NATIONAL WATER
RESEARCH INSTITUTE
' at the

Cahjad,a Centre for Inland Waters

“CCIW
" ;F_EB 28 199%

LIBRARY

ST. LAWRENCE RIVER TRACE ORGANIC
CONTAMINANTS STUDY PART IV, 1989-90 and SUMMARY.

M.E. Comba!, V.S. Palabrica', S.M. Backus® and K.L.E. Kaiser'

NWRI Contribution No. 93-19

! Nearshore/Offshore Interactions Project, National Water Research Institute, Burlington, Ontario, L7R 4A6.
2 Backus Consulting, 39 Puritan Court, Stoney Creek, Onta;io, L8E 4K9.

D ﬂ? Environment  Environnement
Canada Canada o Canad“é'i



'EXECUTIVE SUMMARY

The p‘rincipal 'mechani’sm for pollutant transport in the St. LamenceRiver is water and
~ suspended partlculate matter.
Average rates of water ﬂow and suspended partrculate matter concentratron E

“have remained relatlvely constant over the long term. Therefore, observed
decreases in water and suspended particulate matter contaminant concentratlons

are a dlrect response to reduced inputs.

| Bottom sedlments are temporary s1nks and sources as the physrcal condmons in the
river do not accommodate their long term storage |

:‘ Rates of hydrophoblc contammant discharge are posmvely correlated with the

discharged amounts of partlculate organic carbon (POC) and dissolved orgamc
-carbon (DOC) ' '

The reductlon in contaminant loadmgs is most pronounced for Lake Ontano

Contammant behavrour and partltlomng are s1m11ar to those in the Great Lakes .

connectmg channels. The amount of contaminant sorbed to suspended partlculates is -,
posmVely correlated to POC concentrauons The 11neanty of the correlations is |
weakened through river dynauncs compound groupmg and a cnt1ca1 level of SPM

.(POC) necessary to affect adsorption,
Contariinant loadmgs camed by the St. Lawrence River enter the -foodchain of the St.

Lawrence estuary w1th the elevated bloaccumulatlon factors mostly due to the high

lipid levels in the marine biota,
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ST. LAWRENCE RIVER TRACE ORGANIC

' CONTAMINANTS STUDY PART IV, 1989-90 and SUMMARY ..

ME. Comba’, V.S. Palabrica’, SM. Backus® and K.L.E. Kaiser'

N ABSTRACT.

Prior to 1985 sources, fate and tmmpaﬂ of
organic contaminants in the St Lawrence River were
virtually unknown. The impact of Lake Ontario on the St.
Lawrence corridor was thought to be minimal, since most
chemtcals were expected to settle to the lake's bottom on
the premise they would become _permanent deposits.
" Preliminary investigations, -and in -paiticular the

observation of Mirex (which was only known to occur in
Lake Ontario) in 1985 St. Lawrence- River suspended
particulate matter led to the Nearshore’ O_jfshore
Interactions Projeét (NOI) undertaking - an extensive
five-year study of organic contdminant. processes and
interactions in the St. Lawrence River/Estuary system. The
objectives of this sludy were to determine loadings,
resident times, rates of transpont, bioaccumulation and
behaviour within-the river and estuary for some of the
more widely used o»ganachlorme compounds: In studymg

" these processes it was important to examine. certain

aspects of the river's physical and seasonal variations that
might contnbute to contaminant behaviour, but more
zmportantly could have substantial effects’ on  the
measurement of contaminants. This final report compiles
experimental and analytwal data on work undertaken by
NOI in the St.Lawrence vaer, Canada,including data for
samples collected during 1989,1990, with comments on
processes. goveming transport -and behaviour of the
measured contaminants. The flux and concentration levels
are compared with previous years and presented along

" with individual tabulations of contaminant concentrations.

" Material in this report should eventually ‘appear in
publisked form, and prior right to publication is reserved.
Enquiries conceriing the contents of this report should be

" addressed to K.L.E. Kaiser, Project Chief, NOL

I_NTRODUCI'ION :

The Laurentian Great Lakes are the 'world's largest '
. freshwater fésource and consist of five major lakes joined

together by inter-connecting channels. Water from the
"Great Lakes drains from Lake Oritario through the St.
Lawrence River and discharges into the Guif of St.
‘Lawrence to the Atlantic Ocean. The Great Lakes-St.

Lawrence drainage basin covers roughly 400,000 square -

and eight American states. Due to an éxtensive industrial,

agncultural ‘and municipal base within the drainage basin,
water quality ‘and local habitat are often directly impacted with

‘many detrimental effects related to the reléase of man-made

* chemicals.

The St. Lawrence River alone spans 500 km between -
* Kingston, Ontario and Quebec City, Quebec. Lake Ontario is -

the single dominant hydrodynamic force, discharging over
60% of the river's annual flow. Annual rates of water and

 suspended particulate matter discharge have remained

relatively constant since the river flow has been regulated by
daras as far downstream as Montreal, since 1958, From there
on, the Ottawa River is the major tributary influence and can

' constltute up to 50% of the unregulated inputs. On average the
. -Ottawa River contributes 15-20 % of the total St. Lawrence -

River dlscharge except during spring when run-off values may
approach 30 %. The volume of the-St. Lawrencé River is

‘éstimated to be approximately 8-10 km® of which the three
- rivérine lakes (St. Francois, St. Louis and St. Pierre) make up

2-3 km®. This river volume is roughly a fortieth of the annual
St. Lawrence River discharge (405 km’) and ignoring mixing,

* requires only ~9 days for replenishment, It is for this reason,

together with the shallow depths, that rfiost waterborne
contaminants do not undergo any long term retention, and
ultifhatély are exported to the St. Lawrence estuary.

The estusry 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 and lower) determined through ratios of

" fresh and saline water. The water of the upper and middle
 estuaries is brackish because of the advection mixing of the

*salt wedge" dunng each ebb and flood cycle of the semi-
diurnal tide. The upper and middle estuaries are distinguished
froi each othier by their significant difference in suspended
particulate matter concentration. Elevated concentrations of

" 100-200 mg/l (maximum turbidity zone) are promment 1in the

upper estuary which rapidly decrease to about 10 mg/l in the

. middle estuary, and decline to less than 1 mg/l in the deep

miles (1,000,000 kmz) with a population of over 50
million ,xnhabxtants remdmg in two Canadian provifices _

saline waters (300 m) of the lower estuary in the Laurentian

‘ Trough
During transit downriver, a conitaminant's behavmur can

be mgmficantly influenced by numerous physical processes
and the presetice of any organic surfaces or phases in the
transporting compartments. For hydrophobic pollutants; the
exchange rate between recipient environmental compartments



1s more than often affected by the dlfferent amounts of

dissolved and particulate carbon present. Consequently, =

processes such as sedimentation, consumption, depuration,
metabolism, resuspension and evaporation impart spatial
and temporal variations to contaminant concentrations. In
enormous rivers like the St: Lawrence, the combination of
compartmental effects and dilution complicates the
measurement and interpretation of contaminant
concentrations. However, despite the low concentrations,
- the distribution, fate and consequences of anthropogenic
contaminants are important (R.J.” Allan, 1989) and can
have substantial biological impacts on. fishes and
¢ mammals downstream of their discharge (Martineau etal.,
1987 Gagnon et al., 1989; Muir et al., 1990; and Comba
et al., 1993)

