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vistrioution of polychlorinated biphenyl (PCB) congeners and othe;
. . er

halocarbons in fish and muscle among Lake Oncério salmonids

u{.‘ MANAGEMENT PERSPECTIVE AND EXECUTIVE STMMARY

Niﬁety—tvo monochloro- to decachlorobiphenyl conge:vrs vere monitored in

brovn trout (Salmo trutta), lgke trout (Salvelinus namaycush), small and large

rainbov trout (Salmo gairdneri), and small and large coho salmon (Oncorhynchus

kisutch) from Lake Ontario. Concentrations of individual congeners ranged
from nondetectable leve}s, primarily among the monochloro- to
trichlorobiphenyl congeners, to 1 mg.EE’l_for

2,2’,4,4',5,5' -hexachlorobiphenyl. Congehers vith the higher concentrations

vere generally the pentachloro- : -1 hexach®orobiphenyl homologues. Total

congener concentration ranged from 1-10 mg.kg‘1 in fish, and 0.3-4

) mg.kgbl in muscle. Consistent values of congener composition vere shown

vhen individual congener levels vere expressed as percent of total

-concentration. The 10 most common congeners represented about 52X of total

congener content, this value does not appear to be influenced by species or by
total congener concentration. Concentrations of 4'non;g££hg chloro
substituted congeners , including 3,3',4,4'-tetrachlorobiphenyl, wvere also
monitored. These four toxic congeners represented about 1.2% of the total
concentration. fhe PCB homologues monitored in fish and muscle cOntained'iq
average content of 56X chlorine by veight. Comparative analyses on the \
composition of congeners obse£Veé in fish vith that reported for PCB mixtures
suggest the more persistent céngeners behgve as a homogeneéu; mixture rather
than as individual congeners.

Levels of 12 otﬂék organochlorine compounds vere also monitored to examine
the influence of lipid on chemical distribution betveen fish and muscle. A
good correlation vas shovn betveen the relative distributions of lipid and

chemicals betveen muscle and fish for all species except brown trout. The

distribution of chéﬁical§ betveen fish and muscle vas also examined to

determine if the ﬁéefurement of one can be used to estimate the concentration

of the other. No—consisgent relationship vas demonstrate ~would allov this

-

extrapolation to be abplied to all species vith confidence.



Distribution des congéné&res de polychlorobiphényles
(PCB) et d'autres hydrocarbures halogénés dans le
poisson entier et le muscle des salmonidés du lac Ontario

. Vs Pod
PERSPECTIVES DE GESTION ET RESUME

On a mesuré 92 congén&res de polychlorobiphényles

(monochloro-a décachloro-) chez la truité brune (Salmo trutta),

le touladi (Salvelinus namaycush), chez la petite et la grande

truite arc-en-ciel (Salmo gairdneri) et chez le petit et le gros

saumon coho (Oncorhynchus kisutch) dans le lac Ontario. La

concentration des congén&res individuels varie : de non détectable
' (surtout chez les congénéres monochloro- 3 trichlo_robiphényles)
& 1 mg/kg dans le cas du 2,2', 4,4', '5,5' -hexachlorobiphényle. .
Les congénéres les plus concentré&s sont en général les homologues
pentachloro- et hexachlorobiphényles. La concentration totale des
congéné&res varie de 1 & 10 mg/kg dans le poisson entier et de
0,3 3 4 mg/kg dans le muscle. Ia composition des congén@res est
consfante lorsqu'on exprime les congén&res individuels en
pourcentage de la concentration totale. Les 10 congénéres les
plus courants représentent envirdh 52 % de la concentration totale
de congénéres, et cette valeur ne semble pas varier selon 1l'esp&ce
ou la concentration totale de congén&res. Nous avons &galement
mesuré les concentrations de quatre congéndres chlorés non substitués
en position ortho, y compris le 3,3', 4,4', -tétrachlorobiphényle.
‘ .. Ces quatre congénéres toxiques représentent environ 1,2 % de la
concentration totale. Les homolégues de PCB dosé&s dans le poisson
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entier et le muscle renferment en moyenne 56 % de chiore en poids.
Une analyse comparée de la composition des congén&res observés

dans le poisson et de celle signalée pour les mélanges dé PCB
indique que les congénéres les plus persistants se comportent comiie

un mélange homog&ne plutdt que comme des congénd&res individuels.

Nous avons &galement mesuré la concentration de 12 autrés
comppsés organochlorés dans le but d'étudier 1l'influence des lipides
sur la répartition des composés chimiques entre le poisson entier
et le muscle. La corrélation est bonne entre la répartition
relative des lipides et celle des composés chimiques dans le muscle
et le poisson entier dans le cés de toutes les espéces sauf la
truite brune. Nous avons &galemént mesuré la répartition des
composé&s chimiques dans le poisson entier et le muscle pour déterminer
si la mesure de l'une de ces concentrations peut &tre utilisée
pour calculer l'autre. Aucun rapport conséquent n'a &té démontré;
il n'est donc pas possible d'appliquer aveuglément cette

-

extrapolation & toutes les espéces.



