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\s=b\The in-home use of paint removers containing methylene chloride re-
sults in the absorption of this solvent, which is metabolized to carbon mon-
oxide. Exposure for two to three hours can result in the elevation of car-
boxyhemoglobin (COHb) to levels that stress the cardiovascular system. The
metabolic formation of COHb continues following the paint-remover expo-
sure, doubling the duration of the cardiovascular stress produced by a com-

parable COHb level after exposure to CO. Patients with diseased cardio-
vascular systems may not be able to tolerate this unexpected stress.
(JAMA 235:398-401, 1976)

THE REMOVAL of old paint from
wood by applying a liquid paint strip¬
ping formulation, long regarded as a

laborious, messy task, has not been
considered particularly hazardous to
health. However, recent research has
shown that the main ingredient in
most paint removers, méthylène chlo¬
ride (dichloromethane, CH2CL), is rap¬
idly metabolized to carbon monox¬

ide.'-6 The amount of CO formed in
the body is directly related to the
amount of CH2C12 absorbed during
the paint stripping operation and can
be sufficient to produce a substantial
stress on the cardiovascular system.

The first case illustrates the trag¬
edy that can occur when a patient
with coronary heart disease is ex¬

posed to a paint and varnish remover

containing CH2C12 and the solvent is
metabolized to a toxic amount of CO.
The second case is the one in which
the in vivo metabolism of CH2C12 to
CO was first observed.

REPORT OF CASES
Case l.-A 66-year-old man with no prior

history of heart disease was admitted to
the coronary care unit with severe, crush¬
ing retrosternal pain of two hours' dura¬
tion that radiated to his shoulder and left
arm. The patient was a recently retired ex¬

ecutive who had chosen furniture refinish-
ing as a hobby. Six hours prior to admis¬
sion he had applied a commercial liquid gel
paint and varnish remover to part of a

large wooden chest of drawers. He had
worked at this task for three hours in his
basement workshop, which was a room

measuring 10.7x6.1x2.7 meters and was
heated with hot air from a gas furnace.
One hour after leaving the basement, he
experienced the onset of his chest pain.
The patient related the history of the

paint stripping to the attending physician
who examined the paint and varnish remov¬
er container. The label cautioned that the
product contained 80% méthylène chloride
by weight and was to be used only with ad¬
equate ventilation. No causal relationship
between the inhalation of the paint remov¬
er vapor and the acute anterior myocardial
infarction was made.
The patient had an uncomplicated hospi¬

tal course, and two weeks following dis¬
charge he elected to strip the remaining
paint from the chest of drawers. He again
applied the paint remover, working for
three hours in his basement workshop. The
severe retrosternal pain developed again,
and he was readmitted to the coronary
care unit. His hospital course during this
second acute myocardial infarction was

complicated by cardiogenic shock, dysrhyth-
mia, and heart failure. The patient sur¬

vived, and six months after discharge
returned once again to his basement work¬
shop to complete the paint stripping oper¬
ation. Assisted by his wife, he worked
slowly for two hours. Two hours later he
experienced chest pain, collapsed, and died
before the arrival of the ambulance.
Case 2.—A 35-year-old male cardiologist,

who was enjoying excellent health, volun¬
teered to participate in a research project,
the purpose of which was to correlate the
subject's carboxyhemoglobin (COHb) level
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Short exposures to méthylène chloride result in formation of carboxyhemoglobin (COHb) that continues to increase
after exposure before slowly returning to normal levels. The presence of methanol further prolongs period of COHb
elevation and cardiovascular stress.

with the air pollution in his section of Mil¬
waukee. This nonsmoker was discovered to
have a COHb saturation of 6%, and of 8%
on each of the two mornings following a
two-hour exposure the previous evening to
paint-and-varnish-remover vapors. After a
fruitless search to discover the exogenous
source of CO, the cardiologist was exposed
for one hour to a low concentration of
méthylène chloride vapor in a controlled-
environment chamber.2 The subject's
COHb level rose from a preexposure level
of 0.4% to 2.4%. Because there was no evi¬
dence of a hemolytic process, it was pre¬
sumed that the CO was a metabolite of
CH2C12. To confirm this isolated observa¬
tion, a series of experiments were con¬
ducted in which 21 male and nine female
volunteers were exposed to CH2C12 vapor
concentrations of 50, 100, 250, 500, and
1,000 ppm for varying periods of time. A
prompt elevation of COHb was observed in
each subject exposed to CH2C12."

