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MANAGEMENT PERSPECTIVE

I

'~ 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 Nat10na1 Water Research Institute Yamaska River prOJect which

is concerned w1th the occurrence, per51stence, fate and effects of

"~ dyes, other 1ndustr1al chemicals" and pest1c1des. ' This progeét.

' focusses on dyes and pesticides in particular. Canada's textile

industryiis concentrated in the Eastern Townships of Quebec, but

_ there is no information on dyes in the Canadian environment. 1In

addition;10ver one quarter of all pesticides used for agricultural

purposes in Quebec are used in the relatively small Yamaska River

basin.-

This report reViews previously published”information on the

contamination of water in the Yamaska River basin by metals, PCBs“

and pest1c1des. In additioen this report prdvides hackground‘

1nformatlon for the Yamaska Rlver progect and documents (i)

coliform and VOlatlle halocarbon concentrat;ons, and (11)‘Mlcrotox

,toxicity oata for variousrparts of the basin in the period 1985 -
1987 jwhich spanned the time before c0nstruction 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 preseint 1nformatlon the area downstream of Granby is the
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most heavily contaminated and degraded part.of thesriver,'and there
is 'substantial contamination from Waterloo, Saint-Hyacinthe,

Cowansville, Farnham and Acton Vale.




PERSPECTIVE DE LA DIRECTION

La riviére Yamaska, qui arrose la région de 1'Estrie située au
sud-est de 'Montréal, est 1'une des riviéres les plus @étudiées du
Québec, et la qualité de ses eaux a été une source de préoccupation
pendant un‘éertain temps. Le présent rapport constitue le rapport
préliminaire du projet de la riviére Yamaska de 1'Institut national de_
reCherChe,suf 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~me£‘prineipa]ement 1'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 1'environnement au Canada. En butre, 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 1'eau du bassin de la riviére
Yamaska par des métaux, des BPC et des pesticides. Le rapport
contient également des informations de base ‘sur Tle projet de Ta
riviére Yamaska et documente 1) les teneurs en coliformes et en
hydrocarbures halogénés volatiles, et ii) les données sur 1a tox1c1te

. d 1'aide du systeme M1crotox pour différentes parties du ba551n entre

les années 1985 et 1987 qui couvre la période précédant 1a
construction de$ usines d'épurations dés eaux USées municipales
jusqu'é leur construction dans les ‘principales villes du bass1n.‘
D'aprés les informations antérieures et presentes, 1a région située en
aval de Granby est 1la partie 1la p]us fortement contaminée et
détériorée de la riviére, et on observe une contamination importante
au n1veau de Waterloo Saint- Hyac1nthe, Cowansville, Farnham et Acton
Va]e.
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The Yamaska River, bordering the Eastern Townships of Quebec
:,southeaét-of Montréél,.is one of the most extensively studied'
rivers in éuébec, and its water qﬁaiity.has been a source 6f
'Concern for some timé. This report is ﬁhe,background report for
the National WaFer Research Institute Yamaéka/River project, which
is‘cbncerned with the occurrénce, persistgnde, fate and effects of
- dyes, othér industrial chemicals and pesticideé. .This repqrt
reviews previously published information on the contamination of
water in the Yam#Ska River basin by'metals, PCBs and pesticides.
In addition this repért provides,background ihformation,fOr the
~ Yamaska 'River project. and documents, .'(i) coliform and volat_:i_le
halocarbon concen;rations, and (ii) ﬁicrotox tbxicity\data fdr
Qarious.parts of the bésinlin the period 1985 - 1987 whiqh_sﬁanned
the time before conétruction of municipal wastewater treatment
plants through the timé that suCh plantsvwere constructed ih the
major cities anthowns.in the basin. This study indicated (if
substantial contaﬁination of tbe'Yamaska-River and its tributaries
by coliform organisﬁs (éxceedihg fedéral guidelines for
recreational contact), (ii)'generally low toxicity of river waters
in the Microtox thicity test (with the exception of Granbyﬁin
1985), and (iii)‘COntaﬁination doWnétream of mﬁnicipalities sﬁch as
Gfanby, Saint-Hyacinthe, Cowansvil}e‘ énd Farnhém by volétile
halocarbons associated with water chlorination and by volatile

halocarbons of -industrial origin >such.‘as dichloromethang,
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tetrachloroethylene and trichloroethyiéne.

”
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- RESUME

La riviére’Yamaska, §u1-afrbse.1a ?égion de 1'Estrie située au
‘sud-est de MqQFréal, est 1'une des riviéres 1la plus étudiées du
Québec, et ia qualité de ses eaux a &té hne,source de prédccupétion
pendant un certain temps. Le présent rapport constitue 1le rapport
pré]fminajre du projet de la riViére Yamaska de 1'Institut national de
recherche SQr les eaux, qui porte sur 1& présence, 1a,pérsisfante, le
devenir et les ‘effets"des colorants, d'autres‘ prodqits chimiques
industriels et des pesticides., Le »présent ;rapport étudie les
1nformat1ons pub11ées antérieurement sur la contam1nat1on de 1 eau du
bassin de Ta riviére Yamaska par des métaux, des BPC et des
.pesticides; Le rapport contient éga]ement des informations de,base;
sur le projét de 1a riviére Yamaska et documente i) les teheurs en
co11formes et en hydrocarbures ha]ogenés vo]at11es et 11) les données
sur la toxicité & 1'aide du systéme Microtox pour d1fferentes part1es
du bassin, entre 1es années 1985 et 1987 qu1 couvrent la période
.précédant la construct1on des usines. d' epurat1ons des eaux usées
'munitipales jusqu'd leur construction dans les_pr1nc1pa1es y111es du
'Abassin. Cefte étude a révélé i) une contamination importante‘de 1a
riviére Yamaska et de ses affluents par des co]iformes (teneur
fins recreatives), ii) gne-toxicite genera1ement'faible de 1'eau de la |
riviére & 1'aide dé 1'épreuve de toXicité Microtox (@ 1'exception de
* Granby en 1985), et iii) une contamination en aval des municipalités
cdhme Granby, Saint-Hyacinthé, Cowansville.'et Farnham par des
hydfécarbures halogénés volatiles associés d la chioratibn de 1'eau et
par des -hydrocarbures volatileS'id'Qrigine _industrielle comme lle

dichlorométhane, le tétrachloroéthyléne et 1e‘trich10réthy1éhe.



INTRODUCTION

The Yamaska River basin in Quebec lies between latitudes 45°
05' and 46° 05' N; and longitudes 72° 12' and 73° 07' W. It is
bordefed on the east by the Saint-Franc¢is River basin, on the
south and west by‘the Richelieu River basin, and.On the north by
the St. Lawrence River kcf. Fig. 1).

The watershed covers 48'43'vkm2 and compzises fwo distinct
'éreas: a) an_uppér region whiéh lies in the Appalachian‘xouhtain
‘raﬁge and is drainea by the Noire River (cf. Fig; 2) and by the
tributaries'of the Yamaska River; and b) a lower region lying in
the St. Lawrence River,lowlénds. The Yamaska River flows into the
St. Lawrence River at lac Saipt-Pierge. In the upper regions of
the basin ordbyician, ,Silufian -and De?onian‘ sedimentary and .
metamorphic rocks .afé prevalent (g.g.,\ schists, sandstoné and
guartzite), as are glacial ‘and flﬁvioglacial depésits (> 200 h
altitude)vand marine calcarebgé clays (< 200 m). In thé'St.
., Lawrence Rivér'lowiands Ordoviciaﬁ-and Cambrian sedimentary fécké
such as shales, calcareous shales énd sandsténe are found covered
by a thick layer (up to 70 m) of unconsolidated deposits of glacial
tills and marine clays (1;2)5 The mean annual-flowvof‘the Yamaska .
RiVer.was 125 m’/s in 1975 (2) and 78 m’/s in 1978 (3). The'
Richelieu, Yamaska aﬁd Saint-Francois Rivers add about 15%’to the
flow of.the St. Lawrence River,fWhich is about 8800 m’/s at fhe

~_entrance to lac Saint-Pierre (3).



The source of the Yamaska (Centre) is lac Brome (cf Fig 2).
At Adamsv111e the Yamaska (Centre) meets the Yamaska North Whlch
comes f:omvlac Waterloo. Then at Ra;nv1lle the Yamaska meets the
Yamaska South-East which comes from Mont Sutton and Cowansville.
. The principal tributary of the Yamaska River ls the Noire‘River,
whose basin aecounts for one third of thevarea of the entire
YaﬁaSka.River‘baein. The entire length of thevYamaska River is 180
km, and the helght above sea level 1n the ba51n varies from 4 m to
. 900 m \(4)., »_Other physical _data are given in Table 1.

-HydrologiCal,‘meteorological_and other climatic data are available

(5,6).

The poéulation of'the Yamaska River basin was 205,000 in 1966,
and Qas estimated to be'377,000‘by 2001}(7). The main cities are
Granby and Saint-Hyacinthe (each with pdﬁulatiOns > 30,000), and
the main towns are Farnham, Cowansville, Acton Vale, Waterloo and
lac—Brome. Desmeules and Gelinas (4) have given a hlstory of the
‘colonlzatlon of the ba51n, with demographlc data up to the 1970s.
The Yamaska River' basin is dlstlngulshed from that of the Saint-
Francois River by the absence of mining act1v1t1es, by its smaller
drainage area,.higher-extent of deforestation, more intensive use
of land for‘aéricultural purposes, and higher population density
(2). .Agriculture is the main activity in the basih, but there is.
light'industry, including textile mills (8). Contamination from
textile mills'and~ag:iculture‘previded.the impetue for the Yamaska

H

River project, as discussed later.
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The Yamaska River is one of the most-extensivély studied
rivers in -qu,ebec, ‘and its water quality has been a source of
concern for some time. In reviewihg the information available on
most aspects inflﬁencingQ water quantity and quality to 1971,
Boisvert_gg.ng (7) deSCfibed parts of the river asv"ah open
gewér". The same descriptibn was used fifteen ye&rs later (8). 1In
1971 'only 2.8% of the 'pOpplation, of the basin. freated its
wastewaﬁer‘ There were 156 untreated municipal effluents, and fhe
"»méjofity of indﬁ§tries;did not treét-its effluent. In addition,
farm waste diSChargé was uncontrolled. , [In the 1970s  the
government of Quebec initiated measures tp.prevent the\infroduction
of untreated farm wastes to the river, ahd in Fhe 1980s it embarked-
on a massive program of cdngtrucﬁion of sewage‘treatmént plants iﬁ
various towns in the Yamaska River basin and elsewhere in the
province (8).] Nutrieht concentrations and ;heir' effects on
aquatic life iﬁ the Yamaska Riﬁer basin-ﬁave been investigated

extensively (1, 9420).

