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'~ Analytical and research data compiled in this document 
are part of the st. Lawrence River Project / Connecting Channels 
Project / Nearshore-Offshore Interactions Project, addressing 
contaminant issuesl In this report, data for the May, 1985 and 
October, 1985 cruises are presented and briefly discussed.
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EXECUTIVE SUMMARY 

ST. LAWRENCE RIVER TRACE ORGANIC. 
CONTAMINANTS STUDY (PART I) . 1985 

/
.

\ 

' M,E. Comba, V.S. Palabrica and K.~L.E. Kaiser 

This .rIeport_ is a summary of experimental and analytical 

_ f data of sampling undertaken in 1985, as part of the St. Lawrence 
l.River Project / Connecting Channels Project / Nearshore-Offshore 

.. 4 rlnteractions Project. The report provides analyt"ica'l‘ data“, 
sampling locations, experimental details and procedures used to 
quantitate and validate the data. Y

'
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ABSTRACT 

V 

Polychlorinated biphenyls and selected orqanochlorine 
hydrocarbons were measured in suspended particulates of the 
St. Lawrence River during May and October 1985 while volatile 
halocarbon concentrations were measured in surface waters at 
numerous locations during October 1985- These initia1_analytical 
measurements are part of a project on contaminant behaviour and 
transport in the St. Lawrence River and its upper estuary 
receiving waters. ‘Ten localized areas of impaired water quality 
were identified. The suspended particulate phase of the

_ 

St. Lawrence River transports polychlorinated biphenyls and mirex 
from Lake Ontario to Quebec City, n 

h
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This report is a compilation of experimental and 
analytical data arising from work undertaken by the Nearshore- 
Offshore Interactions Project. Material in this report will ' 

eventually appear in published form, and prior right to publica- 
tion is reserved. vEnquiries concerning the contents of this_ 
report should be addressed to R.L.E. Kaiser. 
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INTRODUCTION - 

_ 

. _,' I _ 

- The St. Lawrence River / Connecting Channels Project 
of the'National Water Research Institute was initiated_in l984

a 

in order to answer a number of questions on the origin, pathways, 
fates and effects of contaminants in large river systems in 
general and-for the-St. Lawrence River specifically. Knowledge 
of organic contaminants in large rivers is comparatively scanty, 
probably because of the difficulties encountered in collecting 
and analyzing representative samples. In contrast to most lakes, 
such rivers are strongly influenced by seasonal and other 
variations. For example, at its mouth, the flow of the St. 
Lawrence River varies from approximately 5,000 m3/s to ap- 

proximately l3,000 m3/s. Its variability of water quality 
parameters, such as temperature, pH, concentrations of suspended 
sediments. dissolved organic and inorganic matter is similarly ' 

large. Further sampling, analytical and interpretation complicas 
tions arise from cross—river gradients, which are known to exist 
in-some areas. ~ 

g

' 

Organic contaminants, such as polychlorinated biphenyls 
(PCB) and mirex have previously been found in water, sediments 
and biota of Lake Ontario, the source of the St. Lawrence River. 
Their presence in fish resulted in provincial and US state." 
advisories or bans on fish consumption (MOE, 1987), loss o£- ~
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Canadian eel sales to Europe (Homer, 1986) and contaminated 
sturgeon in the St. Lawrence River (Desjardins, l986)Q Volatile 
halocarbons and cadmium are present throughout the St. Lawrence 
River system and show localized impairment of the water quality 
near industrial and urban areas (Lum-and Kaiser, 1986). -Further 
downstream, the beluga whale population of the upper St. Lawrence 
River estuary is impacted by pollution and perceived to be 
endangered. It is known to be severely contaminated with_PcBs, 
mirex and polynuclear hydrocarbons (Masse et al., l986: Hartineau 
gt gl.,“1987) and also subject to viral infections arising from 
human waste (Martineau and Beland, 1987). Both PCB and mirex are 
also common contaminants in fish eating birds on the east coast 
of this continent (Noble and Elliott, 1986). 

Questions which arise here ask what are the_sources of these 
contaminants? What are their pathways and fates? What are the ' 

trends in_contaminant concentrations and loadings? How long will 
these compounds persist under certain input reduction scenarios, 
and soforth. a 

, _» 
t I 

Besides these.specific questions on the St. Lawrence system, 
there is a general.need to understand the processes and rates 
which control the contaminants‘ environmental significance. The 
St. Lawrence River Project / Connecting Channels.Project / A 

Nearshore-Offshore Interactions Project is intended to create the
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‘vital data on both organic and inorganic contaminants that are 
needed to resolve the questions. _r 

' 

~ 

_ 
.‘;" 

‘NARRATIVE 4 

n 

.

_ 

. 

V Two sampling excursions on the St. Lawrence River were 
undertaken in 1985. From May 6e17, the vessel C.S.S. Advent 
collected samples between Kingston, Ontario and-Quebec City. 
During September 10 to October 18, the vessel 0.8.8. Limnos was 
engaged in similar sampling operations that extended.east of ' 

Quebec city into the upper estuary. ‘The respective chronology of 
events and sampling can be obtained from the Technical Operations 
"cruise reports, 85-22-701 and 85-07-O01 with locations as 
provided in Appendex A of this report. Surface data taken 
during these sampling periods are a1so.recorded in the S.T.A.R. 

