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G &US]Z’O, a poisoning caused by rice oil

contaminated with polychlorinated biphenyls

MASANORI KURATSUNE, M.D., TAKESUMI YOSHIMURA, M.D.,
JUNICHI MATSUZAKA, M.D., snd ATSUKO YAMAGUCHI, M.D,

QPORAD!C outbrcaks of a peculiar skin dis-
s easc were reported in Fukuoka-Ken (Fuku-
oka Prelecture), Japan, in carly October 1968, It
was characterized by such symploms as follicular

- accentualion, acneform cruption, pigmentation of

the skin and nails, and hypersceretion ol the Mei-
bomian gland Stafl members of the department of
“dermatology of the Facully of Mcdicine, Kyushu
Unwersity, Fukuoka, who examined some of the
early paticnis suspected they had chloracne. A
possible causal rclationship between Lhe disease
and ingestion of a certain brand of rice oil was
also suspected in view of the distinct familial ag-
gregation of the patients and their common use of
the oil (1). This rclationship was subsequently
provcd, and the discase was calied Yusho, or rice
oil discasc. | .

To clarily the cause of the epidcmic, a study
group headed by Prof. §. Katsuki of the Kyushu
University Faculty of Medicine was organized by
the stafl of that university, the School of Meditine
of Kurume University, and local heslth depart-
ments, An epidemiologic study subgfoup was set
up within the study group on Oclober 19, 1968,
which was dirccted by Kuratsune and also in-
cluded 1he other three authors. This subgroup im-
mediately designed and cammied out a scries of
exicnsive surveys in close cooperation with the

o

department of hygiene of our hcﬁlly of medicine
and the departments of public health of the Pre-
fecture of Fukuoka and of the cities of Kitakyue
shu, Fukuoka, and Ohmuta.

The epidemic spread not only over Fukuoka-
Ken but also over 20 other prefecturcs in the
western part of Japan It produced 1,001 patients
—302 males and 499 females—according to the
Jatest tabulation by the section of food hygicne,
Ministry of Welfare. Although our study of the
epidemic was confined to Fukuoka-Ken, and the
epidemic proved lo be caused by accidentally cone
taminated oil, we belicve that publication of our
results will help prevent similar food poisonings.
These incidents can occur anywhere in the world
il sufficient care is not exercised.

The authors are with the depariment of public
Aealth, Faculty of Medicine, Kyushu University,
Fukuoka, Japan.' Dr. Kuratsune is a professor
of public health, Dr. Yoshimura and Dr. Matsu-
2aka are working toward doctoral degrees in pub-
lic health, and Dr. Yamaguchi is a research stu-
dent. The study om Yusho was supported by a
special research grant jrom the Japanese Govern-
ment, Tearsheet requests to Masanori Kuratsune,
M.D., Faculty of Medicine, Kyushu University,
Fukuoke, Japan.
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Mast of the results of our study have already
becn published in Japancse (2=-F). We rcler also,
when necessary, to some important obscrvations
made by & chimcal study subgroup hcaded by
Prof. K. Higuchi of the depariment of dermatoi-

; ogy ot our universily and also to studics by a
chemical siudy subgroup headed by Prof. H. Tsu-
kanioio of the Faculty of Pharmaccutical Sciences.

Clinical Symptoms .

The subjective symptoms of the 89 mhlic and
the (D0 female paticnts whose cases of Yusho had
been diagnosed by the end of October 1968 are
listed in Lable 1. Most of these symptoms reiated
to the skin and cyes. Detailed clinical examina-
lions of thcse 189 persons by the clinical swdy
subgroup revealed many of the clinical character-
istics of Yusho (1,6-9).

Dermatofogical observations. Acncform crup-
tion—maricd cnlorgement and clevaton of the
follicular opcning; pigmentation of the skin, lips,
gingiva, the mucous membrane of the oral cavity,
and nails; formation of hyperkeratotic plaque on
the solcs of the fecet and palms of thc hands;
hyperiudrosn; hypertrichosis; swelling of Mont-
goaery™s gland in the breust; cyst formation of the
sebaccous gland 1a the genital rcgion; dry skin;
and, in children, miia near the joints.

