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ABSTRACT 

Garnett. C. R. (Editor). 1985. Research in fisheries conULIinants and toxicology conducted by the ~'1sherie6 
and Environaental Sciences Division, Fisheries Research Branch. Scotia-Fundy Region, in 1984. Can. MS 
Rep_ Fish. Aquat. Sci. 1800: iv + 37 p. 

This report describes research performed in 1984 by the Halifax and St. Andrews components of the 
Fisheries Contaminants and Toxicology Section, Fisheries and Environmental Sciences Division. The research 
dealt with trace meta15 in shellfish. interlaboratory calibrative studies, polycyclic aromatic hydrocarbons In 
lobsters, steroid hormone isolation and identification in lobsters, the effects of acid precipitation on 
sexual uturation and reproduction in caged Atlantic salmon, pesticide hazards, the VINLAND wells1te blowout, 
and a hatchery fish kill due to the fungicide <IIPA. 

Carnett, C. R. (Editor). 1985. Research in fisheries contaminants and toxicology conducted by the Fisheries 
and Environ.ental Sciences Division, Fisheries Research Branch, Scotia-Fundy Region, in 1984. Can. HS 
Rep. Fish. Aquat. Sci. 1800: iv + 37 p. 

On d~crlt dans Ie pr~8ent rapport lea travaux de recherche effectu~8 an 1984 par lea composantes Halifax 
et St. Andrews de 18 Section des polluants et de la toxicologle des ~ches, Division des sciences hal1eutiques 
et envlronnementales. Les travaux ont port' sur les ~taux pr~8ents a l'etat de traces chez les cruatacfs et 
les mollusques, l'Etalonnage entre laboratolrea, lea hydrocarbures aromatiques polycycliques du homard. 
l'isolement et l'ldentification des hormones stEroidiennes chez ce dernier. l'effet des precipitations acides 
sur la maturation sexuelle et Is reproduction de saumons atlantiques main tenus en cages, lea dangers que 
presentent lea pestiCides, l'~ruptlon au site ~trolif~re VINLAND et, enfin, lea gortalites .assives de 
poissons d'Uevage causies par le fongicide CBPA. 
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MARINE ENVIRONMENTAL CONTAMINATION 

J.F. Uthe 
C. L. Olou 
C.J. l-lIsiBl 

Mari~e environmental contamination studies are 
designed to determine the levels of a variety of 
chemical contaminants in commercially important and 
other marine species, and spatial and temporal 
changes in such levels. Levels of coota.tnants in 
selected fishery products are also investigated to 
ensure the continued marketability of such products 
originating from areas of potential or actual 
contamination. Research during the past year has 
concentrated on trace metals in lobsters fro~ 

Belledune Harbour [cadmium (Cd), copper (Cu), 
arsenic (As), 511 vel." (Ag). and lead (Pb) J, Cd in 
scallops captured in clean and contaminated areas, 
polycyclic aromatic hydrocarbons (PAH) in lobsters 
from Sydney Harbour and on analytical methods for 
these contaminants. 

TRACE METALS IN LOBSTER CAPTURED IN 
THE AREA OF BELLE DUNE , NEW BRUNSW ICK 

Cd levels in lobsters (Homarus a.ericanus) 
captured at specified sites within and around 
Belledune Harbour, New Brunswick, have been 
monitored since 1980 (Uthe 1984). During 1984, in 
addition to determining Cd concentrations in 
digestive glands and cooked meat samples. lAI, As, 
Ag, and Pb concentrations were measured in selected 
samples of cooked lobster meat. 

Hean Cd concentrations changed little betwen 
1983 and 1984 cOllpared to changes observed earHer 
(Table 1; Uthe et al. 1983, 1984). Changes in near. 
Cd levels are obscured by differences In the weights 
of captured animals in 1983 and 1984. Overall, 
there appears to be a tendency for the levels to 
have decreased slightly. 

Cd concentrations in cooked meat have decreased 
since monitoring was initiated in 1981 (Table 2) to 
the point where it is possible to consider reopening 
of Belledune Harbour to lobster fishing. Cd concen
trationa in digestive glands from harbour lobsters 
are still too high (Xg>70 mg Cd/kg wet wt) to allow 
lobsters from the harbour to be sold on the open 
market. Harbour lobsters could be processed in the 
S81M! unner 8S lobsters frolll the controlled fishery 
zone surrounding the harbour by rellloving and cooking 
the tails and claws while disposing of the remain
der, including toe digestive gland. It ~uld be 
cumbersome to keep the lobsters captured in the 
harbour separate frolll those captured in the 
controlled fishery zone. One possibi·Uty Is the 
combination of the present harbour and controlled 
fishery zone as 8 new controlled fishery zone. All 
of the lobsters captured within this new zone trr/Ould 
be processed as described above. The catches within 
the harbour and the present controlled fishery zone 
are similar. It is therefore possible to calculate 
what the Cd concentration would have been had a 
combined controlled fishery zone been 1:1 effect and 
to compare these levels with those actually found In 
cooked meat from the present controlled fishery zone 
(Table 2). Had a product been prepared from a 
Single controlled fishery zone (including the 
harbour catch) In 1984, the IN!an Cd level would have 
been 0.20 mg/kg. a level equal to that in product 
prepared annually frOM the controlled fishery zone 
since 1980 where a concentration of 0.20 mg Cd/kg 
wet wt was judged safe for sale (Uthe et a1. 1982). 
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Th(! re does not seem to be a:ly compelling reason 
based on Cd levels to conti:1ue a complete ban on 
lobster fishing wtthi:1 Belledune Harbour. 

Following a recommendation froUl National 
Heillth and Welfare officials. we have detennbed 
Pb. lAI. As. and Ag concentrations in cooked lobster 
meat (Table 3). Only Pb concentrations Yere 
elevated in harbour cooked meat samples compared to 
concentrations in samples from outside Poelledu!le 
Harbour. The !llean Pb concentration 0.19 lIg/kg wet 
wt) in cooked ..eat from Harbour West lobsters, 
while elevated compared to the Control Site mean of 
0.052 mg Pb/kg wet wt., was within the unge of Pb 
levels reported in a study of cOlJlmercial lobster 
IIC:lt (0.01-2. 3 ~ Pb/ kg wet wt.; lDean value - 0.65; 
N .. 115) carried out by the l:lspcctlon Service of 
thl~ Department of fisheries and Oceans in the early 
1970's (A. Gervais, personal communication). This 
same group reported that Pb levels in cooked meat 
comMercial packs prepared frOfi lobsters captured 
within the controlled fishery zone around Belledune 
Harbour 1n 1981 ranged from 0.05 to 1.56 mg Pb/kg 
wet we. Thus Pb levels in cooked lobster meat from 
Belledune Harbour lobster do :lot appear to pose any 
threat to human health. 

Concentrations of As, Ut, and Ag in Belledune 
Harbour meat were not significantly higher than 
those in neat from lobsters sampled outside the 
harbour, I.e. Heron Island. O1ou and Uthe (1978) 
reported a geometric nean OJ concentration of 26.3 
mg/kg in uncooked lobster claw I!IJscle from animals 
captured at Petit Rocher. New Brunswick I a site 
approximately 17 km downstrea~ of Belledune Harbour 
in the Bay of OIaleur. Reid et al. (1982) reported 
that OJ concentrations in lobster Ia.Iscle ranged 
from 2.27 to 15.48 ~/kg wet wt. No i:lformation 
was given on which IIJJscles were included in the 
sample. The sample was collected 1:1 the area of 
the Long Island Sound-New York Bight. Levaque 
Charron (1981) reported that OJ conce~trations in 
pooled. uncooked lobster claw and tail neat from 
Be lledune Harbour ranged between IO and 27 mg/kg 
wet we while two animals captured at a 'distant I 

site contained 19 and 35 AIg/kg. We do not know 
if cookIng elevateB OJ levels in the SMe manner as 
it does for Cd where cooking resulted in higher Cd 
levels in the cookC!d meat (Uthe et a!. 1982). The 
foregoing suggests that little, if any, OJ 
contamination is present In cooked meat frOID 
lobstel."6 captured 1n He lledune Harbour. !hi s is 
not surprising since studies on OJ levels in 
juvenile lobsters suggest that I'!IJscle OJ levels are 
under biological control and that the major OJ 
storage organ is the digestive gland. 

The mean concentration of As i~ cooked meat 
from harbour lobsters (3.92 mg/kg) was lower than 
levels reported by Uthe et al. (1974) for uncooked 
lohster tail fIIl.lBcle. The Department of Fisheries 
an~1 Oceans found a mean of 7.6 0'Ig As /kg cooked 
lohster meat in COMmercial samples (Gervais, 
personal communication). These data suggest that 
Be lledune Harbour lobsters contai:1 lower average 
levels of As than are generally present. Silver 
concentrations are vithin the range reported by 
Reid et al. (1982) in lobster nuscle tissue 
(0.01-0.73 mg/kg). 

Overall, there is no demonstrable elevation of 
concentrations of OJ, As, and Ag in cooked tM!:at 
prepared from lobsters captured withi:-a I:Selledu:1e 
Harbour nor any compelling reason based on the 
concentrations of these metals to continue the ban 
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Table 
gland 
1984. 

1. Geometric mean Cd levels (mg/kg wet wt) in eooked meat and uncooked 
from lohstf!rs captured In the area of 8elledune Harbour, New Brunswick , 

(Sample sites are described In Uthe et 81. 1982). 

digestive 
in 1983 and 

Sample Site 

Within Belledune 
Harbour 

Harbour West 

Harbour East 

Within Controlled 
Fishery Zone 

LlE 

L4E 

Outside Controlled 
Fishery Zone 

LIW 

Petit Rocher 

Heron Island 

Mean animal Cooked lEac 
Year weight (g) ~ s.d. N Xg Range 

1983 
1984 

1983 
1984 

1983 
1984 

1983 
1984 

1983 
1984 

1983 
1984 

1983 
1984 

465+252 
539+243 

467+177 
632+293 

297+117 
491+195 

436+235 
480+190 

373+136 
446+196 

310+ 56 
310+103 

410+211 
387+181 

25 0. 480 0.110-1.59 
30 0.427 0.054-2.69 

11 0 . 240 0.070-1 . 53 
15 0.203 0.069-1.08 

11 0.110 0.020-0.660 
15 0.167 0.010-1.80 

14 0.140 0.030-1.32 
15 0 . 070 0.019-0.214 

12 
15 

12 
15 

13 
15 

0.022 
0.079 

0.044 
0.033 

0.020 
0.011 

0.052-1.06 
0.010-0.450 

0.020-0.069 
0.014-0.052 

0.010-0.028 
0.010-0.028 

Digestive gland 
ig Range 

74.2 11.3 -348 
75.2 11.8 -262 

44 . 5 12.0 -254 
77.0 8. 24-537 

29.4 
33.1 

20.7 
17.3 

17 .4 
19.9 

9.02 
7.90 

4.50 
3.30 

8.39-107 
1. 81-204 

9.75-157 
8.14- 82. I 

5.98-193 
4.52-170 

2.63- 20.5 
4.10- 25.8 

1.88- 9.91 
1.60- 13.8 

Table 2. Estimated mean Cd levels (trig/kg wet wt) In cooked lobster ileaC commercial packs 
prepared from various combinations of lobsters captured In the area of Belledune 
Harbour . 

Observed Cd levels 

Year Harbour Harbou. LIE L4E 

West East 

1981 0.89 0.35 0.21 0.19 

1982 0.74 0.23 0.18 0.11 

1983 0.480 0.240 0.110 0.140 

1984 0.427 0.203 0.167 0. 072 

aHarbour estimate (Harbour West/2 + Ha~bour East/2) . 
bcontrolled Fishery Zone estimate (LIE/2 + L4E/2). 
cHarbour estimate/2 + Controlled Fishery Zone estimate/2. 

B Hba 

0.62 

0.49 

0.36 

0.32 

Calculated Cd levels 
In commercial packs 

CFZb B Hb+ 

CFZc 

0.20 0.41 

0.15 0.32 

0.13 0.24 

0.12 0.20 
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Table 3. Mean levels (mg/kg wet wt) + s.d. of trace IN:!tals in cooked meat from lobsters 
captured in the area of Belledune Harbour, New Brunswick. (Capture year Is in 
parentheses; number of animals analyzed is in parentheses following mean metal 
concentration). 

Sample site Pb (1984) cu (1983) As (1983) Ag (1983) 

Heron Island 0.052;!:0. 014 (16) 19.60;!:3.16(1O) 2.30;!:O.41(l0) O.407;!:0.862(10) 
(Control) 

Harbour West 1.199;!:0.690(30)a 22. 77;!:3.62(lu) 3.92;!:2.75(l0) 0.493;!:0.127(10) 

Harbour East 1.137;!:0.658(15)a 

11W _b 19. 74;!:6.65(1O) L93;!:0.68(1O) 0. 432;!:0. 215(10) 

BSignificantly different from Heron Island (P!50.0S). 
bNot determined. 

on lobster fishing within the harbour. Reopening 
the harbour as part of a controlled fishery zone 
would have an additional consumer benefit. Tagging
recapture studies, carried out in 1980-1981 on 
lobsters captured and released within Belledune 
Harbour, showed that 20.8% of the lobsters tagged in 
1980 were recaptured outside the harbour during the 
1981 commercial fishery. Of the total number of 
tagged lobsters recaptured, 46% were recaptured 
outside the current controlled fishery zone (Uthe et 
a1. 1982). This reflects the usual wandering rate 
of lobsters in the area (Levaque Charron and Eljarbo 
1981). Lobsters wandering out of the harbour into 
the open fishery are sold wi thin the normal 
commercial operation. Fishing the harbour in the 
manner suggested above would prevent a significant 
number of lobsters from wandering out of the harbour 
into the commercial fishery. Overall the effect 
would be a reduction in consumer exposure to Cd, 
especially for those in the vicinity of Belledune 
Harbour who consume relatively large numbers of 
lobsters compared to the population at large. 

Cd IN SCALLOPS 

In continuing our investigation (Uthe 1984) of 
Cd in sea scallops (Placopecten magellanicus) we 
have expanded the study zone from Georges Bank to 
other areas of the fishery, namely, Browns Bank and 
two commercial areas within the Bay of <ll.aleur, off 
Belledune Harbour, and Petit Rocher, New Brunswick, 
both near a major source of Cd contamination (Uthe 
and Zitko 1980). A sample was also obtained from 
the Mascarene area of Passamaquoddy Bay. All 
scallops were transported to the Halifax Fisheries 
Research Laboratory and held live in the seawater 
aquarium until sampled, generally less than 1 wk. 
The effect of holding on Cd levels and tissue 
burdens was assessed in scallops from Georges Bank 
which were held without feeding for 14 mo. Cd was 
determined in acidic tissue digests, using either 
flame or graphite furnace atomic absorption 
spectrophotometry. In general, Cd was measured only 
in the digestive gland and the adductor muscle. 
Last year Uthe (1984) reported that over 90% of the 

total amount of Cd in the soft tissue of scallop was 
present in the digestive gland and that this tissue 
may be appropriate for investigating temporal and 
spatial trends. The amount of Cd in the adductor 
muscle, although only a small percentage of the 
total Cd present in the animal. is also important 
because of human consumption of this tissue and the 
concern that it can contain excessive amounts of Cd 
in certain instances. Sometimes the soft tissues 
remaining after removal of the digestive gland and 
thp adductor muscle were pooled, homogenized and 
ani11yzed as a 'tissue residue '. Samples were 
removed from the living animal as rapidly as 
possible. Fluid lrm.S lost from the soft tissues 
during dissection but no Cd could be detected in 
thi s fluid. Fluid loss from starved scallops was 
particularly great with the recovered tissue 
(digestive gland plus adductor nuscle plus residue) 
weight being only 35% of the calculated (total 
weight of animal minus shell weight) amount 
(T.b1e 4). 

To investigate the utility of scallops as 
monitors of Cd contamination in their environment, 
we measured Cd concentrations and tissue burdens in 
similarly sized scallops (approximately 100 mm shell 
height) from each site (Table 4, 5). It was not 
possible to properly rank the four areas by simply 
comparing either concentrations or burdens by using 
either the adductor IIIJscle or the digestive gland 
values. For example, consideration of digestive 
gland oordens 'WOuld suggest that Browns Bank is more 
contaminated than the Bay of <ll.aleur (Belledune and 
Petit Rocher sites), whereas the adductor muscle 
burdens indicate the opposi te! These resul ts 
suggest that tissue Cd values are of limited use in 
ranking areas of chemical contamination in any 
straightforward, meaningful manner. It is likely 
that tissue levels/burdens are a complex response 
controlled not only by the input of· Cd to the 
animals' immediate environment. but also by factors 
such as age and nutritional status of the animal. 

