Trace Metals in Marine
Organisms from Coastal
Waters of Southern British
Columbia (1971 to 1976)

M. Harbo, |.K. Birtwell and
E.

R.
O.E. Langer

Management Biology Unit

South Coast Division

60 Front Street

Nanaimo, British Columbia VIR 5H7

March 1983

Canadian Manuscript Report of
Fisheries and Aquatic Sciences
No. 1691



Canadian Manuscript Report of
Fisheries and Aquatic Sciences

These reports contain scientific and technical information that represents an
important contribution to existing knowledge but which for some reason may not be
appropriate for primary scientific (i.e. Journal) publication. They differ from Tech-
nical Reports in terms of subject scope and potential audience: Manuscript Reports
deal primarily with national orregional problems and distribution is generally restrict-
ed to institutions or individuals located in particular regions of Canada. Norestriction
is placed on subject matter and the series reflects the broad interests and policies of the
Department of Fisheries and Oceans, namely, fisheries management, technology and
development, ocean sciences, and aquatic environments relevant to Canada.

Manuscript Reports may be cited as full publications. The correct citation
appears above the abstract of each report. Each report will be abstracted by Aquatic
Sciences and Fisheries Abstracts and will be indexed annually in the Department’s
index to scientific and technical publications.

Numbers 1-900 in this series were issued as Manuscript Reports (Biological
Series) of the Biological Board of Canada, and subsequent to 1937 when the name of
the Board was changed by Act of Parliament, as Manuscript Reports (Biological
Series) of the Fisheries Research Board of Canada. Numbers 901-1425 were issued as
Manuscript Reports of the Fisheries Research Board of Canada. Numbers 1426-1550
were issued as Department of Fisheries and the Environment, Fisheries and Marine
Service Manuscript Reports. The current series name was changed with report number
1551.

Details on the availability of Manuscript Reports in hard copy may be obtained
from the issuing establishment indicated on the front cover.

Rapport manuscrit canadien des
sciences halieutiques et aquatiques

Ces rapports contiennent des renseignements scientifiques et techniques qui
constituent une contribution importante aux connaissances actuelles mais qui, pour
une raison ou pour une autre, ne semblent pas appropriés pour la publication dans un
journal scientifique. Ils se distinguent des Rapports techniques par la portée du sujet et
le lecteur visé; X effet, ils s’attachent principalement a des problémes d’ordre national
ou régional et la distribution en est généralement limitée aux organismes et aux
personnes de régions particuliéres du Canada. 11 n’y a aucune restriction quant au
sujet; de fait, la série refléte la vaste gamme des intéréts et des politiques du Ministére
des Péches et des Océans, notamment gestion des péches; techniques et développe-
ment, sciences océaniques et environnements aquatiques, au Canada.

Les Manuscrits peuvent étre considérés comme des publications complétes. Le
titre exact parait au haut du résumé de chaque rapport, qui sera publié dans la revue
Aquatic Sciences and Fisheries Abstracts et qui figuera dans I'index annuel des publi-
cations scientifiques et techniques du Ministére.

Les numéros de 1 & 900 de cette série ont été publiés & titre de manuscrits (Série
biologique) de I'Office de biologie du Canada, et aprésle changement de la désignation
de cet organisme par décret du Parlement, en 1937, ont été classés en tant que manus-
crits (Série biologique) de 1'Office des recherches sur les pécheries du Canada. Les
numéros allant de 901 & 1425 ont été publiés a titre de manuscrits de 1'Office des
recherches sur les pécheries du Canada. Les numéros 1426 a 1550 ont été publiés a titre
de Rapport manuscrits du Service des péches et de la mer, Ministére des Péches et de
I’Environnement. Le nom de la série a été changé a partir du rapport numéro 1551.

La page couverture porte le nom de ’établissement auteur ot I’on peut se procurer
les rapports sous couverture cartonnée. '



Canadian Manuscript Report of

RONECORSTAT WATERS OF SOUTHERN BRITISH COLUMBIA
(1971 to 1976)

by

R.M. Harbol, I.K. Birtwe]lz, and O.E. Langer3

Water Quality Unit, Habitat Protection Division
Field Services Branch
Department of Fisheries and (ceans

1090 West Pender Street
Vancouver, British Columbia V6E 2P1

1Management Biology Unit
South Coast Division
60 Front Street

Nanaimo, British Columbia VO9R 5H7

2Sa]mon Habitat Section
Fisheries Research Branch
West Vancouver Laboratory
4160 Marine Drive
West Vancouver, B.C. V7V 1N6

3Environmenta1 Protection Service
Department of the Environment
Kapilano 100, Park Royal
West Vancouver, B.C. V7T 1A2



ii

¢ Minister of Supply and Services Canada 1983

Cat. No. 97-4/1691 ISSN 0706-6473

Correction citation for this publication:

Harbo, R.M., I.K. Birtwell and O.E. Langer. 1983. Trace metals in marine
organisms from coastal waters of Southern British Columbia, 1971 to
1976. Can. MS Rep. Fish. Aquat. Sci. 1691: iv + 42p.

\



iii

CONTENTS

Preface
Abstract/Resume
Introduction
Materials and Methods

Field Collection and Sample Preparation

Sampling Sites

Sampling Techniques
Sample Preparation
Laboratory Analyses

Resuits and Discussion

Mercury
Copper
Zinc
Lead
Cadmium
Nickel
Iron
Arsenic

Recommendations

Acknowledgements

References
Figures
1. Sampling sites, in coastal waters of southern
British Columbia.
Tables
1. List of organisms analyzed for trace metals.
2. Summary of mercury, copper, and zinc levels
in selected edible species.
3. Summary of lead, cadmium and nickel levels
in selected edible species. .o e e e
4. Trace metal (Ha, Cu, Zn, Pb, Cd, Ni) data for
marine organisms. . e e e e e e e
5. Arsenic and iron data 1ist for marine organisms
6 Trace metal (Hq, Cu, Zn, Pb, Cd, Ni) content data

for marine organisms (not identified to species
level).

GO BdPd R B WWWN NDNNNRE - m <

- 10

- 12

- 14
. 39

- 40



iv

ABSTRACT

R.M. Harbo, I.K. Birtwell and 0.E. Langer. 1983. Trace metals in marine
organisms from coastal waters of southern British Columbia, 1971 to 1976,
Canadian Manuscript Report of Fisheries and Aquatic Sciences 1691: 42p.

Trace metal concentrations were determined in a variety of marine organisms
from southern coastal waters of British Columbia. This report lists data for
samples collected between 1971 and 1973, and in 1976 from waters adjacent to
urban and industrial areas.

The levels of mercury, copper, zinc, lead, cadmium, nickel, arsenic and
iron in tissue samples have been summarized for selected edible molluscs,
crustaceans and fishes. Results are expressed on a dry and wet weight basis.

Spiny dogfish, Squalus acanthias, had the highest mercury content of
1.01 * 0.47 yug g-1 (wet weight).

Pac1f1c oysters, Crassostrea gigas, had a high mean zinc level of
647 * 927 ug g-1 (wet weight). The concentration of cadmium 1n C. gigas
was also much higher than that found in other shellfish; 1.37 * 0.50 ug g~ -1
(wet weight).

Key Words: trace metals, fishes, crustaceans, molluscs, British Columbia, marine
organisms, mercury, cadmium, copper, zinc, iron, arsenic, lead.

RESUME

Le pr&sent rapport porte sur les concentrations de métaux-traces dans
divers organismes marins provenant des eaux cOtiéres mé&ridionales de la
Colombie-Britannique. Sont répertoriees les données sur des echantillons
prélevés de 1971 a 1973 et en 1976 dans les eaux adjacentes a des zones
urbaines et industrielles.

Les taux de mercure, de cuivre, de zinc, de plomb, de cadmium, de
nickel, d'arsenique et de fer dans les €chantillons de tissus sont résumes _
pour certains mollusques, crustacés et poissons. Les résultats sont exprimes
en poids sec et en poids humide.

L'aiguillat commun, Squalus acanthias - contient le taux le plus @leve de
mercure, soit un poids hum1de moyen de 1,01 * 0,47 ug g-1 (d.s.).

L'huitre du Pacifique, Crassostrea gigas Possede un taux moyen 2leve de
zinc (Eo1ds humide) de 647 * 927 ug g-1." Les concentrations de cadmium
(1,37 I 0,50 ug g-1) dans cette espece est aussi plus e&levee que chez les
autres mollusques et crustaces.

Mots-cles: métaux-traces, poissons, crustaces, mollusques,
Colombie-Britannique, organismes marins, mercure, cadmium,
cuivre, zinc, fer, arsenique, plomb.



INTRODUCTION

When mercury contamination of aquatic
organisms in Canada was discovered in 1969
and 1970, attention was also focused upon
contamination by other heavy metals. This
report lists metal content data for marine
organisms collected by the Water Quality Unit,
Habitat Protection Division, Department of
Fisheries and Oceans, between 1971 and 1973
with additional information from surveys
carried out in 1976.

Marine organisms collected from waters
adjacent to urban and industrial areas in
southern British Columbia were analyzed for
the following metals: mercury, copper, zinc,
lead, cadmium, nickel, iron and arsenic.

There has been great concern that metals
and their compounds entering the marine
environment may be accumulating in fishes
and other edible organisms at levels consti-
tuting a hazard to human health. In addition,
there may be lethal and sublethal effects of
metals on marine organisms ( Bernhard and
Zahtera 1975).

Mercury is considered to be the most
hazardous metal to man and marine organisms
(Bernhard and Zahtera 1975). In Japan, .
consumption of mercury contaminated fish
resulted in severe neurological disorders
and death in humans (Bligh 1972). Mercury
contamination in Canada resulted in the
closure or restriction of fishing in many
parts of the country.

Consumption of fish contaminated with
cadmium was also a health problem in Japan,
causing an affliction known as “Itai itai"

(Ui 1972). People have been i11 from cadmium
poisoning after ingesting foods iontaining
concentrations of 13 to 15 ug g™ (dry weight)
(Zaroogian and Cheer 1976).

Lead in fish may also pose a hazard to
human health. Zinc and copper levels in
aquatic organisms are not considered hazardous
to humans but the metals may have lethal or
sublethal effects on the organisms themselves
(Bernhard and Zahtera 1975).

The means by which metals enter the
aquatic environment include direct discharges
to waters, movement through soils, and trans-
port through the air with subsequent fallout.

Potential sources of metal pollution in
British Columbia include mining waste dis-
charges, effluents from electro-plating
industries, municipal wastewater discharges,
mercury-cell chlor-alkali plants, and
numerous other industrial processes and
applications.

