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ABSTRACT

Publications on levels of organochlorines in cetaceans from South Africa are reviewed.
Organochlorine contamination in cetaceans off South Africa is similar to those in Australian
waters. but generally low compared to the Northern Hemisphere. An exception is the coastal
dolphins inhabiting the South African east coast waters. In these animals levels are similar to
Northern Hemisphere coastal cetaceans. Levels are generally higher in coastal dolphins, compared
to dolphins living in deeper waters. It is suggested that these differences are directly related to the
levels of industrialisation and cultivation of the surrounding area. Too few samples of either baleen
whales or toothed whales are available to investigate the differences in organochlorine levels
between these two groups. Similarly, even for species with the highest sample sizes — common and
bottlenose dolphins — the data are insufficient to investigate trends in contaminant levels.
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INTRODUCTION

The accumulation of toxic contaminants in marine mammals is of increasing concern (e.g.
Reijnders er al., 1999). Marine mammals are long-lived, have large lipid reserves in
proportion to their body size and are therefore ideal repositories for high concentrations of
the lipophilic chlorinated hydrocarbons. In addition, they appear to lack certain enzymes for
the metabolism of some organochlorines; marine mammals appear to accumulate these
compounds to a greater degree than other mammals and may therefore be more susceptible
to their toxic effects (e.g. Tanabe, 1988; Tanabe et al., 1988).

In common with most of the Southern Hemisphere (Kemper et al., 1994; Marcovecchio
et al., 1994), there is little information on the toxic contaminants in the seas surrounding
South Africa. Those most frequently studied and reported are the synthetic chlorinated
hydrocarbons, the polychlorinated biphenyls (PCBs) and DDT and its metabolites, DDE and
DDD. As a result of the intense agricultural usage of land along the eastern coastal zone,
particularly in the north (Natal), quantities of DDT entered the marine system prior to 1976,
when its use in agriculture was largely discontinued. However, DDT may still be in use,
particularly in state managed malaria control procedures in northern Natal (Van Dyk er al.,
1982), implying that some may still enter the marine environment. PCBs have never been
manufactured in South Africa and their input into the marine environment is, apart from
aerial transport, probably limited to leaching from products containing them dumped near to
the industrialised areas of Richards Bay and Durban in Natal, East London and Port
Elizabeth in the Eastern Cape and Cape Town in the Western Cape.

There are some published data for organochlorine residues in coastal birds (De Kock and
Randall, 1984) and seals (Cockcroft et al., 1991), although most of this emanates from
samples collected and processed in the 1970s and 1980s. More recently, samples have been
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routinely collected from cetaceans stranded and incidentally captured, however, the high

analytical costs have limited the analyses. This paper reviews the data available in published
papers and technical reports.

STUDY AREA

South Africa has a coastline of about 3,000km and is bounded by two major current systems.
To the west, the cold and intermittent Benguela Current runs northwards, while to the east,
the warm, strongly flowing Agulhas Current runs in a southerly direction (Fig. 1). Other than
in the south, around Cape Town, the west coast is mostly arid, human population density is
low and industrialisation and agriculture limited. In contrast, the coastal belt of the east coast

is generally moist, fairly heavily cultivated and has several large cities (> 500,000
inhabitants), all of which have an active industrial base.
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Fig. 1. South Africa is bounded by two current systems, the cold Benguela to the west and the warm, strongly

flowing Agulhas to the east. The primary centres of industrialisation, agriculture and habitation are either
on, or drain to, the east coast, east of longitude 20°E.

For the purpose of this review, the west coast of South Africa is taken to be that part of

the coastline west and north of the southern tip of Africa (about 20°E). The east coast is taken
to be that part of the coast east of this point.
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METHODOLOGY

For animals sampled from the west coast, both stranded and taken by scientific permit,
blubber was taken dorsally, anterior to the dorsal fin, wrapped in aluminium foil and stored
at —20°C until analysis. For the east coast, using both strandings and incidental captures,
blubber samples were taken just anterior to either pectoral flipper, wrapped in aluminium foil
and frozen at —20°C for analysis. Analyses for all west coast samples and samples from
incidentally caught dolphins on the east coast followed the methodology described by
Cockcroft ef al. (1989) and De Kock (1990) .