. Sample Collection-
General

Sample collection was performed thh the research -

vessel C.8.S. Lamnos from' June 28 to July 4/89 for
stations 29, 41, 44, 252 -243 and 257 with stations 112

and 28 sampled on July 16 and 19, respectively. In 1990 -

- sample collections took place between June 25 and June

30. A detailed chronology of information and sampling

.events can be found in the cruise réports (TOD, 1989,
1990). The sampling procedures, if not specified here,

were those used in earlier collections (Comba et al.,

1989a, 1989b, and 1990) The sampling locations have
been previously documiented (Comba -et.al.,
except 1989 stitions at 41A, 41B and 41C Figure 1) in

western Lake. St. Francois at respective ‘geographical -

~ coordinates of Latitude W. and Longitude N. 45°03'37"

’74°31'54" 45°03'05", = 74°32'00"; and 45°0222%,
74°32'06". R o '
- Organic contaminant - concentrations were

determined on suspended particulate samples collected by

centrifugation - as well as for the centrifuged water. *

Sampling locations and amounts of suspended particulate

.. matter are given in Table 1 with the rates of river flow -

used to calculate contaminant. flux given in Table 2.
Values of flux are in metric units. Contaminant levels
were also evaluated with respect to higher values of pH.
" Concurrent experiments: were performed to evaluate
dynamics of contaminant adsorption/desorption properties

related to centnfugal 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 émployed: Findings from these experiments will

be reported separately. The measurements reported here
‘complement, other data reports conducted in conjunctxon
with this project. These include organic contaminants in

the water column (Kaiser et al., 1990b:-Lum and Kaxser 1986;

.Lum et al., 1987; Comba and Kaisér, 1990a, 1990b; Comba et

~ . al,, 1989a, 1989b, 1990, and 1993), sediments (Kaiser et al.,

1989b) .

l990a) toxicity effects (Kaiser et al., 1988), contaminants in
biota, (Gagnon et al., 1989; Metcalfe and Charlton, 1990) and
inorganic contammants in water and partlculate (Lum et al.,
1989).

In 1989 suspended partmulate matter (SPM) in bulk
water samples was collected from the separation bowls of

_ Westfalia_centrifuges (CA) operated at 9800 rpm with water

flow rates of 6 1/min. Most samples were taken with the vessel

at anchor, however, due fo navigation festrictions the 1989

stations 600 (Lake St. Louis) and 28 (Lake Ontano) had to be

: 'pumped into large holding tanks and processed onboard..

Centrifuged sample sizes ranged between 1200 to 12,000 litres.
Sampling depths were 8 metres, éxcept station 600, which was
sampled at 2 m, a depth corresponding to the midpoint of non
mixed Ottawa river water based on conductivity measurements
(uncorrected) of 80 uS (Sieriens). In 1990 a 5 m sampling
depth was used for water collection. During both surveys the
Westfalia centrifugate was continuously collected in a
receiving reservoir and resampled at a flow rate of 1 I/min.
The certrifugate: was recentrifuged with a Beckman J2-21

 centrifuge at 20,000 rpm equipped with a JCF-Z continious

flow rotor (40,000 g force). Suspended paiticulate matter was
collected (CB) from recentrifuged water volumes between 500-
1000.1 which were - placed in 500 ml clean glass jars and
stored at °4 C until analysis..

Sedxment Samples
Surficial sediment samples in the riverine lakes were

.taken in July 1989 with a mini-Shipek sampler. The top 5 e

of these samples were used for analysés. The core samples
were collected between 1985 and 1990 with a benthos corer (7
¢m diameter). The samples were extruded and sectioned into
1 cm slices, for analyses. Sample chronology and geographical

.posmons are reported in Table 3.

W atér samples

Two- bundred litre Westfaha and Beckman continuous

» flow centnfuged water samples were extracted (APLE) with

an aquatic phase. liquid-liquid extractor (McCrea and Fisher,
1984). The solvent, dxchloromethane was continuously

' pumped 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 I/min for 60 minutes and turned off to allow
the solvent to settle out of the sample water; 40 minutes later,

the solvent was drained back into the original amber solvent
bottles. A layer of sample water was included during the
draining process to xmmmize the volatilization of the solvent.
Contaminant levels reported here were éxtracted at
arnbxent pH. In 1990 the neutral phase was re-extracted for
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‘ Volume ppm | Latitude (N) | “L.,ongi'tude W) |

~ Processed () |- .

1,800 1.9 '44° o7 16" | ;_m76° 22 08"
12,966“ 13 44°38' 19" 75° 35' s

1200 19 | 4500337 ‘74°31 54°
1200' '1.9, _45°03' 05" 74032 00"
1200 | 29 | 45° ‘oi" 2" 74° 3206
11160 091 "4.5°111' 23" | 73° 4617"
8640 i3 |
1,200 | 24 | 45020 | e 00" 12"
10440 32 | aso2e2r | 730467

- 2610 45 |
9000 | 57 4‘50.5;',4.3‘; 73° 10'36" - —,-_I
5,040 - 9.0 | 46°14' 02" 72° 45' 50"
2,060 | 13 - | -
4,200 {0 | 430 00" | o 72014'12"

4680 6.9 | __ .

* see figure 1 for locations.

(
'

Table 1. Concentration (mg/l) of .suspeﬁded particulate maiter (CA) in St. Lawrence River water 1989 and 1990.

'i‘giblc 2. Average flow data (m*s) in the St. Lawrence River from June 26 - 30, 1989 and June 25-30, 1990.

R )I
Locdtion. and Flow (m’ / s)
Lake | Saunders | Beauhamois } .Cateau |Riviere des|Riviere des| Ste. Vaudreuil | LaSalle |Quebec City
Ontario | Dam Tusbine control | Mille lles | Prairies | Anne Channel '
| stivewre - ' '
[ 10s0 | sosr | 772 1z | 700° 160 | 1009 | a6 | 263 | searr | oosse
|L 1990 | 792¢ | soos® 77000 | 800t | 160° 1000° | 430° | 240 | 9000° | 10,800

(a) International St. Lawrence River Boa.rd of Control, Water Resources Branch, Guelph Ontario.
(b) Seaway Authority, Comwall, Ontario.

(c) Water Resources Branch, Longueml Quebec

(d) Estimated.




Taibl,e 3. Sediment sampling stations for mirex in the St. Lawrence riverine lakes.

- bbothcenmﬁlganon steps uponad;ustmentofthe tho
~ >10 with 50% w/w NAOH (Anach:emm), which had been
, pre-extracted with hexane.

' Suspended particulate
: Subsamplesofhomogemzedfreeze—dnedsuspended
particulate were extracted with 3 x 50 ml portions of
. dichloromethane using an Ultra-Titrax homogenizer.

Each sample was placed in a 300 ml Erlenmeyer flask,

coupled to a ground glass adapter on the homogenizer

which positioned the probe 1 mm above the flask bottom..

