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Abstract 

During the last years increased PCDD/PCDF levels were found in soil, dust and 

vegetables in an area near to a metal reclamation plant in Southern Germany. In 

blood samples of 22 volunteers of this area some specific congeners of PCDF were 

elevated compared to a group not specifically exposed. Comparison of PCDD/PCDF 

levels between soil, dust, vegetables and huraan blood will be presented. 
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Introduction 

In recent years metallurgical processes were identified as an importanc source of 

polychlorinated dibenzo-p-dioxins (PCDD) and dibenzofurans (PCDF). In the 

surrounding of a metal reclamation plant in Daden-WurCCemberg (West Germany) the 

contamination of soil, dusc from homes, indoor air and vegetables was investigated 

over a period of 3 years (1987 - 1990). PCDD/PCDF concencracions in soil range 

becween <1 and 100800 ng TE/kg. The PCDD/PCDF concencracions of vegecables werc 

found in che range of noC detected (detection limit per isomer 0,1 ng/kg) to 134 ng 

TE/kg dry weight. These results (Hagenmaier 1988) werc demonscrated earlier. 

Earlier invescigacions in this industrial zone showed a contamination of soil with 

heavy metals. In 1986 the plant was closed. People live in the direcc neighbourhood 

CO che plane. Vegetables were produced by some of the inhabitants for privace 

consumption. 

Liccle is known about PCDD/PCDF upcake by humans exposed chronically due to a local 

emission source. Therefore, che concentrations of PCDD/PCDF were investigated in 

blood samples of 22 volunteers of this area. 

Materials and Methods 

In 22 randomized persons (11 males and 11 females) 80 ml of blood were drawn for 
PCDD/PCDF analysis. To get an idea about the exposure, che parcicipants were 
interviewed wich the aid of a questionnaire. The analysis of PCDD/PCDF in human 
blood was performed by "ergo laboratories" in Hamburg (Papke et al.1989). Dust 
samples were analysed by "Biocontrol Laboratories", Mainz (West Germany). 
The indoor air analysis was carried out by Gesellschaft fur Arbeitsplatz und 
Umweltanalytik (GFA), Munster-Roxel (West Germany) and by the Institute of Organic 
Chemistry, University of Tiibingen. 

Toxic equivalent (TE) factors proposed by Che German Federal HealCh Office (Appel et 
al. 1985) were used. 
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Fig. 1: Location ot che reclnmacion plane unH .soil conccncrac ion 
in chc surrounding area (in ng TE/kg). 

Table 1 describes che PCDD/PCDF contamination ot some houses in chc orea. 

Corresponding soil concentrations are shown in che cable. The indoor air PCDD/PCDF 

Tab. 1: PCDD/PCDF levels of dusc, indoor-air. interior walls and 

corresponding soil concencracions. 
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concentration was 0,18 - 0,3 pg TE/cbm. Extremely high contaminacion of dust was 
observed.Up to 578^^^* ppt TE could be detected in dust particles on one loft. 
Table 2 shows the PCDD/PCDF levels in (blood-) fat of the 22 persons. (Blood-) fat 
concentrations of 10 workers* of Che reclamation plant are shown for comparison in 
chis cable. The 22 persons, 10 - 70 years old, had been living in che contaminated 
area at least for a 10 years period, one person even up to 58 years. 
Eleven persons declared consumption or earlier consumption of vegetables from the 
kitchen garden in chis area. Three persons worked in the metal plane, for a period 
of more Chan 10 years. 

Tab. 2: PCDD/PCDF levels in blood from neighbours and plane workers 

(means and ranges) in ng/kg fat. 

