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Dolphins belong to one of the groups of wild vertebrates in which the highest
organochlorine pollutant (OCs) levels have been detected (Tanabe 2002). This is
mainly because dolphins have a high metabolic rate and feed at high trophic levels,
and because the large proportion of fat their bodies contain facilitates the
accurmulation of large loads of organochlorine compounds. Moreover, Tanabe et al.
(1988) and Norstrom et al. (1992) have shown that most odontocetes are incapable
of metabolising certain PCB congeners, and thus their potential for accumulation is
substantially greater than that of other mammals. Propensity to OC accumulation
and limited degradation ability combine to make dolphins particularly susceptible to
the impact of OCs. In marine mammals, these pollutants have been associated with
a wide range of toxic effects, including reproductive impairment, depression of the
immune system, carcinogenicity, bone and skeletal growth anomalies, interference
with metabolism of retinoids, and a number of other physiological and organ
disorders (Brouwer et al.1989; Zakharov et al. 1990, Busbee et al. 1999; Borrell et
al. 2002; Martineau et al. 2002; Schwacke et al. 2002).

OCs are particularly toxic in the early developmental stages, and the threshold levels
from which effects are to be expected are lower in embryos and calves than in
adults. In particular, OCs have been identified as endocrine-disrupting chemicals
that interfere with the production and metabolism of the natural hormones
responsible for the maintenance of homeostasis and the regulation of reproduction
and developmental processes (National Research Council 1999). The extent and
form in which chemicals reach the offspring during pregnancy and lactation are thus
important determinants of toxicity (Nau 1992; Rogers and Kavlock 2001). Like
other lipophilic chemicals, OCs easily traverse placental membranes and are
therefore transferred in variable quantities to the foetus. During lactation there is
further mobilization of OCs from the blubber to the milk, and the transfer of these
contaminants to offspring continues, While the magnitude of the reproductive
transfer is extremely variable, ranging from 7 to 100% depending on species and
compound (Duinker and Hillebrand 1979; Fukushima and Kawai 1981; Tanabe et
al. 1982; Cockeroft et al. 1989, Aguilar and Borrell 1994; Borrell et al. 1995;
Salata et al. 1995), it has been measured in only a few cetaceans. The aim of this
paper is to determine the form and to quantify the magnitude of the transfer of OCs
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in a mother-calf pair of common dolphins (Delphinus delphis). Little attention has
been paid to OC transfer in this species, despite the fact that it inhabits the coastal
waters of temperate latitudes and is thus frequently subject to high levels of OC
exposure (Birkun et al. 1999; Smyth et al. 2000; Borrell et al. 2001).

MATERIALS AND METHODS

On 1% August 1994, a lactating female and a 1.09-m-long male calf were caught
entangled together in a drifinet type fishing net off the south-western
Mediterranean coast of Spain. Blubber from the region posterior to the dorsal fin
was excised from both individuals and stored at -20°C until analysis. Lipids were
extracted from blubber using n-hexane in a Soxhlet apparatus, and lipid content was
determined gravimetrically. Analysis of organochlorine compounds was carried out
using capillary GC-ECS and following the procedures described by Borrell et al.
(2001). The samples were analysed for the following compounds: pp-DDE, pp -
DDD, opDDT, pp-DDT and polychlorinated biphenyls (PCBs). tDDT
concentration was calculated as the sum of the four DDT compounds and total PCB
concentration (tPCB) as the sum of 18 individual peaks (IUPAC# 95, 101,
110+136, 151, 135+144, 149, 153, 138, 187, 183, 174, 177, 180, 170, 201, 196,
194). Since OCs are highly apolar compounds, concentrations in this paper are
expressed in parts per million (mg/Kg) calculated on the basis of the weight of the
extracted lipids (lipid basis). Recoveries of organochlorine compounds ranged 82-
101% (n=12). The laboratory participated in interlaboratory calibration exercises for
OCs in biota organized by Quasimeme (1998) and NIST/NOAA (2000 and 2003),
obtaining fitting results.

OC burdens in the blubber, which are considered to represent more than 90% of the
total load (Fukushima and Kawai, 1981; Borrell, 1993), were calculated as:

OC burden = Body weight * relative mass x lipid content x OC concentration

where body weight was calculated through the body weight/body length
relationship (Evans 1994) as 20 Kg for the calf and 70 Kg for the female, and the
relative mass of the blubber, this is, the contribution of blubber to the total body
weight expressed as a percentage, was established as 20% by similarity to the
striped dolphin, Stenella coeruleoalba (Borrell 1993). Transfer rates for the various
OC compounds were calculated as:

Transfer rate = calf burden / female burden + calf burden
RESULTS AND DISCUSSION
OC concentrations, lipid content, the blubber burdens of the female and the calf,
and the percentage of the female concentrations and burdens transferred to the calf
are presented in Table 1. Taking into account that neonatal length in the common

dolphin is 90 cm and the growth rate during the first year of life 4.6 cm per month
(Collet 1981), it is estimated that the calf (109 cm body long) was 3-4 months old.
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Also, considering that captive calves have been seen to lactate for approximately 6
months and that the stomach of 6 wild individuals ranging 100-109 cm body length
contained both milk and prey (Evans 1994), we assume that the calf here studied
was approximately in the middle of its lactation period. As a consequence, if the
calculated overall transfer rates were 55.41% of tDDT and 41.48% of tPCB (Table
1), then it is reasonable to infer that the total reproductive transfer at the end of the
nursing period would approach 100%, a value that is consistent with previous
estimations for other small odontocetes (Tanabe et al. 1982; Borrell et al. 1995;
Fukushima and Kawai 1981).

