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Abstract

This project studies contaminant levels in caribou in the Canadian Arctic to determine if these populations
remain healthy (in terms of contaminant loads), whether these important resources remain safe and healthy
food choices for northerners and if contaminant levels are changing over time. In 2018/19 samples were
collected from 16 Qamanirjuaq, 4 Lorillard and 18 Forty-Mile caribou and 11 Sanikiluaq reindeer. Twenty
kidneys from the Bathurst caribou were also included in the analysis. Sample analyses for these collections
had not been completed at the time this report was prepared. Porcupine, Qamanirjuaq and Forty-Mile caribou
samples collected in the 2017/18 year have been analyzed, and results are presented in this report. Toxic
elements tended to be higher in cows than bulls, likely due to the relatively higher volume of food intake (and
hence toxic element intake) by cows due to their smaller size and higher energetic requirements from
parturition and lactation. Cadmium and zinc increased with age while mercury decreased with age in Porcupine
caribou bulls. Lead continues to decline in both herds. Overall, mercury, selenium and zinc are increasing in
the Qamanirjuaq caribou, although increases are slight and may be better described by a cyclic pattern, similar
to that seen in the Porcupine caribou, which is not experiencing an overall increase in any of those elements.
Toxic elements were present at very low concentrations in marrow from Porcupine caribou, much lower than
those found in kidneys.

Perfluorinated sulfonic acids are declining over time in caribou liver (largely due to PFOS, which has been
banned). Per- and polyfluorinated alkyl substances and polybrominated dipheynyl ethers were present at very
low levels in caribou liver. Levels of most contaminants measured in caribou kidneys were not of concern
toxicologically, although renal mercury and cadmium concentrations may cause some concern for human
health depending on the quantity of organs consumed. Yukon Health has advised restricting intake of kidney
and liver from Yukon caribou, the recommended maximum varying depending on herd (e.g. a maximum of 25
Porcupine caribou kidneys/year). The health advisory confirms that heavy metals are very low in the meat
(muscle) from caribou and this remains a healthy food choice. There have been no health advisories issued for
caribou in NWT or Nunavut.

Key Messages

» Levels of most contaminants measured in caribou tissues are not of concern, although kidney mercury
and cadmium concentrations may cause some concern for human health depending on the quantity of
organs consumed. Caribou meat (muscle) does not accumulate high levels of contaminants and is a
healthy food choice.

» Mercury concentrations in the Porcupine and Qamanirjuaq caribou are stable over the long term,
although there is considerable annual variation.

» Concentrations of PFASs and PBDEs are low with respect to potential toxicity to caribou or those



consuming caribou.

» This program will continue to monitor the Porcupine and Qamanirjuaq caribou herds annually to
maintain confidence in this traditional food and to better understand the dynamics of contaminants
within this ecosystem (particularly mercury).

Objectives
To determine levels of and temporal trends in contaminants in Arctic caribou to:
» provide information to Northerners regarding contaminants in these traditional foods, so that:
o they may be better able to make informed choices about food consumption. This includes
providing information for health assessments and/or advisories as required;
o wildlife managers can assess possible health effects of contaminants on Arctic caribou
populations;
» further understand the fate and effects of contaminant deposition and transport to the Canadian Arctic.

Introduction

Caribou provide an important food resource for Northerners across the Arctic, and the Porcupine and
Qamanirjuaq caribou herds have been designated in the NCP blueprint for annual monitoring of mercury,
inorganic elements, PBDEs (polybrominated diphenyl ethers) and PFASs (per- and polyfluoroalkyl
substances). In addition, the blueprint specifies that one or two other herds will be monitored each year for the
same list of contaminants. This year, those herds were the Lorillard caribou (Baker Lake, NU) and Sanikiluaq

reindeer (Sanikiluag, NU).

Activities in 2018/19

In the fall of 2018, samples were collected from 16
Qamanirjuaq caribou by local hunters in Arviat, NU
and from 4 Lorillard caribou with the assistance of the

Baker Lake Hunters and Trappers Organization it o

Barren-Ground Caribou
Ranges

(HTO). Samples were collected from 12 Sanikiluaq y
reindeer with the assistance of the Sanikiluaq HTO in
January/February 2019. No samples were taken from
the Porcupine caribou as their migration route did not
take them through our sampling location in Old Crow,
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2018. An additional 20 kidneys from the Bathurst herd
collected in August 2011 by the Government of
Northwest Territories (B Elkin) were included in the
analysis. A range map for the major barren-ground
herds is provided for reference (Figure 1).

Figure 1. Home ranges of the major barren-
ground caribou herds in Canada.

Current-year kidney samples are being analyzed for a suite of 34 elements using ICP-MS by NLET,
Environment Canada, Burlington. Ten liver samples from each of the Forty-Mile and Qamanirjuaq herds and
four from the Lorillard herd are being analyzed for PBDEs (including deca-BDE) and PFASs by a private
laboratory (ALS Global). Liver and muscle samples will be archived at the National Wildlife Research Centre
(Environment Canada). Incisors were used to analyze age of the animal using the cementum technique with
the assistance of Environment Yukon (A Milani).



As methylmercury is the more toxic form of this element and we normally measure total mercury in caribou,
we took advantage of the room in the analytical budget to analyze methylmercury in livers and kidneys from
ten caribou from each of the Forty-Mile and Qamanirjuaq herds, four caribou from the Lorillard herd and in
ten kidneys from the Bathurst herd (no livers were available from this collection).