Table 1. Percent distributlon of symptoms of
Yusho reported by 189 palients examined be-
fore October 31, 1968

Syotploms Males Females
(N=39)(N=100}

Dark brown pigmentalion of nas. . ...
Dusiincuve baer fotlcles, .. .,,. ... saanas
Increoscd sweaiing 8L palma. ... conenuse
Acnchke $kIn CrupHONS, .. v .ovatsvnnses

Red plugues on limbs. ., ..., eveenan . 16.0
n:hl“s. -------------- serLsirsarenind ’2.0

. Pigmemaieon of skin. ........ reevianees 12.0
Swelngof imbs. ... ..ooo N uenns sean 4.9
SuiTencd solics in feet and p.lmt of

hatnds. et s enan
I“u.muuu! mm. mu mcmbnn. ssanssne
Jowreised oye descharge. .. ...
Mypercina of conjunclive, ...
Transical visusl ¢islurbangs, .
Jaundwe.....ievninn sssmrsasassentaly

Swxlling of upper cyellh seressrereces \

LRI
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froching Of WeaknCI cosescorssnnnrnes 3.0
Numbness in lvmbs.................... 1.0
Fevel. o varienn. teressnninn tresane 19.0
Hearing diMcultees. ... ... vivvnrennases ".0
Spasm of iimbs. ... Semsenaabanhre 5.0
Headothe, . cvnvuvivnnsnnass errreenns . ».o
VOMIING. . ..uueus Jeirnenarands . .0

BITRCR . . nvm v b s e tenman IR TR L] l1c°
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Ophihalmic ohscrvations, Hypersecretion of
the mcibomian gland and abnormal pigmentanon
of lhc conjunctiva,

Neurological observations. Numbness, pain,
hypocsthesia, and lowcred sensory conduction
by the radial and sural nerves,

Other observations. Elevated serum (riglycer-
ide.

Epidemiologic Data Available

When the epidemiologic study subgroup began )

to acy, it had scveral picces of information thal
appeared to be imyportant but whaose implications
were unceriain, such as the following:

I. The familial aggregation of patients was not.
able, and the discase showed no distinct age and
scx preference.

2. All the paticnis seemed to have used one
brand of rice oil {abbreviated a3 K rice oil be-
cause it was produced by K Company). An emer-
gency survey undertaken by the health department
of the city of Fukuoks hag disclosed that some of
the patients in a certain area had, as a group, pur-
chascd a can of K rice oil and divided it among
the group members. Those who did not buy the oil
sccmed to be unaflected even thqugh they lived
next doot to the palients,

3. The palients seemed to be broadly distrib-
uted throughout Fukuoka-Ken.

These data of course were valuable, but we
kncw that if we rclied on them alone, they might
mislead us. We exercised particular caution, there-
fore, to avoid such a risk, always secking possible
sntitheses when interpreling any result.

Descriptive Epidemiologic Studies

The epidcmiologic study subgroup first tried lo
jearn how the 323 pstients were distributed by
place of residence and time of onsel of the disease
{2). Those persons who thought they were sul-

-fering from Yusho were asked to report to their

local henlth departments. From October 1968
unlil the ¢pidemic prlcucllly terminated in Janu-
ary 1969, a total of 6,61i persons in Fukuoka-
Kcen had reported that they were affected. Among
them, 325 cases of Yusho were diagnosed by the
clinical study subgroup. An carly analysis of a
portion of the 313 persons wilh confirmed cases,
carried out in late October 1968, revealed several
peculiar (eatures in the geographic distribution of
cascs, [eatures which did not basically change dur-
ing the epidemic. Therelore, only the resulis of
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analysis of these 325 cases will be presented to
illusirate these pecuharitics,

Familid apgregation. The 325 paticnts be-
longed to $12 familics, 8 result indicating a dis-
tinct fannbial apgregation, which is considcred one
of the most important characteristics of Yusho.

Time nf occurrence. Nincty-nine percent of
the paticnts were affected during 1968, and 55
pereent of the cascs were concentraled in the 3
months from ‘Junc to Awgust {table 2). The
monthly distnbunion of the cascs was abike for
boih sexes These results indicated that exposure
to the causal agent or agents was probably tem-
porat and indifferent to sex.

Sex and age. Dustribution of the 335 paticnts
by sex and age revealed no aignificant sex differ-
ence (table 3). Ape-specific incidence rates per
100,000, calculated by using the census popula-
tion of 1965, indicated lower risks for both males
and females in the age group over 60 years, but
again no marked sex diflerence (table 4).

