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Mercury (Hg) is a heavy metal

Species:

v’ Metallic or elemental : H°

v Ionic or Inorganic : Hg* and Hg?*

v Organic Hg when combined with C
Notably methylmercury (MeHg or CH,Hg),
Ethylmercury, Phenylmercury

Source: UNIDO


Presenter Notes
Presentation Notes
The only metal that is liquid at room temperature- various uses and is a valued commodity


Natural mercury releases

« Mercury is an element,
neither created or
destroyed

« Average 0.05 mg/kg in
earth’s crust

+ Gradual release from crust [ /g oo
to atmosphere o LR W

» Volcanoes

« Weathering of rock

« Under sea vents


Presenter Notes
Presentation Notes
The most common source of natural mercury emission are volcanoes.


®
Anthropogenic mercury releases

« Releases from mobilisation of mercury impurities:
Coal-fired power, Cement production,

non-ferrous metals mining

- Releases from intentional extraction
and use of mercury: primary Hg mining,
chlor alkali, small scale gold mining,

manufacturing of products

 Releases from Waste Treatment:

such as incineration/

waste disposal sites, landfill


Presenter Notes
Presentation Notes
Coal fired power plant, non-ferrous metal smelting, cement production (highest emitters)
Degree of emission is dependent upon:
Hg levels in fuel or feedstocks
Emission control device
Stack heights
Size of operation



2005 Emissions by Sector 1

» Combustion of fossil
fuels (in particular
coal): 45%

» Artisanal and small-
scale gold mining:
20%

» Waste and Other
figures are

conservative estimates

and highly uncertain
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2005 emissions by region 89

Geographical distribution reflects economic activity and technology, and
presence of ASGM

Emissions of mercury to air in 2005 from various anthropogenic sectors in different regions

Mercury emissions, tonnes
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Mercury Trade 2004

Commodity mercury shipments among world regions, 2004
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Presenter Notes
Presentation Notes
Trade-legal or illegal,legal entry for dental use but ends up illegally in ASM


Global Cycle and Transport (&0)

of Mercury UNEP

MERCURY CONTAMINATION IN LAKES
Global Pollution

Regional Pollution Mercury Yapor

Global Pollution

Particulate Mercury

' lonized .
i Mercury Yapor -
=, el

Local Deposition
and washout’

Methygl Mercuryg
Minnesota Pollution Control Agency

Hg moves through environmental media and ultimately enters water bodies and
deposits either close to source or long distance from source EPA

Chemical and physical forms determine their behavior in the environment and
pattern of deposition

Divalent Hg~ water soluble and relatively reactive and likely to deposit within a
short distance

Elemental Hg-tends to disperse long distance and may not deposit until it has
traveled thousands of kilometers


Presenter Notes
Presentation Notes
Eventually, atmospheric mercury from mercury emissions ends up in water bodies where it is methylated and bioconcentrated up the food chain. The major source of methylmercury for most people is from eating contaminated fish.  
High risk groups are the fetus and small children whose nervous systems are developing, and women of child bearing age because of the exposure to the fetus.

Main source: industrial emission
Media: air and water	
Vector: fish

Picture: www.epa.gov/grtlakes/seahome/mercury/src/chemistr.htm



Fate of Mercury

Metabolic conversion,
bioaccumulation
biomagnification
through “food-chain”

“* Hg in sediments converts
into methylmercury
(MeHg)

“* McHg enters the aquatic
food chain: plants, fish
(marine freshwater),

marine mammals

“* MeHg uptake by humans
through fish consumption

In lakes and streams, mercury
is transformed into a toxic form.

Mercury
Bacteria and
chemical processes

Methylmercury



Presenter Notes
Presentation Notes
For most people who are not occupationally exposed, fish is the major source of mercury exposure.
Hg attached to aquatic sediments is subject to microbial conversion to methyl-mercury (MeHg).
MeHg enters the aquatic food chain, reaching  highest concentration in “fish eating fish” (e.g.tuna, sharks). 
- Ocean fish high in MeHg include mackerel, shark, swordfish, tile fish, large tuna, grouper.
- Freshwater fish contamination depends more on local conditions but also is highest in long-lived, predatory fish such as pike.
<<NOTE TO USER: Insert the list of local fish which are high in mercury>>
MeHg uptake by humans through fish consumption. 

