Occupational Health Guideline for
Cadmium Dust (as Cadmium)*

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all cadmium dust. Physical and chemical
properties of several specific compounds are provided
for illustrative purposes.

SUBSTANCE IDENTIFICATION

Cadmium metal dust

¢ Formula: Cd
¢ Synonyms: None
s Appearance and odor: Odorless, gray powder.

Cadmium oxide dust

¢ Formula: CdO

¢ Synonyms: None

* Appearance and odor: Odorless, brown solid or blue-
black solid.

Cadmium sulfide dust

+ Formula: CdS
¢ Synonyms: Greenockite
* Appearance: Yellow-orange solid.

Cadmium chloride dust

* Formula: CdCl.
* Synonyms: None
s Appearance; White solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for cadmium dust is 0.2
milligram of cadmium dust per cubic meter of air (mg/
m?®) averaged over an eight-hour work shift, with a
ceiling level of 0.6 mg/m3. NIOSH has recommended
that the permissible exposure limit be reduced to 40
micrograms of cadmium per cubic meter of air {(ug/m?)
averaged over a work shift of up to 10 hours per day, 40
hours per week, with a ceiling level of 200 ug/m?*
averaged over a 15-minute period. The recommenda-
tions in this guideline supplement the recommendations
in the NIOSH Criteria Document for Cadmium, which
shouid be consulted for more detziled information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Cadmium dust can affect the body if it is inhaled. It can
also affect the body if it is swallowed.

¢ Effects of overexposure

1. Short-term Exposure: Cadmium dust may cause irrita-
tion of the nose and throat. If erough has been inhaled,
after a delay of several hours, a person may also develop
cough, chest pain, sweating, chills, shortness of breath,
and weakness. Death may occur. Ingestion of cadmium
dust may cause nausea, vomiting, diarrhea, and abdomi-
nal cramps.

2. Long-term Exposure: Repeated or prolonged expo-
sure to cadmium dust may cause loss of sense of smell,
ulceration of the nose, shortness of breath (emphyse-
ma), kidney damage, and mild anemia, Exposure to
cadmium has also been reported to cause an increased
incidence of cancer of the prostate in man. Injections of
cadmium sulfate in animals have been reported to cause
malformation in their offspring.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
cadmium dust.

* Recommended medical surveillance

These recommendations reflect good industria) hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.
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The following medical procedures should be made
available to each employee who is exposed to cadmium
dust at potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system, liver, kidneys, pros-
tate, and blood should be stressed.

—Urinalysis: Since kidney damage has been observed
in humans exposed to cadmium, a urinalysis should be
obtained to include, at a minimum, specific gravity,
albumin, glucose, and a microscopic on centrifuged
sediment. In addition, the urine should be examined for
low molecular weight proteins by use of 3% sulfosalicy-
lic or other acceptable techniques.

—14” x 17" chest roentgenogram: Cadmium causes
human lung damage. Surveillance of the lungs is indi-
cated.

—Liver function tests: Cadmium may cause liver
damage. A profile of liver function should be obtained
by utilizing a medically acceptable array of biochemical
tests.

—FVC and FEV (1 sec): Cadmium is reported to
cause decreased pulmonary function. Periodic surveil-
lance s indicated.

2. Periodic Madical Examination: The aforementioned
medical examinations should be repeated on an annual
basis, except that an x-ray is considered necessary only
when indicated by the results of pulmonary function
testing, or by signs and symptoms of respiratory disease.
Urine protein measurements should be made available
every four months.

