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ABSTRACT

Uthe, J.F., ed. 1984. Research in fisheries contaminants and toxicology conducted by the Contaminants
Research Unit, Fisheries and Environmental Sciences Division, Halifax Component, in 1983. Can. MS Rep.
Fish. Aquat. Sci. 1757: iii + 12 p.

This report describes research performed in 1983 by the Halifax component of the Fisheries Contaminants
and Toxicology Section of the Fisheries and Environmental Sciences Division. The research dealt with cadmium
in shellfish, heavy metal interactions in lobsters fed cadmium, organochlorines in cod, interlaboratory
calibrative studies, steroid hormone isolation and identification in lobsters, radioimmunoassay and the
effects of acid precipitation on sexual maturation and reproduction in caged Atlantic salmon.

Keywords: cadmium, organochlorines, shellfish, finfish, acid rain, steroid hormone metabolism, monitoring

RESUME

Uthe, J.F., ed. 1984. Research in fisheries contaminants and toxicology conducted by the Contaminants
Research Unit, Fisheries and Environmental Sciences Division, Halifax Component, in 1983. Can. MS Rep.
Fish. Aquat. Sci. 1757: iii + 12 p.

Ce rapport decrit les recherches menees en 1983 par la Section des polluants et toxicologie des peches,
Halifax, de la Division des peches et des sciences de l'environment. Les recherches ont porte sur la
presence de cadmium chez les crustaces, sur les interactions des metaux lourds chez les homards a qui on a
administre du cadmium, sur les organochlorures chez la morue, sur des etudes de calibration entre
laboratoires, sur l'isolation et l'identification des hormones steroides chez les homards, sur le ~osage

radio-immunologique et les effets des precipitations acides sur la maturation sexuelle et la reproduction du
saumon de l'Atlantique en bassin.
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to determine whether: 1) the harbour is still
sufficiently contaminated to continue the fishing
ban; 2) the harbour could be reopened to commercial
fishing as an enlarged "quarantine" fishing zone;
3) the "quarantine" fishing zone surrounding the
harbour is still warranted and of the right
geographical area.

Five sites, two within the harbour (Harbour
West and Harbour East), two in the controlled
fishing zone (LIE and L4E) and one control site
(Heron Island) were sampled annually (Fig. 1).
Table 1 shows the results for Cd in the digestive
glands from the five sample sites and the equivalent
val ues for 1982. Table 2 compares the results for
Cd in cooked meat and digestive glands, again with
the equivalent results for 1982.

Two factors confound the statistical
interpretation of the results: Differences in mean
animal weights are present for each sample site
between 1982 and 1983. There is a significant
relationship between the weight of the animal and
the concentration of Cd in the digestive gland (Uthe
et al. 1980) but the relationship is not tight
enough to give ideal weight corrections in the
analysis of covariance. In 1982, 9 of 35 animals
(26%) captured at Harbour West had digestive gland
Cd levels in excess of 400 mg/kg (wet wt). None of
the lobsters captured at this site in 1983 had
digestive gland Cd levels greater than 400 mg/kg.
The lack of highly contaminated animals in 1983 is
difficult to explain. Possibly such highly
contaminated animals have died in the interim.
Appropriate methods of statistical analysis of the
data are sti 11 bei ng developed. It may be that the
drop in mean level of Cd in the digestive glands
between 1982 and 1983 is due to the lack of highly
contaminated animals in the 1983 catch rather than a
general decrease in Cd levels within the total
population. Similarly, (Table 2) there is a
decrease in the level of Cd in the cooked meat
between 1982 and 1983. Levels of Cd in cooked meat
pools in 1983 did not exceed 1.60 mg Cd/kg (wet wt)
whereas, in 1982, 6 of 21 (29%) cooked meat pools
had Cd levels in excess of 1.60 mg/kg.

Statistical analysis of the data is al so
on-going. The decrease in cOQked meat mean Cd
content of animals from the Harbour West site
between 1982 and 1983 was not significant, using
Cochran's modified "t" test (Snedecor and Cochran
1967).
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Fig 1. Lobster sampling sites at Belledune, N.B.
The sites within the harbour are Harbour
West (HW) and Harbour East (HE).

STUDIES ON Cd IN LOBSTERS FROM BELLEDUNE,
NEW BRUNSWICK

Marine environmental contamination studies are
designed to determine the levels of a variety of
chemical contaminants in commercially important and
other marine species, and geographical and temporal
changes in these levels. In addition, levels of
contaminants in selected fishery products are
ir.vestigated to ensure the continued marketability
of such products originating from areas of potential
or actual contamination. While the research effort
has been concentrated upon toxic elements, surveys
and studies of routine analytical methodologies for
a number of organochlorines and polycyclic aromatic
hydrocarbons are al so conducted. Research duri ng
the past year has been concentrated on the
distribution of Cd in lobster and scallop and the
chemical nature of Cd, Zn, Cu, and Ag in lobster.
In cooperation with the Disease and Nutrition
Section the effect of dietary Cd, on concentrations
of Cd, Zn, Cu and Ag in digestive gland and tail
muscle of lobster was determined.

J.F. Uthe
C.L. Chou
C.J. Musial

The long-term objective of the program is to
assess hazards posed by Chemicals to the well-being
of fish stocks and their commercial utilization.
The studies include the measurement of time and
geographical trends in levels of contaminants in a
variety of commercial species, particularly in areas
of known contaminant input. In addition, the
effects of contaminants on the metabolism of steroid
hormones and reproduction in selected species is
assessed.