Congeners 

2.3.7.8 
PeCDD 
ZHxCDD 
HpCDD 
OCDD 
IPCDD 

2.3.7.8 
EPeCDF 
ZHXCDF 
ZHpCDF 
OCDF 
EPCDF 

EPCDD/F 

TCDD 

TCDF 

SPCDD/F(TE) 

Mean 

3,4 
12,4 
59,2 
83,5 
505,9 
664,1 

4,9 
72,9 
108,6 
48,3 
4,3 
238,9 

903,0 
31,0 

Neighbours 

1,3 
2,9 

29,7 
23,0 

176,0 
249,7 

1,4 
28,0 
43,7 
16,0 
1,2 

116,2 

369,1 
16,1 

(n-22) 

Range 

6,2 
21,0 

118,0 
238,0 

2126,0 
2506,9 

9,8 
228,0 
410,5 
190,4 

8,8 
746,1 

2772,1 
80,4 

Plant 

Mean 

9,2 
34,4 
133,0 
70,8 
506,4 
753,8 

2,7 
166,0 • 
236,6 
77,8 
7,2 
490,3 

1244,1 
68,5 

Workers 

2,6 
12,0 
61,0 
26,0 

139,0 
277,0 

1,9 
39,7 
48,0 
23,6 
2,3 

125,1 

665,2 
21,5 

(n-10) 

Range 

33,0 
97,0 
308,0 
145,0 

1098,0 
1249,0 

4,3 
385,6 
605,7 
211,3 
16,0 

1205,0 

2454,0 
175,0 

When comparing the results wich the fat concentrations of a group not specifically 
exposed (Beck et al.l989) and wich che (blood-) faC concencracions of the plant 
workers a typical pattern of penca-, hexa- and hepta-furans was found to be 
characteristic. This becomes even more obvious when mean values are compared 
(Fig. 2). 
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Fig. 2: Comparison ot PCDD/PCDF levels (means) ot neighbours, plant workers 
and a not specifically exposed group (in ng/kg fac). 

"This invescigacion was carried out by order of che SUddeucsche Edel- und 
Unedelmecall-Berufsgenossenschaft. 
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p e r s o n s f : ;amplc no . 2 , 6 , 13 , 15 22) 
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3) add i t . i ona l l y -he oc ta CIJU l e v e l was above che 
( n o . 2 and 6) worked i n t h e p l a n t . 

the:;e pcr.soii:: ( sampl t* no 

background rarif/.-' (T.TIJ. 3). Two of chese ptirson;; 

One person (no. 13) liv'.-d on a diet. Two of them (no. 6 and 13) declared regular or 

occas i ona 1 v(;gc' i. .T h J n c.on.MjmpL ion 

3: (Blood-) lat concentrations of participants with elevated penta-

hexa-, hepta-CDF and/or octa-CDD levels (in ng/kg Cat). 

Congeners 
Sample No 

2.3.7.8 
PeCDD 
EHXCDD 
HpCDD 
OCDD 
EPCDD 

2.3.7.8 
EPeCDF 
EHxCDK 
nipCDF 
OCDF 
ZPCDF 

EPCDD/F 

TCDD 

TCDF 

EPCDD/F(TE) 

2 

5,7 
20,0 
66,0 
67,0 

241,0 
399,7 

2,6 
228,0 
410,5 
102,5 

2,5 
746,1 

1145,8 
80,4 

6 

6,2 
21,0 
88,0 

127,0 
393,0 
635,2 

6,4 
143,8 
255,6 
102,6 

4,2 
512,6 

1147,8 
60,4 

13 

3,9 
21,0 

118,0 
238,0 

2126,0 
2506,9 

1,4 
103,5 
91,0 
62,4 
6,9 

265,2 

2772,1 
42,5 

15 

3,9 
19,0 
80,0 
92,0 

621,0 
815,9 

9,0 
186,0 
404,4 
89,1 
8,8 

697,3 

1513,2 
76,2 

22 

3,4 
8,9 

38,0 
37,0 

185,0 
272,3 

4,6 
135,6 
243,9 
190,4 

3,6 
578,1 

850,4 
49,0 

With regard to chc food chain some vegecables from the kitchen garden of one 

investigated person and che blood of chis person werc compared (Fig. 3). There arc 

slight indicacions of a correlacion. 

