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Abstract Follow-up survey of the blood concentration of polychlorinated dibezo-p-dioxin
(PCDDs), polychlorinated dibenzofuran (PCDFs), Non-ortho-coplaner PCBs (Non-Co-PCB), and
Mono-ortho-coplaner PCBs (Mo-Co-PCB) in Yusho patients is very important for their health
control. We determined the blood concentration of these dioxin-like isomers in 78 blood samples
collected in 2001 using by a high-resolution gas chromatograph/high-resolution mass
spectrometer (HRGC/HRMS) equipped with a solvent-cut large volume injection system
(SCLV). The accelerated solvent extraction (ASE) method was employed for the treatment of
blood samples. The method employed here can allow a reduced amount of blood collecting from
Yusho patients compared with the conventional method. In typical Yusho patients (Group A of
PCB pattern), the mean TEQ concentrations of PCDDs, PCDFs, Non-Co-PCBs, and Mono-Co-
PCBs in blood collected in 2001 were 36, 260, 9.3, and 64 pg-TEQ/g lipid, respectively. As well,
the toxic contribution of PCDDs, PCDFs, Non-Co-PCBs, and Mono-Co-PCBs in typical Yusho
patients (Group A of PCB pattern) were 10, 70, 3, and 17% of the total TEQ value, respectively.
The toxic contribution rate of PCDFs TEQ was still at high levels in relation to total TEQ in
typical Yusho patients as mention above. The Yusho patients showing B pattern also had the
same A pattern contribution rate. In the patients of group C, however, the mean blood levels of
dioxin TEQ in 2001 was two times those of the normal controls determined in 2000 in Fukuoka
prefecture. As well, the contribution rates were similar to those of normal subjects, although
some patients in this group showed a high toxic contribution rate of PCDFs TEQ in relation to
total TEQ. Thirty-three years had passed since the Yusho accident, and the total blood concen-
trations of PCDFs in the blood of Yusho patients were still higher than those of normal subjects.
Among the different groups of PCB patterns, the concentration of 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-
HxCDF and 1,2,3,6,7,8-HxCDF showed significant differences. These findings indicate that these
isomers are not metabolized in the human body since traces of them continued to be detected in
these patients since they had been contaminated by the rice oil in the original incident.
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Fig. 1 HRGC/HRMS SIM chromatogram of PCDDs and PCDFs in blood of Yusho patient
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Table 1 Conditions of SCLV injection system and HRGC/HRMS for PCDDs,
PCDFs and Non-ortho coplanar PCBs , ‘

GC

SCLV injection system (SGE, Australia)

HP-6890 (Agilent Technology, USA)

MS

Pre-column
Analytical column
Injector temperature
Oven temperature

300°C

AutoSpec-Ultima (Micromass, UK)
BPX-5: 5mX0.25mmXx0.25um (SGE, Australia)
BPX-5 :30mX0.15mm X 0.25zm (SGE, Australia)

80°C—20°C/min —320°C (5 min) —70°C/min —

180°C (1 min) — 5°C/min —320°C (2 min)

Interface temperature 280°C
Source type El

Source temperature 270°C
Electron energy 40 eV
Accelerating voltage 8 kV

Resolution

10000 (10% valley)

FETIEBC Y —>DBEV2H DR oT
Te DN BRI LTz, BERZ T XTHIE L2288
BEENLYDETRL:,

¥ TEQ VB IX A, B, CX¥ —VBIVE
HENBEOIEIZ % 2 370, 237, 66 38 £ UF 29
pg-TEQ/g lipids TH o7z, B, MEHDOT —
gL T EFECEMRCHEI N -BEE
DEELV LY 2V, A, B, C DIEICFEIE
BOBEELZRIBBD sl —H,C 8 =D
BEVAVEEIETHERLZGERBEZEDON
2METHolz, AN —VTERBEE LRI H
ERFERBEZEOZN LB L T12, BNy —
YOBERXT.6BERBETHo T,

