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Foreword

Masutaka Furue

Chief, The Study Group for “Yusho”
(Granted by The Ministry of Health, Labour and Welfare)
and Professor, Graduate School of Medical Sciences, Kyushu University

JE A 57 S S EME R R BT DG £ D 55 20 21070 D % U7z, SRk 15 FERE & SRR 16 4R OBFFERR
O N LTBBU L 3. MEIXEM 43 FIcH HAR—R O R L ERO /2 53, Bk L
THEAINTW: PCB DIRBALZERKG»MZRBIRL: 2L > TR I >T-BYHERGTT. 20
B, R L > TPCDF 2 EDF A A F Y VEHBBAL T2 D& Do, MEIX PCBEHE Y
AL Xy X 2EETETHo I 2 EMNEHES L L e, ERZ TR, T o PCB % A,B,BC,C
DADDNY — L THRESINTE £ L7, PCBIRER E 2 b BREEEICH®E T 2 PCB OER
HYETOCT, FRMIZHENKT 2 2 LR A XY — 2 EfEFEH BRI TE RN CNY —, ZOH
IO B &2 Wix BCXY — > T3, BEFHEL S 5 F1< o 0nh o JIENTTEEIC & - TUKR Z O TS
BIbh & E L. Z0%, PCQ & MHEIC BRI S 15 Z L VA L 2IEHE cinb v
FlL7c, FAAFY VEHRIMFIZ I bFPicLrEEN T WwiDIiZ, ZOERIRE R TL
28, R OWSEIEN TORMBRIC L D DL WIMRE THEEOH 2 54 4 F > VEUENIREL 20,
TR 13 FEE IR B OMEZ T/ vy MIICHEE 217V, 14 FELIRIZ2EOMZ CHIE BB L £ L
2. TS DT —F I NG M EOHE» ST L £ LTz, F OFSE, Mk 2,3,4,7,8-pentach-
lorodibenzofuran (PeCDF) {228 BRI ¢ 2 2 L3 L5 2 o, HIELWEEHE CFk 16 £ 9
A 29 HfHE) 23 72 B & L g Uiz, ARFEICIE C OO OFERLEESRHE L TEEvonTn
ES

BE I AORBERE L EFEMEROBO L LT, V14 FE» SMEMHKE Y AT A% BT % Lk,
HWEMK B IRZ COEERE, BiEPFRC L 2MBOHEEZMN R E2Tr0ET. 25LTHLTD
TEHY FTH, BEEDHR EORFPEADOHLEUNLEY, ZhETOWMFRPTOY A 4 F
VHEEORE NS, HEHED R DB T EACHEEND D LI RENXDH Y £ § . MEHKEOHEICL -
T, MEDBEICRWELZILRBEELEDOBTFIAIEEZIZDSNEHATL.

REHBDTTR £ DA T2, B T2 EEf#EWLE L. ZOBRIC, BEHEIC K 2HEEIC
Lo TERRIMF DS A F F ¥ VEHZETEREILRFTERVRLEWLIEIERZ VIS E L. K
17 FELIREL, WRCHTTLo» D & LEBRERZIT RV nwEeH 2 TEY £, BERZ IS
TRV TWEBEZEDFRCHLEL EF T L& bic, MERZICBNREZ 20V TWIHED
iz, LU TEFSEHYREOERIC ORI T E T,

A mass poisoning, involving at least 1860 individuals, occurred in Kyushu (Western Japan)
in 1968. The incident is called Yusho, oil disease, as it was caused by ingestion of rice bran oil
that was contaminated with Kanechlor-400, a commercial brand of Japanese polychlorinated
biphenyls (PCBs). It was later found the rice oil had been contaminated with not only PCBs but

(1)
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also polychlorinated dibenzofurans (PCDFs), polychlorinated quaterphenyls (PCQs) and others.
Yusho is, thus, recognized as a poisoning by a mixture of PCBs, dioxins and related compounds.
For more than 35 years the patients have been suffering from various symptoms such as general
malaise, headache, acneform eruption, dark-brownish nail pigmentation, increased discharge
from the eyes with swelling of eyelids, pigmentation of oral mucosa, peripheral neuropathy,
irregular menstruation in women.

Chromatograms of blood PCBs have been classified into 4 types: Type A, pattern character-
istic of Yusho; Type C, pattern commonly observed in the general population; Types B and
BC : intermediate patterns between Types A and C. A method for quantification of PCBs in the
blood was developed after 1973, five years after the first case of Yusho. The blood polychlor-
inated quarterphenyls (PCQs) levels were then added to the diagnostic criteria of Yusho as a
relatively specific marker. Although the blood levels of dioxins were very low, we recently
developed a new method of determining the blood level of dioxins; this new method has
increased sensitivity and can detect low levels of dioxins in 5 to 10 ml of blood. In 2001, we
analyzed the level of blood dioxins in patients in the Fukuoka area as a pilot study, and then
expanded the screening of dioxin levels to all Yusho patients from 2002. After the evaluation
of validity, sensitivity and reproducibility of the blood levels of dioxins, we added the blood
levels of 2,3,4,7,8-penta-CDF in the new diagnostic criteria in Sep. 29th, 2004.

The clinical and basic studies and follow-up of patients conducted by this study group are
extremely important not only for supporting patients’ health but also for understanding the
possible prolonged effects of exposure to PCBs and dioxins in humans. From this point of view,
a patient-consultation system for Yusho has been established from 2002. The Yusho consul-
tants keep in touch with the patients by direct interview, by phone or by mail. In some cases
of dioxins and dioxin-related compounds exposure such as Yu-cheng, Seveso, Russian and
Austrian chloracne cohorts, there was a significant reduction in the male-to-female sex ratio in
children born to men who had been exposed to dioxins and dioxin-related compounds before age
20 years or in their early 20s. However, in Yusho, the sex ratios of children born to men
exposed before age 20, men exposed after age 20, or to parents who were both exposed were not
significantly different from the expected sex ratio of 0.514.

Patients with Yusho still complain various subjective and objective symptoms. We are now
willing to conduct a clinical trial using several Chinese herbal drugs. We very much appreciate
the contribution and participation of the patients in health examinations for follow-up of Yusho
each year. [ also deeply thank all of the members of the study group and the Japanese Ministry
of Health, Welfare and Labor for their efforts to help and support patients’ health and well-
being.
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1968 4, KRV HFALE 7 = =)V (PCB) FEm o b N —m CHAEL, REBEHRIL 1860 LA ETH -
7z, FREAH 70— (FEREFEEYE L PCB ORGMA) BMIBASNIIA4 AA A VERRHE LT
BRU77DICRELTDT, MELFFEN TS, ZDF7 1 A4 ANV PCB 2 T#% <, PCB DN
BUc L O RELLRVEEY XY 75> (PCDF) 8X UKV A —% 7= (PCQ) b&ENT
WIZENRIC R > T Tz, fGJE, WEIX PCB, PCDF, PCQIEEWIC X 2H#HETH > 7202, HiiE#
FHPER L7z PCB, PCDF @ 30 £ EOEMEIC bz 24N DZEE B L 2 k) BRI O nw T
HBaid 5.

1. HESENIERL -SHILED

TA AL ANEIEFEAL CHEAL TOMERSE 41 ZOFEICE S &, 74 AL A VOLEREIX
1 A%720 688ml TH Y, FERPRONCENS £ TOBWRBBCB T 2—AD2D DT A4 A4 A VB
X506 ml TH-729, 74 A4 A VD PCBs, PCDFs ¥ & UF PCQs DI DOF-HHMEIZ FnFh 920, 5 B
U866 ppm THo7z:DT, BHE 1AL Do DIEEYOLEBINE I ZNZ N 633, 3.4 8 X U596
mg TH Y, BRI OEGEIEIZZ N TN 466, 2.5 8L 1439 mg THo Tz, w/INMEIE THIEL /-
b HEBEOERMBED 7 4 A4 A VEBREZZhZR 111, 0.6 BX U 105mg LetE &Nz, 74 A4 A4
NRDY A A F v rEEELE (TEQ) 130.98 ppm THY, 74 AAX A NVDHEIF0.92 THo>72DT,
—AH720 O TEQ EHBHEIZ LM TIX 0.62mg TH Y, BAIAKITIX0.456 mg L H#EE SNz, Tablel
WIE— A7 DT A A4 A VIEE, TEQ BRES X UZ0R/MERER 2 LD TRLTW 5, R/INE
HETHAELH 2 HE ((KE6kg) OERIAM 135 HIgB T2 74 A4 A WVIBREIZ 235 ml TH- 72
DT, HAEL kg, 1 HY72 0 o TEQ EEE X 28ng / kg / day & & - 7z, MHEOEGEE B & Mk + PCB
BEEEEDOIAAFANVEEINE L IEBEOIEOHEZR U722, KE1 kg K720 0 1 HEBIE L IX
BEOHBEZRE G- Y, 202 LIFEBIE N PCB %X, EEICEKRERENDD, ZDOBRERD
BIRE R Z IR THEDIERE Db S bz bDEH 2z onb, BEOEEE2ZHE T 2HICIE, Th
FCIEWMLL TEQ D1 HY 7 D EEE LD b 2R TRHEiT 2 A8 L WiGEDDH 5,

2. CHEBEDE#ES SUMRFOEHEME

1. PCBs

M D PCB BT & 2 L 9178 5 7e DIFMER A2 5 5 FF@E L7z 1973 FFE» 6 TH 5. £ Dtk
%< DIERE B L —RADIMK S L OO PCB 20 & Twizidwniz, Siziho ThroS
T, WEEZOIMES L T O PCBEEIMADZNSDEEOL T 2 ~3ERETHY,
KREBEEZZ R Lo, Lo, HEBZEDO PCBAAZ 0~ b7 I 488 —Vid—RADZF L IZRx
25D TH-72Y, WEBZEPCBOAAZu~x s I4FA, BBLIUOCOIEEDY 4 7 IcsEsh
. bbb, ¥4 7 A HIEREICRER PCBY A 7, ¥4 7 B ERE & —RADFED PCB ¥
A 7BEVY A 7 CER PCBIERICIBEI N TOUARL—RAIC LIS ES5N2 PCBOA X7 o< b

(3)
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Table 1 The estimated intakes of rice oil and TEQ by Yusho patients

Intake Rice oil TEQ

Average total intake per capita 688 (195-3,375) ml 0.62 (0.18-3.04) mg
Average intake during latent period 506 (121-1,934) ml 0.456 (0.11-1.74) mg
Average daily intake 0.171 (0.031-0.923) ml/ kg/day 154 (28-832) ng/kg/day
Smallest intake during the latent period 121 ml 0.11 mg

Smallest daily intake during the latent period 0.031 ml/kg/day 28 ng/kg/day

Data are shown as mean (range) for the 141 patients.
The TEQs are calculated by 0.98 ppm in Yusho oil and 0.92 of oil density.
(Quoted from Dioxins and Health?, pp855-891, John Wiley & Sons Inc., 2003.)

PIRIA T, THDO, BEMEREZEORTIA T ADHAZa~ b7 5 5 PCB/SY —> &Ry ADIfL
Wi PCBIEE XY 4 7 C TH B —RADIMET PCBIEE XD b FEICEHWIREETH Y, ZIZBHEE T
nTnwd, 94 7 AMEERED PCBAAZ 0~ 77 ADFREIZ 2,3 ,4,4,5-pentaCB  (PCB #
118) PR ASELIRHNCAR L, 2,3,3,4,4,5-hexaCB (PCB #156) DIEEN—MAD % DEE L D BEICH
BEEWIETHED, WELRZFPCBOY A7 0~ N7 T L85 — 28 L OIEE IXHMEBE O K6 EEE,
MEF Y 7V 274 NBESE LSHBEL TW30T, HESHEED—D L L TRASLTW S,
M+ PCBEEMIEFE CEm Y, FHEEHEEZOGEMERE 34 (PCBIEE [ 156-397 ng / g-blood)
DI PCB #E 2 RHMEIE S € Twic 2 &, AMRICB 1% PCB O %2Rk 72, GEMERED
5413 PCB#118, 2,2,4,4,5,5-hexaCB (PCB#153) X 0" PCB # 156 O3 2 2 1.6,
4.2 BELUL3FELFIHE SN (Table 2)¥, M 14 F&EE L 72 1982 F LA OFEMIMEBRE D X 5 12
PCB #5353 ng / g-blood FRFFICK L 225 1254 T, #HiF 3 D PCB BEMEA OB Zh T h

Table 2 Biological half-life of PCDF and PCB congeners in Fukuoka Yusho and Taiwan Yucheng
patients

Half-life (Years)

Yucheng patient Yusho patient
0.6 ~15.6 years after onset 14.0 ~ 29.1 years after onset
BS SS RK Median KK TS YUM TH HH Median
2,3,4,7,8-PentaCDF 2.7 3.6 2.9 2.9 14.3 7.7 6.1 5.2 11.4 7.7
1,2,3,4,7,8-HexaCDF 2.7 3.6 3.5 3.5 6.5 4.5 3.9 5.1 6.9 5.1
1,2,3,4,6,7,8-HeptaCDF 2.6 2.5 2.2 2.5 6.6 2.6 3.5 3.5 3.4 3.5
Average 2.7 3.2 2.9 3.0 9.1 4.9 4.5 4.6 7.2 5.4
2,3",4,4’,5-PentaCB 1.6 1.9 1.5 1.6 19.5 6.9 33.7 17.6 10.4 17.6
2,2’,4,4' 55 -HexaCB 3.4 4.2 4.2 4.2 9.1 7.4 16.0 12.9 7.4 9.1
2,2',3,4,4' 5’-HexaCB 4.4 4.5 5.5 4.5 12.8 8.9 13.7 31.0 9.5 12.8
2,3,3,4,4' 5-HexaCB 3.8 5.6 5.3 5.3 9.4 85 21.5 13.2 14.4 13.2
2,2,3,3",4,4’ 5-HeptaCB 4.7 6.0 5.9 5.9 18.4 12.3 -237.5 13.3 443.7 18.4
2,2,3,4,4'5,5'~-HeptaCB 4.3 6.0 6.0 6.0 16.7 12.2 20.4 10.3 224.6 16.7
Average 3.7 4.7 4.7 4.6 14.3 9.4 21.1 16.4 118.3 14.6
except
-237.5

(Quoted from Dioxins and Health?, pp855-891, John Wiley & Sons Inc., 2003.)
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17.6, 9.1 BX W 13.2fF 7% D, PCB IZMAEANFIIL 10 FLAE EFEFICW - < DA L Twiz (Table
2)%, BEBEMEBRFEICEWT, PCB#118 OAEMENEIHIZMO PCB #MEAE LD /NS 1.64FETHD,
% PCB EMAARD M 13 245 10 ERE U R A TIE—RADIRE L D &L Bolz, Z0HD
HEBH MW O PCB# 118 3— AN A BT 2 FIC L VENICIDIAE N b ORI % H D T
WwaEBbhs, 20X 512 PCB#118 OAENEEIH ) PCB SR L 3 RE {Ex 2 L 2 b5, il
ERZFCBOWCMET PCBOA A 270~ NI AR = BEED DI L ICKELEELTY
2rFEz o5, ZOHFPIIMEREL PCB & —#EICHER MmO EREF LR Th 5 PCDF 2B L 727
DI IslebDeFEzonTw, MEEFIMEF PCB DS b THWIRE TR SNzDI1X PCB#
156 TH 5. 2D PCB EMEAKIZ T v + DIFIfIC B W THRWEBERFEER 2R L, £z, FROZEHER b 72
5310 T, S iz PCB &2 EAKRD 5 6 Tl bisWilEEROFREYE TH 2 L F 2 6 Tw 5,

HEBRFICERE NI T4 A4 A VDOFD% L O PCB B MAD S b, HESICBE MBS EiEE
THRHEINZ L DIZbTHLEEETH 5. K450 PCB BRI 1 £LNICEEEN D S HEHE S iz v,
R & AL PCB (OH-PCB) F7:1Z X F VA& > PCB (MeSO,-PCB) 2ZfhL Tw5, 74
AFANFDPCB»SELT &H 2 515 MeSO,-PCB S HISE B DM X 0 RH & iz,
MeSO,-PCB D~ — A Ml (0.67 ppm) O AWM (0.07 ppm) LD b@Eho7z. I
S OEE, Milks X CIEHEED PCBEENSZIZ 0.8 B XU 1.3 ppm THh- 72D LIFHBEHTH
%, % MeSO,-PCB MK AR BT RO 223 Tw3 E-bh s, 5-MeSO,-
3,3,4,4tetraCB  (5-MeSO,-PCB#77) 1, #1558 ¥ 72 bV Y NEROMfaEEICE W T,
2,3,7,8-tetraCDD (TCDD) THi® - T XIZFRICHE S & - FHEREKZKERLEESE (AHH) %4
CPHF L, 20 5-MeSO,-PCB#77 1%, &K (Ah) BZME~ Y ADF I 70y —AcBWT, X
FNAT AV THERESN: AHH EEREET 225, AhFEBSZE Y 7 ADOR UCBHEE R HES ¢
7217, 3-QLIC X F IV AV R Y EDEIE e 3-MeSO,-PCB 3 2521 2R1OKRZE/PCB XD & 7 2
JEVYN-TRAFIT—X, T-ZhFYVINT 4 -0-TIZF7—EBIURYVE VLV U KBILEESR 58
{HFEXEDLHLDNHoT. LirL, 4-MeSO,-PCB 32N o DEERZFHE L koo 7219, HIERE DR
BERRE AR IcBER S T b MeSO,-PCB I X W B {E &S LT 2 AJREMES B 5,

Bl D—R A B X OHE B FE O H» > OH-PCBs %21 0.2 BX 10 0.4 ng/ g-blood i & h
7219, COMEBEIREPCBEEDZNZTNL/5BLU1/TICHB L, 75 OERBFEHIERERD
FrAE RO OH-PCB 8L U<y 7una 7 =/ —)v (PCP) ODFEEIZ 7 ) — A 0 F & VB LIX
HFHEBARAR CTH o7z, ThiEInsD7 =/ —MEEVIDFEROI A ax v RV E AREEESE
ZAREEDIDH 5 Z LR LT W B2, 72/ —WEEWE T VAV A VT Y ICEAENCHEEL T M u
FUUMRE RS E TV EY, HIRL 725 v b icC 3% 4-0OH-2,3,3,4’,5-pentaCB  (4-OH-PCB #
107) 2853 % &, BIFIEOY A v ¥ MRBEE2ZFL D S8, BEFOE, Ik, Mm%z 4-0H-PCB
#107 EE SN2, (KIEEE (0.1nM) @ OH-PCB ZEEOMIEOR#HERICE 22 9404 Rk
TV THFESNIEEEEZHEL 22, £ MO O PCB vV SE &R 3 & v OH-PCB v
NV BEVLDEHETE 20T, WEFREVIHICB 1T 2 PCB R#HHIZ PCDFs I X Vg e STz
DT, OH-PCB Vi 100nM %> TWwic 2 &b b2 EHETE S, M7V F > fiffdofifatszsc
BWTO0.1 nM B D OH-PCB 2% A4 uxy > LFKICEZ 2 L7V F r affifdoFEnHES L L
HEINTHIOTC,BEOMOFENENTWI-ZEb b b EE 2 505, Kester 529 1354% OH-PCB
BMRIC I A NEZ A b O VAV T 4 b T VAT 2T — P OFEHE IO OWTIIgEL, MEICEET 3
OH-PCB IZFEFICHEVANK 7 VA7 = 7 —XiHEERTAIREMD H 2 2 &2 R L, AR
DITANT VK —NVERFHEEROERICELD, TA a7 AEEZEME T2 b0 EH#E L7z, Shevt-
sov 5% 3 4,4-diOH-PCB #80 & il F 7+ —{b& %) D 3-phosphoadenosine-5"-phosphatek 2> & 42,
ENBINEDOT A aF Y ANVT 3 T UAT7 2T — YOS 2TREL, EE LSS IZ0OH-
PCB A buy MG Efa 3 2GR CH 2 Z L 2R LTz,

(5)
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2. PCDFs

1975 FEICHFED T 4 A4 A4 V12 i3 PCB offiic PCDF & £ T W e KB L 7229, 2Dk, £l
52002 X 0 JE B O R B X OBl 2 & & PCDF 30 Tl S iz, 94 A4 A VHDOZm 5 A
#1t PCDF @ 9 b, T A b s X UL PCDF 28Rk o i S #1172, 24, PCDF 1513 47 2
za~x 7 70E—7EBSRHEL, AICEK L7 PCDFEEYMOE — 7 da L L TR s,
PCBs 23l & 0 & JERG AR IC BB ICER S Tz O L i3 EAY I PCDFs (XM c5h £ [F CTEE
DEE TR S iz, B#% PCDF ®#EESFICE CEBEI N TV 201027y b 2L -5
B9 12 L o THERS T w3, 2Dk, N hd PCDFs B ESNIGT 327007 2/ — VB X7 0
O= b uRIEYRHHHI N OT, 26 2EHER L U CigdgR+ O PCDF 138K S LI E &S T
ENb XI5l 40 FERLED PCDF BHAEBSE N T T4 A4 A V20 RBIL72ICH b S
¥, HYEBE ORI 1ZZ D 5 b OBFEEOEFE D PCDFs 235 & T 72303 B L T\ % PCDF %
MEOERDDIFYRY T T BEOD L Ed 2,3,7,8 DAIEICIE 4 HOEENBEH I N TED,
&7z PCDF BRI 7% < £ b —DDBICITHES LTz 2 DDORRICITEREEN 2, KEDF F
DGETH -7z, PCDF EAETHEID 2,3,7,8, DAIEICIZA % &b 4 {HDOERPER S L7z PCDF #£/4:
HIZHADOHERE LT THLEBOMERE» S bRES Iz, &b EIEE CTHIE» s s n
PCDF 5 ME K 13, #& M o W e B T132,3,4,7,8-pentaCDF T H o7 28, BB MIE B HE T
1,2,3,4,7,8-hexaCDF T - 7z, fEFMERE TIE—A L D b &I O PCDF A% 1986 £ % Tt > T
7z. % OERFICHEIE U 7o FE R HE B © PCDF EMEAARD M EE Z— A D 2 225 T35 Th - 1z, [[ARFIC
HIE U 72 18 F e B O PCB BRI I — A D 2 ~ 5 fFREE TR ERZE T A5 2%, HER
FIZBWTC, PCDF EEEBHTIE & IR CTH £ 0 &b 2 woicxf L PCB 2R X HFK D 75 H3 e Ih Ak &
DHDPRVENETH>72, COREOEVITHEHITIREZ L THS. 20 L1 PCDF 23Kz Hig
HEEINL T OIREBIE—RAICBWTH o7z,

BEMERE D 1980 F02 5 1995 FE OB ERI S N MIR 290 S ¥ Tz 72nizd ¢, PCDFs ® A
RIC BT 2 YR 2 TR T 2HENTE 2, 1980 EOBEMIERFZFICBIT S 2,3,4,7,8-pentaCDF,
1,2,3,4,7,8-hexaCDF ¥ X 1 1,2,3,4,6,7,8-heptaCDF J&fE 23 2 4 15, 43 B X ' 5ng / g-lipid T
HotzbDH, ZDHD 15 EMICBNT, ZNZTNOEENEREL 2.9, 3.5 BX 2.5 FETHLICES
L7z (Table 2). Z#15 PCDF EEARD EMAREREIAIX R UG EHEBE OFEE S 1123w PCB 21,
B 21E PCB#153 (L 4.2 ) B8 X O PCB#156 CEEIH5.34), XD b, -7z, 1982 55 1998
FEOMNC 14 BIPA_EERRI S 7z 5 A O EIEBHE OIS PCDF 290 S ¥ Cnie 2w T, £RF
WHAO R RE s X oY (#ip) 1% 2,3,4,7,8-pentaCDF 8 X 101,2,3,4,7,8-hexaCDF it BWTZFNZT
7.7(55.2-14.3) FEB L U'5.1(3.9-6.5) FELHES N, IhoDEBEHERE B X CEMIERED 7 —
& X0, ESEFELRO 1968 F4> 5 1999 F % T 30 £/ B 1 2 FBRMESRH O PCB 8 & UF PCDF #
MR OREZAL EHEE L 729, BAERICE T 2 REME~EH O PCB#E B & O° TCDD #HMEH Y &
(TEQ) DIEEMNZFNF N 75 ng / g-lipid B L 40 ng / g-lipid TH -7 b DA 30 FLICzZzhzh 2.3
ng/ g-lipid BX V0.6 ng / g-lipid £ x> 72. ZDM® PCB B & O TEQ ORI, ¥ D 15 £
TR ZhEFN42BLU02.9F, DO LEMTRERERZTNINABLIOT.7TFELH#E S (Fig.
1). 1995 412 83 D HEEE O MR BT S, PCBBERB X U TEQ OEE B L U REHE) 1
F0ZNn 0.8 (0.09—5.2) ug/g-lipid 8L 1r0.16 (0.01-1.02) ng/g-lipid TH - 7%, @RHAEE
D—f& A 152 2 O MRS 1999 412 FRE & 1, PCB, PCDF, PCDD SR DA »3HlE X 17239, PCB
BEB X O TEQ O (BEEHPH) 3Z2hZ2h 0.4 (0.06—1.7) ug/g-lipid B L 28 (9.2—100) pg /
g-lipid Th o7z, TS DEED Fig. 1 1R L T 5, B 30 2158 L7z 1999 4 2 2 O B
V—T70 PCBEESB LU TEQ OFREIT—BADZENZTN 2 BB L6 BEEL 2D, MEOR T
HIEWDEBEZ TR o 7ed, ARREEEZIHERFSh TV,

Zhzho PCDF EMHARIZOWTT v b & AuBEEFHlinTo /219, MEBEOMMCERINT
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ppt, Fat base

100000000
75 ppm .
PCB: Yusho patients PCB: 83 Yusho patients,
12 ppm 0.8 (0.09-5.2) ppm
10000000 F—=—~—
- 2.3 ppm
1000000 e
~ 0.4 ppm
PCB: Controls
;Oooopl:?b Total PCBs
40 ppb PCB: 150 Controls, / . 224455
\Half—life 2.9years 0.4 (0.06-1.7) ppm 2,2,4,4,5,5-HxCB
10000 2,3,4,7,8-PeCDF
TEQ
Half-life 4. Sycars Half-life 7.7years
1000 0.8 ppb
0.6 ppb
TEQ: 83 Yusho patients, PP
0.16 (0.01-1.02) ppb TEQ: 152 Controls,
100 ﬁ(9.2-100) ppt
. L
Exposure 15 30

Time since exposure (years)
Fig. 1 Changes in PCB and TEQ concentrations in Yusho patients from 1969 to 1999
(Quoted from Masuda Y.: Journal of Dematological Science. Suppl., 2005.)

W53 XTO PCDF A EW AHH 8B XU DT-Y 7 K7 — ¥ OFENEH 2 F-> TEB Y, MIREHE, T
igAE A7 & DM 2R LTz, PCDF &M4:4&D 5 & PCDF @ 2,3,7,8 D95 b4 < £ 3 {ETICIER AN E R
ENTWVEHDIEFROEEFEER 2R L7, 2,3,7,8tetraCDF 8 X 11 2,3,4,7,8-pentaCDF 17 v b
RELZZDDLIT L gD 1 EERETAHH B LU DT-Y 7 K7 —X¥ 2B EICHFEE L, Safe 539 1%
PCDF EM Ak 8 B8 17 23 & OBMRERD X S5 1ICE LTz [ #E&E DR 5 PCDF M DRERS
BERIIMIIRERE, REORS, REEEEOIEM & ERICHBE L Tw5, PCDF £%4&D 5 5 Tl
2,3,4,7,8-pentaCDF 2SEIC B W T b ERFHEL L UFHENRWO T, 2,3,4,7,8-pentaCDF 12 HHE
ERECH L CHROBEEI D2 FRAYEEFZ 6N TS, HEBENBRL 74 A4 A4 VHO
2,3,4,7,8-pentaCDF DX 1350 ppb TH D, HFE 1 AL OFEINEIX 688 ml Tho7z, L7z
Bo T, HEZ 60 kg &30, BEDOHKEL kg H47: 0 O Z O PCDF BMEAEOFEHEE X 14 wg / kg
&%, COBNEIZZ Yy NIBU2BERZE R RIE L ug/ kg D 10 ZULEE &5, BARS IXHEDIE
REFE IR ERERED PCDFs Th 5 LFHRLO, ZOHBIIRO LS CHHINTWS, 374
bB, HERE OIS L 02 Dok X PCDF BEES L TW» 2 0kt L, PCB 28D # 5 fEH4E
FETITWMED & 5 iERIZ % <, ZDOlEx £ Ok, PCB I35 S Twiz2d, PCDF 1374 E8%
BMEhTuwiholehroThs, MWEREDREHHMD PCB, PCQ, PCDF & & MEEF ICB T 55
E, BEREE, A4 R—LAREE L E L OMBEBRIFEAE SN, BEOK TN O PCDF RE & BRE
REFERE & OHBIRED B b Fi» o 7e DXL EOHIERE TH - 7240,

%L DRV LY N>V Y F > (PCDD), PCDF, PCB %A d TCDD 12xf3 % g 2 2tk o
B E D% OWFFEHEBIIC X D T s e, BETIE, HAAEKE (WHO) kv, mbiEuEHEEE2RT
TCDD D#ME% 1 & L7a OO RMERO#ME 27l & 2 7% (TEF) »¥Ek s iz, Table3 12X
WHO o TEF i X OHiEEE ORI S L it o TCDD IcHE L - F58E (TEQ) DEE %
RLTW3, WEREEOREGHES L MKICBWTIX, 2@ TCDD #HEDZnF89 B X U 76 %I
PCDFick v 768N TEBY, %/, TCDODHMED 76 8L V65 % 1% 2,3,4,7,8-pentaCDF —> D1k
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b

H # A

I 14

Table 3 Concentrations of TEQ in adipose tissue and blood of Yusho patients and controls

TEQ concentration (ppt)

Yusho patient Control
TEQ Adipose, Blood, Serum,
factor 1977 1990 / 91 1991 / 92
(Wet based) (Fat based) (Fat based)
2,3,7,8-TetraCDD 1 0.9 2.3 3.1
1,2,3,7,8-PentaCDD 1 18.0 7.2 9.2
1,2,3,4,7,8-HexaCDD 0.1 0.1 0.3 0.4
1,2,3,6,7,8-HexaCDD 0.1 16.0 3.6 3.9
1,2,3,7,8,9-HexaCDD 0.1 0.1 0.5 0.8
1,2,3,4,6,7,8-HeptaCDD 0.01 0.1 0.2 0.5
OctaCDD 0.0001 0.0 0.1 0.1
Total PCDDs 35.1 14.1 18.0
Percent to total TEQ 3 8 29
2,3,7,8-TetraCDF 0.1 4.4 0.0 0.5
2,3,4,7,8-PentaCDF 0.5 850.0 120.8 8.7
1,2,3,7,8-PentaCDF 0.05 1.5 0.1 0.0
1,2,3,4,7,8-HexaCDF 0.1 130.0 15.3 1.2
1,2,3,6,7,8-HexaCDF 0.1 14.0 3.4 0.8
2,3,4,6,7,8-HexaCDF 0.1 0.1 0.0 0.0
1,2,3,7,8,9-HexaCDF 0.1 nd 0.4 0.3
1,2,3,4,6,7,8-HeptaCDF 0.01 1.0 0.2 0.1
1,2,3,4,7,8,9-HeptaCDF 0.01 nd 0.0 0.0
OctaCDF 0.0001 nd 0.0 0.0
Total PCDFs 1000.9 140.1 11.7
Percent to total TEQ 89 76 19
3,4,5,4-TetraCB 0.0001 nd nd nd
3,3",4,4'-TetraCB 0.0001 0.1 0.0 0.0
3,3",4,4’,5-PentaCB 0.1 72.0 4.5 14.2
3,3,4,4’,5,5'-HexaCB 0.01 3.8 1.3 0.9
Total Coplanar PCBs 76.2 5.8 15.1
2,3,3,4,4-PentaCB (PCB # 105) 0.0001 0.3 0.4 1.0
2,3,4,4’,5-PentaCB (PCB # 114) 0.0005 1.6 1.4
2,3°,4,4’ 5-PentaCB (PCB # 118) 0.0001 0.4 1.4 4.2
2°,3,4,4 5-PentaCB (PCB # 123) 0.0001 0.0 0.1
2,3,3,4,4’,5-HexaCB (PCB # 156) 0.0005 16.9 16.7 8.0
2,3,3,4,4,5~-HexaCB (PCB # 157) 0.0005 4.4 1.8
2,3°,4,4’5,5-HexaCB (PCB # 169) 0.00001 0.1 0.1
2,3,3,4,4,5,5-HeptaCB (PCB # 189) 0.0001 0.2 0.1
Total mono-ortho PCBs 17.5 24.7 16.7
Total PCBs 93.7 30.5 31.8
Percent to total TEQ 8 16 52
Total TEQ 1,130 185 61

(Quoted from Dioxins and Health?, pp855-891, John Wiley & Sons Inc., 2003.)
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EMcEBbDTHB, —F, —BAICBWTIX, 3,3,4,4,5-pentaCB (PCB # 126) 734> TCDD &M D
2% EHOT, MOREMEL D biLEER SN TWE EFZ o5,

3. MIEICL % PCDD / PCDF &0 PCB @) X 7 5l

—f AIC BT, TEQEBI® 0% U LB » S THY, ZOMOBIREE, # 2 I1F2E5K, K, T
%, o OHEENZERI 10 BT Th 2 LHESN T WS, PCDD/PCDF X 0'a 77 F PCB(Co-
PCB) 12 & % TEQ ¥ (P 1EHERZ) BRREATIEZNZ10.87+0.28 ppt BL U 9.4+7.3ppt T
bHH, AHBOATIIZNZN0.33+0.25 ppt B L U0.2240.24 ppt & ERST S N7z, Co-PCB »
50 TEQ #E %S PCDD / PCDF 260 TEQ#IE LV b KE WO IIFEHTNEHTH 5. PCDD, PCDF
BLUCo-PCBD1H, —AY)0BREIFZhZN2.41, 2.16 8L U'51ng TH2 DT, TEQ HE
BO1H, =AMLz 0ERERZAZFN 40, 135 B L1100 pg £k, —RADEKEZ 60 kg &
R%E S % &, PCDD / PCDF 8 & U Co-PCB 25 ® 1 H, fAHE 1 kg 247: 0 © TEQ #HMENEZFhZTh
3B LW 18pg/ kg /day LEFE SNz, ZOEIFA T > ¥ THIES N/ PCBIcX 2 TEQ® 1 H, 1 kg
LD EIEOTRE 1.4 pg/ kg / day*® LR Ene D RKE 0,

WHO i3% < OEICEB AL ORA 25 % T PCDD / PCDF V)V 20 CHE L, TEQIEE TIZ
5-40ng / kg-lipid ThH o7z LFER L 729, HEBEHERE O TEQ i SNz Di3vE I —u v SGEE L
N M FLDORATH o Iz, HA, JLERGEE, b7 2 ) 2 3EEORAN i TE <, ixd TEQ 2ME» -
JeDx, HI—ua v EEE, HE7 Y THEEB I N2 —Y— TV FORATH- 72, FEENLLEES
TWRETRHADOELRLE VLS TH S, ARPMEEL kg 4720 150 ml ORFAEKATH S LT3
£, HRGOARIZ1H, AKE1 kg2, 24-185pg / kg / day &P TEQ ZEH L TWw3HIZ K
5. HBHEANTV—T7DHARIZ PCDD / PCDF 12 Co-PCB Z/liz 72 % ®» 5 D TEQ EHE 1% 100-530
pg/kg/day LH#EES NI, ZD 5B 60 %Ll EIX Co-PCB» 5D TEQ Th -7z, WIEREDRH I
TEQ & L CHE 539 pg / g-lipid (2D 5 82 %Ik PCDF ik TH %) @ FhTwizDT, FLRH 150
ml / kg / day ORFAEZRA Tz T2 &, WEBEOARIHALZEL T, LWHAET, 3.3ng/kg/
day ® TEQ ##BEL Tz LEFE SN, BIFEHH S L TWw 3 54 4 F ¥ Uil FEE (TDI, 1-4 pg /
kg / day) 1 1998 4£1c WHO*? TRE 4L, 1999 FRXBHALZBWITRES NI D THS., ZhoD
TDI 8 X O TEQ OEREZ £ % Fig. 212 % £ TRY., MEEZEDFEYE X ORE TEQ #itE b Fig.
2 ICEEAAL, MERE & —BAD TEQ BEE % K L Fhv» X 512 L7z, MEREE 0.1 ng / kg / day b
Fig. 2 1Z/RL T3, Ziid 0.1 ng/kg/day OERUE —4E (60 fFREEE) Hild 723556, 2IBIE DT &
FOREBINE 0.11mg 225056 Thb., ZNLTOBINTIE, £fEHEI N L THHERE DR
REREICIZEL 2w, HEREOYY B L UK TEQ iR (154 8 X 0028 mg / kg / day) & —f&A
D) TEQ R (1-19pg / kg / day) ZH#T 5 &, 3HIUEOEWED S, 72721, MWEREDE
WIS 715 135 HThH 2 D2t L —@ A IZ—4EEDOEBIRTH 5. 1977-1992 F£EH O #lE 7 — %
(Table 3) &z X, MEREZEOIMES L OCEMHZEO TEQ IR X 185-2000 pg / g-lipid TH % DIZ
L, —RADORAD TEQ IEE A 10-60 pg / g-lipid TH 2* DT, 10 FFEERE U 72 KF 5 T O e &
FHIZEEEN T3 PCB, PCDF 5 X U PCDD 75 0 TEQ 2 1Z—# A D TEQ ¥2E D 3-200 fFE Wit
ETH 5, 23 FREA L 72 1991 F£ I, M PCB DA A7 0~ b 75 L8 — U BSHERE D A 8% — >
ThHMGERED TEQ IEE IZ—RA D TEQIEEE XV 3EEWIEE Th - 12, 7272 L, PCDF v ~uLid 12
87 % (Table 3). —MATEAL T2 A RO TEQ EiE ZHEEF Ic BV CEFE Tk - TEQ &
B 2 g Uz, — A ORI TR d %\ TEQ G 1% 530 pg / kg / day Th 2 DIkt LHHEEE Tk
28ng / kg /day THV, ZOEIZS3FEULETH > (Fig.2). ¥4 4 F ¥ »EHWYE BRI IX, —
WATEE Ao 1 FRETHEDICHL, WEEBETRI-57HTHEDT, KRELEVLTIEZRW,
TEQ @ 28 ng/kg/day It MZBW THIEERZFHHA L IZBRETH Y, 20 1150w L 2 HHEWERE
WBOWTHARCIERNVE Y E R EBEOFE TR 2 £ 5 RHEDOTTERSE I 2FEH D 25 &%
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Z 6N 5, WERZIZEFCROERE LRI S %  OERDH 2. BELERIIFHFZLI0FES S
I VHBRCEEINTVEY, MFECBT 2V A4 0 F AMEDO EFO0, ) 7)) 2T 4 FD EFD I X
) > 8Bk AHH @ 575 75 £ PCB, PCDF BHUL T 30 fFfBE L 72 BicB W T b R o5, Pluim
5 FAEDHI A 1A FRIVE EEICHT 5 PCDD / PCDF OFZEICOWTHE L. A TETCSh
72 38 ZOFHEZREHORFICE FN Tz PCDD / PCDF EIC L > T2 2D 7 Vv— 71230 s hie.,

RO PCDD / PCDF EENE WV — 7D 0% DT HAER, 1:EERS L O 11HERRFICBE W T,
FHOMEHEY A afy VBB ERECE, -2, FEROMBEFE2Y A ury VBEO LRV A1
FYURNVEVRBIVAT AL I STHELZLDEHESNT WS, BREINV—7OARPERT 2
TEQ &3 170 pg / kg / day TH % LHEE S NIz, T OEIZ, H/MEEERIC X D IHEEER 3TN 72 i &
#o TEQ i, 28ng/kg/day, D 2HEELLZVWETHD, EEICH A oFy VBEDO EAEMNE b

THROOLNTWS,

HERF B THERANDO TEQIRE L 2 X VAU £F 2 SN2 ERPEE & OBfR % Fig. 3 10R
9, D0, FA4FFoBERENAE MO TEQ I Ltk b Fig. 3 & &Nz 7. TCDD 12
BBEINIAZ) T, ERVIZBWT, MMEF TCDD #E S 100-2340 pg / g lipid THh 28 »roEE -
FRAVFOTND LM TH - 7z, T3 T TCDD 2B & iz 5% T TCDD BEAFEWE b T
W7 A MATaRBEMELS 2o Tz, FA Y OREENE IR L I7@HE T TR EHE Sz
TEQ & & o EEOMBEm S & S iz, YTl TCDD 23 25 ppt F TEE N TWAEHTHE L -
MDY VS EENITHOBB DR R, £z, MO NMITIE 10 48210 T2 NBERE O FA KN E <
ote, —AEERSNTERBIURILVEYOFENENIE b EDOMICIE TEQ Vi 1 MTFEEE
Lb)f_")“(l«:&b:@’é‘ — DN T HIREIREIC YA 4 F ¥ ERESN TS E N TREELRILVE

HOW BN HENENLTREEND 2. SV H VIO BN/ ST 212 ADTFi
a)f“ FHE TR ORNAF PCBIRE & FHOHARERRS (1IQ) ORICHERE BRI &,

TDI (WHO, JPN) Yusho Yusho
intake intake
TDI(Swed) minimum  mean
TDIFRG) | TDI(Can) Yusho limit NOAEL 28 154
T : y R
[ I [
0.001 0.01 0.1 1 10 100
ng/kg/day
Water,
Air,
Soil Breast milk Yusho milk
o N
Thai JPN 1023
-PCB -PCB| yPN
FRG
Food -PCB
Up to 0.0{ f ko 003
USA JPN 0014
-PCB _PCB JPN
PCB 00024

Fig. 2 Yusho intake, regulation and personal intake of TEQ
-PCB : this figure does not include the TEQ from PCB
Can: Canada, FRG: Germany, JPN: Japan, Ned: Netherlands, Swed:
Sweden, Thai: Thailand, WHO : World Health Organization,
NOAEL : no observed effects level, TDI: tolerable daily intake.
(Quoted from Dioxins and Health?, pp855-891, John Wiley & Sons Inc., 2003.)
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Control Yusho, Exposed

TEQ
TEQ person Yucheng person 1 lipid
ppt / lipid PRt /it
Monkey
10000 == Cancer =1~ 10000
Chloracne Triglyceride, i
5000 | X i . |~ Mortality: _1 5000
Pigmentation \ /"I"l:g':oxm. Elevated
PCB
ppm / lipid

1000 = : - 1000

54 | _Testosterone:
500 : 1Q level: Low | 500
H Low Low pup number,
: Endometriosis
1004 7 _' Height: Small Only female =T 100
1 o5 Penis: Small born (Seveso) 1
50 HE Sperm: Slow 50
1Q: Low
10 Control level -4 10
Control level (PCB)

Fig. 3 TEQ and PCB levels and affected symptoms in human and monkey
1Q : intelligence quotient
(Quoted from Masuda Y.?: Chemosphere 43, 952-930, 2001.)
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SHAESSHTELAE (2004 £ 9 B 29 BHEE) DEENRE

Y RSB S EAE R R EE - BLR
2 FUNAREE R Z B R AT ehe B R 50 B
VHEEA HARREERS
& EMEB RV S eI ERZ I R R R A &
E‘ (I :[%a Bﬁ%m), 2 + —hs)

F LI

1968 &, polychlorinated biphenyls (PCBs) Z{E#& /e 7 4 KM OBRIC X - THRE X FAE
L7, 20O, HWEBREVIRIEIC X > TPCB DA% S $TEMEDE W polychlorinated  dibenzofurans
(PCDFs) e EDF A A F v b SN D 2 EHHBAL, WEEIR PCB &84 4 F v Y HLEMIC X
HETHEERRSINDE LDk >572079,

HEDOFEMIC X, 2R, BAAIR, HERA EOFERENZLGERICVDEDDOVWT, HiE
R 72 W L O OIERSPAT R, 3% b B IER U 72 _LIRER & B OIRIE S, 5O NDER, HA
HoEEEOEEE, SEKOKE, RO, TROMEIRE X 72 1387 & ORERRESE, HiE
R, AShBORERIEL ENHBIL TE 7z, L L, HEFRELSEST T 30 F£R 2745 HTIX, P
WCHLNTZ DX D R R RIZIZ E A ERIRL, HEL TwS, 72720, WY e [ =
R UTE O FEEE IV EOEFI DO 121E, SHTORBWL OrOFRSCHBEEREZFZ 200 H
2070, —fkMJ OFHY 4 b Th S [HEOHmZ L GEDOF5 & | (http://www.kyudai-derm.org/
yusho/index.html), 7% & MZIHFEICBE 3 2 X DEMATBHETH 5 [THEMHITE—30 F D H A —
(http://www.kyudai-derm.org/yusho_kenkyu/index.html) »ZMEL TWic /2 & 7w, F 72T DT
H#R3iETH 5 [ Yusho—A human disaster caused by PCB and related compounds.| (http://www.
kyudai-derm.org/yusho_kenkyu_e/index.html) »EIEBITiAWIZIZE 20,

[

1. JBfE & PCBs, polychlorinated quarterphenyl (PCQs), PCDFs

HEFRER, BEO K TR, > PCBs 2MaH S Lz D 2521 ¢, 1973 £ 5 PCBs O IR H3
ZITHESNS X 51257297, 1974 F£ Tl 41 Flo EE o PCBs I2E OSFYEIE 7 ppb (BHEH
37 BlDOFHHE X 3 ppb) ThH - 7=, m¢Pa%@ﬁx7uvb7574—%ﬁ®F% mrﬁﬁﬁu%ﬁ

