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Investigation of PCB Pollution Evaluation for Yusho
Victims Using Their Preserved Umblical Cord

Hideaki Mivata, Osamu Aozasa, Teruyuki Nakao and Souichi Onra

Faculty of Pharmaceutical Sciences, Setsunan University, Osaka 573-0101

Abstract PCB and dioxin-like PCB (DL-PCB) in 28 umbilical cords preserved from the time when 3
Yusho victims and 11 healthy subjects gave birth were examined in order to investigate the pollution
evaluation with both the compounds in Yusho victims on the basis of the analytical value. As a result,
in a period of 1968 to the 70s immediately after Yusho incident, the total concentration of the 12
DL-PCB isomers in both the Yusho victims s and healthy subjects was very high. After that, the total
DL-PCB concentration decreased temporally. However, there was not observed a significant
difference in the concentration and composition of both contaminants between the two groups.
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Table 1 Sample list (Yusho victim)
Preserved .
Sample donor umbilical .Newborn Delivery
infant sex year
cord sample

A : Designated A-1 Female 1989

Yusho victim A-2 Male 1998

B Designated B-1 Male 1968
usho victim

C-1 Female 1958

C : Suspected c-2 Female 1959
Yusho victim

C-3 Female 1962

Table 2 Sample list (Healthy subject)

Preserved umbilical
cord sample

Sample donor Delivery year

D D-1 1962
E E-1 1971
P F-1 1977
F-2 1974

G G-1 1985
G-2 1981

H H-1 1987
I I-1 1989

1-2 1995

J-1 1967

J J-2 1969

J-3 1972

K K-1 1986
L-1 1993

L-2 1981

L L-3 1983
L-4 1974

L-5 1995

L-6 1977

M M-1 1968
N-1 1968

N-2 1995
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Preserved umbilical cord (0.3~0.6 g )

Cutting

Powderization
Powdered sample

Extract

Eluate

Final cleanup extract (20 ¢ L)
|

Surface washing with acetone

AgNO,/silica column cleanup (1 g)
Elution solvent 20 mL of n-hexane

185

Addition of anhydrous sodium sulfate (0.1g)

Addition of twelve '3C,,-DL-PCB internal standards for cleanup spike
Reflux extraction for 5 hrs. with toluene
Concentration and replace with n-hexane

Concentration and replace with n-nonane
Addition of four 13C,,- internal standards for syringe spike

HRGC/HRMS EI-SIM analysis Resolution:10,000)
Fig. 1 Flowsheet of analytical method for PCB and DL-PCB in umbilical cord

F¥x1)7—HZ:He (1 mL/4)
A 7 YRR 280C
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Table 3 Concentrations of DL-PCB isomers in preserved umbilical cords from Yusho victims

(pg/g)
Designated Yusho victim Suspected Yusho victim
DL-PCB
A-1 A-2 B-1 C-1 C-2 C-3
TeCB 3,4:4',57 (#81) 15 — 17 — 35 41
33.44- (#77) 14 31 140 69 570 80
2.344'5- (#123) 29 19 270 38 61 8.3
2.344'5- (#118) 190 59 5400 290 2300 510
PeCB  23445- (#114) 15 3.7 460 18 110 23
23,344~ (#105) 63 29 3500 150 1300 270
3.3'4.4'5- (#126) — — 58 — 11 —
234455 (#167) 15 85 400 11 100 29
HxCB 23344 5= (#156) 27 31 1000 21 250 70
23344 5'- (#157) 15 16 320 89 78 23
334455~ (#169) — — 24 — — —
HpCB 2334455~ (#189) 46 — 110 — 13 —
Total concentration 350 150 12000 570 4800 1000
— : No detection
Table 4 Concentrations of DL-PCB isomers in preserved umbilical cords from healthy subjects
(pg/g)
DL-PCB D-1 E-1 F-1 F-2 G-1 G-2 H-1 -1 1-2 J-1 J-2
#81 48 480 36 — — — — — — 47 13
TeCB
"7 120 4600 51 22 32 — 27 20 13 820 260
#123 20 400 7.0 54 50 74 23— 1.6 130 37
#118 1050 9300 420 320 300 330 140 170 85 6600 2100
PeCB #114 65 650 22 21 77 230 8.8 11 6.5 340 100
#105 390 6000 170 120 110 180 56 55 30 2600 800
#126 — 43 — — 44 — — — — 26 7.3
#167 50 310 20 25 17 18 14 13 41 360 82
HxCB #156 79 830 51 50 37 34 39 21 13 830 180
#157 33 220 19 12 15 95 16 8.2 46 260 50
#169 — — — — — — — — — 3.3 17
HpCB #189 — 43 — — 46 — — — — 24 —

