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MANAGEMENT PERSPECTIVE 
' 
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The Yamaska River, bordering the Eastern Townships of Quebec 
southeast of Montreal, is one of the most extensively studied 

rivers in Quebec, and its water quality has been a source of 

concern for some time. This report is the background report for 
the National Water Research Institute Yamaska River project, which 
is concerned with the occurrence, persistence, fate and effects of 

dyes, other industrial chemicals*and pesticides, “This project 
focusses on dyes and pesticides in particular. Canada's textile 
industry is concentrated in the Eastern)Townships of Quebec, but 

there is no information on dyes in the Canadian environment. In 

addition, over one quarter of all pesticides used for agricultural 
purposes.in Quebec are used in the relatively small Yamaska River 

This report reviews previously published information on the 
contamination of water in the Yamaska River basin by metals, PCBs 

Y 

i 

' 

/ 
'

. 

andi pesticides. In addition this" report provides background 
information for, the» Yamaska River _project“ and documents, (i) 

coliform and volatile halocarbon concentrations, and (ii) Microtox 
toxicity data for various parts of the basin in the period 1985 — 

1987 ‘which spanned' the time_ before construction of municipal 
wastewater treatment plants through the time that such plants were 
constructed in the major cities and towns in the basin. Based on 
past and present information the area downstream of Granby is the

/
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most heavily contaminated and degraded part of the river, and there 
is -substantial 'contamination from Waterloo, Saint-Hyacinthe, 
Cowan$ville,YFarnham and Acton Vale. ‘

»
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PERSPECTIVE DE LA DIRECTION ‘ 

La riviére Yamaska, qui arrose la région de l'Estrie située au 
sud-est de VMontréal, est l'une des riviéres ‘les plus étudiées du 
Québec, et la qualité de ses eaux a été une source de préoccupation 
pendant un certain temps. Le présent rapport constitue_le rapport 
préliminaire du projet de la riviére Yamaska de l'Institut national de 
recherche sur les eaux, qui porte sur la présence, la persistance, le 
devenir et les effets des colorants, d'autres produits chimiques 
industriels et des pesticides. Ce projet met principalement l'accent 
sur les colorants et les pesticides, L'industrie textile canadienne 
est concentrée en Estrie, mais nous ne disposons d'aucune information 
sur les colorants dans l'environnement au Canada. En outre, plus du 
quart de tous les pesticides utilisés en agriculture au Québec le sont 
dans le bassin relativement petit de la riviére Yamaska. - 

Le présent rapport étudie les ‘ informations publiées 
antérieurement sur la contamination de l'eau du bassin de la riviére 
Yamaska par des' métaux, des_ BPC et des pesticides. Le rapport 
contient également des informations de base "sur le projet de la 
riviere Yamaska et documente i) les teneurs en coliformes et en 
hydrocdrbures halogénés volatiles, et ii) les données sur la toxicité 
5 l'aide du systéme Microtox pour différentes parties du bassin, entre 
les années 1985, et 1987 qui couvre la période précédant la 
construction des usines d'épurations des eaux usées_ municipales 
jusqula -leur‘ construction dans -les ‘principales villes du bassin. 

_ .

J Dlaprés les informations antérieures et présentes, la région située en 
aval de Granby est la partie la plus fortement .contaminée et 
détériorée de la riyiére, et on observe une contamination importante 
au miyeau de Waterloo, Saint-Hyacinthe, Cowansville, Farnham et Acton 
Vale. . 

'
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eThe Yamaska River, bordering the Eastern”Townships-of Quebec 
\. 

‘ 

.
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V 5 . southeast-of Montreal, is one of the most extensively studied 
rivers in Quebec, and its water quality has been a source of 

concern for some time. This report is the background report for 
the National Water Research Institute Yamaska River project, which 

\ » - -
’
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is concerned with the occurrence, persistence, fate and effects of 
dyes, other industrial chemicals and pesticides. This report 
reviewsxpreviously published information on the contamination of 

. 1 

water in the Yamaska River basin by metals, PCBs and pesticides. 
In addition this report provides background informationnfor the 
Yamaska River project. and documents\ (i) coliform and volatile 
halocarbon concentrations, and (ii) Microtox toxicity data for 

. 

' 

\
, 

various parts of the basin in the period 1985 - 1987 which spanned 
une~t1me before construction of municipal wastewatér treatment 
plants through_the time that such plantsvwere constructed in the 
major cities and towns in the basin. This study indicated (i) 

substantial contamination of the Yamaska River and its tributaries 
,

. 

by coliform organisms (exceeding federal guidelines for 

recreational contact), (ii) generally low toxicity of river waters 

in the Microtox toxicity test (with the exception of Granbyfiin 
1985), and (iii) contamination downstream of municipalities such as 

Granby, Saint-Hyacinthe, Cowansville and Farnham by volatile 

halocarbons associated with water chlorination and by volatile 
halocarbons of *industrial origin >such_ as dichloromethane, 

\ 
. 
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}
. 

\
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tetrachloroethylene and trichloroethylene 
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RESUME 

La 

sud-est 

Québec, 

pendant 

» K

/ 

riviere’Ydma$ka, qui arrose la région de l'Estrie située au 

de Montréal, est l'une des rivieres la plus étudiées du 
. .\_ 

et la qualité de ses eaux a été une source de preoccupation 

un certain temps; Le présent rapport constitue le rapport 

préliminaire du projet de la riviére Yamaska de l'Institut national de 

recherche sqr les eaux, qui porte sur la présence, la persistance, le 

devenir eta les 'effets‘ des colorants, d'autres produits chimiques 
'\ 

industriels et des pesticides.» Le présent 'rapport étudie les 

informations publiées antérieurement sur la contamination de l'eau du 

bassin de ‘la riviére Yamaska par des lmétaux, des "BPC et des 

pesticides. Le rapport contient également des informations de base 

sur le projet de la riviére Yamaska et documente i) les teneurs en 

coliformes et en hydrocarbures halogénés volatiles, et ii) les données 

sur la toxicité 5 l'aide dy systéme Microtox pour différentes parties 

du bassin, entre les années 1985 et 1987 qui couvrent la période 

précédant la construction des usines- d'épurations des eaux usées 

municipales jusqula leur construction dans les principales villes du 

bassin. Cette etude a révélé i) une contamination importante de la 
~riviére Yamaska et- de ses affluents par des "coliformes (teneur 

supérieure aux normes fédérales concernant les eaux utilisées 5 des 

fins récréatives), ii) one toxicité généralement faible de lleau de la 

riviére 5 l'aide de l'épreuve de toxicité Microtox (5 lfiexception de 

Granby en 1985), et iii) une contamination en aval des municipalités 

comme Granby, Saint-Hyacinthe, Cowansville "et Farnhmn par des 
/ 

_ _ 
- 

. - 

hydrocarbures halogénés volatiles associés 5 la chloration de l'eau et 

par_ des -hydrocarbures volatiles" d'origine .industrielle comme le 

dichlorométhane, le tétrachloroéthyléne et le trichloréthyléne.
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IN'I.‘RODUC'1‘.ION 

The Yamaska River basin in Quebec lies between latitudes 45 O 

05' and 46° 05" Nqiuand longitudes 72° 12' and 73° 07' w. "It is 

bordered on the east by the Saint~Francois River basin, on the 

south and west by the Richelieu River basin, and on the north by 
the St. Lawrence_River (cf. Fig. 1). . 

‘ ' 
' '

. 

The watershed covers 484$ km? and comprises two distinct 

areas: a) an upper region which lies in-the Appalachian hountain 
range and is drained by the Noire River (cf. Fig. 2) and by the 

tributaries of the ¥amaska River; and b) a lower region lying in 
the St; Lawrence River lowlands. The Yamaska River flows into the 
St. Lawrence River at lac Saint-Pierre. In the upper regions of 
the basin Ordovician, ,Silurian "and Devonian sedimentary and 
metamorphic rocks -are prevalent_ (g.g., schists, sandstone and 
quartzite), as are-glacial\and fluvioglacial deposits (> 200 m 
altitude) and marine calcareous clays (< 200 m). In the St.

1 

Lawrence River lowlands Ordovician and Cambrian sedimentary rocks 
such as shales,-calcareous shales and sandstone are found covered 
by a thick layer (up to 70 m) of unconsolidated deposits of glacial 
tills and marine clays (1,2); The mean annual flow of the Yamaska 
River was 125 m’/s in 1915 (2) and vs ‘m3/s in 1913 (3). The 

1 . 

Richelieu, yamaska and $aint—Francois Rivers add about 15% to the 
flow of the St. Lawrence River,%which is about 8800 n?/s at the 
entrance to lac Saint~Pierre (3);l 1
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The source of the Yamaska (Centre) is lac Brome (cf; Fig 2){ 
At Adamsville the Yamaska (Centre) meets the Yamaska North which 
comes from lac Waterloo. Then at Rainville the yamaska meets the 
Yamaska South-East which comes §rom Mont Sutton and Cowansville.

\ 

The principal tributary of the Yamaska River is the Noire River, 
whose basin accounts for one third of the area of the entire 

. , , .
- 

. I . 
\ _. . Yamaska.River basin. The entire length of the Yamaska River 1s_18O 

km, and the height above sea level in the basin varies from 4 m to 
900 m (4)., » Qther physical data are given in- Table 1. 

’ 

- 

0 

. . \ Hydrological, meteorological and other climatic data are available 
(5,s)._ 

‘ 
‘ Q ~

J 

The population of the Yamaska River basin was 205,000 in 1966, 
and was estimated to be 377,000 by 2001 (7). The main cities are 
Granby and Saint-Hyacinthe (each with po/pulations > 30,000), and 
the main towns are Farnham, Cowansville, Acton Vale, Waterloo and 
1ac—Brome, Desmeules and Gelinas (4) have given a history of the 
colonization of the basin, with demographic data up to the 1970s. 

. . ! 

The Yamaska Riverpbasin is distinguished from that of the Saint- 
Francois River by the absence of mining activities, by its smaller 
drainage area,.higher-extent of deforestation, more intensive use 
of land for agricultural purposes, and higher population density 
(2). .Agriculture is the main activity in the basin, but there is 
light industry, including textile mills (8). Contamination from 
textile mills and agriculture provided the impetus for the Yamaska 

- 
\ . 

River project, as discussed later. i , 

" '_~ ‘
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The Yamaska River is one of the most extensively studied 

rivers in -Quebec, ‘and its water quality has been a source of 

concern for some time. In reviewing the information available on 
most aspects influencing§ water quantity and quality to 1971, 

Boisvert_gt.fgi (7) described parts of the river as "an open 

sewer". The same description was used fifteen years later (8). In 

1911 only 2.8% of the ‘population, or the basin 
_ 

treated its
\ 

wastewater. There were 156 untreated municipal effluents, and the 

majority of industries did not treat its effluent. In addition, 
~\ -. 

farm’ waste discharge was“ uncontrolled. 
, [In thee 1970s ‘the 

government of Quebec initiated measures to.prevent the introduction 
of untreated farm wastes to the river, and in the 1980s it embarked~ 
on a massive program of construction of sewage treatment plants in 
various towns in the Yamaska River basin and elsewhere in the 

province (8),] Nutrient concentrations and their effects Von 

aquatic life in the Yamaska River basin-have been investigated 
extensively (1, 9-20). T 

-
, 

Over the past fifteen years several surveys were made of the 
Yamaska River basin for heavy metals, PCBs and pesticides (16,l7, 

\

. 

21-3}). Details are given in the Appendix, and notable findings 
are discussed below; 

(A) Metals
\ 

/ - 
'

‘ 

_ 

The most heavily contaminated area of the Yamaska River basin



\ t -9 

is the Yamaska North» from Waterloo to downstream of Granby. 
. \ 

- v \ 

Significantly elevated levels of mercury,_ copper, .chromium, 

cadmium, lead, nickel, zinc and arsenic have been detected in one 
or' more "compartments" 'such as 'water, sediments, macrophytes, 
mussels and fish. The mercury content/of some fish exceeded the 

- 
_

- 

Health and Welfare Canada human consumption guideline of 0.5 mq/kg. 
Electroplating operations in Waterloo and Granby are the probable 
sources of most of the metal contamination,-but other industries 
may contribute, and elevated levels of lead are thought to be due 

. \ < 
' v 

to.heavy vehicular traffic in this area relative to other parts of 
the basin.‘ There was also metal contamination, but less so, 

downstream of Saint—Hyacinthe,.and in other areas of the basin. 
. 

'7 

(B) PCBs 
. 

,

- 

¢ Although some fish caught in the basin in 1978 exceeded the 
. . / 

‘ - 

Health and Welfare human consumption guideline for PCBs of 2 mg/kg, 
in general contamination appeared to be low, and certainly lower 
than other river basins in Quebec which ,are more "heavily 
industrialized. _The greatest contamination was in fish caught 
downstream of Saint—Hyacinthe, and at Saint—Pie on the Noire River. 

_
/ 

' ,. \
_ 

(C) Pesticides 

Pesticides are used heavily inrthe Yamaska River basin, as 

expected from the intensive agricultural activity. One quarter of 
\ / 

\ / 
.

