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WATER QUALITY IN THE
FLUVIAL SECTION

Contamination by Toxic Substances

Background

rban development, industrial activi-
Uties and farming have unleashed a
massive load of toxic substances into
our watercourses over the last century.
These toxic inputs have contributed to
degrading the water quality in the im-
mense Great Lakes—St. Lawrence Basin,
thus placing this unique ecosystem

at risk.

Reference stations have been set up
in the fluvial section of the St.
Lawrence River to assess the quality of
the water by tracking seasonal and
interannual fluctuations and long-
term trends in contaminant concentra-
tions. The Quebec City region (Figure 1)
was selected for a reference station
in 1995 because the tide brings the dif-

ferent water masses in the river

together here, thus combining sources

Photo: Francoise Lapointe, Environment Canada

of contamination. Since 2003, meas-
urements have also been taken at
Wolfe Island, at the mouth of Lake
Ontario (Figure 1), to assess the quali-
ty of the water entering the river from
the Great Lakes, which is characterized
by its clarity and high mineral content.
A new station was added to the net-
work in 2004 at Carillon, Quebec, close
to the mouth of the Ottawa River. The
Ottawa is the largest tributary of the
St. Lawrence and its so-called “brown
waters” cover a large portion of the St.
Lawrence north shore and are easily
identified as far downstream as Trois-
Rivieres.

These contaminants were chosen
for analysis based on the Priority Sub-
stances lists of Environment Canada,
the United States Environmental

Canada

T P4

St. Lawrence ’Z

Plan
For a Sustainable Development

Québec

Photo: Environment Canada




Figure 1.

Water quality monitoring stations for toxic substances
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Protection Agency and the Interna-
tional Joint Commission. The dissolved
and particulate phases are analysed
separately, due to the great affinity of
most contaminants for suspended mat-
ter and their distinctive behaviour in
the dissolved phase and the particulate
phase when transported in the aquatic
environment. The use of the latest sam-
pling and analysis techniques ensures
the precision of the results for sub-
stances present at trace and ultratrace
levels. The sampling conducted in the
area of Wolfe Island, at the outlet of
Lake Ontario (Figure 1), serves to
assess the quality of the water coming
into the St. Lawrence River from the
Great Lakes, the river's main source.

Overview of the Situation

Just as the quantity of a given con-
taminant released to an ecosystem
has a direct effect on its concentration
in the aquatic environment, so too

does its source have an influence on
how concentrations will vary in the
environment. These variations are
amplified or attenuated by hydrologi-
cal phenomena like dilution, sedimen-
tation and groundwater flow, which
fluctuate with periods of high or low
water. Variations in the chemical
composition of the river water near
Quebec City therefore largely result
from seasonal fluctuations in the
waters entering from the Great Lakes
and the tributary rivers of the St.

Lawrence.

Metal sources are sometimes diffi-
cult to determine, metals being natu-
rally present in all bodies of water. It is
only when the metal concentrations
exceed a certain level that we can con-
clude that human activities are making
a significant contribution. No exceed-
ances were found when comparing
observed concentrations of dissolved

metals against the quality criteria
(Table 1). Further, the concentrations
of metals associated with suspended
particles in the river are close to the
levels measured in the Earth’s crust.

The natural concentrations of some
metals were higher in the tributaries
draining the north shore of the St.
Lawrence than in the rivers draining
the Great Lakes Basin. By contrast, the
waters from the Great Lakes are richer
in major ions than the water that
drains the north shore. The observed
variations in metal concentrations
near Quebec City are primarily the
result of proportional changes in the
mixing waters of the Great Lakes and
the St. Lawrence tributaries. The tribu-
taries and the eroding banks and bed
of the river are estimated to be the
largest sources of metal inputs to the
St. Lawrence. Only the concentrations
of lead, zinc and mercury in suspended
particles are indicative of anthro-
pogenic inputs when compared with
levels in the Earth’s crust.

Some metals exhibit a slight de-
creasing trend since 1995, whereas
others display slight increasing trends
(Table 1). This phenomenon is easily
explained by the proportion of Great
Lakes water in the St. Lawrence, which
has declined somewhat over the past
few years in favour of water from the
river’s tributaries. Mercury levels, how-
ever, have grown markedly (Figure 2),
due not simply to hydrological factors
but rather to an increase in human
sources that have not yet been identi-
fied. These sources, however, do not
appear to be located in the Lake
Ontario watershed because concen-
trations there are so much lower
(Figure 2), but they could very well
be found outside the St. Lawrence
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Table 1.

