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Methylmercury(MeHg) and Minamata Disease
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Basic Information of Hg
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Melting

D -39 277 167 —

Point (C)
Boiling 357 303 96
Point ("C) @R @ 1 atm N @ 1 atm
Vapor 0.18 8.99x1073 1.76 8.30 x10°
Pressure (Pa) @ 20°C @ 20°C @ 25°C @ 25C
Water 49.4x10° 66 5~6 2.95
Solubility(geL) | @ 20°C @ 20°C @ 25°C @24°C
Henry’s Law C. | 1.37x10 2.71x10* 1.55x1073
(molsm-3+Pa-) @ 20°C @ 20°C N @25°¢C




Mercury Usage
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mm Properties of Hg




Toxicological-Information of Elemental Hg
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Toxicological Information of Methylmercury
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Bioaccumulation of Methylmercury

The Bioaccumulation of ; MeHg conc. in Fish
1 Methylmercury

= ppm = pg/g = 10°

Food Chalin
[Feod \Web

Biomagnification ce——
of Methylmercury
in the Ecosystem

~ MeHg conc. in\Water
& . =ppq or ppt = pg or ng/L

Methylmercury Bioaccumulation in Organisms — 10_15 ) 10_12

(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 10°; for macroorganisms like
zooplankton and planktivores are 10° ; and for piscivores like fish, birds
and humans are 10°. )


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

Why Is Mercury Still A Concern?




USFDA Fish Consumption Advisory

B A CONSUMER ADVISORY

Center for Food Safety and Applied Nutrition, U.S. Food and Drug Administration
March 2001

C F S AN

AN IMPORTANT MESSAGE FOR PREGNANT WOMEN AND WOMEN OF
CHILDBEARING AGE WHO MAY BECOME PREGNANT
ABOUT THE RISKS OF MERCURY IN FISH

Avoid consumption of fish with high Hg content, such as SHARK,
SWORDFISH, KING MACKEREL, or TILEFISH = Large predatory
frsh on the top of food chains S —————

Table 1. Fish and Shellfish With Highes s of Mercury
MERCURY CONCENTRATION (PPM) NO. OF SOURCE OF
SPECIES SAMPLES | DATA
MEAN | MEDIAN | STDEV | MIN | MAX | 54 S ATA

MACKEREL s ool el 5 | GULFOFMEXICO
1 xING 0N NA L NA 020170 213 REpORT 2000

SHARK R 0.830 0.631 ND | 4.540 35 FDA 1990-02
SWORDFISH 976 0.860 0.510 ND [ 3.220 618 FDA 1990-04

TILI—;.FI:SH (Gulf of 45 N/A N/A 0.650 | 3.730 6 NI\J FS REPORT
Mexico) 1978
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. e Marine Mammal Mercury
Levels of Hg in Pacific Tuna Conceinsaions A
< (0.3 ppm :V-;: k .
B 0.30-1.0ppm TV
m Total mercury i & -
B >10ppm -
O Met hyl mercury Fish Muscle Mercury Shark, Skate, & Ray Muscle
Concentrations Mercury Concentrations
. T < 0.3 ppm A <030 ppm N
0.30- 1.0 ppm A 0.30-1.0 pPpm 0 5.000 10.000
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Environ. Sci. Technol. 2010, 44, 5971-5978



Fish-Consumption Advisories Issued for
Bioaccumulative Pollutants in 2010

Bioaccumulative Pollutants

Although current advisories in the United States have been issued for 33 different
pollutants, most advisories involve five primary bioaccumulative contaminants:

» Mercury 3,710 advisories in 2010 (up from 3,361 in 2008)
» PCBs 1,084 advisories in 2010 (up from 1,025 in 2008)
» Chlordane 60 advisories in 2010 (down from 67 in 2008)
» Dioxins 128 advisories in 2010 (up from 123 in 2008)
» DDT 58 advisories in 2010 (down firom 76 in 2008)

An increase in advisories issued by the states generally reflects an increase in the
number of assessments of contaminants in fish tissues.

Fish Consumption Advisories for Mercu

GEH Mational Fish and Wikiile Contamination Program Seunce: 2010 Natiomal Listin

[: 1= - N p——— Seurce: 2010 Natiana] Listing of Fish Advisories.



Sources of Hg In Fish

— CONSUMER ADVISORY
‘ Center for Food Safety and Applied Nutrition, U.S. Food and Drug Administration
e E o TN March 2001

AN IMPORTANT MESSAGE FOR PREGNANT WOMEN AND WOMEN OF
CHILDBEARING AGE WHO MAY BECOME PREGNANT
ABOUT THE RISKS OF MERCURY IN FISH

HOW DOES MERCURY GET INTO FISH?
Mercury occurs naturally in the environment and it can also be released into the air
through industrial pollution. Mercury falls from the air and can get into surface water,
accumulating in streams and oceans. Bacteria in the water cause chemical changes that
transform mercury into methylmercury that can be toxic. Fish absorb methylmercury
from water as they feed on aquatic organisms.



