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INTRODUCTION (CH)

During Phase .i of the Env i ro; mental Audit of the East Bayfront/Port idustria!
Area, the study area was Investigated by. separati ";g - -the environment into five

t iS a"i '~ +r; •_ ti ii i i n e 1 +s io ,poi'~eritS: air, surface water, soils. ~ ,, ~~::~;: v„~,.~, , ,~,;~ Itag~ and na~.arat
hie,-itage. Each, of these was studied sepan 1t t, i71'' qu'ckiy became clear that u,
well as examining there componerits in  ;lr:: a ct A i!,, P"  Cvce L7, should evplU i~e, _l : 
relationships between them and develop an ecosystem framework, for the area. It
also became obvious that it was int ossiblc' ̀ ~ Lh r” i '~~ a

.ff 
p LV ii~liii niC Litt studd y area i~ isoi tiori

Li lilt, t vs sur round i i, 9J. -

One way of achieving this the q ai.y aith
that the area provides not only for humans, but ct! so for other organisms. The
environmental review undertaken  during Phase r ; many -f the submicc~+r~. sc Iw :Jtn+v:~ivtt~

to the Enviroinment and Health Hearings raised questions about the quality of the
envi room: nt for people, but it also affects oth her non human, blot such as plants
and ai 

n^iC ~(i C~a~'•-tom d~f¢~r:±;t 
~. i.r ~.i 1-Li ̀ 6.~. i^'. r]_ .F~:t_ a. ir-~ ..t 7r:.; rJ i tviiii tat• . r tL, ; ar"L i V1 l -alit~ i.' )' i Jn.i . or t t...tl,~:st tai

Area are quite different from each other. Tine open spaces adj:lacent to the Lake,
offer .r vl evs, vnJ i, tiI-evzas, re,la"i veiy good  habitats for plants  and animals anu
opportunities for humans to obser . e them. T,` i ~i,11" ater quality along Cherry Beach
is usually good enough to permit swImiiiirq fc'r most of the summer.. In contrast,
much of the kndustrka! portion of the area ,~ perceived. as noisy, barren, smell
and- dusty and provides relatively poor habitat for plants and animals. Thus, the

v 
ent 

J~conditions t tL'iU + J 
~enei-al-isaL,ons mayl;r~~ironm..;t~ai  ~i~ ~J ~ area are he~ero~enous and g,.,,,~t ~ ~i

not be valid. Environmental conditions affect non human biota at least as much
as they influence people.

2- vrir ing these p oir-Its in mind, the objectives o this recport are:

To examine the East Bayfront/Port Industr ial: Area' as an ecosystem,
emphasising the relationships between its different components, as well as
between the ecosystem and its surroundings;

To assess the ecosystem health of the East Bayfront/Porn Industrial Area; and

To provide some suggestions or, how ideas about ecosystem health could be
incorporated into redevelopment plans for the area.

Much of the data and information discussed in this report are taken from the
Technical Papers prepared for Phases 1 and 2 of the Environmental Audit. They
are referenced accordingly. Ire the Bibliography.
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INTRODUCTION (CH) 

. During Phase 1 of the En'/jronmentai I>.udit of the East Bayf!-ont/Port Industrial 
/I,rea, the study area was investigated by separating the environment into five 
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~vefi as examining these ·cornponents in rncJre detail, Phase 2· s·hould· explore the 
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frorn ;ts surroundingsD 

One way of achieving this integr'z:.tic-n ·rs to ·!ook at the cpjaiity of life a.nd health 
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environmental review undertaken during Phase.:' arid many of the submissions 
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envi ronment for people, but it also affects other non human biota, such as plants 
and aniii1ai.sD Fa;·" exampie, different. parts of the East pay.:front/Pott Ihdu'strial 
A ... '," ~~.- ""'I'I+~ dif+ere"'" ff~om c>a~':" other Tho ·opar' "'pac"'~ -d· : ","ant· ... " ",Lie I a"~' j ca ai ~ '1"Vl \.,t:::! I I I.IL!, I! '-' Wlf " ....... I Il\v ,-'"! c> ... r,.; ..... a J ........ ' ....... ,.l •. l"-' LI :-. r<t::: 
offer. 'vievJs, cool breezes, relatively good habitats for plants and ·animaJs and 
opportunities for humans to observe tflem. The ~.;ater quality along C~lerry Beach· 
is usually good enough to per-°m·it s"IimlTling for most of the summer .. In contrast, 
much of the industrial portion of the area is perceived as noisy, barren, smell} 
and, dusty and provides relatively poor habitat for-plants and animals. Th~s, the 
envi ronmentaL conditions ifi the area are heterogenous andgenerai isations may 
not be valid. Environmentai conditions affect non human biota at least as much 
as they influence people. 

Bt;aring these points in mind, the objectiVes of this report are: 

To examine the East Bayfront/Port Industria! Area' as an 
emphasisihg the relationships between its different components, 
between the ecosystem and its surroundings; 

ecosystem, 
as we!1 as 

To assess the ecosystem health of the East Bayfront/Port Industrial Area; and 

To provide some suggestions on how· ideas about ecosystem health could be 
incorporated into redevelopment plans for the area. 

Much of the data and information discussed in this report are taken from the 
Technical Papers prepared for Pfiases 1 and 2 of the Environmental Audit. They 
are referenced accordingly in the Bibliography. 
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1. THE EAST BAYFRONT/PORT INDUSTRIAL AREA AS AN ECOSYSTEM (CH)

DEFINITIONS AND CONCEPTS OF ECOSYSTEMS (A)

Traditionally, the term ecosystem has been used to describe any selected unit of
nature where the biotic and abictic components exchange materials and energy
(Odum 1971; Tans ley 1935, 284-307; Knight and_ Swaney 1981, 991-992). Thus,
ecosystems are primarily functional units, although it is possible to analyse them
in structural as well as functional terms (Cairns and Pratt 1986, 725-786). This
definition implies spatial proximity and interactions, although the boundaries are
drawn to encompass the particular interactions and components under study.
Therefore, the prescribed boundarios of an ecosystem are always somewhat
arbitrary, although they are usually based on biological, physical or chemical
criteria. Ecosystems can vary from relatively simple systems; involving a small
geographic hic are and 

r 
pe , ' trY comp ex systems. Uitimate' they" g. ~.p lw a ii few species, iv Vci Gvm ~ ,y~ ~

entire biosphere is itself.one ecosystem. 7-osystems are open systems, usually
receiving and returning energy and materials to other ecosystems. Thus, they
are dependant on each:-other and can bl ,seen as forming a continuum that
extends to encompass the whole biosphere.

in contrast, the concept of env! ronment.emphasi'ses structures and components.
For example, th'e Canadian Environmental Protectior Act. defines environment as
"the components of the Earth". Environment also denotes ,one's surroundings. The
Oxford English Dictionary defines the environment as "the ob ects~ or region
surrounding anything. The conditions under which any person or thing lives or
is developed; the sum total of influences which modify and determine . the
development of life or character (Oxford English ;Dictionary 1979). These
definitions encourage us to see the environment as an assemblage of distinct,
static units which surround us, .but which are separate from us. It is quite
different from the concept of ecosystem which encourages unto think -of dynamic, -
interconnected systems, of which humans are integral components.

In recent years, the concept of ecosystem has become widely accepted, even
though it has not yet permeated our environmental decision-making entirely. In
1978, the federal governments of Canada and the U.S. formally adopted an
ecosystem approach for the management of the Great Lakes. in the Great Lakes
Water Quality Agreement.-The Agreement states that "restoration and enhancement
of the boundary water cannot be achieved independently of other parts of the
Great Lakes Basin Ecosystem with which these waters interact." A further
commitment to an ecosystem approach can be seen in Article II: "The purpose of
the Parties is to restore and maintain the chemical, physical and biological
integrity of the waters of the Great Lakes Basin Ecosystem.' In order to the
Parties agree to make a maximum effort to develop programs, practices` and
technology necessary for a better understanding of the Great Lakes Basin
Ecosystem and to eliminate or reduce to the maximum extent practicable the
discharge of pollutants in the Great Lakes System."

The steps ,that led to the adoption of an ecosystem approach by the. federal
governments are described in a special report to the International Joint
Commission by the Great Lakes Research Advisory Board (,Great Lakes Research
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Advisory Board 1970. The adoption of a basinwide ecosystem approach to the
management of the Great Lakes Iwas very important because it recognised that
actions taken by one jurisdiction are likely to affect the whole system, that
therefore programs should be coordinated and that from an ;ecosystem perspective
and provincial, national state boundaries are arbi i-ary (Ca dwell 1988, 1-30).

Within any ecosystem there are many levels of biologic organisation. These can
be described in several different ways. Two common ways are to examine the
levels of organisation that can be affected by stressors and to consider the
system in terms of its trophic structure. Dixon et ai. (1985) have proposed a
CiaSSlfiCation. SCher7ie 'deSCribitig t'tie 'veis of aiollogic or"gafiiSation tha can be
affected by stressors. This is shown in Table 1. The six levels are not
independent of each other. For example, exposure to a toxic ,, heroical could cause

cell-tv̂ c~ii cG ~unl-atl n, causing developmentalall 7 ;v1 and 
inhbilDNA-adduct; 16 ` 

.effects  that could reduce population size,  nd h g he t 1 structure  f tN N a~ c ;an,i. t, ~;~op sic o~ he
food web.

An ecosystem's trophic structure is determined' b• s---v- ' they al ;actors including
habitat and the species diversity. Energy and nutrients are transferred from
plants(source)through  several sped eS by eating ng  and being eaten, a,t,hougl, a
large proportion of the potential energy is lost at each transfer. Therefore, the
,number of steps is usually limited to four or five (Odum 1971). This transfer of
energy and nutrients is called a food chain, but ecause food chains are usually
interconnected with each other, the term food. web is more common. Food webs
have been reviewed by Pain (Pain 1980, 667-685). Species whose food is obtained
from, plants by the same number of steps are at the same trophic level. Tr many
terrestrial ecosystems, there are four or five common trophic ' levels:'

Green plants (producer level) first trophic level

Herbivores (primary consumer level) second trophic level

Carnivores (secondary consumer level) third trophic level ,

Secondary carnivores fourth trophic level
( 4.tertiary consumer level)

There are two biological phenomena that are often associated with food webs
which are exposed to persistent toxic chemicals. These are biomaghification and
bioaccumulation. Bicaccumulation is the process by which some substances,
including persistent toxic chemicals, are ingested or absorbed by an organism
and retained in its tissues. The amount of bioaccumulation depends on many
factors including the concentration of the substance in. the food. or prey, the
amount consumed and the length of exposure. 5iomagi ification is the process by
which the substance is concentrated at successively higher, trophic levels by
eating and being eaten. Many persistent toxic chemicals are known to
bioaccumulate and biomagnify, including DDT, dieldrir,, dioxins, PCBs and mercury.
For example, the concentration of total PCBs in' surface water is approximately
0.0000025 micrograms/gram and ir; plankton; it is approximately O.CO1
micrograms/gram, but the concentration i.n herring gulls is about 51
micrograms/gram.

I 
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TABLE I: CLASSIFICATION OF LEVELS OF BIOLOGIC ORGANISATION

LEVEL EXAMPLE OF EFFECTS

Molecular DNA-adduct formation, enzyme induction or inhibition

Cellular Inhibition of cell-to--cell communication, cell
proliferation

Tissue/Organ Lung cancer, chici-Fcne, anencephalus and other
developmental effects

indlvidua! Mortality, premature: aging, size

Population Disease incidence and prevalence,. reproductive
success rates, size

Cor;~uf;ity Reduction in species diversity; changes in trophic _
structure of food webs
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Unlike the classification of biologic organisation, food webs are based on
function, rather than structure. A species, tor- exar—l-, huir7ans, may occupy
oneor more that, one: trophic level, according to its food sources. It is important
to note that this classification does not co;,ta in an— els -,For rnicrobial organisms
that break;down dead and decaying tissue. These types of organisms are essential
to the healthy functioning of ecosyste,~s becu.use they facilitate nutrient and
energy cycling through the system.

:several {T~odels have been developed to predii .t flok'. of V~!,ne rg„ nutrients and
toxic chemicals through ecosystemz. One of these is the fugacity model Which
USES mathematical ; odeliing nchniques to pr edict the likely behaviour of
chemicals in real and constructed environments (see for examples, Clarke et al.
':988; 120-1 ĉ7 )•

Although when we thine of ecosystems,, we.. tend to visualise rural, natural
systems; many ecosystems involve artificial structures, such as roads and
buildings, and humans in cities and other communities. The importance of the
relationships between humans, the built environment and the more natural
components of ecosystems have beer; 1-e-cognised in the Canadian Healthy.
Communities Project and the World Health Organisation's Healthy Cities Project.
These Projects are intended to improve and enhance human and ecosystem health.
A healthy city should provide:

A clean, safe, high quality physical environment;

An ecosystem. that is stable now and,, sustainable in the long term;

A strong, mutually supportive and non-exploitive community;

A high degree of participation and control by the public over affecting' their
lives, health and well-being;

Basic needs (food, water, shelter, income, safety and work);

Access to a wide variety of experiences and resources;

Connectedness with the past (cultural and biological heritage);

An optimum level of appropriate public health and sick care services
acceptable to all; and,

High health status (high levels of positive health and low levels of disease.

Although these attributes are expressed in anthropocentric terms, they have
implications for ecosystems and their health.

THE EAST BAYFRONT/PORT INDUSTRIAL AREA AS AN ECOSYSTEM (A)

The East Bayfront/Port Industrial Area does not constitute an naturally-defined
ecosystem. The spatial boundaries were established by the declaration of

4 

, 
Unl ike the classification of biologic organisation, - food viebs are based on 
function, rather than structure. A species, for exa:-nple, humans, may OCCUPJ' 

oneor more than one trophic level, according to its food sources. It is important 
to note that this classification does not contain any !'2vels -r()( mkrobial organisms 
that breakdm.;;n dead and decaying tissue. These types of organisms are ess81itial 
to the healthy functjorling of ecosyste:,ls 1:;8cause they facilitate nutrient and 
energy cycling through the system. 

Several models have been developed ,to predict thE: t!ovJ of en8rgy, nutrients and 
toxic chemicals through ecosysterns. One of these ;s the fugacity mode! it/hich 
uses mathematical modelling techniques to predict the likely' behaviour of 
chemicals' in real and constructed envi ronments (see for examples, Clarke et, al. 
1988, 120-127). 

Although when 'de think of. ecosystems, we tend to visualise I-ural, natural 
systems; many ecosystems involve artificial st:~uctutes, such as roads and 
buildings, and humans in cities and other communities. The importance ot the 
relationships between humans, the built environment and the m91'e natural 
components of ecosystems have' been recognised In' the Canadian Healthy 
Communities Project and the World Health Organisation's Healthy Cities Project. 
These Projects are intended to impr-ove and enhance human and ecosystem health. 
A healthy city should provide: 

A clean, safe, high quality physical environment; 

An ecosystem. that is stable now and sustainable .in the long term; 

A strong, mutually sUpportive and non-exploitive community; 

A high degree of participation and control by the public over affecting their 
lives, health and well-being; 

Basic needs (food, ,water, shelter, income, safety and work); 

Access to a wide variety of experiences and resources; 

Connectedness with the past (cultural and biological heritage); 

An optimum level of appropriate public health and side care services 
acceptable to all; and, 

High health status (high levels of positive health and low levels of disease. 

Although these attributes are expressed in anthropocentric terms, they have 
implications for ecosystems and their health. 

THE EASTBAYFRONT /PORT INDUSTRIAL AREA AS AN ECOSYSTEM (A) 

The East Bayfront/Port Industrial AI-ea does not constitute an naturally-defined 
ecosystem. The spatial boundaries were establ ished by the declaration of 



r

Provincial. Interest made by the Province of Ontario under the Planni.ng Act on
17 October 1989, rather than, by any consideration of the natural integrity of the
area. Thus, the boundaries were arbitrarily defined by jurisdictional issues,

than by physical, I, ; ~Gi ilcal cr tiiological interactions. - 
 
 As .a 

resul ~ 
,

rathe ..i,
coi7cept of the East Bayfront/Port Industrial Area as an ecosystem is somewhat
problematic. Nevertheless, it is possible to apply the principles of an ecosystem
approach to the area and to an assessment of its health.

To apply the principlescf  la n, e ob st-e i approach to the Last Bayfront/i~ort
Industrial Area, it is necessary to understand how nutriei i s and toxic chemicals
flow in the area, as well as how they enter and leave it. To do this, a scheme
showing some of the possible interactions is shown in Table I. The available
environmental data can then be seen in the context of an ecosystem approach.
This emphasises the relationships. bet.•ieen the difffererit components as well as
where information is lacking. Obviously, there is a large number of interactions
in most, ecosystems. Fortunately, there is usually only a relatively Small number
r,"F' 1 .i 

G 
t 
! ^~ C This

!". G .y. -~   i 
the 

q 1 , -~ : ~,,v7 key int.era :oi s. 1 his sv~~~.me identifies li e key intera%llons ;n i.he .17—s.
Bayfront/Port Industrial Area, allowing the effects of human activities to be
managed more effectively.

TRANSFERS OF NUTRIENTS AND TOXIC CHEMICALS WITHIN, THE ECOSYSTEM AND.
BETWEEN THE ECOSYSTEM AND ITS SURROUNDINGS (A)

This section of the report describes the conditions in the East Bayfront/Port
Industrial Area.from an ecosystem perspective. Thus, it draws very heavily on
publis",ed data. Ir; contrast to standard data interpretations however, it describes
the links between prevailing conditions in different media and relates data sets
from different media wherever 'possible. This is difficult because the data are
incomplete.

Six media have been examined.. They are:

Air;.

Soils and groundwater;

Sediments;

Surface water;

Terrestrial biota; and

Aquatic biota.

Air and sediments are usually regarded as the most important indirect sources
and sinks of nutrients and toxic chemicals because.they act as virtually limitless
reservoirs. However, surface water and soils and groundwater can also be
significant sources and sinks.

At the beginning of each section, the. loadings to the medium are summarised.
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TABLE II TRANSFERS OF NUTRIENTS AND TO11 
Ai CHEMICALS WITHIN THE

ECOSYSTEM AND BETWEEN THE ECOSYSTEM /%ND ITS SURROUNDINGS

M ED! A LGAuINGS TO TRANSFERS EFFLUXFROM
MEDIA WITHIN -MEDIA MEDIA

Air LOCAL POINT AND Lrtap DEPOSITION ON 10
NON POINT S!;`IL /DUS T
SOURCES

,

PLANTS AND
WATER

VOLATILISATION Mixing in air Inhalation by
. FROM colurnln let reslr,i CAI -

SOILS/DUST and_ animals
surface water

Soils/g.roundwater LOCAL POINT .AND MCVEMiEN T OF insestion/uptake
NON POINT GROUNDWATER by terrestrial
SOURCES biota

DEPOSITION FROM Transfers from Volatilisation to
AIR :;roundwater to air and

soils and vice resuspension to
versa dust '

Decay of INFILTRATION OF
terrestrial biota. GROUNDWATER TO

SURFACE WATER

Sediments LOADINGS OF INGESTION/
SEDIMENTS UPTAKE BY

AQUATIC BIOTA

Deposition from Sediment burial RESUSPENSION
surface water INTO WATER BY
and suspended DREDGING ETC.
solids

Decay of aquatic Sediment
biota movement

Surface Water LOCAL POINT AND Mixing in water Deposition to
NON, POINT column sediments
SOURCES

DEPOSITION FROM Mixing of Adsorption to
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Soi Is/ ground ItJater 

Sediments 
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. NON POINT· 
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DEPOSITION FROM 
AIR 

Decay of 
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LOADINGS OF 
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Deposition from 
surface water 
and suspended 
solids 

Decay of aquatic 
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LOCAL POINT AND 
NON, POINT 
SOURCES 

DEPOSITION FROM 

TR/\NSFERS 
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Lrtap 

Mixing in air 
col urnn 

MOVEi'vian OF 
GROU~~DvvATER 

Transfers from 
groundwater to 
soils and vice 
Versa 

Sediment burial 

Sediment 
movement 

Mixing in water 
column 

1'-1ixi ng of 

EFFLUX FROM 
MEDIA 

DEPOSITION ONTO 
S f",Tl .... /DU'"'~ .... ' ..... lL.v v J, 

PLANTS AND 
WATER 

Inh_alationM 
tert8str.ial 
animals 

Ingestion/uptake 
by terrestrial 
biota 

Volatilisation to 
ai rand 
resuspens!on to 
dust 

INFILTRA nON OF 
GROUNDWATER TO 
SURFACE 'dATER 

INGESTION/ 
UPTAKE BY 
AQUA TIC BIOTA 

RESUSPENSION 
INTO WATER BY 
DREDGH~G ETC. 

Deposition to 
sediments 

Adsorption to 

,. 



AIR nearshcre and
off;I ore water

particulates
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INFILTRATIO^1 Ingestion/upta!te
FROM by aquatic biota
GROUNDWATER

RESUSPENSION Volatilisation to
FROM SEDIMENITS air

~:
J"'LQy of aquatic
biota

Terrestrial biota Inhalation of air Transfers up the Decay to
terrestria-ad soils/groundwater
web

Ir,gestioniuptake Transfers within Excretion
from surface species (prenatal
water and and postnatal)
groundwater

Ingestion/uptake
from
soiis/g_roundwater

Ingestion of
aquatic biota

Aquatic Biota Ingestion,/uptake Transfers up the Ingestion of
from surface aquatic food web aquatic biota by
water terrestrial biota

INGESTION/ Transfers within Decay to water
UPTAKE FROM species (prenatal) and sediments
SEDIMENTS

Excretion

Note: PATHWAYS IN CAPITAL LETTERS MEAN THAT DATA ON THE EAST
BAYFRONT/PORT INDUSTRIAL AREA ARE AVAILABLE, underlined pathways
mean that data from elsewhere are available and lower case pathways
mean that no data are available.

Terr-estrial biota 

Aquatic Biota 

AIR 

INFIL Tr~A TION 
FRot-1 
GROUNDWATER 

RESUSPENSION 
FROH SEDH,1ENTS 

Decay of aquatic 
biota 

Inhalation of air 

Ingestion/uptake 
from su l~fac8 
water and 
groundwater 

In gestion/uptake 
from 
soi Is/ground water 

Ingestion of 
aquatic biota 

Ingestfon/uptake 
from surface 
water 

INGESTION/ 
UPTAKE FRot"1 
SEDIMENTS 

nearshore and 
off~;.hore vwter 

Transfers up the 
"tel'"'re~ttia! TCl90 

~"eQ. 

Tr-ansfers within 
species (prenatal 
an d postnatal) 

Transfers up the 
. aquatic food web 

Transfers within 
species (prenatal) 
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In gestion/u ptak e 
by aquatic biota 

Volatilisation to 
.air 

Decay to 
soils/g round water 

Exuetion 

Ingestion of 
aquatic biota by 
terrestrial biota 

Decay to water 
and sediments 

Excretion 

Note: PATHWAYS IN CAPITAL LETTERS MEAN THAT DATA ON THE EAST 
BAYFRONT /PORT INDUSTRIAL AREA ARE AVAILABLE, underl i ned pathways 
mean that data ft"om elsewhere are available and lower case pathways 
mean that no data are available. 
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Then its current Status IS examined, ltiCludit?g ? ly liYlf'1~ o?' t' 4nsfers occurring
within .it. Finally, the effluxes from each medium are outlined. Degradatory
pathways have not been examined in great detail. These include the chemical,
physical and biological processes by whicl, t c~xic rho r,iicals are broken down. In
general, little research has been done on the persistence and fate of nutrients
and tonic chemicals in aec`, syJI•tL. r is.

1

The Phase 1 and 2 reports for the Environmental Audit were used extensively
to prepare this section; (S'henfield 1950 a,b; Tn+e,ra Kenting 99Da,b; .Dobos and
Chan 1590; Natural Heritage Workgroup 1590a,b Irr adultlon, the Stage 1 of the
Remedial Action Plan for Metro Toronto was v,8ry helpfulu i(Environmentrori,=1"= Canada et
al. 1535;.

Air (B))

Loadings ;C)

There are two main types of loadings to the atmosphere of the l=ast Bayfront/Port
Industrial Area. These are anthropogenic point and non point sources and
>,rolat"isation from soil, dust and surface water. Obviously, ai.r quality in the East
Bayfront/Port Industrial Area is influenced by sources ,inside and ou=tside the
geographic area itself.

The anthropogenic point and non point sources affecting air quality have been
described in _the Phase 1 report on the atmospheric environment. Redpath Sugar
is probably the major anthropogenic source of SO., NOX and CO, while Canada
Malting is uhe major source of particulates and the, Main Sewage Treatment Plant
.is the major, source of VOC. In the surrounding areas, the east half of the
Gardiner Expressway is the.major source of NOX, CO and VOC while Canada Metal
is the main source of SO2 and particulates.

It is .important to note- that the, data shown in the Phase 1 report are for 1905
and that the Commissioners Street incinerator, :the Oil Canada Company and the,
TTR plants are .- not in operation at present. Thera, are also other sources of
dust and odours that affect air quality including scrap metal, industries, oil tank
farms, oil processing plants and asphalt production facilities. Emissions of toxic
chemicals from the study area and its surroundings have not been tho oughly
quantified, except that it has been estimated that. Canada Metal emits
approximately one tonne of lead a year.

Some chemicals can volatilise from soil, .dust and water. In addition, soil particles
can become suspended as. dust. There is no information available on the nature
and extent of volatilisation from surface water. The extent of volatilisation and
resuspension from soil will depend on the proportion of land that is built on,
paved or covered with vegetation and the prevailing climatic conditions. Since
soil contamination is a problem in the study area, it is possible that volatilisation
and resuspension are important sources of contaminants to the atmosphere,
although only a small! proportion of th-e study  is bare soli. Resear.v'_;
conducted during Phases 1 and E has indicated that there are volatile chemi icals.
present at several sites. These include petroleum product sites where organic
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Then its current status is examined, including any mixif'lg,O( transfer-s occurring 
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is the major source of VOC. In the surrounding· areas, the east half of the 
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It is important to note that the. data shown in the Phase i report are for 1985 
and that the Commissioners Street inCinerator, the Oil Canada Company and the 
TTR plants are . not in operation at present. There are also other sources of 
dust and odours that affect air quality including scrap metaL industries,oil tahk 
farms, oi I processi ng plants and asphalt production faci I ities. Emissions of toxic 
chemicals from the study area ·and its surroundings !lave not been thoroughly 
,quantified, except that it has been estimated that Canada Metal em!ts 
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Some chemicals can volatilisa from soil, ,dust and \-Jater. In addition, soil particles 
can become suspended as dust. There is no information available on. the nature 

. and extent of volatilisation from surface \-Jater. The extent of volatilisation and 
resuspension from soi!· will. depend on the proportion of land that is built on, 
paved or covered with vegetation and the pr-eyailing climatic conditions. Since 
soil contamination is a problem in the study area, it is possible that volatilisation 
and resuspension are important sources of contaminants to the atmosphere, 
although only ,a smail pr~oportion of the stu'dy- ars& i.s bare 'soil. Resea.rc!~! 
conducted during Phases 1 and 2 has indicated that there are volatLie chemicals 
present at several sites. These include petroleum pr-OGuct sites where organic 
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vapour from the low parts per million range to greater than the 100% lower
explosive limit, indicating an explosior hazard in soil air. Volatile chemicals such
as benzene, toluene and xylene were also detected.