EXPERIMENTAL PROCEDURE
Paint Remover Exposure.—To inves¬

tigate the potential of paint and var¬
nish removers that contain CH2C12 to
elevate COHb to toxic levels, four
three-hour paint stripping operations
were carried out in a controlled-envi-

ronment chamber where the ventila¬
tion rate could be regulated, the
CH2C12 vapor concentration accurately
monitored, and careful medical sur¬
veillance of the four volunteer partic¬
ipants was possible. Two individuals
participated in each experiment. One
actively applied the paint remover
and did the stripping while the sec¬
ond subject remained sedentary,
making it possible to assess the effect
of alveolar ventilation on absorption.
Three room-ventilation rates were
studied. The first simulated the air
turnover commonly encountered in
home basements, while the other two
simulated the higher rates of air
turnover that could be encountered in
industrial settings. In each three-
hour experiment, one quart of a liquid
gel paint remover was applied to a

baby crib with a paint brush and
later, scraped off. The volatile compo¬
nents of the paint remover were 80%
CH2C12 and 20% methanol by weight.
Subjects.—Four healthy men rang¬

ing in age from 19 to 47 years
volunteered for the study after the
purpose, procedure, and risks of the

investigation had been fully ex¬

plained. None of the subjects used
drugs or consumed alcohol during the
24-hour periods preceding and follow¬
ing each experiment. One subject,
who was a smoker, abstained for 12
hours prior to the experiment and
was not permitted to smoke until a
final COHb determination had been
made.
Exposure Chamber.—The four exper¬

iments were conducted in an 817-cu m
(2,680-cu ft) controlled-environment
chamber.2-7 Air flow was adjusted so
that the half-life of the CH2C12 vapor
would range from 33 to 11 minutes.
Air temperature was 22.3 to 23.3 C
and the relative humidity was 55%.
Analysis of Exposure Chamber Atmo¬

sphere.—The CH2C12 vapor concentra¬
tion in the breathing zone of the sub¬
jects was continuously recorded by an
infrared spectrometer equipped with
a 10-meter path-length gas cell. This
gas cell was continuously supplied
with air drawn from the subject's
breathing zone through a polyethyl¬
ene tubing that measured 0.635 cm in
diameter.2'7 The absorbance of 13.3/x
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Table 1.—Concentration of Solvents in Breathing Zone During Paint Stripping
Breathing Zone CH2CI2
Concentration, ppm Breathing Zone

Experi- Ventilation ,-»_v Methanol Concen-
ment Rate, cu m/hr* Mean Range SD tration, ppm

1 70.28 788 0-1277 354
2 70.28 654

_

0-1278 358 186_
3 210.84 368 0-576 122 115
4 147.11 216 0-379 101 77

•Chamber Volume=75 eu m (2,680 cu ft).

Table 2.—Carboxyhemoglobin Levels During and Following
Paint-Remover Exposure

Exposure Hours Hours PostexposureSub- , _«_, ,__a_,
ject 0123 Vz 1 2 3 4 5 20_22
Experiment 1 *

1 0.8 2.6 3.6 4.6 5.3 5.7 7.2 8.2 9.1 9.0 4.4 3.8
2 1.0 2.0 2.8 4.4 4.6 5.2 5.5 5.8 6.0 5.6 2.0 1.8

Experiment 2*
3 1.0 2.3 3.3 4.0 ... 5.2 6.1 6.7 6.9 6.5 3.0 2.5
_(21 hr post)

4 2.2 2.8 3.8 4.1
...

