
TUESDAY, 14 JUNE 2022
1 5 h 0 0 - 1 7 h 0 0  C E S T

Please register for the WebEx 
session using the links above.

Information about Minamata Online

M
ERCURY SCIENCE

SPEAKERS

Check the Season 2 calendar

Mr. David Evers
Biodiversity Research Institute

Mr. Jaime Echeverría
EAE Consult

This session, co-organized with ICMGP, will review the state of knowledge on the impacts of 
mercury pollution on biodiversity and livelihoods, and explore the applicability of economic tools 
to support mercury-related policies and national efforts to implement the Minamata Convention in 
connection with wider sustainable development goals.

R E G I S T E R  N O W

Environmental and socio-economic 
impacts of mercury pollution 

Ms. Manoela Pessoa De Miranda
Secretariat of the Minamata Convention on Mercury

Ms. Eva Kruemmel
Inuit Circumpolar Council

https://www.mercuryconvention.org/Meetings/MinamataOnlineSeason2/tabid/8905/language/en-US/Default.aspx
https://unep.webex.com/unep/j.php?RGID=r66ba6204149217d9b561a5762806f000
https://www.mercuryconvention.org/portals/11/Documents/Meetings/MO2Calendar.pdf
https://www.mercuryconvention.org/portals/11/Documents/Meetings/MO2Calendar.pdf
https://unep.webex.com/unep/j.php?RGID=r6df7f12059f6453676962d940dd903d4
https://unep.webex.com/unep/j.php?RGID=r66ba6204149217d9b561a5762806f000
https://unep.webex.com/unep/j.php?RGID=r66ba6204149217d9b561a5762806f000


How Inuit are affected by mercury in the Arctic

Eva Kruemmel, Ph.D.
ScienTissiME/Inuit Circumpolar Council

Minamata Online
“Environmental and socioeconomic impacts 

of  mercury pollution 
14th June 2022



Importance of the Arctic

Preamble of  the Minamata
Convention:

”Noting the particular 
vulnerabilities of  Arctic 
ecosystems and indigenous 
communities because of  the 
biomagnification of  mercury and 
contamination of  traditional foods, 
and concerned about indigenous 
communities more generally with 
respect to the effects of  mercury,”



Offices



Why mercury matters in the Arctic
• Long-range transport (few sources within the region)

• Biomagnification in (marine) food webs

• Subsistence consumption of  marine foods (marine mammals)

• Very high levels of  mercury in some Arctic human populations 
and wildlife (exceeding guidelines)

• Concern for ecosystem and human health effects

AMAP Hg Assessment 2011



Importance of global action

• “On average, 92.4% 
(range: 74.2-94.4 %) 
of present-day Hg in 
Arctic wildlife is 
likely to be of 
anthropogenic 
origin.” 



Mercury Exceedances in Inuit 
women 

AMAP Human Health Assessment 2009 (www.amap.no)

Presenter Notes
Presentation Notes
Particularly concerning is that in Greenlandic Inuit women, up to 97% of women exceeded the guideline developed by the US National Research Council.



Health effects of Hg in Nunavik

Lemire et al, NRBHSS; Pirkle, Muckle and Lemire, CMAJ, 2016

Children (Nunavik Child Development Study)
Prenatal
exposure

• Shortened gestation/prematurity
• Later in childhood:

o Impairments in: memory, intellectual
performance, language, processing of visuo-
spatial and sensory information, balance and
motor abilities

o Increased risk of attention problems and
attention-deficit hyperactivity disorder
symptomology (inattentive type)

Postnatal
exposure

• Altered fine motor functions
• Decreased heart rate variability

Adults (Qanuippitaa 2004)
Adult 
exposure

• Elevated blood pressure and decreased heart rate
variability

• Lower paraoxonase 1 (PON 1) activity



Health impact of Hg in the Arctic



Example Faroe Islands

1 2 3 4 5 6 7

1. High Hg levels in pilot whale meat, kidney, liver: 
General population: “Limit consumption to one 
meal of meat weekly, avoid liver, kidneys” 