—

\ 

\ |/
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all pesticides sold for agricultural purposes in Quebec in 1982 

were sold in the Yamaska River basin (32). Totals were 2,308,396 
kg of active ingredient including oils for Quebec and 590,103 kg 
for the Yamaska River basin. [Totals were 1,701,091 kg of active 
ingredient excluding oils for Quebec and 447,125 kg for the Yamaska 
River basin.] _Herbicides comprised 68% of all pesticides sold in 
Quebec. Table 2 shows the quantity of each class of pesticide sold 
(and presumably used) in 1982 in the Yamaska River basin. The 
triazineetriazole class was the. most heavily used' group of 

chemicals, and was used mainly on corn which is the major crop in 
the basin. Amide derivatives, carbamates, organophosphates and 

aryloxyacids were also used heavily, 

Contamination of various "compartments" (e~Q-. Sediment. 
aquatic plants, mussels, fish, egg.) of the Yamaska River and its 
tributaries by chlorinated pesticides is detectable but low. The 
same is generally true of organophosphate pesticides (30, 33), 
although diazinon has occasionally been detected above its water 
quality guideline.of 0.08 pg/L for the protection of aquatic life 
(30). "Carbamate pesticides were not found in river mouth water 
samples in the only survey in which they were sought (33). 

The most common pesticide contaminant in water in the Yamaska 
River basin, and that observed at the highest concentration, has 
been atrazine (29-31, 33). It has occasionally been found at 
concentrations exceeding the water quality guideline of 2 pg/L for 

'

\

\
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the protection of aquatic life (30). Two studies have indicated 
that its concentration in water in the basin during the growing 
season reached a maximum in July (29, 31). Forrest and Caux (30) 

estimated an atrazine loading of 25 kg/day from the Yamaska River 

to the St. Lawrence river during the 1987-88 growing periods. The 

amide herbicide metolachlor, which has rarely been reported in 

Yamaska River water, may be detected more frequently in the future 
since it is rapidly growing in popularity after the Canadian ban on 

alachlor. Foru example, in Ontario in 1988 712,170 kg of 

metolachlor were used on corn, compared to 999,410 of atrazine 

(34). Metolachlor was the most heavily-used herbicide in all 
. 

-

\ 

applications in_Ontario in 1988, with 1,724,700 kg used. Atrazine 

use in all applications was 1,045,110 kg. 

The Yamaska River {reject 

V 
The National Water Research Institute Yamaska River project 

includes the following studies: . 

(1) an investigation of the environmental occurrence, persistence 

and fate of dyes 

(2) an investigation of the suitability of various large-volume 

extraction methods and techniques (_g,.g. , sequential extraction 

of filtered or centrifuged water at low pH and high pH) in the



. 

- ~. 12 ,/ ~ 
V 

_
- 

determination of neutral and basic chemicals
\ 

,-
. 

(3) en investigat~ion of the suitability of fish bile as an 
i 

indicator of ecosystem contamination by relatively waters 
, soluble pesticides '

i 

(4) the correlation of benthic community structure at various 
locations in the basin with inputs of pesticides, dyes, other 

. organic contaminants and metals 

(5) an investigation of the suitability of mussels as indicators of 
contamination by pesticides in the basin 

A

’ 

. 
I

' 

(6) the use of a -biochemicaln indicator (i.g., changes in 
'

/ concentrations of free amino acids) in mussels to detect 
stress from contaminants in aquatic ecosystems e 

(7)» a' study of. the utility of chironomid deformities. in‘ the 
assessment of water quality ~

. 

Some of these investigations are complete (35-37),-and others are 
-nearing_completion. ~ - 

I . 

The main thrust of the Yamaska River project was ithe 

investigation of the occurrence, persistence and fate of dyes. 
Dyes and pigments are high volume chemicals which may enter aquatic

I

I
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environments in significant quantities. The distinction between 

dyes and pigments is largely made on the basis of solubility. 
, . 

_ \ 

Pigments have extremely low solubilities in water) and are not very 

soluble in organic solvents either, generally being applied in~the 

solid state. .Dyes§are generally more soluble either inTwater or 

organic solvents. Global production of dyes in i978.was estimated 

to be 6.4 x 105 kg of active ingredient (38). About 108 kg were 

produced in the United States in 1986 (39). It has been estimated 

that 90% of dyes applied end up in fabrics, with the remaining 10% 
discharged to waste streams (40). In 1982 about 6.5 X 106 kg of 

dyes and 2.5 x 10"of pigments were imported into Canada (41). 

Most dyes were imported.into Quebec and most pigments were imported 
into Ontario. .

\ 

Interest in the environmental behaviour of dyes arose largely 
from concerns about carcinogenicity. some dyes are carcinogens 

(42) and others after transformation or degradation yield compounds 
such as aromatic amines_which may be carcinogenic or otherwise 

toxic (g.g., (43)). Very little is known of the environmental 
occurrence, persistence and fate of dyes, largely ,because _of 
difficulties in their determination at trace levels in 

environmental media. There is no environmental information on dyes 
v . 

in Canada. There is a good deal of interest in determining the 

occurrence. persistence and toxicity of_dyes in rivers_in the 
' \ 

Eastern Townships _of Quebec because ~much -of Canada's textile 

industry is concentrated in the Eastern Townships, and there are 
' \ _ 

.
-

i

\
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anecdotal accounts of widespread contamination of» rivers in the 
area by dyes. I-n 1985 there were 12 textile or carpet mills and 

associated dyeing operations in the Yamaska ‘River basin in Granby, 
Farnham, Saint»-Hyacinthe, Cowansvilleand Acton Vale (44) . Sample 

collection forthe Yamaska River dye study was in the period 1985- 
87, spanning the time beforle construction of municipal, '_WiSt‘ewa_ter 

treatment plants through the timethat such] plants were constructed 
in .the major cities and towns in the basin. '

V 

The purpose of this report is '(i.) to provide 
T 

background 
K 

>
. 

information on ‘the Yamaska R-iver basin, (ii) to describe"-the 

sampling sites chosen, and (iii)' to document certain basic water 
quality characteristics, volatile chemiéial concentrations, M-icrotox 
toxicity results and coliform concentrations" for each of the 
sampling locations 1 in the period 1985-1987. Results from the main 

J 
‘

. 

studies described above will be published separately. .\ 

EXPERIMENTAL SECTION 

» Figure 2 shows the samplinq locations for different aspects of 
the Yamaska River project. T These were chosen. based on the 

/ . _ 

experience of Environnement Quebec. The alocations are described in 
Table'3. The dye‘? and pesticide studies concentrated on "sites 1»--34 

while sites 35-63 were used solely insome aspects of the indicator 
species and biochemical stress studies. Table 4 describes some
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water _quality ‘characteristics at~ each dye/pesticide site for 

Sampling Periods in 1985-3'7. Q . 

‘ 
' 

'

.

l 

At each sampling site the following kinds'of samples were 
taken for chemical*analysis: "V 

_ 

V

_ 

'

/ 

- surface microlayer (unfiltered) V- ~ ~ r 

_ F 

- subsurface water (200 L of centrifuged water in 1985—86; 20-40 

L of filtered water in 1986-87) extracted under acidic and
\ 

basic conditions ~ ‘. 
. 

i 

.

" 

. - \ \ 

4 suspended particulate material from either centrifuged or 

filtered"waterv ’" ‘ 

V
~ 

v- sediment (top two cm) A 
~

g 

— small subsurface water samples for volatile halocarbons (45), 

coliforms-(46) and Microtox analyses (47) _ 

=

/ 

I 

- 
. 1 

,, ‘ 

RESULTS AND DISCUBQION 

(A) Coliform organisms 
. 

I > ) l 

The ‘Environment .Canada wateri quality- guideline for 
4 

. . , 
~

\ 

recreational contact is 5 200 fecal coliforms/100 mL (48) and the 

Health and Welfare Canada guidelines for drinking water are 0/100 

mL for fecal coliforms and 5 10/100 mL for total coliforms (49). 
. 

- , yr
_ \ _' 

Table 5 shows concentrations of fecal coliforms and total coliforms 
. .

I 

\ 

\ 
I 

. '
I

V
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at various locations in the Yamaska River basin in the period 1985 
— 1987. The 1986 and 1987 values are more reliable than the 1985 
values since the 1985 samples were not preserved with thiosulfate. 
The results should be viewed with caution since it is generally 
felt that samples older than 48 hr may not be reliable, and none of 
the Yamaska River samples were analyzed until 3-5 days after 
collection. '-

\ 

The results indicate substantial contamination of the Yamaska 
River and its tributaries by coliform organisms, and even some 

minor contamination of drinking water supplies. In 1985, three 
Granby tap water samples from the same source taken over three 
consecutive days had 0, 0 and 28 fecal coliforms per 100 mL. In 

1986, one tap water sample from the same source had 10 fecal 
coliforms per 100 mL and 220 total coliforms Per 100 mL. In 1987, 
three tap water samples from the same source taken over three 
consecutive days had no fecal or total coliforms per 100 mL. 

In 1985, federal guidelines for recreational contact with 
fecal coliforms were exceeded at sites 4, 5, 6, 7, 8, 9, 10, 12a 
and 15. The guidelines were not exceeded at sites 2, 3 and 11. 

Sites 5 and 6 had extremely high fecal coliform concentrations. 

In 1986, federal guidelines for recreational contact with 
fecal coliforms were exceeded at all sites sampled except 15 and 
30. Very high fecal coliform concentrations were found at sites 5,



- 
. 

' 
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7, 9,-ll, 128 and 12b. 

In 1987, federal guidelines for recreational contact were 
exceeded at sites 5, 12b, 32 and 34. Site 5 had an extremely high 
concentration of fecal coliforms. The guidelines were not exceeded 
at sites 13E, 13W, 30, 31 and 33. - 

(B) Microtox toxicity tests 

- Microtox toxicity test results for some locations in the 
Yamaska River basin in 1985 and 1986 are shown in Table 6. With 
reference to the scale relating maximum P values to toxicity to 
Photobacterium phosphoreum in Table 7, it is seen that in 1985 site 
5 (downstream .ofGranby) was extremely toxic, sites 9 and 11 

(downstream of Acton Vale and the confluence of the Yamaska and 
Noire Rivers, respectively) were moderately toxic, and.the other 
sites were only slightly toxic. In 1986, no site was more than 
slightly toxic. ~

_ 

(C) Volatile halocarbon analyses

r 

‘Water samples collected in 1985 — 1987 were analyzed for the 

24 volatile chemicals shown in Tables 8 - 10. With the exception 

of carbon disulfide (which was not found), the chemicals were 

halogenated hydrocarbons associated with industrial processes and



5 

the.chlorination of drinking water and wastewater; -In all three a" 
» r- . t ‘. 

years the highest concentrations of halocarbons were found in 

drinking water and in water downstream bf major cities and towns- 
Concentrations were typical ofgthose that have been observed in the 
Great Lakes basin (50~53), and were orders of magnitude lower than 
those which are acutely toxic to aquatic organisms (51);' Little 
contamination was evident in headwater areas of.the Yamaska River, 
or in exclusively agricultural tributaries such as the a la Barbue, 
Runnets, SaintéNazaire, Chibouet and Salvail Rivers. ‘ 

In drinking water from qranby and Saint—Hyacinthe (sites 16 

and 17, respectively) there were relatively high concentrations of 
chloroform, bromodichloromethane and dibromochloromethane, whose 
presence is usually attributed to chlorination for the purpose of 
disinfection (g.g., 53). It has been observed that the ratio of 
the concentrations of chloroform to bromodichloromethane' in 

. A . 

chlorinated water is about 4 (53). A larger ratio may indicate the 
presence of chloroform from an industrial source. Table 11 shows 
the ratios of concentrations of chloroform to bromodichloromethane 
for two tap water locations in Granby and Saint-Hyacinthe at five 
sampling dates in 1985 - 1987.- The ratio occasionally, but not 
consistently, exceeded a value of‘. There was thus no clear 
evidence of an industrial source of chloroform in the drinking 
water of the two cities. However, elevated concentrations of 
dichloromethane gin the- drinking water -samples were noted. 
Dichloromethane is used in paint; paint removers;‘aerosols and as 

L}%___r_r _
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a general »solvent. There" was also minor,_ and inconsistent, 
. 

‘ I 
\ _ 

contamination by some other volatile halocarbons. The extent of 
, 

. \ V 

contamination of drinking water was generally the same in 1985, 

1986 and 1987 except for samples collected in July 1987 in which 

there were markedly lower concentrations of total.halocarbons.a 
. 

' \ 

“Natural water downstream of municipal and industrial sources 
. 

1 - . . a 

in the Yamaska River basin was more heavily_contaminated with 

volatile halocarbons than upstream locations, as expected. "In June 

1985 the water downstream of Granby (sites 5 and 6), Cowansville 
' / »

. 

. .\ 

(site 4) and Saint-Hyacinthe (site 12a) contained the highest 

concentrations of volatile halocarbons of all sites in the Yamaska 

River basin. In addition to chloroform and other halocarbons 
associated with the chlorination of water, the water downstream of 
Granby» and Cowansville contained "high concentrations‘ of 

tetrachloroethylene (dry cleaning solvent, solder flux remover, 
1 

- 

_

n 

chemical intermediate) and trichloroethylene (industrial.degreaser, 

polyvinyl chloride polymerization modifier, heat transfer medium, 
. 

/ _ 

-

\ 

general solvent). ~Very little contamination was noted at the mouth 

of the Yamaska River (site 13a). ‘ - -- 

In June 1986, the most‘ heavily. contaminated sites were 

downstream of Farnham (site 7), Cowansville (site 4) and Granby 

(site 5). In each location there was substantial contamination by 

dichloromethane. In addition to products of water chlorination,
|

\ 

there 'were' elevated? concentrations of tetrachloroethylene and 
\ 

' 

V 
'

g 

_ 
\ . 

