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摘要 

VII 

摘    要 

由于三丁基锡（Tributyltin，TBT）和三苯基锡（Triphenyltin，TPhT）对于

海洋水生生物具有高毒性且相对持久性，因而海洋环境中的有机锡污染受到人

们的普遍关注。本研究对厦门、香港和全国其他部分沿海海域疣荔枝螺（Thais 

clavigera）体内不同形态的有机锡化合物进行了分析测定，研究了有机锡化合物

在不同组织器官、不同性别的疣荔枝螺的富集变化特征，并初步探讨了有机锡

化合物在岩相海岸带不同营养级的富集特征。取得以下结果：  

1.  通过对疣荔枝螺体内∑OTs 进行分析表明：厦门海域（0.5~85.4 ng(Sn)·g-1（干

重））、香港海域（104.9~1545.6 ng(Sn)·g-1（干重））和中国部分沿海海域

（35.7~142.5 ng(Sn)·g-1（干重））。大陆沿海海域以丁基锡化合物的污染为主，

香港海域以苯基锡化合物为主。其中厦门海域疣荔枝螺体内丁基锡化合物以

MBT 为主，苯基锡化合物则以 TPhT 为主。 

2. 通过对疣荔枝螺体内有机锡化合物进行分析表明：厦门海域疣荔枝螺体内有

机锡化合物污染呈现港内向港外逐渐降低的趋势；香港海域疣荔枝螺体内有

机锡化合物污染则是东北区域、西北区域高于南部区域；全国部分海域疣荔

枝螺体内有机锡化合物污染显示南低北高的特征。  

3. 通过分析疣荔枝螺不同组织器官的有机锡化合物浓度表明：肝脏（31.7~56.0  

ng(Sn)·g-1（干重））＞内脏团（12.0~16.4 ng(Sn)·g-1（干重）＞肌肉（7.1~10.1 

ng(Sn)·g-1（干重））。肝脏是疣荔枝螺富集有机锡污染物主要的器官。丁基锡

和苯基锡在雌性疣荔枝螺组织器官中的富集有显著性差异且 TBT 和 TPhT 在

雌性疣荔枝螺肝脏中富集有显著性差异。不同性别疣荔枝螺对于有机锡化合

物的富集也存在显著差异：雌性疣荔枝螺体内 TBT 含量高于雄性疣荔枝螺，

但 TPhT 含量却低于雄性疣荔枝螺。 

4. 通过对厦门海域疣荔枝螺体内 TBT 和 TPhT 含量的分析，两者呈显著相关关

系。推测 TPhT 和 TBT 来源的一致性，均为船舶防污漆涂料；香港经济发达，
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摘要 

VIII 

船运频繁是其疣荔枝螺体内有机锡化合物浓度较高的原因，此外盐田港和蛇

口港作为深圳快速发展的两大港口是香港海域有机锡污染的另一个污染源。 

5. 通过估算人体可容忍的有机锡化合物每日摄入量，评估民众食用疣荔枝螺软

体部分的健康风险：大陆民众存在的健康风险相对较低而香港民众的健康风

险则较高。 

6、通过估算 BCF 值，下舌藻对于 TBT 的富集能力要高于牡蛎和疣荔枝螺。TBT

与 TPhT 并不随着营养级的增加而显著的增高。 

关键词：疣荔枝螺；有机锡化合物；厦门海域；香港海域；分布特征 
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Abstract 

IX 

Abstract 

The contamination of tributyltin (TBT) and triphenyltin (TPhT) was concerned 

warmly in many countries, due to their high toxic and relative permanence in marine 

aquatic ecosystem. This study was conducted to determine the concentration of 

butyltins (BTs) and phenyltins (PhTs) in intertidal neogastropods Thais clevigera in 

Xiamen, Hong Kong, and some parts of East Coast China in order to understand 

current contamination status. The different gender and tissues of Thais clevigera were 

determinated to clear their different accumulation patterns of organotin compounds. 

In addition, the accumulation and trophic transfer of organiotin compounds in food 

chain of rocky coastal zone Huoshao Isle, Xiamen was discussed. The results 

indicated that: 

1. Analyisised the content of OTs in Thais clevigera: Xiamen (∑OTs (0.5~85.4 ng 

(Sn) ·g-1 dry wt)), Hong Kong (∑OTs (104.9~1545.6 ng (Sn) ·g-1 dry wt)), and 

some parts of East Coast China (∑OTs (35.7~142.5 ng (Sn) ·g-1 dry wt)). 

