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A clinical and electrophysiological study of patients
with polychlorinated biphenyl poisoning
LIE-GAN CHIA, FU-LI CHU

From the Neurology Section, Department ofInternal Medicine, Veterans General Hospital, Taichung,
Taiwan, Republic of China

SUMMARY Neurological examination of 28 patients, 4 years after serious poisoning by poly-
chlorinated biphenyl contaminated cooking oil, are compared with similar examinations of the
same patients two years earlier (in 1980). Clinical peripheral sensory neuropathy was found in
54%, headache in 36% and dizziness in 46% of the patients; these findings did not differ (p >
0. 1) from those in 1980. Although the mean blood polychlorinated biphenyl concentration (19.2
ppb) in the patients was lower (p < 0-001) than that in 1980 (35.9 ppb), it was still higher than
the normal value (less than 4 ppb). There was no difference in the blood polychlorinated biphenyl
concentration of patients with neurological manifestation from those without. Although the mean
motor and sensory nerve conduction velocities (MNCV and SNCV) were still slower (p < 0.06)
than the mean normal NCV, the mean MNCV of tibial nerve and SNCV of sural nerve were

improved (p < 0.06) as compared with those in 1980. EEGs were normal except in two cases

showing nonspecific slow wave changes. In addition, evoked potentials (somatosensory, visual
and brain-stem auditory) were measured in this study and found to be normal in all 12 cases

examined.

About 2000 persons' 2 were poisoned by ingestion of
polychlorinated biphenyl contaminated cooking oil
in central Taiwan in 1978. This was the second inci-
dent of mass polychlorinated biphenyl poisoning fol-
lowing that in Japan in 1968. Thirty-five patients out
of the 2000 polychlorinated biphenyl poisoned cases
were studied neurologically in our hospital in 1980
(the first examination).3 We found that those
patients had high polychlorinated biphenyl levels in
their blood, and some of them suffered from clinical
and electrophysiologic sensory neuropathy and elec-
trophysiologic motor neuropathy. In the present
study we reexamined 28 patients out of the 35
polychlorinated biphenyl poisoned cases in 1982
(the second examination) and compared their
neurological abnormalities with those in 1980.

Material and methods

Twenty-eight patients with polychlorinated biphenyl
poisoning were followed up neurologically at the Veterans
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General Hospital from June to December 1982 (the sec-
ond examination). These patients were among 35 poly-
chlorinated biphenyl poisoned cases who were neurologi-
cally studied in 1980 (the first examination). There were
six cases lost to follow-up and one case died from unknown
cause (a 24-year-old male, blood polychlorinated biphenyl
level 80-7 ppb, without necropsy). Neurological examina-
tion and past history for these patients ruled out any
known causes of neuropathy including diabetes mellitus,
alcoholism, uraemia, collagen disease or other toxin. They
had been exposed to chronic ingestion of the contaminated
cooking oil from the middle of 1978 to the beginning of
1979, and the skin and eye manifestations started to
emerge from November 1978 to October 1979. The
patients examined included 15 males and 13 females
raging in age from 16 to 62 years (mean 33-1). The blood
polychlorinated biphenyl levels were determined by
Shimadzu Model 7AGPrE gas chromatograph for all
patients.45 The electroencephalography (EEG) was per-
formed in 25 patients (including nine patients examined in
1980) by Grass Mode 8-16 electroencephalography.
Motor and sensory nerve conduction velocity (MNCV and
SNCV) was measured in all patients and compared with
control values obtained in our laboratory. Somatosensory
evoked potential (SEP), visual evoked potential (VEP)
and brainstem auditory evoked potential (BAEP) were
performed in 12 cases and 40 control subjects.
A DISA electromyograph was used to determine the

nerve conduction velocity of the motor nerves (the ulnar
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A clinical and electrophysiological study ofpatients with polychlorinated biphenyl poisoning