Over the past fiftéen. years several surveys were made of the
Yamaska River basin for heavy metals, PCBs and pesticides (16,17,
21-3}i. Details are given in the Appendix, and notable findings

are discussed below.

(A) Metals

/ .

- The most heavily contaminated area of the Yamaska;Rivér basin
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is the Yamaska Nefth» from Waterloo to"d0wnstream of Granby..
signifieéhtiy elevated 1eve1e\ of mercury, copper, .chromium, 
cadmium,lleed, nickel, zine and,arsenic have been detected in one
or more "compertments" 'such as water, sediments, macrophytes,
mussels and fish. The mercury content/of'seme_fish'exceeded‘the
Health'aﬁd‘Welfare Canada humen‘consﬁﬁptiOn guideline of 0.5 mg/kg.
Electroplating operatibns_in Waterleo and Granby are the brobable
sources of most of the metal COntamination,-buteother industries
- may . contrlbute, and elevated ‘levels of lead are thought to be due
to heavy vehlcular trafflc in this area relative.to other parts of
the basin. There was aleo metal conthminatioh, but less so, .
~ downstream of Saint—Hfacinthe,.and in other areas‘ot the_basin.

hd

(B) PCBs

_Aithoﬁgh some fish eaughtAin‘the basin in 1978 exceeded the
Health‘and Welfare huhan'consumbtion guideline for’PCBs-of z.mg/kg,
in gehe:al contamination appeared to be lgw; and certainly lower
‘than ther river basins in Qﬁebec thch .are more heavily
industrialized. - The greatesﬁ contamination was in fish caught
}downstream of Saint-Hyaeinthe, ahd at Saint-Pie on the Noire RiVer.

/

e

(C) Pesticides

Pesticides are used heavily'in(the Yamaska River basin, as

expected from the intensive agricultural activity. one‘qearter of
| . B /




10
‘all pesticides sold for agricultural purposes in Quebec in 1982
were éold in the Yamaska River bésin (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 Xg of active
ingredient excluding oils for Quebec and 447,125 kg for the Yamaska
River basin.] Herbicides comprised 68% of all peéticideé sold in
Quebec. Table 2 shows the quantity of_each class df pesticide sold
(and presumably used) ih 1982 in the Yamaska River basin. The
- triazine-triazole class was the most heavily used group of
chemicals, and was used mainly on corn which is the major crop in
the basin. Amide dérivatives, carbamates, organophosphates and

aryloxyacids were also used heavily.

_ Contamination of various "compartments" (e.g., sediment,
aquatic plants, mussels, fish, etc.) 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 ug/L for the proteétion»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 jg/L for
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the protection of aquatic life (30). Twovstudies have indicated
that its concentration in water in the basin during the growing
season reached a maximum inQngy (29, 31). Forrést and Caux (30)
esﬁimated 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 detectéd more frequently in the future
since it is rapidly growing in popularity after the Canadian ban on
- alachlor. For example, in oOntario in 1988 712,170 kg of
‘metolachlor were used on corn, compared to 999,410 of atrazine

(34). Metolachlof was the moép heavily-used herbicide in all
applications in Ontario in 1988, with 1,724,700 kg used. Atrazine

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

The Yamaska River Project

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 (_gg g., sequential extraction

of filtered or centrifuged water at low pH and high pH) in the
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determination of neutral and basic chemicals

(3) an investigation of the suitability of fish bile as an
indicator of ecosystem contamination by relatively water-
soluble pesticides

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

.borganic contaminants and metals
- ) T - |

(5) an investigation of the suitability of mussels as indicators of

contamination by pesticides in the basin
. !

(6) the use of a biochemical indicator (i.g., changes in
concentrations of free amino acids) in mussels to detect -
stress from contaminants in aquatic ecosystems |

N . \.

(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.

The main thrust of the vYamaska River project was the

investigation of the occurrence, persistence and fate of dyes.
/ ' ‘. . .
Dyes and pigments are high volume chemicals which may enter aquatic
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" environments in significant quantities. The distinction between
dyes and pigments ‘is largely made on the bas1s 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. .DyeSAare generaliy more soluble.either in water or/
organic solvents. Global production of dyes in 1978 was estimated’
to be 6.4 x 108 kg of active ingredient (38). About 10® xg were
produced in the United States in 1986 (39). It has been estimated
- that 90% of dyes applied end up 1n fabrics, with the remaining 10%
discharged to waste streams (40). In 1982 about 6.5 x 10° kg of
dyes and 2.5 x 105'of pigments were imported into canada’(4i).
Most dyes.were'imported.into‘Quebec and most pigments were imported‘
into Ontario. |
i

Interest in the environmental behaviour of dyes arose largely
- from concerns about carc1nogenicity. SOme dyes are carcinogens
(42) and others after transformation or degradation yie1d~compounds
such as aromatic amines which may be'carcinogenic or otherwise
toxic (e.g., (43)). Very little is;known of the environmental
occurrence, persistence and fate of dyes, largely ibecause of
difficulties  in their determination at trace levels inﬂ'
env1ronmenta1 media. There is no environmental 1nformation on dyes
in Canada. There is a good deal of 1nterest in determining the
' occurrenCe, persistence and.toxicity of dyes in rivers in the
' Eastern iownships of Quebec because much of Canada's textile
industry is-concentrated in the Eastern Townships, and there are

L
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.anecdotal acccunts'of’wideSpread contamination_of>rivers ln the
area by dyes. In 1985vthere were iz textile or carpet mills and
associated.dyeing operations in,the YamaSka4Riyer basin'in Granby,
Farnnam, Saint—Hyacinthe, Cowansville and Acton Vale (44). Sample
collection for the Yamaska Rlver dye study was in the perlod 1985-
87, spannlng the time before constructlon of mun1c1pal wastewater
treatment plants through the time that such plants were constructed
 in the major cities and towns in the basin.

\

| rIv‘h’e purpose of this report is :( i) to provide ' background
information on ‘the Yamaska River' basin, (ii) to describe  the
sanpling sites chosen, and (iii) to document certain basic water
quality characteristics, vb'latile chem»‘ic\al concentrations, Microtox
toxicity results and colifcrn concentrations- for,.each. of the
sampling locations in the period 1985-1987. Results from the main

J

- studies described aboVelwill be published separatelyal

EXPERIMENTAL SECTION

Figure 2 shows tne sampling locatiens for di_f,\fe:ent aspects of
‘the Yamaska River project. . These were- chosen based on the
experience of Envircnnement Quebec. Thevlocaticns~are described in
Table'3. The dyerand peSticide studies concentrated on sites 1-34
while sites 35-63 vere used solely in some aspects of the indicator

spec1es and blochemlcal stress studies. Table 4 describes some
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© water _qualityv'characteristics at each dye/pesticide site for

sampling periods in 1985-87.

At each sampling site the following kinds’of&samples were

taken for chemical*analysis:

C- surface mlcrolayer (unfiltered) ," R ' _ _ ;

- subsurface water (200 L of centrlfuged water in 1985 86; 20-40
L of flltered‘water in 1986-87) extracted under acidic and
basic conditions |

- suspended particulate material from either centrifuged or
filtered'water,

- sedimente(tcp two cm)

- small subsurface water samples}for volatile halocarbons'(45),

COlifcrms-(46) and Microtox analyses (47)

RESULTS AND DISCUSSION

(A) COIifcrmlorganisns

~The Environment '<Canada . water quality guide;ine for
recreational contact is g 200 fecal coliformslloo‘mL (48) and»the
‘Health and Welfare Canada guldellnes for. drlnklng water are 0/100
~mL for fecal coliforms and < 10/100 m; for total)collforms (49) .
Table 5 shows concentrations of fecal~ccliforms and total cciiforms

~
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at various locations in the Yamaska River basin in the»period.1985
- 1987. The 1986 and 1987 values are more reiiable 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 thah 48 hr ﬁay not be reliable, énd‘none of
the Yamaska River.sémples were analyiéd until 3-5 days after

collection.

N

The results indicate substantial contamiﬁation of the Yamaska
River and its tributaries by coliform prganisms, and eQén 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. 1In
1986, one tap water sample from the éame source had 10 fedal
coliforms per 100 mL and 220 total coliforms per 100 mL. In 1987,
three tap water samples ffom the Samé source taken over thiee

consecutive days had no fecal or total coiiformsvper 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 alllsites‘sampled except 15 and

30. Very high fecal coliform concentrations were found at sites 5,
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7, 9, 11, 12a 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 1locations in the
Yamaska ﬁiver basin in_19857and‘1986 are shown in Table 6. With
reference to the scale relating maximum I values to toxicity to
Photobacterium phosghoreum in Table 7, it is seen that in 1985 site
5 (downstream of - Granby) was extremely toxic, Sites 9 and 11
(downstream of Acton Vale and the confluence of the Yamaska and
Noire Rivefs, respectively) were moderately toxic, and the other
sites were only slightly toxic. 1In 1986, no site was more than

slightly toxic.

(C) Volatile hancarbon'analyses

‘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 indusffial processes and
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the chlorination of dfink}pg water and wastewater. -In all three
years thé'highest_éoncentrations of‘héiocarbonsvwege found iﬁl
drinking water and in water downstream of major cities and towns.
Cohcentfations were typical of those that have‘been observed in the
Gfeat Lakes basin (50-53), and ﬁere orders of‘ﬁagnitude lower than
those which are"aéufely tOxié to aqﬁatic 6rganiSms (51){’ Litt1eV
contamination was'evideht in headwater areas of the Yamaska River,
or in exélusiVely agriCultﬁral tfibutaries Such.aé the a la Barbue,

vRunnets,'SaintéNazaire, Chibouet and Salvail Rivers.

In'drinking water frbﬁ'qfanby and Saint-Hyacinthe‘(sites 16
‘ and 17,'respéctiveIY) there‘were relatively high cohcentrations of

chlp:ofotm, bromodicﬁloromethane and dibromochloromethane, whose
presence is usually attributed to chlorination for'the‘purpése 6f“
disinfection (e.g., 53). It has been observed that the ratio of
the concentrations of éhloroform to bromodidhloromethane' in
chlorinated watef is about An(53). A larger ratio.may ihdicafe the
~presence of chloroform from an industrial séurce. _Table‘il_shows
the ratios of concentrations of chloroform to bromodichlorbﬁethané
for two tap water locationé,in_Granby and Saint-Hyacinthe at five
sampling dates in 1985 - 1987. The ratio occasibnally, but not
consiétently, exceeded a'value'ofxw. There Qas thué no clear .
‘evidence of an industrial source of chlorpﬁorm in the drinking
water of the t&oAcities. Howevef, elévafed cOncentratiOns_of
dichloromethane in the-‘drinking watér - samples Awere noted. -

‘Dichloromethane is used in paint, paint removers;' aerosols and as
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a general solvent. | Toere' was also minor, and inconsietent;
contamination by some other volatiie halocarbons. The extent of
contaminatlon of drinking water was generally the same 1n 1985,
-1986 and 1987 except for samples collected in July 1987 in which

there‘Weré‘markedly,lower-concentrat1ons of total halocarbons.