Federal regulations and guidelines
have been implemented under the Federal
Fisheries Act to limit the entry of metals

into the aquatic environment; Metal Mining
Liquid Effluent Regulations and Guidelines
(1977), Guidelines for the Control of Liquid
Effluents from Metal Finishing Plants (1978),
and Chlor-Alkali Mercury Regulations (1972).
Metals released to the aquatic environment are
regulated under the Ocean Dumping Control Act
(1975) and will also be scheduled in the
Environmental Contaminants Act (1976).

Mercury used by the chlor-alkali industry,
agricultural and mining wastes, and mercurial
slimicides used by the pulp and paper industry
are considered to be the main sources of mercury
pollution in British Columbia. Garret (1980)
presents an overview of mercury pollution in
British Columbia and the Yukon. Mercury conta-
mination of marine organisms in Howe Sound,
British Columbia, the site of a mercury-cell
chlor-alkali plant, is described by Harbo and
Birtwell (1978).

A significant source of zinc contamination
in certain coastal areas of British Columbia
has been related to the pulp and paper industry
(Nelson and Goyette 1976). At the time of the
collection of most organisms in this study
(1971 and 1973), many B.C. pulp mills used the
bleaching compound, zinc hydrosulphite, in the
production of newsprint. However, by September
1974, this compound was replaced by sodium
hydrosulphite at most mills (Nelson and Goyette
1976) and is currently in use at all mills on
the southern B.C. coast (memoranda, Environ-
mental Protection Service, Department of the
Environment 1973). Smelting in B.C. is also
a main source of zinc and-lead pollution.

This report was prepared to provide
baseline metal data for marine biota from
coastal waters of southern British Columbia and
to identifly any metal contamination problems
in organisms within specific areas.

MATERIALS AND METHODS
COLLECTION OF SAMPLES AND SAMPLE PREPARATION
Sampling Sites and Times

The locations of sampling sites are shown
in Figure 1.

Most fish and invertebrate samples
{mo1luscs, crustaceans, echinoderms) were
collected between 1971 and 1973, at sites in
coastal waters of southern British Columbia
a?jacent to urban and industrial areas (Figure
1).

Samples were also taken in 1976 in waters
adjacent to Texada Island (site 9), Cortes
Island (site 5) and in Cowichan Bay (site 18).

Sample Techniques
Organisms were collected using various

techniques including crab and prawn trap,
gillnets, beach seines and by scuba diving.



Sample Preparation

A11 samples were frozen as soon as
possible after collection. A chest of dry
ice was used aboard the sampling vessel.

Fishes: Samples of dorsal muscle tissue
were taken posterior to the head of the fish,
a standard procedure for sampling tissues
to determine their mercury content (Johnels
et al. 1967). Skin was removed from the
samples before submitting tissues to the
laboratory.

The fork lengths of some fish were
recorded.

At site 2, in 1971, aggregates of two
yellow-eye rockfish tissue samples were each
analyzed for metal content.

Other Samples: Various tissue samples
were taken from other organisms which are
listed in Table 1.

Carapace widths of some crabs were
recorded. Crab and shrimp tissues were
taken from the shell, and the edible tissue
submitted to the laboratory for analysis.

LABORATORY ANALYSES

At the time of these surveys, metal
detection in tissues was a relatively new
procedure. Different methods of preparation
and concentration were used over the period
covered by this report. However, these
changes were more in the nature of improved
efficiency and increased ability to analyze
more elements. The laboratory considers
that the different methods of preparation
have not affected the results.

Lead, Nickel, Cadmium, Copper, Argsenic and Iron
A11 samples were frozen

Preservation:
until preparation.

Preparation: All samples were blended
and/or ground before and/or after drying.
Most samples were oven dried in acid washed
evaporating dishes at 60° C; other samples
were freeze dried.

Digestion: Samples were digested with hot
nitric acid, or were oxidized in a Low Tempera-
ture Asher (LTA) using an oxygen bearing
plasma and the ash dissolved in dilute nitric
acid.

Concentration: The following liquid-liquid
extraction techniques were utilized: Ammonium
pymolidine dithiocarbamate (APDC) - 2 Heptanone
was employed for lead, nickel, and cadmium
extractions.

APDC - methyl-isobutylketone (MIBK) was also
utilized for some lead extractions.

Extractions were not required for Cu, As
and Fe.

dnalysis: All metal concentrations were
determined by Atomic Absorption Spectrophotometry
(AAS). Each sample was analyzed by direct
aspiration of the digested sample after Tiquid-
Tiguid extraction. Various background correc-
tions were used throughout.

Mercury Analyses

A11 mercury determinations were performed
by the same basic method with slight procedural
modification. The method was routinely compared
with other methods by participation in an inter-
national check sample program instituted by the
Winnipeg Fish Inspection Laboratory, now part
of the Department of Fisheries and Oceans.

Preservation: All samples were frozen until
preparation.
Preparation: The samples were blended and

a portion of each sample was taken for mercury
determination,

Digestion: The wet (or freeze dried) sample
was digested in concentrated sulfuric acid and
oxidized with 50% hydrogen peroxide. The
solution was diluted and maintained in an
oxidizing condition with a dilute potassium
permangate solution. The mercury was then
reduced by stannous sulfate or stannous chloride,
swept by argon into an absorption cell situated
in the beam path of an atomic absorption spec-
trophotometer. The absorbance was determined
with simultaneous background correction. Dry
weight concentrations were calculated from
wet/dry ratios.

RESULTS AND DISCUSSIONS

A 1ist of the organisms which were
analyzed is given in Table 1. Analyses for
metals were conducted on edible portions of
the organisms, usually muscle tissue. However,
it has been shown that metal values often
differ in various body organs. For example,
mercury is sometimes lower in fish organs than
muscle tissues but other metals: arsenic,
cadmium, copper, and zinc are often higher
in kidney tissue (Windom et al. 1973).

Summaries of the means and ranges of
trace metal concentrations are presented for
selected edible species in Tables 2 and 3.
The maximum values were given to data expressed
as "less than" a value.

Table 4 1ists the data for mercury, copper,
zinc, lead, cadmium and nickel levels for all
organisms sampled.

Only a few organisms {oysters, crabs and
fishes) were tested for arsenic and iron content,
and these data are shown in Table 5.

Table 6 lists the mercury, copper, zinc,
lead, cadmium and nickel data for some marine
organisms which were not identified to the
species level.



Mercury results are frequently reported
on wet-weight basis due to losses of mercury
during many drying techniques. Other metals
are reported on dry-weight basis, and a wet-
weight concentraiton was calculated from the
wet to dry ratio for the specific organism.

We have reported wet weight values for
direct comparison to health standards (or
" recommended tolerance levels) in aquatic
animal products which are specified for
fresh (wet weight) tissues.

Most metal levels in biota are reported
as dry weight concentrations because of the
variable water content of most organisms.
Accordingly we have reported dry weight
values for direct comparison with reported
levels in the literature.

MERCURY RESULTS (Table 2)
Molluses

Mean levels of mercury in molluscs
were less than 0.10 ug g~1 Mercury content
ranged from 0.01 to 0.23 ug g~ * {Table 2).

Crustaceans

Crustaceans contained mean meriury
concentrations less than 0.20 ug g
Dungeness crabs, Cancer magister, from the
Fraser River estuary had mercury contents
ranging from 0.06 to 0.59 ug g

Red rock crabs, Cancer productus, from
Ucluelet harbour had mercury concentrations
to 0.65 ug g~1, higher than at any of the
other sampling sites.

Fishes

Concentrations of mercury below 0.2 ug
g'1 (wet weight) in fish are generally assumed
to be due to naturally occurring mercury
(Lofroth 1969).

Spiny dogfish, Squalus acanthias, were
notable for their accumulation of mercury to
mean levels greater than other species.
Squalus con§a1ned mean mercury levels of 1.01
+0.47 ug g*! (X + S.D., n = 22).

Forrester et al. (1972), reported similar
results, and found that male S. acanthias
longer than 72 cm and females longer than 77 cm
from the Strait of Georgia, British Columbia
had mercury concentrations which exceeded
0.5u9 g Since S. acanthias may live in
excess of 40 years (Hart, 1973) the potential
for mercury accumulation in an older, larger
fish, even in waters of low mercury concentra-
tions, would be greater than for shorter-lived
fishes.

Rockfishes, Sebastes spp., exhibited
meEcury contents ranging from 0.05 to 1.02 ng -1

but had a mean value of 0.26 + 0.26 ng g
(x + S.D., n = 49),

3

COPPER RESULTS (Table 2)
Molluscs

Pacific oysters, Crassostrea gigas, had a
mean copper concentration (wet weight) of
27.33 + 45.94 ug g~1 (X + S.D,, m = 46) which
ranged from 5.00 to 260 ug g i. The highest
copper values were recorded in oysters from
Discovery Passage, Campbell River.

A1l the other molluscs that were sampled
contained a mean copper content 1iss than
5 ug g 1 (wet weight) or 20 ng gt (dry weight).

Crustaceans

The copper content of all crustaceans
sampled were similar, with mean levels being
less than 10 ug g~ (wet weight) or 50 ug g 1
{dry weight).

Fighes

Most fishes had re]atively low copper
contents1 less than 2.0 ug g~ (wet weight) or
10 ug g~ (dry weight).

For selected edible species, the highest
mean and range for copper concentrations in fish
were recorded for coho salmon, Oncorhynchus
kisutch, from Cowichan Bay. The mean content was
1.96 + 1.92 (X + S.D., n = 3), copper levels
ranging from 0.50 to 7 00 ug wet weight.

A red Irish lord, Hemilepidotus hemilepidotus
from JuaT de Fuca Strait accumu]ated copper to
32 ug g ' (wet weight) or 140 ug g~1 (dry weight)
(Table 4).

The above levels are comparable to Atlantic
fishes (n > 5) which had mean copgfr concentra-
tions ranging from 1.6 to 10 p dry weight
reported by Windom et a].(1973g

ZINC RESULTS (Table 2)
Molluses

The Pacific oyster, Crassostrea gigas, was
notable for concentrating zinc to levels greater
than those recorded in other shellfish.

The mean wet and dry weight zinc contents
for C. gig?s were 647 + 927 ug and 2886 +
4117 ygg = (X £ S.0., n = 46?.

C. gigas from studies in the United States
(HashIngton, Oregon and California) also had
high zinc Tevels; mean valges for 10 oysters
ranged from 77 to 461 ug g~* on a wet weight
basis (Hall et al. 1978). Levels two orders of
magnitude greater than those above were reported
by Thrower and Eustace (1973). (. gigas from
the Derwent estuary, Tasmania, had a maximum
zinc content of 54,952 ug g~* dry weight.

Watling and Watling (1976) reported zinc
values.in C. gigas: mean values recorde? in
the United Kingdom ranged from 189.6 ng g~



(n = 30) to 35,120 ug g~1 (n =
and in South Africa 347 pg g-1
450 ug g~! (n = 50).

tissue,

7) dry
(n = 0) to

Other shellfish had mean zinc va]uei less
than 30 ug g~! (wet weight) or 130 ug g~ (dry
weight).