-

_

'



trichloroethylene downstream of 'Cowansville, and 
tetrachloroethylene downstream of Granby. Dichloromethane was the 
predominant volatile halocarbon at the mouth of the Qamaska River 

(sites 131: and 1-aw) , but its concentration had declined -by about an 
order of magnitude from Saint~Hyacinthe. 

In 1987 the field work was only concerned with Granby, Saint- 
Hyacinthe,' the Yamaska River mouth and the, five »agricultura1 

tributaries, the a la Barbue, Runnets, Saint-Nazaire, Chibouet and 
Salvail Rivers; Contamination of these tributaries was generally 
low in June, July and September. Water downstream of Granby and 
Saint?Hyacinthe e- Contained elevated concentrations' of 

dichloromethane, \tetrachloroethylene and trichloroethylene, in 

addition to prodqcts of water chlorination. Water at the mouth of 
the river was less contaminated than water downstream of Saint- 
Hyacinthe, except in July.‘ This may indicate another significant 
source.of.chlorinated halocarbons to the river downstream of Saint- 
Hyacinthe. "In general, contamination.of-river water by volatile 

..1 ~ 
' \ 

halocarbons was lessin 1987 than ':i.n_19§5 or 1986. ' 

\_' 
' 

.
- 

, 
'This background report has reviewed the state of contamination 

of the Yamaska River basin, has demonstrated contamination by 
coliforms and some volatile halocarbons, and has demonstrated 
substantial toxicity to bacteria by chemicals in some locations in 
the river. Further reports will focus on_contamination by dyes, 
PCBs and pesticides, »' 

‘

V 

I

I

/

(

/

0
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Table 1. Physical characteristics of the Yamaska River basin 

lakes (%) 
ponds'(%) 
forests (%) 
deforested’(%) 
urbanized (%) 
mean altitude (m) 
mean slope (%) 
specific flow (1975) 
population density (1975) 
Qgrazing density 
cultivated area (%) (i975) 

total 
fertilized

\ 

F‘ @ 

QM, 

0 

001000 

I-'_ 

U1!-JUl\|° _\ 
' 

0. 105 in3s'1km'2 
38.4 persons per kmz 

482 pop.—equiv. per km: 
36.0 

'

- 

11.4 " 

'Ref. 1. I 

'

\
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Table 2. Quantities 
in 1982, 7 

.1 7 

of pesticides sold in the Yamaska River basin 

Pesticide Class » Quantity (kg)-V % 

alcohol derivatives 3,481j ’ 

amide derivatives . 

" 80,875 
aryloxyacids ' ' 30,337 
benzoic acid derivatives ‘1,997Z 
benzonitriles \ 6,362 
carbamates 73,155 
diazines _ 

. 3,370 
halogenated organic acid '

_ 

* derivatives 3,378 
inorganic compounds 994 
mineral oilsl 142,978‘ 
miscellaneous 16,678 
organochlorines 1,494 
organophosphates 

V 

31,548‘ 
organotins - 1,067 Q 

phthalic acid derivatives 96 " 

phthalimides _ 
A 

1 20,447 
plant products , 

—
I 

pyrethroids , 
A 

254 ' 

compoundsiand phenol -' 
derivatives . 

triazines and triazolesr 
ureas (substituted) 

1,433, 
168,070 

p 

2,090 

p 

. 

" is total \590,1o4,
I 

31:, 
141
5 

<1
1 

'12
1

1 
l<1 
24
3 

<1 
‘

5 
' <1 
<1 9

3 

<1 

<1 
28 
<1 

: 
_ _. ,._. ..‘ . i. M.‘ _l 1 .1 _,._.‘ . ._v._._. _ 

“lief. az. Thereiwezre also 11,040 billion ’internati”',cnai1'un1ts of 
Bacillus thuringiensis (Berliner var. Kurstaki) sold in the Yamaska 
basin in 1982/(15% Of Quebec's total),

1

\ 

)
\

\
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Table 3. Yamaska River project sampling locations ‘ 

Site No. Latitude Longitude , Location 
(deg/min/sec N) (deg/min/sec W) 

1 45 

2 45 

3 45 

4 45 

5 45 

6 45 

7 45 

5 45 

9 45 

10 45 

11 45 

12a 45 

12b\ 45 

13a 46 

25 

16 

10 

14 

21 

19 

17 

30 

39 

31 

33 

38 

41 

O3 

cont'd next page 

55 

45 

35 

15 

’14 

O0 

15 

50 

io 

O0 

40 

O5 

15 

35 

12 

72 

12 

72 

72 

72 

72 

72 

72 

72 

72 

72 

72 

72 

21 

30 

39 

48 

46 

49 

59 

22 

35 

55 

58 

56 

55 

56 

35 

40 

35 

O0 

20 

20 

20 

25 

35 

30 

55 

15 

O5 

40 

Riviera Noire 10 m upstream of 
bridge 1.5 km northwest of 
Lawrenceville 
head of Riviere Yamaska-centre 
(outlet of Lac Brome) 50 m 
downstream of bridge on highway 215 
Riviere Yamaska sud-est 10 m

7 

upstream of bridge on highway 139 
at Brome—Ouest ' 

Riviere Yamaska sud1est 10 m 
upstream of bridge 2.5 km north of 
Rordyce Corners » 

Riviere Yamaska nord 10 m 
downstream of bridge on highway 
139, 1.8 km north of Autoroute des 
cantons de 1'Est 
Riviere Yamaska nord 10 m upstream 
of bridge 1.8 km downstream of St. 
-A1phonse—de-Grahby - , 

Riviere Yamaska, south side, at 
Canadian Forces Base at Farnham 
Riviere Noire 10 m upstream of 
vbridge 6 km downstream of Valcourt 
Riviere 1e Renne 10 m upstream of 
bridge 2 km downstream of Acton 
Vale 
‘Riviera Noire, north side, 3 km 
downstream of highway 235 bridge in 
Saint#Pie ‘ ‘- 

Riviere Yamaska, east side, 2 km 
downstream of confluence with 
Riviere Noire 
Riviera Yamaska, west side, at 
Saint-Hyacinthe, 200 m downstream 
of highway 137 bridge 
Riviera Yamaska, west side, 4 km 
downstream of hi9hwfiY 20 bridge 
Riviera Yamaska, middle, 6.5 km 
downstream of Yamaska-Est
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Site No. .Latitude
p 

4 (deg/min/sec N) 
Longitude ' 

(deg/min/sec W) 
Location 

46 O0 25 13E 

13W 46 Q0 25 

15 45 24 45 

16 45 24 40 

17 45 37 55

\ 

20' 45 23 40 

23 25 21 45 

45 23 22 30 

23 45 23 10 

30 45 28 50 
I . 

35 15 31 45 

32~ ' 45 40 45 

33 as 41 so 

cont'd next page 

72 54 35 

72 54 40 

72 37 25 

72 45 10 

72 57 35 

40 72 42 

v2"4a so 

72 44 15 A 

72 44 45 

72 58 50 

72‘ O0 38 

72 38 40 

72 51 20 

Riviera Yamaska, east side, 50 m 
downstream of highway 132 bridge at 
Yamaska—Est 
Riviera Yamaska, west side, 50 m 
downstream Of highway 132 bridge at 
Yamaska 
Riviera Yamaska nord 5 m upstream 
of bridge at Val-Shefford 
(drinking water site) Hotel 1e 
Castal de 1'Estrie, 901 rue 
Principale, Granby 
(drinking water site) Esso gas 
station at corner of 17th Ave. 
(Ste. Anne) and 27th St. (Cartier), 
Saint—Hyacintha . 

Riviera Yamaska.nord, south side, 
in Granby, 50 m upstream of rue 
Church bridge 
Riviera Yamaska nord, north side, 
in Granby, 50 m downstream of rue 
Saint-Charles sud bridge 
Riviera Yamaska nord, south side, 
in Granby, 50 m upstream of rue 
Robinson sud bridge 
Riviera Yamaska nord, south side, 
in Granby, at and of rue Edouard 
Riviera a la Barbue 5 m upstream of 
bridge 0.2 km upstream of 
confluence with Riviera Yamaska 
Ruisseau Runnets 5 m downstream of 
bridge 2_km upstream of confluence 
with Riviera Noira 
Riviera Saint-Nazaira 5 m upstream 
of bridgfi 0.5 km upstream of A 

confluence with Riviera 1e Renne 
Riviera Chibouat 10 m downstream of 
bridge at Saint-Hughes, 2 km 
upstream of confluence with Riviera 
Yamaska
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Site No. Latitude "Longitude _ 

(deg/min/sec N) (deg/min/sec W) 
Location 

34 \ 45 49 35 

35 45 29 50 _72 

36 45 37 40 72 

37 '45 22 45 72 

so 45 20 35 72 

51 45 22 45 72 

52 
' 45 25 25 

A 

_ 

12 

53 45 24 15 72 

so 545 is os ' 

12

\ 

61 45 17 15 72 

62 45 16 15 72 

63 45 17 25 ‘ 72 
. 

' ,‘ 

72 57 45 

25 

45 

00 

50 

O5 

45 

35 

50 

20 

25 

10 

Rivierepsalvail 10 m downstream of 
bridge 100 m upstream of confluence 
with Riviere Yamaska

_ 

Ruisseau Runnets 5 m downstream of 
bridge 2.5 km downstream of Roxton' 
=Sud’ 

Riviera 1e Renne_1O m upstream of 
bridge 3_km upstream of Moose River 
Riviere Yamaska nerd 50 m upstream 
of highway 241/243 bridge at Warden 

Riviera Yamaska nord 10 mp 
downstream of highway 241 bridge at 
Waterloov 

Riviere Yamaska nord 100 m upstream 
of highway 241/243 bridge at Warden 
Reservoir Choiniere (Riviere ' 

Yamaska nord) at end of rang 
Brosseau off Bieme rang est 
Riviera Yamaska nord 5 m upstream 
of bridge on highway 241, 3 kma 
downstream of Warden 
Riviera Yamaska centre 5 m upstream 
of bridge 1 km downstream of 
Adamsville f 

Riviere Yamaska 5 m upstream of 
bridge 0.5 km downstream of . 

confluence of Riviera Yamaska nord 
and Riviere Yamaska centre 
Riviere Yamaska sud-est 3 km 
upstream of its confluence with 
Riviere Yamaska 
Riviera Yamaska 1.5 km downstream 
of its confluence with Riviere 
Yamaska sud-est -,
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Table 4. Some water quality characteristics of selected se1_|pli,ng loceti_o_ne in the Yemeske River, 1985-87 
' ‘ 

1 . . 

Site Mo. Air Tenp. Hater Tenp. pl] Disselved Qxygen Condu_1:tivit_y Eh.-71_1ater E_l_'1-sediment 
‘C 

. 

‘C 
I I118/L 

V 

11111111,/din IIV IIIV 

June 1985' , 

' 

1 
1

1 

1s 12 
1 

~ 195 1.5
. 

11. 1 1s - 12s ( so
, 

215 so 
20 

owwmw>u- 

?*S"!?“?*'!"S"‘.“."‘?E".“‘.“E"E'*?‘.".“S" 

0oomNm~o#0m~m~o—¢m 

-I 

-¢ 

-5:-I 

.°9°P°:°P9':°.°.“9'P9'.“!"?'I°Pr' 

~wmua¢umouoa¢ua-> 

-20 
_ 

-55 
15 15 1 

_ 
-10 1 

17 11. . 

V » 370 - -1.0 
16 16 2 

. . . 590 10 -310 
16 15 ‘ 540 10 -240 
17 11.1 .. 1'71) so . 

11. 11 165 1.0 
.. ._ -90. 

» -sou 
1'.» 15 .1 23.0 3 . 

-28.5 
1o. 1a 11. 

. 
.-21.5 1 

11 _ 

» 

1. 19 1 1 -205 
111 
1s 

210 
19 M 1 

zas 
12: 2o 1.10 

" " -soot 
13.. 1s ~_ 

- aoo -195 
13 . _ 

\ 

1 -110 
11. 

19 
30 
40 
70 
30 

15 13 Z25 50 
20 16 K 

‘ 275 70 - 1 00 
300 60 -90 
310 60 - 130 

70 - 70 

Z1 16. 1.4.

1 

22 ' 

16 1-4 
‘

b 

23 
_ 

16 
k 

11. 31.0 
1 

_
. 

June 1986 
’ 

‘ 290 ' 

- 215 
375 

ouwmsumd 

.‘~‘.°‘?‘."?'»P‘.°?‘E*7‘?*.“P'P'.".“?*?‘$" 

oouovu0oaw0Qow>oomm 

.*‘?‘?‘?‘P’9':°.*’S*P':°:°2"9'9'$*I°9°:° 

owmmoo—~owuooumuoo~ 

1.8 
, 

16. 
. 

"Z0 
2o .11 2111 

" 

\ 
.-200 

1; 12 zoo 210 -210 
V 

‘ 

22 . 2o » 

. sas 210 -no 
. .1; 11 » ~ no _ zoo -120 

21. 
_ 

20 roo 21o mm 
1 17 1.19 220 --170 

19 200 
Z0 

. Z3. 
I 

.460 1 -Z60 
10 17 

_ 
. 16 

V > 
‘510_' Z10 -ZQO 

1_1_ 17 15 640 "Z00 
' -180 

121» 121 20 no 170 -100 
13E I 1§ , 15 - 680 195 ' 35 
13H 18 15 675 190 -10 
15 17 10 - 3,75 ' 

, 
1210 no sed 

30 "- ‘>14 14 925 Z10 -25- 
31 Z3 Z9 .. 