'Natural water downstream of'ﬁunicibal and industrial sources
in the YamaSRa_Riveribasin was‘more,heavily_oontamihated ﬁitﬁ
-‘volatile halooarbOnS than upstream locations, as expected. 1In June
1985 thelwater dowhstream of Granby (éites 5 and 6), Cowansville
b(site 4)-andAsaint—HYacinthe (site 12a) contained the highest .
concentrations_of volatile halocarbons of all sites in the Yamaeka
River basin. In addition to chloroform and'other'halocarbons
'associated with the Chlorination of water; the water downstream of
Granby" and Cowansville COntained -high concentrationsv of
tetrachloroethylene (dry cleaning‘solvent, solder'fiux remover;‘
chemloal intermedlate) andntrlchloroethylene (1ndustr1a1.degreaser,
polyv1ny1 chloride polymerization modifier, heat transfer medlum,

general solvent). ‘Very 11tt1e contamination was noted at the mouth -

of the Yamaska River (51te 13a).

In June 1986 the most heavily.~contaminated sites were
downstream of Farnham (site 7), 00wan5ville.Ksite 4)‘and Granby
(51te 5) In each location there was substantial contamlnatlon by
dlchloromethane. In addltlon to products of water chlorination,

there were elevatedﬁ concentratlons of tetrachloroethylene and

\
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trichloroethyiene downstream of 'CdWaﬁsville, ' and
vtetrachloroethylene downétreém of Granby. Dichloromethane was the
predominant vplatileahalocarbon at the mouth. of the gamaska River
(sites 13E and 13W), but its concentration had declihed by about an

oraer'of magnitude from Saint-Hyacinthe.

In 1987 the field work was oniy‘concerhed with Granby, Saint-
Hyacinthe;' the Yamaska River mouth and the,Afive agricultural
: tributaries, the a la Barbue; Runnets, Saint-Nazaire,‘éhibouet and
~ Salvail Rivers. Contamination of these tributaries was generally
ibw ih June, July'and September. Water downstream of Granby énd
'Aséint?nyacinthe N contained elevated ;onéentrations' 6f
dichloromethane, ‘tetrachloroéthylene and trichloroethflene, in
" addition to products of vater chlorination. Water at the mouth of
the river.was less contamihated‘than water downstream of Saint-
“Hyacinthé,’except in July. This may indicate‘anofher significant
soﬁrce_of.chlorinated halocarbons to the river downstream of Saint-.
Hyacinthe. 'In geheral, contamination of river water by volatilé
. haloCarbonéﬁwas less in 1987 than in_i9§5 or 1?86. | ‘

 This backgfoﬁnd‘report has reviewed the étate of contamination
of the Yaﬁaska Riﬁer bésin, has demonstrated contamination»ﬁy
colifofms and soﬁe volatile halocarbons, and has demonstrated
substantial toxicity to bacteria by éﬁemicaIS'in some iodatiOns in
the river. Further reports will focus ohidonfaminationvby dyés,

PCBs and pésticides,
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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)
«grazing density
cultivated area (%) (1975)
' ' total
fertilized

oW

L] L2 L] LIERX ] v
nwund o

=

 0.105 w’s 'km2
38.4 persons per km?

482 pop.-equiv. per km?

36.0
11.4

*Ref. 1. .
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Table 2. Quantitles of pest1c1des so6ld in the Yamaska River basin

in 1982.°
Pesticide Class ‘ Quantlty (kg) %
alcohol derivatives 3,481 - - 1
amide derivatives _ '~ 80,875 ‘ 14
aryloxyacids i ‘ 30,337 | 5
benzoic acid derivatives 1,997/ ’ <1
benzonitriles - 6,362 _ 1
carbamates . 73,155 . X2
diazines ' 3,370 ‘ 1
, halogenated organic ac1d , B : ‘ ’
' derivatives 3,378 o 1
inorganic compounds 994 ‘ <1
-mineral oils 142,978 24
miscellaneous : 16,678 . 3
organochlorines ’ ' 1,494 ’ ‘ <1
organophosphates , 31,548 ' o 5
organotins - 1,067 . ‘ - <1
phthalic acid derivatives 96 N <1
phthalimides . - 20,447 . | 3
‘plant products , - % -

pyrethroids S } 254 o <1
‘quaternary . ammonlum ' : '
compounds 'and phenol

derivatives 1,433 <1

triazines and trlazoles 168,070 28

ureas (substituted) ‘ 2,090 : ' <1
total \590 104 '

Ref.:32. There were also 11 040 bllllon 1nternatlonal unlts of
Bacillus thurlnglen51s (Berllner var. Kurstakl) sold in the Yamaska
basin 1n 1982 '(15% of Quebec s total).
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Yamaska River project sampling locations

Site No.

Latitude

_ Longitude
(deg/min/sec N) (deg/min/sec W)

Locatidn

10

11

12a

12b

13a

45 25 55

45

45

45

45

45

45

45

45

45
45
45

45

46

16

10

14

21

31

33

38

41

03

cont'd next page

45

35

15

‘14

00

15
50
10
00

40

0s

15

35

72 21 35

72

72

72

72

72

72

72

72

72

72

72

72

72

30

39

48

46

49

59

22

35

58

56

55

56

40

35

00

20

20

20

25

35

30

S8

15

05

40

Riviere 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
upstream of bridge on highway 139
at Brome-Ouest

Riviere Yamaska sud-est 10 m
upstream of bridge 2.5 km north of
Fordyce COrners

Riviere Yamaska nord 10 m
downstream of bridge on highway
139, 1.8 ¥m north of Autoroute des
Cantons de 1'Est

Riviere Yamaska nord 10 m upstream
of bridge 1.8 km downstream of St.
-Alphonse-de-Granby

Riviere Yamaska, south side, at
Canadian Forces Base at Farnham

Riviere Noire 10 m upstream of

“bridge 6 km downstream of Valcourt

Riviere le Renne 10 m upstream of
bridge 2 km downstream of Acton
Vale

‘Riviere Noire, north side, 3 km

downstream of highway 235 brxdge in
Saint-Pie

Riviere Yamaska, east side, 2 km
downstream of confluence with
Riviere Noire

Riviere Yamaska, west side, at
Saint-Hyacinthe, 200 m downstream
of highway 137 bridge

Riviere Yamaska, west side, 4 km
downstream of highway 20 bridge

Riviere Yamaska, middle, 6.5 km
downstream of Yamaska-Est
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Table 3 cont'd

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

13E 46 00 25 72 54 35 Riviere Yamaska, east side, 50 m
downstream of highway 132 bridge at
Yamaska-Est

13w 46 00 25 72 54 40 Riviere Yamaska, west side, 50 m
' downstream of highway 132 bridge at
Yamasgka

18 45 24 45 72 37 25 Riviere Yamaska nord 5 m upstream
of bridge at Val-Shefford

16 45 24 40 72 45 10 (drinking water site) Hotel le
Castel de 1'Estrie, 901 rue
Principale, Granby

17 45 37 55 72 57 35 (drinking water site) Esso gas
station at corner of 17th Ave.
(Ste. Anne) and 27th St. (Cartier),
Saint-Hyacinthe .

20 45 23 40 72 42 40 Riviere Yamaska nord, south side,
- in Granby, 50 m upstream of rue
Church bridge

21 45 23 25 72 43 50 " Riviere Yamaska nord, north side,
' in Granby, 50 m downstream of rue
Saint-Charles sud bridge

22 45 23 30 ) 72 44 15 - Riviere Yamaska nord, south side,
‘ in Granby, 50 m upstream of rue
Robinson sud btidge

23 45 23 10 72 44 45 Riviere Yamaska nord, south side,
in Granby, at end of rue Edouard

30 45 28 50 72 58 50 Riviere a la Barbue 5 m upstream of
) : . bridge 0.2 km upstream of
confluence with Riviere Yamaska

31 45 35 15 72‘38 00 | Ruisseau Runnets 5 m downstream of
‘ bridge 2 km upstream of confluence
with Riviere Noire

32 © 45 40 45 72 38 40 Riviere Saint-Nazaire 5 m upstream
of bridge 0.5 km upstream of
confluence with Riviere le Renne

33 45 47 30 72 51 20 Riviere Chibouet 10 m downstream of
bridge at Saint-Hughes, 2 km
upstream of confluence with Riviere
Yamaska

cont'd next page




Table 3 cont'd

‘site No. Latitude ' Longitude . Location
(deg/min/sec N) (deg/min/sec W)

34 . 45 49 35 72 57 45 . .Riviere salvail 10 m downstream of
: " bridge 100 m upstream of confluence
with Riviere Yamaska

35 .45 29 SO 72 37 28 Ruisseau Runnets 5 m downstream of
~ bridge 2.5 km downstream of Roxton-
=Sud
36 45 37 40 T 72 22 45 Riviere le Renne 10 m upstteam of
B o bridge 3 km upstream of Moose River
37 45 22 45 ‘ 72 30 00 Riviere Yamaska nord 50 m upstream
of highway 241/243 bridge at Warden
50 45 20 35 72 30 50 - Riviere Yamaska nord 10 m
: ' downstream of highway 241 bridge at
Waterloo.
51 45 22 45 72 30 05 Riviere Yamaska nord 100 m upstream

of highway 241/243 bridge at Warden

52 45 25 25 _ 72 34 45 Reservoir Choiniere (Riviere
, S . B ' Yamaska nord) at end of rang
Brosseau off 8ieme rang est

53 ' 45 24 15 72 30 35 Riviere Yamaska nord 5 m upstream
: . of bridge on highway 241, 3 km
downstream of Warden

60 45 16 05 72 47 50 © Riviere Yamaska centre 5 m upstream

of bridge 1 km downstream of
_ Adamaville .
61 45 1715 72 51 20 Riviere Yamaska 5 m upstream of

bridge 0.5 km downstream of
confluence of Riviere Yamaska nord
and Riviere Yamaska centre

62 45 16 ‘15 72 55 25 Riviere Yamaska sud-est 3 km
upstream of its confluence with
Riviere Yamaska
63 45 17 25 72 56 10 Riviere Yamaska 1.5 km downstream
. X . of its confluence with Riviere
Yamaska sud-est :
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Table 4. Some water quality characteristics of selected sampling locatigné in the Yamaska River, 1985-87

Site No. Air Temp. Water Temp. pH Dissolved Oxygen  Conductivity  Eh-water Eh-sediment
c . % .

