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Abstract

Concentrations of butyltin compounds including tributyltin (TBT), dibutyltin (DBT) and monobutyltin (MBT) were determined

in mollusc samples from Chinese Bohai coastal sites to evaluate the extent of contamination and potential adverse effects on health.

Wide existence of butyltins was found in these samples with a detection rate of up to 90%, and the concentrations of the total butyl-

tin (
P

BTs: TBT + DBT + MBT) ranged from <2.5 to 397.6 ng Sn/g wet weight (mean 63 ng Sn/g). Among BTs, TBT was the pre-

dominant compound in most of the samples, indicating ongoing usage of TBT-based antifouling agents in China. The different

accumulation capabilities of BTs among various species were studied. The wide occurrence and serious pollution of BTs in seafood

indicated a potential danger for the health of the local people who cared for these foods.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Butyltin compounds have been extensively used in

consumer and industrial products such as polyvinyl
chloride (PVC) stabilizers, industrial catalysts, agricul-

tural biocides, wood preservatives, and antifouling

agents in paints since the 1960s (Shim, Hong, Yim,

Kim, & Oh, 2002). TBT has received much attention

due to its wide application in antifouling paints and

the resulting direct pollution of the aquatic environ-

ment. It was well demonstrated that TBT could lead

to a series of adverse effects such as imposex in neogas-
tropods, shell deformations in oysters, and mortality of

the larvae of mussels (Michael, 2002). BTs may affect

human health through consumption of contaminated

seafood. Therefore, monitoring contaminant residues

in food is regarded as one of the key aspects to minimize

the potential hazards to human health (Falandysz et al.,

2004; Sawaya et al., 2000).
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A reduction of TBT contamination was recorded

after a restriction was placed on the usage of TBT-based

antifouling paints in most developed countries (Kon-

stantinou & Albanis, 2004). However, butyltin com-
pounds are still persistent in aquatic ecosystems,

particularly in areas with intensive docking activities

as well as possible industrial discharges (Morcillo &

Porte, 1998). In fact, the restriction is inadequate; TBT

is still being used in antifouling paints applied to larger

ships (>25 m in length) in most developed countries, and

no restriction has been implemented on the usage in

most Asian developing countries, including China. Par-
ticular concern should be placed on these regions be-

cause dramatic economic growth and increasing

demand for antifouling agents may lead to deleterious

environmental effects. According to the resolution of

the International Maritime Organization (IMO) meeting

in October 2001, a global prohibition has been placed on

the application of organotin compounds used as anti-

fouling paints additives on ships by January 1, 2003,
and a complete prohibition by January 1, 2008 (Rüdel,

Lepper, & Steinhanses, 2003). It is urgent and necessary
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to cause more public concern on organotin pollution

and to promote the related legislative process by the

government.

The Bohai Sea is off the coast of north China which is

one of the country�s most populous and developed areas

and is a major oceanic fishery. However, with rapid eco-
nomic growth, it is inevitable that serious aquatic pollu-

tion is caused. In the present study, 113 mollusc samples

including 13 different species were collected from 13 typ-

ical coastal sites along the China Bohai Sea. These spe-

cies are extensively distributed along the Chinese coast.

Most of the samples were commercially valuable sea-

food and were highly suitable for the culture in these

coastal areas. Having high protein contents, this seafood
is a popular diet for local people. However, to our

knowledge, the data on butyltins pollution in molluscs

of Bohai are rather limited. The present study aims to

reveal the status of contamination of BTs and their dis-

tribution in coastal waters of China-Bohai; and to eval-

uate the potential risk of the contaminated seafood for

the peoples� health.
2. Materials and methods

2.1. Study area

Fig. 1 shows the sampling sites along Chinese Bohai

coast. The sampling sites were located in the northeast

of China, which has highly developed heavy industries
and fishing culture; Therefore, serious environmental

pollution might occur in these semi-enclosed aquatic

systems. Most of the mollusc samples were collected

from the important seaports having heavy traffic. The

samples of Yingkou were collected mostly from fishery
Fig. 1. The sampling locations of molluscs.
areas, while those from Shouguang, a small port were

relative far from the possible seriously polluted areas.