Butyltins and phenyltins contained the high percentage among Mainland Coast, 

Hong Kong Coast, respectively. Moreover MBT and TPhT were main part of the 

butyltins and phenyltins in Xiamen Coast, respectively.  

2. The spatial distribution of OTs in the east coast of China showed that OTs level in 

Northern area was higher than Southern area and generally decreased from inner 

harbor to outlet harbor. The concentrations of OTs in Northeast area, Northwest 

area were higher than Southern area around coastal areas of Hong Kong. 

3. The distributions of OTs among different tissue of Thais clevigera were: liver 

(31.7~56.0 ng (Sn) ·g-1 dry wt) ＞digestive gland (12.0~16.4 ng (Sn) ·g-1 dry wt) 

＞muscle (7.1~10.1 ng (Sn) ·g-1 dry wt). It shows that Thais clevigera liver is the 

main accumulated organ. There was significant difference between butyltins and 

phenyltins in female Thais clevigera tissues. TBT and TPhT showed the same 

difference in female Thais clevigera liver. On analysis of different sexes of Thais 

clevigera, generally female significantly contained more TBT than male, while 
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Abatract 

X 

significantly possessed less TPhT than male.  

4. There is a significant relationship between TBT and TPhT in Thais clevigera, 

around coast of Xiamen. It may show that TPhT and TBT are the usage as 

antifouling paints.Rapid developing zone and high shipping, harbors and 

shipyards may contributed to high levels of organotin compounds in Hong 

Kong.Moreover, both Shekou Port and Yantian Port in Shenzhen are another 

source of organotin compounds pollution. 

5. Estimated the value of tolerable average residue levels (TARL) based on edible 

Thais clevigera, Mainland people may be of low levels of health risk, while Hong 

Kong people may be of some certain high levels of health risk. 

6. Estimated the value of bioconcentration factor (BCF), algae’s BCFTBT was higher 

than oyster and Thais clevigera. Inaddition, TBT and TPhT didn’t significant 

increase with δ15N. 

Key words: Thais clevigera; Organotin compounds; Xiamen Coast; Hong Kong 

Coast; Distribution 
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前言 

1 

第一章 前  言 

1 立项依据 

三丁基锡（Tributylin，TBT）化合物被认为是迄今为止由人为因素大量进入

海水环境的最毒的化学品之一（江桂斌，2001）。海水中 TBT 浓度在 ng·L-1 条件

下就可造成许多严重的生态环境问题，如引起海洋腹足生物性畸变，牡蛎壳增

厚、空腔化以及影响附着生物群落结构等（Ruiz et al., 1996；Sidharthan et al., 

2002；Díaz et al., 2007）。近年的研究发现有机锡化合物（Organotin Compouds，

Ots）会引起生物体脂肪含量的异常变化（Janer et al., 2007；Lyssimachou et al., 

2009）。 

正是由于有机锡化合物对海洋水生生物的高毒性及相对持久性，因而海洋

环境中有机锡污染问题一直备受人们的关注。 

1.1 有机锡化合物的物理化学性质 

有机锡化合物是有机金属化合物的一种，其分子式通式为 RnSnX4-n（n=1~3），

其中 R 代表烷基或芳香基，X 表阴离子（如卤素原子、-OH、-OR、-COOH、-SR

等）。常见的商业产品以苯基（phenyl-）和丁基（butyl-）为主，形成苯基锡

（Phenyltin，PhTs）和丁基锡（Butyltin，BTs）类化合物，并以三丁基锡（Tributyltin，

TBT）和三苯基锡（Phenyktin，TPhT）为主。部分有机锡化合物的物理化学性

质如表 1.1 所示。对于相同碳原子数的取代基而言，随着取代基数量的增加，水

中溶解度和蒸气压而降低。除此之外有机锡的物理化学性质也与 X 取代基有关。

烷基或芳香基与锡原子（Sn）形成碳-锡（Sn-C）共价键，但是此键容易受到环

境因素的影响，如紫外光照射、微生物和强酸等，逐步断裂脱去有机官能团并

最终转化为毒性较低的无机锡形态（Caricchia et al., 1994）。 

 

厦
门
大
学
博
硕
士
论
文
摘
要
库



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.

厦
门
大
学
博
硕
士
论
文
摘
要
库

http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