1 210 H 2% 510 
Z2 

1 V 810 . -210' 
» 29 ' Z4 - 1190 I Z20 >30 

34'. 18 . . 18 
_ 1360 Z10 -80 

.3? 
33 

June. 1.987 ’ 

5 17 15 410 . 

.‘ 110_ A -270 
12b 16 V16 " 690 ' 145 -185 

-165 
-175 

weweewwwe 
-@O~bfl,J~\d-ONO 

Pfirrrreww 
N8~O~0"\'o40-0~\l 

13E 14 ' Z1 _, 
' 254 420 . 

' 

H _ 

13H _ 14 19 - Z29 475 
.30 1.5 14 

1 7 Z88. 15° 9.5 
31 »- 15 16 Z75 190 . -110_ ' 

32 14 17 Z59 330 '7.5 
3} 15 16 310 220 -145 
3.4 15 

' 

14 
. _ 

‘ 
K 640 14.0 -Z20

1 

cont 'd next page

\

/

\
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Tfihécmfld 
Site No- Air Tenp. Hater‘ fenp. pil Dissolved‘ Oxygen Go_r\d_1._1_ctivity Eh-1_1_ate¢r Eh-sedment 

1 W W 
_ 

- Pc °c - ms/L unho/cm 

Jul 19a? '

, 

s 
4 

4 22» 1a 
1;» 1a 1 17 ," 
1:: - 16 1a 

16 .1 18 
so 121 19

. ?9Ffl??9F? 
moammobja

_ 

FFPPPPPPF b0DN§fl&ma 

A _ 
24 17 

32 23 16
‘ 

33 23 16 
34 - - 24 11 

Sggtémber 19a? 

5 " 

1 1 _ 13 
12p 14 
13: 

?fi§9F???F aawmuoowu #99999??? §mua~o~»m 

15 1 

» 10 112
, 

13v 10 ~ 1 13 
so 13 

1 

15 
31 13 11 
:2 12 9 - 111 
33 '13 ' 13 
34 - 12 1q 

soo 
430 
1100 
1175 
2&0 
340 
555 
390 
a1s 

63.0 
480 

11309 
1280 

. 
670 
415 
140 
260 
970 

. 7

1

1

1

/

\



I

. » 

Table S. Concentgationé of fecal do11forms'and total cdliforms in the Yamaska 
River, 1985 - 1987'

\ 

LOCATION ' 

1985' 
FECAL 

COLIEORM-COUNTS PER 100 mL 

. 1986 ;9e7 A 

FECAL TOTBL FECAL‘ ‘ TOIAL

M
2

3

4

5 

6 .

7

8

9 

10 

11 

12a 

12b 

l3i 
13E 

13W 

15 

20 
21' 

22 

23 

30 

31

3 

3.3x10' 

2.6x1O2 

- 1.43105 
' 1.7X105 

1.4x1o= 

3.9k10° 

, 

6;5x10' 

1.4x1o’ 

5.ox1o' 

1 
* 6.3x1O3

3 

1.1x1O2 

cont'd next page -

K 

2

1 

a.q;1o= 

2.Ox1O2 

2;2x1Q2 

9.2x1o= 

3,4310‘ 

’ 3.ox10f 

3.2x1o’
\ 

I 1.0x;0‘ 

1.9x10° 

1.8x10‘ 

2.6310‘ 

2.6x10‘ 

2;sx1o= 

s.ex1o= 
1 1.2x10' 

3;ox1o° 

2.4210’ 

2.4x103 
’ 4.0x1O2 

2.0x10' 
- 8.2x10' 

s.o;;o= 
6.0x10° 

240K103 

9.2xlo‘ 

2.2x10‘ 

9.3310‘ 

3.0x10‘ 

4.6X10‘ 

3.9x10‘ 

3.6310‘ 

1.4310‘ 

2.8X10‘ 

1.6x10‘ 

a.ox1o' 

1.ox1o’ 

2-2210‘ 

>7.0x10’ 

1;ax1o' 

5.ox1o° 

3.%x1o‘ 

1.4x10‘ 

\ 2

A 

’1.5x1O5 4.8x1O5
l 

2.8k10' 1.0x105 

1.ax1o= a.3x1o=
\ 

1.6x10' 3.3x1o 

‘1.0X1Q'. 3.0310 

1.Ox102 4.2x1O

v

2



Table 5 cont'd 
COLIFORM COUNTS PER IOO mL 

1985 1986 » 1987 

LOCATION FECRL FECAL TOTAL FECAL TOTAL 

32 

33 - 

34
‘ 

2.43101 a.ox1o° a.2x1o= 2.3x1O 

7.sx1o* 2;2x10‘ 3.sx1o‘ 2.2x10 

3-2x1o= 7.Sx10‘ 2.1x1o= s,7x1o

3

2

Z 

‘In June Of each year; ’

\

/
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Table 6. ‘kiczotog-toxicity test result; for some locgtgoné in the Yamaska River 
basin in 1985 - 1986.’ 

Location Maximum r value 
1985 1986

l 

2

3

4 

5 ,

s

7 

-a
9 
'10 

11 

12a 

13a 

13W 
'15

V 

30 

33 
33 

34 

0.01 
0.06 

0.02 

0.05 
7.31 
0.04 
~not done 
0.07 

0.18 
0.10 

0.21 

0.10 
0.05 
0.02 

0.09 
not done 
not done 
not done 
not done 

0.03 
0.03 
0.05 

0.03 

0.03 
not done 
\0.04 

0.03 
0.03 
0.04 
0.05 
not done 

not done 
not done 
0.03

s 

0.002 

0.01 
0.02 

0.0003 
‘ih Jfihé o£'each year; Thé'I§B5 
after collection, regpectively. 

afld'f§§3‘s€m§1ea weré analyzed 6 and 2 weeks

J



.- V I 

' as 

Table 7. A scale xelating P values to'toxicity to Photobeoteglum phoéphoreum.' 

Maximum r Value Class Interpretation 

‘Ref.-47. 
K

“ 

P < 0 - 0 non-toxic 

0 < r < 0.05 1 slightly toxic 

0.05 <_r < 0.10 ' 2 -slightly toxio 
* 0.10 <.r < 0.5 3 moderately toxic 

0.5 < P < 1.0 4’ V moderately toxic* 

1.0 <.r < 10.00 * 5 
' quite toxic

' 

10.0 < F" 6 very toxio

1

1

\ 

R
\

/ 

l

J

/

I



1‘able8, Concentrations 
1985. -

, 

of volatile halocarbons in water (ng/L) from locations in the_Yama_ska River b_asi_n in 
. 

' ~». 

‘ 
.\ 39 

Chemical Location No. 

1 2 ~3 4 5 

di chlorodi f luoro_|_1_1etAha_n_e 
f luorotri chloromethane 
di ch loro_1_neth;_r_1_e 1 

chloroform '

. 

1,1 ,1-trichloroethane 
tri ch loroethylene 
bromodich lorometha'ne 
1,1 ,2-trichloro,etha_ne 
dibromochloi-o1n‘etha'ne 
tetrach loroethylene 

I (all halo,carb_ons) 

1 2
8 

-3 15 
1 9

Z 

' 3 2 1 

a 
' 

sa 15 

1 15 9 

' 

1a 

6 '72 490
7 

1560 

2132 »3aa4 

'135 » 

V 
82 

' 67 
5. 

ass 3080 1ao 

434 V 

Z (chloroform + bromodichlorqrrethanc + dibroihochlorulaéthane)
\ 

1 '3 17 6 72 557 " 

6
1 

110 

. 1 13 

4 ' 56 

Chemical
'

/ 

Location No. 

12a 13a 15 16 17 

d_i chloroqif luoronaethane 
fluorotrichloromethane

\ 

di ch loromethane 6 

chlor‘oform 
1,1,1-trichloroethanxe 
trichloroethylene ~ 

bromodi chloromethane 
1 ,1,»2-trichloroethane 
di bromoch loroiiiéthone 
tetrachloroethylene -

1 

2 (all halocarbons) 

- 41 ~' 5 
60 

51° 4 
20 

’

2 

1130 

5, 
33 1 

799 14 

14 

30~

6 

50. 

Z0 14 
2400 600 
3840 2300 

’ 14 

480 - 410 

25 31 
‘ 13 

6765 3382. 

I (chlorofor1_1_\_+ b_romo_dichloromet_han'e + dibromochloromethane) 

A645 6 30 .4345 2741 

locations 16 and 17 ore drinkinlg Hater sources in Grant-iy arid S‘aii'it'-llYéT:i'ritlié,"‘I‘é§§ectTiVElY. -Tlié’ foliloiiing 
, 

" coupounds were not found in any sanplc: 1,1-dichloroethylene, carbon disulfide, cis-1,2- 
dic_h_l_oro_eth'ylene, 1,1-dichloroet\hein_e, broniochloroliicthane, 1,2~dichloroethane, carbon tetrachloride, 
1,2.-dichloropropane, dibrunanethone, bromotrichloromethane, 1,2-dib_ro1i1oethan,e-, 1,2-dibro_moeih_Ylene~, 
bromoform and‘1,1,2,2-tetrachloroethane. .

\
u

\

4

l

/

/
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Table 9. Concentrations of volatile halocal-bone‘ in uater (nq/L) from locations in the 'Yamaska-Rliver basin in 
was. ‘ " 

. 

-

V 

Che1n1c'al Location No. 
I 

A A 

’ 
' 

. 

_ 

4 

,

~ 

1- 2 -3 4 5'».-7 a ‘9 10 1-1 12_b 

f___l_uorotriclf1lo'ro1ne't'ha‘ne 1 5 5 3 " 3 1 3 . Z 3 
dichloromethane‘ 3 1040 560 ‘ Z163 T2 ' 40 84 100 
ChlO1'0f0l‘IIl ’ ‘Z 

" 100 98 ZSU ' 

15 . 13 4 Z30 
7 11

1 
1\,1,1'-trichloroetl1_a__ne1 9 ' 

1 » 12 11 11 27 3 1'4
1 

carbon tetrachloride 2 1 ~

“ 

trichlgroethyleng 1'60 8 . 

bromodi chloromethane ~ 1 - 2 
dibrom_o;hlo|7o111et_ha_ne , 

-

_ 

tetrachloroethylene ~ 790 95 , 
2 1 _.. 

Ndflbl 

=I\l

N 
U1-I-nu! 

Y (all halocarbons) 14 > 6 210.3 781 2447 122- 44 104‘ 98 355 

2 (chloroform + bromodichloromethane + dibromochloromethane) -

V 

- oz 101 .100 .2511 1s . 
13- 11. 232 

Chemical Location No. ‘ 
" 

. 

1 - 

‘
_ 

13E 1311' 15 ‘ 16 '17 30 - 31 32 33 34 

fluorotrichloromethane 1 1 3 3 .

- 

c_1_ichloro1net_han_e 
' 

‘ 

. 132 52 - 328 ' 

_ 
88 - 8 1 » 

_

1 

ch l oroform 14 4 35 ~11 2 _ 
7 . 

1,1,1-trichloroethane 5 6 ' 11 13 1 - 
'

' 

l\lVll\II\l 

carbon tetrachloride 
trichloroethylene . 

bromodich_loro|nethane 11 T . 4
, 

di bromoch_ l oromethane - 

1 ‘ _ 

tet rach loroethyl ene 1 1 , 1 35 1 2 ‘1 
~ 2 9 

Z (all hal9¢_.8rbQf\8) 153 64 ' 
4 ‘389 » 158 3 18 "2 13 10 

2 (chloroform + bromodichloroniethane 4- dibromochloroinethane) ' 

A - 

» 14 .4 _46 19 '2 ' 7 5 - 

‘Locations 16 and 17 afé‘ drinkiny Hater sources in Graftiy" and S_'ai"nt-1lYac‘ilnthe'_, l'e§pe¢'t;ii“V‘ely. The f6,ll6iii'fi'9 
conpolnds were not found in any sarrple: dichlorodifluoromethane, 1,'1-dichloroethylene, carbon 
disulfide, cis-1,2-dichloroethylene, 1,1-dilchloroethane, bro|||o_ch_loromethane, 1,2-diochloroethane, 1,2- 

dibromome'thané, bro1'i1otr'ichlorometl1a'ne, 1,1,2-trichloroethane, 1,2-dibro111oetha'ne, 1,2- 
dibromoethylene, bromoform and 1_,1,2_,_2-tetrachloroethane.

'

\
_



Table 10. toncehfrations of 
19a1.' - 

A 

41 

volatile halocarbons in uater. (ng/L) from locations in the Yanuaska River basin in 

(A) Jme 
C1'ie1n‘ical

'

w

\ 

Location No. - 

5 12b 13E 13H‘ " 16 17 30 31 . 32

\ 

33 434 

dich l orodif luorome;_h_ane 
f luorotri chloromethane 
dyi ch loro1ngth_ane

' 

chloroform ‘ 

»1,1,1- tricl_1loroet_h_ane. 
trich loroethylenc 
bt-o1nodichlorq1net4_ha_ne 
di bromoch loromethane 
tct rach loroethyl ene 

2 (=11 halocarbonh) . 

£.'(chloro¥or111 + brornodichlorolnethane + 

.
3
8 

Z06. 
82 “.7 

400 

706 

.82 

4 . 

11 . 