2.2. Sample collection and preparation

Mollusc samples including various species of bivalves
and snails were collected during July–August, 2003. Dif-

ferent species were carefully identified according to the

catalog of marine molluscs in reference books (Zhao,

Cheng, & Zhao, 1982). Samples were stored in buty-

tin-free polyethylene bags, kept in an ice-cooled box

during the transportation and then immediately stored

at �20 �C in the refrigerator. Before analysis, the sam-

ples were firstly unshelled and the soft tissues were
pooled and thoroughly rinsed with de-ionized water to

remove extraneous impurities. After obtaining a suffi-

cient homogenate using a stainless blender, the sub-sam-

ples were used for analysis.

2.3. Instrumental analysis

The concentrations of butyltin compounds were
determined using a GC-9A gas chromatograph (Shima-

dzu, Japan). A HP-1 fused-silica capillary column

(25 m · 0.32 mm · 0.17 lm) was used to separate the

organotin compounds. The oven temperature was raised

from 100 �C (hold for 1 min) to 180 �C (hold for 5 min)

at 5 �C/min. The temperatures of the injector and the

detector were controlled at 220 and 160 �C, respectively.
High pure nitrogen served as carrier gas and was kept at
the pressure of 0.26 MPa on the column head. The

detection was accomplished by a laboratory-made flame

photometric detector using quartz surface-induced lumi-

nescence (QSIL-FPD) equipped with a 394-nm interfer-

ence filter. A SC-1100 PC data processing system was

used for data analysis.

2.4. Standards and reagents

The standards including tetrabutyltin (TeBT, 96%),

tributyltin chloride (TBT, 90%), dibutyltin dichloride

(DBT, 97%) and monobutyltin trichloride (MBT, 97%)

were purchased from Acros Organics (NJ, USA). TeBT

was used as an internal standard. The stock solutions

with a concentration of 1 mg Sn/ml were obtained by dis-

solving the accurately weighed TeBT, TBT, DBT and
MBT into methanol, respectively. The pH value was ad-

justed to 2 with concentrated HCl to ensure its stability.

Working standard solutions were freshly made before

analysis. All the solutions were stored at 4 �C in the dark.

The Grignard reagent of n-propylmagnesium bromide

(n-PrMgBr, ca. 2.0 M, in ether) was synthesized accord-

ing to the method (Zhou, Jiang, & Qi, 1999). All reagents

used were of analytical reagent grade or better. Glass-
ware was rinsed with de-ionized water, decontaminated

overnight in 1:1 nitric acid solution and then rinsed again.
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2.5. Analytical procedure

The analytical procedure was similar to the method,

which had been confirmed by determination of the cer-

tified reference material (CRM477) (Jiang, Maxwell,

Siu, Luong, & Berman, 1991). Briefly, about 2-g sample
was used for analysis of butyltin compounds. After it

was mixed with a suitable amount of internal standard

TeBT, 10 ml of THF–HCL (11:1) solution was added

and then extracted with 25 ml 0.01% (m/v) tropolone–

hexane solution under vigorous shaking for 40 min.

The extracts were decanted, another 10 ml of hexane

was added to the original homogenate, and the mixture

again shaken for 20 min. The combined extract was con-
centrated on a rotary evaporator to about 2–3 ml and

submitted to Grignard propylation. The analytes was

purified using a glass column packed with anhydrous

Na2SO4 (2 g), Silica gel (2 g) and Florisil (2 g) in turn

from the top. The final volume was adjusted to 1.0 ml

under a gentle stream of pure nitrogen. Procedural

blanks were processed with every batch of samples, they

were all free from organotin contamination or other
interferences. Detection limit (assigned 3 times signal/

