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Abstract: Bioaccumulation and environmental behavior of DDTs, PCBs and
chlordane compounds in the antarctic marine ecosystem under the fast ice were
studied. Many samples such as seawater, benthic invertebrates, fishes, Weddell
seal erc., were collected at the Tottuki Point where pollution by human activities
has been most unlikely and from Syowa Station where some pollution is likely
because of the research activities. In seawater samples, the concentration of
PCBs (sum of several tens of individual chlorinated biphenyls) was found to be
higher than that of 3 DDT (p, p’-DDE+ p, p’-DDT), but reverse in organisms.
Y Chlordane (sum of several chlordane compounds and metabolites) concen-
trations showed the middle level between PCBs and 3 DDT in both seawater and
organisms. In higher trophic level organisms, the bioconcentration factors
(BCFs) increased, and variable compositions of PCBs and chlordane compounds
were also found. Concentration levels of ¥ DDT and PCBs in the antarctic
marine ecosystem were about two orders of magnitude lower than those in the
western North Pacific. The low levels are most likely attributable to the low
concentration of these chemicals in seawater under the antarctic fast ice, which
might be caused by the specific environmental characteristics in the Antarctic
relating to its locality being far away from the intensive regions of industrial and
human activities on the earth, the ice covering and the high bioproductivity dur-
ing the austral summer.

1. Introduction

There are some reports on DDT and PCB residues in the antarctic biota since
1966, but they are mostly restricted to a fragmentary knowledge because of the
limited collection of samples and the inadequate technique of chemical analysis
(HipAkA and TATSUKAWA, 1981). One of the present authors (HIDAKA) collected a
wide range of samples during the wintering of the 22nd Japanese Antarctic Research
Expedition (JARE-22, 1980-1982), for the purpose of describing a whole aspect of
the environmental dynamics of chlorinated hydrocarbons (CHs) in the Antarctic (Fig.
1, HIDAKA, 1982). In this paper, we discuss the bioaccumulation and environmental
behavior of DDTs, PCBs and chlordane compounds in the marine ecosystem of the
Antarctic.

2. Materials and Methods

Samples used in this study were collected mainly around Syowa Station during
the wintering of JARE-22 (Jan. 1981-Jan. 1982, Fig. 1). Seawater samples were

151



152 H. HpAkA, S. TANABE, M. KawaNo and R. TATSUKAWA

t ] 1 1

68°55'S

1 o
69°00" Syowa Station E\L

Antarctica

6905 | ¢

69°10' -
A

Lake Nurume Langhovde

0 5 10 km 7
. : ;

39°20E  39°30'  39°40'  39950'

69°15'

Fig. 1. Map showing the collection sites around Syowa Station (69°00'S,
39°35'E) in 1981-1982. Near Syowa Station: Air, ice (iceberg),
seawater, benthic invertebrates, fish. Tottuki Point: Snow,
seawater, sea ice, benthic invertebrates, fish, Weddell seal. Lake
Nurume: Snow, seawater. Mizuho Station (70°42'S, 44°20'FE):
Snow.

pumped up by suction from under the fast ice and then passed through Amberlite
XAD-2 resin columns for collecting CHs. The CHs adsorbed on the resin were
eluted with ethanol and stocked in bottle at Syowa Station. Benthic invertebrate
and fish samples were collected by cage trap and fishing using a fillet of endemic
fish as bait. All biological samples were kept in a freezer at —18°C or lower until
analysis. The Weddell seal (Leptonychotes weddelli) was electrocuted at the Tottuki
Point and shipped to the laboratory of Ehime University in a frozen condition. After
dissection, weight of each organ and tissure was measured accurately in order to
obtain the burdens and concentrations of CHs on a whole body basis. Other details
of sampling techniques were shown elsewhere (HiDAKA, 1982).

CHs in crude extracts from seawater were transferred to hexane, and then cleaned
up by the fuming sulfuric acid and finally determined by gas chromatograph-mass
spectrometer equipped with a selected-ion monitor (GC-MS-SIM). 3 DDT and PCBs
in biological samples were analyzed by the alkaline alcohol digestion method of
WAKIMOTO et al. (1971), in which DDTs were measured as a single p,p’-DDE peak
since p,p’-DDT is converted into p,p’-DDE during the alkaline alcohol digestion.
The analysis of chlordane compounds in fish and seal was carried out as follows:
extraction with acetone and hexane, fat removal by acetonitrile-hexane partitioning,
clean up by Florisil® column chromatography and determination by GC-ECD
(electron-capture gas chromatograph) and GC-MS-SIM. The detection limits of
seawater (about 500 /) and biological samples (about 50g) were 0.2 pg// and 0.01 ng/g
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for 2 DDT, 3 pg/l and 0.0l ng/g for PCBs, and 0.6 pg// and 0.005 ng/g for 2 chlor-
dane, respectively. The other details of chemical analysis were described previously
(TANABE et al., 1983 for DDTs and PCBs in seawater, SUBRAMANIAN et al., 1983 and
HIDAKA et al., 1983 for DDTs and PCBs in fish and Weddell seal respectively, and
KAawaNoO et al., 1984 for chlordane compounds).