Ref:
Clarkson, The toxicology of mercury – current exposures and clinical manifestations, N Engl J Med, 2003, 349: 1731

Picture: www.epa.gov/grtlakes/seahome/mercury/src/aquatic.htm
The Environmental Protection Agency, Purdue University, and the Agricultural & Biological Engineering Department.
(C) Copyright, 1996, 2003 by Purdue Research Foundation, West Lafayette, Indiana 47907. All Rights Reserved. This material may be reproduced and distributed in its entirety for non-profit, educational use, provided appropriate copyright notice is acknowledged. 


MethylMercury

fromifactories

Organic (Methylmercury)- ingestion (95% absorbed in GIT) of freshwater and marine fish
~-bound in protein tissue, not in fatty deposits
~trimming and skinning of contaminated fish do not reduce Hg


Presenter Notes
Presentation Notes
Minamata disease was caused by the consumption of fish and shellfish contaminated by methylmercury compound discharged from a chemical plant.

Methlmercury is absorbed animals and accumulated gradually.

Methylation through metabolism by bacteria
Bioaccumulates (higher concentration than the surroundings)in marine fish and freshwater fish and mammals; the older the fish or mammal, the higher the concentration
Humans consume highly contaminated fish and shellfish.

Biomagnifies (fish and mammals higher in food chain and higher in its trophic level, the higher the concentration)

Contributing factors: existing background concentration such as Hg from natural sources, historic anthropogenic wc has been reemitted from the oceans and soils



Effects on the Environment and
the Ecosystem

Causes neurological and
reproductive effects,
particularly in birds and
predatory mammals
‘High levels seen in seals,
~ whales, polar bears



Presenter Notes
Presentation Notes
Bald birds, unusual rpeorductive behavior of some birds


Exposure Pathway and Effects on Ny
Humans
-

Fish and _*
shellfish

D. In the bile

throughout Hair/nails
the body H

—p Accumulation of methylmercury
—lp Excretion of methylmercury

Kidneys==g In urine



Sercury | Sources Routes of Elimina | Toxicity (f:;:\
: : N/ 9 \
exposure
Species p tion W' ',_l,/
Flemental | +ASM Inhalation Urine and | CNS UNEP
(metallic) | «Chlor alkali faeces Kidney
*Non ferrous mining Lungs
*Waste incineration Skin (Acrodynia in
o Amalgams Chlldr en)
*Manufacturing of
medical devices
Folk remedies Dermal
«Cosmetics/soaps
Inorganic | ‘Manufacturing and | Inhalation Urine CNS
(mercuric | breakage of Lamps, Ingestion Kidney
chloride) Bafrt?rles GI tract
-Dlsmfec.:tants Skin (Acrodynia in
Cosmetics/soaps Dermal children)
Folk medicine
Organic *Fish Ingestion Faeces CNS
(methyl; -Fungicides Parenteral Cardiovascular
cthyl) Preservatives Transplacental,
(VaCCineS) 11rThalaftiAn



Presenter Notes
Presentation Notes
This table summarizes the different sources of mercury, routes of exposure and elimination and main effects.

<<NOTE TO USER: The relative importance of sources and particular species will vary regionally. Please highlight what is most important in your population of children.>>


Mercury Effects on Fetus and UNEP
Children

Uncommon syndrome "Pink disease".

¢ Pain in the extremities

¢ Pinkish discoloration and desquamation
“* Hypertension

% Sweating

“* Insomnia, irritability, apathy

Schwarz

Pid - Fouvks atlas o |



Presenter Notes
Presentation Notes
Acrodynia is a rare idiopathic chronic toxic reaction to elemental or inorganic mercury exposure, which occurs mainly in young children. It is characterized by pain in the extremities and pink discoloration with desquamation of the skin.

