
Notes:
• Please add details of the date, time, place and sponsorship of the meeting for which you are using this 

presentation in the space indicated.
• This is a large set of slides from which the presenter should select the most relevant ones to use in a specific 

presentation.  These slides cover many facets of the problem. Present only those slides that apply most directly to 
the local situation in the region.
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Mercury is a developmental toxicant whose effects have been known for many decades, but concern has increased 
in the last few years among the medical and environmental communities due to the recognition of its environmental 
ubiquity and persistence and the developmental effects observed at relatively low levels of exposure.

After this presentation, viewers should understand, recognize and know these learning objectives.

References:
• UNEP (2019). Global mercury assessment 2018. Geneva: United Nations Environment Programme, Chemicals and 

Health Branch. (https://www.unenvironment.org/resources/publication/global -mercury-assessment-2018, 
accessed 22 April  2019).

2

2MERCURY

Learning objectives

• Recognize health hazards associated with exposure to the three 

different mercury (Hg) species

• Understand how to diagnose and manage mercury exposure and 

health disorders attributable to mercury

• Describe public health implications

• Explain how to prevent and reduce exposure



Note: 
When selecting the slides to include in your presentation, please choose only those of relevance to the region and/or 
interests of your audience. 

• Introduction & magnitude of the problem: 

• One element with three species

• Environmental origin, transport and fate:

• Routes of exposure, anthropogenic emissions, populations at risk

• Artisanal small-scale gold mining, exposure from fish

• Health effects of exposure

• Target organs and systems, neurodevelopmental effects

• Metallic mercury, methylmercury, Minamata Disease

• Diagnosis

• Case studies

• Prevention and management of exposure

• At home, medical domain, regulatory measures

• Minamata Convention, Sustainable Development Goals
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Outline

• Introduction & magnitude of the problem

• Environmental origin, transport and fate

• Health effects of exposure

• Case studies

• Prevention and management of exposure



This section introduces mercury, one element with three species, and its global distribution in the context of 
children’s environmental health.
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Outline

• Introduction & magnitude of the problem

• Environmental origin, transport and fate

• Health effects of exposure

• Case studies

• Prevention and management of exposure



Figure:
• © WHO
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Mercury is a heavy metal, an element, and therefore cannot be created or destroyed. Natural sources of 
environmental emissions are volcanic eruptions, rock weathering and natural combustion. As with most metals, it 
can exist in different forms. 

Because of the complexity of mercury chemistry, it is often easier to discuss each species separately. Each of its 3 
forms: elemental (or metallic), inorganic (e.g. mercuric chloride) and organic (e.g. methyl- and ethylmercury), have 
different toxicity profiles with different implications for children's health and development. This table summarizes 
the different sources of mercury, routes of exposure and elimination and main effects. Each type of mercury is toxic 
to the nervous system, but also a number of other organ systems are affected.

Notes:
• The relative importance of sources and particular species will vary, and so please highlight what is most important 

in your region.

References:
• AMAP, UNEP, 2013. Technical Background Report for the Global Mercury Assessment 2013. Oslo, Norway: Arctic 

Monitoring and Assessment Programme, Geneva, Switzerland: United Nations Environment Programme 
Chemicals Branch.

• WHO (2010). Children’s exposure to mercury compounds. Geneva: World Health Organization. 
(http://www.who.int/ceh/publications/children_exposure/en/, accessed 19 October 2018). 

• Bose-O’Reilly S, McCarty KM, Steckling N, Lettmeier B (2010). Mercury Exposure and Children’s Health. Curr Probl 
Pediatr Adolesc Health Care. 40(8):186–215. doi:10.1016/j.cppeds. 2010.07.002. 
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INTRODUCTION

One element, three species
Species Sources Routes of 

exposure
Elimination Toxicity

Elemental 

(metallic)

Hg0

Volcanoes

ASGM

Fossil fuel combustion

Waste incineration

Degassing, rock weathering

Thermometer spills

Dental amalgam fillings

Lamps / electronic switches

Folk remedies

Inhalation

Transplacental

Urine  + faeces CNS

Kidney

Lungs

Skin (acrodynia in 
children)

Immune system

Inorganic 

(mercuric chloride)

Hg2+

Disinfectants

Cosmetics (skin lightening 
creams)

Ritual and folk medicine

Ingestion

Transdermal

Urine CNS

Kidney

GI tract 

Skin (acrodynia in 
children)

Immune system

Organic 

(methyl; ethyl)

Fish

Rice

Fungicides

Preservatives

Ingestion

Parenteral

Transplacental

Faeces CNS

Cardiovascular



The populations around the world most at risk from mercury contamination are in South -East Asia, West Africa, and 
South America, however other parts of Asia, Africa, and Europe are also vulnerable due to mercury pollution from 
mining and ore processing.

Figure:
• UNEP (2013). Mercury: time to act. Geneva: United Nations Environment Programme, Chemicals. 

(https://wedocs.unep.org/handle/20.500.11822/27436, accessed 25 April  2019). 
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Hg sources are grouped as:

• Natural sources releases due to natural mobilisation of naturally occurring mercury from the Earth's crust (e.g. 
volcanic activity and weathering of rocks).

• Current anthropogenic (human activity-related) releases from the mobilisation of mercury impurities in raw 
materials (fossil fuels: specially coal but also gas and oil).

• Current anthropogenic releases from mercury intentionally used in products and processes (releases during 
manufacturing, leaks, disposal or spent products incineration).

• Re-mobilisation of historic anthropogenic releases previously deposited in soils, sediments, waters, landfil ls, 
waste piles.

References:

• UNEP (2019). Global mercury assessment 2018. Geneva: United Nations Environment Programme, Chemicals and 
Health Branch. (https://www.unenvironment.org/resources/publication/global -mercury-assessment-2018, 
accessed 22 April  2019).
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Outline

• Introduction & magnitude of the problem

• Environmental origin, transport and fate

• Health effects of exposure

• Case studies

• Prevention and management of exposure



Notes:
• Presenters should il lustrate the numerous anthropogenic sources of mercury, and highlight the three major 

sources: ASGM (38%, yellow), fossil  fuel and biomass consumption (24%, green), and industry (28%, blue) as 90% 
of total anthropogenic emissions.

• Presenter should draw attention to their local area and the level and kind of mercury consumption.

Figure:
• Adapted from information in: UNEP (2019). Global mercury assessment 2018. Geneva: United Nations 

Environment Programme, Chemicals and Health Branch. 
(https://www.unenvironment.org/resources/publication/global -mercury-assessment-2018, accessed 22 April  
2019).
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ORIGIN, 
TRANSPORT & FATE

Anthropogenic Hg Emissions by sector 2015

38%

21%

3%

15%

11%

2%

7%
2%

Artisanal and small-scale gold
mining

Stationary combustion of coal

Stationary combustion of other
fuels including biomass

Non-ferrous metal production

Cement production

Ferrous-metal production

Mercury-added product waste

Other sources



Between 10 mill ion and 15 million people in 70 countries , including 4 mill ion – 5 mill ion children, are involved in 
ASGM mining.
As part of the gold mining process, elemental mercury is combined with gold in whole ore amalgamation. Large 
amounts of mercury are used, and most is released as waste. Following, the gold-mercury amalgam is burned to 
vaporize the mercury, exposing workers and communities to mercury inhalation. Mercury is furthermore released 
into the environment where it can bioaccumulate into organic mercury. 

Mercury exposure in ASGM can be reduced, substituted and eliminated. Exposure reduction includes more 
effectively concentrating gold with less mercury, separating processing from residential areas, recapturing mercury 
emitted and using mercury-free processes such as gravity-only concentration. 