Capacity Building

In September 2018, the PI participated in a wildlife contaminants workshop presented to the students of the
Environmental Technology Program (ETP) of Arctic College in Iqaluit, providing information on
contaminants in the general environment as well as in caribou specifically. This workshop will be offered
again in September 2019.

In October 2018, the PI participated in a Wildlife Contaminants Workshop — building contaminants research
capacity in Nunavut, in Arviat NU along with a team of ten other researchers. The workshop was designed to
integrate experiences from past workshops, open houses and events that incorporate contaminants, wildlife
ecology, physical processes in the Arctic, and climate change to be delivered to a range of community members
in Arviat. An open house and evening gathering were held in Arviat in October 2018, that featured hands-on
activities and presentations on three important wildlife species in the community: polar bears, seals and
caribou, and featured NCP scientists from each project. About 75 community members (mostly students) came
through the open house while about 150 participated in the evening gathering. An Inuit Qaujimajatuqangit (IQ)
workshop was given to the visiting researchers by the Aqqiummarvik Society of Arviat, providing insight into
new ways of developing research protocols in northern communities that will increasingly align with Inuit
values and IQ principles and ensuring that northern research is carried out in a collaborative, respectful and
effective manner.

Communications

Results of this project were communicated in the following ways: May 2018 — plain language summaries of
contaminants in the Porcupine, Bluenose West, Ahiak, Qamanirjuaq and Dolphin & Union caribou were
distributed widely (the latter four were provided both in English and Inuktitut); attended a two-day meeting of
the Porcupine Caribou Herd Technical Committee to discuss contaminants in Porcupine caribou; provided E
Kreummel with data (PFHxS) to be included in a risk profile for potential inclusion of this contaminant under
the Stockholm Convention. June 2018 - included a discussion of contaminants in caribou in a radio interview
with CBC. August 2018 — provided an update on contaminants in caribou to the State of the Environment
Report (Environment Yukon). September 2018 — presented results to the Environmental Technology Program
of Arctic College in Igaluit as part of an NCP project: Wildlife Contaminants Workshop-linking wildlife and
human health through a hands-on workshop. October 2018 — participated in the Wildlife Contaminants
Workshop in Arviat (described in more detail in the Capacity Building section); Participated in a public caribou
event at the Museum of Nature, Ottawa as part of the North American Caribou Workshop (brought displays of
caribou clothing, toys made from caribou, caribou tissue processing for contaminant analysis and caribou tooth
aging); met with territorial MLAs on Parliament Hill to discuss contaminants in the north. December 2018 —
attended two-day AMAP meeting in Ottawa to contribute perspective on contaminants in caribou. January
2019 — attended a two-day caribou meeting with the Athabascan Denesuline in Wollaston Lake, SK to discuss
contaminants in caribou. Feb 2019 — plain language summaries of contaminants in the Porcupine, Bluenose
West, Ahiak, Qamanirjuaq and Dolphin & Union caribou were updated with most recent data (including
outstanding PBDE and PFAS data) and distributed widely (the latter four were provided both in English and
Inuktitut). Community visits to Taloyoak, Cambridge Bay and Kugluktuk, NU are planned for April 22-28,
2019. The Caribou Contaminant Facebook page is being used regularly to communicate results to a wider
audience. A first draft of a manuscript entitled ‘Perfluoroalkyl acids in Arctic Caribou and Reindeer’ has been
prepared by Anna Roos of the Swedish Museum of Natural History. Manuscripts are also being prepared on
element profiles and differences among herds by Isabeau Pratte and Jennifer Provencher of the Canadian
Wildlife Service and on environmental drivers of mercury in Arctic caribou by Jeremy Brammer of the



National Wildlife Research Centre.

Indigenous Knowledge Integration
This program relies on the indigenous knowledge when collecting samples from caribou for analysis. Local
hunters use indigenous knowledge when hunting caribou and submitting samples as well as providing food for
their families. Meetings between the PI and local HTOs
provide an opportunity for the exchange of indigenous and
western knowledge that enhances wunderstanding of
contaminants in caribou and facilitates the implementation of
this project. When discussing the results of the sub-project to
investigate whether mercury is precluding caribou from
becoming pregnant, local hunters pointed out that the year we
did that work was the second of two years that the caribou
were in peak condition, as a result of windy summers that
meant decreased insect harassment. This has provided an
important insight into the interpretation of those results.
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concentrations of toxic elements were very low in both herds, Figure 1. Renal concentrations of mercury,
much lower than levels found in kidneys. selenium and zinc in Porcupine and

Qamanirjuaq caribou.
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Element concentrations in kidneys collected in 2017 were

compared among the Porcupine, Qamanirjuaq and Forty-Mile caribou. The Qamanirjuaq caribou had higher
levels of Pb and Hg than the other two herds, while the other elements of concern (As, Cd, Cu, Se, Zn) did not
differ among herds. Differences in element concentrations between sexes and trends over time and with age
were analyzed using the Qamanirjuaq (2006-2017) and Porcupine (1990-2017) caribou datasets. Cows had
higher concentrations of As, Cd, Pb and Hg in both herds than bulls. Cd and Zn increased with age while Hg
decreased with age in Porcupine caribou bulls. Pb continues to decline in both herds. Overall, Hg, Se and Zn
are increasing in the Qamanirjuaq caribou, although increases are slight and may be better described by a cyclic
pattern, similar to that seen in the Porcupine caribou, which is not experiencing an overall increase in any of
those elements (Figure 1).



