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Abstract

Background: The aim of this project was to study 14 polychlorinated biphenyls (PCBs), 5 dichlorodiphenyl
trichloroethans (DDTs), 12 organochlorine pesticides (OCPs) and 6 polybrominated diphenylethers (PBDEs) in meat,
liver, tallow and bone marrow from semi-domesticated reindeer.

Methods: Meat, liver, tallow, and bone marrow samples (n= 30) were collected from semi-domesticated reindeer in
Northern Norway. Determination of the persistent organic pollutants (POPs) concentrations was done by using gas
chromatography—mass spectrometry (GC-MS). Dependent sample t-test and Pearson'’s correlation test were used in
statistical analysis.

Results: Concentrations of the persistent organic pollutants in the samples from semi-domesticated reindeer were

between the studied tissue types.

generally low and slightly above the limit of detection (LOD). For PCBs and OCPs, = 50% of the samples had
concentrations above LOD. For the DDTs and PBDEs, the proportion of samples with concentrations above LOD
varied between 3.7 and 45.5% depending on the sample type. Concentrations of PCB 99, 105, 138/163, 153 and 187
differed significantly between meat and liver, whereas concentrations of PCB 183 were significantly different
between tallow and bone marrow. Furthermore, concentrations of hexachlorobenzene (HCB) were significantly
different between meat and liver. Significant correlations were revealed in concentrations of 5 PCB congeners

Conclusion: Concentrations of the POPs revealed in this study were generally low.
Keywords: Reindeer, POPs, PCBs, DDTs, OCPs, PBDEs, Arctic food, Sami, Norway

Background

Persistent organic pollutants (POPs) are a variety of envir-
onmental contaminants that are resistant to degradation,
have the ability to bio-accumulate and are toxic to hu-
mans and the environment. POPs can be transported over
long distances, especially by air currents, resulting in de-
position and accumulation in areas far from the release
source [1-4]. Most POPs are fat soluble (lipophilic), which
is the reason why they are present in high concentration
in lipid rich tissues. The content in meat with low fat
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content such as reindeer meat is therefore expected to be
low [5]. POPs are slowly released from adipose tissues and
into the bloodstream thereby having the potential to be
harmful for human health [6].

Polychlorinated biphenyls (PCBs) have previously been
used for a range of industrial purposes such as printer’s
ink and electric motors and have been classified as POPs.
Around 100 different PCB congeners have been detected
in biological samples [7,8]. Organochlorine pesticides
(OCPs) are a large group of compounds which have been
used for various pest controls. They are an issue of con-
cern due to their direct use in natural systems. The use of
dichlorodiphenyl trichloroethans (DDTs) as pesticides has
declined and is restricted to use in the campaign against

© 2013 Hassan et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.


mailto:ammar.ali.hassan@uit.no
http://creativecommons.org/licenses/by/2.0

Hassan et al. Acta Veterinaria Scandinavica 2013, 55:57
http://www.actavetscand.com/content/55/1/57

mosquito born tropical diseases, e.g. malaria and dengue
fever [9,10]. Polybrominated diphenylethers (PBDEs) are
another group of compounds used in textiles and in vari-
ous electric equipment, as flame retardant [11,12].

Traditional food (e.g., blubber, wild bird eggs, etc.) is
the main source of human exposure to POPs among in-
digenous people in the Arctic and at the same time an
excellent source of nutrients [13]. Despite the large
numbers of published articles on environmental contam-
inants in the Arctic, relatively few studies have been car-
ried out on reindeer. The main focus has been given to
marine mammals since levels of POPs have been low in
the terrestrial ecosystem due to low fat content [14-16].
Despite that, it is necessary to gain knowledge of current
POP concentrations in terrestrial animals since several
of them are important part of human food chain.