Geographic divtribution,  We calculated crude
incidence rates of Yusho for three large citics (Ki-
tokyushu, Fukuoka, and Ohmuta) and for the ju-
risdictional areas of the 22 loeal health depart-
ments of Fukuoka-Ken, A very marked difer-
encc was noted in their ratcs. Ten health depart-
ments reported no cases of Yusho while extremdly
high incidence rates per 100,000 were noted for
the area covercd by the heaith deporiment of
Socda (58.9) and that covercd by the hcalth de-
partment of Tugawa (44.5); sntcrmediately high
raics, from 7 10 14, were observed for the three
large cities and the arca of the Kasuyn health
department.

There are many coal mines, st of which have
recently been abandoncd, in tse jurisdictional
areas of the Socds snd Tagawa health depart.
ments. The city of Kitakyushu has big stcel and
chemical indusiries, Fukuoka is s seat of com-
mcree, and Ohmuta has big coal mines and chem-
ical industrics. In contrast, the Kasuys health de-

=
Table 2. Distribution of 325 pailests with Yusho dingnosed by Jamuary 20, 1969, by sex and month
when symploms appesred 1 \
\ Malm Females . Total
Monik :
Number Percent Number Purcent Ypmber Percent
Belfore 1968, .. icuiiessansriannracsnssss 3 1.3 2 1.2 e, 4 1.2
1968
JADUATY s vevsirnetnerrosncnsnmrrarsaae ¢ .0 0 0 ¢ .0
Fehrudry o ineoseranmsranirtsrranssaes 4 2.5 6 3.6 10 L |
March, . iron.n Ehanptusntdaarabistns sy ' ,-' 12 1.1 - ” 6.3
APTil s vrimernaraesnasnsqansrensanas 15 .5 10 6.0 23 1.7
May,.... FiambakvpaBRieRaTantsdavithEsd -18 1.4 15 . 0 n 10.2
JuM.v.‘..o--..-.-\1.Ic-ccﬂc.tc.c.l..l.i ZJ "-‘ ,3 ".' “ l’.:
Y. iiiiiiinienns resasree 7 17.1 1n 19.2 » 181
Aupusl, ., teiiivrrans tebscane M -!l-, 30 18.0 [ 2] ".7
September. oo 0eann R T T T T Ty 3} ‘10.3 12 1.2 2» 3.5
ociﬁbef".,..........-----.---v--onnnol E N | " ..‘ n ‘..
NO‘EM“!‘.-..u....-o-u»--.to--q.-ooo- 1 c‘ 1 .‘ 2 .‘
December, i cviirainsemerscatcaaceoncs i .6 14 K 1 i ]
Tolal,civiitacnerarassnnrrranaranes 154 10.0 11y 100.0 324 100.9

Table 3. Distribution of 325 patieats with Yusho diagnosed by January 20, 1969, by sex and age group

-

L,

A -"{;m) . Males Females - Tous!
¢ group .
“ Number Percent Number Percent Number Percenl
09 irririrerraenrsesssenrnnenensans - N4 Y 16.2 . 9.7
|0-19'. ..... srasrecgadarasesrasanseousns ' u.l u l‘-' “ 20.,
202290 cnrrtriunrruanes revessacssrehes 28 11.7 » 2i.6 P 19,7
1 £ 30 1%.0 » 2.4 2 1.1
AD.49, ..., ] ] 7.0 b R [ER ] M 10.$
80.%9...  J 5.7 1l [ X 20 6.2
80-69,., wenrrnrnancrebasesns | 4 2.3 ) 1.8 1 2.2
70-79...-..--c..{---.|0--t-_-.--.--t‘ov-- l -, o .0 l -3
OBl ciiiicciorninstannansareniraas 158 100.0 167 0.0 s 100.0
// - T e— December 1971, Vel 85, Ne, 33 1083
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partment covers an arca that is primarily agnicul-
tural. Most arcas where few Yusho pauents were
scen were agricultural, No other common socioc-
conamic or cavironmental facior was observed
that nught cxplain the geographic distnbuton of
paticnis

il Used by Patients

As stated, K rice oil had been suspecied as the
possiblec couse of the cpidemic. K nce ol s &
high-quality salad oil, made from ricc'bran by the
proccdure shown in the charl. It was popular in
Fukuoka-Ken, even though it was shghtly more
expensive than other oils on the market. A thor-
ough invesugauon was undertaken to determine
whether the paticnts with Yusho had actually used
this brand of oil before they were affecied and of
30, whether there were any common characteris-
tics in regard 1o the container of the oil (bottle or
can), date of producuion, dalg of purchase, or
route of markcting. To scek information on these
points, an investigation was conducted in coopera-
tion with the local health departments. All pa-
ticnts and their wives were visited and interviewed
in their homes, In addition, all the available ship-
ping rccords of K Company and all available rec-
ords of purchases and sales of K rice oil at whole-
salc 01! dealers’ offices and at retail stores were
carcfully examined.

