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Abstract 
Polychlorinated dibenzo-p-dioxin (PCDD/F) and polychlorinated biphenyl (PCB) concentrations were monitored 
in Finnish reindeer (Rangifer tarandus). PCDD/F and PCB concentrations were higher in reindeer calf meat than 
in the meat of an adult reindeer. Majority of the combined WHO-PCDD/F-PCB-TEQ values comprised of 
WHO-PCB-TEQs throughout the samples. It was found that reindeer meat from the Northern Lapland contained 
lower concentrations of PCDD/Fs and PCBs than reindeer meat from Middle Lapland or meat from the southern 
parts of the reindeer management area. Although reindeer calves that were born dead had measurable quantities 
of PCDD/Fs and PCBs, the analysis of reindeer milk revealed that reindeer calves are considerably exposed to 
PCDD/Fs and PCBs via reindeer milk during their nursing period. 
 
 
Introduction 
Reindeer management is an important part of northern Finnish culture and often one of the few possible 
livelihoods in distant arctic areas. One third of the reindeers (Rangifer tarandus) in Finland (approximately 
300 000 reindeer) are butchered yearly and 70 % of these butchered animals are calves. When monitoring of 
Finnish food supplies was performed in 2003-2005 1, it was noticed that the levels of PCDD/Fs and PCBs were 
elevated in reindeer calves, and their WHO-PCDD/F-PCB-TEQ concentrations exceeded limit values for 
ruminants2. There have been only few studies on PCDD/F and PCB concentrations in reindeer meat or liver, and 
in most studies only PCB concentrations with various number of PCB congeners have been analyzed3. Those 
reports that have studied both PCDD/F and PCB concentrations in Canadian Arctic caribou (Rangifer tarandus ) 
have shown low levels of these contaminants in the animal4 whereas quite high levels of WHO-PCDD/F-TEQs 
(0.75-20 pg WHO-PCDD/F-TEQ/g fat) have been reported from the Russian Arctic reindeer meat5 .  
 
The elevated PCDD/F and PCB levels found in Finnish reindeer calves in 2003-2005 launched a project in 2006 
which aimed to learn more about the levels of PCDD/Fs and PCBs in reindeer, the causes of elevated levels in 
reindeer calves and intake of PCDD/Fs and PCBs by reindeer. These are the first results on PCDD/F and PCB 
concentrations in reindeer meat and milk. 
 
Materials and Methods 
Reindeer management area was roughly divided into three regions - Northern Lapland, Middle Lapland and 
southern part of the reindeer management area (Figure 1). Samples of reindeer meat were collected from these 
areas. Most of the samples were reindeer calves of which ten samples were reindeer calves that were born dead, 
so they had not been nursed by their dam. Also some adult reindeer meat was collected for analysis.  Reindeer 
milk was analyzed from the northern Lapland reindeers both in early summer and in autumn.  
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Figure 1: Reindeer management area divided into three regions 
 
Measured analytes were 17 2,3,7,8-substituted PCDD/F congeners and 37 PCB congeners, including 12 
dioxin-like PCB-congeners and 6 indicator-PCB congeners. 
 
Meat samples were freeze-dried after homogenization. Fat was extracted with ethanol-toluene (30/70 v/v) using 
Accelerated Solvent Extractor (ASE 300). Milk samples were extracted with liquid-liquid extraction 
(diethylether-hexane). After extraction fat was determined gravimetrically and sample was defatted on acidic 
silica column and purified and fractionated on alumina and carbon columns. PCDD/Fs and PCBs were analyzed 
with HRGC/HRMS (VG 70-250) using selected ion monitoring mode with a 10,000 resolution. PCDD/Fs and 
PCBs were separated on a DB-Dioxin column (60 m x 0.25 mm x 0.15 μm). Laboratory of Chemistry is an 
accredited testing laboratory (T077) in Finland. The scope of accreditation includes PCDD/Fs and PCBs from 
food samples. 
 
 
 
Results and Discussion 
Measured WHO-PCDD/F-PCB-TEQ concentrations in reindeer calves’ meat were somewhat lower than in the 
previous study 1 (Table 1). 
 