Status and Internal Transfer (C)

Air quality in the study area have been. descr i bet; ire the phase 1 report. In.
summary:

Sulphur dioxide, and nitroger, dloxldc, al -s a problem in the Toronto
Waterfront at resent. Nit •I ^gym^ tSp, "t yen alt x.d cud bee- ~, a problem !f „e
orientation of new buildings confi-ne air movement in the vicinity of the
Gardiner Expressway and Lakeshore Boulevard;

Carbon monoxide, suspended particulates and dustfall are a problem in close
proximity to the Gardiner Expressway aY;u Lakeshore Boulevard, especially
near the exit ramps;

Dustfall is a 'problem in the Port Industrial Area in the vicinity, of the coal,
sand and gravel piles, and in the vicinity of the landfill trucking operations;

Lead is likely to have contaminated the soil along the Expressway and
Lakeshore Boulevard as well as in the ­a-stern, Port Industrial Area;

Odours are a problem;

Noise is -a problem in the East Bayfront as well as in the Port Industrial Area,
i'n the vicinity of the Gardiner Expressway and Lakeshore Boulevard;

Air quality is affected by ground level ozone and fine particulates composed
of sulphates and nitrates that are perceived as- haze, are a problem on warm,
sunny days in late spring and summer.

Within the atmosphere, mixing or dispersion of toxic chemicals and gases such
as SOX and NOX can occur vertically in the air column and horizontally (including
the long range transportation of air pollutants - LRTAP). There is no information
available on vertical mixing and dispersion in the study area. Toxic chemicals and
gases from local sources in the study area and its surrounding will mix with
those from remote sources. The major factors that influence the contribution of
remote sources to local air quality include the magnitude and composition of the
remote emissions, the distances involved and the prevailing climatic conditions.
The ai_rshed or atmospheric region 

of,
influence for the Great Lakes Basin, and

hence for the study area, has been defined as extending as far as Hudson Bay
(north), the Dakotas (west), central Georgia (south) and New Brunswick (east)
(Summers ,and Young 1987).

The concept of LRTAP implies that the East Bayfront/Port Industrial Area could
be a source of pollutants to remote areas. However, since the emissions in the
study area constitute only a small proportion of the total atmospheric loadings
in Metropolitan Toronto, it is unlikely to contribute to LRTAP significantly.
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Effluxes (C)

Pollutants can be lost from the 'air by deposition onto dust, Soils, plants and
surface Water and by inhalation l;y ter est ia! animals. Dry aria wet deposition
occur. Dry deposition, occurs via dust inlnid de-position c c,c.0 's via rain, Sill i..
and hail.

There are some data that have estimated the a'M, spheric deposition of chemicals -
to the Toronto Waterfront. They suggest that deposition to water is ! I;eiy to be
relatively small contributor of chemicals to surface 'water, and that deposition tc
land is more significant. This can be seen ire Table III.

The Envlronmerl - Ontario Air Resource Branch has recently established a
:reposition and monitoring site on the Tcrci~,tc .liar d,. his will provide
information on the deposition of persistent toxic chemicals, such as PCBs, DDT,
cadmium and lead. that 14ill be helpful in„ estimating atmospheric 'loading-z.

Terrestrial animals inhale air. Particulates can re ain in the lungs and chemicals
can be absorbed into the bloodstream. Some chemicals,  such as CO, are easily
absorbed, while others are not. But even if chemicals and particulates are
present at low concentrations, the large volumes of air inhaled can expose
terrestrial animals to relatively large amounts. The average person inhales
approxir.natialy 20ml a day. If a chemical 'is present at 1' microgram/litre in air, a
human would be exposed to 0.02 grams/day, Nevertheless, the amounts of
chemicals and particulates-lost from the atmosphere through inhalation are likely
to be insignificant in terms of the total amounts present.

Soils and Groundwater (B)

Loadings, (C),

There are three main sources of nutrients and toxic, chemicals to soils and
groundwater in the East Bayfront/Port Industrial Area. These are anthropogenic
point and non point sources, atmospheric deposition and the decay of terrestrial
biota'. Soils and -groundwater in the study area are affected mainly by, local
sources, except for the atmospheric deposition which can be local or remote.

Anthropogenio point sources include previous or current land use.activities that
could contaminate the area. These are described in the Phase 1 and 2 reports on
soils and groundwater quality. Thirty-nine of 123 identified sites have or had _
land uses as coal storage or distribution sites and thirty-eight have had uses
as petroleum product storage, refining or distribution sites. Coal storage and
distribution can result in slightly elevated levels of,some heavy metals and PAHs °' 

d

in soil. and high levels of sulphate and' IoW pH in groundwater. Petroleum product
storage, refining or distribution typically results in spills and leaks. In addition
to oil and gasoline contamination, such industrial land use often results in
contamination of soils and groundwater with VOCs, such as benzene, toluene and
xylene, phenols'and PAHs.

Anthropogenic non point sources include the lakefiil that created much of the
area, including the reclamation of Ashbridges Bay, the foot of Cherry Street and
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Soils and Groundwater (8) 
\. I • . . 

There are three main sources of nutrients and toxic chemicals to soils ano 
groundwater in the East BayfrontjPort Industrial Area. These are anthropogenic 
point and non point sO!Jrces, atmospheric deposition and the decay of terrestrial 
biota'. Soils and groundwater in. the study area are affected mainly by local 
sources, except for the atmospheric deposition which ~an be local or remote. 

Anthropogenic point sources include previous or current land uSe activities that 
could contaminate the area. These are described in the Phase 1 and 2 reports on 
soils and groundwater ql)ality. Thit~ty'-nine of 123 identified sites have or had 
land us'esas coal storage or distt"ibution sites and thirty~ejght have had uses 
as petl"oleum product storage, refining or distribution sites. Coal storage and 
distribution can result in slightly ele~ate.d JeY'el~ .of. some, heavy metals and PAHs 
in soil al')d hjgh lev.els of sulphate and low pH in groundwater. Petroleum product 
stol-age, refining or distribution typically results in spills and leaks. In addition 
to oil and gasoline contamination, such industrial land use often I-esults in 
contamination of soils and groundwater with VOCs, such as benzene, toluene and 
xylene, phenois 'and PAHs. 

Anthropogenic non point sources include the lakefill that created much of the 
area,including the reclamation of Ashbridges Bay, the foot of Cherry Street and 
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the area between Yonge and Parliament. Some of this material could itself have ,
been contaminated by previous industrial. uses.

Atmospheric depcsiticr in the East Bayti"Grit/Po:-t Indus'Lria! Area has already
been discussed (see Table III). It is likelytn~~t atmospheric depositiGn is a
significant source of contaminants to soils.

Decay of terrestrial plants and animals can. contribute nutrients and 'ox;,,-
chemicals to soils and groundwater. This 1s an important component of ecosystem
cycling. No data are available on the '­-9n,"ude of t;~e pall lra' f r to

" j.  L

Bayfront/Port Industrial Area or elsewhere.

Status and Internal Transfers (C)

Sells and groundwater quality vary across the East Sayfront/Port Industrial
Area. Portions of all sites for which, data are available exceed relevant clean-up
criteria for one Gr more guideline, parameter for residential/parkland use and
Portions of most sites - for which, data are available exceed .one or more of the
provincial guideline parameters for commercial/in.dustriai. use. Most of the sites
for which data are,available exceed. either the Provincial Water Quality Objectives
or the irrigation criteria for oils and grease; phenol, ore or more metals and the
VOCs, benzene, toluene 'and xy.lene, Most exceed level -C of ,the Quebec soil quality -
criteria for benzene and xylene. Sites that are,:particulariy contaminated include
the National Iron Works (site 22), the former Domtar site (sites 2E,29), the Texaco
site (site 71), the Esso Petroleum site (site 53) and the Canron site (site 23).

The main internal transfers are through the movement of groundwater. While
regional flows are directed- towards Lake ,Ontario, flow on any - particular site is
influenced by-buried utilities, such as sewers (groundwater frequently infiltrates
sewers), pipelines and watermains that are often backfiiled with granular, high
permeability materials that act as a drain. There is also .Likely to be considerable
exchange between moving groundwater and water absorbed to soil particles.

Effluxes (C)

The main effluxes of nutrients and toxic chemicals from soils and groundwater
are ingestion or uptake by terrestrial biota, volatilisation to the air, resuspension
to dust and infiltration of groundwater to surface water..

Plants can take up nutrients .and soluble contaminants via their, roots. There
are some data available on plant uptake particularly for ̀ food crop's,' but little
on the species found in the study area. However, uptake will be-influence by
several factors including the species, the concentrations present in soils and
groundwater and the prevailing climatic conditions. Terrestrial animals are also
exposed to toxic chemicals in soil. Ar)imals and h.u~~tans inadvertently ingest soli
or inhale dust. It has been estimated that children between 18 months and 3-t .
years old can ingest up to 10 grams of soil -.a day ,through normal playing and
mouthing',activities (Kimbrough '1987, 177--184). Since much of the . East
Bayfront/Port Industrial Area is paved or, built or,, these pathways. are unlikely
to be important, except where contaminated. soil.. is open and accessible.
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'criteria for one Oi" iT.Or6 guideline ~arameterfor residential/parkland use and 
portions of most sites' for which data are avaiiabieexceed one or more of the 
provincial gu'ideline parameter's for commercial/industrial use. Most of the sites 
for which data are available exceed either the Provincial Water Quality Objectives 
or the irrigatioh criteria for oils and grease, prienoi, ohe or more metals and the 
VOCS,benzene, toluene 'and xylene. Most exceedievei C of the Quebec soil quality. 
criteria for' bf~nzene and xylene; SiteS that are particularly contaminated include 
the National Iron Works (site 22), the former Dorntar site (sites 28,29), the Texaco 
site (Site 7'1), the Esso Petroleum Site (site 53) and ~he Can ron site (site 23). 

,The main internal transfers are through the movement of gr.ound'water. While 
regional flows are directed toward's Lake Ontario, flow on any particular site is 
influenced by',buried utilities, such as sev/ers (groundw'ater frequently infiltrates 
sewers), pipelines and watermains that are often backfilled with granular, high 
permeability materials that act as a drain. There is also likely to be considerable 
exchange between moving grout"idwater and' water absorbed to soil particles. . 

,Effluxes ' (C) 

The main effluxes of nutrients and toxic chemicals from soils and groundwater 
are ingestion or uptake by terrestrial biota, volati lisation to the ai r, resuspension 
to dust and infiltration of groundwater to surface water. 

Plants can take up nutrients ,ahd soluble contaminants via their, roots. There' 
are some data available on plant uptake parti'cularly for food crops; but little 
on the species found in the study area. However, uptake will be~ influence by 
,several factors including the species, the concentrations present in soils ane;! 
groundwater and the prevailing climatic conditions. Terrestrial animals are also 
exposed to toxic chemicals in soLi. Animals and humans inadvertently . ingest soil 

. or inhale dust. It has been' estimated th~t children between 18 months and 3~ 
years old can ingest up to 10 grams of soil,a day through normal playing an,d 
mouthi ng' activities (Kirilbroug h '! 987, 177--184). Si nee much of the East 
Bayfront/Port In'dustrial Area is paved Of' built on, these\ pathways are unlikely 
to be important, except where contaminated soil is open and accessible. ' 
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TABLE III ATMOSPHERIC !LOADINGS C= C HEw iCALS

TC HE TON,0%TC! WATERFRONT

Parameter T 4w'a r t j ; ;, ~z;.
I V Lalnu

(k"g/Y) (!<g/Y)

Lead 300 18,860

Zi no 230 14,460

Cadmium
7

440

Copper 56 3,520

Nickel 23 1.;450

PCDDs/PCDFs 0.001 0.060

PCBs 0.1.: 0.6 ..

Chloroben. enes. 0.002 0.130

(1.) Based on 30Km2 and APIOS loading rates

k2)- Based on 1886Km2 and - APIOS loading rates

TABLE III ATMOSPHERIC LOADINGS OF CHEMIC,lI,LS 

TO THE TORONTO WATERF~ONT 

., 

Parameter' 

(kg/y) 

Lead· 300 

Zinc 230 

CadmiUm 7 

Copper 56 

Njckel 23 

PCDDs/PCDFs ·0.001 

PCBs 0.1 , 

Chlor::oben.zenes. 0.002 

(1) Based on 30Km 2 and APIOS loading rates 

(2) Based on 1886Km2 and APIas loading rates 

O~g/y) 

18,860 

14,460 

' .. 440 

3,520 

1,450 

0;060 

0.6 

0.130 

12 
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Volatilisation fromsoi1,and resuspension' from dust have already been discussed
in the section on air: Since soil. contaminatian is a problem in the study area, it
is possible that there are important sources of contaminants to the atmosphere,
although only a small proportion is Fre soli.

Contaminated. groundwater from the study area' infiltrates Lake Ontario. This
could occur either d-irectly, because regional groundwater flows,are towards the
Lake, or indirectly through storm,sewers draining 'the area; (Insert information
from Phase 2 final soils/Groundwater report when .available;.

Sediments (B")

Load i n g-s (C)

The sediments In the Toronto Waterfront are der.i'v'ed maii'iy from SilOrellil@
li 

t 
li.. I S aCre,,;, uisC G ,-cs oferosion, especial l y fror~ rile E S r^ "'^ t ibutaries, Url3an

runoff and lakefilling activities. Masor. sourcs of sedinents to the East
Bayfront/Pont In Area include storm sewers, the disc-harge from the Main
Sewage Treatment Plant, lakefilling and the Don 1: iver. The effects of lakefilling
activities are normally localised to rile immediately ad;ace,nt area.

Some of these sources generate relatively uncontaminated, nutrient-poor
sediments while others produce, cc:ntaminated nut: ie-;-i is ones. Sediments
resulting. from shoreline and bluff, erosion along the eastern beaches are likely
to be relatively clean, while those from the Dan River and -the lakefilling
activities are more contaminated. The most heavily contaminated and nutrient-
rich sediments are those from the storm sewers and the discharge from the Main.
Sewage Treatment Plant. They are likely to contain toxic organic chemicals, such
and PCBs and VOCs, heavy metals, such as lead. and cadrrium,.and nitrogen and
phosphorus.

Hutchinson and Fitchko (1974) have outlined the numerous, factors that determine
the concentration of contaminants,i'n sediments. The first order factors refer to
the amount of contaminant input, which is in turn dependent on, the magnitude
and proximity of the sources. The second order factors include' contaminant
uptake and retention by sediments. Bacteria,.nutrients and chemical contaminants
adsorb to. sediment' particles, especially fine ones that have a high surface area
to volume ratio. Often these carrier. particles are themselves composed of organic
nutrients, clay minerals or the •hydrous oxides of iron or manganese. They are
often suspended and, then settle, out, taking their loadings. of nutrients and.
contaminants with them.

Another pathway through which contaminants and -nutrients can enter sediments
is by the decay of,aquatic biota, When, benthos; zooplankton, algae, aquatic plants
and fish decay on the lake` bottom, nutrients and contaminants are recycled to
the sediments. This pathway is likely to- be an important means of immobillsing•
contaminants out of ̀ active circulation in the ecosystem when conditions are
eutrophic.

There are no data available on loadings of, nutrients and, contaminants to the
East Bayfront/Port Industrial Area sediments or on the loadings•of sediments to
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Volatilisation from soil,andresuspension from dust have already been discussed 
in the section on air~ Since soil contamination is a problem in the study area, it 
is possible that there are important sources of contaminants to the atmosphere, 
although only a small proportion is bare soii. 

" 

Contaminated groundwater from the study areainfi,ltrates Lake Ontario. This 
could occur either directly, because regional groundwater flows are towards the 
Lake, or indi redl y through storm, sevv'et-s d raini ng 'the area; (Insert information 
from Phase 2 final soils/Groundwater report i'ihenavai lab Ie). , 

Sediments (P, 
\ ..... J 

Loadings (C) \ 

The sediments in the Toronto V/aterfr-ont al"e derh/ed mainly from ;horel i ne 
eros 'or' espe' ":,'_1 1\/ 'fro"~ "'l'e E·~"'''''c.r" P"-""'rf-'l~c ·'-.!I'~'-'h~;A(1,::;s -"'7 t",,'rutarl·c.~ Urb'~'l' Ii, '-'d.liJ. 1111..11 ............. l'-III ...... ....,U ..... Ilt.:;;V' ...... ~ ..... Ia.I~'-' Vi flU, ~ ...... \::)" Ui 

runQff and lakefilling activities. Major. sources of sediments to the' East 
Bayfront/Port In'dustrial Area include stol-m seviets, the dischar~gefrom the Main 
Sewage Treatment Plant, lakefilling and the Don ,R'iver'. The effects of lakefilling 
activities are normal!y iocalised to the immediately adjacent area. 

Some of. these sources. g'enerate i-elatIvely uncontaminated, nutrient-Pbor 
sediments while others produce contaminated nutriei-:t-ricn. ones. 'Sediments 
resulting from shorel'ine and bluff erosion along the eastern beaches are likely 
to be relatively clean, while those from the Don River and. the lakefilling 
activities are more, contaminated. The most heavi I y contami nated and nutrient­
rich sedimentsare tho.se from the storm sewers and the discharge from the 1'-1ain 

,Sewage Treatment Plant. They a(6 likely to contain toxic organic chemica!s, such 
and PCBs and VOCs, heavy metals, such as lead and cadmium, and nitrogen and 
p hosp horus. 

Hutchinson and Fitchko (1974) have outlined the numeroLisfactorsthat determine 
the concentration of contaminants, in sediments. The fi rst order factors refer to 
the amount of contaminant input, which is in turn deperident 'on, the magnitude 
'and proximity of the sources. 'The second order factors include contaminant 
'uptake and retention by sediments. Bacteria,nutrients and chemica! contaminants 
adsorb to sediment particles, especially fine ones that have a high surface area 
to vol)Jme ratio. Often these carrier particles are themselves composed of organic 
nutrients, clay minerals or the hydrous oxides of iron or manganese. They are 
often suspended and then settle, out, taking their loadings of nutrients and 

, ' . - ' I 

contatni nants with them. .' . 

Another pathway through which contaminants and 'nutrients can enter sediments 
is by the, decay of aquatic biota. When benthos; zooplankton, algae, aquatic plants 
and fish decay on the lake bottom, nutl-ients and contami nants are recycled to 
the sediments. This pathway is likely to be an important means of immobilising, 
contaminants out . of active circulation in Hie ecosystem when conditions are 
eutrophic. 

There are no data available on loadings of nutrients and. contaminants to the 
East Bayfront/Port Industr"ialArea sediments or on the loadings' of sediments to '\ 
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the area. However, estimates of projected sedimeeInt loads ,from. the Don River
were prepared as part, of the, 1,933 Keating 'Ghlan,nei Envilror,,mental Assessment.
T hese are unlikely to be 'accurate because of recent extensive development in
the regional municipality of York:

Status and Internal Transfers (C)

Surveys across 'the Toronto Waterfront have shown that the Inner Harbour
contains the most Heavily contaliiiri.ated. s{edimer;ts. Dn contrast; the Outer Harbour
1S only ff1O:Svrately.. contaminated. E IV Jc '` ' _0 'ertr~riOnS Ofi ,Sl%i v u w L; ice,. 'tl Ca i 'vvn, i u~

chemical parameters in sediments and the ope-1 bJa  i disposal quidolines.

In the Inner'Harbour, the most common contaminants are total phosphorus, total
kjeldahi nitrogen, copper, 'lead, zinc aind PCEs. Others include mercury and
nickel. Contamination in the Outer Harbour ::s mainly it .the f„io}° cf 4;e =`r y' me`ais.
Sediment quality varies in both the Ironer and . Outer Harbour... Iri uthe ,;Wrier
Harbour the most heavily contaminated areas are the boat _,!ips: In the Keating
Channel, the most contaminated sediments are at the west .end. The sediments in
the deeper. portions of the.Outer Harbour consist of fine cont aminated material
that may -have originated from the Inner Harbour, Sediment quality around the
Eastern -Headland also varies. The al yea to th:e south of the ,headland contains
moderately contaminated sediments, while the quality is better in the' area to the
east. Sediment quality in the Laste, n .Water ont, is relatively good: The
Ashbridges Bay area is the most contarrrinatea with sediments containing total
kjeldahl nitrogen, total organic carbon., oil and •grease, chromium,,. copper,,zi,nc,
total. phosphorus, mercury and .lead.

Sediment quality has also beer' assessed by exarnIiiin9 the degree`of contaminant
mobilisation. For example, a highly mobile contaminant present , at low.
concentrations may cause greater env ronmentai problems than an immobile
contaminant present at low concentrations. Two tests have been used, an
elutriation test and a percolation test. They have shown that large concentrations
of lead and ammonia are probably released to the water columnduririg dredging .
operations and that when dredgeate is dewate-red lead, copper and zinc are not
Likely to be ,, present'-in 'the leachate, These tests, however, do not provide.
information on the mobilisation of .contaminants under normal anoxic conditions.

The suspension and transport of sediments is facilitated by wind-generated
waves and. currents, predominantly from east to west. The Inner and Outer
Harbours are relatively sheltered and water circulation is relatively poor, so
lateral sediment movement is probably r inirnal. There-is.some information available
.on sediment movementin the disposal cells of the Eastern Headland. Successive
laYers of sediment are buried, and the burial rate is dependent on„the magnitude
of, and the distances from, the sediment sources. In the Toronto Waterfront,
sedimentation rates require dredging of the navigational channels a-nd the Keating
Channel Dredging resuspends sediments and contaminants adsorbed to them and
prevents normal burial processes.

Efflux (C)

There are two major routes by which contaminants can be lest from sediments,
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the area. However, estimates of projected sediment loads .from the Don River 
vJere prepared· as part of the. {983 I<eatingChi:lnnel EnvironmentaiAssessment.· 
These are unlikely to be 'accur'ate because of recent extensive 'development in 
the regional municipaltty of York. 

Status and Internal Transfers (C) 

Surveys across the Toronto \"Iaterfront have sho\rln tf0at the Inner Harbour 
· contai ns the most heavi: y contami nated sedimerlt$. In contrast, the Outer Harbou r 
is only moderately contaminated. Table IV'shc\'/s the mean concentrations of 
chemical parameters in sediments and the open viat:::;/' disposal guidelines. 

In the Inner ·Harbour, the most common contaminants are total phosphorus, total 
kjeldahl nitrogen, copper,lead, zinc and PCBs. Others inC: ude mercury and 
nickel. Contamination in the Outer Hat-beur' is mainly in the fonil of heavy metals. 
Sediment quality varies in both the Innet- and outer Harbours. lrl the \Inner 
Harbour the most heavily contaminated ,areas are the boat 5! ips. In the Keating 

· Channel, the most contaminated sediments are at the ~'I'est .end. The sedimentsi'n 
the deeper portiOns Of the Outer Harbour consist of fine contan;inatEid material 
tliat may ,have originated from the Inner Harbour. Sediment quality around the 
Eastern Headland also varies. Jhe atea to the south of the -headland contains 
moderately contaminated sediments, while the quality is better in the area to the 
east. Sediment quality in the Easter'·n ,Vvatstfront. is relatively good. The 

,Ashbl-idges Bay area is the most contan-dnated with sediments containing total 
- kjeldahl nitrogen, total organic carbon, oil and grease, dltomium, copper,. zi.nc, 
· total phosphorus, mercu ryand lead. 

'Sediment quality has also been as§essed by examining the ~egreeof contaminant 
mobilisation. For example, a highly mobile co~tamina'nt present, at low 
concentrations may cause greater environmental problems than an immobile 
contam! nant present at .low concentrations. T\~o tests have been used, an 
elutriation test and a percolation test. They have shol'in that large concentrations 
of lead and ammonia are probably released to the, water columnduring dredging 
operations and that when dredgeate is dewatered lead, copper and zinc are not 
likely to be', present"in'the .Ieachate. These tests, however, do not provide: 
information on the mobilisation of .contaminants under normal anoxic conditions~ 

The'suspension and transport of sediments is facilitated by wind~geherated 
waves and currents, 'pre'dciminantlyfrom east to west. The Inner and Outer 
Harbours are relative!y sheltered and ~'iater circulation is relatively poor, so 
lateral sediment movement is probably minimal. There·is some inform'ation available 
on sediment movement in ~he disposal cells of the Eastern Headland.· Successive 
layers of sediment are burled and the burial rate is dependent on.the magnitude 
of, and the distances from, the sediment sources. In the Toronto Waterfront, 
sedimentation rates require dredging of the navigational chann.els and the Keating 
Channel. Dredging resuspends sediments and contaminants adsor'bed to them and 
prevents riormalbu6al processes. . 

Efflux (C) 

There are two major route$ by which contaminants can be !csf from sediments; 
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TABLE IV tlEAN CONCENTRATIONS OF CHEMICAL PARAMETERS IN SEDIMENTS

AND TfiE OPEN WATER DISPOSAL GUIDELINES

(A'' values ai' parts per mi; iion d`,- weight,   except -f ~GI%)

Parameter Toronto Eastern Eastern Open Water
Harbour Headland Waterfront Disposal

- Guideline

. Leau271 32
17 50

Zinc 339 129 .35 100

Copper 90 30- 9
25

Iron 26,700 21,.500. 1 3,150 10,000

Manganese 493 350 296

Chromium 92 46 19 25'

Total
K j e l d a h l 2,100 900 400 2,000
Nitrogen

Total 1,810 900 1,040 1,000
Phosphorus

Total
Organic -29,200 ND 4,920 1,000*
Carbon

solvent 5,689 1,926 602 1,500
Extractable

Mercury 9.47.
i

0.17
-

0.02 0.3
T

Cadmium - 3.93. 1.54 0.36 1.0

Arsenic 6.90 5.00 0,40 8.0

LOI% 7.26 3.22 i .59 6

PCBs 0.32 0.13 0.02 0.05

* = Internal

_.