Crustaceans

Important edible species of crabs and
shrimps had mean zinc 1eve1s Tess than 60 ug g -1
(wet we1ght) or 260 ug g1 (dry weight). For
example, in the Dungeness crab, Cancer magister,
mean zinc concentrations (wet and dry weights
respectively) were 40.35 + 10.00 ug g~1 and
195.21 + 51.56 ug g1 (X + S.D., n = 70).

Fishes

Fish muscle tissues Eontained mean zinc
levels ]TSS than 15 p (wet weight) or
60 ug g~ (dry weightg

Linccod, Ophioden elongatus, contained
the hichest mean zipc content (wet we1ght) of
12.45 + 10.61 pug g™+ (X +S.0h., 17).

Zinc levels in this species ranned from
1.30 to 41.00 ug a™! (wet weiaht) or 4.90 to
190.00 ua g~ (dry weiaht).

Windom et al. reported that Atlantic
finfish generally had similar mean zinc
levels, except for one species, Anchoa
mitchelli, (n = 61, that had a mean concentra-
tion of 397 ua g1 dry weioht.

LEAD RESULTS (Table 3)
Mollusce

Mean lead levels were 1eis than 0.70 ug
g™l (wet weight) or 4.5 ug g% (dry weight)

for most mo]]uscs However, a high valYe of
5.40 ua a-1 (wet weiaht) or 27.80 uo g (dry
weiaht) was reported for an anaregate sample

of clams from Hardy Bay, Port Hardy.

Crustaceans

The mean lead content of crustaceans was
1ess than 0.60 ya o~1 (wet weight) or 2.0 pa
1 (dry weioht). Dunaeness crabs, Cancer
magtster, had a mean Tead level of 0.37 + 0.20
(x +£S.D.,n= 201 ua a1 (wet weiaht) or
1.73 £ 1.00 pq e~ (dry weiaht).

Fishes

The lead contents of fishes were similar
to that of molluscs and crustaceans; the mean
values were less than 0.60 na a-1 (wet weight)
or 2.5 po a-1 (dry weight). Coho salmon had
the greatest mean lead content of selected
edible fishes; the mean (wet and de weiahts
respective]yi was 0.53 + 0.16 yg g * and 2.43
+0.94 ug g™ (X +S.D., n=13).

CADMIUM RESULTS (Table 3)
Molluses

Pacific oysters, Crassostrea gigas, were
found to contain an elevated cadmium mean
Tevel relative to other shellfish. Mean wet
and dry weioht concentrat1oni were 1.37 + 0.5n
wa a”% and 5.95 + 2.29 yo o™ (X + S.D., n = 42)
resnectively. The mean cadmium levels in other
shel1fish were less tTan 0.40 pa o~ 1 (wet
weight) or 2.30 ug o™* (dry weight).

Hall et al. (1978) found that in the
Pacific Northwest U.S.A. (Mashington, Oregon
and California), c. gigas (n = 10) had mean
cadmium values ranaing from 0.640 to 158 o
0-1 wet weight. Shuster and Prinale (1969)
found concentrations of 0,1 to 7.80 ug a”
cadmium, (mean 3.10 pa g 1) in whole wet
meats of the American oyster, C. virginica,
alone the Atlantic coast of the U.S.A.

Crustaceans

The mean Tevels of cadmium in crustaceans
ranged from 0.10 tg 0. 25 ua g-1 (wet weiaght),
0.51 to 1.25 ug g™+ (drv weight).

Fishes

Cadmium levels in all the fishes sampled
were similar, and the mean cadmium content
was less than 0.20 ug a1 (wet weiaht) or
0.60 pa a-1 (dry weiaht).

These results are similar to those
reported for Atlantic finfish (n > 5) which

had mean cadT1um content ranaing from 0.01
to 9.5 ug o~ (dry weioht) (Windom et al.

1973).
NICKEL PESULTS (Table 3)
Molluses

Nickel Tevels for i]ams samnled ranced
from 0.50 to 1.20 pa a-! (wet weight) or 2.10
to 6.00 ua o~ + (dry weicht).
Crustaceans

The mean nickel content of crustaceans
was less than 0.50 pa a”! (wet weight) or
2.20 ug 971 (dry weight).
Fishes

In fish muscle tissue, the mean n1cke1
levels ranaged from 0.10 to 0. %2 pa a-! (wet
weicht) or 0.46 to 1.48 pa o~ (dry weight).
TRON RESULTS (Tahle 5)

Molluses

Molluscs were not analysed for iron
content.



Crustaceans

the

In Dungeness crabs, Cancer magisteri
{wet

iron content ranged from 4.0 to 11 pa g~
weight) or 29 to 76 nua a~+ (dry weioht).

Fighes

Only one fish, a flounder, was analyzed to
determine its iron content. It contained 24 uo
g-1 (wet weight) or 100 na g-1 (dry weight).

ARSENIC RESULTS (Table 5)
Molluscs

Only one Pacific oyster, Crassostrea gigas,
wai analyzed; its arsenic coptent was 1.7 uo
g~ * (wet weiaht) or 6.7 uo g~! (dry weiaht).

Crustaceans

The one red rock crab, C. productus, which
was analyzed contained an arsenic concentration
or 1.8 ug a1 (wet weight) or 9 ug a-1 (dry
weiaht).

Fighes

The Trsenic content of fishes ranaed from
0.3 ug a”; in a coho salmon, 0. kisutch, to
3.1 ya ¢ in a yelloweye rockfish, Sebaste
ruberrimus, (wet weight) or 3.0 to 14 pa g~
(dry weight) respectively.

The mean arsenic content of Atlantic
finfish (n > 5) ranged from 1.1 to 2.5 g ¢~
(dry weight) (Windom et al. 1973).

RECOMMENDATIONS

The followino organisms exhibited Tevels
of metals that may be of concern and should
be investigated further.

1. The mean mercury level (wet weight) of
spiny doafish, Squalus acanthias, was 1.01
+ 0.47 ya a™* (x t S.D., n=22). The high
mercury concentration in doafish has been
related to the size (lenath) and hence
Tongevity of these fish.

2.  The mean zinc level (wet weight) in the
Pacific oyster, Crassostrea gigas, was 647
+927 yg a1 (X + S.D., n = 46). Althoush
there was a great variability in the zinc
content data, all Yf the 46 oysters tested
exceeded 100 ug g~ * (wet weioht).

3. Cadmium was concentrated by Pacific
oysters, C. gigas, to a mean_level (wet
weightg of 1.37 + 0.50 ya g~* (X + S.D.,
n = 42).
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TABLE 1. List of organisms analyzed for trace metals
(major group headings according to Kozloff,
1974 and Hart, 1973)

MOLLUSCA

Class Amphipoda
chiten, unidentified
giant chiton, Cryptochiton stelleri

Class Gastropoda

limpet, unidentified

snail, unidentified

northern abalone, Haliotis kamtschatkana

Class Bivalvia

clam, unidentified

scallop, unidentified

butterclam, Saxidomus giganteus
littleneck clam, Protothaca staminea
horseclam, Tresus capax

Pacific oyster, Crassostrea gigas
cockle, Clinocardium nuttalii

blue mussels, Mytilus edulis

rock scallops, Hinnites giganteus

Class Cephalapoda
squid, unidentified
octopus, Octopus dofleini

ARTHROPODA

Class Crustacea
shrimp, unidentified
prawn, Pandalus platyceros
kelp crab, Pugettia producta
Dungeness crab, Cancer magister
red rock crab, C. productus

ECHINODERMATA
Class Holothuroidea
sea cucumber, unidentified

sea cucumber, Parastichopus californicus

Class Asteroidea
sea star, unidentified

Class Echinoidea
sea urchin, unidentified



CHORDATA

SUBPHYLUM UROCHORDATA
Class Ascideacea
tunicates, unidentified

SUBPHYLUM VERTEBRATA
Class Chondrichthys
spiny dogfish, Squalus acanthias
ratfish, Hydrolagus colliei

Class Osteichthys

Pacific herring, Clupea harengus pallasi
coho salmon, Oncorhynchus kisutch

chum salmon, 0. keta

midshipman, Porichthys notatus

tube snout, Aulorhynchus flavidus

sea bass, Cynoscian nobilis

perch, unidentified

striped seaperch, Embiotoca lateralis
pile perch, Rhacochilus vacca

blenny, unidentified

wolf-eel, Anarrichthys ocellatus
rockfish, Sebastes Sp.

yelloweye rockfish, Sebastes ruberrimus
copper rockfish, S. caurinus

black rockfish, S. melanops

boccacio, S. paucispinis

lingcod, Ophiodon elongatus

kelp greenling, Hexagrammos decagrammus
rock greenling, H. lagocephalus
sculpin, unidentified

buffalo sculpin, Enophrys bison

red Irish lord, Hemilepidotus hemilepidotus
flounder, unidentified

starry flounder, Platichthys stellatus




TABLE 2. Summary of mercury, copper and zinc levels in selected edible species.
TRACE METALS (g g b)

MERCURY COPPER ZINC

Wet Wt. Wet Wt. Dry Wt. Wet Wt. Dry Wt.
Common Name X + S.D. X + S.D. X + S.D. X + S.D. X + S.D.
(Species) n (Range) n (Range) (Range) n (Range ) (Range)
MOLLUSCS
northern abalone 5  0.04 + 0.01 5  4.12 + 1.17 14.54 + 3.42 5  10.18 + 0.87 39.20 + 2.95
(Haliotis kamtschatkana) (0.02 < 0.05) (2.70 = 5.60) (11.00 ~ 19.00) (8.90 - 11.00) (37.00 - 44.00)
blue mussels 5 0.07 + 0.03 5 1.86 + 0.55 11.20 + 1.92 5 21.00 + 9.85 121.20 + 38.17
(Mytilus edulis) (0.04 = 0.13) (1.30 - 2.60) (8.00 - 13.00) (12.00 - 34.00) (76.00 = 170.00)
Pacific oysters 58 0.07 + 0.03 46 27.33 + 45.94 122.24 + 215.18 46 646.74 + 927.23 2886.30 + 4116.76
(Crassostrea gigas) (0.02 - 0.15) (5.00 - 260.00) (21.00 -~ 1200.00) (150.00 - 5100.00) (620.00 - 22000.00)

—
1S)

littleneck clams 5 0.04 + 0.03 5 2.70 + 0.22 10.40 + 1.09 5 13.40 + 0.89 53.00 + 3.24
(Protothaca staminea) (0.03 ~ 0.09) (2.50 - 3.00) (9.40 ~ 12.00) (12.00 - 14.00) (49.00 - 56.00)
horseclams 4 0.02 + 0.01 1 3.30 17.00 1 8.40 43.00
(Tresus capax) (0.01 -~ 0.02)
butterclam 1 0.02 1 4.30 17.00 1 15.00 59.00
(Saxidomus giganteus)
clams (aggregate) 6  0.06 + 0.08 3 2.73 +2.07 12.07 + 9.17 4  23.15 + 7.06 104.90 + 26.0