Total concentration 870 23000 760 580 530 800 310 300 160 12000 3700

— : No detection

Table 5 Concentrations of DL-PCB isomers in preserved umbilical cords from healthy subjects

(pg/g)
DL-PCB 7-3 K-1 L-1 L-2 L-3 L4 L-5 L-6 M-1 N-1 N-2
#81 24 — 25 — 1.7 1.6 — — 42 1.9 2.0
TeCB
#77 230 14 27 18 18 6.4 15 150 110 21 18
#123 33 — 4.3 2.2 3.3 1.1 — 5.4 47 7.6 2.1
#118 1700 170 230 150 170 47 73 310 1600 310 64
PeCB #114 72 8.5 17 9.4 11 2.9 6.7 16 180 21 7.0
#105 760 61 74 66 60 20 39 190 550 120 35
#126 13 — — — 25 — — — — — —
#167 120 19 36 6.4 11 3.8 4.3 14 160 15 3.7
HxCB #156 230 47 96 23 26 14 12 30 210 45 8.7
#157 120 13 22 7.1 8.4 2.8 7.5 19 99 14 5.4
#169 — — — — — — — — — — —
HpCB #189 21 — 22 — — — — — 18 — —

Total concentration 3400 330 540 280 310 100 160 730 3000 560 150

— : No detection




PRAF S Wi & AU L 72 PCB 15 4R 187

25000
> = | | -
Cy (n=28) (n=26)
£
= 20000
2
B
§ 15000 |
3 . A . A
i1}
O 10000
e
a . A
©
= 5000 u
° % A
¢ n
0 $ ] I ‘ ]
Designated Suspected Healthy Designated Suspected Healthy
victim victim  Subject victim victim  subject
(n=3) (n=3) (n=22) (n=3) (n=8) (n=15)
Yusho victim Non-Yusho Yusho victim Non-Yusho
l victim ‘ ‘ victim l
This study The 2006’s study?

Fig. 2 Comparison of the total DL-PCB concentration in preserved umbilical
cords from Yusho victims and healthy subjects

<& Designated victim (n =3) <& Designated victim (n =3)
m Suspected victim (n = 3) m Suspected victim (n = 8)
A Healthy subject (n = 22) A Healthy subject (n = 15)
5 25000
] N This study The 2006’s study®
= 12000 - A n=26
S 20000 (n=28) - ( )
K] 10000 -
€
8 15000 8000 -
8 i A
o L 4
6000 -
[}
o 10000
o
A 4000 A
2 A
- |
2 s000° Aa 2000 - M 23
- A o
mm A A s
0— A A A 0 T T T \A ‘ 4’“
1940 1950 1960 1970 1980 1990 2000 1940 1950 1960 1970 1980 1990 2000
Delivery year Delivery year

Fig. 3 Comparison of the total DL-PCB concentration in preserved umbilical cords from Yusho
victims and healthy subjects
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Table 6 Comparison of the peak area ratio of PCB#118-/PCB#153 and PCB#156-/PCB#153 in Yusho victims and

healthy subjects

[The result of this study]

Yusho victim (n=6)

Peak area ratio

Healthy subject

Designated victim Suspected victim (n=22)
(n=3) (n=3)
PCB#118/PCB#153 1.8 (0.44~4.2) 2.4 (0.20~2.8) 1.6 (0.17~4.2)
PCB#156/PCB#153 0.25 (0.09~0.51) 0.17 (0.10~0.23) 0.15 (0.04~0.23)

