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1. Introduction 

PCBs and chlorinated pesticides (e.g. DDT, chlordane, HCB, HCH) are man-made chemicals that 
have the potential to negatively affect human health owing to their persistence and toxicity. The 
production and use of this large group of chlorinated substances have been banned in Sweden for 
many years. However, due to their persistence in the environment, exposure to PCBs and 
chlorinated pesticides via food will continue for decades. We report here preliminary results on 
levels of PCB and chlorinated pesticides in blood from Swedish males of ages 40 to 75 years, as a 
part of a project on food as a source of exposure to PCBs and chlorinated pesticides. 

2. Methods 

The original sample was composed of 800 men from Uppsala and Knytby, selected as 
representatives of the general male population in urban and rural areas of Sweden. Of these 
individuals, 286 agreed to participate in an extensive survey of food habits and to donate blood 
samples. The blood sera donated by the first 120 individuals (age 40-75 years) were analysed for 
PCB and chlorinated pesticides. The PCB congeners analysed were lUPAC no 28, 52, 101, 105, 
118, 128, 138, 153, 156, 167 and 180. The chlorinated pesticides hexachlorijenzene (HCB), 
hexachlorocyclohexane (a-, P- and y-HCH), chlordane (oxychlordane and transnonachlor) and 
DDT (p.p-DDT,p,p-DDD,p.p-DDE, o.p-DDE and o,p-DDT) were also analysed. 

The analytical method was based on an extraction method originally described by Burse et al. (1) 
and an analytical technique described by Atuma et a i (2). Four grams of serum was mixed with 4 
ml methanol and the mixture was vortexed for 1 min. The serum was extracted three times with n-
hexane/diethyl ether mixture (1:1). After evaporating the combined extracts, the fat content was 
determined gravimetrically. 
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The fat extract (dissolved in hexane) was treated with concentrated sulphuric acid followed by 
elution through a silica gel column (4.5 g of 3% water-deactivated silica gel) with ca 30 ml hexane 
(fraction 1). Fraction 2, which contained the chlorinated pesticides (except DDE and HCB), was 
eluted with 40 ml of a hexane/diethyl ether mixture (3:1). After appropriate reduction in volume, 
fraction 1 was injected into a Gilson HPLC system, equipped with an hypercarb column. The first 
two fractions of 0-4 ml and 4-20 ml, respectively, collected with hexane as mobile phase, contained 
mainly the d\-ortho and mono-orlho PCBs respectively. The third fraction, which contained the 
planar PCBs, was obtained by back flushing the column with DCM (100%). After each complete 
run, the HPLC column performance was restored by flushing with n-hexane at a flow rate of 1-2 
ml/min for at least 30 min, to re-establish equilibrium. The mono-ortho and di-ortho PCB 
congeners and the chlorinated pesticides were finally quantified on a dual-column gas 
chromatograph with dual-electron capture detectors. 

3, Results and Discussion 

The concentrations of total PCB and total DDT were generally higher than those of HCB, total 
HCH and total chlordane (Table 1). PCB 153 was strongly correlated to the total PCB 
concentration (r=0.98, p<0.001) (Fig. la). Furthermore, PCB 153 contributed 38% (±4%) to the 
total PCB concentration. This relationship was constant in the age interval studied (Fig. la), 
showing that PCB 153 can be used as an indicator substance for total PCB in monitoring studies of 
men of different ages. A recent study has also shown that PCB 153 can be used as an indicator for 
total PCB in serum from Swedish females (3). 

p.p-DDE contributed 96% (±3%) to the total DDT concentration in blood serum. As for PCB 153, 
tWs percentage was constant over the age interval studied. The levels ofp,p-DDD, o,p-DDT and 
o.p-DDE were low and for o,/?-DDT and o.p-DDE generally below the detection limit (<4 ng/g 
fat), showing that recent direct exposure to technical DDT mixtures had not occurred. P-HCH 
dominated among the HCH isomers (93±5% of the total HCH level), whereas the concentration of 
y-HCH (lindane) was low (<2-12 ng/g fat). The concentration of the chlordane isomer, 
transnonachlor, was about twice as high as that of oxychlordane. 
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Fig. 1. (A) Correlation between the concentrations of PCB 153 and total PCB in sera from Swedish men 
(r=0.98, p<0.001). (B) The ratio between the concentration of PCB 153 and total PCB among Swedish men 
of different ages. 
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Table I. Concentrations of PCB and chlorinated pesticides in blood of Swedish men (mean±SD, 
N=119-120) 

