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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
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
between the studied tissue types.

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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reproduction in any medium, provided the or
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
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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’
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, Tromsø, 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 Na2SO4 (600°C, 8 h) in a
ratio of 1:20. 20 μl 13C-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
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
α- Hexachlorocyclohexane (α-HCH) in liver, tallow and
bone marrow were 0.06, 0.36 and 0.66 ng/g ww, res-
pectively, whereas β-HCH concentrations were 0.42 and
0.51 ng/g ww in liver and bone marrow, respectively.
Concentrations of total HCHs (α-, β-, γ-) 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



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

PCB
congener

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

Meat-liver Meat-tallow Meat-bone marrow Liver–tallow Liver–bone marrow Tallow–bone marrow

PCB 99 0.69** 0.34n.s 0.16 n.s 0.54** 0.37 n.s 0.45

PCB 105 0.50** 0.60** 0.38 n.s 0.82** 0.61** 0.68**

PCB 138 0.55** 0.47* 0.22 n.s 0.63** 0.63** 0.57*

PCB 153 0.69** 0.69** 0.30 n.s 0.86** 0.41 n.s 0.41 n.s

PCB 156 – -0.19 n.s -0.54* – – 0.32 n.s

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.

Table 1 Concentrations (ng/g ww) of polychlorinated biphenyls (PCBs) 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

PCB 28 21 9.5 <0.12 – 0.12 0.12 28 0 <0.11 0.11

PCB52 24 33.3 0.04 – 0.16 0.04 20 0 <0.06 0.06

PCB 99 28 53.7 0.03 0.06±0.09 0.02 – 0.52 0.02 * 28 89.3 0.05 0.06±0.03 <0.02 – 0.14 0.02

PCB101 29 44.8 <0.3 – 0.64 0.03 26 15.4 <0.06 - 0.07 0.06

PCB105 29 65.5 0.03 0.06±0.13 0.01 – 0.69 0.01 ** 29 100 0.06 0.07±0.02 0.02 – 0.12 0.02

PCB 118 22 77.3 0.08 0.18±0.29 <0.03 – 1.41 0.03 n.s 27 100 0.13 0.13±0.06 <0.03 – 0.23 0.03

PCB138/163 29 51.7 0.06 0.11±0.17 0.06 – 0.58 0.04 ** 25 100 0.16 0.18±0.07 0.07 – 0.40 0.06

PCB153 29 51.7 0.06 0.08±0.09 <0.04 – 0.48 0.04 ** 29 100 0.24 0.27±0.15 0.10 – 0.71 0.10

PCB 156 27 51.9 0.01 0.02±0.02 <0.01 – 0.09 0.01 20 40 <0.01 – 0.03 0.01

PCB 170 25 24 <0.02 – 0.15 0.02 27 48.2 < 0.02 – 0.12 0.02

PCB 180 23 39.1 < 0.03 – 0.11 0.03 29 65.5 0.07 0.08±0.05 <0.02 – 0.22 0.02

PCB 183 23 13 <0.01 – 0.03 0.01 27 55.6 0.02 0.03±0.02 <0.01 – 0.08 0.01

PCB 187 26 53.9 0.01 0.02±0.01 < 0.01 – 0.06 0.01 ** 29 75.9 0.05 0.05±0.03 <0.01 – 0.12 0.01

PCB 194 24 4.2 <0.04 – 0.07 0.04 16 0 <0.03 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 33.3 <0.20 – 1.28 0.20 21 61.9 0.17 0.24±0.19 < 0.11 – 0.61 0.11

PCB52 21 9.5 <0.20 – 1.37 0.20 19 5.3 <0.11 – 0.13 0.11

PCB 99 28 82.1 0.46 0.59±0.46 < 0.32 – 2.13 0.32 n.s 21 90.5 0.36 0.47±0.31 < 0.03 – 1.32 0.03

PCB101 28 17.9 <0.15 – 2.60 0.15 21 57.1 0.10 0.12±0.06 < 0.08 – 0.24 0.08

PCB105 24 100 0.60 0.67±0.29 0.16 – 1.24 0.01 n.s 18 100 0.49 0.58±0.29 0.07 – 1.07 0.07

PCB 118 23 100 1.67 1.82±0.81 0.87 – 3.51 0.13 n.s 22 100 1.28 1.48±0.66 0.40 – 2.78 0.07

PCB138/163 24 95.8 1.15 1.43±0.96 < 0.24 – 3.65 0.24 n.s 21 100 1.38 1.69±0.99 0.13 – 4.71 0.13