- 39 
41 - 

. ass 
390 

_ 

so 40 1011 
29 , 

7 9 
213 -. -- 
6 - 

' 

. 
1 15 

1 3 
7a 12 14 4o 

779 55 83 1893 

o'i‘bro1noch l oro1netl1a11e) 

397 36 60 1129

1 

71 
349 
875 

.59
9 

1 1 

404 

973 

‘1 

5. 

5.1 

12 4 

1 
’

2 

1: 6 

(B) July 

Chemical Location

S 

0- 

12» 13: -13u1’ 14

r 

17 30 31 32

( 

. 33 34 ~, 

dichlorodifluoronaéthane 
fluorotrichlorounethane 
dichloroniethane

_ 

chlvrvform . 
1,1,1~t‘richlorbetha'ne 
;ric_hlo1-o¢thylevn_e 
bromodichlo‘romethan‘e 
dibromochlorom'ethane 1 

'tetr'achloro'ethylene
_ 

I (all h.aloc.a.rb.0ns) 

.1
2 

.312‘ 
51.
4 

7.8 

44a 

52 . 1. - 22 
4; A 1a4~ 141 114 
4 . 12 

' 

,24 

16. " 8 '3 1.3 

115 1'72 150 115 

Z (chloroform + bromodichloromethang +~dilpro_111ochlorq1_1|et,ha_ne) 

S7 64 164 141 13; 

so 
:91 
16 

49 
-9 

58.0 

466

1 

2 . 

2 
_

-

4 

cont~'d rjext page
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Table '10 contld 

(C) Seplfllbkr 

Chemical Locatioh

S 

0. 

12b 135" 1-3H 16 ‘I7 30 31 32 33 34 

éichlorodifluormrerhanev ' 

fluorotrichlorolnethane 
dichloromethane ' 

chloroform 
_ . 

1,1,1-trichlorbethane 
trich_l9ro_et_hyle_r__\_e» 
bromod i ch loro|n'ethan'e 
dibro1nochloro1nethane 
tetrechloroethylene 

2 (all halocarbonsi -

3
1 

1a4 
.109 
.25 

. 
41 
17 
6 . 

1a 

410 "

1 

s1 
2.9
2 

1.1.

4
1 

99 

56 
3

I 

\ 25 
92

3
1 

1 132 
u. 1230

2 

215 
\

3 
321 11¢ 

11 1660 
F‘ 

Z (chloroform + bromodichloroniethane + di,bromochlorcmethane)‘ 

‘I32 -31¢ 56 44 1508 

11
4 we 

2109 
31 
12 

437 
1a 
37 

3165. 

Z564 

Locations 1_6 and '_l7 are drinking water sources i;1 Gr-'anby and Saint—Hyac1nthe, respectively. The fOllOHH‘lQ 
‘ 

V uere 1'10; fognd in any sanple’: dic_hlprodifl_uoron|ethg_ne, 1,1'-di_c|i1l9|_-o_et_hylenev, carbqn 
disulfide, cis-1,2-dichloroethylene, 1,1-dichloroethane, bromochlorbinethane, 1,2.-dichloroethane, 1,2- 
djchloropropanc, dibromomethane, bromotrichlorognethane, 1,1,2-tirichloroethane, 1,1.-dibrc_(noe_th_@ne, 1,2- 
dibrcknoethylene, bromoform and 1,1,2,2-tetrachloroethane.

J 

\ 

\4

\
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Tablé 11-. of Ichlproformil [bromodichloroinethane] for di-hiking "Hater in Granby and Saint‘-hllyacinthe in 1985 

‘Date Granby ‘ Saint-Nyacinthe 

June 1985 8.0 5.6 

June 1986 3.2 1.6
( 

Jame 1987 \ 
, 

8.8 9,8 

.:uty19a1 _, / . 1..ai 5.6 

Septenber 1987 4.5 4.8 

\ \

1
4

\

I

K

1

/ 

’ \ 

/
/

I

\

I

/

I

\ 

\
\

\

1 

‘ 

' 

I \ 

f

.

\
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FIGURE CAPTION8 v

. 

Figure 1. Location of the Yamaska River watershed in Qnebec. 
. . 

v

_ 

‘ 
_ 

' 

I

. 

Figure 2,"¥ap of the Yamaska River basin showinq sampling stations 
for various aspects of the project. 
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APPENDIX“‘ 

nncxcnourto _l)Afi1'»AHQ_H ,'ro1¢_n:c czmxqcnn conmnuxnuxou or was 
\ ' umssxa nxvnn um 1'1-s 'r1unu-rzuzms 

L/ i

p 

_ During the 1970s and 19805 there were several studies of 

contamination ~of the Yamaska River ‘basin by heavy metals, 
pesticides and PCBs. The major work has been done by Environnement 

/ . .

' 

Quebec, including extensive studies in 1978 and 1980, as part of 
provincial surveysl‘ There have also been studies by the Universite 
du Quebec, Environment Canada and others on the Yamaska River, its 

mouth at lac Saint-Pierre, and some of its major tributaries which 
flow through agricultural lands. - 

. 

_ 
' 

_ _

/

\ 

Lapointe and- Sassevillet (21) sampled water, sediment, 
macrophytes and fish from five\ locations at the \1'i1outh of the 
Yamaska River in July i974, and analyzed the samples for lead and 

. 

' 

/ . 

mercury. Concentration ranges are shown in Table A-1. - 

Harvey (22) analyzed sport fish caught yin 1977-»'/sat\_1s 

locations in the Xamaska River basin for heavy metals (Cr, Co, Cu, 
, 

' 

K

' 

Mn, Ni, Zn, Cd, Hg, Pbf, organochlorine insecticides and PCBs. 
There were many data on fish of different species and age. prhe 

- 1 

general conclusion was that Hg and PGBs exceeded federal guidelines 
-(which were 0.5 and 2 mg/kg, re§peGtively). Average concentrations 
of these contaminants in fish from the Yamaska River are compared 

to those from the St. Lawrence River at lac St.<Pierre in Table A-

)I

\

W
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2. There were elevated levels of Cr in fish downstream of Waterloo 
in the Choiniere Reservoir and lac Boivin. There were elevated 

levels oft Cu in water ‘and sediment downstream, of" Granby and 

Waterloo, probably due to electroplating industries, 'This was not 

reflected in concentrations in fish. wmercury was present at 0.01 4 

2.31 mg/kg, with an average of 0.38 mg/kg. There were higher 

concentrations jJ1 predators than ix: bottom-feeding fish. The 

highest concentrations of mercury were found in mnskellunge and 

walleye, and the most heavily-contaminated regions were the Yamaska 
North below Waterloo, the Yamaska above Adamsville, and the Noire 

River. In general, water in the Yamaska basin contained < 0.002 
mg/L Pb, except downstream of Waterloo (0.005 mg/L) and Granby 

‘ 
. | 

(0,027 mg/L),_ Higher concentrations downstream of these two areas 
were attributed to automobiles. There were elevated levels (> 2 

‘ 

/ . . 

mg/L), of total PGBS in ' fish downstream of Farnham and Saint- 
Hyeeinthe, and at the mouth of the Yamaska River, and at saint+Pie 
in the Noire River. . 

‘ 
’ 

I

- 

‘

_ 

/ -
e 

/ _ _

- 

' Auger gt Q1. (16) have presented a good summary of research on 
the Yamaska River in the 1970s, documenting the eutrophication of 
various parts of the basin and contamination by heavy metals and 
metalloids. In summary, the sediments of the Yamaska North were 

. \ 

contaminated by copper, zinc, chromium, mercury and cadmium. The 
water of the Yamaska North was also contaminated by copper, zinc 
and.nickel. In the Yamaska South-East sediments were contaminated 

. 
. , _

I 

by arsenic and mercury, while waters were contaminated by copper

/
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/ - -

\ 

and manganese, The results of various_surveys are shown in Tables 

A+3a,b,c (water) and A—4a,b (sediment). . 

- 1 
< . . 

.- _ 
I 

I

i 

- In 1980 Belanger reported_on the water chemistry, nutrient 

status,and sediment metal concentrations of major lakes in the 

Yamaska River basin as well as some tributaries and some locations 

in the Yamaska itself (17). These data are shown in Tables A- 

5a,b;c. The most notable; finding was that of elevated
\ 

concentrations of heavy metals in sediments downstream of Waterloo 
' / A . 

\ 
- 

' 
' 

V

_ 

and Granby; _ 4 
A» ‘ 

.

‘ 

. 

’
‘ 

' 
'

\ 

‘ Tessier gt al. (2) reported on the partitioning of various 

heavy metals in the Yamaska River .basin in 1975 between the 

"dissolved" phase and suspended particulate material," The 

suspended samples were subjected to~ a »sequential 

extraction procedure designed to separate the particulate trace 

metals into five fractions: (1)" exchangeable; (2) bound. to 

carbonates; (3)_bound to FesMn oxides; (4) bound to orqanic 

matter; and (5) residual. Although suspended sediment levels as 

well as total soluble and particulate trace metal concentrations 
\ 

V '
V 

were highly variable, speciation patterns for each metal were 

fairly constant. Very small proportions of all metals,Pexcept Cd 

and Mn, were found in the exchangeable fraction, whereas high 

levels of all metals were present in the residual fraction; Fe—Mn 

oxides and organic matter constituted important transport phases 
- V

. 

for most metals. Deviations from this general behaviour occurred

|

\

\ 

\_,

\
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with inputs of municipal sewage, in which case total particulate 
metal concentrations increased and the relative contribution of the 
residual fraction decreased. This is particularly the case 

downstream of Granby. The results are shown in Table A-6 for water 
and Table A-7 for suspended solids. 

'

r 

A Goulet and Laliberte (23) analyzed mussels and fish (bottom 

feeding and predators) caught in 1978 in the Yamaska River basin 
for PCBs. -PCB concentrations in fish from the Yamaska Basin were 
lower than those for some other basins studied.- The Health and 
Welfare Canada temporary guideline for PCBs in 1978 was 2 mg/kg for 
the edible portion of fish. The highest concentrations of PCBs 
were found in walleye downstream of Saint-Hyacinthe (1.1 mg/kg wet 
weight — multifish homogenate) and at Saint—Pie on the Noire River 
(0.5 mg/kq - mnltifish homogenate); and white sucker from the mouth 
of the Yamaska River (0.8 mg/kg - composite) and downstream of 
Saint-Hyacinthe (0.8 mg/kg - composite). There was fairly low 
contamination of mussels (n.d. — 0.03 mg/kg wet weight — 

composites). Detailed results are shown in Table A88. 

Goulet and Laliberte (24) also analyzed. water, sediment, 
macrophytes, mussels and fish samples taken from the Yamaska River 
basin in 1978 for Cd, Cr, Cu, Hg, Ni, Pb, Zn and As. 

_ 
In general, 

the Yamaska basin was most contaminated with these metals 
downstream of Waterloo, Granby and Farnham. The results are given 
in Tables A-9. Notable findings with each metal are described
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below. 

Arsenic: One species of macrophyte had elevated levels downstream 
* of Saint-Hyacinthe (4 mg/kg) ’ 

Cadmium: There were elevated levels in sediment downstream of 

(Waterloo (1.4 mg/kg) and Granby (1.1 mg/kg), probably due to 
electroplating operations. 

Chromium: Contamination of, water and sediment. downstream of 

Waterloo (9.2 pg/L; 420 mg/kg) and Saint—Hyacinthe (60 

‘mg/kg). 
_ 

Also contamination of macrophytes downstream of 

Yamaska (20 mg/kg). No contamination evident at Granby, 
» perhaps because the Choiniere Reservoir and lac Boivin act as 

traps. ’
" 

Copper: Four stations were contaminated: sediments downstream of 
Waterloo and Granby (58 and 60 mg/kg, respectively), mussels 
(3.9 mg/kq) and carp (1.4 mg/kg) downstream of Farnham and 
mussels (3.3 mg/kg) and walleye (2.1 mg/kg) upstream of Saint— 
Pie on the Noire River. V

_ 

Mercury: Concentrations in sediment downstream of Waterloo, Granby 

and Farnham were 0.2, 0.2 and 0.1 mg/kg, respectively. There 

was some contamination of mussels downstream of Brigham and 

Farnham, and of walleye downstream of Brigham and upstream of

/

7
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SaintePie on the Noire River. 

1 , 

Nickel: Contamination of water (26 ug/L) and sediment (219 mg/kg) 
downstream of Waterloo. Some contamination noted in mussels 

- / 

downstream of Yamaska. '

, 

Lead: Contamination of sediment downstream of Waterloo (105 mg/kg) 
.\ /W 
and Granby (82 mg/kg). » 

' ‘ 

- 

. 

> ’
. 

Zinc: an Contamination adownstream of‘ Waterloo (water _36 uq/L; 
_ sediment 630 mg/kg), downstream of Granby (sediment 264 mg/kg; 

macrophytes 324 mg/kg), downstream of Farnham_(mussels 41 - 

111 .'mg"/kg). ' 

~ - 

'

< 

'

I 

Laliberte and Goulet (25)jana1yzed mussels and fish taken from 
various locations in the Yamaska River basin in 1978 for twelve 
chlorinated pesticides. The most notable finding was total DDT 
contamination downstream of Saint—Hyacinthe: white suckers were 
contaminated upstream of Saint-Pie (O.1‘ mg/kg), downstream of 
Saint—Hyacinth¢ (0.2 mg/kg) and downstream of Yamaska (0.1 mg/kg). 

'

K 

Walleye were contaminated upstream of Saint—Pie (0.2 mg/kg) and 
downstream of" Saint—Hyacinthe (O.2- mg/kg). There _was little 

, . 

contamination with the other pesticides in any part of the river. 
1 . 

