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• Organochlorine pesticides and PCBs were found in Southern Right Whales.
• OCP levels were slightly higher than PCB in all individuals.
• Samples showed a predominance of recent endosulfan and aged DDT.
• Prevalence of lower chlorinated congeners indicates atmospheric global transport.
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Organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) were assessed in blubber from 35 dead
Southern Right Whales (SRW — Eubalaena australis) stranded at Península Valdés, Argentina. The life cycle in-
cludes a feeding period in high productivity areas of the South West Atlantic and a reproductive period in coastal
template waters of Argentina. Organochlorine pesticides showed higher concentrations (22.6 ± 13.8 ng·g−1 ww)
than PCBs (7.5 ± 10 ng·g−1 ww). Among pesticides, HCHs, DDTs, endosulfans, dieldrin, chlordans, heptachlor
epoxide, and trans-nonachlor were detected. p,p′-DDE and p,p′-DDT were present in 69% and 26% of samples,
respectively. p,p′-DDT/p,p′-DDE ratio showed lowvalues (b0.33) as a result of agedDDT inputs. However, the oc-
currence of only p,p′-DDT in some samples suggests a recent pesticide input. α-HCH/γ-HCH ratio (bDL-0.37)
indicated no recent contribution of technical HCH mixture and/or current use of lindane. Dieldrin was present
in 77% of the samples and endosulfan was detected in all samples with predominance of α- (75%) over β-
endosulfan (19%) and scarce contribution of endosulfan sulphate (7%), suggesting a recent input of this insecti-
cide to the environment in the SRW foraging area. A predominance of pentachlorobiphenyls was observed. In 21
samples at least one PCB indicator was found and PCB #118, highly toxic, contributed in 5% to total PCBs.
Although all these organochlorine compounds are forbidden they were bioaccumulated in the blubber of SRW
with a predominance of endosulfans, the more recently used pesticide. The absence of data on chemical pollut-
ants in stranded dead whales is highlighted as a priority for research. This is the first study on levels, composi-
tional patterns, and organochlorine sources in SRW. Moreover, more research including milk, and other
tissues/organs is recommended considered that in the studied specimens, mostly calves, pollutants are likely
transferred from the mother during pregnancy and nursing.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Persistent organochlorine pollutants (POPs) are ubiquitous, toxic
chemicals released around the world and transported to polar regions
primarily via airmasses according to global distillation and fractionation
processes (Wania and Mackay, 1996; Bengtson Nash et al., 2008). As
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volatility decreases markedly with falling temperatures, the colder
areas at higher latitudes act as major sinks for these compounds
(Aguilar et al., 2002). Most organochlorine pesticides (OCPs) and all
polychlorinated biphenyls (PCBs) are included in the Stockholm Con-
vention list (2009), and despite their prohibition some years ago in
many countries, they persist globally at considerable levels (Fowler,
1990; Sarkar et al., 1997; Pazi et al., 2011). These pollutants which
enter into the environment from anthropogenic sources (industrial
and agricultural) are highly persistent, bioaccumulative, and transfer-
able through the trophic chain, and they have contributed significantly
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to environmental pollution (Tolosa et al., 2010). POPs were first detect-
ed in Antarctic biota and snow in the late 1960s, contributing further ev-
idence towards the long range environmental transport of these
compounds (Riseborough et al., 1968). However there are few reports
on POPs in Antarctica in comparison to the Arctic (Bengtson Nash
et al., 2008). POP occurrence in animal tissues has been associated to
several deleterious effects on all hierarchical levels of biological organi-
zation (organism, population, community, and ecosystem) including
damage to reproduction, endocrine disruption, immune suppression,
and cancer (UNEP, 2012). Although accumulation in males and females
of different species and trophic level is expected to be similar, female
mammals can transfer a large part of their POP burden to their calves
through the placenta and during lactation (Marsili and Focardi, 1995).

Southern Right Whales (Eubalaena australis) inhabit the southern
hemisphere (Bastida and Rodriguez, 2009). They are an emblematic
species in Patagonia (Argentina) and a regional resource that sustains
important tourism activities linked to whale-watching. The life cycle
of the population of SRW which breed in Península Valdés includes a
feeding period in areas of high biological productivity in the South
West Atlantic and a reproductive period in coastal and temperate wa-
ters (Bastida and Rodriguez, 2009). Specifically, SRWsmigrate annually
betweenmid-latitude areas (Península Valdés, Argentina; Uruguay; and
southern Brazil) where they winter (Payne, 1986; Santos et al., 2001),
returning to high latitudes to feed during the summer (Best et al.,
1993; Valenzuela et al., 2009). When in the breeding areas in Peninsula
Valdés, SRWs ingest almost no food (Payne, 1986), although opportu-
nistic feeding has been reported when zooplankton patches with
adequate composition and high density are present in the spring
(Hoffmeyer et al., 2010). While outside the breeding season they feed
mostly on krill (Euphausia superba) at high latitudes of the Southern
Atlantic Ocean (Valenzuela et al., 2009), and thus likely incorporate or-
ganochlorines via prey ingestion. According to the International Union
for the Conservation of Nature (IUCN), SRWs are currently classified as
“least concern” (http://www.iucnredlist.org/details/8153/0). SRWs are
protected internationally by the International Whaling Commission,
the Convention on International Trade in Endangered Species of Wild
Fauna and Flora (http://www.cites.org/esp/app/appendices.php), and
the Convention on Migratory Species (http://www.cms.int/es/). In
Argentina, SRWs are also protected as a National Natural Monument
(LawNo 23,094) and by laws from Chubut Province. The last SRW pop-
ulation estimate for PV was near 4000 individuals, including the calves
born in 2010 (IWC, 2012). Contrary to other whale populations, the
SRWs that use PV as their breeding grounds are increasing; however,
over the last decade the growth rate has decreased from near 7%
(Cooke et al., 2001) to 5% (IWC, 2012). This fact may be in part due to
recurrent mortalities, primarily affecting newborn calves, recorded
since 2005 (Rowntree et al., 2013).