PCB153 28 100 2.29 2.62±1.25 0.68 – 5.21 0.61 n.s 23 100 2.17 2.49±1.07 0.28 – 4.50 0.11

PCB 156 22 63.6 0.22 0.24±0.11 < 0.06 – 0.50 0.06 n.s 22 59.1 0.18 0.22±0.14 <0.03 – 0.48 0.03

PCB 170 25 88 0.69 0.74±0.25 < 0.10 – 1.24 0.10 n.s 23 100 0.57 0.66±0.31 0.12 – 1.47 0.06

PCB 180 26 100 1.16 1.33±0.71 0.26 – 3.42 0.12 n.s 23 100 0.93 1.11±0.58 0.14 – 2.57 0.06

PCB 183 26 100 0.12 0.15±0.10 0.04 - 0.48 0.04 ** 23 60.9 0.08 0.09±0.07 <0.02 – 0.35 0.02

PCB 187 28 53.6 0.22 0.25±0.15 < 0.07 – 0.62 0.07 n.s 22 86.4 0.18 0.19±0.08 < 0.04 – 0.31 0.04

PCB 194 27 33 < 0.20 – 0.42 0.20 21 52.4 0.21 0.23±0.09 < 0.11 – 0.53 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%.
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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

α-HCH 25 0 <0.03 0.03 27 81.5 0.06 0.08±0.05 <0.03 – 0.19 0.03

β-HCH 26 7.7 <0.10 – 0.14 0.10 27 85.2 0.42 0.51±0.26 <0.15 – 1.31 0.15

γ-HCH 26 0 <0.05 0.05 27 3.7 <0.05 – 0.25 0.05

HCB 25 100 0.56 0.62 ±0.27 0.31 – 1.14 0.09 * 27 92.6 1.89 2.56±1.28 <0.11 – 4.55 0.11

Heptachlor 26 19.2 <0.08 – 0.46 0.08 27 0 <0.07 0.07

TOX-50 26 7.7 <0.01 – 0.07 0.01 27 0 <0.02 0.02

Mirex 26 0 <0.02 0.02 27 55.6 0.10 0.11±0.06 <0.05 – 0.41 0.05

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

α-HCH 23 78.3 0.36 0.43±0.20 < 0.19 – 0.69 0.19 n.s 17 88.2 0.66 0.85±0.38 < 0.14 – 1.31 0.14

β-HCH 23 0 <0.97 0.97 17 58.8 0.51 0.56±0.23 < 0.34 – 0.98 0.34

γ-HCH 23 0 <0.35 0.35 17 0 <0.19 0.19

HCB 23 100 35.82 37.83±11. 72 16.59 – 53.25 0.66 n.s 17 100 41.89 43.34±11.64 26.03 – 63.01 0.42

Heptachlor 23 30.4 <0.49 – 1.33 0.49 17 29.4 <0.26 – 1.05 0.26

t-NC 23 0 <0.23 0.23 17 5.9 <0.13 – 0.15 0.13

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, c-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%.
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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
Table 4 Concentrations (ng/g ww) of dichlorodiphenyl trichlo
from reindeer

Compound Meat (% fat; mean: 2, range: 0.8 – 3.8)

N n % > LOD Min. – Max. L

p,p´-DDT 27 2 7.4 0.03 – 0.13 0

o,p´-DDT/p,ṕ-DDD 23 0 0 0

p,p´-DDE 23 3 13 0.10 – 0.89 0

Tallow (% fat; mean: 78.9, range: 72.6 – 86.1)

p,p´-DDT 25 0 0 0

o,p´-DDT/ p,p -DDD 30 0 0 0

p,p´-DDE 24 8 33.3 0.49 – 3.01 0

Legend: N = total number of samples. n = number of samples in which PBDEs wer
concentrations above the LOD. Min. – Max. = Minimum and maximum concentratio
detection (< LOD) in all samples from meat (N = 24), liver (N = 30/ 26), tallow (N =
were 0.26/ 0.19 for meat, liver (0.24/ 0.22), tallow (0.75/ 1.3) and bone marrow (0.41
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.
roethans (DDTs) in meat, liver, tallow and bone marrow

Liver (% fat; mean: 5.6, range: 4.4 – 8.6v

OD N n % > LOD Min. – Max. LOD

.02 27 0 0 0.07

.04 26 5 19.2 0.02 – 0.10 0.02

.08 23 2 8.7 0.11 – 0.13 0.08

Bone Marrow (% fat; mean: 71.7, range: 58.9 – 89.6)

.40 19 1 5.3 <0.06 – 0.09 0.06

.25 20 3 15 0.06 – 0.10 0.06

.48 22 10 45.5 0.34 – 0.68 0.26

e detected. LOD Limit of detection. % >LOD = Percentage of samples with
ns. Note: o,p´-DDE and o,p´-DDD concentrations were below the limit of
30/ 25) and bone marrow (N = 23/ 29). The LODs for o,p´-DDE and o,p´-DDD
/ 0.72) ng/g ww, respectively.