Lichens, the main winter feed of reindeer, absorb and
accumulate environmental pollutants due to their long
survival, tolerability and fairly uniformed morphology
compared to other type of plants [13,17]. Hence, semi-
domesticated reindeer are mainly exposed to pollutants
through contaminated lichens [18]. Climate variability
and global climate change influence the routes and
mechanisms by which pollutants are delivered to the
Arctic and may increase accumulation of POPs in li-
chens [13,19]. Plants in general are considered to be the
major source of POPs into terrestrial food chains [20].
Even though, levels of some POPs such as PCBs and
DDTs in the Arctic are decreasing due to regulations
and efforts made, others such as PBDEs and fluorinated
compounds have been increasing due to increased global
production and use of these contaminants [21].

The main aims of the present study were to determine
concentrations of POPs in semi-domesticated reindeer
from Northern Norway and to explore differences in
concentrations between meat and the other edible rein-
deer products (liver, tallow and bone marrow). We also
aimed to study correlations of POPs between the differ-
ent tissue types.

Methods

Sample collection

Muscle, liver, tallow and bone marrow samples were col-
lected from semi-domesticated reindeer from Finnmark
and Nordland counties in Northern Norway. The num-
ber of samples (n) varied between 30 and 19, due to fac-
tors such as inadequate sample quantity. The average age
of the reindeer from which samples were collected from
September 2004 to January 2005 was young (1.5 year).
However, a limited number of calves (20%) and adult
animals (10%) were chosen because of scarcity of
slaughtered young animals. Age of the reindeer was
obtained directly from the tags attached to animals’
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carcasses when they passed the weighing post in the
slaughterhouses.

Meat samples were collected from muscles of the dor-
sal neck. Liver samples were collected from the main
lobe, renal tallow was collected from the part attached
to the back and bone marrow was collected from the
fore (metacarpus) and hind (metatarsus) limb bones. All
samples were collected directly after slaughter/ dressing
process and immediately after carcass weighing in pre-
marked plastic bags prior to further division in dedicated
glass containers. Each glass was covered with aluminium
foil, and then labelled with sample type, carcass number,
district name/ number and date of sample collection.
The samples were kept cool in a cooling box (approxi-
mately 4°C) immediately after collection and division,
and then moved the same day to a — 20°C freezer until
they were freighted frozen to the laboratory for analysis.
Precautionary measures were taken during sample col-
lection to avoid possible environmental contamination
of the samples.

Analytical procedures

POP analysis was performed at the NILU (Norwegian
Institute for Air Research) Laboratory, Tromse, Norway;
accredited for the methods used in the analyses
according to NS-EN ISO/IEC 17025, No. TEST008.

Tissue samples (meat, liver, tallow and bone marrow)
of 2-5 g each were separately homogenised by addition
of pre-treated sodium sulphate Na,SO, (600°C, 8 h) in a
ratio of 1:20. 20 pl "*C-isotope labelled internal standards
were added to each sample. The homogenised mixture
was extracted three times using cold column extraction
with 50 ml cyclohexane: acetone (3:1; v/v). The extract
(150 ml) was then concentrated to 0.5 ml and collected in
a 4 ml vial [22]. The amount of extractable lipid was deter-
mined gravimetrically.

The extracts were cleaned-up using gel permeation
chromatographic (GPC) and pre-packed florosil columns
prior to analyses on a gas chromatography—mass spec-
trometry (GC-MS) instrument. This procedure has been
presented in detail elsewhere [22]. The quality of the
methods used was regularly verified and samples were
quality assured during analysis using both blank and
standard reference material (SRM) samples between sets
of 5 biological samples each.