and the tibial nerves) and the sensory nerves (the radial
and the sural nerves).6-'0 The skin surface temperature
was 32° to 35°C on upper extremities (wrist) and 300 to
33°C on lower extremities (ankle). For motor nerve con-
duction velocity supramaximal electric stimuli, 0-3 ms in
duration square pulse, were delivered through the surface
electrodes on the ulnar nerve at the elbow (the cathode on
2-4 cm below the medial epicondyle) and the wrist (the
cathode on 2 cm above the wrist crease), and the action
potential was recorded from the surface electrode
(cathode) over the abductor digiti quinti. The tibial nerve
was stimulated at the popliteal fossa (the cathode on the
centre) and the ankle (the cathode on 1 cm behind the
medial malleolus), and the evoked muscle potential was
recorded from the surface electrode over the abductor hal-
lucis. The amplitude was measured from peak to peak. For
sensory conduction measurement two ring electrodes (an
anode and a cathode) with an interelectrode distance of 3
cm were wrapped on the thumb as recorders. Supramaxi-
mal stimuli, 0-1 ms in duration square pulse with a current
of 5-15 mA., were delivered through the surface elec-
trodes (cathode) on the radial nerve at the forearm (20 cm
above the thumb ring cathode), and the nerve action
potential was recorded (by antidromic impulses) from the
ring electrode (cathode) on the thumb. Two plate elec-
trodes (an anode and a cathode) with an interelectrode
distance of 3 cm were placed below the lateral malleolus
(ankle). The sural nerve was stimulated at the posterior
part of the leg (19 cm above the plate cathode), and the
nerve action potential was recorded (by antidromic
impulses) from the plate cathode over the ankle. The amp-
litude was measured peak-to-peak.
The Student's t test and X2-test were used for statistical

comparisons of data obtained from the same 28 patients in
their 1980 and 1982 examinations and from the normal
control group.

For evoked potentials a DISA type 15 E 5/7, 15 E 30
and 15 E 10/11 stimulators with the computer average
were used in the studies of SEP, VEP and BAEP, respec-
tively.' -16 SEPs were obtained in response to 1024
averaging electrical stimulations, with squarewave pulses
of 0-2 ms in duration and at a rate of 3 Hz, of the median
nerves at wrists at the motor response threshold. The
bandpass setting was 20-2000 Hz. Recordings were

obtained from the electrodes at the ipsilateral Erb's point,
at the posterior midline of the neck at the second cervical

vertebra (CII), and on the contralateral parietal area (CP3
or CP4, 2 cm behind C3 or C4 of the international 10-20
system), with a midfrontal electrode (Fz) reference. The
analysis time after the stimulus was 100 ms. The SEP
latencies were measured to the first negative peaks as fol-
lows: Erb's point (NIO), CII (N14), CP3 or CP4 (N20).
VEPs was obtained by 256 pattern reversals, a rate of 2
Hz, of small checks to each eye (by covering the other eye).
Small checks subtended a visual angle of 30 minutes and
the whole stimulating field subtended 10° at the eye when
viewed from 150 cm. The recording electrode was placed
in the midline 3-5 cm above the inion with a midfrontal
electrode (Fz) reference. The bandpass used was 0-5-100
Hz. The analysis time after the stimulus was 200 ms. The
VEP latency was measured to the first positive peak
(PTJ). BAEPs were recorded in response to 2048 clicks
at 65 dB above the sensory threshold presented monaur-
ally over earphones at a rate of 10 Hz and recorded from
electrodes over the ipsilateral mastoid process with the ver-
tex electrode (Cz) reference. The band pass setting was
100-2000 Hz. The period of analysis was 10 ms from the
onset of each click. The BAEP latencies were measured to
the negative peak of each wave (from I to V). All test runs
were repeated at least twice in order to verify waveform
consistency. The ground electrode was on the forearm.