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 34.6 0.03 – 1.05 0.02 29 7 24.1 0.04 – 0.07 0.03

PBDE 99 25 4 16 0.23 – 1.93 0.05 28 2 7.1 0.03 – 0.10 0.02

PBDE 100 26 1 3.9 <0.10 – 0.29 0.10 30 0 0 0.10

PBDE 153 27 1 3.7 <0.04 – 0.19 0.04 30 0 0 0.04

PBDE 154 27 1 3.7 <0.04 – 0.13 0.04 30 0 0 0.02

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

PBDE 47 25 9 36 0.21 – 4.15 0.18 20 1 5 <0.15 – 0.27 0.15

PBDE 99 25 7 28 0.21 – 7.22 0.18 20 1 5 <0.15 – 0.27 0.15

PBDE 100 24 1 4.2 <0.57 – 1.54 0.57 20 0 0 0.31

PBDE 153 27 2 7.4 0.68 – 0.87 0.20 22 3 13.6 0.21 – 0.38 0.10

PBDE 154 27 2 7.4 0.39 – 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.
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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 ∑PBDEs. 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].

Abbreviations
GM: Geometric mean; AM: Arithmetic mean; GPC: Gel permeation
chromatography; LOD: Limit of detection; POPs: Persistent organic pollutants;
PCBs: Polychlorinated biphenyls; DL-PCBs: Dioxin-like PCBs;
DDTs: Dichlorodiphenyl trichloroethans; DDD: Dichlorodiphenyl
dichloroethane; DDE: Dichlorodiphenyl dichloroethylene;
OCPs: Organochlorine pesticides; PBDEs: Polybrominated diphenylethers;
HCB: Hexachlorobenzene; HCH: Hexachlorocyclohexane.

Competing interests
The authors declare no competing interests.

Authors’ contributions
Acquisition of funding, study design and general supervision of the research
group: MB, TMS. Sample collection and chemical analysis: CR. Statistical
analysis, interpretation of data and manuscript writing: AAH. All authors have
critically reviewed and approved the final manuscript.

Acknowledgements
The authors would like to acknowledge owners and operators of the
reindeer slaughterhouses from which samples were collected, for their help
and co-operation. We are also grateful to Elen Kirsten Anti and Håvard
Svendsen for their contribution in sample collection. The study was funded
by the Reindeer Husbandry Development Fund (RUF), Alta and the Centre
for Sami Health Research at the University of Tromsø, Norway.

Author details
1Centre for Sami Health Research, Department of Community Medicine,
Faculty of Health Sciences University of Tromsø, N-9037, Tromsø, Norway.
2Department of Community Medicine, Faculty of Health Sciences University
of Tromsø, N-9037, Tromsø, Norway.



Hassan et al. Acta Veterinaria Scandinavica 2013, 55:57 Page 7 of 7
http://www.actavetscand.com/content/55/1/57
Received: 30 April 2013 Accepted: 1 August 2013
Published: 13 August 2013

References
1. Rappe C, Marklund S, Kjeller L-O, Lindskog A: Long-range transport of

PCDDs and PCDFs on airborne particles. Chemosphere 1989,
18:1283–1290.

2. Mackay D, Wania F: Transport of contaminants to the Arctic: partitioning,
processes and models. Sci Total Environ 1995, 160–161:25–38.

3. Knap AH, Binkley KS: Chlorinated organic compounds in the troposphere
over the western North Atlantic Ocean measured by aircraft. Atmos
Environ Part A General Topics 1991, 25:1507–1516.

4. Kallenborn R, Oehme M, Wynn-Williams DD, Schlabach M, Harris J: Ambient
air levels and atmospheric long-range transport of persistent
organochlorines to Signy Island, Antarctica. Sci Total Environ 1998,
220:167–180.

5. AMAP: AMAP Assessment Report: Arctic Pollution Issues. Oslo: Arctic
Monitoring and Assessment Programme (AMAP); 1998. xii+859 pp.

