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MANAGEMENT PERSPECTIVE

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

M.E. Comba, V.S. Palabriga and K.L.E. Kaiser

~ Analytical and research data compiled in this document

) )
are part of the St. Lawrence River Project / Connecting Channels 'I’
Project / Nearshore-Offshore Interacﬁions Project, addressing
contaminant issues. In this report, data for the May, 1985 and

October, 1985 cruises are presented and briefly discussed.




EXECUTIVE SUMMARY

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

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

This .repbrt is a summary o:f experimeh’tal and analytical
-data of sampling undertaken in 1985, as part of the st. Lawrence
. {’ | .-River Project / COnnecting Channels Project / N’e’arsho‘re—Offspore-
..Interactions Project. The report' provides analytical daté',
sampling locations, experimental- details and procédur’es used to

quantitate and validate the data.
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ABSTRACT

Polychlorinated biphenyls and selected organochlorine
hydrocarbons were measured in suspended particulates'of,the
st. ﬁaWrence River during May and October 1985'whiie volatile
halocarbon concentrations were measured in surface waters at

numerous locations during October 1985. These initial analytical

‘measurements are part of a project on contaminantvbehaviour and

transport in the St. Lawrence River and its upper estuary
receiving waters. :Tenllocalized areas of impaired water quality
were identified. The suspended particulate phase of the

St. lLawrence River transports polychlorinated biphenyls and mirex

from Lake Ontario to Quebec City.
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 INTRODUCTION

The st. Lawrehceﬁkiver /‘COnnecting Channels Projeéct
of the National Water Researéh Institute was initiatéd_in 1984
in ordér’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. ‘Knbwledgé
of organic contaminants iﬁ large rivers is comparatively scanty;
probably because of the difficultiés encountered in:colleétihg
and analyzing‘representative samples. In contrast to most lakes,
such rivéfs are strongly influenced by.seésonal and other |
variations. For example, at its mouth, the flow of the St.

Lawrence Rivér‘varies from approximately 5,000 m3/s to ap-

mm,proximateiy 18,000 m3/s. Its va:iébility of water qualit?

. parameters, such as temperature, pH, concentrations of suspended

sediments, dissolved organic and inorganic matter is similarly
large. Further sampling, analytical and interpretation complica-
tions arise from cross-river gradients, which are known to exist

in-some areas.

Organic contaminants, such as polychlorinated biphenyls
(PCB) and mirex have previously been found in water, sediments
and biota of Lake Ontario, the sourcé of thé_StQ Lawrence River.
Their presence in fish resulted in prO?indialland Us state.

advisories or bans on fish consumption (MOE, 1987), loss of
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Canadian eel sales to Europe (Homer, 1986) and contaminated
-sturgeon in the St. Lawrence River (Desjardins, 1986). Volatile
halocarbons and cadmium are present throughout.the st. Lawrencé
River systém and show localized impairment of the water quality
- near industrial and urban areas (Lum and Kaiser, 1986). . Further
downét:eam,uthe beluga whale population of the upper St. Lawrence
River estuary is impacted by polluﬁion and petceived fo be
- endangered. It is known to be severely contaminated with PCBs,
mirex and polynuclear hydrocarbons (Masse et al., 1986: Martineau
et al., 1987) and also subjegt to viral infections arising from
vhuman waste (Hartineau and Beland, 1987). Both PCB and mirex are
also common contaﬁinants in fish eating birds on the east coast

‘of this continent (Noble and Elliott, 1986).

Qﬁestions which arise here ask what are the sources of these
contaminants? What are their pathways and fates? What are the
frends in contaminant concentrations and loadings? How long will
these compounds persist under.qertain.input reduction scenarios,

and soforth.

Besides ﬁhese.specificlquestions on the~st._Lawrencé systen,
fhere is a general need to understand the processes and rateé
which control the contaminants' environmental significance. The
St. Lawrence River Project / Connecting Channels Project /

Nearshore-Offshore Interactions‘Project'isvintended to create the
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~ vital data on both organic ané inorganic coﬁtaminants that are
) needed to resolve the questioné;‘
'NARRATIVE
- Two sampling'e2cursions<onéthévst. Lawrence River were
undertaken in 1985. From Mayiéel7, the vessel C.S.S. Advent
collected samples between Kingston, Ontario'and-Quebec~Cify. .
During September 10 to October 18, the vessel c.s.s.,Limnoslwés
engaged in similar sampling operations that extended east of
Quebec City into the upper estuéry. ‘The‘respective Chfonoiogy of
events and sampling can be obtained from the Technical Operations
_cruise reports, 85-22-701 and 85-07-001 with locations as
| provided in Appendéx A of this reporf. Surface data taken
during these sampling periods ére'aiso.recorded in the S.T.A.R.
”i‘l' . -.data base at the National Water Research Institute.

e The determination of organics in the May samples
provided information on contaminant levels and knowledge of the
river system that would form the basis fdr further sampling. The
measurements focused on polychlorinated biphenyls and mirex
concentrations on suspended solids. In-oétobe;_a number of these

( stations were revisited and larger samples taken. Extensive
volafile halocarbon measurements were made in October to~define

point source inputs, water circulation and mixing zones.



EXPERIMENTAL

. sample Collection

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 ahd the water sample was
passed through et a rate of 6 L/min. The contents of the
:separatlon 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. 1In Mey 1985, these samoles were acquired by
filling e 600 L polyethylene tub from a depth of 2 m and
" centrifuging the tub to dryness. 1In 6ctob:er 1985 samples were . ‘ |

taken in a similar manner, with two 600-L tubs being used to

-~ acquire the sample..

' Volatile halocarbons
Subsurface water samples were collected in 200 mL glass
bottles. ‘The sample bottles were filled completely s0 as to
avoid any headspace and processed on board the C.S.S. Limnhos,
usuelly within two hours of collection. For the processing, a
100 mL aliquot.of each sample was transferred to a 125 nL
cylindrical separatory funnel, the funnel evacuated and placed in

a water bath at 95 C for three minutes. The volatile con-
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- one day prior to removal of the surface water above the particu-

.5
taminants, so purged into the funnel headspace, weré transferred
to an evacuated septum-equipped 15 mL vial held in liquid
nitrogen. After completion of'thé transfer, the vials were
stored at room temﬁerature until gasvchromatdgraphic 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 headspéce
samples, recoveries and subsequent analyses have been described
by Comba and Kaiser (1983), CombaAEE al. (1985)-and.Kaisé: and
Comba (1986a) | ' |

- Sample Preparation

Suspénded particulates

The samples in 500 mL jars were allowed to settle for

late layer, by suction thréugh a water aspirator using a
disposable piéette. The sample water was removed approxihately

1 cm above the suspended particﬁlate layer: covéred'with a
Medi-wipe (McGaw Supply Ltd.,'Missiséauga, Ontario), secured with

an elastic, frozen and then freeze dried.

Freeze drying was performed in a Virtis 100-SRC
Sublimator with a shelf temperature of 20° and a vacuum of 15 to
30 Torr. Samples were prepared in batches for a pefiod 6fv72 to

100 hours. The concentration of pa:tiéulaté matter recovered by
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this procedure is given in Table 1, for the May samples and
Table 2 for the 0ctober_sémp1es; One gram of the May 1985
suspended particulates ﬁere soxhlét-extracted with‘acetone/hexéne
_.accoerding to the methodvof Oliver aﬁd Nicol (1982) and after
removal of the acetone'with ﬁater wvere cbncentrated. The sampie
~extract was divided into two equal portions 6f which one was
analyzed for the organics :epéxted hereafter. The October 1985
. particulates after fractionation on silica gel we:e.exfracted by
“the ultrasonic procedureyusing methylene chloride‘as previously
reported by the authors (Comba et al., 1985),1solvent exchanged -
-to hexane and reduced to 1’mia Beéause of the éample require-
ments of short-term radionuclide determinations and the inorganic
paraheters, many stations were not analyzed for organics at this
time due to insufficient sample size. Sample amounts vafied from

0.5 to 2.5 g dry weight.

Sample Cleanup

| Column chrométography'
‘ Glass columns 300 ¥ 1 cm prewashed Qith acetohg,
..toluene and hexane were prepared by gravity settling through
hékane”to a height of 10 cm with 3%ldeactivated silica gel. An
- acid silica gel column was prepared by placing a“teflon wool plug -
into a 5 ¥ 0.2 cm column with a 24/40 female ground glass fiﬁting
resérvoi:; 'The teflon plug was prewashed with toluene and héxane
before the column portion was.fille& with 4 cm of 44% (by weight
H2$O4) acid si1ica gel and rinsed with 25 mL hexane. The acid
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'silica gel column was placed ih a 250 mL round bottom flask and

positioned beneath the siliea gel column, which previcusly had
the hexaneé layer draihed to theltop of the silica gel bed.

The prepared sample was added to the top of the sxlica
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 eluaht 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

10 mL of hexane and labelled Ffaction A. Another“zso nL round

- . bottom flask was placed beneath the silica gel column, and eluted
- with 25 mL methylene chloride. The chromatographic eluant was
. solvent exchanged to 1 mL hexane with 0.5 mL heptane as keeper

- and labelled FractioniB.. These procedures are summarized in

Figure 1.

Acid silica gel preparatlon
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 mixtute for 24 hours on a retary

evaporation unit.

Silica gel 3% deactivated:
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The previously activated silica gel was deactivated '
with a 3% by weight ‘addition of water and tumbled on a rotary e

evaporation unit for 24 hours.

Sample,Analyses

. Volatile halocarbons

Five hundred microlitre manual injections of the
headspace samples were-analyzed on a-Hewlett Packard 5890 gas
chromatograph using an electronvcapture'detector. Spiit/Split—
- less conditiohs were employed with a splitless delay time of
10fseconds. 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-101 fused silica capillary column. | |

| Organochlorines

All extracts were analyzed by gas chromatography using ‘:3
electron capture detectors on both HP 5880-A and HP 5890
instruments. Quality assurance was maintained by using two
) diﬁferent stationary phases with aarrow bore (0.25 um) fused
silica colunmns. The following column types were used (i) a 30-m
DBil-(from‘Chromatographic Specialties Ltd., Brockville, Ontario)
and (ii) a 30-m.HPf5>(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 utiiizing the HP 5880-A instrument
with DB-1 column. Maﬁual injections were made onto the HP 5890

instrument at similar qualitative restrictions. Both instruments
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were used in the split/splitlggs mode of injection and employed
hold times of 0.2 minutes at‘the.initial.injectidn. The initial

- column temperatures weré 90 C, isothermal for 2 minutes,

p:bgrammed at 4 C/min to 280 C and held isothermal for 5 minutes.

The carrier gas was hydrogen.