: mg/L v gmho/cm w W
June 1985 ,
1 15 12 6.8 1.4 195 45 =20
2 1% - 15 - 7.6 10.2 125 ( 30 -55
3 15 15 74 9.4 215 50 -10 ‘
4 17 14 . 6.6 8.4 370 20 - =40
5 16 16 6.2 5.5 590 10 -310
6 16 15 58 4.1 540 - 10 -240
7 17 14 7.2 8.8 170 30 -90
8 1% - 11 7.6 10.0 165 40 -300
-9 14 15 6.6 8.8 230 10 -285
10 18 14 6.4 . 7.9 210 ‘30 . 25
11 19 19 7.6 9.5 285 140 ~205
12a 20 16 7.2 9.3 410 70 -300-
132 15 16 6.8 - 8.1 800 30 -195
15 13 13 6.7 10.4 225 50 - -110
20 16 14 6.6 9.3 s 70 -100
21 16 14 6.6 8.9 300 60 -90
22 16 14 6.6 8.7 310 60 ©-130
3 16 1% 6.6 9.2 340 ‘70 =70
June 1986
1 18 16 6.6 9.2 120 - 215 -20
2 20 7 6.5 8.6 375 210 .. -200
3 18 12 6.9 9.6 300 210 -210
4 22 20 7.6 6.8 585 210 -180
5. 13 11 - T4 8.5 730 . 200 - -120
7 % 20 6.3 8.4 700 210 no sed
, 8 20 17 8.0 9.0 410 220 -170
9 23 19 7.7, 9.0 460 200 -260
10 17 16 6.9 9.3 510 210 -200
1 17 15 7.3 8.7 640 200 180
12b 121 20 6.4 6.6 780 170 -100
13€ . 18 15 6.9 9.2 680 195 35
130 18 15 6.9 9.1 675 190 10
15 17 10 6.8 8.9 375 © 210 no sed
30 >14 14 7.7 8.6 925 210 -25.
31 3 20 7.6 7.8 510 210 no sed
32 22 18 7.3 7.5 810 . 200 : -210°
33 29 2 6.9 7.5 1190 - 220 30
34 18 18 7.0 7.9 1360 210 -80
June_ 1987 _
5 17 15 6.8 7.7 410 . 10 - -270
12b 16 16 7.2 7.6 690 C45 -185
13€ 14 -2 7.9 8.1 254, 420 =165
13w 14 19 7.3 8.0 229 475 175
30 15 1% T4 8.3 288 . 150 -95
31 15 16 6.7 9.9 275 190 -110_ -
32 1% 17 7.4 8.9 259 380 -75
33 15 16 6.6 9.4 310 220 -145
3% 15 1% 741 8.7 " 640 140 -220

/cont'd next page
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" Table 4 cont'd

Site No. Airo'l’enp. Hateor' Temp. pH Dissdlved' Oxygen Conductivity Eh-water Eh-sediment
% c ’ w o

. mg/L gmho/cm : mv

July 1987 ,

5 4 22 18 6.4 7.1 590 90 -310
12b 18 17 7.1 9.5 430 150 ©-210
13 - 16 18 6.9 8.4 1100 140 <220
13u 16 18 6.9 8.1 175 135 -195
30 21 19 6.8 9.4 260 .10 -175
31 26 17 7.5 8.7 340 95 -120
32 3 16 © 7.4 10.8 455 75 -50
33 3 16 6.9 9.9 390 © 15§ . -80
3% - 2% 17 6.2 7.4 815 95 -360
Septeiber 1987

5 1" 13 7.3 8.8 630 115 -250
12b 15 1% 6.7 9.4 480 145 -115
13€ 10 12 6.9 8.2 1300 115 ~ -180
134 10 13 6.9 . 8.0 1280 %0 - -200
30 13 15 7.3 9.2 670 110 170
31 13 1 6.8 8.4 415 70. . =155
32 12 9 7.7 9.3 %0 - 160 . -%0
33 13 13 7.4 8.8 260 130 -240
34 12 10 6.8 7.9 970 105 -310
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Table 5. Concentrations of fecal doliforms'and}ﬁqtal céliforms in the famgska

COLIFORM COUNTS PER 100 mL

T ST T SR WO U S

15

cont'd nextfpage

1985 - 1986 1987
Locniion FECAL FECAL TOTAL FECAL  TOTAL
3.0x107  5.0x10°
3 2.0x102  6.0x10°
3.3x10° 2.2x10? 2fox1o”
2.6x10? 9.2xio= 9.2x10*
1.4x10° 3.4x10°  2.2x10° 1.5x10°  4.8x10°
1.7x10° | - L
7 1.4x10° 3.0x10° 9.?;10‘
8 3.9x10° 3.2x10°  3.0x10°
9 6Q5x10° i 1.0x10*  4.6x10*
10 1.4x10? 1.9x10° ~3.9x10°
11 5.0x10' 1.8x10*  3.6x10*
12a 6.3x10° 2.6x10°* 1.4x10*
12b | 2.6x10°  2.8x10* 2.8x10°  1.0x10% "
13a 3 |
13E 2.8x10° 1.6x10* 1.3x102  8.3x10%
1w 5.6x10°  8.0x10° 1.6x10? 3.3x107.
1.1x10? i.2x10? 1.0x10%
20 3.0x10°  2.2x10%
21 z.ix1o="’ 7.ox1o§
22 2.4x10°  1.8x10°
23 4.0x10°  5.0x10°
30 2.0x10' ,3.%#10‘  1.0x10'.  3.0x10'
3 8.2x10% . 1.4x10* 1.0x102 4.2x107
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Table 5 cont'd
COLIFORM COUNTS PER 100 mL

1985 1986 : 1987
LOCATION ’ FECAL FECAL TOTAL FECAL TOTAL
32 o 2.4x10?2  8.0x10° 8.2x102  2.3x10°
33 7.6x107  2.2x10* 3.6x10'  2.2x10?
34 ‘ | 3.2x10°  7.5x10* 2.1x102  6.7x10?

"In June of each year.
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Table 6. ‘Microtox toxicity test resulta for some locations in the Yamaska River
baaxn in 1985 - 1986. .

Maximum I value

Location
1985 1986
1 | 0.01 0.03
2 0.06 0.03
3 0.02 - 0.05
a 0.05 0.03
5 ‘7.31 0.03
6 0.04 not done
7 not done .0.04
- 8 0.07 0.03
9 0.18 0.03
10 0.10 0.04
11 0.21 0.05
12a 0.10 not done
13a 0.05 not done
13w 0.02 not done
15 0.09 0.03
30 not done 0.002
32 not done 0.01
33 not done 0.02
34 not done 0.0003

“In June of each year.

The 1985 and 1986 samples were analyzed 6 and 2 weeks
after collection, respectively.
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Table 7. A scale relating I values to toxicity to Photobacterium phosphoreun.’

Interpretation

Maximum I Value Class
T < 0 0 “non-toxic
‘ 0<T < 0.05 i slightly toxic
©0.05 < T < 0.10 2 slightly toxic
0.10 <.T < 0.5 3 ~moderately toxic
0.5 < r’< 1.0 4 modérately toxic:
1.0 < T < 10.00 5 éuité toxic
10.0 < I 6 very toxic

"Ref. 47.
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Concentrations of volatile halocarbons in water (ng/L) from locatibns in the Yamaska River basin in

Table 8.
Chemical Location No. _
1 2 3 4 5 6 7 8 ) 0 1"
dichlorodi fluoromethane : 16 v ,
fluorotrichloromethane 1 2 1 15 9 [ 12 1" 6 8 16
dichloromethane 8 ’ 110 63
chloroform : 3 15 é ‘T 490 70 : 18 4 49
1,1,1-trichloroethane 1 9 7 © 135 53 - 6 - 5 2
trichloroethylene 1560 82 é
_ bromodichloromethane 2 Y4 9 4
1,1,2-trichloroethane 5.
dibromochloirométhene ' ) ) . 3
tetrachloroethylene 3 2 1 485 3080 180 15 7 3. 1 13
i . : . ) . 3
Z (all halocarbons) 8 38 15 2132 -3884 434 27 84 32 13 150
£ (chloroform + bromodichloromethane + dibroihochloranéthahe)
. . \ . )
3 17 6 72 557 7 18 4 56
Chemical Location No.
’ 12a 13a 15 16 17
. dichlorodifluoromethane _ By :
fluorotrichloromethane 41 5 1% 20 1%
dichloromethane 60 : 2400 600
chloroform 510 6 30 3840 2300
1,1,1-trichloroethane 20 2 14
trichloroethylene .
bromodichloromethane 130 480 410
1,1,2-trichloroethane
. dibromoch oromethane 5 . ‘ 25 31
tetrachloroethylene 33 1 6 ' 13
I (ell halocarbons) 799 14 50 . 6765 3382,
!‘ (thoréfom_ + bromodichloromethane + dibromochloromethane)
645 6 30 45 i

Locattons 16 ant_i 17 are drinking water sources in Granby and Sainte Hyacmthe, respectwely.

were not found e: 1,1-dichloroethylene,

in any sampl

carbon disulfide,

The following
cis-1,2-

compounds
dichloroethylene, 1,1-dichloroethane, brolmchloromethane, 1,2-dichloroethane, carbon tetrachlonde,
1,2- dmhloropropane, dibromomethane, bromotrichloromethane, 1,2-dibromoethane, 1,2-dibromoethylene;

bromoform and 1

1,2,2- tetrach loroethane.
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Table 9. Concentrations of volatile halocarbons in water (ng/L) from locations in the Yamaska River basin in

Chemical ' Location No. .

