Industrial Health 2018, 56, 561-565 Case Report

Acute toxic encephalopathy induced by occupational
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Abstract: 1,2-Dichloropropane (1,2-DCP) is used widely in Korea as a substitute for trichloroeth-
ylene or methylene chloride. Some companies mistakenly consider that 1,2-DCP is an eco-friendly
detergent because its use is not regulated, but 1,2-DCP is known to inhibit the central nervous
system in animals; a few cases of accidental exposure have been reported in humans. We present a
case of acute encephalopathy caused by exposure to 1,2-DCP. A 41 yr-old male presented with diz-
ziness, headache, and diplopia after exposure to the detergent without protective equipment. Brain
magnetic resonance imaging suggested metabolic encephalopathy, but the patient had no thiamine
deficiency and no other metabolic disorder. As the symptoms had commenced after exposure to a
large amount of solvent while skimming rust from the surface, and as the symptoms were more se-
vere during the work week, improved on weekends, and disappeared after solvent exposure ceased,
the toxic encephalopathy was likely induced by inhalation of the detergent.
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Introduction

1,2-Dichloropropane (1,2-DCP) or propylene chloride
is a colorless volatile liquid used as a detergent. Recently,
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1,2-DCP has become employed widely in Korea as a sub-
stitute for trichloroethylene (TCE) or methylene chloride
(MC). Occupational exposure limit is in place, but use
of the chemical does not trigger workplace environment
monitoring or require special health screening of workers,
unlike the use of TCE or MC. Although some companies
mistakenly consider 1,2-DCP to be an eco-friendly indus-
trial detergent, the chemical is known to cause hepatic and
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Fig. 1. Brain MRI images.

Although no signal change is evident on the T1 image (A), high signal intensities (ar-
rows) in the bilateral medial thalami are evident on FLAIR (B) and T2 (C) images.

renal dysfunction, inhibition of the central nervous system
(CNS), hemolytic anemia, and thrombosis' #. Many cases
of cholangiocarcinoma occurred in workers at offset print-
ing plants in Osaka, Japan, where 1,2-DCP was used in
large quantities® '?. The TARC designated 1,2-DCP as a
group 1 carcinogen in 2014'¥. In animals, 1,2-DCP causes
neurological complications (lethargy, CNS depression, and
decreased activity)'* 1. CNS overexposure (ingestion or
inhalation) caused dizziness, disorientation, and coma in
humans exposed to 1,2-DCP by accident or when attempt-
ing suicide® '%. To our knowledge, this report is the first
to describe a case of toxic encephalopathy caused by oc-
cupational 1,2-DCP exposure (in an automotive accessory
manufacturing plant).

Case Report

In June 2017, a 41-yr-old male visited our clinic with
dizziness, headache, severe nausea, and vomiting. He
worked at an automotive accessory manufacturing plant,
and had manually skimmed rust off the surface of deter-
gent (after the detergent had been used to clean automotive
parts) without protective equipment. His symptoms devel-
oped after the cleaning work had finished. A physician at
a local clinic had treated him conservatively (vitamins By,
Bs, Bi2, and Hartmann solution), but the symptoms did not
improve. Five days later, on Monday morning, June 26,
2017, while skimming detergent, the worker complained
of diplopia, dizziness, and ataxia. He visited a neurologi-
cal physician in a university hospital.

The patient had worked for 9 yr in a gas station and for
Syr as a driver, and had joined his present company in
August 2014, working in pressing for 2 yr and in cleaning
since August 2016. He sustained a right-knee tibial crush
fracture in a traffic accident in 2002, but had no underly-

ing disease. He was a social drinker (1-2 bottles of beer
a wk). All laboratory tests were normal except the serum
ketone level (181 umol/l, reference range 28—120 umol/l).
Initial blood tests revealed a white blood cell (WBC) count
of 4,450/mm3, hemoglobin concentration of 15.1 g/dl,
platelet count of 136,000/mm?®, aspartate aminotransferase
(AST) level of 33 IU/L, alanine aminotransferase (ALT)
level of 48 TU/I, serum creatinine level of 0.69 mg/dl, and
normal electrolyte levels. Brain magnetic resonance imag-
ing (MRI) performed on June 27, 2017 revealed abnormal
findings in the bilateral thalami, raising suspicion of meta-
bolic encephalopathy (Fig. 1). The blood thiamine (vitamin
B1) level was measured, and vitamin B; was prescribed
under suspicion of Wernicke’s encephalopathy. However,
the patient did not drink significant amounts of alcohol or
exhibit an eating imbalance, and his thiamine level was
normal (197.5 nmol/l, reference range 66.1-200.6 nmol/l);
thus, Wernicke’s encephalopathy was excluded. His clini-
cal symptoms improved before thiamine was prescribed,
and he was discharged on June 29, 2017. He returned to
work and the company re-assigned him to pressing; he
was no longer exposed to detergents or organic solvents,
and the CNS symptoms did not recur.

We strongly suspected that the disease was caused by
occupational exposure, as the symptoms developed on
detergent exposure and improved when exposure ceased.
The patient had started work with the company in August
2014, and had been assigned to pressing. In August 2016,
he was reassigned to cleaning using an ultrasonicator.
As the machine was not completely sealed (Fig. 2), he
was exposed to organic solvent as automotive parts were
placed in the cleaner and removed. Also, he moved the
parts inside the cleaner by manually opening a window.
The machine had three cleaning trays (Fig. 3): the left (A)
collected grease, the center held the parts being cleaned (B),
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and the right held parts that were drying (C). One week be-
fore the patient complained of symptoms, rust, which had
not been encountered before, often floated on the surface
of the detergent (Fig. 4A). He was in the habit of open-
ing the window to directly remove the rust using a metal
scoop (Fig. 4B), and was thus directly exposed to solvent.
Local ventilation was inadequate; the fan was at the rear
of the machine. Although a gas mask was provided, most
workers did not wear protective equipment during summer
because the workplace was not air conditioned.

