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f is 2 hundred to ten th d times greater than
that of polychiorinated bipheny polychierinased
ABTIACT InthlSwWﬁﬂlVﬂr: q phenyls in animal exp
lmbrmmw,', orinated cib
(14 of 15) and polychiorinased henyis (15 of 15),
28 well as w(udu).nnm
concentration ratio of these sub was appx “YUSHO" is a poisoning ch: ized clinically by acne-
1:160: Sw.l-dm&n“‘ ring svidence, we prop ﬂke&mliwmwamdwmmm
that pelychieri q phenyls were major in 1968, an outb din parts of Jap
in the develop of Yusho: (1) Clinical mani- Arehipclmanduarmnlt,mmnhmm

festations and course of Yusho patients are disproportion-
ately severe and persistent for the observed bloed levels of

,‘,“‘ d biphenyls, patients who were occu-
ot d o purs polychierinated biphenyls take
mmym“andbmhdmmm

pelychiorinated biphenyl levels often much higher than
Mm“hvm”ﬂt’m (2) Polychiorinated deben- _
fu show a Yy to d hdn
tiver, which might explain free of j
umwmmvm M.u,adn.

suffered. The outbreak was initfally thowght to reswit from
polychlorinated bipheny! (PCB) povsoninl‘" caused by the
ion of rice oil U hor 400,
a heat transfer medium.? Summmy m. "mlc" rh ol
was also found to ji levels of polychh
bcnzoﬁmm (PCDF:)‘ M'hly mmmd PCs’;
and p Is (PCQs)* —soxicologh
ally ill-d-ﬁmd, but submm p-'w! equally toxic as
PCBs.”* Both PCOFs and PCQs can be generatad when
PCBs are heated.® The ratio of PFCDFs or PCQs to PCBs can

net observed In those with
bipheny! poisening; (3) Tan/ofpdydlluldebm-
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ical contribution of PCDFs in Yusho was further implicated
by discovering that the Hver of Yusho patients who died
from other causes after the outbreak of the poisoning con-
tained PCOF's one thousand times higher than that found in
normal populations. !1+ 13 A recent analysis of the biood of
Yusho patients conductad 11 yr after the Yusho

datectad PCQs but not PCDF's, suggssting the role of PCQs
3 a suitable marker for the past episode of exposure to
toxic oils.'?

During the spring and summer of 1979, cases of peculiar
skin disease dnncwiud mainly by acne; cheese-like dis-
charge from the Meib gand; p ion of the skin,
gingiva and the nail beds.mdabdmﬁnal pains were report-
ed in two prefectures in the middle part of Taiwan, Repub-
lic of China.!> Sampies of suspectad *toxic” rice oil deliv-
ersd to us in the autumn were found to contain PCBs. Gas
chromatographic patterns of these sampies were similar to
thoss found in Japanese “'toxic” rice oils. All biood sam-
ples from the patients likewise contained PCBs ranging from
54 to 136 ppb (mblhlnddah).ﬂn mlmwolpanenu
exceedad 1,800 at the end of 1980; a detailed epid 8

and fifth fractions from a Florisil column, and after careful
mﬁmmﬁymmmhﬁc‘dmaﬁvﬂ”qu
an {20 g ak a, Merck Co., Ltd,, Art. No.
Ioﬁ;l.SanlD).Toacl\hnm-fﬁdmtnnmnld
impurities, 200 ml of 2% methylene chioride in n~-hexane
was used as ths first eluate, Polychiori d dibx f

were recovered with 200 mi of 20% methylene chloride in
m:a\e.mdmumwapoﬂmd to dryness and the

~residue was dissolved in mhexane and analyzed by GC using
a Varian A 21009; graph with
“mgcn Gﬁ prd ey were a3 folt

column, 2m X 2 mmdmcnhmnn...udvmh 2%0V-17
on Gas Chrom Q (100/120 mesh); injection, detaction, and
column temperatures, 255, 320 and 250'(; rmﬁvdy,
carrier gas, Ny (30 ml/mm) Polychioril

were estimated by comparing the peak MM of the gas
chromatogram with those of PCDF standard, that
PCDF isomers with the same number of chiorine atoms
had the same sensitivity, regardiess of the sites of chiorine
substitution (Fig. I)

ncalwddlnkalnpoﬂvﬂl bemaduluvhen.

Qf the 15 patients in the present study, PCOFs were
found in the blood of all except for one who had mild clin-
ical manifestations. In this study strong evidence suggesting
2 major role of PCDFs in developing clinical manifestations
and p is which ch i Yusho {not mere “pure
rce” pohodng) is presented.