BIREEI A2 & PCB /vy — 38 A QBLEIR
T BERTIZ, PCDDs 7% 36 pg-TEQ/g lipid,

PCDFs %2 260 pg-TEQ/g lipid, Non-ortho-Co-
PCBs 8 9.3 pg-TEQ/g lipid 8 & U Mono-
ortho-Co-PCBs 2% 64 pg- TEQ/g lipid TH -7z,
PCB/$% —># B DB ZE# Ti%, PCDDs 2827
pg-TEQ/g lipid, PCDFs #8169 pg-TEQ/g
lipid, Non-o7tho-Co-PCBs %3 8.9 pg-TEQ/g
lipid 8 X U Mono-ortho-Co-PCBs %5 32 pg-
TEQ/g lipid TH-o7:. PCB/¥F—>2CDE
BT, PCDDs 28 26 pg-TEQ/g lipid, PCDFs
16 pg-TEQ/g lipid, Non-o7tho-Co-PCBs %
13 pg-TEQ/g lipid 8 & f Mono-ortho-Co-
PCBs %8 11 pg-TEQ /g lipid TH o7z, C/¥F —
YOREBEHIOCTNWORIBEOBREZROKN 2 &
BETho, 2OLI1I, WEREFEMFOR
TEQEEIZI PCB /Ny — B CDEEZRE, K

Table 2 Conditions of HRGC/HRMS for Mono-ortho coplanar PCBs

GC

MS

Analytical column
Injector temperature
Oven temperature

280°C

HP-6890 (Agilent Technology, USA)
AutoSpec-Ultima (Micromass, UK)
HT-8 : 50mXx0.22mm X 0.25x¢m (SGE, Australia)

130°C (1 min) —=20°C/min —220°C— 3°C/min —

280°C—20°C/min —320°C (2.5 min)

Carrier gas

Interface temperature 280°C
Source type EI

Source temperature 280°C
Electron energy 35eV
Accelerating voltage 8 kV

Resolution

Constant flow 1.3 mL/min (He)

10000 (10% wvalley)
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Table 3 Concentration of PCDDs, PCDFs, Non-ortho-Co-PCBs and Mono-o7tho-Co-PCBs in blood
of Yusho patients and normal subjects (pg/g lipid)

Pattem A (N=20)

Pattem B (N =31)

