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An Update on Effects Assessments

2009

covering knowledge on
organohalogen effects
from 2004 to 2009

2011

covering knowledge on
mercury effects
from 2004 to 2010
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2018

covering knowledge on

Key messages

https://www.amap.no/documen
ts/doc/Biological-Effects-of-
Contaminants-on-Arctic-
Wildlife-and-Fish.-Key-
Messages/1664

Technical report (pre-print
watermarked)

https://www.amap.no/documen
ts/doc/AMAP-Assessment-
2018-Biological-Effects-of-
Contaminants-on-Arctic-
Wildlife-and-Fish-Pre-
print/1663

organohalogen and mercury effects

from 2010 to 2016/2017
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An assessment of the biological effects of organohalogen and mercury .
contaminants in Arctic wildlife and fish & 4

. *

PFOS
| unSilk
—
' o

i L%
PCNs '

ﬁ E -! o — UNEP Stockholm POPs Convention status

o : @@ ST9cKHOLM
CONVENTION
AL —— T

1. PCBs polychlorinated biphenyls <€ Added 2001 (AnnexA)

SN HCBD, PCNs, PCP

mostly the sum of a varying number of congeners
2. OCPs organochlorine pesticides
hexachlorobenzene, hexachlorehexanes,

chlordane-like compounds and <€ Added 2001 (AnnexA)
dichlorodiphenyltrichloroethane-like compounds

3. FRs flame retardants
mostly polybrominated diphenylethers (PBDEs)<€— Added 2009 (AnnexA)
and hexabromocyclododecane <€— Added 2013 (Annex A)

4. PFASs poly- and per-fluoroalkyl substances
mostly carboxylic acids, such as
perfluorooctanesulfonate (PFOS), €——— Added 2009 (Annex B)
perfluorohexane sulfonate (PFHxS),«——— 2018 (under consideration for listing)
perfluorooctanoic acid (PFOA) €— 2018 (under consideration for listing)

5. Hg mercury - mostly total mercury (THgQ)
2 .




Scope of the 2018 Effects Assessment

An assessment of the biological effects of organohalogen and mercury exposure

in Arctic wildlife and fish

1. marine mammals ." :
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2. terrestrial mammals
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3. seabirds
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4. birds of prey
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All studies based on correlative
relationships between POP
tissue/blood & biomarker

concentration —
Weight of Evidence only

An assessment of the biological effects of organohalogen

vitamin regulation and status*
vitamines A, D, E, tocopheroals, ...

enzyme activity*
cytochrome P450s, ...

oxidative stress
reactive oxygen species

hormone levels*
thyroid and steroid hormones

reproduction
egg shell thicknes, gonad size, ...

DNA damage (genotoxicity)

DNA strand breaks, telomer length, ...

and mercury contaminants in Arctic wildlife and fish

immune system function*
lymhocyte proliferation, interleukin
expression, ...

tissue pathology, skeleto- and
histopathology

liver and renal malformation, bone
mineral density, ...

neurotoxicity and behaviour
cholinergic receptors, gamma-
aminobutyric acid, ...

10. bioenergetics

basal metabliic rate, emaciation, ...

. blood clinical chemistry

glucose, total proteins, alkaline
phosphatase, ...

*Indicates endpoints most commonly and consistently
included in Arctic wildlife and fish studies since 2010. 6
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AMAP BACKGROUND: ONEHEALTH IN THE ARCTIC

resilience AND fragility
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POLAR BEARS
— ARE UNIQUE MONITORING ORGANIMS

Diseases
(zoonosis)

Bionics



GLOBAL IMPACT
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... survival, culture and health

... AND THE SAME FOR BIRDS

Pollution

Climate change

Diseases
(zoonosis)

Bionics







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 'y 9
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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DO POLAR BEAR MALES .
HAVE OSTEOPOROSIS?

Skull bone density
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UNINTENDED BUT IMPORTANT OUTREACH (LasT
WEEK TONIGHT SHOW)




TAKE A LOOK AT THE NEW ASSESSMENT!