The results are shown in Table A-10. -

'

\
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Croteau gt al; (26) investigated total PCBs in sediments, 
. 

I 
_

, 

macrophytes, mussels and fish collected from the Yamaska River 
\ 

' 

4 
W 

. 

i 

. ~ 

basin in 1980. The general conclusion was that the Yamaska River 

was contaminated _downstream. of Saint-Hyacinthe, and- that »this 

contamination was slightly worse than in 1978:~ There was lesser 

contamination in the Yamaska North and downstream of Farnham,_ The 
,~ . 

results are shown in Table A-11: \ 
' 

‘
a 

Croteau gt al; (27) also investigated As, Cd,‘Cr, Cu, Hg, Ni, 

Pb and Zn in water, sediments, macrophytes, mussels and fish in the 

Yamaska River basin in 1980.‘ The general conclusion for locations 

which were contaminated by three or more metals is that there were 

three fairly contaminated sites in the Yamaska River basin: 

downstream of lac Waterloo, downstream of Saint+Alphonse-de-Granby 

and downstream of Saint—Hyacinthe. The results are shown in Table 
A—12. -Notable findings were: » 

'
' 

' ‘
- 

Arsenic: an electroplating operation in Waterloo was suspected of 

the sources of As. .‘ " 

. . 

'

1 

‘\ 

Cadmium: There was little contamination. 

(~ 

I 

. 

I 

. 

I

‘ 

Chromium: The most serious contamination in Quebec was in the 

Yamaska North downstream of lac Waterloo and Granby (in water, 

sediment and aquatic(plants). The contamination was probably 

due to, electroplating industries. ’There' was ,also

1

1 " /



, 

._ 
_ 54 

* contamination downstream of Saint-Hyacinthe. Lac Boivin and 
” the_Choiniere Reservoir probably acted as sinks for chromium. 

- These results confirmed the 1978 results. " '

- 

Copper: The Yamaska basin was mainly contaminated downstream of 

lac Waterloo and Saint-Alphonse—de—Granby. There was less 

contamination elsewhere-in the basin. .Results were similar to 

those from 1978. ~ s- " ‘" 
1 - 

'T- ' ‘ 

Mercury: »Contamination was observed at several sites in the basin. 

Highest concentrations in sediment were downstream of lac 

Waterloo. .Results were similar to those of 1978. . 

’ ‘ 

Nickel: The highest contamination was found downstream of lac 

Waterloo. Results were similar to those of 1978. 
V

A 

Lead: Contamination was highest downstream of Saint-Alphonse-de- 
- Granby. Results are similar to those of 1978.. - \ 

- .~ 
. < I 

. ' -
' 

Zinc: Appreciable contamination‘ was evident downstream of 

Waterloo, Granby, Saint—Hyacinthe and at the mouth of the 
- Yamaska. ‘Results were similar to those of 1978. ~ 

Paul 'g; gl./ (28) investigated lorganochlorine ipesticide 

contamination of\sediment, plants, mussels and £ish.collected from 
the Yamaska River basin in 1980. The general conclusion was that

1

4

/ 

\

\

\
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there was contamination by total DDT at Waterloo and downstream of 

lac, Waterloo, but little contamination ’by other chlorinated 
pesticides." These results were similar to those from 1978.» The 

results are shown in Table A—13. ' 

V Duval and Gauthier (29) reported the analyses for various 

herbicides of water; sediment and mussel tissues collected from the 
mouth‘ of the Yamaska. River in 1976-81 'for atrazine, de—ethy1 

atrazine; deeisopropyl atrazine, propagine, 2,4-D,_2,4,55T and 

silvex. Samples were collected in the summer months. Water was 
the only "compartment" in which-these herbicides were found. The 

v 
- 

_ l 

concentrations of atrazine and its metabolites peaked in July, but 
there was no'trend for propazine, 2,4-D)'2,4§5-T or silvex (cf. 

' 

. \ . 

Table A—14). ; 

' 

. 
_ 

- 
*

_ 

' Forrest and Caux (30) analyzed water, sediment, suspended 
solids and fish from the mouths of the Yamaska River and three of 

its tributaries in 1987+88 for pesticides. The results are shown 
in Table A-15.' Herbicides were the most frequently.detected 
chemicals, in particular atrazine; Atrazine and diazinon were 
found above their water quality guidelines for the protection of 
aquatic life. The estimated loading of atrazine residues to the 

St. Lawrence River from the Yamaska River was 25 kg/day during the 

growing periods of 1987-88. Atrazine was also found in suspended 

particulate material.(0.04'mg/kg dry weight) and sediment (0.02 

mg/kg dry weight) at the mouth of the Yamaska River in 1987." p;p'-

\

\ 

§
.

I
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DDE and lindane were found in whole fish at the mouth of the 

Yamaska River in the period July — September 1987 at concentrations 
of 0.006 - 0.010 mg/kg wet weight. 

In the most detailed study to date of pesticide contamination 
of tributaries of the Yamaska River, Muir gt gl. (31) monitored 
atrazine and de-ethylated atrazine in 1974 - 1975 in five rivers 
which drained agricultural areas in the Yamaska River basin. The 
rivers were the Saint-Nazaire, Chibouet, Salvail, a la Barbue and 
the Runnets. Some characteristics of these watersheds are given in 
Table A-16.‘ The concentrations of the atrazine and de-ethyl 
atrazine were in the ranges 0.01 — 26.9 and < 0,01 — 1.34 pg/L, 
respectively: The highest concentrations of atrazine were observed 
in July each year and they coincided with the herbicide spraying 
season and with occasional heavy rainfall- Discharges of atrazine 
from the five rivers ranged from 0.1 to 2.9% of that which was 
estimated to have been applied to crops in each watershed.

/



Table A-1. Corieentratiqns of’ total lead and mercury at the mbinh 6? the. Yannska River, July 1971. 

Sanple Lead . Mercury 

as/L or ms/ks II-9/L or ms/ks 

uater '15 - 53 n.d. - 0.4 

0.2 - 0-.7 

0.1 - 20 n.d. - 0.07 

0.6 1.2 

sediment < 0.15 

nncrophytes 

"fish (SU¢|_<_€l"S) nuscle < 0.002 0.01 

bone < 0.002 - 0.07 0.1 - 0.4 

sun o.o9' - 2.0 0.04 - 0.09 

- 'Ref. 21. Coneentret‘io'hs in sfedinnent and tissue are dry end wet weight, respectively 

Table A-2. Average concentratioris (mg/kg net weight) of heavy metals, ch_lorinated insecticides and PC8s 111 fish 
in the Yamaska River basin and the St. Layqrence River, 1977-78 

Contiminant Yamaslga River St. Lalrehce River 

Gd 

Cr 

C9 . 

Cu 

In 
. "Q 
' Ni 

' 

Pb 

Zn
_ 

DDT’ tctal 

PCB
' 

gther chlorinated insecticides 

< 0.06 

0.06 

0.03 

0.6 

3.82 

0.;3_8 

0-06 

< 0.20 

12.02 

< 1 

0.59 

< 0.05 

< 0.-05 

0.10 

0.5 

0.7 

1.7 

0.3 

0.5 

0.3 

15 

£1 
" 0.5 ' 5 

'< 0.05 

'Rei".'

f
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Table A-3a. Average concentrations of metals in water (pg/L) of the Yamaska River basin in the 1970s 

Cdhtafliihant. 
' Adamsville St.-Alphonse. Grenby 

Location- ' 

Harden Brigham Qouanaville St.-Damase Farnham 

Cu 1.1 

Zn ‘ 2.6 

Pb < 1.0 

as < q.e 

Co ' 

, 
1.0 

Mn 60 

ca - 0.1 

Hg 0.09 

10.7 

32 

8-B 

11.7 

1.8 

210 

0.2 

.0.11 

20.1‘ s.s 4.0 

6.1 12.3 4.7 

3.2 6.7 '< 1.0 

10.5 36.5 < 0.5 

1.2 2.4 1.0 

200 260 

< 0.6 < 0.6 ' < 0.1
g 

0.08 0.08 0.06
' 

_

\ 

90 1ao
g 

2.3 

6.6 

1.6 

3.9 

< 0.8 

110 

0.2 

'Rei. 16. 

Table A-3b. Average concentrations of metals in Hater (E9/L) of the Yamaska River basin In the 1970s
'

1 

Contaminant - ” Location 

St.;Pie St.-Hector Roxton Falls St.-Naiaire (mouth) Yamaska St.-Marcel Hwy 20 

Cu 2.0 

Zn 5-4 

va- 1.6 

Ni 1.2 

Co < 0.8 

In ‘80\. 

Cd ~ 0.4 

Hg. 0.1

/ 

3.6 

6.7 

Z-3 

1.2 
' 1.4 

80 90' 110 80» 80 ‘ 

<’0.1 

'Re¢. 1-6.‘

\\



Table A-3:. Average concentrations of metals in-aater (ug/L) of the Yamaska'River basin in the 1970s 

Contalninant» 
' 

h 

1 
. Locanon » 

Douville David River (mouth) Salvail River (mouth) Chihouet River (mouth) 

cg 
.. 

.1 

Zn 

Pb 

Ni‘ 

Co 

Mn 

Cd 

"9 

/
. 

130 
_ 

70 110 - 120

\

\ 

__ 1 _.__ 
'Re'f. 1'6". / 

Table A-4a.'.Avprage concentrations of metals in sediment (mg/kg dry weight) of the Yamaska River bB81h in the 
. 

'1970s.
v 

fiontaminant 

Adamsville St.-Alphonse Granby 

Location 
'

' 

Harden Brigham Couansville St.-Damase Farnham 

As 

Cu 

Zn 

Pb 

Ni 

Co 

an, 
Cd ' 

Gr 

N9 - 

2.25 

10 

ao._5 

12 

‘is <

7 

590 

0.1 

13.5 

0.03 

2.47' 

15.6 

82.3 

25 

13.6
/ 

5.3 

253
l 

0.5 

22.3- 
-

1 

0.09 

»2.1T 

28.0" 

109.6 

54 

18.6 

5.3 

351
' 

0.5 

'25.0 

0.1 

5.10 1.45 5‘ 

am 1o.-5 » 

664.0 44.5 

141 9.5
J 

211 11.5 ,

\ 8.0 6.5 ~ 

397 249 ' 

*1.8 " 0.1 

72¢ " 12.0-¥ 

0.3 -0.04
' 

‘Ref. 31?»; 

W 1

/

\

1



Table A'4b. Av_er'age concentrations of metals sediment _(l'l\I'/kfl dr"y Height) of the Yamaska River basin in the 
1970s.. _ 

Contaminant‘ __ . 
Location . 

V 

‘\ St.-Pie St.=+Hector Rogton Falls St.-Nazaire (mouth) Yamaska St.-Marcel Hwy 20 

As V - 0.5 

CU 5.0 \ 

Zn 33.0 

Pb . 7.0 

ui 8.0 

00 2.0 

Mn 112 

Cd <_ 0.1 _ 

Cr 7.0 

1. 

19. 

.5 70 

13' 

32 

11 

42.8 

< 0 

51 

45 

0 

1.

5 

Hg. 0.05 _ 

1 

' 

_0.05 

0.6 

a.o 

52.0 

31 

11 

3.0 

106 

; 0.1 

13 

o.os 

'llet.'_'1_6§ ‘There wore no analyses done on.sedi'm‘e'nts frvoinl'0o1:v;i’l'le or the David, 

Table A-5a. Concentrations of metals in s‘e.dim,ent'(|_ng/kg dry Height) ‘in the Yamaska River basin.’ 

Salvail and Chibouets Rivers 

Iletal 
_ 

‘ Location 

Etang Brome Lac Brome (81) Lac Brome (02) Lac Boivin Lac Roxton (05) Lac Roxton (09) 

Hn 
_ 

1232 . ass var. 

Cu - :3 10* - 2; 

Zn ma 10¢ no 
Pb . 

51' 
1 33 105 

Ni 40 19 3.3 

Co 13 .-6 '10 

Cr 6 ’ 4 '8 

ca V < 0.1 ‘ 0.9 

As 4.4 ' 

_ 2.1 

[lg 
' 

.. 0.1 0.1 

1.6 1.7 

6.0 4.8 

0.2 0.2 

zae 

Z7 

1ao 

9s 

s1 

12 
V

1 

0.8 0.6 

3.6 ' 3.3 

2103 

17- 

78
. 

34 

10

4 

2
. 

0.1 0.1 

‘Ref. 17. - 
i

1

1 

1 . _

\



\ 

. 

/‘ 
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Table A-Sb. Concentratibris of metals in sediment (mglkg dry weight) inthe Yamealza River basin." 

Metal 
' ' 

1 Location ' 

_ 

' 
'

- 

‘Lac Uaterloo (35) Lac llaterloo (1.0) Lac d'Avignon St.-Pié Sheffoi-di Vale Granby (below) 

In 630 
' no 100 34¢ 4oao aha 

Cu 
_ 

142 » 3,0 22' 
. 9 ~ 20- '24 

» 1 

Zn 298 260 A 

‘ 108 1 66 90 _ 
98 

Pb - 140 ~ 1_1o 
' 

so 4 135 _ 31 

Ni 66 39 32 11 - 60 12 

Co 
“ 

10 10 12 5 9 S 

Cr 1o '10 1 3 5. is 
Cd _ 2.0 1 1.7 ‘ < 0.1 < 0.1 0.6 0.6 

.
/ 

As 4.9 4.6 4.0 - 1.5 1 5,.-54 »‘1.2' 

Hg - 0.5 0.3 0.07. 0.03 
. 1___ 

0.06 0.1 

'Ref.1"7. ' 
" 

~ - 

_ 4 W 

, 
1 . 