The assessment of chemical pollutants in dead whales was recently
highlighted as a priority for research (IWC, 2010). Whales coming to
PV have been studied since the 1970s particularly with a biological
focus (Payne, 1986; Best et al., 1993; Santos et al., 2001; Valenzuela
et al., 2009). Health studies are more recent (2003) and started with
the Southern RightWhale HealthMonitoring Program (SRWHMP). Par-
ticularly, metals were assessed by Rosas et al. (2012) and Martino et al.
(2013) in SRW tissues, but there is no available information on organo-
chlorine levels. The aim of this research is to contribute to understand-
ing the role of SRWs as sink of POPs in themarine environment and the
relation of organochlorine compounds with mortality factors providing
a useful baseline for future comparisons.

2. Materials and methods

2.1. Study area and sample collection

The study area included coastal zones of Península Valdés (PV), spe-
cifically gulfs Nuevo and San José (42° 42′ 0″ S, 64° 36′ 0″ W) (Fig. 1),
where SRWs remain between May and December of each year for par-
turition, lactation and reproduction. Blubber samples were collected
from dead stranded SRWs by the SRWHMP. Most were from 2011
(n = 12), and 23 samples collected in previous years (2003, 2004,
2005, 2006, 2007, 2009, 2010), and preserved at−20 °C, were also an-
alyzed. General data recorded during sampling included: date, hour,
site, body condition, age category, sex and size. Age categories were de-
fined as follows: calves (less than 1 year of age), head length 15–16% of
total body length (TBL), up to 9 m total length; juveniles (less than
10 years of age), head length 17–19% of TBL, 9 to 12 m total length;
and adults (up to 70 years), head length 20% or more of TBL, longer
than 12m. Samples of dorsal blubber were wrapped in previously calci-
nated aluminum foil (450 °C/4 h), placed inside a Ziploc bag with an
identification label, and then conserved frozen at−20 °C until analysis.

2.2. Analytical procedures

Subsamples of blubber (1.5 g) were homogenized with anhydrous
Na2SO4 and spiked with 20 ng of PCB #103 as surrogate. Compounds
were extracted according toMetcalf andMetcalf (1997), withmodifica-
tions of Miglioranza et al. (2003). They were Twisselmann extracted
(8 h) with a mixture of hexane–dichloromethane (50:50), and then
concentrated under vacuum and nitrogen flow to a final volume of
2 mL. Lipid content was removed by gel permeation chromatography
(GPC) using Bio-Beads S-X3 (200–400 mesh, Bio-Rads Laboratory, Her-
cules, CA, USA) followed by lipid percentage calculation. Purification of
the contaminant fraction was performed by silica gel chromatography
previously activated at 200 °Cduring 24 h and extractswere concentrat-
ed to 1 mL and kept in sealed vials at−20 °C prior to chromatographic
analyses. Identification and quantification were performed using a Gas
Chromatograph, Shimadzu GC-17-A equippedwith a 63Ni Electron Cap-
ture Detector (GC-ECD) and a capillary column SPB-5 [(5% phenyl)-
methyl polysiloxane, 30 m × 0.25 mm i.d. × 0.25 μm film thickness;
Supelco Inc.]. One microliter was injected on a splitless mode (275 °C)
and the detector was kept at 290 °C. The oven temperature program
starts at 100 °C and held for 1 min, followed by an increase of
5 °C min−1 up to 150 °C, held for 1 min, then 1.5 °C min−1 up to
240 °C, and then 10 °Cmin−1 up to 300 °C for 10min. Ultra-high purity
Helium was used as carrier gas (1.5 mL min−1) and nitrogen as make-
up gas (Miglioranza et al., 2003). A pesticide mixture from Ultra Scien-
tific, RI, USA and PCB mixture from Accustandard Absolute Standards,
INC, CT, USA were used for identification and quantification of single
compounds, while PCB #103 from Ultra Scientific, USA. Analytes deter-
mined were (a) OCPs: α-, β-, γ-, and δ-HCH, heptachlor, heptachlor ep-
oxide, α- and γ-chlordane, trans-nonachlor, p-p′-DDT, p-p′-DDD, p-p′-
DDE, aldrin, dieldrin, endrin, α-endosulfan, β-endosulfan and endosul-
fan sulphate, and methoxychlor and (b) PCB congeners (24): IUPAC
#8, 18, 28/31, 52, 44, 66, 101, 110, 123/149, 118, 153, 105, 138, 187,
128, 156, 180, 170, 189, 195, 206, and 209, including the six indicators
IUPAC #28, 52, 101, 138, 153, and 180 PCBs (EFSA, 2005; EFSA, 2010;
Stenberg and Andersson, 2008).

2.3. Quality control and quality assurance (QA/QC)

Laboratory and sampling glassware were washed with appropriate
solvents to avoid interferences. The QA/QC included regular analysis of
matrix blank, duplicated samples and instrumental and procedural
blanks. Results indicate that there were no contaminations or interfer-
ence during laboratory handling. Concentrations in the samples were
based on surrogate standards added. Analyte concentrations were cal-
culated using the PCB #103 as surrogate. The internal standard
(TCMX) was used to calculate surrogate recoveries being greater than
85% and the results were not corrected for recovery efficiency. Recover-
ies, calculated from spiked matrixes, were greater than 90%. PCB #103
was also used for peak identification through relative retention time.
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Fig. 1. Study area showing the San José and Nuevo gulfs where SRWs were sampled.
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Detection limits (DLs) were calculated according to Keith et al.
(1983) and ranged between 0.03 and 0.05 ng·mL−1 for HCHs (α-, β-,
γ- and δ-isomers) and between 0.08–0.33 ng·mL−1 for the rest of
chlorinated compounds [Chlordanes (α- and γ-isomers and trans-
nonachlor), DDTs (pp′-DDE, pp′-DDD and pp′-DDT), endosulfans (α-
and β-isomers and endosulfan sulfate) and PCBs (IUPAC #8, 18, 28/31,
52, 44, 66, 101, 110, 123/149, 118, 153, 105, 138, 187, 128, 156, 180,
170, 189, 195, 206, 209)].
3. Results

