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in the Blood of Yusho Patients

Jumboku Kajmwaral), Takashi Topaka?’, Hironori Hirakawal, Tsuguhide Hort?,
Daisuke Onozukal’, Yoshiko Takao!’, Teruaki Hiratal’, Takao Iipa3,
Hiroshi Ucu®% and Masutaka Furue?4

U EFukuoka Institute of Health and Environmental Sciences
39 Mukaizano, Dazaifu, Fukuoka 818-0135
ZDepartment of Dermatology, Graduate School of Medical Science, Kyushu University
Maidasht 3-1-1, Higashi-ku, Fukuoka 812-8582
YK, itakyusyu Life Science Center 1-4 Nakabaru-Shin-cho, Tobata-ku, Kitakyusyu 804-0003
YResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital
Muaidashi 3-1-1, Higashi-ku, Fukuoka 812-8582

Abstract In 1968, the contamination of cooking oil by heat-degraded polychlorinated biphenyls
(PCBs) caused a case of mass poisoning, the so—called Yusho incident. The cause of Yusho disease is
thought to be ingested toxic substances, including not only PCBs but polychlorinated dibenzofuran
(PCDFs) in Kanemi rice oil. Extensive studies have been performed since 1995 by the Yusho study
group involving follow—up surveys of human blood concentrations of the casual compounds in Yusho
patients as well as clinical trials of the acceleration of the excretion of these compounds in Yusho
patients. We have previously measured dioxin concentrations in the blood of 649 Yusho patients in
annual medical examinations from 2001 to 2009. We determined that the concentrations of 2,3,4,7,

8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF, and 3,3',4,4',5,5-HxCB (#169) in the blood of
Yusho patients were more than twice as high levels to as those of normal controls.

In this study, we compared the concentrations of 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,
8-HxCDF, and 3,3',4,4',5,5-HxCB (#169) in the blood of male Yusho patients with those of female

Yusho patients. As a result, it was found that the mean concentrations of 2,3,4,7,8-PeCDF 1,2,3,4,
7,8-HxCDF 1,2,3,6,7,8-HxCDF, and 3,3',4,4',5,5-HxCB (#169) in female Yusho patients were 2.9,

3.7, 24, and 1.3 times higher, respectively, than those of male Yusho patients.
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Bk (N=312) Ik (N=337) B (N=51) #E (N=76)
Congeners Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max
2,3,7,8-TCDD 1.4 0.8 ND 4.4 1.8 1.1 ND 8.6 1.8 0.9 ND 4.0 2.0 0.8 ND 4.3
1,2,3,7,8-PeCDD 8.0 4.0 ND 22 12 6.5 1.2 43 8.4 3.4 3.2 19 9.3 3.3 3.3 20
1,2,3,4,7,8-HxCDD 2.6 1.7 ND 12 3.2 2.0 ND 15 3.3 1.7 ND 7.6 3.7 2.1 ND 13
1,2,3,6,7,8-HxCDD 33 23.9 3.9 150 54 4.3 6.5 310 26 10.1 7.3 47 29 11.4 13 70
1,2,3,7,8,9-HxCDD 4.0 2.7 ND 24 5.3 3.8 ND 31 3.7 2.0 ND 9.1 5.1 3.1 ND 16
1,2,3,4,6,7,8-HpCDD 49 32.9 ND 290 52 32.7 ND 320 65 35.9 17.6 170 88 63.8 22 470
OCDD 710 424.9 150 3900 810 615.2 180.9 7900 1100 676.1 181.2 3300 1300 1066.8 370 7600
Total PCDD 810  466.9 180 4300 940  658.3  244.0 8300 1200 724.3 214.4 3600 1500 1139.4 430 8200
2,3,7,8-TCDF 1.7 3.2 ND 48 2.3 2.2 ND 14 1.1 0.9 ND 4.5 0.8 0.6 ND 2.9
1,2,3,7,8-PeCDF 1.1 1.9 ND 27 1.2 1.2 ND 7.6 0.8 0.7 ND 4.6 0.6 0.4 ND 2.7
2,3.4,7,8-PeCDF 68 93.7 3.0 560 200 251.0 2.9 1800 16 6.5 6.0 36 18 6.5 7.5 37
1,2,3,4,7,8-HxCDF 15 25.4 ND 200 57 89.4 ND 580 4.7 2.3 ND 13 5.2 3.0 ND 20
1,2,3,6,7,8-HxCDF 8.9 9.5 ND 7 21 26.3 ND 180 5.6 2.6 ND 14 5.7 2.6 ND 16
2,3,4,6,7,8-HxCDF 1.2 0.7 ND 8.0 1.2 0.9 ND 9.8 1.4 0.9 ND 5.2 1.2 0.6 ND 4.9
1,2,3,7,8,9-HxCDF ND ND ND ND
1,2,3,4,6,7,8-HpCDF 2.4 2.7 ND 26 3.8 15.4 ND 280 2.4 2.4 ND 13 2.0 1.8 ND 14
1,2,3,4,7,8,9-HpCDF ND 1.0 0.2 ND 3.7 ND ND
OCDF ND 2.5 7.6 ND 140 ND 2.2 1.8 ND 18
Total PCDF 100 127.1 12 800 300.0  364.0 13.0 2600 36 13.8 15 86 38 13.3 18 82
3,4,4',5-TCB(#81) 5.8 3.9 ND 37 5.3 1.8 ND 24 5.8 3.0 ND 24 5.4 1.7 ND 14
3,3,4,4-TCB(#77) 9.0 18.6 ND 290 7.8 10.4 ND 150 8.6 5.4 ND 31 8.3 4.4 ND 21
3,3'.4,4',5-PeCB (#126) 95 88.7 ND 590 90  61.7 ND 430 120 83.6 17 360 110 78.9 26 520
3,3,4,4',5,5-HxCB(#169) 140 100.8 10.4 640 180  140.7 12 1100 69 27.4 32 160 60 26.3 16 190
Total Non-ortho PCBs 250  175.7 27.2 1100 280  165.5 36 1200 200 108.4 59 520 190 104.5 64 740
Total 1200 613.6 313 4500 1500 865.4 400 8600 1400 796.1 290 3900 1700 1175.6 550 8500
& [WHO-98] &
T PCDDs-TEQ 14 6.9 2.7 37 20 11.6 3.0 80 14 5.6 5.0 29 16 5.7 6.0 34
T PCDFs-TEQ 37 50.1 2.0 300 110 136.5 1.9 970 9.5 3.8 3.5 22 10 3.7 4.7 21
T Non-ortho PCBs-TEQ 11 9.5 0.6 62 11 6.6 1.2 44 12 8.5 2.0 38 12 8.1 2.9 54
Total TEQ(WHO-98) 62 58.0 5.8 330 140  147.8 6.4 36 16.5 12 83 38 15.5 15 100
& [WHO-05] &
T PCDDs-05-TEQ 14 6.9 2.8 38 20 11.7 3.1 80 14 5.7 5.1 30 16 5.8 6.2 35
T PCDFs-05-TEQ 23 31.3 1.4 190 69 86.3 1.4 610 6.2 2.5 2.3 14 6.8 2.4 3.1 14
T Non-ortho PCBs-05-TEQ 14 10.9 0.9 67 14 8.1 1.8 46 14 8.9 2.6 40 13 8.5 3.5 58
Total ~“TEQ (WHO-05) 51 41.4 5.5 240 100 100.1 6.2 730 34 159 11 80 36 15.0 14 98
Lipid (%) 0.33 0.05 0.20 0.53 0.34 0.05 0.23 0.64 0.32  0.05 0.22 0.49 0.33 0.05 0.24 0.47
Age (years) 65.9 14.7 32 95 67.9 13.6 37 98 68.1 5.0 60 79 68.0 5.7 60 86
(pg/g lipid)