Pattem C (N=25) Normal subject (N=152)*

Congeners

Mean Min. Max. SD Mean Min. Max. SD Mean Min. Max. SD Mean Min. Max. SD
2,3,7,8-TCDD 1.4 05 3.6 09 15 05 3.6 09 24 05 41 1.1 1.9 1.0 50 0.8
1,2,3,7,8-PeCDD 25 5.5 53 14 18 4.9 47 11 19 3.3 32 8.1 57 1.7 15 2.3
1,2,3,4,7,8-HxCDD 1.4 10 40 09 19 10 6.2 15 35 1.0 6.6 1.8 34 1.0 9.3 1.7
1,2,3,6,7,8-HxCDD 93 19 230 56 57 11 141 34 28 4.4 46 11 20 4.4 45 9.6
1,2,3,7,8,9-HxCDD 4.0 1.0 6.9 1.5 4.5 1.0 11 2.6 5.2 1.0 11 2.5 3.7 1.0 10 1.9
1,2,3,4,6,7,8-HpCDD 19 5.4 35 7.1 22 5.6 52 13 39 6.5 144 30 20 5.1 96 15
OCDD 419 175 744 168 484 137 1231 284 1109 252 6226 1176 371 49 4200 529
2,3,7,8-HCDF 2.7 0.5 14.4 3.2 1.3 0.5 6.2 1.3 1.7 0.5 13.8 2.9 2 1.0 5.7 1.2
1,2,3,7,8-PeCDF 1.1 0.5 2.8 0.8 0.8 05 21 05 1.4 05 4.2 1.1 2 1.0 8.8 1.7
2,3,4,7,8-PeCDF 476 29 1771 404 312 10 1139 263 27 6.7 118 22 8.3 2.2 26 4.4
1,2,3,4,7,8-HxCDF 159 6.1 632 148 98 2.9 536 111 8.4 2.0 43 7.9 5.1 1.3 29 3.0
1,2,3,6,7,8-HxCDF 56 5.5 176 44 32 1.0 143 30 7.1 2.4 18 3.0 4.4 1.9 18 2.0
2,3,4,6,7,8-HxCDF 1.4 1.0 26 0.7 16 1.0 48 10 21 1.0 6.3 15 ND ND ND -
1,2,3,7,8,9-HxCDF 1.1 1.0 2.3 0.3 1.1 1.0 21 0.2 1.1 1.0 2.3 0.3 2.6 1.0 14 1.5
1,2,3,4,6,7,8-HpCDF 4.4 1.0 10.8 2.6 39 10 105 25 35 1.0 8.2 1.8 5 1.4 39 5.0
1,2,3,4,7,8,9-HpCDF ND - - - ND - - - ND - - - 2 1.0 3.5 0.7
OCDF ND - - - ND - - - ND - - - NA NA NA -
344'5-TeCB (#81) ND - - - ND - - - 5.5 5.0 18 2.7 58 1.5 22 4.4
33'4'4-TeCB{#77) 86 5.0 26 55 7.4 5.0 6 3.3 7.0 5.0 17 3.5 NA NA NA -
33'44'5-PeCB (#126) 56 31 136 28 69 24 211 3% 120 18 320 71 82 10.0 430 79
33744’55'-HxCB (#169) 371 147 964 215 204 48 428 97 83 31 175 38 45 9.8 160 30
2'344’5-PeCB (#123) 160 77 328 69 245 104 778 134 552 87 1506 341 431 1.0 2600 433
23'44'5-PeCB (#118) 10860 5082 25626 5595 16418 5598 49691 9899 28066 5547 67046 14348 10766 1400 60000 9576
2344’5-PeCB (#114) 4034 688 13765 3264 3289 537 8731 2086 2005 524 3897 981 803 93 3800 658
233'44’-PeCB (#105) 2036 1062 4538 986 3237 893 9292 1940 5404 1214 17245 3322 2706 320 18000 2673
2344’55 -HxCB (#167) 3498 1198 10192 2145 3680 1224 10548 2133 4082 1028 8736 1828 1771 260 7800 1390
23344'5-HxCB (#156) 93807 33115 278961 68790 42495 5514 107683 24890 10857 3882 22355 4999 4452 690 16000 3112
233'44’5-HxCB (#157) 26280 9145 76339 19152 12552 1886 34957 7887 2906 1070 6421 1321 1141 170 5300 833
233744’55'-HpCB (#189) 9879 3768 26812 6210 5189 665 12141 2898 1180 356 2889 661 543 83 2100 388
Total PCDDs-TEQ 36 8.2 70 18 27 9.9 56 13 26 5.7 42 9.7 11 4.0 26 4.2
Total PCDFs-TEQ 260 16 967 219 169 6.0 639 145 16 4.1 65 12 58 2.0 21 2.8
Total PCDDs/PCDFs-TEQ 296 24 1037 231 196 21 686 153 42 12 96 18 16 6.4 41 6.8
Total Non-ortho-coplanar PCBs-TEQ 9.3 4.8 19 3.7 89 2.9 25 4.0 13 2.2 33 7.3 80 0.3 44 7.9
Total Mono-ortho-coplanar PCBs-TEQ 64 23 186 46 32 5 74 17 11 3.7 21 4.5 4.6 1 19 3.5
Total Co-PCBs-TEQ 74 27 202 48 41 8 84 19 24 6.7 50 11 13 2.4 63 11
Total TEQ(DD/DF/Mono & Non-Co-PCB) 370 57 - 1221 270 237 34 765 166 66 19 119 25 29 9.9 100 17
Total PCBs(ng/g lipid) 1220 454 3164 610 1097 192 4872 933 624 222 1063 233 - - - -
lipid (%) 0.35 0.23 0.47 0.061 0.37 0.25 0.56 0.080 0.33 0.20 0.50 0.065 - - -

ND: Not detected NA : Not available

% : Cited from Masuda. Y. et al.: Organohalogen Compounds, 55, 2267,2002.
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Fig. 2 Histogram of total TEQ in Yusho blood of each PCB pattern and normal subjects
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