3.1. Sample characterization

A total of 35 blubber samples from calves (C) (n = 30); 3 juveniles
(J) and 2 adults (A), were assessed (Table 1). Calves constituted 86%
of total samples and their average length was 6.5 ± 1.55 m. The length
of juveniles was 11.4 ± 0.9 m; and both adult females were 12.54 m
each. Among calves, the male average length was 6.47 ± 2.57 m (n =
15) which was similar to females 7.57 ± 2.57 (n = 14). Two of the
juveniles sampled were females and 1 of unknown sex (Table 1). The
mean Total Lipid Content (TLC) was 28.4 ± 14.5% (n = 35).
3.2. Organochlorines

HCHs (α-HCH, β-HCH, and γ-HCH), DDTs (p,p′-DDT, p,p′-DDE, and
p,p′-DDD); endosulfans (α-endosulfan, β-endosulfan, and endosulfan
sulphate); and dieldrin,α- and γ-chlordane, trans-nonachlor, and hep-
tachlor epoxide were detected (Table 2); as well as PCB congeners
(Table 3). Total levels of OCPs and PCBs in SRW blubber were in the
ranges of 2.9–53.6 and bDL–42.2 ng·g−1 ww, respectively. OCP levels
were slightly higher than PCBs for all age categories and both sexes.
Although it is not possible tomake a straight comparison of organochlo-
rine concentrations for the different sampling years because the num-
ber of samples was highly variable for calves, a stable trend in OCP
values from 2004 to 2011 (Fig. 2a) and in PCB values from 2005 to
2011 (Fig. 2b) was observed. OCP and PCB concentrations showed a
slightly positive correlation (R2 = 0.180; p b 0.05; n = 35) that
increased to R2 = 0.651 when eight extreme values were removed. In
addition, correlations between TBL and organochlorine levels at 95%
confidencewere not found (OCPs, R2=0.070; PCBs, R2=0.024; n=35).

Among pesticides, endosulfans contributed 44% to the total
concentration measured in all samples, DDTs 24%, other cyclodienes
23%, and HCHs 9% (Fig. 3a). Methoxychlor was not detected in any
sample. Other cyclodiene distributions followed the order:



Table 1
Sample description and sampling year for Southern Right Whale blubber specimens collected at Peninsula Valdes, Argentina.

Year/sample 2003_1 2003_2 2004_3 2005_4 2005_5 2005_6 2006_7

Age C C C C C C C
Sex M M M F F M F
Length (m) 3.8 6.2 5.0 4.9 5.4 6.6 5.7

Year/Sample 2006_8 2006_9 2006_10 2007_11 2009_12 2009_13 2009_14

Age C C A C C C C
Sex F M F UK M M F
Length (m) 5.4 7.7 12.5 5.3 6.1 6.7 6.6

Year/sample 2009_15 2009_16 2009_17 2010_18 2010_19 2010_20 2010_21

Age C C C C A C C
Sex F M F M F M F
Length (m) 6.3 7.3 6.4 7.3 12.5 7.4 7.1

Year/sample 2010_22 2010_23 2011_24 2011_25 2011_26 2011_27 2011_28

Age C J J C C C C
Sex F F F F F M M
Length (m) 7.8 11.9 10.5 6.4 4.6 7.4 6.4

Year/sample 2011_29 2011_30 2011_31 2011_32 2011_33 2011_34 2011_35

Age J C C C C C C
Sex UK F F M F M M
Length (m) 10.7 7.9 6.5 5.2 7.8 8.3 5.8

Abbreviations: C (calf); J (juvenile); A (adult); M (male); F (female); UK (unknown).
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Dieldrin N α-chlordane N heptachlor epoxide N γ-chlordane N trans-
nonachlor. Among the 25 PCB congeners assessed in E. australis, only
the congeners 8, 18, 28, 44, 52, 66, 101, 110, 118, 123/149, 138, 153,
and 180 were found, and the contribution of each to the total PCBs
concentration is showed in Fig. 3b.

Ratios DDT/DDE andαHCH/γHCHwere assessed in order to identify
possible fresh pesticide inputs. DDEmetabolite was present as a unique
representative of the DDT group in 57% of all samples whilst in 14% of
them a prevalence of DDE over DDT was observed. Particularly, DDT
was present as the sole representative of the group in 2 samples (6%)
and the DDT/DDE ratio was N1 in 7 samples (20%). DDD was present
as trace levels (0.1 ng·g−1 ww) only in one specimen. Among HCH
isomers, the highest values were found for γ-HCH (Lindane) which
accounted for 50 to 100% of the total HCHs; in fact, values for the
αHCH/γHCH ratio ranged from bDL to 0.37. According to the number
of chlorine atoms, penta-chlorinated biphenyls represented near 59%
of the total PCBs analyzed whilst tri-chlorinated was 18%, tetra-
chlorinated 12%, di-chlorinated 5%, hexa-chlorinated 5%, and hepta-
chlorinated 2% (Fig. 4). ∑ IndPCBs varied between bDL and
6.2 ng·g−1 ww and there was at least one indicator PCB in 60% of all
samples. In addition, PCB #118, considered carcinogenic, was present
in 43% of total samples.

4. Discussion

The background concentrations obtained in this study indicate
organochlorine bioaccumulation in SRW blubber tissue. In mammals,
exposure to organochlorines (OCs) is exclusively linked to a contami-
nated diet (Kleivane and Skaare, 1998). When in the breeding areas in
Peninsula Valdés SRWs ingest almost no food (Payne, 1986). Beyond
the breeding season they feed mostly on krill at high latitudes in the
Southern Atlantic Ocean (Valenzuela et al., 2009), and thus likely incor-
porate organochlorines via prey ingestion. Although organochlorines
have not been assessed in krill from SRW foraging grounds, POP occur-
rence has been reported in krill from Antarctic areas (Corsolini et al.,
2002; Bengtson Nash et al., 2008). Given the distance from potential
pollutant sources, the presence of organochlorines in SRW tissues
should not be expected. However, the volatility of these compounds
facilitates atmospheric global transport mainly from southern hemi-
sphere countries, leading to their presence in higher latitudes and re-
mote places. Antarctic krill transfers organic matter produced by
nanoplankton and diatoms up the food chain to cephalopods, fish, sea-
birds, seals, and baleen whales. OCs such as HCHs, DDTs, and PCBs re-
ported from 1988 to 2008 in Antarctic krill suggested the potential
role of krill in POP transfer both in baleen whales and in higher levels
of the Antarctic trophic web (Fuoco et al., 2009).