Guideline. (MOB)

1

i
I
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TABLE IV MEAN CONC~NTRATIONS OF CHEMICAL PARAMETERS IN SEDIMENTS 

AND THE OPEN WATER DISPOSAL GUIDELINES 

(A:! values al"e parts per million dCry vJeight, except of LOI%) 

Pal'arneter Toronto Eastern Eastel'"n Open Water' 
Harbour Headland VoJaterfront Disposal 

Guideline 

Lead 271 83 . 17 50 , 

Zinc 339 129 35 100 

Copper 90 38 9 25 

Iron 26,700 ' 21,500 '13,150 10;000 

Manganese 493 ~ 3.58 296 

Chromium 92 46 19 25 

Total 
Kjel dahl 2,100 900 400 2,000 

, ~~i~rogen 

Total 1,810 900 1,040 1,000 
'Phosphorus 

Total 
Organic 29,200 NO 4,920 1,000* 
Carbon 

Solvent '5,689 1,926 602 1,500 
Extractable 

Mercury 0.47 , 0.17 0.02 0.3 
.~ 

, Cadmium 3.93, 1.54 0.36 1.0 

Arsenic 6.90 5.00 0,40 8.0 

LOI% 7.26 3.22 1.59' 6 

PCBs 0.32 0.13 0.02 0.05 

:$ = Internal Guideline (MOE) 



other than by burial. These are resuspension of contaminants. into the water
column, either- in solution of more use .fly, absorbed to carrier particles, and
ingestion or uptake by aquatic biota.

As mentioned above, dredging activities cc" Aribu- , igi,'ificanti•y to resuspension
of contaminants in the Inner Harbour and the Keating Channel. Wavle action can
also resuspeud sediments and contaminants. This occurs in exposed,,erosional
areas, such as the eastern beaches, and also during sto!"m events.

Aquatic quatlC 
liGta that can ingest. contaminants frvil-i  suspended an d bva«1: r SGdl.nen;

's

include benthos, zooplankton, algae and fish. Ingestion Gccurs through swalilowin
contaminants and nutrients in. sediments. Contaminant a take depends largely on
its form in the sediment., This is particularly true for heavy metals vihere only
a small proportion may be geochemically available. L)aLa from -sequential extraction
analysis of sediment samples frol~ the orG 1tG t~'ate? f! Gist den,GnSt!,t~ty 'hat there

+ lg i"Siationship IJe -wee- most ct is ( ~ Find his a strong ~.1 ii i o' Jron- or manganese) a La e
organic. content of sediments (Per'suad et

Surface Water (B)

Loadings (C

Sources of cor~ta~~iinants and nutrients t , the I onto k~aterfront in general, ar,d
the East Bayfront/Port Industrial re= a ii, particular include storn,i sewers,
combined sewers, sewage treatment plants. (especlaily the Main Swage Treatment
Plant), sediments, atmospheric.deposition, infiltration from: groundwater .and the
decay of aquatic biota. Nearly all of these have bee,; discussed in the Phase 1
report on the aquatic environment. Contaminants in groundwater have been

discussed in the Phase ? and 2 reports on soils and groundwater. There is some
information' available on. most of these sources, although it is not complete.. There
is no information on the decay of'aquatic biota. This is unlikely to contribute
significantly to loadings of toxic chemicals. Aiti-iough eutrophic.conditions promote'
algal growth and so would tend toincrease the amount of decaying ,algae, this
has not''been significant in the study area until recently, _even though it is a .
eutrophic area.

Status.and Internal Transfers {C)

The Phase 1 report on the aquatic environment discussed the current status of
water quality i,n the East'Bayfront/ Port, Ind ustrial Area.

Contaminants and nutrients can be mixed vertically in the water column, and
there is also lateral mixing between nearshore and offshore water: Concentrations
of I nutrients and contaminants can vary with depth, so sampling depth should
always be recorded. For example', turbidity and total suspended solids, associated
with the lakefilling activities are greater at subsurface depths.
Efflux (C)

There are four pathways by which nutrients' and contaminants can be lost from
surface water. These are deposition to sediments, adsorption to particulates,
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-o.ther than by burial. - These are ·resuspension of contami riants into the water 
col umn, either~ in sol ution of more usual: y, abso:~bed to carrier parti cles, and 
ingestion or uptake by aquatic biota, 
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of contaminants in the Inner Harbour and the Keatil;lgChannei. VJave action can 
also resuspend sediments and contaminants. This occurs in exposed, ,erosional 
areas, such as the eastern beaches, and also during stonn 8'/ents. 

Aquatic biota .that can ingest contami nant'.:; 7rom suspended and bottom sediments 
include benthos, zooplankton, algae and fish. Ingestion occurs through svlailowing 
contaminants and nutrients in sediments. Contaminant uptake depends 'Iargely on 
its form in the sediment.- This is particular!y true for heavy metals \'fhere only 
a small proportioil may be geocnemicallyavaiiable. Data from -sequential extraction 
analysis of sediment samples from the To:;onto VJate(fi~ont demonst«i.te that there 
is a strong relationship behveen'most metals (not .iron or manganese) and the 
organic content of sediments (Persuad et af. 1987) . 

. Surface Water ' (8) 

Loadings (C) 

Sources o'f contaJilinants and nutrients to the To(onto Vvaterfront in general, and 
the' East Bayfront/Port Ir.dustrialAreo. inparticuiar include storm sewers, 
combined se\Vers, sewage treatment plants (especial!ythe Main Sewage Treatment 
Plant), sediments, atmospheric deposition, infiltration' from gl~oundviater ,and the 
decay of aquatic biota. Nearly ail of these r'lave 'been 'discussed in the Phase 1 
report on the' aquatic environment. Contarilinants i nground Ir/aterhave been 
discussed in the Phase 1 and 2 reports on soils and groundwater. There is, some 
information available on. mos~ of these sources, although it is not complete .. There 
is no information on the decay c:ifaquatic biota. This is unlikely to contribute 
significantly to loadings of toxic chemicals. Although eutrophic .conditions promote' 
algal gr;owth and so would tend to 'increase the amount of decaying .algae, this 
has not 'been significant in the study area until recentlY,even though it is a , 
eutrophic 'area. . 

Status and Internal Transfers (C) 

The Phase 1 report on the aquatic ~nvironment discussed the current status of 
vvater qual ity i,n the East Bayfront/Port 'Industrial Area. 

Contaminants and nutrients can be mixed vertically ih the water column, and 
there is also lateral mixing betvJeen nearshore and offshore water. Concentrations 
of nutrients .and contaminants can 'vary with depth, so sampling depth should 
always be recorded. For example; turbidity and total suspende~ soiidsassociated 
with the lakefilling activities are greater at subsurface depths. 

Efflux (C) 

There are four pathways by which nutrients and· contaminants can be lost from 
surface water. These are deposition to sediments, adsorption to particulates, 



ingestion or Uptake by aquatic biota and volatillsatloritO air:

As mentioned above, nutrients and contaminants are either, soluble or` adsorbed
to ,particulates, which can settle out. This pat hw ay is iii,;ely to be important. I 
addition; aquatic biota can ingest or take up nutrients and cbntamirlants from
water. Inge tion occurs via swallowing; while uptake can occur across cell
membranes, such as fish gills. Ingesticn and uptake of nutrients and
con tam i,nants , from surface water . is discussed in the section on agUatiC biota.
Ti,iere is no information available ors do atilisation, to air.

Terrestrial Biota (5)

Loadings (C)

Plants and animals can be "exposed to nutrients and toxic chemicals via food, air
and water. Plants are exposed by atmcsfpheric deposition -an,'  by uptake from 
groundwater. Many of the plants identified in the Port Industrial Area have
relatively shallow root systems. Animals ar-, xposed by inhalation .of air, and
ingestion of surface water and soil/dust and SOmetimus by consumption of aquatic
biota. for humans, it has ben estimated that the ̀majority -(approximately 35°x) of
exposure to persistent organochlorines..occurs through food, with dri-eking, water
and air being , only minor contributors (approximately 10% and 5% respectively).,

Inhalation and ingestion of soil/ dust have —n! read .been discussed in the section,
on air and soils and groundwater respectively. All biota need to ingest water to
survive. Humans need approx m VC) 

a day. Non` human biota in the
study area will obtain their drinking water frpm puddles and the nearshore area
of the lake. In contrast, humans obtain their drinking water from the municipally
treated supply. Many species in the study ,area .are likely to be exposed through
consuming aquatic biota, such as fish. These include fish eating birds. These
include gulls, terns and herons. In addition, several species of mammals in this
study area, such as raccoons, may ingest aquatic biota. Humans catch a small
number of. fish in the study area`.and may. occasionally consume them. This is "
discussed in the section on 'the status of aquatic biota..

Status and Internal Transfers (C)

The , major types of. , terrestrial biota are plants, invertebrates, reptiles and
amphibians, birds and mammals. Nine different types of habitat have been
mapped and descried in the East Bayfront/Port- Industrial Area (need to relate
habitat location to soils/groundwater data)'. These are:

Mature cottonwood. woodland;

Overgrown field part way through the process of succession from old field,
to mature cottonwood woodland; '

Open field with good drainage;

Recent fill and other semi-bare ground;

ingestion or uptake by aquatic biota and volatiiisation to air. 
\ 
I 

·.., I I 

As mentioned above, nutrients and contaminants are either soluble or' adsorbed 
to ,particulates, which can settle out. This pathlt~ay is Ii kely to be' !rnpOi"tant. In 

. addition; aquatic biota can ingest or take up nutrients and contaminants from 
water. Ingestion OCCUI"S via Sit/allowing, ~'/hile uptake' can' occuraCI"OSS cell 
membl'anes, sudr as fish gills. Ingestion and uptake of nutrients and 
contaminants' from surface water is discussed in the section or; aquatic biota~ 
There is no information available on volatilisation to air. " 

Terrestrial Biota (8) 

Loadings (C) ; 

. Plants and animais can be exposed to nutrients and toxi:.: c!:H::micals via fooO, air 
and water. Plants are exposed by atmospheric deposition -and by uptake froni 
groundwater. Many of the plants identified ii; the Port Industr'ial Area have 
relatively shallow root systems. Animals ars /exposed by inhalation of air, and 
ingestion of surface wate!" and soil/dust and sometimes by consumption of aquatic 
biota. For humans, it has ben estimated that the 'majority· (approximate!y 85%) of 
exposure t6 persistent' organochlori nes., occu rs th roug h food, VJith d rinki ng water 
and air being, only' minor contributors (approximately 10% and 5% respectively). 

Inhalation and ingestion of soil/dust have already been discussed in the ::,;ec,tion' 
on air and soils and groundwater respectively. AI! biota need to ingest water to 
survive. Humans need approximately twoiitres a day. Non' human biota in the 
study area will obtain their drinking water frpm puddles and the nearshore area 
of the lake. In contrast, humans obtain their drinkingvJaterfrom the municipally 
treated supply. Many species in the study ,area are likely- to be exposed through 
consumi ng aquatic biota, such as fish. These include fish eati ng bi rds. These 
include gulls, terns and herons. Inaddftion: several species of mammals in this 
study~rea, such as raccoons,may ingest aquatic biota. Humans catch a small 
humber of. fish in the study area'.and may occasionally consume them. Th)s is ' 
discussed in the section on the status of aquatic biota. 

Status and Internal Transfers (C) 

The major types of., terrestl~ial biota are plants, invertebrates, reptiles and 
amphi bians, bi rds and mammals. Ni ne different types of habitat have been 
mapped and descried in the East Bayfront/Port Industrial Area (need to relate 
habitat location t6 soils/groundwater data). These are: 

Mature cottonwood woodland; 

Overgrown field part way through the process of succession from old field 
to mature cottonwood woodland; 

Open fieid with 990d drainage; 

Recent fill ahd other semi-bare ground; . 
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_ 1B.

aquatic ha:ditat w:th submerged plart--

Marshland and ',,4etmeadow, flooded least sea Drally;

Sand. or gravel beach and shoreline;

Willow thickets; and

Manicured lawns and gardens.

These are d'e`scribed in the Phas; 2 r-N-- 

tv 

r, natural het -itG's a. he Prlase 27,
report also contains a list of vascular. p`!antsthat have been identified in the
Port Industrial Area. In addition, fourteen r=:g.ional.ly or provincially rare plant
species have boen identified in the Port I, u;,; .trial Area, including two unusual
i"on-native spy es su n,' f t

U-,!e : ., 10.

to!e! ui1+ ; e.y., af sal t, metals or he; rbic;i : se,.

There are no data .available o;, toxic Conta,,r,ncn%S in V J :tail li Ci the, study
area. Invertebrates in the study area- include butterflies and the main reptiles
and amphibians include:

American toad;

Northern. leopard frog;

Common snapping turtle;

Painted turtle;

Map turtle; `

Cormmon garter snake; and

Brown snake.

Their current status and distribution i : discussed in the Phase 1 report on
natural "heritage. There are no data available on contaminants in these species
in the study aces; although there is information on the effects on snapping
turtles in the Hamilton Harbour. This in that turtles eggs from Hamilton
Harbour have a lower hatchability and the young experience more deformities
than an equivalent turtle population in Algonpuirl• Park,

There is a lot of information on the effects of contaminants on birds 'in the Great
Lakes. Eight species.have been studied in detail. These Are:

Double crested cormorant;

Black crowned night 'heron;

Bald eagle;

" 
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• ~~arshland and \t~et meadow, flooded at :ea5t seasona!ly; 

Sand, or 9 ravel beach and shorel i ne; 

Willow thickets; and 
I ' 

fv1anicured lawn~ and gardens. 

These are de'scri bed in the Phase 2 (SPOi'~ on natUl~ai heritage. The Phase 2 
tCeport also contai nsa list of vascular, p'lants that have been ,identified in the 
Port Industrial Area. In addition, foUrteen reg.ionaUy or provincially rare plant 
species have been identified in the Port Industrial Area, including two unusual 
(iOll--native species~ SO!Ti8' of th$ ~p;ecjf;s 1f~2);ti,flcj ;~~.::: L";"'iC).~!'!,;~i ~C: :'8 \ po~!utfcn-' 
to!e~-ant, (et'g., o~F si~lt,. me~~L$ or herb"icides). 

There are no dataavailabie or.'toxic contaminants in vegetation c:n the, study 
area. Inver"tebrates in the study area include butterflies, and the main reptiles 
arid amphibians include: 

American toad; 

Northernleoprird frog; 
; 

Common snapping ~ul~tle; 

Painted turtle; 

j' 

Map turtle; 

Common garter snake; and 

Bro\tJn snake. 

Therrdurrent status and distribution L discussed in the Phase 1 report on 
natural 'heritage. There are no data available on contaminants in these species 
in the .Study al~es,' although there is information on the effects on snapping 
turtles in the Hamilton Harbour. This iri.dicates that turtles eggs from Hamilton 
Harbour have a lovJer hatchability and the young experience mqre deformities 
than an equivalent turtle population in Algonquin Park. 

," i . 

There is a lot of information on the effects of contaminants on birds in the Great 
Lakes. Eight species have been studied in detail. These ,are: . 

Double crested cormorant; 

Black crowned nighthemn" I , ' , 

8aldeagl8; 

. -
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Her riing dull;

sting -billed dull; ,,

1
. C aspiai, eri i, - -

Common tern, and

1=orstcr's tern.

of lliCJo, fi`✓ are commonin file East L ayff Ci"t%r:1;t A 1dUSt'rlai Area, t wc, a  e
unusual c abundant'.ii 

Populations 
  ~d 

declined 
thro 

u -.l our' ..tile Great k, ,
unu~.~ui and one i~   .~cciin,.;.: .i '~ t t La'es
in the early 1970s. Since then, they have increased. The increase in numbers has
meant t"at in some areas effects are, . mo _.el common! y observed than in the 1970s.
i'ti^ example of this i.s the cormorant whose population crashed to
aPp c ~i.m +ely three, pairs n Lake Ontari iii' the m ri /1 +n '19 n it .<..~.Nh..l ;;> I,,.a~..iy ,ree. p~lrs cii L .d i~.~. ;o , h i:~; a~ i.~70s. Since then, i

has., v ~ m ies such as .club feet cross bills I e sk,e tai1 s explcd~d an:, ana~lail~,~ e..~, u,,,, ~~i~lu ar~~. „ye and ;:.r„wle.,w;
deformities are now being observed in some locations around- the Great Lakes.
The population . crush Was caused by LDDE-induced eggshell thir1iiiily atld
embryonic ̀ mortality. Double-crested cori,,orant populations are part icular-ly
susceptible to eggshell thinning because they stand ors their eggs to incubate
them. Population increases areassociated with the lower levels of many
organochlorines in the.-Great Lakes eccs;!stern. There are no data available on
contaminant=related effects. on bird populations in. the study area, but there is
information available on birds on Mugg's Island (herring gulls, ring-billed gulls
and common terns). For example, levels of contarlinants in herring gul! eggs have
,been Treasured since 4,980. Levels of. DO)i lirex, HCE and PCBs have decreased
significantly, but levels of dieldrin acid 2,8,7;$-- T CDD have remained approximate!,
the same. Effects have also been investigated. These 'include leg deformities in
ring-billed gulls and crossed bills in corm—non tern chicks. These are, discusscd
in chapter 2.

Thirteen mammalian species have been recc;'^ded in the study area. These are:

Bats (species unknown);

Eastern cottontail;

European hare;

Eastern grey squirrel;

"B.eaver;

Meadow vole;

Muskrat;.

Norway rat;

Coyote;
1
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Herring gull; 

R i 1"1 gb i II e dg u II; " 

Common tern, and 

. F'OI-ctcr';" ""'1-" , ...:,:)..... v Lv ,I. 

Of these, five are common in the East 8ayfi~ont/P()t~t Industrial flr-ea, two are 
un usual and one is abundant. Populations deci j ned thmug hout the Great Lakes, 
in the early 1970s. Since then, they hav,e increased. The increase in numbers has 
meant that in some areas effects al-e more common! y observed than in the 1970s. 
,\,,,,, av"'mple of' H'j"\C i-- +('1'" r{oi;hle,-rv-cc:tc,r! r-nrmor"'nt '''hos' e nopul- ... ·I"'r. r~'~s'hc.d "'0 r'\j I ...... ,,""" . I \.1 v !,\J I.. '--" """ ~U vi ............. "'\,. .. "-" ,~'-_~: tA.. yO{ f t./ ,I at. I, ..... " 1.)1. (...... .... ... \,. l/ 

"'~-I-~',i""a"'c!" +h'ree p<>i~S ':"-,,, L"'I.-"" n"'tOll"iO· in tho ml'''; Ila'+o "070s S,''''ce then :1+ ut-Jt-J ~)"'lli~' I"..,JI)' ... [i . c..t.11 UII ...... t\._ '_'jl "' ..... ; !" ,Ii ... 1"-' ,.; ~..<~' 1 ........ "-' I....) • ',r' 1,"-

has exploded and ahornalies such as .club feet, cross bills and eye alldskeleta! 
deformities are now bei ng observed in some locations around,the Great Likes. 
The' population, crash vJas caused by GDE-induced eggsheil thinning and 
e~nbryonic" mortality. Double-crested corrnorant 'populations are part/culai"!Y 
susceptible to eggshell thinning because they stand on their eggs to incubate 
them. Population increases are associated 'tilth the lower levels Of many 
6r-ganochlorinesin the .-Great Lakes eC,osystem. There are no data available on 
contami nant-related -effects on bi rd populations in the study area, but there is 
infqrmation available on birds on Mugg's Island (herring gulls, ring-billed gulls· 
and common terns). For example, levels of contaminants in herring gul! eggs have 
.been measured since 1980. L.evels of DD::, i"1irex, HCB and PCBs have decreased 
si gnificantly, but levels of dield ri nand 2,3,7;8--TeDD have cemai ned approximately 
the same~ Effects have also been investigated. These include leg deformities in 
ring-billed gulls 'and crossed bills in cornmon tenl chicks. These are. discussed 
in chapter 2. 

! Thi rteeri mammalian species have been recotdedin the study area. These are: 
~ 

Bats (species' unknown); 

Eastern cottontai I; 

European hare; 

Eastern grey squirrel; 

BeaVer; 

Meadow vole; 

; Muskrat; 

Non"ay rat; 

Coyote; 
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Red , fox;

Raccoon, and

Striped skunk.

These are.discussed in Phase• l report or, rnatural heritage. An i n entory of small
mammals in the East, Bayfr:ont/Port Industrial Area was conducted in August 116H0
for the Phase 2 , report on natural " heritagE, The res'uIt°s showW that house mice
were found to the 'west of Cherry Street, close to the eastern gap and that
meadow' voles were found at the other 'r, i{'c- a tlG;i;a s t u d,i ed, sou'`', of Unwrrn
Avenue. There are no data available ,on contaminant concentrations or effects i'n
small mammals, although the Royal Commission is considering conducting a at,
or °esidue levels in the meadow vole, the most.ahurdant small mammal.

Nutrients and contaminants are `rahsferred in several t,a}' jY terrestr;mi 1.,. -'t a.
obviously, transfers occur to successively higher trophic le`✓els in the food web.
This has been discussed in the section on definitions and •concepts of ecosystems.
In addition, toxic chemicals can be transferred withinspecies either prenatally
or post-natally via lactation and nursing. It is becoming apparent that in many
cases exposure of adult populations to toxic ;chemicals causes effects in the
offspring rather than in the exposed adults. Developing embryos are often more
sensitive to toxic chemicals than adults. Deveiopmental effects include -physical
abnormalities such, as crossed bills, oedema; skeletal, and leg deformities in birds,
low birth weight, small head ̀ circumference in humans, and leg deformities in
snapping turtles and behaviourial abnorma;r<<es,' such as reduced nest
attentiveneSS in birds.. and poorer usual recognition and short term memory: in
humans.- Mammals can also transfer contaminants through lactation and nursing.
their young. Although larger amounts .of contaminants are transferred post-
natal-ly than prenatally, human. data suggests that individuals are less sensitive
to. the effects, of contaminants after birth then before. 'Lactation is the major
depuration mechanism for. females.

Efflux (C)

Terrestrial biota can lose nutrients and contaminants by excretion or when the
decay. In either' case, the loss occurs to soils and groundwater. No data are
available on these pathways.

Aquatic Biota (B)

Loadings (C)

Aquatic biota in the East Bayfront/Port Industria; Area include benthos,
phytoplankton (algae), zoopIankton, and fish.. Loadings to these diverse life forms
occurs via ingestion and uptake. from water and sediments. ,Ingestion and uptake
from water can occur via swallowing or across cell membranes, such as fish gills.
Ingestion and uptake from sediments can occur in similar ways. l?enthos, attached
algae,.some zooplankton and bottom feeding fish are likely to receive the majority
of their loadings: from contaminated sediments, while phytoplankton (free,
unattached algae), some zoopiankton and other fish -are likely to receive their;

-; 
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Red, fox; 

Raccoon, and 

Striped skunk. 

,These are discussed in Phase 1 report on natural heritage. f\n inventory of sma! I 
- mammals in the East,Bayfront/Port It:ldustt~lai Area was conducted in ,t.,ugust 1990 
'for the Phase 2,report on natural ,heritage. The results shNi that' house rnice 
were fou'tld to the 'west of Chei-r-y Street, dose to the eastern gap and that' 
meadow '\,o[es were found at the 9ther t'liO iocations, studied, south of Unviin­
Avenue. There are no data available on contaminant concentrations or effects in' 

, small mammals, although the Royal Commission is considering conducting a stcldy 
on residue levels inthe meadow vole, the mostabundantsmall mammal. , .'. . 

-Nutrients and contaminants are traris{er[ed in" .~~,e·\/er··a! vlays: in terrestria! bi'ota. 
ObviouslY, transfers occur to successively highei' troprilc levels in the food web. -

" This has been discussed in the section on def:initionsand ,concepts of ecosystems. 
In addition, toxic chemicals can be transferred i'Jithin species either prenatally 
or post-natally via lactation and nursing. It is becoming apparent that in many 
cases exposure of adult populations to toxic .,chemicals causes effects iri the 
,offspring rather than in the exposed adults. Developing embl-Yos are often rnoi"e 
sensitive to toxic chemicals than adults. Developmental effects includephysitai 
abnormalities sUch, as crossed bi lis, oedema, skeletal and leg deformities in bi rds, 

- low birth weight, sma!1 head ~circumference in humans, and leg deformities in 
snapping turtles and behaviourial abnormalities,' such' as r-educed nest 
attentiveness in birds, arid poorer usual recognition and short term memory in' 
humans. Mammals can also transfer contaminants through lactation and nursing 

'- their young. Although larger amountsofcontaniinants are transferred post­
natal-Iy than prenatally, human data suggests that individuals are less sensitive 
to, the effects, of contaminants after birth thE?n before. 'Lactation is the major 
depuration mechanism for females. 

Efflux (C) 

-Terrestrial biota can lose nutrients and contaminants by excretion or when the 
decay~ In either/case, the loss occurs' to soils and groundvJater. No data are 
available on these pathways. -

AqUatic Biota '( B) 

Loadings (C) 
,-

Aquatic biota in the East Bayfront/Port Industrial Area i ncl ude benthos, 
phytoplankton (algae), zooplankton, and fish: Loadings to these diverse life forms 
occurs! via ingestion and uptake from water and sediments. Ingestion and uptal-<e 
from water can occur via swallowing or. across cell membranes, such as fish gills. 
Ingestion and uptake from sediments can occur insimiiar ways. Benthos, attached 
algae, some' zooplankton and bottom feeding fistl ar-elikely to receive the majority 
of thei r loadings, from contami nated sediments, 'v1 hi Ie phytoplankton (free, 
,unattached algae), some zooplankton and other fish are likely to receive their; 
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loadings from water. Gill transfer may be an important exposure pathway: because
although concentrations of toxic chemicals in water are often to;~4, large volumes
of water flow over fish gilds.-The bibavailabi!ity of cor taminants in sediments is
discussed on the section of sedimie^nts..

Status and Internal ' Transfers (C}

Studies of benthic invertebrates in the' Toronto. Waterfront have shown that
species and- numbers vary depending on the environmental cendi'tiens. Areas
along the riOr"th shore of the irlrler Harbour, 1 :iii;"iuy~S cy an a Ca 4A i°il iIII V

are organically polluted and the bentlic coE„ ur, iv` LJi,J7 ]l iJr;ltar?I!)' of
cligochaetes and' chronomids. Thus, species diversity is reduced, although the
numbers of individuals of a species are increased. Obser' ations that, some
contaminants have a low bioavailability in sedir;lcnts are supported by data on
contaminant levels irl benttios. i(Gwever, ccrltaminated benthos are found it-, areas
such as Ashbridges Bay. These studies are f~, 

~. 
x }`„y' Stag 1ursc ~~” u!-~r, r !r, ~ l

Remedial Action Plan.