It is interesting to compare Cd ratios of 
digestive gland to adductor nuscle for both 
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Table 4. Mean total animal and tissue weights In lOO-1IU\ scallops from various 
locations within the Maritimes area. 

Weis;ht (g) 

Total Adductor Digesttve Tissue 
Location (Weighed) muscle gland Shell residue 

Petit Rocher 101.0 8.18(8.1)" 2.15(2.13) 55.88(55.3) 16.17 
+10.8 +1.01 +0.17 + 6.17 +2.51 

Belledune 128.4 12.71(9.90) 2.74(2.13) 71.07(55.4) 
Harbour +10.8 +0.90 +0.67 + 9.06 

Browns Bank 153.3 7.33(4.78) 2.72(1. 78) 107.30(78.0) 20.58 
+ 8.6 +0.79 +0.30 + 8.47 +3.15 

Passamaquoddy 179.1 14.23(7.9) 2.83(1.58) 124.09(69.3) 18.92 
Bay (Mascarene) +34.1 +3.81 +0.53 +35.13 +3.37 

Georges Bank 141.8 16.52(11.65) 3.33(2.35) 81.53(57.5) 23.57 
+10.4 +1.44 +0.40 + 4.97 +3.10 

Georges Bankb 146.006 4.60"(3.15) 1.458 (0.99) 91.04n8 (62.4) 13.375 

(held live for +22.0 +1.33 +0.27 +17.44 +1.19 
14 mo) 

8Pigure in parentheses is % of total 'NIeight. 
bos and s indicate not Significant and significant (p<O.05) differences 

compared to Georges Bank values. 

Table 5. Mean (!.s.d.) Cd values in scallop (100 nm) tiSf'ues from various locations withb the 
Maritimes area. 

mg Cd/kg wet wt 

Adductor Digestive 
Location muscle gland 

Petit Rocher 0.348 78.38(225)" 
+0.119 +15.27 

Be11edune 0.257 61.15(237) 
Harbour +0.066 +11.72 

Browns Bank 0.338 291.3(861) 
+0.125 +44.7 

Passamaquoddy 0.121 69.41(574 ) 
Bay (Mascarene) +0.224 +12.41 

Georges Bank 0.121 98.25(812) 
+0.033 + 9.32 

Georges Bankb 0.756s 217.78 (287) 
(held 11 ve for +0.257 +43.0 
14 months) 

Tissue 
residue 

1.51 
+0.33 

1.08 
+0.44 

1.90n8 

+0.79 

Tissue burden (pg Cd) 

Adductor Digestive Tissue Total 
muscle gland residue burden 

2.82 166.3(60)" 24.28 191.4 
+0.89 + 21.4 + 4.80 +24.8 

3.30 164.5(50) 
+1.05 + 38.9 

2.46 789.7(321) 
+0.90 +119.3 

1. 70 183.8(103) 
+0.36 + 40.7 

1.93 313.8(163) 24.81 340.4 
+0.54 + 35.3 + 7.97 +33.2 

3.25s 307.3n8 (95) 25.950S 336.5ns 

+0.93 + 26.5 +10.07 +18.7 

aRatio of mean digestive gland Cd to mean adductor musclf' Cd for concentration and tissue 
burden. 

bns and s indicate not significant or significant (p<0.05). 
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concentrations and tissue burdens (Table 5). The 
ratios for Petit Rocher and Belledune Harbour 
scallops are much lower than those for scallops from 
other areas. This may reflect increased exposure of 
the Petit Rocher and Belledune Harbour scallops to 
higher environmental levels of Cd which would result 
in relatively higher muscle levels if the deposition 
rate of Cd in the digestive gland is somewhat 
limited compared to the uptake of Cd by the animal. 
Some evidence for this was suggested by the results 
from starving Georges Bank scallops. Georges Bank 
scallops held for 14 mo in our aquarium without 
feeding showed that little, if any, Cd is lost from 
the animal over time since the total mean burden of 
Cd in starved animals was 336 + 18.7 pg compared to 
340.4 + 33.2 pg prior to starvation (Table 5). Cd 
concentrations in both digestive gland and adductor 
muscle rose dramatically over the period of 
starvation, not surprisingly since both tissues lost 
significant mass (Table 4). Cd burden in the 
digestive gland was essentially unchanged by 
starvation while the adductor muscle burden was 
raised significantly. The cause of this elevation 
is unknown. It is JXlssible that it reflects an 
internal redistribution of Cd caused by starvation 
or external Cd input which ends up in D1Uscle due to 
the inability of the digestive gland to take it up 
during catabolism. The small absolute amount of Cd 
being considered here is lost In the variation in 
tissue burdens. If this hypothesis is correct, 
scallops may prove to be a useful monitoring animal 
through consideration of tissue ratios of metal 
levels. 

The observed effects of starvation on tissue 
mass, Cd concentration, and Cd burden offer an 
explanation of the Browns Bank observations. Browns 
Bank scallops had low adductor muscle to total 
animal weight ratios compared to scallops from other 
areas. The digestive gland-total animal weight 
ratios were also lower than most, Passamaquoddy Bay 
also being low. This suggests that Browns Bank 
scallops are in a state of marginal nutritional 
adequacy. One can thus postulate a mechanism where 
animals receiving either minimal amounts of their 
usual foodstuffs or nutritionally less desirable 
foodstuffs would have relatively high tissue levels 
and burdens of Cd even in an area of ndnimal 
anthropogenic input of Cd. 

The use of similarly sized animals in ranking 
contaminated areas is also subject to the criticism 
that each area would yield animals of different 
ages. The lack of appreciable Cd elimination in 
scallops makes this a particularly valid criticism. 
We have investigated the effect of age on Cd values 
in adductor muscle and digestive gland (Table 6). 
In this table, age is relative, based simply on the 
number of growth rings observed on the shell of each 
animal. As expected, tissue burdens increased with 
relative age, as did concentrations. The animals 
were also aged (years) by two professionals within 
the Department. The ages reported were numerically 
lower than the relative ages reported here but there 
were differences in the data reported by the two 
indi viduals. In the case of Georges Bank scallops 
the results reported by one individual differed from 
the other by an average of -0.25 + 0.69 yr. While 
not a Significant mean difference~ the results 
showed that this individual's results were 
consistently lower than the other's when aging 
scallops of less than 90-UIIIl shell height and higher 
with scallops of greater than 90-um shell height. 
In the case of Passamaquoddy Bay scallops the error 
averaged -1.62 + 1.01 yr, with the magnitude of the 
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error tending to increase with shell height. 
Because of these findings we did not U!'le age in 
Tahle 6. Table 6 also compares the Georges 
Bank-Passamaquoddy Bay ratio for mean Cd values for 
ea(;h relative year-class. Based on c:oncentrations, 
the relative ratios of Cd in adductor tIk1scles or 
digestive glands for Georges Bank to Passamaquoddy 
Bay were quite constant (Table 6). The concen
trations of Cd in digestive gland in\~reased with 
increasing relative age for both sites. Cd 
concentrations in adductor muscle increased only 
slightly, if at all, with increasing relative age. 
Tissue burdens. reflecting both the increasing 
concentrations and sizes of the two tissues with 
ag(~, also increased with relative age. 1n the case 
of the youngest scallops (relative age - 6 and 7), 
the digestive Cd burden ratios for the two sampling 
sites were greater than those for older animals 
(8-13). Since the same was not observed with 
concentration ratios, this likely reflects changes 
in digestive gland masses with age between the two 
sites. The increase in Cd values with increasing 
ag~ in both digestive gland and adductor muscle can 
be described mathematically (Table 7). The tissue 
burden in the adductor I1JJscle gave a much higher 
coefficient of determination than did concentration 
(0.865 VB 0.122). Of the relationships found 
between Cd values and age or shell height, the best 
relationship was that between the tissue burden of 
Cd In the digestive gland and shell height (r '" 
0.978). The age relationships were less highly 
correlated, probably reflecting the difficulty 
encountered in aging the animals and the larg~ 
contribution of an error of one unit of age. 

Studies are continuing; however the results 
obtained to date show that: 

j) No Significant human health concern~ are 
present with regard to Cd levels in 
commercial scallop product (the adductor 
muscle) even in areas of known anthropogenic 
Cd input. 

l) Extremely high Cd levels .')re present in scallop 
digestive gland. 

J) Scallops did not lose Cd from their soft 
tissues (tissue burden) although tissue 
concentrations were markedly increased by 
starvation. Starvation resulted in a 
significant increase in Cd b the adductor 
muscle (both concentration and tissue burden). 

4) Cd values in both adductor muscle and digestive 
gland increased wi th increasing shell height. 
There was a relatively consistent ratio in Cd 
values between Georges Bank and Passamaquoddy 
Bay for both adductor muscle and digestive 
gland for animals of the same relative age, 
with the exception of digestive gland burdens 
in young scallops. 

':l ) Significant reiationships were found between Cd 
values and age/shell height with t.he best 
relationship between shell height and Cd burden 
in the digestive gland. The less significant 
relationship with age was probably du~ to 
difficulties encountered i~ aging the animals. 

Scallop Cd levels may reflect €ovironmental 
levels of Cd in B rational manner; however, the 
overriding influence of the scallop's internal 
metabolism suggests that Cd values in soft tissues 
arc not related to environmental Cd levels in a 



Table 6. Cd _an values (+s.d.) vs relative age for scallops frolll Passamaquoddy Bay and Georges Benk. (Cd]-
concentration in gg/kg wet-wt; CdT~g Cd in tissue; subscripts A and DC are adductor IllUscle and digestive gland. 

Relative 

agea N {Cd iA 

6 

7 

8 

9 

10 

11 

12 

13 

3 I 0.120 
:!.0.056 

9 I 0.099 
:!.0.035 

8 I 0.130 
+0.030 

4 I 0.118 
+0.022 

5 0.107 
+0.034 

, 2 0.169 
+0.057 I , 

I 4 

! 
0.149 

+0.025 

: 2 I' 0.208 
+0.156 

Passamaquoddy Bay 

[CdI DG 

53.57 
+ 6.31 

55.64 
+ 8.41 

64.28 
+16.31 

70.82 
+ 4.54 

90.44 
+ 7.56 

91.89 
+ 2.38 

98.51 
+11.34 

104.4 
+ 8.65 

Cd TA 

0.286 
~.061 

0.429 
+0.193 

1. 794 
+1.182 

2.229 
+1.149 

2.678 
+0.546 

5.399 
+3.570 

6.479 
+1.179 

9.052 
+6.574 

CdTDG 

29.17 
+ 15.88 

48.97 
+ 18.23 

176.7 
+128.9 

218.9 
+ 47.5 

355.4 
.,. 61.5 

425.4 
+113.0 

617.2 
+ 54.4 

653.9 
+ 37.97 

N 

5 

8 

13 

10 

[CdI A 

0.094(0.78)b 
+0.105 

0.083(0.84) 
+0.023 

0.086(0.66) 
~.033 

0.130 (1.0) 
~.068 

6 I 0.144(1.35) 
~.101 

6 I 0.086(0.51) 
+0.020 

3 I 0.118(0.79) 
+0.016 

2 I -0.106(0.51) 
+0.018 

Georges Bank 

[CdI DG 

87.32(1.63) 
+21.41 

92.63(1.66) 
+11. 93 

113.71(1. 78) 
+15.70 

133.50(1.89) 
+26.67 

167.70(1.85) 
+22.86 

149.30(1.62) 
+31.3 

157.71(1.60) 
+16.9 

169.24(1. 60) 
+18.42 

CdTA 

0.560(1. 96) 
+0.376 

O. 670( .136) 
+0.161 

1.032(0.58) 
+0.455 

2.168(0.97) 
+1. 444 

2.425(0.91) 
+1.410 

2.292(0.42) 
+1.015 

3.240(0.50) 
+0.243 

3.060(0.34) 
+0.523 

aNulIIber of growth rings counted on shell outer surface. 
bRatio of Georges Bank mean value to Passalliaquoddy Bay mean value given in parentheses. 

Cd TDG 

106.0(3.67) 
+ 79.4 

149.3(2.96) 
+ 31.1 

24.62(1.39) 
+ 71.23 

379.5(1. 73) 
+114.2 

478.7(1. 35) 
+ 40.21 

685. 6( 1. 61) 
+227.3 

845.1(1. 38) 
+161.7 

925.3(1.42) 
+109.1 

'" 
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Table 7. Regression relationship between Cd in tissue Bnd ag~ or shell height 1n scallops fcorr. Ceorges Bank. 
Linear, semi-log and power relationships were tested in each .. sse. Only best relationship is given out of each. 
Cd concentrations and tissue burdens are defined in 'fable 6. 

Relationship Line equat ion Coefficient of determination 

[CdIA Vs [Cd lOG log [edl A ,. -L433~+O.390 log [CdIDG 0.122 

CdrA vs CdTOC log CdTA • -2.046+D.874 log CdTDG 0.865 

CdrA VS Age· log CdTA • -3.000+3.247 101: Age 0.770 

CdTDG vs Agea log CdrOG • -1.009+3.699 log Age 0.882 

CdTDG vs Age b log CdTOG - -0.330+3.998 log Age(lJ 0.895 

CdTDG vs Age b log CdTDG • -1.820+6.611 lo~ Age(2) 0.934 

[CdIA vs S.H. (shell height J log [CdI A • -1.699+0.337 log S.H. 0.060 

CdTA vs S. H. log CdTA • -6.429+3.306 log S.H. 0.850 

[Cd lOG vs s. H. log [CdIDG • -0.015+1.049 1010: S.H. 0.726 

CdrDG vs S. H. log CdrOG • -4.984+3.776 lng S.H. 0.978 

8Relat1ve age based on number of growth rings. 
bAge in years using two age-reading specialists (1 & 2). Average difference 1n ages . 0.25+0.69 yr with 
negative differences in scallops < 9Q-urn shell height and positive differences 1:"1 scallops> 90-1m1 shell 
height. 

straightforward enough IaBnner to enable scallops to 
be used as psuedo-integrating water monitors for Cd. 
Rather, they appear to function only as indicators 
of the interaction of scallops with environmental 
Cd. Ratios of tissue Cd levels say be of val ue 1:1 
detecting polluted areas. 

INTERCOHPARATIVE STUDY ON PAH DETEKMINATION 
IN LOBSTER TISSUE PREPARATIONS 

Under the auspices of the International Council 
for the Exploration of the Sea, an intercomparative 
excercise was carried out during 1983-84 to 
determine the degree of comparability in the 
determination of PAH in biological tissue. 

Vials containing the acetone powder and oil 
prepared from lobster (Homarus americanus) digestive 
gland were sent to 25 laboratories for an inter
laboratory study of the determination of trace 
levels of common PAM compounds. Participants had 
been requested to determine 88 many different PAH as 
they could with a m1nim~ of 12 com.on non-alkylated 
PAH generally present in combustion products (Uthe 
and Sirota 1982). In spite of a commitment on the 
part of the 25 participants to carry out the study, 
only 11 sets of results were received. 

The results were cOfftpiled for each of two 
analytical methodologies used, i.e. capillary gas 
chromatography-mass spectroscopy (CGC-HS) or high 
pressure liquid chromatography-ultravlolet 
absorption and fluorescence detection (HPLC-UVAF). 
PAH compounds on which three or more laboratories 
submitted data were tabulated (Table 8). It is 
iaaediately apparent from Table 8 that both 
methodologies resulted in a wide range of results 
for every PAH tabulated. Less apparent is the 

ob~ervatlon that, generally, the usc of CGC-HS gave 
lower results than did the }{PLC. Thh is not 
surprising when one conRiders the superior resolving 
power of CGC columns currently in use compared to 
HPI.C. Mass spectroscopy is also a superior 
der.ection system. Ben%olaJpyrene ne3surements were 
exceptional in that both tnethodologies gave approx
imntely the sue range in results. This probably 
reflects specific tuning of the ultraviolet 
det·ection systems for benzo(a]pyrene or the lack of 
co-eluting, intedering, "",teriala in the benzo 18}-
pyrene region of the HPLC. -

The BI"IaU nUllIber of returns and the variety of 
PAlt compounds reported make statistical assessment 
of the data difficult. In all instances the range 
and standard deviation among laboratories greatly 
exr.eeded the range and standard deviation observed 
within our own laboratory. This suggests that a 
large amount of systematic error is present in the 
various participating laboratories. Interlaboratory 
rtllative standard deviations ranged from 39 to 96% 
for· seven PAH compounds in lobster oil determined by 
HVI.C. Sa.e of thIs large var1.ance lnay have reauitt'd 
from whether or not the participants saponified the 
tw< • .aterials prior to extracting PAH. The data set 
was not large enough to identify differences betwce~ 
approaches utilizing saponification and those which 
did notw No participant cOlipared sapool£1cation 
with simple extraction. The greatest difference 
should have been observed in the resul ts for the 
po .... der but nothing could be observed In the results 
since most analysts had difficulty measuring the low 
levels of PAH present i~ the powder. The fact that 
the preparation of the acetone powder (three sec1al 
extractions with cold acetone) resulted in an oil 
whjch contained the bulk of the PAH AuggeRts that, 
at least for lob6ter, saponification does not result 
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Table 8. Ranges in levels of PAH reported by participants using either CX;C-MS or HPLC
UVAF . Figures are given only whe n the number of reporting laboratories was three: or 
grea ter. 