Results

I Neurological manifestations: (table 1)
Among 28 patients, 18 (64*3%) had one or more

neurological symptoms and signs in the 1982 exam-

ination, which showed no significant difference (p >
0 1) as compared with 24 cases (85.7%) at the 1980
examination..The neurological symptoms and signs
were as follows:
Headache: 10 cases (35-7%). These patients had no

evident history of the following characteristic
headache before polychlorinated biphenyl poison-
ing. The headache was dull, frequent, non-pulsating
and chiefly over periorbital, frontal or temporal re-

gions. Each episode could last for half an hour to
several hours. All patients responded well to
analgesics, sedatives and muscle relaxants.
Dizziness: 13 cases (46.4%). These patients felt diz-

Table I Comparison ofclinical neurological manifestation (symptoms and signs) between first and second examinations
of28 polychlorinated biphenyl poisoned patients

Symptoms and signs First Exam. Second Exam.
Cases (%o) Cases (%0o)

Headache 12 (42.9) 10 (35.7)*
Dizziness 10 (35.7) 13 (46.4)-
Paraesthesia or numbness in distal limbs (mild) 17 (607) 15 (53.6)*
Hypoaesthesia or hypal&esia in distal limbs (mild) 10 (35-7) 5 (17-9) *
DTR (absent and sluggish) 5 (17-9) 6 (21-4)*
Pain and cramp over back and limbs 12 (42-9) 10 (35 7)*
Muscle wasting and weakness 0 0
Patients who had one or more of above manifestations 24 (85.7) 18 (64.3)*
Mean blood PCB concentration (ppb) 35-9 (105-80-7) 19-2 (14-60-9)t
*Yates' corrected X2-test: no significance (p > 0 1) as compared to the first examination.
tt test: p < 0-001 as compared to the first examination.
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Table 2 Clinical neurological manifestations and blood polychlorinated biphenyl concentration (mean) of28 follow-up
polychlorinated biphenyl poisoned patients0

Neurological manifestations Cases (%) Mean Blood polychlorinated biphenyl
Concentrations (ppb)

with without
manifestation manifestation

Headache 10 (35.7) 19-7 19-3t
Dizziness 13 (46.4) 21-2 17-5t
Paraesthesia or numbness in distal limbs 15 (53 6) 17-3 21-4t
Hypoaesthesia or hypalgesia in distal limbs (mild) 5 (17-9) 11-8 20-4t
DTR (absent and sluggish) 6 (21-4) 12-4 21- It
Pain and cramp over back and limbs 10 (35.7) 21-7 17-8t
Muscle wasting and weakness 0 (0)
Patients who had one or more of above manifestations 18 (64.3) 20-1 17-7t

*Polychlorinated biphenyl concentration (mean) of 28 patients: 19-2 ppb.
tt test: p > 0-1 as compared to the group with manifestation.

Table 3 Nerve conduction and amplitude in 44 normal subjects' and 28 polychlorinated biphenyl patientsb

Ulnar (motor) Radial (sensory) Tibial (motor) Sural (sensory)
(elbow-wrist) (thumb-forearm, (knee-ankle) (ankle-knee,

distance = 20 cm) distance = 19 cm)

Distal latency (ms)
normal 23 05 3-8 + 04 3.9 + 07 4-4 05
patients

1st exam. 2-6 + 0-54* 4-3 + 044*** 4-8 + 0-7d** 5-1 + 0.8d**2nd exam. 2-6 0-4d** 4-2 + 0-4,* 4-4 + 0-8. 4-7 ± 0-6e
NCV (m/s)
normal 63-3 + 7-1 52-9 + 49 501 + 4-3 43-6 + 5 1

(over 49.0)c (over 43.0)C (over 41.0)' (over 33.0)'
patients

1st exam. 56-3 + 61d*** 46-7 + 33d*** 45-6 + 4-7 *** 37-3 + 6.0d***
2nd exam. 57.5 + 6 48-0 + 4-4* 47.9 + 4.8, 412 + 48d*

Amplitude (mv for motor, isv for sensory)
normal 9.5 + 4-3 15-0 + 6-0 8-8 + 4-3 16 0 + 9 0
patients

Ist exam. 8-6 + 3-5do 110 + 4-0d** 8-0 + 2-4d4 10-0 + 7.04**
2nd exam. 9-4 ± 5940 116 _ 3-4* 8-4 + 4-540 118 _ 76do

mean + SD
Age: 35-1 ± 13-8 (14-62 y)
Age: 31 1 + 15 2 (14-60 y) for first examination.