Studies have also been conducted- on .phytoplankt;;n and algae. ,vleaSUrements or
the size of algae communities ar_v ofte, used as a measure ,of the primary
productivity of an ecosystem or as a measure of nutrient availability In a water
body. But although conditions in the study area are eutrcphic algal growth is
not a significant problem, because of wave action and because there are. limited
substrates available for algal .attachment. Research on the effects of dredging and
other activities on carbon assimilation by algae indicates that the rate was
inhibited by dredging and ship movement, but enhanced by dredgeate disposal.
There are insufficient data to permit.an assessment of zGGplankton in the.Toronto
Waterfront in general or the study area in pa;-ticular.

Freshwater clams have been used to test lor the bloavailability of contaminants
adjacent to Tommy .Thompson Park in 1938' and 1939. The. results show that clams
accumulated detectable residues of many heavy metals, PAHs and gamma ch'iordane .
at levels higher than those in control clams from Balsam Lake. .

Fish populations..and their habitats have been, investigated extensively.- Table V
shows' the numbers of species' that have been observed in the East 3ayfront/Port
Industrial Area and its surrounding. They are identified and discussed in the
Phase 1 report on 'natural heritage. Brown trout and rainbow trout are stocked
in the vicinity of the Toronto Waterfront. In 1907, brown trout were stocked in
Bluffers Park (20,000) and Ashbridges Bay (15,000).

The species diversely reflects the relative quality of the habitat provided by
each location. Factors contributing to the poor habitat in 'the Lodger Con, the
Keating Channel and the Ship Channel are poor water quality, concrete walls and
dredging. The Hearn 'Outfall, the Eastern Headland and Ashbridges Bay provide
better habitat. A survey conducted in 1990 as part of the Phase' 2 report on
natural heritage identified twenty species in' the study area.

The best. fish community in the study area wa . the wave zone north shore of the
Outer Harbour. This provides good thermos protection and spawning habitat. The:
fish communities in the Keating Channel and the tu,rni.ng, basin are the most
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loadings fr-om water'. Gill transfer may r~e an important exposure pathway because 
although concentrations of toxic chemicals in vlatel- are often low, large volumes 
of water flow over fish gills. The bioavailability of contaminants in sediments is 
discussed on the section of sedilTlents., 
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Studi,es of benthic invertebrates in the TOI-onto Irvaterfront have shovJn that 
'species and, numbers vary depending on the environmental conditions. Areas 
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oligochaetes and' chronomids. HlUS, species diversity is reduced, althougtl the. 
numbers of individuals of a species are in::reased. Observations that some 
contaminants have a low bioavailability in sediments are' supported by data on 
contami nant level sin benthos. Howeve!-, contarni nated benthos are found in areas 
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Studies have also beet~ condu'ct€:d, on phytoplankton and algae. Heasurements on 
the size of ,algae communities are ofte:-! used as a 'measure ,of the primary 
productivity of an ecosystem or as a measure of nutrient availability ina water 
body. But although Conditions in the study area are eutrophic: aiga!' growth is 
not a significant problem because of viEwe action and because there are limited 
substrates available for algal ,attachmeilt. Resear:ch on the effects of dredging and 
other activities on carbon assimilation by algae indicates that the rate was 
i nhi bited by d red'gi ng and shi p movement, but enhanced bydredgeate disposal. 
There are insufficient data to permit an assessment of zoo plan kton in the Toronto 
Waterfront in general or the study area in particular. 

Freshwater clams have been used to test for the bioavailability ot contaminants 
adjacent to Tommy Thompson Park in 1988 and .1989. The results show that clams 
accumulated detectable residues of many heavy metals, PAHs and gamma ch'lordane', 
at levels higher than those in control clams from 'Balsam Lake. 

Fish populations,:and thei,r habitats have been. investigated extensively. Table V 
shows the numbers of species,' that have been observed in the East Bayfront/Port 
Ihdustrial Area and its surrounding. They are identified and discussed in the 
Phase 1 report on natural heritage. Brown trout and rainbow trout are stocked 
in the vicinity of the Toronto-Waterfront. In 1987, brm·JJl trout 'dere stocked in 
B! uffers Park (20;000) and Ashbridges Bay (15,000). 

The species diversely reflects the relative quality of the ~labitat provided by 
eaCh location. Factors contri buti ng to the poor habitat in 'the Lov,fer Don, the 
Keating Channel and t,he Ship Channel are poor v.'ater quality, concrete walls and 
dredgJng. The Hear.nOutfall, the Eastern Headland and Ashbridges Bay prOVIde 
better habitat. A survey conducted in 1990 as part of the Phase 2 report on 
natural, heritage identified twenty species in the study area. 

The best, fish community in the study area \'Jas the IrJave zone north shore of. the 
, Outer Harbour. This provides good thermos protection and spawning habitat. The_ 

fish communities in the Keating Channel and the turning basin 'are the most 

I 
I 
I 
I 



-TABLE V NUMBERS, OF SPECIES THAT HAVE BEEr~ OBSERVED IN THE EAST 

BAYFRuNT/PORT INDUSTRIAL ARE/>. MW ITS SURROUNDINGS 

Location , Number of Species 

Lower Ocr";. 11 

Keati ng Channel 12 

Ship Channel. 12 

Hearn Outfall Bay 29 

Headland"':Lagoons Pcind 40 

-Ashbridges Bay 

'J 
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degraded and limited' communities along the 'waterfront. Coatsworth Cut is
adversely affected by stormwate'r discl~~arges from the l`Ila.i ; Sewage .? reatment
Plant.

Fish ,habitat in- the survey area has been investigated in scuba reconnaissance
survey. The area was primarily silt and sand 'v4ith areas of gravel, which had
sporadic coverings of attached algae and aquatic. macrophages. Areas of boulder,
cobble and gravel were found adjacent to the eastern,' gap•There is some
recreational, fishing in the study area, particularly around the Hearn Cutfali and
Ashbridges Bay, although the Hearn plant ' is currently not in use, and so the
cooling water that attracted fish species is not in circuiation. The Ph, ~r•e 2 report
on natural iheritage contains details on angler effort, harvest, catch rate and
consumption in the study area.: The 'numb',ars of fishermen ,using ' Lhe study/ area
is ,I.il-,eiy to be about one hundred and the ;.Toronto - area is thought to, provide  .
about `,000 angler days per year and a harvest of about ;?,! OOKg a year. Surveys
conduced by Environment Ontario of Ontario anglers have shown ̀ at the most
comn;;:n fishing frequencies are once every two weeks and more than once a
week. Many fish caught by Ontario anglers are consumed. (insert information on
fish consumption in the study area). Approximately half of. the respondents to
province.--wide Su'rv,e;ys ate fish once a month or more and the mean meal size was
284g (Cox et al. 1987). This is considerably, more than the 114g used by Health
and Welfare Canada. to calculate consumption guidelines.

Levels of . contaminants have been measured. in benthas and fish. Data on
concentrations of metals and organics in benthic tissue from the East
Bayfront/Partindustrial Area and its surroundings.are shown in Tables 3.10 and
x.11cf the Stage i . Remedial Action Plan: Levels in fish have been determined
as part of Environment Ontario's . Nearshore Juvenile Fish .Contaminants
Surveillance Program (young-of7the-year spottail shiners) and the Sport Fish
Contaminant Monitoring Program. These programs-have shown that concentrations
of many contaminants, 'Including  PCBs, DDT. and its metabolites, BHC and chlordane
are decreasing in, fish; although they, can still be detected. The Sport Fish
Program has provided information published in the ̀ Guide to Eating Ontario Sport
Fish'. Consumption advisories have been issued fc-r eleven locations- along the
Toronto Waterfront, of which three are in or adjacent to the study area. These'.
are shown in Table VI. Concentrations of contaminants in fish from the Toronto
Waterfront. are discussed extensively in the Stagy . Remedial Action Plan.

Transfers of nutrients and contaminants can occur up the aquatic food ;web. For
example, benthos, phytoplankton and algae are commonly' eaten by fish. This is
likely ,to be a,significant pathway for th-6 fish species involved and information
on the Great Lakes aquatic food web is available. in, addition; prenatal transfer
could also occur, although it has not been studied extensively.

Efflux (C) r

There are three main pathways by which r utrients'and contaminants can be lost
from aquatic biota. These are the ingestion of aquatic biota,by terrestrial biota,
decay to water and sediments and excretion. Fish consumption has 

1.
already been

discussed above. As mentioned in the section on sediments, the decay, of aquatic
biota can be an important pathway for immobilising chemical contaminants in
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-degraded' and limited' communities along the\t~aterfront. Coatsworth Cut is' 
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.' 284g (Cox et al.1987). This is considerably more than the 114g used by Health 
and v;leifare Canada to calculate consumption guidelLnes. 

Levels of . contaminants . have been measured· in benthos and fish. Data, on 
concentrations of metals and, organics in benthic tissue from the East 
Bayfront/Port Industrial Area and its surroundings are shown in Tables 3.10 and 
3.11 of the' Stage 1. Remedial Action Plan. Levels in fish have been determi ned 
as part of Envi ronment Ontal-io's i,jearshore Juveni Ie Fish Contami nants 
Surveillance Program (young-of-the-year spottail shiners) and the Sport Fish 
Contaminant Monitoring P(ogram. These programs-have shown t!lat concentrations 

. of many contaminants, including PCBs, DDT and its metabolites, SHC and chlordane 
ar-e decreasing in' fish, although they can stiii be detected. The Sport Fish 
Program has provided information publisheclin the "Guide to Eating Ontario Sport 
Fish', Consumption advisories have been issued for eleven locations along the 
Toronto vJaterfront, of w/iichthree are inor adjacent to the study area. The!3e 

. are shown in Table VI. COl'1centrations of contaminants in fish from the Toronto 
~v'at~rfront. are discussed extensively in the stage 1 Remedial Action Plan. 

Transfers of nutrients and contaminants can occur up the aquatic food .web. For 
examp!e,' benthos, phytoplankton and algae ai-e· common:i eaten by fish. This is 
iikelyto be a significant pathway for the fish species involved and information 
on the Great Lakes aquatic food web is available. In addition, prenatal transfer 
could also occur, although it has not been studied extensively. 

~fflux (C) I 

. There are .three main pathways by which nutrients 'and contaminants can be lost 
from aquatic biota .. These are 'the ingestion of aquatic biota by terrestrial biota, 
decay to water and sediments' and excretion. Fish consumption has al ready been 
discussed above. As mentioned in the section on sediments, t!le decay of aqUatic 
biota can be an important pathway forimmobilising chemical contaminants in 
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TABLE VI. COi~SU HPTION ADVISORIES RE LEV /,NT TO'THE EAST8AYFRONT /PORT • 

Location Species" 

Hearrl Generati ng Station Outer Harbour 

Toronto Island - Inner Harbol,.jr 

Scarborough Bluffs 

'" Advisories may be for specific sizes only 

Carp 

Whit,? Bass 

Yellow Perch 

Gizzard .Ahad .' 

Northern Pi ke 

vvhlte Sucker· 

Carp 

Lake Trout· 
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sediments if,eutrophic conditions promoteai;gal growth.` Excretion is unlikely t.o
represe;.t a major pathway;

Conclusions iE)

This section of the report has described the East Da`'front'Port -Tn dus~+p Day '-front rial Area
as a ecosystem. Information 'on loadings of nutrients and toxic ChemICaIS. tb the
environmental media in the study area is relatively good. The most important
loadings to the ecosystem are.

To t air (from local and rem of sources);li~ 

To the sU"face 'tiatel (from t! ".e s'fair ~'~ a~ ~e Treatment PIfrrt and Storm and
combined se srs); and

To soils and groundwater (from previous and current Iand use actiVl+.Qc) j.

These and other loadings have resulted in detectable residues of toxic chemicals
in all media (ail s,ur_face water, sediments, soils and groundwater, terrestrial
biota and 'aquatic biota). In addition,.' there • have been effects reported on
terrestrial and aquatic biota. Birds have experienced reproductive failure and
fish are also unable .to reproduce normally.'Information on transfers within media
is. relatively poor. This reflects our general lack of knowledge about how
nutrients and, toxic chemicals cycle in eco.syste'S. Information about how
nutrients and toxic chemicals leave individual_ media .'is also relatively poor for
the same. reason. One of the major pathways by which contaminants are removed
from the ecosystem, sediment burial, has been disrupted by dredging activities
which resuspend colltai,dnants in. the water. column, further exposing aquatic
biota. For humans, the most important exposure pathway to contaminants in the
ecosystem is the consumption of contaminated fish, although consumption of fish
from the study area is probably minimal.
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2. ECOSYSTEM HEALTH (CH)

APPLYING CONCEPTS AND DEFINITIONS OF HEALTH TO ECOSYSTEMS (A)

Concepts.of human health have changed ovEl,r tkrie and are differ=ent in different
societies. In 1967; the Worid Heaith, Organisation; defined it as "a state of complete
physical, mental and social well-being and not merely the absence of disease of
in l - tior, 1157 29) Tl F• t+•i ,f!rmity" .(World Heath Orgai";iSa~iv :s r, j. its de;in;~io; recognised the
importance of the non"-physical aspects of health'. More recently, the World 1iealth

F F,,_ _ y vv 
the extentOrganisation's Regional Office c Europ „pa, ded this definition 'to

to which an individual or group is able, on the none hand, to realise aspirations
and satisfy needs: and, on the other to _change or cope with the environment.
Health is therefore seen .as a resource-for everyda;,- living, r=ot the objective of
living; 'it is a pcslti\'e concept emphasising social and personal resources, as well
as n hys,i  al capacity (VnI

orld -ywa! th J.r,g niSutio,
-,. 

-i 
934

4)\. r11l:.,1,c definition nition  has been
accepted Iby both +,he federal and provincial governments and was endorsed by _
the Environment and Health Wo`.-k Group in :its report (Royal Commission on the
Future 

of~ 
the Toronto Waterfront Environment and Health" Workgroup 1989, 23j:

These broad definitions recognlse that it is important not only to protect ;ealth
by . minimising or eliminating risks, but also to promote and enhance !t. Until
recently, western societies have focused on health protection, rattler: titan health
promotion, although this situation is now changing. For example, 

in 
medical

practice physicians usually focus on dJagnoses of ill health, rather than
enhancing or even sustaining good health.

Recently concepts and definitions of health have been applied to ecosystems, In
the last few years, several papers have been published on ecosystem health (for
example, Rapport, Regier and "Hutchinson 1935; l;uchberg 1935; Schaeffer, Herricks
and Kerster 1933 and Rapport '989). But just as in humans, ,good health in
ecosystems .is often taken as the absence of adverse physical' effects. Studies
have • examined physical effects at different trophic levels and at different levels
of biologic organisation. This raises the question of when is an adverse, effect
a ,health effect. Clearly; adverse effects at the tissue/organ, individual, population
and community levels of.organisation can .be seen as health effects, but what
about adverse effects at the molecular and cellular levels?' Are these health
effects or just adverse effects? 'Can we tall; about the health of a mo!.ecule or
a cell?

Most studies on ecosystem health have only explored the ' physical aspects of,
health and have not used the broad concepts embodied in WHO definitions. This
can be seen in the characteristics of ecosystem health described below. Few. .
studies have examined the psychological and social aspects of ecosystem health.
There .are, however, some notable excepti,✓ns where effects on social and
psychological health are being investigated, in `humans,. laboratory animals and.
wildlife exposed to environmental stressors. In humnans, this includes 'th'e ongoing
epidemiological study of the offspring of women who consumed relatively large
amounts of fish.from Lake Michigan. Initially, tl e.study showed that-the children
exhibited behaviouria! and neurodevelopmental deficits at birth.:(Jacobson et al.
1984, 523--532) and subsequently deficits in cognitive functioning were reported
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in the children at four, years of age '(Jacobson et al. -=;990, 38-44). In a study .of
laboratory rats fed diets coritaining sairnor) from Lake Ontario, res, archers
demonstrated an increase in reactivity to a\,,ersive events, such as mild electric
shock (Daly et al. 19c`,i9, 10356-1.3675). Behiaviour" al, effects h va E:: .,. al, so been Gb e r v e: G
;,,n  several bird species i n the Gireat Lakes Basin. Ti he most common effect is nest
inattentiveness. This has been. observed itl hel— ing gulls (for -example, Fcx et al.
1978,477-483),, Forster's tern.((Kubiak et al. In press). In addition, polygyny has
been reported in, herring gulls from the, Great Lakes (Shugart 1980, 426-429).
Lake trout 'fry have demonstrated abnormal behaviour associated with i DDT
including "loss of equilibrium, abnormal,swimming, laying on their sides at the
bottom of tanks, lethargy, cessation of feeding and eventual death' (Mac 1.986).

Since humans are integral components of many ecosystems, human health .can b 
seen as a subset of ecosystem health: Of cou,,rse., human definitions of human
health are not necessarily transferable to ecosystems .end their health, ;11timately
hui-nan realth is self-defined. So how can human definitior,.s of ecosystem health
be valid? Human perceptions about Ghat ma.<e~ an ecosystem healthy and
desirable may not reflect the blocentric _realism of what makes an ecosystem
healthy.. Inevitably, the criteria used to Judge ,,rhether an ecosystem is healthy
or not are influenced by human values. These va'u.es are dependent cn prevailing
,social and "cultural norms that change over time and are different. in .different
societies. Just as human health, is a relative concept, so ecosystem health means
different things to different people.

It is easy to trace the links between current characteristics of ecosystem health
and the prevailing values of our western, developed society (Rapport 1089, 120-

For' example, the, notion that a healthy ecosystem is a productive one can
be, related to 'our orientation towards achieving lhigh levels of economic. Nre!!-
being. Similarly, in a society in which' normality and stability are valued, it is
not surprising that stability and the ability to damp undesirable oscillations are
seen as desirable characteristics for ecosystem health. -

Concepts of ecosystem health often depend on-'perceptions of the usefulness or
value of the ecosystem to, humans. For example, acidified lakes are attractive to
swimmers. because there are no algae, but few would' Judge them to be healthy.
Similarly, a productive, commercially viable forest may- be seen as healthy, but
may be a virtual monoculture, providing suitable habitat and food for only a few
species. In addition, many degraded ecosystems may be economically viable in the
.Short term, although natural capital is being lost. Such deteriorations are often
not obvious in the short term because of artificial nutrients inputs, e.g.,
fertilisers or other additions.

A related consideration is the notion of valued ecosystem components. What is it
that we value about ecosystems and why are we concerned about them? Bean Iands
and.Duinker identified the following factors that determine how the, public values
ecosystems (Beanlands and Duinker .1953, 45):

The relationship between human health aid the• environment is of utmost
importance;

Concern about' losses of important commercial species or commercially available

.~ 
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production. Similarly, .a concern-about- ar; ,ici"east ii1 un.desir at1e species;

A high Value is placed on ecreationai and a:3sthetic cor sideraLl'ons;

Rare, or endangered species are valued highly;

tioncer,n about foss of habitat, ~- :~ represents < ~ f F ~,h , becau-s ,  a r arrovr,ng o; inure
options;

Perceived imbalances between supply and demand of species ,or hab tats.

These factors represent societal ,allues ar;ri may not. reflect the values of ali.
individuals and groups within society. For example- some may agree that
ecosystems shou!d be left undisturbed and that recreational opportunities damage
their hearth. However, they car, 1 t sed to develcp anthropocentric Criteria for- hCk r ~, ..,•..~. ro

"is + ecosystem d r S3a ifs , int- i .a ,.~::al~hy cosy~~~m in the East ~.~y,~~,~ ~iPort.Industria} Area. This ;s discussed
later in this chapter.

No discussion about human values and ecosystem health Would he complete
without. mentioning deep ecology. The tei-m deep ecology ~s ~ coined   by Arner 
Naess in 1973j (Naess 1973). The essence of. deep ecology-is an attempt to adopt
a b!oc8ntric;or ecosystef7lS approach to IifEe, rat"ker" than, rk a a anthropocentric: one.
DevalI and -Sessar,s have described .the basic principles of .deep ecology as
foIIow's (Devall and Sessions 1985).

Life "human and non human; I,as value in itself, Independent of.the usefulness
of the ;ion human world for hur+ an purposes;

The richness and -diversity of I,Ife forms contr!'bute to the realisation of this
value and 'are also values in themselves;

Humans have no right to. reduce this richness and diversity except to satisf,~`
v!;tal needs;

The flourishing of human life_ and cu.ltures..is compatible with a substantial
decrease of the human population. The flourishing of non human life requires
such a decrease;

Present human interference with the non human word is excessive and
worsening;

Policies affecting economic, technological and ideological structures must be
changed;

The necessary ideological change is to appreciate t};e quality of life, rather
than an increasingly higher standard of living;

Those who subscribe to these pr!ncip!es have an obligation to try to implement 
the necessary changes

Many deep ecologists have gained prominence .through their non-violent direct -
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action campaigns that are usually designed to dis.ru;:t human exploitation of the,
non human wort-d. But however laudable It may be to attempt 'to adopt a
biocentric. (or ecosystern) perspective we arc- "u ..an and ep t is ..impossible to
dismiss the. unique attributes t! at differentiaxt_ `: o_.rvil:J 0. Ifs

On eai th. We cannot e'Ver, Wr0iiy Step out5<.dc t IC:, ;roman frametiti.ork arld etltireIy .
embrace a biocentric approach. But a"hough we can ..ever comp;etely supersede f
an, anthrogenic .perspective, we. can acknowledge its weaknesses and compensate
for them by valurrt Individual c s y, n+ n' t tA( }~ i herg vJy alto ffa' y t to !q ,tit J GSp e
more. highly than' human desires.and g(re. d.

This discussion has imp! L;'c ,s for t;lis r ' the ,~~l~, cal.p~y~ aSpeCts
of ecosystem health in the East 8ayfrcnt,/Port Industrial Area can be assessed
with relative. ease. Second, the identification,and'measurement of risk factors and
characteristic's of a healthy ecosystc; :1n the East Sayfront!PGrt Industrial Area
represent human values, ~ether than how the eccs, stem_ itself might perceive of
its health and well-being. The rem? ceder of this rl-,, rt should "bQ considered in
the context o$ thaw trJG points.

CUMULATIVE EFFECTS (A)

As the pace, scale and complexity Gf - development have inCr eased, it. ;;aS become
apparent that the combined effects of~multiple actio;Is on the "ecosystem can cause
irreversible changes.- to ecological 'and social systems that -car, .be different it
nature'at-,d extent from those 'caused by any _single activity. These types of
effects are called cumulative effects, and they. exist within a range of spatial and
temporal dimensions. Several environmental problems provide examples of the
ways in which many small, repeated actions cumulatively produce significant
consequences.  These include ozone depletion, loss of wetlands, degradation of
Great Lakes water quality, and the deci're of fisi•; stocks. Cumulative effects on
ecosystems can be classified in 

many' 
different ways. One example is shown in

Table VI"I (Sonntag at al. 1987)..

Clearly, there are cumulative ecosystem effects J,n -the East Sayfront/Port.
Industrial Area. The types of cumulative effects that are the most common are
time and space crowding, triggers and thresholds and indirect' effects: -Of course,
an effect, can fit into more-than one of,these categories. Effects which can be
considered as cumulative include the, contamination 'of soil, vater and sediments,
dustfall,,habitat deterioration; and the numbers, types and diversity of terrestrial
and aquatic species: Contamination of soil., water and sediments can be seen as
a consequence of loadings that are time and space crowded, compounding and
indirect. Custfall is mainly ,a result of time cro dirig in the vicinity of coal, sand
and gravel piles and the lakefilling operation. , Habitat deter"iorat on probably
reflects most of the issue types.. The prin.ary causes are the' construction of
buildings; .paving of land and lakefiliing. The numbers, types and dry rsity 0f
terrestrial and aquatic species have boen affected habitat deterioration.

Several methodologies have. been proposed for assessing cumulative effects,
particularly in wetlands and freshwater, aquatic` ecosystems. However, it is
generally recognised that, ,is extremely difficult to develop broadly applicable
methodologies because of the marry problems associated with assessing cumulative
effects. These include defining temporal and spatial. boundaries, determining the

)' 
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characteristics of a healthy ecosystem in the East Sayfront/Port Industrial Area 
represent human \/al~es, rather than row the ecosystem itself might perceive of 
its health and well-being. The remainde!"of this rep0!-t sh6uldbe considered i.n 
the context of the,s6 tvfc poi nts. . 

CUMULATIVE EFFECTS (1\) \ 

1 _. 

As the pace, scale and ~omp!exity of development have increased, it has become 
apparent that the combined effects of~multiple acti-:)ns on the ecosystem can cause 
irreversible changes to eeologicaland social systems that can be differenti n 
nature 'and extent from those caused by anY single activity. These types of· 
effects are called cumulative effects, and they exist within a range of spatial and 
temporal dimensions: Several environmental problems provide examples of the 
ways in which many small, repeated actions cumu!at\vely produce significant 

. consequences. These i nc!ude .ozone depletion, loss of vletlands, degradation of 
. Great Lakes water quality and thE! decline of fish stock's. CumulatlveeffeCts on 

ecosystems can be classified in many -different ways. One example is shown in 
Table VII (Sonntag et a!. 1987). 

Clearly, there are c,umulative ecosystem effects i,nthe East· Bayfront/Port 
Ind ustria! Area. The types of cumulative effects that are the most common ar-e 
time and space crowding, triggers and threshol,ds and indirect effects. 'Of course, 
an effect can fit into more. than one of th~se categories. Effects v.,t hich . can be 

. consLdered as cumulative include the contamination 'of soil,water -and sediments, 
dustfall, habitat deterioration, and the numbers, types and diversity of terrestrial 
and aquatic sp.ecies. Contamination of soil, water and sediments can be seen as 
a consequence of loadings that are time and space crowded, compounding .and 
indirect. Dustfall is mainly ,a result of time crovidlng in the vicinity of coal, sand 
and gravel piles and the lakefilling Operation. '. Habitat deterioration probably 
reflects most of the issue types. The primary . causes are the' construction of 
building's,paving 'of land and lakefilling. The numbers, types and diversity of 
terrestrial and aquatic species have been affected habitat deterioration. 