Each 50 ml extraction was performed for five minutes.
The three combined extracts were passed through sodium
sulphate and rinsed with 50 m! of hexane. The sample
extlactwas ooncemmtedto 8mlw1tharotaryevaporator

Lake | LatindeN Longitude W__ | Sample type Date
~ St. Francois 4511419 7419271 | core 021085
) " 45-13-15 741216 | - core 02-10-85
| 451406 | 741342 | core 17-07-90
$t. Louis 451345 | - Bss4 | oore 03-10-85
452443 | 74939 | core © 03-10-85
] 4526 740302 | core . 03-10-85
) 452428 | 734618 | coe | 200687
452232 | - 13461T shipek | - 01-07-89
452217 7349-10 shipek | - 010789 -
452148 734948 | shipek |  01-07-89
" 45-20-28 73-5230 shipek © 01:07-89
45-20-35 735232 - | . shipek 01-07-89
451943 735306 | shipek 01-07-89
St Pieme | 460741 | 725656 | core 13-10-85
461121 725347 | - core - | 131085
N T ao1402 24545 Tl oore 23-06-87
] s | mdem shipek | 160789
N 46-16-09 724311 shipek | 160789

- An additional 20 ml of hexane was added to the concentrated -

sample and reduced to 8 ml again. The extract was transferred
toa lSnﬂ-cenmﬁxgetubeththZmlhexanennses -The
samples were concentrated to approximately 1 ml by
atmospheric evaporation pnor to column chromatographlc
fractionation: ’

Water samples

" Methylene chloride extracts. from the 200 1 water
samples (APLE) were concentrated to 200 m! with a 12 stage

. Snyder condenser and further concentrated to 50 ml by rotary

evaporation. The 50 ml extracts were passed through sodium
sulphate and rinsed with 50 ml of hexane. Samples were
reduced to 8-10 ml in hexane and concentrated to a final
volume of 1-2 ml in hexane as stated previously for SPM.




Column chromatography

Glass columns 300 x 1 cm prewashed with acetone,

toluene, and héxane were prepared by gravity settling
through hexane to a height of 20 cm with activated silica
gel The prepared sample was added to the top of the

sample contamer was rinsed twice with 2 ml of hexane

and the above procedure repeated for each addition. -

“Another 46 ml of hexane was then added to the column

~ and the eluent allowed to chromatograph through the silica

gel column into a 250 ml round bottom positioned beneath
* the column, The flask was removed and labelled Fraction
A. Another 250 iml round bottom flask was placed beneath
_ the silica gel column, and eluted with 50 ml of (1:1)
methylene chloride and hexane. The chromatographic
eluent was labelled Fraction B.

To each fraction a volume of 0.5 ml toluene was
added and the fraction concentrated to 2 to 3 ml on a
rotary evaporator. The samples were transferred to
centrifuge tubes with two 1 ml toluene rinses. The samples
were allowed to evaporate to 1 ml and quantitatively
adjusted to. 1 m! with toluene; transferred to autosampler
vials; capped with an alurhinum foil liner and autosampler
crimp cap and the liquid level recorded on the vial.

Mercury treatment of szhca gel A fractions
. Sample extracts (fraction A) of sediment and
suspended partlculate were treated with mercury to remove

organic- sulphur To each autosampler vial 0.5 ml of triple -

distilied mercury was added. The vial was capped and

agitated on a vortex stirrer for five minutes. The extracts

were allowed to stand ovemight and the samples

. - transferred to another autosampler vial, recapped and the
, hqmd level recorded :

- Silica gel (actwated)
" Two hundred gram amounts of Silica Gel 60 70 to

230 mesh, ASTM, as supplied by EM Science; was-
acuvatedbyhcanngfor24homsat350 °C and used

without further treatment

Freae—drymg
' Suspended sediments, in 500 ml jars were
refrigerated at 4 °C and allowed to settle for a period of
one week. The supernatant was carefully removed by

" suction using a disposable glass pipette attached to a water

aspirator to approximately 1 cm above the suspended
particulate layer. The jars were covered with a Mediwipe
(McGaw Supply anted Mississanga, Ontano) secured

.. drying was performed with a Vitris lOO-SRC sublimator

at a shelf temperature of 2 °C and a vacuum of 15-30 Torr
for 72-100-h. )

MEASUREMENTS

Derecuon limits - ' '
A descnptron of detection limit termmology and

: appropnate detection lnmt values are given in the Appendix.

Percent organic matter -~

Approximately 1 g of ﬁ'eeze-dned suspended sednnent
collected by centrifugation was weighed with a Mettler H 20T
analytical balance into a pre-combusted porcelain crucible. The .

- sample was combusted ini a muffler fumnace at 550°C ovemight
_ or until it formed a white ash. The sample was allowed to cool

inside the farnace and re-weighed to determine the amount of

- - organic matter based on loss on ignition.

Chlorophyll . '

‘Chlorophyll determmanons were made in accordance
with the procedure of Burmson,1980 ‘A 0511 volume of
raw: water was filtered through a pre—combusted 4.25 cm GF/F

-aspiration suction of 180 mm Hg. The residue collected was -

stored at -20 °C in a teflon-capped vial into which thé loosely

" rolled filter paper was placed. Upon analysis the vial was

brought to room temperature and 4 ml of reagent-grade
dimethylsulfoxide (DMSO) was added and the vial resealed. It
was warmed in a heating block (Temp-Block Module H2025-5,

Scientific Products) at 65°C for 10 minutes. The vial was - -

removed, agitated thoroughly and the contents gravity filtered
through a Nucleopore 0.2 um membrane filter. The vial and
filter were rinsed with 90% acetone, aiid the filttate volumes
brought to 10 ml with 90% acetone. Absorbance readings were

* taken in a 1-cm path length cuvette with a Bausch and Lomb

Spectronic 20 at wavelengths of 750 and 664 nm. The extract
was acidified with 10 pl of concentrated HCl and the -
absorbance measurements repeated after'5 minutes at 750 and
664 nm.

Partzculate organic carbon and pamculate organic nitrogen
Raw water was gravity filtered through pre-combusted,

~ pre-weighed GF/C filters mounted on 2 minifilter head and the

volume of collected filtrate recorded. The filtered particulate
was sequentially rinsed with deionized water, 2-5 ml of 0.IN
H,S0,, and again with deionized water, and stored at 4 °C in
a petri dish. The filter papers were analyzed by the National
Laboratory for Environmental Testing (Burlington, Ontario)
using a Perkin-Elmer Model 2400 CHN Analyzer and

- NAQUADAT method No. 06901. The procedure uses thermal

cofbuistion of the sample to form gases that are separated by
chromatography and quanutated with a thermal conducnvrty ‘
detector. '



Dtssolved organic carbon ‘

At each river station, one . htte of raw water was
collected and filtered through a pre-weighed, pre-
combusted 4.25 cm diameter glass fibre (GF), GF/C (1.2
1) filter media. using a Millipore filtering device and a
. vacuum pump. The first 100 ml of each filtrite was

discarded, and the next 20 ml volume transferred into a -
hypovial, its pH adjusted between 2 - 4 with dilute nitric -

" acid. The hypovial was then capped, labelled and stored at

4°C. Dissolved organic carbon was determined with a .-

Beckinan Model 915B total organic carbon analyzer

ppedmthan infrared detector sensitized for CO,.