~~data base at the National Water Research Institute. 

_i , The determination of organics in the May samples 
provided information on.contaminant levels and knowledge of the 
river system that would form the basis for further sampling. The 
measurements focused on polychlorinated biphenyls and mirex 
concentrations on suspended solids. In October a number or these 
stations were revisited and larger samples taken. Extensive 
volatile halocarbon measurements were made in October to define 
point source inputs, water circulation and mixing zones.,
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EXPE_R;IME.N'I!AL
' 

Sample Collection
A 

Suspended particulates ' 

, 
Suspended particulates were collected from bulk water 

samples from the separation bowls of a Westfalia centrifuge. 
The centrifuge was operated at 9800 rpm and the water sample was 
passed through at a rate of_6 L/min. The contents of the 
separation bowl were obtained by slurrying retained sample water 
with the particulate film using a nylon toothbrush or small nylon 
bristle paint brush. The sample was poured and rinsed into a 
500 mL wide-mouth glass jar and stored at 4 C until processing at 
the main laboratory. In May 1985, these samples were acquired by 
filling a 600 L polyethylene tub from a depth of 2 m and 
centrifuging the tub to dryness. In October 1985 samples were . 

taken in Q Similar manner; with two 600-L tubs being used to 
acquire the sample.. ; 

’ 

4 

- 

» 

, 

‘i
' 

Volatile halocarbons » 
. 

-

V 

Subsurface water samples were collected in 200 mL glass 
The sample bottles were filled completely so as to bottles. 

avoid any headspace and processed on board the C.S.S. Limnos, 
usually within two hours of collection. For the processing, a 

100 mL aliquot of each sample was transferred tola 125 mL 
cylindrical separatory funnel, the funnel evacuated and placed in 
a water bath at 95 C for three minutes.. The volatile con- 4 

,.-



. vm5 
taminants, so purged into the funnel headspace, were transferred 
to an evacuated septuméequipped l5 mL vial held in liquid. ~ 

_ _. . ,\ 

nitrogen. After completion of the transfer, the vials were 
stored at room temperature until gas chromatographic analysis in 
the laboratory. ’ -- -

. 

- The processing apparatus was purged with hot air after 
each sample to avoid cross contamination between samples. 

Details of the procedures to isolate the headspace 
samples, recoveries and subsequent analyses have been described 
by Comba and Kaiser (1983), Comba gt gl. (1985) and Kaiser and 
Comba (l986a). 

Sample Preparation - 

Suspended particulates ' 

,The samples in 500 mL jars were allowed to settle for 
one day prior to removal of the surface water above the particue 
late layer, by suction through a water aspirator using a 
disposable pipette. The sample water was removed approximately 
l cm above the suspended particulate layer; covered with a 

Mediewipe (McGaw Supply Ltd., Mississauga, bntario), secured with 
an elastic, frozen and then freeze dried. '~ ' i 

Freeze drying was performed in a Virtis lOO-SRC 
Sublimator with a shelf temperature of 20°C and a vacuum of l5 to 
30 Torr. Samples were prepared in batches for a period of 72 to 
100 hours. The concentration of particulate matter recovered by
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this procedure is.given in Table 1, for the May samples and 
Table 2 for the October samples. One gram of the May 1985 
suspended particulates were soxhlet extracted with acetone/hexane 
according to the method of Oliver and Nicol (1982) and after‘ 

removal of the acetone with water were concentrated, The sample 
extract was divided into two equal portions of which one was 
analyzed for the organics reported hereafter, The October 1985 
particulates after fractionation on silica gel were extracted by 
the ultrasonic procedure using methylene chloride as previously 
reported by the authors (Comba gt 31., 1985), solvent exchangedi 
to hexane and reduced to 1 mL@ Because of the sample require- 
ments of short-term radionuclide determinations and the inorganic 
parameters, many stations were not analyzed for organics at this 
time due to insufficient samp1e.size. Sample amounts varied from 
0.5 to 2.5 g dry weight. . 

1
v 

Sample Cleanup,
_ 

tcolumn chromatography~ 
Glass columns 300 x 1 cm prewashed with acetone, 

toluene and hexane were prepared by gravity settlinq through 
hexane to a height of 10 cm with 3% deactivated silica gel, An 
acid silica gel column was prepared.by.p1a¢inq eiteflon weal Plug 
into-a 5 x 0.2 cm column with a 24/40 female ground glass fitting 
reservoir. "The teflon plug was prewashed with toluene and hexane 
before the column portion was filled with 4 cm of 44% (by weight 

H2504) acid silica gel and rinsed with 25 mL hexane. The acid
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silica gel column was placed in a 250 mL round bottom flask and 
positioned beneath the silica gel column, which previously had 
'the hexane layer drained to the top of the silica gel bed.

' 

The prepared sample was added to the top of the silica 
gel column and eluted to the top of the bed. The sample 
container was rinsed twice with 2 mL of hexane and the above 
procedure repeated for each addition. Another 21 mL of hexane 
was then added to the column and the eluant allowed to chomato- 
graph through the acid silica gel column beneath the silica gel 
column. The flask was removed and the acid reservoir rinsed with 
l0 mL of hexane and labelled Fraction A. Another 250 mL round 
bottom flask was placed beneath the silica gel column, and eluted 

»_with 25 mL methylene chloride. The chromatographic eluant was 
solvent exchanged to l mL hexane with 0.5 mL heptane as keeper

\ 

and labelled Fraction B. These procedures are summarized in 
Figure l. . 