3. Results and Discussion

3.1. Possibility of the environmental pollution by the human activities at Syowa Station

The Antarctic, which has been intended for conducting scientific research only
and not for mining and manufacturing industrial activities, is one of the most suitable
regions for monitoring the global pollution by man-made pollutants. Because the
human activities in scientific research there may possibly cause localized pollution by
CHs, when the antarctic environmental pollution is studied, it is necessary to make
a clear distinction between the pollution by the human activity in the Antarctic and the
global pollution caused from outside the Antarctic. So we examined the effect of the
human activities at Syowa Station concerning the environmental pollution with CHs.

When the CHs concentration in the same-aged and same-season samples of benthic
fish, Trematomus bernacchii, is compared between two different localities, the levels
of Y DDT and PCBs were found to be about two times (P<0.01) and thirty times
(P<0.001) higher near Syowa Station than at the Tottuki Point, respectively (Figs.
2A, 2B). The Tottuki Point is located about 13km northeast on the windward of
Syowa Station (Fig. 1). MoORIWAKI and YOSHIDA (1982) reported that the water
current under the fast ice around Syowa Station was mainly tidal (max flow rate
7.0 cm/s) and the flow from north to south (from the Tottuki Point to Syowa Station)
was somewhat stronger than the opposite flow. Considering this, it can be safely
concluded that the Tottuki Point is still unpolluted by the human activities at Syowa
Station.

The data on snow, seawater and benthic invertebrates also suggest that Syowa
Station might have been one of the sources of CHs pollution (HIDAKA and TATSUKAWA,
1983). It is assumed that PCB and DDT present in the scientific materials used for
the human activities at Syowa Station, have leaked into the environment and concen-
trated in the benthic biota.

Therefore, the samples collected near Syowa Station are unsuitable for the
environmental discussion from a global viewpoint. The following topics are dealt
with, mainly on the samples from the Tottuki Point.

3.2. The chlorinated hydrocarbon concentrations in a benthic fish, Trematomus bernac-
chii, in correlation with body size and their seasonal variation

The Antarctic is an appropriate field for the study of bioaccumulation because
of the comparatively stable and simple structure of the marine ecosystem without
industrial and agricultural sources of CHs.

Body length and 2’ DDT concentration in 7. bernacchii were positively correlated,
whereas no such correlation was found in the case of PCBs and 2 chlordane (Fig. 2).
A decrease of lower chlorinated biphenyls and an increase of higher ones with increase
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Fig. 2. Concentrations of ¥ DDT(A), PCBs(B) and X chlordane (C)
in wet whole body of the antarctic benthic fish, Trematomus

bernacchii.
®—©®: Tottuki Point (July 16-September 21, 1981)
O--+0O: Tottuki Point (December 3-23, 1981)
O: Near Syowa Station (January 15-March 22, 1981)
Data on XDDT and PCBs were cited from HIDAKA and
TATSUKAWA (1983), and X chlordane data were from KAWANO
et al. (in preparation).

of body size were noted in the antarctic fish, Pagothenia borchgrevinki (SUBRAMANIAN
et al., 1983). Some of the biodegradable and less lipophilic members of PCBs and
chlordane compounds seem to reach the equilibrium concentration level at an earlier

stage of fish growth.
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Although many authors have reported the seasonal variation of CHs in fishes
(ROBINSON et al., 1967; HANSEN and WILSON, 1970; REINERT and BERGMAN, 1974), the
residual concentrations of the CHs among the samples collected in different seasons
did not differ significantly in this study (Figs. 2A, 2B). Large numbers of specimens
used here were immature except for larger ones over about 18cm in body length.
According to the examination on the relationship between body length and body
weight (the degree of fatness) of this fish (= 149), no correlation was found in the
different sampling seasons and locations. The insignificant seasonal variation of
CHs in the antarctic fish might be caused by the small fluctuation of the water
temperature in the Antarctic Ocean.

3.3. Bioaccumulation of CHs in the Weddell seal

We have intensively studied the bioaccumulation of CHs in marine mammals using
striped dolphins, Stenella coeruleoalba (TANABE et al., 1981a, b, 1982a, 1984). Referring
to this knowledge, the following observations were made on the bioaccumulation of
CHs in the Weddell seal (HIDAKA et al., 1983).

