Taylor & Francis
INTERNATIONAL JOURNAL OF Taylor & Francis Group

CIRCUMPOLAR . .
@A™ International Journal of Circumpolar Health

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/zich20

MercuNorth - monitoring mercury in pregnant
women from the Arctic as a baseline to assess the
effectiveness of the Minamata Convention

Bryan Adlard, Mélanie Lemire, Eva C. Bonefeld-Jergensen, Manhai Long,
Kristin Olafsdéttir, Jon O. Odland, Arja Rautio, Paivi Myllynen, Torkjel M.
Sandanger, Alexey A. Dudarev, Ingvar A. Bergdahl, Maria Wennberg, James
Berner & Pierre Ayotte

To cite this article: Bryan Adlard, Mélanie Lemire, Eva C. Bonefeld-Jgrgensen, Manhai Long,
Kristin Olafsdéttir, Jon O. Odland, Arja Rautio, Paivi Myllynen, Torkjel M. Sandanger, Alexey A.
Dudarev, Ingvar A. Bergdahl, Maria Wennberg, James Berner & Pierre Ayotte (2021) MercuNorth
— monitoring mercury in pregnant women from the Arctic as a baseline to assess the effectiveness
of the Minamata Convention, International Journal of Circumpolar Health, 80:1, 1881345, DOI:
10.1080/22423982.2021.1881345

To link to this article: https://doi.org/10.1080/22423982.2021.1881345

8 © 2021 The Author(s). Published by Informa @ Published online: 03 Jun 2021.
UK Limited, trading as Taylor & Francis

Group.
g
C;/ Submit your article to this journal &' il Article views: 502
A
& View related articles &' @ View Crossmark data (&'
CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=zich20


https://www.tandfonline.com/action/journalInformation?journalCode=zich20
https://www.tandfonline.com/loi/zich20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/22423982.2021.1881345
https://doi.org/10.1080/22423982.2021.1881345
https://www.tandfonline.com/action/authorSubmission?journalCode=zich20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=zich20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/22423982.2021.1881345
https://www.tandfonline.com/doi/mlt/10.1080/22423982.2021.1881345
http://crossmark.crossref.org/dialog/?doi=10.1080/22423982.2021.1881345&domain=pdf&date_stamp=2021-06-03
http://crossmark.crossref.org/dialog/?doi=10.1080/22423982.2021.1881345&domain=pdf&date_stamp=2021-06-03

INTERNATIONAL JOURNAL OF CIRCUMPOLAR HEALTH Tavior & F .
2021, VOL. 80, 1881345 e aylor & Francis

https://doi.org/10.1080/22423982.2021.1881345 Taylor & Francis Group

a OPEN ACCESS W) Check for updates

MercuNorth — monitoring mercury in pregnant women from the Arctic as a
baseline to assess the effectiveness of the Minamata Convention

Bryan Adlard?, Mélanie Lemire®<, Eva C. Bonefeld-Jargensenc, Manhai Long, Kristin Olafsdattir”,
Jon O. Odland9", Arja Rautio', Pdivi Myllynen’, Torkjel M. Sandanger!, Alexey A. Dudarev ®™,
Ingvar A. Bergdahl ", Maria Wennberg @", James Berner® and Pierre Ayotte ®°<P

