion in uplands areas has produced excessive
siltation in the lower Welland River and the mouths of
tributaries; this siliation has also coniribuied o the
reduction of species composition and the loss of habi-
it

7.2.3 Industrial, Municipal and
Agricultural Uses

7.2.3.1 Power Generation

“The use of the MNiagara River for hydro-electric
power generation can be limited by lake water levels,
Physical (suspended solids), chemical (acidity) and
biological (zebra mussels) coniamination reduces
machine efficiency, and increases electricity generai-
ing costs which in tum affects the quality of ife in
Ontario.
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7.2.3.2 Agricultural Use

“Use of waiers within the Niagara River Area of
Concern for crop and fruitland irrigation as well as for
livestock watering is perceived to lead to a buildup of
toxing in food for consumption by humans and ani-
mals.’

7.2.3.3 Industrial and Municipal Use

‘Physical (contaminated sediments/siltation),
chemical (pathogenic or toxic substances) and bio-
logical (zebra mussels, algal blooms) contamination
of the Niagara River increases water treatment costs
and poses a threat to MNiagaca River wells without
sophisticated treatment systems. These also reduce
the capability of the river to assimilate municipal and
industrial wastewaters,’

7.2.3 .4 Commercial Shipping

“The siltation in pertions of the upper and lower
Niagara River as well as on the Niagara River bar,
combines with chemical contamination to produce a
risk o commercial shipping, dredging and mining of
the Niagara bar. In addition, commercial shipping
itself can result in release of chemical and biological
agents (spills) which are themselves threais io the
Area of Concern.’

7.2.3.5 Tourism and Economic
Growth

‘Contamination of the Niagara River and iis
long-iime perception as an “open sewer”, combined
with extensive flow controls adversely affect the im-
age of the Niagam River o tourists and naturalisis.’

7.2.4 Recreational Uses

7.2.4.1 Aesthetics

‘All recreational uses experience an impairment
of aesthetics due o the visible presence of algae,
foam, debris, organic odours and poor water clarity.
Inctusirial and municipal discharges, landfill sites anc
poarly planned and adminisiered development aned
power generation projects have marred the natural
beauty of the Niagara area. The Niagara Parks Trail is
reduced 1o whan sidewalks in the area of the Niagara
Falis’

7.2.4.2 Access

“Waterborne contamination and contaminaied
sediment, along with drastically fiuctuating water lev-
els restrict the areas of the Miagara River accessible
for aquatic activities. The amount of access 10 the
lower tiver for boating is insufficient.’

7.2.4.3 Boating and Water Sports

*Contamination of the waiers of the Niagara and
Welland Rivers by bacteria, toxic chemicals and sedi-
ment load resiricis the extent of primary contact rec-
reation. Boatng is affected by operation of water
level controls. Boating itself, through spillage of oi}
and gas, presents a risk to the river and its users.’
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7.2.5 IMishing

7.2.5.1 Sports Fishing

“Toxic cantaminants in the lower Miagara River
has contributed 1o reduced populations of naiive spe-
cics. Fish in the lower river are subject 1o unaceepi-
able concenwranons of these chemicals. The “image”
of poor fish quality in the lower river affects the
amount of angling in this area.’

7.2.5.2 Commercial or Consumable
Hishing

‘MNiagara River fish are unsuitable for consump-
tion, Consnmption guidelines exist from MOE/MNR
and DEC for specific sizes and species of fish in both
the upper and lower Miagara River, based on a variety
of toxins.

7.3 Problem Definition by
the RAP Team

The RAP tcam independently developed a set of
problem definitions for the Niagara River Area of
Concern. The purpose was to ensure that all environ-
menial problems not identified by the PAC were
identified by the RAP team and alsa because the views
of each group may focus on different faceis of a
problem.

Some probiems identified by either the PAC or
the RAP team may not be remediated by this RAP or
may not be related to water quality. It was felt thai
these problems, once identified, should not be dis-
carded if they cannot be solved through the RAP

process. In stage f all problems are identified; in stage
11 the problems which cannot be resolved by RAP
options will be identified and avenues of wesolution
outside of the RAP process discussed.

This section covers the problems, both real and
perceived, in the Niagara River (Ontario) Area of
Concern, as deiermined by the members of the RAP
Team. The concerns in the previous sections are
described in deiail and associated, where possible,
with the potential or known causes described in the
following sections,

The descriptions of the problems and impatred
uses were siruciured 1o follow as closely as possible
those ideniifzed separaiely by the Public Advisory
Commintee, Fach problem issue is ideniified and
described in five paris as follows:

Part 1} Envivenmenial Scgne of the Problem
Part 2) Description of Poiential Sources
Part 3) Impaired Uses Expenienced

Past 4) Data Gaps

Part 3) Cwrrent Statys and Activities in the Prob-
lem Issue.

7.3.1 Water Quality Related
Problems

7.3.1.1 Water Quality Violations

Seope:

A number of 1oxic contaminants have been iden-
tified in the Miagara River at levels which exceed
water quality guidelines.  These are: iron, PCRBsg,
retrachlorocthylene, benz(ayanthraceue,
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benzo(b)fluoranthene, chrysene, benzo(ajpyrene and
benzo(k)fluoranthene at Niagara-on-the-Lake and
aluminum, cadmium, c¢hirominm, copper, lead and
silver at other locations in the Niagara River.