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

PCBs in Marine Mammals and seabirds

SP‘?T Region Years Agelsex RQs, %
<l 1-10 10-100
Toothed whales

Killer whale East Greenland 2012-2013 Ad Female 0 83 17
East Greenland 2012-2013  Ad Male 0 100 0

East Greenland 2012-2013 Sub-adult 0 100 0

East Greenland 2012-2013  Fetus 0 100 0

East Greenland 2013 Ad Male 0 100 0

East Greenland 2012-2014  Ad Female 0 100 0

East Greenland 2012-2014  Sub-adult 11 56 33

East Greenland 2012-2014 Fetus 50 50 0

Iceland 2003-2013 19 50 31

Faroe Islands 2008 0 100 0

Faroe Islands 2008 Ad and 100 0 0

Sub-adult Female

Shetland 2013 0 50 50

Northern Norway 2002 0 100 0

Pilot whale  Faroe Islands 2001-2012  Immature 9 90 |
2001-2007 Adult male 14 2 4

2001-2011 Adult female 48 52 0

o Spedies
o o - af Finged ses
'ﬁ'—.‘ b ier whale ot whale A sestid

North Atlantic toothed whales
killer whales and pilot whales

PCB Conc
RQ (ng/g lw) Color
<1 <10 ppm
1-10  10-100 ppm
10-100 100-1000 ppm



Population effects on killer whales

Population as a percentage
of the starting population size

100

Populations with negative growth

80
Simulation year

Alaska transient,
British Columbia
southern residents

The good

Greenland the bad and
the ugly

Canary Islands, Hawaii

- Japan

Brazil, Northeast Pacific transient,
Strait of Gibraltar, United Kingdom

Desforges et al. 2018 Science 361: 1373-1376



Risk Quotients (RQs) for Effects (on Immune system and reproduction) by
PCBs in Marine Mammals and seabirds
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Risk qoutients over time in East Greenland juvenile bears
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Risk Quotients (RQs) for Effects (on Immune system and reproduction) by

PCBs in Marine Mammals and seabirds
Greenland birds of prey

il .. White tailed eagles, gyrfalcon,

4 -
~ - peregrin falcons and snowy owl
.:’: ey 2 —
Gyrfalcon Perigrine
} falcon
- B
= = PCB Conc
oz, White-tailed ! Qe color
w s eagle <1 <10ppm
< 1-10  10-100 ppm
ul SR
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7 —ar o]
7 B T oo Snowy owl
> h )<. J “’: 'A{ o, .
p* ~ ‘\ S Species Region Years RQs, %
~ C n
7 <1 1-10 10-100
- RN
— Birds of prey
-f "= 4 ~ N ' .
White-tailed eagle Southwest Greenland 2002-2013 n 33 44
Gyrfalcon West Greenland 2001-2012 15 38 38
RrRQ St
1 P Polorbear —— poiugs —af Ringed ses! Perigrine falcon West Greenland 2001-2012 29 14 57
30 b Killer wh w— it whal V] bird: c 0 =
_— 1o-1 Snowy owl Greenland 2001-2008 83 1 0




Effects categories from THg in Marine Mammals
Killer whales and pilot whales

THg
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Pilot whale Juvenile ) 20 0
Globicephala spp. ‘

P PP Adult 0 34 13
Killer whale Foetus 100 0 0
Orcinus orca .

cHms ore Juvenile | 636 2773 0.1
Adult 0 33 0
e
- W
Hg-medisted risk Maturity stage Species Sample size
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No risk <16 ppm




Effects categories from THg in Marine Mammals

Polar bear
Region Maturity Risk category
<16 16-64 64-83 83-126 =126
No effect Low risk Moderate risk High risk Severe risk
Baffin Bay Juvemile 33 50 17 0 0
Adult 0 67 0 33 0
Chuckchi Sea Juvemile 100 0 0 0 0
Adult 100 0 0 0 0
Davis Strait All 0 83 0 17 0
Gulf of Boothia All 0 50 50 0 0
Lancaster/Jones Sound ~ Juvenile 0 40 20 20 20
Adult 0 38 38 25
Northern Beaufort Sea  Juvenile 0 44 33 22 0
Adult 0 18 6 35 41
Southern Beaufort Sea  Adult 0 14 43 14 29
Southern Hudson Bay ~ Adult 75 25 0 0 0
Western Hudson Bay ~ Juvenile 60 40 0 0 0
Adult 50 50 0 0 0
[ttogqortoormiit Juvenile 76 24 0 0 0
Adult 40 52 3 2 3

THg

PCB Conc

Risk category (ng/g Iw)
Severe Risk 2126 ppm
High risk 83-126 ppm
Moderate risk 64-83 ppm
Low risk 16-64 ppm
No risk <16 ppm

