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Sammanfattning 

Syftet med studien var att undersöka om halterna av polyklorerade bifenyler (PCB kongen CB 

153), hexaklorbensen (HCB) och p,p´-DDE i fett från nötboskap och svin i svensk 

livsmedelsproduktion förändrats under perioden 1991-2004. Eventuella skillnader i halter 

mellan olika regioner i Sverige studerades också. Data erhölls från Livsmedelsverkets 

ordinarie kontrollprogram för kontaminanter i nöt och svin. Multipel regressionsanalys 

användes för att studera tidstrender, regionala skillnader, könsskillnader och åldersskillnader i 

halter. Analysen visade att halterna av miljöföroreningarna i nötfett minskade med ca. 6-8% 

per år, medan halterna i svinfett minskade med 10-12% per år. Sjunkande trender påvisades i 

praktiskt taget alla de 6 svenska regioner som studerades. Halterna av CB 153 och p,p´-DDE i 

nöt och svin var klart lägre i norr än i söder. För HCB i nötfett erhölls inga markanta regionala 

skillnader. Bland nötkreaturen var halterna lägre hos mjölkkor än hos köttdjur (både kvigor 

och tjurkalvar/tjurar). Halterna minskade också med åldern hos mjölkkor men inte hos 

köttdjur. Bland svinen antyddes lägre halter av CB 153 och p,p´-DDE hos kastrerade hanar än 

bland suggor och galtar, men vi fann inga samband mellan svinens ålder och nivåer av 

miljöföroreningarna. Mot slutet av studieperioden låg en stor del av analysresultaten under 

kvantifieringsgränsen för analysmetoden (0,5-1 µg/kg fett). Om fortsatta tidstrendsstudier ska 

vara möjliga måste kvantifieringsgränsen för metoden sänkas. De sjunkande halterna av PCB, 

HCB och p,p´-DDE som obserververades i livsmedelsproducerande nötkreatur och svin är 

troligen en följd av tidigare åtgärder för att minska miljöbelastningen av dessa föroreningar. 

Resultaten antyder också att en lägre miljöbelastning av norra Sverige avspeglas som lägre 

halter i köttproduktionen och troligen också i mjölkproduktionen (studien inkluderade också 

mjölkkor). 
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1. Introduction 

Organochlorines, such as the group of industrial chemicals called polychlorinated biphenyls 

(PCBs), and the pesticides hexachlorbenzene (HCB), hexachlorocyclohexanes (HCHs) and 

DDT with its metabolite p,p´-DDE, are ubiquitously present in the environment, due to their 

persistence and to long-range transport from primary and secondary pollution sources (Bernes 

1998). In Sweden, the use of DDT was banned in the 1970s due to suspected environmental 

problems. In the 1960s more than 100 metric tons/year were used in Sweden mostly on arable 

land (Bernes 1998). Between 1957 and 1980, 8 000 to 10 000 metric tons of PCB was 

imported to Sweden (Hammar 1992). 

A steady decline in organochlorine levels in the Swedish environment have been 

reported since the early 1970s (Bignert et al. 1998; Olsson and Reutergårdh 1986), resulting 

in decreased exposures of the human population in Sweden (Noren and Meironyte 2000). 

Nevertheless, PCB is still regarded as a potential health problem in Sweden (NBHW 2005). 

Food of animal origin is currently the largest source of human organochlorine exposure in 

Sweden (Lind et al. 2002). The Swedish National Food Administration (NFA) has since the 

early 1970s analysed organochlorines in bovine and swine adipose tissue in the official 

control programme for contaminants in food producing animals. In a report published 2000 

the temporal and spatial trends of PCB and chlorinated pesticides/metabolites were studied in 

adipose tissue from bovines and swine sampled in the control programme 1991-1997. 

Declining trends of CB 153, HCB, α-HCH and p,p´-DDE were indicated (Glynn et al. 2000). 

