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A B S T R A C T   

In the Arctic, main sources of persistent organic pollutants and potentially toxic elements are industry and 
agriculture in the lower latitudes. However, there are also local sources of pollution. Our study was focused on 
possible pollution in the Finnish Lapland, transferred from the Pechenganikel industrial complex located in the 
borders of Russia, Finland and Norway. 

Local food items and blood samples of pregnant women from the Inari municipality were collected and 
organochlorine compounds (OCs) and metal(oid)s analyzed. Most of the examined food samples showed 
detectable levels of these compounds. The mean concentrations of DDTs and polychlorobiphenyls (PCBs) were 
higher in fish (0.18–0.32 ng/g and 0.34–0.64 ng/g, respectively), than in the other food groups (0.027–0.047 ng/ 
g and 0.11–0.20 ng/g, respectively). 

PCBs were found at the highest concentrations in blood samples of the pregnant women, and congeners 153 
and 118 were dominant. The mean concentration of PCB153, 0.29 μg/kg serum lipid, was lower than those 
described in many other studies. Concerning DDTs, the 4,4′-DDT/4,4′-DDE ratio, 0.092, in the blood samples was 
lower than that observed in the food items, 0.25–0.71, reflecting old uses of the DDT pesticide. None of the 
observed levels of selected potentially toxic elements in blood samples and in food items exceeded the known 
safe limits. 

Higher concentrations of PCB52 and γ-HCH were observed in the serum of pregnant women who consumed 
greater amounts of meat, and berries and mushrooms, respectively. The OC concentrations from the pregnant 
women currently studied were lower than those observed fourteen years ago with pregnant women from the 
same municipality. Compounds whose occurrence is likely related to a long-distance transport showed clear 
decreases, e.g., 63% for PCBs, and for those from pesticides, decreases were 93% and 97% for 4,4′-DDE and 
β-HCH, respectively. No obvious influence from the Pechenganikel complex is observed from the results.   

1. Introduction 

Environmental pollution, such as organochlorine compounds (OCs) 
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and potentially toxic elements, in the Arctic regions arrives as a conse-
quence of long-range transport from lower latitude sites (AMAP, 1998; 
AMAP, 2015; Paatero and Salminen-Paatero, 2020). However, mineral 

or industrial areas, such as Pechenganikel, located close to the borders 
between Norway, Finland, and Russia, have been a local hot spot of 
pollution in the Kola Peninsula during the last decades (Stebel et al., 
2007). One part of the Pechenganikel complex was the briquetting fa-
cility in the city of Zapolyarny (69.4264◦ N, 30.8208◦ E). 

Previous studies (Stebel et al., 2007; Dauvalter and Kanishev, 2008; 
Dauvalter and Kashulin, 2015, 2018; Rognerud et al., 2013) showed that 
atmospheric emissions from the mining and metallurgical industry and 
runoff from the mining activities of the Pechenganikel industrial com-
plex (wastewater from the mines, smelters, slime pits, and tailing 
dumps) were sources of potentially toxic elements (e.g. Ni, Cu, Cd, Cr, 
Zn, As, Hg), polycyclic aromatic hydrocarbons (PAHs), and persistent 
organic pollutants (POPs). These contaminants were found in soil, 
plants, water, and surface sediments from the lakes of the Pechenega 
District and the border regions of Norway and Finland. The emissions 
from the Pechenganikel industrial complex have a great impact on na-
ture in the Inari-Paz area, which receives a mixture of different con-
taminants as a result of the emissions of the smelters and due to 
long-range transport of contaminants from other industrial areas. 

The effects of emissions of potentially toxic elements from the 
smelters were most clearly seen in the Paz watercourse, and high levels 
were measured in water, sediment, and fish (Stebel et al., 2007). The 
concentrations of PAHs and POPs were the highest in surface sediments 
in Lake Kuetsjärvi, where the sediments were classified as “markedly” to 
“strongly” contaminated by potentially toxic elements, POPs, and PAHs 
(Christensen et al., 2007; Stebel et al., 2007). Metallurgical production 
(especially metal smelting processes) can be accompanied by the release 
of organochlorine compounds, although the presence of POPs in the 
wastewaters of the smelter was not demonstrated (Dudarev et al., 
2015a). The concentrations of POPs were very low in all food samples of 
wildlife, including game and fish (from 1.2 up to 9 μg/kg ww in king 
salmon) measured in the Pechenga district of Murmansk Oblast 
(Dudarev et al., 2015a, 2015b). 

Potentially toxic element concentrations were slightly elevated in the 
small lakes throughout the border region of Norway, Finland, and 
Russia. The highest concentrations of potentially toxic elements in sur-
face sediments and the forest environment were found up to 20 km from 
the smelter complex but decreased exponentially with distance from the 

smelter (Dauvalter and Kanishev, 2008; Dauvalter and Kashulin, 2015, 
2018). Emissions from this area may have polluted the regions close to 
this site, including their inhabitants. The lowest values were found from 
the Finnish side of the border (Puro-Tahvanainen et al., 2011). The 
concentrations of potentially toxic elements and OCs have been rather 
low in fish in Lake Inarijärvi (Hallikainen et al., 2011). 

Food is a major source of exposure to many OCs, including PCBs, 
DDTs, hexachlorocyclohexanes (HCHs), and hexachlorobenzene (HCB). 
Pregnant women, infants, and children are more vulnerable to food 
contaminants (Fisher et al. 2016; Sarron et al., 2020; Stratakis et al., 
2020, Tsygankov et al., 2020). Continuous low-dose exposure to envi-
ronmental chemicals especially during pregnancy may lead to adverse 
health outcomes and toxic effects in newborns (Abass et al., 2018; Berg 
et al., 2017; Darbre, 2017; Johansson et al., 2017; Sarron et al., 2020). 
The first study on environmental pollutants in pregnant women in 
Finnish Lapland was performed, and samples collected during 
1986–1988. The results showed that the levels of POPs and potentially 
toxic elements were low compared to those measured in other Arctic 
populations (Soininen et al., 2005). 