Source:

Chemicals from various sources such as: munici-
pal, mdustrial and agriculiural point and nen-point
sources, urban runoff and ir-place pollutants {con-
taminated sediments) can affect water quality in the
Area of Concern.

Impairment:

Water quality criteria for the protection of
aquatic life are exceeded.

Data Gaps:

Some chemicals have no accepted method of
analysis, The data base 15 too small © deiermine
contarminant {rends.

Status:

Environment Canada has been conductiing
weekly monitoring at Niagara-on-the-Lake and Fort
Erie; this activity is scheduled to continpe. The four-
agency Niagara River Toxics Management Plan
{NIR'TMP} includes a commitment for 50% reduction
in the loading of chemicals of concern from point
sources by 1996, The Ontario MOE has conducted
ambicni river monitoring in the upper and lower
Niagara River. These data are currently being com-
piled. Furiher in-siream monitoring is planned.

7.3.1.2 Non-compliance of Industrial/
Municipal Dischargers

Scope:

1988 monitoring programs, Industrial Moniior-
ing Information System (IMI(5) and Utility Monitoring
Information System (UMIS), pre-MISA point source
monitoring and reporting programs cover the discharge
of conventional and some {oxic (on a case-by-case
basis) chemical pollutanis. Non-compliance occur-
rences were jdentified at the following sources:

BOD (B.F. Goodrich, Fleet, Ford and Wash-
ngton Mitls).

Suspended Solids (Atlas, B.F . Goodrich, Flest,
Washingion Mills & Sielco Welland Tube
Works).

Cadmium (Atlas Steel, Fleer).
pH {Atlas Steel).

Phosphorns (Welland WPCP, Ft, Erie WPCP,
Miagara Falls WPCP),

Solvent Extractables [0il & grease] (Sieloo).

Phenolics (Can-Oxy Durez).

Sourcs:

All sources of wasiewater and cooling water
discharge are poteniial sowrces of contamination. All
sources have chemical level requiremenis for their
discharges and are required to monitor and report
measured levels on a regular basis.  On occasion,
requited levels are exceeded and the discharger is
considered to be out of compliance for that occasion,
If these excesdances are excessive ar frequent, aciion
is iaken to comect the problem. Discharge monitoring
records show that the following industrial and munici-
pal dischargers were out of compliance at least once
during 1988: Atlas Steels, B.F. Goodrich, Fleet Manu-
facturing, Canadian Oxy Durez, Ford Glass, Washing-
ton Mills, Niagara Falls WPCP, Stelco Welland Tube
Works, Fi. Erie WPCP and Welland WPCP.
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Erapairment:

Water quatity criteria for protection of aguatic
life are exceeded.

Data Gaps:

An exiensive sulte of monuored parameters are
not measured ai this time. Some indusiries and all
sewage (reatment planis are not currently under the
MISA maonitoring program. Compliance limitations
have been established on small groups of chemicals,
mastly conventional poliutants, uniit discharge regu-
lations are esiablished under MISA. MOE monitors
all parameters for the Niagara River Toxics Manage-
ment Plan (NRTMPY; however, these resulis are not
used o determine compliance,

Status:

The MISA monitoring program i currenily
underway or has been completed for 7 of 14 Ontario
dischargers to the Niagara River or iis tributaries, The
remainder are small industiies that are anticipaied to
be included in futwre MISA programs.

7.3.1.3 Unregulated Discharges

Scope:

In 1989, two sources of unireated wasiewaler
existed on the Ontario side of the Niagara River. Prior
io 1990, the McMaster Avenue Combined Sewer dis-
charged storm, cooling and indusirial process water
and raw sewage 1o the Welland River. The Stanley
Avenue Combined Sewer was separated in 1984; how-
gver, it still carried direct discharge of industrial
(Washington Mills) wastewater 10 Chippawa Creek.

Source:

Water quality criteria for the protection of aguatic
life are exceeded in outfall areas. The capability of the
walgtway to provide body contact recreation 1s re-
stricted in nearby areas.

Impairment:

Current monitoring programs are sufficient.

Data Gaps:

Monitoring of the McMaster and Stanley Ave
enue sewers shows contaminant levels are reducing as
proper sewer connections are made {0 sanitary sewers.
The discharge of wastewater to the Stanley Avenue
sewer is predominantly cooling water from the oil-
waier separaior at Washington Mills although some
sanitary sewage connections siidl exist 1o this sewer.
Separation of the McMasier Avenue sewer connec-
tions conttnue. The City of Welland connected the
remaining discharge 1o the Weland WPCP River
Road inierceptor in 1990 with provision for overtlow
in excessive slorm gvenis,

Status:

The McMaster and Stanley Avenue combined
sewers have been separated although provision bas
been made at these locations for emergency overflow.
The urban portion of the Area of Concern coniains a
number of unregulaied discharges to the MNiagara and
Welland Rivers and the Power Canal, Al municipali-
ties involved are undertaking or planning Infrastruce
tare Needs Siudies 1o identify and resolve these issues.