' 

-

' 

Acid silica gel preparation 
_

- 

‘ Kiesel gel 60, 70-230 mesh, ASTM as supplied by Merck, 
was activated by heating for 24 hours at 500 C. The acid silica 
gel was prepared by adding, by weight, Aristar sulfuric acid to 
the silica gel and tumbling the mixture for 24 hours on a rotary 
evaporation unit. ‘ ' ' 

Silica gel 3% deactivated-



The previously activated silica gel was deactivated ' 

with.a 3% by weight addition of water and tumbled on a rotary 
evaporation unit for 24 hours. 

_ 

-

. 
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, Volatile_halocarbons 

g I 
Five hundred microlitre manual injections of the 

headspace samples were-analyzed on a Hewlett Packard 5890 gas 
chromatograph using an electron capture detector. Split/splits 

less conditions were employed with a splitless delay time of 
10 seconds. Temperatures from -20 C for 2 min to 80 C at 4 C/min 
were used for chromatographic separation on a 30 m x 0.25 mm 
OV~lO1 fused silica capillary column. - 

. 

-

" 

_ 

AOrganochlorines _ _ 

Y All extracts were analyzed by gas chromatography using 
electron capture detectors on both HP 5880—A and HP 5890 . 

instruments. Quality assurance was maintained by using two 
different stationary phases with narrow bore (0.25 um) fused 
silica columns. The following column types were used (i) a 30-m 

DB~l~(from Chromatographic Specialties Ltd., Brockville, Ontario) 
and (ii) a 30-m HP-5 (Hewlett-Packard) column. Aliquots of 1 uL_ 
volume were injected with an autosampler and an acceptance window 
of 0.05 minutes was used for component identification by

' 

retention time comparison utilizing the HP 5880-A instrument 
with DB-l column. Manual injections were made onto the HP 5890 
instrument at similar qualitative restrictions. Both instruments



were used in the split/splitless mode of injection and employed 
hold times of 0.2 minutes at the initial injection. The initial 
column temperatures were 90 c, isothermal for’: minutes, - 

proqrammed at 4 C/min to 280 C and held isothermal for 5 minutes. 
The carrier gas was hydrogen. ‘ 

"

- 

sample. <_?“-?=\1.“=i‘=5=\1=.i.°?!,.,aY!<1..9¥¥i1,i’¢Y Assurance 
i Volatile halocarbons - 

.

- 

. - - 
'

. 

' The performance of the sample processing and analytical 
procedure was verified each day by comparing halocarbon values on 
triplicate water samples. Standards for gas chromatography ' 

determinations were prepared from stock solutions and checked for 
deterioration by comparison of individual response ratios of each 
compound against carbon tetrachloride and chloroform. 

. 

~ Polychlorinated biphenyls v 
_b g

V 

r Quantitation of PCB was determined by relative response 
to a U.S. EPA standard reference mixture of lO:5:3.5:3 of 
Aroclors (l22l:l0l6:l254:l262) from which 16 peeks of PCB ' 

congeners [(l8,l5): 31; 52; 44; 1017 (66,98); llO; ll8; 153; 138; 

114: 187; 180; 201: (2o2;19s): and 194] are calibrated to, ~ 

specific response fractions. ~ .~ » 

A second procedure for the quantitation of.PCB was also 
used. Five groups of four resolved congeners were selected across 
the chlorine distribution of the standard. -Each congener was 
assigned a ratio equivalent to the concentration of the standard 
based on its area response to the electron capture detector. The
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two results from the first procedure (D891 and HP—5) were 
averaged with the results from the latter technique to produce a 

mean total PCB value, the ratio produced value also provides an 
indication if the polychlorinated biphenyls in the suspended ’ 

solid samples have undergone any severe "weathering effects" or_ 
are not of similar composition to the standard. Our observations 
to date, for suspended solids, indicate no appreciable difference 
in total PCB concentration between methods or any significant 
profile variations for the samples and standard mixture, although 
there was a tendency to have greater amounts of lower chlorinated 
conqeners in the samples with less higher chlorinated congeners 
in comparison to this standard. 

Selected samples were cross referenced by B;G. Oliver's 
laboratory using the procedure of Oliver and Niimi (1987) based 
on specific congener analyses of 92 isomers, excellent results 
for total PCB were achieved. '_ ' 

i
i 

' Organochlorine contaminants v

‘ 

. Individual organochlorine contaminants were qualita- 
tively identified and quantitated to standard response factors by 
retention time matches on both capillary column phases. Under 
the conditions used, polychlorinated biphenyls, aldrin, hep- . g 

tachlor, o,p- and p,p- DDEs and DDTs along with mirex eluted in 
Fraction A (see Figure l). The BHCs, chlordanes, endrin, 
dieldrin, endosulfans, methoxychlor, o,p- and 
p,p- DDDs eluted in Fraction B. i