Moreover, regional differences in concentrations were found, with the highest concentrations 

in the southern part of the country. The study period was, however, short, and in the present 

study time period have been extended to cover 1991-2004. 

 



 

2. Materials and methods 

 

2.1. Sampling 

Sub-cutaneous adipose tissue were randomly sampled from bovines and swine in all major 

slaughter houses in Sweden, as a part of the official control programme for contaminants in 

food producing animals. The previous year's production determined how many samples that 

were taken. Between 1991 and 1997 approximately 80 samples per year were taken from each 

animal species, but from 1998 the number of samples decreased to 20-25 per year for each 

species (Table 1). 

 

2.2. POP analysis 

PCB, HCB and p,p'-DDE were analysed as described in Glynn et al. (Glynn et al. 2000). In 

short, between 1991 and 1994 analysis was performed on a GC/EDC using packed columns 

and the technical mixture Chlophen A-50 as quantification standard (method 1). During 1994 

the packed columns were replaced with capillary columns for analysis of single PCB 

congeners, including CB 28, CB 52, CB 101, CB 118, CB 138, CB 153 and CB 180 (method 

2). The chlorinated pesticides/metabolites analysed were hexachlorocyclohexane (HCH: α-

and γ-isomers), hexachlorobenzene (HCB), dieldrine, p,p´-DDT, p,p,´-DDD and p,p´-DDE. 

The compatibility of the two methods were checked on both bovine and swine samples 

(Glynn et al. 2000), and if necessary the levels detected 1991-1994 were recalculated as 

described in (Glynn et al. 2000). For PCB only the results of CB 153 were used in our study, 

since the levels of the other PCB congeners analyse were often below the limit of 

quantification (LOQ). CB 153 is a good indicator substance for total PCB levels in bovines 

and swine (Glynn et al. 2000). Among the pesticides/metabolites levels of HCB (bovines 



only) and p,p´-DDE were above the LOQ frequently enough for statistical analysis to be 

meaningful. The LOQ for total PCB analysed by method 1 was 5 µg/kg lipid and for CB 153 

analysed by method 2 the LOQ was 0.5 µg/kg lipid LOQ up to 1997 after which LOQ was 

increased to 1 µg/kg lipid. For the chlorinated pesticides/metabolites LOQ was 1 µg/kg lipid 

in both methods. 

Between 1991 and 1995 the analysis was performed at the NFA, but during 1995 the 

analysis was commissioned to a commercial laboratory (AnalyCen AB, Lidköping, Sweden). 

Interlaboratory comparisons showed that the analytical performance of the new laboratory 

was satisfactory. The commercial laboratory is accredited for the analyses and control 

samples produced by the NFA is regularly analysed (blinded) with satisfactory results. 

 

 

2.3. Calculations and statistical analysis 

 

Multiple regression (MINITAB® For Windows, 12.22) was used to describe the associations 

between the dependent variable ´organochlorine concentration` (y) and the independent 

variables ´age at slaughter` (months), ´year at slaughter`, ´sex` (male, female), and ´region of 

slaughter`. The variable ´region of slaughter`was categorized into 6 regions (Fig. 1), starting 

with region 1 in the south of Sweden including the counties of Skåne and Blekinge. Region 2 

consisted of the counties Halland, Småland and Gotland; region 3 Västergötland and 

Dalsland; region 4 Östergötland, Södermanland and Närke; region 5 Uppland, Västmanland 

and Värmland; and region 6 of counties north of region 5. The variable ´organochlorine 

concentration` was ln-transformed in order to stabilise the variance. The categorised variables 

´sex´ and ´region of slaughter` were introduced into the regression models as dummy 

(indicator) variables with region 1 and female sex as reference categories. First analysis was 



performed with all data included. The observations with standard residuals >3 were then 

excluded and the final analysis was used in the presentation of the results. In a few cases 

single observations with a very large influence on the regression but with a standard residual 

<3 were also excluded in the analysis. 