INTRODUCTI ON

MARINE ENVIRONMENTAL CONTAMINATION

In 1983, the emphasis was on cadmium (Cd)
levels in lobster from the area of Belledune
Harbour, New Brunswick, in scallops from Georges
Bank, and on the nature of Cd and other metals in
lobster. The effect of feeding Cd on levels of Cd,
zinc (Zn), copper (Cu), and silver (Ag) in digestive
gland and tail muscle of juvenile lobsters was
determi ned .. Work on orgaQi(;C:2ntlll1!if1.1lf11~ ..Jfi!L
concentrated on determinin~Lthe.le"els of .a .variety
oT~nim.£n--or~JIn'2.£bJ.~~j!1e mater; ars fn· co-d·Tfver-.-

Studies on steroid hormone metabolism were
concentrated on lsolation and identification of
hormones in lobster and on the appTicalT(ynof·the
technique for determining the effects of acidic
precipitation on Atlantic salmon held in cages in
the Westfield River, Nova Scotia.

Since 1980 Fisheries and Environmental Sciences
has studied and monitored pollution of Belledune
Harbour, New Brunswick. Cd levels in lobster
(Homarus americanus) captured within and around the
harbour in 1980 were high enough to warrant closure
to the commercial fishing of lobsters and imposition
of a "quarantine" fishing zone in which the lobsters
that were captured underwent mandatory special
processing and inspection to ensure wholesomeness of
the product (Uthe. and Zitko 1980; Uthe et ~. 1982a,
1983). In ~1ay and June 1983 a survey of Cd in the
raw digestive glands and cooked meat (tail and claw
meat pooled from one animal) was carried out to
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Table 1. Geometric mean Cd levels (mg/kg wet wt) in raw digestive glands of lobster
captured within or around Be11edune Harbour, New Brunswick (ranges shown in
brackets).

1982 1983

Mean animal N Xg Mean ani mal N Xg
Sample site wt (.:!:. s. D. )( g) wt (.:!:. S.D.)(g)

Heron Island 355 + 126 23 4.69 454 + 188 26 4.09
(control) (137-=-740) (2.08-10.05) (206-=-977) (1.88-9.41 )

Wlthin Belledune
Harbour

Harbour West 503 + 269 35 147 383 + 242 40 73.1
(158-=-1515) (8.79-728) (108-=-1073 ) (11.3-348)

Harbour East 542 + 213 35 76.3 436 + 146 25 32.5
(286-=-1056) (14.7-470) (153-=-793 ) (8.21-254)

Wlthln controlled
fi shery zone

LlE 330 + 153 36 40.4 365 + 159 24 31.6
(164-=-735 ) (5.42-132) (155-=-686 ) (8.39-203)

L4E 342 + 157 38 23.8 405 + 276 28 23.8
(146-=-1037 ) (3.66-122) (138-=-1124) (6.53-177 )

Table 2. Geometric mean Cd levels (mg/kg wet wt) in cooked meat and raw digestive gland
of lobster captured within or around Be11edune Harbour, New Brunswick. These
animals are a subsamp1e of those in Table 1.

Sample site Year ~lean Animal Cooked meat Digestive gland N
weight(+ S.D.) Xg Range Xg Range

(g) -

Heron Island 1982 395 + 114 0.03 0.02-0.03 5.32 3.51-10.1 9
(control) 1983 410 '+ 211 0.02 0.01-0.03 4.05 1.88-9.41 13

Wlthln Belledune
Harbour

Ha rbour Wes t 1982 511 + 317 0.74 0.11-3.26 165 33.3-728 21
1983 465 '+ 252 0.47 O. "-1. 59 74.2 11.3-348 25

Harbour East 1982 551 + 209 0.23 0.04-0.76 62.5 14.7-470 12
1983 465'+ 177 0.24 0.07-1. 53 44.5 12.0-254 11

Wlthln Controlled
fishery zone

LlE 1982 330 + 145 0.18 0.05-0.43 47.8 10.3-134 10
1983 297 '+ 11 7 0.11 0.02-0.66 29.4 8.39-70.7 11

L4E 1982 406 + 121 O. " 0.05-0.28 23.4 11 .5-47.0 11
1983 436 '+ 235 0.14 0.03-1.32 20.7 9.75-157 14



Cd IN SCALLOPS

Cd is present in soft tissues of sea scallops
(Placopecten mage11anicus) (Ray 1980) with the
hlghest concentrations being present in the viscera
(stomach, gill, gonad, digestive gland, heart and
kidney), a lower level in the mantle, and the lowest
level in the adductor muscle. Adductor muscle Cd
levels from scallops captured in the area of
Bel1edune, New Brunswick ranged from 0.5-8.4 mg/kg
(dry wt) and were elevated compared to levels of
0.8 mg/kg in scallops from Passamaquoddy Bay, New
Brunswick, or levels of 0.07-0.20 mg/kg (wet wt) in
animals from the New York Bight (Reid et a1. 1982).
Thus, on a wet weight basis (conversion factor
5:1), adductor muscle from Bel1edune area scallops
could contain levels in excess of 1.0 mg Cd/kg, a
level that is of concern in foodstuffs, since it is
recommended that humans ingest no more than 1 ~g

Cd per kilogram body weight per day (FAO/WHO 1972).
There is obvious concern for the health of the
scallop population as well.

Studies in our laboratory indicated that
adductor muscle dissected from intact animals which
had been stored frozen could be contaminated with Cd
from other tissues, especially the digestive gland
since sections of the muscle in contact with the
digestive gland, contained higher Cd levels than did
other sections of the muscle. This was not observed
in cases where the animals were dissected live. In
this instance Cd was equally distributed throughout
the muscle.

We initiated a detailed study by bringing back
approximately 150 live scallops from Georges Bank.
These animals were used for two studies: 1) the
distribution of Cd in all soft tissues of 6 scallops
(100 mOl shell height) by measuring the Cd content in
each piece, and 2) the relationship between scallop
shell height and the content of Cd in the digestive
gland and the adductor muscle.
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The digestive gland contained well over 90% of
the total amount of Cd present in the soft tissues
of the animal (Table 3). Dissection of scallop
tissues was considerably more difficult than, say,
lobster, since many of the tissues were fused to
each other. Generally, a small amount of the
digestive gland remained on the proximal end of the
gonad and even after careful dissection this portion
of the gonad contained a slightly higher
concentration of Cd than the distal portion. The
adductor muscle contained less than 1% of the total
amount of Cd present in the soft parts of the
animal. On a wet weight basis the average Cd
concentrations were 0.121 + 0.033 mg/kg in the
adductor muscle and 98.3 +-9.32 mg/kg in the
digestive gland, an approximately 800 fold
difference. Given the the well-known autolytic
potential of digestive tissue, it is not surprising
that post-mortem storage could lead to contamination
of the adjacent adductor muscle with Cd.