noise) of TBT, DBT, MBT were 2.8, 3.2, 2.5 ng Sn/g

wet weight, respectively.
3. Results and discussion

3.1. Contamination status

Butyltin concentrations including TBT, DBT, MBT

and their total values (
P

BTs) of all the samples were

summarized in Table 1 as nanograms of Sn per g on a

wet weight basis. The detection rate was about 90%

wherein among 113 samples, 101 of the samples were

found to contain detectable BTs, which indicated a wide

incidence of BTs pollution along the Chinese Bohai
coast. Concentrations of

P
BTs ranged from the deter-

mination limit (<2.5) to 397.6 ng Sn/g (mean 63 ng Sn/

g). The concentrations of TBT, DBT and MBT ranged

from <2.8 to 383.9, <3.2 to 158.1 and <2.5 to

52.2 ng Sn/g, respectively. Among BTs, TBT was de-

tected at relatively high concentrations in most of sam-

ples, whereas the concentrations of DBT and MBT

were low (Fig. 2). The concentration of TBT accounts
for 45–100% of the total butyltin concentration (mean

75%). The high level of butyltin compounds and high

percentage of TBT implied fresh input of TBT in Chi-

nese coastal sites, which is probably attributable to the

continuous usage of TBT-based antifouling paints in

China.

BTs residue levels in the mollusc samples varied with

different sampling sites (shown in Fig. 2). The highest
mean BTs level of up to 108 ng Sn/g was found in the

samples collected from Dalian, which is one of the
important seaports of China and a world-famous tourist

destination with consequently high density of various

ships and boat. TBT resulting from the release of anti-

fouling paints applied on the boats and ships due to

the intensive maritime activities might account for the

currently high BTs contents in Dalian mollusc samples.
The lowest residue level of BTs (mean

P
BTs 17.2 ng Sn/

g) was detected in Shouguang samples, which were col-

lected at relatively clean sites. Noticeably, most of the

samples from Yingkou, a marine aquaculture area away

from the seaport, were also characterised by high con-

tents of butyltin compounds (mean
P

BTs 37.8 ng Sn/

g). It was found that TBT-based coatings on the marine

aquaculture facilities, such as fishnets and sea pens,
could be one of the sources for BTs in the cultured area.

High levels of BTs were also found in the other sampling

sites, which were all port cities possessing a high density

of ships coated with TBT-based antifouling paints.

A number of studies providing monitoring data of

BTs residues are available so that a comparison with

the pollution situation of the sampling area over the

world is possible (Table 2). When TBT concentrations
in mussels were compared with those in some antifoul-

ing paints-banned countries such as USA, Australia,

Canada and Japan, relatively high residue levels were

found in the China Bohai coast. Among Asian develop-

ing countries considered, BTs levels in mussels from the

coastal waters of Korea, China, Philippines and Thai-

land were in the higher range compared with those from

India, Malaysia and Hong Kong. It should be noted
that the demand for TBT-based marine coating paints

in these countries is currently increasing (Hong, Takah-

ashi, Min, & Tanabe, 2002). In addition, because of the

unregulated application of BTs in many Asian develop-

ing countries such as China, India, Thailand and the

Philippines, as well as other nearby developing coun-

tries, BTs contamination in the Asian aquatic environ-

ment may become increasingly serious in future.
Consequently, effective actions should be taken as soon

as possible.

3.2. Bio-accumulation of organisms

According to the results shown in Table 1, it was easy

to find that the accumulation concentrations of butyltin

compounds varied in different species, even when they
were collected from the same sites. For instance, in Bei-

daihe samples, the highest
P

BTs content of

397.6 ng Sn/g was found in Mya arenaria, whereas the

lowest was only 14.0 ng Sn/g in Amusium. Fig. 3 shows

the mean bio-accumulation concentration of
P

BTs in

various species. The comparative organisms belonged

to the most popular seafood items and were widely dis-

tributed along Chinese coastal sites. The detection rate
of BTs ranged from 50% to 100% and several species

such as M. arenaria, Meretrix meretrix, Mytilus edulis,



Table 1

Butyltin concentrations (ng Sn/g ww) in molluscs from Chinese Bohai coastal sites

