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Indo-Pacific humpback dolphins (Sousa chinensis) are
long-term residents of Hong Kong waters (Parsons et al.,
1995). They are of special conservation value, and are pro-
tected under the Convention on International Trade in
Endangered Species of Wild Fauna and Flora. The size
of the breeding dolphin population in the Pearl River
Delta, south China, is estimated to be around 1400 individ-
uals, and a total of 265 animals has been identified in Hong
Kong waters since 1995 (Hung et al., 2004). As these ani-
mals occupy the highest trophic level in the local marine
food chain, and have a relatively long life span, they tend
to accumulate significant amounts of various pollutants
(Kemper et al., 1994).

The Hong Kong and Pearl River Delta area is undergo-
ing a massive transformation, and has become the fastest
growing manufacturing and industrial hub of the world.
Due to the widespread occurrence of polychlorinated
biphenyls (PCBs), organochlorine pesticides (OCPs), poly-
cyclic aromatic hydrocarbons (PAHs) and petroleum
hydrocarbons (PHCs) in the region, it is instructive to

assess the risks of these contaminants to the local Indo-
Pacific humpback dolphins. In this study, blubber samples
were collected from five free ranging living Indo-Pacific
humpback dolphins from Hong Kong, four stranded dol-
phins from Xiamen, Fujian Province, and one stranded
specimen from Zhuhai, Guangdong Province (Fig. 1 and
Table 1). To our knowledge, this is the first study on con-
centrations of persistent organic pollutants in dolphin sam-
ples from Xiamen and Zhuhai. This study aims to provide
preliminary data on the concentrations of common persis-
tent organic pollutants in the Indo-Pacific humpback dol-
phins in south China waters for future risk assessments.

Biopsy samples (skin and blubber; about 0.2 cm ·
0.2 cm · 0.2 cm) were collected from living Indo-Pacific
humpback dolphins (S. chinensis) in the estuarine north-
western waters of Hong Kong. The samples were taken
using biopsy darts launched with a Barnett Ranger RX-
150 crossbow, with 68-kg draw weight. This crossbow
shoots arrows at a speed of 69 m s�1. A red dot scope
was used to help in aiming. The ACC carbon fiber biopsy
darts used were produced by Ceta-Dart, and tips were
made at the Scripps Institute of Oceanography (SIO)
machine shop. The biopsy tips were immersed in 10%
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alcohol prior to being used for sampling to prevent the
chances of cross-contamination of samples and of infection.
Biopsy specimens were taken in the thoracic area anterior to
the dorsal fin. All tissues collected were kept on ice, and
transferred to the laboratory. The skin sample was sepa-
rated from the blubber using a single edge razor blade,
and the skin was used for sex determination by Kelly Rob-
ertson and Carrie Le Duc at the Southwest Fisheries Cen-
tre, La Jolla, California. The blubber samples were stored
at �20 �C until subsequent chemical analyses. In addition,
blubber samples were removed using a pre-cleaned stainless
steel knife from specimens of Indo-Pacific humpback
dolphins stranded in Xiamen (a city in Fujian province,
southeastern China) and Zhuhai (a city on the western side
of the Pearl River Delta). These blubber samples were ana-
lyzed together with the biopsy samples from live dolphins.

The analytical methods followed those described in
Richardson and Zheng (1999), Zheng et al. (2004) and
Fung et al. (2004). Briefly, about 0.2 g of subcutaneous
blubber sample was spiked with 1 ml each of internal stan-
dards, decachlorobiphenyl (1012 ng ml�1), C22 (8160 ng
ml�1) and m-terphenyl (10,490 ng ml�1). The sample was
homogenized with 30 ml dichloromethane (DCM) using
a K-Ultra-Turrax T-25 homogenizer at a speed of
1100 rpm until all the blubber tissue was dissolved. After
filtration using a 70 mm pore size glass fiber filter (Advan-
tec), the volume of each sample was reduced in a rotary

evaporator, and then passed through a silica gel column
to remove impurities and lipids. After eluting PHCs from
the column with 15 ml of hexane, the column was further
eluted with a mixture of hexane:dichloromethane (8:2)
and DCM for PCBs and OCPs, and PAHs.