Althoughwhale calves sampled in this studydied before they left the
waters of PV, they likely acquired contaminants through the placenta
during gestation and later from their mother's milk while nursing. The
gestation period is around one year and calves have a prolonged lacta-
tion period that may vary between 6 and 12 months (Bastida and
Rodriguez, 2009). In cetaceans, the relative abundance of various toxic
compounds is affected by reproductive and/or gestation processes. In
the reproductive stage the transference of less lipophilic compounds is
higher than the more lipophilic ones (Aguilar et al., 2002). In various
dolphins for example, the transference of p,p′-DDE is higher than p,p′
DDT during lactation, and higher for DDT than PCBs (Borrel et al.,
1995; Tanabe et al., 1988). This could explain the higher DDE levels in
calf blubber found in this study. This differential transfer has in turn ef-
fects on relationships such as DDE/DDT for ecotoxicological determina-
tions (Aguilar et al., 2002). In general, OC accumulation depends on
animal age and occurs during the growth stage, being higher in older
animals, in both sexes. However, females present lower levels than
males after sexual maturity. This pattern has been explained by the
transfer of OCs, in considerable quantities, during lactation to their
calves (Tanabe et al., 1994; Borrel et al., 1995).

Bengtson Nash et al. (2008) found 18 PCB congeners and various
OCPs in E. superba krill sampled in the eastern Antarctic sector. These
authors reported organochlorine total levels (expressed as
pg·g−1 ww) in the range of bLOQ-66 for PCBs (36); bLOQ-52.4 for
HCHs; 16.30–371.4 for DDTs; bLOQ-38.8 for dieldrin; 3–23.6 for hepta-
chlor epoxide; 2.40–26.6 for trans-nonachlor; and bLOQ-25.2 for α-
endosulfan. In SRW, PCB (7.5 ± 10 ng−g−1 ww) and OCP (22.6 ±
13.8 ng·g−1 ww) levels were up to three and two orders of magnitude
higher than reported levels for krill, respectively, suggesting POP accu-
mulation through the whales' diet. In addition, average concentration



Table 2
Pesticide levels in Southern Right whale blubber collected at Peninsula Valdes, Argentina, expressed as ng·g−1 ww.

Year/sample Organochlorine pesticide ΣOCPs

α HCH β HCH γ HCH ∂ HCH Aldrin Dieldrin Endrin Endrin-Ket Heptachlor Hep-ep t-Nonac α Chlord γ Chlord DDT DDE DDD Endo α Endo β Endo S Methoxychlor