aPopulation Studies Division, Environmental Health Science and Research Bureau, Health Canada, Ottawa, ON, Canada; Axe Santé Des
Populations Et Pratiques Optimales En Santé, Centre De Recherche Du CHU De Québec, Québec, QC, Canada; ‘Département De Médecine
Sociale Et Préventive, Université Laval, Québec, QC, Canada; Center for Arctic Health & Molecular Epidemiology, Department of Public
Health, Aarhus University, Aarhus C, Denmark; Greenland Center for Health Research, University of Greenland, Nuuk, Greenland;
Department of Pharmacology and Toxicology, University of Iceland, Reykjavik, Iceland; 9Institute of Community Medicine, Faculty of Health
Sciences, UiT the Arctic University of Norway, Tromsg, Norway; "International Research Laboratory for Reproductive Ecotoxicology (IL RET),
The National Research University Higher School of Economics, Moscow, Russia; ‘Thule Institute and Faculty of Medicine, University of Oulu
and University of Arctic, Oulu, Finland; INorthern Finland Laboratory Centre Nordlab, Northern Finland Laboratory Centre Nordlab, Oulu
University Hospital, Oulu, Finland; “Environmental Chemistry Department, NILU-Norwegian Institute for Air Research, the Fram Centre,
Tromsa, Norway; 'Department of Community Medicine, UiT-The Arctic University of Norway, Tromso, Norway; ™Department of Arctic
Environmental Health, Northwest Public Health Research Center, St. Petersburg, Russia; "Section of Sustainable Health, Department of
Public Health and Clinical Medicine, Umed University, Umed, Sweden; °Department of Environment and Health, Division of Community
Health, Alaska Native Tribal Health Consortium, Anchorage, Alaska, USA; PCentre De Toxicologie, Institut National De Santé Publique Du
Québec, Québec, QC, Canada

ABSTRACT ARTICLE HISTORY
Exposure to mercury (Hg) is a global concern, particularly among Arctic populations that rely on Received 14 August 2020
the consumption of marine mammals and fish which are the main route of Hg exposure for Arctic Revised 18 December 2020
populations.The MercuNorth project was created to establish baseline Hg levels across several Accepted 21 January 2021
Arctic regions during the period preceding the Minamata Convention. Blood samples were KEYWORDS

collected from 669 pregnant women, aged 18-44 years, between 2010 and 2016 from sites Mercury; biomonitoring;
across the circumpolar Arctic including Alaska (USA), Nunavik (Canada), Greenland, Iceland, Arctic; Minamata Convention
Norway, Sweden, Northern Lapland (Finland) and Murmansk Oblast (Russia). Descriptive statistics

were calculated, multiple pairwise comparisons were made between regions, and unadjusted

linear trend analyses were performed.Geometric mean concentrations of total Hg were highest in

Nunavik (5.20 pug/L) and Greenland (3.79 pg/L), followed by Alaska (2.13 pg/L), with much lower

concentrations observed in the other regions (ranged between 0.48 and 1.29 ug/L). In Nunavik,

Alaska and Greenland, blood Hg concentrations have decreased significantly since 1992, 2000

and 2010 respectively with % annual decreases of 4.7%, 7.5% and 2.7%, respectively.These

circumpolar data combined with fish and marine mammal consumption data can be used for

assessing long-term Hg trends and the effectiveness of the Minamata Convention.

Background such as fish and marine mammals and are therefore
exposed to elevated levels of MeHg, even though
these regions are far from sources of emissions [1,2].
Due to mercury’s long-range transport capability and
bioaccumulation in the Arctic food chain, elevated con-
centrations of total Hg in blood have been measured in

Mercury is a global health issue and it is of particular
concern among Arctic populations that rely on the
consumption of some marine species, which have ele-
vated concentrations of methylmercury (MeHg). MeHg
bioaccumulates in the tissues of living organisms and is
biomagnified in top-predators of aquatic food webs,  |nuit populations in Greenland and Canada as well as in
such as predatory fish and marine mammals. This is  the Faroe Islands [3-5]. In the populations where the
particularly an issue among Inuit populations in the  main source of Hg exposure is from dietary sources,

Arctic, who regularly consume traditional foods (also  total Hg in blood is a good approximation of MeHg
sometimes referred to as country of subsistence foods) exposure.
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Hg compounds are known to be toxic to humans
and other organisms, particularly organic Hg com-
pounds such as MeHg which have adverse effects on
neurobehavioural and cardiovascular and health [6-8].
Public health crisis drew attention to the health impacts
of mercury in the 1950s, due to mercury poisoning and
associated Minamata disease and Niigata disease in
Japan [9], and mercury poisoning outbreaks in Iraq
[10]. The negative health consequences of chronic
low-dose MeHg exposure, especially in utero, are well
documented and include neurological and cardiac
health effects among populations who rely on the con-
sumption of fish and marine mammals [11-15]. Prenatal
exposure to Hg is of particular concern because the
neurobehavioural impacts of Hg exposure can be per-
manent [16,17]. Exposure to Hg during foetal life can
affect the central nervous system even at levels with no
clinical consequences for the mother [18] due to the
ability of MeHg to readily cross the placental and brain
barriers, which is not the case for inorganic Hg [19].
Some institutions have developed blood Hg guidance
values to identify “at-risk” populations. A provisional
blood MeHg guidance value of 8 ug/L for pregnant
women, women of childbearing age and children
(<18 years of age) was developed by Health Canada
[20]. The US EPA derived a recommended reference
dose of 5.8 ug/L (based on a benchmark dose level of
58 ug/L mercury recommended by the National
Research Council [21]. The Commission on Human
Biological Monitoring in Germany has also established
a human monitoring value (HBM 1) of 5 ug/L for adults
and children [22].

