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c. Potential bioindicators for temporal trends
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database

a.  Global – e.g., AMAP
b. Regional – e.g., Caribbean MMN
c. Local – New York State, USA (NYSERDA)
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networks for 
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a. Biological mercury hotspots
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c. Standardized temporal trend data
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information 
gaps 

a.  Why and How
b. What and When
c.  Where

4. Key 
elements of 
monitoring 
and analyses 
for the EE ad 
hoc Group



1. Global Biotic Mercury 
Synthesis (GBMS) 
• A database about biotic Hg from the 

published, peer-reviewed literature (2014-
2018 and continuing)

• Over 1,000 references consulted to date 
(n=1,095)

• More data remain to be collected, but GBMS 
is exhaustive for some taxa and fairly 
complete for others

• Used as a basis for the Global Mercury 
Assessment biota chapter - 2018



Tissue Types, their meaning and %MeHg
Common tissue types and unit typically used 
(ww=wet weight, dw= dry weight, fw= fresh weight)

Sampling options Temporal representation % MeHg

Blood (ww) Nonlethal Days to weeks >95%

Egg (ww or dw) Nonlethal/lethal Days to weeks >95%

Feather (fw) Nonlethal Days to years >95%

Fur (fw) Nonlethal Days to years >95%

Claw tip (fw) Nonlethal Weeks >95%

Brain (ww or dw) Lethal Weeks to months >95%
1

Muscle (ww) Nonlethal/lethal Weeks to years >90%

Liver (ww or dw) Nonlethal/lethal Years <10%

Kidney (ww or dw) Lethal Years <10%



An 
overarching 
Biotic  Hg 
Database

BRI’s GBMS 
Database includes 
Hg concentrations 
on shellfish,  fish, 
sea turtles, birds, 
and marine 
mammals.

Hg from >515,000 
individual 
organisms are 
included in the 
database covering 
119 countries and  
>2,700 unique 
locations.

>200,000

>100,000
>300,000



Continental 
Ranking of 
Existing Biotic 
Hg data

1. North America: 
*****

2. South America: 
*** (one * for 
ASGM areas)

3. Europe: ****

4. Africa:  *

5. Asia: **

6. Australia / 
South Pacific: *

>200,000

>100,000
>300,000



Biome Structure and Major Biota (and rough coverage)

Target 
Terrestrial 
Biome

Associated 
Aquatic 
Ecosystem

Ecological 
Health 
Bioindicators

Human Health 
Bioindicators

Freshwater 
and Marine 
Fish

Sea 
Turtles

Freshwater 
and Terrestrial 
Birds

Marine 
Birds

Mammals Freshwater 
Fish

Marine Fish Marine 
Mammal

Polar (Arctic 
and 
Antarctic)

Arctic Ocean X X X X X X

Boreal 
Forest and 
Taiga

N. Pacific/ 
Atlantic X X X

Temperate 
Forest

N. Pacific/ 
Atlantic and 

Med/Car Seas
X X X

Tropical 
Rainforest

S. Pacific/ Atlantic 
and Indian Ocean



Mercury in the Global 
Environment - Tuna

• Includes most of the published 
literature on tuna Hg 
concentrations

• Emphasizes 9 species of tuna
• Tuna Hg concentrations  broadly 

vary according to:
• species, 
• size class, and 
• ocean basins



Mercury in 9 species of tuna 
(n=6,222)



Mercury in the Global 
Environment – Marine 
Mammals

• Includes most of the published 
literature on marine mammal Hg 
concentrations

• Emphasizes toothed whales
• Marine mammal Hg concentrations  

broadly vary according to:
• species, 
• Foodweb choice,
• size class, and 
• ocean basins



Mercury in 16 species of toothed whales 
(n=4,398)



2. Mercury 
Monitoring Networks 

for biota

Very few biotic Hg monitoring using 
standardized methods over time 

• Global level biotic Hg monitoring –
AMAP is best example

• Regional level – Caribbean Mercury 
Monitoring Network (NEW)

• Local Level – New York State, USA



GLOBAL LEVEL: 
Arctic Monitoring and 

Assessment Programme

AMAP ASSESSMENT 2011: 
MERCURY IN THE ARCTIC

GLOBAL MERCURY 
ASSESSMENT 2018



REGIONAL LEVEL: 
Caribbean Region 

Mercury Monitoring 
Network

Antigua and Barbuda
*

Saint Kitts and Nevis
*

Biodiversity Research Institute
*

Basel Convention Regional Centre – Caribbean



Hg monitoring to date 

• Air Hg exposure 

• Fish / Shellfish Hg exposure 
(seafood and freshwater)

• Bird Hg exposure 

• Human Hg exposure 

• Cosmetic Hg exposure (skin-
lightening creams)



