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PCB congeners, DDTs and hexachlorobenzene in Antarctic fish from
Terra Nova Bay (Ross Sea)
SILVANO FOCARDI, L. LARl and L. MARSlLl
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Abstract: Chlorinated hydrocarbons were measured in seven species of Antarctic fish (Pagothenia bernacchii,
P. hansoni, Trematomuscentronotus,T. newnesi, Chionodracohamatus, Cygnodracomawsoni,and Gymnodraco
acuticeps) from in the Ross Sea near Terra Nova Bay (74'40's 164"lO'E). Hexachlorobenzene (HCB), pp'
DDT and its derivatives DDE and DDD, and about 20 congeners of polychlorinated biphenyls (PCBs) were
found in muscle and liver. Levels ofppDDE were positively correlated with body length in P. bernacchii and
the plot of concentrations showed higher values inmales than females ofthe same body weight class. The results
confirm the presence of these chlorinated hydrocarbons in the Antarctic marine food chain and an increase of
PCBs with respect to DDTs. The "fingerprint"of C. hamatus is different from that of other Antarctic organisms
and of fish from other parts of the world, suggesting possible metabolic differences.
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Introduction
Chlorinatedhydrocarbons are a class of persistent contaminants
present in many ecosystems (Risebrough et al. 1968). They
are found eveninremote areassuch as the Arcticand Antarctic
(Risebrough et al. 1976, Ballschmiter et al. 1981, Norheim
et al. 1982, Subramanian et al. 1983, Tanabe et al. 1983,
Oehme & Mano 1984, Subramanian et al. 1986, Tanabe et al.
1986, Norstrom et al. 1988, Wolff 1990).
In Antarctica, the presence of these contaminants has been
associated with the activities of the scientific stations, but the
main source of pollutants for this remote area is atmospheric
transport. It is very important to identify any input of
pollutants into this continent and we report here the results of
the analyses for organochlorines in seven species of Antarctic
fish collected during the third and fourth Italian expeditions
(December 1987-February 1988,December198%February1990)
to the Italian scientific station at Terra Nova Bay (74'40's)
164"lO'E).
The fish studied belong to species which live their whole
lives in Antarctic waters (Gon & Heemstra, 1990). Unlike
migratory species, they can therefore give specific indications
of the levels of pollution in the areas in which they are fished.

Materials and methods
Fish samples were caught by line or net in Terra Nova Bay.
The species were Pagothenia bernacchii, P. hansoni,
Trematomus centronotus, T. newnesi, Chionodraco hamatus,
Cygnodracomawsoizi, Gymnodracoacuticeps. Nomenclature
follows Gon & Heemstra (1990). After the weight, length and
sexhadbeendetermined,samplesofthe muscle andliverwere
frozen or freeze dried. Extractions were performed using
Soxhlet apparatus with pesticides-free, vacuum distilled

n-hexane. Sulphuric acid clean up was followed by Florid
chromatography. Analyses were performed with PerkinElmer model 8700 gas chromatograph equipped with Ni63
electron capture detector. A Supelco SBP-5 bonded phase
(0.25 Em film thickness) fused silica capillary column (30 m
long, internal diameter 0.2 mm) wasused. The carrier gas was
helium at IlOkPa, with a split ratio of 100 1.'. The detector
scavenger was argodmethane (95/5) at a flow of 30 ml min".
Oven temperature was 100°C for 10 min and was then
increased by 3°C min" to 280°C. The injector (PTV) was kept
at 50°C until the time of injection, after which the temperature
was quickly raised to 250°C. Detector temperature was
300°C. Amixtureof specific isomers wasusedfor instrumental
calibration, recovery, evaluation and confirmation.