The Minamata Convention on Mercury was adopted
in 2013 and ratified in August 2017, becoming legally
binding for all parties [23]. Among the circumpolar
Arctic countries, Canada, the USA, Denmark, Norway,
Sweden, Finland and the Russian Federation have
signed the Convention, and Iceland has accessioned
[23]. The formal objective of the Convention under
Article 1 is “to protect human health and the environ-
ment from anthropogenic emissions and releases of
mercury and mercury compounds” [23]. Major high-
lights of the Minamata Convention include a ban on
new mercury mines, the phase-out of existing ones, the
phase-out and phase-down of mercury use in several
products and processes, control measures on emissions
to air and on releases to land and water, and the
regulation of the informal sector of artisanal and
small-scale gold mining. The Convention also addresses
interim storage of mercury and its disposal once it
becomes waste, sites contaminated by mercury and
health issues [24]. The Parties agreed to control and
(where feasible) to reduce emissions of Hg and Hg

compounds. The Convention also calls for additional
research on issues related to Hg.

The Minamata Convention also calls for conducting
an effectiveness evaluation to ensure the convention is
successfully protecting human health and the environ-
ment from Hg. Evers et al. [25] proposed metrics for
evaluating effectiveness of the convention, which
included the collection of human biomonitoring data
to track changes in Hg exposure. Arctic studies such as
the Circumpolar Blood Study (1994-1997), that were
developed to measure persistent organic pollutants in
maternal blood [26,27], have been used as an evalua-
tion tool for the effectiveness of the Stockholm
Convention. Similarly, blood Hg data from current and
past studies of Hg exposure in pregnant women can be
used to evaluate the effectiveness of the Minamata
Convention.

People living in the Arctic have some of the highest
blood MeHg concentrations on Earth [4]. This
MercuNorth study included participation from the
USA, Canada, Denmark/Greenland, Iceland, Norway,
Sweden, Finland and Russia, and was initiated to assess
human exposure to mercury in pregnant women before
the ratification of the Minamata Convention. The objec-
tive of this paper is to describe levels of total mercury in
the blood of pregnant women from across the circum-
polar Arctic before 2017, which can serve as a baseline
to evaluate the effectiveness of the Minamata
Convention.

Methods
Population and recruitment

Participants of the MercuNorth study were originally
recruited from separate studies conducted in the USA,
Canada, Greenland, Iceland, Norway, Sweden, Finland
and Russia. Each participating country recruited preg-
nant women on a voluntary basis (convenience sample)
following their own recruitment procedure, between
2010 and 2016. Many of these women were recruited
as part of a subset of other ongoing surveys. Between
25 and 196 pregnant women were recruited in each
country, resulting in 669 participants in this study. All
participants were pregnant women between the ages
of 18 and 44 years with an average age of approxi-
mately 28 years. Ethical approval and consent was
obtained for each study location, respectively, by the
following: Alaska Area Indian Health Service IRB
(Institutional  Review Board); Research  Ethics
Committee at the CHU de Québec Research Centre -
Université Laval; Ethical Committee for Scientific
Investigations in Greenland (KVUG); National bioethics



committee of Iceland (VSNb2014070006/03.01);
Regional Committees for Medical and Health Research
Ethics; Ethical Review Board in Umed (Dnr 2014/400-31);

Ethics Committee of the Northern Ostrobothnia
Hospital District; and Ethics Committee at the
Northwest Public Health Research Center

(IRB0006281). Study details for each study location are
listed in Table 1.