Fish Hg concentrations in the 
Caribbean: Data generated for 

over 500 samples

• Fish sampled in 8 Caribbean 
countries 

• Worked with Ministry of 
Environment and fisheries 
biologists

• Multiple species selected based on 
local interests and edible fish of 
highest concern

• Sample sizes ranged from  ~40-100 
fish per country

• 9 species are featured for regional 
comparisons



Mercury concentrations in 9 fish from the Caribbean Sea and comparisons with the 5 major ocean basins



Describing results from seafood mercury analyses in the Caribbean: 
Antigua and Barbuda



Mercury in Tuna: 
Examples of messaging

• Nearly 5 million tons harvested commercially 
annually

• Served in cans, sushi and steaks

• Species and their Hg concentrations can be 
grouped by food item



LOCAL LEVEL: 
New York State, USA

Based on 26 papers submitted 
for publication in two special 

journal issues and one synthesis 
paper submitted to STOTEN

82 scientists contributed data

Project completed in 9 months



Hg data collection

• 47,188 samples (>33,000 fish 
and >9,000 birds)

• From 1969-2018

• 525 grids represented (>50% of 
the state) – 1 grid = 250 km2

• Fish were used as a way to 
evaluate impacts to fish, fish-
eating wildlife and people

• Evaluations based on screening 
benchmarks from the literature



Interpreting Hg exposure in fish and wildlife: 
Screening Benchmarks



New York State Fish Hg Concentrations (Lakes and Rivers)



New York State Gamefish Hg Concentrations 
(Nearshore Marine – does not include pelagic species)



3. Critical 
Information Gaps

a. Geographic – e.g., need to   
identify biological Hg hotpots

b. Source Types – ASGM-related 
biotic Hg levels

c. Temporal – Standardized trend 
data



Geographic: 
Biological Hg 

Hotspot
A geographic area where the 
environmental Hg 
concentrations are sufficient to 
be methylated at levels of 
significant biological concern 
(e.g., using reproductive 
endpoints) for biota that are at 
upper trophic levels.



Biological Hg Hotspot



Mercury Source Types: ASGM Hg Release Profile



Temporal Trends -
Songbirds

• Use museum specimens and recent 
field sampling to generate a temporal 
profile for well over a century

• Longer profile provides baseline 
information

• Shorter temporal profile provides 
responses to policy changes (e.g., 
Minamata Convention)



4. Key elements of 
monitoring and 
analyses for the 

EE ad hoc Group: 

Why, How, What, 
When, Where 



Why Monitor Mercury in Biota?
Key Elements:

• Article 1 requires protection of 
Human Health and the Environment 

• There is not a linear relationship 
with Hg in air emissions/ deposition 
and MeHg body burdens of biota

• Biota Hg exposure is needed to 
determine both:

• Human Health concerns
• Ecological Health concerns (especially 

for IUCN Red Listed species)



Key Elements:

• Lots of literature on field 
sampling to help efficiency

• Lab analytical techniques are well 
defined and can generally use 
THg (vs. analyzing MeHg)

• Need to use the proper tissue to 
best meet the objective.  May 
vary according to:

• Spatial gradients
• Ecological health concerns
• Human health concerns
• Temporal trends

How to Monitor Mercury in Biota?



Key Elements:

• Lots of existing information (as 
summarized in GBMS)

• Choices vary by biome and ecosystem 
type (e.g., marine, freshwater, 
terrestrial)

• To protect human health and the 
environment – generally choose biota 
that are at greatest risk

• Greatest risk biota are Trophic Level 4 
or higher

What Biota should be chosen to Monitor for Mercury?



Rapid assessment of Hg in trophic Level 4 fish
26 countries, 40 locations, 92 species, 451 individuals

Buck, Evers et al.  Accepted in 2019. Science of the Total Environment 

N=10 locations 
below avg

N=7 locations
above avg



Key Elements:

• If people or IUCN Red Listed 
species are within identified 
biological Hg hotspots

• If there are limited or no data and 
there is regular consumption of 
food items from:

• A known or modeled biological Hg 
hotspot

• Consumption is heavy on trophic 
level 4 or higher food items

• Consumption of food items is near a 
contaminated site

When should biota be chosen to Monitor for Mercury?



Key Elements:

• Areas that are plentiful with 
wetlands are prime (such areas 
include all IUCN Ramsar 
protected sites)

• Areas that have other features 
that favor high methylation 
rates:

• Wet-dry cycles
• Forested areas (vs ag 

lands)
• Acid conditions
• Estuaries in general (they 

have the right balance of 
dissolved organic carbon 
and sulfur input)

Where should biota be Monitored for 
Mercury?



Mapping biological mercury 
hotspots: Caribbean example for 

Antigua and Barbuda

• 7 different variables used

• Wetland extent, type and location 
are critical – mangrove and 
estuaries are key

• Association of wetlands with 
contaminated sites is important
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