DINY — > BRd ki»%%ﬁmf;@ ANRY —> EZEEDO/Y —>, B(BC)/8¥ —> ; ANy —
e Co%y —r DR, Co%y —>  EEAN, WL TS 2 2 EBRRIES Lz, (Hﬂﬁ%%@ 95 %
BADLWIEBNNY—>ThHY, PCBs O MHPIEEIX A XY —>; 9 ppb, B/X¥—>; 4 ppb, C

XY —; 2ppb TH- 129,

1981 £ EIA & IZHHE B35 TIfitd @ polychlorinated quarterphenyl (PCQs) REEE IS 3 2 &
ZEHS M L72®, PCQs OIMHRE 1E PCBs MHEE S PCBs /¥y — > & XL SAHBAL Tw 2919, i A
O PCQs B IFARHRALLT (0.02 ppb) TH Y, BEEHNCEIRED PCBs 128 LIl PCBs #5533
ppb LLED H 27— 2 THIMMF PCQs BRI N TwiaWn T £ s, PCQs IZHIEIC 7% D B 7 51
ThHsH",

Nagayama 5 (37 & SO A 7% & 3 EH O+ 2 & PCDFs i s 3 2 & % 1975~1977 12
T THHR AT S iz L7212, PCDFs O 7T, 2,3,4,7,8-Pentachlorodibenzofurans (PeCDFs)
7% 5 N2 1,2,3,4,7,8-hexachlorodibenzofurans (HxCDFs) 23E=RicEH & 7z®, PCBs IZIENIcER
B9 <, PCDFs ZHIEicEE I LT WA D 519,
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Kapi % S iR Tt 3 2 2 T, B L U THIA L Twiz PCBs (Kanechlor 400) O—#23, &%
L2 & 5 T PCQs ° PCDFs &L L7z b D E#F 2 515, polychlorinated dibenzo-p-dioxins
(PCDDs) and coplanar PCBs b{EH & 11727 4 S Kl BT 2 S MH SN TW 519, Filfd
EREAE TR, o OEBILEVOFME IR L BEELE W & SN2 2,3,7,8-tetrachlorodibenzo-p-diox-
in (TCDD) Iz#1# L toxic equivalent quantity (TEQ) & L TR EN B LI XK 5721720, ZhI X
5 BRI NIk HO2 TEQ X 0.98ppm &7, D55 919% % PCDFs, 8% % PCBs, 1%
% PCDDs 7359 28 & 72 2, {HROEREW T, 2,3,4,7,8-PeCDF 734 TEQ O 69 % % (5%, JHHE
DFHMECHREELHZ 2 L TROVEEZEEN TH 2 Z LRG0,

2. ERRREER & REfE

2BRR, HREREY, BARNIRC S LIERRN R EEERDIZE A ETXRTOMERETHED SN T
VW59 R & U COREITR (BFT 2EM0IC & OREE, BEESNIE L U025 0aRE T
), BrH (A4 R—AROSE%L, WEOEZEE, RgFEE, —&EEMET2E), DFERERT
B (ARELEY) PR, £4% L OBRET, HE-TER, FEOMERE- L Uh, 1EE, -
EOR, EHEARIELFED &>z, FELHEIZFED &5 Tnann? e URko 1968 42 2 H~12 A
D 13 FIO531E (10 FlEHERES, 2 PIERAEE, 1OIEFEH) <, 11HNTEFL TEENINE L
BEREERTHD, 2HIBHETH->72. 205 b 10 TREFOORILENRD 5N Twb (black
baby) 3, Zh6OMBILEIIFHERL ICONHERALTWS, 722 s OROIEMFAE - RERED
FHHRIFFAD SN T nd2 IR RF 2 L TRMAD PCBs ®° PCDFs 23 a RS A R ICBfT LIz 2 &
PIHH S DI 7 o T ua 52929

SR HERIER L 138D, BRREMEIZD 2 VRS We, BEOEIM & [ IMERKEZ HSEIEF] T D &
b s te, FFRHEBESER® bromosulfophthalein REE CTlZ—E L -BER T IO oo 1z, D
BEHBIEREGHTH 20012 a2 707 ) Y EO ER 23807, IIEERE, IREESH, Ek, 0
OV OVFIEFHFANTD 55, BEGICIRIMEHRED LA 2O 7ERD b 5. MFEREEE b LW,
L LIMHIER & <12 b ) 27 ) 2 ) NMEIX EF T 59, BEENCEEED PCBs &8 L7-57@E T, Ml
FOPCBsEE MY 7Y 2 MEICIZIEOHBENBE I LTV 52,

3. CREERBZE M T L HEDAIE

SEEVTZEIE I X > TEEMEREEORZBTabh Twa, B2k, —Kkz2, wARRRE,
WEHY CNERI) TR, B RAT R, IREHYRTR, seRRTRE, IS, mg4ibs:, PCBs % PCQs ©
MAEEORIE, M X s, OEN, Bz a -2 HAaEbe UTrbh Tns, EREEENES
WFAEWE ICBEE S 2 & PRSHIRERE (L 2B X M v ARE) 2 BN cEish, &
RS D 2 ST 520, JE BE ORI O ERERE 13 FED & 36 F2 Rl L TR L TETw»
%, UL LERLEYNEEREY) CRFEEIIREN TV ORMO 7 » 0 —BRhETH 5292, iz
&b B O MEBE TR FSEIENC S L 7o WTREME DS R S T 5 1030,

—Z T A A F v VO M EE X E CIEfE R I E IR TH - 72, il Todaka 51k > Tb 3T H
5 g OIEY > 7 S EREEIC Lo b FHEMEICEN T REESBEFE S 1Y, 2o cilif s 1 4 v
VHERHET S 2 EN KSR AREL D, 2001 £EAr & Z OHIE 2 BIA L 72, 2001 5 3 FEM DM 5
A A F Y SEBEOHEMEO T 5, 4 TEQE & 2,3,4,7,8-PeCDFs fHDHIEFE R D A 2 FE 1 1L
fo. WEFAER IV EUERBL T3z b s, £ TEQHE & 2,3,4,7,8-PeCDFs i I3 & H# A D
3.4-4.8 %, 11.6-16.8 5 ZNZNEHWHEEZHERFL T3 I L BELIRE LT, ZhoDEFEEMD
ENEEMELE D TEW Z L2 TR I N,

B2 TR PR & M 874 A F > SRR L OB 2 AT U, RIEARRRE L 7
BET b SERREELHEM, EROGRLE, MBENY 7)) MEx e e OEE2E» 72, ZOROH

(15)



126 OO OB E»14

K1 WEREZOMP S A F F > BT

MIEREE ’EE A
2001 4E B 2002 £ FE 2003 &£ E
(n = 78) (n = 279) (n = 269) (n = 52)

M5 A A% RRE (pg-TEQ/g FRAN)

BAME 1049. 7 1126. 1 1176.6 85. 4
SEHME 179.3 136. 4 125.0 37.0
SD 180. 5 148.9 141. 2 17.6

2,3, 4,7, 8-PeCDF B (pg/g RENA)

BKIE 1770. 6 1889. 7 1953.5 41.7
SEHME 256. 1 192.0 176. 2 15.2
SD 315.3 252. 0 240. 2 8.9

PeCDF: pentachlorodibenzofuran; SD: standard deviation; TEQ: toxic equivalent

quantity.

SEMECIENTRERO—HRIE, AFEOMOMRICHE 2 T2 & T2,
4. #F:LOVBEEEDER

HHEFAE > TUYI DM EEHE T 1968 FEICTERR S iz (B 2). 2D, 1972 FB X UM 1976 I E
IMAE, FFER, 88, PCBs OMERE & OHEE O RE SR INb - 72 (F 3, £4). i PCQ O
KRB L EEOSE 1T 1981 Fi2Mb - 72 (£ 5)., MHEBRRIES CAERENT 1986 FIcZnE TD b DI
WENIMZ St (F6).

if PCBs % PCQs EE TN Z T, M2 TOIMMHF Y 4 4 F ¥ VEEEBEOHENREE k5722 T, 1)
HREZEDENICEBE I N T R ERCEVORE 2 HHRICHER T 2 28 TE5 L9512k, 2)PCBs
A A F Y VHOENIRE 2T & ¥ 2 A HEER 2 B & ¢ 2 FAIOFFS D T & 0 B
T2 LTI B o L 3AREERIETHS. MAT, 3) EHiOBWERICIF Y A 4 % V5
DEEZRBINT 22 EICE>T, KREHEDBRENDH I WGEMEEZIAT 2 2 ENTELD TRV E
Fzohle, £ TYA 4+ v YEORERE & AT L CREMEGRMTSCIREZ I B HMEE <
(RT)REEL, BPWHERICY A4 5y U EPIBEINT 22485 L EFEECOVWIHESERON:, 20D
FEEL,  IMyEH 2,3,4,7,8-pentachlorodibenzofuran (PeCDF) {EZBfid 2 Z W% L F 2 o, MEZS
WiELHE (2004 42 9 A 29 HFHE) 237z B S ulz (B 8). FraghEHEcH]-> ¢, 2004 & 1X 117 %0
KBEEZED D B 18 ZFTZITHE L 2E I LTz,
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®2 [HAE] PWTERE & ERE O ERIRREST (1969)
(BAREISZB), 5, fEESE60 @ 403-407, 1969.)

1. [JifE ] 2k
AFAET, PHHARX %2 ikl RICER T 2 L Bbh 2 RRoFER 2 L CHRIE L ICFRER
B (0Wb®s HEED) L TosEHENS,
L7e3-> T, BRAMERASFEERO—H LD 52T XN TOFKERBICHEA SN bDTIER WL,
FERESH IR
1) KarliEFEHALTWwS 2 &,
2) RERENS L DFERDONL, INBED SNBWEER, ZOHBICOWTETORNZH
T 5.
3) FEIE, RE 4 HUREOSGENZ W,
4) KA FEHL CThoRKE T2, HTOHMZ2ES 20 EEbh 3,
S EHE
ER FEIRER OFE, RIBOHEM, AREARER, KoZtt, BiE, mkoPmE, E, W, MuEopi)
B LU, B, KEERZFHRZ 2 L O8% 0,
iz, IRIEO#EM, NOZEH, BERKEIE, KELXRDLOELHERLELD 5 5,
E7z, MERICHBEL 7R ORT, HEFESED LIZLIEED D,
DU, BHBEIc S w— RS AE O R 2 iR %,
1. IRATA
REE (74 R—2 KBRS W) o, IRBkE X CIRIEEEOFI - B - BEEGO - ARETORE
A, —EEHNETLIRD NS,
58, MOIREE & ORI LW O X AP REOMAENE E L,
2. KRR
AEEEEZEEL, RO LS L2 OFRAED oI5,
1) JROZEA, BRI LR A 205, o »RERIZED 5k,
B LB A EUHD).
FEOHKITIAZ,
A rE, B, METESWMOZWIEZ2RT B, RERZL).
FEIERE S, HHX D ERRE L AO NI EERME T, 22X ThH3,
HERRES 1o —2 L 7 8. (SHBEERic % < Ao b)),
INBOEED EEEREZ LT, BETEREZRICTZ DS, Thbb, &8, Bl
HNZIESHER DEBEEAED S FK 2RO 2G5508H D, ZVOEARFZ 5.
) BEEIXZ L OBNIZ R, £z, HoTHEBETHD, BERFFEDZ L,
) EREE, 2OBEHOERET LD, FELBAREEIRVEEND L,
10) FZMENEGE.
) DEEHEB L OERICEO2A L EBD 5,
12) BYOEMEZD 5.
3. 5P
1) 2, FEEIZED RN NS0, LrL, B, HREREELZREDL 0D 5.
2) FROLUN, BIEEFHZ 25, FHLFBEIIZRD v, FEBKEIETED 2 WIZHRT 52 &
B 5,
VU P A ity O FE R S % RE ISR D
FEAT R, #EINC B W TIE, FOKRSEDERD SN, FEOFKTHS, TOZEM, HREEO3MW
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ghn, MEHOHBENK, 8L UTHREOWL S»EHFE LT, BEE2H 5102 L IZAETHS S,

2. WHELE OB ERRERTES

. SHEMZ 2595,

£y v B2 R¥ET 5,

. RED B I3 OO AEVERR 2 5 OHE 7213 n — 2 a Y OHA,

TRBROFR B X OEES (0 72 12 Hexachlorophen 7 £ & D 2§ 2 IO,
. SR BT LR R HREAT D .

Ol =~ W DN =

R3[UE] W L E R RE RS (AT 47 4210 B 26 HEGT)
(HEWBFE, e, mikEsEes: 1-4, 1974,)

1. JHERWTEHE
MfE I PCB 0AMR W LHEAEOR#HE L E 2 5h 50, BIESSFERICIE, BREIH, kP55
&2 BEEFUBSR, WRSAESE, BERBRELZ S, BIERICIZEES X CKHBEORKE L LT
FIERER S C A FIE, IS RERR ENA SIS,
1. FeRR&tE
PCB DIRA LT & Kl 2B Twa 2 L,
% L OEERIEFRENRHOND,
2. EEER
1) BRAER
Q&G
Q@UEE 2\ L HHSE
@ EDHEE
@F DL N 72 13K
GBIffiE D 3B L KR
ORZI - W&
@A DZAL
2) MR
O5KE KRR
@EME= 2 —a/XF —
ORhHTER
@O/NRTIIEEIS B L O 2
O£ D SFD (Small-For-Dates Baby) # & a5 aEils
3) MRAHHE
O PCB DR B & R O 2
@I PERRRA O
@&lfl, V> EE%, 7T s
@RV R A & BB ERAE DS T
3. B RGILER
1) HIERRES
PEIE, &, # O g Lo s o> h s RO, BIERERE L 7 O b ER
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2) tARWE
PHIE, ARBGRNIES, BePY, $ERLN, & X otaRiE
3) HEIR

~ A R — AR EIRAE A, IR &

2. HHEHRERES

1. PCB O#Eit{Et

BiAE, WERE D PCBIEEE 2R VETLTW2 b0 LEES NS, PCB Ot 2{EET 5 2 &
D OEETH S, 1272, PCB OFE L, @Y aPREERIT 2 BME S L Tuiw,

WAE# 2 5 % PCB OfRtE#EE E L Tk

(1) #E

(2) FEaRsyk

(3) 47 PCB BEAI OIS

BERHTFLNTVES,

7220, HBRB X UOBRFERICOVTE, TOMLE L OEMICEELREZ2ES %,

2. MHEREE

SHERE & LT, r OffER (o & 2 BEITM 7V y F4 V) Er OfFEREUEER]L DX,
PARRER I 72 v U CIRENERI, £ 2 v BElIR Y, MEREHERICIIERF 2 E2%5 L, %N
FERCTzD L TR VE Y FELEZ oS, KFERICI WL TR, L OXHEREMTbILTWw S
23, JEFNC & > TIREERFMRbITbi 5,

Z0fth, IREL BRARL ERMEERNC B W TERICE Ul HEfE o Tb i 5,

3. BPHEDIGHE

WESFICBVLTIE, M, WOWEE, BEFELEOFRPA SN OEL OEGHHEEZELC P
T, F-AHHENEFLT 2EANDH 5O CHEEICHET 2LENDH 5,

Fiz, BMEFHCLVEYOSMAEDRESNTEY, BEORSETIIGENRENLNSD I ELE
W,

x4 nrEZWERE (ERI51 46 H 14 HEE) HEREVTZEHE
(FIUEKRES, FFs, fmiEsE 68 @ 93-95, 1977.)

HAEDZMIERE - U T, FEAT47 £ 10 B 26 HICWE S N HENH 203, FDBOKFEOFMEE & b
IR EFTROZENASNZ DT, RDOX I KELWHEE L N LeFzonb,

S EES s
PCB DIRA LT 4 S Kl 2Bl Tnwa 2 &,
HHEREER Z ML TRICPCB BB T 2580 5 5. L OGAERIEFELHSND,
BEHELATR
1. EERRE
HHIE, B, ZOIE»HEHL CchHon s BEEK, ARCKERROMb->72b 0, BX UK
WEM % b DR TE & Zh o OfLIR{ER.
2. RUWE
B, RERTEEE, BRAN, fERLZR CoaFRmE (Wbwd “7Iv (M E-" 2E5)
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3. A R— ABSWE%L
4, I PCB OB X OVEE O BE

S LI BIEIR LR
1. HEGER
1) Z25EE~ 5) ¥&, A
2) BHEZW LHHSE 6) TNEDIEE

3) WD SV AT Y7 (BERE) 7)) AROZEL
4) HRAEEZ%

2. fFERIFT R

1) SEZRATR 5) IMiE y-GTP OHfN

2) JNDOZEF 6) IMFELE Y ILVE > DD

3) KR HESR 7) #HAER D SFD (Small-For-Dates Baby)

4) My EERERG O 8) /INRTIZ, REMNHB X OB Gk A DS HEE)

i

W

1. DLEoRREEMALER, iR ESF L, ZREOFiE L OCRHREEFE D 5 2 AN
Wis 5.

2. ZOZBWEEEIIETH 2 0EP IOV TOHMOERELR LIz D TH > T4hd L bIHEDELE
JE & XBEIR 2 v,

3. I PCB oMK EBEDORE I OWTIE, HillzE, BELEC2EFERBT 20N 5.

RO JFESWEAE (BEM156 46 H 16 HigM)  MfERENITEHE
(HHZER, 5, fEREEE 74 1 189-192, 1983.)

1. MHEZWIEAE (BFERI51 46 A 14 HEE) h, \EEAFTE [ 4. % PCB OMERE L REO R |
DX [ 5. MK PCQ OHkEG & EEDEY | 28BN 5.
2. SFETOWFRICL Y, I PCQ DREIZDOWTITRD LBV fEamL Tz,
(1) 0.1ppb AL @ BEEIWCEWEEE
(2)  0.03~0.09 ppb : (1) & (3) D1FFAFIIL
(3) 0.02ppb (HEHIRSY) DR @@ A5 02 9RE

K6 HEBREES B X OHERE OEEEM (FEA161 446 H6 H)
(BEEME, 5, fEHMESE 78 1 181-183, 1987.)

1. JHERETEST
1. PCB &0t o i
BAE, WEREZEOEN D PCB £0EE X, —RICELETLTW AW EHEE I, EEHIC
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HERE T [HEZHEE | Xk -RBESNTE L, IhE T2 1800 ALIESHERE L BE S
7z, 1968 FFIAT O i) O FLHE T HHE DFEIR « BURICEE D W TwizA3, 1973, 1976, 1981 FDHETIC &
D, MEHORVEE 7 2 =—1 (PCB) &RV 7F—7 === (PCQ) DMK OREHEL
#HIZMb->722, UL, FA4FY U EHO1EHETH S RVIE(LY XY 7 F > (PCDFs) I3HE £ DI
WrhoREESEE (TEQ) O bbb REREFEGEZHDL2HENRINTVEIM Ty b o, IMEHS
A4 Fy VEREOHESREE 2720, IhE TRIERBICANS L TR oTe, I, 5gewnwdid
HOMBPEY > TN OBEOZY M EFRETH > T A 4 F ¥ VHEE R HIE TE 2 HEPEFE S i,
ZOWR SN HEIC LY, LEMEREBIMRZZ2E» S/ONLEROMEY > TV TY A 4 F v
VB R EREEL L THET 2ENTE 2 L9 10k-7. ZOMX TR, SEMEREBIMEZZ2
E—RANODMEF 5 A 4 ¥ VRERFEFINCN T 2 2 L TERI N, MRS A1 45y VRE
EROGIEEOH L WS EE 2 RET 2, CARMET YA 45y VEBER b L ICHEREZHIL &
I LT LBRYVIDAATH .
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(1) 2EHRESEEMIRZSNE

S EE B FBIMRZ 1L, WHERE O S8R & 7% 5 72 iE O B3 O EERRUL IR 2 g 5
2 HIT 1986 £ & VIHFTON T WS, ZOMBIIRESNIMEREDAZ ST, HO RIBENLE
FHLRETE, wbWwd [RFTH| bZLIT2IL08TE5, ZZIFHHTHS, ZZEDI B, 54
A E Y VBEOMERFLET 2EDOAMBY > 72U Ui, WRES L 20N, Fi, B
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2002 FEEICFRE B 279 N, KREH 92 A» SV > 7V 2157, BERE 60 A, KBEH 1 ADH
L BMEY > 7V ERBELI-OT, G50 TRERH 297 A, KBEH 94 A» Sy >~ 7N &5,
M5 A A F > EEORE AT « Fi (2003) DI & D & IR AT Cfrbh iz,

(2) xtFEEs

SHHREED 7 — ¥ XN KFEEFBERDOERIC L VIRt S vz, SREF Lo GEITEH S (2005) 25T
WENTWBD, ZOHFER 1999 FICEEAME S n-BRmERZ2NRIITb N, Flh, Hoofmi
FLIWZARLU, SIRIE 152 A (B 75 A, 277 N) T, FHERZ 36.5 % (#iFA=20 ~607%) TH-o
7z,
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K1 FHENREOFN, 1, EEM

il JEEHL (%)
WEEE AN B/ &) ¥ SD) Fub - &Kk R RIER Zoff
S 2001 78 (32/46) 65.3 (11.2) 33-84 100 0 0
2002 279 (135/144)  63.6 (12.6) 30-88 40 28 32
I 2001 3(1/2) 57.0 3.5) 53-59 100 0 0
2002 92 (38/54) 54.1(17.4) 5-81 26 39 35
St FRAE 1999 152 (75/77) 36.5 (11.8) 20-60 100 0 0

SR EEIZ 33 T A AF .
CIERERE 6 0 A L RIES 1 AT 2001, 2002 4EEED 2 [F & b ML A A A o LK EE S E ST

857%) Tholz, FE—APD 2 BOWEMOZEZRD, ZDOYEENA 7 AOFMEE Uiz, HIEE IR
AL TS NIz DC, SEHMEDZEZ 2001 £ £ 2002 FEOHIEEOLLOMATFIYME L LTRSS h
7z, 2 [EDOHEIEM O —E X AHBERE () TERLUZY, —BIEDKE 1% Landis & Koch i & V&
RENTEFIC X VT L7220, ZOERIT, KKIZA v HERICE 2 —HEOKRE S 25T 5700
bOTHDD, 71y falm e ENHBEREUIEMTH 2 7: 0, T OEREFWNHBIRENCEH L 721,

(4) WET2ENHZE

M A & ¥ D REOSMHEIME-> TWiciz®, HRXEE (10 2K & U7 BE#E) kv 54
X v VERIEME OMETHENT 21T o 7o, HIEMEDRIERARR O%E, £ OREEROEE % RHIRAED
1/2 ERE LT, 2,34,78-THEY RV 7 T P &l - PR O BE I EER € 7 VI X 0 #EEHT
BATo Tz, FERNIEGER, MEtr 0, BE 1 L9353 e L, Flh e EOREIERIZE
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2. 8 &R

(1) MREOHHHE

W R e MFERRE BE, RBEH, WMREED 3RO T, ZZEEINCFR, %, FEEmoBkReR1
R L7e, EEMEBPMRZ X #H £ NIRFEOFICFl & B EMO I RICECB R o 7z, 2002 FERZ
ZHED Db, WEREBRE 297 AOVHHHIE 63.9 7% (#i =30 ~ 88 %) T, KRFEH 94 ADFHJFE
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B ERFEROEHAZHLE LR ICEEL Toie, ZEIIRERSE, RAEHE, MEHOZHET
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(2) WiEFPS1 T+ BE

2 I REF L OCHEEER OMIEH 54 4 >V EEL2RT. 2001 FEICHE SN RKREEIZ3
ADHDTZ DRI L T, JHERE ENEEOM T, —ED 51 4 F ¥ VO MR T IEE ICEE
BEODR SN, 2002 FERZSZZOMEREEREICB T 5 1,234,678y oFFv o, J\
LY R OF F92,234,78 TRV T 5 0,123478 ALYV T752,1,236,7,8 75
WAy RV 75, 3344 55-AHEALE 7 = =— (PCB 169) DIM#EHHILEE O A 13 EEE D
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3SELLETH -7, MOBKSRENRONTDIF 2,34,78- ALY RV 7 I BEETH - T2, KT 2,
34,78 HILY NV Y 7 T VEE R KT % &, 2002 FEEMRZ 22 OMIEBRE BRI B L, &
BHET 11 £%, AMET I3 fEE»-72. TOXIWCKERECDID, HEREERED S 6 IMIEH 2,3,4,7,
-FHALY N>V T T U EEHSRIEEEOHFANTH > 72 D1, 2001 F£EZZH T2 %, 2002 £E%2
T 28 %IZE Tedp o 7z,

RBEH B OMB T 571 4 ¥ VHEEOE NI, RERE TR oI EEE TR
Mol RBEZOIMWT 2,3,4,78- ALY N>V 7 T R SASESEIONEEED 2 4 fETh o7z, fib
DA FF VHTIE, 1,234,678 EHIEIRY Y OAFE UL §-IRNIVY VL F YRR TRERE
D2 fERMTH Tz, RiBEHD T4 %X M 2,3,4,7,8-FIFLY RV Y 7 T EBENHIREEOHBIN T
HoTz.

(3) BEENERM4E

2001, 2002 FEDTWEE THIE & N7z [El— AV B 1T 2 JIEE O L0 % ASE5E & SN EBE R 2 % 3
WY, N4 T ADFETH 2 WEEOORFEIE, 2,37 8-y XYY+ * v 2,2,378-M
ALY RV 750, 12378 ALY RV 75, 23478 ALY RV 75, 1,2,34,78-~HAL
IRV T T 12wﬂ8ﬁﬁm/«/v77ﬁIﬁAW”Kﬁﬁmt7lﬁ—w(HBlw)Tﬁﬁ
HENCHEBE TR Mo, ZORT234,78-AALY RV 75 OWIEMENA 7 A3k b /NS otz H
DR FIIEIF 1.1 % (95 %BEHEXM=—6.8~9.7%) @S5/,

A A F v FHBEMEARO X 2001, 2002 FEMTIEF CE O—BE 2R Uz, SFHEBRED 0.8 X
DR TMNEITTEIC—E] L HE SN BRI, 1,2,3,6,7,8- ALY RV 75, 234,78 EY X
VT T 123418 ARELY RV T 5,123678 ALY RV T 5, 33 44 5-HIELE T =
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HIE R E B TIERE B
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R DL n® M{TFH hobh¢ &K n® AT RN R n° T Rl RK N URESNE R SN
2,3,7,8-TCDD 1 56 143 05 41 230 143 05 44 63 117 05 50 123 138 05 5.0
1,2,3,7.8-PeCDD 1 78 175 33 535 279 971 15 468 92 684 12 2.1 151 518 05 15.0
1,2,3,4,7,8-HxCDD 2 34 180 1.0 77 197 236 10 108 68 255 1.0 14 97 226 1.0 9.3
1,2,3,6,7,8-HxCDD 2 78 441 44 230 279 408 6.0 291 92 240 59 106 152 183 44 450
1,2,3,7.8,9-HXCDD 2 70 392 1.0 110 250 411 1.0 410 80 418 1.0 177 115 268 1.0 10.0
1,2,3,4,6,7,8-HpCDD 2 78 216 54 144 279 512 108 556 92 621 145 288 152 166 5.1 96.0
0CDD 4 78 514 137 6226 279 739 172 9159 92 776 229 2836 151 231 20 4200
2,3,7,8-TCDF 1 41 112 05 144 189 112 05 63 40 082 05 62 21 0.60 05 57
1,2,3,7,8-PeCDF 1 32 084 05 42 95 075 05 63 20 064 05 28 20 057 05 8.8
2,3,4,7,8-PeCDF 1 781059 6.7 1771 279 80.6 3.1 1890 92 174 22 263 152 725 22 26.0
1,2,3,4,7,8-HxCDF 2 78 306 20 632 273 203 1.0 770 8  sIl 1.0 112 146 441 1.0 29.0
1,2,3,6,7,8-HXxCDF 2 77168 1.0 176 278 127 1.0 210 88 539 1.0 260 149 393 1.0 18.0
2,3,4,6,7,8-HxCDF 2 28 145 10 64 67 127 1.0 103 25 133 1.0 100 69 1.63 1.0 14.0
1,2,3,7,8,9-HxCDF 2 3 103 1.0 23 2 101 1.0 58 0 - - - 0 - -
1,2,3,4,6,7,8-HpCDF 2 65 321 10 108 18 231 1.0 398 59 230 1.0 273 60 182 1.0 39.0
1,2,3,4,7,8,9-HpCDF 2 0 - - - 2 101 1.0 35 0 - - - 1 1.01 1.0 3.5
OCDF 4 0 - - - 1 200 20 9.1 1 203 20 75 2207 20 420
3,44 5-TCB(#81) 10 2 518 50 206 14 527 50 410 5 523 50 155 6 524 50 220
3,3'4,4-TCB(#77) 10 27 688 50 285 154 917 50 46.1 50 894 5.0 44.6 1 506 5.0 30.0
3,3'4,4'5-PeCB(#126) 10 78 700 17.8 320 277 834 50 561 91 632 50 387 131 416 50 430
3,3'4,4'5,5-HxCB#169) 10 78 158 31.0 964 279 153 127 1131 91 618 50 318 151 371 50 160

CB: Hift v 7 ==—/b, CDD: fifbo_r /' V4 * v, CDF: Hfifb <Y 75, DL: MR, HpC 7Hifk, HxC AMifk, OCDD: /\Mifho~
Y VARV, OCDF: NHfifb v ~v 75, PeC filfiflk, pg: €774 (1501277 4), TCB: ML 7 = =—/, TCDD: Uit~
VX, TCDF: Wb~y 75

HIERE & BE SN COARW I REMEBI RS & %P LT E.

" B HIR AL E RS RIE S 7z RRE R

SRR OL G, BHIRIMED 172 1CE SRR 7.
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£3 2001, 2002 FEOHEIEMEIZE T 2 FHEME

HAE R4 SEYIEIINER 2 (%) (95%(F A X [H) P kPN BEAR 2
2,3,7,8-TCDD “10.1 (262 ~ 9.5) 0.29 033
1,2,3,7,8-PeCDD ~39.1  (-48.0 ~ -28.8) <0.001 031
1,2,3,4,7,8-HxCDD 551 (30.5 ~ 842)  <0.001 0.43
1,2,3,6,7,8-HxCDD 134 (63 ~ 21.0) <0.001 0.93
1,2,3,7,8,9-HxCDD 237 (114 ~ 374)  <0.001 0.75
1,2,3,4,6,7,8-HpCDD 2060  (165.0 ~ 253.4) <0.001 0.29
0CDD 513 (387 ~ 65.1)  <0.001 0.74
2,3,7,8-TCDF 38 (249 ~ 232)  0.75 0.32
1,2,3,7,8-PeCDF 64 (241 ~ 154) 053 031
2,3,4,7,8-PeCDF L1 (68 ~ 97) 0.78 0.98
1,2,3,4,7,8-HXxCDF 21 (117 ~ 8.5) 0.68 0.97
1,2,3,6,7,8-HxCDF 5.0 (=129 ~ 3.5) 0.24 0.95

2,3,4,6,7,8-HxCDF®
1,2,3,7,8,9-HxCDF®

1,2,3,4,6,7,8-HpCDF 275 (=369 ~ —-16.7) <0.001 0.63
1,2,3,4,7,8,9-HpCDE"

OCDF®

3,44 5-TCB(#81)

3,3'.4,4-TCB(#77) 398 (13.0 ~ 72.8)  <0.01 —0.14
3,3',4,4'5-PeCB(#126) 122 (41 ~ 20.9) <0.01 0.85
3,3'4,4'5,5-HxCB(#169) 68  (-03 ~ 144) 0.06 0.94

CB: #{bE 7 = =—/, CDD: (LI V4%, CDF: Hbvxvy 77
v, DL: #HifRSAR, HpC tffk, HxC ~#Efk, OCDD: N#HLY_v > V4%
¥, OCDF: \ifbo v 7 F v, PeC Hilgft, TCB: MIELE 7 = =—b,
TCDD:Uifb o= Uy, TCDF: UMby _v >y 7 Z v

#2002 £EHERITEAE, 2001 45 I E 8 LE 0> BT 4

RASINE O, ETHER RO RG Th o 72729, FHELEE 4T
DGRV

o

(4) miEP 23,41 8-HFLSRP V75 VREDFER « thE DRIE

SRR 51T 5 MR 2,3,4,7,8- T LY R > V' 7 5 AR & 4 - MR OBh#E 2 FERFE T VLD
AT Lo, 4EHR L O R EAFRGHE BB T o T (P=0.89) DTET A h SRz, il Lt
FEL S LMEFENICER Ch o7z, TTNVTIEME (B8 sex) 280, K105 I KL LT
DT, FTIEETIVIL,

(s 2,3,4,7,8- ALY R > V' 7 T U YREE] = A X AERP X Coo

cRIND, BREEUIE, A = 0.293(95 %EHEXE=0.139 ~ 0.618), B = 0.884(95 % 5HEX M =0.678
~1.090), C = 1.152(95 %fZHEXE =1.006 ~ 1.319) & H#EE S iz SHEFEO LA DM T 2,3,4,7,8-H.
BALY NV 7 T UEE, 2 LT, TEET VI K B EURIIRRE Z O 95 % TFHIKE 2R LT 7oy
MLz DR 2ITRT.

(5) Mg 2,3,4,18-ABILSR> V75V BEORBHBOLLS

M 2,3,4,7,8-1HALY N>V 7 T ARE T - TEICREL TEILL Tz, #-5T, Ffi - o5
DT 2 W REFEE LIRS 2 BRIl E 2 BRICANZLEN D 5, FiEE TV EEA L 2T 2,
3,4,78- ALY N>V T T U EE OFHG - ETRMEOFE TIE, e 63.9 5 (HTNRE & 7% - 7o IliE
REBEOVLER), ME2BEMICTE L. M3 ICHBR L RFEZ BT 2 EH « EFHBmE 2,3,4,
T8-HIFILY R Y 7 T BEEDOSAR R T, B3I MERE BE DM 2,3,4,7,8-HIFLY RV 7

(28)
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L N | 1LVl 1 L1111l 1

1000
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100

L Ll
T VT

10

L L1l
T T T TTTIT

23478-HIEILARJ TS 20024 EEBIE B

T T T 117711 T T T T 11107 T T T T TT 77T T

10 100 1000
23478-HIEILOARY TS 2001 EERIEE

1 IMEH 2,3,4,7,8-HIEILY RV 7 T VB
ERIEEOFRME. E— Ao 2002 45 H
TE(E % 2001 4 B I E 5 26 U C g 507
vy b U7, BAdpg/glil, $xbb,
BIF1 gdb720 153D 1 g ThHD.

o ik
o Bt
= 307 - - EmwR e
= R (B el
Lm ———— TER95%FRMR (K1) // )
o TRI95% T BIIRS (B
2
A
||\ 20' B
A
~
2 .
AN
= p
J‘-on-\a 10_ L
I
@
™~ °g S
- Qa0
q‘ - L]
| g o ofe P
N _ e
0_ -
T T T T T
20 30 40 50 60

F#ip
X2 SHEEECBT 2MEF 2,3,4,7, 8- HiE{hyYy x>V
77 IEE (pg /g BERE) ZEEICHL T ay b
L7zd D, FEEIFET VDO TIZO MR E, %

O [Eli iR O HIH] 95 % [FHEX A 2 B2 7R L7z,

(29)

139



140 ok B O OIEN24

FUBEYRLUIZL, THIFER - EEFEL TuRy, YRS, WEBRZEOMET 2,3,4,78- ALY
NV T T Y DREIBER S NI L 2 G OBEIC L 2 £ F 2 o d 08, —%&ETHPF
POFCBYENLLBBEICL > TRV RV Y 7 5 U RRINCERIKE TER LIz £ AL
NTVEN6THDY, F— A5 2 BHIE S LG E 1 FEEEZ R LU,

ST O S f « M EE I T 2,3,4,7,8- AL LY RV 7 T L 3.94 ~ 26.75 (BALIIAERG 1 g iz
D1JksrD1 g, AT pg/ g Bl EWES) OHPAT, HMASFSMHEIX 11.60 pg / g lREFTH - 7. MR
FE DB BEERLS 2 & BRI T & 7o, BEHE DN BEBYED 7546 L IERS 60 © O 3 1LIdfE!
HERNCEE TR P> (P=0.08), Mg 2,3,4,7,8-TIALY RV 7 T R ONEZSHE O 4265 - M
BEDNY E R, T2, 1.064 (95 %EHEXME=1.035-1.093), 0.181 (95 %f5H#HXHE=
0.163-0.204) TH -7z, RAEH OF - PEFRIMIEH 2,3,4,7,8-FIY RV 7 7 VREDOSA b HIC
FEEOVTEY, RAMEINBEHOSE EIZIZFE U 4.71pg / g B TH - 7208, BAMEIZIIEEFED 8.5 %
T, 227.3pg /g Bl TH -7z,

201
ﬁf‘ﬁ£¥ IPCQ 0.03 ppb KA E
. PCB/{4—>=A, B, BC
15
IPCQ 0.03 ppb *?ﬁ
10 1 PCB /84— =A, B, B!
7 PCQ 0.03 bIJJ:
IPCB/\’;‘I—./p£>
5- PCQ = 0.03 i
PCB /342—>=C
AL D 1 PCQ. PCB/ S5— il
O-I 1 LLLLLLILA VHI‘-IIIIIIII 1 L RN 1
101 - RIBER
Eo]
5
.<
O- 1 1 LU LA 1
154
101
5_
0— 1 1 E‘I-:":l:":l:'lll";.l 1 I.I I.IIIII. 'I LI l"l_.rlll “}
1 10 100 1000

g 2,3,4,7,8-HIGILORYITSVRE (pa/g BEIR)

X3 IMyEd2,3,4,7, 8- ALY RV 7 5 U EE (pg /g BB
D 2 SR EF BN R LTz, SBE L RREZ OMEILFE
W ETRETH B, J|ETTFMCLY, FEIIETE R
HEEDSEER I, X BT L -, WERE BEFED
IEE AR T L T, 2001, 2002 4O TAEREE
THIE SNz, 2 BOEOFEEEE R L7,
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(6) MiERpRVIEILI7I— 7z —LBELNRPRVECETZzZ—LDHRIOT IS5 LS
g—>

KA WCMERERE EAREEOIMBEHRVIE 7 75 —7 2 = — VBE L MEHF RV EIE 7 2 =—
WDHAZAS NI T L8 —2%md, F— AT 2001, 2002 FEOMFERE & b HIE S N 5E, S
RV 7 =7 s == VRBEEEVWAE%Z, HEE7 == VDOH A7 a3 7T L85 — 3 HER
FHIWCHA R DY 4 7RFEA L., BOIETR RV 75 —7 = =— ViEE (0.03ppb MAE) i
BEZ72=—NVDHFAIZOR N T L —>D¥ 47 A, B, BCIXMAEDRK & 7% - 7o 54K~ D
BEZRTERLEINTVS, MRTRIVEI 7Y —T7 s=— NV BEELEE 72 =— VDA A7 a~
NI LANRY =DM EHPHEE SN DIFMERE-RE 63 ANERBEE 2 ATHh-oTz, ZhoD*
PHEOHT, MWEERE 49N (18 %) LRKFREH 13 AN (25 %) SRRV IEY 75 —7 = =— VIRE
0.03ppb LU E, 20, HbE 72 =—VDHRAZ7OS NI T899 —>DF A7 A, B, BCERL, ¥
SRR RVIEL Y 78 —7 = =— VIEE, RO, #EE72=—VDHTA 70 NI T L88 —>D
A R I 2,3,4,7,8- ALY RV 7 5 EE L OBE TR L.

. BT L WHERHTIEEDRSE

Higole7 7u—F 2 X 3 IMEOMEZKEEZ L LITICRE ST 2. F 107 7u—F IR

DI 2,3,4,78- ALY RV 77 VEEA—RAODOIMKEHEE KT 200 THL. F207 7
O —FZEYRE TNV EES OT, —ADICB T 2 M 2,3,4,7,8-HIFIY XY 7 Z VRE D[RR
MTOTFHRAZFMAT 2. E30O7 Fa—F3aP A7 4 v 7 BRSO 2 v, ETH 3 HR2HEE
T2, ZOHETIEZWRSRE 2 MRS 2,3,4,78- HIFLY NV 7 7 B, Fi, ek TE 3
Z Xk b, Mt 234,78 HIEIY RV 7T VEERAWIEDR, SEFEANEY AL F HDS
B, 1) WEERE & —RADOOMTIEHFRE Kb RELESRONIE, 2) 2EMOBPEMIZ DOV
TNA T AN THRAMHBERES IR TH -T2, Thbb, HEENPROELSLFICL S, BESK
cRMiEHER S, RV 78— 7 2 =— VBB LMBETRVIE(E 7 s =—VDF A 7a~ 7T A
NG — I & HHERRYE N DOBE OB WAREEIR STz 13 AORRBES (£ 43 AL, 2h
BERAT.

(1) PHEER
WO R OIS L 72 4P« PEFEE IR 2,3,4,7 8- Y N> V' 7 T L IREEASH IO 7] 99
W= rF AN, Thbb, VHF2IBXEEFELVSGEICHE L HET 2, ZOBWELERI

x4 2001, 2002 FFELEMEERZZZ2E CB T 2 IMEHRY) by 78—
T r o VEE L RVE(E 7 22— VDA 702 N T T LY —

INERE R RREH

. PCB ¥ —> DX A7 PCB /¥ — DX AT
PCQ #REE (ppb) . .
A B BC C NA z A B BC C NA 2
0.1 LAk 26 15 70 4 52 KRR L 1 1 2 11
0.03~0.09 0 1 0 0 0 1 2° 3b b 1 1 7
0.03 A 0 9 0 5 2 16 211 1 23 10 47
NA 8 66 9 47 24 228 9 1 0 2 17 29
ot 108 91 16 52 30 297 16 20 1 27 30 94

NA: JilE®T, PCB: WY HbE 7 = =—), PCQ: RVUH{LY 7% —7 ==—)L, ppb: 10 557 1

P PCB DA A v~ N T WS = A AT A, WEICHIEY, X AT B, XA T ALEAT CORM; XA
TBC, #ATALZATCORMTH DB LK LE, ¥ A 7C, —&A &Rk

O S S K B 0 75 G KA L R & AL 7 RTREPEDS .
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FEH - R MR 2,3,4,7, 8- FLHALY RV 7 T BN 30.6 pg / g FERF X D EWEBEICHY T 5, 20D
PWHHERT I3 NORBEZED S B, S APMERE LHES NI, T 8 AE 57~ 81K T, Fiine
MR IMIE R 2,3,4,7,8-FHb Y RV 7 5 X 58 ~ 237 pe / g IEMF O&FIC & - 7-.

(2) RBEER?

M 2,3,4,7,8-FHALY N>V 7 T ARREDS, Fln - MR FEAEH L L7 FEE 7T X 2 BRI D
ETTRAEN99 %6 RIS & D S WSS CHEEE CHET 5. COBWEELETE ] LELU 8 AMHERE
CHIESI N,

(3) 9@9? 3
UTFTOuYRAT 4 v 7 BT IVERIERE Th IHEROHETICH V-,

log <1pp> = a+p logy, [2,3,4,7,8*PeCDF level (pg/ g lipid)]+ﬁz log,, (age)+ Bs;sex

“pY IIMERE TH AHER, “age” 134EHDS, “PeCDF level” 13T YR Y 7T ViBEZRL, “sex
BHEERT Y S —EHCT, B2 0, @M% 1 L L Tw5, [WRERE a, B, B B 1, THZTN—15.07(95 %
FEXME=—19.70 ~ —10.44), 4.70 (95 %f5 X = 3.18 ~6.22), 6.62 (95 %f5 fH X fi=
3.69~9.55), —0.78 (95 % EHHNX[H = —1.48 ~ —0.07) EHEE S N7z, HEREZE TH 2HER (p) #50.99
LB EHEE S NG E R RE IIERE L HE S iz, ZORMELER T 8 AWHIERE L HE S
Nz, TORBRIIZHEREL, 20RE—ThoT.