For bovines, the associations using the whole data set was first analysed with the 

independent variables ´year at slaughter`, ´sex` (male, female), and ´region of slaughter` in the 

model. ´Sex` was categorized into heifers (females <27 months of age), bulls (males <36 

months) and milk cows (females >27 months). Bulls of an age >36 months were excluded due 

to few observations with a large impact on the analysis (N=3). In this analysis the variable 

´age at slaughter` was not included, since preliminary analysis showed that the levels of 

organochlorines markedly decreased with age for milk cows but not for heifers and bulls. 

In separate analyses the association between age and organochlorine concentrations 

were studied using two regression models, one model for heifers and bulls with the 

independent variables ´year of slaughter`, ´age at slaughter`, sex (heifers, bulls), and ´region 

of slaughter`, and another model for milk cows with the independent variables ´year of 

slaughter`, ´age at slaughter` and ´region of slaughter`. 

In the analyses of the results for swine the independent variables ´year of slaughter`, 

´age at slaughter`, sex (gilt, boars, barrows (castrated males)), and ´region of slaughter` were 

included. 

Since many of the analysed levels were below the LOQ in more recent years, especially 

for swine, separate regressions were made where the results for recent years were excluded. 

This was done in order to determine how the trends were influenced by the data below LOQ. 

The time trends of organochlorine concentrations in the separate regions were also 

analysed, for both bovines and swine. 



The partial regression coefficients (b) for the independent variables ´year of slaughter` 

and ´age at slaugher` were used in the estimation of % decline in concentrations per year of 

slaughter (eqn. 1) and decline of concentrations per year of age of the animals (eqn. 2). 

 

%changeyear = (1-exp(byear))*100  (eqn. 1). 

 

%changeage = (1-exp(bage))*100  (eqn. 2). 

 

The procedure General Linear Model (GLM) (MINITAB® For Windows, 12.22) was 

used to estimate adjusted means of the categorized independent variables ´region of slaughter` 

and ´sex`. 

Organochlorine levels below LOQ was set to 1/2 the LOQ in the statistical analysis. The 

level of significance was set to <0.05 in all tests. 

 

3. Results 

 

The concentrations of organochlorines varied considerably during the study period (Table 1). 

Swine appeared to have a slightly lower median concentration of CB 153 than bovines. 

The levels of the analysed organochlorines appeared to decline during the study period 

1991 and 2004 (Table 2). In swine the median levels of CB 153 were below the LOQ already 

in year 2000, whereas median levels of p,p´-DDE reached the LOQ in 2003. 

Regression analysis revealed that the levels of CB 153, HCB and p,p´-DDE in bovines 

declined with 6-8% per year from 1991 to 2004 (Table 3). The rate of decrease of CB 153 and 

p,p´-DDE in swine appeared to be faster, estimated to 10-12% per year. Omission of data 

from 2000-2004, when in some cases more than 50% of the results were below the LOQ, did 



not markedly change the indication of a higher rate of decline in swine (Table 4). The analysis 

of trends in separate regions showed that the levels declined significantly in all regions, 

except for CB 153 in bovines from region 3, p,p´-DDE in bovines from region 2, and CB 153 

in swine from region 4 (Table 5). 

The estimated adjusted means showed that the levels of CB 153 and p,p´-DDE generally 

were higher in southern Sweden than in the northern part (Fig. 2). For bovines a trend of 

declining adjusted means from south to north was indicated (Table 6). This was not seen in 

swine. We found no marked regional differences in HCB concentrations in bovines (Fig. 2). 

Regression analysis showed a significant decline in organochlorine levels with age of  

milk cows, but not for heifers and bulls (Table 3). Cows also had significantly lower 

organochlorine levels than heifers, as did the bulls (HCB and p,p´-DDE) (Fig. 3). The 

organochlorine levels did not change significantly with age among the swine (Table 3). 

