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of carboxyhemoglobin, up to 12% measured
in the blood following occupational exposure
of up to 610 ppm. Through the second path-
way, MC is metabolized to carbon dioxide as
an end product (with formaldehyde and for-
mic acid as metabolic intermediates) via the
glutathione dependent enzyme found in the
cytosolic fraction of the liver cell. Metabo-
lites along this pathway are believed to be
associated with the carcinogenic activity of
MC.

MC has been tested for carcinogenicity in
several laboratory rodents. These rodent
studies indicate that there is clear evidence
that MC is carcinogenic to male and female
mice and female rats. Based on epidemio-
logic studies, OSHA has concluded that there
is suggestive evidence of increased cancer
risk in MC-related worker populations. The
epidemiological evidence is consistent with
the finding of excess cancer in the experi-
mental animal studies. NIOSH regards MC as
a potential occupational carcinogen and the
International Agency for Research Cancer
(IARC) classifies MC as an animal car-
cinogen. OSHA considers MC as a suspected
human carcinogen.

III. MEDICAL SIGNS AND SYMPTOMS OF ACUTE
EXPOSURE

Skin exposure to liquid MC may cause irri-
tation or skin burns. Liquid MC can also be
irritating to the eyes. MC is also absorbed
through the skin and may contribute to the
MC exposure by inhalation.

At high concentrations in air, MC may
cause nausea, vomiting, light-headedness,
numbness of the extremities, changes in
blood enzyme levels, and breathing prob-
lems, leading to bronchitis and pulmonary
edema, unconsciousness and even death.

At lower concentrations in air, MC may
cause irritation to the skin, eye, and res-
piratory tract and occasionally headache and
nausea. Perhaps the greatest problem from
exposure to low concentrations of MC is the
CNS effects on coordination and alertness
that may cause unsafe operations of machin-
ery and equipment, leading to self-injury or
accidents.

Low levels and short duration exposures do
not seem to produce permanent disability,
but chronic exposures to MC have been dem-
onstrated to produce liver toxicity in ani-
mals, and therefore, the evidence is sugges-
tive for liver toxicity in humans after chron-
ic exposure.

Chronic exposure to MC may also cause
cancer.

IV. SURVEILLANCE AND PREVENTIVE
CONSIDERATIONS

As discussed above, MC is classified as a
suspect or potential human carcinogen. It is
a central nervous system (CNS) depressant
and a skin, eye and respiratory tract irri-
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tant. At extremely high concentrations, MC
has caused liver damage in animals.

MC principally affects the CNS, where it
acts as a narcotic. The observation of the
symptoms characteristic of CNS depression,
along with a physical examination, provides
the best detection of early neurological dis-
orders. Since exposure to MC also increases
the carboxyhemoglobin level in the blood,
ambient carbon monoxide levels would have
an additive effect on that
carboxyhemoglobin level. Based on such in-
formation, a periodic post-shift
carboxyhemoglobin test as an index of the
presence of carbon monoxide in the blood is
recommended, but not required, for medical
surveillance.

Based on the animal evidence and three
epidemiologic studies previously mentioned,
OSHA concludes that MC is a suspect human
carcinogen. The medical surveillance pro-
gram is designed to observe exposed workers
on a regular basis. While the medical surveil-
lance program cannot detect MOC-induced
cancer at a preneoplastic stage, OSHA an-
ticipates that, as in the past, early detection
and treatments of cancers leading to en-
hanced survival rates will continue to
evolve.

A, Medical and Occupational History:

The medical and occupational work his-
tory plays an important role in the initial
evaluation of workers exposed to MC. It is
therefore extremely important for the exam-
ining physician or other licensed health care
professional to evaluate the MC-exposed
worker carefully and completely and to
focus the examination on MC’s potentially
asgociated health hazards. The medical eval-
uation must include an annual detailed work
and medical history with special emphasis
on cardiac history and neurological symp-
toms.