References:
• WHO (2016). Environmental and occupational health hazards associated with artisanal and small -scale gold 

mining. Geneva: World Health Organization. (https://apps.who.int/iris/handle/10665/247195, accessed 22 April  
2019). 
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ORIGIN, 
TRANSPORT & FATE

Artisanal and Small-Scale Gold Mining (ASGM)

• Elemental mercury is used in amalgamation

• 3 – 50 units of mercury are used per unit of 

gold recovered

• Mercury vapours are released when 

amalgams are burned

• Also released into the environment 



Notes:
• Presenters should il lustrate that ASGM is occurring around the world but highlight their own region, including the 

extent of mercury releases as well as the number of miners.

Figure:
• UNEP (2013). Mercury: time to act. Geneva: United Nations Environment Programme, Chemicals. 

(https://wedocs.unep.org/handle/20.500.11822/27436, accessed 25 April  2019). 
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Eventually, atmospheric mercury from mercury emissions, such as ASGM, ends up in water bodies where it is 
methylated by bacteria and bioconcentrated up the food chain. Top predators can have concentrations of mercury 
10 mill ion times higher than levels in surrounding water. Fish, shellfish and marine mammal consumption is 
responsible for 75% of methylmercury exposure worldwide. 

Cooking does not eliminate mercury from fish. In contrast, concentrations tend to increase with cooking, possibly 
due to water loss.

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.

Notes:
• Presenters should i l lustrate the numerous ways mercury enters the environment. Insert the list of local fish which 

are high in mercury.

Reference:
• WHO (2010). Children’s exposure to mercury compounds. Geneva: World Health Organization. 

(http://www.who.int/ceh/publications/children_exposure/en/, accessed 19 October 2018). 
• UNEP (2019). Global mercury assessment 2018. Geneva: United Nations Environment Programme, Chemicals and 

Health Branch. (https://www.unenvironment.org/resources/publication/global -mercury-assessment-2018, 
accessed 22 April  2019).

Figure:
• UNEP (2013). Mercury: time to act. Geneva: United Nations Environment Programme, Chemicals. 

(https://wedocs.unep.org/handle/20.500.11822/27436, accessed 25 April  2019). 
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Methylmercury (MeHg) is the major source of body burden in children worldwide, and most exposure is through fish 
that l ive in polluted marine or fresh waters, such as those in the paddy field shown on this slide. There are many 
benefits to eating fish for child neurodevelopment, so it is important to balance these benefits with the risk of 
mercury exposure. 

Not only are children exposed directly by eating contaminated fish, but they can also be exposed transplacentally 
from mothers with high methylmercury blood levels. Methylmercury also passes into breast milk but at very low 
levels. Most methylmercury in blood is l ightly bound to red blood cells and not available for transport into breast 
milk. Of the three routes, transplacental exposure is potentially the most dangerous one.

Methylmercury has also been found to accumulate in rice, both from point and diffuse mercury sources. In many 
parts of Asia, rice is a staple food and can therefore be the major source of mercury exposure. Unlike fish, rice does 
not have specific micronutrients beneficial to health. This emerging issue requires greater attention so that mercury 
exposure through rice can be reduced. 

References:
• WHO (2010). Children’s exposure to mercury compounds. Geneva: World Health Organization. 

(http://www.who.int/ceh/publications/children_exposure/en/, accessed 19 October 2018). 
• Li P, Feng X, Qiu G. Methylmercury exposure and health effects from rice and fish consumption: a review. 

International journal of environmental research and public health. 2010;7(6):2666 -91.
• Meng B, Feng X, Qiu G, Anderson CW, Wang J, Zhao L. Localization and speciation of mercury in brown rice with 

implications for pan-Asian public health. Environmental science & technology. 2014;48(14):7974-81.
• Clarkson TW, Magos L, Myers G. The toxicology of mercury – current exposures and clinical manifestations. N 

Engl J Med. 2003;349:1731.

Photo:
• Dr. Stephan Boese-O´Reilly. Rice field near Monkayo in Mindanao (Phil ippines), irrigated with tail ing sediments, 

containing mercury from a small scale mining operation area in Diwalwal, 1999.
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ORIGIN, 
TRANSPORT & FATE

Exposure from fish

• Major source of mercury burden 
for children in most countries

• Fish may contain methylmercury 

(MeHg)

• Children exposed:

• By eating fish
• Transplacentally 

• Via breast milk

Methylmercury also accumulates in 

rice



Notes:
• In addition to bioaccumulating in fish, mercury is present in a number of products that many people use, 

including thermometers, cosmetics, electronics, fluorescent lamps, and batteries.
• Presenters should include any local products or foodstuffs that may have mercury in them.

Figure:
• UNEP (2013). Mercury: time to act. Geneva: United Nations Environment Programme, Chemicals. 

(https://wedocs.unep.org/handle/20.500.11822/27436, accessed 25 April  2019). 
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Skin l ightening products are commonly used in some African and Asian countries, as well as by some dark -skinned 
populations in Europe and North America. Mercury prevents melanin formation, resulting in a l ighter skin tone. 
Mercury is also used in some soaps for antimicrobial and antifungal properties. 

Inorganic mercury is used in soaps and creams, while organic mercury is used in eye making cleansers and mascara. 

Many skin-lightening products contain mercury in high concentrations that are easily absorbed by the body. This can 
cause kidney damage, skin damage, anxiety, depression, psychosis and peripheral neuropathy. The mercury in these 
products also makes its way to wastewater and enters the environment and food chain. 

Mercury in products have been banned in many countries but may stil l  be permitted in small quantities or available 
over the internet. Regulation of mercury content reduces exposure, and product labelling allows consumers to make 
healthy choices. 

References:
• WHO (2011). Preventing disease through healthy environments: mercury in skin l ightening products. Geneva: 

World Health Organization. (http://www.who.int/ipcs/assessment/public_health/mercury_flyer.pdf, accessed 20 
May 2019).

• Boischio A (2017). Mercury added in skin-lightening products: toxicological note. Washington, DC: Pan American 
Health Organization, World Health Organization. 
(https://www.paho.org/hq/dmdocuments/2017/2017tn.mercury.products.pdf, accessed 20 May 2019).  

Figure:
• Adapted from: WHO (2011). Preventing disease through healthy environments: mercury in skin l ightening 

products. Geneva: World Health Organization. 
(http://www.who.int/ipcs/assessment/public_health/mercury_flyer.pdf , accessed 20 May 2019). 
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ORIGIN, 
TRANSPORT & FATE

Mercury in skin lightening products

• Hg is found in some skin lightening soaps and creams, as well as 
other cosmetic products in some countries

• Inorganic Hg is used in soaps and creams, and organic Hg 
compounds are used as cosmetic preservatives

• Although regulations on the sale of mercury containing cosmetics 
become more common, they are still in use and for sale on the 

internet



Children have a special vulnerability to mercury for several reasons. 
• They consume more food per unit of body weight relative to adults. Therefore, toxicants that are carried in food 

are delivered at 2–4 times higher rates in young children than in adults.
• Children metabolize toxicants differently from adults.
• Mercury has severe effects on multiple developing systems in the body, including cardiovascular, 

neurodevelopmental and immune. Because children, especially young children, are stil l developing and growing, 
they are especially at risk to the effects of mercury. 

The most critical period of vulnerability to mercury is prenatal, though vulnerability extends to adolescence. 

Small amounts of methylmercury can be transmitted by breast milk, however, this is not sufficient in quantity as to 
outweigh the benefits of breastfeeding (WHO strongly supports breastfeeding). 
Once children are eating solid foods, exposure remains potentially dangerous throughout postnatal 
neurodevelopment.

Notes: Insert information specific to your region or locality on the most important sources and paediatric exposures.

