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‘EXECUTIVE SUMMARY 

Theprincipal ‘rnechanisrnl forlpollutant transport the St. LawrenceRiver is Water and 

suspended particulate matter. I ' 

~ 

. 

l 

‘
' 

Average rates -of Water flow andvsuspendedj-particulate matter concentration" _
: 

have remained relatively constant over the long term. Therefore, observed .

_ 

decreases in water and suspended'partici'11ate matter contarninant concentrations 

are a direct response to reduced inputs. ._ 

_ 
. . 

'

_ 

Bottom sediments are temporary sinks -and sources as the _physica1- conditions‘ in the 

river do not accommodate their long term storage. 
’ 

i 
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Rates of hydrophobic» contaminant discharge are positively correlated with the 

discharged amounts of particulate organic carbon (POC) and dissolvedorganic _ 

carbon(DOC)-. t t at <
i 

The reduction in contaminant loadings is most pronounced for Lake ‘Ontario. 

Contaminant behaviour andpartitioning» are similarto those in the Great Lakes V 

cormecting? channels. The amount of contaminant sorbed to suspended particulates is 

positively correlated to POC concentrations. The linearity of the oorrelations is 
weakened through river dynamics, compound grouping and a c'ritical_level of SPM 
(POC) necessary to affect adsorption, 
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V 

_ 
~

. 

Contaminant‘ loadings carried by the St. _L_aW1'¢I1ce River enter the -foodchain of the ‘St. 

Lawrence estuary with the elevated bioaccurnulation factors mostly. due to the. high 

lipid levels in the inarine biota, 7 
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' ST. LAWRENCE RIVER ORGANIC 
’ 

CONTAM1NAN'I’S,lS‘TUDY PART iv, 1989-90 and 'S'UMMARY,.» _

A 

- M.E. Comba', V.S. Pal_abrica', S.M. Backus’ and K,L_.E.~ Kaiser! 

ABSTRACT. " “ 
. 

V

. 

Prior to I985,‘ sources, fate and transport of 
organic contaminants in the St.- Lawrence River were 
virtually unltnown. The impact of Lake Ontario on the St. 
Lawrence corridor wasthought to be minimal, since most 
chemicals were expected to settle to the lakels bottom on 
the .pr"emise they would become .perr_n_onent deposits. 
Preliminary investigations, -and in- r particular the 
observation of M irex (which was only known to occur in 
Lake Ontario) in 1985* St. Lawrence-R_iver suspended 
particulate matter led to the Nearshore Qjfshore 
Interactions Project (NOI) undertaking an extensive 
five-year study of - organic c_ontaminant- processes and 
interactions in the St. Lawr'enc_e,River/Estuary system. The 
objectives of this study were to determine loadings, 
resident times; rates of tmnsport, bioaccurnulation and 
behaviour _within- the rivercmd estuary for somei of the 
more widely used oiganochlorine compounds; In studying 
these processes it was important to examined. certain 
aspects of the riverir physical and seasonal variationslthot 
might .contrib_ute to contaminant behaviour, but more 
importantly 'cou_l_d " have substantial effects" on the 
measurement of contam inants. This final report compiles‘ 
experimental analytical data on workunderitaken by 
N01 in the -s:.L&mn¢¢ River, Canada,including data for 
samples collected (lilting I989,-1990, with comments on 
processes goveming transport behaviour of the 
measured containinants. The flux and concentration levels 
are compared with ‘previous years -and presented ‘along 
with individual tabulations ofcontarninant concentrations. 
Material in this report should eventually "appear in- 

published form, and prior rightlto publication i-3 reserved. 
Enquiries concerning the contents of this r'epo_rt_ should be 
addressed to K Kaiser, 

_ 

Project Chief; NOI. 

INTRODUCTION s 

o 

‘ 
i 

_ 

' 

'- " 

' 

" The Laurentian Great Lakes are the ‘worldlsllaigest 
freshwater resource and consist of five major lakes joined 
together by inter-connectirig channels; Water "from the 
Great" Lakes drai_ns,from Lake Ontario through the St, 
Lawrence River and dischargesinto’ the Gulf of St. 
Lawrence to the Atlantic Ocean, The Great Lakes-St‘. 
Lawrence drainage basin covers roughly 400,0_00_square 
miles (l,O0_0,0Q0_ kin’) a population of over ~50 
million, inhabitants residing in two "provinces

/

/

A 

._.1; 

and eight" American states. Due to an e'Xtensive"indu'st'1i'al, 
agriculturaland municipal base within the drainage basin, 
water qualityand local habitat are often directly impactedwith 
many detrimental effiects, related to the release of man-made 
chemicals. 

' 

Y 

A 

'

~ 
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The St. Lawrence River alone spans 500 ‘km between 
Kingston, .0nifl1’i0 fltld Quebec City, Quebec. Lake Ontario is 
the single dominant hydrodynamic force, discharging over 
60% of the riverls. "annual flow; Annual rates of water and 
suspended particulate" matter discharge have remained 
relatively constant since the river flow has been regulated by 
Adams as far downstream as Montreal, since l958. -From there 
on, theongwa Riveris the major tributary influence and can 
constitute up to 50%»of the unregulated i_nputs_. Onaverage the 
Ottawa River contributes 15-20 % of the total Ste. Lawrence 
River discharge, ejxceptduring spring when run-off values may 
approach 30 %. The volume of tl_ie~S_t. Lawrence River is 
estimated. to be approximately 8-IO km’ of ~-which -the three 
riverine'lakes (St. Francois, St. Louis and St. Pierre) make up 
2-3'kni3. This river volume is roughly a fortieth of ' the annual 
st. I._.awre'nce7 River discharge (4o‘s~1<m’) and ignoring mixing, 
requires only 49 days for replenishment, It is for this reason, 
together with the shallow depths; th'at most waterborne 
contaminants do not undergo any long term retention, and 
‘ultimately are exported to the St.lLawrenc_e estuary. 

V The estuary begins at Quebec City and covers _a further 
distance of 500 km into ‘the Gulf of St. Lawrence and the 
Atlantic Ocean. The estuary is divided into three geochemical 
zones (upper, -‘middle lower) determined throughratios of 

' 

_.fresh alid salinewajter. The water of the upper and"-middle 
estuaries is brackish because of the advection of the 
"salt wedge" during each, ebb and flood, cycle of the semi, 

tide. The upper and middle estuaries are distinguished 
"each other by their significant difference in suspended 

particulate matter con_cen_tration. Elevated concentrations of 
l‘00-l200.mig/1.(max'ir'num turbidity me) are prominent the 
upper estuary which rapidly decrease to about l0 “mg/l in the 
middle estuary, ai1_d.decline to,1ess<t_h'an 1 mg/1 in the deep 
saline waters (300 m) of the lower estuary in the Lau_re_ntia_n 
T-'l"°u$h:i 

I 

. 

I 
'

T 

o 
4 

transit downriver, a containinant‘s behaviour can 
be significantly influenced by numerous physical ,proce_sses 
and the presence‘ of any organic surfaces or phases in the 
transporting comparunents. For hydrophobic epollutants; the 
exchange rate" betweenrecipient environmental compartme_nts 

...\



is more often affected by the different amounts of 
dissolved and particulate carbon present. Consequently, 
processes such as sedimentation, consumption, depuration, 
metabolism, resuspension and evaporation spatial 
and temporal variations to contaminant concentrations. In 
enormous rivers like the St; Lawrence, thecombination of 
compartmental effects and dilution complicates the 
measurement" and interpretation 

e 
of; ‘contaminant 

concentrations. However, despite the low concentrations, 
the distribution, fate and consequencesof anthropogenic 
contaminants are iimportant'(R;J.' Allan, 1989) and can 
have substantial biological impacts on- fishes and 
mammals downstream of their discharge (Martineau et.al., 
1987 Gagnon et al., 1,989; -Muir et al., 1990; and Comba 
etal., I993). 

_ 

9 

, ; V

- 

Sample Collection-1 '

, 

G_en_eral_ 
L 9 I 

. 
_' 

Sample collection was performed the research 
vessel C.S.S. Lir_rjy'zos_ from.“ June 2,8,t0 July 4/89 fol‘. 

stations 29, 411,“ 44, 252,243 and "257 with stations 112 
and 28 sampled on July 16 and l9, respectively. In 1990 
sample collections tookplace between “June 25 and June 
30. A detailed chronology of information and sampling 
events» can be found“. in the cruise reports (TOD, 1989, 
1990); The sampling procedures, if not specified here, 
were those used earlier collections (Comba, et al., 

1989a, 1989b, and 11990). The sampling locations have 
been previously documented (Combs et .al.;, 1989b) 
except 19s9 stations at .41}A,~ 4113 and 41c (Figure 1) in 
western Lake St. Francois atrespective; ‘geographical 
coordinates of Latitude W, and Longitude N. 45°03'37", 
74°31'54"; 45°03'05"_, , 74°32'00"; and 4s°02'22'T'-, 
74°32'06". 