Another Exposure Route: MeHg in Rice

Human Exposure To Methylmercury
through Rice Intake in Mercury
Mining Areas, Guizhou Province,
China

XINBIN FENG,*-" PING LI,"#

GUANGLE QIU," SHAOFENG WANG,"#
GUANGHUI LI,"™* LIHAI SHANG,'

BO MENG,"* HONGMEI JIANG,**
WEIYANG BAI,"* ZHONGGEN LI,*" AND
XUEWU FU™-#

State Key Laboratory of Environmental Geochemistry, Institute
of Geochemistry, Chinese Academy of Sciences,

Guiyang, 550002, China, and Graduate University of Chinese
Academy of Sciences, Beijing, 100049, China

Environ. Sci. Technol. 2008, 42 326332

Environment International 49 (2012) 18-23

Contents lists available at SciVerse ScienceDirect
Environment International

journal homepage: www.elsevier.com/locate/envint

Rice consumption contributes to low level methylmercury exposure in
southern China

Ping Li % Xinbin Feng **, Xiaobo Yuan  Hing Man Chan °, Guangle Qiu % Guo-Xin Sun ¢, Yong-Guan Zhu ¢

* State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang. 550002, China
" Centre for Advanced Research in Environmental Genomics, University of Ottawa, Ottowa KIN 8NS5, Canada

© Research Center for Fco-Environmental Sdences, Chinese Academy of Sciences, Beijing, 100085, China

< Institute af Urban Environment, Chinese Academy of Sciences, Xiamen, 361021, China

Environmental Pollution 159 (2011) 10171022

Contents lists available at ScienceDirect ENVIRONMENTAL

Environmental Pollution

journal homepage: www.elsevier.com/locate/envpol

Short communication

Low-level maternal methylmercury exposure through rice ingestion
and potential implications for offspring health

Sarah E. Rothenberg®, Xinbin Feng*, Ping Li

State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, 46 Guanshui Lu, Guivang 550002, PR China

Swdies concerning maternal methylmercury exposure and cognitive outcomes for offspring should include populations where rice ingestion is the
primary methylmercury exposure pathway.

In Inland China, Rice, Rather than Fish, Is the Major Pathway
for Methylmercury Exposure
Hua Zhang,"? Xinbin Feng,’ Thorjorn Larssen,>* Guangle Qiu,” and Rolf D. Vogt*

State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, China;
2Graduate University of Chinese Academy of Sciences, Beijing, China; 3Norwegian Institute for Water Research, Oslo, Norway;
4Department of Chemistry, University of Oslo, Oslo, Norway

Environmental Health Perspectives + volume 118 | numeer 9 | September 2010




ma‘ic Mercury Cycling




Aimosphere 25 Mmol
Increase <0.5 Mmol/vr
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Soutrces 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!

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

Re-emissions: mercury released to the atmosphere that are
derived from past natural and anthropogenic releases.

Estimate = 4000-6300 Mg yr-?



Anthropogenic Hg Emissions in 2010

g Disposal of waste from
mercury-containing Cremation
products Coal combustion

Mercury-cell
chlor-alkali Primary ferrous

Seclor Emission (range),
tonnes*

By-produc or wsnfenional emissions industry metal production
Fossill fuel burning

Cil and natural
gas combustion

Coal burning (all uses) 474 (204 - 678)

il and ratural gas barning 9.9 (4.5 - 16.3)

Mining, smelting, & production
of metals

Primary j:lrl:ldlil:tll:ll:l of 45,5 (205 - 241)
ferrous metals

Primary production of non- 193 (82 - 660)
farrous metals (Al Cu, Ph, Zn)

Lange-scale gold production Q7.3 (07 - 247)
ke productlon of mercwry 11.7 (6.9 - 17.8)
Cement production 173 (65.5 - 646)
Ol refining 16 (7.3 - 26.4) N
Primary

Cortarninatesd sites B25 (70 -95) non-ferrous

metal

Al, Cu,Pb, Z
Mufentional uses (Al, Cu, Ph, Zn)
Artisanal and Large-scale

Artisaral and small-scale T2T (410 - 1040) ! small-scale gold production
gald mining gold production

Chlor-alkall industry 284 (102 - 54.7) Hg production

Cortaminated il Cement
Consdmer FII.'l:ld.LI.l:t wasta Q5.6 (23.7 - 330) sites refining production

Cremation (demtal amal garm ) 36 (0.9-119)

Relative contributions to estimated emissions to air from
anthropogenic sources in 2010.