Several methodologJes have been proposed for assessing cumulative effects, 
particular!y in wetlands and freshvJater aquatic ecosystems. However, it is 
generally recognised that, is extremely difficult to develop broadiy applicable 
methodolqg'ies because of the many ptoblems assodated\.>Jith assessing cumulative 
effects. These include defining temporal and spatial boundaries, determining the 
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TABLE VII: CL~ISSIFICATION.OF CUIMULATI~'E ECOSYSTEM EFFECTS.

iSSUF ,i Y'PESMAIN EXAMPLESCHARACTERIO T ICS

Time Crowding Frequent and Wastes sequentially
repetitive impacts on a discharged into rivers,
single environmental or watersheds
medium

S ace Crowdinga Hk ~h d~nsit of irii arts5 _ Y 
pr" i;a '~' f +~+;~~bi at, rag en toil:

on a single
in 

forests, estuaries
environmer,ai medium

' Compounding Effects Synergistic effects due uaseous emissions into
to multiple sources G the atmosphere
a single environmental
med.i um

Time Lags Long delays in - Carcinogenic effects
experiencing impacts

Space Lags Impacts resulting some ,• Major dams; gaseous
distance from source emissions into the

atmosphere

Triggers and Impacts to biological Effects of changes in
Thresholds systems that forest age on forest

fundamentally change fauna
system be} aviour

Indirect Secondary. impacts New road developments
resulting from a opening frontier areas .
primary activity

i

i

i
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TABLE VII: CLASSIFICATION O'F CUr"WLATIVE ECOSYSTE;M EFFECTS 

ISSUE TYPES 

Time Crowding 

SpaceC'row din 9 

Compounding Effects 

Time Lags 

Space Lags 

Tri ggers ahd 
Th res hoi as' 

Ind; rect 

MAIN CHARACTERISTICS 

Frequent and 
repetiti',je impact$ on a 

'single environmental 
medium 

High de'nsity of impacts 
on a single 
environmental medium, 

Syner-gistic eff~cts due 
to mUltiple sources on 
a si n gleenvi ronmental 
medium 

, Long delays in, 
experiencing impacts 

Impacts resulting some, 
d i stan ce' f rom sou rce 

Impacts to.;.biological 
systems that 
fundamentally change 
system behaviou r 

~iecondary impacts 
resulti ng from a 
'primary ,activ,ity 

EXAfvlPLES 

Wastes sequentially 
discharged into ri vers, 
or watersheds 

I Habitat fragmentation 
i n fot~ests, estuaries 

Gaseous emissions into 
the atmosphere 

Carcinogenic effects 

_ Major darns; gaseous 
emissions into the 
atmosphere 

Effects of changes in 
forest age on forest 
fauna 

New road developments 
openi ng frontier' areas 
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value of different effects, accountir y fUnot -aad;tive effects, dealing with
Informatl0rl .gaps and ensuring scieri ti fic r igour and ,con sistency..,It will also be
Important to develop methodologies. to -;,;ne the cumulative effects in the

ex th ,1•,t!,,, f ~smethodologies O ' aC~iriC- e CU'(1, r u :vC !r'; she. tNhole. Ci, the Greater
Toronto Q orc ion especially as e ,l'stll ,.~";`u USe planning ciess r, 0g' p .r y 

  
p i-o,,...~~cs ~o. rig;

assess cumulative effects. These methodologiessnould be integrated into the land
use  p'lanniing and d.evelopment' control process for the area.

APPROACHES TO IDENTIFYING AND MEASURING ECOSYSTEM HEALTH (A)

There are two approaches that hive been, use%d_to assess ecosystem health. These
are:

Id:n"i,yrng an  measuring ris' fa tors an'

Identifying and.measuring characteristics that differentiate healthy ecosystems
from unhealthy ores.

Risk factors determine the expression of; the char; cteristics that differentiate
healthy ecosystems from unhealthy ones.

These tEro approaches have also been used to .assess human health. Risk `actors
that have beer. identified -arid IrEeaJNrvu IncrUde. exercise, nUtritionai..'statuS1
poverty, housing', employment and the use of alcoh; l and cigarettes.
Characteristics that have been identified a  d measured include disease prevalence
and -incidence and mortality rates. Clearly, however, there are differences
between the types of risk factors and characteristics that are appropriate . to
assess ecosystem health, as compared viitli human health. These are explored at
the end of this section..

Identifying and Measuring Risk Factors-

Ecosystem

actors

Ecosystem health can be assessed by identifying and _measuring the .stress'ors
that are -known, or, are likely to cause adverse effects on ecosystems. There are
probably two .main. types of risk factors-. physical :ones and non-physical ones.
Physical risk factors can be either anthropogenic (e.g., persistent toxic,
chemicals), natural, (e.g., hurricanes,' earthquakes) or. both (e.g., radiation,
mercury). One particularly interesting risk factor is the :introduction of exotic
species (i.e., species not native. to the ecosystem). Exotic , species. can be
accidentally o.r.deliberately introduced and can be desirable or undesirable. Two,
well-known examples of exotic species-in the area, Lakes are lamprey and zebra
mussels. These have both had negative effects on 'the Great Lanes ecosystem'.

Non-..physical risk factors include government policies and economic factors. For
example, the policy of sewer separation adopted by .Metropolitan Toronto many,
years ago has probably, improved ecosystem' health, in that bacterial levels
entering the Toronto Waterfront from combined seers are likely to be lower that,
P,eviously. Economic factors that are also rise factors for the East 13ayfront/Rort
Industrial Area include the pressures for redevelopment. New industries anal
perhaps housing are. needed to generate tax revenues and provide jobs. But

I
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value of different. effects, accounting ·fur non--additive effects, dealing· with 
informatibngaps and ensurir,g sc)entific rigour and consistency. ,It i';/HI also be 
important to develop methodologies to examine the cumulative effects in the 
methodologies :0' examirle the cumulative effects in the \~ho!e of. the Greater 
Toronto· Bioregioh especially asexistingia[-,G use planning processes. do. not 
assess cumulative effects. Thesemethodoiogies should be integrated into the land 
use planning and development control pl-ocess for the area. 

APPROACHES TO IDENTIFYING AND MEASURING ECOSYSTEM HEALTH (A) . 

There are two app roaches that hfl.Ve been used toass.ess ecosystem, health. These 
are: 

Iden"·'tlf,yl·ng a·nd" m~asuri.n.g risk 'fac.t9r.s~ and~ 

Identifyi ng and .measuring ch~racteristics tha~ differentiate healthy ecosystems 
from unhealthy bnes. 

Rfsk factors determine the expression of" the characteristics that differentiate 
hea:tllyecosysterns from Unhealthy ones. 

These tv.fo approaches have also been used toe.sseS~3 human hea!th.· Risk factors 
that havebeeri jdet~tified and measured indude exercise, nutritional status, . 
poverty, housing, employment and. the- use of alcohol .and ·cigarehtes. 
Characteristics that have been identified and measured include disease prevalence 
and -incidence and mortality rates. Clearly, JiOV48VH, there are differences 
between the types of risk factors and.c.tlaracterlstics that are appropriate to 
assess ecosystem health, as compared .vritf;l human health. These are explored at 
the end of this sectior. .. 

Identifying and Measuring Risk Fa~tors (8) 

Ecosystem health can be assessed by identifying and measuring the _stressors 
that are ,known,or·are likely to cause adverse effects on ecosystems. There ate 
probably· two .maili types of risk factors: physical ones and non-physical ones. 
Physical risk factors can be either anthropogenic (e.g., persistent toxic. 
chemicals), natural, (e.g., hurricanes, earthquakes) or both (e.g., radiation, 
m~rcury). One particularly interesting risk factor is the -introduction of exotic 
species (i.e., species not native to. the ecosystem). Exotic·' species can be. 
accidentally or deliberately introduced and can be desirable or undesirable. n.oJo . 
.well-knolrm examples of exoti.c species- in the Great Lakes are lamprey and zebra 
mussels. rhese have both had negative effects qn the Great Lakes ecosystem. 

Non~.physical risk factors include government pol ides and -economic factors .. For 
example, the policy of sewer separation adopted by Metropolitan Toronto many. 
years ago' has probablY improved ecosystem- h.ealth, in that bacterial levels 

. entering the Toronto Waterfront from combined sewers are likely to be 19wer than 
previously. Economic factor'sthat-are also risk factors for the East Bayfront/Port . 
Industrial Area include the pressures for redevelopment. New industries arld 
perhaps housing are needed to generate tax r'evenues and provide' jobs. But 

, ," " 
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these activities will affect the health of the ecosystem, either by improving it or
further degrading it.

Some ecos stems are depend= ` periodic' t, ~ti ~•~~Y N on~..~..;.~, or ~ ~, ~ r; rs,, actor a, o
example; many boreal forests depend on fireto regenerate nutrients and anr;uai
flooding increases the productivity of varshore ecosystems. Thus, risl; factors
are not necessarily negative: They car, also enhance ecosystem health.

• This approach of identifying and. measuring r?sl< factors is ;implicit in the
rnajori~y of envrronm nta: m.n nor ~ro~ .,s L_ a'+' ' 

•i. 
`ng N 9"a; ~~ deterrninc the levels of

strPssors in the ecosystem. Example  i elude pr,oyr arras .that monitor levels of
bacteria in drinking water, content tra~~c~•"s of SOX ar,d PDX ,ni ~ , air and the levels
of persistent toxic chemicals in water,. sediments, soil and biota. Most of the
environmental data or, the East Rayfront/Qo rt Industrial Area are in this
category.

Characte.riatics of Healthy/Unhealthy Ecosystems .( )

Although ecosystem health, like human health, has been assessed largely through
diagnoses of ill 'health, more generic screening _approaches are being developed..
These screening approaches involve the use of systemic Indicators of an
ecosystem's functional and structural integrity. ;While there is not widespread
consensus on what constitutes .an ecosystem's vita; signs; a r e?ativefy small
number of indicators are emerging as being, appropriate to differentiate unhea?th-
and stressed ecosystems from healthy and - unstressed ones. These critical
functions and structures are common to all types of ecosystems and so can be
applied to the East Bayfront%Port Industrial Area to assess its ecosystem health,,
just as they can be applied to a tropical rair; forest.

The functions and structures that are.-critical-to ecosystem health include:

An adequate circulating nutrient pool to support desired organisms, especially
long-lived, larger species;

An adequate flow of energy to maintain the trophic structure;

Maintaining a diverse .species base, :especially long-lived, larger species. In
turn this requires:

Suitable habitat for all stages in the life cycle and for all
critical activities (e. g., re prod uceion, shelter and ingestion
of food and water ,

A food web appropriate for the. species base:

Feedback mechanisms to damp undesirable oscillations such as the ability to
respond. to exposure to toxic chemicals by decomposing, transferring, or
chelating them so that, they are no longer toxic or, their circulation in the
ecosystem is minimised. This has ;also been called ecosystem resilience
(Westman 1973, 705-711);

Low disease prevalence and incidence rates.

these activities \tlill affect the health of the ecosystem, either by improving it or 
further degr'ading it. 

,Some eeo'systems ~r~ dep'ende'nt 'o'n peripdlc\ streSS()iS, or risk factors. F.or 
exanwle; many boreal fOI-ests depend on fire to regenerate nutrients and annual 
flood i ng increases the prod uctivity of nS9-I-shore ecosystems. H1US, risk factors 
ar"e not necessarily negative: They can also enhance ecosystem h.ealth. 

,This approach of identifying and. measuring risk factors is. irnplicit in the 
major,ity of envi ronmentalmonitori n 9 pl-cg rams that deterrni ne the levels of 
str.!2ssors in the ecosystem. Examples include programs .that monitorlevel.s of 
bacteria in d ri n king water, concentraticrls cf SOX and NOX in 0.1 r and the leveis 
of persisten't toxic chemicals in water; s.ediments, soil and biota. Most of the 
environmental data on the East Bayfront/Port Industrial Area are in this 
category. 

CIHirlictGrl(.jtlc~ of HGalthy/Unhealthy Ecosystems (3) 
. . 

Aitho~gh ecosystem health, like human health, has been assessed largely through 
diagnoses of ill health, more generic screening approaches are being developed. 
These screening approaches involve the use of systemic indicators of an 
ecosystemis functional and structu:ral integrity. ","/hiie there i$ not widespread 
consensus on w hat constitutes an ecosystem's vita! Sl gns, a relativel y sma! I 
number of indicators are emerging as being, appropriate to differentiate unhealthy 
and stressed ecosysternsfrom healthy arid 'unstressed qr;es. These critical 
functions and structures are common to a! I types of, ecosystems and so can be 
applied to the East Bayfront/P6rt Industlcial Area to assess its ecosystem health, 
just as they can be applied to a trdpi~al rai r:forest. 

The functions and structu res that are. critical to ecosystem health i ncl ude: , 

An adequate ci rculati ng nutrient pool tosupport desi red organisn:s, especially 
long-lived, larger species; 

An adequate flow of energy to maintain the trophic structure; . 

Maintaining a diverse species base, .especially long-lived, larger species. In 
tun) this requires: 

Suitable habitat for all stages in theli.fe cycle and for all' 
criticai activities (e.g., reproduction, shelter and ingestion 
of food· and water); - , 

A food web appropriate for the species base. 

Feedback mechanisms to damp undesirable oscillations such as the ability to 
respond to' exposure to toxic chemicals bydecomposi :'1g, tran'sferri ng, or 
chelating them so that they are no longer toxic or their circulation in, the 
ecosystem is mi nimised. This has, also been called ecosystem resi lienee 
(Westman 1978, 705-711); . 

Low disease prevalence and incidence rates.', 



'Similarly, there are several characteristics of unhealthy Card stiessed ecosystems -
(Regier 1988 a,b). These include:

Reduced prig-ii ry-.producti''✓ity (except 1v`ilen rile b` fs'SSGi" is a nutrient IOadInC,
such s p p i-, 

i..l La!< e F i i;..l tjis "Nos);h a~ hos i"

Loss of nutrients e.g., loss of organic matter ,"in soil. This can be imasked by
additions of nutrients, such, as fert;iisers),
LoJ.S. Ui sensitive species ar 1id, a reduce n '^~ s ecies di 

+. Tf~.' !.iQl I~ p •\~ei"JI ~j'. I,I.c., i.lv~a,i j

involves the raplacement of to g a la, J i< s • r +4  .~~a p= r .c,. Sm~, i, ~•i~ I "Ve'
i'leS and the eme!`g8ili' .f Ic"i g „ui; N.i"S of tii' fe:v: St = t~i~rar"t species

(e..g., oligochaetes;

High disease prevalence and incidence rates, accompanied . by reprcd , ctiVe
fai i u re;

Increase Instability In numbers of iidl'JidUais- in `'.. species por Lilatii7Q 
explosions. and crashes)-, and

increased cycling ,of contarnina'ntS through ;; 0syste'rii media,

Complete information on .these character sties is harull -ver available. Tills is
true- for the East Bayfront/Port Industrial Area~, here there is Kittle i nformatior
available on these'characteristics.

Example of Assessing Ecosystem Health (B;

One exam p16 . of the assessment of eccsystern health is the monitoring , and
surveillance programs i.n the ,Great Lakes. Basin, For many years, state and
provincial government agencies have measured levels of persistent toxic chemicals
in the water, sediments, air and biota of the Great Lakes Basin. This is an
example of identifying and measuring physical risk factors to determine ecosystem
health.

Recently, more emphasis has been placed on monitoring the effects of ,persistent
toxic chemicals' on the biota of the Great Lakes,Basi;; systematically. In some
respects, it is surprising that systematic ' effects monitoring is only . now being
implemented because it has been evident for many years that numerous species
of fish and wildlife experience adverse health effects from exposure to chemical
contaminants. Effects monitoring is thus an example of . measuring the
characteristics of ecosystem health.

Another indicator of ecosystem health in the Great Lakes was. developed by the
International Joint Commission and has been proposed in the 1987 Amendments
to the 1978' Great Lakes Water Quaiity Agreement. It Js for Lake Superior and is
defined in terms of. two organisms: a fish (lake trout) at the top of the food web
and a benthic

'
species (Pontoporeia hoyO at the bottom. The indicator includes

measures of each organism's abundance and adds that. the lane should be
comprised of: stable, self-producing stocks of lake trout that are free from
contaminants at concentrations that adversely, affect the' trout themselves or the
quality of the harvested trout. Both species, require clear, cold water, clean

i ,

~. 

Similarly, there are sever-al characteristics of unheal~hyand stressed ecosystems 
(Regier 1988 a,b).These inClude: 

Reduced primary productivity (exceptvvhen the stressor is a nutrier,t loading, 
such' as p riosphorus ; nLake E riei n Ulf; ,1960s); 

. Loss of nutrients e.g., loss of organic matter,'in soil. This can be nlasked by 
additions of nutf"ients, such. as fe.rt!lisers); 
Loss of sensitive· species and a re.duct1on in sp·ecies di\/e(~sityw Th,is usua!l"y 

.' in'v'olves the r2place'rnerit of leng-lived' large sp9ci8S 'vlith sma!l, shxt--iived 
ones ahd the ernergen·c·e of large. nurnbers of the fev,: stress tolerant spec[es 
(e .. g.,oligochaetes); , 

High disease prevalence and inciden'ce rates, accompanied. by reproductive 
fail u re; 

Increase instability in num.bers of individuals'In a species 
explosions and crashes); and' 

Increased cyell ngof containi nants through ecosystem med la. 

I' 
\. l".2~ J population· 

Complete information on .these characteristics is hardiyever i:1\/ailable.Tl'lis is 
true for the East BayfrontjPort Industrial Area wher'e there is littl,e information 
avai lable on these characteristLcs. 

Example of Assessing Ecosystem Health (8) 

One example. of the assessment of ecosysteril hea!,tl1 is the monitoring, and 
surveillance programs i,n the ,Great Lahes Basin. For many years, state and' 
provincial government agencies have measured leve!s of persistent toxic chemicals 
in the water, sediments,' air and biota of the Great Lakes Basi n.This is an 
example of identifying and measu'ring physical risk factors to deter'mine ecosystem 
health . 

. Recently, more emphasis has been placed on monitoring the effects'of persistent 
toxic chemicals on the biota of the Great Lakes., Basin systematicaliy. In some 
respects, it is surprising that systematiC 'effects monito-ring is on'iy now being 
implemented because it hasl:!een evi d\ent for many years that num~rous species 
of fish and wildlife experience advers'e health effects from exposure to chemical 
contaminants. Effects monitoring is thus an example of. measuring the 
characteristics of ecosystem health. .'. 

Another indicator of ecosystem health in the Great Lakes was develop,ed by the 
Iritel~national Joint Commission and has been prop0sed in the 1987 Amendments. 
to the 1978' Great Lakes Water Quality Agreemen.t. It 'is for l<ike Superior and is 
defined in terms of two organisms: a fish (lake trout) at the top of the food web 
and a benthic, species (Pontoporeiahoyj) at the bottom. The indicator includes. 
measures of each organism's abundance and adds th,at the lake should be 
comprised of. stable, self-producing. 'stocks of lake trout that are free ftom 
contami nants at concentrations that adYersel y affect tt1e' trout tf1emseives Ol~ the 
quality of the hal~vested tl~out. Both species, require clear, col dl'l'ater, clean 
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-sediments and undisturbed habitat. The T +nrrlat!~nal Joint Commission's Science
Advisory. Board has also proposed t,Ialleye and' Mayfly as indicators of a healthy;
mesotrophic systelr IScIence 'Advisor y Board 198`,),.

+I.r 
t 

t r Ih,6 F a 
een 

assessed'Recently, ̀  i I 'health, L 1 V i LI 'r) li I ai :Gil L.an .`> uasi I 1 `El os sL it i

!n two publican ons. These ale t,eal~titl: o "Great Lakes, Great Legacy?
prepared by the :OnseIrvation F—ound~ t:on and 'he

. 
hti i-nStitute for Research on

Public PG!iGy ;Conservation Foundaticri u -ld the Ir;stitute for Research on Public .
r~ •erg ica' 1'1 

n + ! cc- Policy iJ.7V~ aril file . - pc;;t ~'n lti:`! Vi:i I'. r. II ...,b {~ L~ l'wl at L~:kes.and, 

Associated C ` ,. 
i '``ffec~s, (E ; v !! rorrrl Canada . et ~al. ; °9~~.

Fcun.daLI _i/Institute _ IVI Re,s Sar ,j l l! ~u I'!ic ! olicy I.b/GG~\ 'i dentifies f!ftech

indicators of ecosystem health in the Great Lakes Basin. These are:

Air quality .

Surface water quality

Contaminatpd sediments

Groundwater

Body burdens of Loxics

. Population status

Habitat

CISh,er!e,,S

Forests

Wetlands

Soil erosion

Agricultural Productivity

Shorelines

Human health, and

Economic conditions.

Clearly, these indicators are structural',, irather : than functional measures of
ecosystem health. In" contrast, this report and most researchers !n the field
advocate the use of functional indicators. Nevertheless, structural notions of
ecosystem health can also be helpful.

Risk Factors and Characteristics Used to Assess Human Health (B)

Although this report focuses on ecosystem health in' thie East Bayfront/Port,
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'sediments and undisturbed habitat. The Intcrnati!.)nal Joint Commission's Science 
Advisory' Boa.rd has also proposed \'Iai Isye and mayfly as indicators of a healthy 
mesotmphic system (Science I\dvisor-y Board 1989). 

"'R.ecentty·,' the -heatth of the' entir"s fir-eal- La.kes Basin Eco'systern r"las been assessed 
in two pi..iblications. These ar-e the b'co~~ entitled "Great Lakes, Gn~at Legacy?" 

· prepared by the Conservation Foundation and the Institute for Research on 
Public Policy (Conservation Foundation and the Institute for Research on Public 
Policy 1990) and the report entitled !l'To)de Chernica!.s 1n the Gr~eat' Lakes atld 
Associated Effects,'1 '(Envlronrne:l~ -Can.ada t:~t aJ. 1990). The' Consel~vation. 

· Fou ndation/lnstitute fOi' Research ()}: ru b! ie Pol icy' book !dentifies' 'fifteen 
· indicators of ecosystem health in the Great Lakes Basin. These ars: 

Air quality 

Surface water quality 

Contaminat~d sediments 

Groundwater 

Body burdens of taxies 

Populatioh status 

Habitat 

Fisheries 

Forests 

\"Ietlands 

Soi I erosion 

. Agricultural Productivity 

Shorelines 

Human health,. and 

Economic conditions. 

Clearly, these indicators are structural,. rather: than functional measures of 
ecosystem health. In contrast, this report and most researchers in the field 
advocate the use of functional indicators. Nevertheless, structural notions of 
ecosystem health can also be helpful. 

Risk Factors and Characteristics Used to Assess Human Health· (BY 
, ," f 

Although this report focuses On ecosystem' health in' the East Bayfront/Port 

'.: 
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Industrial Area, humans are a part of.-the ecosystem and so a bru=in d s; l ussicn
of the risk ;`actors and characteristics that can be used 'to assess nu,man health
is appropriate.

The Ottawa Charter for Health Rromotiori identifies nine prerequisites for human
health (Ottawa Charter for Health PrIbmotion iy26). The absence cf t ese could be
seen as risk factors. They are: peace, shelter, education, food, income, a stable
ecosystem, sustainable resources, social usti'ce and equity. Like the risk factors
for ecosystem ':'health, some of these are physical and others ar e no. Although
hhei e are differences in the types, Of r,Ck .factors fvr -human ~a;`i.'- ecosystem
health, in many cases. they are compatible. This notion, that what is good for
ecosystem heath is a4sc good For human health underlies tlh concept of
sustainable development.

rrain4ur;stii  used to assess humian, health are symptoms of disease
e +6, in 'v du • i ore Bence ••✓id f r 

r t- fespc. ~~l i - yor ill h !", i;hdiGi~ivars' and , r va, , ~u and ncidehce da ~N~cia~ y li
eXpeCtathL~ gnu infant. rnor~c:l ~~ r Cv(i it~r iti:.~,These cna; _C-e-ris' C represent
a proportion of thie characteristics that" are used to asses ecosystem health.

CRITERIA FOR A HEALTHY EAST BAYFRONT/PORT INDUSTRIAL AREA (A,

Two types of criteria for a healthy East Day front/port Industrial Area have been
developed. These are first .an ecosystem jcr biocentric) perspective, as
interpreted by humans; and second a purely. anthropocentric. perspective. They
are summarised in Table VIII.

Ecosystem Criteria (B)

Two types of . ecosystem, criteria have been developed. These, are rrisk factor
criteria and characteristics .criteria. Some criteria are both risk factors and
characteristics, including the quantity, and quality of habitat and the nature of
the food web. Habitat and food webs are risk factors for species diversity, stable
population numbers, disease incidence and prevalence and the ability to respond
to stressors. The physical risk factors that can be used to determine the health-
of the East Bayfront/Part Industrial, Area include:

Habitat quantity and. quality for fish and .wildlife that are not appropriate
for some or all the, stages of life -cycle or ' for all critical activities . (e.g.,
reproduction, shelter and the ingestion of. food, and water) of the species
present; ._

The presence of tonic chemicals (eith r.fro from anthropogenic or natural sources)
in the ecosystem;

An inadequate food web-to support upper.trophic level.species, either because
there is an inadequate number of food and prey species or because the
numbers of individual organisms are inadequate;

Development of the East Bayfront/Port Indust Area including expansion
upgrade.of the Main Sewage Treatment Plant;
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lnd ustrial Area, humans' are a pai"t of the ecosystem and so a briM discussion 
of the risk factors and charach~ristics that can be used to asseSs human heal.th 
is appropriate. 
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health (ottawa Charter for Health Prbmotiori1986). The absence of these could be' 
seen a,s risk factors. They are: peace, shelter, education,' food, income, a stable. 
ecosystem, sustain,able resources, social justice and equity. Like the risk factors 
fef' ecosystem health, some of these are physical· and .others are not. Although 
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health,' in many cases they are compatible. This notion that i'/hat is good' fbr 
ecosystem hea:th is alse good fOr human health underlies' the concept of' 

. sustai nable development. 

The rnain c·!'1aracteristics used to' 'assess hurnan health "ar'e ~yrnp.toms ',Qf dis,ea08 
or ill he.alth in lndi\,riauais "an'd "prev~!ence "and incidence data (especla'!!y life 
expectancjc..nd infant mor:c..lity) iil cortimuniti8s. These characteristics represent 
a proportion of the characteristics that are used to asses ecosystem health. 

