
TOX 
Session 27 

CONCENTRATIONS AND DISTRIBUTION OF PCDDs, PCDFs AND COPLANAR 
PCBs IN VARIOUS HUMAN TISSUES 

Hirakawa H^, lida T^, Matsueda T'̂ , Tokiwa H^, Nagata T^ and Nagayama J^ 
A Department of Health Science, Fukuoka Institute of Health and Environmen­
tal Science, 39 Mukaisano, Dazaifu-shi, Fukuoka 818-01, Japan 
B Departiment of Legal Medicine, faculty of Medicine, Kyushu University, 
Fuioaoka 812, Japan 

C Laboratory of Environmental Medicine, School of Healtii Science, Kyushu 
University, Fukuoka 812, Japan 

INTRODUCTION 
Certain isomers of polychlorinated dibenzo-p-dioxins (PCDDs) and polych­

lorinated dibenzofurans (PCDFs) and coplanar polychlorinated biphenyls 
(PCBs) have been reported to induce the toxic symptoms characteristic of 
2,3,7,8-TCno, including a wasting syndrome, hepatic damage, reproductive 
toxicity and irrmunotoxicity. PCDDs, PCDFs and coplanar PCBs have been 
detected in various biological samples including human adipose tissue, 
human milk, and such wild-life as fish, and marine and terrestrial mammals. 
In this study, specimens of the liver, blood, adipose tissue and brain 

obtained from seven people ( 5 males and 2 females; average age, 39 years) 
who died accidentally were analyzed for concentrations of PCDDs, PCDFs and 
coplanar PCBs. 

METHODS 
The human tissue sample: Liver, blood, adipose and brain tissue 

specimens were collected at autopsy at the Department of Legal Medicine, 
Faculty of Medicine, Kyushu University, from seven individuals who had died 
from unnatural cases between 1988 and 1990 in Fukuoka, Japan. 
Chemicals: All solvents used were of pesticide reagent grade. 
Internal Standard; ^C-] 2-labeled coplanar PCB Isomers including 

3,4,3',4'-tetrachlorobiphenyl (TeCB), 3,4,5,3',4'-pentachlorobiphenyl 
(PeCB) and 3,4,5,3',4',5'-hexachlorobiphenyl (HxCB), ^ ^ . ^ 2 ' ^ ^ ^ ^ ^ PCIX) 
isomers, including 2,2,1,8-tetrachlorodibenzo-p-dioxin (TCCO), 1,2,3,7,8-
pentachlorodibenzo-p-dioxin (PeCDD), 1,2,3,6,7,S-hfexachloradibenzo-p-dioxin 
(HxCE»), 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin (HpCDD) and OCDD, '̂ 0̂ 2 
-labeled PCDF including 2,3,7,8-tetrachlorodibenzofuran (TCDF), 1,2,3,7,i-
pentachlorodibenzofuran (PeCDF), 1,2,3,4,7,8-hexachlorodibenzofuran 
(HxCDF), 1,2,3,4,6,7,8-heptachlorodibenzofuran (HpCDF) and OCDF, were ob­
tained from Cambridge Isotope Laboratories Inc., USA. 
Procedure; The samples were extracted wit± hexane/acetone using a 

Polytron homogenizer. The hexane exturact was filtered, and after the ad­
dition of distilled water, "l̂ c-)2-labelled PCDD, PCDF and coplanar PCB 
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isomers were added to the extract as intemal standards for calculation of 
the recovery rates of PCDDs, PCDFs and coplanar PCBs. After the hexane ex­
tract was concentrated to the appropriate volume, the ext:ract was washed 
witJi concentrated sulfuric acid, purified on a AgN03-silica gel column 
chromatography, and then separated into coplanar PCBs and PCDDs/PCDFs frac-
ticffis by using activated carbon column chranatography and Florisil column 
chroTHtography. Ihe details of this procedure have been reported elsewhere . 
Gas chromatography-mass spectronetry: The PCDDs, PCEFs and coplanar PCBs 

were analyzed v i t h using a Finnigan MAT-90 mass spectrometer (Bremen, 
Germany) directly interfaced with a Varian model 3400 gas chromatograph 
equipped with a splitless injector and a capillary column bonded with 50% 
methyl f^enyl silicon, OV-17 ( 0.25mm x 25m; film thickness, O.liim ). The 
GC column temperature was maintiained at 120''C for 1 min, t h e n programmed to 
170°C at the rate of 10°C/min, followed by progranmed to 260 °C at the rate 
of 10°C/min, The mass resolution ( 5% valley ) was 7000 to 10000. Two ions 
of molecular cluster were recorded. 