Extensive reviews of contaminant levels in Arctic wildlife, especially 
in traditional foods (marine mammals and fish) have been presented in 
AMAP reports (AMAP, 2011, 2015, 2021). The sum of DDT has 
decreased in 46% of time-series analyzed (AMAP, 2015) and concen-
trations of POPs are generally low (<1 ng/g wet weight). Levels of POPs 
and Hg are still highest in women with the highest intake of traditional 
marine food (Knutsen et al., 2015, Terkelsen et al., 2018). 

As a part of the trilateral Kolarctic-ENPI project “Food and health 
security in the Norwegian, Finnish and Russian border region: linking 
local industries, communities and socio-economic impacts,” samples of 
blood from pregnant women were collected in 2014 from the Inari 
municipality (Finnish Lapland) along with representative local food 
items from their diet (Hansen et al., 2017). The purpose of the present 
study was to determine the levels of OCs and potentially toxic elements 
in the pregnant women from the Inari municipality, Finnish Lapland, 
and the changes in relation to the previous studies, and to explore the 
local dietary sources in country food. 

2. Methods 

2.1. Study characteristics 

Blood samples of the pregnant women were collected from the Inari 
municipality (Ivalo Health Care Center) as a part of the Kolarctic-ENPI 
Project (Fig. 1; Hansen et al., 2017). The area of the Inari municipality 
is the largest (17333 km2) in Finland, with around 6800 inhabitants. In 
the East, it has joint borders with both the Russia and Norway. The 
Ethical committee of Northern Ostrobothnia Hospital District approved 
the study protocol. 

Maternal serum and whole blood were collected in Li-Heparin tubes 
after informed consent from 25 pregnant women residing in the Inari 
municipality during 2014 (Table 1). Samples were stored frozen at 
− 20 ◦C until shipment to the analytical laboratories. Gestational age 
sampling varied from 1st to 3rd trimester. 

The sampling sites for food items were selected from places fre-
quented for wild berries and mushrooms, fishing, and hunting. There 
were 11 sites (nine terrestrial sites and two lakes), and standardized 
protocols for sample collection were used to collect berries (n = 12), 
mushrooms (3), fish (5), ptarmigan (3), reindeer (6), and moose (7) (see 
more about the protocol and sites in Hansen et al., 2017). All samples 
were stored in plastic bags or containers and kept at − 20 ◦C until 
analysis. The analyses of organochlorine compounds were performed in 
the Department of Environmental Chemistry, Institute of Environmental 
Assessment and Water Research (IDAEA), Barcelona, Catalonia, Spain, 
and potentially toxic elements in blood samples in Jožef Stefan Institute, 
Department of Environmental Sciences, Ljubljana, Slovenia. 

List of abbreviations 

AMAP Arctic Monitoring and Assessment Programme 
CVAFS cold vapor atomic fluorescence spectrometry 
4, 4′ DDE 4, 4′-dichlorodiphenyldichloroethylene 
DDT Dichlorodiphenyltrichloroethane 
GC-ECD gas chromatography-electron capture detection 
GC-MS-NICI negative ion chemical ionization mass spectrometry 

coupled to gas chromatography 
HCB hexachlorobenzene 
HCHs hexachlorocyclohexanes 
OCN octachloronaphthalene 
OCs organochlorine compounds 
PCBs polychlorobiphenyls 
PCDDs polychlorinated dibenzo-p-dioxins 
PCDFs polychlorinated dibenzofurans 
SERO Seronorm Trace elements Whole blood 
TBB 1,2,4,5-tetrabromobenzene 
TCN 1,2,3,4-tetrachloronaphthalene  
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2.2. Dietary assessment 

Information of pregnant women’s diet was collected using a food 
frequency questionnaire. We defined consumption frequency of five 
local food groups: vegetables, berries and mushrooms, fish and seafood, 
meat, and game muscle tissue. The frequencies of food items con-
sumption were divided into four groups: never/seldom (less 1 time per 
month), few (1–3 times per month), regularly (1–3 times per week), 
more often (4–6 times per week or every day). 

2.3. Determinations of organochlorine compounds in serum and food 
items 

2.3.1. Sample extraction and clean-up 
Muscle tissue, berry, and mushroom samples were ground with 

activated sodium sulfate until a fine powder was obtained. This mixture 
was introduced into cellulose cartridges and Soxhlet extracted with 80 
mL of n-hexane-dichloromethane (4:1) for 18 h. After extraction, the 
total volume was adjusted to 100 mL and 20 mL were separated for lipid 
analysis (vacuum and nitrogen evaporation to dryness and weight). The 

other 80 mL of the extract were fortified with TBB and PCB 209 stan-
dards and concentrated under vacuum to 2 mL 2 Ml of sulfuric acid were 
added to this solution. After vigorous stirring in a Vortex (2 min) the 
mixture was centrifuged to remove any foam in the interface and the 
sulfuric acid layer was discarded. This clean-up step was repeated until a 
colorless transparent n-hexane layer (2 mL) was obtained (4–6 times). 
The final sulfuric acid mixture was re-extracted with n-hexane (2 × 2 
mL) and all n-hexane solutions were combined and concentrated by 
vacuum rotary evaporation (20 ◦C, 20 torr) to small volumes (ca 300 
μL). The solutions were then transferred to vials and evaporated just to 
dryness under a gentle stream of nitrogen (10-20 ◦C). The cleaned 
extract was redissolved to 50 μL with a solution of TCN and OCN in iso- 
octane for instrumental analysis. 

