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ABSTRACT

Suspended particulate concehtrations' were determined by centrifugation of water for four
sampling periods at different seasonal conditions throughout the St Lawrence River between
May 1985 and June 1987. Average concentrations of 0.9 mg. L-1 were found to exit Lake

Ontario with a nearly linear increase to 10 mg. -1 at Quebec City. In 1987, raw and.

centrifuged water samples were also sequentially filtered through a set of membrane filters
with pore sizes of 8.0, 0.4, and 0.2 um, For most raw water samples, filtration resulted in a
lower total particulate retention than centrifugation. Exceptions were water samples with high
levels of humic substances, especially those from the Ottawa River tributary.

The divergence of filtration and centrifugation results is thought to reflect alterations of the
suspended particles by the mechanical and gravitational forces acting on them during
centrifugation. These effects may also produce changes in the contaminant partitioning beween
water and the particulates, epecially in samples where such contaminants -are not evenly
distributed in the particulates. Our data indicate that the concentration of polychlorinated
biphenyls (PCBs) in particulates of the size 0.2 to 0.4 um are up to ten times higher than in
the larger particles found in St. Lawrence River water.

" The presence of high levels of humic substances in comparatively soft surface water will

'therefore lower the centrifuge efficiencies for the recovery of fine suspended particles. Asa '

“consequence, hydropho bic contaminants, such as PCBs, which tend to adsorb onto clay and
organic particulates, may only incompletely be recovered with these particles and remain in

¢

the centrifugate from where they can be determined by extraction with suitable solvents, The
“gerermination of contaminant partitioning factors between aquatic compar ents will also be
influenced by these effects.
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INTRODUCTION

In comparison to other large world rivers, the St. Lawrence River has extremely low
concentrations of suspended solids. However, the known association of many organic
contaminants with these particulates demands an accurate determination of their concentration
for the correct measurement and interpretation of contaminant loadings and fluxes and their

" impact on the aquatic foodchain in the estuary (Gagnon et al., 1989). Water, fishes and

mammals in the St. Lawrence River and Gulf are heavily contaminanted with organochlorine
compounds, particularly polychlorinated biphenyls and certain trace metals, such as cadmium
(Masse et al., 1986; Lum and Kaiser, 1986; Dutil et al., 1985; Addison et al., 1973). Good
management of these resources requxres an in-depth knowledge of the contaminant sources and
pathways :

One of the principal means for fluvial transport of hydrobhobic organics is through
association ‘with suspended particulate matter. It is for this reason that these particles are

_intensely studied. Suspended particles do not take part in the process of permanent

sedimentation due to such physical factors as size, origin or density. Hydrodynamic processes

‘and events provide these particles with sufficient energy to sustain suspension in the water

column 'sich that they are transported or circulated in .a horizontal direction. Some
suspended particles may exist in a "colloidal state" as small solid particles or macro molecules,
buoyed by small dioplets of fluids or small gas bubbles. The continuous phase in which these

units are dispersed may be liquid or gaseous and includes such formations as aerosols and
foams. Suspended solids may also form flocculates when added to saline water or to water of

high turb1d1ty Particles involved in such processes result from mechanical, chemical and

biological action on organic and inorganic matter such as phytoplankton cells, fragmented
plant material, marine detritus, mineral grains, metal oxides and hydroxides, clays and other
silicates. These complexities of particulate composition, interaction, flocculation, or peptization
together with the hydrodynamics of the system are the determining factors for contammant
association with particulate mo1et1es 7
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Contaminant loadings are frequently estimatéd from the contaminant concentrations on
the particulates and the water volume and flow'rate. However, the knowledge of particulate
composition anddfe in-situ physical processis usually not incorporated into the results, hence
variations between observations using different test procedures are often encountered.

Present methods for the determination of suspended particulates are centrifugation and
filtration. Both methods are known to influence the particle characteristics and therefore may
influénce the analytical résults, One perceived problem with centrifugation is the shear stress

effect. Largé particles may riipture into smaller particles and pass through the centrifuge, or

inversely, small particles may flocculate into larger aggregates. These processes can also affect
both the thermodynamics and kinetics of contaminant adsorption. In some cases, adsorption
may also become non-reversible. In comparison, filtration of highly humic waters containing

fibrils can tend to clog filter paper pores, the retained particles causing precipitation of

dissolved material which otherwise might have passed through the filter. This process is known
as filter medium filtration or depth-filtration. In contrast, under reduced pressure or under
saline filtration conditions, particles may undergo peptization and pass through the membrane
into the solute.