CB : chlorinated biphenyl ; CDD : chlorinated dibenzo-p-dioxins ; CDF

: chlorinated dibenzofurans ; Hx : hexa ; Hp : hepta ; ND : less than the determination limit ; OCDD : octachlorodibenzo-p-dioxin ; OCDF :

octachlorodibenzofurans ; PCB : polychlorinated biphenyl ; PCDD : polychlorinated dibenzo-p-dioxin ; PCDF : polychlorinated dibenzofuran ; Pe : penta ; TCB : tetrachlorobipheny ; TCDD : tetrachlorodibenzo-p-dioxin ;

TCDF : tetrachlorodivenzofuran ; TEQ : toxic equivalent quantity.
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2,3,4,7,8-PeCDF

2tk (n=337) Bt (n=312)
A# Mean SD Min Max A¥ Mean SD Min Max
39 HELAT 4 22 21 11 53 9 7.2 3.8 3.0 13
40 1A% 39 21 21 2.9 110 47 16 13 3.8 85
50 AR 55 120 158 6.1 900 54 41 53 3.4 280
60 &AL 65 200 254 9.7 1400 57 60 82 5.5 510
70 AR 97 270 258 9.2 1800 79 110 120 6.5 560
80 FELL L 77 280 293 16 1200 66 93 100 7.6 520
&t 337 150 122 16 53 312 68 94 3.0 560
(pe/g lipid)
1,2,3,4,7,8-HxCDF
et (n=337) it (0=312)
A#  Mean  SD Min Max A#  Mean  SD Min Max
39 LU 4 7.4 5.1 3.2 14 9 1.7 1.0 ND 3.2
40 &A% 39 4.9 4.6 ND 25 47 4.1 4.0 ND 20
50 AR 55 25 41 ND 260 54 9.7 15 ND 93
60 &A% 65 54 93 2.1 550 57 13 17 ND 100
70 97 80 97 ND 580 79 25 38 ND 200
80 kLI E 7 83 107 3.4 480 66 21 24 ND 130
At 337 42 47 ND 580 312 12 14 ND 200
(pg/g lipid)
1.2,3.6.7.8-HxCDF
2tk (n=337) Bk (n=312)
A% Mean SD Min Max A Mean SD Min Max
39 LT 4 6.8 3.8 3.6 12 9 2.0 1.0 ND 3.5
40 AR 39 3.9 2.2 ND 13 47 3.8 1.9 ND 10
50 1At 55 11 13 ND 80 54 7.0 7.5 ND 48
60 AL 65 21 28 2.2 180 57 7.9 6.7 ND 38
70 et 97 28 28 2.2 170 79 13 13 ND 7
80 A LA E 7 29 31 4.7 130 66 11 8.8 ND 46
AR 337 17 13 ND 180 312 7.4 4.6 ND 77
(pg/g lipid)
3,3.4.4.5,5-HxCB(#169)
Zetk (n=337) B (n=312)
AN#  Mean SD Min Max A% Mean SD Min Max
39 LT 4 46 18 34 73 9 27 12 10 43
40 et 39 52 29 12 130 47 64 53 20 360
50 &A% 55 140 117 21 620 54 130 80 24 440
60 et 65 180 122 37 520 57 140 97 24 420
70 &A% 97 220 155 33 1100 79 190 111 36 540
80 HELLE 77 220 141 47 770 66 170 94 36 640
Gt 337 180 141 12 1100 312 140 101 10 640
(pg/g lipid)
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