P 

. . - _ £ I t . I<€1 ..111 - E t i . n.j 
i*-CDo t t . i i ' coo H*ri(-coo OCDO 

• (•) r T D l a U d I - ) ! ~ l b t a o d • • •p ta 21 t«) 

Fig. 3: Comparison ot 2. 3. 7. 8-substituted PCDD/PCDF in corresponding 
vegetabl e.<: and a human blood sample. 
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This correlation becomes evident by comparing the persons who declared consumption 
of vcgccablci from the kitchen garden with those who did not (Tab. ^ ) . An increase 
in penta- ami hexa-CDF is obvious. Pcr-ions who worked in the plant, persons with 
only occasional consumption and one child, which is described laccr, were not 
considered. 

Tab, 4: PCDF levels in blood of participants wich and without vegetable 

consumption from a kitchen garden (means and ranges) in ng/kg fat. 

BLOOD 
SAMPLE K o . 

4 
8 
14 
1 5 
16 
I B 
19 
2 1 

MEAN 
MIN 
MAX 

BLOOD 
SAMPLE N o . 

1 
5 
7 
9 
10 
1 1 
12 
17 

MEAN 
HIN 
MAX 

VEGETABLE 

TCDF 
( 2 . 3 

" 4 , 3 
4 , 2 
9 , 8 
9 , 0 
2 , 9 
2 , 6 
5 , 3 
8 , 5 

b,U 
2 , 6 
9 , 8 

7 8 -

CONSUMPTION FROH 

P S C D F 

4 5 , 6 
1 1 7 , 1 
6 5 , 0 
1 3 6 , 0 
4 2 , 0 
7 1 , 5 
7 2 , 2 
3 1 , 0 
/ t i , / 
3 1 , 0 
1 8 6 , 0 

H6CDF 

54,a 
1 0 5 , 0 
6 7 , 0 
4 0 4 , 4 
5 1 , 8 
8 3 , 0 
4 3 , 7 
7 0 , 8 
1 0 9 , 6 
4 3 , 7 
4 0 4 , 4 

A KITCHEN GARDEN 

H7CDF 

3 4 , b 
3 4 , 0 
2 7 , 2 
8 9 , 1 
1 9 , 6 
1 6 , 0 
2 1 , 2 
2 8 , 0 

33,6 
1 6 , 0 
8 9 , 1 

OCDF 

4 , 5 
5 ,0 
4 , 1 
8 , 8 
3 , 8 
2 , 0 
4 , 2 
5 , 6 

4 , 8 
2 , 0 
8 , 8 

( n - 8 ) 

E P C D F 

1 3 8 , 6 
2 6 5 , 3 
1 7 3 , 1 
6 9 7 , 3 
1 2 0 , 1 
1 7 5 , 1 
1 4 6 , 6 
1 4 3 , 9 

232,5 
1 2 0 , 1 
6 9 7 , 3 

NO VEGETABLE CONSUMPTION FPOH A KITCHEN GAPUEN ( n = 8 ) 

TCOF 
( 2 . 3 
ti , y 
4 , 3 
6 , 7 
5 , 4 
3 , 3 
3 , 5 
4 , 5 
3 , 4 
5 , 0 
3 , 3 
8 , 9 

7 8 -
P S C D F 

2 5 , 8 • 
3 2 , 0 
2 8 , 0 
3 1 , 0 
3 8 , 3 
3 4 , 7 
2 8 , 0 
2 8 , 8 
3 1 , 3 
2 8 , 0 
3 8 , 3 

H 6 C 0 F 

4 9 , 4 
6 3 , 5 
4 4 , 6 
4 6 , 0 
5 4 , 0 
5 5 , 4 
4 7 , 0 
5 5 , 8 
5 2 , 0 
4 4 , 6 
6 3 , 5 

H7CDF 

2 7 , 0 
4 3 , 0 
3 6 , 0 
2 9 , 0 
3 5 , 0 
3 3 , 6 
3 6 , 0 
3 9 , 4 
3 4 , 9 

27,0 
4 3 , 0 

OCDF 

6 , 9 
4 , 7 

4 , 1 
4 , 8 
5 , 0 
2 , 4 
3 , 9 
2 , 4 
4 , 3 
2 ,4 
6 , 9 

EPCDF 

1 2 2 , 0 
1 4 7 , 5 
1 1 9 , 4 
1 1 6 , 2 
1 3 3 , 1 
1 2 9 , 6 
1 1 9 , 4 
1 2 9 , 8 
1 2 7 , 1 
1 1 6 , 2 
1 4 7 , 5 

The results of che (blood-) fat analysis of the children arc shown in Table 5. 