RESULTS AND CONCLUSION 
In our previous study, we focused mainly on the concentration and dis-

tiribution of coplanar PCBs in samples of various human tissues. In tihis 
study, we also analyzed the concentrations of PODDs and PCDFs in human 
tissue samples in more detail. Table 1 shows the concentrations of PCtX)s, 
PCDFs and coplanar PCBs in human liver, blood, adipose and brain tissue 
expressed as pg per g of fat (ppt). 

'Fhe liver; The mean total conoentration and the mean total TCDO eq. (ICDD 
equivalents were calculated as TCDD Toxic Equivalent Factors ) of PCDDs was 
4154.0 and 32.8 ppt, respectively, and that of PCDFs was 518.9 ppt and 86.8 
fpt, respectively, that of coplanar PCBs was 356.8 ppt and 31.0 ppt, 
respectively. The total TCDD eq. of PCDDs, PCDFs and coplanar PCBs in the 
liver was 150.5 ppt. 
The blood; The mean total concentration and total TCDD eq. of PCEOs was 

639.9 ppt and 12.7 ppt; that of PCDFs was 125.8 ppt and 11.2 ppt; and that 
of coplanar PCBs was 119.9 ppt and 8.6 ppt. The total TCDD eq. of PCDDs, 
PCDFs and coplanar PCBs in the blood was 32.4 ppt. 
Ihe adipose: The mean total concentration and mean total TCDD eq. of 

PCDDs was 684.3 ppt and 19.1; that of PCDFs was 43.8 ppt and 11.9 ppt; and 
that of coplanar PCBs was 250.2 ppt and 19.3 ppt. The total TCDD eq. of 
PCEOs, PCDFs and coplanar PCBs in adipose tissue was 50.4 ppt. 
The brain; The mean total concentration and mean total TCCD eq. of PCDDs 

was 21.2 ppt and 0.9 ppt; That of PCDFs was 19.4 ppt and 4.9 ppt; and that 
of coplanar PCBs was 12.3 ppt and 0.9 ppt. The total TCDD eq. of PCDDs, 
PCDFs and coplanar PCBs in the brain was 6.8 ppt. 

Fig. 1 shows the concentration of TCDD eq. in each tissue expressed as pg 
per g of fat (ppt). The liver showed the highest T d O eq., and a main com­
ponent was PCDFs. Ihe adipose tissue showed the second highest TCDD eq., 
which was about one-third of the TCDD eq. of the liver. The brain showed 
t h e lowest TCDD eq., which was considered to probably be due to the blood-
brain barrier. Fig. 2 shows the total TCDD eq. of PCDDs, PCDFs and coplanar 
PCBs in each tissue expressed as pg per g (wet weight; ppt). The adipose 
tissue showed the highest TCDD eq., as it has the highest lipid content of 
the tissues examined. The liver showed the second highest TCDD eq., which 
was about one-fifth of that of the adipose tissue. The blood shewed the 
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Table 1 Concentrations of PCDDs, PCDFs and coplanar PCBs in huraan liver,blood, 
adipose and brain tissue as pg/g fat 

Samples Liver Blood Adipose Brain 

2,3,7,8-TCDD 
1,2,3,7,8-PeCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2.3,7,8,9-HxCDD 
1,2,3,4,6,7,8-HpCDD 

OCDD 
Total PCDDs 

2,3,7,8-TCDF 
1,2,3,7,8-PeCDF 
2,3,4.7,8-PeCDF 
1,2.3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
1,2.3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 

OCDF 
Total PCDFs 

3,3', 4,4'-TeCB 
3,3',4,4',5-PeCB 
3,3', 4,4*. 5,5'-HxCB 
Total coplanar PCBs 

Total DD (TCDD eq.) 
Total DF (TCDD eq.) 
Total CoPCB(TCDD eq. 
Total TCDD eq. 

