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Minamata Disease and Hg Pollution

 Minamata disease, a neurological disease caused by 

severe Hg poisoning due to consumption of contaminated 

fish, was first discovered in Minamata, Japan in 1956.

 Hg-containing industrial wastewater discharge was the 

major Hg source to the fish in Minamata Bay.

(Time, 2010)



Recent UNEP Action on Global Hg Pollution
 The text of the Minamata Convention on Mercury was 

adopted by delegates from over 140 countries on 

January 19, 2013, following an intense round of 

negotiations in Geneva, Switzerland.

 The Minamata Convention on Mercury was opened for 

signature by governments at a Diplomatic Conference 

on October 9-11, 2013 in Japan.



 Mercury is still a pollutant of global concern.

Global Hg Pollution

(UNEP, 2013)



Global Hg Pollution



 Fish consumption is the major exposure route of Hg to 

many people worldwide.

 Hg concentrations in fish are elevated globally.

Global Hg Pollution

(Evers et al., 2012)



 Atmospheric deposition is the major source of 

Hg to many aquatic ecosystems.

Global Hg Pollution



(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

Current Global Hg Budget



 Once deposits from atmosphere, inorganic Hg can get 

methylated by bacteria to form MeHg then 

bioaccumulates through food chain, resulting in higher 

concentrations in large long-lived predatory fish.

Global Hg Pollution

(GMOS, 2012)



Correlation between Wet Hg Flux and Hg in Fish

(Hammerschmidt and Fitzgerald, 2007)

 Research results indicate a reasonable correlation 

between Hg in wet deposition and Hg in fish.



Sources of Atmospheric Hg
 Natural emissions: mercury released from natural weathering of 

Hg-containing rocks or by geothermal activity. 

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

 Anthropogenic emissions: mercury released as a result of current 

human activities. 

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%)

(UNEP, 2013)



 Anthropogenic Hg emission is an important contributor 

to the Hg in the atmosphere.

Global Hg Pollution

(UNEP, 2013)



Anthropogenic Hg Emissions in 2010
Country Emission (tonnes)

Bangladesh 1.4

Cambodia 3.9

China 575.2

India 144.7

Indonesia 78.2

Japan 17.2

Korea 7.1

Laos 1.3

Malaysia 6.1

Mongolia 6.9

Philippines 33.1

Singapore 0.9

Sri Lanka 0.6

Taiwan 5.5

Thailand 14.9

Vietnam 11.6

(UNEP, 2013)

40%
8%



Trends in Anthropogenic Hg Emissions

Anthropogenic Hg emissions 

from Europe and North 

America are declining, 

whereas emissions from Asia 

are increasing.

(UNEP, 2013)

An average annual increase rate of 

4.2% between 2000 and 2010 in 

China (Zhang et al., 2015)

Chinese Emissions



Projections of Global Hg Emissions in 2050

Projections under various IPCC scenarios of development. It is 

likely that Hg emission will increase in the future. The main 

driving force is the expansion of coal-burning electricity generation, 

especially in Asia.

(Streets et al., 2009)



Biomass Burning Hg Emissions

SEAS + EQAS = 249 Mg Hg/year = 37% of global biomass burning emission

(Friedli et al., 2009; de Simone et al., 2015 )



Distribution of Atmospheric Hg Concentrations 

and Deposition Fluxes: Modeling Results

AMAP/UNEP, 2015

Corbitt et al., 2011

Costa et al., 2012

Mean annual GEM conc. In 2013

Annual total Hg deposition in 2013



Spatial distribution of total Hg 

emissions in China in 2010 

(Zhang et al., 2015)

Ambient Hg at Cape Fuguei in 10/25-11/10/2015





Source-Receptor Relationship (LABS): 

Concentration-Weighted Trajectory

LABS

(Lin, 2014)

http://taqm.epa.gov.tw/lulin/images/b0103c(big).jpg


Wet Deposition Monitoring Network of Hg and 

Acid Rain

Site No. Site Name Charateristics Altitude (m a.s.l.)