Total DL-PCB (pg/g)

4200 (150~12000) 2100 (570~4800)

2400 (100~23000)

[The result of 2006's study®]

Yusho victim (n=11)

Peak area ratio

Healthy subject

Designated victim Suspected victim (n=8)
(n=3) (n=8)
PCB#118/PCB#153 8.0 (4.5~12) 3.9(1.1~5.9) 2.1 (0.98~4.4)
PCB#156/PCB#153 0.29 (0.21~0.36) 0.21(0.06~0.40) 0.10 (0.06~0.20)

Total DL-PCB (pg/g)

6500 (2000~11000) 560 (130~1400)

3900 (680~12000)

Table 7 Comparison of the peak area ratio of PCB#118-/PCB#153 and PCB#156-/PCB#153 in Yusho victims and

healthy subjects with a high concentration

[The result of this study]

Yusho victim

E-1 (Healthy subject)

Peak area ratio - —
B-1 (Designated victim)

C-2 (Suspected victim)

PCB#118/PCB#153 4.2 2.8 4.2
PCB#156/PCB#153 0.51 0.23 0.23
Total DL-PCB (pg/g) 12,000 4800 23,000

[The result of 2006's study”]

Yusho victim

D-1 (Healthy subject)

Peak area ratio

(D-1 (Designated victim)

(@-1(Suspected victim)

PCB#118/PCB#153 4.5 4.6 3.8
PCB#156/PCB#153 0.21 0.40 0.20
Total DL-PCB (pg/g) 11,000 1,400 12,000
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Designated Yusho victim
DL-PCB: 12,000 pg/g
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Suspected Yusho victim
DL-PCB: 11,000 pg/g

B-1 C-2
2z 2
£ Z
#77
#77 !
R bl T
110 120 130 140 150 160  17.0
10 120 130 . t14.or -:_-5.0 ( ']6.)0 17.0 Retention Time (min)
etention Time (min
Healthy subject Healthy subject
DL-PCB: 23,000 pg/g DL-PCB: 12,000 pg/g
E-1 J-1
2 2
£ E
#77 477
1.0 120 130 140 150 160  17.0 10 120 130 140 150 160 170

Retention Time (min)

Retention Time (min):

Fig. 4 HRGC/HRMS SIM chromatograms of TeCBs in preserved umbilical cords from Yusho
victims and healthy subjects with a high concentration

Designated Yusho victim
DL-PCB: 12,000 pg/g

Suspected Yusho victim
DL-PCB: 11,000 pg/g

#118
B-1 C-2
#118
> #105 %‘
3 =
2 £
= #105
’ 14.0 15.0 16.0 17.0 18.0 N 14.0 15.0 16.0 17.0 18.0
Retention Time (min) Retention Time (min)
Healthy subject Healthy subject
DL-PCB: 23,000 pg/g DL-PCB: 12,000 pg/g
E-1 #118 J-1 #118
‘% I\A #105 é #105
14.0 15.0 16.0 17.0 18.0 14.0 15.0 16.0 17.0 18.0

Retention Time (min)

Retention Time (min)

Fig. 5 HRGC/HRMS SIM chromatograms of PeCBs in preserved umbilical cords from Yusho
victims and healthy subjects with a high concentration
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Designated Yusho victim
DL-PCB: 12,000 pg/g

75

B

1320 3%

Suspected Yusho victim
DL-PCB: 11,000 pg/g

= 2
E E
15.0 16.0 17.0 18.0 19.0 20.0 21.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0
Retention Time (min) Retention Time (min)
Healthy subject Healthy subject
DL-PCB: 23,000 pg/g DL-PCB: 12,000 pg/g
E-1 J-1
2 2
5 :
£ £

#167 #156

}

18.0 19.0 20.0
Retention Time (min)

15.0

16.0 17.0 21.0

#157

#167 #156
| mst

18.0 19.0 20.0
Retention Time (min)

15.0

16.0 17.0 21.0

Fig. 6 HRGC/HRMS SIM chromatograms of HxCBs in preserved umbilical cords from Yusho
victims and healthy subjects with a high concentration
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