Niagara River Remedial Action Plan - Stage I



CHAPTER 7

Page (7-9)

7.3.1.4 Combined Sewer Overflows
(CSOs)

Scope:

Continual raw sewage discharge and the poten-
tial for additional intermittent overflow exist due to
age and design of combined sewer systems and the
capacity of pumping stations and forcemains in the
sewage systems,

Sourece:

Numerous municipalities in the Miagara River
Area of Concern (both Ontario and New Yoik) operate
combined sewer sysiems. These Municipalities are
the City of MNiagara Falls (Ontario), City of Welland,
Town of Fort Erie, Town of Niagara-on-ithe-Lake,
City of Buffalo, City of Niagara Falls (New York),
Town of Lewiston, Town of Grand Island, City of
Torawandza, Town of Miagara and City of North
Tonawanda.

Tmpairment:

Water quality criteria for ithe protection of
aquatic life are exceeded. The capabitity of the water-
way io provide body contact recreational activities is
restricied in urban areas.

Pata Gaps:

[ntermitient discharges of raw sewage from
CS50s are not required to be monitored at this dme.
Consequently, not much information exists on the
chemical composition and flows associated with C50s.

Status:

Ontario CSOs currently are being addressed in
Pollntion Contzol Plans and Infrastrocture Meeds Stud-
igs under development by the Regional Municipality
of Niagara.

7.3.1.5 Potentigl Contamination from
Landfili Sites

Scope;

Potenizal and actual non-point sources (landfills)
of contamination were identified in the NRTC report
and subsequent reports issued by individual environ-
menlal agencies.

Souree:

In 1984, the Miagara River Toxics Committes
idenzfied five landfills on the Ontario side of the
Niagara River that had a significant potential 1o leach
contaminanis to the Miagara River. These five were
the Fort brie (Bridge St municipal landfill, Atlas
Steels landiill, CNR Victoria Avenue landfill, Cyana-
mid Welland plant disposal areas and  Cyanamid
MNiagara Falls plant waste disposal sites, Ir addition, a
large number of hazardous waste disposal sitcs on the
New York side of the Niagara River were determined
t0 be leaking to the Niagara River,

Impairment;

Water quality criteria for the protection of
aquatic life are exceeded.

Data Gaps:

There is great difficulty in establishing the
toadings and impacts from landfill sites.  Although
both U5, BPA and MOE have attempied o estimate
the loadings from these landfill sites, these estimates
are inaccurate due o the complexity of the calcula-
tions and the unceriainty of the databases available.
Consequently, estimaies may be out by several orders
of magnitnde. Stasistical analysis cannot be con-
ducted on the limited data that are currently available.
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Status:

All sites have been investigated. MOE prepared
an assessment of loadings from the five Ontaric
land{ills based on the methodology developed by U.S.
EPA in its prior assessmeni, U5, EPA has sct a
tinetable for reduction of contamination from U.S.
hazardous waste sites (99% by 1996). Ontario has
deiermined that one fandfill discharges continuously
(CNR} to the Niagara River systcm. A remediation
plan 1s under development.

7.3.1.6 Potential Impact of
Stormwater Releases

Scope:

There is a potential for impact of contaminanis
in stormwater on the Welland and Niagara Rivers,
This invotves all of the landmass in the drainage basia.

Souree:

Stormwater from urban and ruzal areas has ihe
potential for contamination of surface waters, particu-
larly with respect o heavy metals (urban) and pesii-
cides ov herbicides (nwal). Release of organic con-
tarmninants such as fuels and de-icing compounds from
servicing {acilities a1 Mount Hope Airport and Welland
Alrport may also lmpact recelving wasers during storm
events,

Impairment:

Water quality criteria for protection of aquatic
life may be exceeded,

Data Gaps:

Loadings and mnpacis from these somrces are
uncertain.

Status:

A program for stormwater runoff from awpost
facilities 1s carrenty being developed by MOE West
Central Region. Complete characterization of
stormwater will be performed 10 determine if a prob-
lem exisis.

7.3.1.7 Drinking Water Consumption

Scope:

The presence of chemical contaminanis in the
sources of potable water has created significant con-
cern among the public that its tap waier is also con-
iaminated. The only municipal water filiration plant
in the Miagara River AQC is in Miagara Falls (Oni.),
Tests of reated water at ¢his facility have shown it o
be acceptable for drinking purposes, however, some
members of the community stll fear that the water is
contaminated. There is greater concern for those users
of shore wells along the banks of the upper and lower
Niagara River, whose potable water supply is noi
routinely treated by filtration and disinfeciion.

Source:

Chemicals from various sources such as: mu-
nicipal, indusirial and agricultoral point & non-point
sources, urban runoff and in-place poliutanis {con-
tamimated sedimenis) can affect water quality in the
Area of Concern,

Tmpairment:

Consumption of Miagara River water may be
affected by the public perception thag the treated water
may coniain fow levels of toxics. There is also belief
thai the Niagara-on-the-Lake filiration plant was taken
out of service in 1984 solely because of chemical
contamination of the Miagara River. There is also
increased concern over the use of chlorination ag
filiration plants to destroy pathogenic bacterla, due 10
the creatton of trihalomethanes which are introduced
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into the treated water by the disinfection process. This
has resulted in the increased use of modified water
supplies (bottled, home treatment).

Data Gaps:

Enough information, no data gaps.

Status:

The Niagara Falis drinking water supply is moni-
tored regularly as part of the Drinking Water Surveil-
lance Program. MNo Provincial Drinking Water Objec-
tive has been violated during the monitoring program,

7.3.1.8 Niagara Mist

Scope:

Researchers have theorized that chemicals in
the water passing over the Horseshoe and American
Fails volatilize into the atmosphere or become ted up
in the mist generated at the falls.