References:
• U.S. Environmental Protection Agency (2011). Exposure factors handbook: 2011 edition. Washington, DC: 

National Center for Environmental Assessment. (https://cfpub.epa.gov/ncea/efp/recordisplay.cfm?deid=236252, 
accessed 28 November 2018).

• WHO (2010). Children’s exposure to mercury compounds. Geneva: World Health Organization. 
(http://www.who.int/ceh/publications/children_exposure/en/, accessed 19 October 2018). 
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Child mercury exposure

Vulnerabilities:

• Consume more food per unit body weight

• Exhibit developmental differences in metabolism

• Effects on developing systems

Children in developing and 

developed countries are at 

risk of exposure



Mercury exposure in children can be divided into the four major developmental phases: prenatal, infancy, childhood 
and puberty/adolescence. Prenatal and infant exposures are mostly related to maternal exposures. Childhood 
exposures are influenced by many factors, including diet, consumer products and setting. When children are 
employed in child labour, they may be exposed to very high levels of mercury, as discussed on the following slide.

The relative importance of sources of mercury exposure vary according to the country, region, type of economic 
activity and level of development.

Notes: Insert information specific to your region or locality on the most important sources and paediatric exposures.

References:
• WHO (2010). Children’s exposure to mercury compounds. Geneva: World Health Organization. 

(http://www.who.int/ceh/publications/children_exposure/en/, accessed 19 October 2018). 
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Routes of child exposure

Prenatal:
• Transplacental exposure

• Maternal dietary intake 
• Maternal occupational and 

social settings 

• Maternal dental amalgams

Infancy:
• Breast milk:

• Lower Hg levels in breast 

milk than in maternal blood
• Inorganic Hg 

• WHO recommends exclusive 
breast feeding for first 6 

months of life

Childhood:
• Fish

• Dental amalgams
• Paints

• Spills

• Environmental contamination 
• Parental occupational 

exposures 
• Traditional and folk medicine

• Cosmetics

Puberty/adolescence:

• Child labour



Both boys and girls take part in ASGM. Most children are pressed into this worst form of child labour due to poverty. 
Children contribute to ASGM to earn money for their household and when other opportunities, such as school, are 
lacking. ASGM is often a family activity, with even young children accompanying parents to work. Children in ASGM 
are not only at physical risk, including to mercury exposure, but also at social risk.

Child labour in the ASGM sector has been reported in Niger, the Democratic Republic of the Congo, Burkina Faso, 
Sierra Leone, Ghana, Indonesia, Nepal, the Philippines, Mongolia, Tanzania and Zimbabwe.

Children involved in e-waste recycling are also exposed to mercury contained in electronic products. Scavenging, 
dismantling and burning these products puts the many children involved in e-waste at risk. 

References:
• Thorsen D (2012). Children working in mines and quarries: evidence from West and Central Africa. Briefing Paper 

4. Dakar-Yoff: UNICEF West and Central Africa Regional Office. 
(http://www.unicef.org/wcaro/english/Briefing_paper_No_4_-_children_working_in_mines_and_quarries.pdf,
accessed 22 April  2019). 

• WHO (2016). Environmental and occupational health hazards associated with artisanal and small -scale gold 
mining. Geneva: World Health Organization. (https://apps.who.int/iris/handle/10665/247195, accessed 22 April  
2019). 

• WHO (2010). Children’s exposure to mercury compounds. Geneva: World Health Organization. 
(http://www.who.int/ceh/publications/children_exposure/en/, accessed 19 October 2018). 

Photo: 
• Dr. Stephan Boese-O´Reilly. Boy in Anka / Zamfara in Nigeria: Panning the tail ing with mercury, 2013.
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Mercury in child labour

ASGM exposes children to mercury

• This is child labour at its worst:
• Physically very hard and 

dangerous
• High risk of injury

• Major health hazard

• 4 million–5 million women and 

children, participate in the ASGM 

industry 
• Including nearly one million 

children between 5 and 7 years 
of age

• Most of these workers are in South 
America, Africa and Asia

E-waste activity also puts 
children at risk of mercury 

exposure



Thiomersal is a compound containing ethyl mercury, which is different from methyl mercury. Ethyl mercury is an 
organic form of mercury with a short half-l ife that is actively excreted via the gut, whereas methyl mercury 
accumulates in the body. Safe l imits have been defined for use of thiomersal in vaccines. 

The use of thiomersal in some vaccines prevents bacterial and fungal growth. This is necessary for inactivated 
vaccines in multi -dose vials, as contaminants may be introduced during repeated use. In many countries, such a 
preservative is a regulatory requirement. Thiomersal is only used in inactivated vaccines, in which the virus has been 
kil led, and not in l ive vaccines, because it would kil l  the immunizing component. It is also used in vaccine production 
to inactivate certain organisms and toxins and to maintain steril ity. 

WHO has closely monitored scientific evidence relating to the use of thiomersal as a vaccine preservative for over 10 
years, in particular through its independent expert advisory group, the Global Advisory Committee on Vaccine 
Safety. The Committee has consistently reached the same conclusion: there is no evidence to suggest that the 
amount of thiomersal used in vaccines poses a health risk. Other expert groups (the U.S. Institute of Medicine, the 
American Academy of Pediatrics, the United Kingdom Committee on Safety of Medicines, and the European Agency 
for the Evaluation of Medicinal Products), have reached similar conclusions.

WHO supports continued use of thiomersal as an inactivating agent and preservative for vaccines. The use of multi -
dose vials remains the best option for routine immunization programmes in many countries because they are safe 
and effective, they limit the required storage capacity and waste, and help reduce vaccine costs.

References:
• WHO (2011). Thiomersal - questions and answers [website]. Geneva: World Health Organization. 

(https://www.who.int/immunization/newsroom/thiomersal_questions_and_answers/en/, accessed 24 January 
2019). 

• WHO (2011). Thiomersal: information sheet [website]. Geneva: World Health Organization. 
(https://www.who.int/immunization/newsroom/thiomersal_information_sheet/en/, accessed 24 January 2019). 

• GACVS (2012). Thiomersal in vaccines. Global Advisory Committee on Vaccine Safety, June 2012. Wkly Epidemiol 
Rec. 87(30):281-282. 

• Institute of Medicine (2004). Immunization Safety Review: Vaccines and Autism. Washington, DC: The National 
Academies Press. (https://doi.org/10.17226/10997, accessed 24 January 2019). 

• Orenstein WA, Paulson JA, Brady MT, Cooper LZ, Seib K (2013). Global vaccination recommendations and 
thimerosal. Pediatrics. 131(1):149-51. doi: 10.1542/peds.2012-1760.
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Thiomersal in immunizations

• Contains ethyl mercury

• Prevents bacterial and fungal 

growth

• Inactive vaccines

• Multi-dose vials

• Closely monitored for over 

10 years

• No evidence of health risk



• CSM (2003). Statement from the committee on safety of medicines: further data support safety of 
thiomersal in vaccines. London: Committee on Safety of Medicines. 
(https://webarchive.nationalarchives.gov.uk/20130514010459/http://www.mhra.gov.uk/Safetyinf
ormation/Generalsafetyinformationandadvice/Product-
specificinformationandadvice/Vaccinesafety/Thiomersal(ethylmercury)containingvaccines/index.ht
m#1, accessed 24 January 2019). 

• EMEA (2004). EMEA public statement on thiomersal in vaccines for human use – recent evidence 
supports safety of thiomersal -containing vaccines. London: The European Agency for the Evaluation 
of Medicinal Products. (EMEA/CPMP/VEG/1194/04, https://www.ema.europa.eu/en/thiomersal -
vaccines-human-use-recent-evidence-supports-safety-thiomersal-containing-vaccines, accessed 24 
January 2019). 