Color |




Risk Quotients (RQs) for
THg-Mediated Effects
on in Seabirds

S e - oy i e

.! Gull ’ Puffin luurnq.rGulllem‘t \ Fulrrar * Cormorant R, Seaduck ,{ sharabind

M severersk [ Highrsk 0 Moderaterisk [0 Lowrsk [ mo sk 0 retuspuvente [ Aduttan



Effects categories from
THg-Mediated effects
on in Seabirds

Black quilamot, Fetus
Harthern fulmar, Febs

Thick-billed mure, Fets |
Rhinocenos auklet, Adult |
tecry gull, Fetis |
Glaoucows gull, Fes |
Glaouoous gull, Adult |
Common murre, Adutt
Glaoucous gull, Febs |
Glauous-winged qull, Fehs
Northern fulmar, All
Common mume, Fetus
brory qull, Fetus
Hlack-legged kitiwake, Fens
Northern fulmar, All
Thick-billad mume, Fens
Glavoaus-winged gull, Adult
Atlartic puffin, Fens
Commen mume, Fets
Thick-billad mume, Fens
GGlauoaus-winged qull, Fehs
Glavous gull, Febs
King eider, Adult
Glacows quil All
Glaucous qull, Febs
Herring qull, Fehs
Thick-billed murre, Adult
Glacows quil All
Black quillamot, Juvenile
Black quillemat, Adult
Comman mume, Fetus
Thick-billad mume, Fetus
Hlack-legged kitiwake, Fens
Hlack-leggad kitiwake, Fens
Herring gull, Fetus
Common mume, Fehs
Thick-billed mume, Al
Thick-billed mume, Fets
Common mume, Fens
Thick-billed mume, Fetus
Common eider, All
Black quillemut, All
Little auk, All
Little auk, All
Thick-billed mume, Al
Black-legaed kittiwake, All
Black-legaed kittiwake, All

Faroe [slands
Prince Leapold kland
Coats kland
Westem North America
Domashny
| Norton Sound
~| Wastem North America
Wastem North America
| Bering Sea
°| Guffof Aleska
Swalbard
[ Gulfof Alaska
~| Nagurskoe
| Swalbard
(aanaaq
[ Gutfof Alska
Westem North America
[ Lufaten
| Mortan Sound
| Aleutian Isknds
Bering Sea
[ Baring Strait
Westem North &merica
[ Qaanaaq
| Homaga
| Lofoten
| Westem North America
Svalbard
| Faroa lslands
Westem North America
| Aleutian Isknds
[ Svalbard
[ Lofiten
| Homeya
[ Homega
Baring Strait
| Qaanaag
[ Baring Strait
| Baring Sea
| BeringSea
[ svalbard
[ Qaanaaq
Svalbard
[ Qaanaaq
" valbard
[ Swalbard
| Qaanaaq

40% 50% 60% 0% BO%

0%
1 Norisk (<0.2 pg/g)

10%

20% 0%
Low risk (0.2-1.0 pgig)

Moderate risk (1.0-3.0 pg/a)

M High risk (2.0-4.0 pg/g)

40%

100%

W Severe risk (= 4.0 ugfa)



Terrestrial mammals

Arctic Fox, Adult Iceland
Arctic Fox, Juvenile
Sheep, Lamb
Sheep, Adult

Arctic Fox, Juvenile

Iceland
Faroe Islands
Faroe Islands
Arviat

Arctic Fox, Juvenile Svalbard

Reindeer, Adult
Reindeer, Adult
Reindeer, Adult

Reindeer, Calf

Western Hudson Bay
NW Yukon/Alaska
Central Yukon
Central Yukon

I I I I I I T I T I
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Risk of Hg-mediated effect
7] Norisk (<4.2 pg/g) Lowrisk (4.2-20.5 ug/g) 71 Moderaterisk (20.5-26.4 ug/g) M High risk (26.4-44.1ug/g) M Severerisk (> 44.1 ug/qg)
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A rapidly multi-facetted changing environment

nutrition and
foraging

habitat

pollutant exposure

climate change
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A rapidly multi-facetted changing environment

THE GOOD

neurology and
behaviour

homeostasis

clinical health

reproduction

habitat
change

climate change

avd JHL

A19N FHL
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When Arctic ecotoxicology becomes multiple-stressor ecology : ~
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reproduction climate change

— = multiple-stressor effects = multiple-stressor interactions



Modes of action of climate forcing on contaminant pathways and exposure

A changing climate affects:

1.