2003_1 bLD 0.4 0.7 bLD bLD bLD bLD bLD bLD bLD bLD bLD bLD 0.1 0.1 bLD 1.5 0.3 bLD bLD 3.2
2003_2 bLD 0.6 bLD bLD bLD 0.3 bLD bLD bLD bLD bLD bLD 0.1 bLD 0.3 bLD 1.0 0.7 bLD bLD 3.0
2004_3 bLD bLD 1.0 bLD bLD bLD bLD bLD bLD bLD bLD 0.7 bLD bLD 26.6 bLD 2.5 0.3 bLD bLD 31.0
2005_4 bLD bLD 0.7 bLD bLD bLD bLD bLD bLD bLD bLD 0.1 0.3 0.7 0.6 bLD 4.1 1.3 bLD bLD 8.0
2005_5 bLD 0.4 1.5 bLD bLD 1.1 bLD bLD bLD 0.2 bLD bLD bLD bLD 25.1 bLD 7.1 0.5 bLD bLD 35.8
2005_6 bLD bLD 3.5 bLD bLD 5.6 bLD bLD bLD bLD bLD 1.1 bLD bLD 5.5 bLD 13.6 2.4 bLD bLD 31.7
2006_7 bLD 0.3 0.4 bLD bLD bLD bLD bLD bLD bLD bLD 0.2 0.5 bLD 5.8 bLD 3.6 bLD bLD bLD 10.9
2006_8 bLD 0.4 0.7 bLD bLD bLD bLD bLD bLD bLD bLD bLD bLD 0.3 bLD bLD 50.1 1.5 bLD bLD 53.0
2006_9 0.5 bLD 1.3 bLD bLD 1.4 bLD bLD bLD bLD bLD 0.3 1.1 0.7 0.7 bLD 10.6 1.4 bLD bLD 18.0
2006_10 bLD 0.8 1.6 bLD bLD 4.6 bLD bLD bLD 0.4 bLD 1.1 0.4 1.4 2.1 bLD 10.7 1.6 6.1 bLD 30.6
2007_11 bLD bLD bLD bLD bLD 2.2 bLD bLD bLD bLD bLD 0.9 0.3 bLD 1.9 0,0 2.5 2.5 bLD bLD 10.3
2009_12 bLD 0.4 0.5 bLD bLD bLD bLD bLD bLD 2.1 bLD 2.0 0.7 bLD bLD bLD 4.0 0.4 1.4 bLD 11.5
2009_13 0.1 bLD 1.1 bLD bLD 3.7 bLD bLD bLD 0.5 bLD bLD bLD bLD 1.9 bLD 2.0 bLD bLD bLD 9.3
2009_14 0.1 bLD 0.6 bLD bLD 3.8 bLD bLD bLD 0.2 bLD 2.9 bLD bLD 2.7 bLD 1.8 2.8 bLD bLD 14.9
2009_15 bLD bLD 1.5 bLD bLD 2.1 bLD bLD bLD bLD bLD 5.2 1.3 bLD 1.2 bLD 22.5 4.5 bLD bLD 38.3
2009_16 bLD bLD bLD bLD bLD 1.2 bLD bLD bLD 0.3 bLD 1.1 0.2 bLD 1.9 bLD 1.0 0.4 bLD bLD 6.1
2009_17 0.1 0.8 1.7 bLD bLD 10.4 bLD bLD bLD 1.3 bLD 6.4 0.6 bLD 6.7 bLD 6.7 1.1 bLD bLD 35.7
2010_18 bLD 0.5 0.8 bLD bLD 1.2 bLD bLD bLD 0.5 bLD bLD bLD bLD 0.6 bLD 2.0 0.8 bLD bLD 6.3
2010_19 0.1 bLD 0.5 bLD bLD 5.8 bLD bLD bLD 0.6 bLD 8.4 0.4 8.6 4.5 bLD 4.5 1.7 4.4 bLD 39.3
2010_20 bLD 0.4 1.3 bLD bLD 1.2 bLD bLD bLD 0.1 bLD 0.9 0.2 bLD 2.8 bLD 11.0 1.6 bLD bLD 19.6
2010_21 bLD 0.5 3.2 bLD bLD 4.8 bLD bLD bLD 2.8 bLD 1.3 bLD bLD 5.3 0,1 10.6 2.5 2.2 bLD 33.3
2010_22 bLD 0.6 3.2 bLD bLD 6.5 bLD bLD bLD 0.5 bLD 10.2 0.5 7.1 bLD bLD 8.1 14.9 bLD bLD 51.7
2010_23 bLD 0.4 0.4 bLD bLD 2.2 bLD bLD bLD 1.0 bLD bLD 0.2 1.4 1.4 bLD 6.5 1.7 3.4 bLD 18.7
2011_24 0.1 bLD 6.6 bLD bLD 4.3 bLD bLD bLD 2.2 bLD 1.3 bLD 1.0 5.5 bLD 12.7 1.6 0.7 bLD 35.9
2011_25 0.1 bLD 2.0 bLD bLD 3.5 bLD bLD bLD bLD bLD 5.8 bLD bLD 3.1 bLD 6.2 1.5 1.9 bLD 24.0
2011_26 bLD bLD bLD bLD bLD bLD bLD bLD bLD bLD bLD 0.1 0.2 0.3 3.1 bLD 0.3 0.3 bLD bLD 4.3
2011_27 bLD bLD 1.9 bLD bLD bLD bLD bLD bLD bLD bLD 0.1 bLD 0.1 0.5 bLD 3.5 2.2 bLD bLD 8.3
2011_28 bLD 1.1 2.9 bLD bLD 5.0 bLD bLD bLD 2.9 bLD bLD bLD bLD 13.7 bLD bLD 0.6 bLD bLD 26.2
2011_29 0.1 bLD 1.1 bLD bLD 1.5 bLD bLD bLD 0.2 bLD 2.9 0.1 bLD 2.2 bLD 2.1 2.3 bLD bLD 12.3
2011_30 bLD bLD 2,7 bLD bLD bLD bLD bLD bLD 0.7 bLD 5.7 1.0 bLD 7.2 bLD 12.2 3.4 bLD bLD 33.0
2011_31 bLD bLD 0,5 bLD bLD 4.7 bLD bLD bLD 0.8 bLD 4.8 0.6 6.2 3.3 bLD 3.4 0.1 3.8 bLD 28.2
2011_32 bLD bLD 2,4 bLD bLD 1.7 bLD bLD bLD bLD 0.3 2.7 bLD bLD 4.3 bLD 0.4 0.5 0.3 bLD 12.7
2011_33 bLD bLD 8,5 bLD bLD 1.5 bLD bLD bLD bLD 0.3 0.1 0.6 bLD bLD bLD 24.0 2.8 bLD bLD 37.8
2011_34 bLD bLD 2,2 bLD bLD 3.5 bLD bLD bLD bLD 0.4 bLD bLD 1.2 10.1 bLD 0.8 2.6 bLD bLD 20.9
2011_35 bLD bLD 2,5 bLD bLD 6.2 bLD bLD bLD 0.9 0.4 bLD bLD bLD 9.9 bLD 5.2 1.1 bLD bLD 26.2
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Table 3
PCB levels in Southern Right Whale blubber collected at Peninsula Valdes, Argentina, expressed as ng·g−1 ww.

Year/Sample PCB congener # ΣPCBs ΣI-PCBs

8 18 28/31 52 44 66 101 110 123/149 118 153 105 138 187 128 156 180 170 189 195 206 209