For east coast animals, sample extraction, clean up and analyses followed the
methodology of Watling (1981) and Henry and Best (1983). Briefly, lipid from thawed
samples (5-10g) was extracted by ultrasonic maceration with hexane. This was cleaned up
using a silica gel and sodium sulphate column. Two fractions, the first containing the PCBs
and DDTs, the second Dieldrin and most of the Lindane, were subsequently obtained.
Samples were analysed using a PYE gas liquid chromatograph (GLC - tuned to
approximately 250gx 10~ !2/ul sensitivity) with an electron capture detector. Compounds
were quantified by frequent calibration of the GLC with external standards (Environmental
Protection Agency, USA). Occasionally, further confirmation was done by ultraviolet
photolysis.

RESULTS

West coast

De Kock et al. (1994) provide total PCB, HCB and DDT concentrations for 72 cetaceans of
15 species stranded or taken by scientific permit off the west coast between 1977 and 1987
(Table 1). Overall, levels of DDT and PCB were low and Dieldrin was present in only a small
proportion of the samples.

East coast

The concentrations of tDDT in 36 rorquals (6 fin, 1 sei and 29 minke) landed at Durban
during the 1974 whaling season were all exceptionally low (< lug/kg wet weight), while
PCB levels were too low to be detectable (Henry and Best, 1983). Similarly, concentrations
of tDDT in 12 sperm whales landed in the same year, were also extremely low (< 1.3ug/kg
wet weight), with no detectable level of PCBs.

A study of organochlorines (Cockcroft et al., 1991) in the blubber of 41 odontocete
cetaceans stranded off the east coast of South Africa between 1976 and 1981, showed highly
variable results (Table 2). Generally, cetaceans from the Eastern Cape showed lower (DDT,
PCB, Dieldrin and Lindane levels than did those from Natal. Additionally, those inhabiting
coastal waters displayed higher levels of all contaminants than did animals from pelagic
waters.

The results of pollutant studies of common and bottlenose dolphins incidentally captured
in shark nets off Natal (Cockcroft, 1990) were similar to those of other studies of
contaminants in cetaceans (Cockcroft et al., 1989; 1990). For both species, contaminant
levels were considerably higher in the blubber than in the liver. Contaminant concentrations
in males increased with age (based on growth layer group - GLG - counts), whereas
concentrations in females showed a marked and rapid decline at sexual maturity (Tables 3
and 4). Most interesting was the finding that, in both species, this decline occurred
subsequent to the females’ first or second ovulation, implying that primiparous females rid
themselves of the major portion of their contaminant burden to either the first and/or the
second born calf, probably via lactation (Cockcroft et al., 1989; 1990).
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Table 1

Organochlorine residue levels (u/g wet weight) in the blubber of cetaceans from the west coast of South
Africa (1977-1987) (from de Kock et ul., 1994).

