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Chronic elemental mercury intoxication: clinical
and field studies in lampsocket manufacturers

Yu-Jen Yang, Chin-Chang Huang, Tung-Sheng Shih, Sun-Shen Yang

Abstract
Four workers chronically exposed to ele-
mental mercury in a lampsocket manu-
facturing factory were studied. The
clinical manifestations were severe in
one, mild in another, and suspicious in
the remaining two. Correlation between
severity of clinical features and increased
urinary mercury concentrations was
found. The time weighted average
mercury concentrations were 0945
mg/m3 and 0709 mglm3 for two workers
in one room and 0 225 mg/m3 in the
other. After stopping exposure, the
workers recovered spontaneously or with
D-penicillamine treatment within six
months. It is concluded that recovery
from chronic elemental mercury intoxi-
cation may be complete when patients
are removed early from the exposure
environment. The hazard of mercury
intoxication in recycling of waste sub-
stances is emphasised.
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Neurological damage may occur in humans
after poisoning from occupational exposure to
mercury compounds. Organic mercury may
produce severe encephalopathy with persis-
tent neurological disabilities' or a syndrome
resembling amyotrophic lateral sclerosis.5 6By
contrast, exposure to inorganic or elemental
mercury can also result in a disorder charac-
terised by stomatitis, polyneuropathy, tremor
and a neuropsychiatric syndrome-erethism-
including insomnia, loss of appetite, excessive
shyness, emotional lability, irritability, and
violent behaviour. If the disease progresses,
decreased visual acuity, particularly night
vision, slurred speech, disturbance of equilib-
rium, intention tremor, ataxic gait, and invol-
untary jerky movements may occur.79

Occupational exposure to mercury has
been reported in workers in a variety of
occupations including miners, furcutters,
mirror makers, gilders, hatters, dentists,
and manufacturers of chlorine, chloralkali,
thermometers, lamps, and thermonuclear
weapons.7 '7 The poisonous properties have
been known for centuries but the clinical
course has only been roughly described. In
this paper, we report clinical and field studies
on elemental mercury intoxication from a

lampsocket manufacturing factory.
In August 1991, a 29 year old man from a

lampsocket manufacturing factory presented,

having developed nervousness, irritability,
blurred vision, tremor, stuttering, unsteady
gait and transient involuntary movement in
the past four months. His medical and family
histories were unremarkable. No history of
drug abuse was noted. He first experienced
gum pain, oral ulcer, dizziness, fatigue, poor
attention, emotional lability, nightmares, bad
temper, insomnia, body weight loss, hyper-
salivation, and hyperhidrosis about two years
previously. On evaluation, he was alert, well
oriented, but impatient, irritable, and easily
angered when interviewed. His mental
response was slow and short term memory
was poor, probably due to inattention.
General physical findings were normal except
for prominent gingivitis, some dark blue lines
over the gums, and sweating especially on the
palms of the hands and soles of the feet.
Neurological examination showed normal eye
fundus and cranial nerve function. No Kayser
Fleischer ring on the cornea was noted. His
visual field was symmetrically constricted,
however, and speech was slurred. He had
dysdiadochokinesia, dysmetria, dyssynergia,
postural and action tremor on both hands,
and ataxic gait. The patient could not per-
form Tandem's walk without assistance. No
masked face, rigidity, bradykinesia, dystonia,
and myoclonus were noted, although he
claimed occasional myoclonus. Sensation was
intact and muscle strength was normal.
Plantar reflexes were flexor with normal ten-
don reflexes. Sexual function was normal but
he had a decreased sexual desire.

Laboratory tests, including complete blood
cell counts, urinalysis, renal function, liver
function, blood electrolytes, thyroid function,
ceruloplasmin, serum copper, and 24 hour
urinary copper and total protein, were nor-
mal. Electrodiagnostic studies revealed a
normal electroencephalogram, electrocardio-
gram, somatosensory evoked potentials,
brainstem auditory evoked potentials, and
visual evoked potentials except for a slight
prolongation of distal latencies of both
median and ulnar nerves. Brain computed
tomography and magnetic resonance images
were unremarkable. Because the clinical
pictures were similar to mercury poisoning,
a heavy metal survey was performed. The
mercury concentrations were 237 jug/l in
blood and 610 jug/l in 24 hour urine. Lead
concentrations were 45 ug/dl in blood and
34 jug/l in 24 hour urine. Review of his occu-
pational history revealed that he had worked
in a lampsocket manufacturing factory for
five years. Exposure to heavy metals was
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suspected. Therefore, we conducted a series
study to identify the aetiology and to follow
up the other workers to observe the clinical
course. The patient described is patient 1 of
this study.