Results and discussion
Capillary gas chromatography revealed hexachlorobenzene
(HCB),pp'isomersofDDTanditsderivativesDDEandDDD,
opDDT and about 20 congeners of polychlorobiphenyls
(PCBs) in the liver and muscle of the Antarctic fish
(Tables I-IV). The data from the two sampling periods were
pooled because there were no statistically significant
differences between them. The percentage of extracted lipids
(EOM%) is given in Table 111.
HCB was found in all the species studied with mean values
in muscle ranging from 0.17 ng g" in T. centronotus to
0.61 ng g" in C. hamatus. In the liver the levels were about
an order of magnitude higher (6.4 ng g-l in P. bernacchii and
8.4 ng g" in C. hamatus). The higher levels in the liver are due
to the higherpercentageoffatinlivertissue (seeEOMvalues).
Comparison with the literature is difficult with only one
report of HCB in Antarctic fish - 30 ng g' in Dissostichus,
alargepredator caught in the subantarctic (Ballschmiter etal.
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Table I. Concentrations (ng g-' dry weight) of HCB and DDT
components in fish muscle (x = mean; sd = standard deviation; number of

Table IV. Concentrations (ng g.' d.w.) of PCB congeners in the liver of
C. hamatus and P. bernacchii (x = mean; sd= standard deviation;

specimens in brackets; nd = not detected).

% = percentage of total residue).

species
x

HCB
sd

pp'DDE
x
sd

pp'DDT
x
sd

pp'DDD
x
sd

BATHYDRACONIDAE
C. mawsoni(2)
0.22 0.36
G.acuticeps (10) 0.44 0.27

0.83 0.89
3.59 1.94

0.48 0.61
1.00 0.58

nd
0.88 0.51

CHANNICHTHYIDAE
C. hamatus(20)
0.61 0.27

1.89 0.90

0.59 0.32

0.22 0.10

NOTOTHENIIDAE
T.newnesi(12)
0.33
T.centronotus(6) 0.17
P.hansoni(l0)
0.34
P.bernacchii(58) 0.27

0.23
0.18
0.29
0.20

1.56
1.23
2.70
2.24

0.81
0.67
1.41
1.15

0.46
0.34
0.85
0.68

0.40
0.25
0.75
0.33

0.43
0.36
0.70
0.78

0.27
0.19
0.46
0.30

Table 11. Average, standard deviation and range of HCB and DDT
components (ng g-' d.w.) in fish liver.
~

C. hamatus
(n=12)

P. bernacchii
(n=16)

HCB

8.4 2 2.6
(5.0-12.2)

3.421.3
(1.2-6.5)

pp'DDE

25.025.0
(17.2-31.9)

52.759.5
(23.5-75.6)

pp'DDT

14.625.1
(8.5-21.0)

8.1~4.0
(5.3-15.3)

pp'DDD

4.422.1
(1.6-9.7)

7.024.6
(3.3-12.4)

op'DDT

6.722.5
(3.1-10.8)

1.420.9
(0.34.4)

Table 111. DDTs and PCBs (ng g-' d.w.), Extracted Organic Matter
(EOM% d.w.) in different fish (M=muscle; L=liver).
EOM%

species
~

~~

C. mawsoni (M)

DDTs

DDEDDTs

PCBs

DDTsPCBs

0.59
0.61
0.57
0.50
0.58
0.64
0.58
0.56
0.78

2.8
12.4
9.5
201.8
7.3
4.7
6.1
12.8
186.5

0.50
0.47
0.34
0.22
0.36
0.40
0.75
0.31
0.36

____

3.4
G. acuticeps (M)
3.6
C. hamatus(M)
6.1
C. hamatus (L)
38.3
T.newnesi (M)
2.8
T. centronotus (M) 3.2
P. hansoni (M)
3.7
P bernacchii(M) 2.5
P. bernacchii (L)
9.8

1.4
5.9
3.3
49.2
2.7
1.9
4.6
4.0
67.3

1981). At higher trophic levels, 10-30 ng 8-l have been
reported in penguins (gentoo and rock-hopper) and in the
black-browed albatross (Balschmiter et al. 1981). In other
areas, Ober et al. (1987) reported 200 ng g-' d.w. in Trachurus
murplzyifromthepacificcoast of Chile,VuorinenetaZ. (1985)
100-400 ng g-l in Baltic salmonidi and Skare et al. (1985)
5-100 ng g-' in fish of the Norwegian fiords.
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IUPAC
number