Souree:

Chemicals from varicus sowrces such as: mu-
nicipal, mdustrial and agricutural point and non-point
sources, urban runoff and in-place poliutants (con-
taminated sediments) ingroduced into the upper river
can affect air quality at Miagara Falls through
volattization.

Impairment:

The belief that the alc and mist at Niagara Falls
s contarmnated affects the aesthetics of the area. A
second aspect of this is a health concemn of workers at
Niagara Falls,

Data Gaps:

The air in the Miagara Mist and the sucrounding
area has been monisored several times and no indica-
tion of contaminants at elevated levels has been given.
The question of “fumes” from spills to the river can
only be addressed on a case-by-case basis.

Status:

Mo evidence has been foond of elevated levels
of contaminanis in the water, air or mist which would
present a health risk assoctaied with mist from the
Falls. There may be some air pollution risk associated
with volaiilization of chemicals during industrial or
municipal spills 1o the Maid of the Mist Pool from the
Falls Street Tunnel or the Adams Tunmel, due to the
confined space in the Miagara Gorge.

7.3.1.9 Water Quality Problemns
Associated With 1.5, Sources

Scope:

The problems in the MNiagara River, partcularly
in the lower river are created by sources on both sides;
however, the largest amount of contamination comes
from identified and suspected sonrces on the U.5. side
of the river. If the Ontanio Area of Concern alone was
cleaned wp, the problems in the Niagara River would
remain,

Source:

Poini source discharges in the New York portion
of the Area of Conceru and the Buffalo River contrib-
nie a wide range of chemicals to the water column,
The most significant portion of the problem is be-
lieved 1o originate in leaking hazardous wasic siies.
Many extremely toxic chemicals leach directly or
through groundwater xoutes 1o the Nagara River. [n
addition, vast urban areas and contaminated mdustrial
siies have the potential to add considerable amounts of

Niagara River Remedial Action Plan

- Stage |



CHAPTER 7

Page (7 -12)

pollutants in stormwater runoff, In-giin sediments con-
taminated by past activities leach contaminanis to the
water column of the Niagara River and its feeder
streams.

irapairment:

Fish consumption vesirictions and excecdance
of water quality criteria.

Data Gaps:

Daia is continuously collected and anaiyzed. No
major data gaps are believed to exist.

Status:

The Siate of Mew York is currently preparing a
Remedial Action Plan for the Miagara River (New
York) Area of Concern. The Ontario RAP Team and
the PAC are relying on this RAP to address U.S.
sources of contaminailon that are creating the prob-
fems in either Canadiar or U.S. waiers of the Niagara
River,

7.3.2 Aguatic and Wildlife Problems

7.3.2.1 Tumour Incidence in Fish

Scope:

Researchers have underiaken pathological stud-
ies of several fish species in the lower Welland River
between Welland and Montrose. These siudies have
indicated an elevated frequency of tumowrs and go-
nadal neaplasms in wild carp-goldfish hybrids. No
conclusion has yet been made whether this is a charac-
teristic of the hybridization or of the environment.
Deformities have been noted in the fabial plate of one
group of benthic organisms (chironomids), The ingi-

dence of deformity is elevaled over those larvae taken
from natural areas but it has not yet been determined
whether this 15 a result of urbanization or of specific
contamination in the Welland River.

Source:

Chemicals from varions sources in the Welland
River watershed such as: municipal, wmdustrial and
agricuttural point and non-poini sources, urban runoft
and in-place polintants (contaminated sediments) can
affect water and sediment quality in the Area of
Concern.  This coniamination may cause cancer in
certain aguatic specics.

Tmpairment:

The ocowrence of twmours in fish species af-
fects the health of that species and may be an indicalor
of future effecis on other organisms.

Daia Gaps:

No evidence of tumours or other deformities has
been noted in fish from the Canadian side of the
Niagara River. New evidence exisis connecting tu-
mours with contaminanis in isolated areas on the U5,
side. The link has not been established with cither the
envivonmental condition of the lower Welland River
or the genetic history of the wild carp-goldfish hybrid.
Investigations into deformities of chironomid labial
plates has not yet reached ihe stage of determining the
cause of clevated deformiiies in this species,

Status:

University researchers are continuing the siudy
of biota in the Welland River o determine the extent
and cause of deformities in aguatic species,
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7.3.2.2 Impaired Renthic Community

Scope:

Studies have shown that some impairment of the
benthic community exists downstream of Sirawberry
Island and in the Tonawanda Channgl {compared
similar locauons in the Chippawa Channel) and ai
several [ocations in the lower Miagara River. This
impairment correlates well with contaminant levels
(heavy metals, PCBs, endrin, dieldrin, mirex) in sedi-
ment.

Seuree:

The presence of etevated levels of toxic chemi-
cals 1 botiom subsirates, particularly the shallow
sedimenis, causes a decline in benthic species diver-
sity.

Impairment:

Sediment guidelines for protection of aquatic
tife (benthos) lowest effect level (LEL) have been
exceeded in some locations. Provincial sedimeni guide-
Imes are also exceeded i some cases of severe impair-
ment severs effect level (SEL),

Data Gaps:

The effects of sediment gquality on aquatic organ-
isms have not yei been sufficiently studied to develop
guidelines for many chemicals of concern. In addition,
there are currently inadequate data on hody-burden,

Status:

Draft Provincial Sediment Quality Guidelines,
(P50Q0G), have been developed by MOE to assist in
determining areas and extent of impact. Draft PSQG’s
are currendy being applied in some RAP AOC’s for
exlsting parameters. Some chemicals do not yei have
criteria established.