Both the level of Cd (mg/kg wet wt) in the
di ges ti ve gl and and the Cd ti ssue burden (\J g) in the
digestive gland were positively correlated with the
size of the animal (shell height in om).

The resulting linear equations were:

[Cd] digestive gland = -6.183 + 1.382 (height)
r2 = 0.665

and

Cd total = -629.1 + 10.70 (height)
r2 = 0.819

Although a number of other biological
parameters (e.g. sex, tissue weights and age) have
been measured, their relationships to the amount or
concentration of Cd in the digestive gland have not
been studied yet. Analyses of Cd in the adductor
muscles from the stratified sample are continuing.

Table 3. Cd in soft parts of sea scallop (100 mm shell height,
N = 6).

Tissue Amount of Cd in tissue (~g) % of total Cd in
soft tissues

Adductor musc1 e 1. 93 + 0.54 a 0.56
(+ tough musc1 e)

Adductor muscle 1.81 + 0.53 b 0.53
(- tough muscl e)

Mant1 e 3.97 + 1. 32 1.19

Gonad 1.41 + 0.52 0.42

Gill 4.28 + 1. 47 1.28

Kidney 14.78 + 6.49 4.39

Digestive gland 313.75 + 35.31 92.1

Foot 0.241 + 0.239 0.068

Resil ium none detected

Soft ti ssues 340.4 + 33.2

a - equivalent to 0.121 + 0.033 mg Cd/kg adductor musc1 e (wet wt)
b - tough muscle contained 0.115 + 0.027 mg Cd/kg (wet wt)



The relationship between the Cd burden in the
digestive gland and shell height and the observation
that the digestive gland contains over 90% of the
total amount of Cd in the soft tissues of the
scallop suggest that this tissue is the proper
tissue to study in developing temporal and spatial
trends of Cd in scallop populations.

HEAVY METAL INTERACTION IN JUVENILE LOBSTER

Various levels of Cd were fed to juvenile
lobsters in either casein-based (0 and 2.5 mg added
Cd/kg diet) or crab-based (0, 2.5, 5.0, 10, 20, and
45 mg added Cd/kg diet) diets. (Table 4). The
crab-based diets contained an additional 5 mg Cd/kg
contributed by the crab meat. One additional group
was fed with the 25 mg added Cd/kg crab-based diet
without the usual addition of ascorbate (Vitamin C).
Zn, Cu, and Ag levels were controlled in each diet
but differed with the dietary protein source (Chou
et a1. 1983). Growth and survival were monitored
during the course of the feeding. After 17 wk of
feeding the surviving animals were starved for
48 h, weighed, digestive gland and tail muscle were
removed from 3-5 animals, and pools of each tissue
type prepared. Levels of Cd, Zn, Cu, and Ag were
measured in each tissue pool by atomic absorption
spectrophotometry.
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The Cd conce(ftra t ion in the tail muse 1e from
lobsters fed the crab-based diets was not linearly
related to dietary Cd levels, the response being
described by the equation:

Mean [Cd] tail muscle = 0.055 + 0.074 log [Cd] diet

with a coefficient of determination of 0.983. Cd
level s in the tail s muscle were very much lower than
corresponding digestive gland levels and it was not
possible to distinguish a difference between the
crab- and casein-based diets in the tail muscle Cd
1eve1 s.

The lack of ascorbate in the crab-based diet
with 25 mg added Cd/kg did not affect the level of
Cd found in the tail muscle but significantly
elevated the digestive gland Cd level.

As expected, due to the higher concentration of
Zn in the crab-based diet, the level of Zn in the
digestive gland was much higher in animals fed the
crab-based diet than those fed the casein-based one.
The addition of 60 mg Zn/kg to the casein-based diet
resulted in a higher digestive gland level of Zn in
those animal s fed this diet than in those fed the
unfortified diet. The effect of varying Cd levels
in the crab-based diet upon the level of Zn in the
digestive gland was complex and characterized by a

Table 4. Cd, Zn, Cu, and Ag levels (mg/kg) in diets fed to juvenile
lobsters. Diet composition is described in Chou et al.
(1981, 1983).

Diet Total Cd Added Cd Cu Zn Ag

Casein 0 0 16.7 0 0
Casein 2.5 2.5 16.7 60 0

Crab 7.5 2.5 76.7 155 4.1
Crab 10.0 5.0 76.7 155 4.1
Crab 15.0 10.0 76.7 155 4.1
Crab 25.0 20.0 76.7 155 4.1
Crab 25.0 20.0 76.7 155 4.1 (no ascorbate)
Crab 45.0 40.0 76.7 155 4.1

RESULTS

Survival within the various dietary groups
averaged about 80%. A mu1tipe range test indicated
that there was no effect of diet on survival.
Weight gain was optimal with the crab-based diets,
containing 15 or 25 mg added Cd/kg. Overall,
crab-based diets resulted in some greater weight
gain compared to the casein-based diets (multiple
range test).

Cd was taken up by both the di gesti ve gl and and
the tail muscle. The concentration of Cd in the
digestive gland from the crab-based diet was linear
over the range of the di etary Cd 1eve1 s and can be
described by the equation:

Mean [Cd] digestive gland = 57.13 + 12.46 [Cd] diet

with a coefficient of determination of 0.999. The
concentration of Cd in the digestive gland of
lobsters fed the casein-based diet was not as great
as that of the crab-based diet due to the lower
amount of Cd in the former diet.

large variance. The lack of ascorbate did not
significantly affect the Zn level in the digestive
gland. Muscle Zn levels were extremely consistent
with only a small increase in muscle Zn levels
(approximately 10%) being found in those animals fed
the casein-based diet which had been fortified with
60 mg Zn/kg. Varying the amount of Cd in the
crab-based diet did not significantly affect muscle
Zn levels. The lack of ascorbate in the crab-based
diet did not affect muscle Zn levels.

