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水俣病(Minamata Disease) 
 日本九州熊本縣水俣灣。 

 貓先發病，稱為「貓舞蹈症」 

– 步態不穩、抽搐、麻痺、跳海

死亡。 

 1956年起，人類開始發病： 

– 輕者口齒不清、步伐蹣跚、面

部痴呆、手足麻痺、感覺障礙、

視覺喪失、震顫、手足變形。 

– 重者神經失常、或酣睡或興奮、

身體彎弓高叫，嚴重者死亡。 

(Time, 2010) 



Methylmercury(MeHg) and Minamata Disease 

含甲基汞的工業廢水(from Chisso Corp.)直接

排入海水中所造成的公害。 

甲基汞經由食物鏈的生物累積作用

(bioaccumulation)濃縮進入魚體。 

魚體內甲基汞濃度10~30 ppm wet weight。 

人類長期食用被甲基汞污染的水生生物，甲

基汞被吸收侵害神經系統，破壞掌握身體平

衡的小腦與知覺系統。貽害至今。 



Basic Information of Hg 



Basic Information of Hg 
 自然存在於環境中的元素。 

 是一種重金屬(比重大於4或5的金屬)。 

 有三種氧化態: Hg(0), Hg(I), and Hg(II)。 

 室溫下唯一的液態金屬 銀白色。 

 具揮發性 變成汞蒸氣。 

 溫度愈高揮發的愈快。 

 汞蒸氣無色無味。 



Mercury Usage 
 溫度計：2008/07/01起
限制水銀體溫度計的
輸入及販賣；
2011/07/01起全面禁止
輸入及販賣。 

 電池：電池汞含量不
得超過 5ppm。  

 日光燈 

 氣壓計、血壓計 

 補牙的銀粉 

 藥物、化妝品 

 油漆 

 農藥 

 工業用途 



Toxicological Properties of Hg 



Toxicological Information of Elemental Hg 

元素汞主要藉由呼吸其蒸氣進入人體： 

– 80%被肺部組織吸收 

– 可穿透Blood-Brain Barrier；神經毒物 

– 在體內可被轉變為二價無機汞 

– 小腸的吸收低 

會導致神經與行為失調： 

– 頭痛、失眠、情緒不穩定 

– 記憶喪失 

– 顫抖 

影響腎臟功能。 



Toxicological Information of Methylmercury 

 甲基汞主要經由消化道進入人體。 

 人體內半衰期約50-70天。 

 對腦部與神經系統發育有不良影響。 

 可穿透Blood-Brain Barrier及胎盤 孕婦要注意。 

 對心血管系統有不良影響增加死亡率。 

(Mercury and Health, NIMD) 



(If the concentration of methylmercury in lake water is considered to have 

an absolute value of 1, then approximate bioaccumulation factors for 

microorganisms like phytoplankton are 105; for macroorganisms like 

zooplankton and planktivores are 106 ; and for piscivores like fish, birds 

and humans are 107. Reference: Metal Ions in Biological Systems)  

MeHg conc. in Fish 

= ppm = μg/g = 10-6 

MeHg conc. in Water 

= ppq or ppt = pg or ng/L 

= 10-15 - 10-12 

Food Chain 

/Food Web 

Bioaccumulation of Methylmercury 

http://www.ec.gc.ca/mercury/bf-refs-e.html#fr


Why Is Mercury Still A Concern? 



USFDA Fish Consumption Advisory 

Avoid consumption of fish with high Hg content, such as SHARK, 

SWORDFISH, KING MACKEREL, or TILEFISH  Large predatory 

fish on the top of food chains 



Levels of Hg in Pacific Tuna 

魚體總汞含量約90%

是甲基汞 



Fish Consumption Advisories Issued for 

Bioaccumulative Pollutants in 2010 



  

Sources of Hg in Fish 

Hg 

MeHg 



Another Exposure Route: MeHg in Rice 



Atmospheric Mercury Cycling 



Mason and Sheu, 2002 

Annual fluxes to 

oceans: 

 

Atmospheric deposition  

= 15.4 Mmol yr-1 

 

Riverine input  

= 1 Mmol yr-1  

 

Atmospheric deposition 

>> Riverine input 

 

** 1 Mmol = 200公噸 
 

Current Global Hg Budget 



Sources of Atmospheric Hg 
 Natural emissions: mercury released from the Earth’s crust by 

the continuous and ubiquitous natural weathering of Hg-

containing rocks or by geothermal activity, or Hg emitted during 

episodic events such as volcanic eruptions.  