2.5 
9.5 
17.1 
141.7 
32.9 
274.0 
3635.0 
4154.0 

11.9 
5.3 

109.6 
109.3 
184.8 
79.6 
9.3 

518.9 

16.7 
275.4 
64.7 
356.8 

32.8 
86.8 

) 31.0 
150.5 

t 1.4 
i 6.4 
t 16.4 
1109,1 
^ 21.5 
1293.0 
1 3132 
1 3504 

1 9.5 
1 4.8 
1 88.6 
1 99.1 
1171.4 
1 73.7 
1 8.6 
NA 
1441.0 

1 8.7 
1188.7 
1 32.9 
1218.0 

1 23.0 
1 71.9 
1 20.6 
1109.0 

1.9 
8.6 
1.7 
54.9 
0.0 
38.8 
517.9 
639.9 

4.7 
1.6 
16.9 
8.6 
9.3 
14.3 
0.1 

125.8 

15.8 
63.9 
40.1 
119.9 

12.7 
11,2 
8.6 

32.4 

1 1.2 
1 5.7 
1 2.1 
1 33.2 
1 0.0 
1 19.4 
1345.8 
1375.9 

1 2.0 
1 1.4 
1 8.7 
1 3.9 
1 6.9 
1 13.7 
1 0.3 
NA 
1152.9 

1 4.4 
1 32.8 
^ 21.0 
1 52.9 

1 18.8 
1 5.1 
1 4.4 
1 12.8 

2.8 
12.6 
4.0 
80.4 
7.0 
39.0 
532.6 
684.3 

2.5 
0.9 
20.1 
6.6 
8.3 
4.3 
0.3 

43.8 

6.1 
141.4 
102.7 
250.2 

19.1 
11.9 
19.3 
50.4 

1 1.6 
1 4.5 
1 1.6 
1 35.5 
1 4.6 
1 19.9 
1390.9 
1406.3 

1 1.8 
1 1.3 
1 9.8 
1 3.7 
1 5.4 
1 0.3 
1 0.3 
NA 
1 21.2 

1 1.7 
1 79.3 
1 48.3 
1122.2 

1 6.0 
1 5.9 
1 10.4 
1 18.0 

0.3 
0.6 
0.2 
2.3 
0.7 
4.9 
10.3 
21.2 

0.9 
0.4 
7.9 
6.4 
1.7 
0.7 
0.1 

19.4 

2.8 
8.3 
1.4 
12.3 

0.9 
4,9 
0.9 
6.8 

1 0.1 
1 0.3 
1 0.1 
1 1.4 
1 0.3 
1 4.7 
1 5.1 
1 7.6 

1 0.3 
1 0.2 
1 7.7 
1 6.4 
1 1.7 
1 0.8 
1 0.1 
NA 
117.2 

1 1.2 
1 2.9 
1 0.6 
1 4.0 

1 0.4 
1 4.6 
1 0.3 
1 5.0 

Lipid content (%) 6.41 1 3.7 0.45 1 0.06 76.7 1 19.3 10.3 1 2.5 

Liver Blood Adipose Brain 

Fig.1 Total TCDD eq. in var ious t i s s u e s (Fat bases) , 

0 PCDD S PCDF E l CoPCB 
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lowest TCDD eq., as it has the lowest lipid content-^ of the tissues 
analyzed. Fig. 3 shows the component ratio of total TCDD eq.in each tissue. 
The main conponent in the liver was PCDFs, the adipose tissue coplanar PCBs, 
and the brain PCDFs. The blood contained almost the same proportion of each 
of the three ccmponents. 

Llvor Blood Adlposs Brain 

Fig.2 Itotal TCCO eq. i n var ious t i s s u e s (Wet bases ) . 

0 PCDD S PCDF 0 CoPCB 

M l pose Brain 

Fig .3 Ocmpoment r a t i o of d i s t r i b u t i o n . 

0 PCDD S PCDF 0 CoPCe 
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