Species n Year Sex Length (m) tDDT PCB HCB
Southern right whale 2 1984 M 9.25 0.01 0.01 0.02
(Eubalaena australis) 1986 M 4.85 0.01 0.01 0.01
Pygmy right whale 1 1987 F 6.5 0.05 0.12 0.01
(Caperea marginata)
Minke whale 1 1984 F 33 0.08 0.01 0.1
(Balaenoprera acutorostrata)
Sperm whale 1 1986 F 16 0.39 0.13 0.01
(Physeter macrocephalus)
Pygmy sperm whale S 1978 F 2.93 0.51 0.26 0.06
(Kogia breviceps) 1984 F 3.01 0.3 0.12 0.05
1986 F 3.21 1.02 1.1 0.06
1986 M 2.18 1.11 0.29 0.08
1987 M 233 0.3 0.26 0.03
Dwarf sperm whale 4 1976 M 1.67 1.43 0.18 0.04
(Kogia simus) 1984 M 2.11 0.37 0.15 0.03
1984 M 2.3 0.54 0.29 0.03
1984 M 1.78 0.65 0.38 0.03
Blainville's beaked whale 6 1984 F 3.46 1.47 0.88 0.15
(Mesoplodon densirostris) 1984 F 4.54 0.29 0.3 0.02
1984 M 2.25 1.86 0.29 0.16
1984 F 4.54 0.38 0.51 0.03
1984 F 425 0.36 0.27 0.03
1986 M 3.76 0.39 0.26 0.02
True's beaked whale 2 1986 F 3.19 091 1.22 0.09
(Mesopiodon mirus) 1986 F 4.17 1.37 0.75 0.11
Layard's beaked whale 2 1978 M 29 0.54 0.15 0.13
(Mesaoplodon layardi) 1985 M 52 1.22 1.93 0.27
Risso's dolphin 2 1984 M 3.14 7.51 2.72 0.02
(Grampus griseus) 1986 F 1.29 1.29 0.39 0.03
Striped dolphin 2 1984 F 23 1.02 1.28 0.02
(Stenella coeruleoalba) 1986 M 2.01 0.74 1.11 0.03
Bottlenose dolphin 6 1976 M 2.69 4.14 0.34 0.03
(Tursiops truncatus) 1980 M 2.86 0.17 0.16 0.01
1984 M 1.35 2.52 1.93 0.01
1985 M 1.72 3.6 2.33 0.03
1985 M 2.61 12.29 8.29 0.03
1987 F 2.88 1.75 1.62 0.01
Common dolphin 17 1984 M 2.08 9.63 6.94 0.4
(Delphinus delphis) 1984 M 222 0.48 043 0.02
1984 M 23 5.73 3.39 0.02
1984 M 1.97 0.07 0.07 0.02
1984 M 1.49 13.69 12.27 0.16
1984 M 1.55 25.25 15.51 0.18
1984 F 2.15 3.02 2.61 0.04
1986 M 2.07 9.83 2.88 0.02
1986 M 1.97 9.58 5.75 0.05
1986 M 2.07 5.49 5.41 0.01
1986 M 2.43 7.73 4.18 0.01
1986 F 2.1 2.96 2.96 0.01
1986 F 1.95 0.96 112 0.05
1986 F 22 2.68 5.07 0.05
1987 F 217 0.57 0.59 0.02
1987 F 1.62 2.88 5.03 0.08
1987 F 2.29 0.71 241 0.05

continued
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Table 1 continued

Species n Year Sex Length (m)  tDDT PCB HCB
Heaviside's dolphin 9 1977 F 1.68 1.17 0.11 0.04
(Cephalorhvnchus heavisidii) 1982 F 1.58 4.21 0.65 0.06
1984 M 1.47 471 1.76 0.06
1984 M 1.56 2.71 0.75 0.01
1984 M 1.56 1.96 0.65 0.08
1985 NA NA 0.26 1.09 0.02
1985 F 1.18 0.25 0.07 0.01
1985 M 1.51 3.61 1.13 0.04
1987 M 1.53 0.78 0.27 0.03
Dusky dolphin 12 1977 F 0.85 274 0.64 0.01
(Lagenorhynchus obscurus) 1977 M 1.69 16.15 229 0.02
1984 M 1.66 13.74 5.59 0.14
1984 F 1.69 1.49 237 0.06
1986 F 1.61 1.69 1.17 0.01
1986 F 1.71 1.31 0.56 0.03
1986 F 1.87 1.04 0.76 0.02
1986 M 1.84 8.17 4.24 0.06
1986 M 0.89 0.49 0.38 0.02
1987 F 1.78 582 1.71 0.04
1987 M 1.76 2.21 1.58 0.05
1987 M 0.92 1.21 1.89 0.07
CONCLUSIONS

Although conclusions from available data are confounded by the variety of cetacean species
sampled and differences in the sex and level of maturity of individuals, it appears that
organochlorine contamination in cetaceans off South Africa is similar to that in Australian
waters (Kemper er al., 1994), but generally low in comparison with the Northemn
Hemisphere. Nevertheless, coastal dolphins, particularly those inhabiting South African east
coastal waters, appear to be an exception to this pattern and show levels similar to Northern
hemisphere coastal cetaceans (Wagemann and Muir, 1984).