<<READ SLIDE>>

Ref: 
California Poison Control System, Poisoning and drug overdose, 3rd edition, ed: Olson, Appleton and Lange, Connecticut, 1999

Picture above: 

Pictures from:
Schwarz, Feersche Erkrankung (kindliche Akrodynie), Pädiatrische Praxis (1979) 21: 85 – 89. Used with permission (copyright: Hans Marseille Verlag GmbH).
Picture above: Frequently crying, unhappy, unwilling to walk, hence sitting in the buggy (acrodynia).
Picture below: 2 ½ year old girl. Hypotonia, constant scratching, with red fingers, foot soles, lips (acrodynia). 


Muhlendahl

Source; WHO Children’s Environmental Health


Presenter Notes
Presentation Notes
Picture above: v.Mühlendahl, Schulte-Wissermann, Grips, Hautveränderungen bei Feer‘scher Krankheit. Pädiatrische Praxis (1995) 49, 647. Used with permission (copyright: Hans Marseille Verlag GmbH).
Feer‘s Disease (acrodynia). Exanthema due to Hg intoxication from a mercury thermometer broken in the children‘s room four months previously. Photo taken 3 weeks after the first pictures. 

Picture below: v.Mühlendahl, Schulte-Wissermann, Grips, Hautveränderungen bei Feer‘scher Krankheit. Pädiatrische Praxis (1995) 49, 647. Used with permission (copyright: Hans Marseille Verlag GmbH).
Feer‘s Disease. Exanthema due to Hg intoxication from a mercury thermometer broken in the children‘s room four months previously. 


Brain from a
person with
Minamata disease.

An empty space in a shrinking
brain due to necros/small

ncuroms. Lars.Hylander@hyd.UU.SE


Presenter Notes
Presentation Notes
Mental retardation
Ataxia & cerebral palsy
Seizures
Vision & hearing loss
Delayed developmental milestones
Language disorders
Deficits in fine motor function 
Visual spatial disabilities
Memory problems
High blood pressure low cardiac rate variability


Factors affecting Occurrence and
Severity of Health Effects

* Chemical form

* Dose

« Age

* Duration

* Route of exposure

 Dietary patterns of fish and seafood
consumption



Susceptible Population

e More sensitive~ fetus, newborn, children
Mothers, pregnant women, women of reproductive age

« Exposed to high levels of Hg-subsistence fishers, recreational
anglers, regular eaters of fish, shellfish, muscles and organs
from marine mammals

 Individuals with diseases of the liver, kidney, nervous system,
lungs

 Individuals with dental amalgams
«  Workers with high occupational exposure

« Users of products (soaps, creams, traditional/cultural)



. . . #ﬂ: q\\
Biomonitoring \ZQ 'A;

* Hair-chronic exposure to methylHg, dire UNEP
relationship with blood

 Blood ,Cord blood, Urine, Nails, Human milk

.1ug/ke/day intake of methylHg=

1 ug/g hair=5-~6 ug/li in cord blood=4-5 ug/li
blood

Environmental monitoring

« Sediments, soil, air


Presenter Notes
Presentation Notes
Linear directly proportional relationship…


Maximum allowable Hg in ALY
Fish to be sold in the market UNEP

« Codex Alimentarius: .5 mg/kg methylHg in
non predatory fish;

1 mg/kg methylHg in predatory fish

« USFDA: set an action level of 1 mg/kg
methylHg in finfish and shellfish g

« EC: allows .5 mg Hg/kg
in fish products

 Japan: .3 mg methylHg/kg
in fish



Presenter Notes
Presentation Notes
Since fish consumption dominates the pathway of exposure for most human population, governments provide legal limits for maximum allowable amount of mercury/methylHg in fish to be sold in the market 
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Mandates of Mercury Work

* Initiated by UNEP Governing Council in
February 2001 (215! session)

