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The southern Gulf of St. Lawrence ac- Lakes region makes up 1.18 X51n?

counts for approximately one-quarter of the (Canadian Government 1973) with an av- >0

commercial fishery landings off the east erage annual outflow of 10,730°ns!
coast of Canada. This large body of water( 1959-1989; K. Drinkwater pers. comm.)
receives substantial quantities of Moreover, the Gulf of St. Lawrence is lo-

organochlorines from the more populated cated on the lee side of the continental at- *°
and industrialized regions of the continent , mospheric circulation and thereby receives

mainly from atmospheric transport and sub- atmospheric fallout from the major indus-

sequent precipitation and from river flow. trial centres of the Great Lakes region and 4
The total freshwater drainage area of thethe eastern seaboard of the United States”

Gulfis 1.35 X 16k, of which the highly  ( Brysonet al. 1974).
urbanized and industrialized ( about 45

in the environment, which were produced
in large quantities in N. America for their
toxic properties for agriculture [ eg DDT
family, lindane , toxaphene, etc] and their
heat resistent qualities for industry [ eg.
polychlorinated biphenyls (PCBs)] . Al-
though pesticides such as DDT were all but
banned from North America in the early
1970s, considerable quantities still escape
to the global atmosphere from Central and
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Figure 1: Study area showing the collection

million people ; Environment Canada fig-  Organochlorines are a chemical class ofsites in St. Georges Bay, N.S., and the urban

ures for 1991) St. Lawrence River-Great compounds, not known to exist naturally
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and industrial centres of the region.
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Figure 2: The vibrating sieve apparatus

developed and used to sort plankton into size
categories from 1977 to 1993.
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Figure 3: Seasonal distribution of PCB, dry
and lipid content of plankton perfrand PCB
concentrations on a dry and lipid weight
basis in the combined 66-2035um size
fractions from St. Georges Bay, 1976 and
1977.
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South America where its use continues ass ;4yq
an inexpensive method for malaria control.
Similarly, PCBs continue to escape from
dump sites in spite of the near-global ban
on their manufacture since the 1980s.
Organochlorines have a high lipid but low
water solubility and are highly resistent to
degradation ( Hutzinget al 1974) which
results in their bioaccumulation in marine
food chains ( Hargravet al 1992). The (g » m3)
toxic properties of organochlorines are of Figure 5: The relationship between planktonic
concern .t(.) hu_man health_ becayse of OUCR concentration normalized to lipid

own position in the trophl_c chain (Feely content and lipid content of plankton per unit
1995, Hansen 1996). Itis important to theyolyme seawater filtered for combined size
fisherman, the fish plant worker, the con- fractions for individual sampling trips in 1976
sumer and government regulators that weand 1977. The solid line represents the best
understand more fully the dynamics of least squares fit to log-transformed data: Y =
these contaminants in the marine environ-57764x%%,r=0.73, N = 28.

ment.
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ganisms can be grouped within trophic lev-

els, such that all plants are the primary pro-

01976 . .

ducers, herbivores are the primary consum-

L ers, carnivores are secondary, tertiary , etc.
consumers. Plankton was collected with

H U

400

200 three to four nets with different mesh sizes

and sorted to seven to nine size categories
(logarithmic) with a specially designed and
constructed vibrating sieve apparatus (Fig.
2) . Silversides and smelt were collected
at night under the glare of spotlights with a
dip net. White hake were collected by ot-
ter trawling in the bay. Capelin, gaspereau,
herring and mackerel were obtained free of
contamination from boat paint, grease etc.
from a local gillnet and a trap fishermen.
PCBs, as Aroclor 1254, were quantified
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Figure 4: Size-frequency distributions of PCB
content and dry weight of plankton pet im