1. 2 3 4 5 . 7 8 9 10 1 12b°
fluorotrichloremethane 1 5 5 3 3 1 3 2 3
dichloromethane 3 4 1040 560 - 2160 72 40 72 84 100
chloroform 2 ‘ 100 98 250 15 . 13 4 230
1,1,1-trichloroethane . 9 1 1 1" 11 27 3 1% 7 1
carbon tetrachloride 2 1 : ’ 1
trichloroethylene 160 8 3 2 - 5.
bromodichloromethane - . 1 2 7 1
dibromochloromethane . 1 : 1
tetrachloroethylene . . 790 95 12 2 2 1 3
£ (all halocarbons) 1% - 6 2108 781 2447 122 44 104 98 355
£ (chloroform + bromodichloromethane + dibromchlorunet'hane)' _ A

2 100 100 258 15 13 4 232

: chemical‘ ) . Location No. _

1 W 15 16 17 30 31 32 33 34
fluorotrichloromethane 1 1 3 3 : 2 '
dichloromethane ) - 132 52 - . 328 - 88 8 1 2 1
chloroform 1% 4 35 1 2 7 5
1,1,1-trichloroethane . 5 6 1 13 1 2
carbon tetrachloride )
trichloroethylene . '
bromodichloromethane . 11 7
dibromoch(oremethane : 1 ] )
tetrachloroethylene 1 1 o1 35 1 2 1 2 9
I (all halocarbons) 153 6  389 . 158 3 18. 2 13 10
T (chloroform + brom_odichloroniethane + dibromochtoromethane) '

1% 4 ) 19 2 7 5

Locatlons 16 and 17 are drinking water sources in Granby and Salnt Myacmthe, respectwely
were not found in any sample: dichlorodlfluoromethane,

The fol loumg

1,1-dichloroethylene,

carbon

dlsulfide cis-1,2-dichloroethylene, 1,1-dichloroethane, branochlormthane, 1,2-dichloroethane, 1,2-
dichloropropane dlbranomethane, branotnchloromethane, 1,1,2-trichloroethane, 1 2- dlbranoethane, 1, 2-
dibromoethylene, bromoform and 1,1,2,2- tetrachloroethane. ‘
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Table 10. Concentrations of volatile halocarbons in water (ng/L) from locations in the Yamaska River basin in

64

147

(A) June
Chemical Location No. ,
N 5 I'Zb 13 13 16 17 30 31 32 33 34

dichlorodifluoremethane 3 4
fluorotrichloromethane 8 17 39 n ’ .
dichloromethane 206 41 . 685 349 6 1 1 4
chloroform ‘ . 82 390 36 60 1011 875
1,1,1-trichloroethane 7 29 7 9 -
trichloroethylene 213 s
bromodichloromethane 6 115 89
dibromochloromethane 1 3 9
tetrachloroethylene 400 78 12 1% 40 1 2 1 2
I (all halocarbons) 706 79 S5 83 1893 1404 8 1 13 6
£ (chloroform + bromodichioromethane + d'ibronpchl'orometha'he)

82 397 36 60 1129 973
(8) July (
Chemical Location No.

5 120 13E 13 16 - 17 30 31 I 32 33 3%
. dichlorodifluoromeéthane 1 ‘
fluorotrichloromethane 2 o
dichloromethane 312 s2 . o : 22 89
chloroform 51 43 . 164 147 114 397 2.
“1,1,1-trichloroethane 4 4 12 16
trichloroethylene
bromodichloromethane .26 69
dibromochloromethane
- ‘tetrachloroethylene 78 16 . 8 ‘3 3 -9 2
I (all halocarbons) 48 115 172 150 175 580
£ (chloroform + bromodichloromethane +’d_ibrqmo¢_:hlprqt_net,hane)
’ 57 164 138 466 4

_corit'd next page

(
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(C) September ‘
Chemical Location No.
] i2b = 13€ 13w 16 17 30 31 32 33 34

dichlorodifluoromethane -~ - 3. ' 3 1
fluorotrichloromethane - 7 1 o 1- 4
dichloromethane 184 51 8 1 132 486
chloroform 109 29 56 46 1230 2109 é
1,1,1-trichloroethane 25 2 3, 2 n :
trlchloroethylene s 1 : : 12
bromodichloromethane 17 4 275 437
dibromochl oromethane 6 . 1 \ o 3 18
tetrachloroethylene 18 25 32 14 37
I (all halocarbons) - ‘ 410 © 99 92 77 1660 3145 6

o -
I (chloroform + bromodichloromethane + dibromochloromethane)-

132 3% 56 4 1508 2564 T 6

. . .
Locations 16 and 17 are drinking water sources in Granby and Saint-Hyacinthe," respectwely. The following
- compounds were not found in any sample: dichlorodifluoromethane, 1,1-dichloroethylene, carbon
disulfide, cis-1,2-dichloroethylene, 1,1-dichloroethane, broumchlormthane, 1,2-dichloroethane, 1,2-

dlchloropropane, dlbromomethane, bromotrlchlorunethane, 1,1,2- trlchloroethane,
dibromoethylene, bromoform and 1,1,2,2- tetrachloroethane.

, 1-dibromoethane, 1 2
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Teble 11: Ratio of [chloroformi/ [bromodichlorométhane) for drirking wWater in Granby and saint-Hyacinthe in 1985

Date Granby ' Saint-Hyacinthe
June 1985 : 8.0 5.6
June 1986 ’ 32 1.6 ' (
June 1987 . . X 9.8 |
July 1987, /. 48 5.6 '
September 1987 » 4.5 . 4.8
) e N \
.
/



44

" FIGURE CAPTIONS

Figure-l. 'Location of the Yamaska River'watershed in Quebec.

Figure‘z. Map of the Yamaska River basin showing sampllng stations
for various aspects of the prOJect.
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APPENDIX -
BACKGROUND DATA ON TOXIC CHEMICAL CONTAMINATION OF THE
) ' YAMASKA RIVER AND ITS8 TRIBUTARIES

W ' L

During the 1970s. and 1980s there were se?erai studies of
contamination -of the Yamaska River basin by heavy metals,
pesticides and PCBs. Thé major work has been done by Environnement
Québec, ihciuding extensive studieé in 1978 and"1980,.as parﬁ of
provincial surveys. There have also been studies by the Universite
du Qgebec, Envirohment Canada and others on the Yamask# River, its
‘mouth at lac Saint-Pierré; and some_bf its major tributaries Whiéh
flow th:ough_agricultural lands. | |

Lapointe and-_Saséevilie‘ (21) saméled water, sediment,
macrbphytes and fish from five locations .at".t'he \fiouth of ‘the'
Yamaska River in July 5974, ahd analyzed the samples for lead and

mercury. concentrationAfanQes are shown in Table A-1.

Harvey (22) analyzed sport fish caught in 1977-78 ‘af\ 15
locations in the Yamaska River basin for heavy.metals (Cr, Co, Cu,
Mn,.Ni, Zn, Cd, Hg, PbY;'organOChlorine insécticides aAd bCBs.
‘There were many data on fish of different species and_gge./;The
general conélusion was that Hg and PCBs exceeded fédefal guidelines
(which were 0.5 and 2 mg/kg, respectivéiy). Average?éoncentratiogs

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-
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2. There were elevated levéls,of Cr in fish downstream of Waterloo

" in the Choiniere Reservoir and lac Boivin. There were elevated

levels of Cu ih water and sediment downstream of Granby and
Waterloo, probably due»to:electroplating industries. This Qas,not
feflected inlconcénfrations in fish..‘ﬁeréury was présent ét 0.01»4
2.31 mg/kg, with'an averége of p,Bvag/kg. There were higher»
concentrations in predators than iJl»bottom-feéding fish. The
highest concentrations of méréufy'were.found in muskellunge and

walleye, and the most heavily-contaminated regions were the Yamaska .

North below Waterloo, the Yamaska above Adamsville, and the Noire

River. 1In general, water{in the'Yamaska basin‘gbntained < 0.002

ng/L Pb, except downstream of Waterloo (0.005 mg/L) and Granby
(0.027 mg/L),_ Higher‘concentrations downstream of these two areas
were attribgted to automobiles. Thére were elevated. levels (? 2‘
mg/L) of total vPGBé in- flsh downstrean of' Farnham and Saint-
Hyacinthe, and at the mduth of the Yamaska River, and at Sainf;Pie
in thé Noire River.

vAuger.ggjgl.'(ls),have présénted 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, thé sediments of_the Yamaska North were
contaminated by coppér, zinc, chromium, mercurf and cadmium.\ The
watef.of fhe Yamaska North was also contaminated by copper, zinc
and nickel. In'the Yamaska South-=East sediments were contaminated

by arsenic and mercury, while waters were contaminated by copper
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s

and manganese. The results of various surveys are shown in Tables

- A=3a,b,c (water) and A-4a,b (sediment);

In 1980 Belanger reported on the water chemistry, nutrient

{

status, and sediment meta; concentratiohé of major 1lakes in the
Yamaska River basin as well as some tributaries'and some locations
- in the Yamaskaiitself (17). These data are shown in Tables A-
- 5a,b,c. The most notableA finding was that of elevated
concentrations of hegvyvatAIS\in;Sediments downstream of Watefléo

\

and Granby.

\

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

heaQy metals in the Yamaska River basin in 1975 between the
"dissolved" phase and suspended particulate material.’ The
suspended 'sedimehtv éamples"were> éubjected to a »éequenfial
extractioﬁ procedure designed}to’separéte the pattidulate trace
metéls into five fractions: ‘(1)' exchangeable; (2) baund‘ to
éarbonates; (3) bound to Fe-Mn oxides; (4) bound ﬁo organic
mattef; and (5).residua1. Although suspended sediment levels as

ate trace metal concentrations

‘

well as total soluble and particul

.were highly variable, speciation patterns for each metal were:

fairly constant. Very small proportions of all metals, except cd

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

1evelé’of all'metals‘were‘present‘in:the'residual fraction; Fe—Mn’

oxides and organic matter constituted important transport phases

for most metals. Deviations from this general behaviour occurred
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with inpugs of municipal sewage, in which case total particﬁlate
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.

(

. Goulet and Laliberte (23) analyZed‘mﬁssels 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
weré 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/kg - multifish 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 A-=8.

Goulet énd Laliberte (24) also analyzed water, sediment,
macrophytes, mussels and fish samples takén from the Yamaska River
basin in 1978 for ¢d, Cr, Cu, Hg, Ni, Pb, 2n and As. 1In general,
the Yamaska basin was most contaminated with these metals
downstream of Waterloo, Granby and Farnhém. The results are given

in Tables A-9. Notable fihdings with each metal are described
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below.

Arsenic: One species of macrophyte had elevated levels downstream

of Saint-Hyacinthe (4 mg/kgqg)

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 ug/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: sédimenté downstream of
Waterioo and Granby (58 and 60 mg/Kg, respectively), mussels
(3.9 mg/kg) and carp (1.4 mg/Kg) downstream of Farnham and
mussels (3.3 mg/kg) and waileye (2.1 mg/kg) upstream of Saint-

Pie on the Noire River.

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

~—
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~ Saint=Pie on the Noire River.

j i * , '
Nickel: Contamination of water (26 ug/L) and sediment (210 mg/kg)
downstream of Waterloo. Some contamination noted in mussels

downstream of Yamaska.

