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Effects of implementation of TBT legislation on TBT concentrations

in marine sediments all over the world
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Abstract: Tributyltin (TBT) used to be widely used as biocides in antifouling paints, but now
has been banned in different degrees due to its harmful effects on marine ecosystems. Based on
rich references, this paper analyzed relationship between legislations against TBT and concentra-
tions of TBT in marine sediment. At least 22 countries or areas have legislations against TBT

and 59. 1% of them are in Europe. Most of the legislations were published before 1991. IMO
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legislation to ban TBT totally will come into force on September 17, 2008. In the world scale,
TBT in sediment did not show significant decrease during 1986 to 2006. In contrast, TBT in sed-
iment was a little higher after 1990s” than before. It was mainly due to the great development of
marine transportations, the limited countries with legislation and the global pollution of TBT.
As for the areas with registrations against TBT, TBT in sediment usually did not decrease signif-
icantly until 4~5 years later. Partial legislation of TBT had positive effect on controlling TBT
pollution in small harbors. However, TBT pollution in sediment got worse in those countries
without legislation of TBT in recent years. Due to the lag effect of TBT legislation and the slow
degradation of TBT in sediment, it will take more decades for TBT concentrations to decrease in
sediment and water, and for a ecosystem to recover effectively.

Key words: TBT; sediment; TBT legislations; imposex
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Fig.2 Concentrations of TBT in marine sediment over the world from 1986 to 2006
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EIVRE B A 25 SRR TN T 2 A I A IR LR [E 52 TBT {5 G 76 A W 1 4. 26
ARL A 155 0 A1 2 A A 2% ] A0 6 0k 7 1 25 [ 5% . Cao 45 A% i [V A3 BILASS ¥ e BOIR A 43 # 36
WY b SR P b TBT &5 & 55 A0 T 2l HA AR e 9 A0 S0 i 4n A o L DR IR L Jg Vv
U B DX IE Y v i TBT 5 8 40 b 50 o » 10— 28 K U 52 480 2% 7 e 9 Al Tl 98 SeUIE 98 vh
(1 TBT & AR . FRE 2003 45 A X TBT 14 F 47850 0 FE 04 L dole 20 it ) 2k 174
AL HBIHAT N Ik B A AN A AFS A4 F 2k EPER BRE LI E
TBT 15 9409 f& F 1k - (0 BeA 51 2% 19 AL KA AEYR LB TBT & & il
IR FEAE D s I 2 [ B 19 36 L S it ) RE A8 A8 1) 56 42 4% 1k TBT fili T AR AR IR XE L 3t 4 42
BRCTBT &5 5 918 98056 i T — % [ 52

JRVE R — B R TBT 2 B ARG E R i 73 A ol LB . R 42 2R ™ A% 5247 57 19 4%
2 BT E S ARLL LIS R R R RV P 19 TBT Al B R AR 2 BULE (19—, 17 228 4 Bk
TBT RS 10 ng/g #7K T 205 2 10 4F 5L 2 K R it il 781 18 S s 8 40
B E D 10 AR HRAE 11 AR IR A AR R BTN R R TBT i & i AR . Hoh—
AN FRRIR I R TBT RE 1 K A W7 A I iy S B0 32085 XA 250K 52 19 3L
A FAE.L G AR ST o TBT B R0 BRI AR A5 Y R4 W AT BE T 28 5 KA I
[ 1R J8 Y TBT A 5k S I fff 3o B2 2 e S X — o P ) S S0 ) 3 00 948 10 95 8 4 — 4
TR A 4R A R R 45 T DX AR 25 BR T BB A R SO R 15 SR DRI 754 e i E B X AL
ANEA LTS e 0 09 A B RIS 67 76 73 25 18 HEAE TG D8 1Y) 88 FRURIT I e 2o 7.