V
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RESULTS 
4 

Volatile halocarbons ,l 
_

1 

This group includes some 20 to 30 chemicals, most of 
which are of industrial origin. We have recently demonstrated 
their general association with other contaminants (Kaiser et alt, 
1985; Comba and Kaiser, 1985), and their widespread occurrence in 
some of the Great Lakes (Kaiser and Valdmanis, 1979; Kaiser gt 
al., 1983; Kaiser and Comba, l986b).i In addition, our research . 

proved the possibility of using such contaminants for traching 
river plumes in receiving waters (Comba and Raiser, 1984; Kaiser 
and Comba, l986a).- Based on our experience and years of field 
observations, volatile halocarbon (VHC) occurrences have 
empirical relationships to municipal and industrial activities, a 

summary of which can be found in Table 3. These measurements of 
volatile halocarbons (Table.4) at many locations in the St. Law- 
rence River, indicate that VHCs are widely distributed through- 
out the river system. Relative to contamination in other rivers 
in the Great Lakes basin, some of the values are higher than. 
anywhere else (Lum and Kaiser, 1986), Areas that had sig- 
nificant sources of volatile halocarbons were at Maitland,

a 

Cornwall/Massena, Montreal, Sorel and Quebec; In addition, 
volatile halocarbon inputs were evident from the Ottawa, Yamaska, 
St. Francois and St. Maurice Rivers. Volatile-halocarbon 
measurements for six VHCs, with levels of analytical importance 
are shown in Figure 2a,b and c with our interpretation as to 
possible contaminant inputs related to such municipal and
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industrial activities as summarized in Table 5. T

" 

. Based on the predominance of the VHCs measured in the 
river system, the likely related activities could be ranked as 
’fol£ows: pulp and paper wastes, municipal wastes, primary or 
metal fabrication production, chemical/petroleum products and 
contaminant burdens associated with such wastes.‘ '

- 

Polychlorinated biphenyls 

’ Polyohlorinated biphenyl measurements for May and 
October 1985 on suspended solids (Tables 6 and 7) indicate higher 
concentrations near Lake Ontario with decreasing concentrations 
towards Quebec City. Loadings transmitted by particulates 
however are reversed, as a ten-fold increase in suspended solid 

- 
- . / 

concentration combined with the 35% increase in flow, double the 
PCB export rate by particulates at Quebec City as compared to the 
input of particulates from Lake Ontario (see Figure 3). 

'- Although the annual flux of particulate PCB (see 

Figure 3) based on May 1985 (Table 6) and October 1985 measure- 
ments (Table 7) are provisional and.the flow rate values i 

. » 

(Table 8) are not station specific, the calculations should be a 

reasonable approximation of the true value for the sampling ,

~ 

event. . 

'

- 

" 

. The parameters that control contaminant flux are_ 
particle type and contaminant concentration in the Particfllafé 

and water phase. ’These values are dependent upon conditions of
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trophic state, seasonal period and organic matrix of the water ' 

column. The measurement of contaminant concentration and A 

subsequent interpretation as to flux becomes complicated by 
conditions of flow, representative nature of the sampling point 
and the partitioning or release of contaminants as a result of 
these (Allan, 1986).’ 

_ 

_ 

1 f 

‘

' 

A number of significant variations in values for PCB 
particulate_transmission occur for each of the seasonal periods 
sampled. Assessment into the cause of such variations is A 

difficult since partitioning is suspected as one of the critical 
factors and at this stage of the program only the particulate 
phase was sampled. ' 

i 

_" ' 

A

- 

" In May 1985, the PCB flux on particulates was reasonab- 
ly uniform in the upper portions of the river (200 to 259 kg/yr). 
Below Montreal, however, the flux estimates begin to show greater 
variation although the concentration of PCB on the particulates 
did not change significantly. In October 1985 a similar pattern» 

. 

_ Y
» 

was observed. Although a greater PCB particulate flux (700 

kg/yr) is observed at the two stations below Cornwall (32 and 
41), it remains relatively constant down to Lake St. Louis, where 
additional inputs &PPear to enter from sources both along the St, 
Lawrence River and the Ottawa River. East of Montreal, PCB flux 
values for suspended solids are strongly fluctuating, which may 
be due to local sources and to incomplete mixing of the Ottawa 
River tributary with the St. Lawrence River water.
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In reviewing sampling conditions, the cause of some of 
these variati9n5 may be explained§' In May 1985, the Ottawa. ' 

River flow was around_58OO m3/sec with a suspended particulate 
concentration of 4.25 mg/L. _PCB flux on particulates from the 
Ottawa River was small compared to the value for the St. Lawrence 
River. The low value for the Ottawa River.may be a result of 
incomplete recovery or of the high flow which may have purged the 
river prior to sampling} These factors could also contribute to 
the greater flux values downstream at stations 243 and 112. some 
oi the variation may be attributed to cross—river variations of ‘ 

the water mass, particularly during this period of extremely high 
flow of the Ottawa River. ‘In October 1985, these stations again 
show great variability in PCB flux estimates at lower river flow 
and reduced suspended load conditions. .Part of these fluctua- 
tions can be attributed to vigorous storm conditions during the 
sampling of Lac Saint—Pierre, that caused the samples to include 
resuspended bottom sediments. The remaining uncertainty in the