On both the west and east coasts of South Africa, coastal dolphins (common, bottlenose,
Heaviside’s and dusky dolphins) generally show higher contaminant levels than do those
cetaceans inhabiting deeper waters. As an example, Indo-Pacific hump-backed dolphins
{(Sousa chinensis) from Natal are never seen in waters deeper than 20m and show the highest
organochlorine concentrations of any marine mammal in South African waters (Gardner
et al., 1983; Cockcroft, unpublished data). Regardless of the influences of dolphin prey
preferences and movement patterns, differential hinterland development of industry and
agriculture, or the effect of unknown factors, these data imply that inshore waters are
generally more contaminated than deeper waters, even within the coastal belt out to 200m
depth.

Despite the occurrence of one mature male bottlenose dolphin from the west coast with
PCB levels similar to those for east coast males, there is strong evidence that contaminant
levels in cetaceans are related to the level of agricultural and industrial development of the
surrounding area. Coincident with agricultural and industrial development, bottlenose
dolphins captured in northern Natal, from Durban northwards, display significantly higher
levels of PCBs, DDT and Dieldrin than do those from the south (Cockcroft et al., 1989). This
clearly suggests that coastal contaminant levels are directly related to the levels of
industrialisation and cultivation of adjacent land areas.
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Table 2

Chlorinated hydrocarbon residue concentrations {{1g/g wet weight) in the blubber of cetaceans stranded on the
east coast of South Africa (tDDT=DDT+DDE+TDE, JD = just detectable <0.01, ND = not detectable).

Length Weight DDE/
Species (cm) (kg) Sex PCB DDE TDE DDT Diel Lind tDDT TDDT
Eastern Cape
Grampus griseus 2120 84.8 F ND 0.86 054 1.79 ND 140 0.61
G. griseus 2540 F ND 060 037 107 ND 098 0.62
G. griseus 2980 304 M ND 437 007 040 ND ND 444 098
G. griseus 2640 185 M ND 193 ND ND ND ND 193  1.00
Tursiops truncatus 1075 14.5 F ND 042 002 0.11 003 ND 044 096
T. truncatus 1160 46.5 F 423 537 ND 127 0.06 9.60 0.56
T. truncatus 950 9.5 F ND 032 059 ND 0.04 091 035
T. runcatus 2250 M 1002 240 ND 097 295 1242 0.19
T. rruncatus 1050 177 M 257 2368 ND 050 003 2625  0.90
T. truncatus 1040 303 M ND 68 ND ND 0.09 6.86  1.00
T. truncatus M ND 087 116 1.00 009 203 043
Stenella coeruleoalba ND 121 ND ND ND 1.21  1.00
S. coeruleoalba ND 249 082 1.74 0.04 331 075
8. coeruleoalba 2280 128 F ND 654 ND ND ND 6.54 1.00
S. coeruleoalba 2150 785 M ND 182 ND ND 0.16 1.82  1.00
Orcinus orca 6050 3067 M ND 784 3.70 845 0.04 11.54  0.68
Mesoplodon densirostris 2300 157 F ND ND ND ND ND ND
M. densirostris 3510 468 F 1.71 279 ND 043 1D 450 0.62
M. densirostris 4500 F ND ND ND ND ND ND
M. densirostris 4650 M 045 171 ND 032 0.02 216 079
Delphinus delphis 2280 107 M ND 561 ND 1.04 043 ND 561 1.00
D. delphis 2210 112 M ND ND 0.17 034 0.02 0.17 ID
D. deiphis 1385 275 M ND 048 0.02 JD 002 ND 049 099
D. delphis 1210 375 M 433 1077 ND 1.88 0.08 1510 0.71
D. deiphis 2280 112 M 682 1290 JD 051 ND ID 1972 065
Kogia simus 2650 ND 061 ND ND ND ND 0.61 1.00
K. simus ND 007 ND ND ND ND 007 100
K. simus 2200 156 F ND 032 0.14 044 ND 045 0.70
K. simus 1470 61.5 F  ND 004 ND 0.07 ND 0.04 1.00
K. simus M 1.77 309 ND 025 002 ND 486 064
K. breviceps 2560 177 M ND 1.0l ND ND 004 1.01  1.00
Physeter macrocephalus 3720 F ND 0.09 004 008 ND 0.13  0.69
P. macrocephalus 4080 M ND 020 ND ND ND ND 020 1.00
Natal
G. griseus 2033 815 M ND ND ND ND 011 ND ND
Stenella attenuata 1880 51.4 F 3060 3200 127 052 004 ND 6387 0.50
S. attenuata 1740 455 M 4830 1690 ND 345 0.07 ND 6520 026
S. attenuata 1820 555 M 873 883 160 337 ND 19.16 Q.46
S. attenuata 2200 84.1 M 478 265 017 ND ND 7.60 035
T. truncatus 1020 M 2290 1360 071 495 0.19 0.03 3721 037
S. coeruleoalba 1860 76 M ND 230 1.17 285 ND 347  0.66
Hyperoodon planifrons 2910 228 M ND 120 040 299 0.07 1.60 0.75

