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poisoning occurred in Taiwan from cooking oil contaminated by
thermally degraded polychlorinated biphenyls. Because these chemicals persist in
buman tissue, children born to female patients after the outbreak were exposed in
atero. In 1985, 117 children born to affected women and 108 unexposed controls
controls; they had sboormalities of gingiva, skin, nails, teeth, and hungs more
frequendy than did controls. The exposed children showed delay of developmental
milestones, deficits on formal developmental testing, and abnormalides on behavioral
assessment. These findings are most consistent with a generalized disorder of ectoder-
al dssue. This syndrome is one of very few documented to resulke from eransplacental

exposure to pollutant chemicals,

OOKING OIL CONTAMINATED RY
pohvchlorinated  biphenyls (PCBs)
. and dibenzofurans ked 1o an out-

break of illness (called yuchng or “oil dis-
easc”) in Taiwan. The illness consisted of
chioracne, hyperpigmentation, and meibo-
mian gland dilatarion among other findings
(1, 2). The cpidemic was mxxed in Mav
1979, and the oil was removed from the
market in October; cases were identified
retrospectively from as far hack as December
1978. There is a registry of abour 2000
persons who were exposcd to the oil. A
similar outbreak (“yusho™) had occurred in
Japan in 1968.

Because these chemicals persist in human
tissue [similar dioxins have half-lives in hu-
mans of about 7 vears (3)), offspring of
female paticnts continue to be bom affecred,
even though maternal exposure has ceased.
By 1983, 8 of 39 hyperpigmented children
bom to exposed muxchers had died (7). In
April 1985 we performed a ficld survey of all
living children who were known to have
been in urero during ar after the period of
oil contamination. These children would
have had sransplacental exposurc and possi-
bly exposure through breast milk, but would
not themsclves have consumed the contam-
inated od.

chnry -four women in the health depant-
menes registry had living children bom
berween June 1978 and March 1988, Ulse o
these dates should identity any chikd with
transplacencal expasurc, since the Laom pe-

niod during which oil was consumed but
mothers were asvmpromatic was about 6
months,  Chinese-speaking  nurses  incer-
viewed the muxhers in their homes and
scheduled the examinations. The wonxn
reported 159 prepnancics in this tinw; 3
were ongoing, 5 miscarried, 8 were abarted,
6 were stillborn, and § bom live later died,
leaving 132 hiving children. We obaained
usable information on 128. One more child
dicd berween interview and examination,
Twenty-nine families had 1 eligible child, 34
had 2,9 had 3, and 2 had 4. Contruls came
from 96 familics who lived in the xam
acighborhoods. These 96 mochers reported
205 pregnancics in’ this period; 3 ‘were
ongoing, 8 miscarried, 4 were shorted, and
190 produced live births; we obxained daca
on 115, The expased children averaged 32
months old, range from 1 to 82 months; the
controls sveraged 31 months, ranpe 3 10 98
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months, The families lived near each other
and knew of each other’s medical difficulties,
and some mathers still had obwvious chilor-
ane, so that it was vt possibke to use a
blind seudy design,

Expuned mothens reported kower birth
weight (mecan = SE: 2749 g =46
o= 128; 3228 g = 40 g. n = 115), hyper-
pigmentation, conjunctivitis, nail changes,
and natal tecth in the children at birth
(Table 1). The largest difference in the medi-
«al histories was the higher rate of bronchitis

Table 3. Physical signs present at birth and
whovted medical history items a3 reported tw
nusthen. Froquencics are those reporting “ves™

over those reporting “ves™ or “no.” "Don't know™
and missing values arc nat included.
Physical sign Exposed  Control
At binth
White eve discharge 32108 §/113
Fyelid swelling 25/106 o/111
Tecth present 11127 0113
Imtated or swoldkengume 117 99 0114
Hyperpigmentation 54/127 2114
Detienmwed 1 small nails 3041122 1113
Aaxe 16/125 o/114
Nubseguant hidory
Bronchitis or pncumonia 30/124 5/118
in first 6 months
Brunchitis bud enough 21126 ann
for 2 davs in bed

Scizure with tever 18127 §/115
Scizure without fever 11127 1/113
Chipped or broken tecth  38/107 25/106
Hair ks 14115 2105
Aane ::m 11115 0/106
Lams of muscie strength 5/ 89 0/ 85
Joine pain . s/ 91 0/ 84
Generalized irching 32/115 12/102
Skin abscesses or boils 26/116 11/103
Wares 8/114 17106

Table 2 Sclecred findings on physical examina-
tion, Ratios represent number recorded positve
over number examined.

in the exposed children. There was consist-
ent reponted developmental delay in the
expeised children: of the 33 milestones that
we asked about, the exposd chiklren were
behied in 32 (the me-etfeet value would be
16.5).