Cu was present naturally in the crab-based diet
at a level 4.6 times that in the casein-based diet.
The levels of Cu in the digestive glands from
lobsters fed the crab-based diet ranged around
600 mg/kg (wet wt) while those in lobsters fed the
casein-based diet were around 10 mg/kg, suggesting
that Cu naturally present in the crab used to
prepare the diet is more bioavailable than Cu added
to the casein-based diet. No such difference was
noted in the Cu levels in the tail muscles from the
two groups; the tail muscles from the lobsters fed
the crab-based diet contained slightly higher Cu
1eve1 s than the tail musc1 es from animal s fed the
casein-based diets. The effect of varying the
amount of Cd in the crab-based diets on Cu levels
was complex in both tissues. The lack of ascorbate
in the diet did not affect Cu levels in either
tissue.



Ag was not detectable in the casein-based diet.
The crab-based diet contained 4.10 mg Ag/kg (wet
wt). Ag levels in the digestive glands of lobster
fed the crab-based diet ranged from 8-15 mg/kg (wet
wt) while the levels in the digestive glands of
animals fed the two casein-based diets were 0.089
and 0.067 mg Ag/kg (wet wt) for the basal
casein-based diet and the casein-based diet
fortified with 2.5 mg Cd/kg, respectively. The
tail muscles of lobsters fed crab-based diets
contained higher levels of Ag than those from
lobsters fed the casein-based diets but the
magnitude of the difference was not as great as that
observed with the digestive glands, the difference
being approximately fourfold. The response of Ag
levels in both the tail muscle and the digestive
gland to varying amounts of Cd in the crab-based
diet was complex. There was no observed effect on
Ag levels in either tissue with the diet deficient
in ascorbate.

As mentioned above, with the exception of tail
muscle Zn levels, the effect of varying the amount
of dietary Cd in the crab-based diets on tissue
levels of Zn, Cu and Ag was complex. In general, as
the amount of added Cd increased from 2.5-5.0 mg/kg
of diet, the levels of these metals in the tissues
increased then decreased as the added Cd level was
raised to 10 mg/kg. As the added Cd level was
further raised to 45 mg/kg the digestive gland Zn
level increased to a level comparable to that found
with the addition of 2.5 mg Cd/kg. Between 10 and
20 mg added Cd/kg diet digestive gland Cu levels
increased somewhat with no noticeable difference
occurring upon addition of 45 mg Cd/kg. Tail muscle
Cu levels increased gradually (7-9 mg Cu/kg wet wt)
between 10 and 45 mg Cd/kg diet. Digestive gland Ag
1evel s decreased by about 20% as the added Cd 1evel
increased from 10-45 mg/kg while tail muscle Ag
levels increased approximately 40%.

The two diets also had an effect on the
relative size of the digestive glands in the
lobsters. Digestive glands weights did not vary
significantly within the two diets. Lobsters fed
casein-based diets had a larger mean digestive gland
weight/total weight ratio (0.0633+0.0052) than those
fed the crab-based diet (0.0539+0~00667). In
studies of wild adult lobsters a ratio of 0.0522+
0.0012 has been reported by Stewart et al. (19671.
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STUDIES ON THE NATURE OF HEAVY METALS IN LOBSTER

Many heavy metals, e.g. Cd and mercury (Hg),
occur in tissues in a variety of chemical forms,
especially if the tissue has been stored or
processed into food (Uthe et al. 1982b). Earl ier,
we app1ied differenti a1 pul se pol arography to the
determination of the amount of "free" Cd in
shellfish tissue (Chou et al. 1978). In a study of
the bioavailability of Cd in canned lobster
digestive gland to rats we found that the amount of
Cd taken up by the rat was rel ated to the measured
concentration of "free" Cd in the diet rather than
to total Cd concentration (Uthe and Chou 1980).
Differentiation between protein-bound and unbound
metal ions in tissue is generally carried out by
using size-exclusion (molecular sieve)
chromatography, a fairly time-consuming procedure
since large columns are used and each column
fraction must be analyzed. We have developed a
rapid size-exclusion chromatography-flame atomic
absorption spectrophotemetric method for
distinguishing and measuring high and low molecular
weight forms of Cd, Cu and Zn using short
chromatographic columns with relatively high flow
rates (from the spectrophotometric aspirator
vacuum). One determination takes 10-15 min when
this apparatus is used.

Historically, elution buffers for size
exclusion chromatography have had relatively low
i oni c strengths. In our fi rst attempts to
quantitatively measure bound and "free" Cd
substantial losses of Cd ions added prior to
chromatography occurred with use of low ionic
strength buffers (0.05 MTris) and Sephadex G-50 or
G-75 (a dextran material). Use of buffers of higher
ionic strength (1-2 MNH40Ac) resulted in
quantitative elution of Cd ion from the column at
the expected time. No problems were encountered
with Zn ions. Severe problems were encountered with
Cu ions, and it was necessary to use Cu binding
agents such as EDTA or glycyl-glycine to remove Cu
from the Sephadex column. Obviously, use of such
reagents could be expected to lead to removal of
metal ions from certain high molecular weight
complexes. We have investigated the performances of
other size exclusion materials and the results of
these investigations are shown in Table 5. Of the
four materials tested the best performances were
found with Sephadex and Fracto-Gel. Elution of Cd,
Zn and Cu ions was quantitative, using 1M ammonium
acetate as an elution buffer. The technique has

Table 5. Elution of various metal ions by 1M NH40Ac from
different types of size exclusion-chromatographic
materials. (S - quantitative elution of metal ions off
column. NS - not satisfactory, some fraction of metal
ions retained by column).