Statistical analysis

Laboratory results for persistent organic pollutants (POPs)
below the limit of detection (LOD) were given a numeric
value at half the detection limit (LOD/2) according to stat-
istical practice of non-detects data [23]. Data with con-
centrations below the LOD (< LOD) in > 50% of the total
samples were not included in the statistical analyses and
were presented as range (<LOD —maximum detected
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concentration). STATA/SE 12.0 for Windows (STATA
Corp. College Station, TX) was used for statistical ana-
lyses. Data were positively skewed (skewed to the right),
hence log transformation was performed. Dependant sam-
ple paired t-test was used to test for differences in POP con-
centrations between meat and liver, and tallow and bone
marrow. Pearson correlation test was used to test for sig-
nificant correlations. The level of significance was set at
(p< 0.05) for all statistical analyses. Results on POPs are
presented as percentage of detected pollutants, arithmetic
mean (AM) + SD, geometric mean (GM) and range (Min. —
Max.). POP concentrations are presented in ng/g wet weight
(ww) rather than lipid weight (lw) as it is easier to relate to
wet weight for consumers in addition to the fact that rein-
deer meat contains little fat (2%).

Results and discussion

Mean lipid percentages in meat, liver, tallow and bone mar-
row measured from this study were 2+0.84%, 5.6+0.88%,
78.9+6.84% and 71.7+15.99%, respectively. Meat, liver,
tallow and bone marrow from semi-domesticated reindeer
in Norway contained low levels of POPs that were in most
cases similar to or slightly above the LOD. Significant cor-
relations (0.01< p <0.05) were revealed in concentrations
of 5 PCB congeners between the studied tissue types.
Many values below detection limits in this study make it
difficult to perform statistical analyses on all the studied
compounds and have hence limited our ability for a broad
comparison.

Polychlorinated biphenyls (PCBs)

PCB concentrations in the different tissues are provided
in Table 1. Concentrations of PCB 99, 105, 138/163, 153
and 187 were significantly lower in meat (GM= 0.03,
0.03, 0.06, 0.06 and 0.01 ng/g ww, respectively) than in
liver (GM= 0.05, 0.06, 0.16, 0.24 and 0.05 ng/g ww, re-
spectively). This could largely be explained by the fact
that meat contained less fat than liver. Additionally, our
samples were collected from calves, young and older an-
imals with young animals representing the majority. Evi-
dence of age-related variation in concentration of PCBs
in meat and liver from Finnish reindeer has previously
been reported [24-27]. The meat and liver of Finnish
reindeer calves contained higher PCB concentrations
than adult animals which have been explained by trans-
fer of contaminants in reindeer dam to calves, mainly
through lactation and to a lesser degree via placental
routes. Due to the limited number of calves and adult
animals combined by many levels below the limit of de-
tection in the present study, we could not investigate the
effect of age on concentrations of PCBs and the rest of
POPs. Concentrations of PCB 183 were significantly
higher in tallow than in bone marrow (GM= 0.12 and
0.08 ng/g ww, respectively). The correlations of PCB
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concentrations between the different tissues are pre-
sented in Table 2.

Concentrations of PCBs 105, 118, 156 of 0.27, 0.69,
0.08 and 0.29, 0.57, 0.05 ng/g fat have previously been
measured in meat and liver, respectively, from northern
Finnish reindeer [28]. The same study mentioned above
has reported PCBs 105, 118 and 156 concentrations of
0.27, 0.86 and 0.09 ng/g fat in meat from moose (Alces
alces) originated from similar area as for reindeer [28].
Based on the mean fat percentages in meat and liver
from the Finnish and this study, we could infer that con-
centration of PCBs 105, 118 and 156 were somewhat
higher in the present study.

Organochlorine pesticides (OCPs)
Concentrations and detection frequency of the measured
OCPs are presented in Table 3.

HCB had the highest detection percentages with 100%
in meat, tallow and bone marrow, and 92.6% in liver.
The highest HCB concentrations were detected in bone
marrow and tallow (GM= 41.89 and 35.82 ng/g ww;, respect-
ively). Furthermore, meat had considerably lower concentra-
tions of HCB than in liver (GM= 0.56 and 1.89 ng/g ww,
respectively, p< 0.05).