The physical examinations were carried
out during 11 days in April 1985 at four
local clinics; 117 exposcd children and 108
control children attended. There were neu-
rologic,  dvsmorphologic,  dermatalogic,
dental, and general examinations. The ex-
poscd children were smaller than controls,
averaging 93% [95% confidence intenval
(CI), 90-96] of contral weight and 97%
(95% CI, 96-99) of control height, adjust-
ed for age and sex. The gum hypertrophy or
swelling noted by the mothers at birth was
still apparent on examination (Table 2).
Neither acne nor conjunctival cvsts were
much more common in the exposed, but the
differences in hyperpigmentation and nail
deformities and pigmentation are large.
Most of the pulmonary auscultation abnor-
malitics were consistent with bronchitis, and
this diagnosis was made clinically in scveral
of the children. The marked ditferences in
evebrow flare, hypertelorism and clinodacty-
Iv were not expected. There were no abnor-
mal reflexes or any localizing findings in the
neurologic exam; however, the exposed chil-
dren were delayed compared to controls in
the age at which they performed tasks such
as saving phrases and sentences, turning
pages, carrying out requests, pointing to
body parts, holding pencils, imitating drawn
circles, or catching a ball. The neurologists
had an overall clinical impression of devel-
opmental or psvchomotor delay in 12
(10%) of the exposed compared with 3
(3%) of the control children, and of a speech
problem in 8 (7%) versus 3 (3%).

We did age-appropriate testing of cogni-
tive development and behavioral assessment

in the home after the survey, using new
controls matched for ncighborhood. scx,
age, sib order, and family saciocconomic
starus. Except for verbal IQ on the Wechsler
Intelligence Scale for Children (W1SC), the
expused children always scored lower than
the controls on the three developmental and
cognitive teses (Table 3). On the Rurter
scales, the exposed children showed higher
(that is, worse) scores on all three scales.
There are no Taiwanese norms for the Rut-
ter scales; both exposed and contral children
scored higher than would be expected based
on the norms developed by Rurtter et ul. (4).

Thermally degraded PCBs were identifed
as human teratogens in the Japancse cpi-
demic in 1968. Children bom to yushe
mothers had low birth weight. hyperpig-
mentation of gums and nails, conjunctivids,
dysplastic nails, wide fontanels, metastatic
scalp cakification, diffuse dark skin pigmen-
tation, and natal teeth; 2 in 13 were stillbom
(S). Four of these children were reported as
normal at ages 8 to 19 months (6, 7). but
Harada (8) reported that the 13 children he
examined up to 7 vears after the exposure
were apathetic and dull with 1Qs in the 70s.

In Taiwan, Wong and Hwang (9) noted
skin desquamation, deformed, pigmented
nails, hypersecretion of the meibomian
glands, hyperpigmentation of the nosc, and
acne in six offspring of yucheng mochers.
Four of these children weighed 2500 g or
less at birth, Lan e al. (10) added another
case with diffuse skin hyperpigmentation
and low birth weight who died ar 22
months. Law er al. (11) reported nwins seen
at 3 months of age for respiratony distress
and pneumonia. They weighed 1800 and
2820 g art birth, and had wide fontancls,
hyperpigmentation, and persistent conjunc-
aval swelling.

The cffects in the children we saw are
most apparent in nails, hair, tecth, gums,

Physical sign Esposed Control flbl&rmhmdw&mﬁnwg:dmmmnhMansnifﬁ
. aumber in are sample sizes, vicy Scales of Infant Development were unei
.‘r":hh“r""““ l{ﬂ(l)? g:gz’ months, The Stanford- Binet vields an intelligence quotient (1Q) and was used from 30 ro 72 months.
Imraccsl e, wn 43116 33/107  The Wechsler Incelligence Scales for Children (WISC) were used after 72 months. On the Rurer scake
Caris Perpigmentat 68110; wwo higher wcores represere more behavior disorders,
Aune oF 2cnc scars 20011 106 .
Hyperpigmentation Test Exposed Control
Perincal-genital 501117 297106 pavden ‘
Heador fuce o 13117 4106 Mental scale 100 =25 (45) 106 =24 (4%
"‘lgymﬁ o delormed nails o117 ios | Motorseak 101 =27 (45) 108 =21 (45
ME H -4 R: - -
Tocs 4117 221106 ::,.;nst(md Rinet (1Q) 85 = 2.7 (52) 89 =27 (82y
i it 9/ .
ﬁf,,",..,‘"“.‘.“ﬁ‘: e o T ioe Vel 1Q g2 =31 @h 82 =23 QN
Fychrow tare 25117 4/106 Performance 1Q 9 =27 (21) 97 =29 (21)
1 .Mmm,( ‘d‘” w© 19/116 &/106 R:;urlQ 84 =29 21 88 =24 (21
tacion
e L g meee e R
§ 24117 i = .98 = 0.
Clinodacryly 47117 25/106 Behavior : . 11.08 = 0.45 (117) 924 = 0.41 (119)
Lo ’
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ein end

deveopment, consist
cxvdxmwmvd(m)eandamddys-
plasia. The acne presct at birch and
c:nmdﬂdrmsupcaﬁcd‘mo(d\c
dass of polycychic, d hydro-
arbons, but may ako be 2 part of the
spparer effeces on ecrodermal strucrures.
The increased frequency of bronchitis may
be duc to a specific pulmonary kesion, which
has been scen in aduls (12) and children
(ll)crpacdrodmchssofagmu,orduclo
& more immune disorder (U
14). The developmenaal effects are consiste
em with those seen in rhesus monkeys ex-
posed oransplacentally (15), and the behaw-
foral problems may be ‘secondary to the
developmental delay or 8 form of direcx
wxidty (16).