This report provides new data which may offer insight into the causes of suspended sediment .
recovery problems and their effects on contaminant data interpretation on the basxs of field
observatmns in the St. Lawrence River.



EXPERIMENTAL

Sample Collection

Westfalia Separator

Suspended particulates were collected at the locatxons s
separation bowl of a Westfalia separator. The centrifuge was
water sample passing throtgh at a rate of 6 L/min. The contents of the separatx /
removed by slurrying retained sample water with the particulate film using a nylon toothbrush

~ or-small nylon bristle paint brush. The sample was poured and rinsed into a 500 mL wide-

mouth glass jar and stored at 4 C until processing at the laboratory. In May 1985, these

- samples were obtained by filling a 600-L polyethylene tub with the aid of a March pump ata

rate of 6 L/min from a depth of 2 m with river water and centrifuging the entire tub
contents. In October 1985 samples were taken in a similar manner, with two 600-L tubs being
used. In 1986, the samples were taken in-situ over a period of 25 to 36 hours at a depth of
3m. In 1987 samples were collected at a depth of 5 m for time periods of 100 min each and
total station times of 9 to 23 hours. Samples were collected with the research vessels CSS
Limnos and Advent. Additional information on sampling can be obtained from concurrent
project reports (Comba et al., 1988, 1989) and detailed information from the cruise reports
(TOD, 1985 to 1987). Table 1 gives the station locations and descriptions for the 1987 samples.

Sorvall Centﬁfuge '
vall §S-2 ceritrif uge witha KSB continuous-flow rotor operating

_ 19,000 rpm was
used to recentrifuge Westfalia centrifugate. A constant flow of centrifugate wa as fed to
"~ the Sorvall_from a stream splitter manifold {4:1) from which a valve manifold provided a

regulated flow of IL/minute. In 1987, this system was replaced with a peristaltic pump™

“drawing water from a COMION reservoir recenvmg three separate Westfalia centrifuge effiuents,
This system provided greater flexibility in drawing off other water samples compared to the
‘1986 procedure The suspended particulates collected were transferred to 500 ml glass jars
and stored a 4°C, as described above.

Sample Preparation

* Sample Drymg

The samples in 500 mL jars were allowed to settle for one day prior to removal of the
surface water above. the particulate by suction through a water aspirator using a disposable
pipetté. The supernatant water was removed to approx1mately 1 cm above the suspended
particulate layer which was then covered witha Medi-Wipe (McGaw Supply Ltd, MlSSlSSllaga,
Ontario), secured with an elastic, frozen and then freeze dned

Freeze drymg was performed in a Virtis 100-SRC Subhmator with a shelf temperature of

20°C and'a vacuum of 15 to 30 Torr. Samples were prepared in batches using drymg penods_

of 72 to 100 hours.

Membrane Filtration :
- In 1987, four litres each of raw and centnfuged water were collected in glass bottles

from each of the samplmg stations in the upper river (stations 27 to 41) and one litre each i

from the stations in the lower river. Each water sample was sequentially fi iltered through

three different pore sized filter papers using a Millipore filtering apparatus and a vacuum

N ’




concentratlon fype and size as well as seasonal mfluences Recv

pump. Nucleopore polycarbonate filters were pre-wéighed to 10"6g on a Mettler Micro Gram
Atic Balance (Model MS). An alpha-emitter was placed alongside the Weighing pan to
eliminate, static interference. A set of control filter papers for each pore size was weighed
eleven times over 30 days under the prevailing laboratory conditions of temperature (23 to 24
C) and relative humidity, (67 to 83%). The greatest deviation observed between the highest
and lowest weight for any of the 33 weighings of new membranes was 0.000234 g with a
standard deviation of 0.00010 g. A confidence level of 0.0002 g was-therefore chosen for the
filter paper weighings. The weighed papers were stored individually in Petri dishes until use.