011 Powder 

Methodology CGC -MS HPLC-UVAF CGC - MS HPLC- UVAF 
PAH 

Naphthalene 5.2- U8.4 12 - 60.6 
Phenanthrene 672 -1650.4 24.6-783.3 
Anthracene 197 -1012.1 6.0-131.0 
Fluoranthene 1071.6- 6340 ~(l 50 -15'.00 13 - 90. 9 
Pyrene 383 -3555 1453. 8- 8]00 10.1 -150 . 7 85 -1 63 
Benz{aJanthracene 348. 7- 1365 . 4 
Chrysene 
Benzo (e)pyrene 478.1- 650.1 
Benzo lk]fluoranthene 
Benzo {~] pyrene 521.6- 1100 
Benzo [~lperYlene 
Indeno 1.2.3-cdjpyrene 
Benzo(~lfluoranthene 

1n markedly higher levels of PAH being found. 
Analysts also employed a variety of clean-up methods 
for separating PAll from other constituents in their 
extracts. This may have also contributed to the 
overall error. Other sources of error in addition 
to those ass ociated with the manipulative part of 
the determination are associated with the supply of 
PAH used t o prepare the standard (qualitative) and 
the preparation of the standard solutIon itself 
(quantitative). 

There is no reason t o believe that a satisfac
tory degree of interlaboratory comparability cannot 
be achieved. A recommended method for determining 
traces of PAH In foodstuffs has been published 
(Grimmer and Bohnke 1976). The method wa s 
recommended by the Commission on Food Additives, 
IUPAC, in 1976. The tests of interlaboratory error 
indicated that the error was small if all analysts 
employed the method under rigid control (reviewed by 
Howard and Fazio 1980). 

PAH IN WBSTER FROM SYDNEY HARBOUR 

In 1982 the South Arm of Sydney Harbour, Nova 
Scotia, was closed to the commercial lobster fishery 
due to the presence of high PAH levels in digestive 
gland and IbUscle tissue6 of lobsters captured in the 
area (Sirota et al. 1984). The Sydney Harbour area 
was resampled in May 1984 during the early part of 
the commercial lobster fishery. Lobsters from the 
South Arm of Sydney Harbour were captured under 
special permit. Although 8 nUlllber of sites within 
the harbour were sa.pled In both 1982 and 1984. only 
the results for the South Arm and the control site 
(Port Morien) will be considered in this report. PAH 
were measured by HPLC with ultraviolet fluorescence 
detection (UFD) following clean-up of saponified 
tissue extracts by size-separation chromatography on 
Bio-Bead s SX-3. With the exception of fluoranthene 
and pyrene , the tissue levels of PAH in South Arm 
lobsters have gone down slightly, if at all, over 
the 2 yr (Table 9). Levels of benz(alanthracene 
appear to have dropped precipitously between 1982 
and 1984; however, sinc e the same precipitous drop 

523.9- 3680 0.8- 7. 3 0.8- 11.78 
638 - 2HOO 8 - 216. 76 
928.7- 1i13.43 6.3-131. 32 
980 - 3010 10 - 74.79 
220 980 0.6- 49 . 94 
140.3- 325 3.6- 60.34 

68 - 1682 3 - SO . 54 
S6S.2- 1"34 1.1- 29.99 

was observed in the control site dat~ where little 
change occurred in levels of other PAH, it is likely 
that the change in henz[aJanthracene levels Is due 
to an analytical problem~ Comparisons of standard 
chromatograms from the 2 yr suggest that the actual 
amount of benz[alanthracene In the 1982 standard was 
onty one-tenth of the alIount believed to be present. 
It Is likely that the rcal drop In benl.laJ
anthracene levels over the 2 yr 1s less than the 
drop observed for pyre ne. The magnitude of the 
di fference in levels of PAH in the two tissue poo1s 
makes it difficult to accurately estimate the change 
in average tissue levels over the 2-yr interval. 
Fllloranthene and pyrene levels have decreased, 
possibly along with benl.{alanthracene levels rut the 
levels of other PAH have not changed enough to say 
with certainty that levels have decreased. 

There are two coking ovens located near the 
harbour. one of which was shut down in November 
19tH. After 1981. the second oven rAn at half
capacity until shut down in November 1983. When one 
considers the greater water solubility and vapor 
pressure of pyrene and fluoranthene compared to the 
other PAH studied here (NRCC 1984a). it is easy to 
postulate a mechanism based on these chemical 
properties by ~ich an aging PAH source \«)uld result 
in the observed results. Unfortunateiy, the 
reLatively small change observed in levels of higher 
molecular \o1eight PAH between 1982 and 1984 predicts 
a Long-term lobster contamination problem wi th 
relatively slow changes in tissue concentrations of 
the higher oolecular \o1eight PAH over tillle. Since 
many of these are carCinogenic (NAS 1972). it is 
likely that the harbour should rNa10 closed to the 
commercial lobster fishery for 1I8ny :y1:!ars unless 
action 1s taken to reMove or isolate the source of 
PAil. The decision to sample only every 2 yr was 
justified in light of the above results. In the 
absence of ameliorating action, biennial assessments 
should continue. 
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Table 9. PAR levels (ng/g wet wt) in lobster captured in May in the South Harbour compared to Port li::lrien 
lobsters (control). Values in parentheses are digestive gland/tail muscle PAH ratios. 

Sallple Site 

South Arm Port t-brien 

Digestive gland Tail flUsc1e Digestive gland 

1982 1984 1982 1984 1982 1984 

PAH 

Fluoranthene 15200 124008 421. 5237 420 442 (32 ) .8 .8(70) 15. 1.2 93 90 
Pyrene 13100 9150 317. 2912 333 70 (53) 59 .3(49) 42 4. 38 35 
Benz[~lanthracene 32700 18000 7.2 1154 678 900 (43) 17 19(53) 79 74 • • Chrysene 1030 252 770 1243 20 15 (37) 24 24(42) 7 2 2. 43 
Benzo[e]pyrene 3600 1990 1552 2867 35 35 (80) 36 3.(.1) 17 15 22 29 
Benzo[b]fluoranthene 3820 24.0 1022 1554 835 72 29 35(40) 10 7 lb 13 
Benzo[k]fluoranthene 955 640 502 813 2. 19 (35) 15 19(39) 2.8 1.9 8 6 
Benzo [a] pyrene 1430 930 711 1262 43 33 (21) 27 37(32) 2.5 1.6 S 5 
Benzo[ih!]perylene 769 479 232 459 20 10 (41) 10 18(25) 2.4 3.8 10 10 
Indeno(1,2,3-~Jpyrene 739 525 48. 931 40 30 (18) 12 2l( 42) 2.1 2.5 5 trace 

-The two values are results for two tissue pools (equal weights of tissue). generally froD. 10 anlluIs. wi th 
5 in eac.h pool. 

TIlE DETERMINATION OF PAH IN SHELLFISH 

A novel method has been developed for the rapid 
screening of shellfish for PAR contamination. The 
method can also be used to give detailed quantita
tive inforMation on individual non-alkylated PAH 
COMpounds present 1n the samples. 

The method begins with the saponification of 
small quantities (1-8 g) of tissue in Folin-Wu tubee 
with 25 mL IN ethanolic potassium hydroxide. The 
contents are gently refluxed on a m!cro-Kjeldahl 
heating rack using BOH boiling chips. The top 
portion of the tube acts as an air condenser and 
little ethanol is lost over the It- to 2-h reflux 
period. The hot saponification mixture is added to 
an equal volu.e of water (25 mL) in a stoppered 
Mixing cylinder and PAH extracted into three 
consecutive 10-mL portions of isooctane. After 
mixing and separating, each iaooctane phase is 
transferred to a 100-mL round-bottom flask using a 
glass syringe-operated Pasteur pipet. The isooctane 
is relloved by rotary evaporation and the PAH are 
separated froa coextractives by gel perMeation 
chro.atography (GPC) using Bio-Beads SX-J. The PAH 
fraction can be collected and individual PAH 
compounds determined using published methods. We 
employed reversed phase HPLC (C-18 column) with WAF 
detection. 

Screening for PAH is carried out by monitoring 
the CPC effluent with ultraviolet absorption and 
refractive index detectors. In a recent study of 
contaMinated lobster fro. Sydney Harbour, Nova 
Scotia, the .ethod was used to etudy "total PAH" 
(equated to the sum of ten non-alkylated PAH 
COMpounds measured 1n the extract by HPLC in lobster 
tissues at concentrations ranging from approximately 
25 to 20,000 nglg wet wt). The ultraviolet 
absorption response at 254 nm was linear (peak 
height, peak area paper weight) over the range with 
a coefficient of determination of 0.9959. 

Recoveries of added amounts of individual PAH were 
essentially quantitative for the complete procedure 
(Table 10). 

The advantages of this method over existing 
methods are: the use of small quantities of tissue, 
resulting in lesser amounts of interfering 
materials; reduction in complexity and costs of 
glassware; easily cleaned glassware; fewer transfer 
steps; reductions in solvent quantities; and 
reduction in the operational time requirements per 
analysis. It 1s possible to carry out 23 analyses 
in 3-4 technician days, depending on whether 
screening or full quantitative analys1s 18 required, 
using the automated gel penaeation and HPLC. We 
estiMate that the lethod 1s two to four tilte6 faster 
than other current methods. With adnor maintenance 
the gel permeation column packing can be used for 
cany hundred c1ean-ups without requiring replacement 
or column repacking. 

In the course of this ItrIOrk it was diBcovered 
that Bio-Beads Sx-J did not separate PAH from 
interferences strictly on the basis of molecular 
size. In fact, the order of elution of individual 
non-alkylated PAR compounds was oPPOsite to that 
predicted on the basis of aolecular size, indicating 
that absorption chro.atographic effects were aajor. 
Based on this observation, research is in progress 
to determine if 8 rapid method for measuring various 
size classes (number of rings) of PAH can be 
developed. 

pOLYCHLORINATED DIBENZODIOXINS AND 
DIBENZOFURANS IN LOBSTER 

Further to tbe 1983 work on polychlorinated 
dibenzodioxins 1n lobsters fra. the Miramich1 
Estuary and the Bay of Chaleur, we arranged to have 
samples of lobster digestive glanda from Sydney 
Harbour, Petrie Point and Port Morien (control), 
Nova Scotia, screened for these contaminants by the 
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Table 10. Recoveries of PAR added to lobster digestive gland ho.ogenate. 

PA" 

Fluoranthene 
Pyrene 
Benz [a 1 anthracene 
Chrysene 
Benzo(blfluoranthene 
Benzo[kjfluoranthene 
Benzo fa) pyrene 
DibenzTa.h) anthracene 
Benzo[~Tperylene 
Indeno[1.2,3-cd]pyrene 

Total amount 
added (pg) 

3.4 
1.7 
1.7 
1.7 
3.4 
1.7 
1.7 
3.4 
3.4 
1.7 

Ontario Ministry of the Environment. Saeple sites 
are described 1n Sirota et al. (1984). 

The analytical procedure used by the Ontario 
Ministry of the Environment Is co-pIle.ted, 
involving high resolut10n mass spectroscopy (HS) 
following an elaborate clean-up procedure. The data 
have yet to be fully evaluated. Therefore, soae of 
the following results may be revised in their flnal 
report. 

Generally the results fro. high resolution HS 
agreed well with those fro. the Mira.iehi reported 
last year (Uthe 1984) and the current results from 
low resolution MS for the Sydney Harbour lobsten. 
Also, the polychlorinated dibenzodloxin/polychlorl
nated dibenzofuran relative abundances in Sydney 
Harbour lobster paralleled the Hiramichi findings. 
i.e. very 8.all a.ounts of hepta- and octachloro
dibenzodioxins and relatively larger quantities of 
the polychlorinated dibenzofurans. The 
concentration of tetrachlorodibenzofurans (sum of 
all isomers) in Sydney Harbour lobster was of the 
order of 200 pg/g wet wt while the Port Morien 
animals ranged from 20-40 pg/g and Petrie Point 
lobsters had 10-15 pg/g. One Petrie Point sample 
gave an atypical pattern, therefore requiring 
further study. 

No tolerance levels for polychlorinated 
dibenzofurans have been set in Canada. It is 
relevant to note that the no observable effects 
level (NOEL) for 2.3.7.8-tetr8chlorodibenzo-~-dioxin 
for reproductive and carcinogenic effects in rats 
and miee is reported to be 1 ng/kg body wt/day (NRCC 
1984b). and it was further suggested that, in the 
absence of more appropriate data, this NOEL be used 
as a first approximation of the toxicity of 
2,3,7.8-tetrachlorodibenzofuran. The NRCC panel 
also concluded that a dangerous concentration of 
2,3,7,8-tetrachlorodlbenzo-£-dloxin in fish would be 
of the order of 3 to 30 pg/kg if fish ~re the sole 
source of the dioxin eaten once a week and only this 
isomer was of concern (NRCC 1981). Based on this 
infor.ation, further research into the presence and 
congener co.position of these highly toxic 
conta.inants may be warranted. 

Recovery 
(% ) 

105.4 
123.6 
112.4 
136.8 
108.9 
108.5 

99.1 
104.6 
88.8 

104.6 

Relative standard 
deviation (%) 

8.3 
5.7 
9.4 

10.0 
3.8 
0.0 
6.8 
3.6 
6.9 
6.0 

CONTAMINANT TRENDS IN MARINE SPECIES R.K. Hisra 

Since the late 1970's the International Council 
for the Exploration of the Sea has been interested 
in scientific approaches to the accurate deter.i
nation of spatial and temporal trends in contaminant 
levels In marine stocks. In 1977, we began a study 
of common trace metal and organochlorine conta-i
nants in Atlantic cod (Gadus morhua) captured in the 
southern part of the GuITOf st:'"'1:8wrence. 
Contaminant levels ~re measured in length
stratified s.-plea captured in September of 1977, 
1978, and 1979. Both liver and muscle were 
analyzed. The stock was resampled 1n 1982 but all 
trace contsminant levels were not detemined due to 
lack of resources snd other commitments. The 
sampling strategy was designed by Dr. D. P. Scott of 
the Preshwater Institute, Depart.ment of Fisheries 
and Oceans, Winnipeg, Manitoba. Statistical 
analysts of the data WIlS carried out by Or. Scott 
using a standard multiple regression analyai8 
program (Scott et ale 1983). Both concentration and 
tissue burden (concentration times the total tissue 
weight) were investigated first in a non-interactive 
aodel, then In an interactive one. The approach has 
been the subject of discussion wi thin the Council 
community (e.g. Lassen 1963; Hansen 1962; Hansen et 
.1. 1982; ICES 1981). 

In early 1984, a workshop was held in Halifax 
to review the approach (Uthe et d. 1984). Aa a 
result of the discussion and reca.mendations from 
this meeting a full statistical analysis of the 
1977-1979 data 1s being carried out by Dr. R.K. 
Misra of the Halifax fisheries Research Laboratory. 
The ~rkshop expressed a feeling that, even after 
thie analysis, sampling over a period longer than 3 
yr would be required to detect _all changes in 
conta.inant levels and to examine the stability of 
the .:xIel. 

Pull statistical 80alysis of the data requires 
a number of steps: 1) development of a statistical 
program auited to the data set; 2) design of an 
appropriate model for testing; 3) identification of 
influential observations (outliers) with respect to 
their X and Y values and then to &Scertein whether 

• 
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or not they significantly (statistically) influence 
the fit of the regression function; and 4) statisti
cal analysis for time trends. To date, the work. is 
about half cocapletedw Due to problems identified in 
applying commercially available statistical packages 
to the data set, Dr. Misra has written a Fortran 
pragl's. for the analysis. supported tmder IBM. 

Interactive and non-interactive MOdels are 
being studied. Or. Scott's model may have to be 
replaced by a model which allows for examination of 
time trend In conjunction with that of deviations 
fro~ it. A series of univariate statistical 
analyses carried out separately for each of the 
contaminants will be insufficient 88 it ignores the 
interactions among conte.inants. Multivariate 
analyses that consider all contaminants 
simultaneously will also be done. 