Controll ed Pore
Bio-Beads Sephadex Gl ass Fracto-Gel

P-6 G-25 CPG-40 HW-40

Cd S S NS S
Cu NS a S NS S
Zn S S NS S

a2M NH40Ac



been applied to analysis of Cd in lobster digestive
gland extracts stored for some time without protease
inhibitor to generate "free" Cd, and the
chromatographic result obtained for "free" Cd
compared with that determined by polarography
(Tabl e 6). It can be seen that the two methods gave
equivalent results.
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pattern which may indicate the presence of a
different suite of contaminants. This should be
investigated further.

Table 6. Comparison of polarographic and chromatographic "free" (divalent) Cd results from
extracts of lobster digestive glands. "Free" Cd values are equated to extract from
1 g digestive ~and.

Sample No Total Cd in Cd in extract "F ree" Cd "Free" Cd
digestive gland from Tissue SlZe-excl usion in extract

(\.Ig/g wet wt) % Pol arography chromatog raphy %
\.Ig \\g

JHW 54 583 90.3 102 105 (G-50) 20
110 (G-100) 21

M282 8.54 92.5 6.96 7.27 (G-50) 92
7.27 (G-100) 92

ORGANOCHLORINE CONTAMINANTS IN ATLANTIC COD (GADUS
MORHUA)

Time Trend Study, Gulf of St. Lawrence

Analysis of the fifth year cod sample in the
study of temporal trends of three representative and
persistent organochlorine contaminants,
polychlorinated biphenyls (PCB), hexachlorobenzene
(HCB), and alpha-hexachlorocyclohexane (alpha-HCH)
in cod livers of a length-stratified Gulf of
St. Lawrence study (fork length 32-65 em, age 3-11)
has been completed. Linear regression of organ
burden of PCB against fork length (unculled data)
showed a positive correlation. Overall, no
significant change has occurred in PCB levels in
these fish since 1977 (analysis of covariance)
despite the strict controls placed on the
manufacture, use and disposal of PCB in recent
years. This finding should be considered as
preliminary until the data have been corrected for
possible outliers and subjected to a complete
statistical analysis (e.g. Scott et al. 1983).

Geographical Trend Study, Western Atlantic

Elsewhere, the geographical distribution study
of organochlorine compounds in cod from Browns and
Baccaro Banks, Grand Banks and Flemish Cap showed
lower levels of PCB and p,p'-DDE, in the order of
location as listed above (See Table 7). Levels of
PCB in Browns Bank cod liver pooled samples (entire
livers pooled) ranged from 0.62-1.30 mg/kg wet wt
while the Flemish Cap values ranged from 0.32-0.50
mg/kg; p,p'-DDE in Browns and Baccaro Banks cod
livers ranged from 0.16-0.30 mg/kg wet wt whereas
Flemish Cap levels ranged from 0.10-0.14 mg/kg (in
all cases the highest levels being present in the
largest fish). HCB levels in Grand Banks and
Flemish Cap livers were higher than Browns-Baccaro
Banks livers. This may be an artifact due to the
presence of interferences in the livers from Grand
Banks and Flemish Cap. This study has been plagued
with sampling problems. Catches only rarely yielded
enough fish to fill each length interval specified
by the sampling protocol. Also the Flemish Cap data
are difficult to interpret due to an unusual PCB

CHLORODIBENZODIOXINS AND CHLORODIBENZOFURANS IN
LOBSTER

With the cooperation of the Ontario Ministry of
the Environment, which performed the chemical
analysis of the tissue, we have completed a small
investigation to determine if chlorodibenzodioxins
and chlorodibenzofurans are present in the digestive
gland of lobsters captured in the Miramichi River
estuary and in the Bay of Chaleur, off Limestone
Point. Two pooled samples of digestive glands from
each of these areas were shipped frozen to Toronto
along with an appropriate blank; The samples were
analyzed by the usual methodology employed by the
laboratory. The results are given in Table 8.

Currently, there is no tolerance for
chlorodibenzofurans in food products. There is a
tolerance of 20 ng/kg for 2,3,7,8-tetrachlorodi­
benzodioxin but none for total chlorodibenzodioxins.

These results suggest that there is no
widespread occurrence of chlorodibenzodioxins at a
level of concern to health officials. Levels of
chlorodibenzofurans are higher and while no
tolerance level s for these compounds in foodstuffs
have been set as yet the situation may require
further investigation.

INTERCOMPARATIVE STUDY OF THE DETERMINATION OF
CHLOROBIPHENYLS

Under the auspices of the International Council
for the· Exploration of the Sea (ICES) an
intercomparative study of the determination of
chlorobiphenyls was carried out using herring oil.
Each laboratory received a portion of the Oil and
another portion of the oil which had been spiked
with undisclosed amounts of four chlorobiphenyls.
Analysts were also supplied with small amounts of
each of these chlorobiphenyls, an amount of Florisil
and a standard procedure for cleaning up the oil
utilizing Florisil. Analysts were asked to identify
each of the supplied chlorobiphenyls, measure the
concentration of each in both oils and measure all
other organochlorine residues for which they had the
capability, using both the supplied (ICES) and their
own procedures.
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Table 7. Levels of organochlorines in pooled cod livers from fish
captured in various locations in the western Atlantic.