The inorganic carbon was removed by sparging with a

stream of CO2-free nitrogen prior to syringe injection of

the liquid sample. The injected sample was combusted at

) .vatemperamreof 950 ’Cmthepresenoeofanoxnhzmg

\

Organochlorme pesttcxdes -

- Organochlofine levéls were quannmdbyaveragmg
their dual capillary column responses for each silica gel
fraction. Fraction A contained the PCB' comiponents,

pentachlorobenzene,hexachlorobenzene,heptachlor,aldnn )

and mirex. Fraction B contained, o, B and y BHC,

heptachlor epoxide, o and 7y chlordane, o and B -

~ endosulfan, endrin, dieldrin, 0,p and p,p-DDE, o,p and

Figure 1. Sampling sites in the St. Lawrence River 1989 and 1990.

p.p-DDD, o,p and p,p DDT. Estimates of contaminant flux
were evaluated by grouping associated compounds and
summing the” individual contaminant concentrations X1
Contaminant groupings included = HCB (péntachloro and

‘hexachlorobenzene), ¥, aldrin (aldrin, endrin, dieldrin), 3, BHC
(&, B, ), X chlordane (heptachlor, heptachlor epoxide, o, M

and Y DDT (0,p-DDE, p,p-DDE o,p-DDD p,p-DDD op -

- DDT, pp-DDT).

Polysacchandas

One litre of centnﬁlged water was rotary evaporated to
between 20 and 50 ml. The final volume was recorded and
storedmaSOmlglasshypovaﬂanalununumcapand
teflon seal. Polysaccharide sample. concentrations were

measured against a series of glucose standards at an

absotbance of 485 nh and a cell length of 1 cm. A Bausch and
Lomb Spectromc 20 spectrophotometer was used. .

Statistzcal Analyses
statistical data presented were obtamed using
SPPS , for Windows ™. Bivariate correlations for linear

vrelanonslup were computed as Pearson coefficients (r) with a
: two-talled level of s1gmﬁcance and conﬁdence interval of 95

- ILE AUX COUDRES




Polychlormated biphenyls -

Polychlorinated biphenyls (PCB) were measured as

mdmdual ‘congeners based on the dual capillary column

‘established at the 1985 PCB Workshop in -
Grosse Ile, Michigan (Mullin, 1985). Initial quantltanon‘ _

of PCB congeners was carried out using the primary

Green Bay (GB) Mass Balance PCB Standard

(Swackhamer, 1988) obtained through the Umvemty of
Minnesota. The GB PCB standard is a mixture of Aroclors
1232, 1248 and 1262 (iteins #E107, #E108 and #E130)
from the Quality Assurance Branch, U.S. EPA, Cmcmattl
Ohio, in a ratio of 25:18:18. Individual congenerf
concentrations were calibrated by Mulhn (Muillin, 1985)
" for this specific PCB standard.

A second primary PCB standard (NOI Standard) '

procedures and standard rehablhty were checked regularly -

through quality control samples and participation in CAPCO

- Interlaboratory quahty assurance studies. Conditions not -

was prepared using purchased . Aroclor solutions of 200 pg . '

mi* 1016, 1221, 1242, 1254, and 1262 (Supelco 4-8701;

4-8705;4-8706; 4-8707; 4-4810) at ratios of 1:1:1:1:1 and |
reconstituted. in hexane to a concentration of 1 pg ml™.

The NOI PCB standard was calibfated with the primary
GreenBaystandardandvenﬁedusmgmdmdual

laboratory standards (120), NRC CLB-1 chlorinated

biphenyl marine reference, the Canadian Wildlife Service,

(CWS) pooled herring gull egg standard and the four

Integrated -Atmospheric Deposmon Network quahty

assurance mixtures. ‘

_ PCB values reported here are glven as total PCB
based on-the sum of the congener measurements.

Sample Quantitation and Quality Assurance

Extracts were analyzed by dual caplllary column

gas chromatography utilizing electron capture detectors
and a HP 5890 gas chromatograph. Two fused silica high
performance capillary columns (i) 30 m HP-5. (Hewlett
Packard) and (i) 30 m DB-1 (Chromatographic

Specialties, Brockville) with 0.25 mm internal diameter
and. 0.11 pm phase thickness were employed. ‘Samples. -

were injected automatically (2ul) into a split/splitiess

injector (250 C)opezatedthhasphtlessholdtlmeof o

02 minutes. Initial chromatography conditions were 65 '

"€, isothermal for two minutes; 10- *C/minute to 110:°C,

3°C/minute; final temperature 280 °C; 5 riiiniite isothermal

hold. The carrier gas. was hydrogen.

Quantitation of organochlorine pesucldes wasbased-
on dual coluimn confirmation with less than 30% variance

between mean values. Quantitative assurance was
ascertained by verification with performance standards,
compliance with specified fractionation procedures and
. continuous monitoring with method spikes. Quarititative
values were assigned according to response factors based

on instrument pperformance | standards and retention time .

match for the compounds of concern. Acceptance windows
were + 0.05 minutes on both columns. Quantitation -

qualifiers and archived in the NOI - Project

meeting spécified criteria or NOI protocol are not reported.
Quantitated contaminant levels are. assigned reliability -
data base
presently under development (EDAMS 1991) '

RESULTS. -

Suspended partzculate matter (SPM) .
Periodic concentration measurements made using large
volume water samples during May 1985, June 1986, July 1987,

~ 1990 and October 1985, 1988 ranged from a low of 0.38 mg/l

in October 1985 to.a high of 24.5 mg/l in May 1985, with a
five year mean concentration of 0.96 + 0.46 mg/l for Lake
Ontario and 10.8 + 3.0 mg/l at Quebec City. The tenfold
increase in SPM concentration with seaward direction resulted
in a mean flux of 3900 + 900 kt/a of riverborne suspended
particulate matter being exported to the estuary (Figure 2).

Particulate organic matter (POw -

. . 'The percent of organic matter (% POM) in SPM
(Figure 3) ranged between 27 % to 65.% at the outflow of
Lake Ontario with the highest concentration observed in July,
1987 and the lowest in October 1985. The % POM in fiver .
SPM decreased sharply with easterly direction w1thm a range ‘

of 8 6-17% at Quebec City.

Parnculate orgamc carbon (POC)

~ POCwasthe major component of the nverbome organic-
particulate organic matter contributing up to 65 %-100 % of
the POM and 4.6 % to 83 % of SPM composition (Figure 4)..
Concentrations of POC remained relatively constant throughout

 the river (Table 4), with concentrations that ranged between
- 0.090 and 0.73 mg C/1 and had a mean concentration of 0.40

+ 0.14 mg C/L. The increased flux of POC (Figure 5) with
distance downstream, was just about double the amount

-dxschargedbyLake Ontario with 4 total calculated annual flux

for discharged POC of 199 66 x 10° /a. The lesser amounts

‘of discharged POC would imply that new in-stream additions

of SPM are significantly lower in organic carbon content and .

are therefore mamly morgamc .