Table 1. Element concentrations (X + SD; ug-g_l dry weight).

Year N Age Arsenic Cadmium Copper Lead Mercury Selenium Zinc
Porcupine herd Kidneys; Fall-collected Males
1997 14 4.1 042 + 032 232 + 12.1 212 + 2.1 0.17 £ 0.11 147 + 032 38 +£+ 06 934 + 118
1998 14 47 019 +£ 0.05 269 + 21.0 25.6 £+ 3.7 025 + 028 1.76 + 0.72 52 +£ 1.2 1084 + 16.6
1999 11 47 008 + 0.04 36.0 + 259 235 + 64 0.18 £ 0.09 123 £+ 0.63 46 +£ 0.8 113.5 + 163
2000 8 438 030 £ 0.11 374 + 176 251 + 4.3 025 + 039 123 + 0.18 49 + 1.0 121.6 + 21.5
2001 12 5.1 036 + 0.12 298 + 11.9 225 + 2.6 0.17 £ 0.15 1.74 £ 0.78 44 + 1.1 1158 + 27.2
2002 9 56 018 +£ 0.04 268 + 84 25.1 + 34 0.13 + 0.05 139 + 027 54 £ 0.6 1233 + 14.1
2003 23 5.8 0.25 + 0.06 375 + 181 254 + 34 0.16 £ 0.18 1.19 £ 0.25 6.1 +£ 0.7 121.6 + 154
2004 16 49 005 +£ 0.01 242 + 13.8 22.8 £ 3.0 0.14 + 0.04 1.62 + 059 42 + 0.6 121.0 + 159
2005 14 35 0.05 + 0.04 23.1 + 148 23.1 + 24 0.15 £ 0.04 1.81 £ 033 45 + 0.6 1219 + 18.0
2006 9 51 0.07 £ 0.02 41.6 + 237 249 + 3.0 0.10 + 0.02 2.18 +£ 0.51 5.1 +£ 0.6 130.6 + 14.5
2007 12 47 004 £ 0.01 283 + 122 245 + 4.6 0.12 + 0.08 158 + 045 44 + 0.7 120.0 + 27.5
2008 20 6.1 003 £ 0.02 273 + 168 267 + 7.1 0.18 + 038 134 + 0.60 43 + 0.5 1384 + 33.7
2009 21 6.3 0.05 + 0.04 381 + 16.6 24.6 + 5.2 0.10 £ 0.06 098 + 043 4.6 + 0.7 1395 + 395
2010 4 638 0.07 £ 0.01  26.6 + 99 21.3 + 1.6 0.11 + 0.03 153 £+ 051 53 +£ 0.8 130.1 + 17.8
2011 11 49 005 + 0.04 23.0 + 127 228 + 23 0.07 £ 0.03 142 + 045 45 + 06 112.8 + 8.0
2012 20 62 011 £ 0.11 347 + 219 228 + 2.1 0.09 + 003 1.84 + 0.70 48 £ 0.5 1078 + 9.3
2013 22 53 0.04 + 0.02 212 + 9.2 243 £+ 2.6 0.07 £ 0.02 179 £ 050 43 + 0.5 1094 + 6.5
2015 15 52 004 £ 004 23.0 + 106 246 £ 2.9 0.08 + 0.03 137 + 040 43 +£ 04 116.2 + 10.1
2016 23 6.6 005 + 0.01 266 + 94 25.6 £ 5.3 0.14 + 0.14 153 £+ 034 45 + 04 135.0 + 22.8
2017 5 74 0.045 + 0.007 17.0 + 2.7 23.6 + 0.77  0.05 + 0.00 095 + 0.05 44 + 0.0 1181 + 52.8
Porcupine herd Marrow; Fall-collected Males
2016 12 6.7 <0.001 £+ 0.00 0.003 + 0.000 0.39 + 0.05 0.00 £ 0.00 0.01 + 0.00 0.1 + 0.0 2.8 £ 0.8




Table 1 (continued). Renal element concentrations (X + SD; ;,Lg-g'l dry weight).