The measured HCB concentration of 35.82 ng/g ww
in this study was lower than that previously measured in
Canadian caribou fat (55 ng/g ww) and considerably
higher than that of 12 ng/g ww measured in German roe
deer fat [14,29]. The measured HCB in liver from this
study (1.89 ng/g ww) was considerably lower than that
of 10 ng/g ww measured in German roe deer liver [30].
Mean concentrations of HCB in caribou fat collected
from different northwest territories in Canada ranged
from 32.93 to 129.41 ng/g lipid [31]. Concentrations of
a- Hexachlorocyclohexane (a«-HCH) in liver, tallow and
bone marrow were 0.06, 0.36 and 0.66 ng/g ww, res-
pectively, whereas B-HCH concentrations were 0.42 and
0.51 ng/g ww in liver and bone marrow, respectively.
Concentrations of total HCHs (a-, B-, y-) of 0.48 and
0.36 ng/g ww in liver and tallow, respectively, detected
from this study were considerably lower than those of
11.0 and 23.7 ng/g ww formerly measured in German
roe deer liver and Canadian caribou fat, respectively
[14,30]. Mirex was only detected in liver sample with a
geometric mean concentration (0.10 ng/g ww) slightly
above the LOD.

No significant correlations were observed for pesticide
concentrations (with > 50% samples above the LOD)
within the same tissue (inter-correlation) and between
the different tissues (intra-correlation).

Dichlorodiphenyl trichloroethans (DDTs)
Percentage of samples with DDT concentrations above
the LODs ranged from 5.3 to 45.5% depending on the
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Table 1 Concentrations (ng/g ww) of polychlorinated biphenyls (PCBs) in meat, liver, tallow and bone marrow from
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reindeer
Compound  Meat (% fat; mean: 2, range: 0.8 - 3.8) p-value Liver (% fat; mean: 5.6, range: 4.4 - 8.6)

n  %>LOD GM AM%SD Min. - Max.  LOD n %>LOD GM AM+SD Min. - Max.  LOD
PCB 28 21 95 <0.12 -0.12 0.12 28 0 <0.11 0.11
PCB52 24 333 0.04 - 0.16 0.04 20 0 <0.06 0.06
PCB 99 28 537 003 006£0.09 0.02-0.52 0.02 * 28 893 005 006+0.03 <002-0.14 0.02
PCB101 29 448 <03 - 064 0.03 26 154 <0.06 - 0.07 0.06
PCB105 29 655 003 006£0.13 001 - 0.69 0.01 ** 29 100 006 007+0.02 0.02-012 0.02
PCB 118 22 773 008 0.18+029 <003 -141 0.03 n.s 27 100 013  013+006 <003 -0.23 0.03
PCB138/163 29 517 006 011017 006 -058 004 ¥ 25 100 0.16 018007 007 - 040 0.06
PCB153 29 517 006  0.08+0.09 <0.04 - 048 0.04 ** 29 100 024 027+0.15 0.10-071 0.10
PCB 156 27 519 001 002+0.02 <001 -0.09 0.01 20 40 <0.01 - 0.03 0.01
PCB 170 25 24 <002-015 002 27 482 <002-012 002
PCB 180 23 391 <003-011 003 29 655 007 008+005 <002-022 002
PCB 183 23 13 <0.01 - 0.03 0.01 27 556 002 003£0.02 <0.01-0.08 0.01
PCB 187 26 539 001 002001 <001-006 001 ** 29 759 005 005003 <001-0.12 001
PCB 194 24 42 <004 -007 004 6 0 <003 0.03

Tallow (% fat; mean: 78.9, range: 72.6 - 86.1) Bone Marrow (% fat; mean: 71.7, range: 58.9 - 89.6)