7.3.2.3 Fish Kills

Scope;

Af times, chemical contaminants have been dis-
charged at levels exceeding acute ioxicity levels for
some or all aquatic species (flora and fauna) in the
Area of Concern {at some locations in Welland River
and some iribuiaries). These are associated with
spills, or in the past, with acutely toxic effluents or
shock loadings.

Source:

Fish kills are associated with acuiely toxic lev-
els of contaminanis, which occur as a result of releases
during agyientivral or industrial spitls or effluent dis-
charges.

Impairment:

During a spill, water guality criteria for projec-
tion of aquatic life are {requently exceeded. There is
a localized temporary or long-term reduciion in fish
populations depending on frequency of these cvenis.
Severe occurrences may reduce the invertebrate and
vegetalive communities, LLong-iermn occurrences may
alter the species composition of all aquatic organisms,

Data Gaps:

Fish kills are relatively well undersiood as they
relaie 1o acute wxicity. The sub-lethal effects of many
chemicals are not known. Some fish kills, such as the
March 1992 kill of shad and alewife in Lake Erie that
resulied in hondreds of dead fish in the Niagara River
has been aitributed 0 nanwal causes, although the
specific cawnse is unknown. Pathological testing has
ruled out chemical toxing as the canse.

Status:

Industries and government siles with the poten-
tial for or history of spills have been direcied by the
Ministry of the Environment to prepave spill plans to
mitigate the damage of spills on or from their proper-
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ties, These potential spill sources ace aiso required to
provide coniainment for Hguid storage facilities on
their properties. These measures attempt Lo contain of
minimize the environmenial impact (generally fish
kills) of spills from known siles, however, fish kills
can occwr from many other nawral and man-made
oceurrences and these may be difficult or impossible
to control,

7.3.2.4 Degraded Fish Populations

Scope:

A reduction in fish populations has been noted
for the upper Miagara River. Specics include: stur-
geon, emerald shiner, and northern pike. In the
Welland River and other wibotaries of the Miagara
River, a dechine in the population of most fish species
has been noted.

Source:

A number of causes have been identified as
contributing to the decline in fish populations, particu-
larly among natve fish species. Most causes are the
result of human activities which have resulied in
significant habiiar degradation. Natwral erosion and
siliation have been compounded by human activities
in the basin, which have Increased the sediment load-
ing considerably from non-conservative agriculiural
activities, The natural barrier of the Niagara Falls has
blocked a major potential migraton rovie for river
spawning species. Salmonoid stocking in Lakes Erie
and Oniario have increased the competition for food
for nazive fishk populations, Over the past three dec-
ades, considerable progress has been made In reducing
excessive muirient entvichment of Lake Erie and the
Welland River; however, considerable nuoitient en-
vichment still occurs from boitom sediments and from
agricultural runeff. Another factor in declining fish
populations is summer water siagnation in some tribu-
taries causing severe oxygen depletion and siress to all
resident fish species. The burden of acuie and chronic
toxicity trom spills also coniributes to a decrcase in
fish population or a migration of species 10 another

area. 11.is also considered that the presence of the Lake
Erie ice boom which holds the ice sheet back over
Lake Erie, delays warming of water in the spring and
this may affect fish populations in the Niagara River
and Lakes Erie and Ontario,

Impairment:

Human activities and natural occurrences com-
bine to degrade or stress native fish populations. This
results in a limitation of sport fishing harvest from the
Niagara River and its tributaries, as well as a depletion
of baiifish stocks.

Data Gaps:

Mo data are currently available io determine the
status of the emerald shiner and grass pickerel, Scme
endangered or rare species, such as the sturgeon, arc
100 scarce to determine rends, although indications
are that the species will soon become (or may already
he) extirpaied from this area.

Status:

For most arcas, degradation appears 10 be the
result of mechanical or natural alieration of the drain-
age basin.  Secondary impacts result from contami-
nant loadings.

7.3.2.5 Loss of Fish/Wildlife Habitat

Scope:

Loss of habitat for both fish and wildlife is
primarily associated with man’s activigies,

Souree:

Land development in the MNiagara rogion, as
well as the rest of the Great Lakes Basin, has resolied
in the destruction of and encroschment on vast areas
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of natural terrain. Erosion of cleared lands, removal
of vegetation and chemical contamination has further
reduced the usable habitat of fish, birds and wildlife.
One of the significant probiems has been ihe Joss of
shoreline habiiat and weilands through shoreline re-
construction and dsvelopment.

The high river velocity bstween Fort Eric and
Niagara-on-the-Lake has resufted in significant depo-
siton in Lake Oniarlo. Excessive nuirient enrichment
and the presence of other contaminants have reduced
the acceptable areas for fish and wildlife.

Impairment:

Fish and Wildlife habitai has been lost from the
Area of Concern for a number Of 1¢as0n0s, MmOSt A550C1-
ated with the activittes of humans,

Data Gaps:

Little information is available on many wildlife
issues In the Niagara Peninsula including habitat. The
rural-suburban nature of the Area of Concern has
already effecied changes from pristine conditions,
modifying habitat. Few studies on wildlife habitat
have been carried out in ihe vicinity of either the
Niagara River or 1is tributaries.