Blood samples

A trained nurse or laboratory technician performed
collection. A total of 16 ml of whole blood was col-
lected in two EDTA tubes: a 6-ml tube (BD 367,863) and
10-ml tube (BD 366,643). A 2-ml aliquot of whole blood
was transferred in a Sarstedt vial for Hg analysis. Vials
were stored frozen at —20°C until shipment to the
Toxicology laboratory at “Institut National de Santé
Publique du Québec” (INSPQ) or to another calibrated
laboratory (Greenland: Institute for Bioscience - Arctic
Research Centre, Aarhus University, Denmark; Alaska:
CDC’'s NCEH laboratory, Russia: North-Western Branch
of “Typhoon” lab). In Inari (Finland), whole blood was
collected using Li-heparin tubes as part of the KolArctic
study, although this difference in tubes used is not
expected to impact any comparison of study results.
Total mercury in blood was quantitatively deter-
mined by inductively coupled plasma mass spectrome-
try (ICP-MS, ELAN DRC Il system, PerkinElmer). Samples
were diluted 20-fold with a solution containing 0.5% (v/

Table 1. MercuNorth study details and participant characteristics.
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v) ammonium hydroxide and 0.1% (v/v) octylphenol
ethoxylate. An external calibration curve was prepared
by diluting the corresponding volume of human blood
(from healthy volunteers) 20-fold with the same diluent
and then spiking with different volumes of 1 mg L™
multi-elements standard solution (SCP Science,
PlasmaCal ICP-MS Verification Standard 1, #141-110-
011). The internal standard for both calibration curve
and samples analysis was '*°Pt.

The internal quality control (QC) of the analyses was
ensured by analysing non-certified reference after cali-
bration, after every 10th sample as well as at the end of
each analytical sequence. The internal QC was within 1
standard deviation of the expected values. QMEQAS -
Quebec Multielement External Quality Assessment
Scheme (QM-B-Q1108, QM-B-Q1201, QM-B-Q1302, QM-
B-Q1505 and QM-B-Q1512) blood reference materials
were used for the total mercury analysis.

The quality and accuracy of the analytical methods
in these studies were assessed by participation in an
interlaboratory comparison programmes. These include
PCl — programme de comparaisons interlaboratoires —
Interlaboratory Comparison Program for Metals in
Biological Matrices (Canada), QMEQAS (Canada),
PMQAS - Priority Metals Quality Assessment Scheme
(Canada), LAMP - Lead and Multielement Proficiency
Program (USA), State of New York Department of
Health (USA) and G-EQUAS - External Quality
Assessment Scheme (Germany). Some countries/regions
used their national laboratory to conduct mercury

Study Location(s) Year(s) Sample Size Study Population Mean Age (Range)

Participants from a total 2010-2012 n=152 Yupik Mothers' 26.5
of 57 communities in
the Yukon-Kuskokwim
region, Alaska, USA;

Participants from 14 2013 n=95 Inuit pregnant women? 24.2
communities in (1st Trimester Pregnancy) (18-41)
Nunavik, Québec,

Canada;

Participants from 15 2010-2013 n=196 Inuit pregnant women? 27.5
communities in (Primarily 2nd (57%) and 3rd (36%) trimester) (18-44)
Greenland;

Reykjavik, Iceland; 2014-2015 n=50 Icelandic pregnant women (3rd trimester) 313

(22-43)

Bodg, Norway 2014-2015 n=50 Norwegian pregnant women (2nd trimester) 315

(21-40)
Kiruna, Sweden 2015-2016 n=51 Swedish pregnant women (3rd trimester in week 28-29) 28.6
(20-42)

Inari, Northern Lapland, 2014 n=25 Finnish pregnant women? (from all trimesters between week 9-37) 30.2
Finland; (21-39)

Nickel City, Pechenga 2013-2014 n=50 Russian pregnant women® (3rd trimester) 29
district, Murmansk (20-42)

Oblast, Russia

"Recruited at first prenatal visit as part of the Alaskan Native MOM study (Mosites et al., 2020).

2Recruited from the Arctic char program (Dewailly, 2013).
3Recruited from the ACCEPT Birth Cohort (Bank-Nielsen et al., 2019).
“Recruited from the KolArctic study.