Image:
• © WHO / Heba Farid
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All forms of mercury are more or less toxic to humans, because it is widely distributed in the body and many systems 
are affected. The toxic effects of mercury vary according to:
• Form: elemental, inorganic or organic.
• Dose: high dose acute poisonings versus low dose chronic effects.
• Timing: prenatal, infancy, childhood or adult.
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Outline

• Introduction & magnitude of the problem

• Environmental origin, transport and fate

• Health effects of exposure

• Case studies

• Prevention and management of exposure



This figure il lustrates general and occupational exposures to Hg that are associated with effects on human health 
throughout the body. Of note, children and infants are more susceptible to central nervous system damage and to 
the effect of Hg on neurodevelopment, with early l ifetime exposure leading to long-term morbidity.

• MeHg is neurotoxic: the central nervous system is the most sensitive target for elemental mercury vapour.
• Hg may be ototoxic, producing both peripheral and central auditory system damage with chronic Hg exposure 

able to cause irreversible damage to the auditory cortex.
• Hg may be mutagenic and genotoxic. 
• Hg may have multiple cardiovascular effects. 
• Hg, particularly organic Hg, is teratogenic, causing Minamata Disease (see slide 26). 
• Hg may be nephrotoxic.
• Hg may be immunotoxic. 
• Methylmercury has been classified by IARC as a Group 2B carcinogen: possibly carcinogenic to humans. Data 

l inking MeHg to human cancer is l imited. 

References: 
• IPCS (2003). Concise international chemical assessment document 50: elemental mercury and inorganic mercury 

compounds: human health aspects. Geneva: World Health Organization, International Programme on Chemical 
Safety. (http://www.who.int/ipcs/publications/cicad/en/, accessed 29 November 2018). 

• Gibb H, O’Leary KG (2014). Mercury exposure and health impacts among individuals in the artisanal and small -
scale gold mining community: a comprehensive review. Environ Health Perspect. 122(7):667 -672. 
doi:10.1289/ehp.1307864.

• Farina M, Rocha JB, Aschner M (2011). Mechanisms of methylmercury-induced neurotoxicity: evidence from 
experimental studies. Life Sci. 89(15-16):555-63. doi:10.1016/j.lfs.2011.05.019.

• Hoshino AC, Ferreira HP, Malm O, Carvallo RM, Câmara VM (2012). A systematic review of mercury ototoxicity. 
Cad Saude Publica. 28(7):1239-48.

• Crespo-López ME, Macêdo GL, Pereira SI, Arrifano GP, Picanço-Diniz DL, do Nascimento JL et al. (2009). Mercury 
and human genotoxicity: critical considerations and possible molecular mechanisms. Pharmacol Res. 60(4):212 -
20. doi:10.1016/j.phrs.2009.02.011.

• Houston MC (2011). Role of mercury toxicity in hypertension, cardiovascular disease, and stroke. J Clin Hypertens 
(Greenwich). (8):621-7. doi:10.1111/j.1751-7176.2011.00489.x.

• Gilbert-Barness E (2010). Teratogenic causes of malformations. Ann Clin Lab Sci. 40(2):99-114.
• Gardner RM, Nyland JF, Silbergeld EK (2010). Differential immunotoxic effects of inorganic and organic mercury 

species in vitro. Toxicol Lett. 198(2):182–190. doi:10.1016/j.toxlet.2010.06.015. 
• IARC (1993). Beryll ium, cadmium, mercury, and exposures in the glass manufacturing industry. IARC monographs 

on the evaluation of carcinogenic risks to humans, volume 58. Geneva: International Agency for Research on 
Cancer. (https://monographs.iarc.fr/iarc-monographs-on-the-evaluation-of-carcinogenic-risks-to-humans-63/, 
accessed 29 November 2018). 

Figure:
• UNEP (2013). Mercury: time to act. Geneva: United Nations Environment Programme, Chemicals. 

(https://wedocs.unep.org/handle/20.500.11822/27436, accessed 25 April  2019). 
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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. 
Clinical features of acrodynia in children include hypertension, sweating, insomnia, hair loss, loose teeth, itching, 
irritability and apathy.

The top photo on the right side of the slide shows a child who is frequently crying, unhappy, unwill ing to walk, hence 
sitting in the buggy. The bottom photo shows a girl, 2½ years of age, with hypotonia and constant scratching. Notice 
that she has red lips, fingers, and soles of the feet.

References:
• WHO (2010). Children’s exposure to mercury compounds. Geneva: World Health Organization. 

(http://www.who.int/ceh/publications/children_exposure/en/, accessed 19 October 2018). 
• Bose-O’Reilly S, McCarty KM, Steckling N, Lettmeier B (2010). Mercury Exposure and Children’s Health. Curr Probl 

Pediatr Adolesc Health Care. 40(8):186–215. doi:10.1016/j.cppeds. 2010.07.002. 

Photos:

• Schwarz, Feersche Erkrankung (kindliche Akrodynie), Pädiatrische Praxis (1979) 21: 85 – 89. Used with permission 
(copyright: Hans Marseille Verlag GmbH).
Top: Frequently crying, unhappy, unwill ing to walk, hence sitting in the buggy (acrodynia).
Bottom: 2½ year old girl. Hypotonia, constant scratching, with red fingers, foot soles, l ips (acrodynia). 
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Acrodynia

Uncommon syndrome "Pink disease”

• Pain in the extremities

• Pinkish discoloration and desquamation

• Hypertension

• Sweating

• Insomnia, irritability, apathy



Miliary rash is typical of acrodynia, as seen in these photos of children suffering mercury intoxication from a broken 
thermometer. Photos shown were taken four months after the incident (left side), and then three weeks later 
(right). Notice the scaling of the skin between the fingers and the exanthema. 

Photos:
• von Mühlendahl, Schulte-Wissermann, Grips, Hautveränderungen bei Feer‘scher Krankheit. Pädiatrische Praxis 

(1995) 49, 647. Used with permission (copyright: Hans Marseille Verlag GmbH).
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Metallic mercury exposure, usually through inhalation causes several typical symptoms. 
• Airway symptoms: cough, dyspnoea
• Skin symptoms: acrodynia
• CNS problems: tremor, ataxia, coordination issues, dysdiadochokinesia
• PNS problems: polyneuropathy with sensation difficulties, abnormal reflexes
• Mercurial erethism: excitability, memory loss, insomnia, extreme shyness
• Kidney problems: proteinuria

Inorganic mercury is nephrotoxic, damaging proximate tubules. Severe cases of inorganic mercury intoxication 
overcome the regeneration capacity of tubular cells leading to reduced kidney function and even acute kidney 
failure-related death.

References:
• Bose-O’Reilly S, McCarty KM, Steckling N, Lettmeier B (2010). Mercury Exposure and Children’s Health. Curr Probl 

Pediatr Adolesc Health Care. 40(8):186–215. doi:10.1016/j.cppeds. 2010.07.002. 

Photo:
• Dr. Stephan Boese-O´Reilly, 2013. Drum mill  in Lombok, Indonesia to grind the ore to extract gold from ore with 

mercury
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Metallic mercury 
exposure

• Airway & skin symptoms

• Central nervous system 

problems

• Peripheral nervous system 

problems

• Mercurial erethism

• Neurocognitive disorders

• Gingivitis & stomatitis

• Kidney problems

• Fever & headaches

Inorganic mercury 
exposure

• Kidney damage to 
proximate tubules



The fetal brain is the most sensitive human tissue to damage from this powerful neurodevelopmental toxicant.  In 
order for the brain to develop properly, an orderly process of cell  differentiation and migration must occur to 
produce a specific and highly ordered brain architecture.  Methylmercury interferes with this process by binding to 
critical structures such as microtubules that are crucial to normal cell  division and migration.  It also binds to and 
distorts important molecules l ike DNA and RNA.