2. High PCB, DDT levels in blubber, high Hg levels 
in meat: General population: “limit consumption 
to 150-200g whale meat/week, 100 – 200 g 
blubber/month, no liver or kidneys”

3. Cord blood Hg levels 24.2 ug/L (median), 25% 
exceed 40 ug/L

4. High MeHg in maternal hair and cord blood -> 
children effects on brain function, decreased 
heart rate variability, increased blood pressure 
due to prenatal exposure

5. Women: don’t eat blubber until given birth to 
children; when planning to become pregnant 
within 3 months, abstain from pilot whale meat; 
Adults: pilot whale blubber and meat 
consumption not more than once or twice a 
month. Everybody: no liver & kidneys

6. PCBs in blubber adversely affect children’s 
immune system, reduce effects of vaccination; 
Effects from MeHg exposure in children still 
detectable during adolescence

7. No more pilot whale consumption 
recommended.

1977

2008

1989

1992

1998

2006

1997

AMAP Human Health Assessment 2015



Social Benefits

Importance of country foods

Cultural Benefits

Economic Benefits

Nutritional Benefits

Presenter Notes
Presentation Notes
The fact that contaminants exist in the Arctic environment hits Inuit particularly hard because their traditional diet, also called country food, has many distinct benefits, and are very important for Inuit health and well-being for various reasons. Contaminants in country food may cause Inuit to chose a less healthy diet of cheap processed foods rich in sugars and saturated fats, and consequences can be obesity and related diseases, such as coronary heart disease, diabetes, etc.



Risk communication



Difficulties with Risk Communication
• Can lead to fear, confusion, 

undesirable changes in dietary 
behavior and traditional lifestyles, and 
impacts on society, economy and 
health

• Difficult to assess if target audience 
understood/received/registered 
messages 

• Possibility that people can not comply 
with the message due to extenuating 
circumstances (i.e. food insecurity)

• Well-being and cultural importance of 
the traditional country foods

AMAP Human Health Assessments (2015, 2021)

Presenter Notes
Presentation Notes
Food insecurity: store foods very expensive, availability of traditional country foods depends on what can be hunted and when. If a pod of narwhales are frozen in, they will be hunted and eaten, no matter what kind of health advice may exist.



Risk communication success?

Have you heard any of the following advice or messages 
(n=97)?

Yes No Don’t 
know

Country foods are a good source of healthy fats 78 % 19 % 3 %

Generally, eating country foods is good for 
pregnant women 90 % 8 % 2 %

Generally, eating country foods is good for a 
developing foetus 85 % 9 % 6 %

Pregnant women should reduce the amount of 
beluga meat they eat 36 % 57 % 7 %

13



Indigenous 
Knowledge

Science

Policy Development, Management, Regulations

Decreasing Mercury Levels in the Environment

Mercury Research

Picture: Peter Mather

Co-producing mercury 
monitoring/research



Contributions of Indigenous Peoples to the study of 
mercury in the circumpolar Arctic

• Houde M., Krümmel EM, 34 co-authors: 

 AMAP Mercury in the Arctic 2021
 STOTEN in press



Over 40 mercury projects featured



Specific examples of Indigenous 
contributions

• Indigenous Knowledge (IK) explaining lower Hg levels due 
to fish migration

• Feeding behavior of caribou

• IK on fish types, appearance, habitat, and feeding 
ecology, which were found to cause different Hg levels

• Concerns about fish health leading to contaminant study

• Selenoneine concentrations in beluga and humans – why 
women in Nunavik have higher selenoneine levels
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Recommendations
AMAP Hg Assessment 2021 Summary for Policy Makers: 

• The development of  collaborative processes and 
partnerships between Arctic Indigenous Peoples, local 
communities, and scientists, including equitable 
engagement of  Indigenous Peoples, is key to the success 
of  long-term research, monitoring and risk management 
and communication in the region. 

STOTEN paper:
• Sustainable funding for community-driven monitoring and 

research programs in Arctic countries would be 
beneficial and assist in developing more 
research/monitoring capacity and would promote a more 
holistic approach to understanding Hg in the Arctic.