Organochlorines in the second fraction were quantified
by GC-lECD (Hewlett Packard 6890 II series) equipped
with an Agilent 7683 series automatic sampler. The GC
column employed was a DB-5 capillary column (J&W
Scientific Inc., USA, 30 m · 0.25 mm internal diameter ·
0.25 lm film thickness). The column oven temperature
was programmed as follows: 110 �C hold for 2 min,
increased to 180 �C at a rate of 10 �C min�1, and then
increased to 280 �C at a rate of 5 �C min�1 and held for
14 min. Injector and detector temperatures were set at
250 �C. Nitrogen was used as the carrier gas.

PCBs, HCHs, HCB, heptachlor, heptachlor epoxide,
aldrin, dieldrin, endrin, kepone, chlordanes, and DDT
and its metabolites were measured. Peaks of individual
compounds were identified from those of their correspond-
ing external standards. Organochlorine concentrations
were calculated from the peak areas of individual com-
pounds relative to the peak area of the internal standard.
The PCB standard (SRM 2262) contained 28 congeners
(PCB 1, 8, 18, 28, 29, 44, 50, 52, 66, 77, 87, 101, 104,
105, 118, 126, 128, 138, 153, 154, 170, 180, 187, 188, 194,
195, 200, 206). Concentrations of individually resolved
PCB congeners were summed, and then multiplied by 2
to obtain total PCB concentration. A procedural blank
was analyzed with every set of 6 samples to check for inter-
fering compounds and correction was made, if necessary.
Total DDTs represented the sum of p,p 0-DDT, o,p-DDT,
p,p 0-DDD, o,p-DDD, p,p 0-DDE and o,p-DDE. Chlordanes
(CHLs) included cis-chlordane, trans-chlordane, cis-nona-
chlor, trans-nonachlor, and oxychlordane while total
HCHs included a, b, c and d isomers. Recoveries of target
analytes using this analytical method were 99 ± 2.0% for
PCBs, 95 ± 7.5% for DDTs, 96 ± 7.7% for HCHs,
100 ± 4.7% for CHLs, 94 ± 5.9% for HCB.

AHewlett Packard 6890 series gas chromatograph with a
30 mUltra-2 fused silica capillary column (0.2 mm diameter
and 0.33 lm thickness film; 95% dimethyl–5% polysiloxane)
was used for the analysis of petroleum hydrocarbons. Total
amounts of n-alkanes and UCM were counted as total
petroleum hydrocarbons. For the 15 PAHs (naphthalene,
acenaphthylene, acenaphthene, fluorene, phenanthrene,
anthracene, fluoranthene, pyrene, chrysene, benzo(b)fluo-
ranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,
2,3-cd)pyrene, dibenzo(1,2,5,6)-perylene and benzo(g,h, i)
perylene), gas chromatography–mass spectrometry (GC–
MS) with selected ion monitoring (SIM) was used with
m-terphenyl as the internal standard (Pruell and Quinn,
1985; Zheng and Quinn, 1988).

All specimens were run in batches which includedmethod
blanks, spiked samples and standard reference materials
SRM 2974 and HS-6 (National Institute of Standards and
Technology, Gaithersburg, MD, USA). Recoveries of total

Table 1
Information on Indo-Pacific humpback dolphin samples collected from
Xiamen and Zhuhai

Sample
no.

Site Date of
collection

Sex Weight
(kg)

Length
(cm)

Age

X1 Xiamen 29/4/2004 Female 84 200 NA
X2 Xiamen 6/1/2003 Female 213 238 NA
X3 Xiamen 15/8/2002 Female 250 249 11
X4 Xiamen 2/7/2003 Female NA 105 NA
Z1 Zhuhai 16/9/03 NA NA NA NA

NA: Not available.

Fig. 1. Map showing study locations.
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PAHs in spiked samples ranged from 82.5% to 88.4%, while
recoveries for SRM 2974 and HS-6 ranged from 88.2% to
96.4%. For petroleum hydrocarbons, recoveries of fuel oil
and kerosene were around 69% and 57%, respectively. Con-
centrations were not corrected for recovery rates. All results
were expressed on a wet weight (w.w.) basis.