These followup surveys soon disclosed an as-
tonishing fact. All the persons with Yusho had
uscd, for varying periods, K rice oil which came
cither from 16.5 kg. cans or 1.65 kg. botues. One
hundred scventy of the 325 paticnts—49 housc-
holds—had used only canned oil, while the re-
maining 155 paticnts—63 houscholds—had used
only bottled oil {lable §). We were able to con-
firm the shipping dates for the oil used by all but
four of these 170 patients. No matter where the
persons lived or what their age was, 166 of the
170 had apparently used rice oil that was shipped

by the K Company‘on February 5 and 6, 1968,---~

according lo the lot numbers on the few remaining
cans. Even the four patients for whom we could
not confirm slitpping dales of the oil had alw
undoubtedly wsed a canned rice 0il produced by
the K company.

The shipping or productson dates could” not be
confirmed, however, for the bottied K oil that 155
patients had used cxclusively, because they had no
old botiics at home. Purchasers of oil in bottles
retwsfn the empty ones to rctail stores when they
buy new oil. Nevertheless, ail the shipping, pur-

-~
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. chase, or selling records st K Company, at the o

dealers, and an the retail stores were cxamaned te
kcarn whether any bottled K pice oil had been
shipped (0, and had rcached, the retail stores from
which the 155 paticnts bought their oil. Al ship-
ments of oil 1o the stores used by the paticots
were further investigatcd to determine whether
any of them had been made on February 5 or 6,
1968, or immediately before or after these dates

By this method, we discovered that 143 of the
155 patients might have bought the bortled ol
shipped from the K Company in the period Feb-
ruary 6-15, 1968. Whether the remaining 12 pa-
tients might have also purchased oil shipped in
this period remaing in doubt because of lack of
records. Thus, nearly sll of the patients had a
distinguishing characteristic—they all had a com.
mon experience of use. or possible use. of rice ol
shipped by one company in a specific period. Such
a coincidence could hardly be expected to happen
by chance.

Table 4. Age-specifio incidence rates Jor Yusho,
by sex of patient

lnfencc rates per 100,000

Age group (years)
:!olalu Fernales

2 A | OV 8.6
0019, . vuinirnrnnn v nnrnanss 8.9 6.6
20-29.. ... rammaasanssnnenen 9.1 103
30-I9. e iiiarairiananan 9.5 1y
4049, .. iriieniannaenannnnt 5.4 9.3
50-39. . .cicnniinicrnnnavansnn $.4 1.2
60-69........ aeensansinsance 3.5 2.4
ToEnd OvEr. . .. .iihiiaiineann 1.7 .0

All ages, ... ...0viiivinns 8.3 8.1

" Table S. Distribution of 325 palicnts and 112

hooscholds that wsed K rice oil, by type of oil

coniainer and shipping dates of oil
Container and | Patients Households
shipping dutes

Number Percent Number Percend

Users of canned oil. .. 7% 323 9 4).%

Shwt\ed Februsry
Sandb.oiiannns 1% 5110 47 2.0
Slllppnnl dates
WnknowR. ..., .. 4 1.2 2 1.8
Uw‘“w Oﬂ.-. 155 "-7 L% ] 36.)
P pad Fobeaacy
ip
3-!!............ 14 4490 ] 20.0
3”99"'!
m........ 12 3.7 1 6.}

Yotal..oooorrnes s 1000 ng L100.t

§ Does not add 10 1000 percent because of rounding.
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FLDW SNEET OF RICE DIL PRODUCTION
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QOur survey also demonsirated a high attack
ratc for all persons who consumod the oil. Alto-
gether, 266 persons in 64 houscholds had con-

sumed canned K rice oil shipped in the period In .

question, and 170 had conficmed cases of Yusho.
Thus, the attack rate was ay high as 6.9 percent
(z }p -

K Oil From Other Shipments -

”

An additional survey scemed necessary o de-
teriine whether those persons who regularly used
K rice oil but had not used any from shipments
madc in the period in question were free of the
discase, For this purposc, a group of persons was
nceded who had reliable records of their health

——_——pi

status and of their purchases of K rice oil. A
group of 113 persoms of 29 households living in
one apartment house seemed to be appropriaje
subjects for this study.