; 
, 

1 
"

. 

»0rga;'1je contaminant _» concentrations were 
determined onsuspended particulate samples collected by 
centrifugation A as fwelli as for the centrifuged’ water. 
Sampling locations and amounts of suspended particulate 
matter are given in Table 1 the rates of river flow 
"Red to calculate flux s'iven;in Table 2-. 

Values of flux are in metric Contaminant levels 
were also evaluated with respect tothigher values of VpH. 
Concurrent experiments were I performed to evaluate 
dynamics of contaminantadsorption/desorption properties 
related to centrifugal force and the effects of DOC on 
contaminant partitioning. As for previous. sample 
collections, a' second.’ stage centrifuge for capture. of 
suspended particles lost by the first stage centrifugation 
step was employed. Findings from these experiments will 
be reported separately. The measurements reported here 
complementother data reports conducted inconjunction 
with this project, These include organic contaminants in

\ 

. 
-2- 

the water column (Kaiser et al., 1990b‘;-.Lu’in and Kaiser-, 1986; 
Lum et al., l987;'Comba and Kaiser, 1990a, ll 990b; Comba et 
al., 1989a, 1989b, 1990, and 1993), sediments" (Kaiser et al., 
.l_990a) toxicity effects (Kaiser Vet al., 1988), contaminants in 
biota, (Gagnon et al., 1989; Metcalfe and Charlton, l990)_and 
inorganic contaminants in water and particulate (Lum er 51,, 
1989). , 

1 

. 

-

- 

In 1989 suspended particulate matter (SPIVI) in bulk 
water samples was collected from the separation bowls of 
Westfalia centrifuige_s (CA) operated at 9800 with water 
flow rates of 6 l/min. Most samples were takentwith the vessel 
at anchor, however, due to navigation restrictions the 1989 
stations soo (Lake st. Louis) and '28» (Lake Ontario) hadto be 

» into large holding tanks and processed onboard. 
Centrifuged sample sizes rangedibetween 1200 to 112,000 1,i’lI¢S. 
Sampling depths were s metres, except station 60.0, which was 
_sa_rnpled:at_ 2 1n, a depth correspondingto the midpoint of non 
mixed Ottawa river water based on conductivity measurements 
(uncorrected) of 80 p.S (Siemens). _In 1990 a» 5 m sampling 
depth was used-for water collection During‘ both surveys the 
Westfalia oentrifugate was continuously collected in" a 
receiving reservoir and resampled at a flow rate of l l/min. 
The centrifugate- was recentrifuged, with a_ Beclcman _J2-21 
centrifuge at 20,000 rpm equipped with a JC-F-Z continuous 
flow rotor (40,000 g force). Suspended "particulate matter was 
collected‘(CB)_ fromrecentr-_ifuged water volumes between "500- 
l000.l which were- placed in 500’ ml, clean glass jars and 
stored at °4 C until analysis,

_ 

Sediment S'am‘pile's -

. 

w Surficial sediment samples in the riverine Ilalces were 
taken in July l989'with a mini-Shipek sampler. The top 5 cm 
of these samples were used for a'nalyses., The core samples 
were collected between 1985 and l9_90_ a‘ benthos corer"(7 
cm diameter). The samples were extruded and sectioned into“ 
1 cm slices, for analyses. Sample chronology and geographical 
positions are reported in Table 3. - 

‘ ' 

W arere samples I 

' 

_ _ 

-

' 

V 
Two hundred litre Westfalia and Beckman continuous 

flow centrifuged water samples were extracted (APLE) with 
an" aquatic phase. liquid-liquid extractor (McCrea and Fisher, 
1984). The solvent, dichloromethane, was continuously 

from the bottom of the extraction drum to a spray bar, 
which dispersed the solvent into the water sample. The pump 
was turned on giving an effective recirculating rate of 
approximately 12 l/min for’60_minutes and turned off to allow 
the solvent to settle out of thesample water; 40 minutes,later, 
the solvent. was drained back into the original‘, amber solvent 
bottles. A layer of $1.l.fi_1p_1e waterlwas included during the 
draining process to minimize the volatilization of the solvent- 

Contaminant levels reported here were extracted at 
ambient In 1990 the neutral phase was re-extracted for

1



Table l. C0ncen_tra_t_i0n (mg/I) of gusppfidéd pdi1ic'ulate maiter (CA) in St. Lawréhce River water I 989 and I990 

1 8 

'

1 

- 1 

Stqt_iq1_1.*' Year Volume ppm Lafimde_(N) ' Longitude (W) 
8 Processed - 

" 28 ' 

1989 » 1,800 1 :9 
‘ 

44° 07' 16" 
_ _ M 08" 

I 

1989
_ 

12,960 1.3 8 
44" 38' 19" 

' 

’ 

7-5'9 358' 57" 

29 
1 

1 

1990 
1' 

9,720
4 

1.1 

1989 ____>'W "418 1,200 
'

. 1.9 - 

}15;A0ts'1a7" 
8; _74é81's4" 

‘41 b -1989
1 

1,200“ 1.9 ~ 4s"03' 05" 74° 32' 00" -_ 

4 ' 

1989f 41c 1399 ' 12.9 45° 02' 22“ 74° 32' 06"V
_ 

8 

1089389. _ 8 8 
44 1'1-;160 0.91 4_s~111'23" 88 i 

u 

44 1990 8,640 1.3 

‘ 

600 1989
‘ 

13°98 8. _.; 88 
2.4 45" 20' 27" 874° 00' 12'” 

1 252 
8 8 .8193? 10,440 3.2 ' 745° 24' 2_7'_ 73°46'17"" ' 

252 
A 

1990 2,610 
" 

-4.5 

2431 
\ 

1989 99899 8
» 5.7 4-5°-58' 43"’ I 

‘ 
73? ;__ V

j 

W112 1989 . 5,040 V 9.0 8 
72°45'50" 

112 
4 

1990 2981858988 8 .8 » 
13 1 _ 

_ _ Z 

257 _ 

‘ 

1989 4;200 < 

1 

.10 
_ 

46°30'0_‘0"'___‘ 72914'1,2" 

4,680 A 6.9 
"N 

257 1990 ' 

* see figmfe 1 for locations; 

, . 

’ h s R ‘ 

Ju 26 so 19892121211 25 so I990. Tgible 2.» Average flow data (m /s),1'n t e 8t. Lawrence 1iv.erfro_m ne - 
,8 _ 

" u'ne -8 4,
» 

Year 
l 

f * 
’ 

V 

L<>¢a¢1<m and Flow gm’ /S) , 

1 

I

_ 

_: Lake' Saun' "ders Beguhamois des. Riviera des Ste. Va'udn:v;1i1 I1:Sa.11‘ 
-0' Quebec City 

Ontario" Dim Turbine 
V 

con_t1'ol Mille‘ Ilesv Prairies Anne Chan'ne1
_ 

1 

1 8 i _§!i.“*47"§‘_F§°_ 
1' 

' 

' 
1 

' '

- 

_'803'7- -7782" 681,2= 9700'» 160‘ 1009" ,;46_'_5f' H _263(°_1< >_‘86§0f 8 

9985‘ 

1990’ 7924- 8004" » 7700‘ 
’ 

' 

8 1 
' ’ 

3 7240' 9‘ = 10,800“ 
_ 

’ 

800* __>__s0" 1000“ 4 0" 000 

(§)Ime;m_1_fiqna.l sz. Liwrence River Bum ofCo1it1‘6l, Water-Reédumes Branch,’ Guélph, 011191108 - 

' 

~ -

A 

(b) Seaway Aulhmiry. Cemwfll. 
(c) Wa1.er.Re‘s_ourcés8Bran'ch, Longueuil, Q_qebe0_._ 

-31-
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Table 3. Sediment sampling stations for mirex in the St, Lawrence riverine lakes. . 

_y A H y 

'LongitudeWy 
A 

Sampletype Date ~y 

St, Francois 45-All-19 y 74-.19.-27 core " -y ’y_o2-_1,q;s5 

-- - 

” 
45-13-15

. 14.11.13 < core‘ 
W it 

02-10-8'5 

~ 

V 

45->14-06 M 74»-'13-42 "_e<>re -17-07-901 

45-13-45» "

< 73-SS-44 oore
’ 

°3*"1°i§5 _ Y 

St. Louis 
- 9 45-24-43 9 73-49-391 I core 03-10-85 1 

7 1 

M45-21952
. 74-03-02 

1 

core 03-10-85 

45-24-28 - 

. 73-46-18 ‘ 

core 
' 

.20-06-817 

,{ 
o 

, 
"<5‘22=3l2.o,__1 1.. 73-46-17 _, ~ shipek .. -- 01-01429

. 