Pool number PCB, mg/kg HCB, mg/kg
and length (cm) wet wt wet wt

Grand Banks

p,p'-DDE, mg/kg Number of
wet wt fish in pool

GB-15-20
GB-25-30
GB-35-40
GB-45-50
GB-55-60
GB-65-70
GB-75-80

FC-25-30
FC-35-40
FC-45-50
FC-55-60
FC-65-70
FC-70-75

BB-35-40
BB-45-50
BB-55-60
BB-75-80
BaB-23
BaB-35-40
BaB-45-50

0.29
0.35
0.48
0.45
0.64
0.85
0.85

0.45
0.41
0.44
0.32
0.50
0.38

0.62
1.00
1.30
1.23
1.27
0.90
0.73

0.014
0.025
0.053
0.067
0.034
0.058
0.067

Flemish Cap

0.031
0.031
0.039
0.030
0.039
0.041

Browns and Bacarro Banks

0.011
0.018
0.021
0.027
0.008
0.016
0.018

0.06
0.08
0.18
0.13
0.19
0.13
0.17

0.12
0.10
0.10
0.07
0.14
0.12

0.19
0.30
0.16
0.29
0.26
0.16
0.23

4
4
8
8
7
5
5

4
8
8
1
2
3

8
6
2
2
1
2
3

Table 8. Levels of chlorodibenzodioxins and chlorodibenzofurans
in lobster digestive gland (ng/kg wet wt). Detection
limit is 1-5 ng/kg, depending on degree of chlorine
substitution.

Sample Chlorodibenzodioxins Chlorodibenzofurans

No. C1 ng/kg No. Cl ng/kg

Limestone A 4,5,6 a nd b 4 (10) c 160
(4 animal s) 7 3 5 (9) 95

8 8 6,7,8 nd

Limestone B 4,5,6 nd 4 (10) 170
(4 animal s) 7 4 5 (8) 110

'8 2 6,7,8 nd

r~i rami chi A 4,5,6 nd 4 (9) 19
(8 animal s) 7 26 5 (5) 81

8 11 6,7,8 nd

Miramichi B 4,5,6 nd 4 (8) 270
(8 animal s) 7 1 d 5 (8) 140

8 tr 6,7,8 nd

anumber of chlorines in the molecule. number of isomers
shown in brackets

bnot detected
Clargest peak was not 2,3,7,8 isomer
dtrace, at detection limit
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Table 9. Mean concentration (ng/g) of chlorobiphenyls in unspiked herring oil
analyzed by participants using their own standards. Only
chlorobiphenyls which at least three laboratories reported on by at
least three laboratories are considered here. Results in lower part
of table refer to supplied chlorobiphenyls as reported by all
participants.

Chlorobiphenyl IUPAC ICES N Laboratory N
number methodology methodology

X+S.D. (C.V.) X+S. D. (C. V. )

28 51.3 + 6.8 (13 ) 4 65.6+24.4 (37) 5
44 23.9 + 6.8 (27) 4 37.8+14.9 (39) 5
49 20.2 + 8.1 (40) 4 31.6+22.4 (7ll 4
52 51.3+9.0 (18 ) 5 61.0+13.6 (22) 5
70 38.0 + 8.3 (22) 4 43.0+12.9 (30 ) 6
87 28.0 +22.7 (8ll 3
95 85.5 +41.8 (49) 5 68.8+15.6 (23) 4
97 14.9 + 6.8 (46 ) 4 22.3+15.2 (68) 5

101 52.8 +12.4 (23 ) 8 63.0+17 .1 (27) 8
107 44.2 +25.9 (59 ) 3 24.7+ 9.1 (37) 3
110 39.8 +13.0 (33) 4 42.1+ 3.8 (9 ) 4
128 11.0+7.3 (66 ) 8 16.9+16.5 (98 ) 8
138 57.4 +20.1 (35 ) 11 72 .3+19.0 (26 ) 10
151 28.6 +20.5 (72) 3 24.2+17.0 (70) 3
153 82.6 +32.9 (40) 7 87.1+39.5 (45 ) 8
170 25.1 +36.0 (143) 4 7.6+ 1.6 (2ll 4
180 23.2 +13.4 (58 ) 3 32.3+21.9 (68) 6
187 14.6+5.1 (35) 3 16.1+3.3 (20) 4
194 3.0 + 2.0 (67) 3 2.8+ 1.6 (57) 3
201 3.4 + 1.4 (4ll 3 3.3+ 1.1 (33) 3
PCB 1.05+ 0.36 (34 ) 21

52(CB-ll
l53(CB-3)
101(CB-4)

74.l+52.9a (71) 29
79.9+44.7 (56) 36
21. 6+109 a (90) 38

72.8+5l.0a (70) 28
89.7+36.2 (40 ) 30

l40.2+113.6 a (81) 31

aMean estimated by Cochran's approximation (Snedecor and Cochran 1967) to
be significantly higher than corresponding mean in upper part of table (5%
1evel).

banalyzed as Aroclor 1254 or equivalent formulation (Wg/g).

Only 17 of the 29 participants (excluding
ourselves) supplied identification information on
the four chlorobiphenyls (IUPAC numbers and chemical
structures). An additional four participants
identified only the number of chlorines present in
each unknown chlorobiphenyl. None of these
participants had difficulty identifying three of the
chlorobiphenyls, namely,
2,2' ,5,5'-tetrachlorobiphenyl (CB-l),
2,2' ,4,5,5'-pentachlorobiphenyl (CB-4) and
2,2' ,4,4' ,5,5'-hexachlorobiphenyl (CB-3). The
fourth one, 2,2' ,3,4,5-pentachlorobiphenyl (CB-2),
was identified correctly by only two participants.
Participants had corrected their results for
recovery. In spite of this, the overall recovery of
the added amount of CB-l was less than 100%. The
recoveries of CB-3 and CB-4 were satisfactory. Due
to problems encountered in the identification of
CB-2, the quantitative results for it were not
analyzed. By using all participants' results for
the other three chlorobiphenyls, it was determined

that the maj ority of the overall vari ance in the
results was due to systematic rather than random
error (Youden and Steiner 1975). Analysis of the
data submitted by those participants who had had
experience in the measurement of chlorobiphenyls
prior to this exercise showed that interlaboratory
or systematic variance was lower but still a major
contributor. The use of a standard method of
clean-up (Florisil) did not result in substantial
improvement in the resul ts al though the mean
chlorobiphenyl values reported by the participants
were significantly lower for the standard method
compared with the participants' mean results
determined by their own methodologies.