C. hamatus
(n=12)
x:
sd
%

P. bernacchii
(n=16)
x
sd %

Pentachlorobiphenyls
22'44'5
99
22'455'
101
23'44'5
118

30.5
3.1
3.5

18.2 15.6
1.7 1.5
2.2
1.7

8.6
3.0
5.5

3.5 4.6
2.5 1.6
3.2 3.0

Hexachlorobiphenyls
22'33'44'
128
22'344'5'
138
22'3455'
141
22'34'55'
146
22'34'5'6
149
22'355'6
151
22'44'55'
153

21.5
15.0
10.1
7.5
2.1
24.3
20.9

14.3 11.0
9.9
7.7
7.6 5.2
4.8 3.8
1.0 1.0
15.4 12.4
12.7 10.7

4.5
32.7

2.4
17.7
- -3.6
2.0
3.2
21.4

Heptachlobiphenyls
22'33'44'5
22'33'455'
22'33'456'
22'33'4'56
22'344'55'
22'344'5 '6
22'34'55'6
233'44'5'6

170
172
174
177
180
183
187
191

4.1
5.5
3.3
1.8
7.1
2.0
6.2
6.2

2.3
4.6
1.8
0.9
3.5
0.7
2.7
4.6

2.1
2.8
1.7
0.9
3.6
1.0
3.2
3.2

Octachlorobiphenyls
22'33'44'55'
194
22'33'44'56
195
22'33'44'5'6
196
22'33'4'55'6
201

0.4
16.4
2.3
1.1

0.3
15.6
3.7
0.5

0.2
8.4
0.1
0.6

2.9
20.8
--4.2
6.7
1.8
3.8
6.0 3.9
39.6 17.9

12.2 5.6 6.6
0.9
0.4 0.5
7.4 2.8 4.0
4.3 2.0 2.3
19.7 12.4 10.6
5.3
2.2 2.8
14.0 6.8 7.5
0.3
0.1 0.2

2.6
1.8
2.2
3.4

1.1
1.0
1.1
2.3

1.4
1.0
1.2
1.8

In the DDT group, the derivative pp'DDE showed the
highest levels, which ranged from a mean of 0.85 ng g-' in the
muscle of C. mawsoni to 3.79 ng g-' in G. acuticeps. In the liver
the highest levels (52.7 ng g-') were found in P. bernacchii.
Though varying from species to species, the ratio DDE/DDTs
(Table 111) confirmed that pp'DDE accounted for more than
50%oftheDDTs. Theisomerpp'DDTrangedfrom0.34 ng g"
in the muscle of T. centronotus to 1ng gelin G. acuticeps. In
the liver, the highest levels were found in C. hamarirs
(14.6 ng g-'). In many species,pp'DDD was also found, and
in muscle was highest in G. acuticeps (0.88 ng g"). In the liver
of C. lzamatus and P. bernacchii, op'DDT was also detected
with mean levels of 6.7 ng g' and 1.4 ng g-' respectively.
LevelsofDDTs(TableII1)rangedfrom 1.4ngg"inthemuscle
of C. mawsoni to 5.9 ng g ' in G. acuticeps; in the liver, mean
levels of 59.2 and 77.3 ng g-l were found in C. hamatus and
P. bernacclzii respectively.
Previous studies on Antarctic fish (Subramanian etal. 1983,
Hidaka etal. 1984) measured DDTs in four species collected
around Syowa station, but out of the range of influence of the
station. Slightly higher concentrations were found there than
the present study area. Syowa, (69"00'S, 39"OO'E) is exposed
to winds from the Indian Ocean which is amongst the most
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Fig. 1. pp'DDE vs. body weight in muscle of Pagothenia
bernacchii.