A 

PCB flux is most likely related to the concentrations and types 
of particulates present. , 

"_' 
, f

’ 

Mirex' 

Mirex was found to be present in suspended solids up to 
Maitland, Ontario in the May 1985 samples and.as far as Trois 
Rivieres in the October 1985 samples (see Figure 4). The 
detection of mirex is limited due to the sample size available 
for analyses and its concentration on the particulates. 
Measurements taken in 1986 (Comba gt 51., 1989a) report mirex
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being detected as far as Quebec City. Loadings of mirex between 
Lake Ontario and Quebec City through particulate phase transport 
appear to be a function of suspended particulate concentration, 
implying that Lake Ontario is the principal source of this"- 
material. The elevated levels in the Lac Saint=Pierre region may 
represent the first significant depositional zone in the river 
for those suspended particulates responsible for mirex transport. 
However, the 1986 data do not support this interpretation. in 

The possibility that mirex may also exist as a separate 
particle moiety as'a result of the manufacturing~and grinding. 
process along with the above theories are being e;amined,' 
Biologically, however, eels may play a.more significant role (Lum 

31; 55. , 1981) , in the net transport of mi-rex out or Lake onzario. 

SUMMARY ' 

'7‘ 
»

‘ 

Results from the 1985 sampling season show transport of 
mirex and polychlorinated biphenyls in the particulate phase of 
the St. Lawrence River. Although Lake Ontario is a primary 
source for both of these materials, other inputs of PCB were 
observed within the watershed predominantly in.those areas - 

previously designated as having localized impairment of water 
quality on the basis of their volatile halocarbon concentrations. 
The critical empirical relationships for some volatile halocare"

» 

bons with trace metals (Table 5) also give good agreement with‘ 
published cadmium levels (hum and Kaiser 1986) and are found in 
those parts of-the river identified as having metal production or
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fabrication activities. '-- "

# 

~’ * e Mirex values and Sflfipended solids fluxes measured in 
1985 and 1986 (Comba gt al., 1988a) were important in revising a 

sediment budget for Lake Ontario (Lum gt a1., 1987) and determina 
ing transport mechanisms for mirex within the river system. The 
stable particulate transport regime of mirex in comparison to 
fluctuating PC5 concentrations is related to a number of factors, 
but mainly to Lake_Ontario being a constant and the principal 
source of mirex, while inputs of PCB are active throughout the 
river. The variability of PCB particulate concentrations also 
demonstrates the greater effects that season, weather conditions_ 
and the organic matrix of the suspended or dissolved material 
have on the partitioning process. Loadings determined from 
samples influenced by such events will not provide an accurate 
indication of net PCB flux in the St. Lawrence River. A more 
thorough understanding of the mechanisms controlling contaminant 
transport will be required. * 

Y 

" 
'

1 

VThe results of the 1985 field year provided valuable 
information towards the preparatiqn of a more comprehensive 
experimental design. rwhile much was accomplished in the initial 
year, the project revealed more unresolved issues than solutions 
and stressed the importance in determining the distributicn, 
pathways and environmental consequences of organic contaminants 

in this system. In particular, the physical and chemical 

processes which influence contaminant uptake into the foodchain 
need to be investigated in areas of considerable biological and_
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economical importance, such as the St. Lawrence River estuary.
p 

Considering the contamination of sturgeon in the St. Lawrence 
River (Desjardins 1986), the beluga whale population of the upper 
estuary (Masse g; glL,‘l986: Martineau 5; glL, 1987;'Martineau 
and Beland, 1987) and most of the fish eating birds off the east 
coast (Noble and Elliot, 1986), it is of environmental signi- 
ficance that a contaminant introduced twenty-six years earlier 
into a large lake system and perceived to be dormant has"beeni 
transported at least 800 miles through the St. Lawrence River,‘ 
possibly even as far as the Sargasso Sea by migration of the 
eels. in the estuary, primarily the upper estuary, between the 
cities of Quebec and Tadoussac, the river's fresh water mixes - 

with the salt water of the Atlantic Ocean. Because of the many 
differences between these water masses, notably salinity and 
density, the pathways and effects of contaminants will be 
strongly influenced by these natural Conditions. 

While some measurements were made in the upper estuary‘ 
in l985, interpretation would be rudimentary at this point.
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TLBLE I: Coincefltrat-ion of Su_s'pe:rled Particulate Material in the 
St. Lairefibe l1€§:3 Hgy 1985 (mg/L)- 

(a) ’ 

A 

>(b) Station ’ 

[ppm] ‘Latitude N. Longitude W. 

'1.42 
1.68 
1.91

_ 

2.43 
_< 2.82 . 

U\$"Ulh3hI 

E-. 