Materials and methods
FIELD STUDY
A walk through survey was conducted at the
factory, which had been operating for eight
years. Four people (three men and one
woman) worked in the factory, which con-
sisted of two rooms (A and B). In room A,
two workers (workers 1 and 2) produced
lampsockets by recycling the stems of white
waste fluorescent lamps, which were mixed
with black glass in a ratio of 15:4. In room B,
workers 3 and 4 used waste incandescent
lampstems as a source instead. Bulk smaples
of waste lampstems from rooms A and B
were collected and analysed. Air samples
from different worksites were obtained and
studied. In room A, we monitored the fixed
point air concentrations collected by an SKC
low flow pump with SKC hopcalite mercury
tube, and an SKC high flow pump with a
mixed cellulose ester filter for 3-5 hours con-
secutive sampling. Six working points where
the workers usually stayed were chosen and
working duration was also considered based
on its fixed nature. The air samples were
monitored for mercury, lead, and manganese.
In room B, a personal sample was collected
and monitored for the same metals.'8

CLINICAL STUDY
Four workers were interviewed and com-
pleted a short questionnaire asking about age,
sex, duration of employment, smoking habits,
alcohol consumption, work place, working
time, duration of exposure, and duration of
symptoms. Twenty questions were asked to

Table 1 Clinical symptoms offour workers with mercury exposure in a lampsocket
manufacturingfactory

Worker No

1 2 3 4

Age (y)/sex 29/M 27/F 21/M 37/M
Duration of exposure (y) 5 1 5 3 7
Smoking + - + +
Alcohol + + +
Working place A A B B
Workingtime (h/day) 10 4 8 8
Time since symptom onset (y) 2 2 1 1
Symptoms:
Gum pain + + + +
Dizziness + + -

Fatigue + + - +
Inattention + + + -

Memory impairment + + - +
Bad temper + + -

Irritability + + + - -
Back pain +
Nightmare/insomnia + - +
Body weight loss +
Hyperhidrosis + + + +
Hypersalivation + + +
Blurred vision +
Tremor + +
Writing difficulty + +
Stuttering +
Slow mental response +
Unsteady gait + + +
Numbness + +

+ + + Severe; + + moderate; + mild; - absent; A = room A; B = room B.

detect clinical symptoms such as gum pain,
dizziness, fatigue, memory impairment, bad
temper, irritability, back pain, nightmare,
insomnia, body weight loss, excessive saliva-
tion, hyperhidrosis, blurred vision, tremor,
writing difficulty, slurred speech, mental
response, unsteady gait, and distal limb
numbness. The clinical symptoms were esti-
mated semiquantitatively by the workers.
Detailed physical and neurological assess-
ments were performed on each worker by two
neurologists. Special attention was placed on
visual field defects, gingivitis, dysarthria,
tremor, finger to nose test, heel to knee and
shin test, gait disturbance, muscle strength,
and tendon reflexes. A modified minimental
test (total score of 30 points) was also given.
Serial blood and urine samples were collected
for detection of lead and mercury and for
tests of renal function. All workers were fol-
lowed up and the clinical pictures were
charted after cessation of exposure. The
clearance of mercury from blood was also
studied.

Results
FIELD STUDY
During the walk in survey, some silver-like
possible mercury droplets were found on the
floor, window, and the surface of a fan which
was located 50 cm away from a crucible fur-
nace in room A. The bulk samples from room
A revealed that the white waste fluorescent
lampstems contained lead and mercury and
the black glass contained manganese. The
bulk samples from room B showed no mer-
cury, although lead and manganese were
found. In room A (32-3 M2), the time
weighted average (TWA) mercury exposure
concentrations calculated from the most
common work areas were 0945 mg/M3 for
worker 1 and 0-709 mg/M3 for worker 2. In
room B (15 1 n2), the personal TWA
concentration of mercury was 0225 mg/M3.
The highest exposure concentrations were
0-064 mg/M3 for lead and < -0001 mg/M3 for
manganese.

CLINICAL STUDY
Table 1 summarises the clinical symptoms of
the four workers with elemental mercury
exposure. There were three men and one
woman and their ages ranged from 21 to 37
years. The durations of exposure were from
1 5 to seven years. Three workers drank alco-
hol socially and smoked. The working times
were usually between eight and 10 hours a
day except for worker 2 who worked on aver-
age four hours a day. The duration of symp-
toms ranged from one to two years. Workers
1 and 2 usually stayed in room A where a
high air mercury concentration was noted.
The prodromal symptoms were usually non-
specific and included fatigue, memory
impairment, hypersalivation, hyperhidrosis,
and insomnia. Early symptoms of gum pain,
dizziness, poor attention, bad temper, and
irritability were found in two workers. Late
manifestations of blurred vision, dysarthria,
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Table 2 Clinical signs and mercury concentration offour workers with mercury exposure
in a lampsocket manufacturing factory

Worker No

1 2 3 4

Gingivitis + + + - -
Postural tremor + + -

Action tremor + + -

Dysartiria + -

Ataxia + + +-
Dysmetria/dyssynergia + + -

Visual field constriction + -

Muscle strength N N N N
Tendon reflex N N N N
Minimental test* 29 30 30 30
Mercury concentration:

Blood (ug/l) 237 105 < 1 15
24 hour urine (ag/l) 610 408 1 lot 90t

+ + + severe; + + moderate; + mild; - absent; N = normal, *total score 30; tspot urine.

tremor, unsteady gait, and slow mental
response were present in one. Table 2 shows
the clinical signs in the four workers. Only
worker 1 had prominent neurological signs.
The tremor was usually postural and inten-
tional. Other positive neurological signs
included dysarthria, ataxia, dysmetria, and
visual field constriction. Worker 2 only had
gingivitis. No other signs were noted in the
remaining workers. The minimental test was
normal.