(0.02 -~ 0.23) (0.50 - 4.60) (2.30 ~ 20.50) (15.30 - 31.10) (79.10 - 133.80)
CRUSTACEANS
red rock crab 36 0.12 + 0.14 30 6.02 + 2.70 29.98 + 16.05 29 53.16 + 9.73 252.59 + 45.97
(Cancer productus) (0.02 ~ 0.65) (2.10 - 14.00) (14.00 ~ 96.00) (26.00 - 70.00) (190.00 - 360.00)
Dungeness crab 93 0.15 + 0.11 70 8.59 + 4.02 40.87 + 17.37 70 40.35 + 10.00 195.21 + 51.56
(Cancer magister) (0.03 -~ 0.59) (0.95 - 23.00) (4.50 -~ 87.00) (3.90 - 67.00) (18.00 - 430.00)



two spotted prawn
(Pandalus platyceros)

shrimp (aggregate)
FISHES

spiny dogfish
(Squalus acanthias)

Pacific herring
(Clupea harengus pallasi)

chum salmon
(Oncorhynchus keta)

coho salmon
(Oncorhynchus kisutch)

rockfishes
(Sebastes spp.)

kelp greenling
(Hexagrammos decagrammus)

lingcod
(Ophiodon elongatus)

22

11

49

25

0.09 +

(0.07
0.08
(0.05
1.01

(0.21

0.07

(0.06 -

0.04
(0.03

0.04
(0.02

0.26
(0.05

0.13

(0.04 -

0.16

(0.04 -

0.03
0.11)

0.03
0.15)
0.47

2.13)

0.01
0.09)

0.02
0.06)

0.02
0.10)

0.26
1.02)

0.11
0.32)

0.13
0.53)

2

16

13

34

15

8.90
(4.80

0.61
(0.30

0.75
(0.50

1.96
(0.50

0.57
(0.20

0.46
(0.40

0.59
(0.28

+ 5.80
13.00)

+ 0.30
1.40)

.20
+0.16
< 1.00)

+ 1.92
- 7.00)

+ 0.46
- 2.10)

+0.14
< 0.80)

+ 0.44
- 2.00)

38.00
(17.00

1.66
(0.90

3.00
(2.00

7.65
(2.00

2.66
(1.00

2.25
(2.00

2.85

(1.30 -

+ 29,70
59.00)

+ 0.78
3.70)

.00
+ 0.63
= 4.00)

+ 8.16
- 31.00)

+ 2.16
10.60)

+ 0.71
4.00)

+ 2,12
8.00)

15

13

40

17

11.00 + 0
(11.00)

5.83 + 4.28
(2.40 - 16.00)

3.80 + 0.71
(3.30 = 4.30)

3.55 + 0.40
(3.10 = 4.30)

6.88 + 5.20
(3.00 - 22.00)

5.03 + 3.68
(2.30 - 19.00)

4.44 + 1.06
(3.20 - 5.90)

12.45 + 10.61
(1.30 -741.00)

44.50 + 7.78
(39.00 = 50.00)

15.75 + 11.31
(6.80 - 45.00)

16.45 + 9.12
(10.00 - 22.90)

13.50 + 1.52
(12.00 - 16.00)

25.15 + 14.28
(12.00 - 55.00)

21.78 + 15.22
(11.00 ~ 80.00)

19.63 + 3.70
(15.00 - 25.00)

54.41 + 46.64
(4.90 -7190.00)

1T



TABLE 3.

Summary of lead, cadmium and nickel levels in selected edible species.

TRACE METALS (Mg g 1)

LEAD CADMIUM NICKEL

Wet ‘Wt. Dry Wt. Wet Wt. Dry Wt. Wet Wt. Dry Wt.
Common Name x + S.D. x + S.D. x + S.D. x + S.D. x + S.D. x + S.D.
(Species) n (Range) (Range) n (Range) (Range) n (Range) (Range)
MOLLUSCS
northern abalone 5 0.32 + 0.14 1.39 + 0.54 4 0.10 + 0 0.50 + 0
(Haliotis kamtschatkana) (0.20 - 0.52) (1.00 - 2.00) (0.10) (0.50)

<1l

blue mussels 4 0.65 + 0.57 4.25 + 4.72 5 0.36 + 0.11 2.28 + 0.44
(Myt’lllus edulis) (0.20 - 1.40) (1.00 - 11.00) (0.20 - 0.50) (2.00 - 3.00)
Pacific oysters 14  0.42 +0.20 1.97 + 1.00 42 1.37 + 0.50 5.95 + 2.29
(Crassostrea gigas) (0.14 - 0.60) (0.66 - 3.00) (0.70 - 3.40) (2.90 - 14.00)

-
littleneck clams 5 0.60 + 0 3.00 + 0 5 0.10 + 0 0.52 + 0.05 ~
(Protothaca staminea) (<0.60) (<3.00) {<0.10) (0.5 - 0.6)

<0.5

horseclams 1 0.15 0.80 1 0.06 0.33 1 1.20 6.00
(Tresus capazx)
butterclams 1 0.20 0.80 1 0.06 0.30 1 0.80 3.50
(Saxidomus giganteus)
clams (aggregate) 1 5.40 27.80 2 0.50 + 0O 2.20 + 0.14

(0.50) (2.10 - 2.,30)
CRUSTACEANS .
red rock crab 25 0.25 + 0.15 "1.24 + 0.71 23 0.11 + 0.02 0.53 + 0.11 6 0.42 + 0.28 2.17 + 1.87
(Cancer pr‘oductus) (0.09 - 0.60) (0.48 - 3.00) (0.10 - 0.20) (0.50 - 1.00) (0.13 - 0.90)(0.70 - 5.80)
Dungeness crab 29 0.37 +0.20 1.73 + 1.00 50 0.10 + 0.06 0.51 + 0.25 11  0.33 + 0.17 1.84 + 1.40
(Cancer mag’l:ster) (0.05 - 0.80) (0.20 - 3.52) (0.03 - 0.50) (0.20 - 2,00) (0.20 - 0.70)(0.90 - 5.70)



shrimp (aggregate)

FISHES
spiny dogfish
(Squalug acanthias)

Pacific herring

(Clupea havengus pallasi)

chum salmon
(Onecorhynchus keta)

coho salmon
(Oncorhynchus kisutch)

rockfishes
(Sebastes spp.)

kelp greenling
(Hexagrammos decagrammug)

lingcod
(Ophiodon elongatus)

2 0.20 + 0
(<0.20)

9 0.32

(<0.10 -

6 0.23 +
(<0.20
13 0.53

0.15

35 0.29
€0.06

8 0.28

(0.20 -

8 0.23
(<0.07

0.18
0.60)

0.05
0. 30)

0.16
0.60)

0.18
0.98)

0.15
0.60)

0.21
0.60)

1.00 + 0
(<1.00)

0.97 + 0.82
(0.31 - 3.00)

3.00)

1.32 + 0.86
(<0.31 - 4.40)

1.75 + 1.17
(1.00 - 4.00)

(<0.33 - 3.00)

2

9

6

13

31

8

7

(<0.04

( <0.09

(<0.03

0.25 + 0.21

(<0.10 = 0.40)

0.10 + 0.06
0.20)

0.10 + O

( <0.10)

0.12 0.04

0.20)

1+

0.09 + 0.03
< 0.20)

0.10 + 0
(0.10)

0.07 + 0.07
(<0.02 = 0.20)

1.25 + 1.06
(<0.50

0.32 0.18

(0.12

1+

0.50 + 0
(< 0.50)
0.51 0.05
( <0.40

i+

0.44
(<0.13

o+

0.50 + 0
(0.50)

0.28 + 0.20

(<0.10 = 0.50)

2.00)

0.50)

0.60)

0.17
1.00)

0.42 + 0.28
(0.10 = 0.62)

0.50

0.36 + 0.12

(0.06 0.45)

0.10 + 0.06
(0.07 0.20)

1.20 + 0.78
(0.31 = 1.70)

2.10

1.48 + 0.48

(0.33 = 1.30)

0. 30
1.00)

0.46
(0. 32

1+

€1



TABLE 4. Trace metal (Hg, Cu, Zn, Pb, Cd, Ni) data list for marine species.
-1
TRACE METALS (Hg g9 )
Site
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
{Species) Yr Mo Sex (cm) Wet Wet Dxry Wet Dry Wet Dry Wet Dry Wet Dry
1) Gordon Channel
spiny dogfish
(Squalus acanthias) 72 07 0.72
spiny dogfish
(S. acanthias) 72 07 1.74
2) Port Hardy, Hardy Bay
hutterclam
(Saxidomus giganteus) 71 05 0.02 4.3 17 15 59 0.2 0.8 0.06 0.3 0.8 3.5
Dungeness crab
(Cancer magister) 71 03 M 19.7 0.14 7.2 28.1 59.6 234
Dungeness crab
(C.. magtister) 71 03 M 17.9 0.19 6.3 24.1 52.8 203.7
Dungeness crab
(C. magister) 71 03 M 15.8 0.25 6.7 25.6 56.4 217.5 0.2 0.9
Dungeness crab
(C. magister) 71 03 M 16.1 0.05 6.8 38.0 38.4 216.0 0.2 1.3
Dungeness crab
(C. magieter) 71 03 M 15.8 0.04 8.2 32.7 52.6 208.4 0.2 0.9
Dungeness crab
(C. magister) 71 11 M 18.7 0.15 6.4 27 53 230 0.3 1 0.04 0.2
Dungeness crab
(C. magister) 71 11 M 18.2 0.09 10 60 32 190 0.2 1 0.03 0.2 0.3 1.7
Dungeness crab
(C. magister) 71 11 M 17.7 0.10 9.8 50 36 190 0.12 0.64 0.04 0.2
Dungeness crab
(C. magister) 71 11 M 18.2 0.13 0.95 4.5 3.9 18 0.3 1 0.04 0.2
Dungeness crab
(C. magister) 71 11 M 15.4 0.09 15 60 47 190 0.4 1.5 0.04 0.2 0.5 1.7
Dungeness Crab
(C. magister) 71 11 M 15.9 0.07 8.5 37 48 210 0.05 0.2 0.5 2
ratfish
(Hydrolagus colliei) 71 03 0.26 0.2 1.3 4.2 23.0

1A



ratfish

(H. colliei)
ratfish

(H. colliet)
yelloweye rockfish!
(Sebastes ruberrimus)
yelloweye rockfish’
(S. ruberrimus)
rockfish

(Sebastes sp.)
rockfish

(8ebastes sp.)