Summary

• Inuit are adversely affected by 
mercury in the Arctic

• Health effects have  been measured
• Cultural impacts due to mercury
• Importance of  equitable and ethical 

research, co-production of  
knowledge

Visit: www.inuitcircumpolar.com 

AMAP assessments: www.amap.no



Nexus of environmental 
mercury and biological 
diversity

David Evers, PhD

Biodiversity Research Institute

Environmental and Socio-economic Impacts of 
Mercury Pollution

14 June 2022



Key relationships to consider…..

Ecosystem 
Sensitivity

Biological 
diversity

Biotic 
trophic 

level

Hg

Areas of Greatest Concern

1. High ecosystem sensitivity

2. High biological diversity

Species of Greatest Concern

1. High trophic level organisms
a) Aquatic
b) Terrestrial

2. IUCN Red Listed species 





Ecosystem Sensitivity
Factors included in Sensitivity 
Modeling: 

1. Multiple Land Cover Types;
2. Habitat Characteristics;
3. Forest Integrity;
4. Soil Organic Carbon;
5. Water Quality;
6. Climate Change Disturbance; 
7. Naturally occurring mercury



Anthropogenic Influence (e.g., Risk)
Factors included in Anthropogenic 
Influence (e.g., Risk)

1. ASGM;
2. Power Generation;
3. Industrial Sources;
4. Intentional Use and Product Waste;
5. Human-Induced Ecological 
Disturbance:
6. Deforestation; 
7. Fire Management;
8. Hydrologic Alteration;
9. Sedimentation



Threat = sensitivity + risk
Established Areas of Threat 
with new Hg monitoring 
initiatives:

1. Caribbean Region

2. Upper Amazonia

3. Central Africa

4. Indo Pacific

Other Regions?

















Gabon Case 
Study



Mercury in Fish and wildlife –
Where we stand today

• Mercury concentrations in fish and wildlife are broadly known 
across all continents, major water bodies, and all ocean basins

• Over million numbers published to date for over 1,000 
species

• Effects thresholds for relevant outcomes are well known for 
fish, birds and mammals.  They differ by:

• Taxonomic group – Class and Order

• Foraging guild – Piscivores and Invertivores



GBMS to date:

>1,400 references

>640,000 samples 
representing map 
(another ~400,000 fish 
samples not mapped)

>3,600 locations



A provisional slate of some potential bioindicators for evaluating and monitoring environmental 
Hg loads (Evers et al. 2016 Sci. Total Environ. 569-570:888-903.)

Target 
Terrestrial 
Biomes

Associated 
Aquatic 
Ecosystems

Ecological Health

Bioindicators

Human and Ecological Health 

Bioindicators

Freshwater and 
Marine Fish

Freshwater 
Birds

Marine Birds Marine 
Mammals & 
Sea Turtles

Freshwater Fish Marine Fish Marine 
Mammals

Arctic Tundra Arctic Ocean and 
associated estuaries, 
lakes, rivers

Sticklebacks1

(freshwater); 

Arctic Cod2 Sculpin3

(marine)

Loons4,5 Fulmars6 Murres6 Polar Bears7 Seals8 Arctic Char9 Arctic 
Grayling10

Halibut11 Cod11 Beluga12, 2

Narwhal12, 2

Boreal Forest 
and Taiga

North Pacific and 
Atlantic Oceans and 
associated estuaries, 
lakes, rivers 

Perch13 (freshwater); 

Mummichogs14 (marine)

Loons15 Eagles16

Osprey17 Songbirds18

(Warblers, 
Flycatchers, 
Blackbirds)

Osprey19 Petrels20 Mink21,22 Otter21,22

Seals23

Catfish11 Pike10

Sauger10 Walleye10

Flounder11 Snapper11

Tuna11

Pilot Whale24

Temperate 
Broadleaf and 
Mixed Forest

North Pacific and 
Atlantic Oceans, 
Mediterranean and 
Caribbean Seas, and 
associated estuaries, 
lakes rivers