Abstract

Ninety-tvo monochloro- to decachlorobiphenyl congehers_vere gonitored in

brown trout (Salmo trutta), lake trout (Salvelinus namaycush), small and large

rainbov trout (Salmo ggirdneri), and small and large coho salmon (Oncorhynchus
kisutch) from Lake Ontario. Concentrations of individual congeners ranged
from nondetectable levels, priﬁarily among the monochloro- to
trichlorobiphenyl congeners, to l.mg.kg'l for
2,2',4,4',5,5'-hexachlorobiphenyl. Congeners vith the higher concentrations
vere generally the pentachloro- and hexachlorobiphenyl homologues. Total
congener concentration ranged from 1-10 mg.kg'l in.fish, and 0.3-4

mg.kg'l in muscle. Consistent values of congener composition were shown

vhen individual congener levels were expressed as percent of total
concentration. The 10 mostrcommon,congeners represented about 52% of total
congener content, this value does not appear to be influenced by species or by
total congener concentration.‘ Concentrations of 4 non-ortho chloro
substituted congeners , including 3,3’,4,4’'-tetrachlorobiphenyl, were also
monitored. These four toxic congeners represented about 1.2% of the total
concentration. The PCB homologues monitored in fish and muscle contained an
average content of 56X chlbrine by weight. Comparative analyses on the
cotiposition of congeners observed in fish with that reported for PCB mixtures
suggest the more persistent congéners behave as a homogeneous mixture rather
than as individual congeners.

Levels of 12 other organochlorine compounds were also monitored to examine
the influence of lipid on chemical distribution between fish and muscle. A
good correlation was shown between the relatiﬁe distributions of lfpid and
chemicals between muscle and fish for all species except brown trout. The

distribution of chemicals between fish and muscle vés also examined to



determine if the measurement of one can be used to estimate the concentration
ot the other. No consistent relationship wvas demonstrated to would allow this

extrapolation to be apﬁlied to all species with confidence.



Résumé

On a mesuré 92 congén&res de polychlorbbiphényles

(monochloro- & décachloro-) chez la truite brune (Salmo trutta),

le touladi (Salvelinus namaycush), chez la petite et la grande

truite arc-en-ciel (Salmo gairdneri) et chez le petit et le gros

saumon coho (Oncorhynchus kisupgh) dans le lac Ontario. 1La

concentration des congéndres individuels varie : de non détectable
(surtout chez les congén@res monochloro- & trichlorobiphényles)

3 1 mg/kg dans le cas du 2,2', 4,4', 5,5' -hexachlorobiphényle.
Les congénérgs les plus concentrés sont en général les homologues
pentachloro- et hexachlorobiphényles. La concentration totale

des congén@res varie de 1 & 10 mg/kg dans le poisson entier et

de 0,3 & 4 mg/kg dans le muscle. La composition des congénéres
est constanté lorsqu'on exprime les congénéres individuels en
pourcentage de la concentration totale. Les 10 congén&res les
plus courants représentent ehviron 52 ¢ dé la concentratioh totale
de congénéres, et cette valeur‘ne semble pas varier selon l'espé&ce
ou la concentration totale de congéndres. Nous avons égaleﬁent
mesuré les concentrations de quatreacongénéres'chlorés non substitués
en position ortho, y compris le 3,3', 4,4', -tétrachlorobiphényle.
Ces quatre congénéres toxiques représentent environ 1,2 % de 1la
concentration totale. Les homologues de PCB dosés dans le poisson
entier et le muscle renferment en moyenne 56 % de chlore en poids.
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. Polychlorinated biphenyls (PCBs) have been used in different industrial
applications since the 1930’s, but vere not recognized as envitonmentgl
contaminants until 1966 (Jenseﬁ'1972)a Nearly all quantitative analyses for
PCBs are still based on chemical standards composed of mixtures and reported
as total PCB concentrations, although some recent studies have reported
congener specific analyses (e.g. Tuinstra et al. 1983). Analyses of PCB
mixtures indicate measurable levels of 50-118 of the possible 209 congeners
are present in some Aroclors (Albro et al. 1981, Mullin 1985). Studies that
examined the composition of PCBs in environmental samples have reported the
presence of up to 78 congeners in fish but no consistent relationships have
been established among congeners or with total PCB content (Tanabe et al.
1980, Giesy et al. 1986). Laboratory studies have shown differences in
elimination rates among congeners in fisﬁ (Niimi and Oliver 1983), and

‘ comparative studies on mammalian systems indicate some congeners are more
toxic than others (Safe 1984). Additional congener specific studies are
required before such information can be effectively applied to issues such as
PCB kinetics in aquatic ecosystems, and the human health implications of PCBs
in consumable fish products. |

This study monitored the presence of 92 monochloro- to decachlorobiphenyl
congeners, and 12 other organochlorine chemicals, in fish and muscle of four
species of Lake Ontario salmonids. The objectives were to examine the
quantitative composition of the more common congeners present in fish, compare
their composition in fish with that reported in PCB mixtures, corroborate the
influence of lipid on the distribqtion of chemicals in fish, and examine the

relationship betveen congener distribution in fish and muscle.

Materials and Methods



Ten brown trout (Salmo trutta) averaging 14304360 g (meansSD), 8 "small"

rainbov trout (Salmo gairdneri) of 11404120 g, and 10 "small™ coho salmon

(Oncorhynchus kisutch) bf 11904190 g vere collected off Vineland, Ontario.