However, the DDTs and PCBs were not transferred in the same proportion (Figure
1). tDDT concentrations were 3.4 times higher in the calf than in the female (Figure
1a), body burdens were also higher in the calf, and the mean transfer rates were
estimated at 55.41% (Figure 1b). Conversely, tPCB concentrations were only 1.9
times higher in the calf than in the female (Figure 1a), calf body burdens were
lower than those of the female, and the mean transfer rates were estimated at
41.48% (Figure 1b). We can thus conclude that DDTs are more easily transferred to
offspring than PCBs, a finding supported by previous comparable studies in
cetaceans (Fukushima and Kawai 1981; Tanabe et al. 1982; Aguilar and Borrell
1994; Borrell et al. 1995; Salata et al. 1995). This difference can be associated with
the molecular structure of the forms that dominate the OC mixtures that
contaminate the tissues of marine top predators.

Thus, the PCBs usually present in marine mammals are dominated by congeners
that on average are more highly chlorinated than the DDT forms. In this study, the
PCB congeners detected had between 5 and 8 chlorine atoms, while the various
DDT molecules only had 4 or 5 chlorines (Table 1). Virtually any substance present
in the maternal plasma is transported to some extent to the placenta by simple
passive diffusion; however, the rate and extent of transfer is known to be
significantly modified by factors such as lipid solubility and the molecular weight
of the compound (Nau 1992). Transplacental passage is easier for chemicals of low
molecular weight, which in OCs is associated with a low chlorination of the
molecule, than for those with high molecular weight, which is associated with a high
number of chlorine substitutions (Juchau 1983), thus explaining the differences here
observed. Lipophilic compounds are also readily transferred to milk, and again there
are some differences, depending on the physicochemical properties of the
compound: the highly chlorinated organochlorines, such as the PCBs found here, are
less efficiently transferred from the body lipid depots to the circulatory system, and
thence to the milk, than are those low-chlorinated substances such as the DDT forms
(Aguilar and Borrell 1994).

Also as a consequence of the molecular kinetics described above, the relative
concentration of the less chlorinated (5 and 6 chlorines) PCB congeners in relation
to the total PCB load was higher in the calf than in the female, while the female had
a higher relative concentration of congeners, with 7 or 8 chlorines (Figure 1c).
Thus, as can be seen in Figure 1c, the percentage of transfer declines inversely with
the number of chlorines (from 46% to 25%).
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Table 1. Organochlorine concentration (mg/Kg lipid weight basis), blubber burden
(mg) and relative proportion of individual PCB congeners to total PCBs in the
blubber of the female and the calf, and percentage of transfer from female to calf
Conc. (ppm) Burden (mg) % transfer Y%cong/tPCB
female calf female  calf femaleto calf female  calf

length (m) 190 1.09
%alipid content 57 73

n.Chlorine mean
ppDDE 4 210 672 168 196 539
ppTDE 4 025 082 2.0 24 545
opDDT 5 0.18 0.74 1.4 22 601
ppDDT 5 035 150 2.8 44 61.1
tDDT 28 978 230 286 554 554
congener [UPAC #
95 5 017 041 1.3 1.2 473 33 42
101 5 022 045 1.8 1.3 425 4.4 47
110/136 5/6 004 0.10 03 03 486 46.1 0.7 1.0
151 6 015 031 1.2 09 427 29 3.2
135/144 6 011 018 0.9 05 372 2.1 1.9
149 6 050 1.18 4.0 34 465 95 122
153 6 088 1.89 71 55 439 168 195
138 6 058 1.33 4.7 39 455 432 111 13.8
187 7 040 0.69 3.2 20 389 7.5 7.1
183 7 020 0.39 16 1.1 415 38 4.0
174 7 017 036 1.3 1.1 441 32 3.7
177 7 009 0.138 0.7 05 428 1.7 19
180 7 058 0.9 4.6 28 378 110 9.9
170 7 044 0.71 3.5 21 369 403 8.5 73
201 8 0.18 0.19 1.5 06 276 35 2.0
196 8 024 026 1.9 08 283 4.6 27
194 8 012 0.08 1.0 02 200 253 23 0.8
tPCB 5.07  9.67 419 297 415 415

(mean=mean of the several compound percentage transfers according to the degree
of chlorination).

Previous results in odontocetes (Subramanian et al. 1988; Stern et al. 1994; Salata et
al. 1995; McKenzie et al. 1997, Gauthier et al. 1998) are consistent with this
pattern: calves always have a higher proportion of the less chlorinated PCB
congeners than adult females,
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Figure 1. For the female and the calf: a) Concentrations of DDTs and tPCB, b)
Blubber burdens and % reproductive transfer of DDTs and tPCB and c) Relative
PCB congener concentration to tPCB and the transfer percentage per different
chlorinated group.
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Toxicity is more likely to occur during pregnancy and lactation than in any other
stage of the life cycle. This is so because individuals are more susceptible to
chemical insult during their development, but also because there appears to be an
overall decrease in hepatic xenobiotic biotransformation during pregnancy (Juchau
and Faustman-Watts 1983). Recent research suggests that the toxic effect of OCs in
small cetaceans may be severe in newborns and may lead to lowered survivorship
(Schwacke et al. 2002, Wells et al. in press; Hall et al. in press ). The insult may
occur through a direct effect on the descendant, indirectly through toxicity of the
agent to the mother and/or the placenta, or a combination of the two (Rogers and
Kavlock 2001). Among females, those that are primiparous are the ones that carry
the highest levels of OCs (Aguilar et al. 1999). The evidence that reproductive
transfer of OCs in common dolphins reaches practically 100% of the mother’s
burden suggests that common dolphin populations subject to high levels of OC
exposure and, particularly, the calves born from primiparous females, are prone to
suffer the toxicity of these pollutants and should therefore be monitored with
particular attention.
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