1-145-822-17 
s

1 73-49-10 ShiP¢k " 

_ ,, - 
01"-07-89 -- 

_45-_21}‘!§.. .., . 

73-49-48 sh.iP°k 01-07-89 - 

1 

'45-20-12s 73.-52-30 v ssmpek 
1 

<>1<0?<89o 

_ y 

"- 
9 45-2<»3_s - 73-52-321 

1' W 
_ 

01-07-s9 
|v 

V 
45-119-43

_ 

73.-53-06 01-07-89 shipek e» 7 

» St. Pierre 46-07-41 -72-'56-56 core * 13-10-85 ’

V 

' 

46-11.-21 e 72-53-47 ~ vcore__ 1
' 

. v—< 
13-10,-85 

' 46-14-02 72-45-46 V core 
A 

23‘-"06-87 V

' 

' 

4(».14_2o - 
1 

' 

72-'46-39 shipek , 16-07-_-891 

46-16-0'9 . 72-43-ll 
1 

shipek *

» 

1 . 
1‘-*97f39 

- 

_’ 
both eentrifugation steps, upon adjustment Aofthe pH to 

I >10 with 50% W/WNAOH (Anacherrjia), which been 
, 

hexane.» ' 

1

_ 

'Suspended particulate 
. 

1

‘ 

- Subsamplesofhomogenized freeze-dried suspended 
were extracted with 3 _x 50 ml 'por_t'ions of 

. dichlommethane an homogenizer. 
~ Each sample washplaced in a 300 ml Erlenmeyerflask, 

to a groxmd glass ‘adapter on the homogenizer 
which positiofned the probe 1 mm above the flask Bottom. 
Each 50ml extractionywas» performed for five minutes. 
The three combined extracts were passed through sodium 

,With'50 ml of Ahe1'<a_ne.- The Sample 
extract was to 8 ml.with a rotary evaporator. 

A_n additional 20; ml of hexane added to the txincenflated 
and reduced to 8 ml again The extraetwas tmnsfermd 

to a» 15 ml-eentrifuge tube-with 2 x2 ml hexane rinses.-'l~‘he 
samples were concentrated to approximatelyt '1 by 
atmospheric, evaporafion prior to oolumn chromatographic 
fiaetionation; 

’ 

4 

' ’ 

j

1 

Water samples \\ 
' 

q y 

‘ ‘Methylene chloride extraets. from the 200 1 water 
samples (APLE) were concentrated to 200 nil with a".12 stage 
Snyder condenser and further concentrated to 50 ml by rotary 
evaporation. The 50 ml extracts were passedthrough 

With 50 ml Of‘ h6X3flB. s3ITipl6S were 
reduced to 18-10 ml in hexane and concentrated to a final 
volume of 1-2 ml inhexane as stated previously for SPM.

. \



/ 

Column cinematography e * ‘ 

' V 

Glass 300 x l cmprewashed with acetone, 
toluene, and hexane were prepared by gravity settling 
through hexane to a heightof 20' cm 8.QtiY8te.<.1 5.3163 
gel. 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 With 2 ml -of hexane 
and the above procedure repeated for each addition. 
Another 46 rnl of hexane was then added to the column 
and the eluent allowed to through the silica 
gel colrunn into a 250ml round bottom positioned beneaflr 
the The flask was rernovedand labelled Fraction 
A. Another 250 an round was Placed beneath 
the silica gel column, and eluted with 50 mlof (1:1) 
methylene chloride and hexane. The chromatographic 
eluent was labelled Fraction 

i

_ 

To ‘each fraction a volume of 0.5 ml toluene was 
added and the fraction concentrated to 2 to 3 mlon a 
rotary The samples were transferred to 
centrifuge tubes with tWO 1 Ifll tolflflilfi The 'sar_npl'eS 
were allowed to evaporate to l ml andquantitatively 
adjusted to 1 ml with toluene; transferred to autosampler 
vials; capped with an aluminmn foil and autosarrrpler 
crimp cap and the liquid level recorded on the 

Mercury treatment of Silica gel A fractions 
I 

_ 

. Sample’ extracts ‘(fraction A) of sedimflllt and 
suspended particulate were treated with mercury to remove 
organic-esulphur. To each flfltosattipler vial 0.5 ml of triple 
distilled mercury was added. The vial, was canned and 
agitated on a_ vortex stirrerfor five minutes. The extracts 
were allowed to overnight and the samples 
transferred to another autOsa1‘i1pler*‘vial, recapped and the 
liquid level recorded ~ 

_ 

.

A 

Silica gel (activated)" 
' 

. 

up 

" 
_ 

‘Two h1mdred' 
' 

amounts of 60/I0’f<..> 

23.0 mesh, ASTM, as -supplied by EM Science; was 
activatedbyl1eating'for24hom'sat350°.C andused 
without further treatment-. -

- 

Freeze-drying 
' 

H _
u 

_Suspended? sediments, in 500 rrll were 
refiigerated at 4 ‘C and allowed to settlefor a period of 
one week. carefully removed by 
suction using a disposable glass pipette attached to a 

to approximately l cm above the suspended 
layer. The were covered with fa Mediwipe 

(McGaw Supply Ontario) 
with an elastic band,»frozen and then freeze-dried. Freeze- 

was performed with a Vitris roosac sublimator 

at a shelf temperature of 2 °C 'a "vacuum of >15"-3vOi Torr 
for 72a100»h. . 

- 

. _. . 

T

_ 

MEASUREMENTS 
Detectiorl limits " 

V 

' i 

I _A description of detection limit terminology and 
avpmvfidte detection values are given in the 

Percent organic matter ' -~ 
_ 

.- 
- 

- 

V 

.

- 

Approxiinately 1 2 of freeze-dried suspended sediment 
collected by centrifugation was weighed with a.Mettler H 20T 

balance into a pre-combusted porcelain crucible. The 
sample was combusted ifla niilfiler 81 550°C dvélrtlight 
or rmtil itfonned a white ash. The sample was allowed to cool 
inside the and re-weighed to determine.the‘arnormt of 
organic based on loss on,i'gnitio’n._ 

Chlorophyll . 

- ~ 

' 

_ V 

s Clrloroplryll determinations were made in accordance 
with the of Bt1rnisoi1,l980.‘A 0,;5+l l volume of 
raw. water was filtered througha pre-combusted 4.25 cm GF/F 
filter mounted on a minifilter head, under gentle‘ water 
aspiration suction of 180 Hg. The residue collected was 
stored at -'20 °-C in a teflon-capped vial into which the loosely 
rolled 'fil_tejr? paper was placed. ,_U_pon analysis the vial was 
brought to room temperature -and 4 ml of -reagent-grade 
dimethylsulfoxide (DMSO) was added and the vial rescaled. It 

warmed-in a heating block (Temp-Block Module H2025‘-5, 
Scientific Products) at 65°C for 10~ minutes. The was 
removed, agitated thoroughly and the contents gm-vity filtered 
through a_ Nucleopore 0.2 um membrane filter. The vial and 
filter were rinsed with 90% aee1:orie,»arf1d, the volumes 
brought to 10 ml with 90% acetone. Absorbance readings were 
taken ina _l-cm path length cuvette with a Bausch and Lomb 
Spscflonic 20 at wavelengths of 7.50 and 664 The extract 
was acidified with 10 ul of concentrated HCl ' and the 
absorbance measurements repeated after 5 minutes at 750 and 

Particulate organic carbon ‘and partiCIlld_te organic nitrogen 
Raw water was gravity filtered through prooombusted, 

pre-weighed GF/C filters mounted on a minifilter head and the 
volume of collected filtrate recorded. The filtered particulate 
was sequentially rinsed with deionized water, _-2-5 of'0.l-N 

H2304, and again with deionized water, arrdgstored at 4 ‘C in 
a petri dish. The filter papers were analyzed by the National 

for Testing (Burlinewn, Ontario) 
using a ’Perkin-Elmer Model 2400 CHN Analyzer and 
NAQUADAT method No. 06901. The procedure uses thermal 
coiilbustion of the sample to form gases that are by 
chromatography and quantitated with a thermal conductivity 
detector. - 

i ‘ 

3
T

a



D1’;-W.l'Ve.d”‘ organic carbon 
_ 

r

’ 

At each river station, one litre of rawlwater was 
collected and through a pre-weighed, pre- 

4.;Z5 0111. glass fibre (GF),.GF/C" (1.2 
p) filter media. using a Milliporefilteling device and a 
vacuum pmnp. The first 100 Of 

and the next 20 ml volume transferred into a 
its pH adjusted betweenz --4 with dilute nitric 

acid..The hypovial was then ¢8PP@d» labelled and 'stored_at 
4°C. Dissolved carbon determined witha 
Beckman Model 9l5B_ total organic carbon analyzer. 

with an. infrared detector for C0,, 
inorgwic by with 3 
of CO2‘-flee nitrogen prior tosyringe injection of 

the liquidsample. The injected sample was combusted at 
a temperature of 950 “C inthe presence _o..fa‘n. 

