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Chlorinated Hydrocarbon Residues
and Heavy Metals in Several Fish
Species from the Cold Lake Area in
Alberta, Canada
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Existing levels of chlorinated hydrocarbon residues and heavy metal concentrations in the
tissue reservoir of several fish species in the Cold Lake area of Western Canada were
investigated. An attempt was made to correlate bioccumulations with feeding habits of the
fish.
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INTRODUCTION

Residues of chlorinated hydrocarbons, mainly DDT and its metabolites
(DDD, DDE), and PCB (polycholorinated biphenyls) have been found in
a variety of fish species in the Cold River Drainage of Alberta. It is
thought that the pesticides may have contributed to the decline of lake
trout populations in Cold Lake. Other adjacent drainages may also have
been affected. The present reservoir of chlorinated hydrocarbons in the
Cold River Drainage probably owes its origin to the large-scale spraying
of DDT by the Department of National Defence, prior to 1969, in
Primrose Lake and the Martineau River.! The sources of the PCBs in the
Cold Lake area are unknown.

Wobeser et al.? first reported the discovery of mercury contamination in
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Canadian fish from the Saskatchewan River. The concentrations found
were higher than those reported for fish from uncontaminated
environments, and correspond to values reported for Scandinavian fish
collected in areas of industrial pollution, Since then much interest and
concern have been generated in the presence of heavy metals in the
Canadian environment.

In relation to the proposed Cold Lake heavy oil development, . this
study was undertaken in order to investigate the existing levels of
chlorinated hydrocarbon residues and heavy metal concentrations in the
tissue reservoir of several important fish species in lakes within or adjacent
to the proposed development area.

METHODS

Chlorinated hydrocarbon analyses were performed according to
procedures specified in:

“Analytical Methods for Pesticide Residues in Foods. Health and
Welfare Canada, Health Protection Branch, 7-32 ff (1973).”

All gas chromatographic analyses were conducted with a Hewlett—
Packard Model 1510A gas chromatograph equipped with a Ni-63 electron
capture detector operated in the modulated-pulse mode.

Heavy metal analyses were determined by Perkin-Elmer Atomic
Absorption methodology.

Samples of tissue were taken from five species of fish collected during
the spring and summer of 1978: lake cisco (Coregonus artedii), lake
whitefish (Coregonus clupeaformis), lake trout (Salvelinus namaycush),
white sucker (Catostomus commersoni), and northern pike (Esox lucius).
The tissue samples included back muscle and body cavity (abdominal) fat
for fish from eight lakes all of which lie within or adjacent to the proposed
heavy oil development area (Figure 1). Both the muscle and fat samples
were analysed for chlorinated hydrocarbons but only the muscle tissue
was analysed for heavy metals. Except for lake trout, for which the only
analysis performed was for heavy metals in muscle, a full range of analyses
was performed for each species.

The five fish species were delected primarily because they represent
different feeding habits and modes of life. Pike and lake trout, at least as
adults, are primarily predators on other fish, whereas ciscos are plankton
feeders, and whitefish and white suckers are primarily bottom feeders.
Habitat and mode of life are the most important ecological characteristics
in determining wuptake and final concentration of chlorinated
hydrocarbons in aquatic organisms.® Hence, the wide spectrum of feeding
habits represented by the chosen species gives a good indication of the
present range of hydrocarbon residues in fish populations.
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FIGURE 1 Lakes from which the fish population were samples.

Tissue samples were frozen on dry ice and wrapped with aluminum foil,
then returned to the laboratory for analysis.*
Concentrations (ppm) were determined for the following:
Chlorinated Hydrocarbons
pp’ DDT|-ortho and para isomers of 1,1’ (2,2,2, trichloroethylidene)
op’ DDT]| bis (4-chlorobenzene)
DDE—1,1" (dichloroethylidene) bis (4-chlorobenzene)
DDD-1,1' (2,2-dichloroethylidene) bis (4-chlorobenzene)
PCB—polychlorinated biphenyls
HCB—hexachlorobenzene
aBHC—1,2,3,4,5 6-hexachorocyclohexane (or a benzenehexachloride)
Heavy Metals
As—Arsenic
B—Boron
Cu—Copper
Hg—Mercury
Pb—Lead
V—Vanadium
Zn—Zinc
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RESULTS AND DISCUSSION