Year N Age Arsenic Cadmium Copper Lead Mercury Selenium Zinc
Qamanirjuaq caribou Kidneys; Fall-collected
Females
2006 7 73 0032 + 0.007 18.7 + 5.3 263 + 0.76  0.58 = 0.31 3.37 £ 036 3.6 £+ 0.2 104.1 £ 3.2
2007 10 5.1 0.036 £ 0.003 24 + 5.0 25.1 £ 2.8 044 +£ 005 557 £ 0.74 41 + 04 110.1 = 9.6
2008 10 81 0.041 £ 0.005 29.7 + 3.7 244 + 1.28 036 = 0.02 499 £ 050 4+ 0.2 1057 £ 5.1
2009 4 05 0.044 = 0009 198 £ 7.4 21.1 £ 1.71 025 +£ 0.03 532 + 1.08 3.5 +£ 0.1 94.7 + 5.6
2010 1 0.051 21.5 18.9 0.49 6.69 3.8 96.5
2011 17 6.0 0.04 £ 0.005 21 + 6.0 22.0 + 0.69 030 + 0.03 5.04 + 046 42 £ 0.1 1079 £+ 2.6
2013 4 55 0.034 £ 0.004 31.1 £ 17.6 272 + 0.9 026 £ 0.05 396 + 036 44 + 0.1 1205 + 7.9
2014 10 10.0 0.035 £ 0.004 28.6 + 4.4 199 £ 207 027 £ 0.07 545 + 0.55 3.5 £ 0.3 98.2 £ 11.0
2015 9 71 0.03 £ 0.011 26.2 + 9.8 258 + 2.5 0.16 £ 0.03 522 + 139 45+ 04 117.7 + 4.4
2016 &8 176 0.02 £ 0.007 25.8 + 14.8 27.6 + 1.9 0.16 £+ 004 679 + 2.84 3.7+ 05 117.0 £ 10.9
2017 7 56 0044 = 0.002 29.8 + 7.3 252 £ 0.89 020 + 0.04 586 + 0.89 4.7 £ 0.2 122.7 + 46.4
Males
2006 14 58 0014 £ 0003 14 + 24 25.8 + 0.49 034 + 0.07 258 + 0.23 3.6 £ 0.1 1123 + 3.7
2007 8 40 0033 £ 0.004 11.5 £ 2.9 20.8 £ 0.89 0.39 + 0.08 423 + 0.57 3.6 £ 0.2 942 + 3.6
2008 11 50 0.028 £ 0.003 16.8 + 2.8 244 + 125 027 + 0.03 3.10 £ 047 4.1 £ 0.1 1058 £ 2.6
2009 1 0.04 3.8 22.4 0.36 4.72 3.6 90.0
2011 2 55 0.033 £ 0014 153 £ 29 229 + 128 025 + 0.09 477 £ 1.94 47 £ 0.5 1105 £ 2.6
2014 10 6.9 0.041 = 0.004 19.2 + 3.9 23.0 £ 3.11 0.18 + 0.02 542 + 0.68 4.1 = 0.3 99.9 + 3.5
2015 9 638 0.03 £ 0.011 17.1 £ 7.0 239 + 25 015 =+ 0.07 355 + 1.18 43 £ 03 1144 + 6.2
2016 10 5.6 0.03 £ 0.01 80 + 33 250+ 23 0.14 =+ 003 3.66 £ 143 3.8 £ 04 1048 £ 9.9
2017 10 42 0.043 £ 0.003 17.9 + 4.0 249 + 131 024 + 0.07 422 + 049 46 £ 0.2 1195 £ 37.8
Forty-Mile Kidneys; Fall Collected 2017
Females = 2 0.042 £ 0.014 439 + 3.8 28.8 + 4.14 0.06 + 0 061 = 0.05 3.8+ 04 1375 + 97.3
Males 8 0.058 £ 0.009 26.4 + 4.2 262 £ 122 0.06 + 0.01 0.76 + 0.11 3.7 £ 0.2 119.1 + 42.1




sPFCAs (C8-C14) ng " wet weight

Levels of most elements measured in these caribou herds were not of concern toxicologically, although renal
Hg and Cd concentrations may cause some concern for human health depending on the quantity of organs
consumed. Yukon Health has advised restricting intake of kidney and liver from Yukon caribou, the
recommended maximum varying depending on herd (e.g. a maximum of 25 Porcupine caribou kidneys/year).
Heavy metals are very low in the marrow and meat (muscle) from caribou and these remain healthy food
choices.
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Figure 2. PFCAs and PFSAs in Arctic caribou liver.

Hepatic concentrations of PFASs are presented for the 2017 collections of the Porcupine, Qamanirjuaq and
Forty-Mile herds, along with data from past years (Figure 2). Results for the short-chain PFCAs (perfluorinated
carboxylic acids)(C4-C7) are not reported as they are currently being reanalyzed. Concentrations of total long-
chain PFCAs (C8-14) have increased steadily from 2015 through 2017 in the Qamanirjuaq caribou in contrast
to the Porcupine caribou which experienced a decline in 2017. These trends are driven by C9-11 which,
together, make up just over 90% of the long-chain PFCAs. Concentrations of PFSAs (perfluorinated sulfonic
acids) are generally declining in both herds, likely due to the implementation of international controls. The
Forty-Mile herd had low concentrations of all PFASs as compared with the other two herds. Concentrations of
all PFASs are low with respect to potential toxicity to caribou or those consuming caribou.
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PBDE results are presented for the 2017 100
collections of the Porcupine, Qamanirjuaq and
Forty-Mile herds, along with data from past years
(Figure 3). There is no clear trend in total PBDEs
over time in the Porcupine or Qamanirjuaq herds,
but with only three years of data, any trend would
be difficult to discern. The Forty-Mile caribou had
concentrations of PBDEs similar to the other two
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respect to potential toxicity to caribou or those é g

consuming caribou. 00— w ——
O A
Figure 3. PBDE:s in livers from Arctic caribou.
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Data collected from this program continue to provide baseline data for contaminants in Arctic caribou as well
as a valuable tissue archive for legacy and emerging contaminants. The ongoing nature of this program
provides security and confidence for northerners using caribou as a food source and acts as an early warning
system for wildlife managers. The length and consistency of this program also provides a valuable database
for exploring the dynamics of contaminants of concern (eg. Hg) within the terrestrial ecosystem. This program
will continue to collect and analyze samples from the Porcupine and Qamanirjuaq caribou herds (20 animals
from each) as well as two additional herds in the coming fiscal year.