An important goal of the medical history
is to elicit information from the worker re-
garding potential signs or symptoms associ-
ated with increased levels of
carboxyhemoglobin due to the presence of
carbon monoxide in the blood. Physicians or
other licensed health care professionals
should ensure that the smoking history of
all MC exposed employees is known. Expo-
sure to MC may cause a significant increase
in carboxyhemoglobin level in all exposed
persons. However, smokers as well as work-
ers with anemia or heart disease and those
concurrently exposed to carbon monoxide
are at especially high risk of toxic effects be-
cause of an already reduced oxygen carrying
capacity of the blood.

A comprehensive or interim medical and
work history should also include occurrence
of headache, dizziness, fatigue, chest pain,
shortness of breath, pain in the limbs, and ir-
ritation of the skin and eyes.
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In addition, it is important for the physi-
cian or other licensed health care profes-
sional to become familiar with the operating
conditions in which exposure to MC is likely
to occur. The physician or other licensed
health care professional also must become
familiar with the signs and symptoms that
may indicate that a worker is receiving oth-
erwise unrecognized and exceptionally high
exposure levels of MC.

An example of a medical and work history
that would satisfy the requirement for a
comprehensive or interim work history is
represented by the following:

The following is a list of recommended
questions and issues for the self-adminis-
tered questionnaire for methylene chloride
exposure.

QUESTIONNAIRE FOR METHYLENE CHLORIDE
EXPOSURE

I. Demographic Information

1. Name

B SryiN T
& Date
A Date of Birth

& Age

87 Present occupation

A, Sex
& Raco (Checkall thet soply)
11, Oecupalional History

1. Have you ever worked with methylene
chloride, dichloromethane, methylene di-
chloride, or CH; Cl; (all are different names
for the same chemical)? Please list which on
the occupational history form if you have
not already.

2. If you have worked in any of the fol-
lowing industries and have not listed them
on the occupational history form, please do
80.

Furniture stripping

Polyurethane foam manufacturing

Chemical manufacturing or formulation

Pharmaceutical manufacturing

Any industry in which you used solvents to
clean and degrease equipment or parts

Construction, especially painting and refin-
ishing

Aerosol manufacturing

Any industry in which you used aerosol ad-
hesives

3. If you have not listed hobbies or house-
hold projects on the occupational history
form, especially furniture refinishing, spray
painting, or paint stripping, please do so.

III. Medical History

A, General

1. Do you consider yourself to be in good
health? If no, state reason(s).

2, Do you or have you ever had:

a. Persistent thirst
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b. Frequent urination (three times or more
at night)
c. Dermatitis or irritated skin
d. Non-healing wounds
3. What prescription or non-prescription
medications do you take, and for what rea-
Bons?
4. Are you allergic to any medications, and
what type of reaction do you have?

B. Respiratory

1. Do you have or have you ever had any
chest illnesses or diseases? Explain.

2. Do you have or have you ever had any of
the following:

a. Asthma

b. Wheezing

c. Shortness of breath

3. Have you ever had an abnormal chest X-
ray? If so, when, where, and what were the
findings?

4. Have you ever had difficulty using a res-
pirator or breathing apparatus? Explain.

5. Do any chest or lung diseases run in
your family? Explain.

6. Have you ever smoked cigarettes, cigars,
or a pipe? Age started:

7. Do you now smoke?

8. If you have stopped smoking completely,
how old were you when you stopped?

9, On the average of the entire time you
smoked, how many packs of cigarettes, ci-
gars, or bowls of tobacco did you smoke per
day?

C. Cardiovascular

1. Have you ever been diagnosed with any
of the following: Which of the following
apply to you now or did apply to you at some
time in the past, even if the problem is con-
trolled by medication? Please explain any
yes answers (i.e., when problem was diag-
nosed, length of time on medication).

a. High cholesterol or triglyceride level

b. Hypertension (high blood pressure)

c. Diabetes

d. Family history of heart attack, stroke, or
blocked arteries

2. Have you ever had chest pain? If so, an-
swer the next five questions.

a. What was the quality of the pain (i.e.,
crushing, stabbing, squeezing)?

b. Did the pain go anywhere (i.e., into jaw,
left arm)?

c¢. What brought the pain out?

d. How long did it last?

e. What made the pain go away?