4, & &

AWFFEIC XD, MWERE & —BRA D> SIEIERAIE S N 7oREE ORI, M8 1 4 F v RS
DEEE RSNz, HIES N 21 DEMEED S 5, METEREICRD KRERENR SNT-DIX 2,34,
T8-HIFALY XY T7 5 Th- Tz, WERE O M IRE O BAEEIHIREFED 11 f5Th - /2. M
th 2,3,4,7,8-HIFALY RV T T U EE L ER - ORI ECEEREEN b - 72, ZOEMEEOIM
WHERE X FER L L b EmL, ST D EWERS b - 7z,

HHE BE GG S Tz KM 2 B L € 30 SERA LR L T W 2 A FE T 5 &, ERE L HaiEH T
M 2,3,4,7,8-HIFALY RV 7 7 RBEICKRERENPRONTDIRELREHTH S, ZOFERIFFEI
2,34, 718-HHFALY RV 7 Z U HIMENTHRLEEOIE W X 5. WHERFICB T % 2,34,78-Hififby ~ >
V77 OB T.TELHE SN T WS, 2Ot 2,3,4,7,8- ALY RV 7 TV EEDENE
FHALT, FESITMEEE 2 2 3HEOBHEERZRE L, JZORERRE2EECH2

DXEVIF LB E» S Y TH A S, 8% 5 234,78 HIFLI RV Y7 F7 VIR VIELHLY N Y 7
FYDFEEESTH B, RIVEEY RV 7T VIZMEOFEEDOKES 2 5D 2 EHESI N TV S0
5TH B,

BEINIZHEER S, MEHRVIELY 75 —7 2 = — VIR E < iE B I A 2o b e
T2 == )VDHFAIZAR NI T LY =R T RKBEECHA LI L 25, [A—0 8 AWHIE & HE &
niz. 3BWEERDS b, PMEER 1 ISR B CHIRLES Th > 72, HIERBR 3o HidE
X BFEREFE—THo7z, Mo T, EFNLEEA»OFZ 2L, SHEER1PRLEN TS LiEH
STeNBhb Lz,

AWFFE DRI D — D I HHEE PR Z 2 B e & B OMEME D L ATRE N L W S i TH 5. I
FAF ¥y UPREIL, ZRERIIREM R REREMTEI T, SBEE ERGO HFEHT (KA Y, Ny 7V )
THIE SNz, WHFERTIZ E IS A 4 F ¥ VEHOUE CRVEIHEi 25 Tw b, M CRAS A
B X B PEMEIZERMCHEDLD SN T 29979 3 U b I EsEE O T 2,3,4,7,8- ALY N>V 7
7 VHIEECECR D -7 LT, TREREBEOBICIEIC R S RWIEENES o7 TH 5 .
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2,3,4,78- ALY N>V 7 T U EE R KT 2 BT, WEEIREZE2E & IREER OB 0 W p3 R
FEY e BAJREVE B 5, TIREDEHMEN R 72 2T 2,347, 8- ALY RV YV 7 5 VBENRFES NS L, xf
R COUE L RAME IR 22 H A TE hwuhd Lsy, MEREERSEZ > Tniz, T4b
B, M2 EEMARICEEL TWwisl, MZ2ZR2E D 60 %O RIcFEATH:, BfEET, HAA
LTI 2,3,4,7,8-FIFY X2V 7 T YRR OHIBRI 7258 12 D W TR it 132w s, HAREW
OHIRME TS A A F ¥ VOB HFIREICEZN D 2EHNRENT WL DT, 234,78 ALy~
77 YOI RE DR X 0 B 2R H L. LrLars, b L 23478 HiffbkyNrY 75
EEICHIRI R ENTEAE L T, TR TRV s Ly, A1 v e BEILEO—®R AT
234,78 ALY N>V 7 T VIRE ORI LBV EFHE L LN D 225, HEEIIRS N ho
721919 1 EN CRISBEAREE OMRZENRE S N b D0, Z0EIHBHOEROEmZEICL 2 L &h
7eBld B2 17, KWL T 2 FEE O BRI OE DY, i S it 2,3,4,7,8- ALy RV 7 Z
VHEEIZER T LIIIAHTH .

DLz, 222 it L BB O Ff O OFEWIC X 0 IMIKRH 2,3,4,7,8- ALY RV 7 5 s
D LR HSREEIC 72 > T B AREMEDY D 2. SHBEER 60 AT Th - 7208, ZLHEFHD 43 %13 60 HU LT
Hotz, ZOBRMRDMBETIEESEERICKEL T3 2 Lid, BICHEROMETRENT VR, 2
DOWFETIERFET T NV CE D K LEEFIC XV MIEH 2,3,4,78-HIFEY RV 7 T REOF i E
EFHIBRADHEE S iz, - T, SIREETK® 72 Bl iRk % 400 60 LA L £ COMFiTRIE % o3, £
FHHE L FRIBRROHEE O S THENHANL 72, UL, SMHEIC X 232520 H > Th, BRAUED 99 /8—+¢
YEANEE DTS, BWEERE ] TR ko (HERE ThRLENES THELHESh
728) FRNRTH-o T LI NS, BUBE LREEOMO My — N4 712k, FRELZE T L
BUBREIMET L, EENZIERE DS bIEL MHEER S HE I N2 B1MRD T 2 AN H 5. AR
FTIE, BORAEZEEMCHEE L, 2R, HEAOIRBWT 2,34,7,8- ALY RV 7 T VEE
WZOWTH, ZOFREDEEICOWTE T —IWENTH-7er 6 ThHhL, —HMERELRET 5 L
WOHET DB TRETHL2EFELFET 2L, REEZEELLBIZTIANRONE THS .

HBEITAREE, H2HEAPKMY TIRESNICBIEER C L VIERE L2 S haroce LT,
Z OHEFER 2RI L T Z DEADMEREE T 2iEBHIIRAETH S, WS HTH S, M 2,34,
T8-HIFY N>V 7 5 VREOFFIIIEA TR ERE LD 20 b Livg v, HENE 2 - 72K
T 2,3,4,7,8-FLHEY XYV 7 5 VEERE P> E L TH, ZOEAOEIERFGIFNIE, BHED
MR PR O HE BB AN TEWEEICHES L TW2ELHVES, T2, HART23,4,7,8-HE
BNV 7 T o ~\DEBEZEIGESSD 200 Lhvgw, BIE 234,78 by Y7 7 VaE
MEL T, MOF XV EOBZEZREOFIIMREN LV EHE L2 2 g H 5.

ZMEEDORE 2R LS 57012, MEFEOMBEF A 4 Fv VBED T —2 2L T 2 L NE
ThH 5., BERNISREEE— A O SIIELCEIRL, Fin, M, BEOSMEINMERE LML
TWERETH S, HEOHFFNHECBSEDORMME DY, MEHS A4 F Y VBEEICEEL VWD
AIREME D & 2 D ER 2 2 EHE I 2 MITHEDOREE D M LT 208 Livgw, 2,34,78-Hif by x>
V7T EEICZ, flOREAEE2HASDEIETHREORM ENRATNS, oD
D, FREZRECT S I L EMEEORRE 2N ¢ 2H 8 HFINS.

Ebl)IC

[RARELE] L0 FENMEEFCHEONLENDH S, Lrl, —AORBEEZ [BH] ERFENIC
ALY 2 DIRAS TR, BEEORFHE LR, WEOEFAIPIRICERENLEL 1D 5. £TO
AL e TAATANVICHEZS SR TREOFERVEN G N T ebd T <, I EHHICEES
NIBR o N7 BOLHEAKBEM 7 T MED KR &L 2oz LRI Tw S, LaL, D 2EADMEICHE
B 238 [FRVMEEEATLAXI T4 AL A V] KBE L0 2E» D 5 DRREETH 5. 1970 4
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RICFMFEFRVEN 7 78— 7 2 = — VEECMTE(EE 7 2 =—VvOHX X7 0ax N7 F LY —2T
JFERE NOBEBEHEENTRE L Ko7 b DD, FELFKRVETH S YA 4 F ¥ VEDMAPIEERDED
MECTEBARE L K> 7D T IETH 5, WEMERIIZEET, WRIZEHETH S, b2 HIIER
NIESR ERa A4 F v HEFLE LICERERTETH Y, L0 X5 2fERH £ 0 EHE < 2
BEOHRBEHELEE->TRY, 20X REROL &, FELS 30 FELLEORM 2 &84, IEDZ
WHIA S T, BERRNICEGET 254 4 F ¥ VEERECHRS I, WHERSE S /@EAOHTRED
ZDPRAD LT 5 2 LRI SRS T & 7z, AR SHFITE 2B ERIEE 725 < 2D,
BB SN B ERIE, HEOER & FiE LEWIRMEER b 2w,

SEIRE I NIBWEREL, 71 4 v VHORNBENDROME CTERAGE L Lo H16, [Zh
FCOEETHE 2SN ar o AEOTIC, M54 4 Fy VHEBEICE > THELZHTE 2 A
RHOTHEZ OS], WISEELSET N, COZM AR, [EEA &L TREICE, 2,347,
S-HIFMY N>V 7 T VEEERT NFEEANTH 2 REMEMEL, WERE EHETE 2| w5k
WESWTWS, LarL, @FAREOME 2,34,78-HIE LYY 7 5 2 R OMERTE BE DT
ZENOSPD LD, TORESMEEANLEFRAZSEOAZIZOWTZORELEIML T Z 5w, HE KT
ZHIFARET S, WHETHW 2T 2RI EAARE R FEAETH 5.,

2,347 8-HIFALY RV 7 7 U NMERB | ER I TEELYETH S LEVBR LIRS N TE . A
FTH, REBEIEE AN, ZOMPEREOFIENRET L EHOELHE» O S, KBEHE D
M 2,3,4,7,8-FIY RV 7 Z VEEOIGENMEFE AN L D EL, KREEDLEE L TREA LR
BolENITH 2 EHRITE 2, T xbb, KBEEDOTICHEEENFAES 2 AlREEN R Il L
»L, EHELTEZ S TWEESHHTY, ZTOERNTOH 2EEDOHEANZHERE L HETE 5001k
BIETH 2,

SEl, ERANRE S O BRA S (-2 MER J AR - IR 2,3,4,7 8- ALY NV Y 7 T iR E
FHEREICH O, ZOEER & ZICEL POHEOEEES DS, T OUEIXREER D2, 2,3,4,7,8-F
HALY RV 75 VIMFREEEEATORERIESDENH o7, Lerd FHUIERHDME L BE L T
7z, IEHERYIED T DWIIBEEAD YA 4 F ¥ VEMPEEDIXS D&, ZOFH, e OBEE W
BETHPo TwERLENRDL, LrL, FAHATELZRBEADI ALY VY EHREED T —F IR Tnie,
RAELEZD 40% LA F1X 60 % 2k 2 Tz ns, WHEFEIE2B 60 KA T ThHh -7, 22T, MEHETHS
NI ER - OBER 61 ML EIC/MET 2 LERE U, SHIEEHENICIZED 2 REFETH - T2,

S L I FVERE R F R L, SPRIEFCEBECHEOREEFELREL. LrL, TOHPD
KL, EEEBE THEINIANEEELRET I, PLTHRE T 2 HATEELZRD 5N
721, EOMBERE VI, HEHENREIEN D EFELLRICROE, HEREEL E 2 TRAITE
2RI IRz, L L, EHEER T % L liE BB HE S N 2 REEHE D RITREN Mm-S 2
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W EZR LY, BIEBR I OBERNGREFZEC LW Lo, OEENGRIEENLEL 2P
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K1 T - FEEME BE & ER—SOEE R B 1 3 A BRI (the chi-square test)

FER L (%) b (%) G p=("<0.05)
SE
RERE
B 191 (55.0) 156 (45.0) 347 <.0001"
M 121 (32.5) 251 (67.5) 372 <.0001"
FEBERE
H 55 (55.0) 45 (45.0) 100 <.0001"
o 53 (29.8) 125 (70.2) 178 <.0001"
TE R
H 61 (85.9) 10 (14.1) 71 —
Log 52 (78.8) 14 (21.2) 66 —
L
i 152 (43.8) 195 (56.2) 347 <.0001°
e 140 (37.6) 232 (62.4) 372 <.0001"
FERERE
i 58 (58.0) 42 (42.0) 100 <.0001"
M 83 (46.6) 95 (53.4) 178 <.0001"
TR o R
B 66 (93.0) 5 (7.0) 71 —
M 60 (90.9) 6 (9.1) 66 —

B2 WE - FRERIELE &R BOERRIRIC 51 3 {USEMEIER (the chi-square test)

FHASHE % L (%) »HH (%) it p= (7<0.05)
JEESEHMET / K
i 284 (81.8) 63 (18.2) 347 0.088
2 310 (83.3) 62 (16.7) 372 0.547
FEBERE
i 85 (87.6) 12 (12.4) 97 0.258
M 156 (88.1) 21 (11.9) 177 0.117
TR o R
H 64 (90.1) 7 (9.9 71 —
M 53 (80.3) 13 (19.7) 66 —
R AR R R
H 288 (83.0) 59 (17.0) 347 0.014"
M 309 (83.5) 61 (16.5) 370 0.001"
FEBERE
B 91 (91.0) 9 (9.0) 100 0.413
M 166 (93.8) 11 (6.2) 177 0.134
T o R
H 67 (94.4) 4 (5.6) 71 —
s 64 (97.0) 2 (3.0) 66 —
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R3 MHRYER L MG PCB 2¢% — > OFfHBE (the goodness test of fit for chi-square test)
PCB/t5—v  C BC B A . -
R —— (%) (%) (%) (%) o =009
i Jsz Bt
S
FERE
EH 42 (17.6) 33 (13.9) 77 (32.4) 86 (36.1) 238 0.146
KT 13 (28.3) 2 (4.3) 13 (28.3) 18 (39.1) 46
FERERE
EH 27 (39.1) 9 (13.0) 17 (24.6) 16 (23.2) 69 0.319
KT 5 (50.0) 1 (12.5) 7 (12.5) 3 (25.0) 16
&t
B 69 (22.5) 42 (13.7) 94 (30.6) 102 (33.2) 307 0.231
[N 18 (31.3) 3 (4.8 20 (32.2) 21 (33.9) 62
E'gis
RERE
B 57 (22.8) 13 (5.2) 59 (23.6) 121 (48.4) 250 0.799
®T 12 (26.1) 2 (4.3) 8 (17.4) 24 (38.7) 46
FERRERE
EH 43 (37.4) 16 (13.9) 30 (26.1) 26 (22.6) 115 0.278
KT 5 (45.5) 3 (27.3) 3 (27.3) 0 (0) 11
=
EH 100 (27.3) 29 (7.9) 89 (24.4) 147 (40.3) 365 0.948
KT 17 (23.3) 5 (6.8) 11 (15.1) 24 (32.9) 57
B
L 43 (18.1) 30 (12.6) 76 (31.9) 89 (37.4) 238 0.432
HY 13 (24.5) 5 (9.4) 20 (37.7) 15 (28.3) 53
FERERE
7L 27 (38.0) 10 (14.1) 17 (23.9) 17 (23.9) 71 0.600
HY 4 (57.1) 0 (0) 1 (14.3) 2 (28.6) 7
&t
%L 70 (22.6) 40 (12.9) 93 (30.1) 106 (34.3) 309 0.477
HY 17 (28.3) 5 (8.3) 21 (35.0) 17 (28.3) 60
e
FOERE
7L 58 (22.7) 13 (5.1) 52 (20.3) 133 (52.0) 256 0.072
HY 14 (26.9) 2 (3.8) 18 (34.6) 18 (34.6) 52
JEERERE
%L 45 (37.2) 18 (14.9) 32 (26.4) 26 (21.5) 121 0.854
HY 4 (44.4) 1 (11.1) 3 (33.3) 1 (11.1) 9
&t
7L 103 (27.3) 31 (8.2) 84 (22.3) 159 (42.2) 377 0.131
HY 18 (29.5) 3 (4.9 21 (34.4) 19 (31.1) 61
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R4 AEHER & I PCB #E OFHBE (one factor ANOVA.)
M A B . (pg /g lipid) + SD p=("<0.05)
i S St

Bk
RERE
EH 279 .66 = 3.35 0.880
KT 56 .59 &+ 2.51
R ERE
IEH 80 .67 = 1.93 0.222
ET 7 3.67 £ 3.29
Hat
IEH 359 44 + 3.11 0.994
ET 73 44 + 2.50
7k
IEH 293 .36 + 2.92 0.140
ET 49 .02 + 2.51
FERERE
EH 152 .61 = 2.30 0.434
ET 14 3.10 = 2.10
HEt
EH 445 10 + 2.74 0.014"
KT 71 .95 &+ 2.48
R
Bk
RERE
L 283 .56 + 3.23 0.426
»H 58 .59 &+ 2.51
FERERE
L 84 .62 + 1.96 0.030"
»H 7 4.38 + 2.76
&Et
L 367 .34 + 3.01 0.120
»H 65 .98 + 3.02
pegis
RERE
L 294 41 £+ 2.78 0.462
»H 59 .59 £ 2.51
R ERE
L 161 .62 = 2.33 0.380
»H 10 3.28 + 1.49
At
L 455 19 +2.79 0.801
»HY 69 .28 + 2.18

(45)
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SREFH P L, BB 36 FLL LR U 718 M iE B TRET Lz, B9 17 BIcERREE 2%y, B
AR THEE RN D DD, Z OFER %23 L7z, P IER X2 D 2 W IdE M PCB & Tld—i%
2% 37w, L, PCB RIBSMETH Y, 20 PCB OEEMNIMETE S 36 LIRS - 7B b BEE
WIS TwaY, Zh s OFEER, PCB OFHANIER 1R 2 & LIRS RIEHHE ORI b
EHLTWw5E e, MM RBHREELSISEI LT3 aREENHE 2 o 599, —ikic, BXE
DIET « HRIIKREERERMERES %2, BESE /MRS 2 RE T 2 O T, IEBE TI3/IMELRIERE
EFETHLE0d L,

SROEEBEOMERZICB VTR, 0 &5 RHREENEE DRIBHRE O HME / BEHEMRIRD &5
SRR T 2 Db, MR, MEEBEHRENCEEAMmE XL S Twurw, LaLl, A% PCB H
2 DREIAFERR 2> & DR 2 IEE ITERE O PCB UL SRR OMUNET 2355 L, mHE O REHRE
PHRIREE L Z 12700 b Ltk Ww™, fit> T, MEHEEREICZ T, BEXEHFN « i REHT
HIRRE 2 515 Zh v, ZORMBIEFEEOREA ) = X LB L THRETTRETH 5.

4. ¥ &

FEIE 36 FEREREE OMERFE OMZ 7T — & 2T L, RERFEHC B » THRENBEREE S EHEEICR S
, ZCHRECIRERSHET £ PCB RE EAICHB 2580w /2. RIIMEEE b, FEIHBICERL -
PCB 23RISHRER, FHOBREMRSR ZEE L T 2 ATREMRIR S iz,

X B

1] Tlida T, Todaka T, Hirakawa H, Tobiishi K, Matsueda T, Hori T, Nakagawa R and Furue M :
Follow-up survey of dioxins in the blood of Yusho patients (in 2001). Fukuoka Acta Medica 94 :
126-135, 2003.

2) Thomke F, Jung D, Besser R, Roder R, Konietzko J and Hopf HC: Increased risk of sensory
neuropathy in workers with chloracne after exposure to 2, 3, 7, 8-polychlorinated dioxins and
furans. Acta Neurol. Scand. 100 : 1-5, 1999.

3] Tokunaga S and Kataoka K: Association between blood concentration of polychlorinated
biphenyls and manifestations of symptoms and signs in chronic “Yusho” patients from 1986 to
1997. Fukuoka Acta Medica 92 : 122-133, 2001.

4) Chia LG and Chu FL : A clinical and electrophysiological study of patients with polychlorinated
biphenyl poisoning. J. Neurol. Neurosurg. Psychiat. 48 : 894-901, 1985.

5) Chia LG and Chu FL: Neurological studies on polychlorinated biphenyl (PCB) -poisoned
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(BHEXE DI B, MFEPITY Y 7ETERINTWEHDIZDOWTE, FHECLVEERZLD LIEEI NS TT.)
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HIEDIRATR

RIPAFA PG SN o T R A RV R S
2 SN SR be
R LIRS IR BER IR E
N B OEY, 5 Ik X Y, oK W oxw MY, & B FE Y

LI

HAEFSERIIA O FRE T, WEDIRAT RILHE D o OIRFE ORI, IR E, HEE, RET
bbEPRENT, BFREMZEEBRD &5 —FHRORERICIE~ A R — AR5, EREEE, S
o, DRSO BE RS, RREESDH 5. Zh o OIER I EE MK o PCB i, PCB OF A
70 NS T T 4 —RY — VR BE L TWwWA 2 EAWRINT WS, K HOMEEE L L THW S
7z PCB 2 SHNHEDFRWE L # 2 5T Wizds, 0% KRV LY~ 75> (PCDFs : ¥4 4 %
v U BEYE T, PCB ORI & 2 FHEEY) ORE~DOEGPEbLND L5k o7z, Bk 25RO
B, WEFEOR S BEZFKYE X PCB Tlid7{ PCDF Th 3 Z L& LT,

MHHEFERE MW FER AR 72 o TR TR L DD H 2 b DD, W E R ICEED BE IR,
FRCHEERBIRCME SN TV, TFED, KRVE(EY YY1 4% > (PCDDs), PCDFs &5 7z
FAFFy VEOUELEOMES I XD, WIEREORZIRICH S 15 D& O ks & PCDF % O
HYVE ORE VSRR 2% 5 72, 2 2T 2001 FROMEMZ & 0, M+ PCDF BEE#Y)E O3 EEHIE 5B
Hmani.

HIE BB DR L 7ok i 5 40 D PCDF BREYIESEE S LT\ 5, IERE S, HESRSE
11 1 X 2 EEPIOEFOEEE Th 5 Yu-Cheng BEEWICEGFET 2 21 5 O PCDF BEYE
DI B 234,78 HEY Y7 T (PeCDF) BKYEEHT0E I RN TS, BE AW
52Tl PCDF 5 CTEE OMIREMRFESL G AN R S 1z, S, Jx IZMERFE CB T 2 i+ PCDF &
& & BAE DIRFEIR & DRI DWW THRET L 72,

1. RFH&

R EKREIEE

2002 fEICIRRHRE 5 THEH 2 T2MTb N, »olfid PCDF EEOHIE TE 72 259 A (5B 128 A, % 131 A)
WZOWTHANT, FE 3000 8K Th o /o, IREHAEEE X, IRIBORSN, RiGEFE, R0k
W, A R— AR, ROEBEREERO 5HETH Y, ZNZhORRIZZF OEEED S (1)
e, (2) B, (3) hEE, (1) #=HE, 6) BUED S BERCHELT. T ORBREHEEOE
EFE &, I 2,3,4,7,8-PCDF, total PCDFs, total #ffiz#lt: (TEQ), total PCDF-TEQ f&i & @ BH:&# 5
M &17 - 72,

RES LUMERIT S E

259 LD BEHEEWRE LT, 2002 FIHIE S iz PCDFs B X 8% OfbOE#ED b 2 LE&WOE B+
27— &V CEHl S T % 5 2 7% > 72, 4 PCDF f#, 2,3,4,7,8-PeCDF f#, 4 PCDF-TOG, X U4
TEQHIZX# % & > THIBEH E L, ZNZThOMEEE OEERE* HWAEHK & L CEERE LIRS
B %7z, 4 PCDF f#, 2,3,4,7,8-PeCDF i, ¢ PCDF-PEQ, & U4 TEQ fE D EHIHE & w5z
BOER T 2 &, SBEREDOEIXERMGEWNMG % & o7z, T D7 XA OE % 7T 12
AL, 22 OREDOEE L4 PCDF {#E, 2,3,4,7,8-PeCDF i, ¢ PCDF-TEQ, X 04 TEQ

(47)
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TEONBEHL DE & OBSE X% BRI EROTEZ AW CEHMEIL 72, T X TOME#ENTIZ SAS VY 7 b
TNy —VERHWTE I %57, PiEIZ0.05 2EEKAEL LT,

2. 8 R

FARTz 259 NDEEDOIRFTRIZLTO@E Y THh 5. EHEIRAE (139 / 259 = 53.7%) , AR fERRE (27 / 259 =
10.4 %), HREGFEEE OB ORUE 51/ 259 = 19.7%), FEEOWEIIZEL (43 /259 = 16.6%), ~A R—
LR o DR (28 /259 = 10.8 %).

A G F Y EOMAERE LR L OEIC O W TN & 23, 2,3,4,7,8-PeCDF fE, 4 PCDF {#,
4 PCDF-TEQ, ¥ X U4 TEQ ENWEEICEFIRAE LML T 2 e o7z (p<0.05, et
FHMEIER). ZDMOIRER EFAR T A 4 F o VHEDMICEELRBEE I o7 (F1).

3. %

# 3 S HNE X PCB % % O BSMEEIEEY) T & % PCDD % PCDF 5B A L7z kil X 3 2 #HET
b5, WEFHF 1968 4F, FWCIUNT, LS BEHAESHTREL Twd, ZOFDLFEIOFRHRIL, FE
ERFE, KE~OEFEWE, RIETH>7-. 11 4%, FREHFELEEO Yu-Cheng THAEL 2, » 2
SIERT AR, Yu-Cheng T b HAFRAE 1 FELUNOIRER % 114 ADBHFIC D W THNHEE,
AR (81 %), HREEOFMEARIE (59 %), MGG (67 %), ~A4 K—AfsmitE% (70 %) T
Hotz, A3 IWEERE LFELL, N oIREROHEELEIERE & Ifif PCB IRE 358 < HE L Twiz?,
W, 7% IHECIFELE 1 FLINOIRER I~ A R — AR5 % (52.6 %), FEEEmE O 2 aRIE
(45.2 %), BRSO RE ORUWE (29.4 %), BREFE (15.8 %) Thote, HAEFAED» S 35 FLLER
R U 73R, RAEBYNCHE T 2 LIRFTRIEEA L2252 500 (K1), ©B% L OMEREN L
5DIMERICELATWADYHEETH S, SHEOWET, HEREDZL PV E ZICHERIBICHKE S
NTBY (63.7%), A R—LRRTWEZ, IRIIFIE, RO £ 72 M O 25 a3 s
BRLTHBEENRZTNEN10~20% 15 T LR35 ho Tz,

B3 b idie7e PCBIC & & &7z 313 PCB IMHIRE 3@ E & & S i BF i U CIER Icmw»ic
Lonrb o, ERIZEL, HBEHRWEBRZ - 82 2 RN TEDY, Hwn 2 IEh % S HERED
B RE R 2 a1k, PCBIMAFRE IR L TAHEVWICEETH S, 1975F 2 5 1977 F 12 1F T
Nagayama 5 IZJHfEBFMF B X O 5% 80 PCDF 2fH L 721012, B 3 FAEORKRE, 74 3
HE DI b BEELZFEAYE X PCB X D& L2 PCDF Th % 2 LhRENTZY,

)3T PCB i ic X 2 IERIC OV THHRS N T w2, PCB#5 S /-9 v ORI E L LEE

K1 REREMF YA 4+ e OBfR
Discharge : F5iED & D EH 53, Meibomian glands @ ¥4 R —
LB & DR 53, Pigmentation : SR O S 3Kk, Fol-
licule : FEE ORI, Swelling : IR EAR

total-PCDF
2,3,4,7,8-PCDF | total-PCDF total TEQ
TEQ
Discharge 0.045 0.024 0.024 0.039
Meibomian gland 0.607 0.392 0.69 0.38
Pigmentation 0.731 0.708 0.82 0.645
Follicule 0.326 0.654 0.364 0.558
Edema 0.873 0.799 0.815 0.857

(48)
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X1 WEFERER ORISR R kg OREFEL L (FEER 33 1%, &tk
A DFEE 1L (33 7%)
B © FHIE 13 F& (46 %)
C © F8fE 29 42 (62 %)
FEREAT 13 ARBEAS I O W R UE T 3 IRH I i - 7228 (A), TRRZICHEBL (B), RERICIE
BRUWEIHE L (O).

ARAE SRS S LT\ 21, PCB #5 & 17 FEBRENY) O B BRAHAR O R 2 S0 diE FB s O 2» &, PCB %
7213 PCB & PCDF [AIRFEEE » H #1213 8B 2 B IR O JEIE P IRIGALE B S e 2 S b 2 L H34r
mo iz,

REGEETH T 24 R—ARFAE D &5 O HWF — XBESWNIHEDO— D DR TH 2 (K2).
B =27 A P CTIRARRBIR B A CEAE R ORI A58 S i, v PCB 2BIs w5 &, —
7 ABRICIEIRIESEREMCH 2 X 51wk, REBEEET 2 L HW T — ARWELIHEE S hvie, SR
T~ R— AR AEEMCEES N, FHEL Tz, PCBERY IV~ 4 R— A% KOH 4L L ¢
Sudan I 03 2 &, PRO—EWHIHEE LEEDOIAN R Sz (K3)9, BHERBE T <4 R— 2%
DIFEFHZB RSN TwE, 4 R—2ABRBEREA2IE~ A R—L8TE, ~A4 R—AslbE, KR
BEE, YVe—T A poZkEh39,

~ A R—LBRDZALIE PCB % PCDF Hi# 4 )V CREfliciIR s L Tw 5 (B 4), ZOfRIc L 5 &~
4 R— L BROZACHRRRE R o 4 BB ICH T o s, B—8 (W) 1 i3EE EE oM c
D BENEOBREOILR KT L, FFEOE IS 22 i@l v, BT GETH) w38y
WEIZT 7 F > OEB KR OBRE OZEENRD o, FRIRMROBD LR EEEEERT OV TH 5.
FBEHHTE~ A R— AR R b RS 2o ek L, A E EENn 5, 2 ORI L
CHEER U 7 EHEE NI L RO ARV S 1, 8O3 < B OB IXHEAL T3, FuEEE
Bl & IR, FERDIC 3G L IRERENE 2 DA T, B%7 5  BONEYSERYEH % 72 13 EaHE

N — L PRI U,

(49)
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{

Cc

X3 EE PCBBERICBIT B~ 1 R—ABROARER.
(A) %E : rhesus monkey Of FIREEO ~ A R — AR
(B) PCB {544+ : rhesus monkey 75 EHRIGED <~ 4 R — A JR%
PR —EREE L, BEE DOIREA SN,
(C) PCBBEYRE : h =27 A ¥ NVAEERBO~ A R— AR

HahitheRonsd, FEL-HBEOAEEIK, %72 3BHRRRE OEENEMOEELATH 2 DT,
B AR 2 © O IBFI IR OIEEBIEDBETRIC L 2 b DT %L, AEEOROMBICEZbDEHEZ N
5, A E 7 2=V ER 7 7V RERBRINICERG SN R S RO~ A4 R—LAROZL T 3774
b HEBEDOIIRES L UBRE O R LRAGERR T, 7 & SHHERIE 1 F£H O 25 mHEEE » & BRI
L7ev A R — L2 N2 L EEDIREE X 07 77~ OER, ¥ ERIEE 2 2IREOSE %
RBoiz, WERE~A R—AROKFHEPZNLIEED T, 7 F VERBRIC L2 DL ART I ENTE
3.

Yu-Cheng [ & HIEBE R OEER LM 5 4 7 F & VB 2R 405, 2,244 55-AHEbE7 =
)V (HxCB) MR <, 2,3,4,7,8-PeCDF IMHRE I3 &V (Yu-Cheng B 3 EE#H & g L TYu-

e IEENE O IEE OF L EE,
45 PCB# 532 HE ; B 134k
B L, BRIFEEME L CEEE I 00m
AL Tw 3,

(50)
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Cheng & ®D 2,2',4,4' 5,5 -HxCB MHEEX 2.2 55 <, 2,3,4,7,8-PeCDF IMARE X 3.8 fH{Ev) 1, JH
FEBE OIRFT R, & 1M 2,3,4,7,8-PeCDF oMo 74 4 F & >~ BIEYIE O & OBIR % X % 0 13 Bk
W, e BERIERZE T 3 MERED 2,3,4,7,8-PeCDF IEIZE S 20 DICHR2EHEV»S T
% (data not shown).

PCBs, PCDFs, PCDDs i3 Z M iziER S Wiz fAPAZ EBMICIEF S 5200, Zh s DBEYE IFR W
HIRABWNICEFE T 2 DT, JRiE2 LB LT, 82 BLT® THICEER2S52 2. 82 b
LWHIE T, BRIEAD PCB Rl Ly > V' 7 7 > (TCDD) OBEE IR EEE 2 S LERN AR
FEERT I ENRINTL L2, AMTE, BBEBPHAEN L TYA 4 3y v icBRB SN FHIZER RS
ERFL T 5202 PCB % OFEMIC HAR % 72 3HERICRE S e FEUIHAEESEK L 2, F
B, GO0, fEAEAYR0, HITATS, HiEFE, fTHIREE 2L, FEEHERWI00 Lol
735 PCB % % OFFEMAD HAERTR OB IC & 2 IREHUEE IC DO W TOFMAHE X kv, SEOM
TiE, 11 AEHE6 A, Z5AN) 13 PCBRZ0OFHFEKICHBORA 2B L TREBESNATWL EFHZoN, ©
DI3H3IN (B2A, 1N BPEEREZKLTWS DD, %5 ot PCDF, total PCDF, total
PCDF-TEQ, total TEQ &5 < 17> (data not shown)., ZOEHIZOWTIZEIEL b T,

SEIOHIFE T, HifEEE DI+ PCDF REE L IRFEIR & OBIFRIC DWW TR L7z, DT O Tl PCB ##
FE L HREIR & DBIfRIZDOWTHIRS N, PCBEE LHEROE S & OBICHBENH 2 2 LaRahiz, L
PLRBSEGEIL SNz 5 DOMRERD 5 5, BERAE 1 D0 40381 PCDF BE tHE D H % Z & 238
Sk otz, D 4 DODOIRER EMHER L > LBHDO VO EDE LT, ELDBETYA R—LRDE
MEEEEMETLTLE Y, BNCER SN TR TOARPITEHEN T L >0, i~ A R—
LIRS DEESMIFIHL B> T LESTREVIDRE LN,

#1 F SHEEA T LT 35 ELL BN B, M TEQ ¥ XA % S MAEFEE X 40 ppb 725720
731995 1213 600 ppt IZ EF THWA L TH DY, Z0 TEQ DWW MERDOBACBERL TWw3E EH 2z oh
%, BHORKBEOHEDIE, ZOXIBENDOY A 4y VHERENES TS 2 L TRENIEE 20
Z, &R OEEDBEIE TRE WS LIcORRINI -0 b Livkwy,

PCBZDbDIEH A IHIED & 9 2D EWERE &2 8%, EWISMEITMZ, FIEE O PCDF 12 &
SENTAD A A IMERE LK T 2 HERIZBOLEOHE D H 25, SHEIOHETIE, PCDF &4 % 3
HHE D BEIR & OBEIC DWW TRz 23, 7 & SIHERE OERIL, PCDF O A7 & 32kanlic g i
% PCB 28D % < OBREN IO LI D THL I L 2HICHERLETNER S KW ERbN 5,

References

1] Kuratsune M, Yoshimura H, Hori Y, Okumura M and Masuda Y, editors. Yusho: a human disaster
caused by PCBs and related compounds. Fukuoka : Kyushu University Press; 1996.

2) Tkui H, Sugi K and Uga S : Ocular signs of chronic chlorobiphenyls poisoning (”Yusho”). Fukuoka Igaku
Zasshi 60 : 432-439, 1969.

3) Ohnishi Y and Yoshimura T : Relationship between PCB concentrations or patterns in blood and ocular
signs among people examined for “yusho”. Fukuoka Igaku Zasshi 68 : 123-7, 1977.

4)  Yoshimura T : Yusho in Japan. Ind Health 41 : 139-148, 2003.

5) Kashimoto T, Miyata H, Kunita S, Tung TC, Hsu ST, Chang KJ et. al.: Role of polychlorinated
dibenzofuran in yusho (PCB poisoning). Arch Environ Health 36 : 321-326, 1981.

6) Buser HR, Rappe C and Gara A : Polychlorinated dibenzofurans (PCDFs) found in Yusho oil and in used
Japanese PCB. Chemosphere 7: 439-49, 1978.

7) Masuda Y, Kuroki H, Haraguchi K and Nagayama J: PCB and PCDF congeners in the blood and
tissues of yusho and yu-cheng patients. Environ Health Perspect 59 : 53-58, 1985.

8) Nagayama J, Kuroki H, Masuda Y and Kuratsune M : A comparative study of polychlorinated diben-
zofurans, polychlorinated biphenyls and 2,3,7,8-tetrachlorodibenzo-p-dioxin on aryl hydrocarbon
hydroxylase inducing potency in rats. Arch Toxicol 53: 177-184, 1983.

(51)



162
9]
10]
11)
12)
13)
14]
15]
16)
17]
18]
19]

20)

21)

22]
23]
24)

25)

26)
27)
28)
29)
30)

31)

32)

oA B OE E»34

Fu YA : Ocular manifestation of polychlorinated biphenyl (PCB) intoxication. Its relationship to PCB
blood concentration. Arch Ophthalmol 101 : 379-381, 1983.

Nagayama J, Masuda Y and Kuratsune M : Chlorinated dibenzofurans in Kanechlors and rice oils used
by patients with yusho. Fukuoka Igaku Zasshi 66 : 593-599, 1975.

Nagayama J, Kuratsune M and Masuda Y : Determination of chlorinated dibenzofurans in kanechlors
and “yusho oil”. Bull Environ Contam Toxicol 15: 9-13, 1976.

Nagayama J, Masuda Y and Kuratsune M : Determination of polychlorinated dibenzofurans in tissues
of patients with ‘yusho’. Food Cosmet Toxicol 15: 195-198, 1977.

Allen JR and Norback DH : Polychlorinated biphenyl- and triphenyl-induced gastric mucosal hyper-
plasia in primates. Science 179: 498-499, 1973.

Ohnishi Y and Kohno T : Polychlorinated biphenyls poisoning in monkey eye. Invest Ophthalmol Vis Sci
18 : 981-984, 1979.

Ohnishi Y, Kohno T, Ishibashi T and Shinoda Y : Macroscopic observation of the meibomian gland of
the monkeys with PCB intoxication. Fukuoka Igaku Zasshi 74: 240-245, 1983.

Mathers WD, Shields W], Sachdev MS, Petroll WM and Jester JV : Meibomian gland dysfunction in
chronic blepharitis. Cornea 10 : 277-285, 1991.

Yoshihara S, Ozawa N, Yoshimura H, Masuda Y, Yamaryo T, Kuroki H et. al. : Preliminary studies on
the experimental PCB poisoning in rhesus monkeys. Fukuoka Igaku Zasshi 70 : 135-171, 1979.
Kohno T and Ohnishi Y : Histopathology of meibomian gland abnormalities in experimental PenCB
intoxicated beagle treated with squalane. Fukuoka Igaku Zasshi 80 : 258-262, 1989.

Masuda Y. Fate of PCDF/PCB congeners and change of clinical symptoms in patient with Yusho PCB
poisoning for 30 years. Chemosphere 43: 925-30, 2001.

Schwartz PM, Jacobson SW, Fein G, Jacobson JL and Price HA : Lake Michigan fish consumption as
a source of polychlorinated biphenyls in human cord serum, maternal serum, and milk. Am J Public
Health 73 : 293-296, 1983.

Chen HL, Lee CC, Liao PC, Guo YL, Chen CH and Su HJ: Associations between dietary intake and
serum polychlorinated dibenzo-p-dioxin and dibenzofuran (PCDD/F) levels in Taiwanese. Environ Res
91: 172-178, 2003.

Steele G, Stehr-Green P and Welty E : Estimates of the biologic half-life of polychlorinated biphenyls
in human serum. N Engl J Med 314: 926-927, 1986.

Kodama H and Ota H: Transfer of polychlorinated biphenyls to infants from their mothers. Arch
Environ Health 35: 95-100, 1980.

Masuda Y, Kagawa R, Kuroki H, Kuratsune M, Yoshimura T, TakiI et al.: Transfer of polychlorinated
biphenyls from mothers to foetuses and infants. Food Cosmet Toxicol 16: 543-546, 1978.

Matsueda T, Iida T, Hirakawa H, Fukamachi K, Tokiwa H and Nagayama J: Concentration of
PCDDs, PCDFs and coplanar PCBs in breast milk of Yusho patients and normal subjects. Fukuoka
Igaku Zasshi 84 : 263-272, 1993.

Tilson HA, Jacobson JL and Rogan W] : Polychlorinated biphenyls and the developing nervous system :
cross-species comparisons. Neurotoxicol Teratol 12 : 239-248, 1990.

Guo YL, Lambert GH, Hsu CC and Hsu MM : Yucheng: health effects of prenatal exposure to
polychlorinated biphenyls and dibenzofurans. Int Arch Occup Environ Health 77 : 153-158, 2004.

ten Tusscher GW and Koppe JG : Perinatal dioxin exposure and later effects—-a review. Chemosphere
54 : 1329-1336, 2004.

Fein GG, Jacobson JL, Jacobson SW, Schwartz PM and Dowler JK : Prenatal exposure to polychlorinat-
ed biphenyls : effects on birth size and gestational age. J Pediatr 105: 315-320, 1984.

Rogan W], Gladen BC, Hung KL, Koong SL, Shih LY, Taylor JS et al.: Congenital poisoning by
polychlorinated biphenyls and their contaminants in Taiwan. Science 241: 334-336, 1988.

Guo YL, Lin CJ, Yao W], Ryan JJ and Hsu CC : Musculoskeletal changes in children prenatally exposed
to polychlorinated biphenyls and related compounds (Yu-Cheng children). J Toxicol Environ Health 41 :
83-93, 1994.

Chang KJ, Hsieh KH, Tang SY, Tung TC and Lee TP: Immunologic evaluation of patients with
polychlorinated biphenyl poisoning : evaluation of delayed-type skin hypersensitive response and its
relation to clinical studies. J Toxicol Environ Health 9: 217-223, 1982.

(52)



33)

34)

35)

36)

37)

38)

39)

40)

41)

THAE D HRAT R 163

Lu YC and Wu YC: Clinical findings and immunological abnormalities in Yu-Cheng patients. Environ
Health Perspect 59 : 17-29, 1985.

Nagayama J, Tsuji H, Iida T, Hirakawa H, Matsueda T, Okamura K et al.: Postnatal exposure to
chlorinated dioxins and related chemicals on lymphocyte subsets in Japanese breast-fed infants.
Chemosphere 37 : 1781-1787, 1998.

Chen Y] and Hsu CC: Effects of prenatal exposure to PCBs on the neurological function of children :
a neuropsychological and neurophysiological study. Dev Med Child Neurol 36 : 312-320, 1994.
Huisman M, Koopman-Esseboom C, Fidler V, Hadders-Algra M, van der Paauw CG, Tuinstra LG et al. :
Perinatal exposure to polychlorinated biphenyls and dioxins and its effect on neonatal neurological
development. Early Hum Dev 41 : 111-127, 1995.

Chen Y], Guo YL, Hsu CC and Rogan W] : Cognitive development of Yu-Cheng (”oil-disease”) children
prenatally exposed to heat-degraded PCBs. JAMA 268 : 3213-3218, 1992.

Lai TJ, Liu X, Guo YL, Guo NW, Yu ML, Hsu CC et al.: A cohort study of behavioral problems and
intelligence in children with high prenatal polychlorinated biphenyl exposure. Arch Gen Psychiatry 59 :
1061-1066, 2002.

Guo YL, Chen YC, Yu ML and Hsu CC: Early development of Yu-Cheng children born seven to twelve
years after the Taiwan PCB outbreak. Chemosphere 29 : 2395-2404, 1994.

Jacobson JL, Jacobson SW and Humphrey HE : Effects of exposure to PCBs and related compounds on
growth and activity in children. Neurotoxicol Teratol 12 : 319-26, 1990.

Walkowiak J, Wiener JA, Fastabend A, Heinzow B, Kramer U, Schmidt E et al.: Environmental
exposure to polychlorinated biphenyls and quality of the home environment : effects on psychodevelop-
ment in early childhood. Lancet 358: 1602-1607, 2001.

(BEERDS B, WENTY v 7IERTERINTVREHDICOWTIE, ZHIcLVEEL LD LIEEINHTT.)



164 fRIEESE 96(5) : 164—168, 2005

SHRLE D B IEIR
BREEREMPITAFFS VREOBREREICOWVLT

REME BRI - BB AE
Ert+ & olg—Rg, B IR —, S &, koo & aE, &L,
wARMZE, ol — 8, M R RN, SN A, b I &

LI

HIE N FE4E U 72 1968 4F 4 1K1k, B M %2 INE 3 % & T X 17z Polychlorinated biphenyls
(PCBs) WEHERWETH % £H 2 65 TWwizdd, ZDik, Wi5eHiic X U PCBs 7213 T7 < Polychlorinated
dibenzofurans (PCDFs) b FRYE TH 2 Z LB 72, BAETIE, HiElX PCBs & PCDFs OESH
BLEZONTVREY,

HHEFEED S 5 TR L 7z 1973 FICBFIME T O PCBIEBEOHEIENBE Sz, 7a~x /77 4 —
DINY =LV 4DODY A AW EEsNz, Thbb, AXNY —VIXMECEENTHD, CNY—
AR eoNE Y —>Thsb, BXY—>, BCoXFY—IF ANY —2 b Co%F — i@
52, HIERGRLSK, EARER & M PCBRE &£ OFEIC DWW TIIBME A Sz, LarLad
5, Yz £ Y PCDF BE O IEMESHIE IZN#TH - 72,

ITFERERMSE L {BEE L, M+ PCDF BEHENEMIC, »OFBEEEZ b > TIThbhld L5
7t o7z, PCDF OEMARD 5 5 2,3,4,7,8-pentachlorodibenzofuran (2,3,4,7,8-PeCDF) 23, MHEIC BT %
A Gy VEEEOWNT0 %% LY, FELFERYWEDOO LD TH2 I EHHERL 722, 1968 FF4KFDE
FERCE DM PCBIEE L ¥ A 4 F v VHRBE R ZNEN 75 ug/g lipid, 40 ng/glipid TH 2 EFHz o
Twb, Zhod PCBRY A 4+ v VEIFEMBCIKR, WK, KB, Wi rzdEl TRshciits h, BE

TREERZFOMF PCBIRE & 54 4 F v VHBEITZN TN 2.3 g/ g lipid, 0.6ng / glipid IZ{KTF
LTws, LaLass, —RADRE KT 2 &, HKRE L TEE0IZENDY,

?41%//@%@@&@,%mi@&ﬂ%@wf%%én,%Mibéﬁéﬁfﬁ%énk.:nw
£V SRR % & 0 7 HARER PR A E &, PCBIRER Y A 4 F ¥ VERE L OBEIC D W T OME X
CZEol.