A difference can be observed in PCDD/F and PCB concentrations between adult reindeer meat and reindeer calf 
meat. Adult reindeer meat had a mean value of 2.3 pg WHO-PCDD/F-PCB-TEQ/g fat (n=3) and reindeer calf 
meat (not including the dead born calves) a mean value of 3.3 pg WHO-PCDD/F-PCB-TEQ/g fat (n=18), so the 
combined PCDD/F and PCB concentration is clearly higher in reindeer calves than in adult reindeers. 
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Table 1: Mean upperbound concentrations and ranges of PCDD/Fs and PCBs in reindeer meat and milk 
 
 n Fat % WHO-PCDD/F-

TEQ 
WHO-PCB-TEQ WHO-PCDD/F - 

PCB-TEQ 
Reindeer sample   pg/g fat pg/g fat pg/g fat 
Northern Lapland      
Meat, adult 1 4.3 0.69 0.79 1.48 
Meat, calf 9 4.4  

(2.1-6.1) 
1.19  
(0.97-1.65) 

1.58  
(1.01-2.49) 

2.77  
(2.09-4.14) 

Meat, calf, stillborn 1 1.7 0.76 0.48 1.24 
Milk, early summer 
collection  

10 10.3 
(8.9-13.7) 

0.46 
(0.32-0.58) 

0.62  
(0.25-0.98) 

1.08 
(0.57-1.53) 

Milk, autumn collection  7 26.0 
(15.5-29.8) 

0.38 
(0.30-0.56) 

0.36  
(0.26-0.45) 

0.75 
(0.62-0.88) 

Middle Lapland      
Meat, adult 2 8.4  

(7.8-9.0) 
0.82 
(0.73-0.91) 

1.83  
(1.58-2.07) 

2.65  
(2.31-2.98) 

Meat, calf 9 5.5  
(4.7-6.3) 

1.22  
(1.07-2.56) 

2.63 
(2.06-3.09) 

3.84  
(3.16-5.05) 

Southern area      
Meat, calf, stillborn 10 2.1  

(1.4-2.6) 
2.03 
(0.50-6.20) 

4.04  
(0.22-21.30) 

6.07 a) 
(0.72-27.50)  

 
a) If highest concentration (27.5 pg WHO-PCDD/F-PCB-TEQ) is removed, the combined 
WHO-PCDD/F-PCB-TEQ concentration is 3.69 pg/g fat. 
 
 
 
The results show that most of the combined WHO-PCDD/F-PCB-TEQ-values are mainly due to PCBs in all of 
the studied areas, as was also observed in the previous Finnish food monitoring study1. Fat based PCB and 
PCDD/F concentrations are lower in the Northern Lapland reindeers than in other reindeers from the study areas. 
Since the fat percentage is also lower in Northern Lapland reindeers, the fresh weight concentrations are even 
lower in Northern Lapland reindeers than in those from other study areas. This may be due to their diet e.g. the 
PCDD/F and PCB fallout into reindeer’s natural food (lichen, leaves and other plants) may be smaller in the 
Northern Lapland, or the supplementary feed may have smaller concentrations of PCDD/Fs and PCBs than the 
reindeers’ natural diet. The adult Northern Lapland reindeers had received also some supplementary feed, 
whereas the reindeers from Middle Lapland had not.  
 
The ratio of WHO-PCDD/F-TEQ to WHO-PCB-TEQ is higher in the Northern Lapland reindeers than in the 
reindeers from southern part of the reindeer management area. This can be a result of different PCDD/F to PCB 
concentrations in fallout and/or in their supplementary feed, but at least partly it is due to the fact that when very 
low PCDD/F concentrations are analyzed, the difference between upperbound and lowerbound values becomes 
wider, and when using the upperbound results in case of very small concentrations, PCDD/F-TEQ concentrations 
are emphasized, since the TEF-values of PCDD/Fs are higher than those of PCBs. 
 
The PCDD/F and PCB concentrations among dead born reindeer calves varied notably between individuals. The 
fat based results of stillborn calves from southern study area were in general of the same magnitude than in 
Middle Lapland’s calves that had already been nursed, if one sample with extremely high concentration is 
excluded (Table 1). One stillborn reindeer calf from Northern Lapland had low fat based 
WHO-PCDD/F-PCB-TEQ concentration. In general the fat percent of the stillborn calves was very low, and 
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when taking this into account, their mean fresh weight PCDD/F and PCB TEQ-concentration does not vary 
much from that of Northern Lapland calves, and if one extremely high result in dead born calves in southern 
study area is excluded, the fresh weight concentrations are clearly lower in stillborn calves than in other calves.  
 
The fat based WHO-PCDD/F-PCB-TEQ reindeer milk concentrations were higher in the milk samples collected 
in early summer than in the samples collected in autumn (Table 1). However, the fat percent of the milk more 
than doubled during the lactation period and the fresh weight based concentrations were even raised during the 
lactation period. Lactation period lasts normally from 24 to 26 weeks, and at that time the total milk production 
amount is almost 100 kg6, so the reindeer calves do expose to PCDD/Fs and PCBs via milk considerably.  
 
So, although the reindeer calves are exposed to PCDD/Fs and PCBs already in uterus, the high 
WHO-PCDD/F-PCB-TEQ -concentrations in reindeer calves seem to be to a great extent a result of their intake 
of PCDD/Fs and PCBs via reindeer milk. 
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