w2 RN LG =T (TR IR LIS A A BRI E IR e b TBT &5 i i 1 69

3 0% @

‘o

X R AR SCHR BT 23 B 2 Wy T Aotz 9 bR A L i 95 ML B I AT BRI TBT
TG A Bkl . A SIS DR B L 7 1986 — 2006 4F 2 [0] L g P IR 8 I 3 A R BL T BT 19 T
AR 1990 4 2 J5 ib A B 8. by 35 R0 A% 28 i A0 A S U8 TBT 1 X e ik 45 1 5 2
TBT & ZAEIE M B 4~5 45 2 BRI [A] A RE BT F . 4 BR A 1R 25 MG/ B4 3 1
TBT WP HA — 28R T BA GBI E K TBT 75 G375 A WAk 35 ML 520 A Bk
PR — /N o B AT i 2 i F A B 2 5. 2008 4F 9 7 AFS 2% 29 3k A 58 1l 1
118 B, Gipperth 45ty TBT {45 %y 1 i FH 475 #5455 2 AR 1< — BEI [, X6 3 38 A7 4L i A
AFS 23 231 15 Z2 1 1 38R A K 28 R 22 77 A AN LA 2 W) o AT e 28 0 23 52 IR 31 AFS > 2 4
A E IR Sonak AF AR AFS 24 24 15 BAR S22 B i mT Al 2 8 3 4 b R
A A S A oz A L T O ) P A B X PR AT G A [ S P £ o Y Rk
Hr. A ERYERE LSO 5 IR U TBT 275 A8 A AL R M« A2 45 30 B2 5 BB 45 2 A W R AT
BE— B HFIE.

/

(& % x W]

[1] GIBBSPE, BRYAN G W. Reproductive failure in populations of the dog-whelk, Nucella lapillus, caused by im-
posex induced by tributyltin from antifouling paints [J]. Journal of the Marine Biological Association of the United
Kingdom, 1986, 66:767-777.

[ 2] ALZIEU C, SANJUAN J, DELTREIL J P, et al. Tin contamination in Arcachon Bay: effects on oyster shell
anomalies [J]. Marine Pollution Bulletin, 1986, 17.:494-498,

[ 3] IMO. AFS/CONF/26. International conference on the control of harmful anti-fouling systems for ships[ S]. Lon-
don: IMO, 2001.

[ 4] SUMPTER ]J P, JOHSON A C. Lessons from endocrine disruption and their application to other issues concerning
trace organics in the aquatic environment [J]. Environment Science and Technology, 2005, 39 4321-4332.

[5] DOWSON P H, BUBB J M, LESTER J N. Temporal distribution of organotins in the aquatic environment; five
years after the 1987 UK retail ban on TBT-based anti-fouling paints [J]. Marine Pollution Bulletin, 1993, 26:
487-494,

[6] VALKIRS A O, DAVIDSON B M, KEAR L L, et al. Long term monitoring of tributyltin in San Diego Bay. Cali-
fornia [J]. Marine Environmental Research, 1991, 32:151-167.

[7] WAITE M E, WALDOCK M J, THAIN J E, et al. Reductions in TBT concentrations in UK estuaries following
legislation in 1986 and 1987 [J]. Marine Environmental Research, 1991, 32:89-111.

[8] RUIZJ M, SZPUNAR J, DONARD O F X. Butyltins in sediments and deposit-feeding bivalves Scrobicularia
plana from Arcachon Bay, France [J]. The Science of the Total Environment, 1997, 198:225-231.

[9] SMITH R, BOLAM S G, REES H L, et al. Macrofaunal recovery following TBT ban: Long-term recovery of
subtidal macrofaunal communities in relation to declining levels of TBT contamination [J]. Environmental Monito-
ring and Assessment, 2008, 136:245-256.

[10] CHAMP M A. A review of organotin regulatory strategies, pending actions, related costs and benefits [J]. The
Science of the Total Environment, 2000, 258.21-71.

[11] International Paint. Antifoulings: The legislative position key points summary [ EB/OL]. 2007[2008-7-257]. ht-
tp://www. international-marine. com.

[12] SARRADIN P M, ASTRUC A, DESAUZIERS V, et al. Butyltin pollution in surface sediments of Arcachon Bay
after ten years of restricted use of TBT-based paints [J]. Environmental Technology, 1991, 12 537-543.