Ten lake trout (Salvelinus namaycush) weighing 24104770 g vere taken off Port

Credit, and 12 "large" rainbow trout of 3380:870 g, and 9 "large" coho salmon
of 33301520 g were taken from the Credit River. Eggs from gravid females in
the last three groups vere removed, and all fish were frozen at -20°C until
analyses. Fish vere prepared for analyses according to procedures described
previously (Niimi and Oliver 1983). Tissue samples vere taken that Qouldlbe
representative of chemical levels in muscle and vhole fish.

All samples were analyzed for 92 monochloro- to decachlorobiphenyl
congeners (Table 1) that are identified according to the International Union
of Pure and Applied Chemiétty (IUPAC) system (Ballséhmiter and Zell 1980).
Samples vere also analyzed for p,p’-DDT, B,P';DDD, P,P'-DDE, mirex,
photo-mirex, 1,2,3,4-tetrachlorobenzene (TECB), pentachlorobenzene (QCB),
hexachlorobenzene (HCB), X -hexachlorocyclohexane ( ®-BHC),
Wf-heXachlorocyclphexane (1indane), \f-chIOtdane, and octachlorostyrene (0CS).
In addition, the 1,2-, 1,3-, and 1,4-dichloro-, 1,2,3-, 1,2,4-, and
1,3,5-trichloro-, the 1,2,3,5- and 1,2,4,5-tetrachlorobenzenes; 2,3,6; and
2,4,5-trichloro- and 2,3,4,5,6-pentachlorotoluenes; and hexachlorobutadiene
vere analyzed, but not detected, in any of the samples. Lipid content was
determined according to Bligh and Dyer (1959). Chemical and lipid
concentrations are reported on a vet veight basis.

Sample clean-up proéedures for chromatographic analyses has been described
(Oliver and Nicol 1982). Chemical analyses were doﬁe by gas chromafography
using dual fused silica capillary columns (30 m # 0.22 mm ID Durabond-5 and

Durabond-17 wvith 0.25‘pm film thickness) and electron capture detectors.



Detector temperature was 350°C. Carrier gas was helium with a linear velocity
flov of 20 cm.sec-l. Temperature program was 50 to 250°C at a rate of 1°C
per minute.. Some congéners coeluted even with this slow temperature program.
These included the frichloro— (24+27) and (28+31), teirachloré— (40+71),
(70+76), and (56+60), pentachloro- (87+97), heptachloro- (170+190) and
(182+187), and octachloro- congeners (196+203). Detection limits for most
chemiéals wvere in the 1-10 pg.kg’l rapée, except for the

| monochlorobiphenyls with detection limits of 50 pg.kg'l.

The procedure described above was not suitable to monitor the levels of
many non-ortho chloro substituted congeners because of their low
concentrations and potential coelution with the more common congeners of
higher chlorine content (Mullin et al. 1984). To resolve these factors, equal
volumes of sample extracts from each fish within each group vere combined and
reduced in volume to increase instrument senSitiyity. The composite sample
for each group vas analyzed using a Hevlett-Packatd‘mass selective detector
(MSD) set in the selected ion monitoring mode. Detection limit was aﬁout 2
pe-kgl.

Congener identification and quantitation were based on a mixture of
Aroclors 1221, 1016, 1254, and 1262 in a ratio of 10:5:3.5:3. These Aroclors
vere obtained from the U.S. EPA Repository for Toxic and Hazardous Materials
(Research Triangle Park, NC). Composition of this mixture Vaé determined from
congener specific analyses (Mullin et al. 1984, Mullin 1985). Confirmation of
peak'identification and quantitative analyses vere made from 50 standards that
vere obtained from commercial sources, and 51 congeners from the National :
Research Council of Canada (Atlantic Research Laboratory, Balifax,;NS). Some

samples vere also analyzed by gas chromatography/mass spectrdmetry for further

-confirmation. OCS was obtained as a gift from Dow Chemical Chemical, Walnut



Creek, CA. Photomirex vas synthesized according to Chau and ThomSon (1979).
Standards for the other org;nochlorine chemicals vere obtained from commercial
sources.

~ Chemical concentrations in yg.kg'l vere reported for all individual
congeners observed in fish, and their sum as total congener concentration.
Percent chlorine content of total congener concentration was estimated by
multiplying the total céncentration of each homologue group by the percent
molecular weight represented by chlorine for each homologue. Results shown
for most of the parameters measured represent the meanistandard deviation for
each group of 8-12 values depending on species. Paired t-tests were used to
compare differences between fish and corresponding muscle values within each
group. Analysis of variance (ANOVA) was used to test for statistically
significant differences among groups. Differences among linear regression

relationships vere deterﬁined by analysis of covariance (ANCOVA).

Results

PCB analyses on four salmonid species indicated an average of 54-68
congeners vere present in fish and 33-62 in muscle, including the non-ortho
chloro substituted congeners which were analyzed as a composite sample, among
the 92 congeners monitored (Table 2). Lake trout contained the highest number
of congeners in fish and muscle among the species. There vas a large range in
mean congener concentrations, and deviation about the means, in fish and
muscle among species (Table 2). Most congeners observed vere in the 10-200
pg.kg'l range, and differences in mean concentrations exceeded six-fold
among species. Many trichloro-, and some tetrachloro-, and heptachloro- to
decachlorobiphenyl congeners monitored were not detected in some species.