0rgan0chl0rine_pes_tic_ide_s " 

- 

. 
A

_ 

'_ - Organochlofinelevelswerequanfitatedbyaveraging 
their dual capillary column responses for each silica gel 

Fracficn A' PCB"¢on1pc.ne1nts; 
pe;ntaehlorobenZene,hexachlorobenzene,heptachlor,a1dfin 
and mirex; Fraction B contained, <1, B and 7 BHC, 
heptachlvr eP'<.>Xide.. or 'Y‘<>h..l6_rd.8'11B; <2» and ii 

endosulfan, endrin,’ dieldiin; o,p and 'p,p¢DDE, 'o,p and 

‘?‘?-**"‘-”-5-L-“»_ u 

. . 

-» -.£‘_£>“'*.‘¢*~ .' 
.. ’ 

-I 

I 

. 

' i Q o§\_fl?_? B 

‘ g 
- 

' " ' to" 3 
0° 

'

. 

KINGSTON ‘ ' 

p,p-DDD,' o,p -and p,p DDT. Estimates of contaminant flux 
were .evaluate_d_ by grouping associated compounds and 
summing the’ individual [Z11 
Contaminant included. Z HCB (pentachloro and 

. heXach1orobeniene),'§I'a1drin (aldrin, endi-in,_dieldrin).' '2 BHC 
( ¢!,'|3@‘Y). Z chlordane (heptachlor, heptachlor epoxide, oz, 1) 
and Z DDT (o,p-DDE, p,p-DDE, o,p-DDD, p,p-DI)D_, o,p 
DDT, P;Pi-DDT)-A 

. 

i 
' ' 

Pol,vsaecharides . L 

'
" 

One litre of cenu-i_fiiged_watejr_ was evaporated to 
20 and 50 rnl-."'I‘he. volume was. recorded and 

storedina50m1g'lasshypovialwithan¢al1m1inumcap.and 
teflon seal. Polysaccharide sample. were 

a series of glucose at an 
of485 and a cellrlength of 1 cm. A Bausch and 

Lomb Spectronic 20 spectrophotometerwas used. » -~ 

StatisticalAnalyses ' 

' 

V 

- '1 
r

Q 

_ 

data. presented were obtained using 
SPPS 

, 
for Windows ~“‘;_ Biva1"iate'corre1ations for linear 

relationship were computedas Pearson coefficients (r) with a 
two-tailed level of significance and confidence. interval of 95 

, 
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P0_lychl0rinated bipheiryls ' ; 
Polychlorinated biphenyls (PCB) were-measured as 

individual congeners based on the cohmm 
procedure‘ 

' 

_ 
yestablished at the 'l9“85 PCB’ Workshop in 

Grosse Ile, Michigan (Mullin, 1-985). 
of PCB congeuers carried out using the 
Green Bay (GB) Balance PCB Standard 
(Swjaclghamer, 1988) obtainedpthryough the University of 
Minnesota. GB PCB standard is a'mixture'of.Aroclors 
1232, 1248 and 1262 (ilélllsi #El0'Z, #El08 and #13130) 
_fi'om Quality Assurance Branch, U.S. EPA, 
Ohio, in a ratio of 25:18:18. (Individual congener 
concentrations were calibrated by 1985) 
for this specific PCB 

V 

_

_ 

' A second PCB mm (NOI Standard) 
was prepared using "purchased Aroclor solutions of 200 ugh 
H114’ 1016, 1221, 1242, 1254, and 1262 (Slipeloo 4-8701»;- 
4-8705;-4-8706; A-.8707;.4-4810) atraflos of l:l:l:1:l and 
reconstituted-..in hexane to a of ll pg ml". 
The N01 PCB standard. was calibrated the 

Bay and verified using individual 
laboratory (120).. NRC‘ C_LB-1 chlorinated 
biphenyl marine reference, the Wildlife Service, 
(CWS) pooled herring gull egg‘ standard the four 

'At1nosp'heinfcj .Dep0si1i<>n Network quality 

PCB" values ‘reported here are given as total PCB 
based on-the" of the congener measurements. 

Sample Quantitatian and Quality Assurarrce_ 
_ 

‘_ 

Extracts were analyzed by dual cohmm 
gas chromatography electron capture detectors 
and aHP 5890 gas chromatogrp h. Two high 

capillary columns (1)130 m HP'-5- (Hewlett 
Packard) 

' and '(i_i)_i 
H 
"30 m "DB-l (Chromatographic 

Specialties, Brockville) with 0,25 intemal 
and 0.11 pm ‘phase thiclmess were employed, -1 

were injected (2p.l) into a split/splitlessl 
(250 °AC) avsplitlessi hold of 

_ 

'
' 

0.2 minutes. Initial conditions were 65 
‘C, isothermal for two minutes; 107°C/minute, to 110-.°Q, 
3°C/minute; finaltemperature 280 "C; 5 
hold. The carriergaswas hydrogen. ’ 

' 

I _ 

of organochlorine pesticides was based - 

on dual column 30% 
between mean values. Quantitative assuran" 

‘F 

_ 
;c'e was 

by verification with performance standards, 
compliance with specified fiactionation procedures and 
continuous monitoring with method spil;es.; Quantitative 
values were assigned according to response factors based 
on _performan.ce and retention time 
match forthe compounds of Acceptance windows 
were i 0.05 minutes on both columns. Quantitation 

procedures and standard reliabilitiw were checked regularly 
quality control samples and participatitln CAPCO 

quality assurance studies, Conditions not 
meeting specified or N01 protocol are not reported. 
Quantitated. contaminant levels are assigned reliability 
qualifiers and» archived in the NOI - Project data base“ 
presently under development (EDAMS, 1991)- Y -

_ 

RESULTS. ‘ 

. _; 

Suspended particulate matter (SPM) , 

- Periodic concentration_ measurements made using large 
volume water samples during May 1985, June 1986, July 1987, 
1990 October 1985, 1988 8' low of 0.38.mg/1 
in October 1985‘ to fl of mg/1 in May 1985, witha 
five year meanconcentration of 0.96 (=1: 0.46 Lake 
Ontario and 10.8 i 3.0. mg/1 at Quebec City, The tenfold 
increase in SPM concentration with seaward direction resulted 
in a mean flux of 3900 =1; 900 kt/a of suspended 

matter being exported to the estuary (Figure 2). 

Particulate organic matter (P0150 , 

4 1 The percent of organic matter (% POM) in SPM 
(Figure 3) ranged be_tw'eenv2_7 % to 65_ % at the outflow of 
Lake with 1116 highest concentration obS6l'V¢d July,‘ 

"1987 "and the ‘lowest in October 1935. The % POM fiver 
SPM sharply with easterly direction within a range 
of 8.6-17% at Quebec‘City. 

" 

» 
Y

- 

Particulate‘ organjic carbon (POC) '

, 

, 
POO was the major componentofthetriverbome organic 

particulate organic matter contributing up to 65 Va I00. % of 
POM,and'4.6 % to 83 % of SPM (Figure 4).. 

Concentrations of-‘POC remained relatively throughout 
the river (Table 4), with that 
0.090 and 0.73 mg C/l and had. a mean of 0.40 
=t_:_ 0.14 mg C/1. The increased flux of (Figure 5) with 
distance just about double the amount 

by Lake. Ontario witlja flux 
fordiscbarged P00 of 199 :1: 66 x 10’ r/at The lesser amounts 
of: discharged POC would imply that new in-stream additions 
of SPM significantly lower in organic carbon content and 
are therefore inorganic. Y 

' 

"

. 