Concentrations and temporal trends in toxic substances in the
water at the Carillon, Wolfe Island and Quebec City stations

Temporal trends at
Average concentrations (ng/L) Quebec City (1995-2002)
(estimated %
Wolfe Quebec Quality of changes)
Carillon Island City criteria
Parameters 2004 2003-2004 | 2003-2004 | (ng/L)* | Dissolved | Particulate
METALS
Aluminum 33 000 13 000 19 000 100 000 A 10 Y2
Arsenic 340 780 590 5 000 A4 NT
Cadmium 11 13 17 800 NT Y8
Copper 960 800 1 000 2 000 A3 )
Iron 185 58 50 300 000 Al5 Y 3
Lead 36 16 25 2 000 NT Y2
Mercury 1.2 0.3 0.9 100 A1l A2
Nickel 660 1 200 1 100 65 000 Y 4 Y2
Zinc 817 440 700 30 000 A 17 Y 3
PESTICIDES
Atrazine — 53 41 1 800 NT NT
Metolachlor — 18 13 7 800 NT NT
Simazine — NT 9 10 000 NT NT
PAHSs
Anthracene 0.09 0.02 0.15 12 NT NT
Benzola]
anthracene <0.03 <0.03 0.06 18 NT NT
Benzola]
pyrene 0.04 <0.01 0.09 15 NT NT
Fluoranthene ] 0.36 0.8 40 NT A9
Fluorene 0.3 0.34 0.9 3 000 A5 NT
Phenanthrene 1.8 0.85 2 400 NT A10
Pyrene 1.4 0.25 0.8 25 Y 4 Y6

*For the protection of aquatic life from chronic toxicity.

NT: No trend noted.

watershed, as mercury is highly vola-
tile and can be carried over long
distances in the atmosphere.

hydrocarbons (PAHs)
Concentrations of dissolved PAHs
show high seasonal variations in both
the St. Lawrence and the Ottawa River
(Figure 2), being maximal in winter
Unlike
metals, these variations are not con-

and minimal in summer.

nected to the water cycle; the high
concentration of PAHs in winter prob-
ably testifies to the increased combus-
tion of wood and other fossil fuels.
Indeed, the highest PAH concentration
measured since 1995 (Figure 2) corre-
sponds to the period following the
1998 Ice Storm. Levels don't fluctuate
quite so dramatically at the Wolfe
[sland station, probably due to the
long residence time of water in Lake
Ontario.

Levels were compared against the
quality criteria and not a single
(Table 1).
Current PAH concentrations are com-

exceedance was found

parable to levels measured in the river
in 1990; on the other hand, PAH levels
at the outlet of Lake Ontario have fall-
en since 1990. Temporal trends calcu-
lated since 1995 show only a slight
increase in PAHs in suspended parti-
cles, while levels in the dissolved
phase are unchanged.

The Great Lakes Basin is by far the
largest source of the three pesticides
detected in the St. Lawrence River —
namely, atrazine, simazine and meto-
lachlor. Generally speaking, the con-
centrations measured in the river are
of the same order of magnitude as
those measured at Wolfe Island, at the
mouth of Lake Ontario (Table 1).
However, at the Quebec City station,
higher levels are observed in summer
(Figure 2), seemingly due to the appli-
cation of pesticides on farmlands
located in the St. Lawrence Lowlands.
The lower levels measured in spring
probably result from dilution due to
snowmelt. While the concentrations of
pesticides fluctuate greatly on a sea-
sonal basis, no upward or downward
trend has been observed since 1995. At
the Wolfe Island station, however, con-
centrations of atrazine have grown
since 1990. There is no regular moni-
toring of pesticides in the Ottawa
River. An earlier study by Cossa et al.
(1998) found the near-absence of any
such contaminants due to the margin-
al nature of farming activity in the
basin.
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Figure 2.