03

11

11

11

11

11

3) Alert Bay, Broughton Strait

giant chiton

(Cryptochiton stelleri?3 02

northern abalone

(Haliotis kamtschatkand73 02

rock scallop
(Hinnites giganteus)
blue mussel
(Mytilus edulis)
ratfish

(H. colliet)

73

73

73

02

02

02

4) Kelsey Bay, Johnstone Strait

rockfish
(Sebastes sp.)
kelp greenling

71

(Hexzagrammos decagrammug2

kelp greenling

(H. decagrammus)
lingcod

(Ophiodon elongatus)
lingcod

(0. elongatus)
lingcod

(0. elongatus)
lingcod

(0. elongatus)

72

71

71

06

10

10

06

06

06

06

42

€8

68

35

35

25

34

32

0.023

0.044

0.076

0.066

0.355

0.08

0.04

0.04

0.06

0.07

0.35

0.35

19

13

1.6

1.5

100

11

15

29

16

16.

24

18

17

18

19

15

80

16

17

63

35

75

1.0

1.0

1.0

1.0

0.42

0.33

0.04 0.2
0.05 0.2
0.05 0.2
0.05 0.2
0.05 0.2
1.1 7.9
<0.1 <0.5
2.8 11
0.4 2
<0.1 < 0.5
0.1 0.5
0.1 0.5
0.03 0.13
0.02 0.10
0.03 0.13

0.3 1.3
0.05 0.32
0.4 1.6
0.4 1.6
0.4 1.6
0.4 1.6
0.07 ~ 0.32
0.07 0.34
0.07 0.32

ST



TABLE 4. continued

Site TRACE METALS (ug 9_1)
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet Wet Dry Wet Dry " Wet Dry Wet Dry Wet Dry

5) Cortes Island
Pacific oyster

(Cragsostrea gigas) 76 06 0.031
Pacific oyster
(C. gigas) 76 06 0.054
Pacific oyster
(C. gigas) 76 06 0.036
Pacific oyster
(C. gigas) 76 06 0.035
Pacific oyster
(C. gigas) 76 06 0.043
Pacific oyster
(C. gigas) 76 06 0.046
Pacific oyster
(C. gigas) 76 06 0.053
Pacific oyster
(C. gigas) 76 06 0.056
Pacific oyster
(C. gigas) 76 06 0.044
Pacific oyster
(C. gigas) 76 06 0.058

6) Campbell River, Discovery Passage
giant chiton

(C. stelleri) 72 10 0.04 8.6 45 24 130 0.4 2 1.5 8.1
rock scallop

(H. giganteus) 72 10 0.05 0.5 2 20 75 0.3 1 2.9 11
Pacific oyster

(C. gigas) 71 06 0.04 210 1000 5100 22000

Pacific oyster

(C. gigas) 71 06 260 1200 4400 20000

Pacific oyster
(C. gigas) 72 10 0.05 16 76 490 2300 0.2 1 1.9 8.7

91



red

(Cancer productus)

red
(c.
red
(C.
red
(C.
red
(c.
red
(c.

rock crab

rock crab
productus)
rock crab
productus)
rock crab
productus)
rock crab
productus)
rock crab
productus)

spiny dogfish
(8. acanthias)
spiny dogfish
(S. acanthias)
spiny dogfish
(S. acanthias)
rockfish
(Sebastes sp.)
rockfish
{Sebaates sp: )
rockfish
(Sebastes sp:)
lingcod
(0. elongatus)
lingcod
(0. elongatus)

7) Lund
Pacific oyster
(C. gigas)
wolf-eel

(Anarrhichthys ocellatus)
rockfish
(Sebastes sp:)
rockfish
(Sebastes sp-)
rockfish
(Sebastes sp.)

72

72

72

72

72

71

71

71

71

72

72

71

71

71

71

71

71

71

10

10

10

10

10

10

06

06

06

06

10

10

06

06

08

o8

08

08

08

14.5

12.0

13.0

12.5

13.5

11.5

70.5

71.4

60.2

21.5

17.5

0.30

0.10

0.08

0.10

0.04

0.04

270
220

240

220
270
35
28
45
39
18
18
190

110

0.5

0.13 0.07 0.32

L1



TABLE 4. continued
Site TRACE METALS (ug 9—1)
Common Name Date Length  MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
rockfish
(Sebastes sr.) 71 08 0.10
rockfish
(Sebastes sp.) 71 08 0.24
8) Powell River, Harwood-Vivian Islands
northern abalone
(H. kamtschatkana) 72 10 12 0.05 3.2 14 10 44 0.4 2 0.1 0.5
rock scallop '
(H. gigariteus) 72 10 17.5° 0.09 1 5 24 100 <0.2 <1 3.6 15
Pacific oyster
(C. gigas) 72 10 0.10 34 150 1800 8000 <0.2 <1 2.0 8.9
red rock crab
(C. productus) 72 10 12,5 0.05 7.8 39 52 260 <0.3 <1l <0.1 <0.5
red rock crab
(C. productus) 72 10 11.5 0.05 4.1 17 67 270 <0.2 <1 0.1 0.5
Dungeness crab
(C. magister) 72 10 14.5 0.03 3.5 15 41 170 <0.2 <1 <0.1 < 0.5
spiny dogfish
(S. acanthias) 72 10 F 1.37 0.8 2 3.0 6.8 < 0.4 <1 <p.1 <90.5
spiny dogfish
(S. acanthias) 72 10 F 0.55 0.5 2 2.4 7.9 < 0.3 <1 <0.1 < 0.5
striped seaperch
(Embiotoea lateralis) 72 10 31 0.16 0.8 4 4.8 22 <0.2 <1l <0.1 < 0.5
striped seaperch
(E. lateralis) 72 10 26 0.11 1.7 7 6.2 29 < 0.2 <1 0.2 0.8
9) North Texada Island
California seacucumber
(Parastichopug californicus) 76 05 <0.03
California seacucumber
(P. californicus) 76 05 0.03
gopper rockfish
(Sebastes caurinus) 76 05 28 0.09
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lingcod

(0. elongatus) 76 05
lingcod

(0. elongatus) 76 05
- lingcod

(0. elongatus) 76 05
lingcod

(0. elongatus) 76 Q5
lingcod

(0. elongatus) 76 05

10) Hornby Island, Strait of Georgia

northern abalone

(H. kamtschatkana) 72 10
rock scallop

(H. giganteus) 72 10
Pacific oyster

(C. gigas) 71 06
Pacific oyster

(C. gigas) 72 10
spiny dogfish

(5. acanthias) 71 06
spiny dogfish

(S. acanthias) 71 06
sea bass

(Cynosceion nobilia) 71 06
sea bass

(C. nobilis) 71 06
rockfish

(Sebastes sp.) 72 10
rockfish

(Sebastes sg.) 72 10
kelp greenling

(H. decagrammus) 72 10
lingcod

(0. elongatus) 71 06
lingcod

(0. elongatus) 71 06

61.0

76.5

66.0

58.2

45.5

39.0

27.0

35.0

0.10

0.06

0.04

0.05

0.14

0.5

23

1 8.9
2 21
93 450
1.6
1.5
1.5 8.6
1.6 6.6
2 3.8
3 3.7
2 4.9
19
4 25

37

90

1800

35

27

19

18

19

80

90

<0.2

<0.2

0.14

0.10

<1 <0.1

<1 2.0
2 1.4
0.32 0.06
0.31 0.04
0.31

0.33 0.05
1 < 0.1
1 <o0.
<1 < 0.1

<0.5

7.8

<0.5

<0.5

0.31

0.31

0.32

61



continued

TABLE 4.
Site TRACE METALS (ug g'l)
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
11) Egmont
Pacific oyster
(C. gigas) 71 05 0.04 58 230 670 2700 0.22 0.91 3.4 14.0
red rock crab
(C. productus) 71 05 0.07 6.5 32.0 70 360 <0.09 < 0.48 <0.14 <0.70 0.13 0.7
spiny dogfish
(S. acanthias) 71 05 1.13 0.30 0.90 3.9 12.0 <0.1l0 <0.33 <0.06 <0.19
coho salmon
(Oncorhynchus kisutceh)7l 05 1.0 4.5 7.2 31.0 <0.15 <0.66 <0.09 <0.40
yelloweye rockfish
(S. ruberrimus) 71 05 0.35 0.40 1.8 12.0 53.0 0.21 0.91 <0.09 <0.40 0.45 1.9
rockfish
(Sebastes sp.) 71 05 0.10 <l.7 <6.9 19 78 <0.28 <1l.2 <0.08 <0.35
lingcod
(0. elongatus) 71 05 0.35
12) Pender Harbour, Malaspina Strait
Pacific oyster
(C. gigas) 72 10 0.04 28 150 530 2900 0.4 2 1.8 10
Dungeness crab
(C. magister) 72 10 M 16.5 0.07 6.2 41 30 200 0.2 1 <0.1 < 0.5
Dungeness crab
(C. magister) 72 10 M 17.0 0.12 4.6 29 25 160 0.2 1 <0.1 < 0.5
Dungeness crab
(C. magister) 72 10 M 17.0 0.11 5.3 36 28 190 0.3 2 <0.1 < 0.5
Dungeness crab
(C. magister) 72 10 M 14.5 0.13 7.7 34 37 160 0.4 2 <0.1 < 0.5
chum salmon
(Oncorhynchus keta) 72 10 M 176 0.03 0.8 3 3.5 13 <0.3 <1 <o0.1 < 0.5
chum salmon
(0. keta) 72 10 M 171 0.06 0.5 2 3.4 12 <0.3 <1 <0.1 < 0.5
chum salmon
(0. keta) 72 10 M 169 0.05 0.7 3 3.5 14 <0.2 <1l <0.1 < 0.5

0z



13

I

chum salmon

(0. keta)
chum salmon

(0. keta)

chum salmon
(0. keta)

Nanaimo Harbour

14

—

Dungeness crab
(C. magister)
Dungeness crab
(C. magister)

Mudge Island, Gabriola Island

72

72

72

72

72

10

10

10

10

10

littleneck clam

(Protothaca staminea) 72

littleneck clam
(P. gtaminea)
littleneck clam
(P. staminea)
littleneck clam
(P. staminea)
littleneck clam
(P, ataminea)
Pacific oyster
(€. gigasd
Pacific oyster
(C. gigas)
Pacific oyster
(C. gigas)
Pacific oyster
(C. gigas)
Pacific oyster
(C. gigas)
Pacific oyster
(C. gigas)
Pacific oyster
(C. gigas)
Pacific oyster
(C. gigas)

72

72

72

72

72

72

72

72

72

72

76

76

10

10

10

10

10

10

10

12

12

174

168

171

15.

15.