Tab. 5: PCDD/PCDF levels in blood of children from 

the investigated group (in ng/kg fat). 

C o n g e n e r s 
S a n p l e N o . 

2 . 3 . 7 . 8 
PeCDD 
EHxCDD 
HpCDD 
OCDD 
EPCDD 

2 . 3 . 7 . 8 
EPeCDF 
EHxCDF 
a i p C D F 
OCDF 
EPCDF 

E P C D D / F 

TCDD 

TCDF 

E P C D D / F ( T E ) 

Organohalogen Compounds 

2 2 

3 , 4 
8 , 9 

3 8 , 0 
3 7 , 0 

1 8 5 , 0 
2 7 2 , 3 

4 , 6 
1 3 5 , 6 
2 4 3 , 9 
1 9 0 , 4 

3 , 6 
5 7 8 , 1 

8 5 0 , 4 
4 9 , 0 

1 

21 

2 , 5 
2 , 9 

4 3 , 4 
4 3 , 0 

2 7 6 , 0 
3 6 7 , 8 

8 , 5 
3 1 , 0 
7 0 , 8 
2 8 , 0 

5 , 6 
1 4 3 , 9 

5 1 1 , 7 
1 9 , 2 

1 2 

2 , 0 
1 1 , 0 
8 0 , 9 

1 3 8 , 0 
2 2 9 , 0 
4 6 0 , 9 

4 , 5 
2 8 , 0 
4 7 , 0 
3 6 , 0 

3 , 9 
1 1 9 , 4 

5 8 0 , 3 
2 1 , 1 

1 1 

2 , 5 
1 4 , 0 
4 5 , 4 
5 8 , 0 

2 5 7 , 0 
3 7 6 , 9 

3 , 5 
3 4 , 7 
5 5 , 4 
3 3 , 6 

2 , 4 
1 2 9 , 6 

5 0 6 , 5 
1 9 , 0 
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The children ore in chc age ot 10 - It, years. Only one child (.sami)lc no. 21) 

declared consumption from che kitchen garden. One child (sample no. 22) lived 

opposite CO an air vent belonging m the plane. The comparison of PCDD/PCDF levels 

from soil, dusc and che blood .-iamplc from chis child is shown in Figure 'i. Taking 

the results of che ocher 3 children into account cherc is an increase in penta-, 

hexa- and hepta-CDF levels. This may be due Co dust and/or soil ingestion by the 

Chi Id. 

4S0 S16 03O 

TCOD .H(i.COO H*i«-CDO t«pl«.C[» OCDO 

I M t o l l l * ) f ^ d u t t ( . ) ( H I blood u m o l . 2? (#1 

800 

TOO 

BOO 

GOO 

I O O 

300 

700 

too 

. I '• ' 1 I 

l l y 

t= i 

h\ 

f i 

DL 

L = 

L 

0 

t Ix 

lil 
^wu-co* H..,.cDr H.«M-cor ocor 

Fig- Comparison of 2. 3. 7. 8-subscicuCcd PCDD/PCDF levels in 

corresponding soil, dusc and human blood. 

Conclusions 

Regarding che cocal amounc of PCDD/PCDF (blood-) fac levels one person is 

ouc of che range of a noc specifically exposed group. Taking the toxicity 

equivalents into consideration two persons are out of this range. 

Specific isomer.^ (penta-, hexa- and hepca-CDF) are increased in che blood 

samples. This corresponds to che pattern found chroughouc che concaminated 
a rea , 

Increased PCDD/PCDF levels in blood can be traced to occupational exposure 
and/or food intake. 

For children soil and/or dust ingestion may be a pathway of special 
importance. 

The rather high local contamination did not lead to a general increase in 
PCDD/PCDF levels in blood. 
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