Concentrations of OCPs and PCBs in dolphin blubber
samples are summarized in Table 2. For the Hong Kong
samples, the average organochlorine concentrations in
male animals were, in general, several times higher than
those of the females, especially for total HCHs, total DDTs
and Dieldrin. Concentrations of total HCHs in male dol-
phins ranged from 182.5 to 3085.3 ng g�1 (mean: 1574.1
ng g�1; n = 3), while those in female dolphins were 343.8
and 757.4 ng g�1. For total chlordanes, male dolphins
had concentrations ranging from of 276.1 to 488.7 ng g�1,
and concentrations of the two female specimens were 108.0
and 105.8 ng g�1. Concentrations of total PCBs were rela-
tively high, ranging from 11,176.4 to 40,824.3 ng g�1 in the
males to 5296.4 and 14,260.0 ng g�1 in the female speci-
mens. Concentrations of total PAHs in the male dolphins
(ranging from 2413.1 to 4663.2 ng g�1) were higher than
those in female dolphins (2263.1 and 2986.2 ng g�1). There
was no significant difference in concentrations of petroleum
hydrocarbons between male (18.2–32.3 mg g�1) and female
(25.3 and 28.4 mg g�1) dolphins.

Most of organochlorine concentrations in the Hong
Kong biopsy samples were higher than those from the
stranded samples in Xiamen and Zhuhai. For example,

mean concentration of total HCHs in the Hong Kong
biopsy samples was 1164.7 ng g�1, which was about 5 times
higher than those of samples from Xiamen (227.6 ng g�1)
and 36 times greater than that of Zhuhai (32.8 ng g�1).
Similarly, the mean concentration of total PCBs in the
Hong Kong biopsy samples (19,978.6 ng g�1) was also sig-
nificantly higher than those of stranded specimens from
Xiamen (251.4 ng g�1) and Zhuhai (69.4 ng g�1). For total
chlordanes, the Hong Kong samples (258.6 ng g�1) had
concentrations comparable to those of the Xiamen
(249.5 ng g�1) and Zhuhai (221.7 ng g�1) samples.

The average ratio of DDT=
P

DDT : DDD=
P

DDT :
DDE=

P
DDT in the biopsy samples was 44:22:34. The

proportion of DDE was much lower when compared to
that found in marine mammals from other parts of the
Pacific, where DDE typically accounts for between 70%
and 95% of the total DDTs (Prudente et al., 1997). Signif-
icantly, the average ratios for the Xiamen and Zhuhai sam-
ples were 87:0:13 and 81:0:19, respectively, and the
proportions of DDT in these samples were about 2-fold
greater than that found in biopsy samples from Hong
Kong. Furthermore, the proportion of DDE was more
than 3-fold lower than the lowest value recorded in marine
mammals from other parts of the Pacific (Prudente et al.,
1997). The greater proportion of DDT in the blubber sam-
ples of dolphins inhabiting south China waters lends sup-
port to the suggestion that there is still continuous fresh
input of DDT. The above findings are consistent with recent
speculations that DDT is present as an impurity in an acar-
icide (mitecide) known as Dicofol, which is currently being
used widely in China. Indeed, our analysis has revealed
that Dicofol may contain from 1.8% to 2.4% of DDT in
the formulation sold in south China (unpublished results).

Concentrations of PAHs in dolphin blubber are summa-
rized in Table 3. All fifteen PAHs were detected in all the
Hong Kong biopsy samples, as well as samples from
stranded dolphins from Xiamen and Zhuhai. In the Hong
Kong and Zhuhai samples, the most dominant chemical
among the 15 PAHs was naphthalene, which accounted
for about 33.6% and 27.5% of the total PAHs (Fig. 2).
For the Xiamen sample, dibenzo(1,2,5,6)perylene was pre-
dominant, accounting for nearly 21% of the total. The
seven most abundant PAHs accounted for over 83% of
the total PAHs in the Hong Kong and Zhuhai sam-
ples, and nearly 93% in the Xiamen sample. Carcinogenic
PAHs (chrysene, benzo(b)fluoranthene, benzo(a)pyrene,
indeno(1,2,3-cd)pyrene; Kennish, 1996) in the Hong Kong,
Xiamen and Zhuhai samples accounted for 16.8%, 44.8%
and 27.2% of total PAHs, respectively.

Concentrations of total PAHs were highest in the Xia-
men sample (6751 ng g�1), followed by the Hong Kong
biopsy samples (3274.6 ng g�1), and were lowest in the
Zhuhai sample (2761.6 ng g�1). Concentrations of total
PHCs were highest in the Hong Kong biopsy samples
(25.1 mg g�1), which was over 5 and 8 times greater than
that of the Xiamen (4.81 mg g�1) and Zhuhai (2.9 mg g�1)
samples, respectively.