SRecruited from the KolArctic study (Dudarev et al., 2016); Two participants were not ethnic Russians.
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analyses. These laboratories also participated in the PCI
Interlaboratory Comparison Program for Metals in
Biological Matrices QC programme, to demonstrate
adequate performance for total mercury in blood. In
Denmark, the quality and accuracy of the analytical
method were ensured by participation in the Quality
Assurance of Information in Marine Environmental
monitoring interlaboratory comparison programme
[30,31]. In addition, comparative analyses for a subset
of blood samples (n=30) was required to verify the
comparability of results obtained by INSPQ’s toxicology
laboratory and the national laboratories from the USA,
Denmark and Russia.

Statistical analyses

Baseline analyses of blood Hg levels, descriptive statis-
tics (geometric means (GMs), 95% confidence intervals
(95% Cl) and ranges) and percentage exceeding gui-
dance value were calculated for each study region.
Overall F-test and multiple comparisons between
regions with pairwise t-tests were assessed using ana-
lysis of variance (ANOVA) with Hg concentrations log
transformed given the skewedness distribution.

Temporal trend analyses of blood Hg levels were
performed separately on regions for which data from
previous or subsequent sampling campaigns were also
available (1992-2013 for Nunavik, 2000-2012 for Alaska
and 2010-2015 for Greenland). ANOVA with year of
sampling treated as a categorical factor was used.
Changes in log transformed concentrations across the
years of sampling were evaluated using contrasts. The
contrast tested the linear trend using linear contrast
coefficients for unequally spaced time points. The
mean estimates obtained from the model for each
time point were transformed back to the original scale
to obtain a GM and its 95% Cl. Annual percentages of
change were calculated for each region. Regression
slopes were compared for Alaska and Nunavik using
ANOVA with an interaction term between year of sam-
pling (treated as continuous) and region (treated as
categorical) variables, starting in 2000 when data from
both regions were available (Greenland was excluded
due to a limited number of shared time points).
Adjusted analyses based on participants’ age or gesta-
tional week were not possible, as information on parti-
cipants’ age or gestational week were not available on
an individual basis for all regions. Analyses were per-
formed using SAS software, version 9.4 (SAS Institute
Inc.,, Cary, NC, USA).

Results

Whole blood mercury concentrations in pregnant
women and comparisons between circumpolar
Arctic regions

The highest GM concentrations of Hg in whole blood
were found in Nunavik (5.20 pg/L), which were more
than 10 times higher than the lowest GM concentra-
tions, reported in Sweden (0.48 pg/L)(Table 2). Blood
Hg concentrations in Greenland and Alaska were
3.79 and 2.13 ug/L, respectively. Blood concentra-
tions of Hg in Iceland, Norway and Russia were
similar and not significantly different from each
other, but higher than in Finland and Sweden
which had the lowest levels. Due to small sample
sizes in some regions, 95th percentile Cls could not
be calculated.

The widest range of concentrations were observed in
Nunavik and Greenland, and Alaska to a lesser extent
(Table 2), compared to the other study regions. This is
further illustrated in Figure 1, which shows the distribu-
tion of Hg concentrations in each study region. All
participants from Iceland, Norway, Sweden, Finland
and Russia had blood Hg concentrations within a
small range, all below 4 pg/L. Concentrations of Hg in
Alaska, Nunavik and Greenland, however, were greatly
varied with several participants having concentrations
that were much higher than the majority of other par-
ticipants from the same region.

The majority of study regions did not have any
participants exceed existing Hg blood guidance values
(Table 2). The only exceedances were in Nunavik,
Greenland and Alaska, with the most exceedances
observed in Nunavik pregnant women (37.9% =8 pg/
L), a smaller percentage of women exceeding 8 ug/L in
Greenland (23%) and Alaska (3%). It should be noted
that the proportion of women in circumpolar countries
exceeding health-based guidance values has been
decreasing over the last few decades [3], as blood Hg
concentrations decline.

