


Canadian Technical Report of
Fisheries and Aquatic Sciences

Technical reports contain scientific and technical information that contributes to
existing knowledge but which is not normally appropriate for primary literature.
Technical reports are directed primarily toward a worldwide audience and have' an
international distribution. No restriction is placed on,subject matter and the series
reflects the broad interests and policies of the Department of Fisheries and Oceans,
namely, fisheries and aquatic sciences.

Technical reports may be cited as full publications. The correct citation appears
above the abstract of each report. Each report is abstracted in Aquatic Sciences and
Fisheries A bstracts and indexed in the Department's annual index to scientific and
technical publications.

Numbers 1-456 in this series were issued as Technical Repoi'ts of the Fisheries
Research Board of Canada. Numbers 457-714 were issued as Department of the
Environment, Fisheries and Marine Service, Research and Development Directorate'
Technical Reports. Numbers 715-924 were issued as Department of Fisheries and the
Environment; Fisheries and Marine Service Technical Reports. The current series
name was changed with report number 925.

Technical reports are produced regionally but are numbered nationally. Requests
for individual reports will be filled by the issuing establishment listed on the front cover
and title page. Out-of-stock reports will be supplied for a fee by commercial agents.

Rapport technique canadien des
sciences halieutiques et aquatiques

Les rapports techniques contiennent (jes renseignements scientifiques et techni­
ques qui constituent une contribution aux connaissances actuelles, mais qui ne sont
pas normalement appropries pour la publication dans un journal scientifique. Les
rapports techniques sont destines essentiellement a un public international et ils sont
distribues a cet echelon. II n;y a aucune restriction quant au sujet; de fait, la serie reflete
la vaste gamme des inten~ts et des politiques du minisU:re des Peches et des Oceans,
c'est-a-dire les sciences halieutiques et aquatiques.

Les rapports techniques peuvent etre cites comme des publications completes. Le
titre exact paralt au-dessus du resume de chaque rapport. Les rapports techniques sont
resumes dans la revue Resumes des sciences QquQtiques et haliewiques, et ils sont
classes dans l'index annual des publications scientifiques et techniques du Ministere.

Les numeros I a 456 de cette serie ont ete publies a titre de rapports techniques de
l'Office des recherches sur les pecheries du Canada. Les numeros 457 a 714 sont parus a
titre de rapports techniques de la Direction generale de la recherche et du developpe­
ment, Service des peches et dela mer, ministere de l'Environnement. Les numeros 715 a
924 ont ete publies a titre de rapports techniques du Service des peches et de la mer,
ministere des Peches et de l'Environnement. Le nom actuel de la serie a ete etabli lors
de la parution du numero 925.

Les rapports techniques sont produits a l'echelon regional, mais numerotes a
l'echelon national. Les demandes de rapports seront satisfaites par l'etablissement

. auteur dont Ie nom figure sur la couverture et la page du titre. Les rapports epuises
seront fournis contre retribution par des agents commerciaux. '



i

Canadian Technical Report of

Fisheries and Aquatic Sciences 1519

January 1987

COPPER, ZINC, CADNIUN, AND LEAD IN SCALLOPS (PLACOPECTEN NAGELLANICUS) FRON THE ~lI\RITIMES

by

S. Ray amd V. Jerome

Fisheries and Environmental Sciences

Biological Sciences Branch

Department of Fisheries and Oceans

Biological Station

St. Andrews, N.B. EOG 2XO

This is the one hundred and ninetieth Technical Report from

the Biological Station, St. Andrews, N. B.



ii

© Minister of Supply and Services Canada 1987

Cat. No. Fs 97-6/1519E

Correct citation for this publication:

ISSN 0706-6457

Ray, S., and V. Jerome. 1987. Copper, zinc, cadmium, and lead in scallops (Placopecten magellanicus) from
the Maritimes. Can. Tech. Rep. Fish. Aquat. Sci. 1519: iii + 29 p.



iii

ABSTRACT

Ray, S" and V. Jerome. 1987. Copper, zinc, cadmium, and lead in scallops (Placopecten magellanicus) from
the Maritimes. Can. Tech. Rep. Fish. Aquat. Sci. 1519: iii + 29 p.