. These children have been exposed only by
transplacental passage of the chemicals or by
breast milk exposure. It is impossible to
of structural changes during the fetal period
from those that persist because of continued
internal exposure. Transplacental passage of
the chemicals has been documented in aw-
ropsy studies (10), and it is reasonable to
suspect that the chemicals will persist in the
children. There were meubolic changes in
the placentac of some of these children (17)
and a few have mild hepatic porphyria (18).

The kinds of toxicitics seen are consistent
with PCBs, but the exposures are relatively
low. The children of workers exposed to
PCBs uncontaminated by polvchlorinated
dibenzofurans (PCDFs) do not show nearly
80 much toxicity, but the mothers achicve
blood PCB levels that are comparablke 1o
those scen in the outbreaks (19). The most
likely reason is the < of the verv toxic
PCDFs (2) in the cooking oil. Qualitacively,
the PCBs and PCDFs are similar in toxicicy,
but the PCDFs are active st much lower
doses. The oil in Taiwan had about 100
ppm PCBs, and abour 0.1 ppm PCDFs (20).
Although there has not been a human expo-
sure £0 PCDFs in the absence of PCBs, it is
reasonable to assume that much of the taxic-
ity scen in both outbreaks is duc at kast in
part to PCDF contamination.

eod
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Table 1. Physical signs present at birth and
sclected medical histornv items as reported by
maothers. Frequencies are those reporting “ves”
over those reporting “ves™ or “no.™ “Don’t know™
and mussing valuces are not included.

EAAP ety YR (e S VS P3O A . - g,

Exposed  Control

Physical sign

Ar binth
White eve discharge 32/108 5/113
Evelid swelling 25/106 0/111
Teeth present 11127 0/113
Irritated or swollen gums 11/ 99 0/114
Hvperpigmentaton 54/127 2/114
Dectormed or small nails 30/122 1/113
Acne 167125 0/114
Suhsequent history
Bronchitis or pncumonia 30/124 5/115
in hrst & months
Bronchitis bad enough 217126 3/111
tor 2 davs in bed

Scizure with tever 15/127 S/115
Scizure without fever 171127 17113
Chipped or broken tecth 38:107 25/106
Hair loss 14/115 - 2/105
Acne scars 117115 0/106
Loss of muscle strength 5/ 89 0/ 85
Joint pain 5/ 9] 0/ 84
Generalized 1tching 32/115 12/102
Skin abscesses or boils 26/116 11/103
Warts

c= - ook - s =

8/114

1/106

ey |

WATER_PCB-SD0000010287



Table 2. Sclected findings on physical examina-
uon. Rartios represent number rccordcd positive
over number examined.

Physical sign Exposcd Control
Gum hypertrophy 71116 0/107
Tooth chipping 117101 0/100
Intraoral hyperpigmentation 43/116  33/107
Carices 68/101 - 54/1C0
Acne Or acne scars 20/117  10/1C6
Hyperpigmentation .
Perineal-genital 50/117  29/106
Head or face 13117 4/1C6
Pigmented or detormed nails
Fingers 19/117  1/10¢6
Toes 74117 221106
Conjunctivitis or cvsts 12/117  9/1C6
Lymphadenopathy 28/117  11/106
Evebrow flare 25/117  4/1C6
Lungs not clear to 19/116  €/10%
ausculration
Hirsutism 18117  3/1C6
Hypertclonsm 24/117  10/1C6
Clmod.:.cryly 47/ 117 25/106
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Tablo 3. Results of formal deveclopmental testing and behavioral assessment. Entrics are mean = SE;
numbcr in parentheses are sample sizes. The Bayley Scales of Infant Development were used until 30
months. The Stanford-Binet viclds an intclligence quotient (1Q) and was used from 30 to 72 months.
The Wechsler Intelligence Scales for Children (WISC) were used after 72 months. On the Rurter scale
higher scores represent more behavior disorders.

Test | Exposcd Control

Ravley .

Mental scale 100 = 2.5 (45) 106 =24 (43
;. Motor scale 101 =27 (45) 108 =21 (45
Stanford- Binet (1Q) 85 =2.7 (52) 89 =27 (5
WISC :

Verbal 1Q 82 =31 (@21 82 =23 (21)

Performance 1Q 90 ==2.7 (21) 97 *=29 (21)

Full IQ 84 =29 (@21 88 =24 (21
Rurter

Hcalth problems . 264 = 0.21 (118) ' 1.43 = 0.15 (120)

Habits 1.50 £ 0.13 (117) 098 =0.11 (120)

Bchavior 11.08 = 0.45 (117) 924 = 0.41(119)
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