3. Have you ever had heart disease, a heart
attack, stroke, aneurysm, or blocked arte-
ries anywhere in you body? Explain (when,
treatment).

4. Have you ever had bypass surgery for
blocked arteries in your heart or anywhere
else? Explain.

5. Have you ever had any other procedures
done to open up a blocked artery (balloon
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angioplasty, carotid endarterectomy, clot-
dissolving drug)?
6. Do you have or have you ever had (ex-
plain each):
. Heart murmur
. Irregular heartbeat
. Shortness of breath while lying flat
. Congestive heart failure
. Ankle swelling
Recurrent pain anywhere below the waist
while walking
7. Have you ever had an electrocardiogram
(EKG)? When?
8. Have you ever had an abnormal EKG? If
so, when, where, and what were the findings?
9. Do any heart diseases, high blood pres-
sure, diabetes, high cholesterol, or high
triglycerides run in your family? Explain.
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D. Hepatobiliary and Pancreas

1. Do you now or have you ever drunk alco-
holic beverages? Age started: Age
stopped: .

2. Average numbers per week:

a. Beers: , ounces in usual container:

b. Glasses of wine: , ounces per glass:

c. Drinks: _ _ , ounces in usual con-
tainer:

3. Do you have or have you ever had (ex-

plain each):

a. Hepatitis (infectious, autoimmune, drug-
induced, or chemical)

b. Jaundice

c. Elevated liver enzymes or elevated bili-
rubin

d. Liver disease or cancer

E. Central Nervous System

1. Do you or have you ever had (explain
each):
a. Headache
b. Dizziness
c. Fainting
d. Loss of consciousness
e. Garbled speech
f. Lack of balance
g. Mental/psychiatric illness
h. Forgetfulness

F. Hematologic

1. Do you have, or have you ever had (ex-
plain each):
a. Anemia
b. Sickle cell disease or trait
c¢. Glucose-6-phosphate dehydrogenase defi-
ciency
d. Bleeding tendency disorder

2. If not already mentioned previously,
have you ever had a reaction to sulfa drugs
or to drugs used to prevent or treat malaria?
What was the drug? Describe the reaction.
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B. Physical Examination

The complete physical examination, when
coupled with the medical and occupational
history, assists the physician or other li-
censed health care professional in detecting
pre-existing conditions that might place the
employee at increased risk, and establishes a
baseline for future health monitoring. These
examinations should include:

1. Clinical impressions of the nervous sys-
tem, cardiovascular function and pulmonary
function, with additional tests conducted
where indicated or determined by the exam-
ining physician or other licensed health care
professional to be necessary.

2. An evaluation of the advisability of the
worker using a respirator, because the use of
certain respirators places an additional bur-
den on the cardiopulmonary system. It is
necessary for the attending physician or
other licensed health care professional to
evaluate the cardiopulmonary function of
these workers, in order to inform the em-
ployer in a written medical opinion of the
worker’s ability or fitness to work in an area
requiring the use of certain types of res-
piratory protective equipment. The presence
of facial hair or scars that might interfere
with the worker’s ability to wear certain
types of respirators should also be noted dur-
ing the examination and in the written med-
ical opinion.

Because of the importance of lung function
to workers required to wear certain types of
respirators to protect themselves from MC
exposure, these workers must receive an as-
sessment of pulmonary function before they
begin to wear a negative pressure respirator
and at least annually thereafter. The rec-
ommended pulmonary function tests include
measurement of the employee’s forced vital
capacity (FVC), forced expiratory volume at
one second (FEV1), as well as calculation of
the ratios of FEV1 to FVC, and the ratios of
measured FVC and measured FEV1 to ex-
pected respective values corrected for vari-
ation due to age, seX, race, and height. Pul-
monary function evaluation must be con-
ducted by a physician or other licensed
health care professional experienced in pul-
monary function tests.

The following is a summary of the ele-
ments of a physical exam which would fulfill
the requirements under the MC standard:

PHYSICAL EXAM

1. Skin and appendages

. Irritated or broken skin

. Jaundice

. Clubbing cyanosis, edema
. Capillary refill time

. Pallor
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II. Head

1. Facial deformities
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