HEDER I 2HBREPLEANME, HEL EOARER,» I CED, SEREE, ORI,
<A R — LABR ORISR O BERR, DHENOORWE, REHEER, ZMETIIHERIE, PR0H
IR IR AE 72 £ ORHERY 2R R 2B L 72,

WHEFEAE LR, 1S OREFERCHEER B> TE Y, ZBHoBE, FEFICEELTATH->
Tz, ZOEPOEEHER E LT, KFORE, 21, LK, Ao, BEx EBEInio,
NoDERIZEAMRERT 2 L BRI ICEEL TS, Z0—HT, BEIEHRLT 2 CoN, Nk
X 22D Y, WEC & 2 REER 2T 2 O BWNEIC Y OOH 5,

2 IZEFSELISK D KR O ERHER 28T L7, %7z, MR PCB B, # PCDF B &, &K
JERER & OBIEIC O W T hMET RN Z 72,

1. HRHEBICEAY 38R

1) RERRZ ®RBEHICOWVLT

1968 FELISK, MERFHF -FRZLVNEFTbh, FORCRTHERZ I E TN TV S, 2002 Fix 279
ADEED, M PCB B LY A 4 F v VHEEEHERBTICSMLU., &1 CHERZ CHEAS N B2
mrERLT.
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) EBEEEIZOVT

FEREIRZFHES 2 C & 2 HI & UC [ RFEAER | 5HEiLS 1969 £ 5 o Twa, ZOFHET
i, BERERO CEERAL, HEEET DR, MotRE, BEERI  BOmE, SRR SERKZ,
HREEIV @ DLEO FERERDS S E 2 D ILPUC6, L48ET 5. 2002 FEOmMEZ Tid, KERRZ LIl
WHPCBB LU A4y VHRENEREEZZT-bDIX 1124/ TH 57,

3) PCBEFAFFLEHRENDAEZE LVEIEERICOWT

M PCB & %4 4 ¥ ¥ VEEEEE L, EBERESETITb ., 2ORETIE, HIECHER
MEEIT 5 gBETH 32, ¥4 4 F ¥ 12D TIE23,78 tetrachlorodibenzodioxin (2,3,7,
8-TCDD), 1,2,3,7,8-pentachlorodibenzodioxin(1,2,3,7,8-PeCDD), 1,2,3,4,7,8-hexachlorodibenzodioxin
(1,2,3,4,7,8-HxCDD), 1,2,3,6,7,8-hexachlorodibenzodioxin (1,2,3,6,7,8-HxCDD), 1,2,3,7,8,9-hexachlor-
odibenzodioxin (1,2,3,7,8,9-HxCDD), 1,2,3,4,6,7,8-heptachlorodibenzodioxin (1,2,3,4,6,7,
8-HpCDD), octachlorodibenzodioxin(OCDD) @ 7 fEEZHIE L7z, 7T »IZDWw T, 2,3,7,8-tetrach-
lorodibenzofuran (2,3,7,8-TCDF), 1,2,3,7,8-pentachlorodibenzofuran (1,2,3,7,8-PeCDF), 2,3,4,7.
8-PeCDF, 1,2,3,4,7,8-hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF), 1,2,3,6,7,8-hexachlorodibenzofur-
an(1,2,3,6,7,8-HxCDF), 2,3,4,6,7,8-hexachlorodibenzofuran(2,3,4,6,7,8-HxCDF), 1,2,3,7,8,9-hexachlor-
odibenzofuran (1,2,3,7,8,9-HxCDF), 1,2,3,4,6,7,8-heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF), 1,
2,3,4,7,8 9-heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF), octachlorodibenzofuran @ 10 f&E%E %2 HE L
Jz. £72, 2775 —PCB & L Ti¥, 3,44 5-tetrachlorobiphenyls(3,4,4’,5-TCB), 3,3’ 4,4 -tetrachloro
biphenyls (3,3’,4,4-TCB), 3,3’,4,4,5-pentachlorobiphenyls (3,3’ ,4,4,5-PeCB), 3,3’,4,4’,5,5'-hexachlor-
obiphenyls (3,3,4,4,5,5-HxCB) @ 4 f@#gaZHIE L7z, % L T PCDF OfRIEE & toxicity equivalent
quantity (TEQ) ZHEL 7.

4) EEIERE, MiEF PCB LU M+ F> HEREOEERHDHETFMIRETICOVT

BEFEREIR & MK A4 A F & R OB 2 st FHNCa L7z, 7 — 2 O IE =0l 58t
AL TITo 7o, fHTICI348 PCDF I SHE L Tw 5 2 EBIH S Ik o 7z, M FERIIHTIES e L
THR L7z, FERROFETEEER &M PCB BEIC DWW T b BEE 2T L7z,

R1 WERZTEMAIh2REE. 21 OFHMIEE» SRS 2,

HIA D EREIER & E)
M | REOMEBFEER i izl
5 [POTOSERES | = £
N OTHOBRRILE b )
EH
2 EEm - + + ++ +++
& HA - + + ++ +++
1] aREr - + + ++ +++
il ZDIFEH, - + + ++ +++
x EEm - + + ++ +++
B SEY - + + ++ +++
! = B - + + ++ +++
e aRas - + + ++ +++
R = FDIEH - + + ++ +++
] P BEM@E - + + ++ +++
B aREp - + + ++ +++
1t ZRIFEH - + + ++ HH+
@ BB - + + ++ +++
= I - + + ++ +++
s HEJTC - + + ++ +++
&5 FDIEM - + + ++ +++
MZER - + + ++ +++
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2. BIES L URMEHFHRETOBR

1) 1969 FLIRDEBEEFEFERMBICOWVLT

21213, 1969 ROV 36 1 2 S ERERE OHER 2~ 37, FE4EE 20 4 % Tl EERIZZFH Ic i
ZL. Lal, ZOBREBROEE > Twd, RETEERICLIZETOEVYEDHLDDIZLAL
ZALIERRD SN ie v, BEDOK 60 BIFFEE 0 TH Y, Zh o O —BF I IEIHE IR 2 BRI IE &
AEBDENZ D, #J40 BOBFIZEFEE 1, 11, I, IVTHD, IhoDBEHICIBEETL BB, WiE
R 73 S ER SR S 1 5,

2) MRFTAAFS ASEREINERRIZOVT

2002 FEARZ TOREIMIEN 5 A 4 F & FEIRE X 136.4+148.3 pg-TEQ / g lipid (CE¥{E + (R )
Thotz (R/ME:7.0pg-TEQ /g lipid, HAf# :1126.1 pg-TEQ /g lipid). ¥ M+ 2,3,4,7,
8-PeCDF D13 192.04+252.1 pg / g lipid (CFHE-FHERZ) TH o7z (B/ME 3.1 pg /g lipid,
BAME £ 1889.7 pg / g lipid). HF MW PCB #4EE 1% 3.383+2.765 ppb  CEHfE +fEH#ERE) Th-o7-
(ie/IMif 2 0.25 ppb, A : 25.1 ppb). 52 AOMEEEE T, MEF A 4+ VFEREIX 37.0 £17.6
pg-TEQ / g lipid CE¥)l + R ZE) Th - 7z (Fe/IME © 8.5 pg-TEQ / g lipid, #AfE : 85.4 pg-TEQ /
g lipid). % & OMyE 2,3,4,7,8-PeCDF 1%, 15.2+8.9pg / g lipid CE¥IE LIE#EFE) Th -7z
(F¢/IME © 3.5 pg / g lipid, fxKfH : 41.7 pg / g lipid).

3) MFRFTAFF> U ERELEBERE OERBICOVLT

#312, KERHRZER O 21 HE & PCDF L OMBHZ R L7, 1, Flndb L IXEH oI bRAERD
H5bOIFERI LTz, KERE2EE 21 HE Y 9 HE MR PCDF #BE t FRICHBEDRH - 72 (P <
0.05 AL L), MEMEE 0 & RBEEEE L, I, I, IV, ®28Icb, 2BEOMmKEHs 44+
SHAPRIE % Student’s t BUE % AW THER U7z, FEEMEE 0 FHOMKRT 57 1 4 F > U FAEE I 126.691 +
138.985 pg-TEQ / g lipid (V¥ A H¥ERZE) €, KEEER 1, [0, I, IVERZ 202.279+227.492 pg-
TEQ/ g lipid (CE¥ME+1Z#¥FE) Thh, MEFERICRE 2> Twiz (P =0.0316). R T 2,
3,4,7,8-PeCDF IZ DWW T bt 2 To7c & 25, KFEMERE 0 BTl 179.414+241.132 pg /g lipid ((F¥y
il HEEHEMRZE) ©, WEEERE [, 11, I, IVAEZ 304.498+382.392 pg /g lipid (FHHE +EHE(RE)
ThHY, MEEFERICEZ> Tz (P =0.0363).

4) Mmig+ PCBIEE & EBERE DHEBICOWT

FERRZZE g o 21 HE LT PCBEOMHBICOWT bR LTz, BRIEEICERT S, ¥4
X v B OMGT LRI, FlE, L LIREDL S LY ICRAERND % b DR LIz, 21 HE
D55 5IEEMME T PCB #E L R ICHBEN D - 7. [HEORIRIR, |0 »1MmyEH PCDF £, PCB
BEWE EARECHEN D o, 70, MEEEE 0 NSEESE 1, [, O, IVEEOIES PCB &
B UL 22, KEEMER 0BT, 2.238+1.395ppb CEHE +HE¥ERZ:) ThY, NEHEEE I,
II, I, IVEETI% 3.357=2.268 ppb CPFHE LR THY, MR ERICEZ>TWwE (P =
0.001).

K2 HEFEEEOFEXHMRE
1969 FE» 5 10 F£ 2 L DEEEREEICOWTEHH L T3,

REEEE 0 I I m v
19694 11.6% 24.7% 25.6% 24.7% 13.4%
19794 42.7% 15.5% 22.7% 17.3% 1.8%
19894 54.6% 13.0% 18.5% 13.0% 0.9%
19994 61.6% 9.6% 17.8% 11.0% 0.0%
20024 59.5% 4.3% 16.4% 16.4% 3.4%
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K3 2002FEF B FERNBRZLE2HE & MKEH
PCDF &%, PCB E & Ofat IR,
M, AERE RN E 3 ETTEE S BT TRERT L

7z.
P fi&
PCDF PCB

REDEIRIER 0.006* 0.503

B (RAOMEBRRER 0.000 § 0.197 §
2 | OTDIEHRES 0.025* 0.596
NOTOBFRIEE 0.008* 0.230

]

2 EEE 0.013 8 0.002"

&) Eir 0.006 * 0.000 °

H §RER 0.155 0.002*

b ZDIFEM 0.006 $ 0.022*

X EEE 0.025* 0.458 5

& SIEE 0.053 § 0.682 °

ftb | 4% B 0.002* 0.087 §
| K ER &5 0.000 § 0.462
Fir % ZDIFEM 0.002* 0.603
R | & EBE 0.000 § 0.008 *
B gREd 0.037* 0.001*

tl zoEn 0.062* 0.009 °

=) EEm 0.193 0.022 °

ES BN 0.594 0.892

i BT 0.786 0.999

| zoEhs 0.460 0.000
MER 0.038* 0.001 °

* P<0.05, # P<0.10, §: Fp, HADLLITHEA IR EERNHS

3. 38

PAHT O T, HIED KR IZRL IR L TV 3 2 RIS LT 7299, WERER 20 £5 T
ZEER EERERITEER L7203, R TIRIE & A SEROERIZR S wn, EEERICOWTIE, 1t
DBROHND, Thbb 60 %DEREIXIE & A CHEICRE 2 EERBEEL ThiRWwa, Z0—HT
EAHEMSC SIEREEE O L O e ISR 2 KR 2 29 2 BES 40 %L B o5 s,

ZICHCE S BT R WL TR O 574 4 v MR, PCB EE & R & OBE M 2 #Er L7z,
FEMZ OFERI21TEH 0 5 5, 9 HE MK T PCDF 2 S MHBE» H VD, 5IEHHSY PCB i & HHEI A
Hotz. 2L T 1HEMMKEF PCDF #E & PCB REWE & b ICHELH -7, T o DFEFRIZL D,
E VB 75 R FEEIR DFE R IC1Z, PCB & PCDF 213U & 42 54 4 ¥ YO S L Tnie
ZEDIRBE T,

X ik
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(BEXEDS B, HFENT Yy Z7HRTERENTVELDIZOVTIE, BHICIVEEL LD LIEESINSTT.)
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Hx IHESRE (2001 F 78 &, 2002 F 279 %) M
PCDFS ﬁE t nn);ﬁr.i:{k% t 0)551% t:F'aEJT 65;['71;

BRSBTS BT P o £ 867 155 o 4
i ||~ S S & S|

F LI

71 A SIHAESEAE, 1968 FEC S &2l & U CIA S EHARICHEEDILD - 72, KEEHIZ X 2 B #ET
BBV, Y, KEEHOBEIR L U TR STz PCB 2AZDFEEYE £ ST Wiz, FDROHEE
HRIcL D, PCBARBWC X DEML CTE RS A4 3 VO TH %, PCOF HIZ L 2 EFEFE DL
bz X510, BETIE, &4 IMEOHAYEIX, PCB k% OEGEWE I X 2 lFEHE &%
ZH6NTW5,

%7z, ®IED PCDF &5 4 4 % ¥ VHEOBIEHM OFZ I, B OME—F 2 Tf7 O BRillE & [
CHEEOMWEFRIC T, MF D PCDF ZOHIENAFE L %572 2 £ 25210 T, 2001 EEDOMERZ LD, %
{ OFBEBZH WL TZOHPENBRE N TV S,

Slal, ZOMBZORBREEE 2T, » 4 IMERFICB T2 PCDF FED(LEWE DI EE & BRDE
FER ORGSR & OB D W CTHREF 21T - D THRET 5.

1.7 &

1. YRRUKREIER

@ 2001 4212 PCDF & % HIE U 7o HHiE8E B 78 44

@ 2002 412 PCDF %% HI5E U 7o EZRE B 279 44

ERRIC, TUThOEE B TIHNERE, MR (IRRESHRE), KERMRE, wthaeg, RE
W2 E 22 LI BEOMZHER LIt PCDF flEE% L %Y > 7 SEREST L, MERCHRAME & Ik
PCDF {# & OB EIZ D W THEE 2T - /2.

1.2, %EIH&E

2001 £ 1 PCDF 2 HIE L7z 2 & STHAERE 78 L2 DWW T, 2002 FEEICEN WA VY —DETF
FRICK VEM OB R S NE), Zhickb e,

@ PCDF & %#0ET 2 $f#lic D\ Tid, Total PCDF 3% & it

@ PCDF fHIc#EE2 52 2T LT, M, EMICEEERD S

B EDIERB TSN T WS,

oD% b £, Total PCOF EOMEE 2 EES e L, HErFEHmEzEERTE L, ZOfic
MZHEB BT 2 5EROEEE b 5 —DOOFEERT L L, 3 TCHESEIT %2 AW TOti 2T u—ED
EWREETVWS,

SEOSGIIC LD, 2002 FEDT —FIZBWTHHAKOAAEEZEL Twb Z s, 2001 FEFEE,
2002 FEEICOVTH

@ Total PCDF D% 2t /@Z& 5 e L

QMR O F i % H i FEERTF & L

@ Z oftucRZEEICB T 2 FEROFEEE b 5 — D OREIERTF

kbemmEﬁﬁﬁﬁ%ﬁot.
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S, SMTEEZRD 572912, 2001 FE L 2002 FFED T —2 2 Hv, FESETH T L Talznd,
el 2 EERT & L7z 3 TCRES AR b EEE LR T 2 1CH VB RET NV TH D EF X
Vo

%7z, WEEES % Total PCDF fHOFEHME & SEE CHER LTz & 2 5, SEMED M2 & D IEHSAR I
O Z e OFE(EEZAWS Z iz Lz,

SR, 2R (MERHRES), NEWE, KEERZ, a2, IREHZ oEHE2 TicHL T,
2001 £, 2002 FEEZ 2L T, MR ZINZ 7.

SHTIE, BREHHTE Y 7~ SPSS 2 L7z,

1.3. #R2IEH
HERMZ DGR & PCDF HOMIE 217> ILRZ2EEHRIE, F1~FK5 R T 241 HEHETH 5.

B2 HEH
W2 52
WEHRZ 55
KRS EHRZ 21
B RHES 108
IR 5

it 241

2. & 2R

2.1, I+ PCOF BELEFERELIBEHONAIBHICOWT
2001 FERE J OF 2002 SR ICHEBEMERDY 10 %Ki TH > - HE 23 6 1R T, OHOFER, s 0EHE
OHFTY, - FhiE ORAEIERABPR O NIHENS oz,

2.1.1. 2FFHELTC, M, Fhe ORAIERANZL, BEENXRSNIEE (6, £7)

2001 421, 2002 FFEE & 2 e L CHEREE S Bkl CHEZEN R s HE I, LTO 3HETH S
(PfiE 2001 4EBE / 2002 4FEE).

MPEEE (1HE) ; €—23 (P{E 0.000/0.000)

tRRZEE (21EH) ; ERAOGRLSE (P1H0.029/0.036), EHRAOGRLE (AN (PE
0.011/0.008)

F7z, BEMER10%K0ECRSG, KERMRZIHE 1 HE) ; B (2 oft) (P {E 0.062/0.006)
wEMRZEHE (13HE)  FEAOESRWE @622 3-3) (P1HE 0.035/0.061),
D2HEETHEEVPRS LTV,

2.2.2. 2001 FFEDH LS IF 2002 FEED EH &0 TH, Flit & ORXAFRAHEL, HEME S %R TH
BEMRSIIEE (%6, £38)

2001 FFRED L < 1X 2002 FEFED E B & T, il & ORAAERANEL , BEMER 5 %R CHERZNR
SNTHEZ I TICRT,

WMZEEH (73HH) ; PCBEEO LA, ¥ —2 20 L5, PCB/3¥ —>, CB%LLo LR, BE#EV v
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K1 WERZICB T 2 MERESOMZE

Blood concentration of PCBs and PCB-related compounds |

PCBi % ppb
v—271(2,4,5,3’,5 —pentachlorobiphyenyl) ppb
v — 272 (2,4,5,2°,4°,6 —hexachlorobiphyenyl) ppb
v — 273 (2,4,5,3",5 —-hexachlorobiphyenyl) ppb
PCB/ XX — A B BC C
CB%LE

PCQIRJE ppb
FRET R |

PR - =+ + o+t
| TRk - + + o+t

PR 15 1. - + + o+t

R Bl - 4+

JRPH

m&E

Ik LIRERY mm

1 P2 RF ] mm

A i BR %K x 10°/pl
IR BREL x 10%/ul
RS g/dl
~~ b7 Uy b %

MCV um
MCH pg
MCHC x_10*/ul
[N

MRELERE |

ey e mg/dl
EHEE ) L e mg/dl
GOT U/l
GPT U/l
BT AEL g/dl
TIVT I g/dl
A/G

700 K.U.
FE—)L K.U.
TNH) TH AT 7 F—F u/l
LAP U/l

y —GTP U/l
o) VT AT T —8 U/l
L.DH U/l
CPK U/l
ML A7 a—)L mg/dl
DLz L AT 12—/ ) mg/dI
YRS mg/dl
FDENHE mg/dl
JRIREFR mg/dI
JLTF= mg/dI
N a mEq/I|
K mEg/|
Ca mg/dI
[FEFE D mg/dl
TI7—F8 U/l
b mg
HBsHLR - =+ +

AFP ng/ml
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K2 MERZICB U 2NRREZE (M2 c2%EMR)

EERE
R ' B <180 ml/day ;& 180- 540 ml/day _;#, >540 ml/day
WL R & MO TELE gzl
EE [ & A ) ( )|
BRiEE _
SAMELIRTOBEEE DA IE] & A ( ) ( )
SAMELUR OB ERE DA IE] & A ( ) ( )
FHEAR
HH EBE SBE
PRI - + + f &R LIFELIE
S - B - + + [Eaed LIFLIE
LT - + + [Eaed LIELE
L33 - + + [Eaed LIFELIE
G - =+ + BR LIFLIE
L] - + + BR LIFLIFE
{5pu - + + BR LIFLIFE
L MUk - + + BR LIFLIE
Bt - + + B A LIELE
JIE S - + + [ LIFELIE
EESidD
E’E‘ cm
RE kg
[[REEN bpm
1. / mmHg  (max / min)
HT E% A B
v & L
Il E% L3
AT - + REX( )
[E3E - + REX )
Ealid - + BRI( )
I TEEN - + ERA( )
Eﬁi& A IEE B EE] JLiE
SRR PR E ) BEE
[T L A E® 2% (i, 30 B+ 630
LR EE B
HEER o — Ay EE EE
R3I MERZ O EFRZE
EE3 |
st DAVARE 1) E) "
I DR Y @ 5 TR I =l Fi
DT D SRR S ) "
DO TOEFIAE =l i
%@4 ﬁ&,@. Eﬁﬁ - =+ + ++ +4++
HAr - + + ++ +++
X kg - + + ++ +++
Z D1l - + + ++ o+
SIERR 2 ] - + + ++ +
PaN - =+ + ++ a—
R - + + ++ +++
X kig: - + + ++ +++
Z DA - =+ + ++ +++
TR B = + ¥ = ==
X - =+ + ++ +++
Z O - =+ + ++ 4+
ERUE B - = ¥ .
BTN - + + ++ +++
EIWIIN - + + ++ +++
Z DAt - + + ++ o+
J\ZE I - =+ + ++ +++
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R4 WERZ OHEERZE

2 W WA MR mRER mFEER BFRILE
NERBRERR 2
7-4 3-3 4-7
W
AR No ves 7-4 3-3 4-7
7-4 3-3 4-7
X 78
STt % No Yes 7-4 3-3 47
- 7-4 3-3 4-7
=N E,—L&.
A BIHR R No ves 7-4 3-3 4-7
1 7-4 3-3 4-7
(L= No Yes 7-4 3-3 4-7
BRI AT 4 No Yes | Ty 5 4]
WA it No Yes
£ DAt No Yes ( )
HEDBERILE *MER [ R
LAl -+ + 7-4 3-3 4-7
N - £ + -4 3-3 4-7
ARG -+ 4+ 4+
7o R 5 -+ 4+ 4+
EE -+ 4+ ++ +++
Sny=3 -+ 4+ ++ +++
T AR - 4

=
o

|Teeth radiograph Yes |

PR DERE - O AME BERUR BRIR K EIR USITRIN
B RORIRE B 1BE et

RS WEMRZICE T 5 IREGRSH

BRER

RAG 2 - + + ++ +++
R AR

HR i i e - + + ++ +++
AR Bt e e SR VLA - + + ++ N
Mg AR IR FE AT 1k - + + ++ it
WA T — R BRI E - + ; - A

EYOIET, TElO ER, g REHD LA

WEHRZIEE (6 HH) | BUEFEE, LEORYE, WkFORYE, FE, HEX, Vo HEX
SRR ZEE (10 3HEH) ; Sl G OLIER, 1o TOSBRREE, »oOTOmBENRE, BOAmHE
(), Bamee (Ee), SEmE (2ofh), SJEKREE (B, JERKE (Zoft), Rt
), JIZ

tRHRZEE (93HE) ;s lARK (T 3-3), LERNOGBRWE GBIl ;7-4) EEROoBRmE 6
f23 ;4-7), TRAROEZFEWE G623 ;4-7), TRAOORWE GELR), ToRAOORIE (IS
1w, TEROGBRLE GFt), AEMEOERLE (2R, DEHEOGRWE GEk) &5 3,
THRAMKR D (AW, ZEERLD (0 A
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FH BN
1) CB%Lh; #Azu~ 275 7d23,3,4,4,5-hexa-CB / 2,3,3,4,4’ 5-penta-CB DiEE ik CB%,
4 PCB R IC0f 3 24 PCBIEE TS %N 5, CBRHOEWIZY, X B LHERETDH 3.
2) PCBRY—> ; #2270~ 275712k % PCBORIETIE, ZDONXT—2RBn—ROANLRL
D, UTFOOSHESN S,
547 A HEERA,
YA 7B 4TS AEYATC DM,
547 C; —RADIE T PCB /¢y — >
3) BEmp (Zofth) ; BEm, B, sy T - REmE
4) ORENFTRIZ DWW T
WEBE O OENRZ & LT, RO EZFEE CfAt, SiRPREEE, B RHRESE A
S5NTWVW3S,
WHERRS T, DN R ORISR EE LT,
O, THizZznzh, WAL 1=7-4, &L 2=3-3, EBAL3=4-7 1ZX7I.
QEFEWE /Y — > T, WEREFEOORUWE Y — v FRD s eh s, IR = (W
FAM), HIR=2 GEAR), WIR3 = R, k4 = B, MHIR5 = (B, HiR6 =
(WS IELER )
ELCRERL T 5,

3. %

B A SEBHE OV, FHEREERZRO 1968F LD, EOWFIICLD, ZORRWEOHHL,
ERTEFEOPRfTON T W5,

ITEE, WFFREEOWFZEIC X D, BH ORI & IXIZFBEOIMIWE T, Mhy A 4y VEOBEENAEE L -5
722 kD, fEkH S MEREDOREEROBIEOAJREMELS RS STz, ¥4 4 F v V8 & SRR
SEBR O BEEME D 5347 21T - 729,

BEWEL 5 %R THEEY PCBEEEH T K Rohieh, Wk 14 £E D 8RO ANMEREL Z
DIREHRICEIT 2092 1cB T3, 110, &7 51k 3 [HEREICB T 2 FWEMEO M 2B 3 25158
725 N THEIC B U 2 EEEFHEICES T 21581 © T3, PCB/S¥ —> -CBLLEMERED S A 4+ F v >
HEE & OBIRIZ D W T 2 S NIFER, PCB XY — Y HY A, B Th - I ERREBE D PCDF fED%
IE, —MEFEROBERAMELZEZ T1E 2, RUOCBEHIZDWTY, PCDF & OBENRE Sz Z
ERFHEIN TS, S, 2001 FOSMTRAAFHADT: DMEARETH > 7 PCBBEEHE b Ho7:
73, 2002 DT T PCB BIHIEEH O %  WHBZENR o 2 0o, fEHTOFER & [F CEM DT80 &
NTWnsENZ 5,

7 % EDY, PCDF % &t PCB BE(LAMITIHER SN TWIKIEY A Vic K 2 BB HEEHFTH 20
5, PCB & PCDFs IcBAf&3H 2 DIFLROMERTH 5. L LAad s, HERED,S 34 FEDFRL -3
BV, o DEEVPERE CHRNICEE L Tns 2 L IZHETANEHEHTH .

[[IHE | B2WTEEHE & JiE B O EMRETEEE (1968 4F) | TmahTwad X512, WO BE T,
FEN, BT OERBE STz,

BROPEELMEE LT, RORT &9 AN EFEERBESNTnS,

1) FE EMoZft, BICRHLE A 205, O »RERIZFED 5k,

2) BfLI— L ESA L)

3) FEORTES
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R6 2001 FEE & 2002 FREICHRERER 10%A90 2R L7z HEH —5

20014E i 20024F i
22 HARST 2 AR
p fit W | o p i T | Ak | otk
fRe2 A H (e A ss)
1 [PCBIREE T 0.000%* O 0.000%* A
2 |lv—r 21 0.005%* O 0.000%* A
3 |lv'—7 31 0.000%* 0.000%* ©
4 |PCB/SK —v 0.000%* 0.000%* O A
5 |CB% T 0.000%* 0.000%* 9) A
6 |PCQEEE 1 — 0.000%*
7 READ 0.064 0.940
8 |FfmEk%ER 1 0.122 0.090%* O
9 |[mreyary| 0.158 0.029%* O
10 |EH:e Y Le s | 0.007%* 0.15
11 |y -GTP | 0.657 0.068*
12 [lDLz L 25— | 0.148 0.077*
13 | HEAENS 1 0.016%* 0.105
14 [BUAREA]T 0.016** 0.418
15 |7 L7F=1 0.237 0.081%*
NEHRZ T H
1| 0.877 0.055*
2 | WA 0.590 0.003%* O
3 |MREAKL T 0.895 0.001%* O
4 |REAEAL T 0.134 0.011%*
5 | MH#iIT 0.192 0.038%* O
6 | LMK 0.073* 0.464
7 | LORUR DS E 0.061* 0.671
8 || 0.596 0.098*
ES ) 0.940 0.065*
10 [0 0.940 0.026%*
11| PR 0.708 0.023%*
12 |fFAE 0.880 0.013%*
13 [fFll kX & — 0.039%*
14 | g 0.880 0.058*
15 |7 0.292 0.015%* O
16 | U L ]HiflfER 0.948 0.042%*
17 [FFRE e = — B 0.105 0.062*
KRR EE
1 |[FoE o biRE 0.378 0.006%*
2 | B O TR 0.061* 0.000%* O A
3 (o To SIERRESE 0.471 0.025%*
4 (o ToaFEE 0.623 0.008%*
5 |HRtami (Fik) 0.514 0.013%* O
6 | EAamEm () 0.441 0.009%*
7 |Efamik G 0.426 0.000%*
8 |Emi (o) 0.062* 0.006%* O
9 |NERRERE (OMERR) 0.332 0.006%* O
10 | SUERRES  (BER) 0.516 0.025%*
11| SER S () 0.957 0.053* O
12 | SERREE (Z0fh) 0.500 0.002%*
13 [HEAb (EEm) 0.014%* 0.000%* O A
14 [HERAL (HKER) 0.217 0.037%*
15 R k. (o) 0.575 0.062*
16 |/INZEIE 0.648 0.038%*
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AR E A

1 |HAR (F3~3) 0. 048%x 0. 609

2 (o 0. 959 0. 067

3 | LN DARELE 0. 029%x 0. 0363 ©
4 | L OEERRSE Grl ;74 | 0.171 0. 095%

5 | L oaFRLE B2 ; 3-3) | 0.035%k 0. 061% @)
6 | Loz GBr3 ;4-7) [ 0.167 0. 062

1 | EEHNoAaFLE (NEAME) 0.011%x 0. 008 ©
8 | POt FELE (L3 ;4-7) | 0.077* 0. 012k O A
9 | PR DaFELE (OFAM 0. 985 0. 068% O

10 | PR o taFgibs BERK) - 0. 039k

QAEHHEHH D ENZ DU T

©l%. 20014
OlE. 20014F

L 20024F Tl L CA BEES %R 2~ LIz D,
L 20024F Tl L CA BAER10% AR 2R Lz b D,

AV, BEHERDI0%ARN TH D25, M - 4l & OLZHAERN LN b D,

RT 2001 FRE - 2002 FFREOHERE L CHEMEED 10%AKmTHY, »

Ot « R R E AT E

p i
IHH 200142 | 200267 | 24l

T2 HBAfR

[v—73 | 0000%* | 0000 | ©
K ERHRZIHE

|t (o) [ 0062 [ 0006 [ O
HEHREZZ I H

e 0. 0294 | 0.036%x ©

| b AR 2 0.035%% | 0.061% O

b IR T (DY EAUTE) 0.011%% [ 0.008%* ©

2R O FNIC SV T
O©lF, 20014 L20024F CiHifyi L CHEMES % A 2R L2 b D,
O, 20014F L20024F Cilifs: L CHEMER10% R E2 R LIZ b 0,

#k 5 p <0.05
* 5 p<0.10

R8 2001 FEKRV 2002 FEFICHEENR SN2 OOW, %« Findbic ZA/ER B VIH

HE

20014E fiF 20024 FEA~ 24 i
pfiE <0.1 <0.05 <0.1 <0.05 <0.1 <0.05 <0.1 <0.05
m2E 7 6 6 4 12 9 1 1
NEHRZ 2 0 11 6 13 6 0 0
S JERHRZ 3 1 11 10 13 11 1 0
g BHR 2 7 5 9 5 13 7 3 2
AEEL R 2 0 0 0 0 0 0 0 0
it 19 12 37 25 51 33 5 3
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4) MAEREE. BTG DOZ WEkss (B BTER
5) XEMEE, MBI VEFEIBLAONLEFENET, SEZEThHA.
6) RERRESICc—3 L 7%y (e {Aons).
7) NROEED EEERTY, HETEREZEICTZIELHD, T2bb, EHRFICIUEEANIEEE
RKOEBUEAHEDLFHK 2RO 25E508HY, ZDO0OH%RFHFZ 5.
8) MEEIXZ L DBNIZE ., Fz, HoTHBETHY, BEZREDZ L,
9) FEx, ZHVEETOEET 20, FERROFELE I LVEENL L,
10) HzZMEREUR
11) Ot s X OERICEOEZ RS 2 e 8b 5.
12) BEIROEMEHED 5,
IREHIC b R R & S 7z,
1) BE¥s (meibomian BR53uh) DEMM
2) ERBRkB X OREEEOTI - HE., BEEG
3) AR OREER, —BEEIET
4) FHREEOfER
S5, 2FFA L LT, FREOLTN, BIEERZ 55, FHZRBEIIED v, GRS OB
55 ¢ KR, VUBRCRIR ORI 2 D 7208, 2o ORE ORI, BEORICKEIET L.
ZNZHES T, ZWIEAEIX 1972 4, 1976 4, 1981 fFRiCeGT & /e,
1976 4F & 1981 ARz thZT X 7z [HEZ M EHE | ([17] 28) <3, EELFFR L LT, ROGERSZET
S5NTWV3,
1) SERREE
HHIE, B, ZOE»MEE L i o h 2 BAMEM, FECRERROMb>72d 0, BXUOWRA
K% b O THR & Zh o OILIRER.
2) mFEE
PHIF, HREEHEME, BRIN, $ERELTU2 E0fFBRUWE (WbWw2 “7I v rf =" 2&T)
3) ~ 4 R— ARSI
4) I PCB ORE & OIRE D SEHE
EBI1L, BHERIEREFRELT, UTOERPIRENL TS,
1) 23BR~K
2) BHEZ W LERE
3) WDV AT YT (B
4) MRiE®%
5) ¥, &
6) &N
7) Aozt
8) KAEXZRATHA
9) JROZE
10) HhwEZER
11) Mg ERR G O #Ehn
12) [ y-GTP
13) MEE Y L E > DR
14) #4112 d SFD (Small-For-Dates Baby)
15) /NRTIZ, BEIHS X OB R GRAHE O B HIEE)
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FHI O ER 2 I3 E N R o 50, RLORORERE, TF, LEORE, kg0 RyE, FFEX,
FHE, V) CNHEIER, SERKE, HE, OFE, RRANOBENE L £ OIERDS, 2001 F5H 2 Wik 2002
fEizind PCDFs I t BE MR EZR L, IhoDh Ty, WAOORLSE & BEamEmEE, 2001 4,
2002 4 & #E L CId PCDFs #2 £ 0BRSS R oh Tn 3,

HHERFE ORI 2 R 2 i L T4 % &, AT RO KES 1, HIEFRAERIC B W TS 2 IEF#HiPH
NTH-720, SHE->T Wb I LR 7210,

BEOEI & ARG EE L BE TCOABEIN TV,

bromosulphalein bromosulfophthalein 7 A b 2 & LFEERET A b T, —EDBREZ/RT 2 L IXE
molz.,

a2-7 a7 ) YOEOMERO LR ERWTIE, MEY 7 Br~vd £z, IEE#HENTH >,

MEEME, BUN, MMiE, MEHEHLV LV LEU IEEHPFANTH - 7.

MERRE, FRcmE RO L3S, Mo TREMTh - 7.

NSO, 7o —A7 NV EFEHL-ERIKENC L D, pre-B S EOMINCERN T 5 2 VB L
T30,

BIEDWFZETIE, 2001 5 % 721% 2002 £ I BT, Id PCDFs I8, EEE VY LVE YO, h
PERERA OMEN, gV REHOEME X, HorCHEZBERPIRAD s THB Y, RERH# BT % PCB1t
EVDEEEE LR L T»5,

BHIREZEV Z 12, FEERIC PCB ICERE S N2 EE I DO W TOWFRIC B W T, I PCB & IyEH 4
Feli DRI B ER S HEEBIR 2 8E L Tw 30380, Fhd, TiEiglohns PCDFs X Y &L % PCB @
FHEICHESNIRELEZ oNL D5 Th 519719,

WHERZIC BT 2154 4 F ¥ YEOSITNIC LD, WERFICE T 2 PCB 54 4 F v Y EHOIMK
R L FKEREOBR ZHO DT 5 2 e TE,

&1, PCBALEWIE I X 2 1BMEEERHSNICL TV 72dig, HRAMENLETH 5.

BbYIC

BRIRIC, ABIE R 15 FEEA TG BEEAREMEEMEERIC L VITI S enTEl I ki, B
SRGEHH L BT 5,

2 £ X #®

1] Kuratsune M, Yoshimura H, Hori Y, Okumura M and Masuda Y editors. Yusho: a human disaster
caused by PCBs and related compounds. Fukuoka : Kyushu University Press; 1996.

2) Kataoka K, Ohkubo A, Shinohara S, Takahashi K and Masuda Y : Statistical analyses of the annual
examination data for yusho in Fukuoka. Fukuoka Igaku Zasshi 74 : 296-301, 1983.

3) Takamatsu M, Oki M, Maeda K, Inoue Y, Hirayama H and Yoshizuka K : PCBs in blood of workers
exposed to PCBs and their health status. Am J Ind Med 5: 59-68, 1984.

4) Imamura M, Masuda Y and Hirayama C: Blood levels of polychlorinated biphenyls in patients with
polychlorinated biphenyls poisoning after fasting. Igakunoayumi 101 : 78-79, 1977.

5) Toyota M, Utibe H, Yanagi T, Kono Y, Hori S and Iida T : Intake of PCDDs, PCDFFs, and Coplanar
PCBs via meals in Japan. Shokuhin Eiseigaku Zasshi 40-41; 98-110, 1999.

6) Yoshimura T: Yusho in Japan. Ind Health 41 : 139-148, 2003.

7] Yamaguchi N and Kaneko S: ‘A study on evaluation of carcinogenesis in patients with Yusho” and ‘A
study on health evaluation in Yusho’. Health and Labour Sciences Research, 2001 and 2002 integrated
study report, 2002 summarized and allotted study report. p68-72, 2002.

8] Iida T, Todaka T, Hirakawa H, Tobiishi K, Matsueda T, Hori T et al.: Follow-up survey of dioxins
in the bloodof Yusho (in 2001). Fukuoka Igaku Zasshi 94 : 126-135, 2003.

9] Todaka T, Hirakawa H, Tobiihi K and Iida T: New protocol of dioxins analysis in human blood.
Fukuoka Igaku Zasshi 94 : 148-157, 2003.
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(BEXED I b, WFERTY Yy Z7ETEREINTVLELDICOVWTIL, BEHEICLIVEELD LIEEINTSTT.)
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HIEEIC B 1T 3 MikEILSFHREE,
a-7zxz b7a54 LU HBs #iE D1&ET

LT R IR B R
i H, R KR

LI

1968 4 4 HtE X v, JkEBSLMN % Hula 2 polychlorinated biphenyls (PCB) I8 A T A A4 A WIEIUZ X 5
BHRHEREDPFELLY, 74 AXANVEE TR TREA L LTSN TW: PCBEFOS 2 70—
400 IZ X DVERENTIZTA AT A NVEEBR LD I > DT, SHTRHEE LTHShTw 3,
HHEFEAE LIS 30 FELA_E 2SR U FHIE U] 4 O NI BB B O 2 OIERIZERZ IR L Twv» 228, —
ERICEAEND PCBIBE NS 5B E <, [MF PCB ORI IR R/ Y — v inAhon b,
Eiz, WETE RV XYY 7 F > (PCDF) »EKEM & 0 s n?, FERMOSH» S EH Lz
MR (TEQ : Toxic Equivalents) X D JERYE & LT PCB XY PCDF OFMEENKEVWEHZ S
29, LrLAans, MEICEW CIMKELFREME, a7 = b 7a7 1 >~ (AFP) % wix HBs HUR
2R3 % PCDF OFEI BT 28 Aok wn, 22T, SEIZHERE B % M A A,
AFP » %\ iZ HBs I8t 2 Mith PCDF ¥ QW& MR EN O W» THEFHEN T 2 B 2wk L
7z,

1. ¥REIUVUHE

SR 14 IR 2 A A4 F ¥ VEOBEE CRE DR S NIHERSE 279 fl 26 RkE & Uiz 20N
HITEFRER, BERE, TR, HERE, BIK, RIOBRUELRE, KRBT, MREbrm,
FaERLy >~ 7 ki, LENE L OEEHEE R L E LD 20, BIMETRETH O ZREICIT 8 5 7z,

MEEFEREITREH, 7V 73>, ALT, AST, LDH, 7 VvAh V73 A7 7% —¥, LAP, y-
GTP, sV rEY, HEEYLVEY, a2V Y2 AT7—¥, oV A7u—), HDL a2V A7 u—),
R, B, 7% 7 —¥, CPK, REFEXR, 7v7F=>, REO20HHZ2HABSHEE (H
7150, HiZ) ZHWHIE Lz, EE~—»—Thb25 AFPIZRIAE (7 —F7 27 b AFP, 7Ry MY %%
¥) T, HBsHiJRIZ CLIA# (A—A NV T, 157Ky b)) LV HIEL .

MR H D PCDF 25 O HI5E 1348 i IREREEREE TSR T 7% o 729, IMIEEEHI LA T @ PCDFs, 10 [FIEE
ZHIEL, # PCDF{EH XU TEQ Z5I&E L 72,
2,3,7,8- tetrachlorodibenzofuran, 1,2,3,7,8-pentachlorodibenzofuran, 2,3,4,7,8-pentachlorodibenzofur-
an, 1,2,3,4,7,8-hexachlorodibenzofuran, 1,2,3,6,7,8-hexachlorodibenzofuran, 2,3,4,6,7,8-hexachlor-
odibenzofuran, 1,2,3,7,8,9-hexachlorodibenzofuran, 1,2,3,4,6,7,8-heptachlorodibenzofuran, 1,2,3,4,7,8,
9-heptachlorodibenzofuran, octachlorodibenzofuran

fiti 1348 PCDF {HOXEE 2 /e Ima i & L, MEHREE, %, iz BEERF & LT 3 TThES o
RATOTHIE LTz, ROWICB T 2EEAR L L TI3# PCDF 2R b L T2 L HES iz, M, F
e OZHEEAB AT, AEMEER 10 ARGz EREE L Lk,

2. 8 R

20 THE oI At F A, BEH, 7 v 7 3>, ALT, AST, LDH, 7 VvAh ) 71 A7 75 —¥,
LAP, y-GTP, AV VvE Y, EEEYLEY, aY VYT AT7—¥, fBavA7u—), HDL 21 X
7u—, LG, g, 737 —¥, CPK, [RREHR, 7v7 5=, RKEB LU AFP, HBs &
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Table 1 HERE B U 2 MKE LFHmEE, AFP 8L O
HBs #iJ& & # PCDF fiEi o B8

i =] 0.129
TNT I 0.887
ALT 0.349
AST 0.129
LDH 0.382
TNHY T FRT 7 E—F 0.308
LAP 0.262
y -GTP 0.068=
wevyvarreyv 0.029a.b
E#EEULE. 0.150
a2y vz RF T —F 0.401
WaLrxFa—n 0.944
HDL= vV 2 5 o — )b 0.077=
Tt AR B 0.105
i B 0.569
77 —%® 0.558
CPK 0.309
REZBR 0.169
7 V7 F = 0.081=
R B 0.161
AFP 0.945
HBs#l R 0.874

2P <0.10, "ML XEEAD Y.

WZDOWT, ¥ PCDF fEOXMEUE * {E/EZA % L L, MKWRAEE, H, FkxEERT L LT 3 TitEs 8
W 247 - 7o MERE R % Table 1 1R L7z, 3 JthiES S TIC 8T -GTP (P=0.068), HDL 211 &
7a—l (P=0.077) BLXU27v7F=> (P=0.081) O 3IEHIEEENIEDON, BEVLVEY
DOHEEMERIL S %ARiE (P=0.029) TH-o7d3, L DORAERPRAZSNEBEZEITAD STz,

3. &% =

HWRE T, ZhE TIiiid PCB R E & MK AL FREME & OBES IR, Mav AT a—n, y-
GTP, BEV VE Y, BLUOEEE Y VE VIZOWTIHE SN T W 59, MfE X RO 58 5 [RHEY)
B LTPCB &0 PCDF OB MHENKEVWEFZ 5N TS, L LD o, IEIC B W» 4
WAE, AFP 2%\ ix HBs fi/Ricx3 %2 PCDF OF BT 283 A e\, 2 2T, 20 HE DI
WA REME, AFP B X 0 HBs FUEIC O W TR PCDF 2 EEBE R & L CIULRHAE, M, Sz
ERTF & LT 3 TIES BT 21To 72, MERRICBWT, y-GTP, HDL 2V X7 u—LEB & 07 v
TForD3EAIEEENHD S, BB PCDF L y-GTP, HDL 2V AT u— VB L7 V7 F=
D 3HHE L ORENF 2 5Tz,

HE BB B 1 B MR AALEMEE, AFP 5 % i3 HBs HiJf 1253 2 PCDF O ZI12ic oWV TidE 5
5 R NEEFE Z STz,
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v

HE» 14

EK 14 B i PCDF 3R 2 HIE U 72 HHE B 279 # 2 e R g (b fE, AFP 8 LU
HBs i icxt 9 % PCDF o5 ##a Lz, M&EH, 7/Vv7 3>, ALT, AST, LDH, 7VvAh ) 7 %
A7 7% —¥, LAP, v-GTP, stV vy, HEEYLEY, 2V YT AT7—¥, BavA7uo—
NV, HDL av A7 a—)v, TEfelE, M, 7327 —X, CPK, [RRER, 7v7F=, REOD 20H
Ho g A b3 #tE, AFP 8L O HBs HiHIC O W T, # PCDF A EEEHK & L CIwREE, M,
2 EERT & LTz 3 ThRE ST 21T o 72, MERMEICBWT, y-GTP, HDLav A7 u—uE
FU7Vv7F=r0 3HHICEREENRD 51, WEEEZED y-GTP, HDL avA7u—VvBLU7 17
F =L T PCDF 5 LTwa EFH 2z 6Nz

X ik
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(BEXHD I b, MELIT Y Y 7HERTEREINTVEHDIZOWVTIE, FEHCIVEELR LD LIEEINSTT.)
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HEBREHIOHBELF-ROMELEICDOWT

D EHEGEDTEIE « BRI
2 MR F KRG T sebe B R B
O HARMEE RS
9 HRUR IR e AR 1 o
L B, R % R, A AR =AY, EE T,
MERNDFATOY, S A /1 IEVY, o 71 3 D2

LI

TAX XY 0844 F v VEEAEY DO, KA T 228 O» THENBELEE > Twb,
HR S 1X 1968 £ & 1977 F DI, WERED S HAE Lz 85 Aottt r:, —ADO#ARFFs 2 Bkt
0.514 R L, BAffERZIE Ry, &G LY, L Lo, BREDN LI L, SOBERD
i & OB D W T OMENE, WETI E72Tbi T,

HHE & FIRkIC, PCBX Y A 4 %y VEEAEY P RBHAMCEALZH E LTIE, BETHEELZYu
cheng 8% %. Yu-cheng OJFEYE X, WEDFREYE Lo TEHEIL TE Y, Polychlorinated bi-
phenyls (PCBs) *° Polychlorinated dibenzofurans (PCDFs) 23%7%$ D Th 529,

FAL X 0844 5y VERELEWEICEBE S LBX, 15 ) 7 O Seveso & 13 U DEE D E»
SEEMNDH Y, Yu-cheng %, Seveso, BV 74 — A M) 7 OWEISE I R — b T, 20 AT 20 X
DHIFZ, TAFF 054 4 F v VAL EYICRE L BN TH 2 ROBLIFAERICE
TLTWw?, EOHMEINTVEY, —FHT, BELIZEPEERTH 2 ROBZ I DWW TITHENR
O o, EDHRED Yu-cheng = Seveso 72578 ST W 598,

HIEDEAE

Tz ik, MECBWT, HIFEDOENR, T74bb 20 KA 20 (REFHICTA A F L o254 L Fv >
HEEL AR LI BN KB TH 2 ROBLIITHERH 20 D) pEFEL 7.