Sample Quantitation and Quality Assurance
| Volatile halocarbons

The performancé’of the'éample procéésing.and analytical
pfécedure was verified each day by comparing halocarbon values on
t:ipliCate water samples. Standards for gas chrbmatography
determinations ﬁere prepared from stock solutions and checked fof
deterioration,by,éomparison‘of individual response ratios of each
compound against carbon fetrachloride and chloroform. |

. Polychlorinated biphenyls}r

Quantitation ;f PCB was determined by relative response
to a U.S. EPA standard reference mixturg of 10:5:3.5:3 of
Aroclors (1221:1016:1254:1262) from théh 16 peaks of PCB
congeners [(18,15); 31; 52; 44; 101; (66,98); 110; 118; 153; 138;

174; 187; 180; 201; (203,196); 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 (DB-1 and HP-5) were

averaged with the results from the latter'technique,to'produce a

mean total PCB_value. The ratio produced value also p:ovides an
indicatien if the.polychIOrihated biphenyls in the suspendéd
| solid samples-have undérgone any severe_"weathéring effects" or
i : arg not of similgr composition to the'sfandafd. Our observations
! I to date, for suspended solids, indicate no appreciable difference
. in total PCB cOncehtfation betweén methcds or any significant
profile'v#riations for the saﬁples and standard mixture, although
there was a tendency to haVergreater amounts of lower chlorinated
congeners in the samples with less higher chlorinated congeners
in comparison to this standard. |
Selected saﬁples'were cross referenced by B:G. Oliver's
laboratory using the procedure of Oliver and Niimi (1987) based
on-specigic congener analyses of 92 isomefs, excellent results ‘I'

for total PCB were achieved.

Organochlcrihe contaminants |
Individual organochlorine contaminants were quaiita-'
tively identified'ahd quantitated to sﬁandard response factors by
retention time matches on both capillary column phases. Under
the.ﬁénditions used, pély&hldrinated biphenyls, aldrin, hep-
" tachlor, o,p- and p,p- DDEs and DDTs along with ﬁirex eluted in
, Fractioh A'(see'Figure i). The BHCs, chlordanes, endrin,
' dieldrin, heptachlor epoxide, endosulfans, methoxychlor, 6,p- and
p,p- DDDs eiuﬁgd in Fraction B. |
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RESULTS o
l Volatile halocarbons _

This group includes some 20 to 30 chemicals, most of
which are of industrial origin. _Werhave recently demonstrated
their general association with other conteminantsl(Kaisef et al,,
1985;ICmea'and Kaiser, 1985), and their widespread occurrence in
some of the Great Lakes (Kaiser and Valdmanis, 1979;'Kaiser et
al., 1983; Kaiser and Comba, 1986b). In additioh, our research
proved the possibility of using such comﬁaminants for tracking
river plumes in receiving waters (Comba and Kaiser, 1984; Kaiser
and Combe, 1986a).- Based on our expe:ience and years of tield_
observations, voiatile halocarbon (VHC) . occurrences have.A

empirical relationships to municipal and industrial activities, a

-~ gummary of which can be found in Table 3. Thesé 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-contgminetion 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,

‘Cornwall/Massena, Montreal, Sorel and Quebec:. In addition,

volatile halocarbon inputs were evident from the Ottawa, Yamaska,

- St. Frangois and St. Maurice Rivers. Volatileshalocarbon

measurements for six VHCs, with levels of analytical impoftance

'~ 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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indusfrial activities as summarizgd in Table 5.
:‘BaSed on the predominance of the VHCs measured in the
‘river system, the likely related activities could be ranked as
v'folkpws:. pulp and péper wastes,‘municipal wastes, primary or
metal fabrication production, chemical/petroleun products and

contaminant burdens associated with such wastes.
Polychlorinated bibhenyls

Polychiéiinated biphenyl meaéurements for May and
Odéober 1985 on suspended solids (Tables 6 and 7) indicate higher
. concentrations near Lake oﬁtario with decreasing concentrations
towa:ds Quebec‘city.r Loadings transmitted by particulates
however are reversed, as alten-fold inéreasevin suspended solid
concentration combined with the 35% increase in flow, double the
PCB expoft rate by particulates at Quebec city aé compared to the
.input of particulates frdﬁ Lake ontario (see Figure 3).
Although the annual flux of particulate PCB (see
Figure 3) based on May_1§85 (Table 6) and Oct¢bér 1985 measure-
menﬁs'(Table 7) are provisional and the flow rate values ‘
(Table 8) are not staéion specifid, the calculations should be a
- reasonable appfdximation of~the true value for the sampiing |
event. | |
The farameteré that control cqhtaﬁinant flux are
particlé‘typé‘and contaminant concentration in the particulate

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
subsequent interpretation asuto 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) . ._ | ,

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
difficult since partitioning is suspected.as one of the critical
factors_and at this stage of the program only the particulate

‘phase was sampled.

In May 1985, the PCB flux on particulates was reasonab-
ly uniform in the upper portions of the river (200 to 250 kg/yr).

; Below Montreal, however, the flux estimatesibegin to show greater

" variation although the concentration of PCB on the particulates

did not change significantly. ln*0ctober 1985 a similar'pattern-
was observed. Although a greater PCB particulate flux (700
kg/yr) is observed at the two stations below COrnwall (32 and 4
41), it remains relatively constant down to Lake St. Louis, where
additional inputs appear to enter from sources toth along the Sst.
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 oOttawa

'River tributary with the st. Lawrence River water.
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In reviewing sampling conditions, the cause of some of

~ these veriations nay be explained;v Innuay,1985, the Ottawa

, }
~ River flow was around 5800 m3/sec with a suspended particulate ’

. concentretion of 4.25 mg/L. _PCB~flux on particulates from the

~tions can be.attributed to vigorous storm conditions during 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 vaiues‘downstream at stations 243 and 112. Some
of 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. 1In October 1985, these stations again

show great variability in PCB flux estimates at lower river flow

and reduced suspended load conditions. Part of these f£luctua-

sampling of Lac Seint—Pierre, that caused the samples to include
resuspended bottom sediments. The remaining uncertainty in the ‘
PCB flux is most likely related to the concentrations and types

of particulates present.

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 et al., 1989%9a) report'mirex
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beingidetected 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 mirexitranSport.
However, the 1986 data do not support this interpretation.

| 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 examined.

Biologically, however, eels may play a more significant role (Lum |

et al., 1987), in the net transport of mirex out of Lake ontario.

" SUMMARY

| 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 halocar#-
bons with trace netals (Table 5) also give good agreement with
published cadmium levels (Lum and Kaiser 1986) and are found in

those parts of the river identified as having metal production.or
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fabrication activities.

Miréx values and suspended solids fluxes measured in

1985 and41986_(COmba et al., 1988a) were important in revising a
_ sediment budget.fof take ontario (Lum et al., 1987) and determin-=

‘ing transport mechanisiis for mirex within the river system. The

stable particulate transport regime of mirex in comparison to
flucﬁuatinqAPCB qonceﬁtrationsfié related to a number of factors,
but mainly to Lake_Ontafio being a.cbnétant and the principal
source of mirex, while inputs of PCB}ére acti?e 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 p:ovide an accurate

indication of net PCB flux in the St. Lawrenee River. A more

thoﬁough understanding of the mechanisms:cantrollinéicontaminant
transport will be required. | |

The results of the 1985 field year provided valuable
info:mation,towards the préparatiqn of a mére comprehensive

experimental design. While much waS‘accdmplished in the initial

year, the project revealed more unresolved issues than solutions -
- and stressed the importance in determining the_diétributign,

- pathways and environmental consequences of organic contaminants

in this system. 1In particular, the physical and chemical
processes which influence contaminaht uptake into the foodchain

need to be-inveStigated in areas of considerable biological and
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economical importance, sﬁch as the St. Lawrence River estuary.
Considering the contamihQFicn df'sturgéon in the St. Lawrence
| River (Desjardins 1986); the beluga whale-pOpulation of the upper
estuary (Masse et al., 1986; Martineau et al., 1987; Martineau
and'Beland; 1987) and most of ﬁhevfish eating bifd; off the easﬁ
coast (Noble and Elliot, 1986), it is of environmental signi-
ficance that a contaminant int:odhced twenty-six‘years earlier
ihto a large.lake systgm‘aﬁd perceived to be dormant has been
‘transported at least 800 miles through the St. Lawrence RIVer;V
' possibly'even as far as the Sargasso Sea by migration of the
eels. In the estuary; primarily the upper eétuary; 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-ﬁere made in the uppér estuary

in 1985, interpretation would be rudimentary'at this point.
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TABLE 1:

Concem:ration of Suspetrled Particulate Haterlal 1n the
St. I.avtence River, ‘!ay 1985 (mg/I.). B 4

Statio _n(a) [pp‘m] ‘Lat‘itu‘de N. Longitude W.
1 1.42 44°07114" 76°22'08"
2 1.68 44°14°28" 76°19'20"
3 1,97 44°40746" 75°33'07"
4 2,43 . 44°42°'53" 75°28122"
5 2.82 45°01'28" 74°4045"
6 2.96 45°13'42" 74°08'35"
7 3.79 45°19'26" 73°54102"
8 3.80 45°22104" 73°49'34"
9 7.08 45°24'16" 73°43'39"

10 6.27 45°24'26" 73°34'44"
11 4,25 45°24'05" 73°57'03"
12 4.86 45°43'10" 73°26'32"
13 2.82 45°44'12" 73°26'11"
14 7.37 45°59'11" 73°10'53"
15 10.0 46°06'21" 72°58'13"
16 12,1 46°22'37" 72°28'52"
17 9.60 46°51'06" 71°09'07"
18 13.5 46°50"36" 71°05'17"
19 9.38 46°44'32" 71°20'05"
20 5.89 45°35'51" 73°30'30"
21 - 4,06 45°31'34" 73°33'32"
22 03,24 45°27'26" 74°06' 00"
23 2.99 45°29'27" "73°57'26"
24 2.97 ©45°09'32" 74°21'55"
25 3.07 45°02'41" 74°34'49"
26 3.78 - 44°59713" 74°46'18"

(a) See Appendix for locations.

(b) Based on 600 litres of centrifuged water at a depth of 2 metres.




TABLE 2:

Concentration of Suspended Particulate Materfal in the
St. Lawrence River, October 1985 (mg/L).

Sta_tion(a) ' () o [ppm] (®) Latitude N. Longitude W.
27 2 - . 44°14'30" 76°19119"
28 0.67 44°07'15" 76°22'08"
29 3 1.02 44°38119" 75°35'51"
30 " 26 7.98 44°59'1'5" 74°46'15"
31 ' 1,65 45°00'17" 74°39'35"
32 ~5 1.92 45°01'23" 74°40'50"
41 25 1.53 45°02'39" 74°34' 50"
44 24 0.79 45°11'19" 74°19727"
48 . - 45°13'15" 74°12'16"
51 6 1.00 45°13'50" 74°08'37"
53 . 2.66 45°19'26" 73°54'06"
54 7 1420 45°20'14" 73°55'44"
56 8 1.81 45°22709" 73°49 135"
59 0.33 45°24143" 73°49'39"

. 62 11 1.79 45°26'52" 74°03'02"
66 10 0.91 45°24'20" 73°43144"
79 12 1.85 45°43'22" 73°25'23"
82 13 3.80 45°43'54" 173°26'18"
85 : 24,5 46°07' 09" 72°56' 02"
95 15 10.4. 46°07'41" 72°56'59"
104 5.01 46°11'21" 72°53'47"
112 10.3 46°14'11" 72°45'38"
123 16 . 19,9 46°16'19" 72°37'43"
124 22.0 46°22'36" . 72°28' 50"

243 14 -3.18 45°58'44" 73°11'32"

(a) See Appendix for locations.

(b) Based on 1200 litres of centrifuged water at a depth of 3 metres.

(¢) Equivalent or approximately similar stations in May 1985.

~See Table 1.




TABLE 3: Observed Empirical Relationships of Volatile Halocarbons

with Industrial or Municipal Activities.

