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The concentrations and species of organotin compounds (OTCs) in 52 surface sediment samples from nine fishing ports along the
Chinese coast were studied. Butyltins (BTs) and phenyltins (PhTs) were derivatized using sodium tetraethylborate (NaBEt,) and
determined by head-space solid-phase microextraction (HS-SPME) gas chromatography coupled with a flame photometric detec-
tor (GC-FPD). The concentrations of OTCs ranged from <3.6 to 194 ng (Sn) g”' dry weight (dw) for monobutyltin (MBT), <2.3
to 41.5 ng (Sn) g'l dw for dibutyltin (DBT), <0.7 to 86.0 ng (Sn) g_I dw for tributyltin (TBT) and <5.1 to 66.1 ng (Sn) g_1 dw for
monophenyltin (MPhT), respectively. The concentrations of diphenyltin (DPhT) and triphenyltin (TPhT) were below the limit of
detection (LOD). BTs were the main species in the sediments except for the samples collected from Shazikou fishing port in
Qingdao. The concentrations of MBT were higher than DBT and TBT. The concentrations of OTCs in the sediments varied
widely among different sampling locations. The concentrations of BTs were much higher in the samples collected from fishing
ports close to the South China Sea than those in coast of the East China Sea and the Yellow Sea. MPhT was prevalent in most
sampling stations except for those in coast of the East China Sea. The environmental and ecotoxicological risks of TBT in most

sediment samples were low.
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During the last century, organotin compounds (OTCs) have
been widely used as accelerators, polyvinyl chloride (PVC)
stabilizers, biocides, coatings, wood preservatives and anti-
fouling paints etc. As a result, they were introduced into the
environment at large quantities [1]. Among organotin spe-
cies, tributyltin (TBT), triphenyltin (TPhT) and their deriva-
tives have been of particular concern because they were
usually used as paint additives to prevent bio-fouling on
ship hulls, marine platforms and fishing nets, which resulted
in world-wide pollution in aquatic environments [2,3]. TBT
can cause chronic and acute toxic effects to algae, zoo-
plankton, mollusks, and some fish species even at very low
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concentrations [4—6]. TPhT is less toxic than TBT, but can
also be of high risk to aquatic life [1,7].

In view of their high toxicity, control measures on OTCs
have been made in many parts of the world, especially in
developed countries [1]. A total ban of TBT proposed by
the International Maritime Organization (IMO) has taken
effect since January 2008 [8]. The United Nations Envi-
ronment Programme (UNEP) and Food and Agriculture
Organization of the United Nations (FAO) added the pesti-
cide TBT to a global trade “watch list” after the Rotterdam
Convention in November 2008 [9]. However, OTCs were
still used and discharged into aquatic systems, especially in
developing countries where monitoring and inspection were
less well established [3,10—-12].
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Coastal zones, including harbors, are usually seriously
polluted areas of OTCs because of intensive human activi-
ties and heavy marine traffic [13,14]. Fishing port is a har-
bor or a part of harbor for landing and distributing ocean
products, where OTCs could be released not only from an-
tifouling coatings on vessels, but also from many land
sources, such as manufacture and maintenance of fish-
ery-related facilities. The organotin pollution in Chinese
costal zones has been reported in several studies [15-18].
Cao et al. [16] reviewed the distribution of BTs in sedi-
ments and found that the concentrations were high in loca-
tions with many shipping activities, such as Hong Kong,
Shenzhen and West Harbor in the Jiulongjiang estuary. The
pollution has resulted in the accumulation of BTs in marine
biota and some mollusks species [17,19]. However, fishing
ports were largely ignored in most studies.

Sediment can reflect the pollution of OTCs in the coastal
water environment for their high accumulation and slow
degradation processes [20—23]. Sediment may become a
significant source of organotin pollution during the dredg-
ing, and disposal of contaminated sediment, which has been
involved in the IMO ban. In addition, organotin in sediment
are also bioavailable when their resuspension, decomposi-
tion and diffusion into the water column [24]. Therefore, the
monitoring of sediment is very helpful to assess the pollu-
tion status of OTCs and to evaluate their potential environ-
mental risks.