S01 Taipei Urban 28

S02 Yilan Urban 10

S03 Taichung Urban 214

S04 Chiayi Urban/Agriculture 27

S05 Kaohsiung Urban/Coastal 17

S21 Jhongli Suburb/Industrial 131

S22 Tainan Suburb 17

S23 Chenggong Suburb/Coastal 34

S24 Hengchun Suburb/Coastal 22

S41 Pengjiayu Remote/Island 102

S42 Anbu Rural/Mountain 826

S43 Sun Moon Lake Rural/Mountain 1018

S02

S41

S42

S01
S21

S03

S43

S23

S24

S05

S22

S04

S02

S41

S42

S01
S21

S03

S43

S23

S24

S05

S22

S04

S25

S26

Trace metal

Acid rain/Hg

Acid rain

Area = 1.14 km2

 14 sites for acid rain (2003)

 12 sites for Hg (2008)

 3 sites for trace metals 

(2008)



Comparison with Literature Values
Location Site

characteristic

Rainfall

(mm)

VWM conc.

(ng L-1)

Wet deposition

Flux (μg m-2 yr-1)

Reference

12 sites in Taiwan Various 1022-5206  5.6-21.7   11.0-63.4     This study

Equatorial Pacific Ocean Open ocean --- 2.9   --- Mason et al., 1992

North Pacific Ocean Open ocean --- 14.3   --- Laurier et al., 2003

Bermuda Island --- 4.7 --- Gichuki and Mason, 2014

Long Marine Lab, CA, USA Coastal (Pacific) --- 6.0   4.0     Steding and Flegal, 2002

Monterey Bay, CA, USA Coastal (Pacific) --- 5.8   4.16    Conaway et al., 2010

CBL, MD, USA Coastal (Atlantic) 710-1170  11.4-15.0   8.2-17.2     Mason et al., 2000

Nam Co, China High elevation 364.9 4.8   1.75    Huang et al., 2012

Mt. Leigong, China Mountain 1533  4.0   6.1     Fu et al., 2010

Chuncheon, Korea Rural 1061.9 8.8   9.4     Ahn et al., 2011

Pensacola, FL, USA Urban/suburb --- 17.3   --- Landing et al., 2010

4 sites in Xiamen, China Urban/suburb 1001-1271 11.4-14.0 11.4-17.6 Xu et al., 2014

Seoul, Korea Urban 1235-1645 10.1-16.3   16.8-20.2     Seo et al., 2012

Nanjing, China (9 months) Urban 1068 52.9 56.5 Zhu et al., 2014

Chongqing, China Urban 921  30.67  --- Wang et al., 2012

Moffett Field, CA, USA Urban --- 11.6   4.4     Steding and Flegal, 2002

110 sites in USA (MDN/NADP) Various --- 2.2-39.6 1.9-21.5 NADP 2013 Annual Summary

10 sites in Japan Various 882-2317  --- 5.8-17.7     Sakata and Marumoto, 2005

2 sites in South Africa Various --- 10.6-15.8 --- Gichuki and Mason, 2013

Rainwater Hg concentrations in Taiwan are comparable 

to other countries. However, wet Hg deposition fluxes are 

much higher in Taiwan primarily due to higher rainfalls.



Wet Hg Deposition: W. vs. E. Pacific Ocean 

 The annual wet depositional flux was 13.4 µg m-2, about 

3.4 times the fluxes measured at sites on the Pacific 

coast of the USA.

 This supports the hypothesis that Hg deposition is higher 

in the western than in the eastern Pacific.

13.4 µg m-2
4 µg m-2



Trend in SW Hg Conc. in Surface Oceans

(Driscoll et al., 2013)



Levels of Hg in Pacific Tuna



Warmer Oceans Could Raise Fish Hg Levels



Rising Hg Levels in the Pacific Tuna



Decreasing Hg Levels in the Atlantic Tuna



Atmospheric Hg Monitoring Worldwide

Currently, long-term or background atmospheric Hg monitoring 

activities in SE and S Asia are lacking.



 Goal
‒ Systematically monitor wet deposition 

and atmospheric concentrations of 
mercury in a network of stations 
throughout the Asia-Pacific region
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