Compounid

'Aéthities

Trichloroflugrmethane

Methylene chloride

Trichloroethane
Trichloroethylene
Tetrachloroethylene

Carbon tetrachloride

Chloroform
Bromomethanes

Bromo/Ch1oro‘ethanes/

ethylenes

Chloropropanes

Rlowing agent, aerosol in'

plastics, foams, paints
Primary metal production,
metal fabrication
Chemical production

Municipal wastes
Pulp and paper wastes

Petroleum residues
Synthetic fibers

Synthetic - natural
rubbers or plastics.




*poy3FIuenb jJou 3Ing jussaad spunoduwoy
°JUNOWE 0BAL = 3T

ay. | _ | .o:usuuouoﬁsunuuoar~.~¢~._
g : : uiojyowo ig
, : epTmOIqTP BUATAYIA
9°L L A 8°€ 1°€ oy . TE . _3usThy3zsoiomydeiIdL
iy : JULYIIWOIOTYO OWOoAq QA

AUBYIBOIOTYITIL-Z 11
: o JueYI2WOIOTYI FaIouolg
n.~ . ua ,. ua . o:n:umaouOH:uﬁvosoun

1L 1L o 1% auryjamouoiqyq
1L 0082 AL i} il o ag, 3ud TAY3I2010TYOFIL
. _ : - ausdoadoaoTyorq-z*1

99 0°9 (Al % Y 8°¢ . vy 9PFI0OTYOIRAJFA] uoqaw)
1°9 81 61 _ €l 6°1 o1 JUBYIFOIOTYI FAL-T°1°
. _ 2uBYIS0I0 TYITFA~2* |

11174 oy L't £°9 | A L°s u103o10TY)
o Jusyswoao Rydowoag

. _ 2UBYIL20I0TYOFA-T1° |

ayL : : BUITAYIB0IO0TYOI¥Q-2° 1
a1l &5 - AL 0€l 0se -00¢ JUBYIA0AOTYI A
1% ] 1L il . 1L aL - OPLINSFIP uoqie)
alL S § 4 . al al 3UaTAYI2020TYIFA-1° |

(1] 91 ¥4 L9 81 4 9UBYJI3WOIONTIJOIOTYIFIL
o o , 3UBYIWOIONT JFPOIOTYITQ

saswey punoduwo).

G%0. ‘0 $°0 ‘ s°0 s°0 ‘ $°0 : (w) yadag

w0Si0%o%L  WSE6EYL  WSTiIMoWl  WTSiS€SL  WBTTT9L  L6Ti610.9L I8N apnajsuo

w€CiT06SY  WlT4000SY  STi6So%Y  W6T48EoYY  WSTil0o¥Y WOC.9Toyy  UIION IpN3TIE] n=0ﬂucuoa.

€ 1€ ot 62 82 Y / Jequny uUOFIEIS

°(3dd) 1/3c e I1338H Uy ﬂaqueuunao=oo .
.uonhﬁaeq BOQABIOTEY 2TFIBTOA noe- 33Q0330 IJATY VIS °I§ ¢ FHEVL




.vﬂ«u«u:n:vmuocnwsa Juasgaad spunoduo)

*JUNOWR 3B = I

aL Aaj, ] 3UBYIA0IOTYIBAIL-ZZ¢ 14

. aj, - wiojowoag

, S 9PTWOIQTP BUITAYIZ

. ¢z 0°9 <9 €9 8°€ 4 . *uaTdy3lescloTyIRIIaL

ay ay, suBYy3I3MWOI0TYOCWOIqJQq

. PUBYIBOIOTYIFIL-2* 1°]

' JUBYI2WOIOTYO FIJomWOg

S0 1 11 1L 11 8°C uBRyIBWOI0 TYIFpowoag

Iy : ay, 1, ay : § A : susyjsmonoaqiq

11 8°9 £y Al % 8°¢ L . dud Y3010 TYOFI]

, o ¥ auedoadoaoTyoyg-z*¢ g

0°L L9 114 9°y 01 2°6 2PFi10TYdea33] uoqae)

8°C 91 1y - 9°9 1°C '8 : JUBYIA0IOTYIFAL-T 14|

- 4L alL , AUBYIIOIOTYITQ-Z* |

Ve Ll ‘8 LT Le 91 wi0joaotyy

auBYy3Iamo10 [Yoowoag

aUBYIB0IOTYIJQ-T° |

3L 3ua TAY32020 TYITQ-Z* |

1L 1L a1 4L 74 0se [UBYIBWOIOTYI¥q

AL 1L % L 1% » 3PIIMSTP uoqae)

3L 1] ax aa ar: s UBTAYI0IOTYI¥q-1 ¢ |

1 [44 91 | ¥4 92 0061 3UPYIBWOIONTIOIOTYIFIL,

: SUBYIBWOIONT JFPOIOTYIFq

{omeN punoduwo)

s°0 $°0 €°0 c°0 $°0 S°0 . © (m) yadaq

w90:i6To%L  W0Si¥E€o¥L  WTTil€o%l  W104LEeWl L TE.8E WL «92:88.9L I834 apnajiuoq

wlSi0ToSY  W6€iZ00YY  W6T4T00SY  u60.T0.5%  .8%,10.S¥ w6€.10,SY YIION 3pnIFIBT] :UOTIBIO]

ty Iy 6¢ LE 112

ve - 33quny woyIewIS

@

Cx

o

°(3dd) a\ur s wouaa Uy TOFIVAIPIJWOY
*sasiyeuy uogied0Tey STIIPTOA GQ61 399030 I2ATY PTIWMEY °I§ 3¢ FIEVL

-\



.vﬂ«m«ucusv jou 3Inq 3juasaad mv::cnaoo ¥
°junoue 3VBIL = I

2UBYIP0I0TYIBAIDL-Z 2 T° 1

AL
aL : . wiojomoag
069 . ovﬁaouaqv auatdylg
(Al A L°c 9°1 1 6°0 1°C _  SUITAYIA0I0TYIRIIDY
a], . _ suByIaWOIOTYOI0WOIqT(q
: UBYIF0IOTYIFIL-Z° 1° 1
ausylawoioyydyajomoag
arL €1 alL . 3UBYI2WOIO0 YO Fpouwo ag
1L a5 L susyjamwomoaqiq
a5 8°L 1L - duaTAy3a0I0TYI¥IL
. suadoadoaoTyo¥g-z°* |
%9 S°Y v°6 ol L°e 15 IPFIOTYORIJA] uoqae)
y°e L ¢ €L 6°C L°1 2L BUBYIB0IOTYP FIAL-TT° T
. UBYII0IOTYITA-2* |
128 8y 8y 0°s 1L M Wwi03030TYD
dUBYJI2WOIO0 TYI0Wo ag
aUBYII0AOTYITa~-T*]
3ua TAy3e030TYI¥1a-2° |
ay g il a5 A ausy3aWOIOTYIIQ
1L 1% a5 1L - OPYJMBTP U0Q1IEB)
ay . JUITAYIS0IOTYIIG-T %]
L8 91 1°6. 00s¢ 4 ov8 AUBYIBWOIONTFOI0TYITFI)
: ) - UBYIWOIONT JFPOIOTYITQ
_ semuy_punoduo)
‘g0 50 0 50 0 g0 (@) yadeq

W90,9SeEL  WL€i80.YL LITETYL  WITZIa¥L  WLTITa¥L  .00,02,9L 3994 Spnajsuoy

WICi6ToSY  W0SIEToSY WOEYToSY  WSTIETLSY  LOT.ZToSY LTS TToSY  UIZON 3pn3jler “=ouu~uoav
€S | £9 0s 8y 99 1% : d3quny uogleI§

*(3dd) 7/8a se ‘3938 UF ﬂ:qu:ﬁuﬁﬂ@ﬂeo

*s284Teuy UOGIBIOTER STIATIOA SB6T 3290390 I3aFy 03] °38 iy WIEVL




*patJjiuenb jou Inq jussaad spunoduoy .r

°JUNOWE 3DBAY, = I

az 3UBYI20I0TYORBIIDL-ZZ¢ 1]

(174 wiojowoag

. - SpywoaqIp 2uATAYIY
(98 9°1 91 5 6°C - 6°9 suaTAy3aoioTyoea3ay

€°2 . 3UBYIAWOIOTYO0WOAq Q.
2UBYI20IOTYIFAL~Z° 1°]

aUBYI3WOIOTYI FII0WOAG
a], XL sueyjawni0 TYoTpomolg
aueylawowoaqiq

It 2”1 000°0? (8 / 8°s JUd TAY33010TYIFIL
. - auedoadoaoTyoyq-z° |
L°c 0°¢ 081 6°€t €L (114 BPFIOTYORII3] UOQIB)
€°¢ 1°C 14 AL 6°2 - SUBYIIOIOTYI FIL-T*1° |
. JWBYI0I0TYITA-2° |

6°Y 8°9 14 St 00€ 09 _ _WI0joaoqyj
ausy3IaWwoa0 TYooWoag
3UBYIB0IOTYI (-] ° |

I TAYIF0IOTYITA-Z° |

L 001 il 000°01 . ausyIaWOIOTYOTQ

a1, 1L L 4L 0011 3PF3 INSIP uoqae)

ax a% : ay ay 3UATAYI0A0TYIJQ-° T

el €1 91 Lt 8°L 0oL 9UBYI3WOIONTIOIOTYIFIL

. 2UBYI2WOAONT JTPOIOTYIF(d
sawey punodumo)
- 6°0 ¢°0 S°0 S0 191] S0 (u) yadaq

w00.€0e9L  LEELTS.EL WBEI6WoEL  LOEILWoEL  LSEI6YEL  LY.SS.EL I83Y apnIyBuoTg

wl819ToSY  WESaYCoSY  WEVWTOSY  WTEIYToSY  W604TToSY  WYT0ZoSY  UYIION IPNITIBT  UCTIBOO]
29 19 6S LS 9 . 141 d3quny uoylels

’

-

A °(3dd) /8z sw 1338y UT WOFIVIIUIDWOY
*8384TRUY LOGIBIOTPH IJ[FIVTOA SBGT I9G0IY IVATY SVUIIAET °IS 3y TV



.eo«u«ucnsw jou 3Inq Juasaad wv::ouaoo ¥
*junome 3IVBAL = I

ay 0°c JUBYI0AOTYOBIAIIDL-Z°Z 1%
‘XL, : Eouog a4

. : 000€ A 9pTWOIqIpP duaTAY3ly

T X1 0°8 €°¢ 0082 SE aUla TAy33030TYd8I33]
ayg , . E _ 2UBYIWOIOTYI0WOIG (]

BUBYIB0IOTYIFAL-Z° 1% 1
‘3UBYIBWOIOTYI FIJ0W0IG

ag ax B alL T . ar BUBYIBWOIO0 TYITpomoay
o ax | : | ausyjzawowoaqq

1°L 1°S °s 8'¢ -9 9°s . SUITAYIF0IOTYIFIL
S - : o auvdoadoaoTyd¥q-z*1
1 €1 9 18 0v8 . €9 ‘IPFIOTYOLAID] uoqie)
e 4 Lr°e 9°9 1°€ 6°1 UBYI0AOTYPFIL-T* 1|
: ‘ auBYI0IOTYI¥A-2° |

74 L1 (114 : 9L o1y 13 20N . w103Joa10TY)
: : auByIaWOI0 TYo0oWoag
aUBYI0IOTYO FA-T%]

‘ . ‘UITAYIS0AOTYIFA-Z° 1

oSt 0€T . ay : _ 3UBYIAWOIOTYI ¥q
ax _ ¥ ax JPFIIMBIP uoqas)