Multiple pairwise comparisons between study
regions (as shown in Table 3) revealed significant
differences between many of the study regions.
The regions with the highest concentrations,
Nunavik, Greenland and Alaska, were all significantly
different, respectively, from all other regions.
Concentrations in participants from Iceland, Norway
and Russia, however, were not significantly different.
The lowest GM Hg levels were observed in Sweden;
however, Sweden and Finland were not significantly
different.



% =8 pg/L
value®

Guidance

% >5.8 pg/
L Guidance
value®

%
>5 pg/
L HBM

B

95th
6.25 [4.47-8.04]
14.03 [5.56-22.50]
15.21 [11.21-19.21]

90th
5.18 [4.37-5.99]
12.47 [10.75-14.20]
11.75 [10.35-13.15]

Percentiles [95% Cl]
50th 75th
3.45 [3.08-3.81]
9.67 [8.26-11.08]

Blood Hg concentrations (ug/L)

25th

10th

GM (range)
2.13 (0.28-9.71)
5.2 (0.28-32.1)
3.79 (0.02-73.01)

Sample
size (n)

Study
regions
Alaska

Table 2. Blood Hg concentrations in pregnant women by study regions from 2010 to 2016.

2.63
379
23
0
0
0
0
0

6.58

42.1

35.2
0
0
0
0
0

1.8
2

63.
40
0
0
0
0
0

2.71 [2.05-3.36]
2.61 [1.93-3.28]
1.49 [-]
2.81 [-]
313 []

1.23
332
2.06
0.99
0.81
0.20
0.37
0.75

10 [-]

0.55 [0.39-0.71]

0.82
133
1.10
0.50
0.45
0.20
0

1.29 (0.14-3.61)
1.2 (0.20-3.41)
0.48 (0.20-1.89)
0.71 (0.05-3.81)
1.08 (0.30-3.99)

5
95
196
50
0
1
25
50
®Human biomonitoring value | [22].

Nunavik
Greenland
Iceland
Norway
Sweden
Finland
Russia

Data presented in whole blood (ug/L) as geometric means (range), and by percentiles [95% Cl]. Pregnant women over exceedance values presented as percentages (%).

“Health Canada Provisional blood MeHg guidance value [20].

PBlood equivalent of US EPA reference dose [32].
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Temporal trend of blood mercury levels in
pregnant women from Nunavik, Alaska and
Greenland

Temporal trend analyses were conducted for the same
populations in Nunavik (Canada), Alaska (USA) and
Greenland, and are presented in Figure 2, which pre-
sents blood Hg levels (GM and 95% Cl) for these
regions. Similar downward time trends were observed
in these regions over the study periods (p<0.001). The
annual percentage decreases in Alaska (between 2000
and 2012), in Nunavik (between 1992 and 2013) and in
Greenland (between 2010 and 2015) were 7.5%, 4.7%
and 2.7%, respectively. When Alaska and Nunavik were
compared over similar time periods starting in 2000
when data were available for both regions, the declin-
ing trend was more pronounced in Alaska compared to
Nunavik  (simple slopes comparison with a
p-value=0.0073). Comparisons with Greenlandic data
were not made due to insufficient number of shared
time points with Alaska and Nunavik. Additionally,
exceedances of blood Hg guidance values decreased
over the same corresponding time frame [3].

Discussion

The Minamata Convention on Mercury, which became
legally binding in 2017, aims to reduce Hg anthropo-
genic emissions and environmental concentrations over
the long term [24]. This, in turn, should reduce the Hg
body burden of vulnerable populations such as com-
munities in circumpolar countries whose diet heavily
relies on fish and marine mammals. The strength of
this study was in the coordinated international effort
to provide baseline Hg data among pregnant women
from across the circumpolar Arctic. Investigators from
different countries recruited pregnant women using a
similar methodology over a similar period. This work is
complementary to other international efforts to mea-
sure baseline exposure to mercury, such as the global
report “Mercury in women of child-bearing age in 25
countries” [33].

It should be noted that this study presents Hg
concentrations in pregnant women at several sites
across the circumpolar Arctic based on a convenience
sample, and should not be considered representative
of all these Arctic regions, particularly as samples
sizes were small in some regions. In many parts of
the Arctic, population density is low and spread
across several remote communities, which can make
obtaining large sample sizes difficult. In addition,
participants from Alaska, Nunavik and Greenland
were all from Indigenous communities (Yupik and
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Figure 1. Distribution of blood Hg concentrations in participants from each study region.