     Estimate = 80-600 Mg yr-1 (about 10% of total) 

 

 Anthropogenic emissions: mercury released as a result of current 

human activities, e.g. coal burning, mining and ore processing of 

metals, waste incineration, and cement production.  

     Estimate of 2010 = 1960 (1010-4070) Mg yr-1 (about 30%) 

 

 Re-emissions: mercury released to the atmosphere that are 

derived from past natural and anthropogenic releases. 

     Estimate = 4000-6300 Mg yr-1 (about 60%) 



Anthropogenic Hg Emissions in 2010 



Anthropogenic Hg Emissions in 2010 



Speciation of Atmospheric Hg 
 Speciation: 

– Gaseous Elemental Hg (GEM) 

 Hg(0); natural and anthropogenic emissions 

– Reactive gaseous Hg (RGM) or gaseous oxidized Hg (GOM) 

 assumed to be gaseous HgCl2; mainly anthropogenic emissions 

– Particulate Hg (PHg) 

 RGM bound to particles; mainly anthropogenic emissions 

 Both RGM and PHg are efficiently removed from the atmosphere by wet and dry 
deposition. 

 Gaseous Hg0 is the dominant form (> 95%) in the atmosphere with a residence time 
between ½ ~2 years. 



Global Hg Biogeochemical Cycle 

From Environment Canada 



Export of Atmospheric Hg  
from East Asia to Taiwan 



Export of the East Asian Atmospheric Hg 

Observed at Remote Sites in Taiwan 
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Wet Hg Deposition at Mt. Lulin and Pengjiayu 
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International Actions on 
Global Hg Pollution 



USEPA, 1997 UNEP, 2002 EC, 2001 UNEP, 2008 

UNEP, 2013 



Mercury Export Ban 

USA: 

 The Mercury Export Ban Act, which became law on October 14, 

2008, is intended to reduce the availability of elemental mercury 

in domestic and international markets. The Act does this by 

prohibiting the export of elemental mercury as of January 1, 2013. 

 

EU: 

 Regulation (EC) No 1102/2008 of the European Parliament and 

of the Council of 22 October 2008 on the banning of exports of 

metallic mercury and certain mercury compounds and mixtures 

and the safe storage of metallic mercury. A ban on exports of 

mercury from the EU that came into force from 15 March 2011.  



UNEP Action on Global Hg Pollution 

2013年1月13-19日於瑞士日內瓦召開第5次國際協商會議，世界各
國於1月19日同意應該訂定關於汞的全球性公約：「水俣汞公約
(Minamata Convention on Mercury)」，預定於2013年10月9-11日在
日本水俣市公開簽署。 



Minamata Convention on Mercury 
 內容包含以下條款： 

 具體說明文書的目標； 

 減少汞供應和加強對其進行無害環境儲存的能力； 

 減少各種產品和工藝對汞的需求； 

 減少汞的國際貿易； 

 減少汞向大氣中的排放； 

 處理含汞廢物，並對受污染場地採取補救措施； 

 通過提高認識和交流科學資訊來增加知識； 

 明確能力建設與技術及財政援助方面的安排，認識到發展中國家
和經濟轉型國家能否在一項具有法律約束力的文書下有效履行若
干法律義務取決于能力建設與技術及適當的財政援助的可得性； 

 解決遵約問題。 

 

 本公約應自2013 年10 月10 日至11 日在日本熊本、嗣後直至2014 年10

月9 日在紐約聯合國總部開放供所有國家和區域經濟一體化組織簽署。 

 

 本公約應自第50 份批准、接受、核准或加入文書交存之日起第90 天開
始生效。 



 

Contact: 
grsheu@atm.ncu.edu.tw 