Monochloro- congeners 1 and 3; dichloro- 4, 5, 6, 7, 8, 10, 12, and 13;



trichloro- 19 and 25; tetrachloro- 45; and hexachloro- congener 169 wvete not
detected in any species. Total concentration of all congeners monitored
ranged from 1450 pg.kgél'in small rainbow trout to 9970 pg.kg'l in
lake trout, and 288 to 3880 pg.kg’l in muscle for the respective species.
Congener levels vere reportéd according to decreasing concentrations in
Table 2. This procedure does demonstrate a trend of decreasing values that is
consisgent for fish and muscle, within homologue groups, as well as among
species. Individual concentrations varied widely within species although a
consistent relationship among species can be demonstrated when individual
levels are expressed as a percent of total congener concentration. Values
shovn for the more commonly occurring congeners indicate their mean percent
contribution are similar for fish and muscle among different species even
though total concentrations vary widely (Table 3). Deviation about the mean
is also greatly reduced. This same response is also demonstrated when total
percent contribution by each homologue group is calculated. The pentachloro-
and hexachloro- homologues represented about 37 and 29% of the total congener
concentrations. Trichloro-, octachloro-, nonachloro-, and decachloro-
homologues vere not major contributors, their cumulative values represented
less than 5% of total concentration in fish and muscle among all species.
Contributions by individual congeners indicated
2,2',4,4',5,5'-hexachlorobiphenyl (153) was the most common averaging 9.0% of
total congener concentration in fish, and 10.1% in muscle, followed by
2,2',4,5,5'-pentachlorobiphenyl (101) which accounted for 6.4% in fish and
@muscle (Table 3). Consistency among congener content expressed as percent of
total concentration is further demonstrated by the cumulative percéntages of
the more common congeners. The ten most common were pentachloro- congeners

84, (87+97), 101, 110, and 118, hexachloro- congeners 138, 149, and 153, and

_ﬁ____.____.h



the heptachloro- congener 180. These ten accounted for 49.313.2, 52.240.9,
$3.0+1.7, 52.8+1.8, 51.7+1.0, and 54.4;0.61 of the in brown, lake, small and
large rainbow tréut, and small and large coho salmon respectively.
Corresponding values in muscle vere 52.3:2.4, 52.8:0.7, 60.345.5, 53.711.2,
53.7;1.2, and 55.1:0.6% for the respective species. The ten next most common
congeners vere the tetrachloro- 66 and (70+76); pentachloro- 95 and 105,
hexachloro- 146, and heptachloro- congeners (182+187) and (170+190) whose
individuallcontributidns ranged from 1.8;3.9X in fish. Cumulative
contributions for the 20 most common congeners were 68.5:3.4, 70.111.3,
72.4+40.9, 71.0+40.9, 70.911.5, and 73.0+1.0% in fish, and 71.542.4, 70.811.3,
81.0+5.8, 72.0+1.1, 73.0+1.3, and 73.5:0.7% in muscle for the respective
species. Many of the other congeners observed contributed less than one
percent of total concentration.

The relationship betwveen homologue frequency and total congener
concentration vas examined using percent chlorine content. 'Chlorine
composition vere 55.74:0.51, 56.28:0.26, 55.97+0.77, 56.48:0.37, 55.7410.14,
and 56.4240.21% for brown, lake, small and large rainbow trout, and smal; and
large coho salmon respectively. Values.in muscle vere 55.8740.42, 56.3330.28,
56.75+0.82, 56.65+0.34, 55.95+0.17, and 56.51:0.19% for the respective
species. ANOVA indigated there vere significant differences'(P<0.01) in
percent chlorine content in fish vithin and among spe;ies. Further analyses
suggested these differences may be attributed to fish size. No significant
differences could be shown among the chlorine percentages when comparisons
vere made among lake, largée rainbow trout, and large coho salmon, and for
chlorine percentages of brown and small rainbow trout, and small ¢oho salmon.
Paired t-tests between fish and muscle for each sample within each group

shoved significantly higher chlorine percentages (P<0.05) in muscle than fish



in all species, except lake trout. A

Analyses for 12 other chemicals observed in fish indicated DDE wvas present
at the highest concentrations ;mong those monitored with lake trout again
containing the highest concentrations (Table 4). A listing of chemicals by
decreasing concentrations also demonstrated a consistent trend among species
similar to that noted for PCB congeners.