P | M , g 2U3TAYIB0I0TYITA-T* |

49 1°9 - 14 €6 €T . - 3uBYIIWOIONTIOIOTYITI]
_ : : auByIWOIONTIFPOIOTYD QA -

~someN punoduno)

EX) 0 50 g0 50 0 o () ydeg

WETISTCL  WSTilZo€L  WTHIToEL  WHDEVEL  WTTE0YL  L0S:E06YL -389n apnajluoy

WCCiEYSY WICTYeSY  WIETYeSY  WO0ZiHToSY  WWTilToSH? W0%49C.SY UIION 3PNIFIE] “=°«unuou

6, - €L . {4 99 ) S9 €9 daquny uopjels

. °(3dd) /82 se 33384 UT ecwuequUOGeo -
.ounhdcec aeaueueﬁuu aﬁquaﬁebmaauuuaeuucuobau ooswnala .uancuanqu



v

*paT3r3uenb _“..oc anq ut.owuun spunoduwo)

°JUNOWB 3JBI] = I

€°1 dUBYIB0IOTYIBIAIIL-Z“2 11

, wiojowoag

: . SpTWwoIqQyp duaTly3lzy

1L 9°0 1 91 -Gy 8¢ su’ [4y33030 TYORIIDL

a3, 3L . UBYIBWOIO TYI0wWOIq¥(q

a . BUBYIBOIOTYIFIL~-Z¢ 11

aueyl3woIoTYO yIj0moag

¥ 9y AL 3UBYIBWOIO0 TYOTpomoay

. L . ayL aueyjawowoaqyq

L L c°9 4% aua Tdy3s030 Y1)

_ e XL, aursdoadoioTydyq-z°|

1L £°0 1Y/ 0°6 . 01 8°1 9pFIOTYIR1IIa] UOqIe)

I st 76 L1 - 8¢ L€t BUBYIBOIOTYITAL-TT°* |

‘ : 3UBYIL20IOTYIT(q-2° |

6°¢ 0°¢ 8°s LS [44 €€ Wi0joIoTY)H

: U AUBYIIWOIO0 TYOOWO 2Y.

- 9UBYIIOIOTYIFG-T°*]

BuUa TAY3I30I0 YO Q-2 |

1L €9 0ze 1% 1% 0Le auBYy3I8WoIOTYOIQ

15 SPIIMSTP uoqae)

. 3uaTdy3la030TYIIQ-~-1° |

9°Yy £y 0Le L /4 Lc JUBYJ2WOION [JOIOTYOF ],

JULBYI3WOIONT JFPOIOTYIFq

t3wey punodmo).

S0 6°0 Ss°0 S°0 (1] S0 (w) yadag
w9240S0CL  W00:8%oTL  WlW4E€SoTL  W95:9S02L  LT0.95.TL  .8T1.9Z.€L 3I89m apnyySuog

wC0i109%  WlTuTLo9% WTTiT1e9% WI%4L009Y  .60.L059%  .9S.E9%,S% UYIION apn3IJIB] :UOTIEIO]

I 801 %01 6 S8 I8 d3quny uoylels

°(3dd) 1/3z sw a3y Uy aequuuwewoﬁg ]
°8384T8Uy UCQIBIOTIH ITFIVTOA $G61 I9GOIDY IVATY IITWSIMBTY °I§ 3y ITVL



*peTJriuenb uou‘ Inq juasaad spunodwo)

+3UNOWE 3JBaAL = 3]

L't

€

o'y

T1°L

0o¢

8°s

L0

y-7-

8y

il

6°S

1L

oot

Tt

€

13
9°¢

9° 1
6°Y

KT

12 ¢4

It

6°S

$*0

1L
6°¢t

S°6

001
k& A

9°s

0°L.

vy
L

9T

X A

AUBYI0IOTYOBAIL-Z221°T-
ulojowoag

PTWOAQTP BuITAYIY
.dua1dylaozoyoeiial
aueYyIWOIOTYI0WOIqF(q
3UBYJIB0IOTYIFIL-Z1°1
UBYIBWOIOTYI FAJ0oW0aY
JUVVYJIS3WOI0 TYO Fpomoag
 JuBY3BWOWOIQT(Q

aua 14y32010 TYOTIL
auedoadoaoTydyq-z°|
3PTIOTYIEIID] UOGAB)
AUBYIB0IOTYPFIL-T° 1T
-SUBYIOIOTYIFA-Z° T
_WI03JOI0TYH
auBYy32WOI0 TYI0WOIg
aUBYIB0AOTYITA-I * |

FUITAYIF0IOTYIFA=Z* T

ausyIamoIOTYIIq

SPFINETP uOQIB)

auaTAy3a020TYI¥q-1°1
aueyI3WOIONTIJOIOTYITIL
u:u:umaouosauuvouoﬁsu«a

s omey punodwoy

60

s0

c°0

S0

s°0

s*0

Aau yadaqg

«w60:19051

«06:82024

€Y LETL

«80.5%,2L

«8lE9.TL

«BEsSY.TL

«£0.S€. 7Y

«9€.CT.9Y

!@m u@ﬂb@e

«8%:61,9Y

wZSi€19Y

wITa9109Y

uum: uesuﬁmﬁow

YI0N 9pNITITT  :UOTIESOT

1€1

el

L1l

£Tl

.

aequny uoyILIg

821

*(3dd) 1/3u se 1238y UT woyIRIIuIIVOY
*sesheuy ©04I8207SY STFISTOA SE6I 1940390 24Ty WUIEY 3§ iy FWVI



.vw«uﬁucusv jou 3Inq uawmuua spunoduwo)

°JUNOWE IBIL = I

1y ay L€ JUBYI0I0TYIBIIIL-Z%C 1T

_ L 1°8 . '~ waoyomoag

. . Gl aprmoaqyp auatdyiy

9°€ . L°€ 9°¢ 19 9°8 081 au9 [4y33010TYdBIIaY

al il - L) ‘JUBYIBWOIOTYO0wo0IqTQ

11 JUBYIBOIOTYITIL-Z°1° T

[44 2UBYIBWOIOTYI FIJOWOIY

al aL 9¢ JUBYIBWOIO TYIFpowoag

1L 1L 6°8 aueyjawouoiqyq

il ay iz ay b4 L U3 TAY32030 TYIFIL

A suedoadoaoTyd¥a-~-z°1

8T .02 ay A 9°1 9/ BPFIOTYIRIID] U0QIB)

L § ‘ 130 § €1 1°9 9°1 (4 3UBYIA0IOTYIFAL-T 1T

. o1 ccnzuoouoﬂsuqnlu | §

8°c 4L 1L 114 YT - 99 W3030a0TY)

- , auery3IaWOI0 TYo0WD Y

JUBYIF0AOTYI FA-1°1

2Ud TAYI20I0TYITQA-2* 1

091 4% 09¢ 0s1 . duBYI3WOIOTYITQ

ar ayr SPIITNEEP uoqaw)

ay , il ay aL UITAYIBOAOTYDI FA-T* |

14 g L1 6°¢t 9z 81 00s¢ 3uPy313WOIONTJOIOTYITI]L

JUBYIWOIONT JFPOIOTYITQ

tameyN punodmo)

S0 S°0 s°0 s°0 S0 S0 Asu yadag
wCTi6ToSL  WTEI0€oSL  WwlSi0€SL  WOELEELSL  L004%ESL  LOEYELSL 3894 apnifBuoTg

WOEiTY  WHETYYY WITiTNYY W9EOWeYY L0040%e%Y WYE6€.YY  UIION IPNITIVT  UOFIVIO]

9 6¢€1 Lel 9¢1 SEl vel eel daquny uojlels

.nuahasﬁ< WOGITIOYER ITFIBTOA SG6T I9q0IAQ 2IATY SIUIINRT *3§

*(1dd) /30 s® 1238y U VOFIBIIBIIVOD

ty FTVL



rvmﬁu«uccsv jou Inq Juasaid spunoduwo)

*juUNOWB . 3081 = 1]

1l

9°€
aL

ay

0°s

St

119
ez

e
vl

v°9

8°0

aL
a

14

000°061

€€

ye
1°2

89

15

L

(44

11
ay

9°L
§°1

81

11

(114

A4

a5

1],
8°1

0st

1

aUBYII0IOTYORIIIL-Z°Z 1%
wiojowoag
apywoIqyp uaTdylz
_‘3udTAy3’3010TYORIII],
SUBYIAWOIOTYOI0WOIqF(
2UBYIF0IOTYITIL-Z 11
AUBYI2WOIOTYI FAIoN0ag
susy}awo30 TYIFpowoag
ausyJsmowoaqyq
U TAYI30I0TYI 2L
auedoadoaoTyd¥q-z*¢ 1
IPFIOTYIVIJ] U0qawW)
SUBYIB0IOTYITAL-T* 141
‘3UBYIB0IOTYIFA-Z°* T
WI0JOI0TY)H
‘auryjsawoloyoowoayq -
3UBYIA0IOTYITA-1° T
aua [4y33010TYI¥Q-2° |
‘BUBYIWOIOTYI T
SPFISTP uoqae)
BUBTAYI0I0TYITA-T° T
JUBYJIIWOIONTJOIOTYIFIL
3UBYIBWOIONT JFPOIOTYI A

saweyN punodwo)

S°0

S0

§°0

S0

$°0

<°0

Aav :uaon

«9T.9%.%L

WS99 YL

«STelYoYL

wlTi9€oYL w8%:820SL

«TT:6SeY?

SQ.— L} amoce

w9Z.6SohY

«9Ci8€9¢

..,ﬂ0.0QOﬂQ

W0E.Z0.5Y  WLZiTY0YY

umo:.ovsu«maoa

YIION I3PpNIFIVT  :UOTFIBD0]

i

134

£l

vl

191

oyl

hﬂ&gz ﬂ.o.—” Uﬂuu.w

*(3dd) /30 se 3a3ep U ua«unuuunoaoo
.uuahﬁsnd uoqledoyen vﬁ«aeﬁeb 6861 334030 I3ATY PVUIIANY oam iy IWYL




*pa33FIuenb jou Inq Jussaid spunodmo).

*junome 3DBIAL = I

.u.u.

AL . 9UBYIB0I0TYIBAIIL-ZZ1° T

iy, wiojomwoag

: . . ) : 3prwoaqyp duaTiylIy
I*y AR (A8 % 4] 6°¢t. 14§ BulT4YI3030 YOBIIDY

ag, ax 4 ot ‘BUBYIMOIOTYO0WOIq (]
9UBYIB0IOTYIFAL~-Z° 1°1

‘WBYIIWOIOTYI FIj0Wwoag

ar ay . ar ar 9°¢ al auery3awo10 YOI Fpomo g

a, - ay, aueryjswomoxqyq

ayL 5 1 S4 A e ], oY Ul TAY32010TYO¥ 1Y,

" : asusdoadoaoTyoyg-z*y|

L8 8°s o1 Ly B A 0ote  9PFI0TYORIII] UOQIB)

134 sl S°1 'Ad S 9 000°81 UBYI0IOTYIFIL-T [

. : 3UBYIB0IOTYIFA-Z* |

61 29 vt e L°c 119 : Wwiojoioryy

: ‘ JusYyIWOI0 TYo0WO g

a1 BYI20I0TYI 1A~

_ SUITAYIB0IOTYITA-Z° |

1% 08€ 15 a - 1L 1% aUBYIBWOIOTYIIq

ay ay 44 aL ay ¥ IpIIMSTP uoqae)

al a5 aL aL al oLz BUITAYIB0IOTYI Q-1 |

2°6 8y 81 6°L 3 ¥4 0c UBYI2WOIONTIOIOTYITAY,

_ ‘  9UBYIIWOIONT I FPOIOTYITQ
'2WBYN punocamo)

$°0 S°0 S°0 S°0 S0 G0 (m) yadaq

WwCTaCCoYL  WBETYYL  WITiTWo¥L  LO%Y%e%L  WSYiSYoYL  WH2,9%.yL IB3Y apn3fBuog

w9Si0ToSY  WOT.iT00SY  Wl54000SY  Wl€.000SY  .0Z:00oSY  .9T,6S.%% YIION 2pnIFIe tuorjva0]
139 § 1S1 0sT1 691 8yl A4 daquny uorjels

.