There is no information on fish habitat in the
middle section of the Niagara River due mainly 10 iis
inaccessibility. The habitat of the remainder of the
Niagara, as well ag the Welland River and the other
tributaries has not been exiensively studied.

Status:

The RAP Team is planning 10 investigate bhabi-
iat in fotre sindies, depending on the availability of
funding for these activiiies.

7.3.2.6 Contaminants in Wildlife

Scope:

Elevaied levels of PCBs, mirex, b-BHC and
dicldrin have been deiecied in black-crowned night
heron eggs taken from nests along the Niagara River.
In addition, mirex has been found for a number of
years in common tern and herring gull eges taken from
nesting colonies in the Niagara River. Analysis of
waiterfowl has shown measurable levels of PCBs and
DDT. The most noticeable wildlife species affecied
by contamination are the aquatic birds; no assessment
has yet been made regarding uptake of contaminants
by maminals,

Soures:

Chemicats from various sources such as; munici-
pal, indusirial and agricultural poiai and non-point
sources, wrban runoff and in-place polutants (con-
taminated sediments) can affect water quality in the
Area of Concern. Contaminanis taken up by wildiife
in the area, either directly or through the food chain,
may he bioconcenirated.

Impairment:

Mo known conswmption advisorles are in effect
for Niagara srea wildlife (birds or mammals). El-
evated levels of some contaminants in the past have
cansed genetic or reproductive abnormalities in some
waierfowl. The GLWQA Objective for concentration
of PCRBs, for the protection of fish-eating birds, has
been exceeded in fish specics,

Data Gaps:

Analysis of contaminants in some wildlife con-
tinues on a redaced scale. Many wildlife species have
not been investigaied o determine whether or not
adverse effects have been experienced,
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Status:

The Canadian Wildlife Service’s herring gull
egg monitozing program is still operational. A collec-
tion of herring gull and night heron eggs was again
conducied in 1989 and chemical analysis is still out-
standing.  Tests conducied in 1986 on herving gull
eggs indicate that diowin levels appear to have de-
clined from previous years’ samples.

7.3.2.77 Contaminated Sediments

Scope:

Elevated levels of heavy metals were found in
the Sir Adam Beck PGS Reservoir and ac iributary
mouths. Mining of the Niagara Bar may coniribuie
contaminants 1o the Lake Oniario water columin,

Sourge:

Chermicals from various sources both tnside and
outside of the Area of Concern such as: municipal,
industrial and agricuttural point and non-point sources,
urban runoff and in-place pollutanis (coniaminated
sediments from upstream locales) can affect water
quality in the Area of Concern. Elevated chemical
tevels in the water column or suspended sediment
creaie elevaied levels of chemicals in bottom subsirate,
particularly the shallow sediments,

Imgpairment:

Sediment guidelines for protection of aquatic life
(benthos) are being exceeded. Sediment guidelines for
open water disposal have been exceeded for the follow-
g compounds: arsenic, cadmium, chromium, silver,
copper, iron, lead, nickel and zine in sediments in the
Sir Adam Beck Reservoir and at iributary mouths.

Data Gaps:

Alihough studies have been made of contami-
nants within the Area of Concern, the fast-flowing
nature of the Niagara River tends to mainiain sedi-
ment in suspension uitil current velocity decreases at
the mouth of the River where most of the sediment
load is deposiied at the Niagara River Bar in Lake
Ontario. Althis time, little is known about the compo-
sition and areal extent of contamination in the deposi-
tion zone, hence, more information is needed on the
Niagara River Bar as a whole before conclusions can
be made aboui the environmenial health of this area.

Status:

Chemical contaminanis in the sedument do not
currently resirict dredging operations on the Oniario
side of the Niagara Bar,

7.3.2.8 Atlas “Reel”

Scope:

Ipvestigations by government agencies and uni-
versity researchers have discovered ihe presence of a
zone of extensive iron oxide deposition in the Welland
Riwver. This deposit manifests itself as a semi-sub-
merged ‘reel’ of hard maierial, which also contains
high levels of heavy metals in cxcecdance of provin-
cial sediment guidelines.

Source:

The reef is atiributed to historical discharge of
heavy metal laden wasiewater from Atlas Sieels, These
solids have combined with sediment load from agri-
cultural erosion in the upstream Welland River to
produce a rock-hard deposit in the Welland River.

Niagara River Remedial Action Plan - Stage 1



CHAPTER 7

Page (7-17)

Impairment:

Sedimens guidelines for protection of aguaug life
{benthos) have been exceeded. Sediment guidelines
{or open water disposal have alse been exceeded for a
namber of heavy metals. The potential for resuspension
and partition back into the water phase may lead io
exceedance of aquatic criteria for proteciton of aquatic
life.

Data Gaps:

Exiensive studies of the reef, undertaken in
1989 and 1990 have defined the extent of these con-
taminated sediment arcas. Upstream (ambient) sedi-
ment contamination and sources are a concern. These
have been and will continue o be investigaied through
Minisiry of the Enviconmenti abaiement activities,

Similar contamination of the flood plain of the
Welland River has heen identified. Alfempis are
underway to delineaie the extent of this contamina-
fion.