6. AMAP: Human Health in the Arctic. Oslo: Arctic Monitoring and Assessment
Programme (AMAP); 2009. xiv+ 250 pp.

7. Macdonald RW, Barrie LA, Bidleman TF, Diamond ML, Gregor DJ, Semkin RG,
Strachan WMJ, Li YF, Wania F, Alaee M, et al: Contaminants in the
Canadian Arctic: 5 years of progress in understanding sources,
occurrence and pathways. Sci Total Environ 2000, 254:93–234.

8. Connell DW: Basic concepts of environmental chemistry. 2nd edition. New
York: Taylor & Francis; 2005:462.

9. Sodhi GS: Fundamental concepts of environmental chemistry. 2nd edition.
Pangbourne, UK: Alpha Science International; 2005:350.

10. WHO: World Malaria Report 2012. Geneve: World Health Organization
(WHO); 2012:195.

11. de Boer J, Wester PG, Klamer HJC, Lewis WE, Boon JP: Do flame retardants
threaten ocean life? Nature 1998, 394:28–29.

12. Renner R: What fate for brominated fire retardants? Environ Sci Technol
2000, 34:222A–226A.

13. AMAP: Arctic pollution. Oslo: Arctic Monitoring and Assessment Programme
(AMAP); 2002. xiv+ 111 pp.

14. Thomas DJ, Tracey B, Marshall H, Norstrom RJ: Arctic terrestrial ecosystem
contamination. Sci Total Environ 1992, 122:135–164.

15. Riget F, Dietz R, Vorkamp K, Johansen P, Muir D: Levels and spatial and
temporal trends of contaminants in Greenland biota: an updated review.
Sci Total Environ 2004, 331:29–52.

16. Tryland M, Ropstad E, Gabrielsen GW, Vikøren T, Arnemo JM, Mørk T,
Killengreen S, Lie E, Leonards P, Polder A, Skåre JU: Screening of halogenated
organic compounds (HOCs) in wild living terrestrial mammals in Svalbard,
Norway and Northern Sweden. Oslo: Norwegian School of Veterinary Science;
2009. 60 pp.

17. Kelly BC, Gobas FAPC: Bioaccumulation of persistent organic pollutants in
lichen-caribou-wolf food chains of Canada's Central and Western Arctic.
Environ Sci Technol 2001, 35:325–334.

18. Suutari A, Ruokojärvi P, Kiviranta H, Verta M, Korhonen M, Nieminen M,
Hallikainen A, Laaksonen S: Airborne organic pollutants in Finnish
reindeer food chain. In In Clean air research at the University of Oulu; June
3rd, 2010; University of Oulu, Finland. Edited by Pongrácz E, Pitkäaho HM,
Keiski S, Kalevaprint RL. Oulu: Thule Institute; 2010:25–27.

19. Vors LS, Boyce MS: Global declines of caribou and reindeer. Glob Change
Biol 2009, 15:2626–2633.

20. Harrad S: Persistent organic pollutants: Environmental behaviour and
pathways of human exposure. 1st edition. Massachusetts, USA: Kluwer
Academic Publishers; 2001:272.

21. Gabrielsen GW: Levels and effects of persistent organic pollutants in
arctic animals. In In Arctic Alpine Ecosystems and People in a Changing
Environment. Edited by Jon B, Orbæk RK, Ingunn T, Else Nøst H, Stig F-P, Alf
Håkon H. Verlag Berlin: Heidelberg: Springer; 2007:377–412.

22. Herzke D, Gabrielsen GW, Evenset A, Burkow IC: Polychlorinated
camphenes (toxaphenes), polybrominated diphenylethers and other
halogenated organic pollutants in glaucous gull (Larus hyperboreus) from
Svalbard and Bjørnøya (Bear Island). Environ Pollut 2003, 121:293–300.

23. Gilbert RO: Statistical Methods for Environmental Pollution Monitoring. New
York, NY: John Wiley & Sons, Inc.; 1987.

24. Suutari A, Ruokojärvi P, Kiviranta H, Verta M, Korhonen M, Nieminen M,
Laaksonen S: Polychlorinated dibenzo-p-dioxins (PCDDs), dibenzofurans
(PCDFs), polychlorinated biphenyls (PCBs), and polybrominated diphenyl
ethers (PBDEs) in Finnish semi-domesticated reindeer (Rangifer tarandus
tarandus L.). Environ Int 2011, 37:335–341.