Castrated males (barrows) had significantly lower organochlorine levels than gilts (Fig. 3). 

 

4. Discussion 

 

The levels of the PCB congener CB 153, HCB and p,p´-DDE declined with 6-8% per year in 

bovine adipose tissue during the study period 1991 to 2004, whereas the estimated rate of 

decline of CB 153 and p,p´-DDE in swine was 10-12% per year. Our study is a follow-up of 

the study covering the period 1991-1997 (Glynn et al. 2000), giving further support that the 

levels of the studied organochlorines have continuously declined in the Swedish food supply 

during the study period 1991-2004. A more detailed analysis of our data showed that the 

organochlorine levels declined significantly in all the six studied regions of Sweden, except 

for CB 153 in bovines from region 3, p,p'-DDE in bovines from region 2 and CB 153 in swine 

from region 4. Our data give no explanation to the deviation of the results from the three 



regions, but overall the results suggests that the decline in levels is common for all regions of 

Sweden. Concomitantly, the levels of PCB, HCB and p,p´-DDE decreased 5-14% per year in 

breast milk from Swedish primiparous women 1996-2004, showing that the decline in 

exposure human exposure, as indicated from our results on food producing bovines and 

swine, has led to lower body burdens of the organochlorines in pregnant and nursing women 

(Lignell et al. 2004). 

The steady decline in exposure of the Swedish population to PCB, HCB and p,p´-DDE 

from the early 1970s (Guvenius et al. 2003), may to a large extent be due to a decrease in the 

organochlorine contamination of the Swedish environment during the 1970s-1990s (Bignert 

2002b; Bignert et al. 1998; Olsson and Reutergårdh 1986). Another factor that may have 

contributed to the decline, at least during the last part of the study, is the increasing awareness 

of the importance of animal feed as a source of organochlorine contamination of the food 

chain. The "dioxin/PCB" incident in Belgium 1999, when 60 tons of PCB/dioxin-

contaminated vegetable fat from a Belgian fat rendering company was used in the production 

of approximately 500 tons of animal feed, sparked interest among the regulators within the 

EU. As a result, maximum limits for polychlorinated dibenzo-p-dioxins and dibensofurans 

were introduced in foodstuffs (Commission 2001) and animal feed (CEU 2001), forcing the 

feed industry to control their raw materials in feed more carefully (Commission 2002). 

Moreover, PCB monitoring is included in the recommended monitoring programme for 

undesirable substances in animal feed within the EU (Gallian et al. 2004). 

The organochlorine levels in adipose tissue from bovines and swine had in many cases 

reached the limit of quantification of the analytical method during the latter part of the study 

period. The regression analysis indicated that the estimated rate of decline of levels did not 

change markedly if data from the last period with many observations below LOQ were 

omitted. If anything, the rate of decline seemed to be slightly underestimated if all data were 



included in the regression analysis. Future trend studies will, however, not be possible, if the 

LOQ is not decreased in the Swedish control programme. The levels of  other organochlorines 

analysed in the control programme, such has HCH (α-, β- and γ-isomers), HCB (swine), 

dieldrine, p,p´-DDT, and p,p,´-DDD, have for a long time been below the LOQ, making it 

impossible to study time trends. Time trend studies of other analysed PCB congeners than CB 

153 have not been feasible for the same reason. CB 153 levels may, however, work as a 

marker of total PCB levels in food, since the correlation between the levels of CB 153 is 

highly correlated to the total PCB concentrations (Atuma et al. 1996; Glynn et al. 2000). In 

foodstuffs on the Swedish market CB 153 contributes about 25% to the level of ΣPCB (23 

congeners) (Lind et al. 2002). Therefore, the time trend observed for CB 153 is probably 

applicable to total PCB in bovine and swine produced in Sweden. 