2003_1 bDL 0.7 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 0.7 bDL
2003_2 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL
2004_3 bDL bDL bDL bDL bDL bDL bDL 38.6 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 38.6 bDL
2005_4 bDL 1.4 bDL bDL bDL bDL bDL bDL 0.8 0.5 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 2.6 bDL
2005_5 bDL bDL bDL 2.2 0.7 bDL bDL 39.3 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 42.2 2.2
2005_6 bDL 3.3 bDL bDL bDL bDL bDL 0.5 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 3.8 bDL
2006_7 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 0.9 bDL bDL bDL bDL bDL 0.9 0.9
2006_8 bDL bDL bDL bDL bDL bDL bDL 0.1 0.7 0.4 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 1.2 bDL
2006_9 bDL 1.1 bDL 0.1 bDL 1.0 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 2.2 0.1
2006_10 bDL 2.0 0.2 bDL 1.5 bDL bDL bDL 0.9 1.1 bDL bDL 0.1 bDL bDL bDL bDL bDL bDL bDL bDL bDL 5.7 0.3
2007_11 bDL bDL 2.0 bDL bDL bDL bDL bDL 0.6 bDL bDL bDL 0.2 bDL bDL bDL bDL bDL bDL bDL bDL bDL 2.8 2.1
2009_12 2.4 bDL bDL bDL bDL 0.5 bDL bDL 0.3 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 3.2 bDL
2009_13 bDL bDL 1.2 bDL bDL bDL bDL bDL 0.5 0.6 5.0 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 7.2 6.2
2009_14 bDL bDL bDL bDL bDL bDL bDL bDL bDL 0.5 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 0.5 bDL
2009_15 2.1 bDL 6.1 bDL bDL 0.5 bDL bDL bDL 0.7 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 9.4 6.1
2009_16 bDL bDL bDL bDL bDL bDL bDL bDL 0.7 0.1 0.3 bDL bDL bDL bDL bDL 0.1 bDL bDL bDL bDL bDL 1.1 0.4
2009_17 1.5 bDL bDL 1.0 bDL 0.9 bDL 2.1 bDL 0.6 bDL bDL bDL bDL bDL bDL 1.5 bDL bDL bDL bDL bDL 7.6 2.5
2010_18 bDL bDL bDL bDL 1.5 bDL bDL 5.1 0.9 0.9 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 8.3 bDL
2010_19 bDL bDL bDL bDL bDL bDL bDL bDL 0.6 1.1 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 1.7 bDL
2010_20 1.2 1.5 bDL bDL 0.9 0.3 bDL bDL 0.8 0.8 1.5 bDL 0.1 bDL bDL bDL bDL bDL bDL bDL bDL bDL 7.2 1.6
2010_21 3.4 4.3 0.3 bDL 1.3 1.3 bDL 11.4 0.6 0.7 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 23.3 0.3
2010_22 2.0 3.1 2.7 bDL 1.6 0.5 bDL bDL 0.3 1.2 bDL bDL bDL bDL bDL bDL 1.5 bDL bDL bDL bDL bDL 12.9 4.1
2010_23 bDL bDL bDL bDL bDL 0.4 bDL bDL 0.5 bDL bDL bDL 0.1 bDL bDL bDL bDL bDL bDL bDL bDL bDL 1.0 0.1
2011_24 bDL bDL bDL bDL 1.4 bDL bDL 2.0 bDL bDL 0.5 bDL 0.1 bDL bDL bDL 0.5 bDL bDL bDL bDL bDL 4.5 1.1
2011_25 bDL bDL bDL bDL bDL 0.3 bDL 4.6 bDL bDL bDL bDL bDL bDL bDL bDL 0.4 bDL bDL bDL bDL bDL 5.4 0.4
2011_26 bDL bDL bDL bDL bDL bDL 0.5 0.6 bDL bDL 0.5 bDL 0.3 bDL bDL bDL bDL bDL bDL bDL bDL bDL 2.0 1.3
2011_27 bDL 1.5 bDL bDL bDL 0.1 bDL 0.2 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 1.7 bDL
2011_28 bDL bDL bDL bDL bDL bDL bDL bDL 1.5 1.6 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 3.1 bDL
2011_29 bDL 0.3 1.1 bDL bDL bDL bDL 1.1 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 2.5 1.1
2011_30 bDL 2.7 bDL bDL bDL bDL bDL 3.5 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 6.1 bDL
2011_31 bDL bDL 1.2 0.2 0.1 bDL bDL 2.1 0.5 bDL bDL bDL bDL bDL bDL bDL 1.0 bDL bDL bDL bDL bDL 5.0 2.4
2011_32 bDL bDL bDL bDL 0.4 bDL bDL 4.2 bDL bDL 1.1 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 5.7 1.1
2011_33 bDL 7.4 bDL bDL 4.5 bDL bDL 7.2 0.8 1.4 2.8 bDL 0.5 bDL bDL bDL bDL bDL bDL bDL bDL bDL 24.5 3.3
2011_34 bDL 1.5 bDL bDL bDL bDL bDL 2.2 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 3.7 bDL
2011_35 bDL bDL bDL 0.5 5.6 1.0 bDL 4.9 bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL bDL 12.0 0.5

Abbreviation: bDL (value lower than detection limit).
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of PCBs in SRW blubber was one order of magnitude lower than OCPs.
Coincidentally, Bengtson Nash et al. (2008) reported that in contrast
to the Arctic, where PCBs dominate biotic and abiotic persistent
organohalogen chemical profiles, PCBs did not feature prominently in
Antarctic krill sampled in the eastern Antarctic sector.

HCHswere composed of 87%γ-HCH (Lindane), 11%β-HCH, and 1.5%
α-HCH, while δ-HCH was not detected. Technical degree HCHs, used in
agricultural activities, generally contains 55–80%α-HCH, 5–12% β-HCH,
8–15% γ-HCH, and 2–16% δ-HCH (Lee et al., 2001). According to Kim
et al. (2002), the value of the ratio α-/γ- isomers between 4 and 7 in
the technical commercial mixture is relatively stable and can be used
as an indicator of degradation degree or as signal of current use of com-
mercial HCH. In this study, the value ofα-HCH/ γ-HCH ratios was lower
than 0.37 indicating degradation processes of α-HCH; in fact, α-HCH
was only detected in 8 of the 35 assessed specimens. In addition to tech-
nical commercial mixture, lindane was commonly used in pure form. In
Argentina for example, lindane was utilized in this way at least up to
three years ago, which could justify its predominance over the other
HCH isomers. The use and commercialization of γ-HCH in Argentina
were suspended in 2011 by disposition N° 617/2011 (Administración
Nacional de Medicamentos, Alimentos y Tecnología Médica, ANMAT).
According to Muir and de Wit (2010), previous studies of the Arctic
Monitoring andAssessment Program (AMAP) have highlighted Lindane
(γ-HCH) as a current use pesticide (CUP) that was ubiquitously present
in the Arctic.

Both DDE and DDT were found in SRW blubber tissues. Bengtson
Nash et al. (2008) reported p,p′-DDE in 78% of Antarctic krill samples
in concentrations that ranged from bLOQ to 348 pg·g−1 ww, and DDT
levels of 10.8–27.6 pg·g−1 ww. In the present study DDE was detected
in 71% of the samples with an average concentration of 5.5 ±
6.5 ng·g−1 ww (n = 29) and DDT with 2.85 ± 3.14 ng·g−1 ww
(n = 10), suggesting DDT bioaccumulation through the whale's diet.
In addition, the ratio p,p′-DDT/p,p′-DDE was lower than 0.33 indicating
a past DDT input in SRW (Strandberg et al., 1998). Likewise, Bengtson
Nash et al. (2008) reported DDT:DDE ratios of 0.073 to 0.322 noting
that these low values reflected the legacy of DDT in the Southern
Ocean ecosystem as well as distance from fresh source inputs. How-
ever, recent DDT incorporation by the whales was suggested by the
exclusive occurrence of this compound in two specimens as well as
its prevalence over DDE in some samples (n = 8). The study by
Bengtson Nash et al. (2008) in Antarctic krill provided information
regarding DDT and its degradation products in the Southern Ocean
ecosystem at a critical historical time point highlighting the persis-
tence of these compounds despite 30 years of prohibition. On the
basis of these reports, the levels of DDTs found in SRW would be a
consequence of ongoing exposure to these contaminants through
their diet. A potential current source of DDT could bemalaria control,
following recommendations from theWorld Health Organization for
its use in indoor residual spraying (IRS) applications, until the devel-
opment of alternative products and methods (WHO, 2011). In coun-
tries from the southern hemisphere DDT is still used for this purpose
(UNEP/WHO, 2012). Moreover the use of Dicofol as an acaricide is a
common practice at worldwide level and impurities of DDT (10%)
are a consequence duringmanufacturing processes of Dicofol. There-
fore, the use of this acaricide could represent another fresh input
source of DDT to the environment.



