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An assessment of the biological effects of organohalogen and mercury

contaminants in Arctic wildlife and fish

1. PCBs polychlorinated biphenyls

mostly the sum of a varying number of congeners

2. OCPs organochlorine pesticides

hexachlorobenzene, hexachlorehexanes, 

chlordane-like compounds and 

dichlorodiphenyltrichloroethane-like compounds

3. FRs flame retardants

mostly polybrominated diphenylethers (PBDEs) 

and hexabromocyclododecane

4. PFASs poly- and per-fluoroalkyl substances

mostly carboxylic acids, such as 

perfluorooctanesulfonate (PFOS), 
perfluorohexane sulfonate (PFHxS), 

perfluorooctanoic acid (PFOA)

5. Hg mercury - mostly total mercury (THg)

PBDEs

DecaBDE

HCBDD

PFOS

PCNs

HCBD, PCNs, PCP

UNEP Stockholm POPs Convention status

Added 2001  (Annex A)

Added 2001  (Annex A)

Added 2009  (Annex A)
Added 2013  (Annex A)

Added 2009  (Annex B)
2018  (under consideration for listing)
2018  (under consideration for listing)



An assessment of the biological effects of organohalogen and mercury exposure 

in Arctic wildlife and fish

1. marine mammals

2. terrestrial mammals

3. seabirds

4. birds of prey

5. fish

Scope of the 2018 Effects Assessment

5

Regions from which contaminant 

exposure and effects studies were 

available



1. vitamin regulation and status*
vitamines A, D, E, tocopherols, …

2. enzyme activity*

cytochrome P450s, …

3. oxidative stress

reactive oxygen species

4. hormone levels*

thyroid and steroid hormones

5. reproduction

egg shell thicknes, gonad size, …

6. DNA damage (genotoxicity)

DNA strand breaks, telomer length, …

7. immune system function*

lymhocyte proliferation, interleukin 

expression, …

8. tissue pathology, skeleto- and 

histopathology

liver and renal malformation, bone 

mineral density, …

9. neurotoxicity and behaviour

cholinergic receptors, gamma-

aminobutyric acid, …

10. bioenergetics

basal metabliic rate, emaciation, …

11. blood clinical chemistry

glucose, total proteins, alkaline 

phosphatase, …

An assessment of the biological effects of organohalogen 

and mercury contaminants in Arctic wildlife and fish

*Indicates endpoints most commonly and consistently 
included in Arctic wildlife and fish studies since 2010. 6

All studies based on correlative 

relationships between POP 

tissue/blood & biomarker 

concentration –
Weight of Evidence only
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AMAP BACKGROUND: ONEHEALTH IN THE ARCTIC

Climate & Diet

change

Infections &

Diseases

Pollution

AND fragility

Fatty acids

Minerals

Vitamins

resilience

Hg

PCB



Pollution

Climate change

Diseases

(zoonosis)

Bionics

… survival, culture and human health

POLAR BEARS

– ARE UNIQUE MONITORING ORGANIMS



GLOBAL IMPACT

- PUBLIC, SCIENCE & REGULATIONS



… AND THE SAME FOR BIRDS

Pollution

Climate change

Diseases

(zoonosis)

Bionics

… survival, culture and health



LONG-RANGE TRANSPORTED

TOXIC CHEMICALS
OH-PCB

Thyroxin

Me-Hg

PFAS

TBBP-A
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PROBLEM: NEURO-ENDOCRINE DISRUPTION

Lactation

transfer



THE LIST
OF EFFECTS…

Endocrine glands

Sexual organs

Liver and kidney

CNS

Immune system

Bones



HYPOTHYROIDISM 

IN POLAR BEARS AND 

SLED DOGS
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TESTICULAR DYSGENESIS SYNDROM: DO POLAR BEAR 
TESTICLES SHRINK?
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TESTOSTERONE PRODUCTION IN ARCTIC 

FOXES EXPOSED TO PCBs
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IMMUNE TOXICITY: SLED DOGS AND POLAR BEARS
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The females are

resilient

DO POLAR BEAR MALES
HAVE OSTEOPOROSIS?
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UNINTENDED BUT IMPORTANT OUTREACH (LAST 
WEEK TONIGHT SHOW)



TAKE A LOOK AT THE NEW ASSESSMENT!