Actotding to the records of this group and the
ofl dealer who suppiied them, these 113 persons
had purchascd canned K rice o as a unit from
one dcaler and divided it among themselves fairly
regularly {rom December 1967 to September
1968 except for the period from January to Apnt
1968, when this bulk purchasing was not carricd
out. Their discase cxpericnce, particularly any
skin discase that occurred during 1968, was care-
fulty cxploced through interviews and, if necossary,
through investigation of their medical records at
hospitals. No cases of Yusho were found among

[

Decomber 1971, Wl 86, Ne. 12 3087

MONS 201836



members af ths group. Thus, wo demonstrated
(hat persons who hod wsed K rice oil regularly for
more than a haf year but did not use the oil from
the specific shipments did not suller from Yusho

{(2).

Rotrospectiva Casa-Control Studies

All these resuils suggested that Yusho was cau-
sally connceted wilh usc of the X rice oil that was
shipped from X Company on Fcbruary § and 6,
190, or soon thereulier, Neverihcless, some other
factors or agenis aight have been the primary or
sccondary causc of the epidemic. Therefore two
czse-control studics were done. In one, the per-
sonal backgrounds of the patients and matched
conirols were compaicd. In the other, the use of
oil and fats in thc houscholds of the paticats and
the controls were compared.

Tw discover whether persons with Yusho cases
gnd thosc withow! had different personal back-
grounds, home intcrvicws were conducted with all
persons whose cascs had been reported by Octo-
ber 34, 1968, and with hcalthy controls matched
by age. scx, snd place of residence. One hundred
tweaty-one patients aod 121 controls (53 males
and 68 fcmales) were sclected in this manner and
asked 60 questions concerning helr occupations,

Tablc 6, Percent of 121 paticnts and 121 controls
having variows allergics and dictary and per-
sousl habits, based on case~control study

ticms investigated Patiests  Con-
woly
Allerpicto fish. ,..... erarens rrersaira 5.0 1.3
Alicrgic (o asprrin,, - 0 4.2
Alergic 1o drugs other ihan ‘mapitin. ... 1.5 6.6
Bathung famluu:llhom ...... rrevaces  BAT 5.5
Bath cvery day. . . veerr 13,0 0.6
PCls B MO . overvvnrrennse s VIR N34S
Floor space of house smaller than “

AGUATE MLIEIS v v rvsvnran rasieren [ N 6.}
Hanadhing agriculiurs) chemcalt, coovveyn 2.5 6.6
Tﬂk!ﬂg codlvgr mi‘...”-.--.--co-0-|- 10.3 . .-,
Taking vitamn pills, . veseavrvevantenss 23.2 18.)
Taking olher resiorative I 1 | 7.5
Water sunpty avaiakie of homs. ........  01.) 14.7
ning on( occask -1 K | 3.é
Toking all meals with AT | N | 0.6
Giteen vepetables ORI 1 N | 5.9
MOk nearly every GBY. v cmveriinsessee. 490 390
Buticr ncarly every 88%uuesiasoiseimse 21,4 2
Eges nearly every day. . ..uveinnsninans 4.7 o0
Fried foods or tempure nearly every day, Y224  t11.6
Foods prepared with ol mri’ every dlr. 43.7 35.7
Pith ncarly every dhy,.o.ivzeesensenes N 20,6 29.1
Mayonnmc nearly every LT Y [N | 10.8
Instan! “rabmen™ or Chmeu N

nearly every day, cu iieiaannniasenes  §0.8 1.0

P <005, -

. "‘
‘ . R .
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Table 7. Distribution of 6% houscholds with pa-
ticnts and 207 control houscholds, by use of
vatious (ats or oils, based on case-conirol study