0.06

18

33

41

36

10

11

12

9.6

38

38

25

21

46

26

83

140

39

28

14

14

12

13

14

230

310

380

160

410

290

400

720

14

16

200

170

56

55

50

49

55

1000

1300

1400

660

1600

1300

1900

2900

<0.2

<0.2

<0.2

<0.6

<0.6

<0.6

<0.6

<0.6

<0.6

<0.6

<0.6

<0.6

<0.6

<1l

<1l

<1

<3

<3

<3

<3

<3

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

0.92

1.5

< 0.5

<0.5

< 0.5

0.5

0.5

12



TABLE 4. continued

Site TRACE METALS (ug g 1)
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet wet Dry Wet Dry Wet Dry Wet Dry Wet

Pacific oyster

(C. gigas) 76 12 <0.09 12 54 250 1100 1.4 6.0
Pacific oyster

(C. gigas) 76 12 <0.10 20 79 320 1300 1.5 6.1
Pacific oyster

(C. gigas) 76 12 <0.09 22 88 510 2000 2.1 8.1
Pacific oyster

(C. gigas) 76 12 <0.10 24 95 480 1900 1.3 4.9
Pacific oyster

(C. gigas) 76 12 <0.08 14 66 220 1000 1.2 5.8
Pacific oyster

(C. gigas) 76 12 <0.10 19 80 380 1500 1.2 4.9
Pacific oyster

(C. gigas) 76 12 <0.09 24 100 500 2200 1.6 7.0
Pacific oyster

(C. gigas) 76 12 <0.07 16 78 350 1700 1.3 6.1
Pacific oyster

(C. gigas) 76 12 <0.09 7.9 30 210 810 1.3 4.8
Pacific oyster

(C. gigas) 76 12 <0.08 21 91 440 1900 2.2 9.9
Pacific oyster

(C. gigas) 76 12 <0.08 14 58 210 900 1.4 6.0
Pacific oyster

(C. gigas) 76 12 <0.07 14 61 550 2400 1.5 6.4
Pacific oyster

(C. gigas) 76 12 <0.08 13 61 240 1100 1.9 8.9
Pacific oyster

(C. gigas) 76 12 <0.08 15 72 500 2400 1.3 6.5
Pacific oyster

(C. gigas) 76 12 <0.07 20 86 380 1600 1.3 5.6
Pacific oyster

(C. gigas) 76 12 <0.06 12 64 420 2300 1.4 7.7

Pacific oyster
(C. gigas) 76 12 <0.10 18 72 280 1100 1.5 5.7

éc



Pacific oyster

(C. gigas) 76 12 <0.09

Pacific oyster

(C. gigas) 77 02 <0.09

Pacific oyster

(C. gigas) 77 02 <0.10

Pacific oyster

(C. gigas) 77 02 <0.08

Pacific oyster

(C. gigas) 77 02 <0.08

Pacific oyster

(C. gigas) 77 02 <0.08

Pacific oyster

(C. gigas) 77 02 <0.09

Pacific oyster

(C. gigas) 77 02 <0.09

Pacific oyster :

(C. gigas) 77 02 <0.10

pacific oyster

(C. gigas) 77 02 <0.08

Pacific oyster

(C. gigas) 77 02 <0.08
15) Pylades Channel, Pirate Cove

red rock crab

(C. productus) 72 10 F 9.8 0.05

red rock crab

(C. productus) 72 10 M 12.0 0.06

red rock crab

(c. productus) 72 10 M 10.0 0.02

red rock crab

(C. productus) 72 10 M 13.4 0.06

kelp crab

(Pugettia producta) 72 10 F 6.1 0.03

kelp crab

(P. producta) 72 10 M 5.6 0.05

striped seaperch

(E. lateralis) 72 10 24.6 0.04

striped seaperch

(E. lateralis) 72 10 21.1 0.04

rockfish

(Sebastes sp.) 72 10 32.6 0.14

16

17

12

19

28

18

18

13

15

20

67

72

47

32

86

130

73

77

54

66

85

19

500

240

150

640

1000

790

220

300

430

660

62

2100

2300

270

620

3000

4800

3300

910

1200

1800

2900

29

28

23

<0.6

< 0.6

<3

<3
<3

<3

<0.1

<0.1

<0.1

<0.1
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TABLE 4. continued

TRACE METALS (ug 9-1)

Site
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
rockfish
(Sebastes sp, ) 72 10 35.3 0.29 0.5 2 4.0 17 0.2 1 <0.1 <0.5
rockfish
(Sebastes sp,) 72 10 34.7 0.32 0.6 3 3.4 15 <0.6 <3 <0.1 <0.5
kelp greenling
(H. decagrammus) 72 10 32.8 0.18 0.8 4 5.9 25 0.4 2 <0.1 <0.5
lingcod
(0. elongatus) 72 10 51.7 0.21 0.8 4 5.6 25 <0.6 <3 <0.1 < 0.5
lingcod
(0. elongatus) 72 10 46.6 0.04 0.7 3 5.0 26 <0.5 <2 <0.1 < 0.5
16) Thetis Island, Channel
Pacific oyster
(C. gigas) 71 08 0.02 17 72 630 4800 0.15 1.0
red rock crab!
(C. productus) 71 08 0.04 3.0 17 41 230 <0.12 <0.66
Dungeness crab
(C. magister) 72 10 M 11.0 0.05 6.2 26 31 130 <0.6 <3 <0.1 <0.5
Dungeness crab
(C. magister) 72 10 M 12.6 0.03 6.2 34 34 190 <0.6 <3 0.2 0.9
Dungeness crab
(C. magister) 72 10 F 11.7 0.08
Dungeness crab
(C. magister) 72 10 M 12.7 0.03 5.2 24 55 260 < 0.6 <3 <0.1 <0.5
Dungeness crab
(C. magister) 72 10 M 9.5 0.15
Dungeness crab
(C. magister) 72 10 M 12.1 0.04 7.3 40 42 230 <0.6 <3  <o0.1 <0.6
Dungeness crab
(C. magister) 72 10 M 9.8 0.05 5.6 22 39 150 < 0.6 <3 <0.1 <0.5
spiny dogfish
(S. acanthias) 71 08 95 2.13 3.9 11.5
rockfish
{Sebastes sp.) 71 08 30 0.25

174



17)

lingcod
(0. elongatus)

Chemainus -~ Crofton -

71 o8

Stuart Channel

Pacific oyster
(C. gigas)

red rock crab
(C. productug)
red rock crab
(C. productus)
Dungeness crab
(C. magister)
Dungeness crab
(C. magister)
Dungeness crab
(C. magister)
octopus
(Octopus dofleini)
prawn

(Pandalus platyceros)

spiny dogfish

(5. acanthias)
spiny dogfish

(8. acanthias)
spiny dogfish

(S. acanthias)
spiny dogfish

(S. acanthias)
spiny dogfish

(S. acanthias)
spiny dogfish

(8. acanthias)
yelloweye rockfish
(S. ruberrimus)
velloweye rockfish
(S. ruberrimus)
velloweye rockfish
(S. ruberrimus)
rockfish

(Sebastes sp;)
lingcod

(0. elongatus)

71 04

71 04 M
72 01 M
71 04 M
72 01 M
72 01 M
72 01

71 04

71 04

71 04

72 01

72 01

72 01

72 01

72 01

72 01

72 01

72 01

71 04

12.3

18

16.5

17.5

97

70

77

85

24

35

45

30

0.53

0.04

0.23

0.22

0.38

0.48

0.35

0.26

38

20.5

41

11.8

22

200

54.8

12

15

11

16

13

27

20

<0.15

< 0.67
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TABLE 4. continued

Site TRACE METALS (ug g )
Common Name Date Length  MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex {cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet

lingcod

(0. elongatus) 72 01 53 0.08 0.30 7.2 1.3 4.9

lingcod

(0. elongatus) 72 ol 87 0.24 0.52 1.8 7.4 33

lingcod

(0. elongatus) 72 01 75.5 0.14 0.28 1.3 4.2 20

lingcod

(0. elongatus) 72 01 81.5 0.17 0.33 1.5 5.6 26

lingcod

(0. elongatus) 72 01 68.5 0.17 0.37 1.6 6.4 29

18) Cowichan Bay
Dungeness crab

(C. magister) 72 10 M 18.5 0.04 6.2 26 35 150 0.3 1.0 0.1 0.5
Dungeness crab

(C. magister) 72 10 M 18.7 0.05

Dungeness crab

(C. magister) 72 10 M 17.9 0.11 7.3 33 38 170 0.6 3 0.1 0.5
Dungeness crab

(C. magicter) 76 06 M 18 0.059

Dungeness crab

(C. magister) 76 06 M 19 0.052

spiny dogfish

(S. acanthias) 72 10 86.5 1.26 0.4 1 2.5 7.9 0.6 3 0.2 0.5
spiny dogfish

(S. acanthias) 72 10 89.5 1.41 0.8 2 2.8 7.2 0.3 0.8 0.2 0.5
striped seaperch

(E. lateralis) 72 10 30.8 0.15 0.3 2 3.9 18 0.3 1 0.1 0.5
coho salmon

(0. kisutch) 72 10 14.6 0.02 2.4 10 6.6 28 0.6 3 0.1 0.5
coho salmon

(0. kisuteh) 72 10 16.3 0.02 7 31 5.4 24 0.2 0.9 0.1 0.5

coho salmon
(0. kisutch) 72 10 15.2 0.02 3.8 16 5.8 24 0.6 3 0.1 0.5

92



19)

coho salmon
(0. kisuteh)
coho salmon
(0. kisutch)
coho salmon
(0. kisutch)
coho salmon
(0. kisutch)
coho salmon
(0. kisutch)
coho salmon
(0. kisutech)
coho salmon
(0. kisuteh)
coho salmon
(0. kisuteh)
lingcod

(0. elongatus)
rockfish
(Sebastes sp;)
rockfish
(Sebastes sp)
rockfish
(Sebastes sp.)