33:1 ± 15-2 (16-62 y) for second examination.
Normal range: normal mean NCV minus 2 SD

dt test with comparison to normal group*p <006 **p <01 *p <0001 o = not significant (p>O0l)
' t test with comparison to Ist exam. f p < 0

ziness or light-headedness and occasional nausea
and vomiting, but no vertigo, tinnitus or double
vision.
Paraesthesia, numbness in the distal limbs: 15 cases
(53.6%). These patients experienced a mild tingle
and numbness in their fingers and toes.
Hypoaesthesia, hypalgesia in the distal limbs: five
cases (17-9%). In the 15 patients with symptoms of
paraesthesia and numbness, there were five cases
who could identify slight changes in tactile and pain-
ful sensation in their fingers and toes.
Deep tendon reflexes (absent or sluggish): six cases
(21.4%). Deep tendon reflexes were absent or
sluggish in these patients who also had neuropathic
symptoms of numbness or hypalgesia.

Pain (soreness) and cramp over back and limbs: 10
cases (35.7%). These patients complained of pain
(or soreness) and cramp over back, arm, thigh or
calf. Their serum LDH, GOT and GPT were all
within normal limits.
Muscle wasting or weakness: no patient had these
signs.

2 Electroencephalography (EEG): (table 2)
Two cases (8%) showed paroxysmal slow waves
(5-7 Hz) in bilateral frontotemporal regions, which
were not specific findings. The blood levels of
polychlorinated biphenyl in the two cases were 23- 1
and 15-0 ppb, respectively; the former had headache
and dizziness, the latter had not..
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3 Nerve conduction velocity (NCV): (table 3 and
fig. 1)
Control: The distal latencies (msce), NCVs(m/s) and
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Fig 2 Patient 1. Normal latencies ofSEPs (A), VEPs (B),
BAEPs (C) showing in parentheses. A: the upper three
curves stimulated on right median nerve, the lower three
curves stimulated on left median nerve. EP, ipsilateral Erb's
points; CII, second cervical spinous process; CP3 or CP4,
contralateral parietal area. B: OD, right eye; OS, left eye. C:
AD, right ear; AS, left ear.

Chia, Chu
amplitudes (mV for motor, ,uV for sensory) of nor-
mal subjects are shown in table 3. In this study, the
normal lower limits of NCVs were provisionally set
as normal mean velocity minus 2 SD.
Patients: In the second examination, the mean distal
latencies and NCVs of the ulnar, the radial, the tibial
and the sural nerves were slower than those of the
control group (p < 0.06). As compared with the first
examination, these velocities were not significantly
improved except for the tibial and the sural nerves
(p < 0.06). The mean amplitudes of motor nerves
(ulnar and tibial) were not significantly changed as
compared with those of the control group and first
examination (p > 0 1). However, the mean am-
plitudes of sensory nerves (radial and sural) were
lower than those of the control group (p < 0 06). As
compared with the first examination, the mean am-
plitudes of sensory nerves were not significantly
improved (p > 0.1). The MNCVs were slow in the
ulnar nerve of two cases and the tibial nerve of three
cases. The SNCVs were slow in the radial nerve of
five cases and the sural nerve of three cases.
Altogether there were six patients (21-4%) whose
MNCVs and/or SNCVs (one, two or three nerves)
were below normal. As compared with the first
examination, 11 patients (39.3%) whose MNCVs
and/or SNCVs (one, two or three nerves) below
normal, there was no significant difference (p >
0.1).
The relationship between slowed NCV and clinical
peripheral neuropathy: (fig. 1)
Clinical peripheral neuropathy included paraes-
thesia, numbness, hypoaesthesia and hypalgesia of
the limbs.