The serum samples (1 mL) were introduced into 10 mL centrifuge 
tubes where a recovery standard solution containing TBB and PCB209 
was also added (50–60 pg/μL). Sample acid digestion was performed by 
addition of 3 mL of n-hexane and 3 mL of concentrated sulfuric acid, 
mixed in a vortex (1.500 rpm, 30 s) and centrifuged (3500 rpm, 10 min). 
The supernatant n-hexane layer was transferred into a second centrifuge 
tube using a Pasteur pipette. The acid layer was re-extracted two more 
times with n-hexane. All the n-hexane extracts were combined. This n- 
hexane solution was purified further by oxidation with 2 mL of 
concentrated sulfuric acid, stirred in a vortex (1500 rpm, 90 s) and then 
centrifuged (3500 rpm, 10 min). The acid was removed with a Pasteur 
pipette and more concentrated acid sulfuric (2 mL) was added, the 
suspension was mixed, centrifuged again and the supernatant organic 
phase was transferred to a conical bottomed, graduated tube. The 
combined n-hexane extracts were reduced to near dryness under a gentle 
stream of nitrogen. Then, the sample was transferred to gas chromato-
graphic (GC) vials using three 75 μL rinses of isooctane which were 
reduced to dryness under a gentle stream of nitrogen. Finally, they were 
dissolved with 100 μL of PCB142 (internal standard) in isooctane (10 
pg/μL). MiliQ water (5–6 drops) was added before centrifugation when 
emulsions were formed. 

2.3.2. Instrumental analysis 
Samples were analyzed in a Hewlett-Packard gas chromatograph 

Fig. 1. Inari municipality. Source https://www.inari.fi/en/maps.html.  

Table 1 
Characteristics of the pregnant women participating in the present study (n =
21).   

Geom. 
Mean 

95% CIb for 
Geom. Mean 

Median P25 P75 

Maternal age (years) 29.8 27.4–32.3 31 27 35 
Gestational age at 

blood sampling 
(days) 

122.0 95.0–156.5 100 72 228 

Body mass index (kg/ 
m2) 

24.6 22.7–26.5 24.1 21.6 26.6 

Current weight (kg) 73.3 67.5–79.6 67.9 63.3 87.7 
Length of schooling/ 

traininga (years) 
15.2 14.1–16.4 16.0 13.0 18.0  

a Includes primary and middle/secondary school. 
b 95% confidence interval. 
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Model HP-5890 equipped with an electron capture detector and an HP- 
7673-A autosampler. The separation was achieved with a 30 m × 0.25 
mm I.D. DB-5 column (J&W Scientific, Folsom, CA, USA) coated with 
5% diphenylpolydimethylsiloxane (film thickness 0.25 μm). The oven 
temperature was programmed from 90 ◦C (holding time 2 min) to 150 ◦C 
at 15 ◦C/min and finally to 280 ◦C at 4 ◦C/min, keeping the final tem-
perature for 10 min. Injector and detector temperatures were 270 ◦C and 
310 ◦C, respectively. Injection was performed in the splitless mode, 
keeping the split valve closed for 35 s. Helium was the carrier gas (50 
cm/s). 

Some samples were examined by negative ion chemical ionization 
mass spectrometry coupled to gas chromatography (GC-MS-NICI) for 
structural identification. These analyses were performed using a Fisons 
MD 800 instrument (quadrupole detector, THERMO Instruments, Man-
chester, United Kingdom). The gas chromatograph was equipped with a 
non-polar fused silica capillary column HP-5-MS (30 m × 0.25 mm i.d. x 
0.25 μm film thickness). Helium was used as carrier gas (1.1 mL/min). 
The oven temperature was programmed from 80 ◦C (1 min) to 120 ◦C at 
15 ◦C/min and then to 300◦ at 4 ◦C/min with a final holding time of 10 
min. The samples were injected in split/splitless mode (48 s) at 280 ◦C 
(hot needle technique) and data acquisition started after a solvent delay 
of 4 min. Ion source and transfer line temperatures were 150 and 280 ◦C, 
respectively. Ammonia was used as reagent gas. Ion source pressure 
(currently 1.6 torr) was adjusted to maximize the perfluorotributyl-
amine ions (m/z 312, 452, 633 and 671). Ion repeller was 1.5 V. Data 
were scanned from m/z 50 to 450 at 1 s per decade. Data were also 
acquired in selected ion monitoring mode with dwell time and span of 
0.06 s and 0.10 a.m.u., respectively. The selected ion programs are re-
ported elsewhere (Chaler et al., 1998). 

2.3.3. Identification and quantification 
OC were identified by retention index comparison by reference to 

TCN and OCN. In some cases, structural identification was confirmed by 
(GC-MS-NICI). External standards of all identified compounds were 
injected at several concentrations in order to make calibration straight 
lines in the adequate concentration range in the samples. Quantification 
was performed by reference to TCN and OCN in order to correct for 
instrumental instabilities. The values were also corrected by recoveries 
of PCB-30 and PCB-209. 

2.3.4. Quality assurance 
Detection and quantification limits were on the order of 10 pg/g 

fresh weight (Berdie and Grimalt, 1998). The method for organochlorine 
compounds was validated by replicate (n = 4) analysis of reference 
sample BCR 536 (Community Bureau of Reference, Brussels, Belgium). 
The results obtained were in agreement with the certified values. 
Reproducibility was lower than 10% for all compounds and 13% for 4, 
4′-DDE. Quantification and detection limits were calculated from real 
samples as 10 times the signal/noise ratio and were in the order of 
10–40 pg. 

2.3.5. Determination of potentially toxic elements in blood samples 
Determination of total Hg in blood samples was done by cold vapor 

atomic fluorescence spectroscopy (CVAFS). Approx. 300 μL of blood 
sample was weighed into a 100 mL volumetric flask, and 2 mL of a 
mixture of 65% HNO3 (Merck, Germany, p.a.) – HClO4 (Merck, Ger-
many, suprapur) (1:1, v/v) and 5 mL of 96% H2SO4 (Merck, Germany, 
suprapur) were added. The flask was heated at 220 ◦C on a hotplate for 
20 min. After cooling, the digested samples were filled to 100 mL with 
double distilled water. An aliquot of the digest was then analyzed using 
the Tekran 2600 Instrument (EPA method 1630). The estimated 
analytical precision was 10% (k = 2, CI 95%). The limit of detection of 
the method calculated on the basis of three standard deviations of the 
blank was 0.08 μg/L. The accuracy of the results was checked by ana-
lysing the standard reference material Seronorm Trace elements Whole 
blood L-1 (SERO AS, Norway). 