72

72

72

72

72

72

72

72

72

72

72

72

10

10

10

10

10

10

10

10

10

Saturna Island, Haro Strait

northern abalone

(H. kamtschatkana)

rock scallop
(H. giganteus)
Pacific oyster
(C. gigas)
Pacific oyster
(C. gigas)
kelp crab

(P. producta)
red rock crab
(C. productus)
red rock crab
(C. productus)
Dungeness crab
(C. magister)

71

71

71

72

72

72

72

72

09

09

09

10

10

10

10

10

15.2

13.6

78.3

74.3

61.5

61.9

71.3

38.3

32.9

42.0

34.0

13.9

13.5

15.6

0.03

0.04

0.02

0.04

0.06

0.07

0.03

0.03

0.04

23

20

19

10

19.5

560

500

52

50

42

26

55

53

14

19

12

15

13

15

12

13

14

38

72

2600

2500

260

240

180

0.17

0.14

3 0.1
3 0.2
1 0.2
3 0.1

1.97
0.66
0.66
3 1.5
3 <0.1
3 <0.1
2 <0.1

< 0.5

< 0.5

<0.5
<0.5

< 0.5
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TABLE 4. continued
Site TRACE METALS (g g O)
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dxry Wet Dry
coho salmon
(0. kisutch) 72 10 0.5 2 3.0 13 0.6 3 0.1 0.5
copper rockfish
(5. caurinus) 71 09 31.5 0.51 0.42 1.9 4.2 19 0.98 4.4
copper rockfish
(8. caurinus) 71 09 33 0.26 0.25 1.1 6.2 26 <0.15 <0.67
black rockfish
(Sebastes melanops) 71 09 35 0.09 5.6 21 0.48 1.7
black rockfish
(S. melanops) 71 09 32 0.08 5.9 24 <0.18 <0.8
rockfish
(Sebastes sp:.) 72 10 33.8 0.08 0.4 2 3.3 14 0.3 1 <0.1 < 0.5
rockfish
(Sebastes sp;) 72 10 31.8 0.25 0.3 1 3.6 17 <0.6 <3 <0.1 < 0.5
kelp greenling
(H. decagrammus) 72 10 28.0 0.04 0.4 2 3.9 19 <0.6 <3 <0.1 < 0.5
20) Lower Indian Arm - Port Moody Arm - Vancouver Harbour
blue mussel
(M. edulis) 73 01 0.13 1.4 11 14 110 1.4 11 0.3 2.4
red rock crab .
(C. productus) 71 02 0.04 14.0 59.5 46 195 0.2 1.0
red rock crab
(C. productus) 71 02 0.04 4.8 41.3 46.5 196 0.5 1.9
red rock crab
(C. productus) 71 02 0.13 7.0 36.3 57.4 299.2 0.5 2.3
red rock crab
(C. productus) 71 02 0.13 6.4 35.7 0.3 1.3
Dungeness crab
(C. magister) 71 02 0.07 8.0 45.3 49.4 276.6 0.2 1.3
Dungeness crab
7. magister) 71 02 0.07 7.9 43.7 51.9 291.5 0.3 1.5

8¢



22)

Dungeness crab
(C. magister)
Dungeness crab
(C. magister)
spiny dogfish
(5. acanthias)
rockfish
(Sebastes sp, )
lingcod

(0. elongatug)

Point Grey, Burrard Inlet

71

71

71

73

71

02
02
02
01

02

23) Fraser River Estuary, North Arm Jetty

octopus

(0. dofleini)
Dungeness crab
(C. magigter)
Dungeness crab
(C. magister)
Dungeness crab
(C. magister)
Dungeness crab
(C. magister)
Dungeness crab
(C. magister)
midshipman

(Porichthys notatus)

starry flounder

73

73

73

73

73

73

73

(Platichthys stellatusi3

01

01

0l

0l

01

0l

01

0l

45.5

13.5

16.0

12.4

12.9

15.1

29.5

24) Tona Island, Fraser River Estuary

sea bass
(C nobilis)

71

06

Dungeness crab
(C. magister)

starry flounder!

(P, stellatus)

73

73

0l

01

M

15.5

62

24

79

50

58

13

45.5

48.5

19.8

46

35

29

36

26

34

212.6

226.9

11

8l.1

190

190

250

1.3 <0.2

<0.1

<0.1

<0.1

<0.1

<1

62



TABLE 4. continued

Site TRACE METALS (g g 1)
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex {cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry

25) Sturgeon Bay, Fraser River Estuary
Dungeness crab

(C. magister) 73 o1 13 0.12
Dungeness crab
(C. magister) 73 01 14 0.42
Dungeness crab
(C. magister) 73 01 14 0.24
Dungeness crab
(C. magister) 73 01 15 0.33
Dungeness crab
(C. magister) 73 01 14 0.26
Dungeness crab
(C. magister) 73 01 13 0.11
starry flounder
(P. stellatus) 73 01 0.15

26) Roberts Bank, Fraser River Estuary
Dungeness crab

(C. magister) 73 01 M 12.3 0.065 7.8 51 25 160 < 0.2 <l.0 <o0.1 < 0.5
Dungeness crab
(C. magister) 73 01 F 12.0 0.059 9.5 45 40 190 < 0.2 <1l.0 <0.1 < 0.5
Dungeness crab
(C. magister) 77 07 19.4 0.19 5.2 35 31 200 0.1 0.5
Dungeness crab
(C. magister) 77 07 17.1 0.27 8.0 35 32 140 0.1 0.5
Dungeness crab
(C. magister) 77 07 19.0 0.19 6.9 32 29 140 0.1 0.5
Dungeness crab
(C. magister) 77 07 16.5 0.35 11 50 39 180 0.1 0.5
Dungeness crab
(C. magister) 77 07 17.6 0.25 9.6 49 33 170 0.1 0.5

Dungeness crab
(C. magister) 77 07 16.0 0.33 12 75 25 160 0.1 0.5

0t



27)

Dungeness crab

16.8
12.0
16.0
15.0
16.0
15.9
11.5
15.4
13.4
15.4
14.6
16.3
15.6

Boundary Bay

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magigter) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magister) 77 07
Dungeness crab

(C. magieter) 77 07
Crescent Beach, White Rock,
blue mussel

(M. edulis) 73 01
cockle
(Clinocardium nuttalii)73 Ol
kelp crab

(P, producta) 73 ol
kelp crab

(P. producta) 73 01
Dungeness crab

(C. magister) 71 03
Dungeness crab

(C. magister) "71 10

F 6.5
F 6.5
M 17.9

0.32

0.039

0.038

0.037

0.036

11

23

14

16

21

18

18

13

12

47
77
36
41
41
23
51
77
87
74
83
59

54

12
11
12

31

35

36

47

42

44

46

40

44

41

41

39

39

47

16

34

16

32

150

120

220

170

180

220

150

220

170

170

180

180

100

160

100

220

<0.5

1€



TABLE 4. continued

-1
Site TRACE METALS (ug g ')
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry

Dungeness crab

(C. magister) 71 10 M 17.4 0.06
Dungeness crab
(C. magister) 71 10 M 17.2 0.15
Dungeness crab
(C. magister) 71 10 M 16.3 0.07 8.0 23 47 190
Dungeness crab
(C. magister) 71 10 M 15.9 0.08 9.2 33 49 200
Dungeness crab
(C. magister) 71 10 M 15.6 0.20 12 51 42 180
Dungeness crab -
(C. magtster) 71 10 M 16.1 0.05
Dungeness crab
(C. magister) 71 10 M 17.5 0.05
Dungeness crab
(C. magister) 71 10 M 15.2 0.15
Dungeness crab
(C. magister) 71 10 M 16.7 0.11
Dungeness crab
(C. magister) 73 01 F 9.5 0.068 5.8 23 35 140 <0.2 < 1.0 <0.1 <0.5
Dungeness crab
(C. magister) M 16.0 0.189 7.4 32 37 160 0.3 1.0 0.1 <0.5
spiny dogfish
(5. acanthias) 71 10 18 . 0.97
spiny dogfish
(S. acanthias) 71 10 15 0.74
spiny dogfish
(S. acanthias) 71 10 0.67
Pacific herring
(Clupea harengus pallasi) 71 10 0.06
tube-snout!
(Aulorhynchus flaviduwell3 o1 0.109 3.8 14 25 94 <0.6 <2.0 <0.3 <1.0

buffalo sculpin
(Enophrys bison) 73 01 13.5 0.172 1.1 5.2 7.2 36 <0.2 <1.0 <o0.1 <0.5

43



28)

buffalo sculpin
(E. bigon) 73 01
sturgeon poacher1

(Agonus aeipenserinus)73 01
starrg flounder
e

(P, 8 llatus) 71 10
starry flounder
(P. stellatus) 71 10
starry flounder
(P, stellatus) 73 01

Victoria, Juan de Fuca Strait

giant chiton

(C. stelleri) 72 10
northern abalone

(H, kamtschatkana) 72 10
blue mussel

(M. edulis) 72 10
pile perch
(Rhacochilus vacea) 72 10
pile perch
(R. vaceca) 72 10

rock greenling

(Hexagrammos lagocephalus)72 10

rock greenling

(H. lagocephalus) 72 10
rock greenling
(H. lagocephalus) 72 10

red Irish lord

(Hémilepidotus hemilepidotus)72 10

13.5

28.4

27.4

35.0

37.4

34.9

27.2

29) Sooke - Jordon River, Juan de Fuca Strait

30)

horse clam

(Tresus capax) 71 09
horse clam
(T, capax) 71 09
horse clam
(T. eapax) 71 09

Port Renfrew, Juan de Fuca Strait

kelp greenling
(H. decagrammus) 72 10

19.1

0.039

0.06

0.064

1.7

15

17

17

12

140

17

7.6

15

35

12

11

34

36

59

140

67
40
150

18
14
17
15

190

43

22

< 0.2

<1.0

<1l

<1l

<1l

<1l

<1l

<0.1

<0.1

<0.1

<0.1

'<0.1

<0.1

<0.1

<0.5

<0.5

< 0.5

12

< 0.5

£e



TABLE 4 continued

TRACE METALS (ug g °)

Site
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dxry
31) Port Alberni, Sproat Narrows
red rock crab
(C. productus) 72 10 M 15.5 0.07 5.5 25 60 270 <0.2 <1.0 <0.1 <0.5
boccacio
(Sebastes paucispinis)72 10 48.0 0.15 0.4 2 3.4 15 0.2 1 <0.1 <0.5
rockfish
(Sebastes sp,) 72 10 32.0 0.21 0.4 2 3.1 15 <0.2 <1 <0.1 < 0.5
rockfish
(Sebastes sp:) 72 10 32.0 0.17 0.4 2 3.6 17 <0.2 <1 <0.1 < 0.5
rockfish
(Sebastes sp.) 72 10 43.0 0.12 0.6 3 3.6 16 <0.2 <1 <0.1 <0.5
32) Useless Inlet, Barkley Sound
red rock crab
(C. productus) 71 08 M 0.06 14 96 50 340 <0.11 <0.8
Dungeness crab
(C. magister) 71 08 F 18.2 0.23 8.0 51 67 430
pungeness crab
(C. magister) 71 08 M 15.8 0.09 9.8 42 52 220
Dungeness. czab
(C. magister) 71 08 M 15.7 0.13 7.8 31 43 170 <0.19 <0.66
pungeness crab
(C. magister) 71 08 M 15.2 0.05 9.3 42 36 170 <0.8 <3.52
pungeness crab
(C. magister) 71 08 M 14.9 0.05 4.2 . le 59 220 < 0.16 <0.65
33) Ucluelet Inlet
red rock crab
(C. productus) 72 10 14.3 0.13 9.4 38 54 220 0.4 2 <0.1 < 0.5
red rock crab
(C. productus) 72 10 15.0 0.45 3.3 15 66 310 < 0.2 <1 <0.1 < 0.5
red rock crab
(C. productus) 72 10 15.4 0.18 6.6 28 67 280 0.2 1 <0.1 < 0.5