Chlorophyll B
Concentrations of chlorophyll @ (Flgure 6) and total

- chlorophyil - [chlorophyll pheo-pigments and. .degraded of
“inactive chlorophyil (a)] (Figure 7) were higher during the

sammer periods (1987, 1989) and lower in the fall (1985,
1988). Elevated levels of chlorophyll (a) were observed in each
of the riverine lakes for periods of known primary production



(Munwair and Mxmwmr, 1986) . ‘
‘The particulate C/N ratio (Figure 8) was calculated using
the particulate organic. nitrogen concentrations arnd
' particulate organic carbon concentrations shown in Table

‘M,

Dissolved organic carbon (DOC) S
In the St. Lawrence river the DOC ﬁactxon was

©.20:1 of the POC fraction, atypical of natural aquatic-

systems. DOC concentrations ranged from 3.1 to 13 mg/i

_(Table 5) with a mean discharge flux of 2.1 x. 10° t/a.

This value was similar to the 1.8x10° t/a measured by
Pocklington and Tan, 1987, for bimonthly samples over a
- four year period. - Although DOC flux values varied within
stream. we found no apparent increase in the amount of

~ DOC between the Lake Ontario input and Quebec City's

discharge. The largest in-steam variations of DOC flux
were observed downstream of the Montreal sewage
treatiment outfall. The highest values were found prior to
1987 prior to the completion of primary and secondary
treatment processes. The DOC flux rates estimated from
these measureinents contradict those of Pocklington and
“Tan, (1987), who reported a doubling of DOC flux based

- on published values for Lake Ontario DOC (Chan, 1980) -
andthexrmeasurementsatQuebecCIty The reason they -

calculated double the DOC flux was as a result of DOC

measurements determined by two separate’ analytical

procedures (digestion vs combustion). The digestion
_ procednrewasusedtomeasure[.akeOnmnoDOC and
. the combustion at Quebec City. These methods have now
" been shown to produce different values for the same
,samples with particular emphasis on ‘organic matter
conitent. Overall, samples analyzed using combustion gave

. higher results than those by digestion (Koprivnjak et. al.,

CombaandKalser unpubhsheddata) Itxsnotclearyet,

.'Pab’sacchandes -

* Polysaccharide concentrations (Table 6) in 1989

w1thmthe St. Lawrence River ranged from 0.02 to 1.2

. ppm; ’IhexrcoxrespondmgpropomonstOCcontent
mngedfmm06%tol6%

There, were no ‘remarkable vdifferenoes_betweeh .

mean concentrations of PCB and or the other pesticides
between 1989 and 1990 samples (Table 7). Concentrations
of adsorbed pesticides were in.the low parts per billion
(dry weight) ranging from below detectable levels (BDL)
to 24 ng/g in 1989 (Table 8) and BDL-l4 ng/g in 1990

Table 6 Polysaccharide concentrations in St Lawrence szer
centnﬁtged water, 1989. . . :

35
16
o 0se
600 | 088 14 i
e | o | es
s | 12 | 27
2 | ose 66
251 - | os0 - _15

(Table 9) pesticides. PCB concentrations were ‘somewhat

. higher, ranging from 65-780 ng/g in 1989 and 150-400 ng/g in .

1990. Concentrations of organochlorine pesticides in
centrifuged water were also similar between 1989 (Table 10)
and 1990 (Table 9). Values in the low parts per trillion ranged

- from BDL-0.56 ng/l and BDL-0.95 ng/l respectively. The
~ corresponding ranges mPCB concentxanon were 035-1.7ng/1

and 0.37-0.57 ng/L.
The 1989 and 1990 flux estimates for grouped

. organochlorines (X's of BHC, aldrin, DDT, chlordane, HCB,

PCB) and mirex in water and SPM are shown in figures 10

‘ 'through23 Astherewerenoma;ordlffetencesmcontammant

values wetealsosnmlar Asmpastsurveys(Combaetal
1989a, 1989b, 1990), all monitored = contaminants exhibited
internal flux variability. The consistent observation ' of

. intermittent increases of in-stream contaminant flux were

interpreted to represent contaminant introduction from point
solirces, resuspenised contaminated seditnent, or both. This was
concluded through the occurfence of mirex and pp-DDT. In the

. case- of mirex, the only known significant origin was Lake |

Ontario; and therefore. internal fluxes greater than observed

. inputs would be caused by resuspension of previously
. deposited materials. On the other hand, the increases in the

2DDT included the méasurement of pp-DDT. The observation

'of DDT's active: mgredlent which rapidly degrades to products

of DDE and DDD, could only be interpreted as current
inputs, even though the application of this compound was

‘banned in the 1970's. The continued active usage of DDT in’

the: St. Lawrence River watershed, and most notably in the

- Quebec oomdorwasreportedas recentlyas 1991 (Pham etal, _

1993)..
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Figure 2. Flux (1 06_t/a ) of suspended particitlate matter in the St. derence River.
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Figure 3. Percent (%) organic matter in St. Lawrence River suspended particulate matter:
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PARTICULATE ORGANIC
~ CARBON FLUX 10°t/year

PERGENT (%) PARTICULATE
ORGANIC CARBON IN SPM

100

804\

- L. St. Francois L. St. Louis o | - 8t Pietre

0

" oo 200 800 400 . 500 600

 DISTANCE FROM LAKE ONTARIO (km)

+OCT.85 *JUNES6 ©°JUNES7 *OCT.88 +JUNES89 oJUNE 90

Figure 4. Percent (%) particulate organic carbon in St. Lawrence River suspended matter.
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Figure 5. Flux (1 0’ t/a) of particulate organic carbon in St. Lawrence R;_;'_ver suspended matter.
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Fzgure 7. Concentratzon ( ppm) of total chlorophyll in St Lawrence szer water.
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Dr‘scussro'N;

Contaminant behavzour
“The -physical and chemical drstn'butrons of a
contaminant between its surrounding environment is

controlled by its behaviour and partitioning between the

two. principal transporting compartments, namely water
and suspended particulate matter. The distinction between'
dissolved or adsorbed onto partrculaxe is arbifrarily

established throughi’ filtration/centrifugation limitations,

. which’ focus on a nominal particle size of approximately
* 04and 1.0 um, respectively. Consequently, a considerable

"-amount of submicron size particles (colloidal matenal), |

often composed of organic (humic) and inorganic (calcium

‘carbonate) substances can be part of the dissolved fraction.

Presently there is little knowledge as to which. carbon
phase (POC or DOC), if any, controls sorptron—drssoluuon
phenomenon, ‘although organic surfaces and phases are
thought to play an important role i in such processes and
.subsequently in contaminant transport (Platford. et. al,
1985). Partitioning of hydrophobic compounds to solids
has been shown to be statistically correlated to organic
.- carbon content (Karickhoff et. al., 1979; DiToro, '1985)
" and binding energy a function of the organic coating type
(Knezovich et. al.; 1987). Bioavailability, toxicity, and
rates of transfer were also reported to be influenced by the
organic content of the receiving compartment. In water,

the drssolved orgamc matter (DOM), and the collordal
and partrtronmg (McCanhy and Black, 1988 Baker et al.,
1986, Servos and Muir,1989) and enhance the formation
. of mirex photoproducts in Lake Ontario surface waters
Mudambi and Hasset,1988). Also, the dissolved lorganic
_carbon (DOC) fraction in the solute (Landrum et. al, 1984,
'Comba and Kaiser, 1990) has been linked with many other
observed binding and partrtromng effects. =~

- The-

contanunant interactions are for the most part carbohydrate

and protein products from in-sitn (antochthonous) and -

~ terrestrial (alltochthonous) events. In the St. Lawrence
River, the sources of particulate organic carbon in the

Wsmrmerandfallseasonsweredrﬁ‘erentbasedontherr

~detrital . organic particles rnvolved m'

y
.
N

Jor selected chlorinated hydrocarbons in the St. Law
" River.