The following analyses are now completed : 
analysis for outliers when all biological paralleters 
were included in the analysis (one individual fish 
was identified in each year as influential enough to 
lead to serious distortion effects on the wltiple 
linear regression, and multivariate analyais of 13 
contaminants). Time trend was significant. TWo 
reports, one on each analysi8, are in preparation 
for presentation at the Council-sponsored meeting of 
statisticians in April 1985. 
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CONTAMINANTS AND HORMONE METABOLISM 

H. C. Free.an 
G.B. Sengalang 
G. R. Sirota 

The objective i8 to develop and apply methods 
that can detect the sublethal chronic effects of 
trace quantities of chemical contaminanta on fish 
and shellfish. Fish are sensitive to low levels of 
some chemicals and can be used as early warning 
indicators of environ.ental effects 80 that 
adjustments un be _de before the proble. becomes 
severe and irreversible. 

STEROID HORMONES IN THE LOBSTER 

Previously our laboratory has demon.trated that 
changes in steroid hormone metabolism in fiah and 
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PUlrine IIIllllmals induced by chemical contaminants can 
be used as a sensitive early warning test for the 
presence of pollution effects (Freeman et al. 
1984a,b) on animal reproduction, physiology and 
biochemistry. 

In the past few years we have extended our 
studies to include the American lobster (Homarus 
a~ericanus). This has lIIlinly involved isolation and 
identification of the major steroidal compounds 1n 
lobster ~olymph. The effort has been cosplicated 
by the observation that steroid levels in lobster 
heRliolymph are wch lower than levels characteristic 
of finfish blood, requiring the processing of large 
quantities of hemolymph to obtain sufficient 
quantities of steroids for further study. To date, 
testosterone has been confined as a major steroid 
in lobster hemoly.ph (Burns et ale 1984a). TWenty 
alpha-dihydroprogesterone as well as several, as yet 
unidentifed, steroids have been isolated frOCll 
lobster testicular incubations (Burns et ale 
1984b). 

RJI1)IOIMllUNOASSAY (RIA) PROCEDURES 

Ouring 1984 our laboratory has devised two RIA 
procedures for determining levels of 17-alpha
hydroxy-20-beta-dihydroprogesterone and 20-alpha
dihydroprogesterone in tissue extracts. The former 
method will be valuable in detet'1nining changes in 
concentrations of 17-alpha-hydroxy-20-beta-dihydro
progesterone concentrations in female Atlantic 
salmon during sexual maturation under normal and 
pollution conditions. This will complement our 
studies on androgen levels in male salmon during 
ripening under normal and adverse enviroRDental 
conditions. 

The RIA method for the detenlination of 
2-alpha-dihydroprogesterone will be useful in 
detenaining heaolymph levels of this steroid in 
lobster. Following continlation of this steroid a8 a 
major hormone in the lobster, its usefulness as an 
early warning effects detection system will be 
assessed. 

ACID RAIN STUDIES 

Laat year it was reported that Atlantic. salraon 
(Sal.o aalar) held in cages in the more acidic 
Westfield River during the period of sexual 
maturation gained less weight. produced maller 
eggs. had higher egg dOrtaHty, and had abnormal sex 
hormone levels compared to equivalent salmon held 
for the same period of time in the less acidic 
Medway River (Freeman et al. 1984a). During the 
fall of 1984 the holding part of the experiment was 
repeated. Atlantic a.llDOn were purchased from the 
Cape Breton Marine Fanls and were River PhIllip 
stock. They were &ccli.atized to freshwater and 
then transported to the cages on September 28, 1984. 
They ripened and were manually spawned over the 
period December 4-12, 1984. During holding the fish 
were fed daily with dry (6.3 DID) trout grower 
pellets. Every 2-3 wk, the fish were ane8thetized. 
weighed and bled for steroid hormone (androgen and 
estrogen) determinations. When ripe. the fish were 
spawned and eggs fertilized with ailt from fish from 
the same river. The eggs are being incubated at the 
Hersey Hatchery to determine viability. Fecundity 
of female 8almon from the Westfield cage was 31% 
lower than for the Medway 8alaon, even though the pH 
of the westfield River remained above 5.0 during 
most of the holding period (Fig. 1) due to the low 
relntall during the period. 

, 
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Westfield and Medway Rivers 

River Water pH and Water Temperatures (Oct 10 to Dec 24.84) 

Change in Water Level (Dec 5 to Dec 24.84) 

Medway 

Westfield 

:a 5.5 

.... 
Q) -~ 5.0 

water height - - -

4.541o----1T5--~2rO--~2c5----TT--~5--~lOC---'15~~2~O~-2T5----rr---r~-.,O~--,T5--~U~2tO--~2C5--~ 
Oct Nov Dec 

1 1 fish died in Westfield 

Fig. 1. The pH of both rivers declined during heavy rains In November and December 1984. The greatest pH 
drop was in mid-December during several days of the heaviest rains. At this time, on the Westfield 
River, the water height peaked, the pH lowered to 4.7, the water temperature dropped to I.SoC, and 
23% of the post-spawned salmon died on December 18, 19, and 20. The remaining lethargic moribund 
fish survived when transferred immediately to the higher pH Medway River (pH 5.5) which was 
approximately at the same temperature. In 1983, 75% of similar Atlantic salmon died over a period of 
a few days when the same conditions occurred in the Westfield River and the fish were not removed 
immediately to a higher pH river • 



During the period December 18-19, nine salmon In 
the Westfield cage died. The remaining 30 fish 
appeared lethargic and moribund. This occurred when 
the te_persture of the westfield River was approx
imstely 2°C and the pH had dropped to 4.7 due to 
heavy rains (Fig. 1). No such problem was observed 
in the Medway River cage. The remaining Westfield 
fish were transferred to the Hedway River on 
Decem.ber 20 where the pH was Sa 52 and the water 
temperature 1.9°Ca The fish recovered and no 
further mortalities were recorded. A similar 
post-spawning mortality (7S%) was recorded in the 
Westfield cage tn 1983 where transfer of the 
remaining fish also resulted in complete survival 
and apparent recovery a It appears that post
spawning Atlantic salmon cannot tolerate 
simultaneous low pH and low water tem.peraturea 

The in vitro steroidogenesis tests (Freeman et 
al. 1980) showed that the Westfield fish had 
abnormal steroid horcone metabolism. This is 
obvious from the autoradiograms of extracts of head 
kidney incubations for the two rivers (Fig. 2). The 
proportion of polar metabolic products produced by 
the head kidneys of the Westfield River sa1aon was 
greater than that produced in the Medway incubations 
since the concentrations of less polar compounds 
(the metabolites near the "P" area, Fig. 2) were 
lower compared to those of the Medway fish. A 
compound isopolar with cortisol (F) was the 
principal steroid produced by the head kidneys of 
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both Westfield and Medway fish (Fig. 2). In the 
Medway River fish, ll-desoxycottisol (5) was also a 
major product as normally occurs In salmonlds. but 
in the Westfield fish the steroid hormone cortico
sterone (8) replaced (5) 8S a major ~t8bolite 
(Fig. 2). This altered metabolism. is an indicator 
of stress in the Westfield fish (Freeman et a1. 
1981; 1984b). This could be related to the 
slugg1ehnes8 and deaths observed later In the course 
of the experiment. 

Autoradiograms (Fig. 3) demonstrated impaired 
biosynthesis of both androgens, testosterone and 
ll-ketotestosterone in Westfield River fish compared 
with that observed in the Medway fish. This 
impaired synthesis explains the abnormally low blood 
leve18 of these two hot'nlones reported in 1983 
(Freeman et a1. 1983). 

Transfer of fish from the Westfield to the 
Medway River after spawning and during a period of 
observed lethality indicated that the observed 
stress effects in the metabolism of steroid hortDones 
by the head kidneys may be reversible since there 
were no further .:>rtalities observed. It is not 
known if the same can be said of the effects 
observed in the testes . Whether or not the fish 
native to the Westfield River can survive after 
spawning by escaping to an area of higher pH or 
return to the ocean is unknown. 

WESTI"IELt. -Head Kidneys 

Fig. 2. Biosynthesis of steroids (in vitro) from precursors (14Cl-progesterone 
plus t3H)-pregnenolone by head kidneys (adrenal hollOlogues) of 
sexually ID8ture Atlantic salmon held in the acidic Westfield River and the 
normal pH Medway River. 

< 
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WESTFIELD-Testes 

Fig. 3. BiosynShesls of steroids (in vitro) from precursors [14C]-progesterone 
plus { H]-pregnenolone by testes from sexually mature Atlantic salmon 
held in the acidic Westfield River and the normal pH Medway River. 
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ENVIRONMENTAL CHEMISTRY 

V. ZITKO 
S. Ray 
M. Babineau 
H. Akagi 
V. Jerome 
M. Woodside (contract) 

The objective of this project is to identify 
hazards and to estimate risks of chemicals to 
fisheries. The work includes specific chemicals, 
development of techniques. and response to events 
and emergencies. The main clients are other 
government agencies, industry, the scientific 
community and the general public. 

In our context. the hazards are almost always 
acute or chronic toxicity. A man-made chemical 
detected in fish, shellfish, water, or sediment Is 
considered a hazard. Risk is the probability that a 
chemical may cause harm. Main factors of risk are 
exposure level and duration. In other words, 
toxicity of a chemical and often just its presence 
are the hazard. The chance that harmful exposure 
may be reached is the risk. 

For example, the concentrations of the 
pesticide permethrin causing 50% mortality of salmon 
and lobster in 96 h (96h-LC50) are 10 and 0.7 pg/L, 
respectively. Chronic toxicity is not known. This 
is the available information on the hazard of 
permethrin. Permethrin is proposed for forest 
spraying against spruce budworm at an application 
rate of 1900 g/km2, applied once, in early May. 
The solubility of permethrin in water is 0.28 maIL, 
log(octanol-water partition coefficient]-5.1, and 
permethrin is probably reasonably biodegradable or 
at least is hydrolyzed to relatively nontoxic 
components. Does permethrin pose a risk to the 
aquatic environment under these conditions? 

The identification of hazards includes the 
detection of chemicals (contaminants) in fish, 
shellfish, water or sediment. The chemicals may be 
either known contaminants such as the polychlorin
ated biphenyls (PCB) or cadmium (Cd), or new and 
not-anticipated pollutants. For the known 
pollutants the emphasis is on the determination of 
levels and trends. The knowledge of levels of 
pollutants is the first step in risk estimation. 
(Are the levels observed associated with toxic 
effects under experimental conditions or elsewhere 
in natural situations?) The trends of the levels 
show whether the situation is improving or getting 
worse, how efficient are the regulations limiting 
discharges of a pollutant, etc. The search for new 
and not-anticipated pollutants is performed 
routinely during some analyses. It may also be 
initiated on the basis of reports in scientific or 
trade journals or other information. 

Exposure is affected by discharge and 
dissipation rates of the chemical in the 
environment. Solubility, adsorption, decomposition, 
and evaporation are the main factors determining the 
dissipation. The estimation of these parameters is 
also a part of risk estimation. 

Physico-chemical parameters such as those 
above, parameters needed for the detection and 
identification of chemicals (spectra, response 
factors, etc.), and toxicity may be estimated 
usually from values determined for related 
chemicals. This is important in view of the large 
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number of chemicals encountered in the environment. 
The estimates are based on Quantitative Structure 
Activity Relationships (QSAR). Their development 
depends among other things on the accuracy with 
which one can describe quantitatively the various 
parameters (structure, toxicity. bioaccumu1ation, 
etc.). The development and improvement of QSAR is a 
part of the proj ect. 

The determination and identification of 
chemicals at trace levels in environmental samples 
require complex chemical analytical instrumentation. 
Maintenance, modification, and development of this 
instrumentation also require considerable effort and 
are very time-consuming and costly. 

MASS SPECTROMETRY 

In a mass spectrometer, chemicals are 
fragmented into ions and the mass of the ions is 
determined; actually it is the mass/charge ratio, 
m/e or m/z, but the charge is almost always unity. 
The original chemical is identified from the 
fragments. Electrons are used to fragment chemicals 
in the Electron Impact (EI) mode. Ions formed from 
other chemicals (most frequently methane) are used 
in the Chemical Ionization (CI) mode. The 
investigated chemicals are usually introduced into 
the mass spectrometer from a gas chromatograph. 
This separates mixtures of chemicals into components 
and further aids the identification. 

The capacity of our Finnigan Model 4500 mass 
spectrometer was increased by the addition of a 16-
megabyte disk drive with 52,000 sectors (unit of 
space on the disk). Of these, about one-third is 
occupied by software. The results of one analysis 
occupy about 1000 sectors. The system has also two 
5-megabyte drives with a total of about 40,000 
sectors but, until recently, all three drives could 
not be operated simultaneously. The gas 
chromatograph was improved by the addition of an 
on-column injector. This injector ensures 
quantitative recovery of chemicals with higher 
boiling points. 

The mass spectrometer was used to identify or 
confirm organic chemicals in fish, shellfish and 
various other substrates. The emphasis of our own 
projects was on PCB and organochlorine pesticides 
such as chlordane, with the objective of reaching 
sensitivity sufficient to measure chlorinated 
dibenzodioxins (COD) and dibenzofurans (COF). In 
addition, two time-consuming nondiscretionary 
projects were completed. One consisted of analyses 
of fish after the VlNLANO wellsite blowout in 
February 1984; the other dealt with the 
identification of organic compounds in fish and a 
fish tank liner, following a major fish kill in a 
commercial salmon hatchery. 

VINLANO WELLSITE BLOWOUT 

The blowout occurred on February 22, 1984, at a 
we11site located about 16 km north of the eastern 
tip of Sable Island. Gas and gas condensate were 
escaping from the wellhead until March 3, 1984. A 
sheen was observed extending from the rig for 
approximately 16 km in a southeasterly direction. 
The discharge of the gas condensate was about 300 
barrels/d. 

Because of the expected relatively high 
evaporation rate of the ga8 condensate, wide-ranging 
contamination of fish was not anticipated. To 



confirm this. samples of cod (Gadus morhua) and 
haddock aeglefinusy-were-analyzed by 
gas spectro.etry and by 
spectrofluoro.etry (Zitko et al. 1984). Spectro
fluoro.etry .easured fluorescence of the extract. 
This is a technique extremely sensitive to 
hydrocarbons containing benzene ringa, but only in 
exceptional cases can it be U8ed to identify 
individual chemicals. 

Sallples of fillet and liver were extracted by 
stea. distillation. The gas condensate contained 
hydrocarbons with somewhat higher boiling points 
than expected. On the scale of straight chain 
paraffins they ranged from C9.H20 to C26.H54. with 
those from CI0.H22 to C16.H34 present in about equal 
proportions. Straight chain paraffins are widely 
distributed in nature and are not good indicators of 
the conta.ination by gas condensate. Xylenes 
(dimethyl benzenes). tri- and tetra.ethyl benzenes, 
naphthalene, methyl- and dimethyl naphthalene were' 
used as indicators by ma88 spectrometry. Fluores
cence emission at 339 nm (excitation at 290 nm) was 
used in the spectrofluorometric characteri~ation of 
the extracts. 

Only xylenes were detectable in livers of ftah 
from the blowout areas and the extracts also had 
soaewhat elevated fluorescence in comparison with 
fish froll. control areas. It appears that the fish 
were exposed to very low concentrations of the gaa 
condensate and the likelihood of adverse effects was 
minil181. On the other hand, the potential of the 
gss condensate to contaminate fish is higher than 
anticipated. Large-scale or prolonged blowouts 
could lead to considerable contaainst1on of fish, 
probably lasting for several months after the event. 
One obvious result of the conta.ination would be 
tainting which could aake the fish unsuitable for 
human consu=ption. High-level exposure (in the 200 
pglL range for about a day) may cause mortality. 
Blowouts of this magnitude appear unlikely. 