Lipid levels varied widely among species. Values in fish wvere 14.3:1.6,
17.443.0, 6.0+2.4, 13.0+1.7, B8.4+1.8, and 4.5:0.8% for brown, laké, small and
large rainbow trout, and small and large coho salmon respectively.
Corresponding values in muscle wvere 4.331.1, 7.3:2.2, 1.340.5, 4.9:1.1,
3.430.7, 2.3:0.4% for the respective species. Regression analyses among
samples indicated percent 1ipid in fish increased significantly (P<0.05) with
veight in lake.trout and small coho salmon, but not the other groups. Lipid
levels in muscle increased significantly (P<0.01) with weight only in lake

trout.
Discussion
General Behavior of PCB Congeners and Comparisons with Other Studies

These results shov that consistent PCB composition relationships are found
among salmonids when values are expressed as a percent of total congener
concentration. These relationships appear to be independent of total
concentration, and applicable to fish and muscle. The only iﬁconsistent
results vere the cumulative percentageé of the 10 and 20 most common congeners
observed in muscle of small rainbow trout which vere higher than those of

other species. This response could be due to the presence of only 35
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congeners in the muscle of this group compared to 52-62 in musclé of the other
species, and 54-68 in fish of all species (Table 2). Many of the less
abundant congeners are>probab1y present at concentrations below detection
limit in this group vwhich had the lovest total congener con;entration.

There is good agreement among the few studies that have reported congener
specific measurements in fish. This study indicated congeners 101, 110, 138,
153, and 180 vere among the 10 most common observed in Lake Ontario salmonids
(Table 3). The most common congeners that have been reported in fish from
other wvaters are 138, 149, 15}, and 180 among the 66 congeners monitored in
cod (Gadus sp.) reported by Zell et al. (1978), and 138, 153, and 180 among 17
congeners reported in eel (Anguilla sp.) by Tuinstra et al. (1983). Boon and
Duinker (1986) observed 101, 110, 138, and 153 among 36 congeners in plaice,
and Veigelt (1986) reported 101, 138, 153, and 180 among 31 congenefs in cod.
Other studies have reported values from which percent contributions for each
congener can be determined. Tanabe et al. (1980) reported congeners 153 and
138 were the most common, representing 11.9%, and 10.6% of total concentration
among the 59 congeners reported in pomfret (Brama sp.). In contrast, Giesy et
al. (1986) reported levels.of 78 congeners in chinook salmon (Oncorhynchus
tshawvytscha) eggs where congener 91 represented 9.4%, and 153 about 4.4% of
total concentration.

The bioaccumulation of PCBs in aquatic ecosystems has been reported
(Thomann 1981). Studies using mass fragmentation techniques have indicated
pereenfagés of higher chlorinated biphenyls increases with trophic levels in
the marine ecosystem (Tanabe et al. 1984). Congener specific analyses could
allov a more detailed examination of these processes, and the conclbsions
vould be more relevant if the measurements are representative of most of the

principal PCB congeners present in aquatic ecosystems. These criteria have



been met in this study as shown by comparisons between the congeners observed
and those réported in PCB mixtures. The 92 congeners monitored in this study
accounted for about 82, 80, 97, and 93 of total congener composition of
Aroclor 1254 (Clophen AS0) reported by Zell et al. (1577), Albro et al.
(1981), Capel et al. (1985), and Mullin (1985) respectively. Similar
comparisons with Aroclors 1242 and 1248 indicated slightly higher_percentages,
vhile those with Aroclor 1260 (Clophen A60) were slightly lover. Thus the
congeners monitored in this study provide a good account of the PCB
composition present in Lake Ontario salmonids since all the major PCB
congeners in the Aroclors were monitored.

Percent chlorine content of the PCBs averaged 56.1% among the salmonids
examined, and exhibited a narrowv range among species. This may be due to the
similar trophic status of these species in Lake Ontario. Recalculation of
data reported by Tanabe et al. (1980) indicate a PCB chlorine content of 55.7%
in pomfret captured off Chile, and 54.7% in chinook salmon eggs from Lake
Michigan (Giesy et al. 1986). The significance of these values cannot be
examined from an environmental perspective at this time bgcause no comparative
information is available on PCB dynamics in these ecosystems.

An analysis of PCB congener composition monitored in fish with that
reported in PCB mixtures, and probable composition of PCBs from contaminated
ecosystems, does suggest a hypothesis on PCB kinetics among species at this
trophic level. Congener composition of Lake Ontario salmonids was compared
with Aroclor 1254 which has been used as a reference standard for PCB analysis
(e.g. Bache et al. 1972). Comparisons among the percentage contribution of
the more common congeners observed in fish and those reported in Aréelor 1254
mixtures generally indicate higher frequencies of congeners 153 and 180, and

lover frequencj of 110 in fish (Table 5). This analysis could suggest some
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congeners are selectively retained and others eliminated, and the kinetics of
PCBs in fish would be determined by the net response of indi§1dual-congeners.
It was previously tepofted that most penta- and higher chlorinated congeners
have biological half-lives in excess of seéveral hundred days in trout,
therefore this apparent response wouid not be due to differences in their
clearance rates (Niimi and Oliver 1983).