Seasonal variations in concentrations of mercury, PAHs and
atrazine in water in the Quebec City region from 1995 to 2004
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Outlook

Although the St. Lawrence shows
clear signs of contamination by toxic
the
favourably with other bodies of water.

substances, levels compare
Metal concentrations measured in the
area of Quebec City are of the same
order of magnitude as those detected

in environments deemed relatively

° M I I /M / uncontaminated. For the metals con-
4 v \I W V sidered here, levels are 10 to 100 times
5 \/ s vife oo bR ‘,/‘__,\/7\ lower than in large European rivers
o — like the Rhine and the Seine.
June  Oct. March July Dec.  Aprii Sept. Jan. May  Oct. Furthermore, metal concentrations in
1994 1995 1997 1998 1999 2001 2002 2004 2005 2006 Suspended particles are of the same
order of magnitude as the levels in the
3.5 Moty | — QuebecCity — Wolfelsland — Carillon | Earth’s crust. By contrast, its concen-
3 trations of PAHs and pesticides place
= the St. Lawrence midway between
‘\é’ 2.5 water bodies deemed to be contami-
E » | nated and relatively “pristine” ones.
= Our knowledge of the toxic contamina-
*E 1.5 | tion of the water in a larger system —
g N ) \ A that of the Great Lakes—St. Lawrence
o — was recently overviewed (Rondeau

051 —el - — e and Klawunn 2005).
0 The information presented in this
Jan. Jan. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. fact sheet is limited to conventional

1995 1996 1996 1997 1998 1999 2000 2001 2002 2003 2004 . ) .

contaminants. Little data exist on
other toxic substances in the aquatic
120 P @ environment. However, technological
100 , advances are now making it possible
- ) to analyse less conventional contami-
Ea 80 g nants. Several of these substances
g q“g (surfactants, steroids, medications,
£ 60 h g hormones, etc.) are associated with
‘;:'-; \ / \A h LE endocrine system disruption in aquat-
§ 40 v"" v v gjb ic organisms. Research is currently
(&) V 2 underway to assess the levels of poly-
20 - § brominated diphenyl ethers (PBDEs)
;22 in the river. The results will contribute
2“9_ Jan. May Oct. Feb. June Nov. to improving water quality monitoring

1996 1998 1999 2000 2002 2003 2004 in the St. Lawrence.
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KEY VARIABLES

Water quality criteria

Thresholds or recommendations are used to evaluate whether or not different water uses are being
compromised by the presence of a substance. Water quality criteria are not standards and they carry
no legal weight. Rather, these values are integrated into management procedures, where they serve as
a reference level for assessing the health of aquatic ecosystems. Quality criteria are values associated
with a safe threshold by which a water use is protected from all possible deleterious effects: toxicity,

organoleptic properties or aesthetic degradation.

Among these criteria, that to protect aquatic life from chronic effects is the highest concentration of a
substance at which aquatic organisms (and their progeny) will suffer no harmful effect when exposed
to it daily throughout their lifetimes. Any concentration in the environment that exceeds this criterion,

on a continuous basis, is likely to have an undesirable effect.

Considerations about ecosystem health, the cumulative effects of several different substances for both
aquatic life and human health, and the presence of a specific use may necessitate additional

requirements.
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State ofthe St. Lawrence Monitoring Program

Six government partners — Environ-
ment Canada, Fisheries and Oceans
Canada, the Canadian Space Agency,
Parks Canada Agency, the Ministere du
Développement durable, de I'Environ-
nement et des Parcs du Québec, the
Ministére des Ressources naturelles et
de la Faune du Québec — and

the state of the St. Lawrence and long-
term trends affecting it.

To this end, environmental indica-
tors have been developed on the
basis of data collected as part of each
organization’s ongoing environmental

For more information on the State
of the St. Lawrence Monitoring
Program, please visit our Web site at
<www.planstlaurent.qc.ca> or contact
our offices at the following address:

St. Lawrence Plan
Coordination Office

4776A-02-11

Stratégies Saint-Laurent, a nongovern- monitoring activities. These activities

mental organization that works actively
with riverside communities, are pool-
ing their expertise and efforts to pro-
vide Canadians with information on

1141 Route de I'Eglise
P.O. Box 10 100
Sainte-Foy, Quebec
G1V 4H5

Tel: (418) 648-3444

cover the main components of the
environment, namely water, sedi-
ments, biological resources, uses and
shorelines.
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