Locations Species MBT DBT TBT
P

BTs

Dalian Rapana venosa (Valenciennes, 1846) nd 2.7 42.2 44.9

Neverita didyma (Röeding, 1848) 16.7 30.9 14.9 62.5

Crassostrea gigas (Crosse, 1862) 21.3 26.1 205.8 253.3

Mytilus edulis (Linnaeus, 1758) 9.8 10.3 183.5 203.6

Amusium (Röding, 1798) nd nd 32.4 32.4

Chlamys farreri (Jones and Preston, 1904) 12.3 18.1 358.0 388.4

Scapharca subcrenata (Schrenck, 1869) nd nd 12.4 12.4

Sinonovacula constricta (Lamarck, 1818) 5.6 23.2 137.8 166.6

Ruditapes philippinarum (Adams and Reeve, 1850) 3.1 2.9 49.0 54.9

Mactra veneriformis (Reeve, 1854) 18.7 11.6 48.2 78.5

Meretrix meretrix (Linnaeus, 1758) nd 6.6 64.8 71.4

Yingkou Neptunea cumingi (Crosse, 1862) nd nd nd nd

Mytilus edulis (Linnaeus, 1758) 14.5 6.6 29.2 50.3

Amusium (Röding, 1798) nd nd nd nd

Chlamys farreri (Jones and Preston, 1904) nd 14.8 42.2 57.0

Scapharca subcrenata (Schrenck, 1869) 11.8 14.1 23.3 49.2

Ruditapes philippinarum (Adams and Reeve, 1850) nd nd 25.6 25.6

Mactra veneriformis (Reeve, 1854) 9.9 15.9 44.8 70.6

Meretrix meretrix (Linnaeus, 1758) nd 18.3 31.5 49.7

Jinzhou Rapana venosa (Valenciennes, 1846) 3.2 nd 19.2 22.4

Neverita didyma (Röeding, 1848) 8.3 7.2 11.0 26.6

Crassostrea gigas (Crosse, 1862) nd nd 68.7 68.7

Mytilus edulis (Linnaeus, 1758) 7.4 10.3 32.8 50.6

Amusium (Röding, 1798) nd nd nd nd

Scapharca subcrenata (Schrenck, 1869) 6.4 19.0 18.4 43.8

Sinonovacula constricta (Lamarck, 1818) nd 64.4 46.9 111.3

Ruditapes philippinarum (Adams and Reeve, 1850) nd nd 7.1 7.1

Mactra veneriformis (Reeve, 1854) 18.3 35.9 23.4 77.5

Meretrix meretrix (Linnaeus, 1758) 4.7 16.5 80.6 101.8

Huludao Rapana venosa (Valenciennes, 1846) nd nd 7.0 7.0

Neverita didyma (Röeding, 1848) nd nd 7.5 7.5

Crassostrea gigas (Crosse, 1862) 12.6 19.8 193.2 225.6

Amusium (Röding, 1798) nd 6.0 14.8 20.8

Scapharca subcrenata (Schrenck, 1869) nd nd nd nd

Sinonovacula constricta (Lamarck, 1818) 45.2 71.9 nd 117.1

Ruditapes philippinamm (Adams and Reeve, 1850) nd nd 7.6 7.6

Mactra veneriformis (Reeve, 1854) nd 10.7 18.6 29.3

Meretrix meretrix (Linnaeus, 1758) 8.7 44.7 184.9 238.4

Shanhaiguan Rapana venosa (Valenciennes, 1846) nd nd 14.6 14.6

Mytilus edulis (Linnaeus, 1758) 31.0 36.8 46.6 114.4

Amusium (Röding, 1798) nd nd nd nd

Sinonovacula constricta (Lamarck, 1818) 11.9 10.2 nd 22.1

Mactra veneriformis (Reeve, 1854) 24.5 14.7 25.5 64.7

Ruditapes philippinarum (Adams and Reeve, 1850) 52.2 158.1 185.0 395.3

Beidaihe Rapana venosa (Valenciennes, 1846) 7.0 13.4 47.2 67.6

Neverita didyma (Röeding, 1848) 7.7 12.1 20.5 40.3

Crassostrea gigas (Crosse, 1862) nd 7.1 36.9 44.0

Mytilus edulis (Linnaeus, 1758) nd 8.4 23.2 31.7

Amusium (Röding, 1798) 0.6 nd 13.5 14.0

Sinonovacula constricta (Lamarck, 1818) 21.1 30.7 nd 51.8

Mya arenaria (Linnaeus, 1758) 5.5 8.2 383.9 397.6

Mactra veneriformis (Reeve, 1854) nd nd 56.4 56.4

Tianjin Rapana venosa (Valenciennes, 1846) 7.6 8.4 126.6 142.5

Neverita didyma (Röeding, 1848) 23.8 35.4 24.4 83.6

Crassostrea gigas (Crosse, 1862) 3.8 9.5 126.8 140.1

Mytilus edulis (Linnaeus, 1758) 10.2 7.7 137.3 155.3

Amusium (Röding, 1798) 5.3 4.4 12.1 21.8

Scapharca subcrenata (Schrenck, 1869) 6.5 17.9 39.1 63.6

Sinonovacula constricta (Lamarck, 1818) 15.2 3.5 8.6 27.3

Meretrix meretrix (Linnaeus, 1758) nd 5.6 37.5 43.1
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Table 1 (continued)