The PCB congeners in Lake Ontario salmonids a;eraged 56X chlorine. A PCB
mixture containing 56% chlorine by weight can be obtained by mixing Aroclors
1254 and 1260 in a 2:1 ratio (Table 5). A comparison of percent frequency of
the more common congeners monitored in fish with the frequency of a 56%
chlorine Aroclor mixture indicates similarities among values (Table 5). The
average value of 9.0 for congener 153 in fish is higher than values for the
Aroclor mixtures, although there is good agreement with the 7.7% value for
Mullin (1985). The 5.6% value for congener 84 is also higher in fish although
there is reasonably good agreement vwith the Aroclor mixture for Mullin.
Percent frequency analyses using information adjusted for chlorine contént
would suggest the more persistent congeners in Lake Ontario salmonids respond

more as a homogeneous mixture rather than as individualé.
Environmental and Health Implications of Congener Specific Analyses

Application of the results of this study should be useful in the areas of
environmental monitoring of PCBs and evaluation of PCB levels in consumable
fish products. Congener specific analyses for monitoring PCBs has been
proposed (Tuinstra et al. 1983, Boon and Duinker 1986). The six p£oposed by
Tuinstra, which includes'28, 52, 101, 138, 153, and 180, were selected on the

basis of their frequencies in Aroclors 1242, 1254, and 1260. Comparative
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analyses on the content of these six congeners in fish indicate they account
for 38% of total PCB in eel reported by Tuinstra et al. (1983), an average of
28% in fish from this étudy, about 34X in pomfret muscle (Tanabe et al. 1980),
and 55% in salmon eggs (Giesy et al. 1986). These six congeners represent
about 25% of the composition of Aroclor 1254 (Capel et al. 1985, Mullin 1985).
Boon and Duinker (1986) proposed 14 congeners for environmental monitoring
based on their occurrence in environmental samples and chromatographic
properties. These include the tetrachloro- to heptachloro- congeners 44, 52,
84, 99, 101, 118, 128, 138, 149, 153, 170, 180, 183, and 187. Their
cumulative contribution is about 51% for the six data groups in this study
wvith 7 of the 10 most common observed accounting for 42%, about 48% in
pomfret without congeners 149 and 170, and 30% in salmon eggs. The 14
congeners account for 44% of the composition of Aroclor 1254 (Mullin 1985),-
and 45X without congener 84 (Capel et al. 1985).

Based on current information, it is difficult to propose specific congeners
that could be routinely monitored in fish for assessment of environmental
quality and for comparative analyses among fish from different vater bodies.
Most congener specific studies generally agree 101, 138, 153, and 180 are
present at the highest concentrations in fish, but other congeners would
likely need to be monitored to provide a more comprehensi?e assessment. The
comparative information on congener composition cited above tend to represent
species at the higher trophic levels. Further studies would be required to
examine the relationship between the percent contribution of specific
congeners to total PCBs levels in fish from different trophic levels, and fish
from different vaters.

The use of congener specific analyses to examine potential health hazards of

consuming fish products containing PCB residues presents an even more
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difficult task. Safe et al. (1983) have identified 16 congeners vwhich are
aryl hydrocarbon hydroxylase (AAH) inducgrs. These include tetrachloro- 77
and 81, pentachloro- 165, 114 (2,3,4,4',5), 118, 123 (2',3,4,4',5), and 126,
hexachloro- 128, 138, 156, 157 (2,3,3',4,4',5’), 158 (2,3,3',4,4',6), 166
(2,3,4,4',5,6), and 169, and heptachloro- congeners 170 and 189
(2,3,3,4,4’,5,5'). Ten of these congeners were monitored in this study of
vhich only 105, 1i8, and 138 contributed more than 2% each to total
concentration. Most of the other congeners proposed would likely contribute
less than 1%. Further comparisons with the other studie§ cited indicate 8 of
these congeners vere reported in pomfret, and 7 in salmon eggs. Only 4 of
these congeners were reported in Aroclor 1254 by Capel et al. (1985), while
Mullin (1985) reported 12 congeners which accounted for about 18% of its
composition of which 105, 118, 128, and 138 represénted 13.5%.

The non-ortho chloro substituted congeners, with substitutions at both para

and at tvo or more meta positions, are the most toxic although their

environmental concentrations may be low (Safe et al. 1985). These are
represented by congeners 77, 81, 126, and 169, and are nearly isosteric with
2,3,7,8-tetrachlorodibenzo=p-dioxin (TCDD). Capel et al. (1985) did not find
these in Aroclor 1254. Mullin (1985) reported values of 0.12 and 0.37% for
congeners 77 and 81, and Albro et al. (1981) values of 0.12 and 0.16% of total
composition for 77 and 126, respectively, in this Aroclor. Congeners 77, 81,

and 126 vere detecte¢ ih Lake Ontario salmonids at concentrations in the low

ye-kg -1 range (Table 2). These levels represent about 0.2% for congener 77

- e e e Ty

and 0.8% for 81 of total congener concentration (Table 3). The value for
congener 77 in salmonids is comparable to the estimate of 0.3% for pomfret
(Tanabe et al. 1980) and 0.5% in salmon eggs (Giesy et al. 1986). No

comparative values were reported for congener 81.
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Regulatory éuidelines on PCB levels in consumable fish products.are
currently based on total concentration. The use of congener specific analyses
for regulatory purposes would be more appropriate from a human health
perspective, but developmental studies are still required before its
application vould be feasible. The non-grtho chloro substituted congeners
occur at concentrations that approach or are below detection limits of most
current routine analytical procedures. Chemical analysis for congener 77
using electron capture gas chromatography is difficult because of coelution
with other congeners including the prevalent 110 on most capillary columns
(Mullin et al. 1984, Schvartz et al. 1987). Coelution problems could be
minimized by using a secondary cleanup procedure with a carbon/glass fiber
packed column (Smith 1981), and quantitation made more reliable using a mass
selective detector.