1,2-DCP had been used as a detergent since February
2017, replacing MC. In December 2016, the MC exposure
level in the workplace was 41.32 ppm (occupational
exposure limit 50 ppm). The employer was concerned, as
the levels were consistently above the action level (half
the exposure limit), and thus replaced MC with 1,2-DCP.
During the first 4 months, cleaning was performed in a
closed environment without any problem. In June 2017,
rust began to appear daily, and the worker opened the door
and removed the rust without using protective equipment.
After about 7 d, he developed dizziness and headache. In
July 2017, the 1,2-DCP level was measured for the first
time; it was 8.40 ppm, below the exposure limit (75 ppm
as dictated by the Ministry of Employment and Labor,
10 ppm according to the American Conference of Gov-
ernmental Industrial Hygienists), but the level during rust
removal was not measured. In September 2017, by the
Korean Occupational Safety and Health Agency measured
the 1,2-DCP level again (twice on the same day); the time-
weighted averages were 26.9 and 41.5 ppm, and the short-
term exposure limits were 49.8 and 76.6 ppm when re-
enacting rust removal over 15 min (Table 1).

Discussion

The patient reported dizziness, diplopia, and ataxia,
and both medial thalami exhibited high signal intensity on
MRI. Although vitamin B was administered empirically,
the possibility of Wernicke’s encephalopathy caused by
thiamine deficiency was very low, considering the patient’s
drinking habits and nutritional status. In terms of differen-
tial diagnosis, the MRI data suggested viral encephalitis,
cerebral venous thrombosis, cerebral infarction, and osmot-
ic demyelination. However, as the symptoms commenced
only after major exposure to organic solvent while remov-
ing rust, and were more severe during the working week
than on weekends, we diagnosed toxic encephalopathy in-
duced by detergent inhalation'”. Such encephalopathy may
be acute or chronic, depending on the exposure period. The

Cleaning-
finished
automotive
parts

Inside is divided into
3 trays and contains
detergent

Fig. 2. Ultrasonic cleaning machine.

Automotive parts enter the cleaning machine through port A and
is washed and dried inside. When cleaning is finished, the parts
emerge through port B. Three trays in the cleaner contain deter-
gent. The worker opens the window and moves the parts between
the trays.

clinical manifestations of acute encephalopathy depend
on the intensity of exposure. The earliest manifestations
are behavioral (mood alterations, typically disinhibition).
Headache and seizures may also develop relatively early;
the greater the exposure, the more severe the impairment
of cerebral function and suppression of consciousness'®.
Treatment is primarily supportive, commencing with
cessation of exposure. Acute toxic encephalopathy is not
specific; it may be caused by any organic solvent'”).

The patient inhaled a large amount of organic solvent
during rust removal; CNS symptoms occurred, but
symptoms did not recur after removal of exposure (as of
March 2018, the patient had no symptoms). Acute toxic
encephalopathy induced by exposure to 1,2-DCP is thus
a reasonable diagnosis. Although no such case has been
previously reported, toxic encephalopathy is non-specific,
caused by any organic solvent that affects the CNS. As
several cases of toxic encephalopathy caused by other
chlorinated organic solvents (TCE and 1,2-dichloroethane)
have been reported'”, we can reasonably conclude that
toxic encephalopathy can be caused by 1,2-DCP.

1,2-DCP dissolves undesired materials effectively and
evaporates quickly in air. Therefore, when the cleaning
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Fig. 3. Interior of the ultrasonic cleaner.
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The cleaner contains three trays. Grease collects in A, ultrasonic cleaning is performed in B, and drying occurs in C.

Fig. 4. Removal of rust from detergent.

(A) Rust (arrows), which had never been encountered before, floated on the surface of the detergent. (B) The worker opened the

window and removed it directly using a metal scoop.

tank was uncovered, the worker was exposed to organic
vapor. The final step of cleaning (drying) involved heating;
1,2-DCP is volatile at >96°C>?). Therefore, the patient was
very likely exposed to higher levels of 1,2-DCP than the
measured data suggest, as he opened the window during
detergent pumping.

This report is the first to describe human CNS toxicity
induced by 1,2-DCP, which is used widely as a substitute
for strictly regulated detergents, such as TCE and MC. Al-
though 1,2-DCP occupational exposure limits are in force,
neither workplace environment monitoring nor worker
health examination is required. Wholesalers advertise 1,2-
DCP as eco-friendly because legal restrictions are lacking;
use of 1,2-DCP is thus likely to be unmanaged, as in the
present case, causing unreported effects on health. As
toxic encephalopathy is non-specific, chemicals not previ-
ously reported to cause neurotoxicity should be considered
in terms of possible CNS effects.

Table 1. Workplace environmental monitoring and exposure as-

sessment
Measured value (ppm)
TWA STEL
OEL in Korea 75" 110
ACGIH TLV 10 -
Measurement 1 (June 2017) 8.4 -
Measurement 2 (September 2017) 26.9/41.5 49.8
Measurement 3 (September 2017) - 76.6

TWA: time-weighted average; STEL: short-term exposure limit; OEL:
occupational exposure limit; ACGIH: American Conference of Gov-
ernmental Industrial Hygienists.

*Changed to 10 ppm since March 20, 2018.
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