The suceess of dredging and ireatment tech-
nologies used dusing the 1991 demonstration project
are still being reviewed and the resulis are not currently
available. This Stage Il aciivity is expected in the
spring of 1992,

Status:

The exient of contaminated sediraent has been
well defined. The contaminared floodplain areas have
been investigated and the data is being interpreted,
The company, in association wiih Environment Canada
under Great Lakes Action Plan funded programs un-
dertook a dredging and treatment demonsiration
project in the fall of 1991, The information is currently
being cvaluated and a report on the success of ithe
demonstrated methods 18 expected in 1992, 1f that
report indicates success of the methods tesied, full-
scale removal and freatment of the contaminated
sediments will be underiaken.

7.3.3 Industrial, Muonicipal and
Agricultural Problems

7.3.3.1Potential Impact of Municipal
and Industrial Development

Scope:

Discharge of contaminanis from public and pri-
vate land developmeni may impact the water qualiy
of the Welland and Niagara Rivers if environmental
consideradions are not siressed in the planning, unple-
mentation and operational phases.

Source:

The discharge of stormwaier containing oxic
contaminants or causing excessive soil loss may im-
pair aquatic habitat and degrade aguatic life.

Tmpairment:

Water quality criteria for protection of aquatic
life may be exceeded.

Data Gaps:

Loadings and impacts from ¢ach source musi be
evaluated on a case-by-case basis and all feasible
measures taken 10 minimize environmental impact,

Status:

Development in the Pennsula is slow during
1991-92 due 1o the impaci of the recession; however,
the area 1s primne for development throughout when
the econoray recovers. Major projects underway
which may affect the aquatic environment are the
proposed OWMC facility in Wesi Lincoln and the
expansion of the Sir Adaw Beck Hydro eleciric facil-
ity in Queenston. Both of these projects are involved

Niagara River Remedial Action Plan
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in the Ontario Environmental Assessment (EA) proc-
ess. Minimal impacts should occur if all issues are
addressed under the EA process.

7.3.4 Recreational Problems

7.3.4.1 Eutrophication or Undesirable
Algae

Scope:

High nutrient levels in the slower moving por-
tiong of the watershed have created arcas of abundani
macrophyie and algal growth.

Souree:

On the Ontario side, sewage treatment plants at
Fort Erie and Miagara Falls are occasionally out of
compliance for discharge of total phosphorus. Sew-
age treatmeni planis on the U.5, side, combined with
storm water runoff, may cause non-compliance areas
in the Tonawanda Channel. Misapplication of fertiliz-
ers in the heavily agricultural arcas of the Welland
River, combined with sheet erosion of soil-bound
nutrients, may complicaie the problems in the lower
Welland River.

Wastewaier discharges from Cyanamid’s
Welland Plant fertlizer facility may provide nuirient
enrichment in downsiream areas where levels are
below foxic concenirations.

Impairment:

The levels of total phosphorus generally exceed
Water Quality criteria at most Ontario tributary mouths
and in the Tonawanda Channel. Excessive nitrogen
levels are still present in the lower Welland River.

Data Gaps:

Environmental data on the lower Welland River
are scarce both in terms of nutrient levels and aquatic
communitics,

Status:

Eaovironmenial studies were cartied out in the
Welland River in the summer of 1930,

7.3.4.2 Presence of Scum or Debris
in Water or on Shore

Scope:

Public congern has been raised over ihe exisi-
ence of foam and debris at the docking area and
midstreamn in the Maid of the Mist Pool.

Source:

Blo upstream sources of foaming agents are
known. At the Horseshoe Falls, no wastewaier dis-
charges are preseni upstream. Investigations of the
foam show that the foaming agents are naturally oc-
curring compounds, known as Ipids.

NMiagara River Remedial Action Plan « Stage I
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Impairment:

No criteria exist for contaminani concenirations
in foam. The foam, which is light brown 1 colour,
contributes 10 a degradation of aesthetics.

Data Gaps:

Although some research has been done on the
constituents and mechanisms of the foam, analytical
methods and interpretative metheds do not exist.

Status:

It 15 likely with the identification of the natural
origin and composition of the foam, thai nothing can
be done fo reduce the amounts of this natural phenom-
enon, Given the wildness of nature, the foam and
debris will continue 1o occur, Debris of human origin
ocewrs when human products go up agalist natuge.
This man versus the elements batile is likely 1o con-
Elne.

7.3.4.3 Bacterial Contamination

Scope:

Bacierial contamination has resulied in closings
of each monitored beach in the Area of Concern. In
addition, posting of other areas has also occurred.

Source:

Bacterial contamination may occur from Mu-
nicipal WPCPs with inadequate disinfection,
stormwaier runoff, greywater discharges or bypass-
ing, combined sewer overflows and failed septic sys-
tems on both sides of the river and on tributaries.

Impairment:

Swimming ai monitored beaches and in tributar-
ies is at dimes impaired. Water quality criteria arc
exceeded for total and fecal coliforms at locations in
the Welland River drainage, Chippawa Channel and
tower Niagara River,

Data Gaps:

Current beach monitoring programs are suffi-
cient.

Status:

A report on 1988 water quality conditions is in
PrOEIess.

7.3.5 Fishing Problems

7.3.5.1 Contaminanis in Fish Flesh

Scope:

Unacceptable levels of toxic chemicals are found
in fish taken from the MNiagara River, Consumption
advisories are in effect for large size classes of all
sport fish. High levels are also found in non-spori
species.