PCB 28 27 333 <0.20 - 1.28 0.20 21 619 0.17 024019 <011 -061 01
PCB52 21 95 <020 -137 0.20 19 53 <011 -013 0.1
PCB 99 28 821 046  059+046 <032-213 032 n.s 21 905 036 047£0.31 <003-132 003
PCB101 28 179 <015-260 015 21 571 010 012006 <008-024 008
PCB105 24 100 060 067£029 0.16-1.24 0.01 n.s 18 100 049  058+0.29 007 -1.07 0.07
PCB 118 23 100 167 182+081 087 - 351 0.13 n.s 22100 128  148+066 040 -278 0.07
PCB138/163 24 958 115 143£096 <024-365 024 ns 21 100 138 1.69+099 013 -471 0.13
PCB153 28 100 229 2624125 068 -521 0.61 n.s 23 100 217 249107 028 - 4.50 0.1
PCB 156 22 636 022 024+£0.11 < 006-050 006 n.s 22 591 018 022+0.14 <003 -048 0.03
PCB 170 25 88 069 074025 <010-124 010 ns 23 100 057 066+£031 0.12-147 0.06
PCB 180 26 100 116 133£0.71 026 - 342 0.12 n.s 23 100 093 1.11£058 0.14 - 257 0.06
PCB 183 26 100 012 0.15+0.10 004 -048 0.04 ** 23 609 008 009+0.07 <0.02-035 0.02
PCB 187 28 536 022 025015 <007-062 007 ns 22 864 0.18 0.19+008 <004-031 004
PCB 194 27 33 <020-042 020 21 524 021  023+009 <0.11-053 0.11

Legend: n: Total number of samples, LOD Limit of detection, % >LOD: Percentage of samples with concentrations above the LOD,
Min. - Max.: Minimum and maximum concentrations. Levels of statistical significance; ns Not significant, * = 0.01< p <0.05, ** = p< 0.01.
Note: Arithmetic (AM) and geometric (GM) means were not calculated in cases where percentage of samples over LOD were <50%.

Table 2 Polychlorinated biphenyls (PCBs) correlations between meat, liver, tallow and bone marrow from reindeer

PCB Correlation coefficient (p-value) n.s,*, **

congener Meat-liver Meat-tallow Meat-bone marrow Liver-tallow Liver-bone marrow Tallow-bone marrow
PCB 99 0.69** 0.34"* 0.16 "* 0.54** 037 "* 045

PCB 105 0.50%* 0.60%* 038 "* 0.82%* 0.61%* 0.68**

PCB 138 0.55%* 047* 022" 0.63** 0.63** 0.57*

PCB 153 0.69** 0.69** 030 "* 0.86** 041 "* 041 "*

PCB 156 - -0.19 "* -0.54* - - 032"

Legend: (—)= The correlation was not calculated in cases where at least one of the correlation components had less than 50% of samples with concentrations
above the limit of detection (LOD). Levels of statistical significance: n.s = not significant, *= 0.01< p <0.05, **= p< 0.01.
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Table 3 Concentrations (ng/g ww) of organochlorine pesticides (OCPs) in meat, liver, tallow and bone marrow from

reindeer
Compound Meat (% fat; mean: 2, range: 0.8 - 3.8) p-value Liver (% fat; mean: 5.6, range: 4.4 - 8.6)

n  %>LOD GM  AM%SD Min. - Max.  LOD n  %>LOD GM AM%SD Min. - Max.  LOD
a-HCH 25 0 <0.03 0.03 27 815 006  0.08+0.05 <003-019 003
B-HCH 26 77 <0.10-014 0.0 27 852 042 0.51+£0.26 <0.15 - 1.31 0.15
y-HCH 26 0 <0.05 0.05 27 37 <0.05-025 005
HCB 25 100 056 062 £0.27 031 -1.14 009 * 27 926 189  2.56+1.28 <011 -455  0n
Heptachlor 26 192 <0.08 - 046  0.08 270 <0.07 0.07
TOX-50 26 77 <0.01 =007 001 270 <0.02 0.02
Mirex 26 0 <0.02 0.02 27 556 010  0.11£0.06 <005-041 005

Tallow (% fat; mean: 789, range: 72.6 — 86.1) Bone Marrow (% fat; mean: 71.7, range: 589 - 89.6)

a-HCH 23 783 0.36 043+0.20 <019-069 019 ns 17 882 0.66 0.85+0.38 <014-131 014
B-HCH 23 0 <0.97 097 17 588 051 056+0.23 <034-098 034
y-HCH 23 0 <035 035 17 0 <0.19 0.19
HCB 23 100 3582 3783£11.72 1659-5325 066 ns 17 100 4189 4334£1164 2603 -6301 042
Heptachlor 23 304 <049-133 049 17 294 <026 -105 026
t=-NC 23 0 <0.23 023 17 59 <013-015 013