FAE DO RIZ, 1969 Fr 5 2002 DI, D L b FAOENMEREZETH LR TH S, KA, W
b LB OBEN S, Hmikd UL IFBREIC X VS AR Z1T- 2.

ZOFER, NTHOPFAEEITS TN TE, ZOWRE, 15 HTEEHOABEETHY, 186 #HT
EZHEOHPEETHY, 6MTEWHEHE HICHERETHS (FK1)., 2L T, ZOWE»SHAELR
OWTHLZILERE L, BbizBus M) %2, Bz F) ofMTlRLZbD, Tabb
M/ (M+F) ZHw/l, 2L TZ0HfEE, HRFSN 2B 0.514 LKL, x2BEZ Ay, BEL
Jo. TOREREZR2ICE LD,

ZDFERDP X, BHOABEETH 2581, ROBLHICITEEN LW EBbhr o7z, 205Kk
ZHMCHEEE U7 8 & HAE L2 ROB L, BERRC 20 iU ETh - 1 K, & HAEL 12 RO B L,
M E D ICBEBE LB O MAELRE, Wwihb s 2B 0514 LKL TEECE BTk,
Seveso A4 —A M) THEISE IR — N TIE, 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) 3
ZERETHYY), a7 TDO2ODAFR—MTI, 1, 2, 3, 7, 8-pentachlorodibenzo-p-dioxin
(PeCDD) B ELRFHRMIE TH - 729, Yu-cheng Tlx, PCDFs & PCBs BELERWETHY, FhLZFN
JFRPVE 3R 29, S 44 F o844y VEEELEMB ED X S L TROBLicEE L FIZ
TODPEDAH ZALLZDOWTIFEHI N TR W, HIEDO IR — T, BELENRD o>
HIZDOWTh, SBMET 2Nz 2 081D 5,
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1

2)
3)

4)

5]
6]
7]

8)

S o NN

K1 FAEHIRZBOWR
MHE B ICEBELLZ36HDS 5, 1 ADR
BE, BERIBETH- .

HBEORBRREAR BB
BB R ASIELIBEEN 1954 i:: 287
EMBELASBLBBELE 1864 i:z o
WRLLITRE 648 e o

Hi IR

K2 1969 FEn 5 2002 FEDMIC, HIERE» S HAEL 2 IBOE L M5
M E BICBE L3605, 1 AOREHIZ, BERISKE TH-

7z,
s Rt
BREBINR T T Hitt P&
REDHRE. BB EEH20R K 194 174 0.527 0.613
REDHRE. BEHEMH20K L 43 36 0.544 0.590
BHEOARE. BREHEH0EZRH 168 181 0.481 0.223
BEHEOHEE. REHEH0EUL 22 15 0.595 0.327
HELIZEE 36 29 0.554 0.520
X R
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dioxin-like compounds : the Yusho, Seveso, and Yucheng incidents. Occup. Environ. Med. 58 : 540-541,
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Taiwan. Lancet 353 : 206-207,1999.
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polychlorinated biphenyls. Lancet 360 : 143-144, 2002.
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(BEXID D b, MFNTYy 7ETERINTLEHDIZDOWTIE, FHCIVEELR DD LIFESNIZHTT.)



ERBERE 96(5) © 185—191, 2005 185

EPMEFTMFF EDHRE - BEEOHR S LUV
MEREMER T AT+ AHRE

DR B AR EER S
2 f b W PR BR BT T2 T
FE 'Y, SFINE AP, S8 %2, TR 48R, 8 E Y

F LI

1968 4F, JUNALE 2 ol HA— R THRAE L 7o 4 > S HESEMH X, ENRKOBRMAESRETH 3,
{HE IX polychlorinated biphenyls (PCBs), polychlorinated dibenzofurans (PCDFs) ¥ X O polychlor-
inated dibenzo-p-dioxins (PCDDs) &R A L7274 AA A NV REIR L2 LD AEURY, 2R
X, ZNSLEVIOEREESD TRWz®IZ, BFIOTFEEZEZ T, ECROEFHIERETLET 2 2
EDFEHICHEETHZ 2 vy, PURTHLPITR 5Tz, WHENFEL TH o 30 FULBE, £ 0fH
THHHIC A S 7z & 5 RRHE R TR L A EIHEL T, LarLianys, BFE, §Thnon
DOHERERCNE SNTWw3, IF, WEIRMKRIC X 2BEEGENEE SN, MRS HE TERER
EZIPLTOLHERENPHSLICR>TETVS, 2002, WEPRE, ZORJADEEEDDICY,
% 72 PCDDs, PCDFs KU Co-PCBs IC X 2 BEEZ T T L —DOARICHEETH 5,

HE I BE 3 2 [AHPH 2 e oS ERSE 7 L — 7 I K D fTb T & 720, ML, WEBRED I A 4+ >~
FIZ X 2 NRIER & 2 OREFRFEZEIE T 2 BT, [ PCDDs, PCDFs & & Of Co-PCBs £ 0Bk
T 21T TR, — iz, MWK 5 IEREIC PCDDs, PCDFs & U Co-PCBs i 2 HIE % D
W2, MM 20-50 ml BFETH 29, L Lan s, BEOKET L 60 L0 EEE 2 O T O BRI 1%
FlRE N2, Licdd> T, BEOIHRNEHZBR S ¥ 2720, 5 g BEOIM#EE T PCDDs, PCDFs &
U* Co-PCBs B % IEREICFHIN € & 2 BERBRESITEDORFENLETH 5, N2 T, BENHI N TW» 5
HY - FFELEE, BYEVEMECHIEICE 2 £ TR 22 L, IS TE R0 v FEBSH - 72,
A, 5 g DIMEETY 4 4 F ¥ VFHEE % IEHEICFHE € & 2 8ERE STk S X O o L
(A58 FARRET 2 HERIC DWW THRET 21To 7. ZOREEF 3 DDORAT v 7ol SN, &
S HEEE (accelerated solvent extractor, ASE) 12 X 2 &K & R ORIE § féskikD 1/ 4
AT =NVTDH T L) =27y THIE  KEFEAZEE (solvent-cut large volume injection system,
SCLV) %3 L 7cmafRier A7 a~ v 77 7 / @mafEaeE &9 (high-resolution gas chromato-
graphy / high-resolution mass spectrometry, HRGC / HRMS) iZ & % PCDDs, PCDFs KU Co-PCBs
HOBRBRESNTh 5, KREFEAZEOEMIC LY HRGC / HRMS O X 10 5L B R U7z,
ZDFER, 5 g Dl ETH PCDDs, PCDFs KU Co-PCBs iBEDHIENHREL e o7z, D HiERH
W, 2001 g b IRAEE OWE BT 78 £ o B L 7z 1+ PCDDs, PCDFs K UF Co-PCBs 3 % il
E LY,

4al, HUWHERZWEE L RKE T 5 72018, Rk 14 FE 2 6 3 F51E CEEEREFMBE T & 1 4+
U IRIE DB 2 SO IR EENL L BT s e, FIFEER, 400 AOBEIMEH S A 4 F > >
HREZHEHETET, —WFEERESLAELD b, BoERECEREOMCEZEOY > 7L %2%)
RN 2 JFEDBLETH > Tz, Z D7 DMK O IR TE - 3 R 2 KiE i 2 7- 9
2, LABEREG L ke —ElR Lz, 2OHEZHWT, PR 14 8L I5FEIC, 2hth 21945
L U269 ZOMERE D SERI L MDY A A F v VHEEEZHIE L, DETEE L7 —#EE A (52
%) OFEF L L7z,



186 & uOEsn 44
1. EBRAEE
(1) B

n-/ F IR FEH B ORER R R, ZOMOBEEIZ T XTY A 4+ F v oot BERFEER) = H
Wiz, SEOKEER S Y v A3 ESEEE-PCB 4t BIRbF®) 2wz, GC/MSO* v ) 7' —
v a v AY »¥—Rix Wellington Lab. ##.d CS-3C / CP 81 ZfiH L 7-. WERE#EYE L L T®C T
~)v L7z 7FED PCDDs, 10 fi® PCDFs & 4 #E® Non-ortho-coplanar-PCBs Z{# i L 7-. iSELER / &
VA7 VIIHIEMEE T 2R L7z, R (P2 74 7 A7#E) v CEIERL, ok
RS NV 7 MBS vz (1 11000, w / w). IR L7z 4 2 AFE8EM (KGR bV 7 A, THER
WV A7 v X OEEKRE S ) 7 LA) 3EEEEHEREE 2 O TAF Y Y H 503 v EE
CHEMHHEE & F&METCliE Lz, AL IRTOY I ABBRIIA A Xy 7)) —v A =T (7
V) T 450°C (6 FFRE) ek, MR L7:. 2 ORI TR O REREF 2 vz,

(2) mMESKEH,S DS - FEEE

MEFH & OIEE OFH 3 EHEHEEE (ASE-200, HASY A 4 % 7 A#8) 2HWT{T-> 7297, MK
K5 g 23 g D Isolute BFEET) #FE L - vV HRIciEA L, # 14 RSS2 1T -7, 720 —
YT TANRA 7 g, ey 2EEAKICEE L, W®E 150°C, K 2000 psi DA T 10 43
fil, 72 bh>/~FH> (113, v/v) T2HEHHE L. Boniz7 by / A3V U2 BET
BiEL, FEEVICB L, BEE2ERICHES Y, ERELBOEEP SBFEEVOREKEELZEL
BlniEEEEOEREE Uiz, M UIEEIC n-~F V> 5 ml 202 TEEL, BFEES3 ml 212 T
—HIREBE LTz, ZONFYUER 10% (w/w) WHEIRS VA 7V EGRFE L 720 7 ZCAf LT,
ANFH 2 15ml THEH S B, ZOEHREE 0.1 % (w/ w) {EER /ARG Y 7 A 05 g 22
WUTeH 7 ACEEARSE, YZuaxyy /n-~FH> (119, v/v)10ml T Mono -ortho-Co-
PCB#i%, t)x> 25 ml TH A4 *¥ >4 (PCDDs, PCDFs ¥ X tf Non-ortho-Co-PCBs) Z#¥&H
L7z, Bon/zmmsriE 0.5 ml UFICETEFEL 2. MV rvESEEEZE, Y 7uaxy w2
TN A, TOEWR0.2ml FTERTEREE, 0yl dDn-/F>%MA72 GC/MS XA 7vE Y
WMLz, ¥ 70u Xy vy RRETREICHER, YUY RN, 7 22 CERESHTAGEEK E L.,

(3) PCDDs, PCDFs & & U Co-PCBs 41k

I PCDDs, PCDFs 8 & U Co-PCBs DIEE X, KEFEAZEE (SCLV) 2HfE L - @ Eee s A 7
u~ 777/ EoReEEESTTEE (HRGC/HRMS) %AW TiT- 7297, HRGC / HRMS ¥, GCI
13 Agilent #1:# HP-6890 A, MS %L1 Micromass f1:# AutoSpec-Ultima NT AL, SCLV it SGE
HBEFEHL, 2740 T, v 72512 BPX5 (SGE #H38, N ; 0.25mm ; JKE 0.25 mm ; £
& 6m BXUOHA 7 41 BPX5-Dioxin I (SGE #H#L, WN#ZFE ;0.15mm ; & ;30m) Z{HEHL 7.
FWEEMFE, 160°C (0 2R 25 3000CE T 20°C / 43 THE, 300°C (8 SfEfRFR), 70°C/ 53Tl
&, 195°C (0.5 43[ERER) 76 300°CE T 3C/ 4 DEIGTHIE, 300°C (1 4[RE) TfT-o7z. #kRE
A#ElE, SCLV injection Y AT AZ AW, 44 EEIZEIET, /1A VIEEEEA VY —7 =214 A&
Eix, £hZzh280°CT, 14 MbEE, 14 ALERB L OIEEFEIX, 2 40eV, 750 pA B &
8000 V IZERE L, ZH#RE 10000 ICFHEE L7z, ¥+ VY —4 A& LT He ZH\, Hi#1.3mL / min T
7oz,

Selected Ion Monitor (SIM) #1Z & - T, PCDDs, PCDFs £ & UF Co-PCBs D & %17 - 7z. PCDDs
FHDOERIZIE, °C1,-2,3,4,7,8-TCDD, 3C,-1,2,3,7,8-PeCDD, 2C,,-1,2,3,4,7,8-HxCDD, '3C,,-1,2,3,6,7,
8-HxCDD, *C,,-1,2,3,7,8,9-HxCDD, *C,,-1,2,3,4,6,7,8-HpCDD & tf**C,,-1,2,3,4,6,7,8,9-OCDD % PNiZ#E
& L7z, PCDFs #HD E #1213, *C,,-2,3,7,8-TCDF, *C,,-1,2,3,7,8-PeCDF, *C,,-2,3,4,7,8-PeCDF, *C,,-

(76)
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1,2,3,6,7,8-HxCDF, **Cy,-1,2,3,4,7,8-HxCDF, "*C,,-1,2,3,7,8,9-HxCDF, **C,,-2,3,4,6,7,8-HXCDF, "C,,-
1,2,3,4,6,7,8, -HpCDF, 'C,,-1,2,3,4,7,8,9-HpCDF K U8*C,,-1,2,3,4,6,7,89-OCDF # g & L7z, &7z,
Non-ortho-Co-PCBs #HDE&IZ 1%, ¥C1,-3,3",4,4-TCB, C,,-3,4,4,5-TCB, C,,-3,3,4,4,5-PeCB &
KU BC,-3,34,4'5, 5-HxCB Z2NHEHE & L, HRPRERRE 2 7z, B T BRAE I )E 4257 84 O M
TA X F v PROUMEMTE (BE) CRROIFETIRE 2 Huvi,

2., BREBIUEE

F U WIHER W EHE 2 SR 3 5 72018, R 14 S S 3 FRTE TR ENMEBF M F 51 4 F > 3
OB % & O T MREENLS BT onde, PIFEER, K400 AOBEMEH ST A 4+ v SHRE
ZRIEFHE T, MO B LEL RS T 3 I 2 KIB I M 3 2 7o, —WEFE#HRE L hkz—
TR U7z, MR & ORERF O, §iEIFEREEREE M HEEE (ASE) 2 HWT{T-7:97, ASE
&, BELENZMZ S LT, MEHNYOBEEANDERE 2L, {ERkoB—RbEcxTd
HOWHT, Vv 7 A v =L@ R AR R IS 2 BUCE L A s naiiHEEE L LT
HanTwao, L, Mk % ASE Tt & ¥ 2511, [MERE 2 —BRERGZEBES S LIck
D, HilElE CTHEML TOREARET Y ¥ AL BBKLBEERERZE L 2 EHREE R D, Z OEEIC
BRI EH N EKIBICER T 2 2 8 TE R, 8512, 7V —r7 v 7RICBIZ (T > T iR
HI7LBIWEERRY Z L7090 N7 77 4 —%EELTITS 2T, —HICET 239 > P VEUETREE
BNz Ed 2 2 ENTER, 5T, SEME U HERIE—EEERSE Uik L D 2R Cll 2 Ak
FEHHIETE 2 HETHLEEZ 5.

£ h#$ PCDDs, PCDFs % & Of Co-PCBs I 13, Bk c B oo TREETH S, HIEL X
IETEHIAAF YR, BETICEELTWLIDT, BEUADH® 2 L2 AI0MHLTWS,
H e RSB O MK 2 74 4 F ¥ VHEDOERIP ST, 77 v 7EEEERT 5 2 L8, Mt s
A& F Y VHMTCB T A IREEFETH 5. ft-> T, MfyEH PCDDs, PCDFs & Uf Co-PCBs I 1252
BERIESBVWESKCT Ty 7ER2ERTRIED 1/ 10 LN CEBAL T 2 613D 5, I ORFIE% k3
372912, Mk S PCDDs, PCDFs 3 & U8 Co-PCBs Ol « k8l 2175 KERE 2HAL L7z, E
BRENG 7 ) — VAR T D CHUEHCE U, LD T AFEM KRR ) v A, W
TRl ) 7 v L INEERIIE T Y v A) b EEEEHHEE 2O TAF T U H 20 bV
BECHERAT R & AT Tl L2 b DRV EHLETRTON 7 AZE S 450°C, 6 KFffs 1 4
FY )= =T TMEALTHW:, 512, AEEZEIRIEL, SEHEOHEERZIEERRY
B3k L7z, A ED Z £ X b, PCDDs, PCDFs & & 0f Co-PCBs DM I EL2 B LIZS B WEEIC T T >~
7 EZEBIET 5 2 LTI,

SEIGE L HFEOHERE 252 2 HINT, M5 RE2HEMNL, SIMBETS A 4+~
HEEOHIER, 20 g DFEERAWTATERICHE L TT S HIEEEcHmE L, HEkRz Lz (Fig.
). ZOfER, SREOREESEL YA 4 F > VHEBEIR, 20g 2HW TAERETIT - L HERE & 131x
HUEERLZ, BUMEY > 72 A0 EMEREZRE LEER SuEEESE S
(Table1). & 512, FHIRMMRETIEONEEEYEDRIE S 1T LAY 65% U ETH-7: (Table2). LU
LOER» S, SEBRLIHER, AEETEML 56 LRFSEORMENGESNE Z RSN,

Rz HOT, ¥R 14 BL O 15 EFEICHAEED, Th2h 279 %5 X O 269 % OIHIE B 5 & BREL
L 7z 11 PCDDs, PCDFs # & OF Co-PCBs & % #llE U 72 f53 & Rk 13 FEICHIE L 72 78 £ D1
IRAEFE OME BE OWERF % Table 3 12/Rd ., W13 206 15 FFEICZZ2 LI iHERE O M 5 A 4
F ¥ VDR toxic quivalent quantity (TEQ) IR OF¥fEIX, ZhZ2h 179.3, 136.4 B £ 11125.0 pg-
TEQ / glipid T, % DEEIZ—REEADZNETN 4.9, 3.7HBBL U3 4HBTH-> 7. HERZ O
¥t PCDDs & OF Co-PCBs ¥ 13, IZIZHEE A LRV~ DIicxt L, PCDFs & I3 A D% 2
N 13.81%5 (B 134E), 10.36% (R 144E) BX U956 (CERL 15 4F) BWiEzxR L7z, # TEQ e
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Fig. 1 Comparison of PCDDs, PCDFs and Co-PCBs concentrations

in the five human control blood samples by our laboratory

(Lab. A) and two differ dioxin analysis organization (Lab. B

and C). Co- PCB: coplanar polychlorinated biphenyls;

PCDD : polychlorinated dibenzo-p-dioxins; PCDF : polych-

lorinated dibenzofurans; TEQ : toxic equivalent quantity.

(Journal of Dermatological Science. Suppl., 2005.)

Table 1 Reproducibility test of the improved method conducted using the same control serum
sample for 10 weeks

Concentration (pg/g lipid)

Week
Congeners 1 2 3 4 5 6 7 8 9 10
2,3,7,8-TCDD 1.9 2.0 1.7 1.6 2.0 1.9 1.7 1.9 1.8 1.9
1,2,3,7,8-PeCDD 5.8 6.2 6.7 6.8 6.1 6.4 7.1 7.4 7.3 6.7
1,2,3,4,7,8-HxCDD 7.9 7.9 7.3 7.1 8.1 6.9 8.3 8.0 7.6 6.5
1,2,3,6,7,8-HxCDD 58.4 51.9 57.6 57.9 60.9 57.5 59.5 56.2 54.1 57.0
1,2,3,7,8,9-HxCDD 10.9 9.4 9.1 8.9 10.1 8.5 9.8 94 8.8 9.4
1,2,3,4,6,7,8-HeCDD 152.0 151.3 144.5 155.6 142.9 142.7 136.8 132.8 124.2 134.7
OCDD 1804.8 1783.8 1817.8 1785.1 1761.9 1804.8 1852.9 1843.5 1640.5 1887.6
2,3,7,8-TCDF ND ND ND ND ND ND ND ND 1.2 ND
1,2,3,7,8-PeCDF 1.1 ND ND ND ND ND ND ND ND ND
2,3,4,7,8-PeCDF 6.0 6.1 5.6 5.1 7.1 6.1 6.1 6.6 5.7 6.2
1,2,3,4,7,8-HxCDF 7.5 7.1 7.2 7.0 7.7 6.4 7.9 7.3 7.7 7.6
1,2,3,6,7,8-HxCDF 7.5 6.6 7.4 7.9 7.7 7.2 7.9 8.2 7.5 7.5
2,3,4,6,7,8-HxCDF 2.0 ND ND ND ND ND ND ND ND 2.8
1,2,3,7,8,9-HxCDF ND ND ND ND ND ND ND ND ND ND
1,2,3,4,6,7,8-HeCDF 15.7 16.7 16.6 17.0 18.0 18.3 18.0 15.5 17.7 18.6
1,2,3,4,7,8,9-HeCDF ND ND ND ND ND ND ND ND ND ND
OCDF ND ND ND ND ND ND ND ND ND ND
3,44 5-TCB(81) ND ND ND ND ND ND ND ND ND ND
3,3'.4,4'-TCB(77) 54.4 449 44.8 46.6 46.1 46.9 47.4 45.5 45.0 47.4

3,3',4,4',5-PeCB(126) 28:5 249 239 259 25.9 25.4 23.9 234 25.6 23.4
3,3.,4,4',5,5'-HxCB(169)  23.6 22.4 22.5 23.5 22.9 22.4 24.5 20.2 233 22.8

Total PCDD 2041.7 2012.6 2044.6 2023.1 2028.6 2076.1 2059.3 18444 21039 2061.9
Total PCDF 443 42.5 42.8 43.0 43.7 46.2 46.1 43.0 46.8 47.4
Total PCDD/PCDF 2086.0 2055.1 2087.4 2066.1 20723 21223 21053 1887.4 2150.7 21093
Total co-planar PCB 111.5 973 96.2 101.1 99.9 99.7 100.9 94.1 98.9 98.6

Total 21975 21523 2183.6 21672 21722 22221 22062 1981.6 2249.6 2207.9
Total PCDDs-TEQ 17.1 16.8 17.4 17.6 17.1 18.1 18.2 17.6 17.5 16.3
Total PCDFs-TEQ 5.1 4.9 4.7 4.5 4.9 5.1 53 4.9 53 53
Total PCDDs/PCDFs-TEQ 22.2 21.7 22.1 22.1 22.0 232 23.5 225 22.7 21.6
Total coplanar PCBs-T 3.1 2.7 2.6 2.8 2.8 2.8 2.6 2.5 2.8 2.6
Total TEQ 253 24.4 247 249 24.9 26.0 26.2 25.1 25.5 242
Lipid (%) 0.27 0.28 0.28 0.27 0.27 0.26 0.26 0.29 0.27 0.27

CB: chlorinated biphenyl; CDD: chlorinated dibenzo-p -dioxins; CDF: chlorinated dibenzofurans; Hx: hexa; He: hepta; ND: less than the determination limit;
OCDD: octachlorodibenzo-p-dioxin; OCDF: octachlorodibenzofurans; PCB: polychlorinated biphenyl; PCDD: polychlorinated dibenzo-p-dioxin; PCDF: Poly-
chlorinated dibenzofuran; Pe: penta; TCB: tetrachlorobiphenyl; TCDD: tetrachlorodibenzo-p -dioxin; TCDF: tetrachlorodibenzofuran; TEQ: toxic equivalent quantity.

(Journal of Dermatological Science. Suppl., 2005.)
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Table 2 Recovery of PCDDs, PCDFs and Co-PCBs at the reproducibility test

Recovery (%)
Week
Congeners 1 2 3 4 5 6 7 8 9 10
13C-2,3,7,8-TCDD 70.0 72.8 68.4 84.4 76.7 66.0 70.6 74.4 66.1 57.6
13C-1,2,3,7,8-PeCDD 81.7 92.7 85.2 96.2 85.6 72.0 79.0 86.7 80.6 68.2

13C-1,2,3,4,7,8-HxCDD 100.0 1142 101.1 1115 95.6 74.2 91.0 108.0 93.1 81.6
13C-1,2,3,6,7,8-HxCDD 89.6 104.1 89.3  100.0 85.2 67.1 84.7 96.4 87.1 73.9
13C-1,2,3,7,8,9-HxCDD 91.9 1028 93.9 98.3 89.0 73.5 79.9 92.6 82.1 68.6
13C-1,2,3,4,6,7,8-HeCDD  100.6  111.6 933 1028 84.5 74.7 88.9  108.7 88.7 79.4

13C-OCDD 922 1015 91.7 97.6 81.4 73.5 88.6 1064 80.9 84.5
13C-2,3,7,8-TCDF 88.2 924 83.6 101.6 97.9 79.2 89.8 84.3 87.6 76.0
13C-1,2,3,7,8-PeCDF 72.3 78.4 70.6 80.5 73.6 60.9 69.1 66.6 67.0 56.9
13C-2,3,4,7,8-PeCDF 71.7 82.0 82.1 96.2 84.1 72.6 80.0 83.9 81.5 69.2
13C-1,2,3,4,7,8-HxCDF 86.0 96.7 85.0 95.1 85.5 69.3 82.1 90.4 82.8 72.3
13C-1,2,3,6,7,8-HxCDF 81.4 94.6 81.1 92.8 81.1 67.9 78.8 88.7 77.1 69.8

13C-2,3,4,6,7,8-HxCDF 1082 1133 1009 1155 96.9 80.2 91.2 98.6 92.7 82.3
13C-1,2,3,7,8,9-HxCDF 1049 112.1 94.6  100.1 85.5 72.8 86.7 85.1 90.1 75.1
13C-1,2,3,4,6,7,8-HeCDF 91.1 97.1 85.6 93.6 80.1 68.2 80.8 84.1 74.6 74.0
13C-1,2,3,4,7,8,9-HeCDF 96.3  102.1 922 98.3 83.5 70.9 89.0 102.7 85.8 79.3

13C-OCDF 83.3 96.5 87.4 95.5 77.2 71.1 85.7 101.7 79.5 80.0
13C-3,4,4',5-TCB(81) 62.2 77.6 70.0 90.6 88.1 64.0 59.1 77.3 62.1 58.2
13C-3,3',4,4'-TCB(77) 64.3 76.3 67.2 89.9 85.0 64.4 63.3 75.8 62.0 57.9

13C-3,3',4,4',5-PeCB(126) 68.0 79.0 71.1 88.1 78.9 64.6 71.4 75.9 70.5 582

13C-3,3',4,4',5,5'-HxCB(169) 85.2 90.7 87.5 93.6 87.3 71.6 76.5 86.3 76.2 67.9
CB: chlorinated biphenyl; CDD: chlorinated dibenzo-p -dioxins; CDF: chlorinated dibenzofurans; Hx: hexa; He: hepta; OCDD: octachlorodibenzo-p -
dioxin; OCDF: octachlorodibenzofurans; PCB: polychlorinated biphenyl; PCDD: polychlorinated dibenzo-p -dioxin; PCDF: polychlorinated dibenzofuran;
Pe: penta; TCB: tetrachlorobiphenyl; TCDD: tetrachlorodibenzo-p -dioxin; TCDF: tetrachlorodibenzofuran.

(Journal of Dermatological Science. Suppl., 2005.)

i2xf3 % PCDDs, PCDFs & & 1f Co-PCBs BE Q&G 2@ A LR L 7%, WEREDOSHA,
PCDFs 25 2SI DR 8 E% 5 Tua/z, PCDFs BMHAR TRAIC B WIBE 27R T 2,3,4,7,8-PenCDF #
FEWE, EEADZNZN16.8 65 (P13 4F), 12.6 fF (PR 14 ) BX O 11.6 5 (L 15 4F) BV E
B Lz, LEORERY S, HIEFRED S 34 F£FE L LA b BF ot PCDFs %, B2 2,3,4,7,
8-PenCDF BB IXKAT L ICH D, FLWIHEZKHEELRE ST 2 FCROVBELERLEFEZ S0
5.

SHOMERE L U, MRS 51 4 F v VORI ASE 2 Hwvwic5E, 1,2,3,6,7,8-HpCDD
LY OCDD DURFEHDAGE 3 THEM L 7 WHFeEBI ORSIR £ i L ¢, 2h 2 1.5 fF KU 2.0 fEm»E 2w
L7z, ZOERIZOWTIE, EPHSMICLTWRWLA, 1,2,3,6,7,8-HpCDD &1 OCDD O toxic equiva-
lent factor (TEF) 23224 0.01 X0 0.0001 L{EWEZD T, TEQ EEICHEL 254, ZhET
RELFEZRIZI B o7z, LOLEDS, ZOERIZOWTORHEFRACERML IV EFEZ TS,
S5, BEOHHRNEH PR S L7012, 5 g MTOMKEETYH, +HERFEIC % % X 5 HRGC /
HRMS OHIEREZBREL D A LI B0 EERS>TWS, KEFEASEF L LT, SCLV injection sys-
tem VS &, WAL OBESIZEALE SV A T AL VEESIN, STEHNKSOHH T —
VR Ny 7 TRES NS0, BEOATY v M AHREHEK LT, 97 7 ANB T 2 PHIOK
BN PR T2 2 EDTREL 2510, 2D, FEREED RIF 2SS/ ONL 131D T, E—
7 DHAENESIEL 20, E—rmENALELE., COFRBZIGHALT, $5125XD bNEOHMWITTH
FrEI7 V=T LAV ZETCE—mENAEL S/ NEOWESHREIRE, Z0H LT 7
= 7 2B TH 5.

E i

AWEFEIE 2003 FEFAEREEVIREME S (AHL2MREEN) KBS D THS. WL THE
ERLET,
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A2 HERBZECHS T IMBEBE MRELCZDEL

D R A SRR
) R AL Y
Y RIKEY NCY 7 3 v
(ORI AT
) R b
R B, hEF AR R, WS, A BEA, bR @, IR

LI

TECEMOVD EDOTHAR)IEIE 7 = =) (polychlorinated biphenyls ; PCBs) &8 GET DZ25E
8, ar7T oy —, HRHAA Y7 SIS TE ]z, £, HRTIE PCBs OEREIX 1973 £ X » 251k
ENizb DD, PCBs % & L8l OFEZELBEH], MBS IRESG T © O, EFERFER LICL D, BE
IS S A, WEER )1 7 £ ORJR R TEEAORHAIERI S LT 5, PCBs IMMUFERIIC L E L 728k
METH 270, BRYEHETEYERS L, AYTICEREL, B POBRRCEEINLTWL Z
EMIFEINTVWEY, Fz, —EERLUKIMT PCBSIBEIZIAZLTHY, &L AMIHER 2R3 &l S
NTWn3?,

—77, 1968 £E, BAZH#RHMICHER ST/ PCBs 2 kamMIciBA L, THARDAHFHTRTH L L
THFENFEE L 729, &7z, KO ELE TR TORBILEIC X 5 T PCBs LRIV ¥V ZRSRS
n, RVFIY XY 7 > (polychlorinated dibenzofurans ; PCDFs) R VLY RV ¥ A 4 F v
> (polychlorinated dibenzo-p-dioxins ; PCDDs) #34ER & N5, EHRI NI Ka»HICIE, PCB
72 F—PCBRJTkh<, RV 7 ¥ —7x=—) (polychlorinated quarterphenyl ; PCQ),
PCDFs, PCDDs & & U216 OBEME b & Tz,

L»L, PCBs &b TNZF A A4 F v VOt MCRIFTRER RIIMIC bz o THZ L 78S X »wdo,
1968 I FEAE LTz A A S HERFE DI % 1986 40 5 2002 EOHAM, &L, Mo PCBs, PCQ,
VLY RV ¥4 % F v > (dibenzo-p-dioxins ; PCDDs), &V LY _> V' 7 F >~ (polychlorinated
dibenzofurans ; PCDFs) ¥, 7o MCMRIMERES, BHEE, BFE, RICKZITHELR L0
THET 5.

1. BREH*®

1986 42> & 2002 4 £ TOIAM, 1041 ZOMHEMZE » SERIM L, L 5584 ORME %57, WERZE
DOWERIZ, Bl 474 4 CEYER 50 3%, 1~917%), 3567 & CEY&ER 51.7 %, 1~ 877%)
Tholz, Z LT, 2D 1041 &p 5 & 512, IH PCQs #2EEHY 0.1 ppb PAE 7R U 7z g HE 374 £ (MR -
1666 ffk, FR : 1652 #fk) &1t PCQs #2FEA 0.02 ppb LA T 278 L7 & 2 & L THwe, xf
HATEIC 13 151 44 (IR - 373 efAk, R & 302 k) 23824 L 7= (2 1)@, I PCBs, PCQs, PCDDs, PCDFs
BEX, BASTCL2P A 70~ 7T 7 4 —FE R, RIFE 73RN0 AE#EENIERT CHIE L /.
7z, MW7 S CROREIZPEHAR SRL #12 TIT- 72, 2 OMAEEH I, RIMEK, ~E7oEy, A< b
7w b, MU/MR, BBk, FhVTA, AVTA, AVYTLA, VY, Y N7E, 7V7 3y, I
IREEHR, 7v7yF=r, 7v7F ¥+ —¥(CK), 7Vv77 7= h7us4 > (AFP), BEIFEKY 4

R - EHNRE

RIRFRF BRI R R}

T 852-8520 RliFIRFIRTHHANT 1-7-1  095-849-7991
E-mail : toshiro@net.nagasaki-u.ac.jp
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Table 1 Demographic data

Sex Patient group (PCQ > 0.10 ppb) Control group (PCQ < 0.02 ppb)
n Number of Age, mean £ SD n Number of ~ Age, mean+ SD
samples (years) samples (years)
Male 181 (48.4%) 802 (48.1%) 589+ 145 53 (35.1%) 101 (27.1%) 56.1+154
Female 193 (51.6%) 864 (27.9%) 61.8+10.7 98 (64.9%) 272 (72.9%) 5861145
Total 374 (100%) 1666 (100%) 609+ 12.7 151 (100%) 373 (100%) 58.7+14.8

PCQ: polychlorinated quarterphenyl. (Journal of Dermatological Science. Suppl., 2005.)

WVAFKE (HBs) PR, MXHETHY, IRTIER~X—— (pH), RY > X7E, [K¥E, vaty /7
> ERHE LT,

2. HEErFEAI0IE

WA HVALER I XHERTHE#T Y 7 b (Stat View) &2 v, UFICHBR ST 21T o 72, BERE, WEEZ
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L7z, £7z, HBsic DWW T CK & [FBkZL HETHRE L7z, BERETIX, PCBs, PCQs, PCDDs,
PCDFs, TEQ ZnE ey > 327 '8E, CK, R pH I RIZTRE LG T 5 720 ERIROT 21T -
To. tB, HEK¥EL, RO TIEERE 5 %R, HEMNT CI3aRsE 1 %R L.

3./ R

1986 22 & 2002 FOHARIF, BEN A A SWERZ E2ZUEHOE R 77 A% 1R T, BERF
olid PCBs, PCQs, PCDFs, TEQ I I ICIENERICHEMEER Lz (F2), BER, BT
NZNOREDFH M PCBs, PCQ EEIZK 2, 31RTHEY T, BREHOREIREGD S PCBs D45
MZEH LA 1958 Th-7 (M2)., FRITHART PCQ OFBHIZEL, 57.9F Th-7 (4

Table 2 Blood levels of PCBs, PCQs, PCDDs, PCDFs and TEQ

Patient group Control group

Sex Index n Mean+ SD  Maximum — minimum n Mean+ SD  Maximum — minimum

Male PCBs (ppb)* 802 48+3.7 31.0-0.0 101 29+2.0 11.0-0.0
PCQs (ppb)* 802 0.9+10.8 12.0-0.1 101 0.0£0.001 0.01-0.0
PCDDs (pg/glipid) 28 1085.4 £ 934.0 5037.8-289.7 21 731.6 £414.9 1897.5-305.7
PCDFs (pg/glipid)* 28  134.0 + 167.5 804.5-25.0 21 2974189 68.7-14.4
TEQ (pg/g lipid)* 328 78.7+77.9 372.8-19.4 21 23.6+138 62.6-8.5

Female  PCBs (ppb)* 864 4.6+34 32.0-0.0 272 28+22 12.0-0.0
PCQs (ppb)* 864 1.8+1.2 9.4-0.1 272 0.0 £0.001 0.01-0.0
PCDDs (pg/glipid) 25  879.7 £306.8 1741.5-365.9 23 11862+ 661.5 3121.6-390.1
PCDFs (pg/g lipid)* 25 4922 £392.7 1365.3-63.9 23 3244145 71.0-11.2
TEQ (pg/glipid® 25 221741585 595.9-48.4 23 317+179 72.8-6.7

2P <0.05 between control and patient groups (#-test).
PCB: polychlorianted biphenyl; PCDD: polychlorinated dibenzodioxin; PCDF: polychlorinated dibenzofuran; PCQ: polychlorinated
quarterphenyl; SD: standard deviation; TEQ: toxic equivalent quantity. (Journal of Dermatological Science. Suppl., 2005.)
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Fig. 2 Change in PCB level over time. PCB : polych-
lorinated biphenyl (Journal of Dermatological
Science. Suppl., 2005.)
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Fig. 3 Change in PCQ level over time
PCQ : polychlorinated quarterphenyl
(Journal of Dermatological Science. Suppl., 2005.)

0.11, #ZM; —0.12, &5t —0.13).
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me, 737—¥ (B, AFP kBl CIEEH B CAEERRO L1 o7z, 737 —¥I,
ZHETIINEEE L D BEHO I PEEICEHEZR LI, BETIIEEZIIED s kr o7z, HBs HiH
DG TH 2EE 1L, NEEEL D BEHOAPERICE 1> 12 (£ 10, 11), BEE, SHEEEE b RRED
fERIE T NCTIEFHEHHAN TH > 7223, 2 2T 2 L BEHOKR pH I ozn L v b AR K
Mmootz BERICBWTIE, JRpH &ifirh PCBs IBE & OB o (813), £/, ZEEE
MRS, MH PCBs R, % > X278, PCDDs, CK 3K pH 120t L THE %2 KIZL Tz,

Table 3 Blood cell count data

Patient group Control group

Sex Index n Mean+ SD  Maximum — minimum n Mean+ SD Maximum — minimum

Male RBC (x 10¥/mm?)? 795 461.7+45.4 601.0-287.0 74 4478 £57.4 571.0-285.0
Hb (g/dl)* 795 147+1.4 19.0-8.0 74 133+1.7 17.8-9.4
Hct (%) 795 44.1+3.8 59.1-29.7 74 432+5.1 55.1-29.8
Plt (x 10¥/mm?) 795 22.1+6.0 41.0-1.4 74 21.5+4.7 35.7-12.3
WBC (x 10¥/mm?) 795 63+1.5 12.4-2.9 74 6.1+£1.6 10.0-3.1
MCV (pm®) 795 95.7+59 119.0-60.0 74 96.6+5.1 108.0-86.0
MCH (pg) 795 32.0+2.1 37.6-15.5 74 320+ 1.6 36.5-28.4
MCHC (%) 795 33.4+1.2 36.9-25.9 74 33.2+1.0 35.3-30.9

Female RBC (x 10%/mm?)? 854 417.8 £34.8 514.0-209.0 198 423.7+38.4 545.0-333.0
Hb (g/dl)* 854 128+1.2 16.0-6.7 198 13.0£1.4 16.7-9.4
Het (%)* 854 393+33 52.7-22.7 198 40.2+3.8 50.7-29.9
Plt (x 10¥/mm?) 854 21.9+8.0 46.4-4.4 198 21.7+£58 41.3-4.2
WBC (x 10¥/mm?)? 854 52+13 10.4-2.4 198 58+ 1.6 10.1-3.0
MCV (pm®) 854 943+54 113.0-66.0 198 949+5.0 110.0-76.0
MCH (pg) 854 307+ 1.9 37.8-18.7 198 30.8+ 1.7 35.0-24.5
MCHC (%) 854 326+1.3 36.1-27.5 198 324+1.2 34.9-28.1

2P < 0.05 between control and patient groups (-test).

Hb: hemoglobin; Het: hematocrit; MCH: mean cell hemoglobin; MCHC: mean corpuscular hemoglobin concentration; MCV:
mean corpuscular volume; Plt: platelet; RBC: red blood cell; SD: standard deviation; WBC: white blood cell.

(Journal of Dermatological Science. Suppl., 2005.)
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Table 4 Correlation of PCBs, PCQs, PCDDs, PCDFs and TEQ with blood cell count

Correlation coefficient (n)

Sex Index vs. PCBs vs. PCQs vs. PCDDs vs. PCDFs vs. TEQ

Male RBC -0.22 (795" -0.14 (795)* 0.12 (28) 0.25 (28) 0.24 (28)
Hb -0.13  (795)* -0.11 (795)* -0.05 (28) 0.00 (28) 0.00 (28)
Het -0.06  (795) -0.13 (795)* 0.02 (28) 0.01 (28) 0.02 (28)
Plt -0.18  (789)° 0.10 (789)* 0.15 (28) -0.11 (28) -0.13 (28)
WBC -0.13  (795)* -0.05 (795) 0.16 (28) 0.01 (28) -0.03 (28)
MCV 028  (795)* 0.05 (795) -0.14 (28) -0.36 (28) -0.34 (28)
MCH 0.16  (795)* 0.06 (795) -0.20 (28) -0.32 (28) -0.31 (28)
MCHC -0.18  (795)* 0.04 (795) -0.18 (28) -0.02 (28) -0.05 (28)

Female RBC -0.14  (854) 0.03 (854) -0.40 (25) 0.02 (25) 0.00 (25)
Hb -0.09 (854 0.03 (854) 0.17 (25) 0.15 (25) 0.15 (25)
Het -0.06  (854) 0.00 (854) 0.12 (25) 0.13 (25) 0.13 (25)
Plt -0.03  (854) 0.09 (844) -0.31 (24) -0.14 (24) -0.15 (24)
WBC -0.02  (854) -0.01 (854) -0.10 (25) -0.14 (25) -0.13 (25)
MCV 0.11  (854)* -0.05 (854) 0.48 (25) 0.16 (25) 0.17 (25)
MCH 0.06 (854) 0.00 (854) 0.50 (25)* 0.18 (25) 0.39 (25)
MCHC -0.08 (854) 0.07 (854) 0.29 (25) 0.16 (25) 0.45 (25)

2P <0.01 (significant correlation).