Another problem with the levels below the LOQ in the control program during recent 

years, is that the results generated in the control programme cannot be used in intake 

calculations. A recent estimate of organochlorine intake from food the Swedish population, 

based on food analyses with lower LOQs than in the control programme, suggests that meat 

products (including poultry) on average contribute about 10% to the total intake of PCB and 

p,p´-DDE (Lind et al. 2002). Contamination of food with PCB is still regarded as a potential 

health problem in Sweden (NBHW 2005), although the exposure situation has improved since 

the early 70s when production and most of the uses of PCB were banned (Bernes 1998). The 

Swedish NFA has to continue to follow up the PCB intake of the Swedish population, since 

intake calculations are important for the risk assessment of PCB in contaminated food, such as 

fish from the Baltic Sea (Glynn et al. 1996). Thus, in order to be able to use future data from 

the control programme both in intake calculations and in time trend studies, the LOQ of the 

analytical method has to be lowered. 



The rate of decline of CB 153 and p,p´-DDE in adipose tissue during the study period 

seemed to be faster in swine than in bovines. Our results can not explain this difference, but 

the fact that swine are generally kept inside during their whole life-time in Sweden (personal 

communication: Dr Allan Simonsson, Department of Animal Husbandry, SLU, Uppsala, 

Sweden) whereas bovines are kept outside during the grazing season may contribute to the 

observed difference. Bovines get additional exposure to organochlorines, apart from the feed, 

during grazing due to ingestion of soil and contaminated grass (McLachlan 1996; Willett et 

al. 1993). 

Levels of CB 153 and p,p´-DDE in bovines and swine were lower in northern Sweden 

than in the southern part of the country. Levels of HCB in bovines did, however, not differ 

markedly. For CB 153 in both bovines and swine a south-north trend of decreasing 

concentrations was indicated. The higher CB 153 and p,p´-DDE levels in southern Sweden 

may be due to a greater use of PCB and DDT in the more industrialised southern part of the 

country, where the agricultural activity also is more intensive than the northern parts. 

Similarly as in our study, environmental monitoring of perch from Swedish freshwaters 

indicate lower concentrations of PCB and p,p´-DDE in the northern part of the country 

(Bignert 2002a). A study of body burdens of PCB and p,p´-DDE in Swedish women (54-75 

years old) also suggested higher exposures in the southern part of the country (Glynn et al. 

2003). Similar results were obtained for HCB body burdens in women, which was not 

corroborated in the present study when looking at HCB levels in bovine and swine adipose 

tissue. We have no explanation to the lack of regional differences in HCB levels in adipose 

tissue from bovines and swine. 

No statistically significant association was found between organochlorine levels and age 

of swine, and heifers and bulls. This could be due to the relatively low spread in age of the 

animals included in the statistical analysis (swine: 3-24 months; heifers and bulls:6-36 



months). Moreover, the animals are rapidly growing during the first months of their lives and 

growth dilution of levels may therefore contribute the lack of association. Among bovines 

categorised as milk cows, however, the levels of CB 153, HCB and p,p´-DDE was negatively 

associated to age. Moreover, milk cows had lower concentrations of the compounds than 

heifers and bulls. A study of p,p´-DDE levels in cows showed that levels were three times 

higher in first lactation cows than in multiparous cows (Willett et al. 1993), showing that 

lactation is the most efficient elimination mechanism for persistent halogenated hydrocarbons 

in cows (Willett and Durst 1978; Willett et al. 1993). 

Among swine, CB 153 and p,p´-DDE levels were lower in barrows than in gilts and 

boars. We can only speculate about the reasons behind this observation, but it may be possible 

that the hormonal changes caused by castration influences the kinetics and metabolism of 

organochlorines in barrows. 