More than 99% of whole body burdens of Y DDT and PCBs were retained
in blubber and muscle of the Weddell seal. The transplacental transfer of these
chemicals was estimated to be less than 2% of the mother’s burden. The lactational
transfer was estimated to be 40-50% for 2 DDT and 20-30% for PCBs from mother
to newborn pup. These transfer ratios in the Weddell seal were lower than those in
striped dolphin (more than 70%, TANABE et al., 1981D).
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Fig. 3. Age trend of whole body concentrations (nglg on wet weight basis) and burdens (mg)
of ¥ DDT, 3 chlordane and PCBs in the Weddell seal.
O, EDDT; p, 2 chlordane; ®, PCBs; O, body weight (kg).

Whole body burdens and concentrations of CHs increased with age (Fig. 3).
However, these increasing rates were different according to the chemical species, that
is, the slope of X' DDT is steeper than those of PCBs and X' chlordane. This is due
to the less biodegradable property of DDTs as compared with PCBs and chlordane
compounds which are included in some biodegradable components of food of the
Weddell seal (SUBRAMANIAN et al., 1983 ; KAWANO et al., in preparation).
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3.4. Bioaccumulation in the antarctic marine ecosystem

Concentrations of CHs in an estimated antarctic marine food chain and possible
bioconcentration factors (BCFs, concentration ratios of CHs in organisms to those
in seawater) are shown in Table 1. The concentrations and BCFs of these pollutants
increased in predators of higher-trophic level, where the order of BCFs was found to

Table 1. Concentrations and bioconcentration factors (BCFs) of
chlorinated hydrocarbons in the marine food chain of the
Antarctic Ocean.

Y DDT PCBs 2 Chlordane

Sea water Conc. (ug/l) 1.0x10-8 5.4 10~ 5.4x10-¢
Krill Conc. (ng/g) 2.6x10-2 2.1x10-2 6.1x10-?

BCF 2.6x10¢ 3.9x102 1.1x10¢
Fish Conc. (ng/g) 6.3x10"1 2.5x10-1 4.3x101

BCF 6.3x108 4.7x103 7.9%104
Seal Conc. (ng/g) 5.2x10 1.2x10 1.9x10

BCF 5.2x107 2.2 109 3.5X108

cl content

Seawater 37.9 (%)
Fish 53.8
(7. bernacchiz)
Weddell seal 58.3

L i 3

0 50 100(3)

Fig. 4. Chlorobiphenyl compositions (%) of PCBs in the antarctic marine
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Fig. 5. Chlordane compounds compositions in the antarctic marine eco-
system. t-nona, trans-nonachlor,; c-nona, cis-nonachlor,; oxy, oxy-
chlordane; c-dane, cis-chlordane; t-dane, trans-chlordane; «-dene,
a-chlordene; y-dene, y-chlordene (KAwANO et al., in preparation).
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be 3 DDT> 23 chlordane>PCBs. In the PCB isomers and congeners compositions
(Fig. 4), higher chlorinated biphenyls were observed more in fish than in seawater, and
this trend was further marked in the Weddell seal. The variable compositions were
also found in chlordane compounds, where increased proportions of nonachlor and
oxychlordane were observed in higher trophic levels (Fig. 5).

The CHs examined here have a wide variety of lipophilicity, water solubility
and biodegradability (METCALF, 1976; TANOUE, 1982). DDTs, higher chlorinated
biphenyls, nonachlor and oxychlordane are known to be more lipophilic, less water
soluble and less biodegradable than other CHs. As shown in Fig. 6, an apparent
negative correlation was found in the relationship between water solubilities and BCFs
of PCB isomers and congeners in the antarctic fish, but no correlation exists in the
case of the Weddell seal. This strongly suggests that the bioaccumulation of CHs
in the antarctic marine organisms of lower trophic levels depends primarily on
physicochemical factors such as water solubility and lipophilicity of pollutants,
whereas that in higher trophic levels is affected by biochemical factors such as
biodegradability of pollutants and metabolic capacity of organisms. This accounts
well for the fact that the Weddell seal, long life animal, tends to accumulate greater
amounts of more lipophilic and less metabolizable pollutants such as DDTs, higher
chlorinated biphenyls, nonachlors and oxychlordane.
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Fig. 6. Relationship between water solubility of individual chlorobiphenyls and bioconcen-
tration factors of the antarctic fish, Trematomus bernacchii, and the Weddell seal.