environmental pathways of contaminants
habitat properties resulting in changing exposure

habitat properties resulting in changing dietary ecology
and hence contaminant pathways

nutrition and foraging resulting in changing exposure

habitat
change

pollutant exposure

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

A changing climate affects:

1.

environmental pathways of contaminants
habitat properties resulting in changing exposure

habitat properties resulting in changing dietary ecology
and hence contaminant pathways

nutrition and foraging resulting in changing exposure

habitat
change

pollutant exposure

climate change

40



Changi_rgg environmental pathways of contaminants

inter-hemispheric mixing
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: latitude
. temperature

1. secondary revolatisation 4. ocean currents 7. degradation + transformation

2. atmospheric dynamics 5. melting of ice caps 8. environmental partitioning

3. precipitation 6. extreme event frequency 9. biotic transport

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



Modes of action of climate forcing on contaminant pathways and exposure

A changing climate affects:

1.

environmental pathways of contaminants
habitat properties resulting in changing exposure

habitat properties resulting in changing dietary ecology
and hence contaminant pathways

nutrition and foraging resulting in changing exposure

habitat
change

pollutant exposure

climate change

42



Changing habitat comes along with changing contaminant exposure

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

A changing climate affects:

1.

environmental pathways of contaminants
habitat properties resulting in changing exposure

habitat properties resulting in changing dietary ecology
and hence contaminant pathways

nutrition and foraging resulting in changing exposure

habitat
change

pollutant exposure

climate change

44



B, Bolugs l Murre/Auk
_4 Ringed seal y Kittiwake

e rm
Ml Mo effect on Hg by climate
warming detected
W Hg decreased by
climate warming
W Hg co-varies with climate
oscillation indices




Changing habitats comes with changing dietary pathways of contaminants

species-specific case studies

Sady species Teur Locaticn Climate metric Ecological change variation PCR/H Reference
Influmce Variation, change
FChs
Terrestrial mamsmals
Arctic fox 19972013 Svalbarl Sea-ice avknl Dt {maring vs terrestrial) IFCE - Andersen o ol 2015
arine mammats
Ringed seal 19932008 Fastorn Ao dsen Galf Sea oo beealk wp dane Prey availabibty or type CBE, CBSL CRI0L CBIIR,  Tin years of earbier break-up Gaden etal. 2012
CBI38, CBIS3, CBI80
1993208 Fastern Ammdsen Galf Seaice breakoizp date Pray availabibty or type CB, ChI03, CBI36 - Gaden etal, 2012
194-2010 West Greenland Aretic Dacilation, Ocean temperabare. Pray availabibity or type CBIS3 Fin years of Jice Bigit et al 2013

Salinity, Sa-ice cover CBSL, CRIS?

Tsith § A or T salimity (related to abictic inputs)

Marine birds
Glancois gill 1972006 Biaroaya Arctc Oscalltion Posibly foraging region, diet ~ EPCR Yin colder years (| A, but} if warmer the previous  Bustnes et al 1010
o condition vear 1 A0, (possibly related 10 transpot)
Comamon aidis 2052009 Narthern Xeeway and Svalband Air lemperitere Body mass oss / lipid CBISH Yin circelating leves in coldee years and in coldes Bastnes et al 1011
mobdization during fasting region (Svalbard)
Thick: billed marre 19752011 Canadian High Arctic IPCBy Brauneetal, 115
T93- 1011 Knrthern Hodsan Pay Sea ice canditions Diet{sbarctic ve Amctic ish)  IPCRy Faster rate of } trend Braune gt al, 1015
P Polarbear l Murre B Mo effect on PCBs of B PCBsincreased by
b . Glauonus climate warming detected climate warming
Arctic fox qull M PCBs decreased by Il PCBs co-vary with climate

' s ' Ringed seal I Elder climate warming oscillation indices
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Changing habitats comes with changing dietary pathways of contaminants

species-specific case studies

Percent prey contribution to bear FA signature

1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010

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

47
McKinney et al. 2013. Glob. Change Biol. 19



Changing habitats comes with changing dietary pathways of contaminants

Food web case studies

a ----Transient b ---- Benthic ¢ --—-Homeotherm
— Resident — Pelagic — Poikilotherm
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McKinney et al. 2012. Environ Sci. Technol. 46 ¢