Expected Project Completion Date: This program is ongoing.
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Project Statistics and Information: April 1, 2015 — March 31, 2016

Engagement & Description Date Location Number Details
Communication of people How were they involved?
Indicators of materials
Northerners engaged in your Workshops Sept Iqaluit, NU 25 Nunavut Arctic College:
project 2018 Presentation and Discussion
Oct Arviat, NU 150 Wildlife Contaminants
2018 Workshop
Oct Ottawa, ON 150 Public event at Museum of
2018 Nature as part of North
American Caribou
Conference
School visits
Meetings May Whitehorse, YT | 30 Porcupine Caribou
2018 Technical Committee
Meeting
Oct Ottawa, ON 7 Meeting with northern
2018 MLAs on Parliament Hill
Dec Ottawa 30 AMAP meeting (Mercury
2018 Tuktoyuktuk, NT Assessment)
Jan Wollaston Lake, | 120 Athabascan Denesuline
2019 SK Caribou Meeting
Consultations Nov, Old Crow, 105 Consultation with local
Dec Dawson, Mayo, HTOs, Renewable Resource
2018 Whitehorse YT, Councils and Boards, First
Inuvik, Fort Nations, Regional
Macpherson, contaminant committees,
Aklavik, local and federal
Tsiighetchic, government agencies and
Tuktoyuktuk, Wildlife Management
Yellowknife NT;
Arviat, Whale
Cove,
Chesterfield
Inlet, Rankin
Inlet, Baker
Lake, Iqaluit NU
Part of your ongoing | YT, NU 4 Biologists assisting with
project team sampling
YT, NU 4 Renewable Resource Board
and HTO coordinators
YT, NU 12 Hunters

Hired

Other
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Students involved in your NCP | Northern
project Southern
Distribution of project Reports to Hunters | March YT, NT, NU 5 plain Distributed widely to
materials/ information and 2019 language stakeholder groups
results summaries

Newsletters

Posters

Other Ongoin

g Whitehorse, YT Facebook Page

Publication & Data Indicators Details

Including references and links

Citable publications

Journal articles

Perfluoroalkyl acids in Arctic Caribou and Reindeer in prep
Element concentrations in circumpolar Arctic Caribou and Reindeer in prep
Environmental drivers of mercury in circumpolar Arctic Caribou and

Reindeer in prep

Conference
presentations
Other
Media articles (print/ online) Radio CBC radio interview August 2018
related to your project
Knowledge Integration Details
Indicators
How are your project results, Local State of the Environment Report, Yukon Environment

data, and information used,
and by whom?

(i.e., names/types of
assessments, initiatives,
etc, that will use your
project results)

Regional/ National

CACAR Hg Assessment; Canadian Hg Science Assessment

International

Risk profile of PFHxS under Stockholm Convention; AMAP Hg Assessment

Access to Data

Meta Data In Polar
Data Catalogue

PDC Record # 12007




Appendices
Plain language summaries for:

Ahiak Caribou — English, Inuktitut

Bluenose West Caribou — English

Dolphin & Union Caribou — English, Inuktitut
Porcupine Caribou — English

Qamanirjuaq Caribou — English, Inuktitut

"
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Report to the Hunters of the Ahiak Caribou — Feb 2019

The Northern Contaminants Program monitors contaminants in Arctic Caribou in Canada. Each
year, we monitor the Porcupine (western Arctic) and the Qamanirjuaq (eastern Arctic) caribou.
Each year, we also monitor an additional two herds depending on availability and concern.

We use this information to
* Provide information to Northerners so that they may be better able to make informed
choices about food consumption and
* Help guide policies that limit contamination of the environment.

ACTIVITIES IN 2017/18

» Hunters in Taloyoak collected
samples from 7 cows and 3 bulls in
the fall of 2017.

» The samples were sent to Whitehorse
where they were processed before
being sent to a lab in the south to be
tested.

» Kidneys were tested for a range of
metals, including mercury, cadmium,
copper, arsenic, selenium and lead.

» Livers were tested for new
contaminants that are found in stain
guards and fire retardants.

WHAT DID WE LEARN?

» The caribou that were sampled for this project were all quite young. They ranged from
calves to 5 years old.

» Contaminant levels in the Ahiak Caribou Herd are similar to those in other Arctic herds.
This is good news!

We are continuing to monitor contaminants in the Arctic caribou to keep track of the levels of
contaminants in their organs, and to try to better understand how and why they build up in caribou
the way they do.

THIS PROJECT IS SUPPORTED BY THE NORTHERN CONTAMINANTS PROGRAM

For more information please contact Mary Gamberg, Gamberg Consulting
Phone: 867-334-3360 mary.gamberg@gmail.com



WHAT DO WE KNOW FROM STUDYING OTHER ARCTIC CARIBOU HERDS?

>

HOW OUR RESEARCH IS HELPING THE WORLD

Our monitoring program provided evidence for national and
international agreements to limit the amount of mercury being
deposited into the environment. The Minimata Convention on
Mercury came into force on August 16, 2017 and will help
ensure that Arctic caribou are not exposed to increasing levels

Arctic caribou are largely free from
contamination and are healthy to eat.
Some caribou have mercury and
cadmium in their organs. Some of the
cadmium and mercury occurs
naturally in the land, but some is
brought here by wind from industry
down south. Some mercury may also
come from forest fires or volcanoes.
Mushrooms may provide a pulse of
mercury in the fall, because some
mushrooms can build up large
amounts of mercury and are a
preferred food when they are
available.

Mercury is generally higher in the
spring than the fall, because the
caribou eat lichens through the winter
which are higher in mercury than their
summer foods of grasses and
flowering plants.

In the fall, mercury concentrations are
higher in cows than in bulls, because
cows are smaller and eat
proportionally more food, therefore
more mercury.