Reference:
• dos Santos AA, Hort MA, Culbreth M, López-Granero C, Farina M, Rocha JBT et al. (2016). Methylmercury and 

brain development: A review of recent l iterature. J Trace Elem Med Biol. 38:99–107. doi: 
10.1016/j.jtemb.2016.03.001. 

Figure:
• Methylmercury cation. Public domain. (https://commons.wikimedia.org/w/index.php?curid=1571961, accessed 

25 June 2019). 
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Organic mercury (MeHg): powerful 
neurodevelopmental toxicant

• Impedes nerve cell division 

and migration

• Binds with microtubules 

required for neuronal 

development

• Binds to and distorts DNA & 

RNA



Recalling that mercury inhibits cell  division and migration during development, it is easy to see from this schematic 
why the fetus and young children are particularly at risk when exposed.  Note how much cell  proliferation and 
migration occurs during the second and third trimester.  Note also how much continues to occur in the first 2 -3 years 
postnatally. Exposure to neurodevelopmental toxicants l ike methylmercury during these periods of rapid maturation 
and change can have profound consequences.  

References:

• Rice D, Barone S Jr (2000). Critical periods of vulnerability for the developing nervous system: evidence from 
humans and animal models. Environ Health Perspect.108(Suppl 3):511-33. doi:10.1289/ehp.00108s3511.

Figure:

• © Georg Thieme Verlag KG. In: Herschkowitz N, Kagan J, Ziles K (1997). Neurobiological bases of behavioral 
development in the first year. Neuropediatrics. 28(6):296-306. doi:10.1055/s-2007-973720. 
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Neurodevelopment



Knowledge about the extreme vulnerability of the fetus to methylmercury began with the Minamata Bay, Japan 
experience.  The bay was heavily contaminated with methylmercury from industrial discharge. Fish bioconcentrated 
the toxicant and mothers acquired high blood levels from eating fish from the bay.  While the mothers were usually 
without symptoms of mercury poisoning, their babies were born with severe neurological symptoms and birth 
defects. These included: microcephaly, cerebral palsy, intellectual disability, seizure disorders, paraesthesia, 
neuralgia, dermographism, blindness, deafness and impairment of hearing. Children born with Minamata Disease 
experienced comas and even death due to prenatal methylmercury exposure. 

Information on the Japanese National Institute on Minamata Disease can be found at http://www.nimd.go.jp/.

References:
• Yorifuji  T, Tsuda T, Takao S, Harada M. Long-term exposure to methylmercury and neurologic signs in Minamata 

and neighboring communities. Epidemiology. 2008 Jan;19(1):3-9. 
• Bose-O’Reilly S, McCarty KM, Steckling N, Lettmeier B (2010). Mercury Exposure and Children’s Health. Curr Probl 

Pediatr Adolesc Health Care. 40(8):186–215. doi:10.1016/j.cppeds. 2010.07.002. 
• Mori C, Todaka E (2011). Environmental contaminants and children’s health: sustainable health science for future 

generations. Tokyo: Maruzen Planet Co., Ltd. (http://cpms.chiba-u.jp/, accessed 30 June 2019). 

Photo:
• Dr. Stephan Boese-O´Reilly. Minamata Bay Japan, 2001.
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Minamata Disease: 
methylmercury exposure in pregnancy

• Mothers often asymptomatic

• Severe neurological symptoms

• Severe birth defects

• Comas

• Death

Minamata Bay, Japan



Depending on the dose and timing of exposure during gestation, the effects may be severe and immediately obvious, 
or subtle and delayed. 

Results from long-term cohort studies suggest that the cardiovascular system is also at risk with decreased heart rate 
variability as methylmercury exposure increases. One study suggested diastolic blood pressure in boys may be 
associated with prenatal methylmercury exposure, but the association needs more study.

Health effects of methlymercury are often irreversible.

References:
• Bose-O’Reilly S, McCarty KM, Steckling N, Lettmeier B (2010). Mercury Exposure and Children’s Health. Curr Probl 

Pediatr Adolesc Health Care. 40(8):186–215. doi:10.1016/j.cppeds. 2010.07.002. 
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Effects of prenatal methylmercury exposure

• Intrauterine and early neonatal death
• Intellectual disability, IQ loss

• Ataxia & cerebral palsy
• Seizures

• Vision & hearing loss

• Delayed developmental milestones
• Language disorders

• Deficits in fine motor function 
• Visual spatial disabilities

• Memory and attention problems

• Low cardiac rate variability 
• Increased cholesterol & blood pressure

DOSE



A 2016 publication examined the economic implications of mercury exposure in 15 developing countries near 
mercury sources named in the Minamata Convention. There is a 0.18 loss in IQ for every part per mill ion of 
additional hair mercury.  Measuring mercury concentrations in human hair, researchers then calculated increases in 
intellectual disability, lost Disability-Adjusted Life Years (DALYs) and lost economic productivity in 2010 US dollars. 
Given that these estimates are only for selected countries, an even larger economic burden could be prevented 
through implementation of the Minamata Convention. 

Moreover, the costs attributed to the neurotoxic effects of methylmercury are not l imited to the developing world. A 
number of analyses conducted over 2005 and 2006 indicated that there are considerable health and financial 
benefits from restricting Hg exposure in the developed world. At cord blood mercury levels above 5.8 µg/dL, children 
experience lost IQ. Examining cohorts of hundreds of thousands of American babies, it was found that $8.7 bil l ion in 
2000 US dollars were lost every year due to mercury exposure. Removing mercury exposure from electricity 
generation facil ities in the country would save $1.3 bil l ion of that lost economic productivity. 

References:
• Trasande L, Landrigan PJ, Schechter C (2005). Public health and the economic consequences of methylmercury 

toxicity to the developing brain. Environ Health Perspect. 113(5):590. doi:10.1289/ehp.774.
• Trasande L, Schechter C, Haynes KA, Landrigan PJ (2006). Applying cost analyses to drive policy that protects 

children: mercury as a case study. Ann N Y Acad Sci. 1076:911-923. doi: 10.1196/annals.1371.034.
• Trasande L, DiGangi J, Evers DC, Petrlik J, Buck DG, Šamánek J et al. (2016). Economic implications of mercury 

exposure in the context of the global mercury treaty: hair mercury levels and estimated lost economic 
productivity in selected developing countries. J Environ Manage. 183:229-235. 
doi:10.1016/j.jenvman.2016.08.058.
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Estimated costs of methylmercury toxicity to the 
developing brain

• 2016: Economic implications of Hg in 15 developing countries:

• 1310 – 4110 additional cases of intellectual disability

• 16 501 – 51 809 lost DALYs

• $77.4 million – $130 million in lost economic productivity

• 2005/2006: Economic consequences of MeHg to the developing 

brain in a developed country:

• 316 588 – 637 233 US children each year with reduced IQ due 

to mercury

• $8.7 billion annual lost economic productivity



Case studies:
1. Siblings
2. Tatelu (Indonesia) exposed children
3. Tremor mercurialis
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Outline

• Introduction & magnitude of the problem

• Environmental origin, transport and fate

• Health effects of exposure

• Case studies

• Prevention and management of exposure



PC = presenting complaint
HPC = history of presenting complaint
PMHx = prior medical history
FHx = family history

References:
• Yilmaz C, Okur M, Geylani H, Caksen H, Tuncer O, Ataş B (2010). Chronic mercury poisoning: report of two 

siblings. Indian J Occup Environ Med. 14(1):17-9. doi: 10.4103/0019-5278.64610.
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Case study 1: Siblings

Patient 1 history:

• PC: boy, 7 years of age, was 
referred for pain in legs, neck 

and abdomen

• HPC: 2-3kg weight loss, 

reduced appetite; nil fever, 

vomiting, diarrhoea

• PMHx: measles, charcoal 
poisoning

• FHx: sister (patient 2) has 
abdominal pain. Nil other 

notable FHx

Patient 2 history:

• PC: girl ,13 years of age, 
was referred with 

abdominal pain, extremity 

pain, dermal eruptions

• FHx: brother (patient 1)



HR = heart rate
RR = respiration rate
BP = arterial blood pressure
Temp = temperature
NAD = no abnormality discovered

References:
• Yilmaz C, Okur M, Geylani H, Caksen H, Tuncer O, Ataş B (2010). Chronic mercury poisoning: report of two 

siblings. Indian J Occup Environ Med. 14(1):17-9. doi: 10.4103/0019-5278.64610.
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Patient 1 examination:

• HR 110/min

• RR 28/min 

• BP 100/70 mmHg 

• Temp 37oC

• Weight 26 kg

• Height 128 cm

• General condition moderate 

but fatigued

• Diffused peripheral sensitivity

• NAD on other examinations

Patient 2 examination:

• HR 128/min 

• BP 110/80 mmHg 

• Temp 37.6oC

• Weight 50.5 kg

• Height 164 cm

• General condition was good

• Diffused sensitivity 

peripherally. Nil increased 

temperature, rash, swelling, 
restricted movements

• Linear erythematous rashes 
and ulcers in gluteal regions



References:
• Yilmaz C, Okur M, Geylani H, Caksen H, Tuncer O, Ataş B (2010). Chronic mercury poisoning: report of two 

siblings. Indian J Occup Environ Med. 14(1):17-9. doi: 10.4103/0019-5278.64610.
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Investigations

• Full blood counts

• Urinary studies

• Liver and renal function tests

• CRP, ANA, LDH, TFT

• Blood Hg studies

• Patient 1: 9.3ug/dL

• Patient 2: 12.8ug/dL

Both patients have developed chronic mercury poisoning as a result 

of frequent play with mercury containing batteries in the home 
over a long period of time.



This slide shows results from the UNIDO projects in Indonesia by Boese-O´Reilly S., Drasch G, Rodriquez S., Beinhoff 
C. 

Tatelu is a vil lage in Indonesia (Sulawesi) studied for its ASGM industry. Children worked here as small scale miners 
with mercury, and no separation was observed between working and housing areas. In the box plot of mercury levels 
in urine shown here, Tatelu children were divided into three exposure risk groups: control group from non -exposed 
area with a similar social structure; children living but not working in the exposure area; and children living in the 
area and working in ASGM. It is clear that mercury levels differed between each group, with the highest levels for 
child labourers but also significantly elevated levels for children living in the area and not working. 

UNIDO: United Nations Industrial Development Organization

References:
• Boese-O'Reilly S, Lettmeier B, Gothe RM, Beinhoff C, Siebert U, Drash G. Mercury as a serious health hazard for 

children in gold mining areas. Environ Res. 2008 May;107(1):89-97.

Figure:
• Derived from: Boese-O'Reilly S, Lettmeier B, Gothe RM, Beinhoff C, Siebert U, Drash G. Mercury as a serious 

health hazard for children in gold mining areas. Environ Res. 2008 May;107(1):89-97.
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Case study 2: Tatelu (Indonesia) exposed children

Hg in urine of children 

aged 8 to 13 who live 

and/or work in the area



Dysdiadochokinesia is a clinical symptom of cerebellar damage. This slide shows cerebellar effects in children 8 to 13 
years of age divided into the same groups from the previous slide: control group, l iving but not working in the area, 
and working in the area. The children in the highest exposure group showed the highest rate of symptoms.

References:
• Bose-O'Reilly S, Lettmeier B, Gothe RM, Beinhoff C, Siebert U, Drasch G. Mercury as a serious health hazard for 

children in gold mining areas. Environ Res. 2008;107(1):89-97.
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Dysdiadochokinesia

Children from Tatelu (Sulawesi)
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Tremor mercurialis, tremor caused by mercury exposure, is a typical symptom of acute and chronic mercury 
intoxication. The image shows writing samples from a young girl  exposed to mercury developed a tremor, as seen by 
the progressive deterioration in her handwriting. This exposure was due to contaminated grain, and demonstrates 
that exposures well after infancy can also have serious consequences.

Figure:
• Dr. Stephan Boese-O´Reilly. 9 year old girl, handwriting example, 1989.

References:
• Böse (1993). Chronische Metallintoxikationen als Ursache neuropaediatrischer Erkrankungen. Paediat Prax.

45:183.
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Case study 3: tremor mercurialis

Handwriting of a girl, 

age 9, in monthly 

intervals after an 

accidental intake of 

seed preservatives 

containing mercury. 



Prevention and management of mercury exposure:
• At home, medical domain, regulatory measures
• Minamata Convention
• Sustainable Development Goals
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When mercury is exposed to air, it gives off vapours that, under some circumstances, can build up in indoor air at 
high enough concentrations to pose health risks to occupants. Air vapours from spilled mercury can also eventually 
settle onto water, increasing the mercury levels in fish. Therefore, it is important to clean up mercury spil ls properly 
and to report them to the proper authorities when necessary. 

During a mercury spil l, mercury breaks into tiny beads that roll  and can easily become trapped in small cracks in the 
surface. Proper precautions are necessary to protect the health of oneself and one’s family. 

General procedure for spillages:
• Evacuate and secure the contaminated area. Do not allow children to assist.
• Decontaminate eyes and skin of exposed personnel immediately.
• Limit the spread of the spill (do not walk around in contaminated clothing or shoes)
• Collect all  spilled or contaminated material. Ideally, spilt droplets of mercury should be recovered for safe 

disposal. Never brush or vacuum mercury, to avoid creating smaller droplets and dispersing mercury in air. 
• Decontaminate the area. Smooth surfaces can be cleaned but absorbent materials cannot.
• Safely dispose of mercury waste; do not incinerate or pour down drains, to prevent atmospheric pollution and 

contamination of wastewater. Consult local health and safety authorities on how to safely dispose of mercury 
waste in your area. 

Reference:
• WHO (2014). Safe management of wastes from health-care activities. Geneva: World Health Organization. 

(https://www.who.int/water_sanitation_health/publications/wastemanag/en/, accessed 3 May 2019). 
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Metallic mercury spill precautions

• Have and know how to use a spill kit

• Consult local health and safety authorities for spills larger than a 
thermometer

• Never brush or vacuum spilt mercury

• Wood, linoleum, tile and smooth surfaces can be easily cleaned

• Carpets, curtains, upholstery and absorbent materials cannot be 

completely cleaned

• Isolate and safely dispose of affected portions

• Safely dispose of mercury waste; do not incinerate or pour down 

drains

PREVENTION
& MANAGEMENT



Treatment begins with the elimination of exposure. Permanent damage may have already occurred, but ongoing 
damage may be reduced through chelation in some cases of exposure. No medical therapy can replace the necessity 
for a reduction of the external burden, but it lowers the adverse effects of a mercury intoxication.

"Mixed" exposure: acute and chronic
"Combined" exposure: elemental, inorganic and organic (as seen in gold-mining areas).
With DMSA: Multiple courses of 3 week courses separated by 4-8 weeks are usually required (This is approved only 
for Pb).

DMPS (Unithiol): 2,3.dimercaptopropanesulphonic acid 
DMSA (Succimer): meso-2,3-dimercaptosuccinic acid 

Always check the treatment indication and dosages with the local poison control centre or health centre!

References:
• ATSDR (2014). Medical Management Guidelines for Mercury. Mercury (Hg)

CAS 7439-97-6; UN 2024 (l iquid compounds). Atlanta: Agency for Toxic Substances and Disease Registry. 
(https://www.atsdr.cdc.gov/MMG/MMG.asp?id=106&tid=24, accessed 25 June 2019). 