Hb: hemoglobin; Het: hematocrit; MCH: mean cell hemoglobin; MCHC: mean corpuscular hemoglobin concentration;
MCV: mean corpuscular volume; PCB: polychlorianted biphenyl; PCDD: polychlorinated dibenzodioxin; PCDF:
polychlorinated dibenzofuran; PCQ: polychlorinated quarterphenyl; Plt: platelet; RBC: red blood cell; TEQ: toxic
equivalent quantity; WBC: white blood cell. (Journal of Dermatological Science. Suppl., 2005.)
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Table 5 Serum chemistry data

Patient group Control group

Sex Index n Mean+ SD Maximum — minimum n  Mean+ SD Maximum — minimum

Male Na (mEq/1) 802 141.0+£2.4 149.0-127.0 75 141.1£2.0 145.0-138.0
K (mEq/1)* 802 42+ 04 8.9-3.1 75 4.1+ 05 6.4-3.3
Ca (mg/dl) 638 92+ 04 10.7-7.8 75 92+ 04 10.1-8.1
P (mg/dl) 801 3.1+ 05 5.0-0.8 75 3.1+ 05 4.8-1.7
TP (g/dl)* 800 72+ 04 8.7-5.1 75 74+ 05 8.9-6.3
Albumin (g/dl) 802 44+ 03 5.6-3.3 75 44+ 03 5.0-3.0
BUN (mg/dl) 802 16.8 + 4.8 40.0-2.0 75 16.8+ 5.7 42.0-7.0
Creatinine (mg/dl) 801 1.1+ 03 2.9-0.5 75 1.1+ 03 2.1-0.6

Female Na (mEq/1) 861 1415+ 1.9 147.0-134.0 203 141.6 £ 1.8 147.0-135.0
K (mEq/1)* 861 43+ 04 6.0-3.1 203 42+ 04 5.6-3.2
Ca (mg/dl) 828 93+ 04 10.8-8.2 203 93+ 04 10.7-7.6
P (mg/dl)* 861 34+ 0.0 5.5-1.1 203 35+ 05 6.1-2.2
TP (g/dl) 862 74+ 04 8.9-6.3 203 74+ 05 9.0-6.2
Albumin (g/dl) 862 44+ 02 54-33 203 44+ 03 5.4-3.7
BUN (mg/dl) 863 16.0+ 5.6 90.0-5.0 203 154+ 47 32.0-7.0
Creatinine (mg/dl) 861 09+ 0.3 9.0-0.4 203 09+ 02 1.6-0.3

2P < 0.05 between control and patient groups (z-test).
BUN: blood urea nitrogen; TP: total protein.
(Journal of Dermatological Science. Suppl., 2005.)
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Table 6 Correlation of PCBs, PCQs, PCDDs, PCDFs and TEQ with serum chemis-
try in the patient group

Correlation coefficient (n)

Sex Index vs. PCBs vs. PCQs vs. PCDDs vs. PCDFs vs. TEQ

Male Na -0.08 (802) 0.13 (802)* -0.09 (28) 0.17 (28) 0.14 (28)
K -0.02 (802) 0.01 (802) 0.15 (28) -0.11 (28) -0.14 (28)
Ca 0.01 (638) 0.02 (638) -0.35 (21) -0.48 (21) -0.51 (21)
P 0.04 (801) 0.08 (801) 0.00 (28) 0.24 (28) 0.20 (28)
TP -0.10 (800)* 0.00 (800) 0.15 (28) 0.15 (28) 0.18 (28)
Albumin -0.26 (802)* 0.00 (802) 031 (28) -0.32 (28) -0.34 (28)
BUN 0.16 (802)* 0.01 (802) -0.15 (28) 0.06 (28) 0.33 (28)
Creatinine 0.00 (801) -0.10 (801)* 0.10 (28) 0.30 (28) 0.30 (28)

Female Na 0.02 (861) -0.04 (861) -0.23 (25) -0.30 (25) -0.27 (25)
K 0.06 (861) 0.05 (861) 0.08 (25) 0.06 (25) 0.04 (25)
Ca -0.01 (828) 0.06 (828) -0.06 (23) 0.51 (23) 0.47 (23)
P 0.06 (861) 0.10 (861)* -0.09 (25) 0.08 (25) 0.08 (25)
TP 0.08 (862) 0.20 (862)* 0.01 (24) 0.26 (24) 0.23 (24)
Albumin -0.05 (862) 0.10 (862)* -0.15 (24) 0.23 (24) 0.23 (24)
BUN 0.08 (863) -0.06 (863) 0.42 (25 0.46 (25) 0.44 (25)
Creatinine 0.17 (861)* 0.01 (861) 0.09 (25) 0.17 (25) 0.12 (25)

2P <0.01 (significant correlation).

BUN: blood urea nitrogen; PCB: polychlorianted biphenyl; PCDD: polychlorinated dibenzodioxin; PCDF: polychlorinated
dibenzofuran, PCQ: polychlorinated quarterphenyl; TEQ: toxic equivalent quantity; TP: total protein.

(Journal of Dermatological Science. Suppl., 2005.)
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Table 7
A: Serum CK value
Patient group Control group
Sex n  CK, mean*SD (U/I) Maximum — minimum n  CK, meant SD (Ul/I) Maximum — minimum
Male? 541 143.5+90.7 942.0-28.0 46 113.6 £47.7 278.0-13.0
Female 580 125.8+71.5 827.0-31.0 124 112.5 £ 54.0 329.0-15.0
B: Rates of high serum CK
Patient group Control group
Sex n (%) CK, mean + SD (UI/l) n (%) CK, mean £ SD (Ul/1)
Male® High (CK > 197 UI/I) 99 (8.8%) 288.1+117.8 2(1.2%) 258.5£27.6
Normal (CK < 197 UVI) 442 (39.4%) 11114354 43 (25.4%) 106.8 + 363
Female High (CK > 181 UI/I) 84 (7.5%) 253.3+100.3 18 (10.7%) 218.1 £35.5
Normal (CK < 181 UI/l) 496 (44.2%) 1042 +£32.5 106 (62.7%) 88.1 +£31.6
Total® High 183 (16.3%) 2721+ 111.2 20 (11.8%) 242.6 +102.4
Normal 938 (83.7%) 107.4 £34.1 149 (88.2%) 94.4 353

2P < 0.05 between control and patient groups (#-test); ®P < 0.05 between control and patient groups (y? test).
CK: creatine kinase; SD: standard deviation.

(Journal of Dermatological Science. Suppl., 2005.)
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Table 8 Correlation of CK with PCBs, PCQs, PCDDs, PCDFs and TEQ in the
patient group

Correlation coefficient (n)

Sex vs. PCBs vs. PCQs vs. PCDDs vs. PCDFs vs. TEQ
Male 0.14 (541)* 0.06 (541) 0.13 (28) -0.27 (28) -0.23 (28)
Female 0.08 (580) -0.01 (580) 0.08 (25) 0.0 (25 -0.01(25)

2P <0.01 (significant correlation).

CK: creatine kinase; PCB: polychlorianted biphenyl; PCDD: polychlorinated dibenzodioxin; PCDF: polychlorinated
dibenzofuran; PCQ: polychlorinated quarterphenyl; TEQ: toxic equivalent quantity.

(Journal of Dermatological Science. Suppl., 2005.)
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Table 9 Multiple regression analysis of CK in the patient group

A: with PCBs B: with PCQs C: with PCDDs

Parameter ~ Standard t value Parameter Standard t value Parameter ~ Standard t value

regression regression regression

coefficient coefficient coefficient
PCBs 0.12 3.882 PCQs 0.03 0.89 PCDDs 0.30 1.72
Total protein  -0.15 -4012 Total protein  -0.14 -3.722 Total protein  -0.17 0.17
Albumin 0.13 3.132 Albumin 0.11 2.77* Albumin 0.05 0.23
BUN 0.19 4.792 BUN 0.20 5.152 BUN 0.26 1.23
Creatinine 0.07 1.73 Creatinine 0.06 1.54 Creatinine 0.07 031
Hct -0.08 -2.38 Het -0.08 =228 Hct 0.18 1.05
Ca -0.04 -1.16 Ca -0.05 -1.33 Ca 0.12 0.55
Urine pH 0.02 0.68 Urine pH 0.01 0.22 Urine pH 0.53 2.892
Intercept 227.78 3.002 Intercept 262.80 3.46% Intercept -820.94 -1.60

n=941;R2=0.09 n=941;R2=0.08 n—43:R2=024

D: with PCDFs E: with TEQ
Parameter ~ Standard t value Index Standard t value

regression regression

coefficient coefficient
PCDFs 0.10 0.51 TEQ 0.09 0.49
Total protein  -0.002 0.01 Total protein ~ 0.01 0.003
Albumin 0.10 0.43 Albumin 0.10 043
BUN 024 1.08 BUN 024 1.10
Creatinine 0.06 0.27 Creatinine 0.06 0.27
Het 0.21 1.18 Hct 0.21 1.17
Ca -0.03 -0.13 Ca -0.20 -0.10
Urine pH 0.43 2.37 Urine pH 0.44 237
Intercept -433.61 -0.87 Intercept -452.28 0.91

n=43;R?=0.18 n=43;R?=0.18

P <0.01.

BUN: blood urea nitrogen; CK: creatine kinase; Het: hematocrit; PCB: polychlorinated biphenyl; PCDD: polychlorinated dibenzodioxin; PCDF:
polychlorinated dibenzofuran; PCQ: polychlorinated quarterphenyl; TEQ: toxic equivalent quantity.
(Journal of Dermatological Science. Suppl., 2005.)

(88)



7 % S HE D IMEREL & AR5 199

Table 10 Other blood data

Patient group Control group

Sex Index n Mean+ SD Maximum — minimum  n Mean + SD Maximum — Minimum
Male ESR 1-hour (mm) 764 8.5+9.3 100.0-0.5 84 10.7 £ 13.8 105.0-0.5

ESR 2-hour (mm) 753 19.0£16.4 134.0-0.5 81 22.7+23.0 153.0-1.5

Amylase (TU/1) 801 108.1 £53.3 593.0-4.4 75 107.5+49.2 346.0-42.0

AFP (ng/ml) 794 9.8+44 102.2-0.1 45 39+2.6 10.1-0.5
Female ESR 1-hour (mm) 838 13.3£11.0 85.0-0.5 211 14.0+12.3 111.0-0.5

ESR 2-hour (mm) 830 28.0+19.3 128.0-0.5 211 29.4+21.0 129.0-1.0

Amylase (IU/1)?* 858 108.2 +38.8 367.0-8.9 202 97.1+359 276.0-49.0

AFP (ng/ml) 851 34126 47.5-0.1 139 4.0+4.7 48.5-0.3

2P <0.05 between control and patient groups (z-test).
AFP: alpha fetoprotein; ESR: erythrocyte sedimentation rate; SD: standard deviation.
(Journal of Dermatological Science. Suppl., 2005.)
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BRCIE, HED A MBREIIBENIL 7223, METIZBEIL 2dp o729, 2 LT, EMIcH7:% PCBs #5113,
FEROMMEA A VY 7 A4 X VBERRE D, MEOERAER EOEEERE 25| &K 2 TR b 51017,

mz<, 277>+ —=PCBiZ%A b bF vy 7 THFNGEEZED S CHEREEZES T 299, 2L T,
PCB126 (3,3,4,4’,5-pentachlorobiphenyl) & 2,3,7,8-dioxins & [A&EIZ 7 V) WV RALKZZ R & HES L2,
PERERICEE 2 b1 5322,

BEBEOF NIV YL, AV VA, VY TA, V¥, 5 EOMBEEREICIIHS »REE IR s
Motz 7212, 7V v AIBAL TiE, Mid PCBs, PCQs, PCDDs, PCDFs, TEQ & X OfHEIIZE80 &
nhrolzb 00, MEFL D BEFROTPEMEER U, £z, BEHOMBEERK) 21X, Lo,
HEEEL D b I EE 2R L, Md PCQs R & ORI IEDOHBIAFE® 5tz —75, Smithwick 52
1%, PCBs BB L 7- R » Y OIIEA Y 7 AL 7223, MG ~ 13 b &7, i PCBs #E
LRERE  OBE LD S ol EIREL TWS, ZHE IEIBIIC, 1998 FEORF: &2 0L T
1%, 102 AD 7 # S HHERZEOME A VU 7 2SI EF I - 7208, R AV v APHR I IER £ D Zh o
7o &N Tw3b, %7, Ruprich 52 1%, #ic PCBs 2#%5.§ % L 8 > OIMBENEREICRD Lz &
WELTWD, 2DXHIZ,PCBs EMEA Y 7 A% 0 NCHERKY > & ORI 2 REEIZ—L Twi
v,

BEFHOBMOR Y w7 BITEHOZN LD bIEETH Y, i PCBs 2 £ ADMHEED 51
fo. iz, BEETE, By 7B EREEFR L OBICIEOHBENED & Lz hs, MEETEEDsh

Table 11 HBs antibody positive rates

Patient group, n (%) Control group, n (%)
Sex (-) (+) (+) (-) (£) (+)
Male 709 (43.2%)  2(0.1%) 77 (4.7%) 47 (24.6%) 0 (0%) 4 (2.1%)
Female? 805 (49.1%)  4(0.2%) 44 (2.7%) 139 (72.8%) 0 (0%) 1 (0.5%)
Total? 1514 (92.3%) 6 (0.4%) 121 (7.4%) 186 (97.4%) 0 (0%) 5(2.6%)

2P < 0.05 between control and patient groups (y test).
HBs: hepatitis B virus surface.
(Journal of Dermatological Science. Suppl., 2005.)
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Table 12 Urinalysis

Patient group Control group
Sex Index n  Mean+SD  Maximum-— Median n  Mean+ SD Maximum— Median

minimum minimum

Male  Urinary protein (rank 1-5) 735 1.2+0.5 4-1 1 85 1.4+0.8 5-1 1

Urinary glucose (rank 1-5) 794 1.1x04 5-1 1 8 1.1+04 5-1 1

Occult blood (rank 1-5) 795 1.2+07 5-1 1 85 1.3+0.7 3-1 1

Urinary urobilinogen (rank 1-5) 789 2.1+0.8 4-2 2 85 21403 3-2 2

Urinary pH 778 5.8+0.8 8-5 6 83 6.0+0.9 8-5 6

Female Urinary protein (rank 1-5) 857 1.1+0.5 5-1 1 217 1.1+04 4-1 1

Urinary glucose (rank 1-5) 857 1.0+03 5-1 1 217 1.1+04 4-1 1

Occult blood (rank 1-5) 857 1.5+£09 5-1 1 217 1.4+0.9 5-1 1

Urinary urobilinogen (rank 1-5) 854  2.1+£0.2 4-2 2 216 2.1+0.3 4-2 2

Urinary pH* 853 58+0.8 8-5 6 216 6.0£0.9 8-5 6

Urinary protein, glucose, occult blood and urobilinogen ranks: 1 (-), 2 (£), 3 (+), 4 (++), 5 (+++).
2P < 0.05 between control and patient groups (Mann- Whitney test).
(Journal of Dermatological Science. Suppl., 2005.)

%o 7z, Borlakoglu 529 1%, 2N MIZ Arochlor (PCB) 1254 253 2 LRy o7 B o Nic 7 v
S UIMBHEENET Lz EEL, FRRIFETOY X7 BEESIIH S 2 LI 5 LT
W5, Fiz, X BESESHHNCHENT % £, ZORRE L TREOMIBIRESEMT 5.

SRR, BEFETIRIME CK 25 EH L TW A2 ESHNL Tz, Arochlor (PCB) 1254 1%, BE
WAFME I AR S S O ERIIE L e 3 % 2 & 2L, CK O3E M2 % 3 220, 1% CK 0 _EF12
firizk, R @S, 14 PCBs EAREE 4 529, LinL, PCBs 2% CK 2 EH & ¥ 2 8F I RHTH
5.

KIBIATD IR L g, PCBs BB THE, U > SfE-RE, WES, JERY ¥ 2o VE, B
HEME, BEECORTRIIEML TWa ERESNT VB2, Fz, 7v b EHWERT, PCBs i
JFE 2T 2 C EPHERSNTE D, BT VPEICHESN 3, L Lo, PCBs &
FEEFBFH LBV ET 2HRED H 5%, Yu-cheng MERE OEEEE CORTCERIEBETR EBEEIT L
WEREINT WS, 2 L TAWRTY, BEE~—»— & L CHIE L7 AFP [ HEEH & EEETE
bokhol, —F, s 5> HBs FiESHRH S - EE41%, SNBREETIZ 2.6 %, BEHTR7.4%TH
D, SR EREBEHO I 2.9 fEEEER Uz, BREFFRAY 4 VAIZ CRFFRY 4 VA LFRIU L F
BT D, Tz, B A SHHEFEDFE LIS, ORI & S Tw»w3339, Lichi>
T, /3 SIMERE TSGR 2 E S pIFEREICREIRETHS I,

Table 13 Correlation of urinary pH with PCBs, PCQs, PCDDs, PCDFs and TEQ in the
patient group

Correlation coefficient (n)

Sex vs. PCBs vs. PCQs vs. PCDDs vs. PCDFs vs. TEQ

Male -0.13 (778)° 0.05 (778) -0.06 (25) -0.35(25) -0.41 (25)
Female -0.10 (853) -0.04 (853) -0.45 (28) -0.32 (28) -0.30 (28)
Total -0.10 (1631) 0.00 (1631) -0.16 (53) -0.18 (53) -0.19 (53)

*P <0.01 (significant correlation).

PCB: polychlorianted biphenyl; PCDD: polychlorinated dibenzodioxin; PCDF: polychlorinated dibenzofuran; PCQ:
polychlorinated quarterphenyl; TEQ: toxic equivalent quantity.

(Journal of Dermatological Science. Suppl., 2005.)
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Table 14 Multiple regression analysis of urinary pH in the patient group

201

A: with PCBs B: with PCQs C: with PCDDs
Parameter  Standard t value Parameter Standard t value Parameter Standard t value
regression regression regression
coefficient coefficient coefficient
PCBs -0.14 -4.232 PCQs -0.08 -2.34 PCDDs -0.41 -2.972
CK 0.02 0.68 CK 0.01 0.22 CK 0.37 2.892
Total protein ~ -0.10 -0.102 Total protein  -0.11 -3.002 Total protein ~ -0.14 -0.82
Albumin 0.10 0.10 Albumin 0.12 2972 Albumin 0.15 0.83
BUN -0.16 -0.162 BUN -0.18 -4.602 BUN -0.15 -0.83
Creatinine -0.04 -0.04 Creatinine -0.03 -0.75 Creatinine -0.17 0.92
Het -0.05 -0.05 Het -0.06 -1.76 Het -0.31 -2.34
Ca -0.01 -001 Ca 0.001 0.03 Ca -0.23 -1.37
Intercept 6.92 9.682 Intercept 6.68 9.292 Intercept 15.56 3.752
n=941;R?=0.06 n=941;R?=0.08 n=43;R2=0.18
D: with PCDFs E: with TEQ
Parameter ~ Standard t value Index Standard t value
regression regression
coefficient coefficient
PCDFs -0.28 -1.78 TEQ -0.29 -1.86
CK 0.33 2.37 CK 0.33 2.37
Total protein  -0.05 -0.27 Total protein  -0.04 -0.21
Albumin 0.11 0.56 Albumin 0.10 0.54
BUN -0.08 -0.41 BUN -0.09 -0.45
Creatinine -0.20 -1.02 Creatinine -0.20 -1.03
Het -0.43 -3.032 Het -0.42 -3.02%
Ca -0.03 -0.20 Ca -0.05 -0.32
Intercept 10.06 222 Intercept 10.52 2.78
n=43;R2=0.16 n=43;R2=0.16
aP<0.01.

BUN: blood urea nitrogen; CK: creatine kinase; Het: hematocrit; PCB: polychlorinated biphenyl; PCDD: polychlorinated dibenzodioxin; PCDF:
polychlorinated dibenzofuran; PCQ: polychlorinated quarterphenyl; TEQ: toxic equivalent quantity.
(Journal of Dermatological Science. Suppl., 2005.)

BEFEO R pH I HREED Z LR TEMETH D, I PCBs & & OMBIDTRD Sz, #K S
1340~ 5 [ & PCBs BT 2 &, RO 7 A2V E VAR L 72 L34 L C\» 2, BEEETCIE, PCBs
DB L > TURFDT A NE VR Z OMOREIH»EIL, R ¥ F =y ABNEER SN T»IAEE
MWD 5,

71 A S E RS O MEREL, MMA e, REMEICEE 2RO 5w, PCB, PCQs, PCDFs MiEIfE
H, MEH V7L, MWFY >, &3 78RE#, CKARH#CEEL5 2 20aEM2H Y, PCB LEEE#EL 72
EREREEVNDORBIIR I Z2XEXTH2 EiEmT 5.
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Possible Candidates for the Compound which is
Expected to Attenuate Dioxin Toxicity

Yuji Isun?, Takumi Isuma?, Junpei Muton®, Hideyuki Yamapa? and Kazuta OGurr®
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Abstract This review deals with the three candidate compounds which may combat with
dioxins’ toxicity. Geranylgeranylacetone (GGA), an antiulcer drug, counteracts suppression of
body weight gain and lethality produced by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in
C57BL/6] mice. Similarly, curcumin, a food ingredient anticipates the TCDD’s toxicity on body
weight gain. Both GGA and curcumin had no effect on the induction of hepatic ethoxyresorufin
O-deethylase activity by TCDD. These data suggest that both compounds exhibit a protective
effect against some forms of dioxin toxicity by a mechanism without involving inhibition of aryl
hydrocarbon receptor activation. Further, the mechanism involved in resveratrol action on
dioxin’s toxicity was also discussed. Prior to the application of these compounds to Yusho
patients, the limitation and possibility of these candidate compounds are seemed to be further
studied.

T LI

1968 I PH HA—H Tl - 7o HHEIX, ZORRAE L L TR VY 7 = =) (PCB) IBAMZERL
722 eIk B I EDHE DI 57298, 2Dk, TOHFICEHEENTWIR V(LY XY 7T v EfhE
L2844 % VENBEERBOEL2FEREEZ 5N S X120, 2004 FI12 I3 HEEE Mkh o5
AAFY v, MEREREFEORBELNENIICESTWD, AL FY VHOIEH X A
ZALE, TOZEETH S E &b, EEFHHMIKTTH H 5 aryl hydrocarbon receptor (AhR) %41
LTHIT 2 DOBKEDITHD Z L% L OB S TRFS LT 21999 JHEFIE D & BEIC 37 FH35E
WLTEY, FEOZMEOEREIHEZEINTETRIVE DD, G bLIIEEZ BV, 948
MDA 4 Fy Vv IVIEFEANCHARTEL, RIHCEZELVNVOT A 4 F v VENOBENEE
MG 2 2 ENE RSN S, WEMIE TR, IhETlc, MEOFEERE, EREMZIEL Tw»we
DLOHFHAN R ENTE ], Thbb, Kb 7 7 A N—Pa VR F 7 3 U FEEERNR 2 R L T,
ATFFEN EJRFA S 7225080 2513, B2 IR T 2 QX LBEBIEN S W 2 b, HEETORRL
Bo XD LW LB TH T2, Fhz, A2 7722 bHREER & L C O b entn, 8
ERCHIMCER” T 2 2 Lo, ERCHEZHAT 210EE > Thg1nioo,

WWgeETIX, Y44 FY VEHEO—DTH 5 3,3,4,4,5-pentachlorobiphenyl (PCB126) 12 X 2 5w b T
gD 5 > 7% 7 EFBIZENC DWW TRET L, 59 30 D BERIE 8 > /X7 B D v~V O % Fwo i Uik
L T/ 102029293030506072) s, S A4 X F ¥ VEOBHEIZHEMTHY, FUEFKBHOBEN A =X
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LIZHS ZEEFTETCWRY, [JfFEO7 7u—F1F, ¥4 7a7 v A 2H0icEal ORI bFEL WY, I
SO MEE COMFERAE 121X, PCB126 12 & D #lf@& @ heat shock protein 70 (HSP70) @ v~V 370
T2EVWIHEELEGINL Tz, HSPT0 39T ¥ v_u v & XiFh, ¥ N7 EERO@EELWEEH T
HELGHEEEZET 209, 2D s, FLETHSPT0 VLo BRI, EERAIOBEKIGTHY, &
AXFYrOBMHKELINZ 2@ 120N 5 | £ OIEZERFIEILT, WoEERERL, HSPT0 FFE/ERM %
RY LG D B B geranylgeranylacetone (GGA)?Y BL U7 Vo 0921k, ¥4 4 F ¥ v B HEWIE
FBd 2 22O LTE22920, KIBHTIX, SNOSDIERHICOWTEED B EEBIZ, T4 4 F
YOER%HET 2 L ENDVANT bu— VOERAORHIICOWTH &0, ZOFABEZOVWTLH
=17,

1. GGAIZ& B35 M A FL o FEHDOER

FA G Fy VREWD C5TBL/6] ~ 7 A2 F A 4 F ¥ o35 & 2 ¢ @Mt L, HSP70 OFEHAl &
LTHIS T W2D GGA 28, FMEEIEM 263 2 S »pRaf 21757229, 2 OfEE, TCDD (100 xg/kg
BELO200ug/kg) 2ROKLG LIz~ A2, GGA 2EH—, 30 HiE#GM k5T 22y, &
A 7 ¥ ¥ N X BAREBENHNEIER & BEEM BN & Lz, GGA OF5fiEhF X, TCDD (100 xg/kg) #&
A GICBWTHEHETH 57 (Tablel). —77, HIEOEKS X OCMRZEHEICOWTIIEEE RS 2 L ik
TERhoT, E6IC, FA4F Y MEFEANOBBIEHOBMEZMRET LD, HR~ Y ANDY A 4
FUUBEBIC Lo THBFICEI S I SN 5 OFEAB X UKBIEICH LT, GGA ZH%IE 2R S Ko
72. GGA O ¥ A F F ¥ 1z X 2 RESIINE] & BICHE I3 2 BEIEH I Hsp70.1 235 L T 2 ik
S5 HMT, FlgE /NGO Hsp70.1 mRNA OFFEIC DWW T reverse transcription-polymerase chain
reaction(RT-PCR)IEIZC L > THET L7z, Lo L, Al &b 2 s OO Hsp70.1 OFFED &, GGA
DOFhREFHHT 2DIFH L o7z, 4 4 F ¥ 0%, AhR AL THIED > + 7 v 4 P450 1A1(CYP1A1)
BEHETLIENEIAONTED, ZOHEENS, CYPIAL IEH TH % ethoxyresorfin-O-deeth-
ylase (EROD) {HHEDFHFE I AhR 2N L HEOEREO—D 3 Tws, LarL, GGA IZ¥ A4 Fv
2k % EROD {EMOFEZIc L CiE, EEL 2 kol ThoDZ s, GGABRTA 4+ Fv >~
FEO—EBITR U TR 2@ & 2R $ 2 LRI E NIz HS, 7 O8I AhR OO BRE IR L T

Geranylgeranylacetone (GGA)

(0] (0]
HiCOD/\)‘\)‘\/\C[OCHE
HO OH

Curcumin

OH
HO Cl (o] Cl1
G o
— cl 0 cl
OH
trans -Resveratrol 2,3,7,8 -Tetrachlorodibenzo -p-dioxin
(TCDD)

Fig. 1 Chemical structures of TCDD and compounds
which anticipate dioxin’s toxicity
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Table 1 Effect of candidate compounds which are expected to reduce aryl hydrocarbon-induced
toxicity in vivo

Suppression of

Tissue atrophy CYP1A1L
Body weight gain . '
(Lethality) Thymus Spleen induction
GGA . IR . X .
(200 mg/kg, p.o. 30 days) ** inhibition n.i. n.i. n.i
Curcumin R ' | )
(100 mg/ke, p.o. 28 days) * inhibition ni. ni. ni.
trans-Resveratrol o
N - - inhibition®

(1 mg/kg, i.p.) ™°

¥TCDD (100 xg/kg) was given by gavage once 4 h post initial treatment of GGA or curcumin. *Benz-
@] pyrene/7,12-dimethylbenz [ «] anthracene (1 mg/kg, in olive o0il) was injected s.c. with resveratrol.
‘Ishida et al®®, “Ishida et al?”, ¢Casper et al®. Ethoxyresorfin-O-deethylase activity was measured
as an AhR-dependent induction of CYP1AL. #CYP1Al level was measured by Western blot. n.i., not
improved ; —, no data.

TlEBWwEHEESI NIz, ZOWFRTIE, GGA BG4y 20 Iefiltz1c, Mgas 2l L T HSP70 OFFE
EROD &M 2HIE L7z, UL, GGA I X % HSP70 FHESHEL, 5 4BHEUATIZ-> & LEHEsh
TWBHINH 2 Z Lo, B 25HIICH > T zy > 7)) > ZIFEOFRE bIE T 20BN H
%. GGA O—HOHEGRIF 2L T 2 L bRIETH 2. GGA BHIEER L L THA SN2 Z2MED
BOWEHELTHL Lo, £ MAO#HADOWREMEL H 2. Y1+ F v v BERO—ETH L LIZFEZ, H
FRER AT F Y I X BB EZBIR TR 122 Lo, I A4 4 F ¥ v OAkPHESER L £ OBE OXHE
Bk e L CoB RIS K,

2, NI ICLBTMF XL UoEFEHDOER

TA X F Y UINEMD C5TBL/6] v 7 A 4 4 F ¥ o5& HME I L, HSP70 OFEEH] &
LTHIGNTWBE 7NV S U EEIERZH T 2 0B DWW TR 217> 7227, Fig. 1IKZ7 V27 320
K% %73, TCDD (100 pg/kg) MU~ 2127 V2 3 > 100 mg/kg 2@ H—E], 28 Hi#54 5 2 &
W& D ZA A F vz X REBEIHIHEIEA R S 7z (Table 1), BHBRZEWZ L2, Z O MEREE)
%iTOMWﬁ?UEUmkﬁmbgﬂTJ2BU% SHETH- Tz, 20X wfEmNIE, Eld GGA 12

ﬂ@hﬁ%%k@M?%%@T%ok.—ﬁ,?41#//ki%ﬁ%@%k%i@%%%ﬁwﬁm

i&%%ﬁé:&@f%&@ot.ﬁwtm%wmejnmNAv&wu,7»75yﬁmw;of
WEEZTI0D, HEVEFEP T 2EMCH T, 7V 7 2 UESA A F I & % EROD {EHEOFHE
WL THFEELRLEZ holz, INODOZEnD, V7 U544 F v r@mho—iEiant Ui
@ E 2Rd 2 AR I A, D8 T AhR OIEMHALOEREICH L T TlRaw EHfES iz, 7
WIS E DALy o EREEhRD, 12 HRARRIC UoB e WEEIZEES 2 Thwd, 2kl &
YA F v UBEERICIR - TF 2 72358, MBS LEEEz ons, 2V VX, varo
&ﬁf%o RENZELELTEAV—PFZoNE, BEFEICGERL T, 7V 7 3 Y OBIEN% W

Bbd 4 > R EOERHIED b 250, ¥ A4 F 5K 5 EERENERR S 117z £ OFHHHICRE
Uﬁwétﬁw§%%ﬁnﬁ,%%6@%%@D@ﬁﬁbﬁw.ﬁ$,ﬁﬂyuﬁﬁﬁ%tbfﬁﬁbf
BY, EROBENCHWIZ v SCORED, BHE LW VRIVICBWTREEEZRA L ZVWHET
brLBEbnsd, LrlL, 7arbi0E7Vr 3y 2GERICBILET 2550 b ~DOERFEIC
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DWTIRPET ZLENH Y, EBREW 2 AW 2 BN LEEEpbn 3,
3. LARS PO—NICEB 5L FF2 o FHERDTRENE & HIFY

WYRY) 72/ —NVD—DTHBVART bu— VI FSBRTHFERILAFZICZE S AhR 2/ L7
CYP1A1 O#REIEMEALDORHERIOW, in vivo B L N in vitro TYA T F ¥ OB LZBRT 2 2 & 205
B3 2EEN s (Table)®, FHEZED, 0%, VAT ba—VIF AR D7 ¥ T=ANT
HBHEDEZNERLTEY, ZORHET, W< Db ORI T 33050062

Trans-V A7 bua—)v (K1) ¥, HAORMFETH2 42 NV (BE) ORICZLEEh 51T,
FRIAVRE—F v VDERZEICDELGEENIAFARVEREET 2R 72/ — VRSP TH 30,
HHRDOIRT 4 > DOFHH L AT b o —)VEEIX, 2.0~40.0 uM OHEPITH %Y, VAT ho—i
X, trans & cis EAET 5 (AT, BZW SR WERYD, frans-V AXRT O — )L BV ART ha—)L&F
2). 7RY, E—=F vV, 4 RFVEICIE, VART ha—ViFZvay ROETELGEET 5. —H,
TRTA Tl cis BEV trans DV ARZ ha— D7 7)) a— (BEREELIZH D) BETHDO, 7
R %74 > OMEE U TR, B2 IR % 3 2 W I B W TEINS 27V, Trans 50588 2 2 HDO—
DL LTIE, UVIBHFNZ X % cis & trans DREMALDE S 2L bbTond™, iz, BRI - KR,
TNy RBOUKRGREN, VART b —URERENE s, 774 b T VFRY L CHER
I EEZoNTWBEY, 75 AN, B0 WEELZT 2 C0Ebo T, LEFER ENDRVn L
PRIGNTED, B[ 7V F NI Py 7 A LRI TWEY, TV FNT Ry 7R, 77 VR
ANZBWTY A Y ERENSZ N L L, VA YHIOREBIESIREZHE TR 72/ —vx3ginsd L
WHERT 2 EHESNTWS, VAT ba—)UiE, ZOFERBEFHEHFZONTWE?, 12712, 7420
iz, VART - PN b BEELBR SR DS, B2, YA ofeEEns 7 IR AF
WiE7rnveFrbbh, oD L WO & ET—E OEBAR & FHH T 2 TR X4
W2 Z 551238

VAR b —VOERARBZIICES, 202 Eid, BORTICFEL WY, AhR OEEERH LA
b, VART bu— V3PRRGER, M/MA@EHIGIEFR S X0yt o7 —CHEFERZE U T
DOVRIEMIER 2 £ 20t s, LRBEFRPAZTML 5 22 HNENFN L7 2278 —Thb LEbh
T it ) 2 RS vy u—VOIERD S B, ¥4+ F > OEALEES 5 b D% Table2 12
YIZET 5,

VAR ha—vEHWS A4 5y BRI OWIEE, n viro TITThh7z b OBNIZEAETH
B 103D505762) & F- - ME— iy vivo TR EINTWE DD, BEENREINI-HDTHHY, RO
BEINIZVART b u— V¥4 4+ v EEREERS S 2 0 E» 1, MEfShTuin,

Table 2 List of biological effects of resveratrol which may alter dioxin’s effect

Target Effect Refs.

AhR antagonist / agonist 1,2,8,10,37,50,57,62)
ER antagonist / agonist 4,17,46)

NFxB inhibition 18,59)
PPARa / y activation 25)
Antioxidant chemopreventive activity 18,22,34)
Cyclooxygenase inhibition 18,70)
CYP1A1, CYP1B1 inhibition 9,11,73)
Cardiovascular disease inhibition of platelet aggregation 56,59)

and coagulation
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VANRT b a— )VOENEIERNA 47 R_AZE) T 4 —1F, FiiD LD LG b H 205 I1E £ 72
WL IRBC D 5, ST, VAR ba—)vD X a7/ 37 A B{To 27 & iz,
DX TIE, VARZ ba—VZ205%AF v —2/0.2%Y4—>80 1ML €1 g/kg/day
DOERET 24 HEEFH#RE OS5 L, antioxidant response & #EE & 15 5 “fHEEZ O mRNA v ~L ) b
ABNFHEINTWE, VART bo—VIEEEE T/ Vv a=RNERkD, FEAERI V7 a=RDOET
MPNJEEREIND EE IV, £, RIA VY EHAVWTVART ha—)vDNA T T XA Z7E) T 4 —0Ee
SNPINH B9, ZOWETIE, VART ba—vE trans £ cis Hb¥ T 7.06 mg/L &t 4 7V 7
FEDIRT A4 >~ (Carbernet Sauvignon) %, KEH300g O 7 v MZHEEFE#ES T 4 mL 5 2 T kinetics
DIFEFBITbhTWSE, Zhick b &, MOV AT Fa—n1d AUC %2100 % & L7- & %, BlfT
295 %, HFIET 218 %, BLULIKT24 %%, ThoDERTRAIEY, HIZEOERELE L,
Z OWIFRSMATIE, 2R EICE > TR E BIEH OV AT o —VRES 10 MIck25 28, BX
V4 REHICE S TOEFDOVART ha— VOREN 10 M 1285 Z EWRINTWSY, [MEEF O
HRIEA 30 73 Th VG 3IFFHBRICIIIMEFICIMETE R LSEEE S, E P BLUOTTRKNL, 7
V=7 Y2 —AHBVIEVANRT b a— Va5 URH &R O VL 23T ET S H 549, Z 08
By, VARZ bu—)LiE, E MNCE Y 4 AF—WCEHEHEL TS L, BPIciE, 10 %y 2 —VIcEfEL T
BEINTEBY, Zrvay FMEGRNSEWZ EPNER S Tws, BEENTY A Y 2HVE01E,
FEBBRO HINZIZZ SRV, T4 VIR T VI—ABEETNTED, IHUNEBREIFICR>Tw2
7o, VA VEBINTLZEICES>TVART ba— V2IRINT 5 2 &3 EsNn %,

VAT b O —)VIZiX in vitro T HSP70 23S € 2@ »nH 27, LD GGA £ 7 V7 2 2B W»
Tlx, HSP70 o¥ghnx HIEL T, 74 4 > o BHEOBE L R4, SN TIED % b O OFHRIR O BiE
ZIDTVE, ZOHEPSES>TYH, ROBETUVART ha—VOEAZETT5 2 12k, in vivo
THAAF v v EELZRBETE 2AREHIEH 5.

VANRTZ hu—)vid, AhR OBREHRITH 2 2 & ZHHZ & L72EnE v iidkicdhryz, Lal, VA
X7 ba— iy 4 4 F ¥ VInERY xenobiotic responsive element (XRE) % 7'a € —% — EFICH
BIAATENY 7 27—V R—F —¥ AT L% HAWz AhR @ functional assay IZBWT7 > ¥ T =X b
TERD 720 T 7 3= MER® bR 2 EBHESNTW D, £z, VAXRT =D AhR ~NDF
Zx, AAR 7 T=A bDZ & L —EHL T30, AEHIZB T, BENZ 7 T =X MEAD T
Y T=ZAMEABREBVED|MESN TR LI, oD b, VART b u—)bd AhR BEREAN
DEBIZDOWTEFELIMEIHRE I N T T, KYEHEZHEMZ AR 7 VI T=Z » LRI 5 2 &
WiE, MENRHD 2 LEbhs, LrL, il b, EEARSICB W TESERGEFHERILAKFEIC L 5 AhR
WEED CYP1A1 OFEEET SR TWE I E»S, AhR V7> N &4 2 5BEFRRIKFZIRET
TRFEEZHEETZLOLELTHEEL EEbNSY, VAXRT ba—izid, CYP1AL ® CYP1BI &1
DEFHEFERA b HME SN TVwDE Z o™, CYPIAL/CYPIBlL KT 2 THAI T A huar v
HERBEYOLER I Z 5o NDNABE 2 oW 2 A g I EE TE 2 WY, —7%, AhRIKEMED
NAD (P) H : quinone oxidoreductase (NQO1) OFEEICIX, VAT ha— I X3R04
WEDOHRENDBY, ZOFEHIZTHICIFHLPIZEN TR WA, NQOI O 121X, antioxidant
response element (ARE) S LTHBY, INMNEGRERHNRTTH 5 Nrf2 5 3 2 ¥k ¢ 1F I 95T
ENBTEDRHONTWE®, LANRT ba— I LENEGD in vivo TNQOL #3EE T2 b Ho>NT
BDO, LART b u— VAR T Nrf2-ARE %2/ L7z NQO1 #IHFAF I b5 T 2 F 2 h
EREBAT]RE & bt 52000,

LV ANRT ha—Vix, novitro TT A b a4 YIEFEE T, estrogen receptor (ER) IKTERIIZ, ¥ —4 v
NEGETOEEREELT 20, VAN b —VIEF T A MR F YT U T=A N THHY, TA usr >
FEFTE, TAMaFX o7y T=X ML TEHLIN, ZDOXH=XLIE, ERIZBT 5178
estradiol & DEFEAFHEEIC L 2 EBbnsh, ER O estrogen responsive element (ERE) ~D#E&D
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FHES ER 12 & 2535 L OHE %2 b OE T 2 e, H 5. BREW Z L2, 7 T =X Mz L D IEHE
EN7 AR BV A Y FRFEE L TWiEWERae BEXUWERS 237 7 F_X—% —p300 & & 12 ERE AV
7 Vv— Lt L, fERNC ER X T OB TFOREZEE I 5 LHEINTW» 5™, —7, & MEEHEEKD
MCF7 #ila T3, ¥4 4 F v VI A v a7 U FEED A 7 7y > D AEGREEEDOII T A b a7 Uk
EAZRT ZEDHONT VDL, A4 F Y VHHICL 2T A bay UIEER/HIT A a7 VERIERAAD
VANRT b O — )VDFEBICOWTCRIRS - NE L 25 ThH 5.