» Responded to concerns T e
raised in different fora CLOBAL
that national/regional ASSESSMENT

action not sufficient to
address mercury pollution

UNEP 2002


Presenter Notes
Presentation Notes
UNEP’s involvement in mercury issue started in 2001,  when the UNEP Governing Council  initiated the development of a global assessment of mercury.
First a few words on the UNEP Governing Council – �this is the governing body of UNEP �sessions every 2 years where Environment  Ministers and other high level  environment officials from around the world meet, first of all to prioritise UNEPs programme and workplan for the next biennium, but also to discuss and develop global environmental policy on a range of areas relevant to environmental issues.
For example – �UNEP Governing Council that initiated negotiations on the Vienna Convention for the Protection of the Ozone Layer and its successful Montreal Protocol on Substances that Deplete the Ozone Layer. �More recently, the Council initiated the negotiations of the Stockholm Convention on Persistent Organic Pollutants.
The Governing Council’s decision in 2001 to initiate a global assessment of mercury responded to concerns that had been expressed in a number of different fora, such as the Arctic Council and  the Executive body for the LRTAP Convention or Convention on Long-Range Trans-boundary Air Pollution – that mercury is a global pollutant and that initiating controls in a limited geographic region were proving to be insufficient to address the adverse impacts on health and the environment in these regions. 
By requesting the development of the assessment report, the Governing Council wanted to ensure that it had a good basis for considering whether any international action on mercury was called for.



GC Decision 22 (2003) ALY
Need for global policy response

The Governing Council
 Endorsed conclusions

of the Working Group
* Decided (GC 22/4)

national, regional
and global actions == |
ShOUId be |n|t|ated ASAP UNEP Headquarters Nairobi

* Urged all countries to adopt goals and take
actions to identify exposed populations and
reduce anthropogenic Hg releases


Presenter Notes
Presentation Notes
As requested by the Governing Gouncil in 2001, the Global Mercury Assessment report and the conclusions and recommendations agreed by the Working Group were submitted to the UNEP Governing Council at its 22nd session in February 2003.  

The Governing Council considered the report and reached consensus on a number of important conclusions, setting the stage for global action on mercury in the years to come:

The Governing Council:
Expressed great concern for the documented adverse effects on human health and the environment attributed to mercury and its capacity to cycle throughout the globe and 
Fully endorsed the conclusions of the Working Group that there is now sufficient evidence of significant global adverse impacts from Hg to warrant  international action
The Council decided that national, regional and global actions to reduce or eliminate releases of mercury to the environment, both immediate and long-term,  should be initiated as soon as possible and thus  
Urged all countries to adopt goals and take national actions to identify exposed populations and reduce Hg releases that have an impact on human health and the environment. 




= Y
Establishment of a AT,

UNEP Mercury Programme

» To support efforts of countries
to take action to reduce
Hg pollution, the Governing
Council requested UNEP to
Initiate technical assistance
and capacity building activities
to support the efforts of
countries.

* In response, UNEP established
a mercury programme within its United Nations, Geneva
Chemicals Branch in Geneva, Switzerland.


Presenter Notes
Presentation Notes
In order to follow-up on the UNEP Governing Council’s decision, UNEP  established a mercury programme within the Chemicals Unit of UNEP.



®
GC 23/9 (2005): Strengthened

UNEP Mercury Programme

* Reiterated the conclusions of the GMA report on tne
global adverse impacts of Hg on health and
environment

* Reiterated its decision that national, regional
and global actions should be initiated ASAP

* Urged all countries to adopt goals and take actions to
identify exposed populations and reduce
anthropogenic Hg releases

* Urged Governments, IGOs, NGOs and private sector
implement PARTNERSHIPS in a clear, transparent
and accountable manner, as one approach to
reducing risks from mercury



Presenter Notes
Presentation Notes
 Governing Gouncil reiterated the findings of the Global Mercury Assessment report

The Council reiterated that national, regional and global actions to reduce or eliminate releases of mercury to the environment, both immediate and long-term,  should be initiated as soon as possible and thus  
Urged all countries to adopt goals and take national actions to identify exposed populations and reduce Hg releases that have an impact on human health and the environment. 




GC Decision 24/3 (2007)

* Recognised that current efforts to reduce risks
from mercury are not sufficient to address the
global challenges posed by mercury

* Options of enhanced voluntary measures and
new or existing legally binding instruments will
be reviewed and assessed in order to make
progress In addressing this issue

GC Decision 25 (2009)...






More information on the UNEP Mercury
Programme available at...

http://www.chem.unep.ch/mercury/
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