• Rafati-Rahimzadeh M, Rafati -Rahimzadeh M, Kazemi S, Moghadamnia AA (2014). Current approaches of the 
management of mercury poisoning: need of the hour. Daru. 22(1):46. doi:10.1186/2008 -2231-22-46.

• Bernhoft RA (2012). Mercury Toxicity and Treatment: A Review of the Literature. J Environ Public Health. 
2012:460508. doi: 10.1155/2012/460508.
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Immediate management of mercury exposure

• There are no global guidelines on chelation treatment or 
treatment of Hg toxicity, and so always check with local 

treatment protocols

• Remove person from exposure

• Chelating agents may reduce the body burden of Hg and may 

improve some symptoms
• DMPS: simple to use (orally), has few side effects

• DMPS: effective in ‘mixed’ and ‘combined’ Hg exposures

• DMSA: may have some advantages in MeHg poisoning

• Symptomatic treatment
• Rehabilitation

PREVENTION
& MANAGEMENT



In this summary slide, this figure shows release categories of mercury to the biosphere with main types of possible 
control mechanisms. Hg from natural sources is out of human control, but exposure to the Hg present in raw 
materials (e.g. fossil fuels, particularly coal and minerals) or used in products or released in processes may be 
controlled through:
• Reduction of use
• Use of alternative materials
• Improved recycling/recovery
• Technological improvements
• Good policies!

References:
• UNEP. Global Mercury Assessment. Geneva: United Nations Environment Programme; 2002.

Figure:
• UNEP. Global Mercury Assessment. Geneva: United Nations Environment Programme; 2002.
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Possible environmental control mechanisms

PREVENTION
& MANAGEMENT



Examples of common products that may contain mercury include: antiques, electronics, lamps, thermometers, 
batteries, cosmetics.

Burning coal to produce electricity also releases mercury found in coal. Some households may be able to choose 
different sources other than coal -burning power plants. Alternative energy sources include: natural gas, nuclear 
power, wind and solar. 

Note: These are not WHO guidelines. Further suggestions may be found on the U.S. EPA’s website, as referenced 
below. 

Reference:
• EPA (2018). Mercury in your environment: steps you can take [website]. Washington, DC: United States 

Environmental Protection Agency. (https://www.epa.gov/mercury/mercury-your-environment-steps-you-can-
take, accessed 24 April  2019). 
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Primary prevention – at home

• Avoid traditional and any other use of elemental Hg

• Avoid having children play with elemental Hg

• Eliminate equipment with Hg

• Safely dispose of Hg-containing products

• Consider sources of electricity that do not release mercury

PREVENTION
& MANAGEMENT



Prevention is pivotal because the brain has l ittle or no ability to repair, particularly from prenatal damage to basic 
neuro-architecture. Primary prevention is crucial to prevent mercury releases at the source. 

Mercury is used in health care settings in thermometers, sphygmomanometers, cantor tubes, dilators, mercury 
switches and some button-shaped batteries. Mercury may also be present in dental amalgams. Health care facil ities 
are responsible for up to 5% of mercury contamination in water through wastewater disposal and 10% of historic 
mercury release in air through incineration. 

In the health care settings, providers can: 
• Develop safe mercury clean-up, handling and storage procedures. Keep mercury spil l kits and train medical staff 

on how to use them where mercury is present in health care settings.
• Practice environmentally preferable purchasing by reducing unnecessary use of mercury equipment and 

replacing with mercury-free alternatives. 

Health care providers can also encourage mercury-free communities, through thermometer exchange, hazardous 
waste education and change to high-risk behaviours, such as folk medicines and cottage industries.  

Regulations to control emissions and mining are also important, and health care providers have a powerful voice that 
can be used to influence politicians and regulators.

Since methylmercury from fish is the major world wide exposure, counselling mothers on safer fish consumption can 
help to protect the fetus and young children as a form of secondary prevention. 

Reference:
• WHO (2014). Safe management of wastes from health-care activities. Geneva: World Health Organization. 

(https://www.who.int/water_sanitation_health/publications/wastemanag/en/, accessed 3 May 2019). 
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What healthcare providers can do

Primary prevention

• Hg-free office and hospital

• Health care facilities contribute 5% of mercury in water and 

10% of mercury in air

• Replace mercury-containing equipment with alternatives

• Hg-free communities

• Advocacy

• Request emission controls on power plants, incinerators

• Prevent childhood exposure to ASGM

Secondary prevention

• Fish consumption advice

PREVENTION
& MANAGEMENT



Diagnosis of mercury intoxication, particularly if it is chronic and low dose, requires a high index of suspicion. Careful 
history taking is necessary to find potential sources of exposure.  

If symptoms are found, the analysis of blood, urine or hair should be performed. 
• Urine mercury is a widely used biomarker for elemental and inorganic exposure. 
• Total blood mercury indicates absorbed dose and amount systemically available, though interpretation depends 

on knowledge of exposure sources. By itself, blood mercury cannot establish magnitude or timing of exposures. 
• Hair analysis reflects the cumulative exposure in the last months. Hair grows about 1.25cm per month and takes 

three weeks to grow out of the skin. Segmental analysis can provide information about magnitude and timing of 
past exposure. 

References:
• WHO (2010). Children’s exposure to mercury compounds. Geneva: World Health Organization. 

(http://www.who.int/ceh/publications/children_exposure/en/, accessed 19 October 2018). 
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Diagnosis: a high index of suspicion

• Think about Hg!

• Careful history-taking: food, activities, environment

• Clinical observation

• Urine Hg (elemental and inorganic exposure)

• Blood Hg (organic exposure, inorganic exposure)

• Hair Hg (methylmercury exposure)

Note: this is not a WHO guideline.

PREVENTION
& MANAGEMENT



• Control/reduce Hg release into the environment through actions on:
• Coal burning power plants
• Medical uses  and waste
• Municipal and hazardous waste incineration
• Factory and mining discharges

• Enforce environmental standards – control of Hg levels in drinking water, surface waters, air, soil  and foodstuff –
fish

• Implement standards, actions and programmes on Hg exposure - In the workplace, through fish consumption 
advisories and consumer safety measures.

• Eradicate child labour with mercury - In small scale mining areas and other occupations

These are more systemic approaches to prevention through regulatory measures.

Notes:
• If there are political strategies that are being proposed or developed in your local area, it would be suitable to 

insert them here.
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Primary prevention - regulation

• Control/reduce Hg release into the environment

• Enforce environmental standards

• Implement standards, actions, and programmes on Hg exposure

• Eradicate child labour with Hg

PREVENTION
& MANAGEMENT



The Joint FAO/WHO Expert Committee on Food Additives (JECFA) established a provisional tolerable weekly intake 
for inorganic mercury of 4 μg/kg body weight, applicable to dietary exposure to total mercury from foods other than 
fish and shellfish. The provisional tolerable weekly intake for methyl mercury is 1.6 μg/kg body weight, applicable to 
dietary exposure from fish and shellfish.

The Joint FAO/WHO Expert Consultation on the Risks and Benefits of Fish Consumption (WHO risk/benefit analysis) 
found that neurodevelopmental risks of not eating fish exceed risks of eating fish 
• for up to at least seven 100 gram servings per week for all  fish containing less than 0.5 µg/g methylmercury; and
• For up to at least two 100 gram servings per week for fish with greater than 1 µg/g methylmercury. 

Additionally, the Joint FAO/WHO Food Standards Programme Codex Committee on Contaminants in Food has 
proposed a maximum limit of 0.3 mg/kg for Albacore tuna and other (than Atlantic and Southern) Bluefin tuna, 
Bigeye tuna, Alfonsino, Dogfish, Marlin, Shark, and Swordfish. 