In order to recommend that analysts change from
measurement of PCB to measuring individual
chlorobiphenyls, the interlaboratory variance
associated with measurement of each of the
recommended chlorobiphenyls should be less than that
associated with the measurement of PCB as currently



practiced. Table 9 lists the coefficients of
variation for all chlorobiphenyls for which at least
three of the participants submitted data. Since
each of these participants had submitted data on
chlorobiphenyls in addition to the four supplied
ones they were judged to be "experienced" in the
measurement of chlorobiphenyls. Participants were
also requested to measure the amount of PCB present
in the unspiked oil, using Aroclor 1254 or an
equivalent formulation as a reference standard. The
interlaboratory coefficient of variation associated
with this latter measurement was 34%. In an earlier
study we found an interlaboratory coefficient of
variation of 31% (with the major contributor to the
variance identified as systematic error) associated
with the measurement of PCB in an unspiked fish oil
(Uthe and Musial 1982). In the present study the
only chlorobiphenyls which met the 34% criterion
were IUPAC Nos. 52, 70, 101, 110 and 187. The
coefficients of variation associated with IUPAC Nos.
28, 44, 95 and 201 were of the same magnitude while
IUPAC Nos. 49, 97, 107, 128, 151, 153, 180 and 194
had coefficients of variation which were all greater
than the criterion. Due to the small number of
laboratories submitting data on chlorobiphenyls
other than those supplied, it is dificult to
interpret the variances further. This suggests that
experienced analysts could begin interlaboratory
studies on levels of five chlorobiphenyls. The
coefficient of variation of the results submitted by
all participants for each supplied chlorobiphenyl
was significantly greater than that for the results
from the "experienced" participants and in all cases
except for CB-3 determined with the ICES methodology
significantly greater (Sokal and Rohlf 1965) than
the 34% criterion. This suggests that inexperienced
analysts are having difficulty in quantitative
chlorobiphenyl analysis.

STABILITY OF PCB IN FISH OIL

Ampules of herring oil, both unspiked and
spiked with 1 mg Aroclor l254/kg (about 1.3 and
2.3 mg/kg respectively) and stabilized with an
antioxidant (vitamin E) were stored at -20·C and
analyzed for PCB nine times over a 4-yr period
(Musial and Uthe 1983). Over time the amounts of
PCB measured in the two oils decreased by about 15%.
However, the difference in PCB levels between the
two oils remained constant, and after 2-yr was still
equal to the original amount of Aroclor 1254 added.

Two different batches of Florisil were used
during the 4-yr period for cleaning up the oil prior
to gas chromatographic analysis. Inspection of the
individual chromatograms showed that the measured
PCB concentration in both oils was related to the
batch of Florisil used for cleanup. The apparent
decrease in the measured PCB concentration in both
oils was probably due to batch-to-batch variability
in the absorptive capacity of Florisil for non-PCB
components which co-eluted with PCB during
quantitation by gas chromatography.
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CONTAMINANTS AND HORMONE METABOLISM

H.C. Freeman
G.B. Sangalang
G.R. Sirota

The objective is to develop and apply methods
for the detection of the sub lethal effects of trace
quantities of chemical contaminants on fish. Fish
are sensitive to low levels of some toxins and
therefore can be used to detect early pollution so
adjustments can be made before problems become acute
and irreversible.

ISOLATION AND IDENTIFICATION OF STEROID HORMONES IN
LOBSTER

Steroid hormones are known to regulate the
physiology of fish and are, therefore, critical to
their life history. By determining changes in
steroid hormone metabolism caused by pollutants, it
is possible to predict how these compounds may
affect fish physiology.

As part of our study to determine the
sub lethal effects of pollutants on the American
lobster (Homarus americanus), the principal steroid
hormones ln the blood of the lobster are being
isolated, identified, and quantified. Recently,
testosterone (T) was isolated and identified from
lobster serum and testes (Burns et al. 1983a).
Another steroid, 20-alpha-dihydroprogesterone, was
also identified as a major metabolite in lobster
testicular incubations in vitro (Burns et al.
1983b). Currently, a compound, tentatively
identified as 20-alpha-dihydroprogesterone, has been
isolated from lobster serum. Confirmation of its
identity is in progress.
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High performan~e liquid chromatography (HPLC)
has become an important tool for steroid research.
Methods have been developed where HPLC has been used
efficiently in the purification, identification, and
quantification of steroid hormones. HPLC has been
used effectively in purifying plasma extracts of
steroids for radioimmunoassay (RIA) analyses. This
method when used for routine hormone isolation and
analysis will resul t in considerable savings in both
time and materials over the common thin layer
chromatography procedures.

ACID RAIN STUDIES

In July 1982, 108 sexually maturing 2-yr-01d
Atlantic salmon were tagged and equal numbers of
each sex were placed in cages in the Westfield and
Medway Rivers until spawning time (Freeman 1982).

At transfer and then at 2- to 3-wk intervals
until spawning time, each fish was removed,
anaesthetized with MS222 , weighed and approximately
1 mL of blood (heparinized) was taken. Blood plasma
was stored at -40°C until analyzed for
ll-ketotestosterone (ll-KT) and testosterone (T)
(Sangalang and Freeman 1977, 1978). Riverine pHs
and temperatures were measured at each sampling
time. At spawning time, the fish were
anaesthetized, weighed, spawned, and sampled for
blood. The mean diameter of the eggs was determined
and the packed cell volume (spermatocrit) of the
milt was determined, using standard microhematocrit
procedures. The eggs from Medway and Westfield fish
were fertilized with milt from fish from their same
groups, incubated at the nearby Mersey Hatchery
(Nova Scotia), and the mortality of the eggs to the
hatching stage was determined.