Determination of Mn, Cu, Zn, As, Se, Cd and Pb in blood samples by 
ICP MS. An aliquot of 0.3 mL of the blood sample was diluted ten times 
with an alkaline solution containing Triton X-100 and ethyl-
enediaminetetraacetic acid disodium salt dehydrate (EDTA) (Bárány 
et al., 1997). For calibration, the standard addition procedure was per-
formed. Measurements of prepared solutions were made by an Octapole 
Reaction System (ORS) Inductively Coupled Plasma Mass Spectrometer 
(ICP-MS 7500ce, Agilent). Limits of detection for Mn, Cu, Zn, As, Se, Cd 
and Pb calculated as three times the standard deviations of the blank 
sample, were 2, 25, 30, 0.2, 15, 0.07 and 2 ng/mL blood sample, 
respectively. A reference material Seronorm Trace Elements Whole 
Blood L-1 (SERO AS, Norway) was used to check the accuracy of the 
results. 

2.4. Statistical methods 

The concentrations of OCs and metal(loid)s in selected foods are 
described as geometric means (GM) and 95% confidence intervals (95% 
CI). The concentrations of these compounds in serum of the pregnant 
women are presented as GM, median, 95% CI, percentiles, and minimum 
and maximum values. Proportions with 95% CI were used to describe 
categorical variables. 

Statistical differences between groups were tested for significance 
using Mann-Whitney and Kruskal-Wallis tests. A half of the limit of 
detection (LOD) was applied in cases where measured concentrations of 
contaminants were less than LOD when calculating the descriptive sta-
tistics. All statistical analyses were performed using SPSS, version 26 
(SPSS Inc., Chicago, IL, USA) and STATA, version 16 (StataCorp LLC, 
USA). 

3. Results 

3.1. General characteristics of study subjects 

The mean age of the investigated women was 29.8 years. The mean 
gestational age to blood sampling was 122 days (Table 1). For 38% of 
respondents the present pregnancy was the first (Table 2). 57% of 
women had breastfed between 1 and 12 months during earlier preg-
nancies. The majority of the women informed that they were not 
exposed to smoking. More than half of the pregnant women consumed 
vegetables, fish and meat regularly (1–3 times per week), but berries and 
mushrooms and game meat were few (1–3 times per month) (Table 2). 
About a quarter of women consumed vegetables and sweets nearly every 
day (4–6 times per week or every day). 

3.2. Organochlorine compounds in food items 

The descriptive data of the OC concentrations in the analyzed 
foodstuffs are shown in Table 1S. Besides the compounds included in this 
Table 1S, β-HCH, 2,4′-DDD and 4,4′-DDD were also analyzed and found 
below limit of detection in all cases. 

All perch and pike samples showed detectable levels of δ-HCH, 4,4′- 
DDE, 4,4′-DDT and PCB congeners 52, 118, 138, 153 and 180 (Table 1S). 
The patterns of DDTs and PCBs were dominated by 4,4′-DDE and PCBs 
138 and 153, respectively. The ΣPCBs were found in higher concentra-
tions than the ΣDDTs in perch (GMs, 640 pg/g lipid, and 320 pg/g lipid, 
respectively) and pike (340 pg/g lipid and 180 pg/g lipid, respectively). 

All moose, reindeer, and ptarmigan samples showed detectable 
levels of HCB, 4,4′-DDE, 4,4′-DDT, PCB52, PCB118, PCB138 and 
PCB153 (Table 1S). The DDT and PCB patterns were mostly dominated 
by 4,4′-DDE and PCB138, respectively. The ΣPCBs were found in higher 
concentrations than the ΣDDTs, 120–150 pg/g lipid vs. 39–44 pg/g 
lipid, respectively. 

All berries and mushrooms showed detectable levels of 4,4′-DDE, 
4,4′-DDT, PCB52, PCB118, PCB138 and PCB153 (Table 1S). PCB180 was 
not found in any sample. The distribution of DDTs was dominated by 
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4,4′-DDE and PCB138 was the dominant PCB congener in all samples. 
The ΣPCBs were found in larger concentrations than the ΣDDTs, 
110–200 pg/g lipid vs. 27–47 pg/g lipid, respectively. 

3.3. Levels of organochlorine compounds and metal(oid)s in pregnant 
women 

The most abundant OC in the serum of the pregnant women was 4,4′- 
DDE, 30 μg/kg serum lipid (Table 2S), which was the dominant com-
pound in the distribution of DDT species. PCB153, 29 μg/kg serum lipid, 
was the dominant PCB congener. The ΣPCBs were found in larger con-
centrations than the ΣDDTs, 90.5 μg/kg serum lipid and 37.5 μg/kg 
serum lipid, respectively. 

The PCBs were the OC group found in highest concentrations 
(Table 2S). The distributions were dominated by congener 153 with 138 
as a second compound. 

The blood concentrations of metal(oid)s in pregnant women in Inari 
are in Table 2S. The GM concentrations of Zn (6300 ng/mL), Se (160 ng/ 
mL) and Cd (0.24 ng/mL) were higher, whereas those of Cu (1500 ng/ 
mL), As (0.75 ng/mL), and Pb (7.1 ng/mL) were lower, and Hg (1.1 ng/ 
mL) was at the same level, when compared to those levels reported by 
Soininen et al. (2005) in pregnant women in Finnish Lapland. None of 
the observed levels of toxic potentially toxic elements in blood of the 
pregnant women exceeded the known limits for toxic effects. 