METHODS AND MATERIALS

Thres samples of “toxic” oil, and 10-mi blood samples
were coflected from 15 patients with various clinical sever-
ities, who were pupils living in the dormitories on the school
campus. Every meal was provided by the school. The pupils
were estimated to have consumed the contaminated ol In
the school chow served during a 4month period, up to 6
months prior to the time of blood sampling.

Arnslytical metheds for PCBs, PCQs, and PCDFs. Ten mil-
liliters of blood were saponified with 20 mi of 2N KOH
ethanol solution for 1 br under refluxing. After addition of
20 mi watey, the saponified sample was extracted with 30
mi of m-hexane, The #-hexane layer was then washed with
Scmlo'mv mmmmmuﬁ-m

i fy 5 mil in a ICD. concentrator.
mMumnmmaFWIM(mgd
60-100 mesh Florisil, activation at 130"C overnight; 1.8
cm 1D) and eluted successively with 130 mi of n~hexane, 50
ml of 2% diethyl sther in n-hexane, 100 mi of 5% diethyl
ether in n-hexane, 250 mi of S0% disthyl ether in n-hexane,
M!mduma:mdwvﬂfuﬂyzuﬂm
The first and second sluates were "
mdnlvudfu!CﬁbypsdnnuWy(GC)ma
vmmzmo machine equipped with ®Ni-ECD,
uhwlhduwimnly

quamrpheny dubdlndnlblrdfnc-
tion Morinated exhaustively with

heride ek 2 "

penta
Par

lmﬁd-s,mddcmﬂmdbyaSMMuGC—GAps
chvomasograph fitted with @NI-ECD.
Polychiori d dib furans were eluted in the fourth

22

Polychiorinated dibenzoft in the samples were iden-
nﬁed (F}; 2) by gaschromoto-masspectrographic (GC-MS)
methods, using a j EOL-20KP gas chromatograph-) MS-300
mass sp with a computer system. The conditions
wera as follows: column, 2 m X 2 mm glass column packed
with 3% OV-17 on GnOIromQ(wlloom).mmw
column temperatures, 300 and 300" ; lonizing

m;y 70eV; acceleration, 3.0 KV, cmus,H!(th

GC-MS Chromatograms at m/z (M*) and (M’ 63) of
PCDF in *“toxic” oil in Taiwan {Fig. 2). The PCDF frac-
nonolﬁnmluzhﬁcmdmmaGc—HsmﬂEOl.
20KP gas ch h-JMS-300 mass sp
amwwiysmmcc-nsmmmam
column, 2 m X 2 mm glass column packed with 3% OV-17
on Gas Chrom Q (80/100 mesh); inict and column temper-
atures, 300 and 300°C, respectively; ionizing energy, 70 ¢V;
acceleration, 3.0 KV; carrier gas, He (2.0 kglem?®),

RESULTS

The gas chromatographic patterns of PCDFs (Fig. 1)
extracted and purified from toxic oil samples in both coun-
vmshowfalrmblmmp-kslomwn‘at
ing sk y of the two. A
GC-MSwnﬂmutlmnulwhnonach?CDFp-kh
toxic oil and Tai blood samples. A similar relath
ship was likewise present between the blood of s Yusho
patient (No. 11) in Taiwan and the liver of a Japaness
patient. A GC-MS chromatographic analysis of the toxic
oil from Taiwd indicates that peaks 5 through 14
4-6 chiorinated dibenzofurans with molecular ion (M*) and
fragmental ion (M* - 63) resuiting from the deletion of
€OCl (Fig. 2).°

‘The blood concentrations of PCBs, PCQs, and PCOFs
found in patients from Taiwan and Japan, Japanese workers
occupationally exposed to PCBs, and control japanese sub-
jects are shown in Tabie 1. Polychiori d dib fi
md-ucwdlnallﬂn‘l’ﬂwampuknu (6 months afwr

ter jon of toxic oil i fon), except for one who had
Archives of Environmental Health
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punese “Yushe™
conflrmed

shewn in gas chromatograms was

poak Neo. 3,9, 11, 0nd

“Yushe' patient (Ne. 11); (B) Kver of J2
”

, and 15, hexachieredibenzofuran.

{A) bleed of

“texic ol lw Japan. Compeund of each peak
strachiorebipheny); peak Nes, 3-7, tetrachioredibenzefuran;

peak Ne. 2,

12, pentachieredibonzefuran; peek Nes. 13, 14,

of PCOF

(C) “tonic” olf in Taiwan; (D)

. Gas

Fg
pations;
a8 follows by GC-M'S analysie:
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m/z(M* - 63)
m/z (241)

m/z(M*)

m/z (275)

5C-CDF
mfz (338)

m/z (309)

6CI-CDF
mfz {372)

4 H 6 7 ]

{min)

Fig. 2. GC-MS chromatograms at m/z (M*) and (M* - 63) of PCDF in “toxic” ol in Talwan. Each
chromstogram wes

figure shewn in the lowar mass
gram of Figure 1.

the mildest clinical manifestatl

equal te the pemk number in the gas chremate-

ding low

and corresp

levels of PCBs and PCQs.