FAO: Food and Agriculture Organization of the United Nations 

References:
• JECFA (2011). Evaluation of certain contaminants in food: seventy-second report of the Joint FAO/WHO Expert 

Committee on Food Additives. Geneva: World Health Organization, Food and Agriculture Organization of the 
United Nations. (WHO Technical Report Series, No. 959; https://www.who.int/foodsafety/publications/jecfa-
reports/en/, accessed 24 January 2019).  

• FAO (2010). Report of the Joint FAO/WHO Expert Consultation on the Risks and Benefits of Fish Consumption, 
Rome, 25-29 January 2010. FAO Fisheries and Aquaculture Report No. 978. Rome: Food and Agriculture 
Organization of the United Nations. (FIPM/R978; http://www.fao.org/3/ba0136e/ba0136e00.htm, accessed 9 
May 2019).

• FAO (2017). Discussion paper on maximum levels for methylmercury in fish, Eleventh Session, Rio de Janeiro, 
Brazil, 3 – 7 April  2017.. Codex Committee on Contaminants in Foods. Joint FAO/WHO Food Standards 
Programme. (CX/CF 17/11/12; http://www.fao.org/fao-who-
codexalimentarius/meetings/detail/en/?meeting=CCCF&session=11, accessed 9 May 2019).  
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Tolerable Intakes

Joint FAO/WHO Expert Committee on Food Additives

• Provisional tolerable weekly intakes

• Inorganic mercury

• 4 µg/kg body weight

• Methyl mercury

• 1.6 µg/kg body weight

WHO risk/benefit analysis

• Fish consumption should not exceed 7 servings per week for all 

fish containing less than 0.5 μg/g MeHg

• Fish consumption should not exceed 2 servings per week for fish 

containing more than 1 μg/g MeHg.

PREVENTION
& MANAGEMENT



US EPA and FDA have made the above fish intake recommendations to balance the nutritional benefits of eating fish 
with the risks of mercury intake. They recommend eating more fish lower in mercury for women of childbearing age 
(about 16-49 years of age), pregnant and breastfeeding women and young children. 

Note: This is not a WHO guideline. 

References:
• EPA (2017). 2017 EPA-FDA advice about eating fish and shellfish [website]. Washington, DC: United States 

Environmental Protection Agency. (https://www.epa.gov/fish-tech/2017-epa-fda-advice-about-eating-fish-and-
shellfish, accessed 24 April  2019). 

Figure:
• EPA (2017). 2017 EPA-FDA advice about eating fish and shellfish [website]. Washington, DC: United States 

Environmental Protection Agency. (https://www.epa.gov/fish-tech/2017-epa-fda-advice-about-eating-fish-and-
shellfish, accessed 24 April  2019). 
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Example secondary prevention: USA
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Levels of fish contamination vary by region, as i l lustrated by differences between recommendations in the USA and 
Australia and New Zealand. While USA advice focused on pregnant women and children and suggested avoiding 
high-mercury fish entirely, Australia and New Zealand advise that fish with higher levels of mercury can be consumed 
if done so less frequently and without other fish consumption. Australia and New Zealand also contrast 
recommendations for pregnancy and childhood with recommendations for the rest of the population. 

Note: This is not a WHO guideline. Check fish consumption advice in your area. 

References:
• FSANZ (2011). Mercury in fish [website]. Canberra: Food Standards Australia New Zealand. 

(http://www.foodstandards.gov.au/consumer/chemicals/mercury/pages/default.aspx , accessed 26 April  2019). 

Figure
• © Food Standards Australia New Zealand.
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Example secondary prevention: 
Australia and New Zealand
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In Minamata Bay, Japan during the 1950s and 1960s people began experiencing severe neurological symptoms, 
including seizures and convulsions leading often to coma then death. They were suffering from severe mercury 
poisoning, later termed Minamata disease, due to high mercury levels in the fish and shellfish they consumed from 
the bay. Unbeknownst to residents, a nearby factory had been releasing contaminated wastewater into the water. 

The infamous disaster drew attention to the issue of environmental mercury exposure and spurred international 
action. Decades later, Minamata serves as the namesake of the 2013 treaty to protect human health and the 
environment from the adverse effects of mercury by reducing emissions and controlling releases. 

Of note, Article 16 lays out actions that parties may take relating to health:
• Programmes to identify and protect populations at risk
• Guidelines for exposure, targets for exposure reduction
• Education to prevent occupational and public exposure
• Healthcare for prevention and treatment for affected populations
• Strengthen programmes to identify and protect populations at risk

The Minamata Convention on Mercury was adopted in October 2013 and entered into force in August 2017, the first 
global environmental agreement of the 21st century. As of April  2019, there are 107 parties and 128 signatories to 
the convention. 

The World Health Assembly approved resolution WHA67.11 in 2014: Public health impacts of exposure to mercury 
and mercury compounds: the role of WHO and ministries of public health in the implementation of the Minamata 
Convention. The resolution commits WHO to support Member States in implementing the Minamata Convention, 
including by ratification of the convention, addressing health aspects of mercury exposure and ensuring the safe 
management of mercury compounds throughout their l ife cycle. 

References:
• Secretariat of the Minamata Convention on Mercury (2018). Minamata convention on mercury [website]. 

Geneva: Secretariat of the Minamata Convention on Mercury. (http://www.mercuryconvention.org/, accessed 12 
November 2018).

• WHO (2014). Sixty-seventh World Health Assembly, Geneva, 19–24 May 2014: Resolutions and decisions 
annexes. Geneva: World Health Organization. (WHA67/2014/REC/1; http://apps.who.int/gb/e/e_wha67.html , 
accessed 26 April  2019). 

• Mori C, Todaka E (2011). Environmental contaminants and children’s health: sustainable health science for future 
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Minamata Convention on Mercury

• 1950s & 1960s: Mercury 
poisoning episode in Minamata 

Bay caused by industrial 
contamination 

• 2013: Minamata Convention: “to 
protect the human health and the 

environment from anthropogenic 
emissions and releases of mercury 

and mercury compounds”

• 2014: World Health Assembly 

resolution WHA64.11 to support 

Member States in implementing 
the Minamata Convention
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generations. Tokyo: Maruzen Planet Co., Ltd. (http://cpms.chiba-u.jp/, accessed 30 June 2019).  

Image:
• © National Land Image Information (Color Aerial Photographs), Ministry of Land, Infrastructure, 

Transport and Tourism of Japan
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An increased focus on the elimination of mercury as well as the implementation of the Minamata Convention will  
contribute to the achievement of several SDG Targets (excerpts above, full  text below):

• 3.9: By 2030, substantially reduce the number of deaths and il lnesses from hazardous chemicals and air, water 
and soil  pollution and contamination.

• 6.3: By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing release of 
hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially increasing 
recycling and safe reuse globally.

• 12.4: By 2020, achieve the environmentally sound management of chemicals and all wastes throughout their l ife 
cycle, in accordance with agreed international frameworks, and significantly reduce their release to air, water and 
soil  in order to minimize their adverse impacts on human health and the environment.

References:
• UN (2019). Sustainable Development Goals [website]. New York: United Nations. 

(http://www.un.org/sustainabledevelopment/sustainable-development-goals, accessed 24 April  2019).
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Sustainable Development Goals

3.9: By 2030, reduce the number of 
deaths and illnesses from hazardous 

chemicals and air, water, and soil 
pollution and contamination

6.3: By 2030, improve water quality by 
reducing pollution, eliminating 

dumping and minimizing release of 
hazardous chemicals and materials

12.4: By 2020, achieve the 
environmentally sound management 

of chemicals and all wastes throughout 
their life cycle
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