Lead: Contamination of sediment‘downstream of Waterloo (105 mg/kqg)

A

/ .
and Granby (82 mg/kg). : _ ' :
Zinc: Contamination downstream of Waterloo (water 36 ug/L;
sediment 630 mg/kg), downstream of Granby (sediment 264 mg/kg;
macrophytes 324 mg/kg), downstream of Farnham (mussels 41 -

171 mg/kg) .

Laliberte and Goulet (25)7ana1yzed mussels and fish taken from
various locations in the Yamaska River basin in 1978vfor twelve
chlorinated pesticides. The.most notable'findinngas total DDT
contamlnatlon downstream of Sa1nt-Hyac1nthe. white suckers were
contamlnated upstream of Salnt-Ple (0.1 mg/kg), downstream of
Saint-Hyacinthe (0.2 mg/kg) and downstream of Yamaska (0.1 mg/kg)
Walleye were contaminated upstream of Salnt-Pie (0.2 mg/kg) and
downstream of Salnt—Hyac1nthe (0.2 mg/kg). There was little
contamination with the other pest1c1des in any part of the rlver.

‘The results are shown in Table A-10.
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Croteau et al. (26) investigated total PCBs in sediments,

{ .
‘macrophytes, mussels and fish collected from the Yamaska River .

basin in 1980. The geheral‘eenclﬁsion]was that the Yamaska River.
was contaminated _downstream;-of Saint-Hyacinthe; andi that this
contamihation was slightly worse than in 1978. There was lesser
| cohtamination in the Yamaska.North'and downétream of‘Farnham,_ The
results arehshowh in Table A-11, -

Croteau et al; (27) also investigated As, Cdx‘Cr,ACﬁ, Hg, Ni,
| Pb and Zn in water, sedlments, macrophytes, mussels and fish in the
tYamaska River ba51n 1n 1980., The general conclu51on for locatlons
which were contaminated by three or more metals is that there were
three falrly contaminated sites in the Yamaska Rlver basin:
downstream of lac Waterloo, downstream of Salnt-Alphonse-de-Granby
and downstream of Salnt-Hyac1nthe. The results are shown in Table
A-12. -Notable findings were:

Arsenic: Iah electropiating operation’in Waterloo was suspected of

‘being the sources of As.

Cadmium: There was little contaminatioh;
{

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 ,alse
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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 maihly contaminated downstream of
lac Waterloo and Saint-Alphonse-de-Granby. There was less
contamination elsewhefefin'ﬁﬁe‘basin. Results were similar to

those from 1978.

Mercury: »Contaﬁination was observed at several sites in the basin.
Highest concentrations in sediment were downstream of 1lac
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.

Lead: Contaminatidn was highest downstream of Saint-Alphonse-de-

Granby. Results are similar to those of 1978.

\

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 et al.~ / (28) investigated - organochlorine 1pesticide

contamination of\sediment, plants, mussels and fish collected from

the Yamaska River basin in.1980. The general conclusion was that
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there was contamination by total DDT at Waterloo and downstream of
lac Waterloo, but 1little contamination by other chlorinated
pesticidés.- These results were similar to those from 1978. The

results are shown in Table A-13.

Duval and Gauthier (29) repofted the analyses for various
herbicides of water, sediment and mussel tissues coliécted from the
mouth"of; the Yaméska.’River in 1976-81 'fqr atrazine, de-ethyl
atrazine} deeisoprbpyl»atfazine, propazihé;v2,4-D,_2,4,5fT and’
silvex. Sahples were collected in the shmmér months; Watef was
\':thé on}y "coméaftmentﬁ in;which thes§~herbicides wére found. The
concentrations of atrazine and its metabolites peakéd in July, but.
there was no trend for ﬁropazine, 2,4-D, 2,4,5-T or silvex (cf.
Table A-14). | ‘

'4Forrest and Caux (30) analyzgd water, sediment; suspended
solids and fish from the:mouths of the‘Yamaéka‘Rivériand'three of
its tributaries-in'1987488_for pesticides. The fesﬁ;ts are shown
~in Table A-15. Herbicides were the most frequently detected
chemicals, in particularratrézinef Atrazine and diazinon were
found above their water quality,guidelines for the protection of
'aquétic life. The estimatea loading of atrazine residues to the
st. LaWrence River from the Yamaska River was 25 kg/day during the
growing periéds of 1987-88. Atrazine was also found in suspended
partigulate material_(o.OA'mg/ig dfy weight) and Sediment (0.02

mg/kg dry weight) at the mouth of the Yamaska River in 1987. p,p'-
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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 et al. (31) monitored
atrazine and de~ethylated atrazine in 1974 - 1975 in five fivers
which drained‘agricultural'areas in the Yamaska River basin. The
rivers were the Saint-Nazaire, Chibouet, Salvail, a la Barbue and
the Runnets. Sone 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 ug/L)
respectivélyu 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.



57

Table A-1. Concentrations of total lead and mercury at the mouth of the Yamaska River, July 1974

Sample Lead - Mercury

pg/L or mg/kg ge/L or mg/kg
water 15 - 53 n.d. - 0.4
sediment - < 0.15 0.2 - 0.7
macrophytes 0.1 - 20 n.d. - 0.07
fish (suckers) muscle < 0.002 - 0.01 0.6 - 1.2
bone < 0.002 - 0.07 0.1 - 0.4
skin 0.09 - 2.8 0.04 - 0.09

Ref. 21. Concentrations in sediment and tissue are dry and wet weight, respect‘ivi,’él?.‘

Table A-2. Average concentrations (ing/kg wet weight) of heavy metals, chlorinated insecticides and PCBs in fish
in the Yamaska River basin and the St. Lawrence River, 1977-78

Contaminant : Yamaska River St. Lawrence River
cd - < 0.04 < 0.05

cr 0.06 0.4

Co . ' 0.03 _ 0.5

Cu : 0.6 0.7

Mn : ' 3.8 1.7

Hg ' 0.38 0.3 - 1
Ni . 0.06 0.5

Pb - - <0.20 0.3

in o ) 12.02 A 15

ODT total <1 / < 1

PCB ' | 0.59 - 0.5-5
other chlorinated insecticides < 0.05 < 0.05

Ref. 22.
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Table A-3a. Average concentrations of metals in water (gg/L) of the Yamaska River basin in the 1970s.’

Contaminant. , Location .
Adamsville St.-Alphonse.Gra_nBy Warden Brigham Cowansville St.-Damase . Fernham

Cu 1 10.7 0.7 83 40 23
w26 om0 6.7 723 4.7 | 6.4

Pb L <1.0 8.8 3.2 47 <10 B 1.6

Ni < o_.k ' 1.7 10.5 365 <0.6 - 3.9

o 1.0 1.8 1.2 24 1.0  <o0.8

Mn ) 60 210 200 260 % 1 110 100

cd 0.1 0.2 <0.6 <0.6 <04 0.2

Hg  0.09 0.11 c\».oa 0.08 0.06

Ref. 16.

Table A-3b. Averagé concentrations of metals ih water (ig/L) of the Yamaska River basin in the 1970s."

~

Contaminant - Location

St.sPie St.-Hector Roxton Falls St.-Naiaire (nbuth) Yamaska St.-Marcel Hwy 20

Cu 2.0 ' : . S » 3.6 )
n 5.4 ' 8.7
Pb- e S 2.3

Ni 1.2 y e 1.2

co - <0.8 IR - ' ‘ N R

Hn '80' . 80 % 10 80 8 80
ed 04 4 ‘ T <o

Hg- 0.1 ‘

“Ref. 16.-
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Table A-3c. Averﬁge conc‘e'nfrations of ni'etals in water (ug/L) of the Yamaska River basin in the 1970s.’

Contsminant . . Lpeation

Douville David River (mouth) Salvail River (mouth) Chibouet River (mouth)

o
Zn
Pb
i
Co ‘ . »
Hn 130 0 1o - 120
o | '
Hg , ’ o . : . . ' | o

Ref. 18. — — e e

Table A-4a.’ Average conc,entratibn_s of metals in sMth’ (tg/kg dry weight) of the Yamaska River basin in the

70s.

Contaminant ] ' ' Location v

Adarisville St.-Alphonse Gra@ Warden Brigham Cowansville St.—aﬁmse F'arﬁham
s 2.8 247 247 5.0 145
Cu o 10 15.6 28.0 87.3  10.5
n 80.s 823 109.6  666.0  46.5
Pb 12 % . s& W7 9.5 ’
T 18 - 13.6 18.6 2711 1.5 S ,
© 7 53 ‘5.3 8.0 4.5 :
Mn 590 253 I 397 %9
d - 0.1 05 0.5 1.8 0.1
cr . 1S 23 - 5.0 76 120
Ng 0.03 0.0 0.1 0.3 - 0.06

Ref. 16.
.
.
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Table A-4b. Average concentrations of metals in sediment (mg/kg dry sieight) of the Yamaska River basin in the
1970s.’ - ’ .

Location

Contaminant o :
E St.-Pie St.-Hector Roxton Falls St.-Nazaire (mouth) Yatﬁa’ska St.-Marcel Hwy 20
As 05 | I 0.6
cu - 5.0 \ S 19.0 8.0
2n 33.0 o 705 52.0
. Pb 7.0 S 13 3
Ni . 8.0 .' . 32 1
co 2.0 - ' S n o 3.0
~ Mn 112 _ . 428 106
4 < 0.1 . o <0.1 <0
cr 7.0 . S o 51.5 | 13
Mg 0.05 o ' 0.5 0.05

Ref. 16, There uére no analyses done on,sediniérifs from Douville 6r the David, Salvail and Chibouets Rivers.

Teble A-Sa. Concentrations of metals in sediment (mg/kg dry weight) in the Yamaska River basin.”

Metal _ ’ Location

Eiang Brome Lac Brome (81) Lac Brome (02) Lac B‘oivin' Lac Roxton (05) Lac Roxton (09)

Mno 1252 88 984 986 1286 2108

TR -2 10 2 o 27 17
2n 168 106 180 306 180 : 78
Pb st 3 11 - s 3%
N 40 19 " 38 180 o3 ' 10
Co 3 6 10 15 o 4
cr Y 4 8 41 T 2
cd - < 0.1 0.9 14 7 0.8 0.6
[ 4t 21 . 40 “8 36 - . 3.3
H S X X 0.2 0.2 0.1 0.1
Ref. 7. — |




/ .
" . ‘61

Teble A-Sb. Concentrations of metals in sediment (mg/kg dry weight) in the Yamaska River basin.’