Table 2
Mean concentrations of OC pesticides and PCBs in Dolphin blubber from
Hong Kong, Xiamen and Zhuhai waters (ng g�1 wet weight)

Location Hong Kong
(n = 5)

Xiamen
(n = 4)

Zhuhai
(n = 1)

a-HCH 24.7 26.5 2
b-HCH 910.4 129.3 nda

c-HCH 197 38.1 17.1
d-HCH 32.6 33.6 13.7
Total HCHs 1164.7 227.6 32.8

HCB 42.7 62.7 90.1
Heptachlor 93.7 142.6 32.3
HE 248.4 27.6 28.1
Aldrin 39.7 12 nda

Dieldrin 2703.1 5149.3 nda

Endrin 624.9 991.4 758.7
Kepone 656.4 nda nda

c-Chlordane 108 236.6 221.7
a-Chlordane 150.5 12.9 nda

Total Chlordanes 258.6 249.5 221.7

o,p-DDE 31.3 nda nda

p,p 0-DDE 3927.7 7582.8 8455.9
o,p 0-DDD 178.2 13.2 7.2
p,p 0-DDD 1858.8 87.1 11.5
o,p 0-DDT 860.4 10356.9 8619.2
p,p 0-DDT 2254.2 41501.9 27273.3
Total DDTs 9110.5 59541.9 44367.1

Total PCBs 19978.6 251.4 69.4

a Not detected (detection limit = 0.05 ng g�1).
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Dolphins are ranked top of marine food chains, and have
a special preference for estuarine fish in the families of
Engraulidae, Sciaenidae and Clupeidae (Jefferson, 2000).
It is conceivable that the differences in persistent organic
pollutant residues in the tissues of dolphins are attributable
to the differences in diet preference and composition.

There are only limited data on PAH concentrations in
dolphin or other cetacean tissues in the literature (e.g.,
Law and Whinnett, 1992; Lake et al., 1995; Martineau
et al., 1994; Zitko et al., 1998; Holsbeek et al., 1999; Marsili
et al., 1997; Hellou et al., 1990, 1991). In this study, the
median value of PAH concentrations in the Hong Kong,
Xiamen and Zhuhai samples were 2.99, 6.68 and
2.76 lg g�1, respectively, while the corresponding maxi-
mum values were 4.66, 8.53 and 2.76 lg g�1. Amongst
the three locations, samples from Xiamen had highest

concentrations of total and carcinogenic PAHs. This obser-
vation may reflect a relatively high level of PAH contami-
nation in the marine environment of Xiamen, particularly
in the semi-enclosed harbour where a number of petroleum
storage tanks, oil refineries, two large power stations, and
several wharfs are located. In addition, wastewaters from
nearby cities, e.g., Shangming, Zhangzhou and Xiamen,
also enter Xiamen Harbour via the river Jiu Long Jiang
(Ou et al., 2004). These represent potentially important
petrogenic and pyrolytic sources of PAHs. Live and
stranded dolphin samples had similar concentrations of
total PAHs. Generally, both live and stranded dolphin
samples contained high concentrations of low molecular
weight PAHs such as naphthalene and acenaphthylene as
compared to high molecular weight PAHs, presumably
reflecting the ease of uptake of the former.

Pyrolysis of carbon-based PHCs is known to produce
many derivatives, including PAHs, and thus higher concen-
trations of PAHs may be expected to be associated with
higher concentrations of PHCs. However, in this study,
concentrations of PHCs in the biopsy samples were over
5-fold higher than those of the Xiamen samples, while con-
centrations of PAHs in the biopsy samples were nearly
2-fold lower than those of the Xiamen samples. These
observations suggest that the dolphins in Xiamen could
have accumulated PAHs arising from other sources in
addition to the pyrolysis of PHCs.