Locations Species MBT DBT TBT
P

BTs

Shouguang Neverita didyma (Röeding, 1848) nd nd 20.4 20.4

Scapharca subcrenata (Schrenck, 1869) nd nd nd nd

Sinonovacula constricta (Lamarck, 1818) nd nd nd nd

Ruditapes philippinarum (Adams&Reeve, 1850) 8.0 14.7 17.6 40.3

Mactra veneriformis (Reeve, 1854) 12.0 8.5 12.1 32.7

Meretrix meretrix (Linnaeus,1758) nd nd 10.1 10.1

Longkou Rapana venosa (Valenciennes, 1846) 8.5 21.5 42.9 73.0

Neverita didyma (Röeding, 1848) 12.4 13.3 31.4 57.0

Crassostrea gigas (Crosse, 1862) 12.6 11.6 45.0 69.2

Mytilus edulis (Linnaeus, 1758) 11.3 24.7 69.9 105.9

Scapharca subcrenata (Schrenck, 1869) 7.8 12.6 54.9 75.2

Sinonovacula constricta (Lamarck, 1818) nd nd 8.1 8.1

Ruditapes philippinarum (Adams and Reeve, 1850) nd nd nd nd

Meretrix meretrix (Linnaeus, 1758) 8.6 16.7 177.8 203.0

Laizhou Rapana venosa (Valenciennes, 1846) 3.5 3.6 10.0 17.0

Neverita didyma (Röeding, 1848) 33.1 43.9 82.5 159.6

Crassostrea gigas (Crosse, 1862) 4.4 13.3 20.2 37.9

Mytilus edulis (Linnaeus, 1758) 5.5 8.6 31.4 45.5

Amusium (Röding, 1798) nd nd nd nd

Scapharca subcrenata (Schrenck, 1869) 18.2 23.2 81.2 122.6

Sinonovacula constricta (Lamarck, 1818) nd nd nd nd

Ruditapes philippinarwn (Adams and Reeve, 1850) nd nd 7.5 7.5

Mactra veneriformis (Reeve, 1854) 10.9 11.4 55.5 77.7

Penglai Neptunea cumingi (Crosse, 1862) nd 12.8 nd 12.8

Rapcma venosa (Valenciennes, 1846) 3.1 24.2 20.5 47.8

Neverita didyma (Röeding, 1848) 3.2 19.6 40.1 62.9

Crassostrea gigas (Crosse, 1862) nd 10.8 44.6 55.4

Mytilus edulis (Linnaeus, 1758) nd 11.1 35.1 46.2

Chlamys farreri (Jones and Preston, 1904) 8.5 9.7 27.5 45.8

Sinonovacula constricta (Lamarck, 1818) nd 12.8 97.0 109.8

Ruditapes philippinarum (Adams and Reeve, 1850) 8.6 13.6 41.4 63.5

Mactra veneriformis (Reeve, 1854) nd nd nd nd

Yantai Neptunea cumingi (Crosse, 1862) 2.6 10.7 nd 13.3

Rapana venosa (Valenciennes, 1846) nd 10.3 nd 10.3

Neverita didyma (Röeding, 1848) 4.6 16.3 14.7 35.6

Crassostrea gigas (Crosse, 1862) 24.6 32.3 101.4 158.2

Mytilus edulis (Linnaeus, 1758) 3.4 40.4 72.6 116.5

Amusium (Röding, 1798) nd 22.7 10.7 33.4

Chlamys farreri (Jones and Preston, 1904) 2.3 3.1 8.7

Scapharca subcrenata (Schre.nck, 1869) nd 13.2 8.6 21.7

Sinonovacula constricta (Lamarck, 1818) nd nd nd nd

Ruditapes philippinarum (Adams and Reeve, 1850) nd 5.9 11.3 17.1