In the spring, mercury may be lower
in cows than in bulls, because some of
the mercury is lost to the fetus and
through milk production.

Cadmium and mercury in caribou
organs fluctuate over time but over

of mercury.

This is a BIG SUCCESS for us!

the long term are remaining stable in
the Porcupine and Qamanirjuaq
caribou, so they are likely stable in
other Arctic caribou.

Mercury in the Arctic caribou may be
affected by rain, snow, wind,
temperature, migration patterns, time
of green-up and forage quality as well
as mercury emissions coming from
industry, forest fires and volcanoes.
PBDEs (polybrominated diphenyl
ethers) are environmental abundant
chemicals used in flame retardants.
Levels in caribou are very low and
have not changed significantly in the
Porcupine and Qamanirjuaq caribou
from 2015 through 2017.

Per- and polyfluorinated alkyl
substances (PFASs) are man-made
chemicals that are used in things like
water repellants, stain guards and fire-
fighting foams. Levels in caribou
liver are low and some (eg. PFSAs)
are declining over time in the
Porcupine and Qamanirjuaq caribou,
likely due to legislation banning their
use.

Caribou muscle (meat), marrow
and brain have very low levels of
contaminants.
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Report to the Hunters of the Bluenose West Caribou — Feb 2019

The Northern Contaminants Program monitors contaminants in Arctic Caribou in Canada. Each
year, we monitor the Porcupine (western Arctic) and the Qamanirjuaq (eastern Arctic) caribou.
Each year, we also monitor an additional two herds depending on availability and concern.

We use this information to
* Provide information to Northerners so that they may be better able to make informed
choices about food consumption and
» Help guide policies that limit contamination of the environment.

ACTIVITIES IN 2017/18

» The following samples from the
Bluenose West Caribou Herd were
contributed to our program by GNWT

o 13 cows collected in spring
2005

o 1 cow and 9 bulls collected in
spring 2014

» Kidneys were analyzed for a range of
metals, including mercury, cadmium,
copper, arsenic, selenium and lead.

» Livers were analyzed for new
contaminants that are found in stain
guards and fire retardants.

WHAT DID WE LEARN?

» Contaminant levels in the Bluenose West Caribou Herd are similar to those in other Arctic
herds.

> Because age and gender can affect the level of contaminants in a caribou, we were unable
to compare our results to those from previous studies on the Bluenose West Caribou.

We are continuing to monitor contaminants in the Arctic caribou to keep track of the levels of
contaminants in their organs, and to try to better understand how and why they accumulate in
caribou the way they do.

THIS PROJECT IS SUPPORTED BY THE NORTHERN CONTAMINANTS PROGRAM

For more information please contact Mary Gamberg, Gamberg Consulting
Phone: 867-334-3360 mary.gamberg@gmail.com



WHAT DO WE KNOW FROM STUDYING OTHER CARIBOU HERDS?

> Arctic caribou are largely free from
contamination and are healthy to eat.
> Some caribou have mercury and
cadmium in their organs. Some of the
cadmium and mercury occurs >
naturally in the land, but some is
brought here by wind from industry
down south. Some mercury may also
come from forest fires or volcanoes.
> Mushrooms may provide a pulse of
mercury in the fall, because some >
mushrooms can accumulate large
amounts of mercury and are a
preferred food when they are
available.
> Mercury is generally higher in the
spring than the fall, because the
caribou eat lichens through the winter >
which are higher in mercury than their
summer foods of grasses and
flowering plants.
> Inthe fall, mercury concentrations are
higher in cows than in bulls, because
cows are smaller and eat
proportionally more food, therefore
more mercury.
> In the spring, mercury may be lower
in cows than in bulls, because some of >
the mercury is lost to the fetus and
through milk production.
> Cadmium and mercury in caribou
organs fluctuate over time but over

HOW OUR RESEARCH IS HELPING THE WORLD

Our monitoring program provided evidence for national and
international agreements to limit the amount of mercury being
deposited into the environment. The Minimata Convention on
Mercury came into force on August 16, 2017 and will help
ensure that Arctic caribou are not exposed to increasing levels

of mercury.

This is a BIG SUCCESS for us!

the long term are remaining stable in
the Porcupine and Qamanirjuaq
caribou, so they are likely stable in
other Arctic caribou.

Mercury in the Arctic caribou may be
affected by rain, snow, wind,
temperature, migration patterns, time
of green-up and forage quality as well
as mercury emissions coming from
industry, forest fires and volcanoes.
PBDEs (polybrominated diphenyl
ethers) are environmental abundant
chemicals used in flame retardants.
Levels in caribou are very low and
have not changed significantly in the
Porcupine and Qamanirjuaq caribou
from 2015 through 2017.

Per- and polyfluorinated alkyl
substances (PFASs) are man-made
chemicals that are used in things like
water repellants, stain guards and fire-
fighting foams. Levels in caribou
liver are low and some (eg. PFSAs)
are declining over time in the
Porcupine and Qamanirjuaq caribou,
likely due to legislation banning their
use.

Caribou muscle (meat), marrow
and brain have very low levels of
contaminants.
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Report to the Hunters of the Dolphin & Union Caribou — Feb 2019

The Northern Contaminants Program monitors contaminants in Arctic Caribou in Canada. Each
year, we monitor the Porcupine (western Arctic) and the Qamanirjuaq (eastern Arctic) caribou.
Each year, we also monitor an additional two herds depending on availability and concern.

We use this information to
* Provide information to Northerners so that they may be better able to make informed
choices about food consumption and
* Help guide policies that limit contamination of the environment.