O'O(D~40\ 

_ 

6 

_ 
2.96 

3 3.19' 
’ 3.80 

A 

7.08 
6.21 

11_ 4.25 
12 4.36 
13 2.82 
14 1.31 
15 10.0 

16 12.1 
17 9.60 
13 ' 13.5 
19 9.38 

' 20 5189 

21 14.06 
22 j3.24 
23 239 
24 0- . 2.91 
25 3407 

26 3.78 

44°01'14" 
44°14'26" 
44°40'4Q' 
44°42'53" 
45°01'28" 

45°13'42" 
45°19'26" 
45°22'04" 
45°24'16" 
45°24'26" 

45°24'05" 
45°43'10" 
45°44'12" 
45°59'11" 
46°06'21" 

46°22'31" 
46°51'06" 
46°50'36" 
46°44'32" 
45°35'51" 

45°31'34" 
45°21'26" 
45°29'21" 
45°09'32" 
45°02'41" 

°°44°59'13" 

76°22'08" 
16°19'20" 
15°33'01" 
15°23'22" 
14°40'45" 

74°03735° 
13°54'02" 
13°49'34" 
13°43'39" 
13°34'44" 

13°51'03" 
13°26'32" 
13°26'11" 
13°10'53" 
72°58'13" 

72°28'52" 
11°09'01" 
11°05'11" 
11°20'05" 
73°30'30" 

7303313211 
14°06'00" 
13°51'26" 
14°21'55" 
14°34'49" 

14°46'18" 

(e) See 4666601; £0: locations. 
(b) Based on 600 litres of centrifuged water at a depth of 2 metres. 

K
1 

- 

-6.-4,.“-4-6.-... 

-aw-4.



TABLE Z: Cohhenttnfiipn of Suspended Purticulaté Material in the 
‘ St. Law;enpg_River, October 1985 (mg/L). 

8 C Station‘ )' ( ) “ »[ppm](b) Latitude N. Longitude W. 

21 - 

, 

" 4 
28 6 

4' ' 0.67 
. 29 P 1402 

B3 

Q5001-ls! 

30 7.98 
31 

' 

4 ‘1.65 

, 32 ' 

u 

5 1.92 
41 ,25 1.53 
44 24 3 0.19 
48 .

— 
51 - 6 1.00 

53 
_ 

4 2.66 
54- 1 = 1.20 
56 a=» 1;a1 
59 

-62 11 1.79 

~ 66 ' 10 '1 0.91 
79' 12 1.85 
82 j, 13 3.80 
85 1 24.5 
95 15 . 10.4. 

112. 10.3 
123 ' 16' ~ 19.9 
124 22.0 
243- 14 4 -3.18 

44°14'30" 
44007115" 
44°38'19" 
44°59'15" 
45000117" 

45°01'23" 
45°02'39" 
45°11'19" 
45°13'15" 
45°13'50" 

45o19I26fl 
45°20'14" 
45°22'09" 
45°24'43" 
45°26'52" 

45°24'20" 
45°43'22" 
45°43'54" 
46°07'09" 

I41" 

46°11'21" 
46°14'11" 
46°16'19" 
46°22'36" 
45°58'44" 

16°19'19" 
16°22'08" 
15°35'51" 
14°46'15" 
14°39'35" 

14°40'50" 
14°34'50" 
74019 6271'! 

14°12'16" 
14°00'31" 

13°54'06" 
13°55'44" 
13°49'35" 
13°49'39" 
14°03'02" 

73°43'44" 
73°25'23" 
73°26'18" 
72°56'02" 
72°56'59" 

72°53'47" 
72°45'38" 
72°37'43" 
72°28'50" 
73°11'32" 

(a) See Appendix for locations. 
(b) Based on 1200 litres of centrifuged water acAa depth of 3 metres6 
(c) Equivalent or approximately similar stations in May 1985. 

See Table 1- Q 4 >
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TABLE 3: Observed Empirical Relationships of Yoiatiie Haiocarbons 
with Industria] or Municipai Activities. . 

Compound 
i 

inctiuities 

Trichiorofiuormethane 
Methyiene chioride 

Trichioroethane 
Trichloroethylene 
Tetrachioroethyiene 

Carbon tetrachioride 

Qhioroform 
Bromomethanes 

Bromo/Ch1oroiethanes/ 
ethyienes 

Chioropropanes 

B1owing.agent, aerosol in 
piastics, foams, paints 

Primary metai production, 
metai fabrication 

Chemical production 

Municipai wastes 
Pu1p and paper wastes 

Petroieum residues 
Synthetic fibers 

Synthetic - naturai 
rubbers or piastics.
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VTABLE 5: rsuspected Contamnant Inputs to the Saint Lawrence Rive; 

'Area 

Volatile Compourfis 
' Major ‘Minor Suspected Contaminant Types 

Maitland 

Cornwallf ' 

Massena * 

Lac Saint- 
Louis 

Lac Des Deux 
Montagnes 

M9 nt tiéal 
(East) 

Sorel‘ 

Yamaska— 
St¢ Francois 

Trois 
Riviéres 

'Portneuf 

Québec ~ 

CFC13 
C2H2Cl2 
CZHCI3 
Unidentified 

CFCI3 ' 

CHCl3' 
C2Ha¢1s 
C2HC13' . 