The aim of this work is to evaluate the pollution status
and species of OTCs in sediments of typical fishing ports
along the Chinese coast. A total of 52 surface sediment
samples from nine fishing ports were collected. The con-
centrations and spatial distributions of BTs and PhTs were
investigated. The potential risks of OTCs in the sediments
were also discussed.

1 Experimental
1.1 Sample collection

The map of the study area and the locations of sampling
sites are shown in Figure 1. A total of 52 surface sediment
samples were collected from nine fishing ports or fishing
districts in integrated harbors in 2007. Most of the selected
fishing ports are located in relatively developed coastal are-
as covering the Yellow Sea, the East China Sea and the
South China Sea. The surface sediments (0-20 cm deep)
were taken with a stainless steel grab sampler, then trans-
ferred into polyethylene bags, and kept in an icebox imme-
diately. After shipping the samples back to the laboratory,
the sediments were freeze-dried at —45°C, and ground until
fine particles were obtained.

1.2 Instrumentation

The SPME procedure was conducted by manual SPME
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Figure 1 (Color online) The study area and sampling sites. 1, Shazikou
fishing port in Qingdao; 2, Shenjiamen fishing port in Zhoushan; 3, Beilun
fishing port in Ningbo; 4, Xigang fishing port in Xiamen; 5, Shekou fishing
port in Shenzhen; 6, Xiangzhou fishing port in Zhuhai; 7, Wanzai fishing
port in Macao; 8, Shuidong fishing port in Maoming; 9, Fishing subarea in
Sanya harbor.

device with a fused silica fiber coated with 100 um polydi-
methylsiloxane (Supelco, USA). A GC-2010 gas chromato-
graph (Shimadzu, Japan) equipped with a flame photometric
detector (FPD), and a tin filter was used for the qualitative
and quantitative analysis. The separation was conducted on
an Rtx-5 ms capillary column (30 m x 0.25 mm x 0.25 pm,
Restek, USA) which was coated with 95% methyl silicone
and 5% phenyl silicone. High purity of He (=99.999%) was
used as carrier gas. The column flow was 1.6 mL min~!, and
the purge flow was 3.0 mL min™'. The temperature of in-
jector was held at 250°C with a 1:10 split injection mode.
The oven temperature was initially held at 50°C for 2 min,
then increased at 20°C min™' to 250°C and held for 3 min.
The temperature of FPD was set at 250°C. The air and the
hydrogen flows for the detector were both set at 70 mL
min~". Signal collection and process were conducted by the
Shimadzu GC solution software.

1.3 Reagents and standards

All reagents used were of analytical reagent grade or better.
Glassware was decontaminated overnight in 50% (v/v) ni-
tric acid solution and then rinsed with ultra pure water. The
standards of monobutyltin (MBT) chloride (97%), dibu-
tyltin (DBT) chloride (96%) and TBT chloride (96.5%)
were obtained from Dr. Ehrenstorfer Co. (Germany).
Tripropyltin (TPrT) chloride (98%) and triphenyltin (TPhT)
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chloride (95%) were obtained from Merck (Germany). The
stock standard solutions were prepared as 1 g (Sn) L™ in
methanol and stored at —20°C in dark. Fresh working solu-
tions of 1 mg (Sn) L™" were prepared daily by a proper dilu-
tion of the stock solution with ultra pure water. Methanol
(HPLC grade) was purchased from J. T. Baker Chemicals
Co. (USA). Sodium tetraethylborate (NaBEt,, 98%) was
purchased from Strem Chemicals (USA). Monophenyltin
(MPhT) trichloride (98%), diphenyltin (DPhT) dichloride
(96%) and tetrahydrofuran anhydrous (THF, 99.9%) were
obtained from Sigma Aldrich (USA). NaBEt, was prepared
as 20% (m/v) stock solution in THF and stored at —20°C in
refrigerator. Fresh working solutions of 2% (m/v) was pre-
pared daily with ultra pure water. Sodium acetate (NaAc)
(anhydrous, 99%, Sigma Aldrich, USA) and acetic acid
(HAc, 99.8%, CNW Technology GmbH, Germany) were
used for buffer preparation.