Source:

Chemicals from various sources such as; mu-
nicipal, industsial and agricultural point and non-point
sources, urban runoff and in-place pollutants (con-
taminaied sediments) can affect water quality and
subsequently fish populations in the Area of Concem,
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Impairment:

The 1989 Guide to Eating Ontario Sporis Fish
identifies contaminant groups in consumable species
andl provides consumption advisories. In the lower
Niagara River (Queenston to Whirlpool) and nearshore
areas of Lake Ontario (Niagara-on-the-Lake 1o Jordan
Harbour), consumption advisories ave in place for
large sizes of the following species:

- chinook salmon,
- coho salmon,

- lake trout,

- rainbow trous,

- brown trout,

- carp,

- american eel,

- smallmouth bass,
- while bass,

- freshwater dyum,
- channel caifish,

- yellow perch and

« white perch,

In addition to these consumpiion advisories, the
commercial eel fishery on both sides of western Lake
Oniario is currently closed.

In addition to consumption advisories in the
lower Niagara River and Lake Ontario, consumption
advisories are currenily listed for larger size clagses of
two species in the upper Miagara River: freshwarer
drum and whiie suckers.

Elevated levels of coniaminanis ideniified in the
edible portions of these species include: mercury in
the upper river and marcary, PCBs and mirex in the
lower river.

Elevated levels of PCBs and organcchloring
pesticides have also been detecied in scientific stdies
of fish species lower in the food chain, young-of-the-
year spottail shiners, at some locations.

Besides exceeding levels for unlimited consump-
tion by humans, the levels of PCBs in fish also exceed
the GLWQA PCR Objective for the protection of fish-
cating birds.

Data Gaps:

The analysis of contaminanis in fish flesh is
resiricted {0 sport fish and some indicator species such
as spoitail shiners. Many fish species are not tested. In
addition analysis of the fish that are tesied is restricted
in those numbers and size classes thai are collected.
Despite these shoricomings, the fish contaminanis
program has an excellent database 0 evaluate con-
immninants in those species caughi for human con-
SUIMpLON.

The sub-lethal or chwonic effects of these con-
taminants on the fish themselves are not well lonown.

Status:

Figh flesh contamination programs will con-
iinue to be a major joint project of the Ministries of
Matural Regources and Environment. More data makes
trend analysis easier (o wndertake and this iformation
is essential to the removal of consumption restrictions
and the delising of Aveas of Cancern,
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7.3.5.2 Tainting of Fish

Scope:

There exists a potential for fish-iainting in cex-
tain portions of the Niagara River Ayea of Concern
due to sources of phenolic input to the river and is
tributaries.  Evidence of clevated levels of totai
pherolics in the Niagara River exists, occasionally
exceeding criteria. Non-compliance discharge of
phenolics to Frenchman Creek has been reperied.

Sourece:

Phenolic compounds from several sources in the
Area of Concern such as: municipal and indusirial
point and non-point sources, wban vunoff and in-place
pollutanis (contaminated sedimenis) can affect water
guality and consequently, taint fish flesh in the Area of
Concern. One local source of phenatlics to Frenchman
Creck is located in Fort Erie.

Impalirment:

The suitability of fish for human consumption is
potentially affecied.

Data Gaps:

Mo direct link between sources of phenolic com-
pounds and {ish tainting has been made. There is
currently no evidence that fish 1ainung is an actual
problem in the Niagara River Arca of Concern.

Status:

The Ontario Minisiry of the Environmen: is
continaing compliance monitoring activities for phe-
nolic compounds, Abmement action over the past
decade has significantly reduced the toial loadings
and concentration of phenolics,

7.3.5.3 Reduced Fisheries
Production

Scope:

The numbers of emerald shiners i the upper
Niagara River has declined over the past 10 years,
resulting in a reduced harvest of this species by the
bait fish industry.

Source:

The decline in the emerald shiner population has
been attributed 1o overfishing by the commercial in-
dusiry. However, other possible causes include: the
recovery of walleye populations In Lake Eiie, stock-
ing of salmonowds in Lake Erie, lake water jevels,
behaviourial changes in emerald shiners, destruction
of tributary stream habiiat and Lake Erie phosphorous
reductions. Other causes likely exist but have not
been studied.

Impairment:

A decline in the population of emerald shingrs
may be indicative of potential future problems in the
food chain supply. Furiher decline may result in an
impaired fishery in the upper Niagara River both bait
and sport fishery).

Data Gaps:

Inadequate data exist io determine the extent of
this problem.

Status:

Swdies on the trend of the pepularion of this fish
are not avatable nor are plans underway to collect this
information at ihis time.
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7.2.1.2 Water for Human Consumption

"The water of certain sections of the Niagara River is
unacceptable for human consumption in municipal systens,
river wells and for sanitary use. The presence of
varying amounts of toxic chemicals in potable water
{including trihalomethanes from water treatment) lead to
a perception or fear that drinking the water is damaging
to health in the long term. There is some perception
that the cancer rate in the Niagara Region is higher than
the provincilal average. Iin the upper Niagara River,
giltation and biclogical contamination {zebra mussels and
algal growth) pose a threat to municipal watexr Lreatment
systems and Niagara Rivexr shore wells.’
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