3.5. Specific distribution profiles of CHs in the antarctic marine environment

When the concentrations of CHs in the antarctic marine ecosystem are compared,
with those in the western North Pacific waters (Table 2), 3 DDT were about two
orders of magnitude lower in the Antarctic than in the western North Pacific through-
out seawater to marine mammals. PCBs in organisms were also about two orders of
magnitude lower in the Antarctic than in the western North Pacific, but that in
seawater were found to be only about one order of magnitude different between the
two regions. The lower levels of CHs in the antarctic environment are mainly



158 H. Hipaka, S. TaNABE, M. KawaNo and R. TATSuKAwA

Table 2. XDDT and PCBs concentrations (pg|l or nglg) in the marine food chains of
the Antarctic and the western North Pacific oceans.

CAntarcic Western North Pacific
2DDT PCBs 2DDT PCBs
Seawater 1.0x10-6  5.4>:10-5  Seawater  1.4x10-* 2.85¢10-4
(under fast ice) (6.0:<10-6- (4.0 10-5-
4.8x10-%) 5.9%x107%)
n=21 n=21
Krill 2.6.10-2 2.1:1072 Zooplankton 1.7 1.8
Myctophid 4.3x10 4.8%10
Benthic fish 6.3x10-1 2.5%10"1 Squid 2.2x10 6.8x10
(T. bernacchii) (1.6x1071 (1.1x10-1- (1.6x<10- (3.5%x10-
-1.5) 8.6x10-1) 2.8xx10) 9.5x%10)
n=31 n=26 n=6 n=6
Weddell seal 5.2%10 1.2:<10 Striped 5.2x103 3.7<108
dolphin (4.2x103- (2. 8103~
6.0x103) 4.1X10%)

n==6

n=>6

The western North Pacific data are cited from TANABE et al. (1984).

attributable to the fact that the locality is far away from the regions of intensive
industrial and human activities.

It has been demonstrated that atmospheric transport is a major pathway of CHs
from land to open ocean. TANABE et al. (1982b) reported that atmospheric concen-
trations of CHs were much lower in the Antarctic than in the western North Pacific.
There is a difference between the Antarctic and the western North Pacific in relative
concentrations of PCBs and DDTs in air and those in seawater and organisms. This
suggests that the antarctic ambient condition and biological factors give rise to a
specific distribution profile of CHs in the antarctic marine ecosystem. The transport
process of CHs in the antarctic marine environment is summarized in Fig. 7.

Atmospheric DDTs and PCBs over the open ocean exist mostly in the gaseous
phase. A major transport of CHs from air to water depends on the partition at the

aa
ooo

Fast Ice oca

Open Ocean

Antarctica

Fig. 7. Global dynamics of DDTs and PCB:s.
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air/water interface and the precipitation such as rainfall and snowfall. In the antarctic
marine environment, which is covered with the thick fast ice except for a short summer
season, the transport of CHs to seawater by gas exchange is unlikely. The major
supply of CHs into the antarctic seawater is probably conducted by melting snow
and ice during austral summer. This seems to be one of the reasons for the lower
concentrations of CHs in the antarctic seawater and organisms.

Additionally, high primary productivity also contributes to the specific distri-
bution profile of CHs in the antarctic marine environment. HOLM-HANSEN et al.
(1977) reported that primary productivity of water under the fast ice is several times
higher than that of the outer margin of the pack ice in the summer szason. TANABE
et al. (1983) noted that the concentrations of DDTs and higher chlorinated biphenyls
were much lower in water samples under the fast ice than in those of the outer margin
of the pack ice. They suggest that DDTs and higher chlorinated biphenyls are rapidly
removed from the surface to deeper layers by sinking particles (which are composed
mainly of dead planktonic forms) since these pollutants are extremely adsorbable on
particulates in seawater. So the acitve primary productivity under the fast ice may
also be a cause for the lower concentrations of CHs in the antarctic seawater and
organisms.

The antarctic marine ecosystem, especially beyond south of the Antarctic Con-
vergence, is stable and old and has a higher percentage of inherent species; thus it is
simple in comparison with other ecosystems. Also, since the atmospheric mixing
between north and south is very slow, the antarctic area is a comparatively closed
environment. These natural barriers prevent the effects of global pollution here and
probably the natural purification processes too. But, as mentioned above about the
pollution from Syowa Station, since polluted from the inner area, it could not spread
easily, the pollutants became localized and are being concentrated in resident
organisms. When highly polluted, any closed and simple ecosystems will be easily
affected and destroyed. Consequently, the antarctic marine ecosystem is basically
weak to the environmental pollution from the inner area and is highly susceptible to
even a little pollution within the region.
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