3.4. Frequencies of consumption of food items and concentrations of 
POPs and potentially toxic elements in blood of the pregnant women 

The food consumption patterns obtained from the food frequency 
questionnaires were compared with the accumulation of OCs in the 
serum of the studied women in Table 3S. Women with regular meat 
consumption had 6.1 times higher mean concentration of PCB52 than 
those with low meat consumption (p = 0.031). The mean γ-HCH con-
centration in the women who consumed berries and mushrooms regu-
larly was 2.6 times higher than that in the women with low consumption 
(p = 0.038). However, these associations may not reflect real predom-
inant intakes of these pesticides through the food items considering the 
low number of cases examined and the low concentrations of these 
compounds in the meat and berry samples examined. Other organo-
chlorine concentrations did not show statistically significant differences 
associated with consumption of specific food items. The mean concen-
tration of Hg in blood of the women who consumed fish regularly was 
2.3 times higher compared to the women with lower fish consumption 
(p = 0.029) (Table 3S). 

4. Discussion 

4.1. Food items 

The use of PCBs in Finland was limited in the 1970s and they were 
not allowed in electric appliances since 1987 (AMAP, 1998; AMAP, 
2015). The PCB congeners found in highest concentrations in all samples 
analyzed in the present study were those with highest molecular weight, 
PCB118, PCB138, PCB153 and PCB180, which involves those with 
highest hydrophobic properties (octanol-water coefficients, logKow 
>6.9). The predominance of these compounds is consistent with their 
high hydrophobicity and bioaccumulation potential. The mean con-
centrations of ΣPCBs in moose, reindeer, and ptarmigan from the Inari 
municipality, GMs 0.12–0.15 ng/g (Table 1S), were lower than those 
described in meat samples from the Pechenga District, Russia (1.7 ng/g 
in moose and 1.2 ng/g in ptarmigan; Dudarev et al., 2015a), and Sweden 
(0.33 ng/g; Törnkvist et al., 2011). The mean concentrations of ΣPCBs in 
Inari berries, 0.11–0.20 ng/g (Table 1S), were much higher than those 
described in Catalonia (0.0045–0.036 ng/g (Martí-Cid et al., 2010)). 

DDT was introduced to the Finnish market in 1946, its use limited in 
1969, and it was completely banned in 1977 (Soininen et al., 2005). 4, 
4′-DDE was the compound of the DDT group showing the highest con-
centrations. The DDT/DDE ratios observed in the Inari food samples 
ranged between 0.25 ng/g and 0.71 ng/g (Table 1S), which is indicative 
of old DDT exposure (Kirman et al., 2011). However, in many samples 
the ratios ranged between 0.65 ng/g and 0.71 ng/g, which indicates a 
significant relative proportion of 4,4′-DDT with respect to 4,4′-DDE. 
Considering the low concentrations of ΣDDTs in the samples, this 4, 
4′-DDTproportion could reflect kinetic effects enhancing the persistence 
of this compound. The low environmental temperatures of the area 
could also increase the stability of the DDT molecules. The ΣDDTs in the 
Inari berries, 0.027–0.047 ng/g, were lower than those described in 
Catalonia (0.069 ng/g; Martí-Cid et al., 2010). 

The mean concentrations of DDTs and PCBs were higher in fish than 
in the other food groups (Table 1S), which is consistent with studies 
from other European countries, e.g. Sweden (Törnkvist et al., 2011). The 
observed mean concentrations of ΣDDTs and ΣPCBs in fish, 0.18–0.32 

Table 2 
Reproductive anamnesis and frequenciesa of consumption of food items of the 
pregnant women.   

N Proportion, % 95% CIb 

Number of children 
0 8 38.1 18.1–61.5 
1 8 38.1 18.1–61.5 
2 5 23.8 8.2–47.1 

Number of pregnancies 
1 8 38.1 18.1–61.5 
2 4 19 5.4–41.9 
3 6 28.6 11.2–52.1 
4 3 14.3 3.0–36.3 

Number of breastfed children 
0 9 42.9 21.8–65.9 
1 8 38.1 18.1–61.5 
2 4 19 5.4–41.9 

Breastfeeding older children 
0 9 42.9 21.8–65.9 
1 8 38.1 18.1–61.5 
2 4 19 5.4–41.9 

Length of breastfeeding (sum for all children in months) 
0 9 42.9 21.8–65.9 
1–6 5 23.9 8.2–47.1 
7–12 6 28.8 11.2–52.1 
>12 1 4.8 0.1–23.8 

Maternal smoking habits 6 months before this pregnancy 
No smoker 12 57.1 34.0–78.1 
Now and then 5 23.8 8.2–47.1 
Daily 4 19 5.4–41.9 

Maternal smoking habits during this pregnancy 
No smoker 19 90.5 69.6–98.8 
Now and then 1 4.8 0.1–23.8 
Daily 1 4.8 0.1–23.8 

Exposure to secondhand tobacco smoke 
Yes 1 4.8 0.1–23.8 
No 19 90.5 69.6–98.8 

Vegetables 
Never/seldom 2 9.5 1.1–30.3 
Regularly 14 66.7 43.0–85.4 
More often 5 23.8 8.2–47.1 

Berries and mushrooms 
Few 12 57.1 34.0–78.1 
Regularly 9 42.9 21.8–65.9 

Fish during the latest 12 months 
Few 10 47.6 25.7–70.2 
Regularly 11 52.4 29.7–74.2 

Meat 
Few 3 14.3 3.0–36.3 
Regularly 18 85.7 63.6–96.9 

Game muscle tissue 
Never/seldom 1 4.8 0.1–23.8 
Few 13 61.9 38.4–81.8 
Regularly 7 33.3 14.5–56.9  

a Few (1–3 times per month); regularly (1–3 times per week); more often (4–6 
times per week or every day). 

b 95% confidence interval. 
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ng/g and 0.34–0.64 ng/g fat weight, respectively (Table 1S), were lower 
than those reported in Austria (ΣPCBs = 4.3 ng/g; Mihats et al., 2015), 
Sweden (3.3 ng/g and 5.1 ng/g, for ΣDDTs and ΣPCBs, respectively; 
Törnkvist et al., 2011), Russia (1.7–4.5 ng/g and 1.3–8.8 ng/g; Dudarev 
et al., 2015a), and Croatia (2.8 ng/g and 11 ng/g; Kljaković-Gašpić et al., 
2015). In the Pechenga district of Murmansk Oblast mean concentra-
tions of ΣDDT were highest in fish sampled (from 3.7 to 4.5 μmg/kg 
ww), while those of other species were much lower (0.6–1.7 μg/kg ww), 
and also concentrations of DDE and DDT in moose and birds were low 
(Dudarev et al., 2015a, 2015b). 