¢¢1u 

9¢¥& 
CZHCI3 
CZHZCI3 

cc1“ 
CHC13 
Unidentified 

cuc13 

CFC13 

CHGI3‘ 
c2nc13 

CHC13 

cnc13 

cnc13 
@231» 

C2H3C13 
c201“ 
GZHZBIZ 

c2c1“ 

cnc13 

CQHZBIZ 
Czflkclz 

c2n3c13 
céucls 

¢2H¢1éY 
Céflafllé 
Cflfils ~ 

cuc13 
CCL“ 

czucls 

c2nc13 
6233613 

~ Synthetic fibres V 

-.Plast1cs 
- Petroleum additives 
b Metals 
- Pulp wastes 
- Synthetic fibres » 

~ Chemical ‘ 

° Primary metal production 
~ Metal fabrication P 

~ Municipal wastes
_ 

f Chemical production 
- Primary metal production 
~ Metal-fabrication 
y Pulp wastes I 

' P“1Pt 
. I 

' Chemical
I 

~ Petroleum products 
-'Munic1pal

_ 

.-, ~. \ 

' Municipal wastes 
~ Metal production 
- Metal fabrication 
-;Petroleum products 

CCl“inj§§f§§Syhthetic.fibres/plastics 
-'Municipal wastes 
~ Primary metal production 
v Metal fabrication 
' Primary metal production 
Q Metal fabrication - 

~ Chemical production 
~ Pulp wastes 

~ Municipal 
' Pulp wastes 
@'Hetal'fabrication 

--Municipal wastes - 

~ Pulp wastes ‘ 

~ Metals (primary; fabrication) 

~ Municipal wastes 
° Pulp wastes 
- Metals



TABLE A6: 'Cou1pou11ds- Detected in St. Iawrence River 
. 

Suspended $01146, Hay 1985- 'CQflOentiat1ofl "8/2 (PPm) dr? 
, 

_ 1fié1ght _ 

' 

~ 
~- 

s;a£1on(°) ‘ 

.1 .4 2 3 - 4 - 5 0 

Pen;ach1o;obenzefie 
' 

0.007 
HeX3ch1Qrobenzene_ 5' 0.005 
p,p—DDT 4 

, ',0.003 
9.0-DB9 =.~ 

' 

' 
' ND 

alpha-Chlordane‘ ND 
gamma-Chlordane 

4 

- ND 
alpha-nuc ' 

1 ND‘ 
beta*BHC. ~ 

gamma-BHC h
’ 

0.45 

Mirex 1 

- 
. . 0.006 

0.58 .Po1ych1orinated biphenyls 

0.005 
0.003 
0.032 
0.034 

. ND 
ND. 
ND 
ND 
110 

0.008 
0.48 

0.012 
0.006 
ND. 
ND 

0.065 
0.051 
0.071 

0.10_ 
0.007 
0.21 

0.014 
0.009 

0.012 
0.013 
0.009 
0.004 
_ 
no 

I 
ND 

0.60 

0.013 
0.008 
0.091 
0.063 
0.037 
0.037 
0.018 
0.25 

~ ND 
0.004 
0.43 0.69 

0.010 
0.01s 
0.099 
0.097 
0.14 
0.056 
0.056 
0.55 
ND 

0.008 

.1 
' Stat1on(a) .7 3 9 V10 / 11 12 

Pentachlorobenzene 
_ 

0.014 
Hexachlorobenzefle 1 0.018 
pip-DDT‘ - ~0.12 
p,prDDD 

A 

0.11 
1a1pha*Chlorflane 0.052 
gamma—Chl0rdane 
a1pha—BHC" 1 -ND 
beta*BHG V 0.030 
gamma—BfiC ND- 
Mi zex ‘ 

_ 

-. 0.003 
"Polychlorinéted biphenyls 0.16 

0.073 

0.006 
0.003 
ND 
ND 
‘ND 
ND 
ND 
ND 
ND 
ND 

0.007 
0.003 

'ND 
ND 
ND 

0.000 
0.030 
'0.018 
0.011 
ND 

0.13 

0.008 
0.004 
0.014 

.ND 

$000500 

0.011 0.008 
0.003 0.003 
ND ND 

V 

.ND ND 
‘liv ND ND 

ND 
0.040 
0.063 
ND 

" ND 
0010 

0.008 
0.030 
0.037 
0.013 

4 ND 

Statipn(a)
4 8 ' 

13 14 15' 16 17 18 

Pentachlorobenzene' 0.009 
Hexach1'0r0bei1Ze_I!=; 

_ , 
0-1°93 

PaP_DDT 
. 

ND 
p,p*DDD-_ 

. 
ND 

alfiha‘-Ch,1orda1"B. 
, 

- 

‘ND 

gémma—Gh1ordane , 
- 0.014 

a1pn.-sac ‘ 0.051 
.beta¥BHC. ND 
~gamma—BHC I. ND 
Mire; ' ND 

0.015 0.008 0.010 
0.003 0.003 0.003 
ND ND 
ND ND 
ND ND 

0.020 
0.023 
0.13 
ND 

. ND 

0.008 
ND 
ND 
ND 
ND 

Polychlorinated biphenyls = 0011. 9921, 0-03 

kaaaagaaé 

0.009 
0.003

_ 

'n0 ’ND 

ND ND 
ND ND 

0.017 =u0 
0.039 
0.006 
an 
ND ,0 

0.10 0.00 

0.009 
0.003 

0.037 
0.035 
ND 
ND 

(a) See Table 1 for suspended solid concentrations #nQ 
lopatiofis. 

0 

‘- 

ND = Not dececueg. " 

Appe ix -fo r



1 

TABLE 6: 0rga"no'ch19r1ne_*~Cospo:un1s_ Detected 111 St. .Lawnem'e River 
Suspended Solids, Hay 1985. Concénm1;;1og_ug/5 (ppg) ggy 

- weight.
_

. 