Compound “Mearr ~ Range sd
e lsK.| | #
“ CTpcB | 633 | 4855651 | 0.40
U MREX | 642 | 598749 | 038

ppDDE | 631 | 477760 | 0.58
~ HCB 588 | 4.856.51 | 041
| DmoRN | s34 | 499602 | 02
. «BHC /| 38 | 308574 | o1
-CHLORDANE| 575 | 482648 0.46
L-crLoRDANE| 575 | 482648 | 046

(SD,1985) in the St. Lawrence would lrave sufficient hydraulic
energy to mobilize and suspend particle sizes of up to 500 pm

~(van Rrjn, 1984), introducing greater amounts of larger mineral
aggregates as the current increased with distance downstream. .

Since particulate organic carbon is usually associated with
sihaller particles such as silt and clay < 0.65 pm, and to 2
lesser extent with the silicates, i.€. sand grains > 0.65- 1 0 pm,
then the low variability in POC concentration throughout the
river (Table 4), imply that the new additions of SPM must be

. - erosion products of the predominant granitic geomorphology.

Although the components of DOC are poorly understood

its sources are generally thought to be similar, particularly in

* large lakes, to those of defrital material and POC. However in
.the St. Lawrence River thére may be an exception to this

commonality. Many of the major tributaries that drain into the
St. Lawrence River carry pulp and paper effluents which are

(Leppard,1986), and therefore important contributors to DOC

" (Burnison and Leppard, 1983). Since the carbohydrate

observed C/N ratios (Figure 8). Ratios of 6-8 feasured
durmg the summer months corresponded to orgamc carbon .

concentration in the dissolved fraction constituted less than 16
% of the observed DOC, it was thought that a sizeable humic
component would be necessary to complete the organic carbon

- balance. Inaddition to pulping wastes, inputs from major urban

o ratios in the fall which approached of exceeded 10 were

mnore typical of terrestrial carbon inputs from vascular
plant debris. The additions of suspended particulate matter
 with distance downstream were mainly mineral in nature

as charactérized by their inorganic content of 95%. This

- produced a non-linear increase in. POC flux relative to the
- flux of SPM (Figures 2 and 5). This lack of linearity Was

caused by the increased flow, and the size and origin of
- particles. Typical current velocities of 0.5-1.5 m/s -

sewage outfalls noticeably increased localized DOC levels but.
did not substantially increase the carbohydrate content. Based.

on this information we felt that the primary sources of DOC
did not originate from plankton and terrestrial forest litter, as

" Table 11. Organic carbon partitioning coeﬁic:ents\gog K,)

N

.identified as significant sources of fibril and humic substances -

thought to be the case for POC, but rather mostly from humrc -

materials.

‘The calculated carbon correctedpartrtromng coefficients
(Table 11) for the individual contaminants ranged from log
3.82 for o-BHC to log 6.42 for mirex, and incorporated a
range of SPM from 0.5 to 10 ppm with organic carbon

32-



fractions between 3-70. %. The carbon corrected
partitioning coefficients gave excellent agreement to those
reported. for other areas of the Great Lakes Basin
(Oliver,1987; Lai et al., 1989, Capel and Eisenreich,
1990). The low variability within coefficients implied that
compound pamtlonmg between water and particulate
behaved in a similar manner throughout the river and was
not significantly altered as a result of different organic
carbon sources. '

contaminants (3) was statistically tested for (i) a linear
relationship between the relative amount (concentration) of

the contaminant in the tfansportifig comipartment versus -

was in the solute). The observation of weaker linear
cormrelations in rivers was not unexpected and can be attributed

~ to two main factors. In large river systems steady state

the concentration of organic carbon in that phase and, )

a linear relanonslnp as to which organic. carbon

concentration (POC or' DOC) influenced the absolute

. .amounts of the contaminant parttttoned, expressed as its-
fatio (ng/m’ dlssolvedlng/m adsorbed). Although the
linear associations were weak, the relationships found for
the concentration of POC and the amounts of adsorbed
contaminant were statistically significant and positively

correlated formirex (r=0.40,p=.01); SHCB (r=0.40,p=01);

Ychlordane (r=0.55,p=.003); LDDT (r=0.33,p=.04); and
ZBHC (r=0.40,p=.01). No correlation for the sorbed
"amount of YPCB and Yaldrin was found with regards to

POC concentration. Dissolved amounts of YHCB

(r=0.58,p=.003) Echlordane (1=0.48,p=.04); and YBHC

equilibrium is rarely achieved as a result of high flows,

intermittent inputs and the overall dynamic nature. 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 thermodynamic balance with the receiving stream

(Kaiser, et al., 1990b). The second reason that contaminants

were observed not to "immediately" sorb to SPM even though -
sufficient adsorptive capacity exists (Platford et al., 1985) is
that a critical concentration of SPM of POC appears to be

- required to affect adsorption. This phenomenon was observed

in other major Great Lake's rivers . In the St. Clair, Detroit and
Niagara (Oliver, 1987; Platford et al.,1985; 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

vdxagrams (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 fraction which became

(t=0.48,p=0.04) were found positively correlated with -

DOC concentration while ¥DDT (= -0:35,p=.04) was
negatively correlated. No relationships were observed
between DOC concentration and the dissolved
.concentrations of Y PCB, mirex and Yaldfin.

The partitioning ratio of YPCB, YDDT and mirex
was negatively correlated with concentration of POC. No
other relationships between DOC concentration and
partitioning ratio were found. -

As previously noted, the con'elanon between

sorptlon of hydrophoblc compounds and particulate

organic. carbon in lakes and sediments has beeh widely

documented. In general, chemicals monitored in the river |

preferred sorption with POC rather than being dissolved in
DOC, although it may not be as apparent as in lakes. The
weaker correlations betweéen cofitaminant and POC
concentration’ were in part due to the grouping of
contaminant components (X). For instance the
_contaminants > HCB, Ychlordane and 3BHC correlated
with organic carbon concentration in both phases. The
relationship with DOC corresponded to the greater.
solubilities of their group components, pentachlorobenzene
(QCB), - BHC and heptachlor epoxide. The compound
groups exhibiting the greatest hydrophobicity, (Table 11)
"YPCB, >DDT and mirex, did not yield strong linear

correlations with POC concentration, even though their

partmonmg ratios were negatively correlated with POC
content (i.e. for mcreasmg amounts of POC less matenal

bound to particulates by the time they arrived at the river's
mouth (Kaiser, et al, 1990b).

Contammant transport

Intuitively, pollutant transport in a river should be
related to- the amounts -of water and suspended particulate
discharged. However to our knowledge no evidence has ever
been reported which actually qualifies the effect these two
vectors have on transport.