CRITERIA FOR A HEALTHY EAST BAYFRONT/PORT INDUSTRIAL AREA (A) 

Two types cif criteria fora healthy East Bayfront/portlndu~tria! Area have been 
developed. These are fi t"st . an ecosystem {or biocentric) perspective, as 
interpreted by humans, and 'second a: purely anthr':0Rocentric. perspective. They 

"are summarised in Table vHI. . 

Ecosystem Criteria (B) 

. ' \ 
Two types of . ecosystem criteria have been, de'v'eloped. These. are (risk factor 
criteria and characteristics .criteria. Some criteria are both risk factors and 
characteristics, inelu'ding the quantity, and quality of habitat and the nature of 
the food web. Habitat and food webs are risk factors for species diversity, stable 
population numbers, disease incidence and prevalence and the ability to respond 
to stressors; The physical risk factors that can be used to determine the health 
of the East Bayfront/Port Industrial. Area include: 

Habitat quantity and quality for fish' and wildlife that ,are not appropriate' 
fOI~ some or all the. stages of life cycle or' for all critical activities. (e~g., 
reproduction, shelter and the ingestion of food. and water) of the species 
p resent; ,~ 

, 
The presence of toxic chemicals (either from anthropogenic or natural, sources) 
in the ecosystem; . . 

An inadequate food web to support upper trophic level species, either because 
there Is an inadequate number' of food and prey species or because the 
nurnbers of indiv!duaiorganisms are inadequate; 

• • ' t 

Development of the East Bayfront/Port Industrial AI"ea including expansion 
upgrade of the r~ain Sewage Treatment Plant; 

: I 
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TABLE VIII SUMMARY ,OF

1.

CRITERIA FOR A .HEALTHY

EAST BAYFRONT/PORT INDUSTRIAL AREA -

EGGS 'STEM CRITERIA Ah~ T HRG uuENIC .CRITEPIA

Risk: Factors; ish and wildlife advisories

Habitat Habitat

Food Web ValuedSpecies

Development Beach Postings

Exotic Species - \ No Algae

Redevelopment Plans Clean Industries

Sewer Separation Policy No Dead, or Decaying Biota

Recr~:<~tional Opportun;ties

Characteristics: Absence of Undesirable Species

Habitat

Circulating Nutrients

Species Diversity

Stable ,Population Numbers

Response to Stressors

Food Web

Low Rates of. Adverse Effects
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TABLE VIII SUMMARY,OF CRITERIA FOR A HEAL THY 

EAST BAY FRONT/PORT INDUSTRIAL AREA 

I.:..NTHROPOGENIC CRITERIA 

Risk Factors: Fish and' wildlife advisories 

Habitat Habitat 

Food Web Val ued Species-

Development Beach Posti n~s 

Exotic Species, No Algae 

Redevelopment Plans Clean Industri,es 

Sewer5eparation Policy No Dead, or Decaying Biota 

Recreational OpPQrtunities 

Characteristics: Absence of Undesi rable Species' 

Habitat 

Circulating Nytrients 

Species Diversity-

Stable Populatio'n Numbers 

_, Response to Stressors 

Food Web 

Low Rates of Adverse Effects 
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Introduction of .exotic; species.

The non physical risk fac"lGi S that can be used t0 determine the health of t e
East Bayfront,`Pcrt Industrial Area include:

Plans for" e redevelopment c  the East 3ayfront/Port industrial Area;

The pclicy, of se~v;er separation.

the characteristics -that can b, -GI used to determine l_he health of tL! Ih East
~..; L/.PorL .1nuustria! Area inCI,ude:

Habitat quality and quantity that are suitable for all stages of. t h e life cycle
and for all critical activities (e. g., reproduction, shelter,.ingestio,n of food and
v.,ater);' .

A. ci~cuiatir;g n utrient pool of P,l; P.` and C with ric, artificial additions or
removals;

The presence of diverse species of aquatic biota (bentl~os, zoopiankton,
toplan -ton, reptile's, amphibians, mammals an birds",; .and especiallyp.hy 

sensitive, long-lived, larger species that are characteristic of upper trophi'cIevel organisms;

Stable population ̀ numbers with no explosions or crashes (e.g., double-crested '
cormorants) This implies reproductive success e.g., minimal egg loss, eggshell
thinning or embryo loss;

The ability to respond to undesirable stressors in the ecosystem. This includes
the ability to respond to toxic chemicals, by detoxification or by minimising
their circulation. Mechanisms .include . metabolic p roc cases (e: g.; induction of
AHH enzymes) and the burial of contaminated sediments with cleaner ones;

An adequate food web t-0 support higher trop,hic level organisms in terms of
the numbers of food and prey species available and the numbers of organisms
present;

Low incidence and 'prevalence of adverse effects in biota. This includes 'fisli.
tumours, eggshell thinning, developmental problems, bicmarkers outside normal
range etc.

Anthropogenic Criteria (B.)

The criteria that- humans might select tomeasure the health of the East
Bayfront/Port ir,dustriai Area are in sane cases different. Anthropogenic criteria
can be inferred from she ̀ actors identified ley= Beaniands and Duinker 0983) and
discussed at the beginning of Chapter 2. They, include:

No advisories on fish or wildlife ccnsun pticn;

Abundant, high quality habitat for fish and wildlife;

· .~ 
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Intwductioh of exotic species. 
( 

The non physical risk facto(s that can be used, to determine the health of the 
East Bayfront/Port Ind ustl~ial /'~rea i tic! ude: 

Plans for 'the redevelopment of thee East 3ayftont/Port Industrial Area; 

The policy of sewer separation. 

The cflaracteristics that can b,e used to determi ne ths health of the East 
3ay'fr,jn!/Port Industria! Area incl.ude: 

Habitat quality and quantity that are suitable for all stages qf the life cycle 
and for ail critical activities (e~g" reproduction,sheltEir, ingestion ·of fbodand 
\,>;aier );: 

Acircu!ating nutrient pool of N, P and C with no al-tiflcial additions or 
removals; 

" , 

The presence of diverse, species of aquatic biota (benthos,zooplankton,' 
phytoplankton, reptiles, amphibians, mammals and birds» and especially 
sensitive, long-lived, larger species that are characteristic of· upper trophi'c 
leVel organisms; 

Stable pop,ulation numbers with no explosions or crashes (e.g., double-crested 
cormorants). This implies reproduttivesuccess e.g.", minimal egg loss, eggshell 
thinning or embryo lOss;' . . 

The ability to respond to undesirable stressors iri the ecosystem. This includes 
the ability to respond to toxic chemiGals~ by detoxifi'cation or by minimising 
thei rci rculation. Mechanisms' .incl ude. metabol ic processes (e:g.; induction of 
AHH enzymes) and the burial of contaminated sediments with cleaner ones; , 

An adequate-food web to support higher trop,hic level organisms in terms of 
'the numbers or food and preY sP,ecies availab!e.ahd the numbers of organisms 
present; 

Low incidence and 'prevalence of adverse effects in biota. This includes fish 
tumours, eggshell thinning, developmental problems, biomarkers outside normal 
range etc. '. . 

Anthropogenic Criteria (B) 

The criteria that, humans might select to measure the health of the East 
Bayfront/Port Industrial Area are in some cases different. 'Anthropogenic criteria 
Cdn be inferred from the factors identified by Beanlands and Duinker (1983) and 
discussed at the beginnitlg of Chapter 2. They include: 

No advisories on fish 01" wildlift.:! consumption; 

Abundant, hi gh quality habitat for fish and wi Idlife; 



The presenCB Of Valued species of fish anid 'ldlife (e.g:, bald eagle);

No beach postings;

lvo algal :growt1l

Clean industries !,,it'll no apparali,t diS,_-,hargc;: t-o the environment (some would
argue for no industri S);

ng plants, arliMalsi,- fisNo' dead or decayi 

Recreational opportunities e.g.,  !ohs,.1 aty, t:r
 spo  u..tiv ,s, 

The ,absence of undesi r"able : pecies g M N and "ats.

l

THE HEALTH OF THE EAST SAYFRONT/PORT INDUSTRIAL AREA ECOSYSTEM (A)

Ecosystems Criteria (E)

Risk Factors (C) .

Habitat (C)

The -quantity and quality of habitat varies throughout the study area. There is
a good diversity of terrestrial habitats and some are of a relatively good duality.
Ho4"lever, much of the Port Industrial. Area is paved of b'ullt Jrl, p!"o'Viding
sultable habitat. for only a few species, such as th.e house mouse. Aquatic habitat .
is generally of poor quality partly because'of anthropogenic activity and partly
because of natural factors, such ,as rapid temperature changes in the Lake. There
is also . a poor diversity of aquatic habitats.

Toxic. Chemicals (D)

Toxic chemicals have been detected in all biotic and abiotic media. investigated.
Although data from the .study area ;itself are scarce, information on biota from
the surrounding areas suggest that concentration of several contaminants have
decreased in recent years.

Food Web. . (D)

The terrestrial food web in- the East i ayfro. nt is relatively good and supports
a variety of medium and higher trophic level species. The food web in the Port
Industrial Area is poor and supports only three species of small mammals that
are all foraging animals.. An important feature of the aquatic food web is the
large numbers of pollution--tolerant chronimids and.oligochaetes. In addition, the"
fish community is dominated by forage fish which are medium, rather than high,
trophic level species. High trophic level species i-.e.; predator fish are rare.
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The presence ofvaiued species of fish and itJildlife (e.g., bald eagle); 

No beach postings;. 

Clean industries \'iith no apparent 
argue for noindusti-ies);" 

discharges to the environment (some would 

No'dead or decayi ng plants, animals 01" fish; '. 

The ,absence of undesirable species e.g., iE,rnprsyand tats. 

THE HEALTH OF THE EAST BAYFRONT/PORT INDUSTRIAL AREA ECOSYSTEM CA) 

Ecosystem Criteria (B) 

Risk Factors . (C) 

Habitat (D) 

Th.equantitY and quality of Ilabitat varies throughout t'he study area. There is 
a good dlversity of terrestrial habitats and ,some are ofa relatively good quality. 
However, much of the Port Industria! i;t~ea is pa'y'8d ot' built on, providing 
suitable habitat for bnly a few species, such as the house mouse. Aquatic habitat 
is generally of poor quality' partly because 'of anthropogenic activity and partly 
because of natural factors, such as rapid temperature changes in the Lake. There 
is also a poor diversity of aquatic habitats. 

Toxic Chemicals CD) . 

Toxic chemicals have been detected in all biotic and abiotic media investigated. 
Although data from the study area .its~lf are scarte,information on biota from 
the surrounding areas suggest that cqncentration of several contaminants have 
decreased in recent years. 

Food Web (D) 

The terrestrial food web in· the East Bayfront is relati ve!ygood and supports 
a variety of medium and hi'gher trophic level species.' The food web in th~ Port 

. Industrial Area is poor and supports only three species of small mammals that 
are all foraging anima!s.· An Important feature of the aquatic food web is the 
large numbers of poll ution--tolerant chronimi ds and 01 j gocHaetes.ln addition, the­
fish community is dominated by forage fish which are medium, rather than high, 
trophic level species. High trophic level' species i.e.,pl-edator' fish' are rare. 
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Development and. Redevelopment Plans (D

Past deveIop;rlent hr Lhe study al ea has l -Mite the quantity, quality and
.. ~Y ~t Icy lid available _habitats  Ali d i r i` ' 

dl
,~ E.Se — .. chemicals... :7 Li u l i .. i ~' N i 1 L. G t,. I i

~'d8~ oNme„L ,,fur:s ~a'~ j, l riLiv., ir:"tr r w~ C;" further deteriorate
e c ` health., This c dist-uS e I `1'~ X+ dty 

n 
i s a~~U~ySLeri1 , eai I iii is, S"d n ~i t, u~~.~..tiv(~ v mod „~~ towards G~

healthier- ecosystem. '

Introduced Species (L.;).

I hel-e are sev`aral e otit. sp .v~...J .., w.:..j l..util ail i.7 1~: 1'•I'~~.c.~ti rui (iJidriLj lif:; Ili ti~L:
i

Study ar: u. T hey include purplevvJ ii i iJ i r „r~l iri''ad8'= wetlands and displaces
. - tiGtive plan' Jpeci.L''J d.iii,e Iarlipl.:~ 

i.
iivn rJ .,;j~> .JIB fiZDi1. S,---,- ant o-'u—ed- sp,:CI;rs

are a!so undesiI-able frow; an anthiropogenic Perspective.

Sender Separation 
(~) _

Sewer separation. has probably Imp owed °, —ter quail+_/ somewhat especially in
terms of rnici-obiologica' parameters Hc;wever, shortage of data and changes
in sampling methodologies makeit difficult t0 ascertain the 'extent, of t   .
Improvement. Information on beach poster 9s .1 1d -CCa;L i that file frequency has not
been reduced significantly in recent Years.

Characteristics (C)

Habitat

This has already'. been discussed above.
~ ~r

Nutrient Pool (D)

The most obvious feature of tihe nutrisint Nooi in the East Sayfront/Port
Industrial. Area is the high organic content of some of the sediments; particularly
in the Inner Harbour and Ashbridges Bay. This is maintained .by organic inputs
from sewer overflows and outflows and the discharge from the Main Sewage
Treatment Plant. These large artificial additions are unhealthy for the ecosystem
but they cannot be eliminated. T.he extensors of the Main, Sewage Treatment Plant
out' 11 pipe may improve the situation in the nearshore zone, but It will affect
other, parts of the, lake, ecosystem. In addition, phosphorus- levels across -t'he
Toronto Waterfront often exceed Environment Ontar io's aquatic guideli-ne of 20
micrograms/litre. -As a whole; the Toronto Waterfront is usually characterised as
eutrophic.

Species Diversity. 
(D) .

The diversity of aquatic species is relative!-y .poor. As -mentioned above, there
are large numbers of a few pollution-tolerant benthic species and upper trophic
level fish are almost entirely absent. Det~siti<es of benthcs have decreased in
recent years, suggesting an improvement. -lie diversity of fish species 'in the
study area has changed over time. This can be seen from the results of the
Metre .Toronto Waterfront Fisheries Survey conducted by the MTRCA. These are

I
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Development and Redevelopment Plans (D) 

Past development ir the' study area has limited the quantity, quality and 
d.lversity of ,available habitats c"hd resulted iil "t!'~re pr-f:s8nce "(jf tc>;ic .chemicaJ$ .. 
F~8·de\/e!bpment plans ha'v'8 th'e potG!'"'ltial to irnprove or further deteriorate 
'ecosystem health., This is. discussed in the t;e;(t section ,on moving tolt,iards a 
healthier ecosystem. 

Introduced Species !r" 
I. Li J',. 

There ar$ seYGr~a! exotic $pecies, or aq.uatlc ar~d teF(~strial (p.lar-it) lifiS"' it; 't;",8 
study are"a. They include. purple lOOs8stti.-fe J~.~<r\ich li"1vades ~"Jetlands a.n'd displa~es 
nativ'e plant species and fan1prey \·,/hlCh pr-eys on fi"srl .. SOI('~e intrc,duced 'species 
are 'al·so' una esi table frOrTl an anth ropog"en lc psr'"specti v.e. 

Sevier Separation ( D) 

Sewer separation has probably improved \"iater qualitysomel<lhat especially in 
.J... ~-....... .~ .. "Y'.I""':...._,~. lo(""::r'l , ;:::J:rY'! t"'cre W:-..'~IO·' _.Y· ....... h.... f d t . d h L8,IIIS vi i,!l,-,v •. dO ::;>I",al paru.l.,e ...,,"'. "",\,,-,;/8,, c. s.,orLage 0 a a an c, anges 
in sampling methodologies make it difficu!t' to ascGI-tain the extent of the 
·irnproyeme·nt. ~nformation on beac.h pO.S.titigS ind"icate that the f!"equency has not 
been reduced significant,ly in recent yeat-s. ' 

Characteristics (C) 

Habitat (D) 

This has already been discussed above. 

Nutrient Pool (D) , 

The most obvious feature of' the' nutrient pooi in the East Bayfront/Port 
Industrial Area is the high organic content of some ,of the sediments, particularly 
in the Inner Harbour and Ashbridges Bay, This is maintained by organic inputs 
from sewer overflpws and outflows and the discharge from the Mai n Sewage 
Treatment Plant. These large artificial additions are unhealthy for the ecosystem 
but they cannot be eliminated. The extehsionbf the ~;1ain Sewage Treatment Plat;lt 
outfall pipe may improve the situation' in the nearshore zone, but it will affect 
other parts of the lake, ecosystem. In addition, phosphorus,lev'els across the 
Toronto \\laterfrontoften exceed Environment Ontar1.o's aquatic guideii'ne of 20 
micrograms/litre. As a whole; the Toronto Waterfront Lsu5ually characterised as 

. eutrophic. 

Species Diversity . (D) 

The diversity of aquatic species is' relatively pOOI-. As mentioned above, there 
are large numb.ers of a few pollution-'tolerant benthic species and upper trophic 
leve! fish 'are almost enti rely absent.' Densities of benthos have decreased in' 
recent years, suggesting an improvement. The diversity of fish species'ln the 
study area has changed over time. This can be 'seen from the results of the 
Metro Toronto Waterfront Fisheries Survey conducted by the MTRCA. These are 
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presented in the Phase L report on natural heritage and su;nmarised in Table IX..
The diversity of terrestrial speci' s in tike East Sayf,-ont s relatively, good, but
it is relatively poor in the Port Industrial Area.

.Population Numbers (D)

Little is known about the stability of :population numbers over time. There is no
information available on terrestrial species. In-contrast, there is some information
on aquatic biota, although it, is mainly in terms of yield; or biomass: The Ontario
Ministry of Natural Resoui ceshas estiir,~teu th :t u;e untario waters fronting

- Toronto 1.  ~ld produce ever half a million log rams, Jf  lJ h.`a Year. in compar: J:il'i

ilshing along the shore; in streams and in urban ponds in recent years has
produced approximately 3,500 ;silo rams of fish a. v r- e. ~- r „adag fi' ,ear. (E. tii ~n;m,n~ a„uu~, }~•~
a!

The Phase ? report on natural heritagp =uses an index that combines the number
ofspecies caught and, the total number of individuals col ected to compare fish
collections. This index is:

S - 1

(log n)

where S,= total number of species caught

-n - o+alr, ill 1,e vi t i i 4: v I d i a Is vvliected. -

Responses to Stressors (D),

Most of the biota in the East Bayfront/Port Industrial Area have, evolved
biochemical - mechanism's to detoxify toxic chemicals.' These include enzyme
induction. However, as a whole the -study area .is relatively poor at. responding
LO loadings of toxic chemicals. This is because the main, ,method of immobilising
contaminants i.e., burial in sediment cannot function normally in parts of the
study area. Dredging activities in and around the Keating Channel, the eastern -
gap and the Inner Harbour resuspend - sediments and contaminants increasing
their, bioavailability. It could be argued that the removal of . dredgeate to the
disposal cells in the Eastern Headland !s a valid method of removing.contamirant5
from the area, but it is not a natural phenomenon and causes significant effects
itself.

Food Web (D)

This has been discussed above:

Prevalence and Incidence of_ Adverse Effects (D)

There are not many data available on adverse effects on biota in the study area.
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'presented in the Phase 2 report on natura! heritage and surnmarised in Table IX. 
The diversity of terTestria! species in the East Bayfront l's relatively go'od, but 
it is r'eiatively poor in the Port Industrial At~ea. 

Population Numbers (D) 

Little is known about the stability ofpopuJation ilumbers over time. There is no 
inro.mation available on terrestrial species. In contrast, there is some information 
on aquatic biota, although it,is mainly in terms of yield or biomass: The Ontario 
1'1inistry of Natyral Resou:-ces has estimated that Lake Ontario waters fronting 
Toronto cC~'u!d prc;'du'ce o\/er half a'rnii!ion kilograrns,tif f!s.h ··a·ye,~r. In comparls¢;j"'j 
fishin8 a!ong, the shore, in streams and in urban ponds in recent years has 
produced approximate!y 3,500 kilograms of fish ,a, year, (Environm~nt Canada et 

The Phas'e 2 report on natural he'ritageuses aninde)( that combines the numb'er 
of species caught and, the total number of individuals collected to compare fish 
co!lections. This index is: 

"S - 1 

(!og n) 

S = totai number of species, caught 

n - total Ii-umber of individuals collected. ' 

Re?ponses to Stressors (D) , 

Most of the biota in the East Bayfront/Port Industrial Area have,evolved 
biochemicaJ mechanisms to detoxify toxic chemicals.· These include enzyme 
induction. Ho\tJever, as a \'I'hole the study area is relatively poor at responding 
to loadings of toxic chemicals. This is because the main method of immobilising 
contaminants i.e., burial in sediment cannot function normally in parts of the 
"study area. Dredging activities in and around the Keating Channel, the eastern 
gap and the .Inner Har:bour resuspend sediments and contaminants increasing 
their bioavailability. It could be argued that the removal of dredgeate to the 
disposal cells in the Eastern Headland is. a valid method of removing contaminants 
from the area, but it Is not a natural phenomenon and causes significant effects 
itself. 

Food Web (D) 

This has been discussed above: 

-Prevalence and Inc,idence of~ Adverse Effects (D) 

There .are not many data available on adverse effects on biota in the study area. 



TABLE IX NUMBERS OF FISH SPECIES CAUGHT BY THE 

MTRCA'AS PART 6F THE METRO'TORONTO 
I 

. ,. 

WATERFRONT FISHERIES SURVEYS 

, Year , ~Jumber of Species 

1982 25 

1983 13 

1,989 .15 

,1990 10 . ,"" 
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However, there are some data on biota, in. the surrounding area..

Fish populations in, the Toronto Waterfront appear to be healthy, showing
evidence of fungal infections and lamprey scars only (Environment 'Canada, et
al. 1988). In the late 1960s and 1970s, reproductive success of fish eating birds
on Labe Ontario was relatively poor acid there we ̀ reports of developmental
effects. Crossed bills in common tern chicks and leg deformities it ring= biked
gulls both from Mugg's Island were reported 'in the. eai-;!y 1i 970s. Since then,
reproductive: mates have improved. There have iDEDerl ilo r-event re.ports c)
congenital effects in birds on Mugg's Island. Thu `t 

i, 
aspectThus, it. tS li l{:~~' thiai. ~h'Iv dJrJeCI .

of ecosystem health has improved in recer"it years. Tills is probably a. result of
decreases in the levels of organochlorines in the Great LaiCes Bastn Ecosystem:

Anthropogenlc Criteria (B)

Adyl_~iori§§ on Fish and Wildlife 'Consumptior, (C)

These have been discussed in Chapter 1. in the section on aquatic biota.-

Habitat (r'~

This has been discussed above.i

Beach Postings (C)

All of. Metro! Toronto's waterfront bea nes have been interlilittetltiy posted in
recent years because of nigh levels ,f 'fecal col ifori; .. Beach' postings usual i "
increase as the summer progresses because of increased bacterial survival in .
sediments related to warm temperatures, constant dry weather loadings and
higher rainfall frequency. Beach postings have remained relatively constant in
recent years: This may suggest that the effects of sewer separation are less
than might have been expected. Cherry Bach i•s usually posted less frequently,
compared with other- beaches and only towards the end of the summer.

Algal Growth ; (C)

Algal growth can be expected in _eutrophlic co-nditions, such as those in the study
area. However, algae have not been a large. problem, probably because: of 'a
shortage of suitable material to which the can attach .and because of wave action.
In the last two years, there have been complaints about increased algal growth
and the fouling of boat hulls and propellers in the vicinity of ;4shbridges Bay.
The reason for'this is unknown..

Clean Industries (C)

At present the study area is dominated, by light and heavy industrial uses.,
Current and,previous industrial land uses have resulted in soils and groundwater
contamination. Industries in and around the study area could not be described
as clean, however, they are probably cleaner now than in previous years.
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However, there are some data ,on biota in the surrounding qrea, 

Fish populations in the Toronto Waterfront appear to be healthy, showi ng 
evidence of fungaiinfections and lampn~y scar"s only (Environment Canada et 
al. 1988). In the late 1960s and 1970s, reproductive success of fish ,eating bi(ds 
on Lake Ontario was, relatively poor and there Viers reports of developmental 
effects. Crossed bills in common tern chicks and leg deformities in ringo-billed 
gulls both from t'~ugg's Island were' reported in _ tile early 1970s. Since then, 
reproductive Tates have improved. Tnec8 have beeti no recent reports of 
congenital effects in birds on iV1ugg's Island. Thus, it is likely that this aspect 
of ecosystem health has improved in recent years. This is probably a result of 

_ decreases in the l.evels of organochlorirl?5 in the Great Lakes Basin Ecosystem. 

Anthropog~nlc Criteria (B) 

AdYi§9fie§ iJt'i fl~h and Wildlife Consumption (C) 

These have been discussed in Chapter 1 in the section on aquatic biota: 

Habitat 

This has 

(9) 
. I 

been discussed above. , 
Beach postin6s (C) 

1 

All of fvlet,ro ~ Toronto's waterfront beachesha<r8 been intermittetltly' posted - in 
recent years because of high levels offeca! coliform. Beach' postings usually 
increase as the summer progresses because of increased bacter,ial survival in 
sediments related to warm temperatures, constant dry weather -loadings and 
higher rainfall frequency. Beach postings have r,emained relatively constantin 
recent years: This' may suggest that' the effects of sewer separatior. are less 
than mi ght hhve been expected. Cherry Beachi,s usually posted less 'frequently, 
compared with other beaches and only towards the end of the surnmer. 

AI gal Growth, e'c) 

Algal growth !can b~ expected ineutroprdc conditions, such as those in the study 
area. However, algae have not been a large, problem, probably because ofa 
shortage of suitable material to which the can attach and because of \ilave action . 

. -In the last two years, there have been complaints about increased al gal growth 
and the foul(ng of boat hulls and propellers in the vicinity of Ashbridges Bay. 
The reason for'this is unknown. , ~ ,.-, 

CI~an Industries (C) 

At present the study -area is dominated ,by light and heavy industrial uses., 
Current and previous industrial land uses have resulted in soils and groundwater 
con:tami'nation. Industries in and around the study area' could not be described 
as clean, however, they are probably cleaner now than in previous years. 
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Built Form (C)

Much of the built form in t`~s East Bayfront/Port Industrial, Ai Is aesthetically
unpleasant. A transition to more 'pleasinga r,'is .wo id require substantial
redevelopment which wculd have r egati`J4 s11 1-t''e; m effects c cO.; ; erri health.

Dead or Decaying Biota (C)

Dead or decaying biota return nuti i~r is to ablvtic,in dia. Sf eakdo~~~~ri and ,decay
processes are essential for nutrient Cycling arid ecc ystEm health Despite this,
dead or decaying biota are not aesthetically pifeasi;"g fr^: i' ;; ar:h.cpO,en!c
perspective. This demorstraLes a difference between the ecosysterr, and t`',e
anthropogenic criteria.