In 15 patients with clinical symptoms of
peripheral neuropathy, the NCVs were slow as fol-
lows: the ulnar nerve, 0 case (0%); the tibial nerve,
two cases (13-3%); the radial nerve, two cases
(13.3%); and the sural nerve, two cases (13.3%).
However, in 12 patients without clinical peripheral
neuropathy, the NCVs were also slow as follows: the
ulnar nerve, two cases (15.4%); the tibial nerve, one
case (7.7%); the radial nerve, three cases (23.1%)
and the sural nerve, one case (7-7%). There was no
significant difference (p > 0-1) between the above
two groups (with and without clinical peripheral
neuropathy).

4 Evoked potentials: (fig. 2)
The evoked potential latencies (ms, means ± SD) of
40 normal subjects are as follows: SEP N10 (9.4 -
0-55), N14 (12-9 + 0.75), N20 (18-7 ± 0.91); VEP
P100 (100-6 ± 5-7); BAEP N1 (1.7 ± 1-4), N2 (2'8
± 0.16), N3 (3.8 ± 0-15), N4 (4.9 ± 0.18), N5 (5.7
± 0-19), NI-N3 (4.1 ± 0.20). In this study, the
normal upper limits of evoked potential latencies
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A clinical and electrophysiological study ofpatients with polychlorinated biphenyl poisoning
were provisionally set as normal mean latency plus 2
SD. All data of evoked potentials in 12 patients
were within normal limits. Representative tracings
are shown in fig. 2.

5 The relationship between blood polychlorinated
biphenyl concentration and neurological manifesta-
tions: (tables 1, 2)
The mean values of the blood polychlorinated
biphenyl concentration showed no significant differ-
ences between the groups with neurological mani-
festations and those without (table 2). The mean
values of the blood polychlorinated biphenyl con-
centration in all 28 patients were 19-2 ppb in the
second examination and 35-9 ppb in the first exam-
ination (p < 0-001, highly significant difference
between the two groups in table 1). The blood poly-
chlorinated biphenyl concentration of normal con-
trol subjects in our laboratory was less than 4 ppb.

Discussion

Fischbein et all' found that the prevalence of central
nervous system (CNS) symptoms such as headache
and dizziness were 23-6% and 11-7%, respectively,
in workers exposed to polychlorinated biphenyl. In
our study, headache and dizziness were present in
35-7% and 46-4% of these patients in the second
examination; these figures did not differ significantly
from those of the first examination. From previous
studies, CSF polychlorinated biphenyl concentra-
tions of patients were normal;3 polychlorinated
biphenyl was 1/4 to 1/5 as toxic as DDT for CNS of
chickens;'8 polychlorinated biphenyl concentration
in the brain was only 1/40 of that in adipose tissue of
necropsied patients; 120 polychlorinated biphenyl
had no distinct effect on the EEG of rats2' and
patients;22 and polychlorinated biphenyl made no
essential change on the patterns of cortical evoked
responses in rats.23 In this study, EEGs were normal
except two cases showing nonspecific changes -of
slow waves; and evoked potentials (SEP, VEP and
BAEP) were all within normal limits. So we have no
evidence that the symptoms were caused by poly-
chlorinated biphenyl involvement of the CNS, or of
the central sensory pathways. Unfortunately, the
patient with intractable headache who was
examined in the first examination3 and whose
headache was only relieved by diphenylhydantoin
was lost in the second examination. However,
because headache responded to analgesics, sedatives
and muscle relaxants in our two examinations, it is
assumed that headache might be psychogenic or
associated with tension.