Inuit, respectively), while other study regions were
not reflective of Indigenous  communities.
Participants from Nickel City in the Pechenga district,
for example, are not reflective of Hg exposure in

Indigenous populations in the Murmansk
Oblast, Russia.
While blood Hg concentrations were highest in

Nunavik and Greenland, there are substantial regional

living



Russia
<0.0001
<0.0001
<0.0001
0.2997
0.5350

Finland
<0.0001
<0.0001
<0.0001

Pairwise Comparisons between regions (p-value®)
Iceland Norway Sweden

Greenland

Nunavik

Table 3. Pairwise comparison of geometric means between study regions (p-values).

Study regions
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variations in Hg concentrations within each Arctic
region. In Greenland, for example, the samples were
primarily from western Greenlandic communities
(n=118) and Disko Bay communities (n=47) (which are
also located on the west coast of Greenland) with GMs
in these communities ranging between 1.77 and
5.68 ug/L. Northern and eastern Greenlandic commu-
nities had higher GM concentrations between 5.64 and
29.2 ug/L (albeit with much smaller sample sizes of
n=14 and n=3 from northern and eastern communities).
Differences in Hg concentrations among circumpolar
countries may reflect differences in dietary intake
among the different regions. For example in Nunavik,
the local foods that contribute the most to Hg dietary
”””” intake are beluga (meat, nikku, mattaq), lake trout and
seal liver [34], and the contribution of each of these
varies by season with the highest intake of beluga meat
occurring in the late summer and fall [35]. In Greenland,
Inuit consume marine foods such as fish, seals and
whales, and intake of Hg has been strongly associated
with consumption of seals [36]. In many of the other

<0.0001
0.0466

0.0046
0.0126
0.0569

288w Arctic countries, marine mammals are consumed less

%%%E often, and the main source of exposure to Hg is from
consumption of fish, and less so marine mammals [3].
Moreover, in this study, the lowest mean levels were
observed in pregnant women from Inari (Finland) and
Kiruna (Sweden), neither of which are located on the
coast.

g %% It is important to interpret temporal biomonitoring

=RV data in the context of dietary information. Data show
that in Nunavik and Alaska, blood Hg concentrations
have decreased significantly since 1992 and 2000,
respectively. Blood Hg concentrations also decreased
in Greenland between 2010 and 2015, although in a
non-uniform manner, and declines in blood Hg are

5o further supported by other studies in Greenland that

%é have shown declines since the mid-1990s [37]. Climate

change may influence levels of Hg in wildlife among a
variety of factors [38]. Since no decreasing trend in Hg

£ worldwide emissions have been reported [39], this sug-

§ gests that the decline in Hg exposure among pregnant

5 women in these regions is primarily due to either a

g g decline in fish and marine mammal consumption, or a
% g shift towards consumption of wildlife species with
~ lower levels of Hg. In some Arctic regions, decreases

§ in the consumption of fish and marine mammals have

2 been documented, due to environmental changes and

g a transition towards highly processed market foods as

E part of a more “western” diet [40-42, 43,44]. Local fish

- S and marine mammals are an excellent source of fatty
gér_g-g §§-8 ;‘z aFids, nut.rients and essential elements §uch as se.le-
i—féééé%% Szz nium, which may also play a key role in protecting

against the adverse effects associated with exposure
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Figure 2. Temporal trend of geometric mean Hg concentrations (ug/L) in whole blood of pregnant women from Nunavik, (1992-
2013), Alaska (2000-2012) and Greenland (2010-2015). Error bars represent the GM 95% confidence interval.

to Hg [45-48], and a shift in diet away from these foods
could result in a reduction of intake of these important
nutrients. This emphasises the need for routine human
biomonitoring of Hg with concomitant assessment of
dietary habits and monitoring of contaminants and
nutrients in foods, to better document temporal trends
and balance the dietary risks and benefits of consuming
these foods.