Sandy species Tewr Locatien Climaty metric Ecological chamge/variation PCRHg Reference
Influmce Variation/change
g
Marine mammnals
Hingod scal 1994-2000 Contral West, North West, et Oucillation, Ccean Loy Prey avalablity or type Total Hg 1 pearsaf | ice andior § A0 Riget et ol 3012
and Fat Greerland Saliniy, Sea-ice cover {also possibly related to abotic inputs)
1973-207 Fastern Amundsen Gulf Tice-free seanon lenglh ﬁ:;:mamnunt Total Hy i both Jong and short ice-free sexsons Gaden et ol 09
Adluntic walres 1982-2008  Fome Busin Noeth Alantic Oseilliton Hase reparied Total Hy. “ Gaden and Stern 2010
e 1981-2002 Beaufurt Sea Arctic Oxcllation, Pacilic Devadal Oscllton,  Unclar (possibly fod e Total Hy Variable, paallels PIHO) with B-year time lg Losetetal 2015
Searioz minimum stracture]
1984-2008  Hiadson Bay Noeth Athatic Oseilitsan Foragingeegion or diet Total Hy {parallels §'C | n females Gaden and Sern 2010
Narwhal 1993-201  Fome fasin North Atlantic Oscillstion MName reporied Total Hg - Giaden and Skern 2010
Maring birds
Hackloggediitivabe  J08-209  Sualbard Seaive coer Diet {sharetic vs Arctic ik Total mpersaf | ice Omesjordet et al. 2015
Linle vk W06-200  Svalband None idenifies] MWame reparied Total Hg I
Thick-belled murre 1975-2003  Canodian High Arvtic None identified Diet fish vs imversehrates) Total Hg. Faster rate of * trend Brause etal. 204
193-1005  Norther Hudsoo Bae Senire comdilions Diet {subaretic vs Arctic i) Total Fg Notrendinstead of 1 rend Brause el al. 2014
S Narwhal “ Walrus

sl B<luga

l Murre/Auk

e Fingedseal ! Kittiwake

M Noeffect on Hg by climate
warming detected

Il Hg decreased by
climate warming

. Hgincreased by
climate warming

M Hg co-varies with climate
oscillation indices
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Modes of action of climate forcing on contaminant pathways and exposure

A changing climate affects:

1.

environmental pathways of contaminants
habitat properties resulting in changing exposure

habitat properties resulting in changing dietary ecology
and hence contaminant pathways

nutrition and foraging resulting in changing exposure

habitat
change

pollutant exposure

climate change
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Effects of climate change on POPs exposure

- . .
species-specific case studies
Sdy species Ve Locaticn Climate metric Ecological cheasge variation PCBHg Reference
Infugmie Variation/chasge
PCBs
Tetrestrial marusals
Arctic o 197303 Svalband Seaica axkinl Diet (marine vsternestrial) ~ EPCE - Andersen ot o 2015
arine mammats
Ringed sal 1999208 Fastoem Amondsen Galf Sea e bk dae Prey avalabikty or type Egﬂfggla;:ac:;l.‘?un in yearsof earer break-up Gaden etal 2012
199320088 Fasterm Ammmdsen Galf Sea ice breakeup date Prey availabiby or type CBI8, CB1os, CEN36 - Gaden st al. 2012
1994100 West Greenband Arcss Oscllatcn, Ocean tempessare, Pray avalabibay or type chiss Yinyears of§ice Bigetatal 2013
Salini, S-ice cover CBSL CHS? ‘st A0 or ?salsity (related bo abistic inputs)
Polar bewr 1991207 Western Hudkon Bay Seaice breakup dae Dit {subarctic vs Arctic seals)  EPCB finstead of Jtrend McKinsey sl 2000
1942601 Bt Greenbid Serth Athurtc Oscillation Dleimbarsicn utcond - RCACRUMCEI, Not sipacantly sower rte of | trend McKinmey aal, 2013
Marine bicds
Glangons gall 1972006 Tiarora Arctie Ducillition Pessibly foraging region, diet  EPCE Yin colder pears (| AQ). bt} i warmer the previous Bastnes et al 2010
o condition vear 1 A0, (possibly related 10 transpot)

Thick: hilled murre 19752011 Canaddian High Arctic EPCBa Braung et al. 2015
19982001 nrthern Hudsan Ray Sea-ice canditions Dhiet {subarctic vs Arctic fsh]  IPCByy Faster rate of § trend Braune ¢t al. 2013
P Polarbear l Murre B Noeffect on PCBs of B PCBsincreased by
b Arctict Glauonus climate warming detected climate warming
reetox qull M PCBs decreased by Il PCBs co-vary with climate

limat i oscillation indices
‘ Ringed seal L Eider cimImwamng Hon .
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Effects of climate change on POPs exposure