Perch13 (freshwater); 

Mummichogs14

Rockfish11 Sticklebacks25

(marine)

Loons4 Grebes5,26 

Egrets27 Herons27

Osprey17 Terns26

Songbirds18

(Warblers, 
Flycatchers,Wrens, 
Blackbirds, 
Sparrows)

Cormorants28

Osprey5,19 Terns26,28

Otter21,22 Sea 
Turtles29 Seals23

Bass10,30,31 Bream11

Mullet11 Walleye31

Barracuda11 Mackerel11

Mullet11 Scabbard-fish11

Sharks11,32 Tuna11,32

Tropical 
Rainforest

South Pacific and 
South Atlantic and 
Indian Oceans and 
associated estuaries, 
lakes, rivers 

Catfish23      Piranha34  

Snook11 (freshwater); 

Bay Snook11,34 (marine)

Egrets27 Herons27

Kingfishers35 

Songbirds36 (Wrens, 
Thrushes, 
Flycatchers)

Albatrosses37,38

Noddy39

Shearwaters39

Terns39 Tropicbirds39

Otter40 Sea 
Turtles29 Seals41

Catfish11

Snakehead11

Barracuda11 Grouper42

Sharks43,44 Snapper11

Swordfish11,45 Tuna11,45



How do key 
bioindicators 
overlap with 
Hg  in the 
environment?



Quantifying response of Hg to biodiversity

1. Quantify Hg exposure in high trophic level organisms globally – GBMS provides a first step

2. Identify Hg effect thresholds relevant for biota of interest – Peer-reviewed publications

3. Use Hg effect thresholds that are scale-able to individuals (e.g., reproduction or survival) and relate to 
significant injury from Hg

4. Generate population models of adverse impacts 

5. Identify areas that have both high biological diversity and elevated ecosystem sensitivity

6. Run population models of Hg impacts for these identified key areas for species of greatest concern

7. Quantify the injury of Hg at population levels for key areas to identify species-level impacts

8. Determine percent species loss for key biological hotspots

• Fish

•Wildlife
Hg 

Exposure

• Behavior

• Repro-
duction

Hg Effects
•Individuals

•Population

Risk 
Assess-
ment

Biodiversity

Response



Exploratory Assessment of 
Ecosystem-Service Valuation 

Tools and Applicability to 
Mercury-related Policies

by: Jaime Echeverria B.  MSc
EAE CONSULT

June 2022



Turismo & Conservación Consultores S.A.



Provisioning

- Fresh water
- Food
- Genetic resources
- Fiber
- Fuel
- Biochemicals
- Ornamentals

Regulating

- Air quality
- Climate
- Water
- Erosion
- Disease
- Pest
- Pollination
- Natural hazard

Cultural

- Recreation, tourism
- Cultural diversity
- Spiritual & religious
- Educational values
- Aesthetic
- Social relations
- Sense of place
- Cultural heritage

Supporting

• - Soil formation
• - Nutrient cycling
• - Primary

production

ECOSYSTEM SERVICE TYPES







Mercury’s impact on ecosystem services

• Bio-accumulates on large predators
• Impact is not always clear-cut:  “may potentially compromise relative 

individual health and productivity”
• In birds, mercury affects immune function, hormone levels and yearly 

survival of adults, reduce fledging success of nestlings and reduce egg 
hatchability

• Food provision (Minamata case)
• Communities that base their diet on marine, freshwater, and 

terrestrial species
• Recreation sites or national parks



Economic value of the ecosystem services
Category Method

a. Directly observable price for the
ecosystem service

Directly observed values

a. Price is obtained from markets for similar
goods and services

Prices from similar markets

a. Price is incorporated in a market
transaction

Residual value and resource rent methods
Productivity change method
Hedonic pricing method

a. Price is based on costs from related goods
and services

Averting behavior method
Travel cost method

a. Price is based on expected expenditures
or markets

Replacement cost
Avoided damage costs
Simulated Exchange Value (SEV) method

a. Other methods Shadow project cost
Opportunity costs of alternative uses
Stated preference methods
• Contingent valuation
• Choice experiments
Prices from economic modelling
Qualitative methods