St. Georges Bay in 1976 and 1977 (G.M.and _ 1000} 5 e 0 7
95% CI shown). ]
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In the present account we report results g

of research which provided measurements
of organochlorine levels in the pelagic ma- 10
rine food web of southern Gulf of St. Law-
rence from the mid 1970’s through to the
1990's. St. Georges Bay, Nova Scotia, was 0
chosen as a representative embayment
within the southern Gulf of St. Lawrence Figure 6: The relationship between PCB and
to study organochlorine pollution becauselipid content in plankton in the water column,
it is relatively remote from local sources of plotting individual sieve size fractions
industrial and domestic effluents ( Fig. 1). collected in 1976 and 1977. The solid line
To understand bioaccumulation of reprefsemséh; 'teas\: Sqf";rg;ﬁt t°0'°89€; N

: : : ; transforme ata: Y = 1.206X, r = 0.00, =
organochlorines m an ecological gntlty SUCh176; whereas the dashed line represents a best
as the Gulf, organisms were studied as com:

. - o fit to a linear equation passing through the
ponents of a food chain. Simplistically, or- origin: Y = 0_137)(_ P g g
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Figure 7: The relationship between PCB 8 = E E g E E E
gontent (ng) and I|p|d.we|ght (mg) of seven 100+ o
fish species collected in St. Georges Bay, N.S., o
during 1977. The fitted line represents a least
squares fit to log-transformed data: Y = 10 . . L . . :
0.236X313 r = 0.94. N =135. 0.001 0.01 0.1 1 10 100 1000

Estimated Spherical Diameter (cm)

in bulk seawater from St. Georges Bay in Figure 9: PCB levels in plankton, pelagic fish and marine mammals normalized to lipid content

the late 1970s at 3t1.0 ng.L* (X+SD; and plotted against body size ( Equivalent Spherical Diameter). The plankton and fish were

parts per trillion), whereas the contamina- collected in 1977 from St. Georges Bay, N.S. Information on marine mammals was collected in
the 1970s and published in the literature ( see Harding.in press).

tion measured in plankton was three orders—Plankton are fitted by: Y = 254% r = 0.03, n = 88.

of-magnitude greater at 28.3 ng.¢ Wet gigp are fitted by: Y = 216X, r = 0.68, N = 135,

weight (parts per t?"!ion)- However on an \arine mammals are fitted by: Y =1337Xr=0.18, N = 131.
ecosystem basis, itis necessary to express

PCB contamination of plankton on a habi-
tat volume basis. The PCB levels in plank-
ton of 25um to >2.0mm ESD (nominal

ecosystem tended to be highest in the springears analysed to date. Ware and Addison
and lowest in the summer, followed by (1973) found a similar correlation between
. | ) . slightly elevated but variable levels in the planktonic PCB concentrations and rainfall
equivalent spherical d'ametef) |n.the WaterIate fall ( Fig. 3a ). A similar pattern was 10 to 20 days prior to collection. This sug-
column was 6249 pg.nT, which is four evident in the seasonal distribution of gests that the shorter-term pulses of PCB
ordgr_s—of magnitude less tr|1an that Meas | ankton standing stock ( Fig. 3 b&c) but input into the southern Gulf, reflected in
ured In s_eawater. Seasona concentraﬂon%ot in the PCB concentration per unit the plankton, are most likely due to atmos-
of PCBs in the plankton component of the biomass ( Fig. 3 d&e). The seasonal de-pheric input washed out with the rain. The
cline noted in total planktonic PCBs (pg 1976 and 1977 time series of planktonic

£ _ PCB.m) of the southern Gulf of St. Law- PCB and lipid content perdwere analysed
2 ook HE' rence is mainly due to the reduced summeifor each size fraction by cross-correlation
2 biomass present in the 509 and 1028untechniques after the common trends were
) I seive fractions between mid-july through
D 4000 :Hl L . 100,000
E & I;I l; i H to the beginning of October ( Fig. 4 ), be-
b2 ’ s cause the relative PCB concentrationg
5 oF . L. . ., B 10,000
82 _ present in terms of dry or lipid weight did g
@ glsoo' not change consistently during this periodg |
g 3 10007 ;E [- (Fig. 3 d&e). 2 7
e 500r IH: = \E:
g B & a8 Thi . S 100
o — is dependence of planktonic PCB con- £
€ 20r g%ﬁ:}:’e centrations on standing stock also is evi- £
g a0 [=mh dent from a plot of PCB concentration ver- £ 7]
0L . sus lipid concentration in the plankton ( Fig. =
S// G S/)) G . /7,.,. W/;/ . .. © -
%&%@gs%jc%@ "79\ “44,  5). The lower the planktonic lipid content & *
_ _ of the St. Georges Bay ecosystem, the more
Figure 8: PCB concentrations, based ona ., cantrated the PCBs are in the remain- LT