Legend: n: Total number of samples, LOD Limit of detection, % >LOD: Percentage of samples with concentrations above the LOD, Min. - Max.: Minimum and
maximum concentrations. Levels of statistical significance; n.s: Not significant, *: p< 0.05. Note (compounds not included in the table): Concentrations of the
congeners t-CD, c-CD, ¢-NC and TOX-26 were below the limit of detection (< LOD) in all samples from meat, liver, tallow and bone marrow, whereas Mirex was
only detected in samples from liver. Heptachlor was not detected in samples from meat and liver. Arithmetic (AM) and geometric (GM) means were not calculated

in cases where percentage of samples over LOD were <50%.

compound. Hence, concentrations of DDTs were pre-
sented as minimum and maximum levels, Table 4. Fur-
ther statistical analysis was not possible according to the
criteria we have set for such analysis (concentrations de-
tection above the LOD in > 50% of the total samples).
The DDT compounds; o,p” -DDE and o,p” -DDD con-
centrations were below the limit of detection (< LOD) in
all the four studied samples.

p,p° -DDE concentrations of 0.84 and 23 ng/g ww
have previously been reported in fat of Canadian caribou
and German roe deer [14,29]. Furthermore, concentra-
tions of DDTs in liver from roe deer and fat in caribou

of 21.0 and 2.0 ng/g ww, respectively, have formerly
been reported [14,30].

Polybrominated diphenylethers (PBDEs)

Five out of the six PBDE congeners were found with de-
tectable concentrations depending on the sample type
with detection percentages ranging from 3.7 to 36%.
Similarly as for DDTs (low detection percentage), con-
centrations of PBDEs were presented as minimum and
maximum levels, Table 5. PBDE 138 concentrations were
below the limit of detection (< LOD) in all the four sam-

ple types.

Table 4 Concentrations (ng/g ww) of dichlorodiphenyl trichloroethans (DDTs) in meat, liver, tallow and bone marrow

from reindeer

Compound Meat (% fat; mean: 2, range: 0.8 - 3.8) Liver (% fat; mean: 5.6, range: 4.4 - 8.6v
N n % > LOD Min. - Max. LOD N n % > LOD Min. - Max. LOD
p,p-DDT 27 2 74 0.03 -0.13 0.02 27 0 0 0.07
o,p"-DDT/p,p-DDD 23 0 0 0.04 26 5 19.2 0.02 - 0.10 0.02
p,p-DDE 23 3 13 0.10 - 0.89 0.08 23 2 8.7 011-013 0.08
Tallow (% fat; mean: 78.9, range: 72.6 — 86.1) Bone Marrow (% fat; mean: 71.7, range: 589 - 89.6)
pp-DDT 25 0 0 040 19 1 53 <0.06 - 0.09 0.06
op-DDT/ p,p -DDD 30 0 0 0.25 20 3 15 0.06 - 0.10 0.06
p,p-DDE 24 8 333 049 - 3.01 048 22 10 455 034 - 0.68 0.26

Legend: N = total number of samples. n = number of samples in which PBDEs were detected. LOD Limit of detection. % >LOD = Percentage of samples with
concentrations above the LOD. Min. - Max. = Minimum and maximum concentrations. Note: o,p-DDE and o,p"-DDD concentrations were below the limit of
detection (< LOD) in all samples from meat (N = 24), liver (N = 30/ 26), tallow (N = 30/ 25) and bone marrow (N = 23/ 29). The LODs for o,p"-DDE and o,p’-DDD
were 0.26/ 0.19 for meat, liver (0.24/ 0.22), tallow (0.75/ 1.3) and bone marrow (0.41/ 0.72) ng/g ww, respectively.
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Table 5 Concentrations (ng/g ww) of polybrominated diphenylethers (PBDEs) in meat, liver, tallow and bone marrow

from reindeer

Compound Meat (% fat; mean: 2, range: 0.8-3.8) Liver (% fat; mean: 5.6, range: 4.4-8.6)