Meretrix meretrix (Linnaeus, 1758) 14.7 6.7 59.0 80.3

Weihai Neptunea cumingi (Crosse, 1862) 5.2 16.7 11.5 33.4

Rapana venosa (Valenciennes, 1846) 2.1 8.5 13.9 24.5

Neverita didyma (Röeding, 1848) 25.5 17.1 25.5 68.1

Crassostrea gigas (Crosse, 1862) 3.5 7.5 103.9 114.9

Mytilus edulis (Linnaeus, 1758) 3.0 12.7 90.6 106.2

Amusium (Röding, 1798) nd 3.4 26.7 30.1

Chlamys farreri (Jones and Preston, 1904) 1.8 2.4 12.1 16.3

Scapharca subcrenata (Schrenck, 1869) nd nd 19.6 19.6

Sinonovacula constricta (Lamarck, 1818) 5.7 7.0 70.0 82.7

Ruditapes philippinarum (Adams and Reeve, 1850) nd nd 13.0 13.0

nd: below the detection limit.
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Crassostrea gigas, Rapana venosa, Chlamys farreri and

Neverita didyma having detection rates of up to 100%,

indicating that most of the molluscs are sensitive to

accumulation of BTs compounds from the aquatic eco-

system. It should be noted that a much higher mean con-
centration (310.7 ng Sn/g) was found in M. arenaria

compared with that of other species, which showed this

species might have a stronger ability to accumulate

organotin compounds from the coastal environment.

In contrast, the bivalve Amusium and snail Neptunea



Fig. 2. Distribution and patterns of BTs in molluscs from the Chinese

Bohai coastal sites (DL: Dalian, YK: Yingkou, JZ: Jinzhou, HLD:

Huludao, SHG: Shanhaiguan, BDH: Beidaihe, TJ: Tianjin, SG:

Shouguang, LZ: Laizhou, PL: Penglai, LK: Longkou, YT: Yantai,

WH: Weihai).
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Fig. 3. Comparisons of mean
P

BTs levels in different organisms. S1:

Mya arenaria, S2: Meretrix meretrix, S3: Mytilus edulis, S4: Crassos-

trea gigas, S5: Mactra veneriformis, S6: Ruditapes philippinarum, S7:

Scapharca subcrenata, S8: Sinonovacula constricta, S9: Amusium, S10:

Rapana venosa, S11: Neverita didyma, S12: Chlamys farreri, S13:

Neptunea cumingi.
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cumingi seemed to easily eliminate these pollutants be-

cause of the lowest
P

BTs level (15.3 and 13.8 ng Sn/g,

respectively). As a whole, accumulation of contaminants

by an organism might be affected by many factors such

as method of uptake of the substances from the sur-

rounding environment, and excretion rate.