Studies on sublethal effecfs of PCBs on fishes inhabiting contaminated
ecosystems could be more definitive if specific congeners rather than total
PCBs vere monitored. Emphasis should focus on the relation of the
concentration of a congener and its toxicity. The.concent;ation of congener
153 is about 45-fold higher than 77 in Lake Ontario salmonids. Data from
other studies indicate congener 153 is 38-fold higher than 77 in pomfret
(Tanabe et al, 1980), and 18-fold higher in salmon eggs (Giesy‘et al. 1986).
Comparative studies on mammalian systems suggest congener 77 could be over 10
to 41-fold more toxic than 153 (McKinney et al. 1985, Safe et al. 1985).
Thus, the concentrations of congener 77 in Lake Ontario salmonids could bé as
important as 153 from a toxicological perspective. This factor is more
obvious among the chlorinated dioxins where 2,3,7,8-TCDD is many ordefs of
magnitude more toxic than most other dioxins (e.g. Kociba and Cabey 1985).

Thefefore, chemical potency, in addition to chemical concentration, is an
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important consideration for chemical groups with many homologues when issues

such as human health concerns and sublethal effects of chemicals on fishes are

being examined.
Lipid-Chemical Distribution and Chemical Partitioning in Fish and Muscle

Lipid content has been suggested to play an important role in the

accumulation of persistent chemicals by fish. Evidence to support this view

has largely been from field studies. Positive correlations have been reported

Fenderson 1970, Reinert 1970). A reexamination of data reported for pike

(Esox lucius) showved significant increases (P<0.01) in pesticides and PCB

levels in tissue with increasing levels of extractable lipid (Olsson and

Jensen 1975). 1In contrast, some studies reported no significant correlations

betwveen PCB content and lipid levels in fish although annual concentrations of

both varied videly (Olssen et al. 1978). These lipid-chemical relationships
vere further examined in this study vhere comparisons vere made among species
as well as within species. The latter was of particular interest because
large rainbovw trout contained 13% lipid and small fish contained 6%, while
large coho salmon contained 4% lipid and small fish 8%. General comparisons
vere made among data groups rather than individuals because fish of similar»
sizes vere used. |

Concentrations of 12 other organochlorine chemicals in addition to PCBs
vere monitored to examine the influence of lipid on chemical distribution in
fish. Analysis vas based on the correlation of relative ‘chemical and lipid
distributions in fish and muscle. Lipid distribution was estimated.és the

ratio of lipid in muscle/fish. The ratios for lipids were 0.33240.055 for

—
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brovn trout, 0.41240.081 for lake trout, 0.220+0.024 and 0.378+0.064 for small
and large rainbow trout, and 0.4073:0.034 and 0.524:0.077 for small ani large
coho salmon. Corresponding muscle/fish ratios for chemicals vere estimated
for each group. Ratios for the 12 chemicals and total PCBs varied among
chemicals as vell as among species. Mean ratios ranged from 0.376-0.522 in
browvn trout, 0.322-0.440 in lake trout, 0.206-0.332 small rainbow trout,
0.335-0.463 in large rainbow trout, 0.381-0.510 in small coho salmon,. and
0.397-0.569 in large coho salmon. |

ANOVA indicated the lipid ratio in bréwn trout vas significantly lover
(P£0.05) than ratios of all chemicals except 0CS. In contrast, ANOVA could
demonstrate no significant differences betwveen the lipid ratio and chemical
ratios for each chemical within each of the other species. A mean of means of
the chemical ratios was calculated for each group, values ranged from 0.442
for brown trout excluding 0CS, 0.393 for lake trout, 0.243 and 0.380 for small
and large rainbovw trout, and 0.426 and 0.522 for small and large coho salmon.
Regression analysis of the chemical and lipid ratios for five groups, except

brown trout, indicated the relationship (F = 153.58, P<0.01):
Y = 0.039 + 0.911(10.230)X

vhere X is the lipid ratio, and Y the chemical ratio. The regression

coefficient (b) does not differ significantly from 1.0 as indicated by its 95%

confidence limits.

The chemical or 1lipid distribution pattern is not the same for brown trout
as fér the other salmonids (Fig. 1). It cannot be established at this time
vhether this deviation is due to the chemical or the lipid distribution. It

also cannot be determined_if‘this response is species specific, or seasonal.

AT A R
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The data for small and large sizes of rainbow trout and coho salmon would
indicate corresponding changes occur in lipid and chemical levels where the
ratios follov along the regression line. Chinook salmon is aﬁother species
that is present in Lake Ontario. Analysis of a 7.8 kg fish as part of this
study indicated a total congener content of 5400 Pg.kg'l, and a
distribution pattern that wvas similar to the other species. Its lipid ratio
vas 0.474 and chemical ratio was 0.515 which would suggest a distribution
pattern that is consistent with the other species. These results would
strongly suggest lipid is a majotr factor that 1hf1uence the distribution of
persistent chemicals in fish, and the ratios of S of the 6 data groups
examined indicates a highly consistent relationship.