Houscholds Conirol
Fat ot ol with palients houscholds

Numbtr Percent Number Percent
BUlIET, . cvcrninnirans 3 %90.7 105 .7
Marparing. . coovronee a 63.8 127 1.4
Bessme ol v veees. ., 2 3.5 [ 1 4.4
lapewﬂioli......... 0 16,3 1 na2
Rece-bran ol . cunss &% 8.7 &4 Jo.y
Larg...... 0 17.4 n 1IN
Other oils.... 1) n.g 1 56.%

LETENY

medical background, gencral health status, habits,
customs, diet, pets, and other characteristics of
their lives,

The patients and the controls dificred signif-
canily in respeet to only two of the personal fac-
tors tested (table 6). Persons who ate fned foods
or tempura acarly evcry day were more numerous
among the patients than among the controls, while
more of the controls than the patients had pets.

To compare the use of oil and fats, 6% house-
holds with Yusho patients were maiched by place
of residence with 207 households withoul such
patients-—three control houscholds for each
houschold with cases. .

As (o regular use of fate and oils, a distinct

diffcrence was poted beiwecn the two groups only

for rice-bran oil. About 96 pereent of the patients’
households 2nd 31 percent of the controls' house-
holds reportedly used rice-bran oil regulary
{table 7).

When asked about the use of rice oil from the

XK Company, all of the households with patients

affirmed its use in comparison with only 32.4 per-
cent of the control houscholds; 61.3 percent of the
control housebolds denied using it; the remaining
6.3 percent were uncertain. Thus, the case-comsol
studics clearly indicated that none of the faclors

-tested except use of K rice oil could account for

the disease (2).

Doss-Responsa Relationship

To prove that s causal relationship existed. a
distinct dose-response relationship necded 1o be
demonstrated. Estimating the quantity of contami-
nated rice o} consumed by each patient and mem-
bers of his [amily was not feasible. Nevertheless, if
we disregarded age and scx, we could estimale
roughly the average amount of oil each person
had consumed by dividing the amount used i &

-
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houschold by the number of persons in it, taking
into nccount the frcquency with which these per«
sons 3t at home, bat not the possible loss of il
during and aflter caooking. nor the varying taties
and food intake of the famsly members,

Dr. Masayasu Goto, 2 dermalologist, with no
knowledpe of the amount of oil used by the 146
consumers of the conmtaminated oil, cxamined
these persons ond then graded the cases of Yusho
he diagnosed accortding to their. clinical severity.
Only later did we link the sevcrily of the cases, as
dciermined by the dermatologist, to the amount of
contaminated ofl used by the patient.

Eighty of the 146 users of the contaminsted oil
were beheved to have consumed, individually, less
than 720 ml, (tabie 8). Of these 80 light users,
12 perccnt were not affected, 49 percent had light
cases, and 39 pereent had severe cases; the atiack
ralc was 88 percent. The 45 persons whe had
used 720-1,440 mi. were all aflecied; 69 percent
of this group had severe cases. A still larger pro-
portion of the gevere cases was found among the
persons who had used more than 1,440 ml. ol the
contaminated oil; this group had an sttack rate of
100 percent.

Since the clinieal severity of the discase was not
found to differ significantly between ihe sexes but
differed considerably according to age, » standard-
ization for age scomed necessary 1o achicve &
more accurate interpeeiation of the obscrved rela-
tionshp beiween use of the oil snd the clinical
seventy of the discase. With the age composition
of the j46 users of the oil as the standard, the
facior of age was standardized for each of the
three fevels of oil intake. The figures, however,
hardly changed from those shown in table 8. Thus
a very clear dose-response relationship could be
demongtrated, even though the estimates of the
dose were inaccurate (J3).

Texic Agent

we concluded thal K rice oil from specific ship-
ments had caused the Yusho, Now the question
arosc ks to why S el was toxic. To answer this
question, we of course had to rely on other ap-

1968, the chemicol study subgroup discavered,
mainly by gas chromatographic snalysis, that the
canned K sice oil shipped on February 5, (968,
portions of which had been collected from some

of the patients, was contaminated with about
l 2,000 ppm of Kanechlor. Kanechlor is a commer-

In view of all these epidemiologic observations,

proaches than epidemiology. In mid-Novémber-

cial brand of polychlorinatcd biphenyls containing
48 percent chiorine, Skin f(at coliccied from the
patienis afso contsined Kanechilor (/0).