As prekusly staxed compartmental d1stnbut10ns were

carbon present in cither the dissolved or partlculate fractlon

Likewise, the flux of dissolved and particulate organic carbon
~was found to be positively correlated with the rate of water

discharge, DOC (= 0.53, p= 0.003) and POC (r= 0.79, p=

- 0.000). - Correspondingly, the rate of water discharge was
‘corfelated to. the total amount of contaminant discharged;

SPCB (r=0.80,p=<0.001 ); mirex (r=0.57,p=<0.001 ); ZHCB -
(r=0.40,p=0.008); TDDT(=0.38,p=01); TBHC (=0.31,p=.05) -

‘and Y.chlordane (r=0.29,p=.06).

Given the association of hydrophobic contaminants with
organic carbon, it was not surprising to find stronger linear
correlations between the flux of DOC and the dissolved flix
of contaminants, Y.chlordane (r=0.74,p=<0.001 ); ZBHC
(r=0.71,p=<0.001 ); SHCB (=0.70,p=<0.001 ); Yaldrin
(r=0.62.,p=0.001; mirex (r=0.57,p=0.003); XPCB .
(r=0.48;p=0.02) and conversely the reverse order of correlation
between the flux of bound contaminant and POC flux, XPCB

(@#=0.71,p=<0.001 ); mirex (r=0.63,p=<0.001 ); YHCB .

@=0.61,p=<0.001 ); SBHC (r=0.56,p=<0.001 ) Taldrin
(r=0.56.,p=<0.001 ); Ychlordane (r=0.055,p=0.003).

-.3'3‘-
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3900 kt, 8 % ori

N

Table 12. Estzmated flux (10° t/a) of suspended partzculate matter ﬁom lakes in the St. Lawrence River.

system 1985-1 990

“ Lake Ontano B Lac St. Francms | Lac St.Louis | Lac St; Pierre Queﬁec City “
I{ 0291:015 053010 10 £023 29 14 |} 39 %1 o

, Dunng the last decade the d1scharge of the two
main transport vectors has remained more or less constant.
Since 1983 the St. Lawrence River has averaged annual
_ water discharges of 11,240 + 1580 m®/s. The largest
discharges were observed in April with smaller amounts

during winter and the later summer months (Figure 24).

The average rate of water discharged durmg the course of

the periodic sampling between 1985 to 1990 was 10,900

m®s. The reported biweekly measurements (Pocklington

- and Tan, 1987) of SPM concentration at Quebec: City

between 1981 and 1985 (Figure 25) had a. mean
concentration of 11.2 ppm, a value similar to the 10.8 ppm
average observed in the 1985 to 1990 surveys. In
- conjunction with these mean water discharge rates and

- measired suspended particulate concentrations an average - .

-annual- discharge of suspended particulate matter was
' determined to be 3,900 kt. The 1985 to 1990 annual river

‘Joading of 3900 kt was slightly greater than the 1981 to

- 1985 value of 3,600 kt reported by Pocklington and Tan

(1987) who observed an average flow rate of 12,900 +

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

were the 6,800 kt/a between 1974 to 1975 (Yeats and ~

“Bewers, 1982 and 6,500 kt/a for 1988 (Fenette et al,

1989). Their higher loading estimates resulted from

observations of greater flow discharge ~14000 m*/s (Yeats
and Brewer) and SPM concentration ~17 mg/l (Fenette).
The relative proportion of sedlment loadmg for each lake-
river corridor contribution is given in Table 12. Of the

. femainder came from sources within the river's drainage
area. Over 74 % of the internal flux was contributed by
drainage regions inside Quebec. In addition to the above
amounts, the Ottawa River (Lac des deux Montagnes) can
contribute additional significant short term SPM ‘loads of
~up to 1.5 kt/d during spring run-off conditions.

" Not surpnsmgly the amounts of organic carbon
dlscharged from the St. Lawrence River in the past ten
years has also remained stable, with a measured mean
annual POC discharge of 296 + 100-10° t/a (Pocklington

“and Tan; 1987) for 1981 to 1985 and 199 + 66 10°t/a,

between 1986 and 1990 from the work here. Similarly, the
coincidental mean loadings of DOC were 1.5 £ 0.50
10°t/a (Pocklington and Tan, 1987) and 1.8 036 10°
t/a..Consequently the low variability in long term
observatlons of water and suspended partwulate matter

originated from Lake Ontario, while the

POC discharged should not significantly influence rates of
chemical flux, such that anly obsefved differénces in the
quantities of contaminants being dlscharged imust be in direct -
response to changes of mputs

. Contaminani trends and ﬁxte

' Inaquatic systems, manyhydrophoblc pollmantsbecom
bound to particles and are deposited to sediments of the. more
conservative energy zones. In the St. Lawrence. River

- deposition of riverborne particulate was not found to:be a

permanent process (Rukavina et al., 1990) and subsequently

' not a major contaminant sink. Sedimeritary deposits ifi the

riverine lakes were reported to contain less than two times the
annual flux rate of PCB and expenenced less than 7%
deposition of annual contaminant flux (Kaiser et. al., 1990b).
This short-term retention of hydrophobic compounds in
sediment deposits of the riverine lakes was also evident from
sediment and sediment core profile data of mirex. Mirex had
gone undetected in 1975 and 1981 upper river sediments

*(Kuntz, 1988; Merriman, 1981), while mirex concentrations in

surficial sediments at 10 sites in Lac St. Francois ranged from
non detectable to. 3.3 ng/g with a mean of < 1.0 ng/g
(Sloterdijk 1985) Subsequent measurements of mirex
concentration in the top 10 cm of benthos cores from the three
riverine lakes averaged 251 pg/g, Lac St. Francois, 728 pg/g,

- Lac St. Louis and 156 pg/g Lac St. Plerre (Kaiser et. al.,

1990b) and in conjunction with later measurefients of mirex in_
fiverine lake sediments (Figure 26) were used to compute a-
1990 miass budget for mirex. The estimated amount of river
remnant mirex was reported to be 22 kg of which 14 kg was
accumulated in sediments (Comba et al., 1993). This content
of sediment mirex represented. 4.8% - of the net exported
amount (by particulate and water) and corresponded with the
predicted net sedimentation rate, reported to average 6 % of
the total suspended flux (Carignan et al., 1993). The lack of
significant contaminant deposition, however did not appear to
lessen the importance of contaminated sediment as a point
source. The mobile charactefistic of sediments and sabsequent
‘resuspension into the water column still appears to play an
important role in the amounts of contaminants discharged. This
intefpretation was made through ‘consistent observations of
increased intermittent mirex flux (approximately 20-30%) for-
stations downstream: of Lake Ontario (Comba et al 1989,
1989b, 1990).-
~ Often the extent of a contammant's envnonmenml

impact is gauged by the chemical's concentration. However
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Table 14. Estimated Slux (kg/a) for selected conta)nfna_nts between Lake. Ontario and Quebeé City in the St. Lawrencé