1.4 Determination

The analytical procedure was optimized from the methods
described in reference [25]. Briefly, 1 g of sediment was
weighed into a 15 mL glass tube. After it was mixed with a
suitable amount of internal standard TPrT, 5 mL of HCI-
methanol (1:20, v/v) solution was added. The samples were
vortexed for 1 min and sonicated for 20 min in an ultrasonic
bath. The tube was then centrifuged for 5 min at 3000
r min'. The leachate was siphoned out with a Pasteur pipette,
and the sediment layer was re-extracted with the same pro-
cedure. After centrifuged again, the leachate was combined.
Fifty microliter of leachate, 20 mL of ultra pure water
and 5 mL of HAc-NaAc buffer (0.2 mol L, pH 5.0) were
transferred into a 50 mL glass vial closed with a septum in
which a glass stir bar was put. After addition of 100 puL
NaBEt, solutions (2%, m/v) by a syringe into the vial, the
SPME fiber was exposed to the headspace of the solution
and the mixture was magnetically stirred at 750 r min ' un-
der 25°C for 15 min. The SPME fiber was immediately in-
jected into the GC inlet for 3 min of thermal desorption.

1.5 Quality control

The quantitative analysis was performed using the inner
standard calibration method. Analytes-free sediment sam-
ples (pre-validated by the proposed method) were homoge-
nized and used as matrix. After spiking with suitable
amounts of OTCs standards, the derivatization and HS-

Table 1 Analytical results and recoveries of certified reference material-PACS2
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SPME procedure were performed as described above. All
samples were analyzed in triplicate. The limits of detection
(LOD) are 3.6, 2.3, 0.7, 5.1, 7.6, 6.9 ng (Sn) g~ for MBT,
DBT, TBT, MPhT, DPhT, TPhT, respectively. Blanks were
prepared following the same procedure with every five
samples.

Certificated material PACS2 for marine sediment from
the National Research Council of Canada (NRCC, Canada)
was used to validate the method. As shown in Table 1, good
agreements were obtained between the determined and cer-
tified values for butyltin compounds, confirming the accu-
racy of the analytical procedure.

1.6 Statistical analysis

The results were statistically analyzed to evaluate the rela-
tionships among the concentrations of OTCs using SPSS
8.0 (SPSS InC., USA) software.

2 Results and discussion
2.1 Concentrations and species of OTCs

The concentrations of different OTCs species in the sedi-
ment samples are shown in Table 2. The concentrations
ranged from < 3.6 to 194 ng (Sn) g”' dw for MBT, < 2.3 to
41.5 ng (Sn) g dw for DBT, <0.7 to 86.0 ng (Sn) g~' dw
for TBT, <5.1 to 66.1 ng (Sn) g~' dw for MPhT, respectively.
In all samples, the concentrations of DPhT and TPhT were
below the limit of detection (LOD). BTs were the main or-
ganotin species in the sediments. The percentages of BTs in
total OTCs exceeded 70% in most samples except for those
from Shazikou fishing port in Qingdao (Figure 2). Among
BTs species, the concentration of MBT was the highest.
Although MBT could be degraded from DBT and TBT, the
concentrations of MBT in the samples collected near coast-
line were higher than those from the open water area. This
indicated that MBT might have direct discharge sources
from land areas, which could be transported into marine
environment by runoff.

2.2 Correlations among the OTCs species

A correlation analysis was performed using SPSS 8.0 to
evaluate the relationships among the concentration of vari-
ous OTCs. The results are shown in Table 3. Significant
correlations were found between MBT-DBT (P < 0.01, r =

Species Certified value (mg kg™) Determined value (mg kg™") Recovery (%) RSD (%) (n=6)
MBT 0.6” 0.521 = 0.069 85.8 13.2
DBT 1.047 = 0.064 0.957 £0.142 94.2 14.8
TBT 0.890 = 0.105 0.863 +0.167 91.7 194

a) Information value only.
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Table 2 The concentrations of OTCs in the sediment samples (ng (Sn) gf1 dw)
Location ~ umberof ypp DBT TBT MPhT BTs OTCs BDI BTs/ OTCs
samples