Blood mercury concentrations were high
with 237 jug/l in worker 1 and 105 1ug/l in
worker 2 (reference range <10,ug/l). The 24
hour urinary mercury concentrations were

610,ug/f in worker 1 and 408 pg/1 in worker
2, and spot samples contained 110 pug/l in
worker 3 and 90 jug/l in worker 4 (reference
range <20 ug/1). Worker 1 had a blood lead
concentration of 45.ug/l and 24 hour urinary
lead of 34 jtg/l (reference range <20 ug/l in
blood and <80 pg/l in urine). All four workers
had normal renal function tests and no pro-
teinuria.

CLINICAL RECOVERY
Because worker 1 had prominent symptoms,
D-penicillamine (150 mg per day for one

week and then 300 mg per day for seven

weeks) was given. His unsteady gait improved
rapidly within two weeks and had disap-

6 August 1991
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30 October 1991
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Figure 1 Handwriting of worker 1 before (6 August 1991) and after (30 October 1991)
D-penicillamine treatment showing improvement.
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peared two months later, whereas the
improvement of action tremor was slower and
took four months to disappear. In the other
three workers, the clinical symptoms also dis-
appeared about two months after cessation of
exposure. Figure 1 shows the improvement in
writing for worker 1. With D-penicillamine
treatment, blood mercury concentrations in
worker 1 showed a rapid decrease in the first
two weeks and then slowly returned to nor-
mal in the next eight weeks. Monitoring of 24
hour urinary mercury showed an increase in
the first week and a slow decrease within two
months (fig 2).

Discussion
The present study reports the clinical course
of elemental mercury intoxication. The diag-
nosis was based on clinical manifestations
and measurements of mercury in blood,
urine, and air. Two workers had overt clinical
symptoms and the other two had few symp-
toms, a difference possibly related to the
degree of mercury exposure. It seems that in
the early stage, prodromal symptoms such as
fatigue, memory impairment, hypersalivation,
and hyperhidrosis may occur. Within a few
months, they may be followed by gum pain,
poor attention, bad temper, irritability, and
other psychiatric symptoms. If the exposure
continues, tremor, blurred vision, dysarthria,
unsteady gait, and distal numbness may
occur. After cessation of exposure, our
patients recovered spontaneously or with D-
penicillamine treatment within three to six
months. We elected to use only a low dose of
D-penicillamine (150-300 mg/day) due to its
potential side effects. Dimercaptosuccinic
acid (DMSA) has been proved to be more
appropriate in chelating heavy metals.'9 The
benefit is still controversial however, because
there is no clear evidence that DMSA could
remove mercury from the brain.20 Although
some studies reported persisting neurological
sequels,7 the prognosis seemed better than in
organic mercury intoxication. Firstly, gait dis-
turbance improved followed by tremor and
writing difficulty. Generally, if the urinary
mercury concentration is above 300 ug/1, the
clinical evidence of poisoning may become
evident.2 Our study confirmed this finding.
Worker 1 had the most severe neurological
symptoms and signs, and worker 2 the next
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most severe, presumably because they worked
in room A where the air concentration of
mercury was much higher. For worker 1 the
clinical recovery was proportional to the
decrease of blood and 24 hour urinary mer-
cury concentrations.
The highest air lead concentration was

0-064 mg/M3 (threshold limit value: 0-15
mg/M3).2' Also, the serum lead concentration
was slightly raised in worker 1. Did lead play
a role in this outbreak? Lead poisoning is usu-
ally characterised by abdominal pain,
polyneuropathy, and diffuse encephalopathy
such as seizures, increased intracranial pres-
sure, mental defect, and even loss of con-
sciousness.2325 It is unusual for lead poisoning
to cause tremor and cerebellar dysfunction.
Therefore, we conclude that mercury intoxi-
cation is the main causative agent. Whether
there is a synergistic effect of lead on mercury
intoxication remains unknown, however, and
further investigation is warranted.

This report is the first of an outbreak of
elemental mercury intoxication in Taiwan
due to occupational exposure. The affected
workers produced lampsockets and used
recycled waste lampstems containing mer-
cury. This work is not well controlled by the
Environmental Protection Agency in Taiwan.
The hazard of the toxic substance was not
announced and workers were not educated in
protection measures. We understand that
similar small lampsocket factories have been
established in other south east Asian coun-
tries and mainland China. We hope that this
occupational disease will not occur in these
countries and the hazard is recognised and
prevented.
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