... , ..-
' 

Chlorophyll 
_ 

t 

' 
- - Y

1 

Concentmfions of chlo_ro’phyll*(a) (Figure 6) and total 
chlorophyll -[chlorophyll pheo-pigments and -degraded or 
inactive chlorophyll _(a)] (Figure 7) were higher during-the 
summer periods (1987, 1989) and lower in thefall (1985, 
1988).-Elevated levels of chlorophyll (a) were observed in each 
of the riverine lakes for periods of known pr'inrary1production



and 1986). . 
- 

1

' 

The particulate C/N ratio (Figure 8) was using 
the particulate organic. and 
particulate shown in1Table 

Dissolved organic carbon (DOC) - 

_ 

- 

-1 

In the St. Lawrence river the DOC "fraction was 
20:1 of the fifaction, atypical of" natural aquatic 
systems. DOC ranged fnom.3.l to 13 mg/1 
(Fable 5), with a discharge flux of 2L1-ix, 10‘ t/a. 

value was to the l.,8x,l0‘“-t/a by 
Pockhngtf on and 1987, forfbnnonthl‘ 

‘ ‘ 

y samples over a 
fouryearperiod. DOC flu_x- values variedwithin 
st1eamlweno.apparent increasein the amount of 
ooc between the__Lakc input and Quebec City’s 
discharge. The largest in-steam of DOC flux 
were observed" dewnstrearnf of the sewage 
treatinerit smrsn The highest, values were folmdprior to 
1987 prior to the completion of secondary 

processes. DOC flux estimated 
these measureinents of and 
Tan, (1987), who a doubling Of DOC fluxbased 
on published values -for-Lake Ontario DOC (Chan, 1980) 
ss¢mjeirmeasuren1entsa1Queb_ee 
calculated double the DOC fluxvwas as a result o£DOC 
measurements by twc analytical 

(digestion vs digestion 
procedurewasusedtomeasu1eLakeOntario.DOC and 
the combustion at Quebec City. These have now 
been shown to produce different values for the 
samples on 
Obflftént-. Overall, samples analyzed gave 
higher results thanthose by digestion (Koprivnjak et. a1., 
CornbaandKa_iser,unpublisheddata).Itis_notclearyet, 
as to which accurately . 

Paljvsaccluzrides - 

g .5 _' ~- 
i 

1 “(Polysaccharide-concentrations (Table 6) in 1989 
the St. Lawrencekiver ranged fiom 0.02'to l.2_~ 

cement 
rangedfrom0.6 %to-16%.. 1. 

A~ 7 8

' 

- 

,
. 

1 There, were no "remarkable (differences. between 
mean of PCB or therpestici.des 
between’ 1989 and I990 samples (‘Table 7). 
of pesticides infthe’ lowlparts billion 

weight) b_61OW IEVQIS (BDL) 
to 24 n_g/g .in 1989 (Table 8) and BDL-14 ng/g in 1990 

‘Table 6. Polysaccharide concentrations in St. Lawrence River 
ce¢11fi)il8ed1wa¢er.I989: . -1 - 

» 

" '

" 

Station . . mg,/l 

28 ~ 0.28 
' 

3.5 

- 29- (0.56 16' 

1 :14~ 8 0.02 1 

‘ 0.59 1 

i 600. -0.88 
_ 

l 

_ __14,___ 

252 
_ 

o.,2o- 
' 

e 6,5 ' 

-e 243 . 1.2 
' 

» 2.1 

l‘l2, 
A 

0.-56 6.6 

9 251 , 

(Table 9) pesticides. PCB concentrations were ~some’what 
higher, fi-om,65-780 11878 in 1989 8,I_1d‘l5044_00 ng/g in 
1990. Concentrations of organochlorine pesticides ‘in 

centrifuged -water were also similar between 1989 (Table 1'0) 
and 1990 (Table 9). Values in the low parts per trillion ranged 

_BDL-0.;56._1;g]1 and BDL-0,95 ng/1 respectively. The 
ranges in PCB concentration were 035-1.7 _ng/1 

and 03'/-0.57 ~ 
"

I 

The 1989 1990 fldxt estimates for grouped 
organochlorines (X's of BHC,ald1'in, DDT, chlordane, HCB, 
PCB) and mirex inwater and SPM are shown in figures 10 
through 23. As there were no majordifferences incontaminant 

the 1989» 1990 (flux 
values were Asinpast surveys (Cornba et a1., 
1989a, 1989b, 1990),‘ en _ exhibited 

flux The -consistent _observation- of 
intermittent increases of in-stream contamman' t' flux 
interpreted 10’ 1'¢P1‘=$¢m iH1l'0d1l¢1.i0.n from P0i.f1t~ 
seiirees, ccntammated‘. 

’ 

1 

' 

9 
seamen" *1.»0r'both». Thiswas 

concluded through theoccurrence ofmirex and pp-DDT..In the 

om '1 ' 

; andthereforemtemal' 
V“ 

_ fluxes greater than observed‘ 
inputs would be .§ ‘_b'y' 

resflspeflsli I 
’ of previ_ou‘s1y 

deposited materials. On the other hand, the increases in the 
ZDDT included the of pp-DDT. The observation 
ofjDD.Ts active which mpidly degrades to products 
of DDE and DDD, could only be interpreted as cmrentj 
inputs, even thoughrthe-application of this_ compound was 

in the "l9'70's.' The 'acti_v'c usage o'f_ DDT in 
the-_St. Lawrence River watershed, and most notably in the 
Quebec corridor-was reported as recently as 1991 (Pham et al-. 
1993)., 1 1 

‘ 
' 4

, 

0.60 ‘ 
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DISCUSSION". ~ 

Con'taminan.t beiiatiour" . 

' 

_ 

-
» 

. The physical and chemical distributions of ‘ a 
oontatlfiflflflt between its surrounding environment is 
controlled by its behaviour and partitioning between the 
two principal transporting compartments, namely water 
and suspendedrm1tticu.l=ltte m.eIter- The distinction between" 

or onto is arbinarfly 
established through", filtration/centrifugation limitations, 
wh_ich'focus ona nominal particle size of approximately 
0-4 and I-0 um. respectively. Consequently. s eensiderehle 
amount of submicron size particles» (colloidal material)-,. 
often composed of organic (humic) andinorganic(ca1cium 

substances can be oftne dissolyedfracfion. 
Presently there is little knowledge as to which-carbon 
phase (POC or DOC); if any, controls sorption-dissolution 
phenomenon, "although organic and are 
thoughtto ‘play an important role in such processes and 
subsequently in contaminant transport (Platford. et. al., 

1985); Partitioning of hydrophobic contpounds to solids 
been shown to be correlated to -organic 

carbon‘ content (Karickhoff et. al., 1979; 'DiToro‘, 1985) 
and binding energya function of the 
(Knezovich et al.; 1987). Bioavailability, toxicity, and 
rates-of transfer were also reported to-beneinfluenved by the 
organic content of the receiving compartment. In water. 
the ‘dissolved organic matter (DOM); and the colloidal 
sontentwerereportedtornarkedlyinfluence bioavailability 
andlpartitioning (McCarthy and ‘Black, 1988; et al.,- 
I986, Servos and Muir,1989) and enhance the formation 
of mirer; ph<.>i9pf0du;;rs' in Lake Ontario waters 
Mudambi and-I-‘Iasset,l988). Also, the dissolved organic- 
carbon’ (DOC) fraction in the solute Gt-. al, .1984, 
Comba» and Kaiser, 1990) has been linked withmanyother 
observed binding and partitioning effects. 

' 

s 
. _ 

- 

_ The .de_tn'tal . organic particles involved in 
contaminant interactions arefor the carbohydrate 

proteinbproducts from_ in-situ» (autochthonous) and 
(alltochthonous) events. -In the St. Lawrence 

River;,»the sources of organic carbon in the 
summer and fall seasons were dififerent on their 
observed C/N ratios (Figure 8). of '6-8 

the summer months corresponded to organic carbon 
that originates from in-si_tu_ plankton _production; whereas 
ratios in-the fall which approached tor-exceeded 10 Were 
more of terrestrial carbon inputs from vascular 

debris. The additions Jof suspended 
with ce downstream weremainly "7: 

as sbsmtefizea by their inorganic oorltentof 95%.. 
a non-linear-increase flux relative to the 

0f‘SPM»' (Figures 2 and '5). Thislack of linearity 
by the increased flow, and the and of 

particles current ’ve,loc1iti§oSt o'f_0.5-1-.5 m/s W

. 

l . -32 

.. X‘ 

p
\ 
\ . 

' Table 1-1. Organic carbon partitioning coeflicients og Kw) 
_ 

for selected clrlarinated hydrocarbons in the Sr Law _' H 

River. V

- 

- Compound Mean Range 
A

' 

. . 
1<>sK.s,,_... 