Iable A-5c. Concentrations of metals in sediment (mg/kg dry weight) in the Yamaaka River basin.' 1 

Metal Location 
I 

_
. 

Yamaska Brigham Harden .L_ac'Brome. (outlet) - Lac Choi-niere (01)
Y 

(OZ) (03) 

Mn ‘s‘s4 624 540. 440 
' 

-102.0 4_a_2 420» 

Cu 20 19 87 I31 . 

' 32 - 15 . 20 

Zn 90 .70 650 ' 

- 150 ‘ 258 66 158 

Pb -43 1 1 1z'o 59 1 49 8. 2a 

111 
- zs -14 135. ss 155 22 moo 

Co . 10 _ 

‘6 ,9 a 15. 10- 9 

Cr 9 
_ 

'3 so a 41 .5 .19 

ca <o.1 
V 

0.6 _1.a 0.4 
‘ 

0,-.a 4 <o.1 o.a 

As 1.9 .1.3 6.8 ,1.§ 6.3 2.0 2.8 

Hi 0.06 0.03 0.6 0.2 
I 

' 0.1 0.06 0.08 

'Ref. 17.1 
2 

' 4‘ 
- A

.

u

\

/

1

\

1

\
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Table A-6. Concentratigns (ug/1.)‘ of soluble (S) and particulate (P) metals in the Yamaska River basin.’ 

Metal - Location 1 

Adamsville St.-Alphonse-de-Granby .Brigham St.-Damnse St.-Pie St.-Marcel (1) (2) 
' 

(3) . 

m<s ‘o4 <04 
(P) 0.43 - 0.06 

Cu (s) 0.2 1.5 

(P) 0.23 0.25 

Pb (S) < 1.0 not measured 
' 

(P) o.¢3'l ‘ 1.21 

Zn (S) 1.6 22.6 

(P) 0.94 1.B2§ 

0.1 

0.01 

1.90 

0.25 

3.5 

0.45 

0.1 

0.73 

0.1 

0.54 

0.9 

0.32 

21-'5 

0.95 

4.5 

1.24 

< 0.1 < 

0.55 

0.6 

0.21 

< 1.0 

0.51 

4.5 

1.04 

0.1 

0.43 

1-9 

0.93 

1.0 

1.46 

5.4 

4.38 

< 0.1 < 0.1 

0.33 0.05 . 

0.6 2.2 

3.55 2.8 

1.0 < 1.0 

5.27 2.96 

< 0.5 8.0 

16.95 12.48 

'Ref. 2. 

\ . 

Table A~7. cqn§ehtrations of metal; in suspended particulate material (mq/kg dry weight) from the Yamaska River 
basin. ‘

‘ 

Metal . 

4 

, 
Location 

Adamsville St.-Alphonee-de=Granby Brigham $t.4Damase St.-Pie St.@Narcel (1) (2) (3) 

Cd 116 1 26 26 110 172 24 < 3.4 < 1.1 

Co < 45.8 < 49.3 < 40.5 < 22.5 < 29.7 < 20.1 
_ 

< 16.9- < 17.6 

cu as 
_ 

. 105 

ui - 255 
' 

190 1

4 

Pb 169 532 

Zn~ 
V 

252 ' 766 

94 64 ~ 66 51 

103 257 122 88 

168 - 193 159 80 

270) 252 322 240 ‘148 156 

31 35 

79 55 

46 37 

'Ref. 2. ' 

/> 

./
\

\
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Table A-8. Average PCB concentrations in fish and nussels (nag/"kg wet weight of edible portion) from the Yamaska
I 

0 River ‘in 1m.'_ 0 , 
_ 

‘ 0 

. 

-

_ 

"Location white sucker!‘ walleye 
A 

Other fish ’ ’:uipm- Lanpsilis 

1 03030045 
\ <

~ 

0303001.: 
_ 

0

V 

03030031 
, 

0.009 

1 030300410 (0.027 0.-030 

03030035 0'. 20 ,0. 52 0.013 0 . 009 

03030082 0 . 78 1 . 09 

03030042 0.81 ' 

, 
'Rei. 23. The sitevdescriptions arejiven below: 

Nulber 
_ 

Location
_ 

03_03001»5 Yamaska North 1.6 kin above bridge, on Hwy. 243 downstream of wateurloo 
03030043 Yamaska North at Hwy 10 downstream of Granby '

- 

' 03030031 Yamaska South-East 3.2 km from its mouth, downstream of Brigham 
‘ 0303004!» Yamaska 3.0 kin above the bridge at Farnham . . 

03030035 . Noire, about 3 km upstream of Saint-Pie 
_ V _ 

03030082 _Yamaslta 0.5 km above confluence with de l_-'Orme creek, downstream of S'ai'r\t-Hyacinthe 
03030042 Yamaska downstream of’ Yamaska-, 1.6_ km from Saint-Louis river 

u

. 

I
. 

r' 

\ .

K
3

\
1

/ 

_ /

I

\

\

i 

\ I 

\
\

\ 

4 \

"

\

3

\

\

’



Table A-9. Concentrations of metals in various samples from the Yamaska Rivér basifi.' 

Hetalllocation Nata? \ Sediment Plants Mussels Uhite sucker Halleye Oiher fish 

Arsenié 

03030082 

QQQMHQB 

03030045 

03030043 

Qfifififlfiél! 

03030045 V 

03030044 

03030035 

03030082 . 

03030042 

£22225 
03030045 

03030043 

03030044 

03030035 

HQFCUFX 

03030045 

03030013 

03030031 

03030044 

03030035 

!i$£$L 
03030045 

03030035 1 

03030042 

Lass 
03030045 

03030043 

cont'd next page

4 

1.44 

1-1 ’ 

420 ‘ 

60 

. .29 

58 ' 

62 

0.23 

0.23 

0.13 - 

210 

1os 

a2 "- 

1.6 

3.92 
‘ 

1.36 (carp)‘ 

3.33 

0.15 

3.0 

2.07 

\\ 

0.78 

0.58 

1.1 

1.0 - 1.0
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Table A-9‘ cont!d
V 

Metal/Location Hater Sediment Plants Mussels Hh,ite,suc|;er* Halleye Other fish 

Zinc 

03030045 

03030043 

03030044 

03030082

/ 
/ '

‘ 

~ so 
, 

630’ - 

244 324
V 

~ 

' 
' 41-111 ~' 

so 
_ 

' 

_ 

04 
" 

'

, 

'Ref .< 24 

Nuvt-fer 

03030045 
03030043 
03030031 
03030044 
03030035 
03030082 
03030042

1

/ 

Concentrations in water are given in ug/L; invsediiunent (dry ueight),_ plants and tissues» (wet 
weight), mg/kg. The site descriptions are given belo'u:. .

_ 

’Loc_atior_i 
_ 

- 

_ 
. 

' -_ 

». Yamaske North 1.6 kin above ‘bridge on Hwy. 243 dourastreann of Uaterloo 
Yamaska North at Hwy 10 downstream of Grenby - 

-

_ 

Ysmaska south-East 3.2 km from its mouth, domstream of Brigham 0 

' Yemaska 3.0 km ebove the bridge at I_>'arnh_am 
_ 

' 

. 

_

\ 
' 

Iloire, about 3 km upstream of Saint'.Pie _

' 

‘ Yamaske 0.5 km above confluence pith de l'Orme Creek, ‘do'uns‘trea'm of Saint-Hyacinthe 
Yambska downstream of_Yam'a'ska, 1.6 km from Saint-Louis river »

\ 

’
l

,
,

I

1 

" \

\

\

\
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Tabla A-10. Cqpcentrations of chlorinated péstiéides in fish and musels (pg/kg uét weight) from the Yamaska 
River basin;' I I V

. 

Pest1cidelLocati0n Hhite suckef Halleye Other fish illiptio Lampsilia ' 

DDT total / 

H \ 

03030031 _§ 

03030044 ' 6 5 

03030035 106 . 233 ' 10 24 

03030082 176 235 - - 

03030042. ' 124 

221 ~ 

03930031 4 

03030044 2 2 

03030035 32 
A 

33 3 
' 10 

03030082 47 62 

03030042. 18

\ 
REE 
03030044 

' 

1 . 1 

03030035‘ 
‘ 

27 154 1 
‘

1 

03030002 61 04 

03030042 51
1 

22! 
03030031- 5

/ 
03030044 3 2 

03030035 47 46 14 V 13 

03030082 Q2 ‘ 89 

03030042 55 

Digldnin -
4 

03030031’ 1
_ 

03030035 11 . 15 2 2 

03030042 — 9 

03030082 14 34 
1 

,1’
. 

cont'd next pagé
\ 

‘ Y 

/J

/
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' Table A-10 cont'd 
\ .

» 

Pesticide/Location Hhife sucI':'er Ualleye Other fioh Elliptio Lanbsilis, 

ozosooss 
' 

A 

0.6 2.0 

03030082 0 .6 2.6 

03030042 2.2 ~ 

~

“ 

. 
"rm." 25:3°1|'1‘e’§“i‘£E‘&=§ééi'prio¢§soéfie §ive}{béi§w§ 

Q a A * U n 

Nulber Location V’ A 
'

0 

03030045 Y_al'nask'a rqorgh 1,6 km above bridge on .Huy'. 243.dounstream of Haterloo 
03030043 Yamaska North at may 1_O dougnstream of Grarby

_ 

03030031’ Yemaska South-East 3.2 km from its mouth, downstream of Brigham 
0303004!» Yarpaska 3.0 lug above the bridge at Farnh_an_| 
03030035 - Moire, about 3 km ‘upstream of Seiht-Pie . 

030300§2 Ya|_|_\es_l<a 0.5 km above e_on_fluence gith de l'Orme creek-, doymstream of Saint-Hyacinthe 
' 0303004-2 » 

_ 
Yamaska downstream of Yamaska, 1.6 km from Saint-Louis river A

/

\

/ 

/J

\
\

\

\

\

1

)

I



Table A*11. Congentratiqns of PCB: (mg/kg) in sediment, mussels and fish in the Yamaska River basin in 1980 

Locetion_ - Sediment Macrophytes‘ Mussels Hhite Sucker »' Redhorse Ualleye Pike 

03030959 
03030060 
03030171 
03030028 
03030031 
03030046 
03030035 
03030082 
03030062

A 
°PP ON-I 

NI 

<0.02 
<9-02 
<0.02 
0.2 

<0.02 

A, 

ccoooocroo 

LL'hbLbbb 

8 
o~u~“ 

vi

. 

0-0

0 

co-5:

u 

“' 
<0 02 0.3 0.8 

. 0.02 

'Ref. 26. The §ite*dé§criptions are given below: 

Number 

03039065 
03030059 
03030069 
03030171 
03030028 
03030031 
03030066 
03030035 
03030082 
03030062 

Location 

Ypmaska North 1.6 km above bridge on Hwy. 263 dounstreem of Uaterloo 
Ymaska North at Haterloo (Hwy 263 bridge) V 

'Ypmaske North at Nuy 263 bridge 2.9 km dountream of Haterloo 
Yamaska North in Choiniere Reservoir 
'YamasRa North 1.9 km downstream of Saint—Alphon$ePde-Granby 
Yamaska South-Ea§t 3.2 km frofi its mouth, near Brigham 
Yamaska 3.0 km dounstream of Farnhem 
Noire River 1 km upstream of Emileville 
iamasEe'dounstream of Saint=Hyacipthe 0.5 km gbove confluence uith de l'Ormé creek 
Yamasko downstream of Ydmaska, 1.6 km from Saint-Louis River

<

\



Table A-12. can=0n:'1~m0n's of 1110:0111 in Hater, Sedililetit, ||u_ssel.s fish 1n the, Yamaska River basin in 1930.’ 

69 

Metal/Location Hater ‘Sediment Ipcrophytes Mussels 
'

I

L 

’Hhite sucker ' Redhoise 
_ 

Halleye_ Pike 

Arsenic 

03030059 
03030040 
03030171 
03030020 
03030031 
03030044 
03030035 
03030082 
03030042 

hi!“ 
03.030059 
03030040 
03030171 
03030028 
03030031 
03030035 
03030082 
03030042 

ghromium 

03030059 
03030040 
03030111 
03030020 
03030031 
03030044 
03030035 
0303.00.82 
03030042 

Cogggr 

03030059 
03.030040 
03030171 
03030028 
03030031 
03030044 
03030035 
03030082 
03030042 

Hercug! 

03030059 
0.3030049 
03030171 
03030028 
03030031 
03030044 
03030035 
03030082 
03030042 

c0nt'd next page 0 

<6 
.<2 
<2 
~<Z
2 

<2 
<2. 
<2‘ 

<2 
5

. 

<2 r 
‘

S 
<2 
<2 

. <2 
<2 

4 ‘ 

<10 
\ 

- 33 
10 _
< 
37 
25 

‘ 14 
1.3 
20 

<40 
4 210 ~ 

'<40 
14 
5

. 

16
4 

<40

/ 

2.5 
6.3 

<1 
7.3 

<1
5 

<1 

<1 

3?. 
111 
_14 3 

239 140 1 

13 

10 
17
9 
1? 
11 

1.6 

<1 
<1 
<1 

33 
16 
12 
32 
33 

22 
' 578 678

\ 21= 
5,7 
27 
16 
20' 
51 
59 

.°’F’9.°?.°.°‘P? 