°(3dd) .-\E 82 J20N U WOTIVIIUIDLOY)
*838ARUY UOGIBIOTEY 2TFIPTOA SG6T I9GOIIQ IIATY WVUIIABY °2§ iy THVL



*paj37iuenb jou 3Inq jJuasaad spunodwo) , .
°junowe 3dB1] = 3]

al il al aUBYID0IOTYIVIIL -2 21
| a ay 0z 3y | wiojomwolg
. ) . : . : . a2pymoaqIp -3uaTdyay

, L°¢ 9°y . 08Z 9 4 000°Z1 ad . 9uaTAyiz3oloqyoe13lal
aL . . arL Co a5 auwyjamoloTyoowoiqiq

_ : ¥ o : . AUBYIPOAOTYIFIL~-Z I°1

: _ : AUBYIBWOIOTYI FAJomoay

iz S 9°¢ 9°L aL i aupYyI3WOI0 TYIFpowoag

5 . s - L _ ay o auBYyI3WOWOIAGF(

€Y 81 z°s 0°L 8z oAy aua TAY33010TYOTIL

: . . : suedoadoloTyd¥q-¢*y

9t 'y 2 S A a 61 2PFI0TYIRIIII U0QIEB)
ve 81T ot 8°6 0€s 1°1 BUBYIF0IOTYIFIL-TT1°1
B : QUBYI0IOTYIFA-2* |

e £2 €2 99 Sy €1 wi03jo10TyY)
o 1°8 o - JusyjswoaoTyoowoaqg
2UBYIF0IOTYIFA-T°T

BB TLYI0IOTYIIQA-2° T

3L AL . L 4L AL il . .Uﬁﬁp—umﬂofuogzpﬂﬁ
. i a B 8 001 . , SPFITNSTP uoqie)

_ iy S ¢ : ay aL auaT4y33030TYITG~-1°T
€6 - £ 6°6 L't 6°8 61 SUBYJIAWOIONTJOIOTYIFIL
. . . . 3UBYIBWOIONT JTPOIOTYIFQ
samey punodwo)

%0 ] S0 S0 . 6%0 S0 (w) yadaq

wW0:SY.EL - WE0:6 roﬂn «80.,SY€L  B%.CSoEL  LST .ﬁmemn.. AT 1 S /e Ll . § O_-x—qu:o.u

490192oS%  WINSToSY  LEOWTaSY  LZ0.6ToSY WEO.6ToSY  LHZiZI.SY  UIION SPRIFITT  1UGTIROOT

65T gsT st 961 UGSt R 11 ¢ | 3equny uoFILIS

*(3dd) 11/80 se 133EM UF UOFIVIIUIDWOD
: ..naehﬂuﬂc UOqIBIOTRY STFIVTOA SG61 3290300 ISATY WUAIANY °I§ Iy TEVL



.voﬁuﬂucusv j0u’ Inq juasaid spunoduwo)y

_*3uUnoW® IJBIL = -z

OEQJUUOHOH‘UQHUU.HIN A .—. n

. : . wiojowoag

09¢L. 3pTWOIQTP BUBTAY3IZ

0°¢t Yy 9y 091 6°1 "1 © UITAYIB0I0TYORIII,

a5 Y 3UBYIWOIOTYI0WOIqF(q

aUBYI0IOTYITIL-Z* 1°

_ . aueyjawoI0TYdF1j0mOIY

ay L'y 018 arL u:wcuoaouoﬁ:Uﬁvosoum

3L a5 aJ, ~aL ' aueyjlawowoxqyd

8°1 A 14 9T Sy '49 3u3 TAY3I0I0 TYITIL

. : _ auedoadoaoTyoya-z* 1

8°¢C S°t 0°¢ . G°9 (4% ' 000°LE apFIOTYOBIII] UOqaw)

L°v 3¢ 8°r Lz I°s 81 3UBYIIOIOTYIFIL-T° T

, . wcu:uoou0A=Uﬁa|N.—

Il 9y 9z oY et 1§ W103oI0TY)

: o:n:uosouo~:oo:aun

SUBYII0IOTYIFQ-T*]

U TAYI20I0 TYITQ-Z° |

1L 00T _ 1L IL + 3UBYIAWMOIOTYI T

a5 4 1L 1% 11 9PF3ITM8Yp uoqie)

ax ag a ay aL AUITAYI0IOTYOTA-1* |

9t £°6 81 8¢ 12 11 ‘BUBYIWOIONTJOIOTYIF 1],

8°6 SUBYIJWOIONT FFPOIOTYIFQ

:ausy punoduo)

S°0 S0 S*0 S°0 €0 $°0 (=) yadaq

«6€40%eYL  u9040%o%L  WBTiLSoE€L  «9049S.€L  IVIVEL  LLT:EYW.EL I83M 3pnaTHuoT

SETESY  W60.T€oSY  WwH04192oSY  WS0u9ToSY  WHSiSToSY Wl1492.5Y HYIION IPMITIVT  :UOFIBIO]

<91 791 €91 91 191 - 091

Jaquny uoylelsg

’.

*(3dd) 1/3a s 3ajEy W} UOFIVIIUIIVGY
*8284TeUy UOQIVDIOTEH STFIBTOA SBGT 1990330 deapy aoaoul-a °3g iy VL

Serimee?



*per3Fiuenb jou 3Inq juasaid spunodumoy »

*JUNOWE 3DBIL = I

SUBYII0IOTYIBAIDL-Z°Z° ¢ [

wIojowo g
09 4 SprwoIqIp auayiyag
14 9¢ 8°6 8S L°s 9y 3ua Tdy3a0a0yde13I9]
L aL JUBYJIWOI0 TYI0WOIqT(
iz 3UBYIB0IOTYIFIL-Z° I*T
a1 auBy3IBWOI0TYI FI30W01g
LT 6°8 ax az 3UBYIIWOIO TYI Fpomoag
5§ 4 aL ausyjawowoaqyq
114 81 6°1 al 0°€ 6°€ aud TAY390I0TYoTIL
: auesdoadoxoTydyq-z* |
1°% 1*Yy Il 144 8°z 6°2 9PFIOTYOBIII] U0QIV)
6S 99 4L 00¢ 9°1 9T 3UBYI0IOTYIFAL-T* 1|
: ﬂcczuoouo~40ﬁalu.~
8 6€ il ove <9 61 W103J010TY)
: u:wsuusaucﬁzoosoun
2UBYI0AOTYIFA-T* |
: 3UBTAYIB0IOTYITQ-2°* |
oor iy a5 ay, ay | 3uBY3IMOIOTYIXQ
aL a5 1L 3L a], SPTIINSTP U0QIB)
a5 1L 15 aL UITAYI20I0TYOTA~T* |
8°L 81 15 LE - 0¢ ST _ 2UBYIWOIONTIOIOTYIFIL
‘JUBYI2WOIONTFFPOIOTYDIF(Q.
sameyN  punodmo)
0 <0 ¢°0 S$°0 S°0 S°0 (m) yadag
w9S1CEEL  WSYITEEL  LBCIL0YL  WBTiLOoYL  LINBToWL  HS.0Z.9L 3834 apn3fBuoqg
w00:0€0SY  w6Si6ToSY  WEVILToSY  ¥0.8ToSY  WHGi6T0SY  LEE,TELSY UYIION IpNIFILT :UOFIE00]
|74 0Ll 691 891 L91 997 daquny uog3jels

.Auaav a\uﬁ 88 JI23BN U} GOFIBIIUIITLO)
.uoahacﬂq BGOqIed0 ey 3TFIBTOA maau I3G0IDY I2ATY PUIINFY °I§ 3y FHEVL



*parjriuenb Jou 3Inq jussaid spunodwo) ,
, _*junome 3JIJIL1], = IL

€°¢ arL JUBYIS0IOTYOBIIIL-2°Z°1°1

. AL . , a5 : . uiojowoly
A | : PPTWOIQTP 3uITAYIY
1°9 m el €1 rAd A 91 - JUITAYIF0I0TYorIII],

a5 S aL -3UBYISWOIOTYI0WOIqT(Q
: JUBYIB0IOTYITIL-Z 11

o aUBYI3WOIOTYI FAJ0WO0IY

A B A : gy _ 3UBYJIIWOI0 TYIFPOWO Ag:
‘ : . _ JueyjawowoIqyq
a5 8t 9°9:- vy 16 - 3UdTAYI30I0TYITIY,
_ g _ suedoadoaoTyYd1q-Z*1
A4 %S v°e L’z . §°¢ 9°7 2pTI0TYIBIIZ] UOQIED
(A 3 ot N | 1 4 £ . 8°8 6¢ . BUBYIBOIOTYI FIL-TT°T
, R I : JUBYI0IOTYIFQ-2Z¢ T
000¢ 91 0°L 9°6 91 (44 _ Wwi03oI0TY)H
aUBYI3WOI0 TYIowo ag
 JUBYIIOIOTYIFQ-T°* |
_ S , U3 TAYI20I0TYIFQ-Z° |
ozt 06 S * 1 061 - 0L 002 3UBYIAWOIOTYITQ
1L 1L ) 2L - OPRITMEFP uoqas)
il _ _ : o 3UBTAYIB0IOTYITA-T*]

91 o€ ay 1£4 : 0z 61 aUBYI2WOIONTFOIO TYIT AL,
, - . 3UBYIBWOIONT JFPOIOTYI I

sameN punodmo)

0 $°0 g0 c°0 §0 €0 (@) yadag

wlTiTlofl  WwOYiTELEL  WSTTELEL  .BSiTELEL ..o.....,.~nonn «90.€€.€L I8 0‘5.«”:5

WS TEoSY WOV iTEeSY  W¥E0€SY  WZT40€oSY  WTT.0€eSY  WTO0.0E.S%Y  YIION IPNIFIBT  :UOFIVD0O]

& - > . )
8L1 LU cLl 2Ll £Ll r7A daquny uogjels

..Au.__.—.v 7/3c se uoues ay ﬁcﬂuluugtu
*8384TBUY UOQIBIOTEH ITFIVTOA SRET 3390320 JIATY WVUIIA] °3I§ ¢ FTVL

v . ) “ '
S T . . o



.vo«u«u=a=v J0u Inq juasaad wv::oaaoo ¥
°junowe 2JBIL = 3J

UGQ-—HOOHO.H-—OQHHOH.IN Y A 1 §

al, AL , al o 1l uiojowoayg

_ : C , BPFWOIQFP JUBTAYIZ

S°6 1 Y4 rad 6°8 912 81 - UITAYI0I0TYOBIIFL

ay €€ ay il ¥ A auvydWOIOTYI0WOIq ¥

. auBY3I20I0TYIFIL-Z 11

. 2UBYIWOIOTYD FAJowoag

1% €8 1L 1L 7€ 1 ausyjawol0 TYOFpowoag

ar _ - auey3jawOwozqIq

£°¢ 81 @ L. 6°Y : 9°9 2ua TAY3I2030 TYI¥1],

_ auwdoadoIoTYITA-Z° I

¢°€ Yy 1°€ 9°6 e 9°9 3PFIOTYOBIIS] uO0qaBY

9°¢S 61 1°C - st 6°L Al JuBYI20I0TYIFIL-T° 1

‘ : , ~ SUBYILCIOTYIFA-Z' [

6°L 174 000S - o1 Ll vy wW103010TYD

, ‘3vYI2WOI0 Ydowo ag

auvYI0I0TYIFA-1°* |

al, § 3Ud TAYIB0IOTYI¥Q-2° |

o€l o1t 061 08 a5 06 _ aUBYI3WOIOTYITQ

1L 08 : 1L 15 SPIIINSTP u0qiB)

. ) JUITAYIS0IOTYITA-1°

18 4| Ll 1 91 _ 8l 3UBYISWOIONTJOIOTYIFI]

: . : 2UBY3IB3WOIONT I FPOIOTYIFQ

& 1uey punoduo)

s°0 Ex) $°0 §°0 $*0 *0 (@) yadaq
WISI0€eEL  WOT V€L  WOZi0€eEL  WiT.TE0EL = LBELTELEL ;oo.uﬂ.nw 3sap apnajluog.