In this discovery, Prof. K. Inagami of the de-
pariment of food technology, Facully of Agnicul-
ture, Kyushu University, and his associates played
a leading role. A technological inspection of the K
Company plant revealed that Kanechlor was used
as an agent 1o trapsfer heat o the processed ol at
a reduced pressure so that odorous subrlances
could be removed (see chart). The Kancchior
must bave Jeaked from the heating pipe in which
it was being conveyed and contaminated the oil,
since small openings were discovered in the oid

To discover whether only the K rice oil shipped
in Fcbruaty 1963 was contaminated with Kane-
chior, the chemical study subgroup analyzed 109
samplcs of the bottled K rice oil which, sceording
to the ot numbers, had been shipped belween
October 1967 and Oclober 1968. Tius analysis
revealed that only the samples shipped on Febru-
sty 7, 10, 12, 15, 17, 18, and 19 and on March
15, 18, and 21, 1968, were contaminated with
Kanechlor. This contaminalion was most marked
for the oil shipped on February 7; the contamina-
tion was rapidly reduced (o nil after February 10
(10). No analysis could be made of bottled K rice
il shipped February S and 6 because of the lack
of sampies.

Similarly, 479 random samples of boitled rice
oil were analyzed for chlorine content by using the
X-ray Ruorescence method with & count meler
from a U.S. instrument manuiacturer (the Ap-
plied Research Laboratory). Again, only those
sampics shipped from Febrvary 7 te 10 contained
a large amount of chiotine (maximym 452 ppm).
None of the oils shipped in other months were
contaminated with morce than a trsce amount of
chlorine. Thus, the results of chemical analysis

- cointided with those achieved by cpidemiologic

approaches.
Other Epidemisiogic Resuits
Baobies born w0 patients.  In late October 1968

& pregnant patient with Yusho had a stillbirth in
which the [ctus was unusual; the skin, aails, and
gingiva were a peculias dark brown and stained,
Similar fetuses were delivered by other paticnts
with Yusho. Since no such birth or sulibirth was
known to have been seporied previousiy in Japan,
the study group investigated these occurrences
with paniicular care. The epidemiologic study
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subproup questioncd all female patients with
Yo and Al unaflected women in the house-
holds of patients wi}ll Yushe about any preg-
nancics and deliveriol in the perknd {rom Febru-
ary 15, 1968, to the end of the year.

Thiricen women——10 with Yusho, two without,
and onc with status unspecificd—had given birth
to0 }1 lLive born and (wo stillborn infants during
the specificd period. (Eigft of the live bora n-
fants were males and thsee were [emales; one of
the stiliborn infants was a [cmale and the sex of
the other was unspeaificd ) Among these infants
ond fciuses, JO had the characterisic prayish

« dark-brown stamcd skin at birth, five the dark-

colorcd nais and pingiva, and nine on increased
eye discharge. Women wilh Yusho accounted for
all these deliverics, except for the delivery of one
of the ninc babics with cye symploms.

The high ncidence of these unusual phenomena
among pregnant women with Yusho strongly sug-
pested that the phenomena were caused by inges-
tion of the contaminated oil. The fact that nothing
unusual was seen in the women's medical histo-
ries, health conditons, or use of drugs during
pregnancy also supporied such au interpretation.

Al these facts, together with the results of
chemical assays which showed that the piacenta
and the subcutancous adipose tissue of the still-
born [etuses contained components of Kanechlor,
prove that babics and fetuses were affected be-
cause of the women's ingestion of this particular
complex compound (4).

The majority of the babies were small for their
periods of gestation, As they grew older, their
stained skin gradually faded. Posinatal growth
curves for the affected babies were found to be
sumilar in shape 10 the national standards when
both sexes combined were compared. When only
males were compared, the curves for the affected
male infants were plainly lower than the national
standard curves, A clear comparison between the
curves for girls could not be made because of the
limited number of female infants who were af-
fected by Yusho.-

The umount of contaminated rice oil that nine
of the 13 mothers consumcd during prepnancy
wis csumated ¥ be 0.3 to 2.6 liters. No distinct
dosc-cficct relationship could be demonstratéd be-
tween oil consumption and the babics’ symptoms
because of the limited number of cases available
for analysis, Nor could cvidence be obtained in
regard to any possible physical and mental retar-
dation ol the babies (4).