Fig. 2. PCB (a) and OCP (b) trends for SRW calves. Bars represent 1 positive standard deviation.
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Endosulfan was detected in all SRW specimens. α-Endosulfan was
the predominant compound contributing in 75% to the total endosulfan
concentration (∑α + β + endosulfan sulphate); while the β-isomer
contributed in 19%. Lower levelswere found for themetabolite endosul-
fan sulphate. In the commercial product α- and β-isomers are present
approximately in a ratio 7:3. The predominance ofα- over β-isomer in-
dicates a recent input of the insecticide to the South West Atlantic
(SWA). In addition, Schmidt et al. (2001) reported that α-endosulfan
is the more thermodynamically stable of the two isomers; thus β-
endosulfan could convert irreversibly to the α-form, although the con-
version is slow. According to Muir and de Wit (2010), endosulfan is
still in use as an insecticide inmanyparts of theworld including circum-
polar countries. Particularly in Argentina, endosulfan has been banned
since July 1st, 2013 (Resolution No 511/11, Servicio Nacional de Sanidad
Animal, SENASA). While overall global use has remained relatively
constant at around 12,000 t/y from the mid-1990s to 2004, quantities
produced in China increased over the same period (Jia et al., 2009). De-
spite the special focus placed on endosulfan in the Arctic environment
due to its being the most abundant current use pesticide (CUP)
(Weber et al., 2010), nothing is known about its presence in the biotic
and abioticmatrixes of the Antarctic area. This is thefirst report of endo-
sulfan in a baleen whale from the southern hemisphere feeding in the
SWA near Antarctica. Among the other cyclodienes assessed, the levels
of aldrin, endrin and endrin ketone were below the detection limit,
while dieldrin was present in 77% of samples. It is known that aldrin is
quickly transformed to the much more toxic and persistent dieldrin
(Falandysz et al., 1998). Unfortunately there is no information about
the aldrin's group in other substrates of the SWA environment. A few
studies in Argentina's watersheds and coastal areas have demonstrated
the occurrence of dieldrin in the environment (i.e. Colombo et al., 2011)
suggesting sources for this compound. Heptachlor (banned in Argentina
in 1993) was not present in SRW blubber tissues, but its degradation
product heptachlor epoxide was found, suggesting no recent input of
heptachlor in the analyzed samples.

∑PCBs varied between bDL and 42.2 ng·g−1 ww and higher con-
centrationswere found for congener 110. Corsolini et al. (2007), report-
ed sumPCB concentration ranging from 85.27 to 282.29 ng·g−1 ww in
krill from the Ross Sea, up to one order of magnitude higher than the
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Table 4
Comparison of OC concentrations (DDT, heptachloro-epoxide, dieldrin, chlordane, and
PCBs) in Northern Right Whale (E. glacialis) (Woodley et al., 1991) and Southern Right
Whale (E. australis) (this study).

OCs ng·g−1 ww

Individuals Total
DDT

Heptachlor
epox.

Dieldrin Chlordane PCBs

Adult males
M1 210 TR 40 TR 900
M2 440 nd 50 TR 700
M3 30 nd TR nd 100
M4 470 nd 50 nd 1900
M5 80 nd 20 nd ND
M6 20 nd 20 nd 300

Adult females
F1 TR nd nd nd 100
F2 60 nd TR TR 700
F3 20 nd TR TR 500
F4 20 nd TR nd 400
F5 20 nd 20 TR 400
F6 30 nd 20 nd 400
F, this study (n = 2) 3.5–13 0.4–0.6 4.6–5.8 1.1–8.8 1.7–5.5

Juveniles
J1 70 20 40 TR 1400
J2 30 TR 30 TR 600
J3 110 20 40 0.02 800
J, this study (n = 3) 3.8 ± 2.3 1.09 ± 1.06 2.7 ± 1.5 1.5 ± 1.5 2.6 ± 1.7

Pups
P1 TR nd TR TR 100
P2 20 nd 20 TR 400
C, this study (n = 30) 5.4 ± 6.7 0.5 ± 0.9 2.4 ± 2.6 2.0 ± 2.8 8.2± 11.0

Abbreviations. nd: not detectable; TR: trace levels from 50 and 100 ng·g−1 for PCBs and
from 5 and 10 ng·g−1 ww for OCPs.
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values determined in SRW in this study. These facts, as well as those in-
dicated in other reports (i.e. Kajiwara et al., 2004; Kock et al., 1994),
point to the occurrence of PCBs in the Southern Ocean. The presence
of these compounds may also be linked to the rapid melting of
packed-ice in which POPs, carried through atmospheric transport
during the 8–9-month winter season, are trapped and consequently
released in the surrounding water. It is during this period that lower
organisms of the marine food web abound (Corsolini et al., 2002).