Chlorinated Hydrocarbons

Resuits of the analyses indicate that XDDT was the most abundant of the
chlorinated hydrocarbons for which analyses were performed (Table I).
This was true for both muscle and fat tissues and for each of the fish
species sampled. In fat tissue, where concentrations were by far the highest
and comparisons therefore most meaningful, DDE was the most abundant
of the four related compounds (74.8°% of ZDDT) followed by DDD
(14.7%), pp’ DDT (7.8%), and op’ DDT (2.59%). Among the other
chlorinated hydrocarbons in fat tissues, concentrations of PCB were
second to those of XDDT, averaging about one third (36.09) of the
concentration of DDT. Less important were HCB (5.8% of XDDT)
and «BHC (11.0% of ZDDT).

For all of the chlorinated hydrocarbons analysed, concentrations in fat
tissue were consistently higher than those in muscle (Table 1). For
ZDDT, the mean concentration in fat was nearly 99 times that in muscle
tissue. For PCBs the difference in concentration between the two tissues
was 125 times; for HCB, at least 40 times; and for «BCH, 38 times. Data
for fats also indicate that there were considerable differences in mean
concentrations between species.

The rank order for both XDDT and PCBs, the two most common
chlorinated hydrocarbons, was the same: pike > whitefish > cisco > white
sucker (Table II). This is in general accord with the trophic level occupied
by the various species, respectively, predator, bottom feeder, zooplankton
feeder, and omnivore (suckers include a large proportion of vegetable
material in their diets). Cisco however, had the greatest mean
concentrations of the two less common compounds, HCB, and «BHC. The
diet of ciscos is composed, in large part, of copepods, a group
characterized by high levels of fat.

Heavy Metals

Bioaccumulation of heavy metals appears to be widespread in aquatic
organisms.®> Fish, in particular, are known to accumulate heavy metals
differentially.® The Canadian Food and Drug Directorate has set fish
tissue tolerance limits for various metals including arsenic (5 ppm), copper
(100 ppm), mercury (0.5 ppm), lead (10 ppm), and zinc (100 ppm). Based on
the data obtained from this study (Table I1I), it does not appear that the
fish tissues from the study area will present any health hazard for human
consumption. There were only two instances where the recorded levels
appeared to be high: (1) a mercury concentration of 0.407 ppm in a pike
caught in Tucker Lake, and (2) a zinc concentration of 74.90ppm in a
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TABLE 11

Rank of fish species with respect to concentrations of various chlorinated hydrocarbons.
Samples from lakes in the vicinity of Cold Lake, Alberta, 1978

Rank PCB HCB aBHC DDT
1 Pike Cisco Cisco Pike
Decreasing 2 Whitefish Whitefish Pike Whitefish
Concentration 3 Cisco Pike Whitefish Cisco
l 4 White White White White
Sucker Sucker Sucker Sucker

cisco caught in Cold Lake. All other measurements were well below the
tolerance standards.

Table IV compares the tissue levels of certain heavy metals found in
this study with those found in other industrialized and non-industrialized
areas in Canada. The data indicate that arsenic levels found in this study
are comparable to or higher than those found in industrialized areas of
Canada. Copper levels in pike and white sucker from the Cold Lake area
are higher than those of fish from Lake Erie. Mercury levels were low in
fish from the Cold Lake area, but zinc concentrations were high in cisco.

In order to determine which fish species were most prone to accumulate
heavy metals, an enrichment ratio was determined for every heavy metal
in each fish species (Table II). The enrichment ratio is the ratio of the
concentration of a particular heavy metal in fish tissue to the
concentration of that element in the water.® From the data it can be seen
that the enrichment ratios varied between species of fish for the same
element and for different elements. Lake trout, lake whitefish, and cisco
appeared to have greater tendencies to accumulate arsenic, whereas pike
and white sucker had a greater tendency to accumulate copper. The
mercury enrichment ratio was higher in lake trout and lake whitefish,
while white suckers appeared to be more prone to accumulating lead, and
ciscos to accumulating zinc.

Enrichment ratios are of considerable importance in selection of suitable!
organisms for monitoring heavy metals (especially those that are toxic to
humans) over long periods. For example, data from this study indicate
that tissues of lake trout and lake whitefish will be more suitable in
monitoring the levels of arsenic and mercury.
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