WHTAYESY  WSUIECSSY  WOTiEEeSY  WBTAEELSY  WESiZEaSY  WLZiZE.SY  YIION SPOIFIW]  1UOTIBIOT

v81 €81 281 181 081 6L1 . 39quAy uoFIwIg

*(3dd) 7/8z se 3338y U} VOFIBIJUIBOY
*gasieuy aoaueueﬁuﬂ 0~«u¢ﬁo> meau A2G0DQ IATY NWIINDPY °28 uc.nanda_



*PaT13FIuenb jou Inq Juasaid spunodmo)

°*JUNOWE IIBIAL = I

o:n:uwouousouuuvalw.n.a.~

Il wxojowoag

. Se _ _ aprmwoaqyp AUITAY2q.

91 0°s ct €°C o't e°C . 9u3TLy32010TYdwI3I3Y

1] b § 4 ay _ iy aUBYIIWOIO0 TYOowoIq¥q

L ' A 2UBYIB0IOTYITIL-Z° ¢

JUBYJI3WOIOTYI FAJomOIg

£°6 aL 6°L iy Ll - 3UBYJIIWOIO TYIFpowo 1g

a3, - ay aL Jueyjawowoaqyq

kA% aL 9ol ay ar a1 aua [Ay32030TYITIL

001 B : . auedoxdoIoTyd1a-z°1

o1 2°2 €y LY - 9°Z 1°C PPFIOTYORIJI] uoqae)

s°9 6¢C 1% 9°s (A4 a5 BUBYIOIOTYIFIL-T 1

al . . 3UBYII0IOTYITQ-2° |

9s It st 001y c6 T°¢ w30joaotyn

JUBY JOWOI0 TYI0WO Ig

aUBYI20I0TYITA-1° |

R TAYIB0AOTYIFQ-2° |

15 0s1 ozt 062 1L aueyawWoI0TYIIq

11 1%L alL 1L APEIMSTP u0qas)

. alL ax JUITAYIB0IOTYIFA-T°

1 § A 9¢ L1 3§ 81 JUBY3I3WOIONTIOIOTYIFIL

: PUBYIIWOIONT FJFPOIOTYOF(Q

samey punoduwo)y

S°0 50 $°0 S0 - S0 S0  (w) yadag
:om.ouons WST6ZoEL WSO.0€oEL  WIT,0C.EL  JOVBZLEL LIS,8Z.6L 3894 apnafSuoq

wISiBEGSY  WBSILELSY  WYTILELSY  LETISELSY | wIVYESY  WSUIYELSY  UITON PNITIE -3U0TFIBI0]

161 | 061 681 .swa 981 9°14 uoaasz uorlels

*(3dd) 7T/3u s® 1393wy uy ﬂeﬂueuQEQOlouﬂ
*83siyeuy WOQIBIOTEY ITFIVTOA CE61 I3G0IVY IFATY IVUIIAS] °3I§ sy TV



*par313uenb jou 3Inq juasaad spunodwmo) .

*3UNOWE 3OBIL = I

15

v:w:»mouoa:ueuucalu FAL AN §

aL aL EONOE“G

_ , _3PTHOAQTP SUBTAYIY

v! 4t 1’8 - (A2 81 0°y . dUaTAy3a03I0TYORIIIL

1L - dL 3L L aUuBYI3WOIOTYOICWOIQ (]

aL aL aL ay BUBYIA0IOTYIFIL-Z* 1°1

auvYJamoIoTYyoFromoay

6°9 2 4 £C o'y 0°8 ‘UBYI3WOIOTYITpomoly

a5 . aueyjamocuoaqiq

91 1°9 %S €€ °9 a3l 2ua TAY33030TYITIL

(VT4 4 auedoidoiaoTyoIq-~-z°*1

€L rAd s 6°S €7 44 ay 8prioyoeIlal uoqaw)

001 6°9 00ST: (14§ S*9 13 | 3UBYIF0IOTYIFIL-T 1T

auey3I3030TYI¥a-2* 1

1y (1] 12 49 LS Cag . Wwi03JOIOTYD

ausyIowoIo yoowmoag

~ BUBYIFOIOTYITA-T* |

U TAYIF0IOTYIFA-Z*

1], ], a5 ausYyIMWOIOTYIIQ

L a5 Iy BPFINSTP U0Qaw).

aL ay ar AUBTAYIB0IOTYITA-T*1

or- 61 09 ST $°6 S°€ 3UBYJIWOIONTJOIOTYITIL

- 2UBYISWOIONT JFPOIOTYITIQ

. sawey punoduo)

S°0 S°0 S*0 S0 S°0 €0 (») yadag
w00,9Zo€L  WTEIBTEL WYTi6ZoEL  u9SiBTo€L  WwL€49T.EL  WTY.9T.EL 3834 apn3tlduo]

wBEITYeSY  WT0sTYeSY WYTiZWeSY WlSiTY0SY WTTiT9.SY  LEE409,SY  UIION IPNITIBT  3UOFIBIO]

661 L61 961 1 961 €61 J3quny uojleBIS"

°(3dd) 71/3u s® 3938y UF abquﬂuuﬂuauec :
.aouhﬁegd BCQIBJOTUY 3TFIVTOA SP6 T uvaoeuo J3AFY NVTIIABT *I§ ¢ TWVL



.vo«uﬁ:u:v Jou 3nq Juasaad spunodwoy

*JUNOWE 2DBIL = AL

: _ _ ay dUBYI0IOTYORIIBL-Z¢Z [ ]
- A 1% w10jowo1g
BpTUOIqYP Bua(dyiy
- 0LS oy 8y ¢°L. -T1 L't au3 T{y3a0a0yde139]
. : iy ! ausyjawoioTYo0WoIq¥q
SUBYI0IO TYITIL-Z¢ 1|
auBYyj2WOI0TYIFII0WOIY
1L 15 1% 11 3UBYIBWOI0 YOI Fpomo 1g
‘a5 ) ar ausyjdwowo1qq
91 8°s ST %0 0°€ 6°0 aua TAy3aoz0Tystay
4 . : auedoadoaoTydyq-z*|
6°6 [A4 Yy °s or L°c IPFIOTYORIJD] uUOQaIE)
8¢ 9°¢C S°S 91 L1 £°8 SUBYIB0AOTYIFAL-T*T
. 2UBYIA0IOTYIFQ-2* |
0.1 174 91 62 YA £l Wwi03jo107Y)
. u:w._uoacuoﬂuaacuu
UBYIB0IOTYO FQ-1° |
3uaTAy32010 TYIFQ-2°1
il 17, 1L 1], 0zez 011 sueyjamoioTYI¥q
¥ APFI TSP uoqiw)
U TAYIB0I0TYIFQ-1* |
00z 9s 86 10144 SL 6°6 2URYI3WOIONTJOIOTYOF 2],
. JuByIBWOIONTIFPOIOTYIFq
tameN punoduo) _
s°0 S0 S0 S°0 S°0 S0 (m) yadag
w96690,€L  .TT.L0.EL- «S€180.8L  LT0:60.€L  LZOTTEL  .ST,0T.EL 383M apnayBuog
«lSiC069%  W9Y9.20:9Y  LLY%120.9%  .ST, C0,9%  .85,00.9% .96 16S05%  YIION SpnITIVT  :UOTIBIOT
11174 %02 €02 20z 102 00z 3aquny upyels

e

.auuhddac Eu_wuodd.a as

’

*(3dd) 7/3z se zajmy uy g«uﬁuuuuoaeu
IVTOA $B861 33QO3I) IVATY BITVRIAL] °3I§ iy YTAVL



*pa13FIuenb Jou Inq Juasaad. spunodmoy 4
*JUNOWE 20BIL = 3L

- 8°¢ iy 0=w=auouea:unuuwau~.-—u-

. ay . wioyowoag

opTWOIqYp BuaTAyay

R ] 9z 8y ST 9°¢ 9°S du3 [Ay3a3010 TYd8BIIIL

: ax auBY3aWOAOTYI0WOIqF(q

L UBYIB0IOTYOFIL-Z° 1%

ay . auey3jaWOIOTYIFaJ0WOIg

ay ag $°2 aUBYI3WOI0 TYIJpomoay

: suBy3awouoIqyq

000°06€ 0°s T S°9 8°¢ dU3 TAYI3030TYIFIY

‘ A auedoadoaoTydyq-z°1

ay, L3 § A 9°Z 8°L L'e aprioTyoeala] uoqae)
3L Ly L L°s 0°s BWBYIS0IOTYI FIL-T“ 1|
 BUBYIBOIOTYITE-Z° |

3L 08S V4§ 6t €2 44 . WI030I0TY)

. aueyIdWIOTYIOWO AY:
3uUBYIB0IOTYIFA-T ¢ ]

. U3 TAYIB0IOTYIF(q-Z¢ |

: 11 o1r 00C A . 0L1 _ _ ausyjawoI0TYI¥q
3L ‘ . , _ PPIITNSTP U0Qa®)

A _ BUBTAYI20IOTYITQ-T* |
- 8°¢ 91 6¢ ot 12} €Y 9UBYIIWOIONTJOIOTYIT 1],
3UBYIWOIONT JFPOIOTYOIq

sawmey punodumo)

c0 60 $*0 S0 50, c0 () yadag

«8246502L  W99,TS.TL w8S4LSeTL  WS§%49S0CL :mm.ocymh wSC0T.EL  I83H apn3¥suog P
«STiETe9Y u82:L0.9Y :qn.wooce :mcreowoe “89:1L0.9%  .TT.S0,9Y - auuoz,wusuauna, uﬂOﬁuwuod_
1284 €1e e (1] ¢4 807