Such sources could include the atmospheric input of
PAHs from incomplete burning of fossil fuel, possibly from
the two large electric power stations located in the area. It
is possible that petroleum hydrocarbon contaminants may
have ‘‘escaped’’ from decomposing tissues of stranded
dolphins, and this might explain the relatively lower con-
centrations of PHCs found in stranded specimens as

Table 3
Mean concentrations of 15 PAHs and PHCs in alive Dolphin blubber in Hong Kong, stranded dolphin blubber in Xiamen and Zhuhai waters (ng g�1 wet
weight for PAHs, mg g�1 wet weight for PHCs)

Hong Kong (n = 5) Xiamen (n = 4) Zhuhai (n = 1) Carcinogenicitya (ATSDRb)

1. Naphthalene 1100.5 585.8 758.5 �
2. Acenaphthylene 717.1 117.7 188 �
3. Acenaphthene 21.3 63.6 141.7 �
4. Fluorene 108.3 65.7 37.1 �
5. Phenanthrene 17.8 98.7 132.2 �
6. Anthracene 284.1 32.5 29.1 �
7. Fluoranthene 24.4 628 53.3 �
8. Pyrene 312.7 266.9 82 �
9. Chrysene 150.2 374.7 147.8 *
10. Benzo(b)fluoranthene 121.6 338.6 225.9 +
11. Benzo(k)fluoranthene 26.2 249.5 197.6 �
12. Benzo(a)pyrene 8.8 1173.5 178.7 +
13. Indeno(1,2,3-cd)pyrene 269.9 1139.4 197.6 +
14. Dibenzo(1,2,5,6)perylene 43.1 1384.5 237.2 �
15. Benzo(g,h,i)perylene 68.7 231.8 155 �
Total PAHs 3274.6 6751 2761.6
Total carcinogenic PAHs 550.5 3026.2 750

Total PHCs 25.1 4.81 2.9

a � = not carcinogenic; * = weakly carcinogenic; + = strongly carcinogenic.
b Available at http://www.atsdr.cdc.gov/HAC/PHA/popile/pop_p4.html.

Fig. 2. PAH fingerprints in dolphin blubber samples from Hong Kong,
Xiamen and Zhuhai.
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compared to biopsy samples from live dolphins. However,
further studies will be needed to verify this point.

Results of this study revealed that concentrations of
total DDTs were higher in the stranded dolphins from Xia-
men and Zhuhai, while concentrations of total PCBs were
much lower, as compared to the Hong Kong live dolphin
samples. These findings are consistent with previous studies
reporting a relatively high degree of DDT contamination in
mainland China, but relatively low PCB levels as a result of
China�s short history of industrialization (Fung et al.,
2004).

Concentrations of total PCBs, ranging from 5.3 to
40.8 lg g�1 (Table 4), in the blubber of live Indo-Pacific
humpback dolphins in Hong Kong are similar to those pre-
viously reported in stranded Indo-Pacific humpback dol-
phins in Hong Kong (range: 3.3–50 lg g�1; Minh et al.,
1999). These results suggest that PCB data from stranded
specimens are still useful for ecotoxicological assessment,
although decomposition is known to influence measured
concentrations of certain contaminants (Borrell and Agui-
lar, 1990). On average, total PCB concentrations in dolphins
from the Asian coastal waters were comparable to dolphins
in the coastal areas of Africa, but were much lower than
those from the North Pacific, South Atlantic, western Med-
iterranean Sea, European coastal waters andUSA (Table 4).

In contrast, these values were higher than bottlenose dol-
phins from coastal waters of Australia (0.06 lg g�1).

The concentration of total PCBs in the Zhuhai sample
(0.07 lg g�1) was the second lowest value, following the
concentrations recorded for bottlenose dolphin from Aus-
tralia. This finding is quite surprising because Zhuhai is
situated in the Pearl River Delta and very close to Hong
Kong, and thus is expected to be impacted by common pol-
lution sources. Despite this, the total PCB concentration in
the Zhuhai sample was some 286 times lower than those of
the Hong Kong samples. Although the Zhuhai specimen
was considered separately from the Hong Kong samples
in the present study, it is conceivable that the Hong Kong
and Zhuhai specimens are part of the same Pearl River
Delta population. As only one dolphin sample from Zhu-
hai was measured in this study, and the precise age is
unknown, a thorough study involving more specimens will
be needed to clarify this point.