Qingdao 6 <3.6-16.5 <2.3-25 <0.7-2.1 13.4-45.1 <0.7-21.1 15.3-66.2 0—>>1 0.00-0.32
Zhoushan 5 <3.6-13.6 <2.3-2.7 <0.7-2.5 <5.1 <0.7-18.8 <0.7-18.8 6.46—>>1 1.00
Ningbo 5 6.6-26.6 <2.3-11.2 <0.7-5.9 <5.1 7.7-43.7 7.7-43.7 3.73—>>1 1.00
Xiamen 5 <3.6-18.6 <2.3-2.6 <0.7-1.5 <5.1 <0.7-18.6 <0.7-18.6 0—>>1 1.00
Zhuhai 9 9.0-136 2.7-30.5 <0.7-86.0 <5.1-45.5 13.9-174 20.1-220 0.74->>1 0.63-1.00
Shenzhen 10 <3.6-49.4 <2.3-14.5 <0.7-8.0 <5.1-14.7 <0.7-80.6 11.5-94.4 7.99—>>1 0.00-1.00
Macao 5 60.2-118 15.2-27.7 <0.7-5.9 11.6-41.3 76.3-145 87.9-160 16.1->>1 0.71-0.91
Maoming 29.2—-194 6.9-25.8 5.2-16.6 10.5-51.9 41.3-237 51.8-272 6.94-13.3 0.78-0.87
Sanya 51.0-184 3.4-22.8 2.5-13.7 21.5-66.1 56.9-221 78.5-287 15.1-32.2 0.71-0.82

Concentration {ng (Sn) g™")

Sample station

Figure 2 Composition of OTCs in the sediments from selected fishing
ports.

Table 3 Pearson correlation coefficients between the concentrations of
OTCs

MBT DBT TBT MPhT BTs
DBT 0.580 "

TBT 0.208 0.490»

MPhT 0.666 0.373 0.007

BTs 09549  0.741°  0.504%  0.604?

OTCs 09599  0.684Y  0435® 0705  0.983?

a) Correlation is significant at the 0.01 level (2-tailed); b) correlation is
significant at the 0.05 level (2-tailed).

0.58), MBT-MPhT (P < 0.01, r =0.67), and DBT-TBT (P <
0.05, r = 0.49), respectively. But the correlations between
MBT and TBT, MPhT and TBT were not significant. The
results are differed from some literatures [7,14], in which
high correlations between MBT and TBT were obtained,
and MBT were thought as a degraded product of TBT.
However, the data in the present study indicated the possi-
ble direct discharge of MBT to coastal environments.

To further prove this, the degradation of TBT was evalu-
ated using the method proposed by Diez et al. [24]. In ma-
rine environments, TBT may degrade to their derivatives
MBT and DBT affected by many factors [1]. Diez et al. [24]

thought that the ratio of (MBT+DBT)/TBT, called BT deg-
radation index (BDI), could be used to estimate the time of
pollution occurred in the environment. If the BDI value is
less than 1, the TBT in sediment could be considered as
recent contamination. In this work, BDI values for most the
sediments were > 1 (Table 2), indicating that there was little
TBT input in recent years at the sampling areas. It was no-
ticed that the values of BDI in this work were much higher
than those in other studies summarized by Chen et al. [14].
This further confirmed the direct discharge of MBT to
coastal water environments. Because the concentrations of
DPhT and TPhT were below the LOD in all samples, the
degradation of PhTs was not evaluated. However, the high
detection rate of MPhT in the sampling stations 1, 5-9 in-
dicated the prevalent use of PhTs-contained products in the
surrounding regions [1].