°gsasdeuy uwoqIvd0Ten TF

07 Jaquny uog3eas

°(3dd) 7/8a se yajey Uy GO IBIAJUDUOY

IVTOA SBGI I3G0ID0 IVATY VWP °I§ iy TTEVL



°parjFiuenb jou Ing juasaad spunodwoy »

sjuNOWE VAL = IJ,

g€°c UBYIP0IOTYIBIIBL-2°Z* 141

_ . uiojowoag

. apIwoIqIp 2uaTiylz

. o1 81 9°Z 91 %°9 0y AU TAYIB0I0TYIRIII]L
. susy3jawoaoTYoowoiqd
‘UBYIBOIOTYIFIL-2° 1° 1

ausYy3IaWOIOTYI FA1JoWOIY
al a5 al IVYJIWOIOTYI Fpomoag

: -JusyIawowoaqiq

aL 6°2 aL aL Sz a3 8ua TAY33030 TYI711

N . : ausdoadozoTyo1a-z°1
aL 9°1 b5 4 FAg ¢ o'l al dpFI0TYORIIA] UOqaB)

L°g S°€ N 1 z°9 19 4 S°¢ BUBYIFOIOTYIFAL-T* 1T

o _ 3UBYI20IOTYOTA-2° |

0s1 9¢ T 8L 1°9 °t © W103010TY)

: Juwy3awo10 TYooWo g
3UBYIA0IOTYOFQ-1°T

o 4 U TAYI0IOTYIFA-2° 1

001 4% - 00T 001 oot ALBYIBWOIOTYI¥q -

aL 1%L il 1L 1L PFITNSTP uoqae)

: 2 aL b4 4 JWITLYIF0IOTYOIA-1* |

6°L 9°8 9°¢ 8¢ 1§ L’s UBYIWOIONTJOIOTYIT ],
2UBYIAWOIONT JTPOIOTYOI YA

ssweN punoduo)

- §°0 $°0 $°0 §°0 $°0 $°0 (w) yadag

IYTECCL  WCTUTETL  WNO.EEoTL  uw60:6€0TL W€0:6%TL  LYE6%,ZL I93M 3pnITBuo]

w1G40%09%  W27,0209%  WE6To9Y  LOT.STo9%  L0TiSTo9% WTTaSTo9%  UIION IPNIFIET  UOEIBDOT]
0ce 61¢ - 81¢ L1T 912 9 ¥4 daquny uoylels

e
0

’Q

, *(3dd) 71/8u se 1338y UF anqu¢uuﬂ0u=eo , .
*8284T8UY UOQIBIOTEY ITFIVTOA $B6T I9GOIV) IFATY PVTVIIT °3I§ 3y FWVL



: ..vmuuﬁucazv j0u 3Inq Juasaad mv::oaaou "
°3unowe WVBIYL = I

S°T BUBYI0IOTYORIIIL-Z 2 1]
. - wiojowoag
: . apywoaqyIp 2uatiyly
9°C 8¢ Ly A4 Al 2 . 6°C _ aua [{y3aoaoTyovilay
: . B . - JUBY3IBWOIOTYI0WOIQTQ
.. 9uBYIBOAOTYIFIL-Z 11
: : auUBYI3WOIOTYI FA1jomoag
L1 iy L ay . 2UBYIBIWOIO TYIFpowoIy-
. . . _ o 3UBYIBWOWOAQT(
1§} 8°L Sy L5 8°s - °ua [Ay3a3010 TYdF1],-
‘ S auedoadoioTyoyq-z*|
aL £ern B & A 9°Q0. 0°9 ax ®PTI0TYORIIS] UOQqIB)
2L | N4 9°1 r4 6°1 iy - SUBYIBOIOTYIFAT~TC ¢
. v Lo : ] 2uUBYIBOIOTYIFA-2* |
ay 0sy 0€z 002 A 082 wI0joaoTY)
auByIdWOIOTYI0WOIG
JUBYIIOIOTYITA-I* |
: | 3Ua [A432020 TYIFQ-2° T.
ar -06 3. <S 00S SR © SUBYIBWOIOTYIIQ
i . 11 SPFIMSTP uoqaw)
“ . . : . 3UaTAY3IB0IOTYITA-1° |
48 ¢°6 9°8 €°9 - 0°8 or dUBYI2WOION[JOIOTYIFI),
. . SUBYIAMWOIONTITPOIOTYITQ
- ssmey punoduo)
5°0 §°0. $°0 5°0 S0 0 - - (w) yadag
»9049%6TL  WZE46ToCL  WSTWOEoZL  WISi0€oTL  LIYi0EoZL .81.2€.ZL 389M apn3FBuoq
WwBYCT09Y  WITeTT09Y  WHTuTTo9Y  WTETZo9Y W6T4TZ09%  L2Z.1Z.9% YIION 2pNIFIVT  UOTIBI0T
9z¢ £144 L [A 4 €zt zee | ¥44 o ‘Jaquny uoylels

.?&3 T/20 se uuu.ﬁ L3 2 ﬂaunuuugov

.noahﬁwﬂe WOGIBIOTBY oqwue._ﬁas 861 uo.—euue 33ATY uoﬁou!-d *38 iy m.ﬂd.—.



- °pa¥3Fiuendb jou Inq juasaad spunodumoy ,

‘JUNOWE IDBIAL, = IJ,

(4]

1 X4

£°9
8t

0001

8°0

. ar

61

00t

9°9

s0

a5
S°1

0°¢

082

13

6°0

8°¢
Sy

66

0

c°s

al
6°1

9¢

9°Y

¢y

i,
A

11

0°¢

o:e:uuouousueuuoaln 2°1°1
wio0jouwo ig

SpTWOIqTP 3uTAYIY

‘3Ud TAYI2020 TYOBIID],
BUBYIWOI0 TYI0WOIq T
UBYIB0IOTYOITAL-Z* 11
ausyjawmoaoTyd Fajomoag
aUBYIDWO IO YOI Fpownag

" aueyjawowoiqiq
a3 TLYIB020TYOTIAL,
auedoadoloTydoIq-z*|
"apFI0TYORIFAY :oauqu
JUBYIBOIOTYITIL-T T
u:c:uoouoﬁaoﬁnl~ 1

_ WI0JOIOTYH
o:u:uasauoﬁsuoaoun
2UBYIS0IOTYITA-T ]

U TAYIB0I0TYITA-Z° |
BWBYIBSWOIOTYI ¥q
SPFIMSIP uoqae)
BUITLYIFOIOTYITA-T T
‘3UBYIBWOIONTIOIOTYIFI],
UBYI2WOIONT JFPOIOTYIFQ

{amey punodmo)

S*0

s°0

s°0

S0

S°0

s°0

© (m) yadag

WBETSoTL

«9%:8S.1L

«0S.:T1,2L

«STi9To2L

«16:91,2¢

w04 1T2L

«9TT9.9Y

wCE:9€.9Y

«1S4T€.9Y

2T 1E.9%

9959209

«90:92,9Y

3838 apn3FBuog

yaaoy ouauwuca 3U0FIVI0]

1€C

- 0eT

6C¢C

82t

viee

Lee

Jaquny uoxIvIS

Ry

°(3dd) 7/20 se 12384 U} WOFIVIIWIJVOY -
°sasiuuy ﬂeaueuoﬁaﬂ STFIVYOA SB6T 139020 IIATY uosmunud °3§ 39 TTVL

“ -



.vwﬁﬁ:gv Jou Inq Juasaad spunodwo)

‘junowe IVBIL = 1],

NGQSHOOHOHJUEHUNB!N rAd ~ 1

. wio0jouwo ayg
o _ . . Spywoaqyp I3UITAYz
99 008¢ 6°€ L°c °¢ sua TAy3soio0Tyoe1313]
3L L , : : 2UBYIWOIOTYI0mOIq Iq
AUBYIB0AOTYIFIL-Z 11
ausyjawoloTyojajomoag
6Z: a5 auevYyJa3WO A0 TYOFpouo Ig
: suvyjauocwoiqiq
1 8°1 15 b ad B & 4 SUITAYII0IOTYITIL
: ausdoadoioTyd¥Qq-zZ* |
9* o YAl 4 aL 3L aL DPFIOTYORIIA] UOQIEB)H
Le. e ax e 6°1 BUBYI0IOTYIFAL-T*T*1
: 2UBYIB0IOTYITA-Z° T
0LL 114 1L 174 0°S WI0JOIOTY) -
aUBYIdWOIOTYIOMO Y
3uUBY3IB0IOTYIFA-T* |
: _ 2ud TAY3I2020TYO¥Q-2° |
0L6 . 061 oor - oze ax ALYIBWOIOTYITq
-3L OPFINETP uoqae)
8L . _ : 2UaTAYI020TYIFQA-1°]
98 0*Y 9°¢ 91 v 3UBYIIWOIONTJOIO TYIFIL |
UBYIMWMOIAONT JFPOIOTYO A
s amey: punodwo)
¢°0 S0 - §°0 S0 ¢°0 S0 (m) yadag
WSCTIoTL  WIEWTTOTL  WSTi60oTL W09 9ToTL  WHEOZoTL  8YYYeNL say apn3jauog
w€Ci6%09Y  WS§Si6%09%  WlSi6%9%  WTEYN.9Y L9INYY9Y  LH0,0%.9%  YIION SPMITIV] . 3UOTIBIO .
- 8€T 9¢Z 1174 9ee %54 e daquny uoglels

*gasl ey uoqIRIOTeR ITFITTOA g6 uo.—euoo ZIATY VTIIAET °I§

.Au.-._v 7/8a 8B 1238 TY TOFIBIIVADUO)

2y TWVL



oy

*PaTJrIUEND:

Jou 3Inq 3ju2saad spunodmo) r
*JUNOWE dJBVIAL = I

ay 2UBYIF0IOTYOBIIDL-ZZ“1¢ —
. wioyowoly
: - : 3pTWoIqIP AUITAYIy

- 6°6 . 6°C rA § 9°C vy vy JuaTdy3zoroyorIIBY
6°y . ‘ auBYIWOIO TYI0WOIqF(q
BUBYIBOIOTYIFAL~Z 1° |
‘JUBYI2WOI0TYI Fa130WOaY
61 (1Y4 il JUBYISWOIO TYOFpounig
. aury3awWowoIqFq
ay ar ay ay ay VI TAYIBOIOTYITIL
. ‘ suedoadoaoTyd31q-z°*t
9°¢ 6°0 9°Z - 9°¢ §°T 9PTIOTYORIIDY u0qIEw)
L L 4 0°L L°6 Lt Lt UBYIF0I0TYITIL-1°1° T

, AUBYI0AOTYITA~-Z° 1 -
119 1% 6°9 0oLy 1°L 9 - WI0JOIOTY)
auey3amo1o [yoomwoag
AVBYII0AOTYITA-T° 1T
a1 dUd TAY3I2020TYIFQ-2° 1
08l 0ve ¥ oLt 0Ll 006 suvyjauwoIoTYIIq
a5 - : L BPFIMSTP uoqae)
aL . audTAY32010TYITA-1*1
(AN A 6°8 [4 S0 c°0 0°S UBYI2WOIONTJOIOTYITI]

_ - JUBYIBWOIONT I FPOIOTYIFQ -
. :omey punoduo)
S0 - S°0 s°0 S°0 Ss°0 ¢°0 _ (m) yadag

wWBY6To€L  WSEsSTo€L  WHETToCL  W6S TToll  WLTETLTL  L9S.ET.1L 3834 2pnajBuoq

w0i89oSY  uB0.TSoSY  WTIilSoSY  uB0:6%09%  W6Til%09Y  L6Y15%09Y :wucz apnafIe] uoyledo]
9ve Sz 92 e 192 o9z 3equny uoFIw3s

b

Yera

~*(add) 77/83c ee I338H WY VOFIVAILIDUGY .. ]
cgasl Uy UOGABJ0TeH ITFITTOA SB61 324030 IFATY IVUIZMST] °I§ Iy FMVL