123



34)

red rock crab

(C. productus)
red rock crab

(C. productus)
red rock crab

(C. productus)
red rock crab
(C. productus)
red rock crab
(C. productus)
red rock crab
(C. productus)
red rock crab
(C. productus)
striped seaperch
(E. lateralis)
rockfish
(Sebastes sp.)
kelp greenling
(H. decagrammus)
kelp greenling
(H. decagrammus)

72

72

72

72

72

72

72

<72

72

72

72

10

10

10

10

10

10

10

10

10

10

10

Gold River, Muchalet Inlet

rock scallop!
(H. giganteus)
blue mussel

(M. edulis)
prawn

(P, platyceros)
red rock crab
(C. productus)
Dungeness crab
(C. magister)
striped seaperch
(E. lateralis)
boccacio

(8. paucispinis)
boccacio

(8. paucispinis)

72

72

71

72

71

72

72

72

10

10

04

10

04

10

10

10

16.3
13.5
15.8
15.7
14.9
14.6
13.9
22.0
29.0
22.2

25.2

14.5
18.6
24

36.5

34.5

0.33

0.09

0.12

0.05

0.06

23

35

26

37

16

36

14

20

43 190
59 260
61l 250
26 190
58 250
41 220
47 190
4.1 19
2.8 13
3.2 15
5.8 24
22 96
12 76
58 230
6.1 27
3.4 16
3.5 16

<0.2

<0.2

<0.2
<0.2
<0.2
<0.2

<0.2

<l

<1

<1

<1

<1

<1l

<1l

<1l

<1

<1l

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1l

<0.1l

<0.1

0.5

<0.1

<0.1

<0.1

<0.1l

13

13



TABLE 4. continued

Site TRACE METALS (ug g »)
Common Name Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
(Species) Yr Mo Sex (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry

rockfish

(Sebastes sp.) 72 10 28 0.4 0.4 2 3.2 14 <0.2 <1 < 0.1 <0.5

rockfish

(Sebastes sp;) 72 10 28 0.39 0.6 3 3.8 19 <0.2 <1 < 0.1 <0.5

rockfish

(Sebastes sgp.) 72 10 22 0.31

35) Coal Harbour, Holberg Inlet
horse clam

(T. capax) 71 10 0.02

red rock crab

(C. productus) 71 03 M 0.05 2.1 14.5 52.6 344.8 0.9 5.8
Dungeness crab

(C. magister) 71 03 F 18.1 0.12 3.2 24.9 35.9 284.6 0.7 5.7
Dungeness crab

(C. magister) 71 03 F 17.0 0.25 3.8 24.3 49.4 315.0 0.5 2.9
Dungeness crab

(C. magister) 71 03 M 16.4 0.23

Dungeness crab

(C. magister) 71 11 M 16.8 0.12 6.8 34 45 230 0.5 2 0.03 0.2

Dungeness crab

(C. magister) 71 04 0.23

spiny dogfish

(5. acanthias) 71 10 M 1.39 0.38 0.96 3.1 7.9 0.5 1 0.07 0.2 0.62 1.6
spiny dogfish

(S. acanthias) 71 03 M 1.18 0.38 1.2 4.5 13 0.4 1 0.07 0.2 0.55 1.7
Pacific herring

(C. harengus pallasi) 71 03 3.3 10.0

Pacific herring

(C. harengus pallasi) 71 03 0.2 1.0 4.3 22.9 0.5 2.1
Pacific herring

(C. harengus pallasi) 71 03 0.06

Pacific herring
(C. harengus pallasi) 71 03 0.07



Pacific herring

(C. harengus pallasi) 71 03 0.09

rockfish

(Sebastes sp.) 71 03 0.06 2.1 10.6 - 2.8 14.1
1

aggregate sample

LE



TABLE 5. Arsenic and Iron data list for marine species.
Site TRACE METALS (ug g~1)
Common Name Date Length ARSENIC IRON
(Species) Yr Mo Sex (cm) Wet Dry Wet Dry
11 Egmont
Pacific oyster
(C. gigas) 71 05 1.7 6.7
red rock crab
(C. productus) 71 05 1.8 9
spiny dogfish
(S. aeanthias) 71 05 2.1 6.5
coho salmon
(0. kisutch) 71.05 0.3 3.0
yelloweye rockfish
(5. ruberriums) 71 05 3.1 14
rockfish
(Sebastes sp.) 71 05 10
Tingcod
(0. elongatus) 71 05 10
12 Point Grey, Burrard Inlet
Dungeness crab
(C. magister) 73 01 F 13.5 11 49
Dungeness crab
(C. magister) 73 01 M 16.0 4.3 33
Dungeness crab
(C. magister) 73 01 F 12.4 9.5 76
Dungeness crab
(C. magister) 73 01 F 12.9 9.3 48
Dungeness crab
(C. magister) 73 01 M 15.1 4.0 29
flounder
73 01 24 100

8¢



TABLE 6. Trace metal (Hg, Cu, Zn, Pb, Cd, Ni) data list for marine organisms (riot identified to species level).
Site DATE LENGTH MERCURY COPPER NICKEL
Common Name Yr Mo Sex (cm) Wet Dry Wet Dry Wet Dry
2) Port Hardy, Hardy Bay
clam 71 03 0.02
clam 71 03 0.03
claml 71 03 2. 19.6 87.2 0.5 2.3
clam 71 03 0.03 15.3 79.1
claml 71 03 0.23 13.4 31.1 133.8 0.5 2.1
clam 71 03 0.04 20.5 26.6 119.5
sculpin 71 03 0.14 6. 2.8 14.4
sculpin 71 03 14.0 6.5 34.9
sculpin 71 03 0.07
3) Alert Bay, Broughton Strait
chiton 73 02 0.039 29 12 72 8 1.9
whelk 73 02 0.096 74 60 250 1 0.9
8) Powell River, Harwood -~ Vivian Islands
chiton 72 10 0.09 47 16 91
10) Hornby Island, Strait of Georgia
limpet 72 10 0.03
clam 71 06 0.02
12) Pender Harbour, Malaspina Strait
sea star 72 10 0.06 70 29 130 2.3 1.4 6.4
sea cucumber 72 10 11 15 75 < 0.1 < 0.1 < 0.5
flounder 72 10 40.5 0.11 4 3.2 15 < 0.2 < 0.1 < 0.5
15) Pylades Channel, Pirate Cove
periwinkle 72 10 0.08
17) Chemainus -~ Crofton, Stuart Channel
squid 71 04 0.16
shrimp 71 04 0.06
flounder 72 01 30 0.08 1.35 7.0 23

6¢



Table 6. continued

TRACE METALS (ug g'l)

Site Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
Common Name Yr Mo Sex (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
flounder 72 01 28.5 0.05 0.34 1.0 7.1 22
flounder 72 01 20 0.03 0.27 1.1 5.4 21

19) Saturna Island, Haro Strait

chiton 0.04
periwinkle 0.04
sculpin 71 09 47 0.28 0.25 1.1 4.3 19 <0.14 <0.65
20) Lower Indian Arm, Port Moody Arm, Vancouver Harbour
whelk 73 01 0.21 16 71 200 910 0.5 2.1 6.6 30
sea star 73 01 0.05 2.1 10 35 160 3.8 18 0.3 1.5
sea cucumber 73 01 0.13 0.6 14 4.0 86 2,2 48 0.06 1.3
sculpin 71 02 29.3 0.27 1.1 4.9 3.5 16 <0.2 <1 <0.2 < 1
flounder 73 01 29.4 0.31 0.7 3.0 7.4 32 0.8 3.6 <0.2 <1
21) Brockton Point, Burrard Inlet
chitonl 73 01 0.08 19 130 14 98 <0.3 <2 0.6 1.4
whelk 1 73 01 0.10 1.4 7.2 19 99 <1l <o 0.7 3.4
sea urchin 73 01 0.10 0.7 6.9 3.9 41 0.4 3.9 0.2 2.0
sea cucumber 73 01 0.08 0.5 7.6 5.7 89 0.7 11 0.1 1.8
sculpin 73 01 29.0 0.13 0.4 1.7 4.7 22 0.2 1.1 <0.2 <1
flounder 73 01 33.0 0.11 0.8 3.8 3.4 15 <0.2 <1 <0.2 <1
22) Point Grey, Burrard Inlet
scallo 73 01 0.12
shrimp 73 01 0.07
blenny 73 01 0.07
flounder 73 01 0.09 2.2 9.2 15 63 <0.1 < 0.5
flounder 73 01 0.16
23) Fraser River Estuary, North Arm Jetty
sculpin 71 06 1 7 20 110

flounder 71 06 25.5 0.32

oy



Iona Island

24)

shrimpl 73 01
flounderl 73 01

25) Sturgeon Bank, Fraser River Estuary
snail 73 01
shrimp 73 01
flounderl 73 01

26) Roberts Bank, Fraser River Estuary
shrimpl 73 01
flounderl 73 01

27) Crescent Beach, White Rock, Boundary Bay
chiton 73 01
shrimp 73 01
sea star 71 01
tunicates 73 01
sculpin 71 03
sculpin 71 03
sculpin 71 03
sculpin 71 10
sculpin 73 01 7.6
flounder! 71 03
flounder 73 01

28) Victoria, Juan de Fuca Strait
whelk® 72 10
sea urchinl 72 10
sea cucumber 72 10

30) Port Renfrew, Juan de Fuca Strait
whelk 72 10
limpit 72 10

31) Port Alberni, Sproat Narrows

sea urchin 72 10
sea cucumber 72 10

0.09
0.07
0.09

0.052
0.11

0.047
0.153
0.12
0.036
0.07
0.17
0.07
0.10
0.078
0.02
0.077

0.22
0.01
0.05

13
36

35

w

59
17

150

27

14

18

10

11
15

24

11

13

14

30

50
70

100

56

58

48

36
55

70

270

<0.2

<0.5

<2

<1l.

o
=

<0.1
<0.04

<0.1

[N V)
U

16

36

184



Table 6.

continued

TRACE METALS (ug ¢ hH

Site Date Length MERCURY COPPER ZINC LEAD CADMIUM NICKEL
Common Name Yr Mo (cm) Wet Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
33) Ucluelet Inlet

turban snail 72 10 0.19 15 59 38 150 0.2 1 0.2 < 0.6

shrimpl 72 10 0.08 4, 17 11 39 <0.2 <1 <0.1 < 0.5
34) Golden River

turban snail 72 10 0.004 13 52 28 110 <0.2 <1 0.4 2
35) Coal Harbour, Holberg Inlet

perch 71 03 0.04

sculpin 71 03 0.09 0. 4. 7. 40.

sculpin 71 03 0.11

sculpin 71 03 0.03 6. 28.

(4%

laggregate sample



	Page 1
	B&W  W 8.50  H14.001.PDF
	Page 1