 

5. Conclusions 

 

Our results show that the concentrations of PCB, HCB and p,p´-DDE have continuously 

declined in adipose tissue from food producing bovines and swine during the study period 

1991-2004 in Sweden, mirroring a declined contamination of the animal feed used in meat 

and milk production. Moreover, the PCB and p,p´-DDE contamination of adipose tissue from 

the animals are lower in the north of Sweden than in the southern parts of the country, 

suggesting that a lower environmental load of organochlorines in northern Sweden also 

affects the level of contamination in the meat and milk production. The levels of the studied 

organochlorines are now in many cases below the LOQ of the analyical method used. Future 

time trend studies of these organochlorines thus depend on lowered LOQs in the control 

programme. 
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Table 1. Characteristics of the animals sampled 1991-2004 
___________________________________________________________________________ 
  Bovines    Swine   
 Heifers Bulls Cows  Gilts Boars Barrows 
__________________________________________________________________________________ 
N 161 359 179  384 46 295 
 
Age (months) 20 18 48  6 6 6 
 (6-25) (6-84) (28-96) (4-24) (3-8) (4-10) 
 
CB 153 (ng/g lipid) 3.0 2.4 1.2  1.2 1.6 0.7 
 (0.3-44.0) (0.3-340.0) (0.3-104.0) (0.3-108.8) (0.3-183.1) (0.3-10.0) 
 
p,p'-DDE 3.4 2.8 2.5  2.9 3.5 2.1  
 (0.5-26.0) (0.4-94.1) (0.4-28.9) (0.5-72.9) (0.8-16.0) (0.5-16.7) 
 
HCB 3.3 2.8 1.8 
 (0.5-11.1) (0.5-12.0) (0.5-16.0) 
___________________________________________________________________________ 
Median (min-max) 
Limit of quantification=0.5-1 ng/g lipid. Results below LOQ was set to 1/2 LOQ. 
 



Table 2. Median (min-max) levels of CB 153, HCB and p,p´-DDE in adipose tissue (ng/g 
lipid) from bovines and swine 1991 to 2004 
___________________________________________________________________________ 
   Bovines    Swine   
 N CB 153 HCB DDE  N CB 153 DDE 
__________________________________________________________________________________ 
1991 83 3.1 (0.5-44.0) 3.9 (0.8-11.1) 3.3 (0.7-26.9) 79 1.9 (0.6-94.6) 4.4 (0.9-72.9) 
1992 80 3.0 (0.5-91.6) 3.4 (0.8-7.5) 3.2 (0.8-19.1) 80 1.6 (0.6-11.7) 3.9 (1.0-10.6) 
1993 80 2.3 (0.5-34.8) 3.0 (1.0-9.0) 3.1 (0.4-94.1) 83 1.7 (0.6-26.6) 3.6 (1.8-9.0) 
1994 82 2.4 (0.5-33.9) 2.9 (0.8-10.2) 3.7 (0.7-63.9) 80 1.2 (0.6-183.1) 3.2 (0.7-10.1) 
1995 79 2.2 (0.5-13.0) 2.3 (0.8-12.0) 3.4 (0.4-47.0) 83 1.2 (0.5-8.6) 2.6 (0.5-28.9) 
1996 85 1.6 (0.3-340.0) 2.5 (0.8-8.9) 3.6 (0.5-28.0) 82 0.9 (0.3-5.8) 2.7 (0.5-16.0) 
1997 86 1.6 (0.3-13.0) 2.6 (0.7-16.0) 2.5 (0.5-26.0) 84 1.1 (0.3-17.0) 2.9 (0.5-13.0) 
1998 21 1.2 (0.5-104.0) 2.0 (0.5-4.5) 0.5 (0.5-28.9) 18 0.5 (0.5-4.0) 1.3 (0.5-7.4) 
1999 19 1.3 (0.5-7.2) 1.7 (0.5-4.5) 0.5 (0.5-8.3) 20 1.4 (0.5-16.7) 1.5 (0.5-3.4) 
2000 24 2.8 (0.5-9.9) 1.5 (0.5-3.6) 2.7 (1.1-13.1) 23 0.5 (0.5-1.1) 1.3 (0.5-4.4) 
2001 22 1.4 (0.5-31.2) 1.5 (0.5-4.2) 1.6 (0.5-5.4) 25 0.5 (0.5-1.6) 1.1 (0.5-4.1) 
2002 27 2.3 (0.5-31.8) 2.3 (0.5-9.3) 2.5 (0.5-12.5) 25 0.5 (0.5-1.7) 1.6 (0.5-16.7) 
2003 17 1.0 (0.5-2.7) 1.3 (0.5-4.1) 1.7 (0.5-9.6) 23 0.5 (0.5-1.2) 0.5 (0.5-4.1) 
2004 22 1.8 (0.5-6.9) 2.7 (0.5-7.0) 2.4 (0.5-28.9) 27 0.5 (0.5-1.5) 0.5 (0.5-3.7) 
__________________________________________________________________________________ 
 