2.3 Spatial distributions of OTCs

The concentrations of OTCs in the sediments varied widely
among different locations. The highest concentration (287
ng (Sn) g"1 dw) of total OTCs was found at the fishing sub-
area in Sanya harbor, indicating intensive input of OTCs in
this area. As shown in Figure 3, the concentrations of BTs

350 -
300 ~ MPhT
BTs

[ Total OTCs

250
200 A
150—-
100-
50

o:gﬁia“»u.ﬂ'l'

=50 T T T T T T T T
1 2 3 4 5 6 7 8 9

Sample station

Concentration (ng (Sn) g™")

Figure 3 Distribution of OTCs in the sediments from selected fishing
ports.
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in sediments from stations 5-9 located in the South China
Sea were much higher than those from other sampling sta-
tions. MPhT were detectable in most samples collected
from station 1 located in the Yellow Sea, and stations 5-9
located in the South China Sea. The concentrations of
MPhT were relatively lower in the samples from stations
24 located in the East China Sea compared with other lo-
cations. As a whole, the contamination of OTCs was more
serious in sampling stations 5-9 than other stations (Figure
3). This was consistent with the economic development in
these areas. For example, sampling stations 58 are located
in the Pearl River Estuary, an area characterized by most
dense harbors, and most heavy ocean traffic in China.

2.4 Comparison with other studies

Surveys on BTs pollution in Chinese coastal sediments were
mainly focused in the East China Sea and the South China
Sea. The sampling station 4 in Xigang Port of Xiamen, was
almost the same site with a previous reference [26]. The
levels of BTs determined in this work was similar with
those reported, whereas the compositions of BTs species
were different. The percentages of MBT and DBT were
much higher than those reported in the reference [26]. This
was probably because of the decomposition of TBT to DBT
and MBT, and direct discharge of MBT as mentioned above.
As a whole, compared with those values reported in China’s
coastal areas, the concentrations of MBT and DBT in sam-
pling stations 5-9 of this work were similar to those in
Huiyang Port, Shenzhen and Hong Kong [18,27], but higher
than those reported in Xiamen Port, Shantou Port, Victoria
Harbor (Hong Kong), Jiulongjang estuary, Minjiang estuary
and Zhujiang estuary [26,27]. However, the levels of TBT
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in these sites were much lower than that in Shenzhen [18],
Hong Kong [28] and the Pearl River Delta [29], respectively.
The levels of BTs in sampling stations 1—4 of this study
were similar to those reported in Shantou Port and Victoria
Harbor in Hong Kong [26,27].

In comparison with those values reported in other coun-
tries, the levels of BTs obtained in this study were similar
with those in Sdo Vicente Estuary (Brazil) [13], Coast (Vi-
etnam) [30], North coast of Kyoto (Japan) [31], but signifi-
cantly lower than those in Kochi Harbor (India) [32], estu-
aries of Gipuzkoa (Spain) [33], Northern Adriatic Sea (Slo-
venia) [34], Santa Catarina Harbors (Brazil) [13] and coast
of Mediterranean (Spain) [24].

The comparison of BTs determined in this work with
those reported in literatures is shown in Table 4. The con-
centrations of PhTs were not included because lacking of
published data.

2.5 Potential environmental risks

Although there was no uniform sediment quality standard
implemented for OTCs, several works have proposed their
own pollution classification methods. Waite et al. [35]
ranked TBT levels in sediments as lightly contaminated
(4.1-20.5 ng (Sn) g"l), medium contaminated (24.6—80.2
ng (Sn) g™"), highly contaminated (123-410 ng (Sn) g™
and likely to contain paint particles (higher than 410 ng (Sn)
g"). According to this classification, only one sample
(ZH-1 in sampling station 6) was medium contaminated,
and 12 samples (NB-B in sampling station 3; SZ-B in sam-
pling station 5; ZH-A, ZH-B ZH-C, ZH-D in sampling sta-
tion 6; AMW-2 in sampling station 7; MM-1, MM-2, MM-3
in sampling station 8; SY-2, SY-4 in sampling station 9)

Table 4 Comparison of the concentrations of OTCs in sediments from different bays, estuaries and harbors (ng (Sn) g*)