PCB« 
(ng/g fat) 

765±289 

PCB-TEQb 
(pg/g fat) 

19±6 

HCB 
(ng/g fat) 

71 ±40 

HCH' 
(ng/g fat) 

52±30 

Chlordane*' 
(ng/g fat) 

45±22 

p,p-DDE 
(ng/g fat) 

811±705 

Sum-DDT« 
(ng/g fat) 

834±715 

apCB congeners 28, 52, 101, 105, 118, 128, 138, 153, 156, 167 and 180 
•JI-TEPS for PCB congeners 105, 118, 156, 167 and 180 
Ca-HCH, P-HCH and Y-HCH 
"Oxychlordane and transnonachlor 
^p,p-DDT, p,p-DDD an<\p,p-DDE 

Table 2. Concentrations of PCB and chlorinated pesticides in different age classes of Swedish men 

Substance 

Total PCB 
Total D D T 
HCB 
Total H C H 
Chlordane 

1920-24 
(n=22) 

822±313 
1024±892 
80±39 
52±25 
48±18 

1925-29 
(n=34) 

806±285 
861±718 
69±35 
55±33 
51±22 

Year of birth 
1930-34 
(n=16) 

841±258 
1053±707 
62±27 
49±26 
52±25 

1935-39 
(n=14) 

713±223 
661±391 
6I±16 
49±19 
39±19 

1940-44 
(n=12) 

748±401 
745±662 
89±70 
49±32 
37±28 

1945-49 
(n=9) 

693±250 
760±762 
67±26 
64±50 
36±I2 

1950-54 
(n=9) 

502±82 
393±439 
72±71 
40±25 
22±6 

The levels of PCB congeners and chlorinated pesticides increased slightly with increasing age, 
although the spread in the results was large (Table 2), Men bom between 1920 and 1934 had total 
PCB and total DDT levels ranging from 171 to 1510 ng/g fat and 138 to 4117 ng/g fat, 
respectively. The concentrations of total PCB and total DDT were positively correlated (r=0,61, 
p<0.001), indicating a common source of exposure. This was also the case for PCB and chlordane 
(r=0.64, p<0.001). The correlation between PCB and the other chlorinated pesticides was lower 
(HCB: r=0.35, p<0.001; HCH: r=0.39, p<0.001), indicating differences in the sources of exposure 
between PCB and the chlorinated pesticides. 

The mean serum concentrations of PCB 153 (299 ng/g lipid), p,p-DDT (20 ng/g lipid) and p,p-
DDE (811 ng/g lipid) in males in the present study are somewhat lower than in blood plasma from 
males with a moderate consumption offish from the Baltic Sea (580, 45 and 1200 ng/g lipid) (4). 
Males with a high consumption offish from the Baltic Sea had mean concentrations of PCB 153, 
p,p-DDT and p,p-DDE that were about 5 times higher than in the males in the present study (4). 
The relatively low levels of PCB and DDT in the present study are probably due to a low 
consumption offish from the Baltic Sea among the males from Uppsala and Knutby. 
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Mono-or//io PCB congeners (lUPAC no 105, 118, 156 and 167) and one A\-ortho PCB congeners 
(lUPAC no 180) analysed in the present study have dioxin-like activity, and 2,3,7,8-tetrachloro-/7-
dioxin toxic equivalency factors have been proposed for these congeners by an international expert 
group (5). A calculation of the concentration of TCDD toxicity equivalents (TEQs) from the 
concentrations of mono- and di-ortho PCBs resulted in a mean TEQ level of 19±6 pg/g serum fat. 
As a comparison, a previous study on dioxin and dibenzofiiran levels in Swedish males indicated a 
mean dioxin/dibenzofuran TEQ level ranging from 18 to 77 pg/g serum fat, depending on the 
consumption rate of fish from the Baltic Sea (4). Taken together, the results indicate that the 
mono- and di-ortho PCBs give a significant contribution to the total TEQ concentration. 

4. Conclusions 

All of the males in the present study had measurable levels of PCB and chlorinated pesticides in the 
blood. The levels were low in comparison to some accidentally or occupationally exposed 
individuals (6-8). Nevertheless, it is shown that contamination of the human body by PCBs and 
chlorinated pesticides is still evident although the production and use of many of the chlorinated 
substances have been severely restricted for decades. 
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