Recreational Opportunities

Ti e East Bayfront/Port Industrial- Area a! read y provide some recreational
opportunities including walking and bicycling, wa e: Contact pC' ts, fishing and
the observation of, . wIIdiife. Increasing the av'allabiiity' of recreational
opportunities may, have negative effects on ecosyste,•n .health. T n recent years,
recreational opportunities in the Toronto Waterfront have increased dramatically,
;tartly through the construction of rew. . mA,rin=s, such as 'that in the Oute;
L arbour. Future possibilities that could affect the study, area include Car access,
Car ' parks; an interpretive centre and sailing. club fa_cilltles proposed in the
current master plan for Tommy ThOmpscn Park. This is ,a possible conflict
between_ the ecosy-stem and the anthropogenic criteria. s

Undesirable Species (C)

There are several undesirable species its the :study area. They include lamprey,
which prey on fish, and possibly rats..The zebra mussel is rapidly approaching
the Toronto Waterfront from the west.

Conclusions (B)

This section has attempted to assess the health of the East . Bayfront/Port
Industrial Area. Several conclusions can c '.drawn.

It is extremely difficult to generalise about the health of the study area
because' of its diversity,. It May be more appropriate to, divide, the area into
at least three sub-areas; the East Bayfront, the Port Industrial Area and the
aquatic 'environment;

The Overall ecosystems heal' status of the East Bayfront is better than that
of the Fort Industrial Area or the aquatic environment. it can be c!ds sified
as.fair. The Port Industrial Area and the aquatic environment can be classified
as relatively poor;

Nevertheless, the health Of Lh entire study area bias improved over the last
twenty years. This is partly because until recently it has ben somewhat
ignored in terms of redevelopment and- natural habitat regeneration and i

s
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Built Form (ro) ,'-' 

Much of the built 1:onn in the East Bayfn)nt/Port Industrial' Area is aestfietically 
unpleasaht. A tl-ansition' to rnore 'pieasingfonns .~'/OUfd require substantie:1 
redevelopment which. would have negative shortter~.m effects on sco~,ystem health. 

Dead or Decaying Biota (C) 

Dead or decaylng biota. i~eturn nuttientsto abiQtic,media. Breakdc.vmanddecay 
pr'ocesses are essential for nutrierlt cycling and ecosystem health. Despite this, 
dead, or decaying hiota are not aesthetically plea~,!ng from )an ,~nthropogenic 
perspective. This demonstrates a difference 'between the ecosystem and the 
anthropogenic criteria. . 

Recreational Opportunities lro\ 
\. , ... ..- ) 

The East Bayfront/Port Industrial, Area already provide some recreational 
opportunities including walking and bicycling, \riater cct"!tact spods, fishing and 
the observation of, \··Jjldlife. Increasing the aVailability' of recreational 
opportunities may have negative effects on' ecosystem health. In recent years, 
n~cl'eational opportunities in the Toronto ,V"aterfront have increased dramatically, 
partly through the construction of new. marihas,such as that in the Oute;­
Harbour. Futu re possi bi I ities that could affect the study area i ncl ude car access, 
car' parks, an interpretive· centre and. sailing.c!ub facilities proposed in the 
cu rrent master plan for Tommy Thompson Park. This is" a possi ble conflict· 
between the ec()system and the anthropogenic criteria. . . 

Undesirable Species (C) 
'~ . ..;" -.. . , ...... 

There are several undesi rable species in the study area. They i nel ude lamp rey, 
which prey on fish, and possibly rats., The zebra mussel is, rapidly approaching 
the TonZJnto Waterfront from the west. 

Conclusions (B) 

This' section has attempted to assess the health ·oftheEast Bayfront/Port· 
Industrial Area. Sever-al conclusions can be'drawn: 

It is extremely difficult to generalise about. the health of the study area 
because' of its diversity. It may be more appropriate to divide the area into 
at least three su6":areas: the East Bayfront, the Port Industrial Area and the 
aquaticenvi ronment; 

The overall ecosystem) health' status of the' East Bay front is better than that 
of the Port Industr-ia! Area or the aquatic envil-onment. It can be classified,' 
as .fa! r. The Port Industrial Area and the',.aquatic envi ronment can be classified 
as relatively poor;' . , . 

. t'>levertheless, the health of the enti t'e stud y area has improved over the last 
twenty years. This is partly because until recently ,it has ben somewhat 
ignored in terms of redevelopment and. natul~a! habitat regeneration and 
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succession, processes ,have, been allowed to proceed. This is not ti"ue for-, the
aquatic environment. It is also because of initiatives to regui,~ate, and in some
cases ,bail, the manufacture, use and disposal of some persistent toxic
chiemicais In Canada and the

MOVING TOWARDS A HE-ALTHIER. ECOSYSTEM IN THE EAST BAYFRONT/PORT
INDUSTRIAL AREA (A)

Current Plans. for the .Area (B)

Tire East rsayfront, Port Industr a e i~ °eu ~i ^e 1" +.. ,f"i l Area c c uy V n It ai Wa1-- 1 i trit

Plan, approved d b y pp ^ C,`+y Council in June, 1958. It designates the East Bayfrcint
as liaht industrial and the Port Industrial Area light  t ig and heavy industrial.ia.

's section describes r"neral trends in plans f~;1 the "s``''dy It ~ ~'Tl,l~ u~ "L•J, u' . Jtw ar a. does no'

v'ti;'it^,e 
-e fire eve 

t^ 
x-"'-+ t h-e',̂ p ~.'a ~ l`.sN ci development Icpment projects, e cN, r~ they. are !arge enough to

afe t a .large proportion of the study area.

in I. spring of 1989 there .were severai proposals, for housing in the East
Bayfrbnt and the Port Industrial . Area that ;;•ere associated 4, i tI the City's bidX or the 1996 Olympic Games. Initially, there was a Nroposal for housing west of
Cherry Street and south of the. Snip Ghannlrrd subsequently there was a
proposal for housing in the East Eayfrorlt. City. Council rejected both of these
options because of the implications for the ;ndustrial base ,in the city and
ecause Hof the soil .and landscape remediatior, that would be required. Thus, it

appears unlikely that the city would consent t~ ho, ing ii, the study area.

After these proposals, the idea of re-aligning the Don .River was put forward.
This idea had originally been suggested by the IARTCA in the late 1970s. The
curt ent version would be to straighten ̀ the Don .River ;so that it flowed south
into the Outer Harbour, rather than turnii,y west ii;to the Keating Channel. This
could provide a continuous green space, link between :the Eastern Headland and
the Don Valley. However, it -.would also result in large amounts .of relatively
contaminated sediments being deposited it", the comparatively clean Outer Harbour.
It would also constitute a significant engineei ng,project as large amounts of soil
and sediments would have to be excavated and dredged. The environmental
effects of the project itself would be consider ai:la, aside`rom the long term
p.roblerns associated with sediment deposition mentioned above. These would
involvedisposal of the excavated, and presumably contaminated, soil and the
resuspension of contaminants in sediments caused by the excavation activity on
the river bank.

More recently, this idea has been further developed by. the Gardiner Lakeshore.
Task Force. The Task Force has suggested . that the Don River would be
straightened out to the Ship Channel and the widti, of the new river bed would,
be increased to approximately five times its current width. This would create a
retention pond for the sediments coming down the Don River arid a wetland.
habitat for terrestrial and aquatic. biota. While this option is extremely attractive
from an ecosystem perspective and from ar, anthropogenic aesthetic perspective,
there would be significant engineering. and environmental problems associated
with the project itself., including those: outlined above.
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successior'! processes have beer'! a!lo\tJed to proceed. Thi.s is not ti"Ue for the. 
aquatic environment. It is also because of initiatives to regulate, and in some 
cas~s bail,' the manufactul'e, use and disposa! of some. persistent toxic 
chemicals in Canada and the u.s .. 
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Current Plans for the Area (B) 

-The Eas't Bayfront/Port~ ~ndljstriai Area is -covered :-yy tJ'"';2 Central \tJaterfr-ont 
Pian, approved by Clty Counc.i I in June, 1988. It desi gnatesthe East 8ayfront 
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In the spring of 1989 there were several PI"opcsais, for housing in the East 
Bayfrotlt and the Port Industrial Area that i'isre associated Vlith the City's bid 
for the 1996 Olympic Games. Initial!y, the.-8was a proposal fOI" housing west of 
Cherry Street and south otthe Ship Channel ai-:d subsequently there was a 
proposal for housing in the East Bayfront. C(ty Council rejected both of these 

. options because of the implications for the ~Ildustt-ial base in the city and 
because 'of the soil and Landscape remediation· that \';ould be required. Thus, it 
appears unlikely that the city 'yJOuld consent to hOL.LSingin the study area. 

After these proposals, the idea of re-.aligning the Don River was put forward. 
This idea had originally been ,suggeste,d by the MRTCA in the late 1970s. The 
cUI"rent ver·sion would be to· straighter: the Don ,River so that it flowed south 
into the Outer Harbour, rather than turnUig vi8St ir'lto the Keating Channel. This 
could provide a continuous green space link beh~een the Easterh Headland and 
the Don Valley.' HoltJever, it ,would also result in large amounts .of relatively 
contaminated sediments being deposited in the comparatively clean .Outer Harbour. 
It would also constitute a significant engineetir\gpl~oject as large amounts of soil 
and sediments would have to be excavated and dredged. The environmental 
effects of the project itself would beconside(abi8, aside from the long ter-m 
problems associated with sediment deposition mentioned abov.e. These would 
involve 'disposal of the excavated, and presumably cO,ntaminated, soil and the 
resuspension of contaminants in sec;liments caused· by the excavation activity on 
the river bank. ' . 

More recently, this idea has been further d6\!eloped by the Gardiner Lakeshore 
Task Force. The Task Force has, suggested that the Don River would be' 
straightened out to the Ship Channel and the width of the new river bed WOUld, 
be increased to approximately fiv~ times its current width. This would create a 
retention pond for the sediments coming down the Don River and . a wetland 
habitat for terrestrial and aquatic biota. While this o'ption i's extremely attr'active 
from an ecosystem perspective and from an anthropogenic aesthetic perspective, 
there would be significant engineering, and en'vironmehtal· problems associated 
with the project itself, ihcluding those outlined above. ' 
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At present; the City's Planning and _"bevelop•ei^t Department is conducting an
area7Wide study of the East Bayfront. This is .being. conducted because of an
application for an Official Plan Amendment to change the land, use from industrial

rr t ~to resi"dentin! and b=~eau.> t!~e ~. t,, l" e, !'ve obj:'ctt ~e ~c :he C: ,;L. lyduGerfrant.
Plan for she East Bay , ron ,. i~ ;s r ~ speculate about ~{ t•eml~~ a ~~ ~~ulate «co ~„ Hype GI
hou-sing, densities and built form that tray be perm,lted ill tine area:

There are several E'Jrc-JOSed deveiopmrents 't!iat would affect  a large proportion
of the study area.. ,These are the expansion/upgrade cf . the. Main"Sewage
Treatment Plant the cc,nstlG c r ' u`^'IGr1 e -construction ^tion Of tlGi; G. h ydro f   Sh'b-'. gut , ._~ "co i t u

concrete batching plant (McCord) and an aggregate recycling facility (Harkow
Aggregates) and the ccnstr;,:ction of a F'Grt Ir,' dust ial Park ; T NC), In addition
Ataratiri, the joint City-provincial t,ousir,g project, is located to- the north of
the Port industrial Area.

Sustainable ftedevelopmen-. of the East Bayfront/ Port Industrial Area (B)

Any. ,redevelopment of the East Bayfront/Port Industrial Area is likely to have
several objectives. These include creating jobs and providing tax revenues and.
possible housing. However, another vitally important objective will probably be
to enhance the, health of. the area. Assuming that land. use p 1 an, ning reflects
prevailing societal values, ecosystem reined ation will !nevitab!y be a priority !n
any rede'velopMent scheme:

It is also likely that an important consideration v4ill be balancing 
thv 

shot term,
but possibly large, disturbances to,the area during" redevelopment caused by
excavation, construction and .other activities against the potential long ter;5;
benefits to "ecosystem 'health when redevelopment has been completed. Such
balancing will require value judgements and ultimately political decisions because
itwill . be impossible to ,weigh all the factors, scientifically. However, it, will be
important to remember that the area is currently quite degraded and that human
intervention . could. 1'mprove it much more rapidly than normal ecosystem
successions! processes.

Ecosystem, health in the East Bayfront/Port Industrial Area ;could be improved
on a long term basis by implementing two key: ideas. ,These are:

Improving habitats
It W'11L be. important to improve the quality 'and quantity" of terrestrial and
aquatic habitats: in the,area. There is already a variety of different habitats,
which is -in itself healthy. .The quality and quantity of terrestrial habitat could
be improved by adopting the recommendations contained in the Phase 2 report
on natural heritage. The quality and quantity of aquatic habitat would be more
difficult -to improve. However, it may be possible to provide more spawning
habitat for different types of fish and min,lmising disturbances caused by
dredging activities. It is recognised 'that - upwel.ling events caused by wind.,
effect seiche activity destabilises water temperatures along the nearshore zone
probably making it difficult to establish stable, warm water fish communities.

Habitat improvement would lead to an. c,,vera!l improvement in ecosystem health
because it would attract a diversity of species ̀ which would in turn ensure
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· At p,;'esent, the City's Planning and Development Department is' ~onducting an 
area~vjidestudy of the Ea~,t Bayfront. Tf'iis is being conducted because of an 
applicati9n for an Official Plan Amendment to change the land use from industrial 
to resLdentialand becau~)t:;th8n:, \'i$re "t1',iS! veobjecti vesto the Central'vJaterfr"ont. 
Plan for the' East Bayfront. It is pi~ernature to ,speculate. about the type of. 
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There at'e severa: prOpossd deveiopmentsthat vJOuld affect a larg·e p'rbportioil 
of the study area .. These are theexpansion/upgtade of the Main ,S8'1'/age 
Treatmer.tPlal)t"the construc.tion of a hydro sub-station, theconstr-uctioh of a 

· conaete batching plant (McCord) and an aggregate' recycling facility (Harko\A/ .. ' 
Aggregates) and the. construction of a Port Industrial Par.k (THe)., In addition. 
Atarati f'i, the joi nt City-provi ncial housing project, is located to the north of 
tile Port Industr'ia!,A,rea. ' .. 

~u~tlillnllbI0R@'dcvelopment of the East Baxfront/Port Industrial Area (8) 

Any redevelopment' of the East Bayfront/Port Industrial.Area is likely to have 
. several 'Objectives. These incl~de creating Jobs ,~nd pro~/iding tax revenues and. 
possible housing. However, another vitally important objective \<1ill probably be 
to enhance the, health of the area. Assumin·g that land use pianning reflects 
prevailing sbci~tal values, ecosystem remediation will inevitably be a priority in 
any redeve!opm'eilt scheme. 

It is also likely that an important consideration \liill be balancing the short term, 
but possibly large, disturbances to ,thB area during redevelopment caused by 
excavation, construction and other activities a'gainst the potential rong term 

" benefits to ecosystem 'health when redevelopment has been completed. Suc'h 
· balancing will require value judgements~nd ultimately political decisions because 
it will be impossible to weigh all the factors scientifically. However, it will be 
important to remember that the area is currently ql:lite degraded and that human 
intervention. could. improve it much . more rapidly than normal ecosystem 
successional pl:'ocesses. 

Ecosystem' health in the East Bayfront/Port Industrial Area ,could be impr,oved 
ona long term basis by implementing two. key' ideas. These are: 

Improving habitats 
It will be. important to improve the quality and quantity of 'terrestrial and 
aquatic habitats.>in the ,area. There is already a variety of different' habitats, 
which is ,in itself healthy~The quality and quantity of terrestrial habitat couLd 
be improved by adopti ng the recommendations ((ontai ned in the Phase 2 report 
on natural heritage. The quality and quantity of aquatic habitat would be more ' .. 
difficult ·to improve. However, it may be possi ble to provi de more spaw ning 
habitat for different types of fish and minimising disturbances cau,sed by 
dredging activities. It is recognised that 'upwelling events caused by wind, 
effect seiche activity destabilises water temperatures along the nearshore zone 
prqbably making it difficult to establish stable, warm water fish communities. 

Habitat improvement would lead to an ,overa!!improverl'lent in ecosystem health 
because it would attract a diversity of species which would in turn, ensure 
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an adequate food web for mediuil,i and higher t op is level. organisms and a
circulating pool Of nutrients. it also cOnti ;i,;Ui.E to. :;tar.,S population
numbers and improve the ability cf biota to respond° to stressors.

t
Reducing .or eliminating emissions of toxic the"miculs
The reduction or eliminations of emissior'7 cf persistrlt to is chemicals is
already the goal of t +, e r.y g !'O , ograiTns that a'- r ' ✓al`i`t ~o L,h E as Bay front; Port
Industrial Area. These arethe 19701 e.zt ~.a v,dler Quality Ayi cement, as

LL' •n, 1 En ̀• oninent 'Ontaric'.; Municipal Industrial Strategy foramei'ld.G:i c9cr, and ~,f~

i1%bLeiner' '1MISA .

Reducing or eliminating,'emiSSioils.of '•~oxic ~heim -a! to ti 1,,-; air, water and soil
of the East Say front/Port Industrial Area. Would h,av: ",e `cilor ins ff^~t ofe xe c ~ V

eccsySte~—ii health:

Reduce fish consumption ad '~yiWories in file area;

Reduce adverse effects on fish, wildlife and plants;

Reduce body burdens of conttaminants in terrestrial and
aquatic biota;

Reduce levels of toxic chemicals throughout the .ecosystem.

It is recognised, however, that. it is probably not feasible to elimirat:; emiSSiOnS
entirely, especially because, the :(Main Sewage Treatment Plant is located in the ,
area and .there are many 5-_,wer overfIows zioutfaIIs.

An important vehicle for improving the- ecosystem health of the East
Bayfront/Port Industrial Area will be the Remedial Action Plan. Although
implementation of the Plan is probably still a year or more away, ,its potential,
should not be underestimated. Clearly, any remedial actions proposed in the Plan
shou.id be implemented into any redevelopment -plans requiring municipal or
provincial approval under the Planning Act or the Environmental Assessment Act.
Thus, th,e Remedial Action Plan, the Planning Act and the Environmental
Assessment Act, will be important in improving the ecosystem health of the East
Bayfront/Port Industrial Area. Unless, re ,tediai and. preventative measures, as
proposed in .the Remedial Action Plan, are required as part of all redevelopment
plans, the success of the Plan will be only limited.

Ongoing Monitoring of Ecosystem Health in the East Bayfront/Port Industrial
Area (B)

The East -Bayfront/Port - Industrial Area is ajurisdictionalIy defined ecosystem'.
'Therefore, it - is probably desirable to integrate any ongoing monitoring of'
ecosystem health in the area with programs already in place along the rest of
the Toronto Waterfront. Also, it is likely that monitoring will be required to
evaluate 'tile success of remedial actions- initiated as 'part of the Remedial Action
Plan. Current and future monitoring programs are, and will probably continue to
be, conducted by Environment 'Ont Trio, Environment Canada and the Metropolitan

\. 
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. an adequate food vleb for medium and higher trophic level. organisms and a 
circulating pool of nutrients. It v,oulcl also contribute to. stable population 
numbers and improve the ability of biota to respond'to stressor-so 

, , 

Reducing ,or eliminating emissions of toxic ch2:rnicait 
The red uction or el imi nation of ernissions of persistsllt toxic chemicals is 
already the goa! of tv/o prograil;s that are relevant to ti,8 East Bayfr'ont/Port 
Industri~l Area. These are the 1973 Great L.akes 'v"-/ater Quality P.greement, as 
amended in 1987, and Environment Ontario's 1Yluilici.pal Ind.ustriai Strategy for 
Abatement (f<iISA). ' 

Reducing Ol~ eliminating :emission.sof toxic chernicais. to th.e air, \'/aterand soil 
of the East Bayfr9nt/Port Ir'ldustria!' P~Fea ~dould hav's the fo!:oY>J'ing effects en 
ecosysteiTl f-iealth: 

Reduce 'fish consumption aevisories in the area; 
. . 

Reduce qdverse effects on fish, ""ildlife and plants; 

Reduce body burdehs of con,taminants in terrestrial and 
aquatic biota; 

Reduce levels of toxic chemicals throughout the ecosystem. 

It is recognised, howevel-, that it i's pl"obab!y not ft;;cisibleto eliminate emissions 
entirely, especiaily because. the Hain Sewage Treatment Plant is located in the 
area and there are many se'vler overflows and outfalls.· 

An important vehicle for improving the ecosystem health of the East 
BayfrOnt/Port Industrial Area will be the Remedial Action Plan.' Although 
implementation of the Plan is probably still' a year or more away, )t8 potential 
should not be underestimated. Clear-I:;" a:nyremediai actions proposed in the Plan 
shou.ld be implemented into any redevelopment plans requi ri ng municipal or 
provincial approval under the Planning Act or the Environmental Assessment Act. 
Thus,the Remedial Actipn Plan, the Planning Act and the Environmental 
Assessment Act. will be im'portant in improving the ecosystem health of the East 
Bayfront/Port Industrial Area. Unless, remedial and preventative measures, as 
proposed in ,the Remedial Action : Plan; are required as part of all redeVelopment 
plans, the success of the Plan.will be only limited. 

Ongoing Monitoring of Ecosystem Health in the East'Bayfront/Port Industria.! 
Area (B) 

The East Bayfront/Por'tlndustrial Area is a jurisdictionally defined ecosystem . 
. Therefore, it is probably desirable to integrate any ongoing monrtoring of' 
~cosystem heaith in the area with programs already in place along the rest of 
the Toronto Waterfront. Also, it is likely that monitoring will be reqUired tc 
evaluate 'the success of remedial actions- in'itiated as part of the Remedial Action 

. Plan. CUtTent and future monitoring programs are, and vlill probably contrnue to 
be, conducted by Environment Ontario, Envi ronment Canada and the Metropol itan 

(' 
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Toronto and Region Conservation Authority.

TdealIy, a program' to monitor ecosystem health in the Toronto Waterfront it
general, and the East Sayfront/Port Industrial Ar=~, it particular should address
the range of risk factors and characteristics is en t:.̀ ie d section in the ~ t r.s o, on criteria
for a healthy ecosystem, in the East Suyfront; Port Industrial Area. Current
programs focus on levels of persistent toxic chemicals in abiotic (,rater and
sediments in particular) and biotic (fish, freshwater clams, benthos) media. This
represents only a portion of the criteria for healthy ecosystems. While it may not
be ,feasible to initiate a mor:itoring program coverir;g uil of the criteriaeut '
above, some could be ;ncorporated. 

 : s~ 

Future programs should recogt lse the importance c; 14 bicr;~onitoring more fu'Iy
This could include coordinated effects monitcring at •Vhe different Ievels of
biologic.organisation. Some examples of possible p a-ameters are shown in Tame
I, Another apps oaCh Ydould be to d~ v ic:N:osystern it dICatGi S'for t1e TOrontG
Waterfront similar to the one developed by the International Joint Corrmission's
SCienCe Advisory' Board for ! ake ;superior. However, it v-ould be necessary to
address terrestrial, as wdvii eutropl~ic aquatic ecosystem indicators. T lids approach
is probably ,more feasible than meas u,ring ~ai.i of the criteria "for a healthy
ecosystem, however; it may be ar, o"versimplifrcatior, of aver"y co,npiex ecosystem
and So not .represent Its health aCCur,ateiy. Ot viously, all, monitoring programs
will benefit from improved collaboration between the agencies ,nvc•I'~ ed and from
synthbsising, the results mere: fully.

\ 
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Toronto· and Region Conservation l\uthority.' 

Ideally; a program'to monitor 8cosystenl health in the Toronto Waterfront in 
general and the East Bayfront/Port Industrial Area in particular should address 
the range of risk factors and characteristics identifie,d in the section 0:') cr(teria 
for a healthy· ecosystelil . in the 'East Bayfront/F;ort Industrial Area. Cu !'Tent 
programs focus on levels of persistent toxic chemicals in abiotic (~\fater and 
sediments in particular) and biotic (fish, freshwater clams, benthos) media. This 
represents only a portion of the criteria for healthy ecosystems. While it may not 
be feasible to initiate a monitoring pr-ogram covering ali of the criteria listed 
above, some coul d be incorporated. 

Future programs should recognise the importance of .. biomonitoring more fL::ly. 
This could include coodinated effects monitoring at the different ,levels of 
biologic organisation. Some examples of p-ossible parameters are shoym in Table 
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vJaterfront similar to the one devel,Jped by the International Joint Commission's 
Science Advisory Board for' L'ake Superior. Hm'lever, it would be necessary to 
address terres,triai, as well eutrophic aquatic ecosystem indicators. This approach 
is probably more feasible than measuring ail' of th'e criteriaror a· healthy 
ecosystem, however; it may be an oversimplification of a'very cornpiex ecosystem 
and so not represent its heal,th accurately. Cib'/lously, all, monitoring 'programs 
wil! benefit from improved collaboration betvleen the agencies invC:ved and from 
synthesising the results more fully. 

\ . 
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3. DIFFICULTIES IN ASSESSING ECOSYSTEM HEALTH, (CH)

This chapter- describes some of the general difficu.1ties in assessing ecowyster
- health. Difficult;es associated ` ,u , f:.f;, +y ~ r ~~f ;,soc si ted with asatus, of i y , io,.w le ✓er,

multi e exp -Su :;S tc persistent iO/.iC ch eni,ical;s emphasised because of thel.
relevance to the East Dayfrofit/Fort Industrial Area. The problems car; be
classified into two broad areas:

SC r ritifiC 1:mitat onS; and

institutional arrangements.

These  are discussed i.n further detail vv10,W.

SCIENTIFIC LIMITATIONS (A)
!

Ecosystems have been studied using the scientific method for approximatelythree
hundred years. This investigation 'ryas, proceeded lar-gely by. using a,
re'ductionistiC approach in rlhich an' 'ext:r 1a1', ~cbje;;ti've' experimenter . p+ e e!" or.

,.observer formulated tilawu a p p~,th„SI„ l„b\aa.iy Componentaboutabout  of the Sy. t .~, testedby
11c lu air ny a--rd o b:, 6 P"V. lsoi.m and ~h~ re Crmula~rny the

hypotheses eased. on the ,Iniormlat~Gt collected. T'r,is app~oacn cw s ,liuch tc
Descartes and newton who perceived nature In mechanistic, terms. The scientific
method, as it has been practised, has used the principle of causality i.e., that
effects  or events can be attributed to specific .causes. Science has become very
good at -investigating uni`causai relationships, where are effect can be attributed
t6 a particular. cause. In ecosystems, however, effects are _rarely, if ever,
unicausal.