25. Ruokojärvi P, Laaksonen S, Suutari A, Kiviranta H, Vartiainen T: Levels of
PCDD/Fs and PCBs in reindeer - first results of the Finnish study on
POPs in reindeer food chain. Organohalogen Compd 2007, 69:2319–2322.

26. Ruokojärvi P, Suutari A, Hallikainen A, Laaksonen S, Nieminen M, Kiviranta H:
Distribution of PCDD/Fs, PCBs and PBDEs in semidomesticated reindeer
(Rangifer tarandus tarandus L.) meat and liver. Oragnohalogen Compd
2011, 73:1321–1324.

27. Suutari A, Ruokojärvi P, Hallikainen A, Kiviranta H, Laaksonen S:
Polychlorinated dibenzo-p-dioxins, dibenzofurans, and polychlorinated
biphenyls in semi-domesticated reindeer (Rangifer tarandus tarandus)
and wild moose (Alces alces) meat in Finland. Chemosphere 2009,
75:617–622.

28. Suutari A, Hallikainen A, Ruokojärvi P, Kiviranta H, Nieminen M, Laaksonen S:
Persistent organic pollutants in Finnish reindeer (Rangifer tarandus
tarandus L.) and moose (Alces alces). Acta Vet Scand 2012, 54:S11.

29. Lusky K, Bohm D, Stoyke M, Hecht H, Luthardt M, Lippert A: Untersuchungen
auf umweltkontaminanten in schwarzrot-, re-, muffel- und damwild aus
dem Biosphärenreservat Schorfheide-Chorin (Studies on environmental
contaminants in black-red-, roe-, muffle and fallow deer from the
Schorfheide-Chorin). Arch Lebenmittelhygiene 1992, 43:131–136.

30. Frölich Von KSF, Klima F, Tataruch F, Streich J, Wisser J, Achazi R:
Charakterisierung des gesundheitsstatus von rehen (Capreolus capreolus)
in gebieten mit hoher schadstoffbelastung (cadmium, blei und PCB) im
vergleich zu gering belasteten gebieten (Characterization of health
status of roe deer (Capreolus capreolus) in areas with high pollution
(cadmium, lead and PCBs) compared to low-load areas) - I. mitteilung:
immunologistche befunde. Z Jagdwiss s 2001, 47:125–144.

31. Elkin BT, Bethke RW: Environmental contaminants in caribou in the
Northwest Territories, Canada. Sci Total Environ 1995, 160–161:307–321.

32. de Wit C, Alaee M, Muir DC: Levels and trends of brominated flame
retardants in the Arctic. Chemosphere 2006, 64:209–233.

33. de Wit CA, Herzke D, Vorkamp K: Brominated flame retardants in the
Arctic environment — trends and new candidates. Sci Total Environ 2010,
408:2885–2918.

34. Mariussen E, Steinnes E, Breivik K, Nygård T, Schlabach M, Kålås JA: Spatial
patterns of polybrominated diphenyl ethers (PBDEs) in mosses,
herbivores and a carnivore from the Norwegian terrestrial biota. Sci Total
Environ 2008, 404:162–170.

35. Welfinger-Smith G, Minholz JL, Byrne S, Waghiyi V, Gologergen J, Kava J,
Apatiki M, Ungott E, Miller PK, Arnason JG, Carpenter DO: Organochlorine
and metal contaminants in traditional foods from St. Lawrence Island,
Alaska. J Toxicol Environ Health - Part A: Current, Issues 2011, 74:1195–1214.

36. Kvalem HE, Knutsen HK, Lorentzen MK, Sletta A: Miljøgifter i matvarer på det
norske markedet 2003–2005 (Environmental contaminants in food from the
Norwgian market 2003–2005): Analyses of doixin, PCB, PBDE and HBCD. Oslo:
The Norwegian Food Safety Authority (Mattilsynet); 2009:44.

doi:10.1186/1751-0147-55-57
Cite this article as: Hassan et al.: Persistent organic pollutants in meat,
liver, tallow and bone marrow from semi-domesticated reindeer
(Rangifer tarandus tarandus L.) in Northern Norway. Acta Veterinaria
Scandinavica 2013 55:57.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Sample collection
	Analytical procedures
	Statistical analysis

	Results and discussion
	Polychlorinated biphenyls (PCBs)
	Organochlorine pesticides (OCPs)
	Dichlorodiphenyl trichloroethans (DDTs)
	Polybrominated diphenylethers (PBDEs)

	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