The analyses by gas chromatography-aass 
spectro.etry detected several interesting 
co_pounds. One of thea i8 a phenyltrldecane, 
C19.H32. Trldecylbenzene (l-phenyltridecane) is a 
commercially available detergent intermediate. 
Mass spectrum 1s usually presented a8 a bar graph 
with the ./e values on the X-axis and the abundance 
of 10ns on the Y-axis. The latter is scaled to the 
abundance of the .ost abundant "base" ion set at 
100. The mass spectrua of the detected phenyl
tridecane is presented in Fig. 1. The absolute 
intensity of the base ion is 1106 unite (scale on 
the right). The spectrum 1s dominated by a serie. 
of ions spaced 14 mass units apart: 91, 105, 119 
133, •••• 203. These are ions of alkylben~enes 
containing an alkyl chain consisting of 1, 2, 3. 
4, ••• 9 CH2 groups (atollic weight of carbon (C) is 
12, that of hydrogen (H) is 1; CH2 - 12+2-14): 

C6.H5---GH2---CH2---CH2--- •••••••••••••••••••••• CH3 

• 
Ben~ene Alkyl chain 

ring 

Ha •• 
77 14 14 14 15 

Cu.ulatlve .... 
77 91 105 119 260 
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The most favorable fragmentation point of 

alkylben~enes under electron impact is at the second 
bond fro. the benzene ring (*). Since the base ion 
of the detected phenyltridecane Is at ./z-119, it 
appears that the benzene ring is located on the 
second alkyl group: 

• • • 
CH3---CH---CH2--- ••••••••••••• ---CH---CH2---CH3 

• 
Ha98 

C6.H5 
119 

CH3 

In addition, the alkyl chain is probably 
branched at the "aliphatic" end, since ions 
containing 10 and 11 CH2 groups have not been 
detected. (The likely fragmentation pettern is 
indicated by *.) 

The gas chromatogram of cod liver sample is 
presented in Fig. 2. The chromatogram is 
"constructed" by the data system by adding the 
intensities of all ions in the .. S8 spectra. The 
numbers of the .. S8 spectra ("scans") are on the 
X-axie. The tiaes fro. the beginning of the run are 
also given eince scan numbers may change depending 
on the acanning rate. The total intensi ty or 
"Reconnructed Ion OJrrent" (RIC) is on the Y-axis. 

In the analysis of environmental samples. the 
largest peaks are usually not the most interesting 
oneill. In this exsaple the peak in acan 821 is 
hexadecanoic acid, a frequently encountered fatty 
acid. More specific information can be obtained ~ 
plotting intensities of selected ions rather than 
the RIC. Such plots are "Mass chromatogr811.s". A 
mass plot for masses 100. 256, 284. 312, and 340 is 
given in Fig. 3. The _ss spectra were obtained 
under el conditions. 

These compounds were conspicuous by EI mass 
spectra containing only the ion at m/e-l00. The 
most likely eleaental composition of this ion is 
C6.H14.N or C5.HI0.NO. The lack of other frag .. nt 
ions is typical for secondary and tertiary a.1kyl 
amina.. There are usually additional fragments in 
the spectra of alkyl _ides (the latter formula). 
CI spectra contain the "molecular \ole:ight +1" [K+l) 
ions and also the much less intense (M-l] ions. 
This identifies the COMpounds as dodecyl, tetra
decyl. hexadecyl, and octadecyl N-alkyl amine. The 
N-alkyl may be pentyl. _thyl and bolt)!'l, or propyl 
and ethyl. If the compounds were alkanoyl amides, 
the N-substituents .y be butyl, propyl and methyl, 
or diethyl, with the amides rangin, from dodecanoyl 
to octadecanoyl. Fish containing these compounds 
were froa control and from the blowout areas. 

Fatty amine8. fatty acid _ides, fatty acid 
polys.ine condensatas, laidszoline8, and cyclic 
ammonium quats are used 88 corrosion inhibitor8 and 
drilling mud additives in the oil industry and could 
be the 80urce of the contamination, but the 
cOllpounds could have other sources as 1oII!!11. 

These examples illustr8te the detection of 
unanticipated che.icals, leading to followup 
toxicological studies and BOurce identification, and 
possibly regulation. The search for not-anticipated 
compounds is very time-consu.ing and may at times 
depend on serendipity. On the other hand, the 
search for specific compounds is much ea8ier and can 
be carried out by the data syste-., after a consider
able initial programfling effort. 
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Fig. 2. Reconstructed gas chro.atogram of a cod liver extract. 
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Fig. 3. Mass chromatograms of alkylamines tentatively identified in cod 
liver extracts. 

X-axis: Scan number and time frOll SaJlple injection 
Y-axis: Intensity of ions with m/e specified on the left 
Ion8 with m/e-IOO are probably C6.H14.N 
Ions with m/e-256, 284, 312, and 340 are .olecular ions 
of a polymer-homologous series dodecyl - oct.deey!. 
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HATCHERY FISH KILL 

In September 1984 8 commercial hatchery in New 
Brunswick suffered extensive mortalities of juvenile 
Atlantic salmon. The mortalities occurred a few 
day. after the fish were .oved Into tanks equipped 
with a new plastic liner. Analyses of water~ and 
fiah disease investigation by other agencies. did 
not provide a clue. However, the latter noted that 
the surface of the fish was unusually free of 
bacteria. We determined that the plastic tank liner 
was a plasticized polyvinyl chloride (PVC). This 
material Is always protected by fungicides against 
degradation and a few inquiries established that it 
eontains the fungicide OBPA (10,10 '-oxybie-lOH
phenoxarslne) which is extra.ely toxic to fish 
(Zitko et 81. 1985). 

The liner contains a variety of organic 
eo_pounds. Major components are phthalate 
plasticizers ranging from dihexyl to diundeeyl. 
This is somewhat surprising since in the past such 
liners were plasticized mostly by di(2-ethylhexyl) 
phthalate (DEHP). Toxicological implications of 
this change are uncertain. Phthalates with longer 
alkyl chains are 18lls toxic and probably aho less 
bioaccumulaUve, but _y be biodegraded IIIOre slowly. 

H8SS spectra obtained in the CI code were 
invaluable in the identification of the phthalates. 
The liner also contained nonylphenol which is very 
toxic to fi8h~ but wes probably only a minor 
contributor to the toxicity of the liner caused by 
OBPA. Additional organic compounds leachable from 
the liner by water included phenol, 2-ethylhexanoic 
acid, benzoic acid, fatty acids ranging from C9 to 
C 16 and, probably, hi.phenol A. These are the 
compounds that were detected and identified. There 
are others that were detected but remain wtidenti
fied and, without doubt, other coapounds are present 
below the detection limit of the technique. 

Of the trace metals, the liner contained 
lead (Pb) at 400 and 1500 ug/g, respectively. 
content of arsenic (As, from BPA) was 80 pg/g. 
values were obtained by atomic absorption 
spectrophotometry. 

Cd and 
The 
These 

The variety of compounds present in the liner 
may have chronic effects on the fish during long
term exposure and the problem of chemicals in 
aquacultural operations deserves further attention. 

STRUCTURE-ACTIVITY STUDIES 

PCB Resolution, Nomenclature and Data Hanagement 

There are 209 chlorobiphenyls. The majority of 
theee are not present in environ.ental samplea but 
the high resolution of capillary coluans in gas 
chromatography indicates the complexity of mixtures 
present in environmental samples (Fig. 4). 

The conventional designation of chlorobiphenyla 
becomes very cumbersome at higher degrees of 
chlorination. Thia is shown in the list of 
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pentachlorobiphenyls given below. The list contains 
the conventional, IUPAC, snd "shorthand" (Zitko 
1983) designation. The lUPAC numbering requires 8 
list for decoding; the shorthand can be decoded 
directly. 

IUPAC 

82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
III 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

Standard name 

22 '33 '4-pentachlorobiphenyl 
22'33'5-pent8chlorobiphenyl 
22'33'6-pentachlorobiphenyl 
22'344'-pentachlorobiphenyl 
22'345-pentachlorobiphenyl 
22'345'-pentachlorobiphenyl 
22'346-pentachlorobiphenyl 
22')46'-pentachlorobtphenyl 
22'34'5-pentachlorobiphenyl 
22'34'6-pentachlorobtphenyl 
22 '355 '-pentachlorobiphenyl 
22'356-pentachlorobiphenyl 
22'356'-pentachlorobiphenyl 
22'35'6-pentachlorobtphenyl 
22 '366 '-pentachloroblphenyl 
22'3'45-pentachlorobiphenyl 
22'3'46-pentachlorobiphenyl 
22'44'5-pentachloroblphenyl 
22'44'6-pentschlorobiphenyl 
22 '455 '-pentachlorobiphenyl 
22 '456 '-pentachlorobiphenyl 
22 '45 '6-pentachlorobiphenyl 
22'466'-pentachlorobiphenyl 
233 '44 '-pentachlorobiphenyl 
233'45-pentachlorobiphenyl 
233'4'5-pentachlorobiphenyl 
233 '45 '-pentachlorobiphenyl 
233'46-pentachlorobiphenyl 
233 '4 '6-pentachloroblphenyl 
233'55'-pentachloroblphenyl 
233'S6-pentachlorobiphenyl 
233'S'6-pentachloroblphenyl 
2344'5-pentachlorobiphenyl 
2344'6-pentachlorobiphenyl 
23456-pentachlorobiphenyl 
234'56-pentachlorobiphenyl 
23 '44 '5-pentachlorobiphenyl 
23 '44 '6-pentachlorobiphenyl 
23 '455 '-pentachloroblphenyl 
23 '45 '6-pentachlorobiphenyl 
2'33'45-pentachlorobiphenyl 
2'344'5-pentachlorobiphenyl 
2'3455'-pentachlorobiphenyl 
2'3456'-pentachlorobiphenyl 
33 '44 '5-pentachlorobiphenyl 
33 '455 '-pentachlorobiphenyl 

Shorthand 

73 
83 
331 
75 
Fl 
79 
711 
712 
85 
351 
89 
811 
812 
391 
313 
D3 
531 
DS 
551 
D9 
D12 
591 
513 
76 
F2 
86 
7A 
721 
361 
SA 
821 
JAI 
F4 
741 
Fl 
841 
D6 
561 
DA 
SAl 
E3 
E5 
E9 
E12 
E6 
EA 

The shorthand destgnation uses nUllbera in base 
16 (Hex). Values aea1gned to substituents in 
positions 2,3,4. and 5 are 1, 2, 4, and 8, 
respectively. These are added and expressed in Hex 
(valuea 10 - 15 are A - F). The designation 
containa up to 3 digits; the digits from left to 
right refer to the first ring, the primed ring, and 
to subst1tuents in the "6" positions, respectively: 

, 
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Fig. 4. Mass chromatograms of PCB in a sample of fish oil. 

X-axis: Scan number and time from sample injection 
Y-axis: Intensity of ions with m/e specified on the left 
Ions with m/e-290, 326, and 360 are tetra-, penta-, and 
hexachlorobiphenyls, respectively. 
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3 2 2' 3' 
c--c c---c 

~c c----c c~' 

c----c c----c 
5 6 6' 5' 

Position 2 3 4 5 2' 3' -, 5' 6 6' 
---------------------------------------------------------------
Value 2 _ 8 2. 8 2 

---------------------------------------------------------------
Example 8ubetitut1oD: 2,2',3,_',5,5',6 

X X X X X X X 

---------------------------------------------------------------
1+2+8:11=8 

Shorthand 

A sillilar approach can be used for "shorthand" 
designation of substitution patterns in other 
compounds when groups of positions are involved. for 
exaaple CDD and CDF (Zitko 1985). 

Full resolution of individual chlorobiphenyla 
18 a difficult task even for a capillary column 
operating under optimal conditions. and it 1s useful 
to have a "flexible" resolution reference 1n a 
program simulating the resolution under different 
resolving power, to know what to expect. An exallple 
of the output is given below for two resolutions. 
The numbers are retention t1ces relative to 
octachloronaphthalene. For unresolved mixtures of 
chlorobiphenyla their retention ti.ea are averaged. 

Resolution (High 1. Low 100) 50 
3924 92 +52 
4023.25 511+94 +54 
4173.25 7 +61 +32 +912 
4254.5 512+34 
4354.5 311+A2 
4489.5 312+A4 +521 
4670.41 lAl+99 +Bl +E +59 +S5 +541+01 +B01+701 
4747.5 62 +513 
4861. 25 39 +64 +321+35 
5036.91 9A +161+71 +341+5A +313 
5138.5 33 +591+82 
5213 551+02 
5278.5 3A +84 
5336. 812+F +04 
5494.88 96 +EI +531+012+811+56 +391+AA +71l+5AI 
5555.5 351+72 
5673.5 553+36 +74 
5761. 89 +331+712 
5876.63 85 +09 +3AI+05 +6A 
6040.83 561+353+821+721+E2 +83 +813 
6292.7 

03 +Fl +FOl+EI2+713+E4 +B41+741+79 +BA +75 +B52+0A + 
333+66 +361 

6349 052 
6476 73 +891 
6700.32 832+791+E9 +8S1+7A +B6 +E5 +3Dl+F2 +06 + 

6863.52 
6952.75 
7065.97 

752+751 
F12+B31+F4 
B53+BA1+BD 
753+732+0D 

+Fll+7J1+E3 
+7Al 
+76 +5El+EA 

Resolution (High 1, Low 100) 25 
3937 52 
4023.25 511 +94 +54 
4135 7 

+88 

BOl 

4176.75 
4254.5 
4334 
4375 
4450 
4499 
4555.5 
4600 
4658.5 
4685 
4747.5 
4832 
4864.5 
4993.62 
5048.5 
5102 
5148.5 
5213 
5278.5 
5336. 
5438.03 
5475 
5518 
5555.5 
5673.5 
5743 
5779. 
5815 
5882.5 
5977.25 
6024.5 
6062 
6102.5 
6175.12 
6250.87 
6304.5 
6349 
6453 
6499 
6573.5 
6622.5 
6700.94 
6792.5 
6845.5 
6871. 
6920 
6961.5 
7039.88 
7073 
7204 

61 +32 +912 
512+34 

311 
A2 
312 
A4 +521 

lAl+99 
Bl +E +59 

55 +541+01 +B01 
701 

39 
62 +513 

64 +321+35 
9A +161+71 +341 
SA +313 

33 
591+B2 

551+02 
3A +B4 
B12+f +04 
96 +El +531+012+Bl1+56 

39l+AA +711 
5AI 

351+72 
553+36 +74 

89 +331 
712 

85 +09 
3Al+05 +6A 
561+353+821 
721+E2 +B3 

813 
03 HI 
FOl+E12+713+E4 +B41+741+79 +BA 
75 +B52+0A +333 
66 +361 

052 
73 
B91 

B32+791+E9 
B51+7A +B6 
E5 +301+F2 +D6 +752+751 
F12+B3J 
F4 +Fl1+731 
E3 +BB 

B53+8AI 
BD +7Al 
753+732+0D +76 

5E1+EA 
F9 +B33 

, 
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Data Manageaent and Information Extraction 

The volume of data produced by maS8 

spectrometers~ gas chromatographs with. capillary 
column, or spectrophoto.eters is very large. 
Efficient ways are needed to extract information 
froll the raw data and the data lOOst be reduced to 
manageable size or presented in a comprehensible 
manner. Data must also be cOGmlunicated between 
systells since not all systells perform different 
taske equally well. As alch evaluation as p)ss1ble 
should be delegated to cOllputers while the operator 
retains control over the crucial steps and is able 
to detect unusual occurrence.. Existing programs or 
described algorith.s and numerical techniques have 
to be implemented on the existing equipment. Thta 
takes considerable effort. 

A technique to plot data received from a host 
computer on an intelligent graphics ter.inal was 
developed (Zitko 1984a). 

An optimization program for general laboratory 
applications ranging from curve fitting to tuning of 
chemical analytical equipment WBS written, based on 
the simplex algorithm (Zitko 1984b). 

Simplex is an n-dimensional obj ect wi th (n+1) 
vertices; a triangle in two-, a tetrahedron in 
three-, dimensions. The vertices are 8ets of values 
of parameters (n parameters per vertex) st which the 
response 18 detenined. The best (8) I worst (W) and 
next-to-worst (N) vertices are located. The mean of 
all vertices except W is the centroid (C, Fig. 5). 
Points NC, C, PC, R. and E are negative contraction. 
centroid, positive contraction, reflection, and 
expansion, respectively. The mean of all vertices 
(not shown) is the center of gravity. 
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w • NC 

N 

• 
• • 

• 
• 
• 
• C 

PC R E 
*--------x--------x--------x--------x-------------x 

• 
• 

• 
• 

• • 
• • 

• • 
• 
B 

Fig. 5. A two-dimensionsl si.plex. Responses in 
vertices are: worst(W), next-to-worst(N). and best 
(8). NC. C, PC, R, and E indicate negative 
contraction, centrOid, positive contraction, 
reflection, and expansion, respectively. 

As can be seen from Fig. 5, all the points of 
potential simplex movement (NC, PC, R, and E) lie on 
the straight line through W and C, given by: 

Point. C+F*(C-W), 

where Point - NC. pc. R, or E and F--0.5, 0.5, 1 or 
2, respectivel y. 