The Nature of Ecosystem Health Effects (2)

Ecosystem health, effects are usually coy ,ilex because ecosystems consist of many.-
interacting components that are rnutually dependent on each other'..Stressors can
effect health directly or indirectly. Indirect effects are more common. For
example,, CFCs are essentially non-toxic'.and so do not cause direct health effects
on humans, but they are depleting t e strratospheric ozone layer and this' is
probably causing health effects.

It is often difficult to 'establish temporal ,and spatial boundaries, for exposed
populatior.is and individuals. For example,. to predict the human health effects
resuiti.ng from exposure "to a -toxic chemical emitted from a point source, such as
an incinerator, it is necessary to know its concentration in the environment and
its distribution. Effects can occur at locations remote from the,,originai source.
For example, acid rain is known to cause environmental' effects at locations remote
from its sources. In addition, effects can ,occur immediately or after a latency
period. For example, the effects of noise are often -immediate, whereas the effects
of exposure to ionising radiation may 'taie dcades to become apparent.

Ecosystem health effects, are frequently non-specific: The same effect can be
caused by several factors, only some of which may be.environmental. For example,
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liver cancer .can be caused by several carcinoge'ii'" chemicais and by many non -
chemical- ;aCtc:rS. TiiUs, it Is UJUc11iy ai,11i S-L ii p(r )sss;'Dle. to attribute an -effect l~ io
a specific cause.

osystems are exposed to many > c emical„ ar-id other stressor s simultaneuusry so
t is Virtually impossible to cittributt a SpeClflc health effect +o a par"ci ar 
stressor. Also, chemicals and other stressors interact with each other so that the
combined effects -may be Jess that, (antagonism), equal, toadditivity), or greater

p + ' .. t-.F + - F '. + J ' J f +~ha3i ~~y;1.1"C~,.>`il~ Lne MI6-L v, ~~la told YtuUai SL(- SGtS.

Biological varia iiit " is e3tuthoC' corfouridi ;o variadie. Populations are extremely.
[Jet erogenous. and. respond to stresSors to diffe ring degrees. Tt is therefore veryF fi +` + t. rtullltCuft to Pi"edict 'he severit- o health vt e-ts €n indi'~ir-h'als. As a res- !
population-based apprcaches tc; 4ii lating ! isk ,asSessme- ntM are often Used.
I,owevei" w{thin heLero en:sUs r :lal. ,is there x, ~Q r ;̂e to +
J i.i bj%~J i.iiGLf~Ji v.v:̂t N~.U+-r_i ,• ~~•• 4 ~~iv. C.. ..C:iJtl ~J . + ~-,y u the" are more n,~ly
s < c people r ho eatFGS.d than average (c. y., .I ,SCI a ~..i;'u t;i:i " fam ilies   J and ~

relatively large amounts of f;sii fr i t tl e G-eat `a,esv and th:ir 0f`spring17
because their p"ysiolog}" a"Id metabo{is ~l is less robust than a'rei- gJ age (e. .,.
developing x +, t e l l , ,p' rg IEl iJeJ and 'lire d ri i ~Jt i '.,S i g i'f

The interaction and complexity or. the factors discussed above means that it is
extremely difficult to establish that a particular 'stressor .,aased a particular
effect :e., it is difficult to establish cause and- effect relationsl^tips: In response
LO this, researchers are developing probabilistic models, such as quantitative risk
assessment. This difficulty  in proving c=ausality means that prediction and
assessment of heaith effects can ne`i r be 

entirely ;"ecise,  except .r. a
probabiiistiC sense.

Methodological Problems (3),
4

Ecosystem health effects have traditionally been investigated using epidemiology
and toxicology. Epidemiology has been.defined as; "the study of the distribution
and determinants of health-related States and events in defined populations, and
the application of this study to the control of health problems" (Last 1953). Most
epidemi.ologic studies have investigated human populations, although recently
epidemiologic techniques have been applied` to wildlife populations. Toxicology has
been defined as .,'the study of the adverse effects of chemical agents on
biological system" (Klaassen et al. 1380)." Ecosystem health has been investigated
using three sub-disciplines of toxicology:

Wildlife toxicology;

Plant toxicology)̀ and,

Clinical toxicology using experimental animals.

Although epidemiology and toxicology are helpful in assessing ecosystem health,
they are riot particularly well-suited to answer complex questions associated with
long term, low level 'exposures' to m itlple st; <sssof's and the subtle effects they
cause.

I' 
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Although epidemiology and toxicology are helpful in assessing ecosystem health, 
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Factors which limit the usefulness cf epidemiolcv: v In assess;i ;q e ;csystem health
include:

It is a diagnostic, rather than a predictive t ch,-Jque;

Env.!ronmental epidemiology has,concEnitrated on studying gross health effects,
such as mortality, cancer and congenital 'anomalies. Research is needed on
more subtle indicators of health, such as neurotoxic and immunotoxic effects,
functional iir~pa!rments, biological niar! ers, subtle developmental effects and
reproductive success;

It is us,ua!ly necessary tG correct for U!tiple.stressors;

It is Gften 'difficult t0 identify unexpGs2d controls that can be used for
comparative purposes because all ecosystems, 'are exposed to stressors;

Environmental exposures are often difficult to measure and predict and ,may
vary over time 'or w'+hin an exposed population Sometimes, epidemiological "
studies  do clot measure exposures:, Similarly, it is difficult ,to define the target
population spatially and. temporally;
Large sample sires are often needed to detect rai"e hea•I th effects;

Prospective studies can tale rrany years t; complete, so migration becomes
important. However, prospective std ies •can be useful for post audit
investigations;

Retrospective studies rely on historical record which may notbe 'a --orate;

,Often, the increase in relative risk je,vels between ̀ the exposed and control
populations are very small.

These problems limit the usefulness of environmental epidemiology. Unfortunately,
however, little research has been' done', to describe the criteria that govern when
environmental epidemiological studies are likely to be useful and conversely when
such studies are likely to ' produce. equivocal results or results that are not
informative.' In many cases, studies of the heath effects of environmental
stressors are .inconclusive, so it may not always be helpful to conduct such
investigations.

Factors which.l'imit thee,usefullness of toxicology include:

Effects in laboratory animals ̀ are extrapolated to predict effects in 'humans.
This can never be entirely accurate because of metabolic and ph ysialogi<al
_differences between animals and humans;

Laboratory animals are .usually exposed. to !arge doses of a single stressor
through a single exposure pathway. Ecsysten; populations are usually exposed
to small doses of multiple. stressors through multiple exposure pathways; and

The results of w.!idlife , toxicological studies have not been systematically
compared with the results of laboratory toxicology studies.. Similarly, little
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attention has been paid to relating 11 -he resales .of wildlife toxlcol'ogy% studies
to human lhealth.

These problems are unlikely. to be reseOlved aitnou cif methodological improving are
occurring: F7,; eY.ample,'tti dsvefopmeL;t,ar,d application of bioicglcal f farkers to
chemically exposed populations is.allowing us to measure subtle effects, although
they are non specific for exposures- and are not, necessarily predictive of .clinical
health effects:

Data and Information (B)

As mentioned above; the two basic SCIeiic s used to assess -cosy term Health are
toxicology and epiderniclogy. Howevee , although both have considerable databases
they are still inadequate.

Ti 1Q thn U.S.-'~lo+; Dr. r. 1.. d. +~ Na ~. n.. .-i .c- ss v4, .::: U .S N-~ional lResearl.h GCJ~{i,lcif ar ~ne al~'v~nai /"icademy, of ~cienc
published a study. on the nature and extent of available 'toxicological Information..
The study investigated a. subset of the 65,7125 substances of possible concern to.
the U.S. National Toxicology Program (U.S. National. Research Council and National
Academy of Science 1984). It.found .that there wer°e [nsufflcient data available to
permit-a health, hazard assessment for. the vast ,major-i.ty of chemical investigated.
For the best studied group . of cne;aicais, drugs and excipients in drug
formulations, sufficient toxicological information. was available .on only 13% to
permit a coiiiplete' . health hazard assessment. For pesticides, which are
environmental chetrsicais, these was sufficient information available on only. 10%
to permit a complete assessment. There here insufficient data a.aiiablE on all
chemicals in commerce studied to permit a complete assessment. The study also
found that almost half of the chemicals stud,s:d tYEre considered to have
widespread, human exposure and avai-la6le"physicochemical data. on 20% of, the
chemicals led to a high concern that, they could have adverse, human health
effects:

There is a similar shortage of environmental epidemiological data. An unpublished
preliminary survey of Canadian studies on long term, low Level exposure to
chemicals in the environment and potential human effects identifled a total .of 43'
studies (Davies and Gully, 1989). They included sir, case , stu,d1es, ten exposure
studies, twelve ecological studies, seven case control studies and eight cohort
studies. Of these, 43 studies, .nine demonstrated an association between exposure
and effects, but only twodemonstrated a high degree of association. This could
be because of study design, sampling problems or because environmental,
exposure did not play a significant role in the human health effects investigated.
Before it is possible to assess how, ecosystem health is affected by, stressors it 

.

is important to understand the pre--existin,g ecosystem health status or at' least
the health status of comparable. ecosystems. Unfortunately,: however, there is
often not much information available on human or wildlife population health
status. For example, data on human mortality are, reasonably good, even though'
there are problems 'with defining `causes of death' on death certificates. But linformation on morbidity is scarce. Hospital ad,isslon records- can be an
important source, as can 'sentinel physician' systems but information on . health 1
conditions for which physicians are often not consulted e.g.,' cords, flu, minor
allergies, rashes etc, is almost entirely iacking, except where special health-status

'\'~. .' 'r 
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~ s' L ~ -, h d .Led Tf,~. s , r e of !)ass health data sun,✓ey e ,la✓:; been Coriuu..~„~a. ; ~,~ u~~~.;~ gag.. _ h~a,~, a a is
compounded by the shortages of environmental epidemiological and toxicological
data. discussed: above, Baseline 'en vironrr,ei taldata are more common, as many
gov e rnment e.n,V;t"Gi ii, -ii L3iInLta wy nC- ic:S Ut;n::ky' i1L C uii", food acid wate.r quality.
Related issues are thie separate collectionstand orage cf informationon
ei"iv iron men'Lai quality and h'unna'ti health, and ;e need for "~ t t0 benioi s anon
interpreted for its biological significance. In recent years, anuiytical detection
levels have falken by severa! or,derS of 'iliag*iitu, dtZ , t)Ut our ablkity to understand
the blOkGgiCal _Significance of 'StresSors Such as low Concentrations of chemical's
has not kept puCc..Tkne trend tG1'rG." cff t , Should resolve thiss 

problem.

INSTITUTIONAL, LEGISLATIVE. AND JURISDICTIONAL ARRANGEMr--NTS (A)

Y- second IlA U.i.i 11L,: W 1 li f :,.tvS  :31 f"1 - uith +he
Ir:iStltutiGinal; lGgiS!atlVe;'juriSdiCtiOrlc ecosystem t!_at we have constructed ,t^
manage the physical ecosystem and its .health: Tinis organisationalecosystem is
an artifact of human values and concepts. Just as prevailing social and individual
.,clues_ determine the, impor Lance ;we assign to different- ecosystems and their
components (and how we assess their health.'), So t he.organisationa! ecosystem kS'
based on the importance we assign to diiffer nt com—orlents of the 'world around
us. Existing arrangements are largely based on tie assumption that ecosystems'
can be divided into components and iniiariagect sepa rattily. For example, humans are
integral .Gi7ipOn8rlt. of I77ctrl Y ecosystems, b ~ hi;- !"i~:cith_ S uscually managed
separately fl'":m the health -of file environment. For centuries, the JUd80-ChriStiar;
tradition has emphasized the separation between, : nd su.pe'rior nature of, humans
over the -environment. At worst, this belief has been used ' tojustify the
exploitation of `natural resources'. while at best it provides a justification for
human stewardship of the biosphere. it is not realistic to think that humans can
manage the biosphere or even ̀act as its stewards. It is more appropriate to thin(
in terms of managing the effects of human .activities on the .ecosystem, which is
what most environmental management programs are designed to do.

institutions and agencies rarely work collaboratively to assess ecosystem health
and do riot often, agree about how the effects of human activities should be
managed. There are four general problems that hinder collaboration'. These. are:

'Different institutions often . `have conflicting perceptions of their
responsibilities. Sometimes, responsibilities are' not clearly deflined and
sometimes more than one agency,is responsible;

Different_ institutions have different priorities and organisational. values;

Political power Arid influence is often related to. the extent of the resources
(budget and human) allocated to individual agencies. Frequently, departments
or, ministries at the same level of government must compete against each other
for these resources;

Institutions have long memories so-that reorganisations involving transfers of
resources ',(and hence power) from one institution,; to another are not quickly
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surveys have been conducted. T:le shortage of basel n(~ Ilea!th data is 
compounded by the shortagl~f;; of enVil"Onmental epidemiolog cal and toxicological 
data discussed. above. Basel i neenvi ronmenta! data are more common, as many 
gov8r'nment environrnental" agencies routinely rnonitor air,focid and vtate.r quality. 
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interpreted for its biological significance. In recent years, ar:aiytical detection 
ievelshave fallen by sever"a! orders ofmagnituds, but our abi:ity to understand 
the biological significance of stressors such as low concentrations of chemicafs 
has not kept pace .. The tr"end to\.Alards effects; ir~bnltotlng, shou.ld reso1'v'8 this 
problem . 

. INSTITUTIONAL, LEGISLATIVE. AND JURISDICTIONAL ARRANGEMENTS (A) 

ft, sG,cond tUffic,u!ty h'ith 5.SS6,S·Si1"'/g s·t~c·c;y~~te,m h~alth is the 
institutionai/legislative/jurisdictionai ,ecosystem that vie have constructed ·to 
manage the physical ecosystem and its health: This organisationaiecosYstem·' is 
an artifact of human \iaiues and concepts. Just as prevailing social and individual 
values determine the, importat~ce\tie asslgnto different 690systems andthei r 
components (and how we assess thei r health.),·· so th'8 organisational ecosystem is' 
based on the importance \t~e assign to different compOtients of the 'vvorld around 
us. Existing arrangements are large!y based on the assumption that ecosystems 
can be divi ded into components and managed sepatatei y. For 8xaI11Pie, humans are 

. integral components of many' ecosyst'3ms,but h:..iiTian heJaith. is usually managed 
, separately from the health ·of the environment. Fot 'ceritui~ies, the Judeo-Christian 

tradition has emphasized the separation b~tween, an:::! superior nature of, humans 
over the envi ronment. At worst, this belief. flas been used· to justify the 
exploitation of 'natural resources' while at best it provld~s a justification for 
human stewardship of the biosphere. It is not realistic to think that hwmans can 
manage the biosphere or even act as its stewards. It is more appropriate to think 
in terms of managing the effects of, human activities on the ecosystem, which' is 
,v~hat most environmental management pt~ogramsare designed to do. 

Institutions and agencies'rarely work collabor-atively to assess ecosystem health 
and do not often agree about how the effects of human activities shou! d be 
managed. There are four general problems that hi nder collabol~ation·. These are: 

'Different institutions often . have conflicting· perceptions of their 
responsi bi lities. Sometimes, responsi bi I ities are' not clear! y defined and 
sometimes more than one agency Js responsi bie; 

Different institutions have different prlol~ities and organisational values; 
., , 

Political power and influence is often related to the extent of the resources 
. (budget and human) allocated to individual agenCies. Frequently, departments 
or ministries at the sqme level of government 'must compete against each other 
for these I~esou rces; 

Institutions have 101,g men10ries so that reorganisations involving transfel~s of 
resources:(and hence power) from one institution to anot!ler are not quickly 
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) 
forgotten.' 

While it may not' be ft:;asibie or desir-able to abolish the existing 
institutional/legislative/jurisdictional ecosy'stem, ,it should be possible to 
amel~riorate a so that ecosystern health ,can be, assessed and impr'oved. This vjil! 
requi re a char,1ge in va! U8S, so tbat ecosystems and thei r health are seen as 
being more important than the narro~{" jur'isdictlon or concerns of singie 
institutions. 

./ 
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4. CONCLUSIONS >( !~

1. The East BayfronL+ ,i-cr t Industr iai Area does got " oIrsti t u+t u naturally-
-defined ecosystem. Nevertheless, it is possible tic -apply the principles of an
CO~y~~. i, aj j;; oaCh to one area and an assessrnl -~nt o.lf lltS health.

2. There are many pathways through which i•;utrients a;,d toxic chemicals enter
the study area and our in for matioi o., loadings is relatively good. Some ,.f
these pathways involve'local SOu;"C3S~.nd of  in`rc"ve remote SCurr:S. 7-1`;e

most ii?lpol,tant ones a';'

1'o he ai.i \from local and -remote sou r—ces) 1s

To the surface. water (from the Main Sewage Treatment Pant
t,d S.tp-m and GO' birt~d sBV.lerS),

,o soils and r+ol rid✓c`Gter (from Nre.; S and Current !and
use activities)

Nutt'Ien~S and tOX;C C.h:miCa!S ai"'C exchanged between different media in the
study area and between- the study area and its su nrou,ndlrigs. Our
information. on transfers within individual media and between different
medial is relatively poor. This reflects our lack of knowledge. about how
nutrients and toxin chemicals cycle in -ecosystems.

4. One of the major pathways by which contaminants are removed from the .
ecosystem, sediment. but ial; i,z b :er, disrupted by dredging activities which
resuspend contaminants in the water coiutr.n, further exposing aquatic biota.

155. The criteria used to' judge whether an ecosystem is healthy or not are
inevitably influenced by hu`tan values. Nevvei"thele'ss, it is possible to
develop separate sets of cr;iteria.'for ecosystem health its the East
Bayfront/Port Industrial Area that represent the biocentric and
anthropocentric perspectives.

6'. Many' of the effects observed in the East-Bayfront/port Industrial Area are
cumulative i.e., they are not taus; d by a single activity in temporal and
spatial isolation from other activities. There is, a need to develop
methodologies to assess .the cumulative effects in the whole of the Greater
Toronto Bioregion and to integrate them. into the land use pIann°ing and
development. control processes in the area.

7. From, a biocentric perspective, ecosystem ,health can be determined "by
identifying and measuring risk factors and by. identifying and measuring the
characteristics of healthy/unhealthy ecosystems.

8. From and anthropogenic perspective, ecosystem health can be determined by.
identifying and measuring factors that reflect how the' public values
ecosystems. These factors include the relationship between human health and
the environment' and concern about losses c"i important commercial species
or commercially, available production.
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4. CONCLUSIONS I ( ('!-l \ "" , ) 

1. The East Bayfront/Portlndustrial Area does not constitute a naturally 
-defined ecosystem. Nevertheless, it is possible to apply the principles of an 
ecosystt;rn apP:"Qach to the a.rea an~ :0 an assessrn8!~t of i~s tjealth. 

2. There ate many pathways through \t,i~lich nutrients and toxic chemicals enter 
the study' area and our information on loadings is reJativeiy good. Some of 
these pathways' in\/o!\'E: local so~rces and othe:/"s in\/ol .... l8 rernote'$curct:s. The 
rnost !hlpO(tant Ot'"';8S a"ts: 

To the ai((from loCa.: and remote sources); 

To the surface, water (from the ~1Rin Sev4age Treatment Plant 
,ar~d storm ,and combined s8v,lers); 

To soils afld groundli/ater (f;-om prsvio,l')'S ,and current land 
use activities): 

3. Nutrients and to;<ic chemicals are exchanged between differertt media in the 
study area· and between· the study area' ar1d its surrou'ndings. Our 
information on transfers within individual media and between different 
medialis relative!ypoor. This' reflects our lack of knowledge about lim" 
nutrients and toxic chemicals cycle in ecosystems. 

, , 
4. One of the major pathltJays by vJhich contaminants al"8 remov'edfr:orn the 

ecqsystem, sedimen~ burial,has' been disnJpted' by dred.ging activities whiCh 
resuspend contaminants in the water column, fur-ther exposing aquatic biota. 

5. The criteria used to) judge whether an ecosystem is h~althy or not are 
i nevitab! y infl uenced by hu'tnan val ues. Ne .... 'ertheless, it is possi ble to 
develop separate s'ets of crHeria for ecosystem health in the East 

. Sayfront/Port Industrial Area that represent the biocentricand 
anthropocentric perspectives. 

6~ Many of the effects observed in the EastSayfront/Port Industrial Area are 
cumUlative i.e'., they are net caused by a single activity in temporal and 
spatial isolation from other activities. There is. a need to develop 
methodologies to assess the cumulative effects in the whole of the Greater' 
Toronto Sioregion and to integrate them i!lto the iand use planning and 

development control processes in the area. 

7. From a biocentric perspective, ecosystem. health can be determined 'by 
identifying and measuring risk factors and by identifying and measuring the 
characteristics of healthy/unhealthy ecosystSn1s . 

. 8. From and anthropogenic perspective, ecosystem health can be determined by 
identifying and measuring factors that reflect how the' publicva!ues 
ecosystems. These factors include the re!ationstli.p betw'een human health and 
the envi ronment and concern about losses of important commercial species 
or commercially available production. 
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9. From. a biocer`itric perspective, risk factors for the East Ba},front/Port
Industrial ,Area include the quantity, quality and diversity oil- habitat; the
presence GL, Xic chemicals, the adequacy of the food web, d velopment and
redevelopirrent plans, the introduction= of erotic species and the policy of
Sewei separation. Gl aracte- 'tics include the qua ntity, quail+y a n c d] ,,,/`?rSit.y
of habitat, a, circulating nutrient pool, the presence of diverse species;
especially upper trop"' level organisers, stable population numbers,, the
ability to respond to ui`ldesirable stresSors, an adequate food web and a low
incidence and prevalence of adverse effects in .;i:jta..

iv. From an anthropogerr;c p0rspectiV'6e, c  iterka iinc1, d  ii0 '`iSl' Or 4UIl(~life
consumption-advisories, abundant high, qu:aiity Habitat, nc, beach post; ngS,
no ,algal ~:tdth clean , ,.,~~, e~ ~~I L:~_ i ndustries, tr i s, anst ~icalIy pleas;n,g built form no deadw ,.
or decaying biota, recreational opportunities and .tl^e absence f undesirable
species.

Several conclusions can be drawn about th,e h=ealth of the East Bayfront/Port
Industrial Area:

It is extremely difficult to generalise about the health of 'he study
area, because of Its diversity. It may be more appropriate o divide the
area. Into at least three sub-areas: the', 'Past Bayfho,t, the Port
Indu,s'r -al Area and the .aquatic ~onv:iron, n !^tg   .

The overall ecosystem health of the East Bayfi-ont is belt; i- than that
of the Port Industrial Area or of V--ie aquatic environment: it can be
classified as fair. The Port Ir~uustrial Area and the aquatic environment
can be classified as relatively poor;

Nevertheless, the health, of the e'nti're study area has improved over the
last twenty years. This is partly because until recently it has been
somewhat ignored in terms of redevelopment and natural habitat
regeneration and succession processes have been allowed to proceed:
This is riot true for the' aquatic environment. It is also because of
initiatives to regulate, and in some cases.ban, the manufacture, use and ,
disposal of some'persistent tonic chemicals in Canada and the U.S.

12. Assuming . that . land use' planning- reflects - prevailing societal values,
ecosystem remediation will inevitably + be a priority in, any, redevelopment
schemes for the area.

13. Ecosystem health in , the East Sayfront/Port Industrial Area .could be.,
improved on a long term .basis by implementing two key ideas. These are:

Improving the quantity, quality and diversity of habitats;, and

Rsduci,ng or eliminating emissions of toxic chemicals.

14. There are two main .difficulties in assessir;g ecosystem -health. They are:

Limitations related to science ar:d its ability to answer questions about :
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9. F rom a biocefltric pel\specti ve, risk factors' for the East 8ayfrontjPort 
Industrial Ar-ea include the quantity, quality and diversityo'F habitat, the 
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of habitat, a, cjrculating. nutrient pool, the presence of diverse sp.eciesj 
especial!.y upper trophic level organisrns, stable populatio,n numbqrs, the 
ability to respond to undesirable stressors, an adequate food 'vieD and a low 
incidence. and prevalence of advel"se effects in biota.' 

lb. From an anth(opogen:c perspecti':ie, criteria include no fish or \'iildlife 
consumption 'advisories, abundant h(gh quality habitat, no beach postings, 
no algal grovHh, clean industries, aesthetically pleasin.g built form,. no dead 
or decayin'g biota, recreational opportunities and .the absence of undesirable 
species. 

11: Several conclUsions can be drawn about the health of the East Bayftont/Port 
Industrial.Area: 

It is' extremely difficult to generalise about the hoalthof the study 
':area, because of its diversity. It may be more appropl~iate to divide the 

area. Into at· least three sub-areas: the East Bayfront, the Port· , 
In d u .. strial Area arid the aquatic Gnvi I"onment; 

The overa!1 ecosystem health of the East Bayfront is better than that 
of the Port Industrial Area or of the aquatic ·environment. It can be 
classified as f~ir. The Port Industria! Area and th'e aquatic environment 

. can be classified as relatively poor; 

Nevertheless, the health. of the entire study are~ has improved pver the 
last twenty years. This is partly bE~cause until recently it hasbe.en 
somewhat ignored in terms of red~velopment and natural habitat 
regeneration and succession processes have been allowed to proceed. 

'This is not true for the' aquatic en vi ronment. It is·' also because of 
initiatives to regulate, and in some cases.ban, the manufacture, use and 
disposal of some 'perSistent toxic chemicals in Canada and the U.S. 

12. Assuming. that land use planning reflectsprevai!lng societal 'valu'es, 
ecosystem remediation will inevitably bea priority in any redevelopment 
schemes for- the area. 

·13. Ecosystem health .i n ,the East Bayfront/Port Industrial . Area. could be' 
improved on a long ,term basis by implementing t~"o key ideas .. These are: 

Improving the quantity, quality and diversity of habitats; and 

Reduci.ng or eliminating' emissions~f toxic chemicals. 

14. There are twomai ndifficulties in assessing ecosystem health. They are: 

. Limitations related to science andltsabillty to answer questions about 
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interactions in complex ecosystems; 

Probl'ems assoCiated with institutional, :sgislative and jurisdictional 
fir ran 9 eil1eti"ls. 
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