0.40 V- .4.sss6.51 
_ _tT.+PG.B 

‘ 6.32 .~ 

MIREX 6.42. 5.98-7.49 0.38 

-.9rrDD.E_ - on .. 
- 

_ 1 

4.71-7.60 0.5.8 

HCB 5.88 4.85-6.51 0.41 

DIELDRIN 5.34 4.99-6.02 0.-24 t 

_ot-BHC- as; _3.o_s_»-s_.74>_ 0.61 t 

5.75 
_ 

.'4.82-6:48 0.46 - 

r AV-CHLORDANE . 5.'_I5_ "4.82-6.48 . 0.46
[ 

(SD,l985) inthe St. Lawrence would have sufficient hydraulic 
energygto mobilize. and suspend particle sizes of up to 500 pm 
(van _Rijn; 1984), introducing greater amounts of larger mineral 
egsresates as the distance ldowustrearn 
Since particulate organic carbon is usually, associated with 
smaller particles such as silt and clay 5- 0.65 |nn,_andg to a 
lesser extent with the silicates, 'i;.e. 2 0.6_5- 1.0 
then low variability in POC concentration-fliroughout the 
river (Table 4), imply thatthe new additions of SPM must be 
erosion products of tho Pfedorninant granitic geomorphology. 

Although the components ofDOC poorly wderfstood 
its sources are generally thought to be Similar, particularly in 
large lakes, to those of detrital and_POC. However in 
the St. Lawrence River there may be an exception to 
oOmm0r:ia1ity..Many of thesrnajor tributaries that drain into the 
St River carry pulp and paper efiluents which are 
identified as significant sources of fibril and humic substances 
_(Ljeppard,l986), and flierefore important contributors-to DOC 
(Burnison I-oPPai1‘<l. 1983); Since the carbohydrate 
concentrationin the dissolved fraction less l_6 

% of the observed DOC, it was thought that a sizeable humic 
component would be necessary to complete the organic carbon 
balance. In additionto pulping inputs firom major when 
sewage outfalls noticeably increased localized DOC levels but 
did not snbstantiallyiincrease the carbohydrate. content. Based. 
on this information We fell-that tho sources of DOC 
did not originate from planktonand terrestrial forest litter, as_ 
thought to be the for POC, but rather mostly from humic 

The calculated carbon correctedpartitioning coefficients 
(Table ll) for the individual contaminants ranged from log 
3.82 for or-BHC to log‘ 6.42 dfojr nrjrex, and a 
range of S_PM firom. 0.5 to 10 ppm with organic carbon 

T

sd



fractions’ between 3-70 -A %..< The carbon corrected 
partitioning coefiicients gave excellent agreement to those 
_r_eported, for other areas _of the Lakes Basin 
(i§liver*,l937; er al., ‘I989, Capel and Eiscnreich, 
1990). The low variability v_vitl1in'c‘oefi'iciefnts that 
compo und partitioning between and 
behaved in a manner throughout the riverand 
not significantly altered as a result of different organic. 
carbon sources. it 

V -- 

_, 

» The compartrnental distribution (partitioning) of the 
contaminants (Z) was tested for (i) a linear 
relationship betweentherelativeamormt (concentration) of 
the contam1nan' t in the 

’ 

colfripartrn‘ _, ent versus 
the concentrafion of organic carbon in that phase and, (ii)‘ 
a linear relationship as to which organic. carbon 
concentration or"DOC) influenced the absolute 
amounts of ‘the contaminant partitioned,-expressed as 
ratio (ng/tn’ dissolved/ng/m’ adsorbed). Although the 
linear associations were weak, the relaficnshills found for 
the concentrationof POC and the amounts of adsorbed 
contaminant were statistically significant and positively 
correlated forrnirex (r=0.40,p=,0 1); EHCB (r=0.40,p=.0 1)‘; 
zchlordane ’(l=0.55‘,p=.O03); ZDDT (I=033,p=;O4); and 
ZBHC (r_=0.40,p*—.0l). N0 correlation for -the sorbed 
amount of ‘ZPCB and was round with regards to 
POC concentration. Dissolved amounts of 
(r-—-0.58,p=.003) Zchlordane (r=0.48,p=.04); and ZBHC 
(r=o.4s,p;o.04) were found ’pos_itivel'Y correlated with 
DOC concentration whileEDDT (r-= '-0;35,p,=.04), was 
negatively correlated No relationships were observed 
between DOC concentration and. the dissolved 
concentrations of ZPCB, mirext and ' 

The partitioning ratio of ‘ZPC-B, ZDDT and mirex 
was negatively correlated with concentration of POC. No 
other relationships between concentration and 
partitioning ratio were found.- . 

A 

V 
»

, 

A As previously‘ noted, the conelation between 
sorption of hydrophobic and particulate 
orgam' 'c»carbon, 

. in lakes and .se,diments,_has been widely 
documented. Ingeneral, chemicals monitored in the river 
preferred sorptiou with POC ratherthan being dissolved in 
DOC, although it may not be as apparentas in lakes The 
weaker correlations between and POC 
concentration‘ were in part due to‘ the grouping of 
contaminant components (Z). ‘For instance the 
contaminants XHCB, Zchlordane and ZBHC correlated 
with organic carbon concentration in both phases. The 
relationship With DOC corresponded to the greater- 
solubilitiesoftheirgroupcomponents,pentachlorobenzene 
(QCB), 01- BHC and heptachlor epoxide. The compound 
groups erghibiting the greatest hydrophobicity; (Table l 1) 
XPCB, EDDT and mirex,_did, not 'yie1d si1‘0ng'li.nea!' 

correlations with concentration, even though their 
partitioning; ratios were negatively with 
content (i.e. for increasing amoimts of POC, -less material 

-33- 

vvas in the solute)._ The observation of weaker linear 
correlations in rivers was not unexpected and can be attributed 
to two factors, In large river systems steady state 

is rarely achieved as a result of high-flows, 
intermittent inputs and the overall dynamic As already 
reported, the ‘sudden occurrence of elevated levels of 
contaminants, especially in the dissolved fraction had been" 
attributed to nearby point source loadings which had not as yet 
attained a therrnodymf‘ with the receiving stream 
(Kaiser, et al., 1990b).‘The second reason that contaminants 
wereobserved not to "immediately" sorb to SPM even though 
sufficient adsorptive ,ca'pac,ity exists (Platford ct al., 1985) is 
that a critical concentration of SPM,or POC to be 

" to affect adsorption. This phenomenon was observed 
in other major Great Lake's rivers . In theSt. Clair, Detroit and 
Niagara (Oliver, 1987; -Platfordet al,,l985; Kaiser et al, 1986; 
and McCrae et al, 1985) chemicals with log Koc <7 remained 
"dissolved" when SPM concentrations were below 1-2 ppm 
until at some critical point beyond these concentrations 
partitioning occurred. This process was evident in flux 

(Figures 10-'23) of contaminants in the St. Lawrence 
River,'_where burdens in the upper reaches had a larger 
proportion of material in the dissolved fiaction which became 
bound to particirlates by the time they arrived at the river's 
mouth (Kaiser, et a1, 1990b). , 

- 

' ' 

Contaminant t_ra_n_sp0rt - 

_ 
intuitively, pollutant transport in a river should be 

related to- the amounts ‘of water and suspended particulate 
discharged, However to our knowledge noevidence has ever 
been reported which actually qualifies the effect these two 
ve‘c_tors'have on transport. . 

'

. 

As previously stated, compartmental distributions were 
related to both the relative and absolute amounts of organic 
carbon present in either the dissolved or particulate fraction. 
Likewise, the flux of dissolved and particulate organic carbon 
was found to be positively correlated With the of water 
discharge, DOC "(r= 0.53, p= 0.003) and POC (r= 0.79, p= 
0.000)» Correspondingly, the ‘rate of water discharge was 

to. the total amount of contaminant discharged; 
2PcB,(r+~0,,sQ,p=<o.oo1 ); (r=0.57,p='<0,00l ); ZHCB 
(i=o.4o,p=0.00s);-2m>T(r=.o3s,p=.01);ZBHC(r=0,31,p=.o5) 
and Zchlordane (r=0.29,p=.06). . 

Given the association ofhydrophobic contaminants with 
organic carbon, it was not surprising to find stronger 
correlations between the of and the diss<>l.ve'd~ fliux 
of_ contaminants, Zchlordane (r=0.74,p=<0,00l )1; XBHC 
(l=().7l,p.=<0.00l ); ZHCB (1=0.70,p_=<_0.001_ ); 

_(r=0;,62.,p=Q.00l-;' mire; (r=10,57,p"=0.003)‘; ZPCB, 
(r=0.48‘,p'=0.02)_A and conversely the reverse order of correlation 
between the -flux of bound contaminant and POC flux, EPCB 
(r'=_0;.71,p=_<0.00~1 );< (1=o.63,p-=<0.001. ); EHCB 
(r=0.6l,p=<0.00l ); ZBHC (r-,=0.56,p=,_<0.00l ) Zaldrin 
(r=0.56.,p=<0.00l ); Zchlordane (r=0.055,p=0.003).

i
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Figure 24. Mean monthly discharge of the St. Lawrence River at Quebec‘ City, 1983-1990 
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average observed the 1985 to 1990 surveys. In 

: 
4 _ \ 

. . 