While robust time trend data indicate that blood Hg
levels have decreased in pregnant women from
Nunavik, Alaska and Greenland, the available historical
data for our analysis were limited for our analysis of
temporal trends in other circumpolar countries. In
Greenland, Hg levels among pregnant women in the
Disko Bay region were lower in 2010-2013 compared to
levels reported for 2006, 2000, 1996 and 1994, and
suggest decreased consumption of marine mammals
[37]. Limited available data from Norway indicate a
decrease in Hg concentration between 1994 and
2014-2015, when comparing mean Hg concentration
of 2.5 pg/L in the Hammerfest region and 3.4 pg/L in
the Kirkenes and Bergen regions in 1994 [3] with mean
Hg concentrations of 1.2 ug/L in Bodo, Northern
Norway in 2014-2015. In Sweden, mean Hg concentra-
tions have been relatively stable over the last 15 years
at levels <1 pg/L [3]. In general, temporal trends of
adult blood Hg in Arctic regions have shown a decline
over time and have also been described in other Arctic

regions including Yup'ik, Nunavik, coastal Chukotka and
Disko Bay in maternal blood, and in whole blood of
men and women from northern Sweden (Norrbotten
and Vasterbotten) [49].

While efforts were made to coordinate the collection
of blood samples from pregnant women across the
circumpolar Arctic at the same time, there was some
temporal variation with samples collected over a span
of 6 years (collected between 2010 and 2016). This may
affect comparisons of levels of Hg between countries,
particularly if Hg levels are declining at different rates
across different regions. Some pregnant women were
recruited during different trimesters of pregnancy; this
could also further skew comparisons of Hg levels. In
addition, while mean age of participants for all study
regions were fairly similar (between 242 and 31.5
years), the difference in age between the youngest
and oldest participants span 26 years. This may impact
comparisons of mercury concentrations due to differ-
ences in dietary intake of Hg from fish and marine
mammals as age is positively associated with consump-
tion of marine mammals [34]. Differences in the proxi-
mity of sampling periods to peak country food
consumption during the year across the different sites
(seasonal variation) may also impact comparisons. In
addition, one limitation of this study was the analysis
of only total mercury concentrations. The majority of
total mercury is typically organic mercury (MeHg) in



marine food eating populations; however, it would be
valuable to also have data on the proportion of inor-
ganic and organic Hg in blood for comparison with
other regions around the world. Future monitoring in
the circumpolar Arctic should also consider analysis of
full mercury speciation in blood.

One limitation of this study was the lack of diet-
ary info for interpreting blood Hg concentrations.
Further biomonitoring studies are needed in all cir-
cumpolar regions in order to provide useful time
trends, which should also include collection of diet-
ary information and Hg concentrations in local
foods. This will help with assessing dietary intake
of mercury and whether changes in blood Hg levels
over time are due to dietary changes or due to
changes in Hg levels in local food items consumed.

There are significant challenges in managing Hg expo-
sure in the Arctic [41], which must be considered along with
substantial food insecurity and poor nutrition. These con-
cerns add additional complexity to recommendations and
actions that doctors, nurses and public health professionals
take to reduce individual and population-level exposures to
MeHg. Many traditional foods are a rich source of nutrients
essential for healthy pregnancies, but some also display
elevated MeHg concentrations [34,50,51]. Biomonitoring
provides valuable information to inform health authorities
and is needed to inform and support regulations and risk
management actions at the national and international
scale. Continuous biomonitoring is also important to help
assess whether risk management actions aimed at reducing
Hg in the environment are effectively translating into
diminishing Hg exposure among human populations.

Conclusion

This paper provides baseline data of total mercury
concentrations in pregnant women from circumpolar
countries, just before implementation of the
Minamata Convention. The highest blood Hg con-
centration in pregnant women from this study was
found in Yupik and Inuit communities from Alaska,
Nunavik and Greenland. Further biomonitoring stu-
dies are needed in all circumpolar regions in order
to provide useful time trends, and allow monitoring
of the efficacy of measures that will be adopted by
signatory countries to limit Hg emissions worldwide.
Future biomonitoring activities should be also com-
pleted in conjunction with dietary assessment to
properly assess whether changes in blood Hg con-
centrations are due to dietary changes or due to
change in Hg concentrations in traditional foods
consumed.
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