AhR 2OIMEEEDRERN LT EE£ICHD 53 2 L HETH Y, VART ha—iE, TR
AESR IR I N TWS, ZOAICEIL TlE, Savouret & DMAILITEEL 259,

FESZ, INETICT Y MDY > N7 BOFBINT 254 4 F ¥ VEHOFE 2B L TRz,
ZFOHziE CYP4AL & > X 27EBRE Y Vv E Y UDP-7' Vv 7 u Y BIEBEEEEOZE L WBY 2 & A T
728950 Z o DORERIE, WTHbL LA F Y — ABEANCGE L THEINL ZERHIS LTV B,
AV F VY — AHETEFIAN DR I2 1%, peroxisome proliferator-activated receptor-« (PPAR«) #3E
BHTHDIEMNTRINTWSE®, —F, REN LA F Y — ABEHERIT, 77 AF v 7 A[#H L LA
51 % diethylhexylphthalate %, 1 4 & ¥ > OFM, FKEESEMOMENICBE L T, BHEBEIER?H
% Z e, 1980 FEARICBEIC W S L Tw» 5%, iilt, AhR Y 4> 23 PPARa #§ER IS 2 2 & 2R
Wy 2HELRENTVEY, oD Ehd, PPARa OIEMHLIC X 2 FBMEEROAREMIZEE TH

, S, WROMMERH 5, ZHEBEL T, BEERENZ LI, VAT bu—LiE, PPARae BL U
PPARy DV X Y FIZ b5 L WIS MEDPTLE SN TSP,

EbYIC

HEOHBEDOHWNT, ZNETHL Db ORRMBI SN T X 72, RARWZLERHK D FRIERR
ML SN Ty, KEH T, MEOKHKE %25 A 4 v VEOBHRBIER 26T 282D
L, BoEO®Z OEEEBEN L SEH L ERAOREMES L OFcowT R Lo, WEREOHME
B ERER DO R IC D W THR L 72, GGA X HEEBEDREICHVONZEEMTHY, S 14 F v
VERAEERS S ACBIAHEBEEEECHHI L, £, varOESTHY, Av—Zbaind
IN7 2 vh, ERICEBEZERICER T 28R B H -7z, Zho DIEEVMOHRIZL D ¥ A 4+ x>
FBHEO—IBE U CIHBE B S 1Lz 08, 2 s ObEWE, FRIZRD Ti3wind AhR 2A4 L7 A
¥y OBMIRETH RO CYPIAL OFFEICIZHE L Lol I DIEEVIDT A 4 Fv v
FHBBEMCE, 714y Y EHARBREORER L EAOBEBICHIfR Fns, —h, IF, 74~
DRSS THBRY 7 =/ —IVDO—FE, trans-V AT b —)Vis, 4 4 % OERAZEEES 2 2 L RH,
WHENTEY, BET 250 E RSN TS 2, KRH T, VAR bu—VvOEHOFRHHIZOWT
by, TOFAKIIOVWTHHRL /-,

GGABLU I NI SV, FA44FY U HEERO—EEBET 2 2 e o, IO O—E %2Rz 7:
borBbhs, INoOHEAICEALTIE, SRR E2ET S, £/, b5 —D0ENLEBEMTH S
VART b a—IiZOWTIE, XERZ b L2, FORRE LRI 2Tz, VART ho—viE, 7
N VBHEEEZT DL ZEPHISN TV S, iz, MBIEELRZT 2D, REzZUHWEEEEEL
Twdiew, 44 Fy yEEREE G T 2 CEEAEOMENERSLEICR 2 L bbb, VAN
IR VDA FTTRAFTEY T 4 —% EF 31213, UDP-7 V7 u VBRSO HRBIEERER O
B2 77R /4 R4 EET2RELATLIZELT, RBcEiizEaz L8 Fz6N5.
BRI T, NEZEUVIENZ2T2ZET, VART bO—LEEBZHEINEEL TR Y FKBIN TS,
BR, A CHRENTWEY 7Y x> M b HRF 3R 2 28, EEREW T oY) 2R 0#% 55 &
3, VART ha—1DF A F F > UEERREROMNSLETH 5.
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Examination of Urine Acrolein in Yusho Victims

Kazuhiro Suimizu and Shinichi Sato

Department of Dermatology, Nagasaki University School of Medicine,
1-7-1, Sakamoto, Nagasaki 852-8501, Japan

Abstract Polychlorinated biphenyls (PCB) causes the release of superoxide during the meta-
bolic process. Therefore, Yusho victims are thought to be exposed to oxidative stress caused
by PCB, because high concentrations of PCB are still detected in the serum of Yusho victims.
Recently, acrolein (ACR) has been reported to be one of excellent markers of oxidative stresses.
In order to estimate the influence of oxidative stress by PCB, we measured urine ACR in Yusho
victims and age-matched controls. The mean concentration of urine ACR was 355.4+37.2 in
Yusho victims and 314.5+54.6 nmol / ml in controls, respectively. Unfortunately, there was no
difference in urine concentrations of ACR between Yusho victims and controls. ACR is reported
to be one of ubiquitous pollutants in the environment. It was supposed that PCB can give rise
to ACR as an oxidative stress, but the influence seemed to be common even in the control
subjects who had never been exposed to PCB. The exact mechanism is still unclear, and further
examinations should be conducted in the near future.
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There is no statistical difference in urine
concentration of acrolein between Yusho
victims and age-matched controls.
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Evaluation of Dermatological Symptoms of Yusho Patients in the
Annual Examination in 2003-2004

Takeshi Uenorsucur?, Masutaka Furue?, Juichiro Nakavama®, Masakazu Asanr?,
Yoshiyuki Kanacawa® and Tomoaki ImamMura®

Y Japan Food Hygiene Association, Tokyo, 150-0001
2 Department of Dermatology, Graduate School of Medical Sciences,
Kyusyu University, Fukuoka 812-8582
8 Department of Dermatology, Fukuoka University School of
Medicine, Fukuoka 814-0180
Y Department of Dermatology, University of Occupational and
Environmental Health, Kitakyushu 807 -8555
S Planning Information Management Division, University of Tokyo
Hospital, Tokyo 113-8655

Abstract We evaluated the severity grades and the skin severity scores of the skin symptoms
who visited the annual examinations of Fukuoka prefecture in 2003 and 2004. The severity of
skin symptoms improved significantly in the first 20 years; nowadays, however, further
improvement can hardly be observed. More than 36 years have passed since the Yusho incident,
and about 60 9 of the patients currently present no skin symptoms. In contrast, in about 40 25
of the patients, characteristic skin symptoms of Yusho, such as pigmentation of skin, black
comedones and acneform eruptions, could still be observed. Using Peason’s correlation coeffi-
cient test and Spearman’s correlation coefficient test, we analyzed correlation between “PCB
pattern” and the blood PCB concentration, the skin severity grade and the skin severity scores.
However, we could not find out any obvious correlation.
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Congener Specific Determination of PCBs in Human Blood using Gel
Permeation Chromatography (GPC) and High Resolution Gas
Chromatography / High Resolution Mass Spectrometry (HRGC / HRMS)

Tsuguhide Hor1?, Kazuhiro Tosusui”, Yuki Asnizuka?, Reiko NAKAGAWAY,
Takashi Topaka?, Hironori Hirakawa®? and Takao Iipa?
Y Fukuoka Institute of Health and Envivonmental Sciences, Fukuoka 818-0135, Japan
2 Japan Food Hygiene Association, Tokyo 050-0001, Japan

Abstract We studied the progressive analytical method for polychlorinated biphenyls (PCBs)
in blood samples collected from Yusho patients. This study established a systematic procedure
for determining both “total concentration of PCBs and their profiles” and “concentrations of
mono-ortho PCBs as dioxin-like compounds”, providing a significant index for diagnosis. The
method we developed consists of a rapid clean-up using gel permeation chromatography (GPC)
and sensitive identification with high resolution gas chromatography / high resolution mass
spectrometry (HRGC / HRMS). This method provides identification of all of PCB congeners
typically detected in human blood samples, especially it is worth noting that nine significant
congeners on Yusho diagnosis IUPAC # 105, # 114, #118, #123, # 153, # 156, # 157, # 167, #189)
were detected from a five-gram blood sample. Using the present method, we analyzed sixty-six
individual blood samples collected during the annual Yusho inspection in the 2004, and could
identified sixty-eight PCB isomers in all samples. As a result, ten patients were classified into
pattern A, the typical Yusho pattern. The mean total PCB concentration of pattern A subjects
was 2.95 ppb, while that of control subjects was 0.77 ppb, at whole blood basis respectively.
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Table 1 Condition of HRGC/HRMS for congener specific determination

of PCB
GC HP-6890 (Agilent Technology)
MS AutoSpec-Ultima (Micromass)
Column HT8-PCB: 0.25mmx60m (Kanto Kagaku Co., Ltd.)
Oven temperature 130°C (1.0min)—20.0C /min-220°C (Omin) —3.0°C

.~/ min—280°C (Omin) —20.0°C ./min—300C

Carrier gas Constant flow, 1.3ml/min
Injection volume 1ul

Injector temperature 280°C
Interface temperature 280°C
Ion source temperature  280°C
Accelerating voltage 8kV
Resolution = 10000

XY Iva AnSh S REEFADOAGER [ul
Ey 277y 7 |E—FE2FRL, FAREILL0 ul 12
B LTz, GPC RSB OFENZ S ) v ¥ 231 2
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(IUPAC#111) 250 pg Z¥ML, @&E% 50 ul &
L ¢ HRGC / HRMS #HIESE & L 2.

wReEE

1. GPCRUHRGC/HRMS (2& 31m+ PCB
PIEDIRET

PCBZiZ 1 205 10 HREY D 209 FEEH D F 4%
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MR T, LFHEMEE W Lo & 5
Y 2R ) ATV 2O TEESD 7 A
ra<x 27974 —%{T\v, mono-ortho 1k 8 &
HESEEL, HIELTWBEY, L LAHIE TR
mono-ortho KD #7% &3, KEEOIELFHE M
PCB 28t 3 2 LED B 5. Z OHE DB
TE LT DX, WS € =
UL/ ~F Y SRS S DMSO 43FE?) Th 5
2, IS IR EERIE KA, BENERT
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Table 2 Selected ions on HRGC/HRMS analysis

Moniter ions (m/z)

Congener Native compound
: For quantitation For identification PC-Labeled compound
TrCB 2559613 257.9585 268.0016
TeCB 2919195 289.9224 303.9597
PeCB 325.8805 327.8776 337.9207
HxCB 359.8415 361.8385 371.8817
HpCB 393.8025 395.7995 405.8428
0cCB 429.7606 427.7636 441.8008
NoCB 463.7217 461.7246 475.7619
DeCB 497.6827 499.6798 509.7229
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Fig.1 HRGC / HRMS chromatogram of
extract from blood of a typical Yusho
patient (PeCB)
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Fig. 2 HRGC / HRMS chromatograms of
extract from blood of a typical Yusho
patient (HxCB)
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Table 3 Limit of detection for each
PCB congener

LODs (pg/g whole basis)

Congeners Evaluated Demanded
TrCB 0.0006 -
TeCB 0.0003 -
PeCB 0.0004 -0.0007 0.03
HxCB 0.0009 -0.0013 0.03
HpCB 0.0007 -0.0022 0.03
OcCB 0.0010 -
NoCB 0.0009 -
DeCB 0.0008 -
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Table 4 Summary of determination of PCBs in blood of thirty-seven Yusho patients on the 2004
annual inspection (pg / g whole blood basis)*

Yusho patients (n=37)

No. Compounds Pattern A (n=10) Pattern B (n=7) Pattern BC (n=5) Pattern C (n=15) cNox(:ZZ;"l'
Mean Min. Max. Mean Min. Max Mean Min. Max. Mean Min Max.
1 245-TrCB(#29) 0.11 0.06 0.22 0.11 0.07 0.18 0.09 0.05 0.11 0.10 0.02 0.14 0.04
2 244'-TrCB(#28) 4.35 2.75 6.02 6.29 2.91 14.87 324 2.22 475 8.61 4.35 19.19 5.38
3 344'-TrCB(#37) 0.92 0.02 2.94 2.38 0.02 7.77 0.88 0.02 2.50 0.51 0.02 221 0.34
4 22'55-TeCB(#52) 5.47 2.63 12.51 4.38 2.18 7.41 2.81 1.47 3.57 4.09 2.58 6.57 297
5 22'45-TeCB(#49) 1.29 0.79 27 1.03 0.64 1.79 0.77 0.46 0.96 1.03 0.78 1.35 0.83
6 22'44'-TeCB(#47) 221 1.76 3.16 217 132 4.69 1.59 1.03 1.87 2.23 1.52 3.87 1.55
7 22'35-TeCB(#44) 1.66 1.23 2.46 1.44 0.97 2.15 1.25 0.67 1.79 1.57 1.19 222 1.31
8 23'4'6-TeCB(#71) 0.80 0.36 1.46 0.65 0.16 1.21 0.24 0.02 0.51 0.81 0.53 1.15 0.7
9 234'5-TeCB(#63) 0.27 0.05 0.41 0.30 022 0.67 0.12 0.06 0.26 0.40 0.11 0.85 0.29
10 244'5-TeCB(#74) 23.93 5.87 47.69 21.02 5.14 37.78 13.23 0.02 2592 53.05 2.19 16530 27.38
11 23'4'5-TeCB(#70) 0.93 0.58 1.52 0.82 0.52 1.66 0.83 0.53 135 1.09 0.66 1.52 0.70
12 23'44"-TeCB(#66) 324 1.17 6.06 5.85 2.54 17.61 1.73 1.11 2.53 6.52 1.89 13.44 5.48
13 233'4'-/2344'-TeCBs(#56/60) 2.25 0.55 4.04 1.72 0.96 4.56 0.81 0.36 1.02 245 0.69 4.75 1.79
14 22'35'6-PeCB(#95) 3.42 2.06 6.45 2.99 1.65 6.92 1.7 1.00 231 2.65 1.62 4.08 1.97
15 22'355-PeCB(#92) 2.58 0.60 727 2.02 1.29 4.56 0.75 033 1.32 2.14 0.65 5.82 2.07
16 22'455'-PeCB(#101) 8.09 2.08 16.98 5.60 334 14.78 2.00 1.10 3.00 4.88 1.73 10.19 5.42
17 22'44'5-PeCB(#99) 98.45 26.37  257.60 3218 1472 71.05 18.42 243 3582 29.73 5.65 60.59 22.99
18 234'56-PeCB(#117) 11.71 1.05 2831 2.05 1.13 322 0.96 0.42 1.96 2.47 0.43 6.18 1.52
19 22'345'-PeCB(#87) 3.88 1.20 6.70 1.82 0.69 4.64 1.14 0.60 1.70 1.74 0.68 3.44 1.48
20 22'344'-PeCB(#85) 0.58 0.35 1.13 0.56 0.22 1.78 0.24 0.11 0.45 0.47 0.24 0.82 0.52
21 233'4'6-PeCB(#110) 124 0.86 2.38 138 0.58 3.46 0.82 0.54 1.19 1.12 0.56 1.79 1.17
22 233'4'5-PeCB(#107) 152 0.38 295 1.96 1.15 473 0.53 0.20 0.92 2.54 0.38 531 1.80
23 2'344'5-PeCB(#123) 0.51 0.06 1.16 0.64 0.22 1.69 0.21 0.02 0.40 1.15 0.19 2.65 0.73
24 23'44'5-PeCB(#118) 33.82 9.38 77.93 3727  19.06 91.49 15.37 1.88 27.62 59.13 7.86 12731 40.30
25 2344'5-PeCB(#114) 10.30 1.70 22.51 385 0.91 6.69 1.80 0.02 3.57 447 0.17 12.06 3.12
26 233'44'-PeCB(#105) 7.54 2.43 17.13 8.99 5.08 23.79 3.44 0.60 5.79 12.48 2.28 25.56 9.58
27 22'355'6-HxCB(#151) 5.04 0.97 21.43 3.34 1.62 9.12 1.30 0.41 2.41 3.57 0.77 11.32 324
28 22'33'56'-HxCB(#135) 1.62 0.65 511 1.47 0.78 3.81 0.54 0.20 0.99 1.18 0.34 231 1.08
29 22'34'56-HxCB(#147) 2.65 0.48 492 1.32 0.77 2.99 0.56 0.26 1.11 1.34 0.31 2.97 1.34
30 22'344'6-HXxCB(#139) 3.64 1.75 7.78 311 1.32 11.43 1.05 0.49 1.53 2.01 0.61 3.66 2.05
31 22'33'56-HxCB(#134) 0.15 0.02 0.40 0.15 0.02 0.43 0.09 0.02 0.18 0.14 0.02 0.26 0.14
32 233'55'6-HXCB(#165) 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 217 0.02 23.83 0.02
33 22'34'55-HxCB(#146) 101.06 31.28 192.37 46.04 2026 83.42 20.90 3.49 39.79 37.61 314 91.17 26.14
34 22'33'46'-HxCB(#132) 1.43 0.69 3.59 1.02 0.34 3.06 0.37 0.17 0.81 0.71 0.07 1.38 0.91
35 22'44'55-HxCB(#153) 51500 186.66 899.57 270.68 10438 520.15 13565 1822 25230 22353 2093 51751 159.73
36 22'3455'-HxCB(#141) 0.85 0.31 2.41 0.93 0.34 333 0.31 0.15 0.44 0.81 0.25 1.51 0.97
37 22'344'5-HxCB(#137) 48.59 13.68 117.25 11.53 4.55 21.76 4.70 0.46 9.04 7.09 0.78 1533 5.65
38 22'33'45-HxCB(#130) 3433 4.96 81.02 7.99 4.70 12.53 3.28 0.77 6.93 6.70 0.89 14.49 5.24
39 233'4'5'6-HxCB(#164) 149.45 44.46 29563 61.36 27.71 97.53 26.31 4.89 45.00 51.62 512 116.64 29.64
40 22'344'5-HxCB(#138) 35561 108.82 810.19 12277 54.16 251.80 64.59 7.02  121.78 9930 1341 19615 75.60
41 22'33'44'-HxCB(#128) 2.21 0.77 4.89 2.25 1.03 6.52 0.85 0.22 1.49 1.95 0.81 3.94 2.53
42 23'44'55'-HxCB(#167) 9.53 2.10 17.94 7.04 2.45 11.25 3.54 0.41 6.40 8.50 0.61 19.62 5.95
43 233'44'5-HxCB(#156) 251.85 67.23 611.07 53.92 2789 89.26 14.83 1.75 27.10 20.21 1.70 48.82 14.89
44 233'44'5'-HxCB(#157) 69.76 17.77  163.48 14.03 7.15 23.98 393 0.45 7.17 5.10 0.32 12.14 3.68
45 22'33'566'-HpCB(#179) 0.79 0.35 2.53 0.72 0.32 226 0.28 0.18 0.46 0.54 0.02 1.19 0.57
46 22'33'55'6-HpCB(#178) 26.17 10.65 49.69 19.28 6.30 39.05 9.49 1.20 16.61 15.29 0.89 37.64 11.14
47 22'344'56-HpCB(#182) 120.32 56.92 22693 87.72 3937 17774 46.56 9.50 79.45 75.09 6.04 17491 47.09
48 22'344'S'6-HpCB(#183) 36.64 16.69 67.76 18.61 9.14 35.63 11.14 1.92 22.26 15.65 2.06 3435 10.19
49 22'344'56-HpCB(#181) 3.48 0.88 9.06 0.50 0.24 0.97 0.19 0.04 0.48 0.19 0.02 0.35 0.12
50 22'33'4'S6-HpCB(#177) 35.85 12.53 61.65 17.37 8.96 34.63 8.52 2.07 16.59 15.51 2.11 3238 12.36
51 22'33'455'-HpCB(#172) 30.37 10.60 65.34 13.41 5.37 24.07 5.39 0.68 10.02 7.92 0.66 16.89 6.55
52 22'344'55'-HpCB(#180) 43322 16434 803.70 249.63 88.06 527.22 10645 17.01 19273 15392 1054 369.46 114.49
53 233'44'S'6-HpCB(#191) 12.82 3.76 30.93 3.48 1.61 5.49 137 0.21 297 1.84 0.11 3.83 1.33
54 22'33'44'5-HpCB(#170) 195.14 6536 427.42 7715 3312 127.88 29.68 3.90 53.71 41.12 237 10034 33.54
55 233'44'55'-HpCB(#189) 3247 10.41 73.56 8.96 5.62 14.19 2.06 0.43 3.55 2.46 0.14 5.75 1.94
56 22'33'55'66'-OcCB(#202) 7.95 3.78 17.91 7.84 2.17 17.16 3.58 0.42 7.04 13.51 0.17 54.73 4.61
57 22'33'45'66'-OcCB(#200) 1.56 0.49 3.27 1.16 0.44 321 0.68 0.11 1.54 2.17 0.10 9.25 0.92
22'33'4'55'6-/22'33'455'6-
58 OcCBs(#201/198) 54.84 25.43 91.90 4488  15.60 95.34 19.74 3.39 36.30 24.36 0.50 68.66 14.83
59 22'344'55'6-OcCB(#203) 59.89 2382 11584 3475 1403 63.66 14.67 2.80 27.79 19.81 0.46 49.70 6.27
60 22'33'44'56-OcCB(#195) 17.97 6.21 36.36 8.20 3.90 14.92 3.51 0.62 6.65 4.89 0.50 12.01 327
61 22'33'44'55'-OcCB(#194) 65.84 29.03 12193 41.05 18.84 87.02 16.09 3.80 27.62 2213 0.99 50.80 15.89
62 233'44'55'6-OcCB(#205) 3.45 1.14 6.89 1.36 0.99 2.44 0.58 0.20 0.94 0.80 0.15 1.75 0.50
63 22'33'455'66'-NoCB(#208) 4.06 1.95 6.38 2.70 1.26 5.78 1.19 0.55 2.16 1.98 0.08 436 0.71
64 22'33'44'566'-NoCB(#207) 2.18 1.01 4.05 1.29 0.75 2.90 0.55 0.25 0.97 0.89 0.13 1.7 038
65 22'33'44'55'6-NoCB(#206) 13.33 5.47 24.22 7.65 4.73 15.05 3.17 1.14 5.78 4.72 0.19 10.51 1.45
66 22'33'44'55'66"-DeCB(#209) 4.82 2.84 8.45 4.50 2.50 11.11 2.07 1.02 3.56 347 0.24 6.96 0.06
Total TrCBs 5.39 2.87 9.03 8.78 3.99 16.04 421 2.89 6.11 9.22 4.89 19.63 5.77
Total TeCBs 42.05 16.42 61.08 3939 2279 78.55 2339  10.60 3833 7326 18.46 191.61 43.03
Total PeCBs 183.63 4881 35988 101.30 5513 23671 4738 1125 8591 12499 2479 253.44 92.69
Total HxCBs 155279  482.62 3197.14 608.97 261.29 115238 28279 39.90 52270 47357 5126 104554 33876
Total HpCBs 92726 35251 1742.86 496.84 20030 962.64 221.14 3723 39621 32952 2518 77443 23931
Total OcCBs 211.51 89.90 385.81 13925 56.03 278.53 58.87 1134 10742 87.66 296 19799 46.29
Total NoCBs 19.57 8.67 34.65 11.65 6.74 23.73 491 1.94 8.92 7.59 0.40 16.57 2.54
Total PCBs 2947.01 1006.33 5792.52 141068 608.78 2583.23 64475 116.18 114230 110928 12897 2480.72  768.45

* Concentrations of four kinds of non-ortho coplanar PCB (IUPAC#77, #81, #126 and #169) are excluded in this summary.
**Determined from blood mixture of ten adullts living in Fukuoka.
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Analysis of Polychlorinated Quaterphenyls in Yusho Diagnosis

Yuki AsHizuka, Reiko Nakacawa, Hironori Hirakawa, Tsuguhide Horr and Takao Imba

Fukuoka Institute of Health and Envivonmental Sciences, 39,
Mukaizano, Dazaifu-shi, Fukuoka 818-0135

Abstract The polychlorinated quaterphenyl (PCQ) concentrations in the blood are important
In this study, the analytical method of PCQ was
improved, and a high speed and precision analysis could be achieved. A recovery test showed

discriminative parameters in Yusho patients.

satisfactory recoveries of 99.5 2§ (RSD4.8 %, n=>5).

Using this method, the authors analyzed 62

blood samples which were collected from the 2004 annual inspection for Kanemi rice oil

poisoning. PCQ was detected in 20 blood samples (ranging from 0.03 to 4.15ng/ g).

The

average concentration was 2.07 ng / g in the pattern A (typical Yusho patients), 0.76 ng / g in the
pattern B, 0.18 ng / g in the pattern BC and 0.01 ng / g in the pattern C, respectively.

KV 7TV 7 2= (PCQ) I, JHER
EDEBR LIz 9A4 AT A NVFICERECEENT
Wiz Z ERHE SN TE DY, PCDF & I
PCB %#ifk & U ChnBER Iz ER L, 74 A
FANCEALIEMETHZ tF2z o TWw
292 PCQ IZEERFHERE, FIEK, MBRZElE, &
IR 2 £ 2 L LB EBRES R o F
MEIZFID EF 2 SN HY, HE B O MR
HEIZIZR SN TWL L) PCQ M S L7z
7Y, PCQ EEIXMEZK OB R L LT
1976 F B S iz, = OEAETIZ, [ PCQ 1
J£13 0.1 ppb A EREFE IR WIRE L Sh, 0.02
ppb PUF A3 H & 5 1 2 ¥ EE, 0.03~ 0.09 ppb
DESFPERE L S Tw 3,

2 oI F o PCQ R 13~ 7T 0.02 ppb
UFTh2 EERITLNT VDD, 2Dk, f#
HEHEECMEBRZEOBEFER tFE2Z oM TV D
0.03 ppb ~ 0.09 ppb DEE ZHEE XL < 5 21T
5 ZEBRARTH S, PCQ DHMTEEIZETH&®
kD, eERMThH D 18T TNV T =
= (0DCQ) & L CETFHERMILERMATE TR Y
a~v 2777 (ECD/GC) TERT S HEELT
Mxraniz, ZLGEBASY ITE D FrET Y —
B 7 LEBAOIEOTELREFES 0, BB T
BAT2WEYN 7~ 77 A ETR»MLS Z
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12 &0, ECD/ GC #HIE C B TOREE, BREN
mEL 7z,

Lo Lads, fEksr s PCQ 4T O BIALER 13
MK 4~10g #HCTITbILTE Y, Z ORLE
3% DOFNERHEESR T DO TH-oT2, &5
WCHIFE X PCB & PCQIZHIZ T, Fr L w»slrdke
L L CEME 7 PCDF O#IE b LB %> 7z
720, HIMHEOEHEZRES T-0I1cd, Lhdk
WM R THTEAT O BEBELC TS, 1T,
PCQ ZERET % /- 0 I MEHE 2 g > o HiLE
ATV, LWERBETH S 0.02ng / g ODRH TR
EE2ERT 2 ENTE, 2 L CHREEZRS
TZEWEY, TGRS H T LAEEE LD
INAT — VAT T EWTREE 2 D, MO R
HERED LI ENTE, SHIZ, 2D A
Lz kW TT 728 16 FEE—F 2
BT 2 PCQ OAMHERICOWTHEZREL, »L
OPDOHRABES NI D THET 5.

MERUEERF &

1. migsH

K 16 A EEE— P2 T, PCQ HIE XIS 62
ZDZZHEIMIEIC OV T PCQ#MA %2 EHE L 7z,
N= 5 OFMEINGRERIZ 1%, #EEHE 1 ZOMK %
ERAL .
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2. EER

PCQE#¥W (10ng/ml) ZREHEHRMLL T
PCQ T 5 ng / ml I2fHY4 9 % ODCQ #EH#a s
WEFABML T, ZOFEEREFMNL, 0.2~2
ng / ml OREARER % FRL 72,

3. RE-Hir

NFY Y, 18— F v S ORE
B3 - PCBOTAZHAW, Y2 Frz—T,
Yrzuu Xy o FBEbEE R O 23 - PCB
SR %AWz, KBS ) T A EFIEREERE
SHBIORHR R, JARES N v A BRI
B ORE B -PCB 4T &2 vz, FlgIEA
HMFEMASHBEOEESBRER %, FEEmRE
v bR Hwz, 71 ) Y vid Flor-
idin #8400 & O % 130°CT 3 KfEM b s &, 7
VS FUF AV 27 8L Aluminiumoxid (70 ~
230 mesh) % 130°CT 3 WefliE AL, KK %
2%MZTELKBEE LD EH W,

4. {ERKES
HAzua~x b7 7 ECD . Hewlett-Packard
# HP5890A (®*Ni-ECD)

5. BIERMHF

FrEZY =720 7 A QuadrextEMPS
50(F£& 25m, WEE0.25mm, IE 0.1 um), 7
Z A~y R © 25psi, EATRE © 300°C, AT
ATV Y MVRA, AT AWRE D80°CT 5 IR
RF L 721, 320°C £ T 1 22 30°COEIG THIAR

45 53R, AR 13 ul, MHEEE [ 350°C.

6. A&

Mk & IRAML, $92 g% 10 ml OFE
ELVEICIEMICHERE L], 1.5 N oKLV v
N/ xH 7 —nR35mlMzTEBELIE,
90 °CT 1 Rl S ¥z, U, ~F¥ %2
ml Iz THRE & S HiH L7, 2000 rpm T 5 43 [il5E
DABEL T2, ~NFHUEZFIO 10ml Ay F
KB L., BEAFY Y 2 ml 202, #E & 5 i
EITVEOAF T VB LEEDE, ~FY UEIC
FE8K 3 ml Zhnz TKEEL 718, SKERE b
Vo (1.5g) ZFIBELI/NAY —)LERY MZ
FLiAA, 7 ml ONFY > THEHSE, NFH

O O

e
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SRR AR EFZATATHR T mlICEHEL, N2y —
Miz7a ) P 0.5g (130°CT 3 KFEEH L & ¥
7eb D), BAFEF Vv A0.2g REESIE
BT NCERL, 5%V IFILI—T)V /) ~NFH
> 7 ml THEH STz, R A TRMHIE L, ~
FY 2 ml BANZ Tz, 10 %FEREE 1 ml 212
T, HEHL, 2000 rpm, 5 min TELOEEETTHS
Teth, MBREZE T, Z OREEFRIEEH
W25 ETHRVIER LI, ~"FHUEEY 7 AR
GBI L, 0.5ml ~NFH > T3ETFEVIAAT
e, WEHATHBE ST, & 512 30 LA EEE
TV =Y I ANTRRBHE RS,
S5 L7 v F 22 0.5ml iz THEE L -,
200°CC 3 REfIZA L se 2R b U7z, G T
%, WHIL, HE LI KIEEICZ v a kA 2 ml
EINZCHRE S Uiz, Kiz 20 %3 % 0.5 ml
ZTCHHIHIRE D L7k L, & 612 20% 361
2 ml Z0Z CH#EE S L7z, 1000 rpm T 5 4330
SEEL 71, LIE RS T, BRI 20%38E# 2 ml T
2 BIYEIE L7z, T, ZRRAK2 ml, 5 %WaEE
2 ml, 5%EEAKEZEFT Y 7 A 2 ml, ZEK2ml
DIEFE T 21T > 7. JKREF MY v A Q0.5
Q) EFIELIZ/NAY — L ERY NI, ZuuakL
LEERLAA, 5 mlD7aak)LVATERS
Wi, BRTATEHEZITY, TRICZaa k)L
BRI, ~FH 2 0.5ml ICERSB 7.
RIWZINAYV—=)VEXRYyMIZTIVE F0.25¢g
(130°CT 3 KM LT, M8k %E 2 %Nz T &
CIRGLIZHD) LHAREF M)V L0.2g%
BELIH 7 2Rz A&/ L, 2%y 7uu
A2 [ ~NFHY 6 ml THEHSE2, 10 ml S
AEYFITED, BRI ATEEEITV, LI
W2 ARSI, ~FV > 0.2ml ZIZ TR
Mg e Uiz, kNI ECD / GC Iz 3 ul AL, 43
MEiT-o 7z,

1. BHnEYNERER

B FH DI 2 g 12 PCQIEXEER 10 ng / ml
A0l T OB 7z, (MR 1 g%472  PCQ
20.2ng £ 5 X DCHMULT.) 6 1R T T
Jik & AW T N= 5 THRINEIGRER 217 - 72,

1. WA ZEDESE S L U RMEUNHER
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—EDOSTICHVSIMEREREY 2 g IS 3712
X0, TV SR, SOKERES M) T A
XBiAk, 7aVPN, TINIFHTAZL LR
BR L TNAT — )V TEHRIRFRFIC BT E % &
21270, B 7 ADEHICH W 2B IF 10 ml
UTRES T ENTE, £z, EHIROEE
X RTEEN A 2 A TSRz RRICT - 72,
Z I X 0 TR ERE S, ARG 8 Bk oD
ALY 1 BN ThH - 7208, 3~ 4 HTIT
5 ZENHREL IR o7z, TED 7 v —% Fig. 1
2R,

PCQ »tH & 2 WEEZ DI = v ¢, &
ExEHW PCQ ORMEIGAER 2177 & 2 5,
IR 99.59% T, RSD 25 4.89% & BTk
EHE ST, ECD/GCIc B 2 THRHE X
0.2ng /ml TH Y, BMEIC 1T BIFRELRED 5
shtz, Fig. 212 2 ng / ml EH#EEKE R OY > 7
WV (ZB2E24) ODECD/GC7u~ 7o 0%
Y. BN B U 2 ER TR 0.02ng /g T
HoTz.

DHTOREE 2 HEFR T 2 72012, %2% 62 Lol
Wk E 0PIz, RY 574 7artu—nk
L CHEE 1 AOIME =R 3 RIS Lz, ZDREE,
1EH»4.15ng /g, 2E»4.75ng /g, 3EH
74.43ng/gTH DY, Fiy4.44ng/g, RSD
6.8% & BEFTdH - 7z, PCQ 537 OHAM, 5347 OHE
ERHERHEINTWS 2 LR TE /.

2. PR 16 FEHE—FRZICHE T3 PCQH
WOER

R 16 4B TE — F R 22 T PCQ Ml E
SR 62 £ DIMIE I D W T PCQ M 2 5 i L
7z, PCQ BB ENIzDIX 20 /T, T DOEEIX
0.03ng/g~4.15ng /g Th -7z,

Table 1, Fig. 3 I35 EHIE 217> 72 62 £l
Wrh PCQEEE %2 PCB /X8 — Y BlICR L7z b D
ThHhsb, AXF—>D 4413 PCQIEEEN0.7~
4.2ng/g T L EENFEFR ICRIBE TH o> 72, B X
F— DOV TIX0.1~1 ng/g OHIFANE L,
C/N—>TiE 384 3T 4N ND Tholz,
EOFHEIFA Y —>532.07Tng/g, B/Y
¥ —> »0.76ng /g, BC/8 ¥ —>730.18ng/
g, C%%—230.0lng/g TH- 7z, A
WEBRZEDOPCBEE Y —>Th 2 A, B

Sample (blood:2g)

Saponificate in 1.5N KOH for 1h under reflux

Extract with hexane(2ml X 2)

Wash with water (3ml X 1)

Dry over anhyd. Na,SO,(1.5g)

Florisil column chromatography(0.5g)
Elute with 5% diethylether/n-hexane(7ml)
Concentrate to 2ml
Wash with 10% fuming sulfuric acid (1ml)

Evaporate to dryness

Perchlorinate with antimony pentachloride for 3h at 200°C

Dissolve in chloroform (2ml)

Wash with 20% hydrochloric acid (2.5ml X 1,2.0ml X 2),
water (2ml), 5% tartaric acid soln. (2ml), 5% sodium
bicarbonate soln. (2ml), and water (2ml)

Dry over anhyd. Na,SO,(1.5g)

Evaporate to dryness
Alumina column chromatography

Elute with 2% dichloromethane/n-hexane

Evaporate to dryness

Dissolve in #-hexane (0.2ml)

ECD/GC analysis

Fig. 1 Analytical scheme for polychlorinated
quaterphenyls (PCQs) in blood
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Fig.2 The ECD / GC chromatograms of six skeletal types of perchlorinated PCQ
congener (ODCQ)
(Peak 1: 2,2-0DCQ, Peak?2: 2,3-ODCQ, Peak3: 2,4-ODCQ, Peak4:
4,4-0DCQ), Peak 5: 3, 3’-ODCQ, Peak 6: 3,4-ODCQ)
A : PCQ standard (2 ng/ml)
B: Sample (pattern A, 4.15ng / g)
C: Sample (pattern BC, 0.03ng / g)

F—rDIFEAER, HEDHPCQMW0.1ULED
BWEELZRLTWS I ERbE, —J, PCB Table 1 The blood PCQ levels of subjects classi-

DT —>NBSY—>THPCQABND (L fied to each PCB pattern in the 2004
0.02ng / g) £\ Bilhs 4 B, % £ B annual inspection
MTEHBWCHNY—DATPCQA0.4ng /g PCQ concentration PCB pattern
EROGRE RSB 1HIR S vz, (ng / g) Al B I|IBCc| cC
Fig. 4 3BHFHEER T > TV ERY T4 7a v L~ ) - 0 .
b o —v (FERENAEEO BF) i PCQ RE
DFREZLRRL T3, [id PCQ B IXHEA 0.1~1 2 8 L1
60 FE S5 FK 16 FD 19FEM T8.3ng /g b ND (<0.02) ~0.1 0 0 1 0
4.15ng/g &, BLZ1/20EEETHALT ND (<0.02) 0 A L [ o

W3 ZEWNbhrd, PCQ IXMENEREELE L KT
TEMEBI IC BRI L TV 2 EF 2 5209, I Total S B A
WD PCQ IR & TG+ PCQ Dt

BEMBE D 2 L o), HEREEND PCQ
BRI Tk 2P S, AL Tnws e 5
DBHEH S LB,

I

HERZ I BT 5 IMEH PCQ DTz B W T,
—[E DSV B IMMEREEZE S L, 98D
INA T — WAL ZATS 2 I X 5T, SRFEO K

w

N

PCQ concentration in blood (ng/g)
[}

B TR L o7z, ZDHEIC X % PCQ Z

DENLEE T4 99.5 %, RSD 4.8 % & BIFT 1 !

D, I LERBETHS 0.02ng / g OFRTHR : T -
EEERT 2 2 EAURETH S 2 L RS N, e 1:3 : Bé‘c ‘ C
COTEE TR L6 FEAHE—FRBZZ gy 3 The blood PCQ levels of subjects classi-
H 62 /DMK ICB 1) 2 PCQIE % /ST L 72 fied to each PCB pattern in the 2004
FEE, 20 ZOMMIE D & PCQ 23K H & 7z, HiAIf annual inspection
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Je

P CQ concentration in blood (ng/ g)
o

0

S60 S61 S62 S63 H1 H2 H3 H4 HS5

H6 H7 H8 HY9 HI0 HI1 H12 H13 H14 H15 H16

Fig. 4 Time trend of PCQ concentration in the positive

control blood

I RE DRE Y —>Th b A, B8y —>
DIFEAEE, BHESPCQH0.1ng/ gl ED
BOWEELZRLTWAEZERbhroT, Larlk
B, PCBONRY—VBBRY—>TH->ThH
PCQ 23 S g WiIle, @i & & o
TERWVWCHNY—DANTPCQAEEE (0.4
ng/g) THEINFINE S NIz, BEMEH
PCQ EEE IXEFLED & 30 FLAEFE U 7237,
RBPPEMEFIC L VHS LIZEA L TWE23, H
FEZWELE L L CORAEETRLETHY, HiER
ZIZB\WT PCB, PCDF & & 12 PCQ IR
IZDWT bk B RAENEE TH 5 L b
na.
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Metabolism of 2, 3’, 4, 4°, 5-Pentachlorobiphenyl by Guinea Pig Microsomes

Chiho OuTa?, Koichi Haracucur®?, Yoshihisa Kato® and Nobuyuki Koca?

Y Faculty of Nutritional Sciences, Nakamura Gakuen University, 5-7-1,
Befu, Johnan-ku, Fukuoka 814-0198
2 Daiichi College of Pharmaceutical Sciences, 22-1 Tamagawa-cho,
Minami-ku, Fukuoka, 815-8511
8 School of Pharmaceutical Sciences, University of Shizuoka, 52-1, Yada, Shizuoka 422-8526

Abstract The in vitro metabolism of 2,3’4,4’,5-pentachlorobiphenyl (pentaCB) (CB118) was
studied using liver microsomes of guinea pigs and the effect of cytochrome P450 inducers,
phenobarbital (PB) and 3-methylcholanthrene (MC) on CB118 metabolism was also compared.
After 30 min-incubation at 37°C with liver microsomes of guinea pigs, CB118 was hydroxylated
to two metabolites (M-1 and M-2) with retention times of 15.84 min and 20.01 min in GC/ECD,
respectively. GC/MS showed that the methylated derivative of a major metabolite M-2 had the
molecular weight of 354 and an intense fragment ion of [M*-50] which is a characteristic ion for
PCBs possessing a methoxy-group at the 2 (2’)- or the 6 (6’)-position. By comparison of the
mass fragmentation and the retention times in GC/MS with the synthetic authentic compounds,
M-2 was identified as 2-hydroxy-3,3’,4,4’,5-pentaCB (CB126). On the other hand, the methylat-
ed derivative of a minor metabolite M-1 had the molecular weight of 320 and the similar
fragment ion of [M*-50] to the methylated M-2, assuming that M-1 was a dechlorinated
monohydroxy-tetrachlorobiphenyl (tetraCB) possessing hydroxy-group at the 2 (2’)- or the 6
(6)- position. However, the precise structure of M-1 could not be determined because its
retention time in GC was in disagreement with that of the candidate 6-hydroxy-3,3’,4,4’ -tetraCB.
PB-treatment increased the formation of M-1 and M-2 to 2.2- and 6.8-fold of untreated
animals, whereas MC-treatment increased only M-2 to 2.6-fold of untreated ones. Addition of
antiserum against a PB-inducible guinea pig cytochrome P450, CYP2B18, completely inhibited
the formation of M-2. These results suggest that CB118 is principally metabolized by CYP2B18
to 2-hydroxy-CB126 which is formed via a 2,3-epoxide intermediate and the subsequent NIH-
shift of a chlorine at the 2-position to the 3-position in guinea pig liver.

& 2RI & U TRt (TEF) b

kL » = % 5, CBl18 ¥t L Tix, 2,3,7,8-tetrachlor-
2,3,4,4,5-Pentachlorobiphenyl (pentaCB) odibenzo-p-dioxin % 1.0 & L 723 %, 0.00001
(CB118) i34 » SHIEDIRKE Th 5 PCB H DBIEHT 5 EINTWD,
it (Kanechlor 400) OFE 55D 1 D ThH 52 PCB #MRZHE D 1 DL LT HFF M7 ol
b, MERFEMBEHO PCBEITD S 5T, P450 (P450) %=l & U 7 FEEAEHIEESR o 3
REH LD LREIMEV PCB #ZMAE L LTHS Z2HWEFEREEA L TE Y, ZOoFEENOR
NTns»® PCBz&ty A4y Y EHOBED 7» 5, phenobarbital (PB)#Y, 3-methylcholanth-
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rene (MC) #E L MEGHICHEHINT WS 32,
PB #12 1¥, mono-ortho-¥ X Uf di-ortho-PCB
», %7z, MCEIZIZEFHMED coplanar PCB 28
&%h%, CBI118 I3 mono-ortho-PCB Th % 73
coplanar PCBOMHE b H T 5 Z & » 5,
2,3,3,4,4-pentaCB (CB105) & & & ICEEHIC
SEEENTWL 5B,

—7%, PCBEMEGED S 5, 2,4,5-ZHFEMR
PCB, #lz1¥ CBI118, 2,2’,3,4,4,5-hexachlor-
obiphenyl (hexaCB) (CB138), 2,2’,4,4’,5,5-
hexaCB (CB 153), 2,2’,3,4,4’,5,5-heptachlor-
obiphenyl (heptaCB) (CB180) & & O
2,2,3,4,5,5,6-heptaCB (CB187) 1%, HTf, HEHf
B L O e ENOERBEENIEE CEW I &
WHIS N T Y903 F 7= 53, © I
BwT, 4-K#1 (OH)-CB187 % 4-OH-
2,2",3,4,5,5-hexaCB (CB146) 7z £ @, i
PCB @ 4 (37K 1L & 7R S R TR
HENTWnBE99% X512, 2o OH i
BHOFRBAVE VLY VX7 ETH S
transthyretin & HWHMEEZEFE L TWwW5b 2 L
5, RGP ERIRIVEYDETZ2b725
FTEVLHLNEY, ZhoeDFEHEF, PCBIzkst
FANDERBZERZHS DICT DI,
2,4,5- =M FEF PCB ORBFRNEB TH S
ZEERLTWD,

ENEY NEYA A F Y VR EOFE L
T, ROYBEZEOSVEY E L THISNTW S
3, —75, PCB w3 2 REEMEICEIL T
Ty hEPEDVREZSTWS, HlZIE, 3,3,4,4-
tetrachlorobiphenyl (tetraCB) (CB77) = & ®
coplanar PCB izxt3 2 EHEEIX 7 v M ITEE,
R DEW2 OwExL, 2,4,5-=H R EH PCB
IR 2 RBREI IS T v b XD i D EnD),
LR T, mEFME PCB @ CB153 % CB138
7 ¥ O in vitro R#EFHN, ZORE, TLEY
FTIEZ Y b XV EEESCEEEEE S5 2 L,
NIH BRI TH 2 2-OH KB ERFY T H
5L, &5, Zns OfEC PBEE M P450
T®H 5 CYP2BI8 i< B G 9 5 Z L2k L
72319,

L Lans, 2,4,5-=HFEH PCB O FHA
Ebnz 5 CBLS OREHICEE T 28 &G IXIZ L A
Y7\, Haraguchi 59 X CB118# 57 v b D
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bz, 4 EEOOHK, ¥ 2bb, 4-0H-
2,3,4",5-tetraCB (CB70), 4-OH-2,3,3",4’,5-
pentaCB (CB107), 4-0OH-2,3",4,5,5-pentaCB
(CB120) 3 & ' 5-OH-CB118 & 2 f@¥HD X 7 v
F 4 (MeS) &, ¥ &b b5-8 X UF6-MeS
-CB118 Z#Hi L7z, %7z, 4-OH-CB107 B X O
4£-OH-CBI120 XfFfic ¥ 3 & UK, fifi, B L
DRI EEESA L TWwA 2 E b MIT LT,
& 512, Flr, Haraguchi 5'? 13 Kanechlor 500
BEDI Y b, NARAZ—BLIONELEY PIIB
W, REoMB T mErt LI 25, Zv
FBIUNARY I Tl CB118 2k & %
Z 5N % 4-OH-CB107 N EEE M & iz 23,
ELEY FTIETY FPONLAARY —E3EL B
D 3-OH-CB118 O AWt S vz L L7z,
e OFEERIZ CB118 @ in vivo fRFHIZB W T,
KEBEYEEN DL I EERLTVLEY, bh
b ENEY b %W TITo72 CB153 ®
CB138 @ in vitro fAE TH & L 72 2-OH #1c ©
W, CBII8 Ti&<{ Mg Twixwn, 22T
AFETIE, ZOHEZHOPIZT 5720, TIVE Y
MFE 70y —24%2HWTCB118 @ in vitro {X
WrFNTz, T, IS 3 % P 450 4 FRE%E
S MIZT 5720, IR P 450 FFEA & L T
HohTws PB B &0 MC THIAE L 7- 819
T b EFRICHRES L7z,

x B H &
1. EERM#

(1) CB118 D&HK

CB 118 ix Cadogan D HEY THEE L2, £,
1,2-dichlorobenzene 8 X ¥ 2,4,5-trichlor-
oaniline % tetrachloroethylene THEfEL, & 5
WCHERER A VR F IV ERINZ T, 110°CT 24 KFiH
RIS, RISE 7 v+ 5745 (100g,
Merck) B X ¥ UV 25 V604 7 A (65g,
Merck) THR#EL7:%, ™MV ZERL 72D, HEH
Wik~ s 7 74— (HPLC) 2ffL 7z,
HPLC &3 XRD#®EY Th 5. 4 7 L, ODS
(250 X 20 mm i.d., 5xm, YMC) : & B,
acetonitrile ; ¥t #, 4 ml/min ; #& £ ¥ £, 254
nm, CB118 O#ifE % B FHIERAM IR T A R 7
o~ b7 7 74— (GC/ECD) I X D F#~R7IHE
R, BN 99.0 KA ETH 57z,
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CB 118 : MS (EI) m/z (relative intensity)
324 (100) [M*], 326 (163) [M*+2], 328 (99)
[M*+4], 330(32) [M*+6], 254(40) [M*- CH,
Cl1l.

(2) RE#OERK

2-OH-CB 126 @&k 1, 3,4-dichloroaniline
& 2,3, 4-trichlorophenol %&RERE E LTHY,
Hutzinger & O FE® TIiTo 72, Kintg, ¥V b
FN60 AH 7 (65 g, Merck) & HPLC T
REIL7, kB, AFMEiE, 7 VHEET,
VAFNVEREBEDOBMIZ X V7o, — 7,
3-methoxy (MeO)-CB118 8 X U 4-MeO-
2,3,3,4,5-pentaCB (CB107) ® & ik I%,
Cadogan ® H &Y Tiio7-. & ER £ L ¢
3,4-dichloroaniline & 2,3,6-trichloroaniline
Z v, i 5 % tetrachloroethylene TIAEL,
S SIWICHEE A VR F IV EMZ T, 110°CT 24
FFfIG S ¥z, BEE R e &< Ffkic, 7o
2475 (100g, Merck), ¥V A7 IV60% 7
2 (65g, Merck) ¥ & "HPLC T1ro7z2. %
7z, 6-MeO-CB77, 5-Me0O-2,3,3",4’-tetraCB
(CB56) £ £ UF 6-MeO-CB56 D&, 3,4-dich-
loroaniline & 3,4-dichlorophenol % &k ER &
L CTH W, Hutzinger & DAY TiT-7. Kt
#%, YVATNV60 T L (65g, Merck) 8L
HPLC TH#EIL 72, &8, X FVbiX, diazometh-
ane IZ X DITo 7z,

2-OH-CB126 : '"H-NMR (500 MHz, chloro-
form-d)¢ 7.52(1H, d, J=8.3 Hz, 5-H), 7.47
(1H, d, J=2.0Hz, 2°-H), 7.28 (1H, s,
6-H), 7.22 (1H, dd, J=8.3Hz, 2.0 Hz, 6-
H), 3.95 (3H, s, 4-MeO).

2-MeO-CB126 : MS (EI) m/z (relative inten-
sity) 354 (100) [M*], 356 (160) [M*+2], 358 (109)
[M*+4], 360 (38) [M*+6], 304 (103) [M*-
CH.Cl], 284(26) [M*-Cl,], 241(35) [M*-COCH,
Cl,].

3-MeO-CB118 : MS (EI) m/z (relative inten-
sity) 354 (100) [M*], 356 (156) [M*+2], 358(93)
[M*+4], 360 (35) [M*+6], 311 (53) [M*-
COCH;], 241 (40) [M*-COCH,Cl,].

4-MeO-CB107 : MS (EI) m/z (relative inten-
sity) 354 (100) [M*], 356(120) [M*+2], 358(82)
[M*+4], 360 (35) [M*+6], 339 (48) [M*-

X OH T M

(124)
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CH,J, 311 (45) [M*-COCH,]J, 241 (21) [M*-
COCH,Cl,]. '"H-NMR (500 MHz, chloroform-
d) ¢ 752 (1H, d, J=8.1Hz, 5-H), 747 (1
H, d, J=2.2Hz, 22-H), 7.28 (1H, s,
6-H), 7.22 (1H, dd, J=8.3Hz, 2.0 Hz, 6-
H), 3.95 (3H, s, 4-MeO).