Consider for example a two-dimensional simplex of 
the function z-2-x**2-y**2: 
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x 
y 

• o 

3 
1 

-6 

2 
3 

-11 

The best response (0) is at x-y-l; the worst (-11) 
is at x-2, y-3. The coordinates of Care x-l and 
y-l [(1+3)/2; (1+1 )/2J snd those of Rare x-2 and 
y--1 [2+(2-2);1+(1-3)]. The vertex with the worst 
response is discarded and a new vertex is chosen at 
R or E when the reaponse is improving in this 
direction. If this is not the case, the new vertex 
is selected at PC or OC. The process is repeated 
until the size of the simplex decreases below a 
preset level. 

Measurement of several para:aeters ("variates H

) 

per sample gives an opportunity to extract 
information by factor analysis. Examples of 
multiparameter measurements are .ass spectra Where 
the intensities of ions are measured routinely at 
400-500 m/e values. The simultaneous measureaents 
of OJ, Zn. Ph, and Cd or of a number of organo
chlorine compounds or polynuclear aromatic 
hydrocarbons are other examples. 

Factor analysis Is able to determine the number 
of components in aixtures and, at times. even their 
composition. This aids the presentation of the data 
and recognition of patterns in the data. 

Fsctor analysis projects points on axes. The 
axes are at right angles (orthogonal) and are 
selected to maximize the sum of the squared 
projections. For the points A, B, and C these axes 
are f1 and f2 (Fig. 6). The projection of the points 

" 

• 
• 

B 

fig. 6. Principle of factor analysis. Points 
A(l,2), B(3,3), and C(4,I) are projected on 
an axis located to maximize the sum of the 
squsred projections (f1). Second axis (f2) 
is selected perpendicular to the first. 
Imagine yourself in the center of a swarm 
of mosquitos. Draw the first axis through 
the largest width of the SW8Ill. Then 
search the perpendicular plane for the 
se.cond largest width to place the aecond 
axis, and so on. Try a mental experiment 
in 4 dimensions. 



on the fl axis retains lIQst of their arrangement 1n 
the planew The projection reduces the dillensions of 
the data from 2 to 1 while retaining .ost of their 
"shape··. This is important for gaining comprehen
sion of multidimensional data. The following 
exa.ple illu.trates the principle of factor 
analysis . Consider chemicals A and B wi th the _88 
spectra: ./. 
Compound A 
Compound B 

57 

100 
100 

71 

50 
2 

85 

30 
o 

99 

o 
22 

119 

o 
5 

The compounds are eluted from a gas 
chromatograph into a mass spectrometer and their 
concentrstions in 5 consecutive scans are: 

Scan 

Co.pound A 
Coa.pound B 

0.3 
0.1 

2 

0.5 
0.2 

3 

0.4 
0.4 

4 

0.2 
0.3 

5 

0.1 
0.2 

The peaks of A and B do not coincide. The 
.aximulD of A is in scan 2. that of B in scan 3. wt 
the mixture will appear as one broad peak. 
The reliulting mall8 spectra will be weighted sums of 
the mass spectra of A and B. For example, 1188S 

spectrum in sean 1 will be O.3w(mass spectrum of 
A)+O.I*(mass spectrum of B). In general, the 
weighting factors are amounts or concentrations of 
components; the components are described by their 
"composition" (in this case mass spectra). 

The mass spectra of the 5 scans are: 

m/e 57 71 85 99 119 
Scan 
---------------------------------

I 40 15.2 9 2.2 .5 
2 70 25.4 15 4.4 1.0 
3 80 20.8 12 8.8 2.0 
4 50 10.6 6 6.6 1.5 
5 30 5.4 3 4.4 1.0 

----------------------------------
Factor analysis is this process "in reverse". 

Mass spectre of A and B are not known. Only the 
mass spectra of scans 1-5 are available. It is not 
even immediately obvious that the spectra are cauaed 
by a mixture of compounds. Factor analysis first 
attempts to eatablish the number of componemts. 
This 1s done by forming the covariance matrix and 
extracting its eigenvalues. The data matrix is 
usually preprocessed by subtracting its mean row. 
The number of ·'large" eigenvalues is the number of 
components. Each eigenvalue has an associated 
direction (eigenvector). The eigenvectors are the 
constituting components (factor scores, abstract 
column matrix). A llixture is reconstituted by 
adding the eigenvectors in amounts given by the 
~weight8" (factor loadings, abstract row matri~). 

For the given example: 

Abstract components (eigenvectors, factor scores) 

.927342 

.317 

.186533 
6.72244E-{)2 
l. 52783E-{)2 

.308919 
-.724683 
-.456788 

.40294 
9.15774E-{)2 
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Abstract a.ounts (concentrations, row Matrix, 
factor loadings) 

-13.2893 
19.0391 
26.6058 
-5.72261 

-26.633 

-5.42712 
-5.35979 

4.29783 
4.2305 
2.25858 

The components 
spectra of A and B. 
loadings. The scan 
13. 2893 (eigenvector 

or factor scores are the mass 
Their amounts are the factor 

1 then is Hean spectrum (row) -
1) - 5.427*(eigenvector 2). 

The components and their weights are different 
from the ·'real" ones. This is because factor 
analysis tries to preserve the "span'· of the data. 
It draws the first coordinate axis in the directlon 
of the largest span, the second axis in the 
direction of the second largest span perpendicular 
to the first, etc. Techniques are available to find 
the "real" coaponents or at least coaponents thst 
could be added in positive amounts to reproduce the 
data. 

Plotting even the abstract row matrix 
facilitates visual inspection of the data and helps 
to detect pattern. An exa.ple is given in 
connection with heavy metals. 

QSAR 

Properties, environmental distribution, and 
effects of chemicals are functions of its structure. 
Structure may be considered the ·'independent·' 
variablej properties, distribution, and effects are 
the "dependent'· variables. The task of qiAR 18 to 
relate quantitatively structure to properties, 
distribution, and effects. To be able to do thiS, 
one must express quantitatively all four variables 
by various ·'descriptors·'. Structural descriptors 
include topology (lolhich atom is bonnd to which), 
geoaetry (shape of the molecule), and the presence 
of functional groups (chlorine, hydroxyl). 

Effects are described by biological deacriptors 
such 88 LC50 or a dose-response curve; envir01"llllental 
distribution is described by compartmental models 
(Zitko 1984c). Bioaccumulation of chemicals by fish 
is usually depicted by a '·one ca.paTt.ent'· !!IOdel. 
In many cases this is a conSiderable 
oversimplification and techniques for fitting more 
complex models to data are being developed. 

Compartment is a kinetically homogeneous, 
distinct amount of a chemical. It may be associated 
with a tissue or an organ (i.e. gills may be 
considered a compartment). but an organ may contain 
several compart.ents ('bound' and 'free' zinc in the 
gills). A model consists of one or several 
co~part.ent8. The chemical is transported between 
cOID.partments at rates characterized by rate 
coefficient kij, Where k is the value whose 
dimension 18 l/time and i-originating, j-de8tination 
compartment. The model is 'open' when the cheaical 
is alao exchanged with the environment (coaparo.ent 
O. Fig. 7). In nonlinear JDOdels, at leaat one of 
the rate coefficients is a function of concentration 
and has a dimension of l/(ti.e*concentration). 
Differential equations describing the .odel are 
derived from material balances of the chemical in 
individual compartments (change- input-output): 

• 
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Fig. 7. A four comparement .. mMillary (peripheral compartmenes 1,3,4 
connected to the central compart~nt 2) open (8 cheMical enters 
fro., and may be excreted to the environment (compartment 0» 
model. The eoapart.ents 1-4 _y be, for example, gills. blood, 
liver, and kidney, respectively. 

A ma88 balance for coepartment 1 (Fig. 7) 18: 

Input - kOl*cw + k21*c2*V2 (unit: 
Output- klO*cl*VI + k12*cl*VI (unit: 

.ass/tt.e) 
uss/tt.e) 

Change - Vl*dcl/dt - kOl*cw + k21*c2*V2 - klO*cI*VI
k12*c1*VI 

or, dcl/dt oa -(klO+k12)*c1 + k21*V2/Vl*cZ + 
kOl/Vl*cw, 

where kij- transfer rate coefficients (un!t l/time, 
except for kOt which is volulIIe/tlae). 

cw - concentration In water, 
ci - concentration In co.partment i (unit 

I1ass/volume). 
Vi - volu~ of compartment i (unit volume). 

Differential equations for the other 
coapartments may be derived in the same way. The 
.odel is then described by a syste. of differential 
equatioos. 

The task is to obtain values of the transfer 
rate. ldj from the compartment sizes Vi and meuured 
concentrations of the chemical in the compartmenta. 
Techniques are being adapted for this purpose. 'I\Jo 
environmental compartmental modele are operational. 
One is based on the fugacity approach of Or. Mackay 
(University of Toronto), the other is the NRCC 
Environmental Secretariat model, adapted to our 
computer . A wider use of these uodels in 
verification and risk estiaatioo i8 desirable. The 
U.S. EPA aode1 "EXAMS" is too large and cOfIplex for 
our co.puter. 

Biodegradation Is an important factor in 
environmental distribution of che.icals. 
Biodegradation intermediates are often quite 
difficult to identify and measure. The state of the 
art in ehealeal analytical techniques characterizing 
biodegradation was reviewed (Zitko 1984d). 

HEAVY METALS IN SEDIMENTS 

Knowledge of the effects of heavy metals in 
sediments is needed mainly for the estimation of 
risk to fisheries from dredging and dredge spoil 

dUIiPing. The metals of prime concern are Cd aDd 
lead (Pb). Copper (Cu) and tinc (Zn). although very 
toxic to fish in water, are of lesser concern in 
sedi.ents. 

In sediments the metals are present as 
insoluble salta. ususlly sulfides or carbonates or, 
for Pb 88 lead sulfate. and also bound by organic 
matter. Additionally, a portion of the metals is 
present in crystal lattices of minerals of the earth 
crust. The portion present as salts or bound by 
organic matter is to SODle extent leached by water 
and may be toxicologically illportant. The ease of 
leaching affects the "bioavaUability" of the 
.etals. Bioavailabil1ty is . as a rule. not related 
to the "total" concentration of the metals in the 
sediaents (Ray and McLeeae 1983). 

Hetal content of suspended particulate matter 
(SPH) was studied in the Hiramichi estuary (Ray and 
Hacknight 1983). The average concentrations of OUt 
Zn. Cd. and Pb were 1.2, 2.6, 0.03, and 0.6 mg/g dry 
SPM, respectively. SPH contained about 4% of organic 
carbon. In .ost cases the concentration of heavy 
metals in SPH was IWch higher than that in the 
sediment. The variations were large and effects of 
dredging in the estuary were not detectable. 

Zinc are concentrstes shipped from the port of 
Dalhousie, N. B., contamtnete sediments in the 
harbour. Seawater leaches OJ, Zn, Cd, and Pb from 
the concentrates and froe contaminated sediments. 
Organic carbon of the sediments decreases somewhat 
their bioavallabil1ty. Only Ph and Zn were 
accumulated by Crangon septemspinosa and by Merels 
virens exposed to contaalnated eediments in the 
laboratory (Ray and Peterson 1983). 

The concentrationa of OJ. Zn , Cd. Pb, 
molybdenu. (Ho), nickel (Ni), .anganese (Hn). and 
mercury (Hg) were low in sediments in Saint John 
Harbour. but anthropogenic input in one area was 
detectable (Ray and Macknight 1984). 
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Metal Cu Zn Pb Cd Ho N1 Hn HS 
Site "g/g-l dry wt 

---------------------------------------------------------------
1 Inner harbour 15.9 53.3 24.3 0.16 3. 1 16.3 296 0.05 
2 Grand Bay 11.1 41. 2 24.3 0.18 3.3 17. 1 328 0.04 
3 Narrows 14.5 41.9 20.5 0.14 2.9 15.8 248 0.02 
4 Rodney Terminal 12.6 46.7 20.9 0.10 3.5 16.3 307 0.02 
5 Courtenay Bay 20.6 65.9 30.8 0.22 2.6 16.7 285 0.03 
6 Dumps1te 11.5 44.2 18.5 0.06 4.2 15. 1 283 0.03 
7 Outer harbour 15. 1 69.2 21.9 0.08 0.03 
---------------------------------------------------------------

As an example of the application of factor 
analysis I the data for Qa - Cd could be reasonably 
well reproduced by using CWo factors (Fig. 8). Thh 
may indicate two sources. The figure presents well 
the similarity relationships of the samples. 
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Fig. 8. Heavy metals (Cu. Zn. Ph. and Cd) in 
sediments in Saint John Harbour. a two-factor 
proj ection. 

X-axis: First abstract factor 
I-axis: Second abstract factor 
I-Inner harbour; 2-Grand Bay; 3-Narrow8; 
4-Rodney Terminal; S-Courtenay Bay; 
6-Dumpsite (in outer harbour); 7-Duter 
harbourw 

HEAVY METALS IN SCALLOPS 

Cu. Zn. Cd, and Pb were measured in scallops 
from Chaleur Bay, NwB. (Ray et a!. 1984a) and from 
Georges and Browns Banks (Ray et a!. 1984b). '!be 
levels of Cd and Pb in scallops from all three sites 
were higher than those from a control dte in 
Passamaquoddy Bay, N.B. With the exception of a few 
sites in Chaleur Bay with known anthropogenic 
inputs. the elevated levels reflect local geological 
conditions. 

RISK ASSESSMENT 

The bioaccumulation of Cd in marine organisms 
was reviewed (Ray 1984). In spite of its extremely 
low concentration In seawater (about 40 ng/L). 
.olluscs and crustaceana &ccu.ulate Cd to a 
considerable extent and do not appear able to 
excrete it. The literature on the accumulation of 
Cd and on conditions affecting it is very extensive 
and significant progress has been made in the 

studies of the IJIetal-binding protein, IDI!tallo
thionein, and on storage tEchanistls of Cd as well .. 
of other IlI!tals. At the same time ItIJch realains t o 
be learned. 

With a few exceptions it appears that levels of 
Cd 88 well 118 those of other metals have not been 
elevated by anthropogenic activities in .. rlne fauna 
of the western North Atlantic (Ray and Bewers 
1984). 

In freshwater. Cd at 2 }JIlL slowed the growth 
of Atlantic salmon Salmo salar alevins and caused 
80-90% .ortality of~ing fry. The mortality of 
fry reared previously in the presence of Cd at 
2 #JIlL was lower (Peterson et a!. 1983). The 
accum.ulation of Cd by salmon eggs is rapid and 
decreases with decreasing pH (Peterson et al • 
1985) • 

FU;LD STUDIES 

It is always difficult to detendne causes of 
changes (usually declines in populations of fish and 
shellfish) and only a few cases exist where a causal 
relationship has been established. even tentatively. 
One IDOre case can now be added to the record. In 
recent years, striped bass (Horone saxitalis) have 
not reproduced 8ucceeafully 1'ilthe Annapolie River, 
N. S. I and a high eabryonic m:lrtaUty has been 
reported for striped bass eggs from the St. John 
River. N.B. Levels of R;B were higher (1.4 J.l3/g) in 
the gonads of the fish from the Annapolis River than 
fro_ the Shubenacadie River, N.S. (0.04 pg/g) (Ray 
et al. 1984c). The effect of R;B on fish reproduc
tion has been docu.ented in several species in the 
laboratory. , 
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BIOCHEMICAL TOXICOLOGY 

K. Haya 
L.E. &rridge 
B.A. Waiwood 

Exposure of animals to sublethal levels of 
xenobiotics may cause stress on mechanisms required 
for maintaining a healthy physiological state. This 
stress may resul t in changes in biocheml cal. 
physiological or behavioral processes in aquatic 
organisms. Quantitative measurements of these 
sublethal effects on biochemical parameters will 
increase our ability to predict acceptable levels of 
pollutants in the environment. Such indicators 
could also be developed as early warning signals of 
potential pollution problss or for deten.lning the 
health of an aquatic population. The objective of 
the Biochemical Toxicology Program is to develop 
bioche.ical para.eters as indicators of sublethal 
effects caused by xenoblotics. We have focused our 
attention on energy metabolism. 

Adenosine triphosphatases (ATPases) are a group 
of enzymes which hydrolyze adenosine triphosphate 
(ATP) to adenosine diphosphate (ADP) and inorganic 
phosphate (Pi). In the process, the energy released 
becomes available for cation transport. These 
enzymes, especially 80dium, POtassium-activated 
ATPase (Na,K-ATPase), playa central role in whole 
body oa.aregulation (Towle 1981). N~,K-ATPase 
activity is inhibited by ouabain and those ATPases 
not inhibited by ouabain are referred to 
collectively as residual ATPase. Exposure of 
aquatic animala to various chellicals alters the 
activity of ATPases and Ha, K-ATPase activity 1s a 
potentially useful indicator of sublethal toxicity 
(Haya and Waiwood 1983). 