Metal i ' ' i Location

Lac Waterloo (35) Lac Waterloo (40) Lac d'Avignon St.-Pié shefford Vale Granby (below)

Mn - 630 " 700 700 346 4080 208

cw %2 - 38 | 2 9 L 20 %
2 298 260 . » " 108 I 98

Pb © 140 10 / - 30 “ 135 37

Ni 4 : 39 _ 2 1" 40 12

o o 10 12 5 9 5

cr 10 w0 7 3 5. 5

cd S2.0 ' .7 <0.1 < 0.1 0.4 0.6
A 4.9 . 46 40 1.5 . 5.5 2
Mg - 0.5 ‘ 0.3 | 0.07. 0.03 0.0 0.9

Ref. 17, ' — ' ~

Table A-5c. Concentrations of metals in sediment (mg/kg dry weight) in the Yamaska River basin.’

‘

Metal , Location

Yamaska Brigham Warden .Lac Brome (outlet) -Léc Chdihiere 01) (02) (03)

Mn 554 626 560 . 440 T w0 48 e
Cu 20 9 87 3 T 5 20
%0 70 650 - 150 - 258 T 158
Pb R R S - 59 o 49 8. 28
Ni : 25 % 13 35 o 1ss 2 &
Co T I S S 8 Ny 15 0. 9
cr. o s . 3 80 8 - “ 5 19
cd <04 06 1.8 06 0.8 . <0.1 0.8
As : 1.9 13 48 5 4.3 2.0 2.8
Hg o 0.06 0.3 03 02 X 0.04  0.08

Ref. 17.
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Table A-6. Concentrations (ug/i.)' of soluble (S) and particulate (P) metals in the Yamaska River basin.’

Hetal o Location

Adamsville St.-Alphonse-de-Granby .Brigham St.-Damase St.-Pie St.-Marcel (1) (2)  (3)

cd ($) < 0.1 <0 C <04 < 0.1 < 0.1 <01 <01 <0.1
) 0.43 0.06 0.07 0.5 0.55 0.43 0.33 0.05 .
cu (8) 0.2 1.5 1.9 0.9 0.6 1.9 0.6 2.2
) 0.3 0.25 0.25 0.32 0.21 0.3 . 3.5 2.8
Pb($)  <1.0  not messured 35 .25 <10 1.0 1.0 <10
Py 0.63 1.27 0.45 0.95 . 0.51 1,46 5.27 2.9
Zn ($) 1.6 . 226 30 45 s 5.4 <05 8.0
P) 0.9 1.82 0.73 1.2 1.04 - 438 16.95 12.48

Ref. 2.

N

Table A-7. cqngéritrations_ of metals in suspended particulate material (mg/kg dry weight) from the Yamaska River
basin. : ‘

Location

Adamsville St.-Alphonse-de-Granby Brigham St:-Damase St.-Pie St.:Marcel (1) (2) (3)

16 - 2% 26 10 172 2% <34 <14

< 45.8 <49.3 <405 <225 <29.7 <20 < 16.9 <17.6
63 105 : % 6 - 66 51 3 35
255 90 103 257 122 88 ™ 55
169 532 168 193 159 80 173 37
k2 766 . 2mn 52 322 20 148 156

)
P
J
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Table A-8. Average PCB concentrations in fish and trussels (mg/kg wet uelght of edible portion) from the Yamaska ’
River in 1978.‘ . ’

“Location White sucker walleye  Other fish ~  Elliptio: Lampsilis
03030045 \ Q

03030043 ,

03030031 - . . 0.009

03030044 - '0.027 0.030

03030035 0.20 0.52 - 0.03  0.009
03030082 0.78 109 ' |
03030042 0.81-

'

_Ref. 23. The site descriptions are given below::

Number ) Location
03030045 Yamaska North 1.6 km above bridge on Hwy. 243 dounstream of Waterloo
03030043 Yamaska North at Hwy 10 dowrstream of Granby
- 03030031 Yamaska South-East 3.2 km from its mouth, downstream of Brlgham
03030044 Yamaska 3.0 km above the bridge at Farnham ‘
03030035 . Noire, about 3 km upstream of Saint-Pie
03030082 _Yamaska 0.5 km above confluence with de 1'Orme creek, downstream of Saint-Hyacinthe
03030042 Yamaska downstream of Yamaska, 1.6 km from Saint- Loum river ‘ .

/
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Table A-9. Concentrations of metals in various sénples from the Yamaska River basin.’

Metal/Location vater Sediment Plants Musseis White sucker Walleye Other fish

Arsenic

03030082 . Y

Cadmium ]
03030045 1.4
03030043 1.1

‘chromium

03030045 9.2 420

03030044 1.6

03030035 . ' » 3.0
03030082 60 - 25

03030042 - , 20 '

Copper.

03030045 58

03030043 C 62

03030044 3.92 ‘ - o 1.36 (carp) -
03030035 | 3.33 2.07

Mercurz}
03030045 . 0.23

03030043 0.23
03030031 ' 0.15 0.78
o%osoou. g . 0.13
03030035 - _ o . 0.58

03030045 26 210 'v ‘
03030035 - . ‘ 1.1
03030042 : L 1.0 - 1.0

Lead ’
03030045 1 105
03030043 o8

cont'd next page



Table A-9.cont'd

Metal/Location Water Sediment Plants HMussels White sucker  Walléye Other fish

Zinc ;

03030045 "3 60

03030043 264 32 v
03030044 . - e
03030082 50 '

Ref. 24. Concentrations in uatgf are given Ty Kro/L; in sediment (dry weight), plants and tissues. (wet
weight), mg/kg. The site descriptions are given below: .

Number “Location ) _

03030045 . Yamaska North 1.6 km above bridge on Huy. 243 dounstream of Haterloo

03030043 Yamaska North at Hwy 10 downstream of Granby

03030031 - Yamaska South-East 3.2 km from its mouth, downstream of Brigham

03030044 -~ Yamaska 3.0 km above the bridge at Farnham ) ) ) -
03030035 " MNoire, about 3 km upstream of Saint-Pie ’ .
03030082 " Yamaska 0.5 km above confluence with de L'Orme creek, downstream of Saint- Hyacmthe

: 0_3030042 Yamaska downstream of Yamaska, 1.6 km from Saint- Lou1$ river

{

s
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- Table A-10. ancentr;ations'of chlorinated pesticides in fish and mussels (ug/kg wet weight) from the Yamaska
River basin. ; .

Pesticide/Location White sucker Walleye Other fish .Ell'ipt’fo Lampsilis -

DDT total ‘ i - .
03030031 | - - L

" 03030044 ‘ : 6 5
03030035 106 233 18 2%
03030082 176 235

03030042, - O

M \

03030031 - . - ) 4

03030044 ' - ' o 2 2
03030035 32 33 v 3 T
03030082 47 62 A

 03030042. ‘ 18

DDE
03030044 : » ' _ 1. 1
03030035 27 154 1 B
03030082 67 8

03030042 51

oo | |
03030031 o i ' 5

03030044 - - 3 2
03030035 47 46 “w 13
03030082 & R )

03030062 55

Dieldrin

03030031° 1 o
03030035 "o 15 | 2 2
03030082 1% 34 ‘

03030042 )

cont'd next page ‘ . ’ .
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Pesticide/Location White sucker Walleye Other fish Elliptio .Lu’rtjsil'is

. Hexachlorobenzene

03030035 0.6 2.0

03030082 0.6 2.4

03030042 2.2 )

Ref. 25. The site descriptions are given below: T -
Nuﬂ:er Location

03030045 Yamaska North 1.6 km above bridge on .Hwy. 243 downstream of Haterloo
03030043 Yamaska North at Hwy 10 downstream of Granby .
03030031 Yamaska South-East 3.2 km from its mouth, downstream of Brigham
03030044 Yamaska 3.0 km above the bridge at Farnham

03030035 Noire, about 3 km upstream of Saint-Pie

03030082 Yemaska 0.5 km above confluence with de L'Orme creek, downstream of Saint -Hyacinthe
03030042 Yamaska downstream of Yamaska, 1.6 km from Saint- Louls river
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03030042

Yamaska dounstream of Yamaska, 1.6 km from Saint-Louis River

_ Table A=11. Concentrations of PCBs (mg/kg) in sediment, mussels and fish in the Yamaska River basin in 1980."
Location Sediment Macrophytes  Mussels White Sucker - Redhorse Walleye Pike
03030059 0.1 0.05 0.3
03030040 0.2 0.2 ¢
03030171 <0.02 <0.02
03030028 o 0.13 ]

063030031 <0.02 0.06 <0.02 0.3 0.8
03030044 <0.02 0.5 ' '
03030035 <0.02 0.08 . 0.02 - 0.13

03030082 0.2 0.4 . : 1.1 o

03030042° «<0.02 - 0.1 0.8 0.7

Ref. 26. The site descriptions are given below: i
Number Location

03030045 Yamaska North 1.6 km above bridge on Hwy. 243 downstream of Waterloo
03030059 Yamaska North at Waterloo (Hwy 243 bridge) .
03030040 ‘Yemaska North at Hwy 243 bridge 2.9 km downstream of Waterloo
03030171 Yamaska North in Choiniere Reservoir

03030028 ‘Yamaska North 1.9 km downstream of Saint-Alphonse-de-Granby

03030031 Yamaska South-East 3.2 km from its mouth, near Brigham

03030044 Yamaska 3.0 km downstream of Farnham

- 03030035 Noire River 1 km upstrean of Emileville ’

03030082 Yamaska downstreasm of Saint-Hyacinthe 0.5 km above confluence with de L'Orme creek
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Table A-12. Cdncéhtfa;iohk of metals in water, sediment, mugselsAahd fish in the Yamaska River basin in 1930.“

: ' )
Metal/Location  Water  Sediment  Macrophytes  Mussels 'White sucker = Redhorse  Walleye  Pike