marine mammals

seabirds

sentinel model species

raptors

fish



Reproduction

&

Survival

Precipitation

Temperature

Sea ice

Starvation

Infectious

diseases

Pollution

AND KEEP AND EYE ON THE OTHER STRESSORS!!
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Risk Quotients (RQs) for Effects (on Immune and Hormone Levels) by 

PCBs in Marine Mammals/Seabirds and THg in Marine Mammals

THgPCBs



Risk Quotients (RQs) for Effects (on Immune system and reproduction) by 

PCBs in Marine Mammals and seabirds

North Atlantic toothed whales

killer whales and pilot whales

RQ

PCB Conc 

(µg/g lw) Color

<1 <10 ppm

1-10 10-100 ppm

10-100 100-1000 ppm



Population effects on killer whales

Desforges et al. 2018 Science 361: 1373–1376

The good

the bad and

the ugly



Risk Quotients (RQs) for Effects (on Immune system and reproduction) by 

PCBs in Marine Mammals and seabirds

East Greenland polar bears

RQ

PCB Conc 

(µg/g lw) Color

<1 <10 ppm

1-10 10-100 ppm

10-100 100-1000 ppm



Diets et al 2018

Risk qoutients over time in East Greenland juvenile bears

Dietz et al. 2018



Risk Quotients (RQs) for Effects (on Immune system and reproduction) by 

PCBs in Marine Mammals and seabirds
Greenland birds of prey

White tailed eagles, gyrfalcon, 

peregrin falcons and snowy owl

RQ

PCB Conc 

(µg/g lw) Color

<1 <10 ppm

1-10 10-100 ppm

10-100 100-1000 ppm

Gyrfalcon

Snowy owl

Perigrine

falcon

White-tailed

eagle



Effects categories from THg in Marine Mammals

Killer whales and pilot whales

THg

Risk category

PCB Conc 

(µg/g lw) Color

Severe Risk ≥ 126 ppm
High risk 83-126 ppm

Moderate risk 64-83 ppm

Low risk 16-64 ppm

No risk ≤ 16 ppm



Effects categories from THg in Marine Mammals

Polar bear

THg

Risk category

PCB Conc 

(µg/g lw) Color

Severe Risk ≥ 126 ppm
High risk 83-126 ppm

Moderate risk 64-83 ppm

Low risk 16-64 ppm

No risk ≤ 16 ppm



Risk Quotients (RQs) for 

THg-Mediated Effects 

on in Seabirds

Adults/JuvenilesEggs



Effects categories from 

THg-Mediated effects

on in Seabirds

Adults/JuvenilesEggs



Terrestrial mammals
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A rapidly multi-facetted changing environment

pollutant exposure

climate change

habitat

change

nutrition and
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infectious

diseases

shipping

hunt and

harvest

tourism

infectious

diseases
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hunt and

harvest

tourism
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A rapidly multi-facetted changing environment

climate change

pollutant exposure

habitat
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When Arctic ecotoxicology becomes multiple-stressor ecology

climate change

pollutant exposure

habitat

change

nutrition and
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homeostasis
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Modes of action of climate forcing on contaminant pathways and exposure 

climate change

pollutant exposure

habitat

change

nutrition and

foraging

A changing climate affects:

1. environmental pathways of contaminants

2. habitat properties resulting in changing exposure

3. habitat properties resulting in changing dietary ecology

and hence contaminant pathways

4. nutrition and foraging resulting in changing exposure
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Modes of action of climate forcing on contaminant pathways and exposure 

climate change

pollutant exposure

habitat

change

nutrition and

foraging

A changing climate affects:

1. environmental pathways of contaminants

2. habitat properties resulting in changing exposure

3. habitat properties resulting in changing dietary ecology

and hence contaminant pathways

4. nutrition and foraging resulting in changing exposure
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Changing environmental pathways of contaminants

UNEP/AMAP. 2011. Report of the UNEP/AMAP Expert Group

1. secondary revolatisation

2. atmospheric dynamics

3. precipitation

4. ocean currents

5. melting of ice caps

6. extreme event frequency

7. degradation + transformation

8. environmental partitioning

9. biotic transport
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Modes of action of climate forcing on contaminant pathways and exposure 

climate change

pollutant exposure

habitat

change

nutrition and

foraging

A changing climate affects:

1. environmental pathways of contaminants

2. habitat properties resulting in changing exposure

3. habitat properties resulting in changing dietary ecology

and hence contaminant pathways

4. nutrition and foraging resulting in changing exposure
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Changing habitat comes along with changing contaminant exposure

Rejst et al. 2006. Ambio 35

Macdonald et al. 2005. Sci. Total Environ. 342

changing biological process changing environmental chemistry
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Modes of action of climate forcing on contaminant pathways and exposure 

climate change

pollutant exposure

habitat

change

nutrition and

foraging

A changing climate affects:

1. environmental pathways of contaminants

2. habitat properties resulting in changing exposure

3. habitat properties resulting in changing dietary ecology

and hence contaminant pathways

4. nutrition and foraging resulting in changing exposure
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Changing habitats comes with changing dietary pathways of contaminants

PCBs Hg
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Changing habitats comes with changing dietary pathways of contaminants

PCBs

species-specific case studies
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Changing habitats comes with changing dietary pathways of contaminants

Western Hudson East Greenland
PCBs

McKinney et al. 2013. Glob. Change Biol. 19

McKinney et al. 2009. Environ. Sci. Technol. 43

species-specific case studies
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Changing habitats comes with changing dietary pathways of contaminants

PCBs

McKinney et al. 2012. Environ Sci. Technol. 46

Food web case studies
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Changing habitats comes with changing dietary pathways of contaminants

Hg
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Modes of action of climate forcing on contaminant pathways and exposure 

climate change

pollutant exposure

habitat

change

nutrition and

foraging

A changing climate affects:

1. environmental pathways of contaminants

2. habitat properties resulting in changing exposure

3. habitat properties resulting in changing dietary ecology

and hence contaminant pathways

4. nutrition and foraging resulting in changing exposure
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Effects of climate change on POPs exposure

PCBs

species-specific case studies
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Effects of climate change on POPs exposure

PCBs

fasting during breeding condition at onset of breeding

Bustnes et al. 2012. Environ. Sci. Technol. 46
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Some Highlight Findings (as of 2017)

➢ Legacy chemicals (e.g. PCB, Hg) remain of high concern to Arctic biota, 

and effects data has been reported for mainly these substances 

➢ Depending on the species/population/tissue contaminant burdens, 

exposure levels in key Arctic biota (marine and terrestrial mammals, 

birds and fish) can exceed putative risk threshold levels estimated for 

non-target species and species from outside the Arctic 

➢ Populations of polar bears, killer whales and seabirds (e.g. thick-billed 

murrres) presently at highest risk

➢ Based on PCB concentrations (as the dominant effect contributor for 

reproductive, immune and/or carcinogenic effects) and a conservative 

critical body residue for PCBs of 10 µg/g lw, risk quotients (RQ) were 

calculated and reported for the entire Arctic region and bordering 

waters

➢ RQs make it possible to summarize the cumulative effects of 

environmental contaminant mixtures for which critical body burdens 

can be estimated
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Key Message #1:
Legacy chemicals (e.g. PCBs) and 

mercury continue to pose a significant 

concern for Arctic biota

Key Message #2:

The suite of environmental contaminants 

found in many Arctic apex predators is 

expanding and may require new 

investigations of their potential biological 

effects

KEY MESSAGES:

New and Lasting Impacts of Chemical 

Exposures in Arctic Wildlife and Fish



Chemicals of Emerging Arctic 

Concern (CEACs)

Up to 2016-2017

➢Per-/polyfluoroalkyl substances (PFASs)

➢Brominated flame retardants (BFRs) (incl. BDE-209)

➢New BFRs (e.g. DBDPE, BTBPE)

➢Chlorinated FRs (Dechlorane Plus and other Dechloranes)

➢Organophosphate esters (OPEs, 20 types

➢Phthalates

➢Short-chain chlorinated paraffins (SCCPs) 

➢Siloxanes

➢Pharmaceuticals and personal care products (PPCPs)

➢Polychlorinated naphthalenes (PCNs)

➢Hexachlorobutadiene (HCBD)

➢Current-use pesticides (CUPs, 16 types)

➢Pentachlorophenol (PCP) / pentachloroanisole (PCA

➢Organotins

➢Polyaromatic hydrocarbons (PAHs, 16 types)