_Each water sample was filtered first through an 8.0 um filter, next through a 0.4 um
filter and last through a 0.2 um filter. After filtering, each filter was returned to the Petri
dish. In the laboratory all filter papers were air-dried simultaneously in a closed cupboard.
The lids of the Petri dishes were removed and the filter papers covered with AHS "Mediwipes"
for two weeks before being reweighed. '

Dissolved Organic Carbon and Dissolved Organic Matter Apalvsis .

A 250 ml portion of final filtrate (0.2 um filter) from the previously described filtration
process for both raw and centrifuged water was kept in glass bottles for dissolved organic
-carbon (DOC) and dissolved organic matter (DOM) analyses. A 10 m] portion of sample was
brought to pH 4 to 5 with nitric acid and 30 uL injected into a Beckman Industrial Model 915

B, total organic carbon analyzer.

Dissolved organic matter was estimated (Hanya and Ogura, 1962) by UV absorbance
measurements at a wavelength of 220 nm with a 10 mm UV silica autocell on a Pye Unicam P4
8600 series spectrophotometer.

RESULTS AND DISCUSSION

Capture of suspended particulate matter from fluvial systems by centrifugation for
subsequent determination of contaminant identification and concentration has been a routine
_operation at this research institute for the past decade. Recovery efficiénces of the Westfalia
" continuous flow centrif uges%gre reported to be above 85%. (Nriagu, et al., 1981; Churchland
et al., 1988). Capture efficiencies, however, are dependent on samplmg conditions, particle

low as 45% for

1981) and were assocxated
,the summer months N

fR-one recovery as low a ‘Lﬁ),

e ————————

-Suspended part-lculate concentrations were determined throughout the St. Lawrence River,
during May 1985, October 1985, June 1986 (Kaiser etal., 1989a). The June/July 1887 particulate
concentrations determined by continuous flow centrifugé are given in Table 2.  Seasonal
fluctuations in particle concentrations were observed, with higher sediment concentrations in
May (1985) as a result of the spring runoff and lower concentrations during the summer and
fall surveys (Figure 2). We find an average of 0.9 mg. L-! to leave Lake Ontario with a nearly
linear increase to approxxmately 10 mg L-1at Quebec City. Repetitive sampling of up to 11
samples of 600 L water each at 11 river stations between Kingston and Quebec City in June,

!
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a reflection of Lake Ontario’s retention of much of the larger size part1cu Tes.

downstream flux of suspended materxal Addmonal smgle (600 L) water samples taken at othef
stations in the river, are therefore assumed to have an equally low variation, hence to be
quite representative of those other sites.

Particle sxz’e distribution as determined by filtration of raw W
Lawrence aner (Fxgure 3 and Table 3) indicates a predomi

/St observable change in particle composition occurs below Cornwall/Massena (stn. 41),
an area which receives major hydro-electric power plant, chemical and pulpand paper industry
effluents in addition to mumcxpal discharges. ] f neral pattern of
/creasmg particle size m easterly (downstream ion is evident. In terms of mass,

iz€ fraction > 8.0 um (F ominates the suspended particulate concentration in raw water,
except at m—fo a lesser degree - at station 255 (Figure 3 and Table 3). The
different particle size distribution at site 243 is most likely due to the large volume of Ottawa
River water entermg at Montreal. Compared to the Lake Ontario derived water, that of the
Ottawa River is high in humic substances and other organic matter added to it by pulp and
paper industry ef fluents. A similar large mcrease in the 0.4 to 8.0 um fraction (Fb) at ,st,at;on
255 is probably resulting Trom the pulpi) RiVieres: ]
Targer particle fraction (Fa) at station 253, just above the Que ec City, can be derived from
the influence of tidal flow disturbances in the upper St. Lawrence Rlver estuar

» -eguaryo_ser 145 Tar upstream as Trois 55 (Pocklington and Tan 7;‘SD',- 1‘98--5:).'
- - — \____,;———"—'—' .
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Efficiency of the Westfaha centrifuge units as determined by membrane filtration of the
centrifugates was betweenlﬂﬁ%_xcept for station 22, where it was 46% only (Table
4). ‘These values are similar to those from other observations where centrifuge efficiencies
generally were in tKe 90% rar
organic-rich sediments (Ongley an

The high shear forces experienced by particles in the centrifuge may also result in the
alteration or breakup of some particles. This effect should be particularly strong on organic
particles and our data support this possibilty by the observation of increased levels of
dissolved organic carbon MC = 3.2 +/- 1.4 mg/L) after centrifugation (Table 5).