[13] RUSSELL D, BRANCATO M S, BENNETT H J. Comparison of trends in tributyltin concentrations among three

monitoring programs in the United States [J]. Journal of Marine Science and Technology. 1996(1) ;230-238.



70

S AR K2 2 4 SRR D 2009 4

[14]

[15]

[16]

[17]

[18]

(23]

[24]

[25]

[26]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

WADE T L, SWEET S T, KLEIN A G. Assessment of sediment contamination in Casco Bay, Maine, USA [J].
Environmental Pollution, 2008, 152:505-521.

HARINO H, FUKUSHIMA M, KAWAI S. Temporal trends of organotin compounds in the aquatic environment
of the Port of Osaka, Japan [J]. Environmental Pollution, 1999, 105;1-7.

BHOSLE N B, GARG A, HARJI R, et al. Butyltins in the sediments of Kochi and Mumbai harbours, west coast
of India [J]. Environment International, 2006, 32:252-258.

BHOSLE N B, GARG A, JADHAV S, et al. Butyltins in water, biofilm, animals and sediments of the west coast
of India [J]. Chemosphere, 2004, 57(8):897-907.

KO M M, BRADLEY G C, NELLER A H, et al. Tributyltin contamination of marine sediments of Hong Kong
[JJ. Marine Pollution Bulletin. 1995, 31. 249-253,

HARINO H, FUKUSHIMA M, YAMAMOTO Y, et al. Contamination of butyltin and phenyltin compounds in
the marine environment of Otsuchi Bay, Japan [J]. Environmental Pollution, 1998, 101:209-214

SHIM W J, OH J R, KAHNG S H, et al. Horizontal distribution of butyltins in surface sediments from an en-
closed bay system, Korea [J]. Environmental Pollution, 1999, 106:351-357.

SHIM W J, HONG S H, YIM U H, et al. Horizontal and vertical distribution of butyltin compounds in sediments
from shipyards in Korea [ J]. Archives of Environmental Contamination and Toxicology, 2002, 43,:277-283.
ARAMBARRI I, GARCIA R, MILLAN E. Assessment of tin and butyltin species in estuarine superficial sedi-
ments from Gipuzkoa, Spain [J]. Chemosphere, 2003, 51;643-649.

DE MORA S J, FOWLER S W, CASSI R, et al. Assessment of organotin contamination in marine sediments and
biota from the Gulf and adjacent region [J]. Marine Pollution Bulletin, 2003, 46; 401-409.

STRAND J. JACOBSEN J A, PEDERSEN B, et al. Butyltin compounds in sediment and molluscs from the ship-
ping strait between Denmark and Sweden [J]. Environmental Pollution, 2003, 124.7-15.

NEGRI A P, HALES L. T, BATTERSHILL C, et al. TBT contamination identified in Antarctic marine sedi-
ments [ J]. Marine Pollution Bulletin, 2004, 48.:1142-1144.

WADE T L, SWEET ST, QUINN J G, et al. Tributyltin in environmental samples from the former derecktor
shipyard., Coddington Cove, Newport RI [J]. Environmental Pollution, 2004, 129:315-320.

MIDORIKAWA S, ARAI T, HARINO H, et al. Concentrations of organotin compounds in sediment and clams
collected from coastal areas in Vietnam [ J]. Environmental Pollution, 2004, 131 401-408.

LEE C C, HSIEH C Y, TIEN C J. Factors influencing organotin distribution in different marine environmental
compartments, and their potential health risk [J]. Chemosphere, 2006, 65: 547-559.

MICHAUD M H, PELLETIER E. Sources and fate of butyltins in the St. Lawrence Estuary ecosystem []].
Chemosphere, 2006, 64 1074-1082.

HARINO H, OHJI M, WATTAYAKOM G, et al. Occurrence of antifouling biocides in sediment and green mus-
sels from Thailand [J]. Archives of Environmental Contamination and Toxicology, 2006, 51:400-407.

LIN Y T, The distribution of organotin compounds in sediments from the ports in Kaohsiung and Pingtung, Tai-
wan [ D]. Kaohsiung,China; Department of Marine Biotechnology and Resources, National Sun Yat-Sen Universi-
ty, 2006:139.