➢“New” unintentionally generated PCBs 
➢Halogenated natural products (HNPs)

➢Marine plastics and microplastics

(Released Jan. 2018)

> 150 individual and 

18 groups of 

substances

Air, water, sediment, 
biota, wildlife



Chemicals of Emerging Arctic 

Concern (CEACs)

2010  - 2017

Biological and toxicological effects of CEACs – Chapter 3

➢Up until 2017, at present there is essentially a total knowledge gap on CEAC linked 

biological or toxicological effects in Arctic biota

➢Important recent reviews have been published recently on the (environmental) 

toxicology (in non-Arctic species) of the CEAC classes:

➢Per-/polyfluoroalkyl substances (PFASs) 

➢Brominated flame retardants (BFRs) 

➢Chlorinated FRs (Dechlorane Plus and other Dechloranes) 

➢Organophosphate esters (OPEs)

➢Phthalates

➢Siloxanes

➢Pharmaceuticals and personal care products (PPCPs)

➢Polychlorinated naphthalenes (PCNs) 

➢Organotins

➢Polyaromatic hydrocarbons (PAHs, 16 types)

➢Marine plastics and microplastics

(Released Jan. 2018)

These non-Arctic 

species reviews 

showed information 

suggestive of 

mechanisms and 

modes of action 

and adverse 

outcome pathways 

of effects and 

impacts for Arctic 

biota



Key Message #3:
Improved predictions of 

contaminant-related 

risks to Arctic biota will 

require methods that 

account for the 

combined toxicity of real-

world, complex, multi-

chemical exposures

KEY MESSAGES: New and Lasting Impacts of 

Chemical Exposures in Arctic Wildlife and Fish

Also, changes in food web 
structure relationships

e.g. changes and 
degradation of Arctic 

biodiversity



Climate change

Pollutant exposure

(POPs, Hg, CEACs)
vitamin regulation, 

enzyme activity, 

hormone levels, 

immune system function,

and other effects

KEY MESSAGES: Wildlife Health in a Complex & 

Changing Arctic

Relevance to Arctic Biodiversity:
Work by AMAP on biological effects of contaminant on Arctic wildlife complements CAFF work on 

species trends, changes and biodiversity

Habitat loss

(declining sea ice)

Habitat degradation 

(oil spills, noise pollution)

Changes in food abundance 

(shifting prey abundance

and movements)

Invasive species

Increasing human activity 

(tourism, shipping, oil exploration)

Infections 

& diseases

Key Message #4:

Impact of contaminant exposure in Arctic biota needs to be considered in 

combination with other natural and anthropogenic stressors (including changes in 

biodiversity)



Spatiotemporal aspects of contaminants Biota considerations

Contaminant –specific focus

1. Lack of geographic data for the Russian,

Fennoscandian and Alaskan regions

2. We need panArctic harmonisation in terms of

sampling frequency, season and foci species

3. We need closer investigation of hotspot,

reference and ‘unique’ regions

1. Lack of focus on marine-terrestrial and wildlife-

human coupling

2. We need maturity- and sex specific toxicity,

supported by sufficient sample sizes

3. Assessments needed in relation to spatial &

temporal variation in dietary exposure pathways

4. We need better understanding of the role of invasive

and biovector species in a changing Arctic

1. Lack of toxicity thresholds adapted to specific health

endpoints, species and contaminants

2. We need better identification of cumulative and

interactive effect thresholds

3. We need to scale-up individual effects to the

population level

4. Prediction of effects of complex contaminant

mixtures within a multi-stressor framework (e.g.

infectious and zoonotic diseases)

5. OneHealth concept; information integration of

assessments from wildlife & human health studies

Knowledge Gaps and Future Research Priorities

1. Problems to pinpoint individual contaminant

versus cocktail effects

2. We need to keep focus on existing high levels of

legacy contaminants

3. We need (more) physicochemical and industrial

data for emerging contaminants

Health effects



Thank you /  

Qujannamiik



Panel Discussion

Panel: 
Rune Dietz, Igor Eulaers, Robert Letcher, Christian Sonne, Pal Weihe

Charge Questions: 

How do we obtain more precise effect levels to proxy 

population health, and how do we better obtain 

population effect assessments?

How do contaminants and environmental change 

synergise, and how does contaminant exposure affect 

Arctic biodiversity?