——
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" Table 15. ‘Percent reduction in contaminant Sluxes between 1986 to 1990 to 'and JSrom the St. Lawrence River.
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this approach may be madequate in large rivers such as
the St. Lawrence, where contaminant concentrations are
usually in the low parts per trillion and consequently
difficult to measufe with aty great certainty. In
conjunction with this, the use of different analytical
approaches can give rise to a non-similarity between

measurements as a result of sampling ‘artifacts. For- -

. example, sampling techniques (Comba et. al, 1990,
Maguire and Tkacz, 1989), such as centrifugation,
filtration, pH and solvent extraction yielded different
contaminant concentrations when the organic content
varied sufficiently between samples. In light of the normal
spatial and - temporal variations in contaminant
distributions, any combination of above can make fate

and trend assessment risky. In order to diminish the .

importance of singular or localized events we utilized
* averaged in-stream flux rates obtained from numerous
" measurements that covered a range of sampling conditions

" and depths. :
The averaged “in-stream dara for pestlcxder

concentration (Table 13) and flux (Table14) 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%. In-stream loadings related to (Z) chlordane,
DDT, BHC and aldrin éxhibited fio distinct tendency -

toward lowered inputs. Instead, concentrations varied and
_in the case 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-stream inputs was reflected in a 1989 sediment

survey of Lake St. Francois, which reported PCB levels to
_be an order of magnitude lower compared to those in the

previous decade (Lorrain et. al.;1993).
o Within a relatively short period of time after
introduction ifito the river (approximately, 5-10 years), the
in-stream - contaminant flux from water; suspended
particulate and- migrating biota enters the upper St.
Lawrence estuary (Comba et al, 1993). Upon reaching the
upper estuary, contaminants are systematically removed
. to the lower estuary through anngal cyclic processes. As
a .substantial portion of transported organic matter
(approximately 75%) undergoes deposition to the bottom
sedimenits of the Laurentian Trough (Lucotte, et al., 1991).

the hydrophobic conipounds, siich as the ones studied,

eventually sediment to the ocean floor.
' During transit through the estuary, contaminant
impact on the marine environment was significant.

Bioaccumulation factors of 105 were observed for PCB

factor of 10® for mlrex in beluga whales (Comba, etal, 1993)
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uptake in fish of the upper estuary and a bioaccumulation
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‘Appendix |

Dggctlgn Lum;s ' '
NOI reports tabulated data: (non-data base) detection limits using the terminology "nominal detectlon limits". This

practrce rationalizes the variables of sample amount, sample type, units of mass, amount injected, matrix effect and
instrument sensitivity in situations where instrument performance and sample treatinerit remain within specified procedural " -
boundaries. Operationally defihed 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, such that the one set of nominal detection limit values can be. applxed to all the sample sets. This
- simplified approach allows laboratories to réport tabulated compound concentratiofis for which individual QL's are not
reported but can be calculated using the analyzed sample weight. A major difference in NOI phllosophy and definition
for the reported detection limit, is the weight given to STATISTICAL QUALIFIERS, BLANK and MATRIX correction
values. Marniy laboratories report their statistically qualified litnit as their Lével of Detection "LOD" or Detection Limit,
and in 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 matrix. NOI considers values of this type to be laboratory variables
or data qualifiers, rather than detection limiting criteria. The NOI DL definition is not altered by any of these factors, -
Instéad the QL of the determination changes. In casés where method or sample effects qualify. the result, the data are

- flagged with-an abbreviated letter code.

NOI data is classrﬁed in one of three formats: "Quantified", "Qualified” and "Not Detected". The term "Detection
Limit" represents the yte expressed in terms of sample concentration, The -
term nominal detection limit is the abbreviated detection limit forma1 Nommal detection limits i incorporate the instrument
sensitivity (IDL) reconciled to the method extract amount.

Instrument Sensitlvrty
The instrument sensitivity is the: mmnnum amount of analyte that generates any measurable response above the optimum
eleclromc baseline.

\
Detection Limit (DL) -
. The detection limit is the quotient of any analytrcal response for a given analyzed amount measured at optimum - .
instrument and method conditions, at time of use, For linear relationships DL =X_, = (Y-b/m)/analyzed amount; where
X is the amourit of analyte, Y=instrunient response b— mstrument electronic baseline and m= mslrument sensitivity or
slope of the cahbranon curve.

~ Quantitation errt (QL)
This is the calculated level of detection for an individual sample, quahﬁed by a selected statistical confidence interval
(), and quantitatively converted to mass concentration. The Quantitation Limit is determined for the actual analyzed
sample amount, where QL— (Y-kb/m)/analyzed sample amount) The minimym acceptable value ofk=2isused in NOI -
procedures. ' : .
Nominal Detection Limits (NDL)
NDL's are quantitative factors given in tabulated data reports that can be used to calculate mdxvrdual sample DL's, when
divided with the analyzed sample amount. Tabulated levels of NDL are expressed as (Y-kb/m)/for a given unit of sample
mass).

* Othier Levels of QL
For numerous reasons, other than statlstrcal many laboratories set user defined thresholds different than those stated for
QL. These reasons may include such factors as, blank response, matrix effects, sample size, artificial limits, rion-linear
applications, etc. Literature examples include such terms as, LOQ, PDL and MDL. In the context here, other user defined
- levels of QL must have values greater than QL and must | include a definition. Data reported in this manner cannot use
the term QL but must instead report quantitation levels using the redeﬁned termmology (ie. PDL). :
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Data Qualiﬁers o

All measured data pomts not gwen in numerical format and subject to the conditions and definition of QL and DL must
. be qualified. The qualifier may represent défined limits (BDL, BQL, BML, BPL), methodology non-compliance (Nt, Ur),
matrix effects (Tx, I), censored data (C) or (Is), insufficient sample, etc. A dictionary of terminology should be provided
- with each report. Data points may also be *flagged" with a qualifier to indicate that themethod or field blank values
-exceeded pre-determmed lnmts

Below Qnantltatxon Limit (BQL) , ' S
* 'This data qualifier designates.a level of analyte less than the speclﬁed QL. The use of BQL nnphes that the DL definition
was not used and that the laboratory censors data valués below this limit. The term BQL or BDL carinot be reported for
the same data set. . ‘

: V,Below Detection L1m1t (BDL) R ,
This designation indicates a null value of analyte less than the specified DL The use of BDL nnphes that the reported i
. values met the documented method and detectlon limit requirements. ,

Below Method (BML) and Prachcal (BPL) Limits . -~ ‘
These designations are used to indicate user defined detection limits and the censonng of data values. User deﬁned limits
nnply that the achelvable QL and DL wete not attained.

Use of the terms BQL BDL and Trace :

Within the boundary region of detection limit and the statxstlcally deﬁned quantitative limit, analytical amounts (censored
data) can be measured. The term BQL is specifiéd in tabulated reports when the value of analyte is less than QL and
therefore not reported. The term BDL is used to report a null value of analyte below the DL. The use of the BDL term
_ indicates that all observed data pomts are reported, even those below QL Dara pomts of this nature may be of value
' although by deﬁmtlon they are not statlstlcally reliable.
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Nominal Detection Limits* for Organochlorinc Compounds -
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* See éht:’lbs‘ix’i,e’f:i NOI detection limits; terms and definitions, based on one mllhhme of extrac!
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