Adenylate energy charge (ABC) is another 
potential indicator of sublethal effects tn 
multicellular aquatic organis.s (Haya and Waiwood 
1983; Ivanovici 1980). AEC «ATP+O.5ADP)/(~TP+ 
ADP+AHP» 1s a measure of the amount of energy 
available from the adenylate pool and is a prime 
factor in the regulation of the flux of energy in 
catabolic and anabolic proceseea of cells (Atkinson 
1977). Changes in AEC of aquatic animals during 
environmental (salinity, temperature~ pH) or 
xenobiotic stress have been reviewed (Haya and 
Waiwood 1983). 

AEC l18y not be applicable in systems where 
phosphagens dominate as energy carriers (e.g. 
muscle) or where adenyl ate kinase is not 
sufficiently active (e.g. adtochond~ial .. trlx) 
(Reich and Sel'kav 1981). Creatine phosphate (CP) 
in vertebrates and arginine phosphate in 
invertebrates are the main phosphagens that accept 
or return energy equivalents froll the adenylate 
pool. Cells use this process to .intain a conatant 
AEC lDltll the phosphagen pool 18 exhausted, provided 
that inorganic phosphate concentration 1. well 
buffered. In those systems where inorganic 
phosphate levels are limited or weakly buffered, its 
c()Qcentration is expected to be a factor in 
.echanisas controlling the energy state of cella 
(Erecinska et al. 1977). In this situation the 



phosphorylation potential (PP-ATP/(ADPxPi» may be a 
better measure of the aetabolic energy state 
(Erecinska et al. 1977; £recinska and Wilson 1982. 
Reich and Sel'kov 1981). Therefore phosphagen 
levels or PP .ay be altered on, or may be responsive 
to, exposure to sublethal levels of chemicals in 
cases where AEC relllains constant. 

Glucose and glycogen are principal substrates 
in central pathways of energy-producing carbohydrate 
aetaboliam in the liver, and their concentrations 
were also deter.ined. Alterations in levels of 
these substrates can be caused by starvation, 
hypoxia or 8ublethal exposure to chemicals. Recent 
projects of this program are: 

1. Sublethal effects of xenobiotics on juvenile 
Atlantic salmonj 

2. Hypoxia and organochlorine toxicity to Nereis 
virens; 

3. Low pH and amoltification of Atlantic salmon 
parr. 

I. SUBLETHAL EFFECTS OF XENOBIOTICS ON JUVENILE 
ATLANTIC SALMON 

The purpose of this project wail to evaluate 
ATPase activity of gills and intel"1llediary energy 
metabolism of liver in juvenile Atlantic salmon, 
Salmo s8lar, as indicators of sublethal effects of 
C"he"iDIc~ Gills are the main osmoregulatory 
aurface organ in aquatic anillals and are the primary 
site of uptake of waterborne pollutants. Therefor., 
sublethal effects of chemicsls on Na,K-ATPase 
activity would be expected in gills. The liver is 
metabolically a very sctive tissue, the site of 
biotransformation of most xenobiotics, an organ in 
which bloconcentration of chemicals csn be large and 
the target organ of IIIBny toxic compounds. Thus the 
liver is a likely organ in Which sublethal effects 
on energy metabolism will occur. The project 
includes results from three separate experiments. 

The Na,K- and residual ATPase activity In gill 
and ABC, PP, CP, glucose and glycogen in liver after 
exposure of juvenile Atlantic salmon to sublethal 
levels of 18 che.lcals were determined. The 
che.icals included eight chlorinated or alkylated 
phenols, five organochlorine pesticides and five 
ester type pesticides (Table 1). Expoaures were for 
96 h at nominal concentrations that were 50-90% of 
nominal LCSO values for the phenols, and nominal 
concentrations that were equal to or twice LCSO 
vslues baeed on average a.easured concentrations for 
sll peaticides (for details of methodology see Haya 
e< .1. 1985). 

A UV-Vis spectrophotometric kinetic method of 
analysis for ATPase activity was developed for 
salmon parr gills. Previously we used a technique 
where accumulation of one of the end products 
(inorganic phosphste) after 20 adn of incubation was 
measured. This method "'BS cumbersome and had 
several potential sources of error that had to be 
carefully monitored. The new method waa adapted 
from a technique used to measure ATPase activity of 
.... allan renal tubules (Schwartz et al. 1983) and 
is a .ore sensitive and ~directM method of 
deter.ining AXPase activity . It also ha. the 
advantage that both Na,K- snd residual ATPase 
activity can be determined on the same sample. 
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In all three experiments, Na, K- and residual 
ATPaae activities in gill of O-h control fish were 
not significantly different from that of 96-h 
controls within each experiment. The significant 
differences in activit1el of gill ATPases frolll 
control fish among the three experiments may be 
related to factors Such as life stage, size or 
season. Gills of fiah exposed to eight of the 18 
chemicals had significant differences in activity 
of ATP8ses frOli those of their respective 96-h 
controls. Na,K-ATPase activity of fish exposed to 
endosulfan, kepone, toxsphene and aminocarb 
increased While those exposed to 4-methlyphenol 
decref,sed compared to those of their respective 96-h 
controls. Residual ATPase activity increased on 
expOSure to 2-chlorophenol, p-nonylphenol, 
toxaphene, kepone, azinpbosmethyl and malathion but 
decreased on exposure to aminocarb. Variability 1n 
the response of ATPases to xenobiotic6 has been 
noted previously (see Haya and waiwood 1983, for 
review). There is no obvious relationship between 
structure and effect. The lack of response on 
exposure to .,st of the chemicals _y be due to 
dose; chst is the exposure concentration mey have 
been below the threshold concentration required to 
produce an effect on the ATPase.. Our li.ited data 
suggest that with kepone the thre.hold for increase 
in activl ty of ATPaae8 is between 0.08 and O. 12 
mg/L. 

Some of the par_eters of energy U!:taboU .. 
~easured in liver of control salmon were different 
between experiments and 'With time within experiments 
(Table 2). There was a decrease in glycogen levels 
from o-h controls to 96-h controls. This was 
probably an effect of stsrvation as the fish were 
not fed during the exposure period. The cause of 
the differences in glycogen levels or PP between 
experiments is not known but .. y be related to 
season . size, nutritional status and sexual 
maturity. 

After 96 h of exposure to the chemicals, 
differences in parameters of energy metabolisa 
between the treated and controls were not 
consistent. However, glycogen levels were 
consistently higher in the O-h controls than in 
those of the 96-h controls Which in turn were higher 
than in those of fieh exposed to chemicals. ABC 
also showed a similar trend and values were lower 1n 
salmon exposed to organochlorines or ester-type 
pesticides, but noC 1n those exp08ed to phenole. 
The results suggest that the increased energy 
requirements caused by acute exposure to chemicals 
are mt by increased glycolysis resul ting in a 
depletion of glycogen stores. 

2. HYPOXIA AND ORGANOCHLORINE PESTICIDE TOXICITY TO 
NEREIS VIRENS 

Relatively high levels of organochlorine 
pesticides are not as toxic to the polychaete WOra, 
Hereia virens, as they are to other invertebrates 
(HeLee.e et al. 1982). Some marine invertebrates, 
including N. viren., survive extended periods of 
anoxia by switching to anaerobic pathways of energy 
metabolism. The present study investigated the 
possibility that the tolerance of N. virens to 
relatively high levels of organochror~8 
related to its ability to switch to anaerobic 
aetabolism. Specifically, would organochlorines 
stimulate a response similar to that induced by 
anoxia and thus decrease uptake of or alter 
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Table 1. Nominal exposure concentration, .eans of weight, Na,X- and 
['esidual ATPase activity in gill of juvenile Atlantic salllon exposed to 
phenols and pesticides for 96 h. 

Hean 
Exposure Hean ATPase activity 

cone. wt (~mole Pit!! ~rotein x h) 
Treatment n (mg/L) (g) Na,K Reeldual Total 

Phenols 

O-h control 27 4.6 0.4 2.0 2.4 
96-h control 23 3.8 0.5 2.3 2.8 
Pentachlorophenol 18 0.04 4.4 0.4 2.0 2.4 
p-Nonylphenol 15 0.5 4.2 0.7 3.18 3.S8 

2-Chlorophenol 15 0.6 4.0 0.5 3.48 3.9a 

4~ethylphenol 15 1.5 4.4 0.38 1.9 2.2 
2,4,5-Trichlorophenol 14 1.6 3.7 0.4 2.3 2.7 
Phenol 21 2.7 3.9 0.4 2.3 2.7 
2,6-Dlmethylphenol 23 10.5 4.9 0.4 2.7 3. I 
3.5-Dimethylphenol 15 12.0 5.0 0.4 2.3 2.7 

Organochlorine pesticides 

O-h control 20 108 1.8 6.4 8.2 
96-b contol 25 81 1.9 6.2 8. 1 
ODT 14 0.13 93 1.\ 7. 1 8.8b 
Endosulfan 15 0.02 100 2.7 7.2 9.9 
Dieldrin 14 0.10 90 2.3 6.9 9.2 
Toxaphene 13 0.14 96 2. ':l 6.4

b 8.9 
Kepone 4 0.20 95 1.8b 

a 8.5 10.\ 
8 0.12 82 2.9 7.Sa 10.4 

10 0.08 82 2.0 6. I 8.1 

Ester-type pesticides 

O-h control 15 74 2.8 7.4 10.2 
96-h control 15 72 3.4 6.\ 9.\ 
Malathion 14 0.2 76 3. I 9.1 12.2 
Fenltrothion 15 1.0 66 3.3 6.8 10.1 
Azinphosmethyl 15 2.0 71 2.8 8.1

a 10.9 
Carbaryl 2 4.6 82 3.8b 6.6 10.4 
Aminocarb 15 8.3 67 4.3 5.78 10.0 

·Significantly different (p~0.05) from 96-h controls in t-test. 
bSignificantly different (p~O.OI ) from 96-h controls in I-test. 
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Table 2. Biochemical parameters of energy metabolism (pmol!g wet Weighc) 
in liver of control juvenile Atlantic salmon. 

Phenols 
control 

Experiment O-h 96-h 

n 5 5 
ATP 0.99 1. 19 
ADP O.Sl 0.S5 
AMP 0.05 0.06 
TOTAL ADEN 1.S5 2.10 
AEC8 0.751 0.767 
CP 0.53 0.19 
Pi 6.S S.4 
ppb 0.23 0.19 
GLUCOSE 6.2 4.6 
GLYCOGEN 402 250 

8 unitless 
bper ttM 

intermediary energy metabolism to overcome the toxic 
effects of organochlorines? 

In a series of uptake and excretion studies, N. 
vireos were acclimated to hypoxic or normoxic 
C'OiidItlons for 24 h. exposed to several organo
chlorines for 96 h (Table 3) and then placed 1n 
unspiked normoxic or hypoxic seawater for 336 h. 
Worms were sampled periodically and analyzed for 
organochlorine content or, in the case of 
non-radioactive experiments, analyzed for levels 
energy metabolism substrates. Dissolved oxygen 
levels were 94% saturation for normoxic treatment 
and 6% saturation for hypoxic treatment. 

of 

Worms exposed to hypoxia at 7°e in this 
experiment survived longer than 400 h. However, 
worms sampled late in the excretion phase of the 
experiment appeared to be near death (flaccid, 
inactive and showing very little reaction to 
stimuli). 

There were no differences in rate of excretion 
of pesticide for worms held in hypoxic or normoxic 
conditions. GenerallY little if any excretion was 
indicated. Uptake was greater during hypoxic 
exposure than that observed during normoxic exposure 
for both DDT and endosulfan. There appears to be no 
difference in uptake by worms exposed to dieldrin in 
hypoxic or normoxic seawater. The pesticides 
continue to be taken up by the worms regardless of 
oxygen concentration in the surrounding water. 
Therefore tolerance of N. virens to DDT, dieldrin, 
and endosulfan cannot ~ explained in terms of 
uptake and excretion kinetics under normoxic or 
hypoxic conditions. 

The levels of ATP, ADP, AMP, Pi, glucose and 
glycogen of O-h normoxic control worms were 2.03, 
1.11, 0.52, 10.3, 0.51, and 99 ,umol/g 1<Iet weight, 
respectively. The levels of these substrates were 
not significantly different from those of the 96-h 
normoxic controls, or the 0- and 96-h hypoxic 
controls. Thus the values of AEC and PP (0.764 and 
0.38/mM, respectively, for O-h normoxic worms) which 
were derived from the concentrations of these 
substrates were not significantly different among 
the four control groups. Unlike most invertebrates, 

Organochlorines Ester-type pesticides 
control control 

O-h 96-h O-h 96-h 

15 15 15 15 
1.5S 1.25 1.31 1.31 
0.94 0.S5 0.74 0.95 
0.21 0.19 0.05 O.OS 
2.72 2.29 2.10 2.34 
0.752 0.723 0.79S 0.762 
0.26 
5.5 
0.33 
3.1 
539 

0.20 O.OS 0.14 
4.9 4.2 4.5 
0.32 0.46 0.33 
4.7 3.0 4.6 
394 214 176 

Table 3. Average measured concentrations 
of organochlorine pesticides in water during 
96 h that Nereis virens were exposed. 

"giL 
Organochlorine Hypoxia Nonnoxia 

pp-DDT 3.5 4.6 
14C-DDT 3.3 4.3 
Dieldrin 7.1 9.0 
14-Dieldrin 2.2 1.9 
Endosulfan 55.4 64.3 

.!. virens have CP rather than arginine phosphate. 
CP levels in 0- and 96-h hypoxic control worms (1.89 
and 1.94 ~mol/g 1<Iet weight, respectively) were 
significantly lower than those of 0-- and 96-h 
normoxic controls (2.24 and 2.49 ,umol/g wet weight, 
respectively) (Fig. 1). CP levels were not 
different between 0- and 96-h controls within each 
oxygen treatment. 

There were no differences in the biochemical 
parameters between controls and worms exposed to 
organochlorines under normoxic conditions. Exposure 
to both hypoxia and organochlorines caused 
significant differences (ANOVA; p <. 0.01). The 
levels of Pi and glucose increased and glycogen 
decreased in worms exposed to anoxia and 
organochlorines for 96 h compared to all other 
treatments. CP concentration was lower in worms 
exposed to hypoxia and organochlorines than in those 
exposed to hypoxia, which in turn was lower than 
normoxic controls or normoxic organochlorine-exposed 
worms (Fig. 1). These resul ts indicate that 
exposure to hypoxia and organochlorines has a 
synergistic effect and that the resulting increase 
in energy requirements is met by an increase in 
glycolysis and utilization of CP to maintain ATP 
levels and AEC. 
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Fig. 1. Levels of CP in ~ ~ exposed to dieldrin, DOT, 
and endoBulfan Ul'Ider normoxic and hypoxic conditions for 
96 h. Each bar represents the mean of six ~rms (+ 1 S.E.). 

3. LOW PI! AND SMOLTIFICATION OF ATLANTIC 
SALMON PARR 

Smoltiflcation does not proceed normally when 
parr are exposed to sublethal levels of low pH. 
Exposure of Atlantic salmon parr to low pH prevents 
the increase in Nat K-ATPsse activity and plasma Na+ 
and Cl- concentratIons which occurs during 
smoltification (Saunders et al. 1963). Acute 
exposure to low pH causes alterations in 
carbohydrate metabolls. in both red and white muscle 
tissue of Tilapla IIIOssa.blca (Murthy et ale 1981). 
an increase in blood glucose and lactate 
concentrations of Coregonus peled and Salmo ~ 
(Hiemineo et al. 1982), and a decrease in adenyl ate 
energy charge (ABC) of four organs of Fundulus 
grandis (MacFarlane 1981). The purpose of this 
study was to determine the effects on intermediary 
energy metabolism when Atlantic salmon were exposed 
to low pH during the period when smoltification 
normally occurs. 

LABORATORY EXPERIMENT 

Atlantic salmon parr were held for 76 d at pH 
4.7 during the period when the final stages of 
smoltification normally occur. Control salmon (pH 
6.5) had a significant increase in ~ightl length, 
and liver 80aatic index which was not observed in 
those held at low pH. Condition factor decreased in 
both groups but to a significantly greater extent In 
the low pH group. Decreased food intake probably 
contributed to the lack of growth by salmon parr 
exposed to low pH. 