5-MeO-CB 56 : MS (EI) m/z (relative inten-
sity) 320 (100) [M*], 322(127) [M*+2], 324 (43)
[M*+4], 326 (8) [M*+6], 277 (14) [M*-
COCH;J, 207 (16) [M*-COCH,CI.].

6-MeO-CB 56 : MS (EI) m/z (relative inten-
sity) 320(100) [M*], 322(132) [M*+2], 324(63)
[M*+4], 326(13) [M*+6], 270(103) [M*-CH,
Cll, 207 (37) [M*-COCH,Cl,].

6-MeO-CB 77 : MS (EI) m/z (relative inten-
sity)320(100) [M*], 322(132) [M*+2], 324(67)
[M*+4], 326(15) [M*+6], 270(120) [M*-CH,
Cl], 207 (34) [M*-COCH;Cl,].

2. Eyis

Hartley REEMEELE Y b ((FER 300 2) 12,
P 450 & & LT PB (80 mg/kg/day) & % \»
1 MC (20 mg/kg/day) % 3 HEEENICES L
7z. PB A A K, MC 1o — U HICE#EL
7. ®LVEY MFI 70 Y —240%, PBBLUTMC
DG HOEHICER L -1, HEiHL,
W L DR 72,

3. KEMIDIH

EVEY MFS 70V =212 &k % CB118 DR
BFIIBHAO ICHE L TITo 72, T 8b b, 40 uM
CB118, NADPH 45 (0.33 mM NADP, 5 mM
glucose-6-phosphate, glucose-6-phosphate de-
hydrogenase 1.0 unit), 6 mM MgCl, ¥ L Uf€
VEY PFI 70V —24 (1 mg protein) % 100
mM HEPES #&f#i% (pH7.4) & & HicHE 1 ml
&L, 37°CT 30 min A > ¥ 2 _— &, (LY
% chloroform-methanol (2 : 1) 1 ml & n-
hexane 3 ml TZN 24 3 BT O L7z, HiH
# 1% diazomethane T X F# V{b#, GC/ECD i
fF L7z, GC/ECD OF&MERDIEY ThH 5. 47
B2, ECD fif HP 5890 Series I A7 a~< k7
2 7 (Hewlett-Packard ) ; »# 2 4, DB-1
fused silica capillary column (30 m X 0.25 mm
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id., 0.25 pmEE, J & W Scientific ) ; 4 —
7 UWE, 220°C s HEALREE, 250°C ; MR
B, 250°C; ¥+ V7 —=#A, N, (1 ml/min).

—75, KEYIOEESH (GC/MS) 3EESH
HAAAH A7~ 275 7 (Agilent 5973 inert
MSD, Agilent#) % FHw T, EI€—F T{T-
7o. SMFMEROBEY THS, 7 LA, HP-S
fused silica capillary column (60 m X 0.25 mm
id, 0.25 umEE, Agilent &) ; 4 —7 VEE,
70°C (1.5 min) - 20°C/min - 230°C(0.5 min) -
4°C/min - 280°C (5 min) ; HALIREE, 250°C ;
MR, 230°C; £+ V7 —4 X, He (1ml/
min).

'H-NMR 27 b VvOHIEIXHAETHD
JEOL GSX-500 (500 MHz) %MW Tiro>7z, 34
#HZ, chloroform-d 12 f# L, tetramethylsilane
ENEEHEYE L L TR Wz,

4. HABEERER

ENVE Y MF P450 (CYP2B18) 124 3 Hilfiig
ooy ¥ T E L 2, P %2 100 mM
HEPES #&fig (pH7.4) ¢, s 7aV—A
L Ebig, FIRT 30 min B U7z, PUILTE ORI
13, 50, 100 B X ¥ 150 xl & L7z, Xz, CB118
B L U MgCl, 2 3 ints, NADPH 452 22 %
ZEIED, A vFax—bERBLE. REY
DoHTIE, FELOEY TH 5,

5. Dt

Fsrzay—2an% o R7E0%ERIE, Lowry
5ORHED IENTo Tz, 3B, Y X 7]g
ELTCOYIET VT S v E Hwne,

X B & R

1. F32nv—4l2& 3 CB11S ot

CB118 %, HALF, PB HiALEED % v ik MC A
WHEENLVEY b2 OFHBMLIFI7uy —LL L
b1z, NADPH 4 F, 37°C, 30 min £ ¥ ¥ =
N— b U7z, BREHEMEY % 2 7 v16tk, GC/
ECD Wt L7z R, WIhoffs 7uy—2a1i2
FoTh, REME (RFEFFR 12.80 min) DSt
iz, R ERBbid 2 KD E— 7 B RERREH
15.84 min X 1 20.01 min IcfEH &7z (Fig.
. InzUT, 2hxFnM-1B8XU0M-2 &7

(125)

235

%.PBHILEE S 7 0 — A DBE, M-2 HSARULEE
S0V —AD6.8fFICEL B, £,
M-1 % 2.2 5L 7z, —%, MC miiLE s 2~
0V —ADBEICH, M-2 3RS 7 0V — 24
D 2.6 FFTHEIML 7223, M-113#12 50 %LU T I
WAL,

2. KEYDILZEE

MY O bFEREE 2 S 22T 272912, PB
AR = 7 v — 2 % Fw T 100 f%& (100 ml)
TA Y Far—va r&i7olt, R#YEmh
L, &5 AF VL, GC/MSIcLbh, M-18
LU M2 DS FREFNI. ZOREE, M-1 B &
UM2EZNETNSGTR20BLVU3BLEET
52 ENBHS I ER 5T (Tablel), Zh o DOfE
o, M-1133EHE 1 EFEE L 72 OH-tetraCB
ThHsZE,—7,M-213 CB118 ® OH#&TH %
ZEDBHS M ER ST, S50, WREIO X F
WVERERD Y AANRY PLIZBWT, Wiild 7
ST A NAF v [M-50] BIER IS N Lo
5, ortho fiid7abb 2 (6) fiE7zix 2 (6) Ll
MeO EZHLTW3 Z ERNRB IR, TRET
DIFREV20 1= F 2 L, ©7 = = )VEOD para fif
Thbb 4 (&) fi MeO ENEHFE N TV
B 777 A b Ay [M-15] 28, %72
meta iz 7%b b3 (5) fid 2 Wnix3 (5) il
MeO ENEHENTVWEHHICIE 7T 7 X b
44> [M*-43] B {mlishs 2 enfisoh
TWw3, 22T, M-1BXUM2”R”ZFhZh
6-OH-CB 77 £ 2-OH-CB 126 TH % £ FHL,
s EZHEEAER L. 2 OFE, FREYM-
2 (X FAbER) @ GC R FFIFE 15.43 min 13,
2-MeO-CB126 ® Zh L 52£& 2 —3 L7z (Table
1. 2, A7 7 X7 —yarybliFAlL
—H L7z, BB, GBENN 3-MeO-CB 118 8 L U
4-MeO-CB107 i%, GC f&FFFfEIN Z 24 15.45
min & 15.51 min TH Y, iz, AT T T X
T—varyy M-2 (XFbK) L85 Tw
7z, KiZ, M-1 (X FNMEBMEK) 12D, S
fm® 6-MeO-CB77 L K L/ & 25, T ERE
FUOTRT7 I 7 X T = a YIFIZIZ—E L7203,
GC fRFFEF 13 0.03 min B < B S husg e
=L ehrot, EORER»S, M-2 13 201
DHFEH 3 11 NIH #E07 % L 72 2-OH-CB 126
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A) Untreated

CB118

e e

g

X OH T M

B) PB-treated

CB118

1T 3%
C) MC-treated

CB118

vd

10
Retention time (min)

M1 M2
Coa0 30 10 20

Retention time (min)

M-1 M-2
M_

T T
30 10 20

Retention time (min)

30

Fig. 1 Gas chromatograms of methylated derivatives of CB118 metabolites
formed by liver microsomes of untreated (A), PB-treated (B) and
MC-treated (C) guinea pigs.
Column for GC/ECD used was DB-1 capillary column (30 m long).

ThsEWEINTZ DD, M-1 12D\ T DIFHE
ALFREE IIRE E R o T2,

3. M CYP2BIS #imiF (- & 2 KHFEE

E)VE v T P450 © CYP2B18 13, PB &
P450 £ LTI Th <, RAUEIF S 70V — A1
BOTFEEZPLS0 E LTHHIS N T WS90 %
2T, CB1I8 fR#tic B 1 5 CYP2B18 Oa-5 % B
SMCT B0, IO P 450 1203 2 PG %2
HAwt, TRFFYM-2 0EKHERZAA. &
B, 70V —2AidRxd M-2 ERGEESE 2 -

7 PBHAEEVEY NFS 70V —2 % Hwiz,
Z OFER, PN 150 xl OWINT, M-2 D4R IZ
i EACEECHEESN (Fig.2). Zhs DR
Rns, TLVEY MFIZBT 2 M-2 DAERKIZIX
CYP2BI8 283 < BIG L T\ 3 Z L BHES I &
wolz,

% S

4MmE, CBIISDENLEY MNFI 70V —AIC &
% in vitro R 2T ~7- & 2 A, 2 EEORIY
(M-1 8XUM-2) BEgkahr., 51, GC/

Table 1 Mass spectral data and retention times of methylated derivatives of two metabolites and six

synthetic compounds in GC/MS

Molecular Mass spectral data Retention
Compound ) . .
weight [M*] [M*-15] [M*-43] [M*-50] time (min)
M-1 320 100 - — 108 14.40
M-2 354 100 - — 103 15.43
6-MeO-CB 56 320 100 - — 103 13.72
5-MeO-CB 56 320 100 - 13 — 14.32
6-MeO-CB 77 320 100 — — 120 14.37
2-MeO-CB 126 354 100 — — 103 15.43
3-MeO-CB 118 354 100 — 53 - 15.45
4-MeO-CB 107 354 100 48 45 - 15.51

(126)
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120

100

80

60 |

Formation of M-2 (%)

40 |

20
—O— Control serum

—@— Antiserum

0 50 100 150 200
Serum (ul)

Fig. 2 Effect of antiserum against

CYP2B18 on CB118 metabolism by
liver microsomes from PB-treated
guinea pigs.
Open and closed circles indicated
control serum and antiserum
against CYP2B18, respectively.
Each point represents the mean of
duplicate determinations.

CB

CYP2B18
NADPH, O,

118

MS 12 & b, M-1 133555 1 s L, 52 ortho
AL /AKEEFE S EH#1 X L7z OH-tetraCB THh 5 =
L, ¥£7-M-2132-OH-CBI26 TH % Z L2585
mEixol, ThETIZ, bhiibihli CB153 %
CBI38 % £ D 2,4,5- =M RiEM PCB O %
ENVEY PTHN, EAREHY L LT NIH RO
WO 2-OHHEMBER SN D Z L 2HEL T
2220 Z[alD CB118 O& b, NIH ERA Y
D2-OHBEBERBYI ThHolz 2 Lo, I
Ev MFIZB T 5 CB118 O fU# X, CB153 ®
CB138 L [FIfkic, %9 HfEfkL LT 2,3-epoxide
DER, &51ZX2MOEHRD 3 L~D NIH ¥z
M2 CHEITT 2 2 LR s hi: (Fig. 3).
Bk @ X 9 12, Haraguchi & 13 CB 118 # 5
7 v MZBWT, 4-OH-CB107, 4-OH-CB120
X U'3-OH-CBII8 &K Ehb 2 &, ZDH b
Hi2 B FCMBCRHET 2 I ex2mEL TV
%19 &5z, Kanechlor 500 % fEkERN#EE. L 72
E)VE Y MIOFTIE, 3-OH-CB118 ® A A F#H L
TWbZEbHELL?, ZhosoR#MDS 5,
4-OH-CB107 1%, CB118 5 721 Tlx % < CB
105 26 b&ERENDE 2 L0, FizMmdrco}
BHADS R WEE L PCBR#MDO 1 >Th
ZZENHSMIZZINT VLS X512, &k

HQ Cl cl

| 2.3-epoxide | “ O O ¢
P |

OH Cl
()= —
Cl |

Cl' 3.0H-CB118

(2-OH-CB777?)
Cl M

-2

(2-OH-CB126)

Fig. 3 Postulated metabolic pathways of CB118 in guinea pig liver.
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IR buy R EESR N Ui RS &
BT LRIy MREANOHRE N %2R
TNZEPH Y, HHINTWS, LrLAEN
5, GEIEVEY NFE 70V —A%2HW/in
vitro R # % T, 4-OH-CB107 ¥ X U'4-OH-
CB120 3 & sz oz, 1272, 3-OH-
CBI118 iZ Wi large scale (100 ml) T1T- 7z
EEIEPEERH SRS ERr o7 (T —
YRIEH). 2D XS, invitrofSFTER S
72 2-OH #&93 728 in vivo R CTAH S N5 72
DOOPBIERHT D %035, YO REE» R >
TwaZEldksrohdblnzw, §48bb,
2-OH K13 % DIF & A E DM LIS O % 1 5346
L7zbh, EhALHtshs itk s0mdb L
nzn, 5%, CBIS#HEGELEY MBI 2R
WO EENSA L TP AOIR Z TS Z L8
BBETH.

PCB i@ &£ L ¢, BuER S 17z OH f&H
LIFLIEEHRE S Tw 3, Di-ortho-PCB ®
CB 13829, CB 1532936 X 182,2’,4,4,6,6-hex-
aCB (CB155)%', % 7z tri-ortho-PCB @
CB1873V 72 1J T ¥ 7% <, coplanar PCB ®
CBI739% TH HHNT WS, LrLERS, 20D
AERRBERE I B U T, P450 12 & ARG fE v
ERRENE WO EERRE, ZEAETHDF
FThB., AWgeD CBIIS R#@flicB W T b, [k
WBEFL S IR M-1 DR S Lz, v X
A7 bV XY, orthofif 12 OH & 25 A7z
tetraCB Th % Z £ 5, 6-OH-CB77T TH 2 >
LFEEsNI, 22T, IREAKL M-1 & Hig
L7z8, HARRICK U € GC AR EFRFRI S —F L 7
motz, U EDZ Ehs, M-1 OIEME LRSS
WZOWTIERERHTH 20, TLVEY MFI 2
O Y — AIIEET DR RE, Z ORRALIESR
BB 2SS 2 DICERTH S S,

CB153 % CB138 O R iz B 5 3 % P450 43 F
e LT, TEVEYNHFTEPBFEEM D
CYP2BIS I b EETH 5 Z L BHSL M IZ %>
T 22929 3 41 2B18 HLIfE % Fv> T CB118
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Abstract Thirty-six years have passed since the outbreak of Kanemi rice oil poisoning,
namely, Yusho in the western Japan. However, even now the patients with Yusho have
been still suffering from several objective and subjective symptoms. In order to improve
or, if possible, to cure the such symptoms, the most important therapeutic treatment is
considered to actively excrete the causative agents, that is, polychlorinated dibenzofurans
(PCDFs) and polychlorinated dibenzo-p-dioxins (PCDDs) from the bodies of the patients
and to reduce their body burdens.

In rats, dietary fiber and chlorophyll have been shown to promote the fecal excretion of
dioxins and to reduce their levels in rat liver. In this study, we examined whether such
kinds of effect were also observed by FBRA, which was the health food and relatively rich
with dietary fiber and chlorophyll, in nine married Japanese couples.

As a result, concentrations of PCDFs and PCDDs on the lipid weight basis in the blood
of the FBRA-intake group in which they took 7.0 to 10.5g of FBRA after each meal and
three times a day for one year were more lowered than those in the blood of the non-
intake group; Blood levels of PCDFs and PCDDs in the FBRA-intake group were
decreased by 41.0 and 37.2 94, respectively, and those decreases were 33.7 and 29.4 9§ in
the non-intake group.

Their total body burdens just before and one year after the study were calculated on the
assumptions that the body fat was also contaminated with these dioxins at their blood
levels on the lipid weight basis and the content of body fat was 20 9§ of the body weight.
Then, we computed the average amounts in excretion of PCDFs and PCDDs from the body
in both the FBRA-intake and non-intake groups. Consequently, the amounts of excre-
tion of PCDFs and PCDDs in the FBRA-intake group were 1.81 and 1.74 times, respective-
ly, greater than those in the non-intake group. Therefore, FBRA seemed to promote the
fecal excretion of causative agents of Yusho, from the human body.

We also expect FBRA to reduce their body burdens of patients with Yusho and to
improve some objective and subjective symptoms of Yusho patients.

dioxins (PCDDs) not only in JapanV? but

Introduction also other countries®~”. Consequently,

Our environments including foods have human beings also have already been
been polluted with extremely toxic dioxins contaminated with these dioxins®~!?. We
such as polychlorinated dibenzofurans already have investigated the effects of this
(PCDFs) and polychlorinated dibenzo-p- kind of compounds on the foetus and suck-
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lings which are considered the most sensi-
tive stages of human beings as well as
animals, and observed their unfavorable
effects on thyroid hormone and immune
response systems in Japanese infants per-
inatally and lactationally exposed to
them!V~'%_  Their

developmental condition have also been

adverse effects on
found in 10-month-old breast-fed Japanese
infants!®1®,

PCDFs and PCDDs have been the most
important etiological agents of Yusho!”, a
mass food poisoning that occurred in west-
At
present, namely, more than 35 years after

ern Japan in 1968 and even now!®.

the outbreak, many patients with Yusho are
still suffering from several objective and
subjective symptoms.

In order to prevent or avoid their adverse
health consequences on fetuses and suck-
lings, active reduction of their contamina-
tion levels in mother’s body seems quite
important. And also, in order to improve
or to cure various symptoms of patients
with Yusho, their promotive excretion from
the body of Yusho patients is considered
very useful. In rats, dietary fiber and chlo-
rophyll have been shown to promote the
fecal excretion of dioxins, probably due to
the restriction or some inhibition of their
absorption and re-absorption in the diges-
tive tract and therefore to reduce their
levels in rat liver'®?®. In this study, we
examined whether such kinds of effect were
observed by FBRA, which was the brown
rice fermented with Aspergillus-oryze and
rich with dietary fiber, or not in Japanese

adults.
Materials and Methods

FBRA has been manufactured for over 30
years with Genmaikouso Corp., Sapporo,
Japan, and taken by more than 100,000
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people as one of the health foods. Ingredi-

ents of FBRA have already been reported in
our previous study??.

Nine married couples of 37 to 48 years old
were voluntarily participated in this study,
and divided into two groups which were
tried to match for sex and age, namely,
FBRA-intake and non-intake groups.
FBRA-intake group consisted of 5 males
and 4 females with the mean age of 44.3
years old and non-intake group 4 males and
5 females with that of 43.8 years old. In
FBRA-intake group, they took 7.0 to 10.5g
of FBRA after each meal and three times a
day for one year and in non-intake group
they didn’t.

Before starting this study, 60 to 80 ml of
the peripheral blood was individually taken
by venipuncture in both the FBRA-intake
and non-intake groups twice at one week
intervals. These blood samples were anal-
yzed for PCDFs and PCDDs by HRGC-
HRMS technique using a Micromass
Autospec-Ultima mass spectrometer direct-
ly interfaced with Hewlett Packard 6890
Series gas chromatograph??.

To express the toxic potency of the mix-
ture of dioxin congeners in the blood sam-
ples, the 1998 WHO toxic equivalency factor
(TEF) approach was used for PCDFs and
PCDDs?®. By multiplying the concentration
(pg / g lipid) and TEF value, the toxic equiv-
alent (TEQ) of each congener was calcu-
lated and expressed as pg TEQ /g lipid.
The TEQ-sum of all 2, 3, 7, 8-substituted
PCDFs / DDs congeners was summarized as
the total TEQ concentrations. The average
TEQ concentration of PCDFs or PCDDs in
the two blood samples of the same person
was expressed as the individual original
level in both groups. In order to evaluate the
effect of FBRA on their excretion from the
human body, their blood TEQ concentra-
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tions were determined again exactly with
the same manner one year later in both the
FBRA-intake and non-intake groups.
Then, their mean levels were individually
compared each other.

Results

Respective initial levels of PCDFs
(mean=®S.D.) in the blood were 9.6+4.6 and
6.4+2.0 pg TEQ / g lipid in FBRA-intake
and non-intake groups. In the same man-
ner, those of PCDDs were 13.5+6.7 and 9.
9+4.7 pg TEQ /g lipid. Accordingly, the
average initial concentrations of PCDFs and
PCDDs in the FBRA-intake group were
somewhat higher than those in the non-
intake group. One year later, blood levels
of PCDFs or PCDDs showed a decreasing
tendency in both FBRA-intake and non-
intake groups. In order to see the changes in
their blood levels more clearly, their rela-
tive concentrations were computed based
upon their respective initial ones as the
standard (1.0). In case of PCDFs, relative
blood levels in the FBRA-intake group
decreased in all the nine subjects with the
average relative level of 0.62 and three
people were less than 0.5. Meanwhile, in
the non-intake group seven of nine subjects
showed less than 1.0 in relative blood levels
with the average of 0.66 and three people
were less than 0.5. In case of PCDDs, the
relative blood levels in the FBRA-intake
group showed decreasing tendency in all the
nine subjects with the average of 0.65.
However, in the non-intake group six of
nine people were less than 1.0 with the
average of 0.75.

Average concentrations of PCDFs and
PCDDs in the blood of FBRA-intake and
non-intake groups are indicated in Figs. 1
and 2, respectively. The concentrations
(mean®=S.D.) at one year after the FBRA
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intake were 5.7+3.2 pg TEQ /g lipid in
PCDFs and 8.5+4.9 pg TEQ /g lipid in
PCDDs. In the non-intake group, respec-
tive those were 4.24+2.1 and 7.0x£3.2 pg
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Fig.1 Changes in average concentrations of
PCDFs in the blood of FBRA-intake
(left) and non-intake (right) groups
for one year.
FBRA-intake Group; —40.69, Non-
intake Group; —34.49%
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Fig. 2 Changes in average concentrations of
PCDDs in the blood of FBRA-intake
(left) and non-intake (right) groups
for one year.
FBRA-intake Group; —37.09%, Non-
intake Group; —29.3%
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TEQ / g lipid. Therefore, blood levels of
PCDFs and PCDDs in the FBRA-intake
group were decreased by 40.6 and 37.0 9,
respectively. In the meantime, in the non-
intake group respective those were 34.4 and
29.3 %.

We calculated the total body burdens of
PCDFs and PCDDs on the assumptions that
body fat was also contaminated with these
compounds at their blood levels on the lipid
weight basis and the content of body fat was
20 9% of body weight and the results are
shown in Figs. 3 and 4. Initial average
total body burdens of PCDFs were 115 ng
TEQ / person in the FBRA-intake group
and 77 ng TEQ / person in the non-intake
group. Those of PCDDs were 163 and 118
ng TEQ / person, respectively. After one
year, average total body burden of PCDFs
were 68 ng TEQ / person and that of PCDDs
102 ng TEQ / person in the FBRA-intake
group, and respective those of the non-
intake group 51 and 83 ng TEQ / person.
Accordingly, as indicated in Fig. 5, average
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Fig. 3 Changes in mean total body burdens
of PCDFs in the FBRA-intake (left)
and non-intake (right) groups for one
year.
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Fig. 4 Changes in mean total body burdens
of PCDDs in the FBRA-intake (left)
and non-intake (right) groups for one
year.

amounts in excretion of PCDFs from the
body for one year were 47 ng TEQ / person
in the FBRA-intake group and 26 ng TEQ /
person in the non-intake group. Respec-
tive those of PCDDs were 61 and 35 ng
TEQ / person. Therefore, amounts of
excretion of PCDFs and PCDDs in the
FBRA-intake group were 1.81 and 1.74
times, respectively, greater than those in the
non-intake group.

Discussion

In male rats, the fecal excretion of PCDDs
was 1.3 to 2.9 times greater in the groups
fed with the rice-bran and spinach fibers
than in the group fed with a non-fiber
diet'®. Therefore, rice-bran fiber seems to
promote the excretion of PCDDs and also
hopefully PCDFs from not only rats but also
humans. As we previously reported®?, 100g
of FBRA contain about 20g of dietary fiber.
So, if the subjects take 10g of FBRA after
each meal and three times a day, they will
have 2g of dietary fiber each time and 6g in
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Fig. 5 Changes in average amounts of excretion of PCDFs (left) and PCDDs (right)
from the human body in the FBRA-intake and non-intake groups for one

year.
: FBRA-intake group
M : Non-intake group

In addition to dietary fiber, FBRA
contains chlorophyll, which also showed the

a day.

promotional fecal excretion of PCDDs in

20), we expected

male rats Accordingly,
FBRA to promote the fecal excretion of
PCDFs and PCDDs from the human body
Actually,
as shown in Figs. 1 and 2, one year intake of
FBRA lowered their blood levels more in
the FBRA-intake group than in the non-
intake group. Consequently, total body
burdens of PCDFs and PCDDs were also

markedly decreased more in the former

and decrease their blood levels.

group than in the latter and their elimina-
tion rates were about 1.81 and 1.74 times,
respectively, higher in the FBRA-intake
group than in the non-intake one, as indicat-
ed in Figs. 3 to 5.

In conclusion, even though in such small
scale clinical trial, FBRA seemed to pro-
mote the fecal excretion of PCDFs and
PCDDs from the human body probably
through the inhibition of their absorption
and / or re-absorption in the digestive tract
to some extent and to decrease their body
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burdens.

In addition to the promotive excretion of
the causative agents of Yusho, namely,
PCDFs and PCDDs, FBRA 1is a health food
and good for health, as shown before??, so it
may also improve various objective and
subjective symptoms of patients with
Yusho. Hence, the clinical trial of FBRA
for Yusho patients is now in progress since
March, 2003.
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Follow-up Survey of Dioxins Concentrations in
the Blood of Yusho Patients in 2002-2003
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Abstract We measured the concentrations of polychlorinated dizenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs), and non-ortho-coplanar polychlorinat-
ed biphenyls (Co-PCBs) in blood collected from 279 Yusho patients and 92 Yusho-suspect-
ed persons living in Japan in 2002, 269 Yusho patients and 74 Yusho-suspected persons
living in Japan in 2003 and 128 normal controls living in Fukuoka Prefecture, and
compared with the concentrations of these compounds among the groups. The total TEQ
concentrations of PCDDs, PCDFs, and Co-PCBs in the blood of Yusho patients were 3.6
times and 3.3 times higher than those in the normal controls in 2002 and 2003, respectively.
In the case of Yusho-suspected persons, the concentrations were 1.1 times and 1.0 times
higher in 2002 and 2003, respectively. Among the TEQ concentrations of PCDDs, PCDFs,
and Co-PCBs, the concentrations of PCDFs in the blood of Yusho patients were 10.3 times
and 9.4 times higher than those of the normal controls in 2002 and 2003, respectively,
whereas the concentrations of PCDDs and Co-PCBs in blood were identical in Yusho
patients, Yusho-suspected persons and normal controls. Yusho patients indicated the
highest concentrations ratio of PCDFs to the total TEQ concentrations. Moreover, of the
PCDFs congeners for Yusho patients, the concentrations of 2,3,4,7,8-PeCDF were about
11.0 times and 10.1 times higher in 2002 and 2003 than those in normal controls. These
results indicated that Yusho patients have a much higher concentration of 2,3,4,7,8-PeCDF
in their blood than do unaffected persons even though over 34 years have passed since the
outbreak of Yusho.

Introduction

The Yusho poisoning accident, which
affected over 1800 persons, occurred in 1968
in western Japan. The study group for
Yusho quickly identified the immediate
cause of the disease to be the ingestion of
Since Yusho patients had
ingested rice oil that was initially found to

the rice oilV?.

be contaminated with a large amount of
PCBs that are used as a heat transfer
medium in the process of rice oil production,
the PCBs were thought to be the causal
compounds of Yusho®. From the results of

extensive study by the study group for

(139)

Yusho, it has become clear that PCDFs
rather than PCBs are now considered to
play an overwhelmingly important role in
of the disease®~!%.
Recently, a re-evaluation of the diagnostic

the pathogenesis

criteria, including the concentrations of
PCDFs in the blood, was begun.
since most of the patients are now over 60
years old, these patients can safely supply
only small volumes of blood for the mea-
surement of PCDDs, PCDFs, and Co-PCBs
concentrations.

However,

In order to establish new
diagnostic criteria for Yusho, we have
developed an analytic method for measuring
the concentrations of PCDDs, PCDFs, and
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Co-PCBs in human blood samples as small
as 5 g and an efficient method for speeding
up the pretreatment procedure for blood
samples'?  and we have measured the
concentrations of PCDDs, PCDFs, and Co-
PCBs in blood samples collected from 78
Yusho patients living in Fukuoka Prefec-
ture in 20019. In consideration of the fact
that the concentrations of PCDDs, PCDFs,
and Co-PCBs in the blood samples of about
400 subjects living in Japan were scheduled
for measurement in 2002-2004, it is desirable
to develop more effective methods to speed
up the pretreatment procedure for blood
samples. Therefore, to make this proce-
dure more effective, a portion of the previ-
ously reported method was improved!®.

In this study, we measured the concentra-
tions of PCDDs, PCDFs, and Co-PCBs in
blood collected from 279 Yusho patients and
92 Yusho-suspected persons living in Japan
in 2002, 269 Yusho patients and 74 Yusho-
suspected persons living in Japan in 2003
and 128 normal controls living in Fukuoka
Prefecture who were in the same age range
as the Yusho patients, and we compared the
blood concentrations of these compounds
among these different groups.

Materials and Methods

1. Sampling

The Yusho and Yusho-suspected blood
samples were collected from a total of 371
and 343 subjects at their medical checkups
in 2002 and 2003, respectively; all gave
their informed consent. The patients were
279 Yusho patients as authorized by the
Yusho medical team according to the diag-
nostic criteria for Yusho disease, and 92
Yusho-suspected persons that were suspect-
ed to have ingested the rice bran oil, though
unauthorized by the Yusho medical team
according to the diagnostic criteria for
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Yusho disease in 2002, and were 269 Yusho
patients and 76 Yusho-suspected persons in
2003, respectively. The blood samples of
the normal controls were collected from a
total of 128 subjects from whom informed
10 ml of blood
samples were collected using a vacuum

consent was also obtained.

blood-collecting pipe containing heparin
and stored at 4 °C until analyze for concen-
trations of PCDDs, PCDFs, and Co-PCBs.

2. Materials

Native PCDDs, native PCDFs and native
Co-PCBs, as authentic standards, were pur-
chased from Wellington Laboratories
(Ontario, Canada). [**C,,]-PCDDs, [C,,]-
PCDFs, and [**C,,]-PCBs, as internal stan-
dards, were also purchased from Wellington
Laboratories. An active carbon column
was prepared as follows : active carbon was
purchased from Nacalai Tesque (Kyoto,
Japan), refluxed 3 times with toluene for 1
hour, and dried in vacuum, after which 500
mg of the active carbon was mixed with 500
g of anhydrous sodium sulfate (Wako Pure
Chemical Industries, Ltd., Tokyo, Japan).
A silver nitrate / silica gel was purchased
from Wako Pure Chemical Industries, Ltd.
Distilled water used in this experiment was
treated with n-hexane. All reagents and
solvents used in this experiment were of the
analytic grade of dioxin that is commer-
cially available.

3. Sample preparation

The extraction of lipid from the blood
samples was performed with an accelerated
solvent extractor (ASE) system as previous-
ly described!V'?,
was loaded into the extraction cell filled
Sorbent
Technology Ltd., Hengoed, Mid Glamorgen,
UK). After 15 hours of freeze-drying with a

Each 5g blood sample

with 3g Isolute (International
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freeze dryer (VirTis Co. Inc., NY, USA),
[13C,,]-PCDDs, [**C,,]-PCDFs, and [**C,,]-
PCBs were added as internal standards, and
lipids were extracted. The following pro-
grammed parameters were used for these
extractions: a pressure of 2,000 psi and a
temperature of 150 °C, a static time of 10
minutes, a flushing volume of 50 ml, 180
seconds purging, a 60 9§ flushing volume for
two cycles, and acetone: n-hexane (1: 3,
v/ V) The
extract was concentrated to near dryness,

as the extraction solvent.
and the lipid contents were determined
gravimetrically. The extracted lipid was
used to carry out the clean-up procedure at
a scale one-quarter of that of the conven-
tional method. More specifically, the lipid
was dissolved in n-hexane and treated with
concentrated sulfuric acid. The separated
hexane layer was applied to a column that
linked a silver nitrate / silica gel column (0.
5 g) and an active carbon sodium sulfate
column (0.5 g), and it was separated into
two fractions. The first fraction, contain-
ing mono-ortho-coplanar polychlorinated
biphenyls (mono-ortho-Co-PCBs), was elut-
ed with 15 ml of hexane and 10 ml of 109§
(v/v) dichloromethane / n-hexane. PCDDs,
PCDFs and Co-PCBs were eluted with 25 ml
The

eluate was concentrated to near dryness

of toluene as the second fraction.

with a multiple sample concentrator
(BUCHI, Labortechnik AG, Flawil, Switzer-
land) and transferred to a GC injection vial,
and the syringe standard was added. The
column packing (silver nitrate silica gel,
active carbon column and anhydrous
sodium sulfate) used in this experiment was
washed by an ASE-200 system under the
same conditions as the lipid extraction with
n-hexane or toluene. All glassware instru-
ments used in this experiment were treated
in a high-temperature oven (ALP Co. Ltd.,

(141)
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Tokyo, Japan) at 450°C for 6 hours.

4. Analysis of PCDDs, PCDFs, and Co-
PCBs

Concentrations of the PCDDs, PCDFs, and
Co-PCBs were measured using high-resolu-
tion gas chromatography / high-resolution
(HRGC / HRMS)
equipped with a solvent cut large-volume
(SCLV) injection system (SGE Ltd., Victo-
Australia)'V'?.
tions were as follows: the gas chromato-
graph was an HP-6890A (Agilent Technol-
ogies Inc., California, USA) equipped with
an Autospec Ultima NT, (Micromass Ltd.,
Manchester, UK) and an SCLV injection
system ; the column used was a BPX-5

mass spectrometry

ria, The analytic condi-

fused silica pre-capillary column, 0.25 mm
id. X 6 m, 0.25 gm film thickness (SGE
Ltd.); the analytic column (BPX-Dioxin I)
was 0.15 mm i.d. X 30 m (SGE Ltd.); the
column was heated from 160°C to 300°C at a
rate of 20°C / minute, maintained at 300°C
for 8 minutes, cooled to 195°C at a rate of 70°
C / minute, maintained at 195°C for 0.5
minutes, heated to 300°C at a rate of 3°C/
minute, and then maintained at 300°C for 1
minute. The injection temperature and ion
source temperature were both maintained at
280°C, and the carrier gas (helium) flow rate
The

ionizing current, ionizing energy, accelerat-

(constant flow) was 1.3 ml/ minute.

ing voltage and trap current were 750 yA,
40 eV, 8.0 kV and 750 uxA, respectively.
PCDDs, PCDFs and Co-PCBs were analyzed
in a single-ion record mode. The resolution
was maintained at 10,000 at 59 valley. For
the analysis of tetrachlorodibenzo-p-diox-
ins (TCDDs), pentachlorodibenzo-p-dioxins
(PeCDDs),
(HxCDDs), heptachlorodibenzo-p-dioxins
(HeCDDs), and octachlorodibenzo-p-dioxin
(OCDD), [13Cy2]-2,3,7,8-TCDD,

hexachlorodibenzo-p-dioxins

we used
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[13Cy,]-1,2,3,7,8-PeCDD, [**C,,]-1,2,3,4,7,8-
HxCDD,[**C;,]-1,2,3,6,7,8-HxCDD, [**C,,]-
1,2,3,7,8,9-HxCDD, ['C,,]-1,2,3,4,6,7,8-
HeCDD, and [**C,,]-1,2,3,4,6,7,8,9-OCDD as
internal standards, respectively. For the

analysis of tetrachlorodibenzofurans
(TCDFs), pentachlorodibenzofurans
(PeCDFs), hexachlorodibenzofurans
(HxCDFs), heptachlorodibenzofurans
(HeCDFs), and octachlorodibenzofuran
(OCDF), we wused [%C,,]-2,3,7,8-TCDF,

[12Cy,]-1,2,3,7,8-PeCDF, ['*C,,]1-2,3,4,7,8-
PeCDF, [**C,,] -1,2,3,4,7,8-HxCDF, [**C,,]-
1,2,3,6,7,8-HxCDF, ['*C,,]-1,2,3,7,8,9-
HxCDF, [**C;,]-2,3,4,6,7,8-HxCDF, [**C,,]-
1,2,3,4,6,7,8-HeCDF, [*C,,]-1,2,3,4,7,8,9-
HeCDF, and [**C,,]-1,2,3,4,6,7,8,9- OCDF as
internal standards, respectively. For the
analysis of 3,3",4,4’-tetrachlorobiphenyl
(TCB), 34,4 5-TCB, 3,3,4,4 5-pentachlor-
obiphenyl (PeCB), and 3,3',4,4’,5,5'-hexach-
lorobiphenyl (HxCB), we used [**C;,]-3,3' /4,
4-TCB, [**C,,]-3,4,4'5-TCB, [**C,,]-3,3 4,
4 5-PeCB, and [**C,,]-3,3,4,4',5,5'-HxCB as
[13C12]_1,
2,3,4-TCDD was used as a syringe spike.

internal standards, respectively.

Results and discussion

We have developed an analytic method
for measuring the concentrations of PCDDs,
PCDFs, and Co-PCBs in human blood sam-
ples as small as 5 g and an efficient method
for speeding up the pretreatment procedure
for blood samples!V'® Moreover, we have
improved a method that is more effective
than the previously reported method for
treating many samples within a short period
of time with high reproducibility’®. Using
this method, we measured the concentra-
tions of PCDDs, PCDFs, and Co-PCBs in
blood collected from 279 Yusho patients and
92 Yusho-suspected persons living in Japan
in 2002, 269 Yusho patients and 74 Yusho-
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suspected persons living in Japan in 2003
and 128 normal controls living in Fukuoka
Prefecture. Because the risk assessment of
exposure to PCDDs, PCDFs, and Co-PCBs is
expressed in the toxic equivalent quantity
(TEQ)
based on the toxic equivalent factors (TEF)

concentrations, it was estimated
values proposed by the World Health Orga-
nization (WHO)¥. The TEQ concentra-
tions of PCDDs, PCDFs, and Co-PCBs in the
blood of Yusho patients, Yusho-suspected
persons and normal controls, including the
data in 2001, are presented in Table 1-2.
The total TEQ concentrations of these
isomers in the blood of Yusho patients col-
lected in 2002 and 2003 were 136.4 and 125.
0 pg-TEQ / g lipid, respectively, values that
were 3.6 and 3.3 times higher than those in
normal controls, respectively. In the case
of Yusho-suspected persons, the total TEQ
concentrations were 42.5 and 37.0 pg-
TEQ /g lipid, respectively, which were
slightly higher than those of the normal
controls.

The TEQ concentrations of PCDDs,
PCDFs, and Co-PCBs in the blood of Yusho
patients were 19.5, 104.6 and 12.3 pg-
TEQ / g lipid in 2002, respectively, and 17.6,
95.8 and 11.7 pg-TEQ /g lipid in 2003,
respectively. In the case of Yusho-suspect-
ed persons, these concentrations were 13.8,
18.7 and 10.0 pg-TEQ /g lipid in 2002,
respectively, and 11.7, 16.9 and 8.3 pg-
TEQ / g lipid in 2003, respectively. On the
other hand, the TEQ concentrations of
PCDDs, PCDFs, and Co-PCBs in the blood
of normal controls were 15.3, 10.2 and 11.9
pg-TEQ/g lipid, respectively. The TEQ
concentrations of PCDDs, PCDFs, and Co-
PCBs in the blood of Yusho patients and
Yusho-suspected persons in 2003 resulted in
almost the same concentrations as those
obtained in 2002. The TEQ concentrations
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of PCDDs and Co-PCBs were nearly the
same among Yusho patients, Yusho-
suspected persons, and normal controls in
2002 and 2003. However, the PCDF levels
of Yusho patients were significantly higher
than those of Yusho-suspected persons and
normal controls. The PCDF concentra-
tions of the Yusho patients and Yusho-
suspected persons were about 10.3 and 1.8
times higher, respectively, than those of
normal controls in 2002, and 9.4 and 1.7
times higher in 2003. These findings in-
dicated that Yusho patients have a much
higher concentration of PCDFs in their
blood than do unaffected persons even now,
after over 34 years have passed since the
outbreak of Yusho.

The relative contribution ratios of the
concentrations of PCDDs, PCDFs, and Co-
PCBs to the total TEQ concentrations are
shown in Table 3. The ratios of the
PCDDs, PCDFs, and Co-PCBs concentra-
tions to the total TEQ concentrations for
normal controls were 41.0, 27.2 and 31.8%,
respectively. In the case of Yusho-suspect-
ed persons, the contribution ratios of these
three concentrations were 32.6, 43.9 and 23.
596 in 2002, respectively, and 31.8, 45.7 and
22.59% in 2003, respectively. Interestingly,
the ratios of these concentrations in Yusho
patients were 14.3, 76.7 and 9.09§ in 2002,
respectively, and 14.1, 76.6 and 9.3%§ in 2003,
respectively. The ratios of the PCDDs,
PCDFs, and Co-PCBs concentrations contri-

bution to the total TEQ concentrations for
Yusho patients and Yusho-suspected per-
sons in 2003 were almost the same as those
obtained in 2002. Yusho patients had the
highest contribution ratio of PCDFs to total
TEQ concentration. These findings in-
dicated that PCDFs, thought to be the pri-
mary cause of the Yusho disease, still con-
stituted a high ratio compared with Yusho
-suspected persons and normal controls.
Therefore, PCDFs were considered to be
important factors for evaluating the tox-
icity of Yusho patients. In the Yusho
-suspected persons, when the PCDFs ratio
to the total TEQ concentrations was
compared with Yusho patients and normal
controls, it was found to be at a level inter-
mediate between those of Yusho patients
and normal controls. However, some of
the Yusho- suspected persons showed high
PCDF's concentrations.

Among PCDFs congeners, the concentra-
tions of 2,3,4,7,8-PeCDF, 1,2,3,4,7,8- HxCDF,
and 1,2,3,6,7,8-HxCDF showed particularly
high concentrations for Yusho patients
compared with those of normal controls
(Table 1). The TEQ concentrations of 2,3,
4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, and 1,2,3,6,
7,8-HxCDF in the blood samples collected
in 2002 for Yusho patients were 192.0, 59.0
and 22.4 pg /g lipid, respectively. These
levels were 11.0, 11.8 and 3.9 times higher,
respectively, than those of normal controls.
In 2003, those for Yusho patients were 176.

Table 3 Rerative contribution ratios of the concentrations of PCDDs, PCDF, and Co-
PCBs to the total TEQ concentrations

Relative contribution ratio (%)

Yusho patients

Yusho-suspected persons Normal controls

isomers 2001 (n=78) 2002 (n=279) 2003 (n=269) 2002 (n=92) 2003 (n=74) 2004 (n=128)
PCDDs 16.1 14.3 14.1 32.6 31.8 41.0
PCDFs 78.0 76.7 76.6 43.9 45.7 272
Co-PCBs 5.9 9.0 9.3 23.5 22.5 31.8

PCB: non-ortho-coplanar polychlorinated biphenyl; PCDD: polychlorinated dibenzo-p-dioxin; PCDF: polychlorinated

dibenzofuran.
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2, 52.0 and 20.4 pg/g lipid, respectively,
which were 10.1, 10.4 and 3.6 times higher,
respectively, than those of normal controls.
In the case of Yusho-suspected persons, the
concentrations were 1.9, 1.8 and 1.2 times
higher than those of normal controls, respec-
tively, in 2002, and 1.7, 1.7 and 1.1 times
higher, respectively, in 2003. Among the
PCDFs congeners measured in Yusho
patients in 2002 and 2003, a very high con-
centration of 2,3,4,7,8-PCDF and 1,2,3,4,7,8-
HxCDF were found in comparison with the
level in normal controls. These findings
indicated that the persisting PCDFs in the
blood of Yusho patients, in particular 2,3,4,
7,8-PeCDF, remain at a much higher concen-
tration than normal controls even now.
Therefore, 2,3,4,7,8-PeCDF was indicated to
be the most important compound for the
establish of diagnostic criteria for Yusho.
Five years after the outbreak of Yusho,
the follow-up survey of PCBs concentra-
tions in the blood of the patients was begun.
The diagnostic criteria for Yusho have been
based on the gas chromatographic patterns
of PCBs retained in the blood and the PCQ
in the blood"'®. Yusho
patients even now have a much higher con-
centration of PCBs and PCQs in their blood.
Therefore, the PCBs and PCQ concentra-
tions in the blood of Yusho patients are still

concentrations

regarded as a pertinent index of the expo-
sure in these patients, since these concentra-
tions may well reflect the amount of rice
bran oil ingestedV?. From the results of
extensive study of Yusho, PCDFs were con-
cluded to be the principal causal compound
in Yusho poisoning®~'?. In order to estab-
lish new diagnostic criteria for Yusho, we
measured the concentrations of PCDDs,
PCDFs, and Co-PCBs in blood samples col-
lected from 78 Yusho patients living in

Fukuoka Prefecture in 2001, 279 Yusho

(146)
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patients living in Japan in 2002 and 269
Yusho patients living in Japan in 2003.
From the results of measuring the concen-
trations of PCDDs, PCDFs, and Co-PCBs in
the blood samples of Yusho patients, it
became clear that Yusho patients still have
a much higher concentration of PCDFs in
their blood than do unaffected people more
than 34 years after the Yusho incident.
Moreover, it was indicated that the concen-
tration of 2,3,4,7,8-PeCDF, which was the
highest among the congeners of PCDFs, is
an effective indicator for establishing new
diagnostic criteria for Yusho. When this
new diagnostic criterion is introduced, some
of the Yusho-suspected persons may be
found to be Yusho patients.
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