Bengtson Nash et al. (2008) also evaluated PCB levels in Antarctic
krill finding that they rarely exceeded several hundred pg·g−1 lipid.
In SRW, ∑PCB normalized by the lipid content ranged from bDL to
almost 400 ng·g−1 lipid, indicating bioaccumulation processes in the
whales, at least partially, through krill ingestion. In SRW, penta-
chlorinated predominated over other PCB congeners, showing a similar
distribution pattern than for Antarctic krill in which penta-chlorinated
congeners were also dominant (Bengtson Nash et al., 2008). Lower
chlorinated congeners, with relatively higher vapor pressures and thus
longer atmospheric residence times are expected to reach higher lati-
tudes in greater quantities. This phenomenon is supported by the anal-
ysis of soil samples from the eastern Antarctic sector by Negoita et al.
(2003). Thus, soil samples were analyzed for 28 PCB congeners being
the lower chlorinated tri-, tetra- and penta-chlorinated biphenyls
(penta-CBs) the main PCBs found in the profiles. Similarly Corsolini
et al. (2003) found a predominance of lower chlorinated PCBs at low
trophic levels (e.g. silverfish and krill). This pattern differs from findings
at low andmid-latitudes in different organisms sincemany volatile con-
geners are prevalent at higher latitudes due to global fractionation. In
silverfish larvae and krill, tetra-CBs were the main PCB group found.
Moreover, tri-, tetra- and penta-CB congeners constituted more than
50% of the total residue in krill and larvae and less than 50% in adult
silverfish (Corsolini et al., 2003). In 21 samples of SRW at least one indi-
cator PCB was found and among them the dominant compounds were
the congeners 28 (39%), 153 (31%), 180 (15%), and 52 (11%). In Antarc-
tic krill the six indicator congeners were all represented among the
three most dominant congeners at each site (Bengtson Nash et al.,
2008). In addition, PCB #118, considered carcinogenic, was determined
in 43% of SRW samples. Congener #118, a mono-ortho PCB, was deter-
mined in the range of bDL-1.6 ng·g−1 ww. This congener is part of the
list that the International Agency for Research on Cancer of the World
Health Organization (IARC, http://www.iarc.fr/) re-categorized to
group 1 “carcinogenic to humans”. Various POPs may interact with the
endocrine system of marinemammals affecting their health. Specifical-
ly, several organochlorines assessed in this study such as DDTs and PCBs
are endocrine disruptors. These substances can interfere with the
normal hormonal pathways producing harmful effects principally
associated with a decrease in fertility and impaired reproduction in
polar bears, cetaceans, and pinnipeds (Fossi and Marsili, 2003).
Although endocrine disruption was not assessed in this study, the pres-
ence of the like-dioxin-PCB (LD-PCB) congener #118 is of concern, and
this information can be useful for future assessment of these
compounds in SRW. Other congeners found, in the group of non-
dioxin-PCBs (ND-PCBs), are considered less toxic due to the chlorine po-
sitions in the molecule which hamper the interaction with the AhR
(ATSDR, 2000; Elnar et al., 2012).

According to Méndez-Fernandez et al. (2014), reliable toxicity data
for predatory marine mammals are scarce. The harmful consequences
of the bioaccumulation of POPs in marinemammals include depression
of the immune system (e.g. de Swart et al., 1996) and increased risk of
infection and reproductive failure. Specifically, a total PCB concentration
of 17 μg g−1 lipidwt has been reported as a threshold level abovewhich
there are health effects inmammals (Kannan et al., 2000). In the current
study, PCB levels in no case exceeded this toxic threshold. According to
BengtsonNash et al. (2014), baleen (filter feeding)whales are common-
ly attributed to a lower chemical risk category than their odontoceti
(toothed whales) counterparts due to their lower trophic level. In fact,
the principal route of POP accumulation in SRWwould be the ingestion
of large quantities of copepods and euphausiids (krill) while feeding in
sub-Antarctic waters. In addition, POPs can accumulate on superficial
natural oil layers and thus be available to organisms that live and eat
in themore superficial strata of the water column. Therefore, the incor-
poration of these compounds in SRW tissues could happen through
food, water, and/or suspended particulate material, substrates with
which the whales interact, mainly when feeding.

4.1. Comparison with previous studies of organochlorines in whales from
the Southern Hemisphere

Various studies reported bioaccumulation and biomagnification of
organochlorine compounds in marine mammals which feed on prey of
higher trophic levels than krill (Weisbrod et al., 2000; Mossner and
Ballschmiter, 1997). Conversely, very little information is known
about species which prey on lower trophic level organisms, such
as SRW. Woodley et al. (1991) analyzed concentrations of DDT, hepta-
chlor epoxide, dieldrin, chlordane, and PCBs in Northern Right Whales
(Eubalaena glacialis). These authors sampled blubber from dead adult
males (n = 6) and females (n = 6), juveniles (n = 3), and calves
(n = 2), and found contaminant concentrations one to three orders of
magnitude higher than those reported in this study for E. australis
(Table 4). Kock et al. (1994) reportedΣDDT, HCB, and PCBs in cetaceans
from the southern hemisphere, including two male specimens of SRW
sampled in 1984 and 1986. Values reported by Kock et al. (1994) for
DDTs and PCBs in SRW were around 10 ng·g−1 ww, similar or lower
than trace levels found by Woodley et al. (1991). In the current study,
performed 30 years later, the levels of DDTs and PCBs in SRW ranged
from bDL to 27 ng·g−1 ww and PCBs from bDL to 42 ng·g−1 ww,
two and four fold higher, respectively, than the concentrations recorded
by Kock et al. (1994). Comparisons of organochlorine compound levels
between previous and current studies are useful to assess trends over
the years, particularly since their use was banned. However, some

http://www.iarc.fr/
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parameters should be considered such as: (a) number of years elapsed
(30 or more) between assessments; (b) advances in methodologies
and equipment leading to improved detection limits; and (c) pollution
by organochlorine compounds is higher in the northern than in the
southern hemisphere due to greater development in northern coun-
tries. The latter issue is sustained by many studies at worldwide level
(Borrel et al., 1995; Weisbrod et al., 2000; Kajiwara et al., 2004;
Tanabe et al, 1986; Elfes et al., 2009).

5. Conclusions

Southern Right Whales presented organochlorine compounds in
their blubberwhich are likely incorporatedwhile feeding in sub-Antarc-
tic waters. OCP and PCB levels determined in SRW were relatively low
and similar to those reported for other cetaceans from the southern
hemisphere. The prevalence of pesticides indicated the contribution of
agricultural activities to oceanic pollution throughwatersheds. Interest-
ingly, samples showed a predominance of recent endosulfan and aged
DDT, coincident with the history of pesticide uses. These results consti-
tute the first comprehensive report on organochlorine compounds in
E. australis and provide an update on the status of DDT and PCB
exposure since they were banned. Research on chemical contaminants
in SRW has been highlighted as a need to better assess the potential
causes contributing to recent high calf mortalities. Given that SRW is a
species of both local and global relevance, the data reported in this
study establishes a baseline for future studies and can contribute to
management decisions.
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