57 

N " 
_ 

s;.:1.n(a? 
_ 

19 
_ 

20 21 22 23 24 

Pentachlorabenzene . 

Hexachlorobenzene 
P 9 p'DDT 7 

p,p-DDD 
a1pha=Gh1ordang 
gamma-Chlordane 
a1pha—BHC 
beta-BHC '

- 

’gamma-BHC 
Mirex 
Polychlorinated biphenyls 

0.005 
ND 

0.085 
ND 
ND 

0.097 

0.088 
ND 

0013 

0.00s 
0.003 
an 
ND 
ND 

0.023 
0.050 
0.12 
. ND 
YND 
0.10 

0.000 0.014 ,0.012 0.012 
0.002 0.003 0.003 0.010 
ND N0 ND no 
ND ND an - an 
ND ND ND ND 

0.024 no 0.002 up 
0.043 0.021 0.011 no 
0.077 0.024 0.032 ND 
0.031 0.007 0.009 ND 
ND __ND V 

ND ND 
.0.14 0.12 0.12 0.29 

, 

' Stat:10n(a).
' 

25- 26 

Pentachlorobenzene 
“ Hexachlorobenzene 

p,p=DDT 
P.P-DDD

1 

alpha-Chlordane 
ga@ma—Ch1ordane 
alpha-BHC 
beta-BHC 

' gamma-BHC 
Mirex 
Polychlorinated biphenyls 

0.025 
0.012 

ND 
ND 
ND 
ND 

0.033 

0.034 
ND 

0.20 

0.016 
0.012 
0.036 
0.006 

'ND 
0.004 
0.023 
0.014 
0.003 
ND 

1.3 

(a) See Ihble I for suspended solid concentrations and Appendix for 
locations. 

ND = Not detected.



TABLE 7-: 0rga"nochI_lor1m Coipouuis Detected in _St4.' Lawzemae R:lve_r 
-» ,_Suspend¢d Solids, October 1985.‘ Concentration ug/g (ppm) 

' dry weight. A 

_.Stgt1on(a) " 30 41 53 85 245 '94 

‘Pentachlbrobenzene 0.010‘ 
Hexachlorobenzane ' 0.014 
p,p—DDE 

A 

'~ 
I 

”' 0.008 
p,p—DDT 1 0.013 
‘p,p*DDD' 0.002 
a1pha*BHC ‘ 

4 

1 ND 
betafBHC ‘ 

gamma-BHC ,1‘ 

Mirex ~ 

‘
" 

Polychlorinatéd biphefiyls‘ 

0.001 
ND

. 

0.010 
0.99 

'0.050 0.003 0.014 
0.047 0.010 0.006 
0.008 0.022 0.003 
ND 

0.0147 ND 0.002 
0.022 ND ND 
0.012 ND 0.003 

0.028‘ ND" 

0.010 
0 

ND 0.0004 
0.011 -0.019 0.0013 

0.38 "0.37 ' 

2.0 

ND 
0.018 
0.014 
0.030 
0.006 
ND 

_0.007 
0.001 
0.010 
0.30 

0,015 
0.010 
an 
ND 

0.002 
ND 
pun 
5° 

0.004 
0.17 

'Stat1on(a) _4
. 104 112 123 124 

. 0.016 
0.018 
0.005 
I 
no 

0.00;- 
ND 
ND 

Pentachlorobenzene 4' 

Hexéchlorbbenzene - 

0.0-DDE 
,

" 

P.P‘DDT 
p!peDDD 
alpha-BHC 
beta-BHC ‘ ' 

gamma-BHC 
Mirex 
‘Peipchlopinated_b1pheny1s 

an 
0.001 
0.14- 

0.006 0.0005 
0.007 0.002 
0.004; 
ND 

ND 
0.002 
0 002 ND . 

0.012 0.0005 
0.024 0.002 
0.017 0.0008 
0.004 0.001 
0.40 0.088 

0.001 
0.002 
0.002 
0.005 
ND 
ND 

0.003 
unf 

0.002 
0.23 

- &afin$a> .‘a2 56. 82 4 
419 62 

Pentachlorobenzene _' * 
Hexachlorobeuzene 0.005 
p,p—DDE 1 ND 
p,p—DDT ’ 0.025 
.p,p-000 0.081 
a1pha—BHC ,

* 
beta-BHC *- 
gamma—BHC A 

V 

"* 
M1 0.000 0 

1,9 Polychlorinated biphenyls 4.0 

s 

a-gigig 

ggi

* 
.006

* 
0,002 
0.010 
0.094 
ND

* 
* 
*' 

0.008 
0.77 

. 
1! 

0.004 
0.012 
0.029 
0.030 
ND 
ND 
ND 

‘0.006 
0.49

* 
0.005 
0.062 
0.005 
0.007 
0.014 
ND 
ND 
ND 

3.0 

(8) See Tbble 2 for éuspénded solid cpncentrations and Appendix for 
locations. I

. 

ND . Not de tected . 
* = Not quantitative.
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APPENDIX 

\- 

TRACE ORGANIC SAMPLING LOCATIONS 
g’ " IN uvnn, was
‘
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