N n % > LOD Min.-Max. LoD N n % > LOD Min.-Max. LOD
PBDE 47 26 9 346 0.03 - 1.05 0.02 29 7 241 0.04 - 0.07 0.03
PBDE 99 25 4 16 023 -193 0.05 28 2 7.1 0.03 -0.10 0.02
PBDE 100 26 1 39 <0.10-029 0.10 30 0 0 0.10
PBDE 153 27 1 37 <0.04 - 0.19 0.04 30 0 0 0.04
PBDE 154 27 1 3.7 <0.04 - 013 0.04 30 0 0 0.02

Tallow (% fat; mean: 789, range: 72.6-86.1) Bone Marrow (% fat; mean: 71.7, range: 58.9-89.6)
PBDE 47 25 9 36 0.21 - 415 0.18 20 1 5 <0.15-027 0.15
PBDE 99 25 7 28 021 -722 0.18 20 1 5 <0.15 - 0.27 0.15
PBDE 100 24 1 4.2 <057 - 154 0.57 20 0 0 0.31
PBDE 153 27 2 74 0.68 - 0.87 020 22 3 136 021 -038 0.10
PBDE 154 27 2 74 039 - 0.64 0.14 22 0 0 0.08

Legend: N = total number of samples. n = number of samples in which PBDEs were detected. LOD Limit of detection. % >LOD = Percentage of samples with
concentrations above the LOD. Min. - Max. = Minimum and maximum concentrations. Note: PBDE 138 concentrations were below the limit of detection (< LOD)
in all samples from meat (N = 27), liver (N = 30), tallow (N = 27) and bone marrow (N = 22). The LODs for PBDE 138 were 0.02 for meat and liver, and 0.13, 0.07

ng/g ww for tallow and bone marrow, respectively.

Data on PBDEs from reindeer are scarce. PBDE concen-
trations measured in meat, liver, milk and brown adipose
tissue samples from Finnish reindeer exhibited higher
concentrations in adult animals compared to calves [24].
Additionally, the liver from reindeer in the Finnish study
represented the tissue with the clearest difference
displaying the highest concentrations among the above
mentioned tissues. We could not compare the PBDE re-
sults from the present study to the Finnish study as differ-
ent congeners were measured and the Finnish study only
presented YPBDEs. The above mentioned study docu-
mented also the effective placental transfer of PBDEs in
reindeer. Concentrations of PBDEs in Arctic herbivorous
terrestrial animals (e.g., reindeer, moose) have been re-
ported to be lower than carnivorous ones such as birds of
prey (e.g., peregrine falcon) [16,32,33]. In liver samples
from northern Norwegian moose, PBDE-47 and 99 were
the major detected congeners with median concentrations
of 0.24 and 0.26 ng/g lw, respectively [34].

Concentrations of POPs in reindeer detected in this
study were generally low and negligible compared to
those previously reported from animals regarded as main
source of human exposure to POPs such as Arctic birds,
fish and marine mammals [15,35]. The low detection
percentages (> 50% of samples were below the LOD) re-
vealed in most of the POPs in the present study did not
allow for a broad comparison and discussion.

Conclusions

The majority of concentrations for the analysed POP
compounds in this study were below the LOD. Concen-
trations measured for the POPs in this study were gener-
ally low. Further research, which includes more animals

from several different grazing districts, is needed to take
into consideration factors that we could not investigate
in this study (e.g., geographical variations) and inclusion of
other persistent organic pollutants (e.g., dioxin, perfluorina-
ted compounds). The elevated dioxin levels previously
measured in a few reindeers from the Norwegian-Russian
border need to be followed up [36].
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