Scallops (Placopecten magellanicus) collected from 19 sites of commercial importance in the I~ritimes

were analyzed for Cu, Zn, Cd and Pb in adductor muscle, mantle, gill and viscera. Concentrations of all
metals were in the order, muscle < mantle < gill < viscera, with a few exceptions. Cu and Zn levels in all
scallops from the study area were comparable to those from· the control si te near St. Andrews. Levels of Cd
and Pb in scallops from Chaleur Bay; and Cd in those from Northumberland Strait, Bay of Fundy and the offshore
sites. were much higher than in the controls. Scallops collected from specific sites in Chaleur Bay, known to
have anthropogenic input, had still higher levels of Cd and Pb. The very high concentrations of Cd in
scallops from Georges Bank and still higher in those from Browns Bank, far away from any source of
anthropogenic input, suggest a natural source for the metal.

Total body burden of Cu, Zn, Cd and Pb in scallops from Chaleur Bay was rel.ited to the body size of the
animals, but in Georges Bank, only Cu and Zn were so related. Cd and Pb body burden in scallops from Georges
Bank of >100 mID size were higher than expected from the linear relationships observed for the smaller ones.
Furthermore, Cd concentrations in medium size (90-110 rom) scallops were significantly lower than in either
smaller or larger individuals.

R£suMf

Ray, S., and V. Jerome. 1987. Copper, zinc, cadmium, and lead in scallops (Placopecten magellanicus) from
the ~~ritimes. Can. Tech. Rep. Fish. Aquat. Sci. 1519: iii + 29 p.

Des petoncles (Placopecten magellanicus) recueillis de dix-neuf (19) sites d'importance commerciale dans
les Maritimes ont ete analyses afin de determiner les quantites du Cu, Zn, Cd et de Pb dans Ie muscle
adducteur, Ie manteau, la branchie et les visceres. Sauf quelques exceptions, les concentrations de ces
metaux etaient distribuees selon l'ordre croissant suivant: Ie muscle, Ie manteau, la branchie et 1es
visceres. Les niveaux de Cu et de Zn dans tous les petoncles du secteur d'etude etaient comparables aux
niveaux puises dans les petoncles provenant du site temoin pres de St. Andrews. Cependant, les taux de Cd et
de Pb trouves dans les petoncles de la baie des Chaleurs et Ie taux de Cd trouve dans ceux du detroit de
Northumberland, de la baie de Fundy et des eaux hauturieres etaient beaucoup plus eleves que les taux
decouverts dans les petoncles du groupe temoin. Les petoncles recueillis dans certains sites precis de 1a
baie des Chaleurs ,. oil l' influence anthropogene est deja connue, contenaient encore plus de Cd et de Pb.
Cependant, les concentrations extremement elevees de Cd decouvertes dans les petoncles du Bane Georges et
celles encore plus elevees dans les petoncles de Browns Bank, deux sites tres §loignes de toute source
d'influence anthropogene, laissent supposer que ce metal provient de source naturelle.

La charge corporelle totale du Cu, de Zn, de Cd et de Pb dans les petoncles de la baie des Chaleurs a ete
reliee a la taille corporelle de ces animaux, mais· en ce qui concerne les petoncles du Bane Georges, ce
rapport n' est verifiable que pour Ie Cu et Ie Zn. La charge corporelle de Cd et de Pb dans les petoncles du
Bane Georges mesurant plus de 100 rom de taille etait plus elevee que ne laissait prevoir les relations
lineaires observees pour les plus petits petoncles. De plus, les concentrations de Cd dans les petoncles de
taille moyenne (entre 90 et no rom) etaient passablement inferieures que pour les plus petits et les plus gros
petoncles.



INTRODUCTION

Deep sea scallop (Placopecten magellanicus)
occurs commonly along the eastern coast of North
America and supports an important commercial fishery
in eastern Canada. About 90% of Canadian scallop
landings come from Georges Bank, the largest single
scallop resource in the world. However, the fishery
of Georges Bank and Scotian Shelf has --neen reported
to be declining (Jamieson et al. 1981a; Robert et
al. 1982) and dependent upon single recruiting
year-class, with abundance of very small scallops.
In recent years, scallops from the southern Scotian
Shelf (i.e. Browns, German, Lurcher Banks, etc.) are
being harvested. In spite of this, the scallop
fishery is gradually declining since its highest
level in 1976. Total quantity of scallop (shucked,
fresh and frozen) in Atlantic Canada declined from
16,358 metric tons in 1976 (Fisheries and Oceans
1977) to 5,027 metric tons in 1984 (Fisheries and
Oceans 1985); a decrease of 69.3%. However, because
of better market value, the landed value declined by
only 28.9% during the same period (Fisheries and
Oceens, Statistics Branch, Canada).