— .
— — .

fasting during breeding condition at onset of breeding
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Bustnes et al. 2012. Environ. Sci. Technol. 46 o
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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 ug/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



KEY MESSAGES:
New and Lasting Impacts of Chemical
Exposures in Arctic Wildlife and Fish

AMAP ASSESSMENT 2018

BIOLOGICAL EFFECTS OF
CONTAMINANTS ON Key Messaqge #1:
ARCTIC WILDLIFE & FISH

KEY MESSAGES ] Legacy chemicals (e.g. PCBs) and NE D LASTG BiPACTS F |
mercury continue to pose a significant I ARCTICWILDLIEE AND FISH

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




Air, water, sediment,
biota, wildlife

Up to 2016-2017

AMAP Assessment 2016:
Chemicals of Emerging
Arctic Concern

<

(Released Jan. 2018)

e Chemicals of Emerging Arctic

i,

T Concern (CEACs)

» Per-/polyfluoroalkyl substances (PFASs)

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

»>New BFRs (e.g. DBDPE, BTBPE)

» Chlorinated FRs (Dechlorane Plus and other Dechloranes)
»0rganophosphate esters (OPEs, 20 types

» Phthalates

»Short-chain chlorinated paraffins (SCCPs)

»Siloxanes Lo
»Pharmaceuticals and personal care products (PPCPs) >150 individual and
> Polychlorinated naphthalenes (PCNs) 18 groups of
> Hexachlorobutadiene (HCBD) substances
» 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



=s, oy,

g iy Chemicals of Emerging Arctic
" T, Concern (CEACs)

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

2010 - 2017

» Important recent reviews have been published recently on the (environmental)
toxicology (in non-Arctic species) of the CEAC classes:

AMAP Assessment 2016:

Chemicals of Emerging > Per-/ r.)olyfluoroalkyl substances (PFASs) THeEE AR Areie

»Brominated flame retardants (BFRs) species reviews
; > Chlorinated FRs (Dechlorane Plus and other Dechloranes) | <howed information
»0rganophosphate esters (OPEs) suggestive of
> Phthalates mechanisms and
»Siloxanes modes of action
»Pharmaceuticals and personal care products (PPCPs) and adverse
> Polychlorinated naphthalenes (PCNs) outcome pathways
(Released Jan. 2018) .

> Organotins of effects and
> Polyaromatic hydrocarbons (PAHs, 16 types) i’T‘paCts for Arctic
> Marine plastics and microplastics biota




KEY MESSAGES: New and Lasting Impacts of
Chemical Exposures in Arctic Wildlife and Fish

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

\ 4

Also, changes in food web
structure relationships
e.g. changes and
degradation of Arctic
biodiversity

WILDLIFE HEALTH
IN A COMPLEX
AND CHANGING
ARCTIC

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.
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KEY MESSAGES: Wildlife Health in a Complex &

Changing Arctic S e anY
Key Message #4: L ONH 3
Impact of contaminant exposure in Arctic biota needs to be considered in

combination with other natural and anthropogenic stressors (including changes in
biodiversity)

Changes in food abundance

Habitat degradation B (shifting prey abundance
(oil spills, noise pollution) - and movements)

Increasing human activity
tourism, shipping, oil exploration

Habitat loss

(declining sea ice)
Infections

R TR Invasive species

Relevance to Arctic Biodiversity:

Work by AMAP on biological effects of contaminant on Arctic wildlife complements CAFF work on
species trends, changes and biodiversity




Knowledge Gaps and Future Research Priorities

Spatiotemporal aspects of contaminants

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

Contaminant —specific focus

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

Biota considerations

Lack of focus on marine-terrestrial and wildlife-
human coupling

We need maturity- and sex specific toxicity,
supported by sufficient sample sizes

Assessments needed in relation to spatial &
temporal variation in dietary exposure pathways
We need better understanding of the role of invasive
and biovector species in a changing Arctic

Health effects

Lack of toxicity thresholds adapted to specific health
endpoints, species and contaminants

We need better identification of cumulative and
interactive effect thresholds

We need to scale-up individual effects to the
population level

Prediction of effects of complex contaminant
mixtures within a multi-stressor framework (e.g.
infectious and zoonotic diseases)

OneHealth concept; information integration of
assessments from wildlife & human health studies
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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?