\ : —— i e — - ve———

Arsenic .
03030059 <6 16 <1 <0.02
03030040 <@ 17 9.1
03030171 <2 -9 3
03030028 < 17 s -
03030031 2 " 3 0.03
03030044 : ' 2.5 < )
03030035 ) <2 6.3 2 0.05 . 0.02
03030082 <@ <1 2 <0.002
03030042 <« 7.3 2 <0.02
Cadmium ‘
03030059 <« <1 <0.5 0.007
03030040 5 5 1.4
03030171 <« - <1
03030028 . S 1.6 1.5
03030031 <2 <1 <0.5 0.03 _
03030035 C <2 <1 - <0.5 0.07 0.006
03030082 - - <2 <1 h 0.007
- 03030042 <2 : <1 <05 0.016
hromium '
L 03030059 <10 37 3
” 03030040 ' - 33 1M1 97
03030171 . <10 1% /
03030028 37 239 140
03030031 25 33 13 1.9
03030044 ’ 16 . :
03030035 . 7 12 - 21 0.9
03030082 B 13 39 . 28
03030042 20 33 14
. !
Copper
03030059 <40 22 <3
03030040 o210 - 578 678 \
. 03030171 <40 21
03030028 % 57 74
03030031 5. 27 " 0.2
03030044 _ : 16 3
03030035 16 20 18 " 0.1
03030082 [ - 51 46
03030042 . <40 .59 18
Mercury
03030059 0.97 <0.004 . 0.05
03030040 0.52 0.42 - '
03030171 -~ 0.08
03030028 0.58 0.27
03030031 0.06 <0.004 - 0.19
03030044 0.06 0.22 -
03030035 0.08 0.12 0.08 0.24
03030082 0.29 0.18 . 0.13
03030042 0.03 -0.10 \ 0.12
/

cont'd next page c

© <0.02 <0.02

<0.02

)
/

0.012  0.006

- 0.008

0.08 0.564

0.22
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Table A-12 cont'd

Metal/Location  Water Sediment Hacrophytes Mussels white sucker Rédhorse  Walleye Pike

Nickel

03030059 <30 27 - 4
03030040 90 171 196
03030171 <30 26
03030028 20 36 26
03030031 39 25 16
03030044 13 -
03030035 20 19 19
03030082 20 31 34
03030042 20 39 19
Llead
03030059 <30 107 5 <0.05
03030040 N 155 120
- 03030171 <30 14
03030028 300 150 103 o
03030031 30 34 13 0.02 <0.05 <0.05
03030044 ‘ 13
03030035 121 16 10 0.07 0.05
- 03030082 58 - 46 3 _ <0.05 o
03030042 S8 28 10 N <0.05 <0.05
Zinc
03030059 <30 140 . 34 1741
03030040 500 782 829
03030171 <30 52 o
03030028 190 406 339
03030031 700 107 28 24.6 23.2 17.9
03030044 63
03030035 . 38 61 119 18.5 17.8
03030082 134 147 285 19.1
03030042 370 112 69 . 13.9 13.3

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

Number Location

03030045 Yamaska North 1.6 km above bridge on Hwy. 243 douwnstreem of Waterloo

03030059 Yamaska North at Waterloo (Hwy 243 bridge)

03030040 Yamaska North at Huy 243 bridge 2.9 km downstream of Waterloo

03030171 Yamaska North in Choiniere Reservoir

03030028 Yamaska North 1.9 km downstream of Saint-Alphonse-de-Granby

03030031 ) Yamaska South-East 3.2 km from its mouth, near Brigham )
03030044 Yamaska 3.0 km downstream of Farnham

03030035 Noire River 1 km upstream of Emileville

03030082 Yamaska downstream of Saint-Hyacinthe 0.5 km above confluence with de | 'Orme creek

03030042 Yamaska downstream of Yamaska, 1.6 km from Saint-Louis River




' Table A-13.

Concentrations of chlorinated pesticides in sediment, macrophytes, mussels and fish from the
Yamaska River basin, 1980.°

Pesticide/Location

Sediment

Macrophytes .

Mussels

White suckef

Walleye

00T

03030059
03030040
03030171

03030028

03030031
03030044
03030035
03030082
03030042

DDE

03030059
03030040
03030171
03030028
03030031
03030044
- 03030035
03030082
03030042

03030059
03030040
03030171
03030028
03030031
03030044
03030035
03030082
03030042

DOT

03030059
03030040
03030171
03030028
03030031
03030044
03030035
03030082
03030042

Dieldrin

03030059
03030040
03030171
03030028
03030031
03030044
03030035
03030082
03030042

cont'd next page
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Hal léye .

Pike

Pesticide/Location - Sediment Macrophytes Mussels  White sucker Redhorse
vHexachlorobenzene )
03030059 <4
03030040
03030171
03030028
03030031 <4
03030044
03030035 <4
03030082 < .
03030042 <% <4 /
Ref. 28. Concentrations are in uglkg for sediment (dry uevght) and tissues (wet ueught) “The site
descriptions are given below:
Number Location
03030045 Yamaska North 1.6 km above bridge on Hwy. 243 downstream of Waterloo
03030059 Yamaska North at Waterloo (Hwy 243 bridge)
03030040 Yamaska North at Hwy 243 bridge 2.9 km downstream of Waterloo ~
03030171 Yamaska North in Choiniere Reservoir
- 03030028 Yamaska North 1.9 km downstream of Saint-Alphonse-de-Granby
03030031 Yamaska South-East 3.2 km from its mouth, near Brigham
03030044 Yamaska 3.0 km downstream of Farnham
03030035 Noire River 1 km upstream of Emileville :
03030082 Yamaska downstream of Saint-Hyacinthe 0.5 km above confluence with de L'Orme creek
03030042 Yamaska downstream of Yamaska, 1.6 km from Saint-Louis River
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Table A-14. Concentrations of herbicides in water (ug/L) at the mouth of the Yamaska River, 1976 - 1981.°

Herbieide ' ‘ Co Yeor

1976 R

May 12 June 7 July 4-5  August 2 September 6 3
~ atrazine ‘ 0.11 - 0.% 643  0.97 043
de-ethyl atrezine . ~0.10 0.15° 1.7% . 0.36 0.2 : . |

de-isopropyl atrazine = <0.02 - 0.39 0.04 0.06 ' S |
propazine ‘ ' o 0.1 ' ’ |
2,4-D . . 0.028  0.03 0.009 <0.002 0.032
2,4,5-T . ' . 0.006 . - -0,007 0.032:

1980 |

Juiy 24 August 12 ‘September 3

atrazine ) : \ 5.10 0.16 0.4

de-ethyl atrazine ‘ ' 1.43 0.03 . 0.07
de-isopropy! atrazine s 1.00 '
wly  August  September
2,40 \ - 0.002  0.004  0.009
2,64,5-1 : <0.002  <0.002 © <0,002
silvex | © «.002 - 0.002
— = = » /
< e |
July
atrazine | .
de-ethyl atrazine s ’ . 1.43
.de-isdprdpyl atrazine _ g . : ' 0.22
2,40 \ | 0.011
2,4,5-1 o | <0.002
'siivex ) . : 0.002

T




74

Tabie A-15. Concentrations of pesticides at the ‘mouths of the Yamaska River and three of its tributaries in
1987- - . ]

River/Pesticide . . Date C Concentration (pg/L)
Yamaska : . \
2,4-dichtoropropionic acid July 07/87 0.193
July 14/87 -1.200
July 21787 0.750
. July 28/87 0.523 .
2,60 - _ June 30/87 - 0.38
picloram : ' June 30/87 0.62 .
metolachlor ' June 30/87 o 0.14
July 07/87 '0.16
July 14/87 " 0.10
May 24/88 0.83
June 07/88 0.36
' June. 28/88 0.17
atrazine June 30/87- 3.60
' . July 07/87 17.50
- July 14787 6.40
July 21/87 6.20
July 28787 3.53
Aug 04/87 2.10
Aug 06/87 2.90
May 11/88 0.19
May 17/88 0.18
May 24/88 1.00
Jun 21/88 - 2.10
Jun .28/88 1.20 .
diazinon - Hay 17/88 0.08
_ "~ Jun 28/88 2.20
c-B_HC . Oct 14/87 0.0014

cis-chlordane o Oct 14/87 _ 0.0005

Yamaska South

metolachior - . Jun 28/88 _ 1.10.
atrazine ' bm'iy’ 17/88 0.44
| K June 28/88 290
diazinon - ’ © May 17/88 0.20
June 28/88 5.70
~ Chibouet
metolachlor ' ' June 28/88 0.24.
atrazine ' May 17/88 0.60
_ ‘ June 28/88 1.60
. diazinon . . May 17/88 0.20 ‘
‘ ' June 28/88 2.40 '

cont'd next page
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Date

River/Pesticide Concentration (ug/L)
David l
metolachlor © June 28/88 0.13
atrazine Hay 17/88 K 0.50
June 28/88 120
diazinon May 17/88 - 0.20
. June 28/88 3.30

Ref. 30.
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Table A-16. Characterlstlcs of five agr1cu1tura1 watersheds in the

Yamaska River basin (1974-75).

Saint-Nazaire River

Total area (km?)
Cultivated area (km?)
Corn area (km)

109
53.8
8.4

Predominant soil types of corn-growing land:

Series name

Courval sandy loam
Ste. Jude sand
Ste Damase sandy loam

Topography & Elevatlon Range (m)

Discharge (m x 107 /yr)

Chibouet River

Total area (kin?)
Cultivated area (km?)
Corn area (km)

Taxonomic name

Humaquept
Aquic orthod

flat (60 - 100)
1974: 74.01
1975: 56.40

145
84.1
13.7

Predominant soil types of corn-growing land:

Series name

Ste. Rosalie clay
Ste. Jude sand
Ste Damase sandy loam

Topography & Elevatlon Range (m)

Discharge (m® x 10°%/yr)

Salvail Rivex

Total area (km?)
Cultivated area (km?)
corn area (km)

Taxonomic name

Humaquept
Aquic orthod
Humaquept

flat, qullied (12-75)
1974: 98.45
1975: 75.05

206
129.2
34.8

Predominant soil types of corn-growing land.

Series name

Yamaska sandy loam
Ste. Jude sand

Topography & Elevatlon Range (m)

Discharge (m x 10° /yr)

cont'd next page

Taxonomic name

Aquic‘orthod
Aquic orthod

flat, gullied (8-30)
1974: 139.87
1975: 106.62
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Table A~16 cont'd. Characteristics of five. agrlcultural watersheds
in the Yamaska River basin (1974-75).

Barbue ive

Total area (km?) ' 119
Cultivated area (km?) 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 - Humagquept

Ste Rosalie clay loam Aquic orthod
Topography & Elevatlon Range (m) flat (30-100)
Discharge (m® x 10° $/yr) ; 1974: 80.80

1975: 61.59

Runnets_ Creek

Total area (kmz) . 62.5
cultivated area (km?) 21.8
Corn area (km?) - ! ' 2.2
Predominant soil types of corn-growing land:

Series name Taxonomic name

Yamaska silt loam Aquic orthod

Racine sandy loamloam Aquic orthod
Topography & Elevatlon Range (m) hilly (75- 225)
Dlscharge Un x 107 /yr) . 1974: 52.39

1975: 26.89

"Ref. 31.
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Think Recycling!

Pensez a Recycling!