The Dolphin & Union Caribou Herd was sampled for this program in 2006 and again in 2015.
There were some problems in the lab getting the last set of samples tested, so it has taken a long
time to get results! We compared all of those data to earlier GNWT data from 1993 to see if any
of the contaminants are changing over time.

RECENT ACTIVITIES

» Hunters in Kugluktuk and Cambridge Bay
collected samples from 14 bulls in the fall of
2015.

» The samples were sent to Whitehorse where
they were processed before being sent to a
lab in the south to be tested.

» Kidneys were tested for a range of metals,
including mercury, cadmium, copper,
arsenic, selenium and lead.

» Livers were tested for new contaminants that
are found in stain guards and fire retardants.

WHAT DID WE LEARN?

» Contaminant levels in the Dolphin & Union Caribou Herd are similar to those in other
Arctic herds.

» Arsenic and lead are decreasing over time in the Dolphin & Union caribou, like they are in
the Porcupine herd. This is likely due to reductions in emissions since the shift to unleaded
gasoline and away from pesticides containing arsenic.

» Mercury is not changing over time and cows have higher levels in their kidneys than bulls.
This has also been seen in the Porcupine caribou and is likely because cows are smaller
and eat proportionally more food, therefore more mercury.

» Cadmium is not changing over time in the Dolphin & Union caribou, likely because
cadmium use by industry (the main source of contamination) remains relatively consistent.

We are continuing to monitor contaminants in the Arctic caribou to keep track of the levels of
contaminants in their organs, and to try to better understand how and why they build up in caribou
the way they do.
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WHAT DO WE KNOW FROM STUDYING OTHER ARCTIC CARIBOU HERDS?

>

HOW OUR RESEARCH IS HELPING THE WORLD

Our monitoring program provided evidence for national and
international agreements to limit the amount of mercury being
deposited into the environment. The Minimata Convention on
Mercury came into force on August 16, 2017 and will help ensure
that Arctic caribou are not exposed to increasing levels of mercury.

Continued monitoring will make sure that laws controlling pollution
are effective enough to protect Arctic wildlife.

Arctic caribou are largely free from
contamination and are healthy to eat.
Some caribou have mercury and
cadmium in their organs. Some
cadmium and mercury occurs
naturally and can come from forest
fires or volcanoes, but some is
brought here by wind from industry
down south.

Mushrooms may provide a pulse of
mercury in the fall, because some
mushrooms can build up large
amounts of mercury and are a
preferred food when available.
Mercury is generally higher in the
spring than the fall, because the
caribou eat lichens through the winter
which are higher in mercury than their
summer foods of grasses and
flowering plants.

In the spring, mercury may be lower
in cows than in bulls, because some of
the mercury is lost to the fetus and
through milk production.

Mercury in the Arctic caribou may be
affected by rain, snow, wind,

This is a BIG SUCCESS for us!

temperature, migration patterns, time
of green-up and forage quality as well
as mercury emissions coming from
industry, forest fires and volcanoes.
PBDEs (polybrominated diphenyl
ethers) are environmental abundant
chemicals used in flame retardants.
Levels in caribou are very low and
have not changed significantly in the
Porcupine and Qamanirjuaq caribou
from 2015 through 2017.

Per- and polyfluorinated alkyl
substances (PFASs) are man-made
chemicals that are used in things like
water repellants, stain guards and fire-
fighting foams. Levels in caribou
liver are low and some (eg. PFSAs)
are declining over time in the
Porcupine and Qamanirjuaq caribou,
likely due to legislation banning their
use.

Caribou muscle (meat), marrow
and brain have very low levels of
contaminants.

THIS PROJECT IS SUPPORTED BY THE NORTHERN CONTAMINANTS PROGRAM

For more information please contact Mary Gamberg, Gamberg Consulting
Phone: 867-334-3360 mary.gamberg@gmail.com
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Report to the Hunters of the Porcupine Caribou — February 2019

With the help of local hunters, we have been
taking samples of the Porcupine caribou since
1991. We collect these samples to study changes
in the level of contaminants kidneys and livers
of caribou. Since 2015, these samples are also
being tested every year for ‘new’ contaminants
(like stain repellents and flame retardants). One
of the things we look for are contaminants
carried to the Arctic by wind.

ACTIVITIES IN 2018/19

» No samples were collected in the fall of
2018 since the caribou did not come through
Old Crow.

» We received and analyzed results from the
2017 collection.

Photo credit: Peter Mather

WHERE IS THIS STUDY BEING DONE?

Samples for this study are collected from Old Crow,
Yukon.

WHAT WE HAVE LEARNED NEW THIS YEAR

» Toxic elements (mercury, cadmium, arsenic, lead) are very low in marrow from Porcupine

caribou (much lower than levels in kidneys).

» PBDEs (polybrominated diphenyl ethers) are environmental abundant chemicals used in flame
retardants. Levels in the Porcupine caribou are very low and have not changed significantly

from 2015 through 2017.

» Per- and polyfluorinated alkyl substances (PFASs) are man-made chemicals that are used in
things like water repellants, stain guards and fire-fighting foams. Levels in caribou liver are
low and some groups are declining over time in caribou, likely due to legislation banning their

use.