Murai et al'° found that 48% of patients had clini-
cal peripheral sensory neuropathy such as numb-
ness, pain, or hypoesthesia, but no muscular atrophy

or weakness. In our study, a clinical peripheral sen-
sory neuropathy was evident in 60.7% and 53 6% of
patients in the two examinations. There was still no
evidence of clinical peripheral motor neuropathy
such as muscle wasting and weakness in our two
examinations. Shibasaki24 found that some of
"Yusho" patients still had clinical peripheral sen-
sory symptoms 12 years after the onset. Thus, it
seems that peripheral sensory symptoms frequently
occur in polychlorinated biphenyl poisoned patients,
in contrast to the absence of peripheral motor symp-
toms.

Table 3 shows that the mean NCVs of motor and
sensory nerves in the two examinations were slower
than those of the normal group. The mean am-
plitudes of the motor potentials in the two examin-
ations show no significant changes in comparison
with those of the normal group. The mean amp-
litudes of the sensory potentials in the two examina-
tions are lower than those of the normal group.
Although the amplitude of the potentials is
influenced by many factors25 such as skin resistance,
stimulus intensity, distance between nerve and elec-
trodes, age and temperature, we carefully controlled
these factors as much as possible to reduce their
influence. It is known that a lowered amplitude
implies a loss of some of the axons, and a slowing of
conduction velocity indicates an abnormality of
myelin.2627 It would be interesting to investigate
whether polychlorinated biphenyl does affect the
myelin and/or axon of sensory and motor nerves.
The incidence of abnormal MNCV and SNCV

seems to decrease in the second examination
(21.4%) as compared to the first examination
(39-3%), even though no significant difference is
indicated statistically. Table 3 shows that the mean
MNCV of tibial nerve and SNCV of sural nerve in
the second examination were significantly improved
in comparison with those of the first examination,
although the velocities were still slower than the
normal velocities. Shibasaki24 found that a normal
MNCV of ulnar nerve was measured in 1980 (12
years after the onset of polychlorinated biphenyl
poisoning) in a patient who showed an abnormal
MNCV in 1968. Thus, we presume that elec-
trophysiologic peripheral neuropathy of polychlori-
nated biphenyl patients can improve during a period
of years.
The incidence of abnormal NCV (motor and sen-

sory) or patients with clinical peripheral neuropathy
did not differ statistically from that of patients with-
out in the two examinations (fig. 1). Therefore, the
abnormal NCV was not correlated with clinical
peripheral neuropathy.
The mean blood polychlorinated biphenyl concent-

ration (19-2 ppb) of 28 patients in the second
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examination was lower than that of the first exami-
nation (35-9 ppb) (table 1), but it was still higher
than the normal data (less than 4 ppb in our laborat-
ory and less than 7 ppb in Takamatsu's laborat-
ory28). From the blood polychlorinated biphenyl
concentrations shown in table 2 for patients with
various symptoms, there was no difference in the
blood polychlorinated biphenyl levels between
patients with neurological manifestation (mean 20-1
ppb) and those without (mean 17 7 ppb) in the sec-
ond examination. The same condition was also
observed in our first examination3 and in the studies
of Shibasaki24 and Iwashita et al.29 There is evidence
of great variation in toxicity of polychlorinated
biphenyl isomers which have been detected from
blood and some organs of patients with Yusho.3'
Kunita et al-3" found that quantitatively polychlori-
nated dibenzofurans can be hundreds to thousands
of times more potent than polychlorinated biphenyls
or polychlorinated quaterphenyls as inducers of the
various clinical manifestations. Thus, the question is
raised whether neurological manifestations might be
correlated with the toxicity of polychlorinated
biphenyl isomers.

We thank the physicians of the Dermatology
Department who referred patients for investigation.
We also thank Miss Heny-Jey Nian, Technician at
the Computer Center, for providing help with the
statistical data, Miss Hsien-Chih Pei, Technician of
the Dermatalogy Laboratory, for her assistance in
detection of the blood polychlorinated biphenyl
concentrations, and Dr Paul Alexander for his
review of this paper.
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