It is noted that the concentrations of total DDTs in the
Xiamen and Zhuhai samples were comparable with those
recorded in stranded dolphins in Hong Kong (Minh
et al., 1999). In contrast, concentrations of total DDTs
recorded in the stranded dolphin samples from Hong Kong
(Minh et al., 1999) were 5-fold higher than those in the
biopsy samples (Table 5). This difference may be related

Table 4
Comparison of total PCBs (lg g�1 wet weight) in cetaceans from Hong Kong with other cetaceans from different locations in the world

Species Locations Total PCBs (lg g�1 wet weight) References

Bottlenose dolphin Italian coastal waters 590 (90–1400) Corsolini et al. (1995)
Risso�s dolphin Italian coastal waters 320 (20–610) Corsolini et al. (1995)
Risso�s dolphin British Columbia coast 1.7 Jarman et al. (1996)
Bottlenose dolphin UK 11.1 Wells et al. (1994)
Bottlenose dolphin Netherlands 29–41 Koeman et al. (1972)

Striped dolphin Western Mediterranean Sea 390 (94–670) Kannan et al. (1993)
Bottlenose dolphin South Atlantic 3.3 De Kock (1989)
Common dolphin Northwestern North Pacific 22 (19–26) Minh et al. (2000)
Northern right whale dolphin Northwestern North Pacific 30 Minh et al. (2000)
Pacific white-sided dolphin Northwestern North Pacific 27 Minh et al. (2000)

Bottlenose dolphin South Africa 14 Cockcroft et al. (1989)
Bottlenose dolphin South Africa nda—10.02 Cockcroft et al. (1991)

Atlantic spotted dolphin Florida coast, USA 13 (7.9–19) Watanabe et al. (2000)
Bottlenose dolphin Florida coast, USA 92 (1.6–290) Watanabe et al. (2000)
Bottlenose dolphin East coast USA 180 Geraci (1989)
Bottlenose dolphin West coast USA 435 O�Shea et al. (1980)

Bottlenose dolphin South China Sea 4.71 (2.15–8.35) Parsons and Chan (2001)
Humpback dolphin Hong Kong 24 (3.3–50) Minh et al. (1999)
Humpback dolphin Hong Kong 20 (5.3–40.8) Present study
Humpback dolphin Xiamen, China 0.25 (0.05–0.5) Present study
Humpback dolphin Zhuhai, China 0.07 Present study
Fraser�s dolphin Mindanao Sea, Philippines 6.2 (3.8–8.6) Minh et al. (2000)
Spinner dolphin Mindanao Sea, Philippines 2.5 (2.4–2.6) Minh et al. (2000)
Fraser�s dolphin Off Kii Peninsula, Japan 51 (45–57) Minh et al. (2000)
Striped dolphin Off Sanriku, Japan 37 Minh et al. (2000)
Spinner dolphin Bay of Bengal, India 2.2 (1.6–3.0) Minh et al. (2000)
Bottlenose dolphin India 0.52 Tanabe et al. (1993)
Bottlenose dolphin Australia 0.06 Kemper et al. (1994)

Concentration ranges are shown in parentheses.
a Not detected.
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to the distribution of contaminants at different depths of
the blubber layer (Krahn et al., 2003). The biopsy tips used
in this study were relatively short (to minimize injury to the
dolphin), and could only sample the surface blubber layer.
Assuming that there is no significant stratification of con-
taminant concentrations in the blubber, our results would
suggest that there may have been a decline in DDT levels
in Hong Kong waters. However, further studies will be
needed to confirm this.

Amongst the HCH isomers, a-HCH had the lowest
detectable concentrations in all the samples measured in
this study (Table 2). It is noted that a-HCH is the domi-
nant isomer in technical HCH mixtures. It is conceivable
that cetaceans have the ability to metabolize a-HCH effec-
tively (Minh et al., 1999). Indeed, the dominant isomer was
found to be b-HCH amongst all the HCH isomers detected
in this study. This finding is similar to that found in
stranded humpback dolphins in Hong Kong, further sug-
gesting the high resistance of b-HCH against enzymatic
degradation (Minh et al., 1999).

This study provides preliminary data on the concentra-
tions of common persistent organic pollutants in the
Indo-Pacific humpback dolphins in south China waters,
which may contribute to the establishment of a baseline
database for a risk assessment of these contaminants in a
part of the world that is undergoing unprecedented rapid
industrialization.
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Distribution of silver in mussels and oysters along the French coasts:
Data from the national monitoring program
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Distribution and behavior of many trace elements in the
aquatic environment has been well characterized, but little

is known about silver (Ag) concentrations in coastal
waters, even though this element ranks among the most
toxic to marine invertebrates (Calabrese et al., 1977; Fisher
and Hook, 1997; Webb and Wood, 1998). Studies con-
ducted by Flegal et al. (1995), River-Duarte et al. (1999),
and Ndung�u et al. (2001), provided the first valuable data
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