5.0 5.5 5.9 5.9 5.5 3.0 2.6
_(21 hr post)
Experiment 3 (forced ventilation [11.1 min to turn over 50% of air])

1 0.9 2.8 4.0 4.8 6.0 6.8 7.3 6.5 3.1 2.9_
2 1.3 2.3 3.4 4.3 5.5 5.8 5.5 4.8 1.9 1.5_

Experiment 4 (forced ventilation [15.3 min to turn over 50% of air])
3 0.9 1.2 1.9 2.9 3.4 3.4 3.3 3.2 1.8 1.6_
4 1.5 2.0 2.7 3.7 4.3 4.3 3.7 3.5 1.5 1.6

'Normal home-basement ventilation (33 min to turn over 50% of air).

through a path length of 2.25 meters
was measured. The infrared signal to
the recorder was monitored each sec¬
ond by an on-line computer that dis¬
played the mean vapor concentration,
as compared to standards for each
30-second interval of exposure, and
calculated the time-weighted average
exposures. During the final five min¬
utes of each hour of exposure, addi¬
tional breathing zone samples were
collected in large saran bags for
methanol analysis.
Medical Surveillance.—Each subject

was given a medical examination
prior to exposure. This examination
included a history, physical examina¬
tion, and the following laboratory
studies: complete blood cell count, 18-
factor automated chemical analysis
survey panel, and a 12-lead electro¬
cardiogram. Prior to each day's expo¬
sure, the subjects were given a repeat
medical examination. During expo¬
sure, the subjects were under contin¬
ual surveillance by a physician, and
lead II of each subject's ECG was con¬

tinuously monitored by means of te¬
lemetry. Serial venous blood samples
were obtained for COHb determina-

tion during and after the use of the
paint remover (Figure).8 The 18-fac-
tor automated chemical analysis and
12-lead electrocardiogram were re¬

peated the morning following each
exposure.

RESULTS
The use of the paint-remover for¬

mulation under the three ventilation
rates produced the breathing zone

CH2C12 and methanol concentrations
listed in Table 1. The higher ventila¬
tion rates significantly reduced the
breathing zone concentrations of the
two solvents.
Each subject's COHb level began to

increase shortly after exposure had
begun (Figure). These COHb levels
steadily increased during the expo¬
sure, continued to rise for several
hours following cessation of exposure,
and then very slowly returned to nor¬
mal (Table 2). The more active volun¬
teer in each experiment absorbed
larger quantities of CH2C12, which re¬
sulted in higher COHb levels.
In contrast to the usual pattern of

COHb formation following CH2C12
exposure, with peak COHb level ele-

vations occurring one hour after ex¬

posure, the COHb level in those
exposed to paint-remover vapors con¬
tinued to increase for several hours
following exposure. This suggested
that the methanol was altering the
usual metabolic degradation of
CH2C12.
No untoward responses occurred

during the 24-hour period following
each exposure. None of the four sub¬
jects found the paint-remover vapors
to be irritating to their eyes, nose, or
throat. All described the odor as mild
and not objectionable. No abnormal¬
ities in the ECGs or blood chemical
values were recorded.

COMMENT
The use of a paint remover contain¬

ing CH2C12 in a large interior room
results in the absorption of a signifi¬
cant amount of solvent, its prompt
metabolism to CO, and an elevation
of blood COHb level. The greater the
minute-respiratory volume or the
poorer the room ventilation, the
greater the absorption of CH2C12 and
the higher the COHb level elevation.
Use of the paint remover for a period
of three hours, following the direc¬
tions on the label, can easily produce
a COHb saturation of 5% to 10%. Ex¬
posure for periods longer than those
investigated or under conditions of
poorer ventilation would result in
even higher COHb elevations.
It has been well documented that

elevation of COHb level to satura¬
tions greater than 5% can adversely
affect patients with angina pectoris
or cardiovascular disease.912 Exercise
tolerance is decreased and anginal
pain is of longer duration. Yet paint
stripping for furniture refinishing
purposes has become extremely popu¬
lar with older persons.13 Until re¬

cently, a prominent Milwaukee hospi¬
tal introduced paint stripping and
furniture refinishing to coronary vein
bypass patients in the early convales¬
cent period.
The COHb resulting from the me¬

tabolism of CH2C12 is additive to the
COHb level resulting from exposure
to other exogenous sources of CO.7
For example, a paint-remover expo¬
sure that results in a 10% COHb satu¬
ration level when added to a heavy
smoker's preexisting COHb level of
10% will produce headache and nau¬
sea in the healthy, and sufficient car-
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diovascular stress in the patient with
coronary heart disease to be dan¬
gerous.912
The elevated COHb level resulting