Locations MBT DBT TBT Country Reference
OTCs concentrations in sediments from bays, estuaries and harbors in China
Fishing Ports <3.6-194 <2.3-41.5 <0.7-86.0 China This work
Xigang Port, Xiamen 0.07-1.76 n.d.—6.99 n.d.—24.0 China [26]
Xiamen Port 11.3 n.d. 314 China [27]
Shantou Port 10.9 0.1 1.4 China [27]
Huiyang Port 50.8 0.1 2.6 China [27]
Pearl River Delta n.a. n.a. 0.7-155 China [29]
OTCs concentrations in sediments from bays, estuaries and harbors in other countries
Santa Catarina Harbors n.d.-312 n.d.—-394 n.d.—1137 Brazil [13]
Sao Vicente Estuary n.d.—161 n.d. to n.q. n.d. to n.q. Brazil [13]
Mediterranean coast 7-415 40-1790 76-4487 Spain [24]
Coast <0.04-11 0.64-4.6 0.89-28 Vietnam [30]
North Coast of Kyoto 4.3-22 2.3-23 1.2-19 Japan [31]
Kochi Harbors n.a. n.d.—470 4.5-16816 India [32]
Gipuzkoa estuaries 860-2870 150-710 80-5480 Spain [33]
Northern Adriatic Sea <1.6-934 <1.6-702 <2.5-1995 Slovenia [34]

a) n.d., not detectable; n.q., not qualified; n.a., not available.
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were lightly contaminated. Other 39 samples could be con-
sidered no pollution of TBT. Dowson et al. [36] suggested a
more stringent environmental quality criterion on TBT, in-
cluding no contamination (below 1.2 ng (Sn) g”' TBT), light
contamination (1.2-8.2 ng (Sn) g'l TBT), moderate con-
tamination (8.2—41 ng (Sn) g"1 TBT), high contamination
(41-205 ng (Sn) g_l TBT), and severe contamination (above
205 ng (Sn) g~' TBT). When this classification was applied,
one sample (ZH-1 in sampling station 6) was changed into
high contamination, and five samples (MM-1, MM-3 in
sampling station 8; ZH-B, ZH-C in sampling station 6,
SY-2 in sampling station 9) were classified to moderate
contamination. As a whole, 48.1% of samples were regard-
ed as light contamination, and 40.4% of samples could be
considered as no contamination. Therefore, the levels of
TBT in the study areas could be considered light contami-
nation.

For adverse biological effect concern, the ecotoxicologi-
cal risk of sediment bounded TBT (TBT bounded to sedi-
ment) on benthic organisms was evaluated based on refer-
ences [37-40]. Burton et al. [37] established 5 and 70
ng (Sn) g”' of TBT as low and high trigger values, respec-
tively. The values in about 23% sediment samples, most of
which located in sampling station 6 and 8, were above the
low trigger value. Only one sample (86.0 ng (Sn) g™', ZH-1
in sampling station 5) exceeded the high trigger value. The
chronic toxic effects on amphipods and polychaetes were
further investigated in this sample according to the value of
41.2 ng (Sn) g”" in vivo sediment toxicity test [38]. The BTs
in all samples were lower the value of 300 ng (Sn) g™’
which could cause chronic effects on benthic clam [39,40].
Therefore, most sampling stations in this work showed low
ecotoxicological risk of sediment-bounded TBT to benthic
organisms. However, monitoring the OTCs in coastal areas
is still indispensable because their spatially heterogeneity,
and possible on-going input to coastal sediments.

3 Conclusions

BTs and PhTs in surface sediments from nine typical fish-
ing ports along the Chinese coast were studied. The highest
concentration (287 ng (Sn) g_1 dw) of total OTCs was rec-
orded at fishing subarea in Sanya harbor, indicating inten-
sive inputs of organotin-containing products to the marine
environment. BTs were the main species in the sediments
except for those collected from Shazikou fishing port in
Qingdao. MBT was found to be the major component, sug-
gesting various sources of MBT besides antifouling paints.
Spatially, the pollution of BTs in sediments were more se-
rious in fishing ports along the South China Sea, including
Shekou fishing port in Shenzhen, Xiangzhou fishing port in
Zhuhai, Wanzai fishing port in Macao, Shuidong fishing
port in Maoming and fishing subarea in Sanya harbor,
than those along the East China Sea and the Yellow Sea.
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MPHT was prevalent in most sampling stations. In general,
the concentrations of BTs in the sediments were not very
high. The concentrations of TBT in most samples were
generally low with limited environmental and ecotoxico-
logical risks. However, monitoring of organotin pollution in
coastal areas is still important because of their heterogeneity
of distribution and possible continued input.
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