In Finland, the use of HCHs began in the 1940s, and since the 1950s 
only the γ-isomer, lindane, has been used. The mean concentrations of 
ΣHCH in fish, 0.03–0.038 ng/g, were similar to those observed in 
Sweden (0.040 ng/g; Törnkvist et al., 2011). In the Pechenga District, 
Russia levels of HCHs were below the limit of detection in all local foods 
sampled (Dudarev et al., 2015a). The concentrations of HCB in perch, 
0.16 ng/g, were similar to those observed Sweden and Catalonia 
(0.22–0.56 ng/g and higher than those observed in Croatia (0.021 ng/g; 
Kljaković-Gašpić et al., 2015). The HCHs in Inari berries were lower than 
limit of detection in all cases except in cloudberry samples, with a GM of 
0.016 ng/g (Table 1S). 

The Inari concentrations of ΣDDTs and ΣHCHs in the meat samples, 
0.039–0.044 ng/g and not detectable (nd)-0.004 ng/g, respectively 
(Table 1S), were well below those described in meat from Sweden (0.24 
ng/g and 0.040 ng/g, respectively; Törnkvist et al., 2011). 

In Finland, the manufacturing of HCB started in the 1930s, and it was 
used as an insecticide until the 1970s. After this, the main local source 
was associated with incineration of organic compounds. The GM of HCB 
in Inari reindeer, 0.37 ng/g, was much higher than that reported in meat 
samples from Sweden (0.090 ng/g; Törnkvist et al., 2011). Moose and 
ptarmigan had GM HCB concentrations of 0.029 ng/g and 0.026 ng/g, 
respectively (Table 1S), which were lower than those reported in Swe-
den (0.090 ng/g; Törnkvist et al., 2011), and the Pechenga District, 

Russia (0.07 ng/g; Dudarev et al., 2015a). Mean concentrations of HCB 
in all samples of game, freshwater fish and marine cod were <0.25 
μg/kg ww (in migratory king salmon, 0.82 μg/kg ww) in the Pechenga 
District, Russia (Dudarev et al., 2015b). The HCB in the Inari berries was 
below the detection limit in all samples examined (Table 1S). 

The mean concentrations of Mn in perch and wild berries from the 
Inari municipality were higher compared to those reported in perch and 
wild berries samples from the Pechenga District, Russia (0.3 and 20–50 
mg/kg respectively; Dudarev et al., 2015b). The Inari concentrations of 
Cu in all investigated food item samples were similar to those found 
from the Pechenga District, Russia, where mean concentrations of Cu 
were 0.2 mg/kg in perch and pike samples, 1.4 mg/kg in moose, 4.1 
mg/kg in ptarmigan, 0.8 mg/kg in berries, and 2.3 mg/kg in mushrooms 
(Dudarev et al., 2015b; Hansen et al., 2017). The observed mean con-
centrations of Zn in all investigated food item samples in Inari were 
higher compared to the concentrations from the Pechenga District, 
Russia (2.7–2.9 mg/kg in fish, 35.1 mg/kg in moose, 6.3 mg/kg in 
ptarmigan, 0.05–3.5 mg/kg in berries, and 3.5–8.1 mg/kg in mush-
rooms; Dudarev et al., 2015b). The mean concentrations of Cd and Pb in 
perch and moose samples from Inari were similar to those found from 
the Pechenga District, Russia (0.001 mg/kg and 0.002 mg/kg respec-
tively; Dudarev et al., 2015b; Hansen et al., 2017). Concentrations of Cd 
and Pb in mushrooms from Inari were lower compared to the concen-
trations from the Pechenga District, Russia (0.07–0.13 mg/kg and 
0.13–0.22 mg/kg respectively; Dudarev et al., 2015b; Hansen et al., 
2017). The mean concentration of As in perch samples from Inari was 
lower than concentrations found from the Pechenga District, Russia 
(0.004–0.012 mg/kg; Hansen et al., 2017). 

4.2. Exposure of pregnant women 

The PCBs were the OCs found in higher concentrations (Table 2S). 
The distributions were dominated by congener 153, with congener 118 

Table 3 
Median concentrations of organochlorine compounds in serum from mothers of other sites selected for comparison.  

Location Year Type of 
collection 

N HCB β-HCH 4,4′- 
DDT 

4,4′- 
DDE 

PCB138 PCB153 PCB180  

Tarragona (Spain) 2016 First trimester 45 0.014a 0.0050 0.0080 0.47 0.048 0.11 0.073 Junqué et al. 2020    
[0.024]b [0.0081] [0.011] [0.47] [0.054] [0.084] [0.057]    

Delivery 39 0.045 0.0050 0.027 0.62 0.060 0.21 0.13     
[0.044] [0.015] [0.022] [0.55] [0.094] [0.17] [0.10]  

Ushuaia (Argentina) 2011–2012 Delivery 199 0.067 0.57 0.022 0.22 0.046 0.064 0.0055 Bravo et al. (2017) 
Shanghai (China) 2003–2004  102 0.40 1.1 <LOD 3.2    Zhang et al. 

(2018) 
Rio Grande do Sul (Brazil) 2006  68    0.93 0.14 1.0 0.42 Mohr et al. 2015       

[0.92] [0.14] [0.98] [0.39]  
Crete (Greece) 2007 First trimester 1117 [0.089]  [0.043] [2.1] [0.062] [0.12] [0.062] Vafeiadi et al. 