from CH2C12 exposure has a biological
half-life twice that of COHb produced
from exposure to CO. This occurs be¬
cause the absorbed CH2C12 is released
slowly from storage in body tissues
and then is metabolized to CO over a

protracted period of time. Thus, be¬
cause it is so sustained following
exposure, the cardiovascular stress
produced by elevated COHb levels,
derived from CH2C12 metabolism, is
greater than that resulting from
equally high COHb levels derived
from CO. The addition of methanol to
paint-remover formulations extends
the biologic half-life of COHb derived
from CH2C12 (Figure), furtherprolong¬
ing the period of cardiovascular
stress.
The ethical responsibility for in¬

forming the public about the poten¬
tial hazard of CH2C12 in paint remov¬
ers lies with the manufacturer who is
obliged to market a product that can
be used safely. This is the purpose of
the label. It should warn the suscep¬
tible segment of the population of
the CO hazard. The manufacturers of
paint removers have been cognizant
of the problem since 1972, yet product
labels make no mention of CO. Only

one manufacturer of paint removers
has acted positively. This Racine,
Wis, firm has withdrawn its product
from the market.
The legal responsibility for protect¬

ing the public currently rests with the
Consumer Product Safety Commis¬
sion. It has remained mute, as did the
governmental agency originally re¬

sponsible, the Environmental Protec¬
tion Agency, when in 1971 the CH2C12
hazard was formally called to its at¬
tention.
The medical responsibility for pro¬

tecting patients unable to tolerate
the cardiovascular stress of elevated
COHb levels must rest with the physi¬
cian until the general public is made
aware of the CH2C12 hazard and all
paint-remover formulations are ap¬
propriately labeled. This is a critical
duty because one sixth of the 180 mil¬
lion kg of CH2C12 produced in the
United States is being consumed in
the rapidly expanding paint-remover
market.13

This investigation was supported in part by
contract HSM-99-72-84 from the National Insti¬
tute of Occupational Safety and Health.
Anthony Wu, PhD, and Sally A. Graff provided
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Gastric Disorders

[Current Medical Literature, p 289]
After describing the anatomy of the

stomach and its blood-supply, Mayo notices
the methods of examination. He believes
that too much attention is paid to labora¬
tory and too little to clinical examination
at the present time; the two should go hand
in hand and neither be neglected. For in¬
stance, the salol test for loss of motor
power is unreliable, but the finding of food
in the fasting stomach regularly seven
hours after taking is most practical and
reliable; fourteen hours after indicates

Stagnation or retention. For getting the
outlines of the stomach neither the
gastrodiaphanoscope nor gastroscope are
of real use, nor can the giving of bismuth
or the using of metal sounds for X-ray ex¬
amination be compared in the efficiency
with simple dilatation with bicarbonate of
soda and tartaric acid, or better still, a
stomach-tube and a Davidson syringe with
which it is easy to distend the stomach
with air. If on distension the lesser curva¬
ture and pylorus remain in the normal po¬
sition while the greater curvature lies be¬
low the umbilicus, dilatation is evident. If
they are detected below the costal margin
the stomach has descended. The history of
the patient, his present condition and the
chemical and biological examination of the
gastric contents, taken into account with
position and size of the stomach, give a
basis for diagnosis and as a rule indicate
whether an abdominal incision would be
expedient. In the beginning nearly all op¬
erations on the stomach are exploratory;
for the most important primary investiga-

tion seldom relieves the exact condition.
The technique of the operation is described
and ulcer and its operative needs are no¬
ticed at length. Some forms of gastrectasia
of uncertain origin are also dwelt upon,
such as what has been called spasm of the
pylorus, of which he thinks he has metwith
four cases; the special forms of pyloric ob¬
struction are described by him, in which a
high lying and fixed pylorus became more
and more compressed as the stomach
filled, and the distension finally relieved it¬
self by copious vomiting. He thinks this is
often the cause of dilatation, and has oper¬
ated on four such cases. The so-called
"fish-hook" pylorus in which the opening is
directed upward, increases the muscular
efforts and acts in a similar manner by in¬
creasing the stomach's work. As regards
operation, he says gastroenterostomy is
the most generally advisable and has few
contraindications. Pyloroplasty may be of
benefit in certain cases. As a result of his
own experience he believes that much de¬
pends on the condition of the pylorus.
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