In 1982 the pH of the Medway River waters was
higher than that of the Westfield River with ranges
of 5.4-6.2 and 5.1-5.3, respectively. However, the
pH of the Westfield River water during the study
period of August-November 1982 was considerably
higher than in November 1981 when the pH was 4.7.
The higher pH in 1982 was possibly due to the low
rainfall during the fall of 1982 resulting in low
water levels in the Westfield River and presumably
contributing to the higher pH.

The mean body weight gains for Westfield River
and Medway River salmon were 9.60% and 21.7%
respectively, after 70 days of holding and 0.37% and
4.05%, respectively, before and after spawning
(Freeman et al. 1983). The Westfield fish fed
poorly and were not as active as the Medway fish.
These results suggested that conditions in the
Westfield River were not suitable for holding
salmon. The mean volume of eggs from the Medway
fish was 16% greater than that from the Westfield
fish. Egg mortality to the eyed stage for the
Westfield eggs was 90.9% compared to 59.3% for the
Medway fish. Glebe et al. (1979) reported no
significant correlation between egg size and
survival suggesting that the high mortality of the
Westfield salmon eggs is not associated with size.
The mean packed cell volume of the milt from the
Medway River fish (31.7 + 8.4) was significantly
different from that the Westfield River fish
(40.8 + 12.8) (F test).

In normal male Atlantic salmon, plasma levels
of ll-KT and T become greatly elevated during the
last few months of sexual maturation and peak at
full sexual maturity (Idler et a1. 1971; Sangalang
and Freeman 1974; Stuart-Kregor et al. 1981; Hunt
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11 - Ketotestosterone Males (Salmo salar)

Fig 1. Blood 11-ketotestosterone levels of male
Atlantic salmon (Salmo salar) held in the
Medway and WestfiedRivers from August­
November 1982.

et al. 1982; Billard et al. 1982}. Plasma levels of
these steroids in sexually mature wild male salmon
captured in the Westfield river in the fall of 1981
were abnormally low (Freeman et al. 1983). It was
thought that the cause was associated with the low
pH (4.7) of the Westfield River (Freeman et al.
1983) .

Peak Period
I I

Testosterone Males ( Salma salar)

Blood testosterone levels of male
Atlantic salmon (Salmo salar) held
in the Medway and Westfield Rivers
from August-November 1982.
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Salmon were also held in the Medway and
Westfield Rivers in 1983 until sexual maturity. In
1983 the pH of the Westfield River during the summer
and early fall, due to low rainfall, was also higher
than in 1981. From preliminary results, the
Atlantic salmon held in the Westfield again gainea
less weight. The blood hormone analyses have not
been completed for 1983.

Although the physiological effects of low pH
waters on salmon are obscure at this time, the
results of these comparative studies strongly
suggest interference with sexual maturation and
reproduction by low pH waters.

plasma level of T after spawning and at the onset of
testicular regression was observed in brook trout
that were held in water containing sublethal levels
of Cd (Sangalang and Freeman 1974). The results of
the present study suggest that the elevated T levels
in the male Westfield Atlantic salmon may be a
manifestation of the sublethal toxicity of some
pollutants associated with the low pH of the river
water.

RADIOIMMUNOASSY (RIA) PROCEDURES

Radioimmunoassy (RIA) procedures were developed
in our laboratory (Sangalang and Freeman 1977, 1978)
and have been used routinely both for sexing
immature fish and for determining blood hormone
levels during sexual maturation. The techniques are
valuable as multiple samplings are feasible without
adversely affecting a significant number of animals.
Less than 0.1 mL blood is required.
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In 1982 the mean concentration of ll-KT in the
plasma of both Medway and Westfield caged male
salmon increased as the fish matured sexually
(Fig. I). The levels of this androgen peaked at or
near functional sexual maturity. The peak mean
levels of ll-KT for Medway River and Westfield River
fish were 62.0 + 20.1 ng/mL and 40.3 + 25.9 ng/ml of
plasma, respectively (Fig. I). These-hormone levels
are within the range reported by Hunt et al. (1982)
where ll-KT levels ranged from 25 to 70 ng/mL in the
blood of sexually mature Atlantic salmon in Scotland
also during the months of October and November. The
mean plasma levels of ll-KT in male salmon from the
Westfield and Medway Rivers and 22 wild ripe male
salmon from several Nova Scotia rivers sampled by us
on November 2-12, 1982, at the Col db rook Hatchery,
Coldbrook, N.S., were approximately the same (ca.
40 ng/mL); however, the mean concentration of ll-KT
in the plasma of the male Westfield salmon had
decreased sharply by November 23, 1982 (Fig. I).
This differed from the levels in the Medway River
fish (Fig. 1) and from the data of Hunt et al.
(1982). These results suggest that the metabolism
or utilization of ll-KT was abnormal in the
Westfield River salmon even when the pH was slightly
over 5 and the river less acidic than it had been in
1981. In November 1981, when the Westfield River
had a pH of 4.7, we found very little or only a
trace of ll-KT in the blood of wild, mature Atlantic
salmon captured in this river.

Plasma T levels in sexually maturing Atlantic
salmon held in the Medway River increased as the
fish matured and peaked (20.8 + 10.9 ng/mL) at or
near sexual maturity. The plasma T levels were also
within the normal range for the various stages of

plasma T of the Westfield River' fish (19.6 + 10.3
ng/mL) did not correlate with the approach of
functional sexual maturity as expected. There was
no decline in plasma T after sexual maturity
(Fig. 2) as normally occurs. A similar elevated

Over 2450 blood androgen levels were determined
in 1983. The majority of these determinations were
associate.d with the study of the effects of aciaic
water on maturation and reprOduction in Atlantic
salmon In cooperation with the

ied ogy and Salmon Genetics Research

levels were carried out. Plasma from lake trout
(Salvelinus namaycush) was analyzed for the Canada
Centre for Inland Waters.
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During the past year RIA procedures have been
developed for measuring levels of the estrogens, and
estriol in fish plasma. At presently RIA procedures
are being developed for determining levels of
estriol-17-B in fish plasma.
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