J

Determination of Particle Concentrations: Centrifugation vs Filtration

Contrary to our expectations, the suspended matenal retained by centrifugation was
“than that of the corresponding observations usingsmembrane filters (Table 6 and Figure 3). In
quantitative terms, the membrane filters retained only be and 89% of the amounts of
the centrifugation tests. The only and notable exception was ‘at station 22, whete the
membrane filter recovered a significantly higher amount than the centrifuge. This station is in
Lac des deux Montagnes, at the mouth of the Ottawa River, a major St. Lawrence River
tributary. It has a much higher level of dissolved organic matter than the St. Lawrence River
(Table 5). The membrane filter (Fc) of station 22 showed also a comparatively heavy coverage,
indicating retention of large amounts of particulate matter.

, Waters nch in organic matter can produce consxderable errors in C&Sﬁﬂdﬁ.ﬂlﬂaﬂeﬂ-ﬂﬁﬂlﬂy__

s I . o y
Tiltration or filter medium filtration. occurrmg here durmg fxltratxon of the centnfuged

-

e for mineral-rich suspended sediments but only 55% to 80% for__



water, it would artificially lower the calculated centrifuge efficiency because of the additional
material retained by the filtration. In addition, other filtration-caused phenomena, such as
particle flocculation may occur in cases where industrial wastewaters, rich in surfactants have
entered the river (Graham, 1988)

The f11trat1 n measurements in the upper St Lawrence River are sub Ject toa greater retaty

: r due to the lower absolute suspended particulate con _the three _
fractions. S eéven if the material was distributed equally between the three size ranges
chosen, their combmed values (FTR) would still exceed the lower confidence level of 0.0002g.
The particulate concentrations for most stations are well above this error level and considered
accurate for comparative purposes,

. Except for stations 22 (Ottawa River), the membrane filtrations recovered fewer particles than
the centrifugation (Table 5). At the downstream stations (112 to 253), where the suspended
sediment levels were highest (in the 8 to 10 mg/L range), the membrane filtration recovered
typically between 53% and 63% of the material obtained by centrifugation. Therefore, one must
conclude that the filtration system passed appreciable amounts of material below the 0.2 um
size, or conversely, that organic matter of that size or smaller (possibly including dissolved

matter) is retained by the centrifuge. This conclusion is investigated in mote detail further

on. : :

Particulate Integrity and Contaminant Association

It is commonly thought that suspended particulates subjécted to high centrifugal forces and
shear stress undergo alteration, yet documentation of such effects is very limited. In order to
elucidate such changes, we have also determined the dlStrlbUthIl of particles in the raw and

.- centrifuged water by ‘bfth membrane filtrati ifugation With

1str1but10ns in the

" ‘raw and Centr: uge water exammed here mdxcates a consxderable particle structure change

from the (Westfalia) centrifugation process (Table 3). Alteration of particle aggregation by

"shear force €0 noted by other investigators (e.g., Ongley and Blachford, 1982).

Flocculation of particles was reported under various stress and concentration conditions that
yielded larger diameter a aggregates - with greater density and mass (Tsai et al.,, 1987).
Furthermore, dissolved organic matter such as fulvic acids are known to aggregate under
certain conditions, such as high localized conéentrations and interactions with other surfaces
(Leppard et al., 1986). Such conditions may possibly exist during high speed centrifugation. As
stated before, organic rich waters with collordal/f ibril constltuents have al s0a hig h otential
“to form floccilates with aggregates 17
aS fiic rich waters hav ;
observed here too, poor centtifuge ef fi 1c1encxes appear to be af unctxon of the organxc matrrx
of the water. In particulaf, high levels of dissolved organic matter, siich as in thé brown
Ottawa River water result in significantly lower centrifuge recoveries of suspended sediments.
As dissolved humic acids are carriers of dissolved PCBs and other contaminants (Landrum et
., 1984), their passage through the filtration and centrifugation process may also lead to a