Despite the lack of direct cause and effect information for cetaceans, there is sufficient
indirect information for the high levels of contaminants in coastal dolphins to warrant
concern (see Reijnders et al., 1999). Not only are levels in mature males possibly high
enough to impair reproductive capacity (Cockcroft e al., 1989), but the build up and
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reproductive transfer to offspring of contaminants in primiparous females could have
important implications. With respect to build-up, high concentrations of organochlorines in
pregnant females can potentially cause developmental problems in offspring (e.g. Colborn
and Clement, 1992). Interpolation from a study of the milk consumption of a captive
bottlenose dolphin calf (Cockcroft and Ross, 1990) suggests that primiparous females
transfer, via lactation, the major portion of their contaminant load within six to eight weeks
post partum. The implications of the rapid mobilisation and metabolism of such quantities
of contaminants on the primiparous female are unknown. Similarly, the ingestion of the
majority of the female’s organochlorine load over a short period exposes first born calves to
massive doses of contaminants and raises concern for the calf’s survival. Both aspects
warrant further investigation and should be considered in the conservation and management
of coastal dolphins.

Table 3

Mean concentrations (ug/g wet weight) of PCBs and tDDT in different common dolphin sex and age classes
(from Cockcroft ez al., 1990).

Sample size PCB tDDT
Immatures (<10 GLGs) 42 438 4.0
Resting females 11 39 38
Lactating females 18 1.9 0.9
Pregnant females 9 1.7 1.5
Mature males 17 7.9 6.4

Baleen whales in general show significantly lower levels of contaminants than
odontocetes. Although this may be related to their diet, their predominantly offshore
occurrence and the fact that most make seasonal migrations to high latitudes are also
probable factors (see review by O’Shea and Brownell, 1994). Too few samples of any one
species from the region discussed in this paper are available for an unequivocal
interpretation.

Table 4

Mean concentrations (lLg/g wet weight) of PCBs and tDDT in different bottlenose dolphin sex and age classes
(from Cockcroft ef al., 1989). n = sample size.

n PCB n TDDT n Dieldrin
Calves 38 8.57 37 10.3cent2 33 0.51
Adolescents 18 13.5 18 11.25 15 0.38
Lactating females 14 2.5 13 1.25 8 0.04
Mature males 17 8.43 16 383 15 0.21

In summary, there are insufficient data from the South African region to construct a clear
picture of contaminant dynamics in cetaceans. Even for the species with the highest sample
sizes (common and bottlenose dolphins), the lack of data since 1987 precludes any
interpretation of recent or long-term trends. Consequently, there is an urgent need for further
studies, particularly of collected and archived samples, where only the lack of funding
hinders analysis. Future studies should include the use of biopsy samples (e.g. Aguilar and
Borrell, 1994) and innovative assessments of contaminant effects. For example, sampling of
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both dead and free-ranging cetaceans should be combined with pathological examinations in
order to assess the actual impact of pollutants on the health of cetacean individuals and
populations.
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