polluted of all seas (Bidleman & Leonard 1982). This may
explain the higher levels in fish from near Syowa, but it may
also be a sign of a slight world-wide decrease in the levels of
this contaminant. As far as Antarctic organisms of other
trophic levels are concerned, pp'DDE and pp'DDT values
between 0.1 and 0.5 ng g-' d.w. have been reported in mosses
and lichens of the Ross Sea (Focardi et al. 1991), 45-1450 ng
g-' in the eggs and fat of different species of seabirds
(Ballschmiter et al. 1981, Schneider et al. 1985, Tanabe etal.
1986, Luke et al. 1989) and 10-500 ng g-' in the muscle and
fat of the Weddell and crabeater Seals (Hidaka et al. 1984,
Schneider et al. 1985). These values in Antarctic organisms
are much lower than those in other region supporting human
activities.
Correlations were sought between levels of DDT and its
derivatives and the age of P. bernacchii, the species with the
largest number of specimens. The concentrations of the
different contaminants plotted against body weight showed a
positive correlation with body weight levels of pp'DDE
(Fig. 1). This is consistent with the results of Subramanian
et al. (1983) in P. borchgrevinki collected near Syowa and
with those of Hidaka et al. (1984) in Treinatoinus bernacchii
collected in the same area. An increase in the concentrations
of organochlorines with age has also been observedby Connel
(1987) in the striped bass and by Larsson et al. (1991) in
Norwegian eels. These findings show that the curves for males
and females have different slopes. The plot of concentrations
in the present study shows higher values in males than females
for the same body-weight class (Fig. 1). Two hypotheses are
possible to explain this difference: (1) it depends on the
different growth rate of the two sexes; in the same bodyweight class a female is younger than a male and therefore has
had shorter exposure, (2) females eliminate thesecompounds
during reproduction, as happens in marine mammals during
pregnancy and lactation (Tanabe et al. 1982, Aguilar & Borrel
1988).
TableIIIshowsPCBslevelsasthesumofabout20congeners
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Fig. 2. High resolution capillary column gas chromatogram of
a sample of liver of P . bernacchii. IUPAC numbers are
reported for PCBs.
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Fig. 3. High resolution capillary column gas chromatogram of
a sample of liver of C. hamatus. IUPAC numbers are
reported for PCBs.

and isomers. The levels found in the muscle of the various
species ranged from 2.8 ng g-' in C.inawsoni to 12.8 ng g-l in
P. bernacchii. Comparison with EOM shows that these
differences cannot be explained simply on the basis of the
different fat content of the tissue. They could be due to
metabolic capacities and characteristics which vary between
species. The PCBs content of these samples is higher than in
the samples of Subramanian et al. (1983) in some of the same
species collected at Syowa station, and much lower than in
samples from other seas and oceans which have higher
industrial and human activities (Vuorinen et al. 1985, Larsson

IP address: 184.73.74.47

154

S. FOCARDI eta/.

et al. 1991). The ratio DDTsfPCBs was always less than one
(Table 111) confirmingthe general observation of the world-wide
increase of PCBs with respect to DDTs over the last few years.
PCB composition was investigated in the liver of C. hainatus
and P. bernacchii (Table IV) and showed the presence of at
least 22 isomers and congeners, mainly with 5-8 chlorines
(Figs 2 & 3). Pentachlorobiphenyls account for 19% of the
total residue in C. hainatus and only 9.2% in P. bernacchii; in
the former there is a high proportion of 22'44'5, characterized
by IUPAC number 99 (Ballschmiter & Zell 1980).
Hexachlorobiphenyls constituted most of the residue in both
cases (52% and 50.5%); in C. hamatus the isomers 22'355'6
(no. 151), 22'33'44' (no. 128) and 22'44'55' (no. 153) each
account for more than 10% of the total residue whereas in
P. bernacchii, 22'44'55' (no. 153) and 22'344'5' (no. 138)
predominate. Of heptachlorobiphenyls, only the isomers
22'344'55'(no.180)inP. bernacchiiexceeded lO%ofthetotal
residue. Among octachlorobiphenyls, 22'33'44'56 (no. 195)
is to be noted in C. hainatus.
Comparison with the literature shows that the fingerprint of
P. bernacchii is quite similar to that of fish from temperate
regions (Larsson et al. 1991) and other organisms from
Antarctica (Tanabe et al. 1986) or from other geographical
areas (Focardi et al. 1988). The "fingerprint" of C. hainatus
showed significant differences in that its predominating
congeners (nos. 128,141,151) areonly aminor component of
the total residue in other organisms. It is interesting to observe
that differences in the multi-enzymatic systems involved in
themetabolism of xenobioticcompounds were found between
C. hainatus and P. bernacchii by Focardi et al. (1989).
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