Under laboratory conditions, scallops rapidly
accumulate high levels of several trace metals
including cadmium (Eisler et al. 1972; Nelson et al.
1976; Ray et al., unpubl. data). Some organs,
especially kidney and digestive gland, have been
observed to contain very high concentrations of
several metals, particularly Cd (Bryan 1973). Greig
et al. (1978) determined trace metal contents (Ag,
Cd, Cr, Cu, Hg, Ni, Pb, and Zn) in muscle, gonad,
and viscera of sea scallops (P. magellanicus) from
eastern U.S. ~oastal waters and reported low levels
for all trace metals except for Cd (2.7-27 pg/g wet
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tissue) in the viscera. However, the exac t
locations of the collection sites, and the number
and size of animals analyzed were not reported.
Scallops from within and around ocean disposal sites
have been found to have elevated levels of several
trace metals (Pesch et al. 1977), including Cu and
Cd.

Ray et al. (1984a) have reported earlier the
Cu, Zn, Cd, and Pb levels in adductor muscle,

-mantle, gill and viscera (remainder of the tissue)
of scallops, ~. magellanicus, from Georges and
Browns Banks and from Chaleur Bay (Ray et al.
1984b). This report combines our previously
published data with new data from other important
scallop fishery areas to provide a single,
comprehensive data-base for Cu, Zn, Cd, and Pb
levels in various tissues of scallops collected from
commercial fishing areas around the Maritime
provinces.

HATERIALS AND ~1ETHODS

a) SAMPLE COLLECTION

Scallops were collected in commercial scallop
drags from 19 sites along the eastern seaboard
(Chaleur Bay in Gulf of St. Lawrence to Georges
Bank) of Canada (Fig. 1). Eight sites were selected
for sampling in Chaleur Bay (Fig. 2) because of
known anthropogenic trace metal input in the area.
The animals could not be collected at the same tIme
of the year and were collected at various times from
May to December of 1981. The scallops from Chaleur
Bay and Navy Island were dissected immediately after
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Fig. 1. Location of sampling sites for scallops in
eastern Canadian waters.

Fig. 2. Location of sampling sites for scallops in
Chaleur Bay.



'.

collection. All others were frozen for
transportation to the laboratory and subsequently
stored at -15°C until they were dissected. Five
medium size scallops (shell height 90-110 mm) were
chosen for analysis whenever possible. The animals
collected from sites 2 and 3 were 110-122 and 80-130
mOl size, respectively. In addition, small «90 mm)
and large (:>110 mm) animals from sites 4
(Belledune), 5 (Green Point), 17 (Browns Bank), and
19 (Georges Bank) were also analyzed. Age was
determined by annual ring count for the animals from
all sites except for 1, 2, 3, 6, 7, and 8.

The scallops were dissected into adductor
muscle (MT), mantle (~rn), gill (GL), and remainder
of the soft tissues or viscera (VS) for determina­
tion of Cu, Zn, Cd and Pb in individual tissues.
Body fluid was not collected. The ti.ssues were
thoroughly washed with distilled, deionized water
(Milli Q) and stored at -15°C.

b) CHEMICAL ANALYSIS

Tissue samples were freeze-dried, powdered and
homogenized, and aliquots ashed at 450"C for 16 h.
The ash was dissolved in 0.5 mL of RN03 (Aristar
grade, B.D.H. Ltd., Poole, U.K.) and made to volume
with distilled, deionized water for analysis.
Copper and zinc were determined in flame-mode using
a Perkin-Elmer Hodel 503 atomic absorption
spectrometer. Cadmium and lead were determined in
flameless-mode using a Perkin-Elmer Model 500
graphite furnace accessory. Precision and accuracy
of analysis were checked against NBS Reference
Haterial No. 1566 (oyster tissue). Results were
calculated on a dry weight basis.