.KL.‘



*paT3JFiuemnb j0u Inq quesaad gpunoduoy

‘ejunowWe 3DB1] = IJ

ucwsuvouou._unuuoalu Al B |

wiojowoag
‘IPFWOIqTP SudTLYIZ
0°Y 6°L 1 8°1 3ua [4y33030TYoR 13,
: . SUBYJIBWOIOTYO0WO0IqT(q
BUBYIB0IOTYIFIL-Z‘ 11
aueyI2MOI0oTYI FI30moayg
b 44 auByjawoI0 YO Fpomoag
_ auesy3jawonoiqIq
al aua TAy3a030 YO TIY
auedoxdoaoTyd1q-2* Y
L ag, 8%0. ‘IPFIOTYOBIDY UOQIRB)
8°9 1€ °t Sy WBYI0IOTYPFIL-T1° T
. | 2UBYIFOIOTYOTA-Z*
8¢ 0°8 sc 8y . . W1030a0TYH
. _ ausyjawoioTydowoig
auBYI0I0TYIFQ-1* |
aud TAY32030 YOI FA-Z°* T
001 08y 00€1 o ¢ 3uByIAWOIOTYITQ
1L 5 . 9PFIMSTP u0qIV)
, iy U3 TAYI3030TYIFA-1* |
9°6 19 78 44 - 3UBYJ2WOIONTJOIOTYITIL
. , , sueyjamozony uqvoucd_o.a
‘‘suey punodwmo)
S0 . €°0 60 S0 (@) yadaq
. wCWlSoEl  W0€16So€L  WTTW00.9L LSTi6S.EL  I83M apnajBuoT
wW90:6CoSY  WBlelloSY  WTTi%ToSY  WSEISTLSY  UYIION PNIFIVY  :UOFIVV0]
0ST - 6% 8ye e I d9quny UorIBI§

*(2dd) 77/3u s .-38— uy ﬂonunuuaooaou _
.ounh.-cac UcqIBIOYEH ITFISTOA SBGI uo.—euue I9ATE WVVIIABTY °I§ 3y TWYL

.



o, .

TABLE 5:

-Suspected Contamimant Inputs to the S#int Lawrence River

Volatile Compouiﬁs

C,C1,

Metals e

“Area Major V(Hinbrrm Suspected Contaminant Types
Maitland CFCl3 CoH3Cly + Synthetic £ibres
. CZHC'].a GszBrz ° Petrdleum additives
Unidentified - * Metals
Cormwall= - CFCIé C,C1, e Pulp wastes
Massena CHC13 - e Synthetic fibres
" C2HCl3- e Primary metal production
cCl, e Metal fabrication :
e Municipal wastes
Lac Saint- CCl, CHCl, ¢ Chemical production
Louis C,HC1, o Primary metal production
- CaHC13 s Metal fabrication
¢ Pulp wastes .
Lac Des Deux CCl, C,HC1, e Pulp
- Montagnes CHC13 CoH2Br; ¢ Chemical ,
Unidentified . C,H,Cl, e Petroleum products
: : .+ Municipal
Montréal  CHClg | C,HyCl;  Municipal wastes
(East) C,HC1, e Metal production
’ ' : e Metal fabrication
* .Petroleum products
Sorel CFCl4 cc1, - oo isbsynthetic fibres/plastics
- © CpHCl3. ' * Municipal wastes
. C,HzCly o Primary metal production
CHC1; - ° Metal fabrication
Yamaska- ~ CHClz CHC1,4  Primaty metal production
St. Francois C,HCl, ‘CCL,, e Metal fabrication -
¢ Chemical production
¢ Pulp wastes
Trois CHCl; . CZHC13 e Muncipal
Riviéres ¢ Pulp wastes
* Metal fabrication
Portreuf CHC1, C,HCl4 > Municipal wastes
CoH3Cl3  ° Pulp wastes ‘
e Metals (primary; fabrication)
Québec CHC1, C,H3Cl;  ° Municipal wastes
’ * Pulp wastes




TABLE 6: Organochloriue Compounds Detected in St.
Suspe rded Solids, Hay 1985.

Lawrence River
Coneeutration ug/g (ppm) dry

‘weighte
| station® 1 2 3 4 5 6
Pentachlorobenzene ' 0,007 0,005 0,012 0,014 0.013 0.018
Hexachlorobenzene 0.005 0,003 0.006 0.009 0.008 0.018
p,p-DDT 0,003 0,032 ND.  0.12 0,091 0.099
p,p~DDD " ND 0.034 ND 0.012 0.063 0,097
alpha-Chlordane ND ND 0,065 0.013 0.037 0.1l4
gamma—-Chlordane ND ND 0.057 0.009 0.037 0.056:
alpha=~BHC ' ND ND 0.071 0,004 0.018 0.056
. beta-BHC. 0.45 ND 0.47 ND 0.25 0.55
gamma-BHC 0.014 ND 0.10 ND - ND ND
Mirex 0.006 0.008 0.007 0,006 0.004 0,008
hPolychlorinated biphenyls 0.58 0,48 0,21 0.60 0.43 0.69
Station(a) 7 8 9 10 11 12
Pentachlorobenzene 0.014 0,006 0,007 0,008 0.011 0,008
Hexachlotrobe nze ne 0,018 0.003 0.003 0,004 0.003 0.003
p;p-DDT" ‘ 0,12 -~ ND ND 0.014 ND ND
p,p~DDD ‘ 0.11 ND ND ND . ND ND
alpha~Chlordane 0.052 ND ND ND ND ND
gamma—-Chlordane 0.078 ND 0,006 ND ND 0,008
alpha-BHC ND ND 0.030 ND 0.040 0,030
beta=BHC 0.030 ND - 0.018 ND  0.063 0.037
gamiha-BHC ND ND 0.011  ND ND 0,013
Mirex 0.003 ND - ND - ND ND - ND
Polychlorinated biphenyls 0.16 0.10 0.13 0.19 0.10 0 11
Station(®) 13 1% 15 16 17 18
Pentachlorobenzene 0.009 0.015 0,008 0.010 0.009 0.009
Hexachlorobenzene . 0,003 0.003 0,003 0,003 0,003 0.003
p,p-DDT ' ND ND ND ND ND ND
p,p-DDD- ND ND ND ND ND ND
alpha-Chlordane "ND 'ND ND - ND ND ND
gamma-Chlordane 0.014 0,020 0.008 0.028 0.017 ‘ND
alpha-BHC 0.051 0.023  ND ND - 0.039 0.037
. beta=~BHC . ND 0.13 ND ND 0,066 0.035
.gamma—-BHC ND ND ND 'ND ND ND
Mirex , ND = ND ND ND ND ND
Polychlorinated biphenyls - o.l1 0,21 0.08 0.11 0,10 0.08

(a) See Table 1 for suspended solid concentrations and

locations.
ND = Not detected.

Appe ndix for
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Suspended Solids, May 1985.

T

TABLE 6: Organochlorlne Cospounls Detected in St. Lawneme River
Concent ration ug/g (ppm) dry

weight.
- Station ®) 19 20 21 22 23 24
Pe ntachlorobe nzene 0.014 0.008 0,008 0.014 0,012 0,012
Hexachlorobe nze ne 0.005. 0.003 0.002 0.003 0.003 0.010 -
p,p-DDT ND ND ND ND ND ND
p,p-DDD 0.085 ND ND ND ND  ND-
alpha-Chlordane ND ND ND ND ND ND
ganma-Chlordane ND 0.023 0.024 ND 0,002 ND
alpha~BHC 0.097 0,050 0.048 0.021 0,011 ND
beta=BHC - 0.34 0.12 0.077 0.024 0.032 ND
‘gamma=BHC 0.088 ND 0.031 0.007 0.009 ND
Mi rex ND .ND ND ND ND ND
Polychlorinated biphenyls 0.13 0.10 0.14 0.12 0.12 0.29

scauon(a)_ 25 26
Pe ntachlorobenze e " 0.025 0.016 .
Hexachlorobe nzene 0.012 0,012
p,p=DDT ND 0.036
p,p~DDD , ND 0.006
alpha-Chlo rdarne ND ND
gamma=Chlordane ND 0.004
alpha-BHC 0.033 0.023
beta-BHC 0.094 0,014
gamma=BHC 0.034 0.003
Mirex ND ND
Polychlorimted biphenyls 0.20 1.3

(a) See Table 1 for suspe nded solid concentrations and Appendix for

locations.
ND = Not detected.



TABLE 7: Organnchlorite Compounds betécted in St. Lawvrence River
Suspended Solids, October 1985. Con‘centration ug/g (ppm)

: dry weight.
Station(a) 30 41 53 85 243 94
4‘Pentachloroben2ene 0.010 0,050 0,003 0,014 ND 0,015
Hexachlorobenzene 0.014 0.047 0,010 0.006 0,018 0.010
p,p-DDE - 0.,008 0,008 0,022 0,003 0.014 ND
p,p-DDT : : 0.013 ND 0.028" ND- 0.030 ND
p,p=DDD" = 0.002 0.014 ND 0.002 0,006 0,002
alpha-BHC ‘ . ND 0.022 ND ND ND ND
beta-BHC ' A © 0,001 0.012 ND 0,003 0,007 ND
gamma—-BHC - ND 0,010 ND 0.0004 0.001 ND
Mirex - 0.010 0.011 0.019 0.0013 0.010 0.004

Polychlor:lnated biphenyls  0.99 2.0 0.38  '0.37 0,30 0.17

Station®) C104 112 123 124
Pentachlorobenzene - - 0,016 0,006 0.0005 0.001
Hexachlorobenzene - 0.018 0,007 0.002 " 0.002
p,p=DDT ‘ ~ ND ND 0.002 0.005

- p,p-DDD - 0.002° ND 0.002 ND
alpha~-BHC ~ ND 0.012 0.0005 ND
beta-BHC o L ND 0.024 0.002 0,003
gamma—BHC ND 0.017 0.0008 ND
Mirex 0.001 0.0046 0,001 0,002

Polychlorinated biphernyls 0.14° 0.40 0,088 0.23 °

(a)

Station . 32 56 . 82 . 79 . 62
Pe ntachlorobe nze ne o -k * . & *

- Hexachlorobe nze ne 0.005 0.004 0,002 0.004 0.005
p,p-DDE ) ‘ ND ND 0,018 0.012 0.062
p,p-DDT - 0,025 ND 0.094 0.029 0.005
P,p-DDD 0.081 ND ND 0.030 0,007
alpha-BHC . ' * * * ND 0.014
beta=BHC . . , *. * % ND ND
gamma-BHC . v -k * * ND ND
Mirex 0.008 0,006 0,008 -0.006 ND
Polychlot‘in.ated biphenyls 4.0 .9 0-.77 0.49 3.0

"(a) See Table 2 for suspended solid concentrations and Appendix for
locations.

ND = Not detected.

* = Not quantitative.
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APPENDIX

TRACE ORGANIC G)NTR‘[INART SAMPLING LOCATIONS

IN THE ST. LAWRENCE RIVER, 1985
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