1 system. I985-I990. . .

" 

' Table '12, Estimat_e_dflu,Y1t (106 ti/a) of suspertded particulate matterfiom lakes in the St Lawrence River» 

V 

' 

0.29¢o.15 0531* 0.-10 1.0.1.023 » '2.9. ¢1.4 -3.9.-=_|=‘_1‘.5 - I

" 

o 

_Lal<e',Ontario1_ Lac st. Louis st. Pierre 
" 

Quebec City

N 

g I 

During the last decade the of thetwo 
main transport vectors has remained moreor less constant. 
Since 1983 the St. Lawrence River has averaged annual 
water. discharges of 11,240 =1: 1580 ni’/As. The, largest

' 

discharges were observed in April smaller amounts 
during winter and the later summer months (Figure 2A). 1 

'I‘he average ofwater discharged diiring the courseaof 0 

the periodicsampling between 1985 to -1990 was 10,900 . 

in’/s. The reported biweekly measurements (Pocklington 
and Tan, 1987) of sPM concentration at _Ql1ebec- City ~ 

between 1981 and 1985 _(Figure~ 25) had a. mean 
concentration of "1 1.2 ppm_,’a value similar to the 10.8 ppm v

I 

conjunction with these mean water discharge rates and 
suspended particulate concentrations anaveiage Y , 

annual discharges or susperided particulate matter was - 

determined to be 3,900 kt. The 1985 t0 1990 river 
loading of 3900 kt was slightly greater than the .1981 to

0 

1985. value of 13,600 kt reported by Pockljngton and Tan» - 

(1987) who observed an averagefloviv rate of 12,900 i _ 

2500 m’/s. The only other measured post 1945 loadings . 

were the 6,800"kt/a between 1974 t'o719751 (Yeats and '

7 

Bewers, l982_and 6_,500pltt/a for 1988 (Fenette et al, 
1989). ‘Their higher loading estimates resulted 1 

observations of flow discharge »- 14000 m’/s (Yeats 
and Brewer) and SPM ~17 mg/1 (Fenette). 
-The relative proportionof sediment loading for lake- 
river corridor contribution is given in Table lg. Qf the 
3900 kt, 8 -% from’ Lake Ontario, while the 
remainder‘ came l_:,'r0m sources the rivers drainage 
area. Over 74 % ofthe intejmal flu; was contributed by 
drainage regions inside Quebec. in addition to the above 

the Ottawa River (Lac des deux Montagiies) can . 

oo_ntr_ibute additional significant short term SI?Mf1oads of 
up to 1.5 kt/id Hm-off conditions. '1 

' Not surprisingly the‘ amounts of‘ organic carbon 
discharged the St. Lawrence Riverin the past ten 
years has also reirlained stable,» with -a mean 
annual POC discharge of 296.4: 100-A1003 t/la (rooklington ' 

and Tan; for 1981 110 1985”and 199:1: 66 1031/3.,
l 

between 1986 and 1990 the work here. Similarly-, the 
coincidental mean loadings of were 1.5 d=‘ 0.50 
l0‘_t/a ‘and Tan, 1987) and 1.8 i, 0.36 10‘ \ 

t_/a.-Consequently" the low v8Iiabilit'yVi_11.l0ng tel‘!!! .

g 

observations of-"Water and 
discharge, and more precisely,"the quantifies of and 

1 
-1

~ 

. 

A _ 

- , 

PQC. -should not significantly influence rates of 
chemical.fl\1X~. such that anyflobsejrved in the 
quantities of contaminants being discharged.-'must*be in direct 
responsetcchanges <>fi111>ms-' 

_ 

V 

.

- 

Contaminant trends and fine g 

‘ 

_-‘ 
"

. 

V Inaquatic systerns,,manyhydro_phobic pollutantsbecome 
bound to pwcles and are deposited to sediments ofthe. more 
conservative energy zones. In the St. Lawrence. River 
deposition of riverbome particulate was not found to,-be .a 
perrhanerrt process et al-, 1990) and subsequently 
not a major confflliliilfiilf sediraentary deposits in the 
iiverine lakes were reported tocontain less than two" times the 

flux rate of PCB and experienced less than 7% 
deposition of annual flux (Kaiser et. al.-, 1990b). 
This _short-term retention of hydrophobic compotmds in 
sediment deposits of the riverine lakes was" also ‘evident from 
sediment and-sedunent profile of.n1irex. had 
gone undetected in 1975 and 1981 upper river sediments 
(Kuntz', 1988; Merriman, 1981), while mirex. concentrations in 
s‘urficial:sedimen_ts‘ at '10 sites in LacSt. Francois ranged from 
non detectable to. 3,8 ng/g with a mean of < 1.0 ng/pg 
(Sloterdijk 1985). - Subsequent ,measurements' of mirex 
concennation in the top 10 cm of benthoscores from -the three 
rivefine lakes averaged .2:5.1‘i>e'/a~.- Lac St..Fran.co1s, 7281»:/a. 
Lac St. Louis and 156 pg/g Lac St. Pierre et. al., 

1.9901») and in conjunction with later measureiiients ofmirex in 
riverine lake sediments (Figure 26) were used to compute a 
1990 mass budget for The estimated amount of river 
remnant -tobe 22 kg of which 14 l§'g"was 
accumulated in (Comba et_al., 1993). This content 
Of sediment 4.8%-Of net exported 
amount (by particulate and water) and corresponded with the 

net sedimentation rate, reported to average 6 %' of 
the total Slllfipéilded a_1.~, 1993),. lack 0_f 
significant contaminant deposition, however did not.appear to 
lessen the of contaminated sediment as a point 
source. The mobile characteristic oflsedirnents and siibsequent 
resuspension into the water columnstill. appears to play an 
irnportjant role in the arnounts of contaminants discharged. This 
interpretation was observations of 
increased intermittent mirex flux (approximately 20-30%) for- 
stationjs downstream» of_ Lalte’ Qntario (_Co1_nba.et s1_..'1.9s9s, 
.1-989b, 1990).- 

‘ 

. 

~ _,
" 

. Often ‘the extent of ‘ a contaminants environmental 
impact is gauged by the chemi_cal‘s concentration. However
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Table 14. Estimated flux (kg/a) fat selected contaminams between Lake Ontario and Quebec City in the SL Lawrence Rzver 

LAKE-' 
j 

Z'PcB.n ZHCB ZDDT -L 
Z‘.ALDRlN 

_ XBHC MIREX 
ONTARIO F

' 

- "1986 0 360» .7: 1.4» 64. 120
j 

170 £599 . 

1987 ~ "327 31- 21 7oT
‘ 

31 490 
ll 1989 

A 

-' 220 I 1.5 30, 2; 37 230 

__ 
1990‘ 

' 

l 

"250 7.4 

QUEBEC 
3 

» ~ 

4.8 8.1’
" 

187 120’

1 

1986 ~~ ' 860- 
: 

18- 43 39 110 1900 

‘I987 ’ 

e 830 , 16 73 1.°9Q 79°) A7 

1989 I 630 ~ 4.7 2.5 29 :58". 140 
’ 

V 1990 ' 600 5.9 iv '64 § 51o_ 

-Table 15. -Percent reduction in contaminant fluxes between I986 to I990 to and from the _St.'Laiv_rem_:e River 

A _ Lake Ontario‘ In-strea._m_ 
< St. Lawrence l 

e_ Contaminant" A ' 

'_ 
.. 