Grand Total D960 {1010 — 4070




Anthropogenic Hg Emissions in 2010

Mercury emission 2010, g/km?
0 5 10 100 1000
Global distribution of anthropogenic mercury emissions to air in 2010.
Region*

Australia, New Zealand & Oceania

Central America and the Caribbean

CIS & other European countries

East and Southeast

European Union (EU27)

Middle Eastern States 37.0(16.1 - 108)
North Africa 13.6(4.8-41.2)
North America

South America 245 (128 - 4685)
South Asia

Sub-Saharan Africa 316 (168 - 514)
Undefined (global total for emissions from 8 0.0 - 95.0)
contaminated sifes)

Grand Total 1960 (1010 - 4070)




Speciation of Atmospheric Hg

e Speciation:
— Gaseous Elemental Hg (GEM)
o Hg(0); natural and anthropogenic emissions
— Reactive gaseous Hg (RGM) or gaseous oxidized Hg (GOM)
e assumed to be gaseous HgCl,; mainly anthropogenic emissions

— Particulate Hg (PHQ)
o RGM bound to particles; mainly anthropogenic emissions
e Both RGM and PHg are efficiently removed from the atmosphere by wetand dry

deposition.
e Gaseous HgY is the dominant form (> 95%) in the atmosphere with a residence time

between 1/2 ~2 years' oxidation

"i‘)H & O ﬂ’\st"\)\”‘ “
: Br & BrO (\'el*)' fast) m‘lsmption
Gas phase Hg(0) He(I1) * * He(p)

A . v
»_reduction m plumes? 4

ox1idation

" OH,0,Cl, ™\ . |
L1

Aqueous phase Hg(n)‘( issolution He(p)

o 3

* S0,. HO,?

reduction

lad.sul])liou to PM

Ambio Vol. 36, No. 1, February 2007

Hg(p)



Global Hg Biogeochemical Cycle

Conceptual Biogeochemical Mercury Cycle
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bt J Volatilization
Kones Faane Deposition
Oxidation-Reduction
<+— Hg” Methylation-Demethylation

Water Sedimentaion-Resuspension <P
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_ 0 Methyimercury Accumulation  *
“— Hg" Hg Elemental Mercury ng°’
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mf Atmospheric Hg

from East Asia to Taiwan




Export of the East Asian Atmospheric Hg

Observed at Remote Sites in Talwan

Mt. Lulin (2862 m a.s.l.) Dongsha Island ey *
References:
® Sheu et al., 2010, Atmospheric Environment 44,
2393-2400.

® Sheu et al., 2013, Atmospheric Environment 78,
174-183.



Location

Pengjiayu, Taiwan

Mt. Lulin, Taiwan
Equatorial Pacific Ocean
North Pacific Ocean

Long Marine Lab, CA, USA
Monterey Bay, CA, USA
CBL, MD, USA

Nam Co, China

Mt. Leigong, China
Chuncheon, Korea
Pensacola, FL, USA

Seoul, Korea

Chongqing, China

Moffett Field, CA, USA

110 sites in USA (MDN/NADP)
10 sites in Japan

Site

characteristic
Island
Mountain
Open ocean
Open ocean
Coastal (Pacific)
Coastal (Pacific)
Coastal (Atlantic)
High elevation
Mountain
Rural
Urban/suburb
Urban
Urban
Urban
Various
Various

Wet Hg Deposition at Mt.

5.8
11.4-15.0
4.8

4.0

8.8

17.3
10.1-16.3
30.67
11.6
1.5-26.1

Lulin and Pengjiayu

Wet deposition
Flux (png m

42
8.2-17.2
1.8
6.1
9.4

16.8-20.2
4.4
2.4-20.2
5.8-17.7

Pocoun

f P
s
s W

New
Zealand

3 A )
§ United States {1 L Koy

T P

4 ugm

L 2

* México

References:

Reference

This study

This study

Mason et al., 1992
Laurier et al., 2003
Steding and Flegal, 2002
Conaway et al., 2010
Mason et al., 2000
Huang et al., 2012
Fuetal., 2010

Ahn et al., 2011

Landing et al., 2010

Seo et al., 2012

Wang et al., 2012
Steding and Flegal, 2002

NADP 2011 Annual Summary
Sakata and Marumoto, 2005

® Sheuand Lin, 2013,
Atmospheric Environment 77,
S 474-481.
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UNITED NATIONS ‘a
ENVIRONMENT PROGRAMME

UNEP

Sources, Emissions, Releases, ~

Dhiskon of Techs clogy, [rekatsy and Econorics (DTIE),
Chamicals Braach,

Ganmvs, Swseiand,
orwery, 2013

UNITED NATIONS
ENVIRONMENT PROGRAMME

CHEMICALS

Mercury Study
Report to Congress
I Ambient air pollution by
mercury (HG). Position Paper GLOBAL
MERCURY

ASSESSMENT

TOM(

AONRS

UNITED NATIONS

ENVIRONMENT PROGRAMME %

UNE

Chemicals Branch, DTIE

The Global Atmospheric Mercury
Assessment: Sources, Emissions
and Transport

Geneva, Switzerland
December, 2008

UNEP, 2008



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

Minam_a‘ta Convention Agreed by Nations

Global Mercury Agreement to Lift Health Threats from Lives of Millions
World-Wide
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Minamata Convention on Mercury
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grsheu@atm.ncu.edu.tw