 



 
Table 3. Percent decline in levels of CB 153, HCB and p,p'-DDE per year of sampling or per 
month of age in adipose tissue from bovines and swine sampled between 1991-2004 
___________________________________________________________________________ 
  Year (%/year)  Age (%/month) 
  Bovines Swine Heifers and bulls Milk cows Swine 
__________________________________________________________________________________ 
CB 153  6.5 (5.7-7.3)* 9.9 (9.2-10.5)* 1.0 (0.2-1.8) 1.3 (1.0-1.6)* 2.4 (-0.1-4.9) 
HCB  7.5 (6.9-8.0)*  0.7 (0.1-1.2) 0.8 (0.6-1.0)*  
p,p´-DDE 6.2 (5.4-7.1)* 11.8 (11.2-12.4)* 0.4 (-0.4-1.1) 1.0 (0.7-1.3)* 4.0 (1.7-6.3) 
__________________________________________________________________________________
Adjusted mean (SD). Estimated from the regression coefficients for the independent variables year of sampling 
and months of age in multiple regression analysis (for details see Materials and Methods). 
*Decline is statistically significant (regression coefficient, p<0.05, N=222-680). 
 



 
Table 4. Percent decline in levels of CB 153, HCB and p,p'-DDE per year of sampling in 
adipose tissue from bovines and swine sampled between 1991-2004 after omission of data 
from 2000-2004 
___________________________________________________________________________ 
  Sampling years omitted % decline/year 
    Bovines  Swine 
__________________________________________________________________________________ 
CB 153  none  6.5 (5.7-7.3) 9.9 (9.2-10.5) 
  2004  7.0 (6.1-7.9) 10.3 (9.6-11.0) 
  2003-2004  6.2 (5.2-7.2) 10.7 (9.9-11.5) 
  2002-2004  7.4 (6.3-8.6) 10.9 (10.0-11.8) 
  2001-2004  6.2 (4.8-7.5) 10.8 (9.7-11.8) 
  2000-2004  6.0 (4.5-7.5) 9.5 (8.3-10.7) 
 
HCB  none  7.5 (6.9-8.0) 
  2004  8.4 (7.8-9.0) 
  2003-2004  8.1 (7.5-8.8) 
  2002-2004  9.4 (8.6-10.1) 
  2001-2004  6.2 (4.8-7.5) 
  2000-2004  6.0 (4.5-7.5) 
 
p,p´-DDE none  6.2 (5.4-7.1) 11.8 (11.2-12.4) 
  2004  6.9 (6.0-7.8) 11.6 (10.9-12.2) 
  2003-2004  6.8 (5.9-7.7) 11.3 (10.5-12.0) 
  2002-2004  8.6 (7.6-9.7) 11.7 (10.9-12.6) 
  2001-2004  8.4 (7.2-9.7) 11.4 (10.5-12.3) 
  2000-2004  6.9 (5.5-8.4) 10.2 (9.2-11.2) 
__________________________________________________________________________________ 
Adjusted mean (SD), bovine: N=589-680, swine: N=587-697. Estimated from the regression coefficients for the 
independent variable year of sampling in multiple regression analysis (for details se Materials and Methods). 
 