3.3. Risk assessment for the seafood

It was well documented that some of organotin com-

pounds acted as endocrine disrupters, at least in sensi-

tive molluscs (De Mora, Fowler, Cassi, & Tolosa,

2003). The threshold level for imposex in dogwhelks

(Nucella lapillus) was approximately 0.5 ng Sn/l for

TBT (Gibbs & Bryan, 1996). According to the previous
Table 2

Comparison of TBT concentrations (ng TBT/g wet weight)a in worldwide bi

Species Location Samplin

Mytilus edulis West coast, USA 1988–19

East coast, USA 1988–19

Perth, Australia 1991

Coastal harbour, Canada 1995

Polish coast, Poland 1998

Otsuchi Bay, Japan 1996

Osaka port, Japan 1996

South and East coast, Korea 1997–19

Chinhae Bay, Korea 1994

Bohai coast, China 2002

Perna viridis Hong Kong 1989

Malaysia 1992

Thailand 1994–19

India 1994–19

Philippines 1994–19

a By multiplying factors 2.44 to normalize the concentrations expressed as

‘‘dry weight’’ to ‘‘wet weight’’ (these factors are calculated from molecular we

in mollusc tissue, respectively).
results that TBT concentration ranged from <0.5 to

976.9 ng Sn/l in Chinese coastal waters (Jiang, Zhou,

Liu, & Wu, 2001), some molluscs may suffer the high

toxicity risk from organotin exposure. It was also found

that organotin compounds could induce immunotoxic-

ity, neurotoxicity, skin and eye irritation, mutagenicity,

and carcinogenicity in mammals (Fent, 1996). Seafood,

as one of the primary sources of protein, composes an
important part of the diet for people around the world.

BTs may directly affect human health via contaminated

seafood. A study has reported measurable butyltin com-

pounds in the human liver from Poland, presumably due

to seafood consumption (Kannan & Falandysz, 1997).

Although the toxicology of organotin compounds in hu-

mans is not fully resolved (WHO, 1990), a related toxic-

ity test can be extrapolated from animals to humans.
Based on the observed effects of TBT on the immune

function in rats with a safety factor of 100, Penninks

(1993) derived a tolerable daily intake (TDI) of TBT
valve molluscs

g date TBT conc. References

90 2–276 Uhler et al. (1993)

90 2–2-40 Uhler et al. (1993)

<1–330 Hong et al. (2002)

10–585 Chau et al. (1997)

6.6–166 Albalat et al. (2002)

40–180 Harino et al. (1998)

24–389 Harino et al. (1998)

99 17–1200 Hong et al. (2002)

59–590 Hwang et al. (1999)

57–495 This study

64–115 Chin et al. (1991)

14–24 Tong et al. (1996)

95 3–680 Kan-atireklap et al. (1998)

95 <1–150 Kan-atireklap et al. (1998)

97 <1–640 Prudente (1999)

‘‘Sn’’ to ‘‘TBT ion’’ and 0.2 to normalize the concentrations based on

ights of Sn and TBT ion and representative moisture percentage of 80%
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of 0.25 lg/kg/body weight/day. Belfroid, Purperhart,

and Ariese (2000) suggested tolerable average residue

levels (TARLs) for TBT (also for DBT because of their

comparable effect for mammals) in seafood to assess a

risk to humans, TARLs can be calculated as a combined

TDI for TBT and DBT:

TARL ¼ ðTDI� 60 kg bwÞ
average daily seafood consumption

.

According to the average seafood consumption

(68.8 g/day, FAO, 1997–1999), TARL for seafood in

China is estimated to be 90.8 ng Sn/g for a common
person with a weight of 60 kg. The sum of TBT and

DBT concentrations herein ranged from <2.5 to

397.6 ng Sn/g (mean 60.9 ng Sn/g). The average BTs con-

tamination level was lower than the TARL value, how-

ever, those in some of heavily polluted samples

(occupied about 20% of the total samples) exceeded the

proposed norm. It should be noted that the daily seafood

consumption per capita used in the calculation of TARLs
is based on the average levels. This implies that part of the

population, such as fishermen or people with seafood

preferences consuming larger amounts of seafood than

the average, may be at higher risk to organtin exposure.
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