/ poor PCB recovery
O

-Lacustnne fibrils are reported to account for up to 33% of carbon content in the
) ional dissolved organic carbon (DOC) fraction (Burnison and Lmard 1983; Leppard,
,85) Also, suspended particulates in marine environments have been show
edatings of DOC materials (Neihof and Loeb, 1974; Hunter, 1980). Measurements of the DOC
fraction in the raw and centrifuged water samples gave increased DOC values for the




L ‘centrrfugates compared to- the raw water (Table 5). _This would rmply that DOC bound /

aterial is released wrthm the centnfuge, another mdrcatron of structure tron or that

Westfalia centrrf_ggte ‘with ultra-
“Tuge (Sorvall). The retention of particulate material

’_rep_O'dﬁ'r ible over two sampling periods and in a range of 2.6 to 7.9% of the total particulate Lm \—/

matter in the raw water as determmed by centrxf ugation with the Westfalia system (Table 7). .

Contaminant analyses of these particulates revealed a strong increase of polychlonnate
~ biphenyl concentrations (PCB) in the Sorvall captured particles over those retamed in the

estfalia centrifuge (Table 7). This increase up to ten-fold) 1ndic S fiot
umformly distributed in the suspended sohdsw re atrvely hrgh f concentra~ L@ﬁ\[ f'

ons in the finer mostly <1 um size) particles. If, as our results above appear to indicate,
the fraction of these smaller particulates epends on the sampling mechanics, then the found

contaminant levels in the suspended sediments may also vary with these sampling parameters. —1
As the suspended sediments are the major carriers of the organochloring contaminant load H‘ffNé

) ' articularly'in the lower St. Lawrence River (Kaiser et al.,, 1955a, 19890} (
@ _ é{lﬁulanons may also be affected by these f: actors This i is in aggreement /ith observations by
( | Bhker et al. (1986) who found that the al matter has 2 ing i ‘ - !
he distribution of hydrophobic compounds.and their w. dinfe ing. . S

_The quantitative changes introduced by sampling methods such as ¢e atio VQ
inant partitioning relationships between colloids, fibrils, water and chemical specxatron 1s
unknown. Such influences, however, should ye=Eeo

. .@ and need to be dete L,@ ON®
Clearly, the conclusions drawn from such data sideration of the potenti rtif: act 92

arising from certain methods of partxcle separRtion should be examined in greater detail.

S —————————
————
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Figure 1. Sampling Locations on the St; Lawrence River, 1985 to 1987.

Figure 2. Suspehded sediment concentrations in the St. Lawrence River, 1985 to 1987.

Figure 3. Suspended particulate concentrations by Westfalia centrif ugation '(CA) and filtration

(FT = Fa + Fb + Fc¢) and particle size distribution (Fa > 8.0 um; 0.4 < Fb < 8.0 um;
0.2 < Fc < 0.4 um) for St. Lawrence River water, June 1987.



~Table 1. St. Lawrence River station locations® and descriptions, 1987 sampling.

Station No. . Latitude (N) Longitude (W) : Description
28 44,1208 176.3689 3 Kingston, Wolfe Isld., north channel
27 44.2417 76.3219 ) Kingston, Wolfe Isld., south channel
29 44.6386 75.5975 * Prescott, mid- channel
41 45.0442 74.5806 o Lake St. Francis, western eénd
524 45.2331 74.2311 . Lake St. Francis, estern end
51 45.2306 74.1436 _ Beauharnois Canal, upper end
56 45.3692 73.8264 ~ Lake St. Louis, center
252 44.4086 - 737117 ' Lake St. Louis, eastern end
251 45.6411 73.4783 ' Montreal
243 45.9789 73.1922 o Sorel '
112 46.2364 72,7606 . _ Lake St. Pierre, center
255 466236 . 719539 ' Portnéuf
253 46.7161 71,3783 Quebec City

22 45.4572 74.1000 Ottawa River, Lac des deux Montagnes

H H .
‘- - U _ -> -‘I - . - -

2 1 ongitude and latitude given in degrees and decimal degrees.

v
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Table 2. Concentration and variation of suspended particulate material in the St. Lawrence
River, June, 1987; values in mg/L..