’ ’ River'EXP<iI1$ 

EPGB 30 30 
' ZHCB ' 

- 100 6,7 

incfejase 
7 

-(+39)-~ 

-_
V Q 9 -o 

V ZALDRIN increase '42 

4 ,); BHC
‘ 

increase 73 

MIREX

\



this approach may be inadequate in large rivers such as 
the St, Lawrence, where contaminant concentrations are 
usually in the slow pans per trillion and consequently 
difficult to measure with any great certainty.‘ In 
conjtmction with this, the use of different 
approaches can give rise to a non-similarity between 
measurements as a result of sampling For 
example, sampling techniques .(Comba et.‘al, 1990, 

and Tkacz, I989), such as centrifugation, 
filtration, pH and solvent extraction yielded different» 
contarninant concenuations when the organic content 
varied sufficientlybetween samples. In light of the 
spatial and - temporal 'ons in contaminan‘ ’t 

distributions, any combination of above can make fate 
and trend assessment In order to diminish the 
importance of_-singular orlocalized events we 
averaged in-stream fll-IX Iflifis obtained fiom numerous 
measurements that covered a ranger of conditions 

' The averaged in-stream data -for pesticide 
concentration (Table l3) and flint (Table 14) between 1985 
to 1990 signified a definite decrease in all levels Of 
measured chemicals in both transporting compartments. 
Decreased contaminant concentrations in Lake Ontario 
have resulted in contaminant flux reductions since 1986 of 
31 to 93 percent (Table 15). This trend was not as evident 
at Quebec City, where contaminant. fluxes had decreased 
only 30-70%.“ln-stream loadings related to (E) chlordane, 
DDT, BHC and aldrin exhibited no distinct tendency 
toward lowered inputs. Instead, concentrations varied -and 
in the of DDT an increased discharge amount was 
observed. A reduction in the in-stream loadings of PCB 
and HCB was observed. The combined reduction-in PCB 
lake and in—stre__'am inputs was reflected in a. 1989 sediment 
survey of Lake St. Francois, which reP011¢d PCB levels to 
be an order of magnitude lower compared to those in the 
previous decade et,al'.,l993).

V 

' Within a relatively short period of time alter 
1ntmd' uction into the river (approxnnate"_ ly, 5-Q10 years), the 
-in-stream - contaminant flux lrom water; suspended 
particulate and biota enters the upper St. 

estuary (Comba e_t al, 1993). Upon reaching the 
upper estuary, contaminants are systematically removed 
tothe lower estuary through cyclic processes. As 
a substantial portion of“ 1I8n8l>0rted organic 
(approximately 75%) undergoes deposition to the bottom 
sediments of the Laurentian Trough (Luootte, et al., 1991). 
the hydrophobic compounds, such as the ones studied, 
eventually sediment to the ocean floor. 

' During transit, through the estuary, contaminant 
impact on the en‘vi_ro_1_1men,t-. was significant. 
Bioaccmnulationfactors of l0‘ were observed for PCB 
(Gagnon et al., I990) -and mirex (Comba, et al., 1993) 
uptake in fish of The upper estuary and a bioaccumulation 

factor"-of 10* for mirex in beluga Whales (Comba, et al., -1993). 
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Appendix 

Degctign Limits ‘ 
' 

' 

_ , 

a 

' 

-
. 

~ 

I. ANOI reports tabu1ated'data"(non-data base) detectionlimits using the terminology "nominal detection limits". 
practice rationalizes the variables of sample amount, sample type, units ofmass, amount injected, effect and 
instrument sensitivityin situations where insntunent performance and sample treatment specified procedural 
boundaries, Operationally defined nominal detection values in NOI procedures can be used to determine the individual 
Quantitation Limit (QL) of each sample. Generally, sample sets are analyzed in‘ the same -manner with the sample 
variables kept constant, suchthat the one set of nominal detection limit values can befapplied to all the §ar‘nple This 
simplified approach allows laboratories to report tabulated compound concentrations for which individual QL's are not 
reported but-can be using the analyzed sample weight. A major difference in NOI philosophy and definition 
for the reported detection limit, is the weight given to STATISTICAL QUALIFIERS, BLANK correction 
values. laboratories report their qualified as their Level of Detection "LCD" or Detection Limit, 
andin most instances incorporate a blank correction factor or specify a_ set of method detection limits (MDL's), which 
refer to a level of detection related to sample size ‘or NOI considers values of this type to be variables 
or data qualifiers, rather detection criteria. The NOI DL definition is not altered by anyofthese factors. 
Instead the QL of the detennination changes. In cases where method or sample effects qualifythe result, the 
flagged with -an abbreviated letter code. 

‘ 

* 

' 

, 
_ 

A I

. 

NOI is classified in one_ofthree Vforrnatsf "Quantified", "Qualified" and "Not Detectedf’. The term "Detection 
Lihriti‘ represents the in telms of sample wncentrafion, "me 
tenn nominal detection limit is the abbreviated detection limit format. Nominal detection inc_o'rporat_e the instrument 
sensitivity (IDL), reconciled to the method e1_t_t:racta1n0l1nl;- “ ' u 

,

' 

Instrument Sensitiviti 
. 

' 

Y 

_ 

' 

, 
_ 

' 
'

‘ 

The instrument sensitivityis theminimum -amount of analyte that generates any measurable response above optimum 
electronic baseline. . 

‘ 

' 

t

_ 

Detection Lilllitr (DL) ' 
‘ 

, , 

T P 
, 

" I 
' 

.

_ 

The detection limit is the quotient of any analytical response for a given amount rneasured at optimimi 
instrument and method conditions, at time of For linear relationships DL =X,,,,,,= (Y -b/m)/analyzedamount; where 
X is the amount ofzanalyte, Y=instrument response, b=.instrument electronic baseline and m= instrument sensitivity or 
slopesof the calibration curve. ' 
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» 
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, 
_ 

A 

' 

_ 

.

D 

Quantitanon Limit (QL) ' 

A 

~ 

_ 

" 
‘ 

,'

‘ 

This is the calculated level of detection foran individual sample, qualified by a selected confidence interval 
(k), and quantitatively converted to mass concentration. ‘The Quantitation is determined for the actual analyzed 
sample amount, where QL= (Y-kb/m)/analyzed sample amount). The acceptable Value of k = 2" is used in.NOI 
procedures. 
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_ 

" ' 

_ 

‘ 
' 

_ 
_ p 

\ . 

Nominal 
_ 
Detection Limits (NDL) . . . 

' 

1 
'

- 

NDL's are quantitative factors given in tabulatedldata-reports‘that can be used to individual sample DL's, when 
divided with the analyzedsample amount. Tabulated levels of NDL are expressed as (Y -kb/m)/for a given unit of sample 
mass). ' 

" 

. 
_

» 

Other Levels of QL ., 

‘ 
I 

' 

1 
‘ 

.

' 

For numerous reasons, other than statistical, many laboratories set user defined thresholds different than those stated for 
QL. These may inelude such factors as, blank response, matrix efiects, sample size, artificial non-linear 
applications, etc. Literature examplesinclude such terms as, LOQ, PDL and MDL. In the context here, other user defined 
levels of QL musthave values greater than QL and mustinclude a definition. Data reported in manner cannot 
the term QL,- but must instead report quantitation levels using the redefined terminology (ile,-_ PDL). 

' 

- 

‘

. 
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Data Qualifiers‘ " ' 
i ~ 

A __ 
, 

- 
. 

' 

4

V 

All measured points not given -_in_ format and subjectrto the conditions and definition of QL and DL 
be qualified. The qriaiifier may represent defined _(BDL, BQL, BML, BPL), methodology non-compliance (Nr, Ur), 
matrix effects (Tr, I), censored datao(C) or (Is), insufficient sample, etc. A dictionary of terminology should be provided 
with each report -Data pointsmay be "flagged" withra qualifier to indicate that themethod or field blank values 
exceeded pre+d§?¥§IYi1il1ed . _ 

_ 

I 
, . 

Below Quantitation Limit (BQL) , 

' 
" 

V 

a 

' 

- 

' 

' 

. 

' 

0 
, . .

. 

data qualifier desig'n‘ates.a level ofanalyte lessfthan the specified QL. The use of BQL implies that the DL definition 
was not used and that the laboratory censors data values below this The tenlll BQL0r4BDL cannot be reported for 
the samepdatarset - 

‘ 

- 

zf 

r 

i 

, ‘ 

i 
‘~ 

.
A 

Below Detection Limit -(BDL). .~ 
' ' 

_ 

" 
e - 

.

» 

This designation indicates a null value of analyte less than the specified DL The use of BDL implies that the reported 
values met the documented method anddetection limit_requirements. , 

' A 

_ 
_

' 

Below Method (BML) and Practical (BPL) Limits; - 

5 1 
- p. 

, 

- 

V» 
- 

_ 
.

4 

'l‘hese userrdefined detection limits and thecensoring of data values. User defined limits 
imply that the acheivable QL and DL were not attained. - 

-_ 

_ 

"-
' 

Use of the terms BQL,_BDL and: Trace 
A 

~ 

_ 

- 

,

~ 

Within the boundary region of detection and the statistically defined quantitative limit, analytical amounts (censored 
data) can be .measu'red.'The term BQl.')is specified in reports when the value of is less. than QL and 
therefore‘ not reported, The term BDL- is used to report anull value of analyte below the DL. The use of the BDL term 
indicates all observed data are reported, even those below QL. Data points of this nature may be of value 
although by definition they are not statistically reliable. 
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