Examples related to mercury

• WANG ET AL model



Challenges –
data gaps

• Mobility
• Dose-response
• Attribution – isolation of effects
• Time-scale
• Existing measures of ES is done on per unit 

of area basis
• Indicators for social aspects



Road map for future implementation

RESEARCH

• Creative valuation 
examples

• Cost effective 
alternatives

AWARENESS

• Economic 
valuation of ES

• Strengthen 
capacities

• National action 
plan

IMPLEMENTATION

• Economic analysis 
of alternatives

• Pilot studies
• Extrapolation of 

studies



OUTLOOK AND 
RECOMMENDATIONS

• REPLICATE STUDIES
• INCREASE EFFORTS IN DEVELOPING COUNTRIES
• COST-EFFICIENCY OF ALTERNATIVES
• FOCUS ON THE TOTAL VALUE OF ECOSYSTEMS
• THE BIGGEST CHALLENGE IS TO UNTANGLE THE 

EFFECTS OF MERCURY FROM OTHER STRESSORS



Can natural capital accounting support the 
implementation of the Minamata Convention? 
Manoela Miranda, Secretariat of the Minamata Convention

14 June 2022
Minamata Online – Environmental and socio-economic impacts of mercury pollution



What is the total cost of mercury pollution?

Remediation costs in the presented case studies range between 
2500 and 1.1 million US$ per kilogram of Hg isolated from the biosphere



Cost of mercury pollution 

Forfeit benefits due to reduced IQ from methylmercury per  year :

• US A: US $ 8,700 million (US $2000) (Trasande et al. 2005)

• G reenland:  US $ 59.1 million (Hylander and Goodside 2006)

• European Union: €8,000 to €9,000 million  (B ellanger et al. 2013)

These calculations do not include other less tangible costs of neurotoxicity 

or any other adverse effects of mercury pollution.





Cost of mercury pollution – as a percent of GDP in 2020 

Forfeit benefits due to reduced IQ from methylmercury per  year :

• US A: US $ 8,700 million (US $2000) (Trasande et al. 2005)

0.076% of US  GDP $13.73 billion (US A)



USA: 22.36 kg fish

Fish and seafood consumption per capita  



Cost of mercury pollution – as a percent of GDP in 2020 

Forfeit benefits due to reduced IQ from methylmercury per  year :

• US A: US $ 8,700 million (US $2000) (Trasande et al. 2005)

0.076% of US  GDP $13.73 billion (US A)

$37.04 billion (other countries)
+ $50.77 billion in 61 countr ies

from lost productivity alone

G lobal trade contex t:

Wheat = $39.6 billion
Gold = $422 billion 
S eafood = $164 billion



What is the total cost of mercury pollution?

Why isn’t the cost of mercury part of 
national accounting systems?



Atmospheric deposition leads 
to contamination with mercury 
in over 45,000 water bodies 
failing good chemical status.

38%              62%



S cience Policy

Relative to humans, the effects of Hg on wildlife and ecosystems 
are poorly understood

The economic value of reducing Hg pollution has seldom 
been quantified for wildlife and ecosystem functioning

Including the effects of Hg on wildlife and 
ecosystems is a daunting task; those studies 
that exclude such benefits will underestimate 

the full benefits of Hg reduction



Emission-to-impact pathway of Hg pollution

(Mainly) technological                          (Mainly) environmental

Primary 
mining and 
recycled Hg

Industrial 
processes, 

ASGM, 
medical use, 

etc

Emissions 
and 

releases

Environment
al 

distribution 
and fate

Exposure of 
other Earth 

system 
components

Disturbance 
of Earth 
system 

processes

Production and use volumes                                                                  Earth system effectsEnvironmental mass 
and/or concentrations

Domain

Impact
pathway

Control 
variable

Modified from Persson et al. (2022)

S tate of knowledge



• Impact on fish stocks

• Health of the ecosystem

• Losses in fishers’ revenues

• Loss in socio-economic 
benefits such as food and 
nutritional security of 
people