MARTINEZ-LLADO X, GIBERT O, MARTI V, et al. Distribution of polycyclic aromatic hydrocarbons(PAHs)
and tributyltin(TBT) in Barcelona harbor sediments and their impact on benthic communities [J]. Environmental
Pollution, 2007, 149.:104-113.

OHJI M, ARATI T, MIDORIKAWA S, et al. Distribution and fate of organotin compounds in Japanese coastal
waters [J]. Water, Air, and Soil Pollution, 2007, 178:255-265.

KURIHARA R,SHIRAISHI F, RAJENDRAN R B, et al. Evaluation of ecotoxicity and fate of methylated bu-
tyltins in sediments and seawater from Tokyo Bay, Japan [J]. Environmental Chemistry, 2007, 26(12) ;1-31.
HARINO H, YAMAMOTO Y, EGUCHI S, et al. Concentrations of antifouling biocides in sediment and mussel
samples collected from Otsuchi Bay, Japan [J]. Archives of Environmental Contamination and Toxicology, 2007,
52.179-188.

SCANCAR J, ZULIANI T, TURK T, et al. Organotin compounds and selected metals in the marine environment
of Northern Adriatic Sea [J]. Environmental Monitoring and Assessment, 2007, 127:271-282,

BERTO D, GIANI M, BOSCOLO R, et al. Organotins (TBT and DBT) in water, sediments, and gastropods of



w2 RN LG =T (TR IR LIS A A BRI E IR e b TBT &5 i i 1 71

[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

the southern Venice lagoon (Italy) [J]. Marine Pollution Bulletin, 2007, 55:425-435.

WANG X H, HONG H S, ZHAO D M, et al. Environmental behavior of organotin compounds in the coastal en-
vironment of Xiamen, China [J]. Marine Pollution Bulletin, 2008, 57:419-424.

JADHAV S, BHOSLE N B, MASSANISSO P, et al. Organotins in the sediments of the Zuari estuary, west coast
of India [J]. Journal of Environmental Management, 2008, doi:10. 1016/j. jenvman. 2008. 08. 015.

MENG P J, LIN J D, LIU L L. Aquatic organotinpollution in Taiwan [J]. Journal of Environmental Manage-
ment, 2008, doi:10. 1016/j. jenvman. 2008. 06. 008.

BRACK K. Organotin compounds in sediments from the Gotaialv Estuary []J]. Water, Air, and Soil Pollution,
2002, 135:131-140.

CHOI M, MOON H B, YU J, et al. Butyltin contamination in industrialized bays associated with intensive marine
activities in Korea [J]. Archives of Environmental Contamination and Toxicology, 2008, doi: 10. 1007/s00244-
008-9235-1.

United Nations Conference on Trade and Development. Review of Maritime Transport [ M]. Switzerland:
UNCTAD Secretariat, 2003; 1-162.

CAO D D, JIANG G B, ZHOU QF, et al. Organotin pollution in China: An overview of the current state and po-
tential health risk [J]. Journal of Environmental Management, 2008, doi:10. 1016/j. jenvman. 2008. 06. 007.
GIPPERTH L. The legal design of the international and European Union ban on tributyltin antifouling paint: Direct and
indirect effects [J]. Journal of Environmental Management, 2008, doi: 10. 1016/j. jenvman. 2008. 08. 013,

MICHEL P, AVERTY B. Contamination of French coastal waters by organotin compounds: 1997 update []J].
Marine Pollution Bulletin, 1999, 38.268-275.

MURAI R, TAKAHASHI S, TANABE S, et al. Status of butyltin pollution along the coasts of western Japan in 2001 ;
11 years after partial restrictions on the usage of tributyltin [J]. Marine Pollution Bulletin, 2005, 51:940-949,

SONAK S, PANGAM P, GIRIYAN A, et al. Implications of the ban on organotins for protection of global coast-
al and marine ecology [J]. Journal of Environmental Management, 2008, doi;10. 1016/j. jenvman. 2008. 08. 017.