PFSAs in Porcupine Caribou Liver
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WHAT WE HAVE LEARNED FROM THIS WHOLE PROJECT

>

>

We are continuing to monitor contaminants in the
Porcupine Caribou to keep track of the levels of
contaminants in their organs, and to try to better
understand how and why they accumulate in caribou

Porcupine caribou are largely free from
contamination and are healthy to eat.
Some caribou have mercury and
cadmium in their organs. Some of the
cadmium and mercury occurs naturally in
the land, but some is brought here by
wind from industry down south.
Cadmium and mercury in caribou organs
fluctuate over time but over the long term
are remaining stable.

The Porcupine caribou do not show high
levels of radioactivity due to the nuclear
accident at Fukushima, Japan in 2011.

In the fall, mercury concentrations are
higher in cows than in bulls, because
cows are smaller and eat proportionally
more food, therefore more mercury.

In the spring, mercury may be lower in
cows than in bulls, because some of the
mercury is lost to the fetus and through
milk production.

the way they do.

» Mercury is generally higher in the spring

than the fall, because the caribou eat
lichens through the winter which are
higher in mercury than their summer
foods of grasses and flowering plants.

» Mushrooms may provide a pulse of

mercury in the fall, because some
mushrooms can accumulate large
amounts of mercury and are a preferred

food when they are available.

» Mercury in the Porcupine caribou may be

affected by rain, snow, wind,
temperature, migration patterns, time of
green-up and forage quality as well as
mercury emissions coming from industry,
forest fires and volcanoes.

Photo credit: Peter Mather

HOW OUR RESEARCH IS HELPING THE WORLD

More than two decades of contaminant data from the Porcupine caribou were part of the

evidence that led the United Nations Environmental Program to create the Minimata Convention

on Mercury. This is a global agreement that will limit mercury emissions to the environment and
ultimately reduce the mercury in Arctic caribou. 92 countries (including Canada and the United
States) have ratified the Convention that came into force on August 16, 2017.

THIS PROJECT IS SUPPORTED BY THE NORTHERN CONTAMINANTS PROGRAM

For more information please contact Mary Gamberg Phone: 867-334-3360
mary.gamberg@gmail.com



Report to the Hunters of the Qamanirjuaq Caribou — Feb 2019

With the help of local hunters, we have been taking
kidney, liver and muscle samples of Qamanirjuaq caribou
since 2006. We collect these samples to study changes in
the levels of contaminants in kidneys and livers of caribou.
These contaminants may be carried to the Arctic by wind.
Since 2015, these samples are also being tested every year
for ‘new’ contaminants (like stain repellents and flame
retardants).

We use this information to:
- Provide information to
Northemners so that they may be WHERE IS THIS STUDY BEING DONE?

better able to make informed i i
Samples for this study are collected from Arviat.

Although we could sample the herd anywhere within
its range, we can be most effective by working with
hunters from one community so that the hunters

choices about food consumption
and

- Help guide policies that limit
contamination of the

) become very familiar with the samples we need.
environment.

ACTIVITIES IN 2018/19

» Samples from 16 caribou (8 bulls; 8 cows) were collected from Arviat in the fall of 2018.
o Kidneys were tested for a range of contaminants including mercury, cadmium, copper,
arsenic, selenium and lead as they are every year.
o Livers are being tested for new contaminants.
o We choose kidneys and livers for analysis because that is where the contaminants tend
to build up.
» We received and analyzed results from the 2017 collection.

WHAT WE HAVE LEARNED FROM THIS WHOLE PROJECT

> Some caribou have mercury and > Mushrooms may provide a pulse of

cadmium in their organs. Some of the
cadmium and mercury occurs naturally in
the land, but some is brought here by
wind from industry down south. Some
mercury may also come from forest fires
or volcanoes.

Caribou muscle (meat), marrow and brain
have very low levels of contaminants.

mercury in the fall, because mushrooms
build up large amounts of mercury and
are a preferred food when they are
available.

> Seaweed does not provide a significant
amount of mercury to the Qamanirjuaq
caribou.



WHAT WE HAVE LEARNED NEW THIS YEAR

» Overall, mercury, selenium and zinc

are increasing in the Qamanirjuaq
caribou, although increases are slight
and may be better described by a
cyclic pattern, similar to that seen in
the Porcupine caribou.

PBDEs (polybrominated diphenyl
ethers) are environmental abundant
chemicals used in flame retardants.
Levels in the Porcupine caribou are
very low and have not changed

significantly from 2015 through
2017.

Per- and polyfluorinated alkyl
substances (PFASs) are man-made
chemicals that are used in things like
water repellants, stain guards and fire-
fighting foams. Levels in caribou
liver are low and some (eg. PFSAs)
are  declining over time in
Qamanirjuaq caribou, likely due to
legislation banning their use.

PFSAs in Qamanirjuag Caribou Liver
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We are continuing to monitor contaminants in the Qamanirjuaq Caribou to keep track of the levels
of contaminants in their organs, and to try to better understand how and why they build up in
caribou the way they do.

HOW OUR RESEARCH IS HELPING THE WORLD

Our monitoring program provided evidence for national and
international agreements to limit the amount of mercury being
deposited into the environment. The Minimata Convention on
Mercury came into force on August 16, 2017 and will help ensure
that Arctic caribou are not exposed to increasing levels of mercury.

This is a BIG SUCCESS for us!

Continued monitoring will make sure that laws controlling pollution are effective enough to
protect Arctic wildlife.

THIS PROJECT IS SUPPORTED BY THE NORTHERN CONTAMINANTS PROGRAM

For more information please contact Mary Gamberg, Gamberg Consulting
Phone: 867-334-3360 mary.gamberg@gmail.com
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