• Weaken the resilience of 
fish stocks and marine 
ecosystem

Ecosystem and foodwebs modeling experiments that 
explore the impact of mercury pollution, overfishing, 

and climate change combined



Feedback of economic impacts to the economic system



Feedback of economic impacts to the economic system

EXISTING GAPS
Human health impacts:

1. The accuracy of Hg-related health impact 
assessment

2. The influence of Hg-related health impacts on 
labor forces

3. The feedback of labor force changes to the 
primary inputs of the economic system

Ecosystem impacts:
1. The accurate evaluation of Hg-related ecosystem 

impacts (including impacts on the wildlife and 
ecosystem quality)

2. The influence of Hg-related ecosystem impacts 
on ecosystem services

3. The feedback of ecosystem service changes to 
the economic system

Impacts on labor forces and biodiversity



What is the total cost of mercury pollution?

Why isn’t the cost of mercury part of national 
accounting systems?

C an natural capital accounting support the 
implementation of the Minamata C onvention?



The socio-economic impacts of 
mercury pollution on fisheries 
and livelihoods
Exploring how a natural capital approach may 
support the implementation of the Minamata 
Convention on Mercury

With generous financial support from S weden



Commercial and artisanal fisheries

Ecological impacts:

• Physiological: change in behaviour, reproduction, growth and survival
• Population level: changes to foodweb, dominance of species with 

higher tolerance to mercury)
• Linkages with other stressors

Socio-economic impacts:

• Change in consumer behavior
• Food insecurity, malnutrition 
• Loss of market value for commercial fisheries
• Loss of livelihoods (ecotourism, local markets, etc)
• Erosion of cultural and traditional values



Cost of mercury pollution – natural capital approach

Recognizes Natural Capital as one 
of the five types of capital assets.

Capital assets are any kind of 
assets – such as property, 
knowledge, etc – capable of 
generating future income flows.



Natural Capital Accounting

Natural capital accounting (NCA) is a method of assessing contributions of natural 
ecosystems to the economy in a way that is consistent with existing standards for 
System of National Accounts used to measure economic activity. 

NCA can help governments to better:

• Understand their economies’ reliance upon natural systems, 

• Track changes in natural systems that may have implications for different 
industries, and

• Manage natural resources and ecosystems to sustain their economic benefits into 
the future.

(Guerry et al., 2015; WAVES, 2012).



Natural Capital Accounting - SEEA

Over the past several decades, the United Nations and partner organizations have developed a 
standard framework for natural capital accounting 

called the System of Environmental-Economic Accounting or SEEA. 



How aquatic ecosystem assets generate services to beneficiaries

Fish, seafood 
& marine 
mammals

THg MeHg
levels

Provision of 
food

Food security
Nutrition
Local livelihoods
Commercial 
fisheries

People



Examples of NCA and mercury



SEEA Ecosystem Accounting

In 2021, the UN Statistical Commission has adopted the 
SEEA Ecosystem Accounting (SEEA EA) as an 
international statistical standard.



System of Environmental-Economic Accounting (SEEA)

The S E E A E A is built on five core accounts:

1. E C OS YS TE M E XT E NT accounts are measured over time in 
ecosystem accounting areas (e.g., nation, province, river basin, 
protected area, etc.) by ecosystem type.

2. E C OS YS TE M C ONDIT ION accounts record the condition of 
ecosystem assets in terms of selected characteristics at specific 
points in time. Over time, they record the changes to their 
condition and provide valuable information on the health of 
ecosystems.

3. &  4. E C OS YS T E M S E R VIC E S record the supply of ecosystem 
services by ecosystem assets and the use of those services.

5. MONE TAR Y  E C OS YS T E M AS S E T accounts record information 
on stocks and changes in stocks (additions and reductions) of 
ecosystem assets. 



SEEA Ocean Accounts



Cost of mercury pollution – as a percent of GDP in 2020 



Thank you
Manoela Miranda

Secretariat of the Minamata Convention

manoela.miranda@un.org
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