lipid weight, dry weight and per¥hasis, N . 1970 1975 1980 1985 1990 1995
present in eggs, immatures, adult female and Ihg lipid pool. Planktonic PCB conpentra- Figure 10: Mean PCB content in plankton in
male individuals of seven fish species tions , expressed on a lipid basis, were i 0 i

p . . . the size range 125 to 509um collected in the
collected in St. Georges Bay, N.S., during found to be correlated with cumulative rain- southern Gulf of St. Lawrence between 1972
1977 (GM and 95% C.l.). fall 21 days before sampling for the two 41993 '
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2 was due to the overwhelming abundancepresent studies form a very fortuitous data
29000 g *Tl_—-.\_____( of mackerel during this period ( Fig. 8). No time series to evaluate any further damage
5 8,000 ‘3 ' L difference was found between PCB con-caused by the recovery of tireing Whale

8 7,000 tamination of the sexes of fish species ana-oil barge which originally had 7,600 L of
g 6,000 om lysed. Aroclor 1242 (PCBs) on board when it sank
= 5,000 between PEI and the Magdellan Islands in
% 4,000 N E\ Biomagnification of polychlorinated 1970.

£ 3000 g Gaspereal biphenyls occurs between the larger catego-

£ 2,000 |  Blueback ries of plankton to fish to marine mammals References

S 1,000 =] but not within the lower planktonic trophic BRYSON, R.A. and F.K. HARE. 1974.

ol levels (Fig. 9). PCB concentrations in fish The climates of North America. p. 1-46. In:

19751980 198 A0 199 increased with size and on average werer A. Bryson and F.K. Hare [ed.]. Climates

Figure 11: Mean PCB content of clupeid fish ten times the levels found in plankton. of North America. World Survey of
in the southern Gulf of St. Lawrence between Marine mammals collected by other re- Climatology. Vol. 11. Elsevier, New York.
1977 and 1994. searchers in the region during the 1970scANADIAN GOVERNMENT. 1973.
had accumulated up to several orders-of-The National Atlas of Canada. Fourth
removed from the data (Wilkinscet al ~ magnitude higher concentrations than thosezdition. Dept. of Energy Mines and
1992). In the majority of cases , a signifi- found in fish, with an apparently more Resources, Surveys and Mapping Branch,
cant positive correlation was obtained be-gradual increase in concentration with sizegttawa, 254p.
tween PCBs and lipid content of the plank- of organism. Lipid content and age, or ex- FEELEY, M.M. 1995. Biomarkers for
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fishes are very dependent on the lipid con-that the high values measured by Ware &diet in the arctic. Sci. Total Environ. 186:
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from mother to offspring in fish, but at 1242 which is the PCB signature of the polychlorinated biphenyls (PCBs) in a
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in the southern Gulf of St. Lawrence was pheric transport of pesticides from Central contam. Toxicol. 22: 41-54.
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Bulk seawater| 1976 |3.1X 106 (97.96

Plankton 1976/77 6.0 X 102 | 0.02 of St. Lawrence, based on information col- st. Lawrence. Nature 246 (5434): 519-521.
Fish 1977 |23%x 104|073 lected in the 1970's, demonstrates that mosty/|LKINSON, L., M. HILL, S. MICELI,

4 of the contamination in the pelagic ecosys-p, HOWE and E. VANG. 1992. Systat for
Mammals 19705 141X 1071130 tem was present in the water column butthe Macintosh, Version 5.2. Systat Inc.,
Table 1. Tabulation of PCB levels in the that the marine mammals had by far acCu-Evanston, lllinois. 724p..
Pelagic Ecosystem of the Southern Gulf of St. mulated most of the organochlorines
Lawrence present in the biosphere ( Table 1 ). The
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