Station? Concentration? Number of Station TimeS
Number mmemememememccececcealacaeea-  Samples (hours)
Mean Stand. Dev. Relative Dev. (n) -

28 038  0.04 11 7 18
27 . 060 011 18 8 17
29 094 .0.26 28 8 17
41 16 0.06 4 8 17
51 098  0.06 6 6 9
252 2.6 0.10 4 6 12
251 33 0.19 6 5 12
243 66 0.37 6 11 23
12 82 11 13 1 23
255 8.0 0.85 1 11 22
253 .10 1.3 13 10 23
22d 51 0.45 9 12 60

2 See Figure 1 and Table 1 for locations.
b Mean Value based on n measureme,nts of 600 L of centrifuged water from a depth of 5m.
¢ Total station time, includes sampling and non-sampling time.

d Station 22 is in the Ottawa River tributary.

. \



Table 3. Partxcle size distribution in raw and centrifuged (Westfalxa system) St. Lawrence
River water as determined by filtration through membrane filters in 1987.

N

Station - Concéntration in raw water (mg/L) Concentration in centrifuged water (mg/L)
Fa? Fb Fc  Fyb Fa Fb Fc Fty Ft)-Fty
28 0 0.035 0.025 0.060 0 0 0 0 © 0.06
27 -0 0 0 0 .0 0 0 0 -0
29 0 -0 0.043 0.043 0 0 0.042 0.042 0
41 0.51 0.17 0.053 0.73 0.14 0 0.24 038 0.35
51 0.21 0 020 041 -0 0 0.085  0.085 - 032
252 1.1 0.39 0.16 . 1.7 . 058 0 020 . 0.78 0.9
251 0.54. 0.39 0 0.93 0.20 0.44 0 064 0.3
243 . 1.2 1.5 32 59 - 0.11 0 0 0.11 5.8
112 32 024 081 43 0.16 1.1 0 13 - 3.0
255 1.3 .33 0.14 4.7 . 0.60 0.99 026 . 19 2.8
253 52 o 0.037 5.2 0 062  0.19 0.81 - 44
5.0 0.86 5.9 3.0

22¢ 1.1 4.3 30 89 "0.12

2 Filter pore sizes: Fa: 8 um; Fb: 0.4 um; Fc: 0.2 um.
b Ft = Sum of Fa, Fb and Fc.

C  Station 22 is in the Ottawa River tributary.




Table 4. Concentrations of suspended particilates as determined by céntnf ugation (CA) and
filtration of the centrifugate (Ft;). Centrifuge ef fxcxencxes calculated as:
Efficiency = 100 CA/(CA + Fte).

Station Concentration Concentranon Centrifuge Efficiency

Namber = CA2 (mg/L) Ftc (mg/L) 100 CA/CA+Ft;
28 0.38 -0 100
27 0.60 0 ‘ 100
29 094 0.042 96
41 1.6 038 80
51 098 - 0.085 ' 92

252 2.6 0.78 76

251 33 : .0.44 : 89

243 6.6 0.11 94

112 , 8.2 1.3 79

255 8.0 - 1.9 75 .

253 . 10.0 ' 0.81 93
22¢ 5.1 5.86 - 46

2 CA: Suspended material retained by centrif’ ugation of raw water.
b Fte: Suspended material retained by fxltratlon of centnfugate

C Station 22 .is m the Ottawa vaer tributary.



N Table 5. UV absorptlon values as measure for dissolved orgamc matter (DOM) and dxssolved
. organic carbon (DOC) values for St. Lawrence River water, 1987.

|-. &-

Station Filtered Raw Water " Filtered Centrif uged

Number (Fc)? Water (CAf)b
it mREm R Rt e d(DOC‘)d
Ejg0° DOC (mg/L) EZZO DOC (mg/L) ,
27 0.15 6.3 0.16 56 -0.7
28 0.14 8.6 0.15 10.9 +2.3
29 0.16 6.1 0.16 10.1 +4.0
41 0.17 . 5.8 0.17 5.7 =01 .
51 017 6.7 0.17 11.9 +3.2-.
252 ' 0.17 ' 5.7 0.18 11.1 +5.4
251 _ 0.19 - 112 0.17 5.0 . -6.2¢
243 -~ 0.25 12.8 0.25 16.2. +3.4
112 0.14 7.6 0.14 . 10.4 +2.8
255 - 0.19 7.0 0.19 . 8.7 +1.7 .
253 0.18 . 6.1 0.17 10.6 +5.5
22f 0.41 79 , 0.46 7.6 -0.3
2 Filtrate after membrane filtration through 0.2 um filter. -