 
Table 5. Percent decline in levels of CB 153, HCB and p,p'-DDE per year of sampling in the 
different sampling regions from south to north in Sweden 1991-2004 
___________________________________________________________________________ 
  Bovines (%/year)    Swine (%/year)  
 CB 153 HCB p,p´-DDE CB 153 p,p´-DDE 
__________________________________________________________________________________ 
Region 1 9.2 (7.4-10.9)* 10.8 (9.6-11.9)* 9.7 (8.1-11.3)* 9.6 (8.5-10.6)* 11.5 (10.6-12.5)* 
Region 2 7.3 (5.4-9.1)* 4.7 (3.7-5.7)* 1.9 (0.1-3.7) 9.8 (8.3-11.4)* 10.7 (9.2-12.0)* 
Region 3 3.3 (1.6-5.2) 6.4 (5.1-7.6)* 4.5 (3.0-6.0)* 11.6 (10.3-12.8)* 11.8 (10.5-13.0)* 
Region 4 4.4 (2.3-6.4)* 5.6 (4.0-7.2)* 4.8 (2.5-7.1)* 5.1 (2.3-7.8) 9.6 (6.8-12.4)* 
Region 5 8.2 (4.6-11.5)* 8.1 (5.9-10.1)* 10.8 (7.0-14.4)* 9.0 (6.3-11.6)* 12.7 (10.0-15.3*) 
Region 6 8.9 (6.4-11.3)* 4.2 (2.7-5.7)* 10.2 (8.1-12.3)* 6.7 (5.6-8.4)* 14.7 (12.8-16.6)* 
__________________________________________________________________________________ 
Adjusted mean (SD), bovine: N=65-163, swine: N=50-296. Estimated from the regression coefficients for the 
independent variable year of sampling in multiple regression analysis (for details se Materials and Methods). 
*Decline is statistically significant (regression coefficient, p<0.05). 
 



 
Table 6. Spearman rank correlation coefficients calculated for the correlation between the 
partial regression coefficients for the different regions of Sweden and the south-north location 
of the regions. 
__________________________________________________________________________________ 
  CB 153  HCB  p,p´-DDE 
  r p r p r p 
__________________________________________________________________________________ 
Bovines  -0.907 0.013 -0.756 0.082 -0.983 <0.001 
Swine  -0.614 0.195   -0.680 0.137 
__________________________________________________________________________________ 
Region 1 in the south of Sweden: counties of Skåne and Blekinge (assigned x-value: 1); region 2: counties 
Halland, Småland and Gotland (x=2); region 3: Västergötland and Dalsland (x=3); region 4 Östergötland, 
Södermanland and Närke (x=3); region 5 Uppland, Västmanland and Värmland (x=4); region 6: counties north 
of region 5 (x=5). 
Regions 3 and 4 were both assigned x=3 since these regions overlap each other in a south-north direction. 
 



 
Figure 1. The regions of Sweden that were used in the analysis of regional differences in 
organochlorine concentrations in adipose tissue from bovines and swine. 
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Fig. 2. Adjusted mean (SD) of organochlorine levels in bovines and swine in different regions 
of Sweden (see Fig. 1), as determined from regression analysis (for details see Materials and 
methods). Region 1 in the south of Sweden includes the counties of Skåne and Blekinge. 
Region 2 consists of the counties Halland, Småland and Gotland, region 3 Västergötland and 
Dalsland, region 4 Östergötland, Södermanland and Närke, region 5 Uppland, Västmanland 
and Värmland, and region 6 consists of counties north of region 5. *Significantly different 
from the mean of region 1, p<0.05, N=676-697. 
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Fig. 3. Adjusted mean (SD) of organochlorine levels in bovines and swine, as determined 
from regression analysis (for details see Materials and methods). *Significantly different from 
the mean of heifers or gilts, p<0.05, N=676-697. 
 
 
 
 
 
 