At the start of the experiment the mean levels 
in muscle of adenine nucleotides were 6. 93. 0.86. 
0.09 ... mol/g wet weight for ATP. ADP and AMP. 
respectively, and the AEC was 0.910. The 
concentrations of CPt glucose and glycogen (glucose 
equivalents) were 5.8. 1.1 and 18 ... mol/g wet weight, 

respectively. In the liver the initial control 
concentrations were 1.04. 0.8 and 0.2 pmol/g wet 
weight for ATP, ADP and AMP. respectively, and ABC 
was 0.689. CP, glucose and glycogen were 0.27, 8.6 
and 163 pmol/g wet weight. respectively. 

The concentrations of energy metabolis. 
substrates which we determined in liver of control 
salmon varied significantly (p<0.05) with time but 
in a randoa fashion. An exception was the level of 
CP, which decreased steadily after the 20th day. 
These random variation. were probably of no 
physiological significance. Similar random effects 
with ti.e were found in livers of fish exposed to 
low pH except that AMP, CP and glycogen levels did 
not vary significantly and the glucose level had a 
definite pattern (see below). In IIIJscle of control 
salmon ADP and glucose levels decreased (p< 0.1 and 
p<O.5, respectively), and CP and glycogen levels 
increased (p-cO.l) with time. AEC values fluctuated 
(p<O.5) with time randomly but all values were 
greater than 0.9 and the changes were probably of no 
phYSiological significance. Glucose levels in 
muscles of fish held at low pH increased with time 
and were particularly elevated from day 13 to 28. A 
similar pattern to thst of IIIJscle glucose was 
observed for liver glucose levels. The rise in 
concentration for muscle glucose lagged behind that 
for liver glucose by at least several days. This 
supports the hypothesiS that the source of tllJ8cle 
glucose is from liver via blood. 

After 15 d the levels of substrates in muacle. 
except for AMP, differed in a consistent 
manner between the two treataents. ADP and glucose 
levels were higher in acid-exposed than in control 
fish. However, the difference in levels of ADP was 
due to a decrease in ADP concentration in control 
muscle rather than an increase in concentration 
of salmon exposed to low pH. AEC. CP and glycogen 
levels were lower in muscles of the acid-exposed 
group compared to those of controls. 



A sustained decrease in ATP and total adenylate 
levels occurred after 62 d of exposure to low pH. 
AEC remained only slightly lower in muscles of 
acid-exposed salmon compared to those of controls 
after 15 d of exposure to low pH. AEC values in the 
acid-exposed group remained above 0.9 which is in 
the range expected for fish muscles in a healthy 
metabolic energy state. However, the lower levels 
of CP, ATP, total adenylates, and glycogen would 
suggest that muscle energy metabolism is stressed 
and energy reserves are depleted under low pH 
conditions. 

The concentrations of ATP, total adenylates, 
AEC and glucose were consistently higher (ANOVA; 
p...:::0.01) in the livers of acid-exposed salmon than 
those of controls. There were no differences 
between the liver concentrations of AMP, CP and 
glycogen in the two treatments. However, if amount 
of substrates was considered on the basis of total 
amount in the liver rather than on concentration the 
results were different. There was an increase in 
the amount of all substrates in liver of controls 
but no change with time in livers of acid-exposed 
salmon. This is related to the increase in liver 
weight of controls. The small decrease in liver 
weight of acid-exposed fish did not increase the 
concentration of substrates significantly. An 
exception is the high concentration of glucose in 
liver of acid-exposed salmon which probably resulted 
from an increase in gluconeogenesis using dietary 
protein rather than glycogen consuming pathways. 
The increased glucose concentrations may also 
indicate a decrease in glycolysis. 

MERSEY FISH HATCHERY EXPERIMENT 

This study was carried out at the Mersey Fish 
Hatchery, Nova Scotia, and included three exposure 
conditions: normal hatchery water at pH 4.9 
(control), acid-treated water at pH 4.5 (low pH) and 
lime-treated water at pH 6.5 (limed). nsh were 
divided into the three groups on December 18, 1982, 
and sampled on March 15, April 19, and May 4, 1983 
(56, 109 and 124 d of experiment, respectively). 
This experiment was conducted as part of a larger 
study (Saunders, Fish Physiology Section, Fisheries 
and Environmental Sciences) and sampling procedures 
were such that only liver could be sampled without 
introducing changes in biochemical parameters of 
energy metabolism due to sampling stress. 

Only fish of the limed group had a significant 
increase in length and weight during the experiment. 
The CF progressively decreased in fish held at low 
pH. Similarly to the laboratory experiment, liver 
weight and CF were always lower in the fish exposed 
to low pH than in the limed or control groups. 

The levels of substrates for liver of control 
fish on March IS were 1.07, .074, .09, .0Sl, 15.35, 
342, 4.97 ~mol/g wet weight for ATP, ADP, AMP, CP, 
glucose, glycogen and Pi, respectively. AEC and PP 
values were 0.756 and 0.33/mH, respectively. There 
were no significant differences in any of the 
biochemical parameters we measured between fish held 
in limed water and those of controls throughout the 
experiment. 

As in the laboratory experiment, exposure of 
salmon parr to low pH caused an increase in energy 
requirements Which were partially met by an increase 
in gluconeogenesis. The effects were not as 
definite as in the laboratory study as the fish were 
sampled less frequently and muscles were not 
sampled. Liver glycogen levels were lower in fish 
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held at low pH 
19 and Hay 4. 
held at low pH 
sampling days. 
levels of total 
low pH group. 

fish than that in controls on April 
Glucose levels were higher in fish 
compared to controls on all three 

There was a trend towards higher 
adenylates and values of AEC for the 

Some effects observed in the hatchery study 
were not significant in the laboratory study. These 
were a higher Pi concentration in liver of low pH 
group compared to those of controls on April 19 and 
May 4. pp was also significantly lower in the low 
pH group on May 4. TIlese resul ts are also 
consistent with an increased energy metabolism in 
liver of fish exposed to low pH. 

The results of both the laboratory and hatchery 
experiments indicate that exposing Atlantic salmon 
parr to low pH causes an increase in energy 
requirements Which is met by an increase in 
gluconeogenesis. The result is consumption of 
protein Which probably occurs after or along with a 
depletion of lipid reserves. Gluconeogenesis with 
amino acids rather than carbohydrates as the initial 
substrate is the preferred route of maintaining 
glucose and glycogen levels in fish. Thus dietary 
and endogenous protein is the primary source of 
energy in fish, and in conjunction with decreased 
food intake and increased energy consumption there 
is no protein available for growth. This may be a 
contributing factor in impairment of smoltification 
of Atlantic salmon parr during exposure to low pH. 
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INVERTEBRATES AND CONTAMINANTS 

D.W. McLeeae 

LETHAL BODY BURDENS OF CONTAMINANTS 

Contaminant levels within aquatic organis.s 
that were sampled from nature may indicate whether 
the contaminant in question has accumulated above 
background levels or not. However. because of lack 
of information, it is more difficult, usually 
impoSSible, to assess whether the level within the 
organisms is approaching sublethal or lethal 
levels. 

To investigate lethal body burden, shrimp 
(Crangon) were exposed to Cd in seawater to 
determine concentration of Cd that kills 50% within 
various specified times (LCSO's). Shriap were 
exposed to Cd at 0.06 to 2.7 ag/L. No deaths 
occurred at 0.06 mg/L in 18 d. The estimated LCSO's 
were 2, 1.7, 1.2, 1.0. and 0.47 I118/L for 4,6,7,8. 
and 11 d. respectively. Based on theae lethality 
data • ..ore shrimp were exposed to Cd at 0.4 to 2.0 
.,/L for 13-33 d. Shriap were sampled from each 
test concentration when close to 50% mortality had 
occurred and were analyzed to deter.ine Cd 
concentration within the tissues (H.R. Peterson, 
unpubl. data). 

The lethal threshold concentrations for Cd in 
tissues (LTCT) were estimated as the geometric mean 
of the concentration in the the tissue associated 
with no mortality and the lowest concentration that 
caused 50% mortality. These estimates are shown 
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(Table 1). Because of the wide spread between the 
exposure concentrations of 0.06 and 0.4 mg Cd/L. the 
LTCT values My be overestimated. 

The Cd concentration in tissues increased with 
increased Cd concentration in the water even though 
exposure time decreased. In other words, the Cd 
concentration in tissues of shrimp exposed to lethal 
levels of Cd for tissues approxitllBting LT50's 
exceeded the LTCT. An overshot of the LTCT is to be 
expected in parallel with the well documented 
inverse relationship between concentration during 
exposure and time to 50% mortality seen in lethality 
studies (examples, McLeese and Metcalfe 1980; 
McLeese et a1. 1982). The fact that Cd is not 
metabolized or excreted probably contributes to the 
magnitude of the overshoot. 

The LTCT is the lD8in infonoation required for 
the assessment of the significance of contaminant 
level within an organism sampled from nature. Such 
information can be generated for various contami
nants frOID infor1llat1on such as that in T.ble 1. A 
simpler approach would be to measure contaminant 
levels wi thin organislls that had been exposed to the 
contaainants in water at concentrations just below 
lethal threshold levels, if known frOOl previous 
lethality tests. Exposure ti.es should approximate 
the maximum time utilized in the lethality tests. 
Such information should provide reasonably reliable 
esUmates of the LTeT's. 

FILTRATION RATE OF MUSSELS 

Study of the effects of contaminants on 
filtration rate of ID..Issels was initiated. The 
overall objective was to examine the comparative 
uptake of contaminants from water and from food. 
Reasonably consistent control filtration rates were 
obtained by using 1Il.Issela of ..mlform size and by 
aaintaining constant temperature and reasonably 
constant algal cell (Dunaliell.) concentration in 
the water. The filtration rate varied froot about 
800 to 2100 ~/h/musse1 (estimated feeding rate 
30 to 90 million ce11s/h/mussel) when algal cell 
concentsation in thS solution around the Dl8sels was 
20 x 10 to 50 x 10 cella/taL. A trend for 
f11 tration rate to vary wi th cell density over this 
range could not be recognized. 

ConSidering that certain contaminants might 
produce irreversible changes in filtration rate 
(sublethal or lethal effects), background 
information on control filtrstion rates was required 
to reduce time required to "stabilize" filtration 
rates when different groupe of Dlssels were 
substituted in the test chamber. 

The effects of cadmium, copper, endosulfan, 
dieldrin, and DDT present in the algal cell stock 
solution and in the seawater around the Ol.Issela on 
filtration rate are suamarl%~d (Table 2). Also the 
effects of endo8ulfan and dieldrin present in the 
algal cell 8tock solution are 8u.aarized. 

Examination of the partitioning of endosulfan 
and DOT between algal cells and the seawater medium 
indicated that practically all of these compounds 
would be associated with the cells (in or on the 
cells) • 

Increasing levels of cadmium, copper, and 
endosulfan in cells and water reduced the filtration 
rate progressively. Dieldrin and DDT did not reduce 
filtration rate, at least up to the highest levels 
tested. 
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Table 1. Cd concentration In tissues of shrimp exposed to Cd in seawater at 
concentrations that caused cloae to SOX .art.lity at specified times. 

Exposure Cd concentration in tissues (ms/kg ttssues, dry wt) 
Cd 

(mg/L) 

Control8 

0.0&" 
0 . 4 
0.64 
1. 3 
2.0 

Estimated 

Times 
(d) 

28 

18 
11 
7 
& 
3.3 

threshold 
concentration in tissues 

aNo deaths. 

Whole Tail 
shrimp Hepatopancreas muscle Remainder 

0.8 17 0.2 0.3 

10 . 2 74 0. 4 8. 4 
18.7 284 1. 3 19 . & 
19.2 
2&.& 
37.2 627 5.9 60.2 

15 225 15 

Table 2. Effect of various chemicals on filtration rates of mussels. 

Concentration of chemical (mg/L) 
No reduction 50% reduction Filtration 

Cheateal in rate 

Cadmium (cells and water) 2 
Copper (cells and water) 0.075 
Rodoeulfan (cells and water) 0.5 
Dieldrin (cells and water 3.0 (highest 
DDT (cells and water) 8.0 (highest 

Endoaulfan (cells) 2.5 (highest 
DDT (cells) 8.0 (highest 

in rate 

3 
0.09 
1.0 

level tested) 
level tested) 

level tested) 
level tested) 

not initiated 

8 
0.15 
1. 25 

• 

• 
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Endosulfan in cells and water at 1.0 ~/L 
reduced the filtration rate by 50%. However. 
endosulfan in cella at 2.5 mg/L (the highest level 
tested) did not alter the filtration rate. From 
this limited evidence with endosulfan, it appears 
that the stimulus for reduction in filtration rate 
may be dependent on the concentration of the 
contaminant in the water around the mussels rather 
than directly associated with the algal cells. 
Depending on the validity of this relationship. 
there may not be a sensory mechanism to lower the 
fil tration (and feeding) rate unless, at the satle 
time. the contaminant level in water is relatively 
high. In other words. maximum accumulation of 
contaminants by mussels might occur when food cells 
have concentrated the contaminant and the resultant 
conta.inant level in the water is low. 

RELATIVE HAZARD OF PYRETHROIDS 
TO THE AQUATIC ENVIRONMENT 

Four pyrethroid insecticides were evaluated in 
relation to their potential hazard to the aquatic 
environment in case they are recommended sometime 
for use in forest spraying. The evaluation was 
based on a six-compartment model (air. soil. water. 
suspended solids. aquatic biota. and sediment) 
developed previously (Zitko and HcLeese 1980). 

The relative hazard indices (RHI) are 40 for 
permethrin. 35 for deltamethrin, 190 for 
fenvalerate. and 750 for cypermethrin compared with 
a RHI of 1 for fenitrothion. These were calculated 
on the basis of water solubility of 0.28 II@;/L for 
each of the pyrethroids. The RHIls decrease if 
their actual solubilities are lower. For example. 
if water solubilities for permethrin. deltaaethrin, 
fenvalerate. and cypermethrin are 0.02. 0.04, 0.04, 
and 0.009 mg/L. respectively. the RHI'; are 5, 14. 
38. and 100, respectively. The magnitude of the 
RHlls indicates that the pyrethroids are 
considerably more hazardous than fenitrothion for 
the aquatic environment. 

TOXICITY FACTORS TO AQUATIC ORGANISMS 
FOR INSECTICIDES USED ON POTATOES 

Seventeen insecticides (21 formulations) were 
registered for use on potatoes for 1983 (A.C.P.G. 
1983). Toxicity factors (TF) for the insecticides 
to aquatic organisus, calculated &8 application rate 
(kg a.l./ha)/96-h LCSO (mg/L) , ranged from 0.02 to 
9250. This wide range in TF indicates a wide range 
in potential hazard to aquatic organisms from little 
or no hazard to extreme hazard. 

The TFls for 8 particular insecticide are 
larger for crustaceans than for freshwater fish. 
Three of the insecticides were pyrethroids 
(fenvalerate, peraethrln, and delta.ethrin) and 
these had the lowest application rates (0.012~-o.14 
kg a.l./ha). In that order. their TF's for 
freshwater fish were 120, 100. and 20. and they 
ranked 6, 71 and 11 out of 16 in toxicity hazard. 
For crustaceans, the TF's for the pyrethroids in the 
same order were 3500, 5000, and 8930. and they 
ranked 6. 5, and lout of 13. 

In addition to the pyrethroid8, TF's for 
phorate. endosulfan, azinphos-m. chlorpyrif08. and 
phoa.at were 620, 470, 430. 250. and 180. reapect
ively, for freshwater fish (ranks of 1, 2, 3, 4. and 
5 out of 16). For crustaceans, the TF's for these 
insecticides in the same order were 5290. 1400. 
5730. 5450, and 275 (rank of 4, 7. 2, 3. 10 out of 
13) • 
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The TFls indicate high potential hazard of 

pyrethroids and certain other of the insecticides to 
aquatic organiSMS, particularly to crustaceans. 
Whenever possible, insecticides with the lowest TF's 
should be chosen for use on potatoes to minimize the 
hazard to non-target aquatic organisms and the 
aquatic environment. 

POI~YNUCLEAR ARCJ1ATlC HYDROCARBONS 

Lobsters (20) were exposed to 5 PAH for 80 h 
and delivered live to Dr. J. Uthe to test for 
possible changes in distribution and concentration 
of the PAR in lobster tissues following cooking of 
the lobsters. Concentrations of the 5 PAH in water 
during the exposure were determined by liquid 
chromatography (see J.F. Uthe section). 

TBTO FLEXGARD PAINT 

An antifouling paint, tributyltin oxide, or 
TBTO. was assessed for toxicity by exposing lobsters 
for 9 wk to netting that had been soaked In the 
paint. No mortality occurred that could be 
attributed to the effects of the paint. 
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