, b Westfalia centrifugate water after membrane filtration through 0.2 um filter.
¢ Absorbance at 220 nm wavelength.
'd dDOC = DOC (raw water)-~ DOC (centrifuged water)'-

€ Montreal Harbour station, omitted from calculation of mean dDOC
mean dDOC= 3.2 +/- 1.4; n= 11.

f Station 22; La_c des deux Montagnes (Ottawa River).
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~ Table 6. Comparison of suspended particulate matéri"al obtained by filtration (Ft) and

centrifugation (CA, Westfalia centrifuge) of St. Lawrence River water, June 1987

Station = ~emecmemeeccccccmmemmmcema————
CA? Ftb %Ft/CA
28 .0.38 0.060 17
27 - 0.60 ~no value no value
29 . 101 10.043 4
" 41 - 1.58 0.73 46
51 0.98 0.41 41
252 - 26 1.7 65
251 3.9 0.93 24
243 6.6 5.9 89
112 ' 6.8 4.3 " 63
255 7.9 ' 4.7 59
253 9.9 - 52 53
22¢ ' 55 8.9 . 162

3 Concentrations given are those of the same individual centrifugation of 600 L water, during v
which the water sample for the filtration experiment was taken, except for stations 28, 27
and 51, where the means (Table 2) are given due to the low levels. '

b CGoncentrations (Ft) are combined amounts obtained from three filters, Fa > 8 um;
0.4 <Fb < 8 um; 0.2 < Fc < 0.4 um.

€ Station 22 is in the Ottawa River tributary.



bl

Table 7. ,Par_ticulate concentrations in Westfalia separator centrifugate as determined by
centrifugation with the Sorvall centrifuge and their RCB concentrations. '

/

" Particulates?®
Station -=--mme—e--- e e e e e e PCB Concentration in partxculates (ug/g)
Concentration CB (mg/L) = Retention (% CB/CA) N :
: . CA 'CB 'CcA CB .
1986 (volume)P 1987 (volume)® 1986 1987 1986 1986 1987 1987 '
27 - (0) ~ 0.025 (820) - 53 0.39 - © 128 - 34
- 28 - (0)  0.032 (930) - 6.9 0.27 - 0.92 4.7
29 0.12 (690)  0.032 (930) 1.9 3.1 0.13 2.3 1.50 3.8
41 0.08 (960)  0.043 (930) . 3.0 26 0.16 24 "0.87 6.4
254 0.07 (1220) - (0) 2.6 - . 019 20 - -
51 - (0) 0.029(690) - 3.0 - - 0.96 9.8
56 0.11 (1100) - @ 29 - 0.19 4.5 = -
252 0.17 (1200) . 0.12 (690) 4.7 4.6 0.12 68 0.58 2.7
251 0.14 (1200) - 0) 3.1 - 0.10 22 = =
243 0.45 (1200)  0.42 (1300) 6.2 6.4 0.07 2.1 0.16 1.1
N § V' 0.51 (1200) 0.25 (1260) — 5.3 3.0 . 0.07 1.5 0.14 1.1
255 - (0) = 0.44 (160) = - 5.5 - - 015 12
253 0.38 (450) . 0.66 (60) 3.8 6.7 0.21 23 0.12 1.8
22¢ - (0 0.2 (40‘0) - 7.5 - - 0.10 1.4

‘ a4 CA: Material retained by Westfalia centrifuge, CB: materxal retamed by Sorvall centnfuge

b Volume of water processed by Sorvall centrifuge at 19, 000 rpm; volume in L.

¢ Water f r.om_thls station was collected on 24 Oct. 1987, trucked to th_g laboratory and then processed.

.
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Figure 2. Suspended sediment concentrations in the St. Lawrence Kive'r, 1985 to 1987.
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