c) DATA ANALYSIS

The concentrations of Cu, Zn, Cd and Pb in the
tissues are reported separately for the three size
classes (Le. small, < 90 mm; medium, 90-110 mm; and
large, >110 mm). Data for each metal were tested by
one-way (tissue or site) ANOVA (p < 0.05) for
significant differences. Furthermore, Duncan's
multiple range test identified specific sites having
high concentrations of trace metals in individual
tissues.

d) SAMPLING SITE DESCRIPTION

The sites (Figs. 1, 2) were separated into four
geographical groups: 1) eight sites from Chaleur Bay
(sites 1-8); 2) four sites from Northumberland
Strait (sites 9-12); 3) three sites from Bay of
Fundy, including the reference site (15) off Navy
Island near St. Andrews (sites 13-15); and 4)
open-ocean sites at McDormand Patch, Browns Bank,
and two in Georges Bank (sites 16-19). Site 15 has
no known anthropogenic metal input and is considered
a control site.

Chaleur Bay (Sites 1-8)

Chaleur Bay, has anthropogenic trace metal
input from metal mining activity in northeastern New
Brunswick•. Site 1 is seaward of the present
contaminated dredge spoil site at West Bay in
Dalhousie Harbour. Large amounts of lead and zinc
ore concentrates are stored year-round at the ore
handling wharf of the Harbour for shipping overseas.
The harbour has been seriously contaminated over the
years due to weathering and wind-blown concentrates
being deposited in the harbour. Some of the metals
in the sediment are bioavailable to marine
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invertebrates (Ray et al. 1981b; Ray and Peterson
1983). Site 3 is off Heron Island. The area has
been used as an open disposal site for several
years. The area was surveyed in 1980 and it was
observed that there had been a decrease in Cd and Zn
concentrations at the dumpsite, accompanied by a
westward migration of the metals with bottom
sediment transport (MacKnight 1985). Trace-metal
pollution from base metal mining operations (Ray and
White 1977; Westlake and Gauthier 1983) has
seriously affected fishery resources in Nepisiguit
River (Cook and Hoos 1971) and surficial estuarine
sediment was reported to contain high levels of
several trace metals (Ray and I~ite 1977). High Cd
levels were reported in marine biota (including
scallops) at sites 4 and 5 which were attributed to
untreated effluent discharge from the lead smelter
operation at Belledune Harbour (Ray et al. 1980,
1981a). Furthermore, elevated Cu, Zn, and Cd levels
have been reported (Loring et al. 1980) in water,
sediment, and suspended particulate matter for a few
km downs tream of the smel ter loca tion. Si te 7 is
about 6 km from the mouth of Nepisiguit River.
Other sites (2, 6, 8) do not have any known metal
input.

Northumberland Strait (Sites 9-12)

The Northumberland Strait scallop fishery
constitutes about 80% of the inshore fishery in the
Gulf of St. Lawrence. The fishery reached its peak
in 1970, but in recent years there has been a
considerable decline in scallop landings. At
present, landing quotas are strictly regulated in an
attempt to reverse the trend (Jamieson 1979). There
is a significant difference in stock abundance ­
greatest in the eastern part of the strait and
progressively decreasing towards the central and
western part of the strai t (Jamieson et al.
1981b).

Bay of Fundy (Sites 13-15)

The Bay of Fundy has a major scallop fishery,
centered in the area off Digby, Nova Scotia (Site
13), which is healthy and grOWing. Site 14 at
Mascarene in Passamaquoddy Bay is fished regularly
by a small number of boats. Site 15, off Navy
Island near St. Andrews, is an area with no known
source of anthropogenic metal input and has a very
small commercial fishery.

Offshore (Sites 16-19)

Two sites (18 and 19) are on Georges Bank,
which accounts for about 90% of total Canadian
scallop landings. The other two sites are at Browns
Bank and McDormand Patch, part of southwestern
Scotian Shelf. The scallop fishery in this area has
been historically sporadic. There is no known
source of trace metals in the area.

RESULTS AND DISCUSSION

Scallops collected in the study area varied
over a wide size range. Those collected at sites 2
and 3 (Chaleur Bay) were significantly (p< 0.01)
larger than the average size of animals from all
other sites. Furthermore, the scallops collected
from Browns Bank were generally of smaller size with
none greater than 101 mm shell height.