DISCUSSION

Although atiempts to identify PCDF's in the blood of
Japaness Yusho patients 11 yr after the outbreak failed,
PCDF concantrations exceeding those found in the present
cases, in relation to PCB leveis, would have been found
shortly after the outbreak. japaness toxic oils have a greater
PCDF : PCB ratio, and roughly 10 times higher contamin-
ation with both substances than Taiwanese toxic olis (Table
1). However, a direct comparison between the two out-
wnmmmnmummu
severity of polsoning is i sible b only some
“toxic” lot les from the Tai incident are avaik
able for analysis,

What do the PCDF leveis noted in our study signify? We
beliave that the following evidencs strongly suggests that
Kbﬁmmdnwmmucinﬂumnof

(I)Thon‘ dividual it d to pure
PCDSI'MW mﬁmmilddmmlm
Ned by mild consti-
Mw«:-“"‘moenndnpiuum
blood concentrations of PCBs in individuals 7 yr after leav-
ing their workplace are equal to or greater by one digit than

324
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observed among Taiwanese patients in the
mrmttmdy(nblcl) Wh:noeaﬂwdwunh
PCBswasmminaud, their dermal lasions quickly

to persi: clinical signs and symp-

wm:nmuvulopztkmsnmhnm'nmh
10 yr.'* 1t should be again emphasized that most japanese
Ymmamunwrcawmw
exceed those of the general population,'?

2) PCDFs shmv strong M’lmwim." u do M

PCDFNPCBHM“MJTMWSB
approximately 1 : 500, which is similar to that found in
Taiwmtoxkoils(h.,l 300), the ratio found in the
liver of Jap bed 1 to 9 yr after
thcinddlm,isl S—anlmﬁmﬁnrﬂmm‘h
ﬂulwtmdcoils(l INMW(TMI)]G»
ically, no pains nor jau have been described
among the three series of work onelly d
PCB!.""‘ while 45 m73§d]w Yﬂom
Wwwm’mnsmw
' ‘byod-r B Presence of
D D "fCDFsInYuhvm
fulhis Y i
(3) Although toxicity of rcorsvula depending on
the biological parameters Jo..,dlkkuhz:,’lwm
¢is,? thymic atrophy,™ tc.) and on
the structural difference cfms, most of thess

Archives of Enylremmental Health



oty 1. 9CR, PCG, and PERE Lovels 1o Yishe' Blomon, Lzpmed s PCEn, Monittty Povsons, snd e Turds:
Sl Cavstng "“Veshe” Dlvemse.
Poried shar
Vorminastan C0 Lowd <Q Lewet PCOF Laved
Semphe Mo of Enpoume (w) [l [Fd 7CB: PCY : PP
L s won 3008
- s [ 273 18081028
L o on 100: 36 021
» e an 002
" [ 2] anes 108: 16012
- ne we 109 a8
» ns [0 4 18: 31007
Yashe potionts in Talwan L X} 4 L L] ~p
L 0 e
“ s e Te0:20: 001
e o o 10:30: 004
» 169 Ll 0898 : 017
! ”» 204 s LIS FIAIN
1 (L] (Y 10840010
o 144 40 1ez.A0
] «um 9.3.1308 ares0e7d we:x0te
Ve postens In Iogen " " FYIpr] 18420 not 0381 <RI
Jpancm workan estuge: ” - niI:ns NDg — e chus: -
fopanses warhers scsuge- » v 41702 - —_—
Vanally snpassd w PCR*
Hmiivy mebpaets tn Sagen L] 28219 LXXY -
' sy s “?
Yuho petiess i fagen s ’ 144 ny -~
» “s ns (3]

-

g 13872 728 NI s BILDE 199:76: 29
Mouhtvy sbjocts 1o Jopan't 4 7783154 b 00061 2 S.0063 e 002
Tonin o by Valwan 3 43,908 3 12,000 17,990 2 5308 141233 "W
Vanis off i fogn® 3 430,008 + 3 00 630,908 ¢ 167,000 2822310 0 : 147 : 090
0008 pob detestion B
10.09 sub dvnssion Buit.

S052 pob detastinn Nl
Volum engrutond 5 moss & S5

Nevember/December 1981 [Vol. 36 {No. §}]

.

¥

MONS 010627



toxicological comperisons wers made using the PCDF and
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