(2014) 
Al-Kharj (Saudi Arabia) 2005–2006 Delivery 1518   0 0.05    Al-Saleh et al. 

(2012) 
Brescia (Italy) 2006  70 0.16   0.96    Bergonzi et al. 

(2009)     
[0.18]   [1.1]     

Michalovce and Svidnik 
(Slovakia) 

2002–2004  1087     0.95 1.5 1.3 Park et al. (2008) 

Northwest Territories and 
Nunavut (Canada 

1994–1999 Third 
trimester 

385 [0.22] [0.080] [0.060] [1.1] [0.16] [0.24] [0.12] Butler Walker 
et al. (2003) 

Antwerp (Belgium) 1999 Delivery 44 0.18   1.6 0.42 0.58 0.31 Covaci et al. 
(2002) 

Ribera d’Ebre (Spain) 1997–1999 Delivery 72 [3.2] [1.1]  [2.2] [0.44] [0.48] [0.46] Sala et al. (2001) 
Chukotka (Russia) 2014–2015 Last Week 250 0.29 0.29 0.065 0.92 0.12 0.20 0.049 Bravo et al. (2019)     

[0.28] [0.28] [0.25] [0.96] [0.13] [0.25] [0.044]  
Pechenga dist., Murm. obl. 

(Russia) 
2014 Third 

trimester 
50 0.20 0.15 0.24 1.28 0.11 0.13 0.05 Dudarev et al. 

(2016a) 
Finnish Lapland 2000  13 [0.19] [0.07] [0.02] [0.58] [0.30] [0.43] [0.24] Soininen et al. 

(2005) 
Inari Municipality   25 0.0398 0.0024 0.0027 0.0628 0.0417 0.0729 0.0273 This study  

a ng/mL. 
b geometric mean. 
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being the second most abundant. Similar patterns were found in 
maternal serum of other locations, e.g. Algarve (Lopes et al., 2014), 
Michalovce and Svidnik (Slovakia; Park et al., 2008), Ribera d’Ebre 
(Sala et al., 2001), Menorca (Carrizo et al., 2006), Valencia (Vizcaino 
et al., 2010), Chukotka (Russia; Bravo et al., 2019), the Pechenga Dis-
trict (Dudarev et al., 2016a), Tarragona (Junqué et al. 2020), and in the 
study of Finnish Lapland during the years 1996–1998 (Soininen et al., 
2005). The GM PCB concentration found in the studied Inari women, 
0.092 μg/kg serum lipid (ng/ml), was lower than that described in most 
of the previous studies, such as Michalovce and Svidnik (3.8 ng/mL; 
Slovakia; Park et al., 2008), Rio Grande do Sul (2.0 ng/mL; Mohr et al., 
2015), Ribera d’Ebre (1.9 ng/mL; Sala et al., 2001), Antwerp (1.5 
ng/mL; Covaci et al., 2002), the Finnish Lapland mothers of 1996–1998 
(1.1. ng/ml; Soininen et al., 2005), the Canadian Northwest Territories 
and Nunavut areas (1.0 ng/mL; Butler Walker et al., 2003), Chukotka 
(0.5 ng/mL; Bravo et al., 2019), Tarragona (0.25–0.43 ng/mL; Junqué 
et al. 2020), Crete (0.24 ng/mL; Vafeiadi et al., 2014), and Ushuaia 
(Argentina; 0.18 ng/mL; Bravo et al., 2017) (Table 3). 

All chemical species of the DDT group, 2,4′- and 4,4′- DDT, DDE and 
DDD, were found in the studied blood samples. 4,4′-DDT was far below 
4,4′-DDE with a mean 4,4′-DDT/4,4′-DDE ratio of 0.037. This ratio was 
much lower than those observed in the studied food items, 0.25–0.71, 
showing that the presence of this compound mixture in the serum 
samples reflected old uses of the DDT pesticide. The GM ΣDDT con-
centration found in the studied serum samples, 0.037 μg/kg serum lipid 
(ng/g) (Table 2S), was much lower than those found in venous maternal 
blood or cord blood serum of Shanghai (3.2 ng/mL; Zhang et al., 2018), 
Ribera d’Ebre (2.2 ng/mL; Sala et al., 2001), Crete (2.1 ng/mL; Vafeiadi 
et al., 2014), the Canadian Northwest Territories and Nunavut areas 
(1.8 ng/mL; Butler Walker et al., 2003), Antwerp (1.6 ng/mL; Covaci 
et al., 2002), Chukotka (Russia; 1.2 ng/mL; Bravo et al., 2019), Valencia 
(0.96 ng/mL; Vizcaino et al., 2010), Brescia (0.96 ng/mL; Bergonzi 
et al., 2009), Rio Grande do Sul (0.93 ng/mL; Mohr et al., 2015), Finnish 
Lapland (0.61 ng/mL; Soininen et al., 2005), Tarragona (0.47–0.63 
ng/mL; Junqué et al. 2020), and Ushuaia (0.24 ng/mL; Bravo et al., 
2017) (Table 3). It was similar to that reported in Al-Kharj (Saudi Ara-
bia; 0.05 ng/mL; Al-Saleh et al., 2012). 

The GM maternal serum concentration of HCB from these Inari 
samples, 0.021 ng/mL, was lower than those reported in Ribera d’Ebre 
(3.2 ng/mL; Sala et al., 2001), Brescia (1.6 ng/mL; Bergonzi et al., 
2009), Shanghai (0.40 ng/mL; Zhang et al., 2018), the Canadian 
Northwest Territories and Nunavut areas (0.35 ng/mL; Butler Walker 
et al., 2003), Chukotka (0.28 ng/mL; Bravo et al., 2019), Finnish Lap-
land (0.19 ng/mL; Soininen et al., 2005), Antwerp (0.18 ng/mL; Covaci 
et al., 2002), Crete (0.089 ng/mL; Vafeiadi et al., 2014)), Ushuaia 
(0.067 ng/mL; Bravo et al., 2017), and Tarragona (0.046 ng/mL; Junqué 
et al. 2020) (Table 3). 