8-'-B’8§33$3R'»'3

1 

mnuaumuoi

. -A 

A 
A

A 

QC-I 

-5° 

r 

0 

0 

u

0 

\l'l\llUl 

§-Ul 

<0:5 

.3 
97 

21
' 

za 
14

I 

<3 

74 
11 

18 
46 
1a 

<0.004 
0.42 

0.27 
<°.004 
0-2.2 
0.12 
0.18 
-0.10 
. I

\ ~ /

\

4 

0.03 

0.05 

.° 

P 38 

1.9 

0.9 

0.2 

0.1

1 

0.19 

0.08

1 

<0.02 

0.02 
<0.002 
<0.02 

0.007 

- 0.006 
0.007 
0.016

1 

0.05 

0.24 
0.13 
0.12 

' <0.02 <0.02. “ 

<0.02

7

/ 

0.012 
A 

0,006 

7 0.008

\ 

0.08 0.54 

0.22



fable A-12 cont'd 

Metal/location Hater Sediment Mgcrophytes Mussels Uhite sueker Redhorse walleye P1ke 

Nickel 

03030059 
03030040 
03030171 
03030028 
03030031 
03030044 
03030035 
03030082 
03030042 

.Leed 

03030059 
03030040 
03030171 
03030028 
03030031 
03030044 
03030035 
03030082 
03030042 

Zinc 

03030059 
03030040 
03030171 
03030028 
03030031 
03030044 
03030035 
03030082 
03030042 

<30 
90 
<30 
20 
39 

20 
20 
20 

<10 
31 
<30 
300 
30 

1Z1 
S8 
58 

<30 
500 
<30 
190 
700 

.38 
134 
370 

27 3 4 
171 194 
26 
36 

_ 
Z6 

as 16, 
13 
19 19 
31 34 
39 19 

10? 5 
1ss 120 
19 

150 103 
34 1: 0.02 
13 " 

" 

_ 

16 1o 0.01 
66 31 
za 1o \ 

140 . 34 
1:2 s29 
52 

_ . 

406. 339 
101 za 24-6 
as 

15.5 6! 119 
147 285 
112 69 _ 

<0.05 

0.05 
<0.05 
<0.05 

17.1 

17.8 
19.1 
13.9 

<0.05 

23.2 

<0.05 

<0.05 

17.9 

13.3 

'Ref. 27. Concentrations are in Ag/L for water and mg/kg for sediment (dry weight) and tissues (wet weight) 
The site descriptions are given below: 

Number 

03030045 
03030059 
03030040 
03030171 
03030028 
03030031 
03030044 
03030035 
03030082 
03030042 

Location 

Yemeska 
Yamaska 
Yemaska 
Yamaskn 
Yamaska 
Yamaska 
Yemaska 

North 1.6 km above bridge on Hwy. 243 downstream of weterloo 
Morth at Uaterioo_(Nwy 243 bridge) 
North at Hwy 243 bridge 2.9 km downstream of Uaterloo 
North in Choiniere Reservoir 
North 1.9 lm downstreem of saint-Alphonse-de-Granby 
Soqth-East 3.2 km from its mouth. near Brigham 
3.0 km downstream of Farnham 

Moire River 1 km upstregm of Emileville 

Yameska downstream of Yamaska, 1.6 km from saint~Louis River

\ 

Yemaske downstream of saint-Nyacinthe 0.5 km above confluence with de l'0rme creek



Thble A-13. Conpentrgzions 0f eh§0rinated pesgicides in sed1ment, macrophytes, mussels and f1sh from the 
Yamaska River basin, 1980. 

Pesticide/Location Sediment flacrophytes- Mussels Hhlte sucker Redhorse Halleye P1ke 

E21 

03030059 
03030040 
03030171 
03030020 
03030031 » 

03030044 
03030035 
03030002 
03030042 

02E 

03030059 
03030040 
03030171 
03030020 
03030031 
03030044 
03030035 
03030002 
03030042 

020 
03030059 
03030040 
03030171 
03030020 
03030031 
03030044 
03030035 
03030002 
03030042 

001 
03030059 
03030040 
03030171 
03030020 
03030031 
03030044 
03030035 
03030032 
03030042 

Dieldrin 

03030059 
03030040 
03030171 
03030020 
03030031 
03030044 
03030035 
03030002 
03030042 

cont'd next page 

<4 
<4 
<4 

$$$$$ 

23 
77 
<4 

»$$$$ 

<4 
<4 
<4 

<4 
<4 
<4
7 

10 

Z3 
77 
<4 

<4 
<4 
<4 
11
5 

<4; 
87 
<4 
40 
<4 
<4 
<4 
<4 
<4 

$~$$$$£§$ 

<4 
'Z60 

<4 
<4 
<4
6 
<4 
<4 
10 

<4 
381 
<4 
40 
<4
6 

<4
7 
10 

<4 

<4 

<4

8 

<4 

<4

8



\ 

Table A-1'3 cont 'd 

I 12 

03030039 
9.3030949 
03030171 
0303002: 
03030031 
03030044 
03030035 
03030002 
03030002 

Pesticide/Location *S_ediment Hacrophytes Mussels; hhite sucker Redporse walleye’, Pike 

I l I 

<4 1 

. 
<4 

.<4 
<4. 
<4» <4 - 

Number 

030300.65 
03030059 
0.3030040 
03030171 
0.3030020 
03030031 
03030044 
03030035 
03030082 
03030042 

‘lief. 28. Concentrations ere "in '|lg_lkg for sediment (dry weight) tiSS\IéS (iiét sleight)‘. The site 
deecriptions are given below: 

V

~ 

Location 

Yemaska 
Yemaska 
Yamaskh 
Yamaska 
Yamaska 
Yemaska 
Yamaska 
Moi re R 
Yemaska 
Yemaska

1 

North 11.6 km above bridgegon !|wy._Z43 downstream of Hater-loo 
North at \1ete_rl_oo (Hwy 243 br-ridge) 
Norith at Hwy 243 bridge 2.9 km downstream of waterloo. ~ \ 

North in Choiniere Reservoir 
Norith 1.9 km downstream of Sa_int-Al_phon‘se-de—0ra'nby' 
Soyth-'E_gst 3,2 km from its mouth, near Brigham 
3.0 gm downstream of Fa_rnI_1a_m 

_ 

-

A 

iver 1 km upstream of Emileville - 1 

_ 

'

_ 

downstream of Sai'nt-liyecinthe 0.5 km above confluence with de l'Orme creek 
downstream of Yemeske, 1.6 km from Saint»-Louis River’

1

\ \

0 \
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‘Table A-14. Concentrations of herbic1des in water (ug/L) at the mouth 0f the Yamaska River, 1976 1981 

Hefbicide Year 

Héy 12, J1.'.|f\eT 

1976 

July 4-5 August 2" September 6 

atra;ine
l 

de-ethyl atrazing ., 

de-isopropyl atrbzine
j 

propaziné 

I 2,4-0 

2,4,5-T 

0.11 

0.10 

0.028 

0.14 

0.15‘ 

<0.02 

0.036 

6.43 

1.14 . 

10.39 

0.11
l 

0.009 

0.006 .‘ 

0.97» 

0.36
1

l 

0.05 

<0.002 

-0.001
1 

0.43 

0.24 

0.06 

0.032 

0.032; ’ 

1980 

July 24 Auyust 12 ‘September 3 

etrazine 

de-ethyl atrazine 

de- isopropyl atrazine 

"
1 

2,4-D 

2,4,5-T 

silvéx

/ 

5.10 

11.43 

1.00 

-MY 
0.002 

<0.002 

0.16 ' 

0.03 

lflflflif 

0.004 

<0.002 

<0.00z 

0.14 

0.07 

_Septg1_rber- 

0.009 

<0.002 

10.002 

. 3 
1981 

July

/ 

atrazine 

de-ethyl atrazine 

de-isdprdpyl atrazine 

2,4-0 

3.77 

1.43 

0.22 

0.011 

2,4,5-T \<0.002 

silvex ~ 0.002 

‘Ref. 29; " ’ ”
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Table A-1,_5_._ Cqngenirati'o_1_\s of pesticide; gt thehouths of t__he Yanpaskp River and threg of 1;; tributaries in
‘ 1987-88. '

»

1 

Ri ver/Pesticide Date Congentreti on (pg/L)‘ 

1202252 
2-,4-dichloropropionic acid 

2,41-0 1 

picloram 

metolachlor 

afrazine 

diazimn ' 

(“INC 

cis-chlordane 

Yamaska South 

metolachlor 

atrazine 

dia_ziMno_n_ 

Ch”1bouet- 

metolach lor 

atrazi ne 

diazinon

1 

cont ‘d next |$ag'e. 

J’_ 

July 07/87 
July 16/87 
July 21/87 
J,ulY 28/87 

June 30/87 

June‘30/87 

Jum 30/87 
Jul.y 07/87 
July 14/87 
Hay 24/88 
JL'ne 07/88 
J1.ne- 28/88 

-lune 39/87- 
July 07/87 
July 1.6‘/Q7 
July 21/87 
July 28/87 
Aui 04/87 
Aug 06/87 
"BY 11/88 
l_la'y 17/8,8 
Hay 24/88 
Jln 21/88 
Jun-28/88 

Nay 17/as 
J1.n'28/88 

Oct 14/87 

Oct 110/87 

Jm 28/88 
nay 17/88 
June 28/88 

Nay 17/88 
Jme 28/88 

Julie 28/88 

May 1'7/88 
June 28/88 

Hay 17/88 Jme 28/88

/

1 

\ . 

0.19: 
1.200 
0.150 
0.52; 

0.-38 ' 

0.62 _ 

. 

.-

. 

990900 

35888.3 

;'-.1-6° 

17.50 
6.40 
0.20 
3.53 
2.10 
Z.-9.9 
0.19 
0.10 . 

1.00 
Z-1° ' 

1.20 / 

IUQ 
- 

-. 88‘ 

0 . 0014 

0 . 0005 

1.10, ' 2 

E"? 

P’-.° 

38 

8S

/ 

0'. 24. 

is's 

0.20 
2.40 ’

\
\

\

1



Table A-15 ’c;ont8'“d

A
I 

Ri.ve‘r[P'e'stici.de Date Concgntration (M/L) 

RM! 
mete i sch l or 

utrazine 

diazinon 

Jme Z8/88 
Nay 17/88. 
Jung 28/88 

lay 17/88 
Jme 28/88 

0.13 

J 9.50
' 

1.20
V 

‘ 

’ 0.20 
3.30 

‘aef. so.

1

|

1 

\~

a

1 

\
>

\ 

I1

X

\

3

\
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Table A—16. éharacteristics of five_agricultura1 watersheds in the 
Yamaska River basin (1974-75). 

Saint-Nazaire River 
Total area (kma _ , 

109 
Cultivated area (km§ ' 53.8 
corn area (kmF) 8.4 
Predominant soil types of corn-growing land: _V Series name Taxonomic name 

Courval sandy loam Humaquept 
Ste. Jude sand Aquic orthod ' 

Ste Damase sandy loam 
A 

V. 

Topography & Elevation Range (m) flat (60 - 100) Discharge (n9 x 10*/yr) 1974: 74.01 
1975: 56.40 

Chibouet River 
Total area (kmz) 145 - 

Cultivated area (kmz) 84.1 
Corn area (kmfi 13.7 ‘ 

Predominant soil types of corn—growing land: 
Series name Taxonomic name 
Ste. Rosalie clay Humaquept 
Ste. Jude sand " Aquic orthod 
Ste Damase sandy loam‘ Humaquept 

Topography & Elevation Range (m) 2 flat, gullied (12-75) Discharge (nF'x 10*/yr) 1974: 98.45 
1975: 75.05 

Salvail giyeg -
’ 

Total area (km§ 
_ 

206 
Cultivated area (kmH 129.2 
Corn area (kmz) - 34.8 
Predominant soil types of corn—growing land: 

5 Series name 
, Taxonomic name 

Yamaska sandy loam Aquic orthod 
Ste. Jude sand Aquic orthod 

Topography & Elevation Range (mj . flat, gullied (8-30) Discharge (m3 x 10"/yr) 
. , 1974: 139.87 

. 1975: 106.62 
cont'd next page '

/J



Table A—16 cont'd. Characteristics of five agricultural watersheds 
in the Yamaska River basin (1914-75).‘ ‘ 

77 

a_la_§arQue_Bixer 
Total area (kn?) 119 
Cultivated area (kmz) 50.5 
Corn area (km?) 12.7 
Predominant soil types of corn—growing land: 

Series name . Taxonomic name 
Yamaska heavy clay loam Aquic orthod 
Ste. Rosalie clay - Humaquept 
Ste Rosalie clay loam» Aquic orthod 

Topography & Elevation Range (m) flat (30~100) 
Discharge (mP x 10*/yr) 1974: 80£8° 

1975: 61.59 

B2nneL§_QreeL - 

Total area (kmfi 
Cultivated area'(km§ 21.8 
Corn area (kmz)" ’ 

' '2.2 
Predominant soil types of corn-growing land: 

Series name Taxonomic name 

62.5 

Yamaska silt loam Aquic orthod 
Racine sandy loamloam Aquic orthod 

Topography & Elevation Range (m) hilly (755225) 
Discharge (n? x 10*/yr) _ 1974: 52.39 

' 1975: 26.89

\
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