1050 HEMHA Maslth Aeptrty e

Growth of aflected children. To discover
whether Yusho disturhs children’s growth, the al-
fected school children, 23 hoys amd 19 girls, were
compated in 1967, 1968, and {969 with 719
hcalthy children matched in heipht and body
weight. The gain in height or in body weight
which each sick child showed before the poivon-
ing. namcly from 1967 to 1968, and the pain aficr
the posoning. from 1968 10 1969, were compared
with the distribution of the corresponding paing
seen in the corresponding control group.

The gains of the affected boys in both heipht
and weight decreascd significantly aficr the poi-
soning, while the affccted girls showed no definite
change in this respect. Because of the limited
sumber of cases available for analysis, no sigmiii-
cant relationship could be found between the clin-
ical severity of the cases and the decrease in gains
in height and weight.

Discussion

This unfortunate episode of rice oil poisoning
taught us some impoilant lessons. In the food
industries of many countrics, no cflective adminis-
trative control and supervision is apparently exer-
cited over the use of toxic substances hke Ka.
nechior. These products do not contaminate the
final products in normal operations, but they do
when the operation is accidentally disturbed or
carelessly conducted. In contrast 1o the case with
food additives, too little care has been exercised to
avoid the hidden risks in the use of such sub-
stances. A greatly increased effort is needed 10 im-
prove this situation,

The poiychlorinated biphenyls scem 10 be par-

ticularly hazardous in this respect because their

use is still increasing in many industries, including
food tndustries. If these substances are absorbed
by the body, they will easily accumulate, gradually
reaching a level high enough to excrt adverse el-

fects, since they have an extremely slow rate of

metabolization or excretion. Many pastients with
Yusho are still tortured by the discase cven after
more than 2 years of treatment. A 1971 report has
indicated that the subcutancous fat of the patients
still contains a large amount of polychiorinated
biphenyls although their dermal condiions are
slowly improving (12).

Recently, also, it has been demonstrated that
wide environmental poliution with polychlorinated
biphenyls is quietly growing in many couniries
(11). To ptevent another cpidemic of Yusho,
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which will break out on a global scale if the pollu-
tion worscns, radical efforts arc urgently nceded.

Our success in identifying the cause of the cpi-
demic scemis to have been due to many factors:
(a) common cpidcmiologic principles were hon-
estly foliowed, (&) local health depariments and
the paticnts themsclves cooperated fully, (c) the
causal agent was net multiple, but single, (d)
contamination of the oil with Kancchlor was tem-
porary and marked, {e) the latent perod of the
cpidemic was scveral months, and the epwemic
was rclatively short, (/) Yusho had charactenstic
sympioms, allowing casy differcntiavon from
other discases, (g) somc of the oil used by the
paticnts, along with the original containers, were
still available, and (A) some persons who bought
the oil as a group had contracted the disease, All
these factors facilitaled our study.

Epidcmiologic study of an illacss or of adversa
effcets which werc morc chronic, less peculiar,
which progresscd less noticeably than Yusho, and
were caused by multiple agents would present
greater difficulties,

We nced to deveiop more sensilive and more
cflicient cpidemiologic mcthods, We must, more-
over, ¢xcrt constant efforts 1o make our epide~
miologic information more accurale, quanlitatively
and quoluatively, by using the methodology of
othcr disciplines when it seems necessary for our

purposcs.
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JUNICH, and YAMAGUCHT, ATSURO: Yusho, @ polsoning coused by rice oil contaminated with
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A peculiar  skin  discase,
Yusho, was observed in residents
o! Fukuoka-Ken, Japan, in Octo-
ber 1968, which Iater- spread
over the wastern part of the
country. By wes of basic cpide.
miologic methods, the cause of
the discasc was shown to be »
specific brand of rice oil that had
become contaminated with a hcat
transfer agent during processing.
This ageat, Kanechlor, is a com-

plex mixture of polychlorinated
biphenyls.

Women who consumed the
contaminated oil delivered babics
or fctuses with peculiar dark-
brown #stained skin, pails, snd
gingiva. The poisoning signifi-
cantly decrcased the growth of
the boys who were affceted, while
the girls who were affected
showed no such change. Many of
the persons who contracted the

discase are still tortured by
even 2 or more years later, dc-
spite all possibje treatment meth-
ods.

In view of the slow recovery
from the poisoning and the in-
ercasing poilution of thc environ-
ment with these compounds oa a
globai scale, radical efforts must

‘'be made 10 avoid the hidden

risks of contamination.
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