The GM concentration of ΣHCHs in the serum Inari samples, 0.022 
μg/kg serum lipid (ng/mL), was lower than those reported in Shanghai 
(1.1 ng/mL; Zhang et al., 2018), Ribera d’Ebre (1.1 ng/mL; Sala et al., 
2001), Ushuaia (0.57 ng/mL; Bravo et al., 2017), Chukotka (0.28 
ng/mL; Bravo et al., 2019) and the Canadian Northwest Territories and 
Nunavut areas (0.23 ng/mL; Butler Walker et al., 2003) (Table 3). The 
mean concentrations of PCB, DDT, and HCB in the blood of pregnant 
women from Inari were much lower compared to the pregnant women 
from the Pechenga District, Russia, where the mean concentrations of 
ΣPCBs, ΣHCH, and ΣDDTs were 0.98, 0.25, and 1.72 μg/L respectively 
(Dudarev et al., 2016a). 

The mean concentrations of Mn, As, Cd, Pb, and Hg in the blood of 
pregnant women from Inari were lower compared to pregnant women 
from the Pechenga District (12.8; 2.80; 0.90; 10.06 and 1.28 μg/L 
respectively). However, the mean concentrations of Cu and Zn in the 
blood of pregnant women from Inari were higher compared to pregnant 
women from the Pechenga District (1432 and 5425 μg/L, respectively) 
(Dudarev et al., 2016b). 

4.3. Food consumption frequencies and temporal OC changes in inari 
mothers 

The summed concentrations of the geometrically average PCB con-
geners in the Inari mothers, 0.092 μg/kg serum lipid (ng/mL) (Table 3S), 
are equivalent to 0.37 ng/mL if quantified as Aroclor 1260 (Schulz et al., 
1989). These concentrations can be compared with the maternal 
average levels of earlier study from this region, 1.0 ng/mL (Soininen 
et al., 2005), indicating a decrease of 63% in 16 years. Other OCs have 
shown stronger changes. Thus, the average 4,4′-DDE concentration in 
the present study was 0.037 ng/mL, whereas it was 0.50 ng/mL in 
Soininen’s study (Soininen et al., 2005), indicating a decrease of 93%. 
The difference is even stronger for the concentrations of β-HCH, from 
0.1 ng/mL in an early study by Soininen et al. (2005) to 0.0026 ng/mL in 
the present study, which corresponds to a decrease of 97%. These 
observed differences are consistent with the origin of these compounds. 
Thus, 4,4′-DDE and β-HCH are metabolites of pesticides, whereas the 
PCBs are industrial products used in electric transformers, paints, or 
other applications. The difference in the decrease in concentrations is 
consistent with a local effect due to the discontinued use of these 
organochlorine pesticides, e.g. 4,4′-DDE and β-HCH, and a global effect 
related to long-range transport of OCs in the case of PCBs. 

HCB is another compound whose occurrence in the Arctic areas is 
usually related to long-range transport. Accordingly, it is found in high 
concentrations in reindeer meat in comparison to meat samples found 
elsewhere. Meat consumption is also significantly related to the occur-
rence of PCB 52 in the presently studied Inari mothers. 

5. Conclusions 

Fish were the studied food items having the highest concentrations of 
OCs, which were dominated by PCBs, with DDTs as the main second 
group and Hg. The concentrations of these compounds were similar to 
those described in fish from many European countries. In general, the 
OC and potentially toxic elements concentrations of the other studied 
food items were also similar or lower than those found in other European 
sites. However, the concentrations of HCB in reindeer were high in 
comparison to described levels of this compound in meat samples found 
elsewhere. 

The PCBs were the compounds found in the highest concentrations in 
the studied Inari women. They showed distributions dominated by 
congeners 153 and 138 similarly to the patterns found in other locations. 
The geometric mean concentrations of these women, 0.092 ng/mL, were 
lower than those described in many other studies. Concerning DDTs, the 
low relative proportion of 4,4′-DDT with respect to 4,4′-DDE reflected 
old uses of this insecticide. The geometric mean concentrations, 0.037 
ng/mL, were also much lower than those found in most previous studies. 
The same was the case for ΣHCHs that were in lower concentrations, 
0.022 ng/mL, than in other studies from maternal serum or plasma 
concentrations. The geometric mean HCB concentration, 0.021 ng/mL, 
was also lower than in most studies reporting the presence of this 
compound in human serum. 

Comparison of the OC concentrations from the pregnant Inari 
women currently studied with those obtained fourteen years ago with 
pregnant women from the same municipality showed lower decreases 
for compounds whose occurrence is likely related to long-distance 
transport, e.g., 63% for PCBs, compared to decreases for compounds 
originating from pesticides, 93% and 97% for 4,4′-DDE and β-HCH, 
respectively. No obvious influence from the Pechenganickel complex is 
observed from the results. 
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Jääskeläinen, T., Kiviranta, H., 2011. Environmental Pollutants in Baltic Fish and 
Other Domestic Fish: PCDD/F, PCB, PBDE, PFC and OT Compounds. Evira Report 2/, 
Helsinki, p. 101. http://hdl.handle.net/10138/44653. 

Hansen, M.D., Nøst, T.H., Heimstad, E.S., Evenset, A., Dudarev, A.A., Rautio, A., et al., 
2017. The impact of a nickel-copper smelter on concentrations of toxic elements in 
local wild food from the Norwegian, Finnish, and Russian border regions. Int. J. 
Environ. Res. Publ. Health 14, 694. https://doi.org/10.3390/ijerph14070694. 

Johansson, H.K.L., Svingen, T., Fowler, P.A., Vinggaard, A.M., Boberg, J., 2017. 
Environmental influences on ovarian dysgenesis - developmental windows sensitive 
to chemical exposures. Nat. Rev. Endocrinol. 13, 400–414. 
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