Chemical distribution in fish is of interest to regulatory agencies because
environmental monitoring programs tend to use whole fish wvhile those concerned
with human health use the edible or muscle portion. Very little information
is available vhich allows residue levels between fish and muscle to be
compared because only one heasurement is generally reported. The results of
this study would suggest a good qualitétive extrapolation of chemical
composition between fish and muscle can be made because chemical distribution
among the more persistent compounds apears to be a nonselective ﬁrocess. |
These results vere also examined to determine if quantitative extrapolations
among the six groups examined would be feasible.

Regression analyses on total congener concentrations indicated levels in
muscle increased significantly (P<0.05) with increasing concentrations in fish -
for brown, lake, large rainbow trout, and small coho salmon, but not for small
rainbow trout or large coho salmon. ANCOVA among the first four groups /VWVQQE
indicated there vere no significant differences among their regression 2 f

equations, the common regression equation (F = 109.86, P<0.01) being:
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Y= 21.6 + 0.389(+0.059)X

vhere X is congener conéentratiop (Pg.kg'l) in muscle, and Y the
concentration in fish. This relationship suggests that chemical levels in
fish can influence those in muscle, but the response is not alvays
statistically significant.

This study showed that lipid is an important factor in the distribution of
chemicals among salmonids. The influence of lipid on total congener
distribution betveen fish and muscle was examined by expressing congener
concentrations on a per g lipid basis. Regression analysis of lipid-adjusted
congener concentrations in fish and muscle indicated a similar response to
that shown for nonadjusted values. Significant increases (P<0.05) in muscle
levels with increasing levels in fish vere observed for brown, lake, large
rainbow trout, and small coho salmon, but not small rainbow trout or large
coho salmon. ANCOVA indicated the relationship for brown trout was
significantly different (P<0.05) from large rainbow trout and small coho
salmon, but not from lake trout. There vas no significant differences among
lake, large rainbow trout, and small coho salmon, vhose common regression

equation (F = 102.72, P<0.01) is:

Y= 2.45 + 0.913(+0.190)X
durde | ;~‘1514F
vhere X is mgs of total congeners per~g lipid in musc{ié and Y the same in
fish. These analyses would suggest that quantitative extrapolations of
chemical le?els in fish and muscle based on actual or lipid-adjusted values
cannot be described by a simple relationship that would be applicablé to all

species.
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Captions for Tables 1-5 and Figure 1

Table 1. IUPAC number and structure of 92 chlorinated biphenyl congeners

monitored in Lake Ontario salmonids.

Table 2. Number of congeners observed in Lake Ontario salmonids, excluding
the 4 noh-g;;hg chloro substituted congeners, and their individual and total
concentrations (pg.kg'l) in fish and muscle. The values shown represents
the meaniSD for each group. ND indicates nondetectable levels.

Concentrations of the non-ortho chloro substituted congeners based on a

composite sample.

Table 3. Percent of total PCB concentration for the more common congeners,

and the four non-ortho chloro substituted congeners, observed in fish and

muscle The total percent contribution of all congeners in each homologue

group is also shown.

Table 4. Concentrations (pg.kg'l) of other chemicals monitored in Lake

Ontario salmonids.

'Table 5. Percent composition of 10 congeners in Aroclors 1254 (Clophen A50)
and 1260 (Clophen A60) reported by Zell et al. (1977), Albro et al. (1980),
Capel et al. (1985), and Mullin (1985), and their mean composition observed in
Lake Ontario fish. The "56x"bequiva1ents vere estimated from the compositions

reported for Aroclors 1254 and 1260.

Fig. 1. Relationship between muscle/fish 1ipid ratio, and muscle/fish
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‘ chemical ratio for Lake Ontario salmonids. Regression line based on ratios of

all groups except brown tiout.
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Large
Fish Muscle

Coho salmon

Muscle

Fish
1.140.2 1.0:0.2 0.640.1 0.640.1

Large

Fish  Muscle

Table 3

Rainbow trout

Fish Muscle
1.0+40.2 0.140.1 1.040.4 0.740.2

Lake trout
Fish Muscle

- 1.040.3 0.940.2

Brown trout
Muscle

Fish

phenyls

4.040.4 4.140.4
4.140.4 4.040.5

2.14+0.3

2.0+1.3 1.6%0.8
18,442

phenyls

Trichlorobi
Tetrachlorobi

Congener
Total

.318.2 3.840.4 3.740.5

4.310.2 4

mm

(X -

4.340

.4 3.640.5

3.310.8 3.340.8

3.

66

<2

2 3051004 3.4*0.3
<2

0.8 14.241.0 14.141.0

+
<2

4.240.2 4
<2

.5¢1.9 17.940.8 17.1+

.540.4
+.040.4

<2

3.8+0.
<2

<2

<2
-6 15.4+1.4 15.3+41.4 17.

<2

9 17.9+42

(70+76)
(56+60)
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‘Table 3 - continued
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0.1+0

0

2.4+40.2 3.1+40.3 3.040.2 3.240.3
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CHEMICAL RATIO

0.6-
Large coho salmon

0.5-

Brown t,rou_t o
04 Small coho saimon

' Large rainbow trout ® Lake trout

0.3

® Small rainbow trout
0.2-
0.1 — —_ —_— : —

01 02 0.3 04 05 06
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