* Summary of toxicology

Cadmium dust causes both acute and chronic effects. It
is less toxic than cadmium fume, because dust has a
larger particle size than fume; at high concentrations of
the dust, physiologic effects similar to those arising
from fume exposure could be expected. The acute
effects primarily involve the lungs but may also affect
other organ systems. Most acute intoxications have
been caused by inhalation of cadmium fume at concen-
trations which did not provide warning symptoms of
irritation. The average concentrations of fume responsi-
ble for fatalities have been 40 to 50 mg/m? for 1 hour, or
9 mg/m? for 5 hours. Non-fatal pneumonitis has been
reported from concentrations of 0.5 to 2.5 mg/m?, while
relatively mild cases have been attributed to even lower
concentrations. Following an asymptomatic latent
period of 4 to 10 hours, there is characteristical naso-
pharyngeal irritation followed by a feeling of chest
constriction or substernal pain, with persistent cough
and dyspnea; there may also be headache, chills, muscle
aches, nausea, vomiting, and diarrhea. Pulmonary
edema may then develop and progress rapidly, with
decreased vital capacity and markedly reduced carbon
monoxide diffusing capacity. Cyanosis may be intense.
In about 20% of the cases the dyspnea is progressive,
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accompanied by wheezing or hemoptysis, and may
result in death within 7 to 10 days after exposure; at
autopsy the lungs are markedly congested, and there is
an intra-alveolar fibrinous exudate, as well as alveolar
cell metaplasia. Among survivors, the subsequent
course is unpredictable: most cases resolve slowly, but
respiratory symptoms may linger for several weeks,
while impairment of pulmonary function may perstst for
months. In experimental animals, cadmivm exposure
has caused pulmonary fibrosis, but this has not been
documented in humans. In one fatal human case, in
addition to lung abnormalities, there was renal cortical
necrosis. Absorbed cadmium is retained to a large
extent by the body. and excretion is very slow. Contin-
ued exposure to low levels of cadmium in air has
resulted in chronic poisoning characterized by irrevers-
ible lung injury of an emphysematous type, with abnor-
mal lung function and urinary excretion of a specific
low-molecular-weight protein which may be associated
with renal dysfunction. Clinical evidence of the cumula-
tive effects of cadmium may appear after exposure has
terminated; the disease then tends to be progressive.
The frequency of occurrence of proteinuria increases
with length of exposure: those exposed to cadmium
compounds for less than 2 years had no proteinuria,
whereas most of those exposed for 12 years or more had
proteinuria with little other evidence of renal damage.
The urinary excretion of cadmium bears no known
relationship to the severity or duration of exposure and
is only a confirmation of absorption. Other conse-
quences of cadmium exposure are rhinitis, occastonal
ulceration of the nasal septum, damage to the olfactory
nerve, and anosmia. The long-term ingestion of water,
beans, and rice contaminated with cadmium has been
proposed as the probable cause of a crippling condition
among Japanese women who have had multiple preg-
nancies; severe pain in the back and joints, a waddly
gait, osteomalacia, spontaneous fractures, and occasion-
al fatal renal failure are characteristics of the disorder,
which has been termed “itai-itai.” Subcutaneous injec-
tion of cadmium metal suspended in fowl serum pro-
duced rhabdomyosarcomata in rats; cadmium sulfate in
sterile distilled water produced sarcomata; and cadmi-
um chloride solution produced pleomorphic sarcomata
at the injection site. Increased incidence of prostatic
cancer has been reported following occupational expo-
sure to cadmium. Cadmium sulfate injected into the
lingual vein of female hamsters on day 8 of pregnancy
caused a high incidence of resorption and malformed
offspring; acute necrosis of rat testes follows large doses
orally or parenterally, but testicular effects have not
been reported in humans.
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CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data—Cadmium metal dust

1. Molecular weight: 112.4

2. Boiling point (760 mm Hg): 767 C (1412 F)

3. Specific gravity (water = 1): 8.642

4. Vapor density (air = 1 at boiling point of cadmi-
um metal dust): Not applicable

5. Melting point: 321 C (609 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
+ Physical data—Cadmium oxide dust

1. Molecular weight: 128.4

2. Boiling point (760 mm Hg): 900 C (1652 F) (sub-
limes and decomposes)

3. Specific gravity (water = 1): 6.95or 8.15

4. Vapor density (air = 1 at boiling point of cadmi-
um oxide dust): Not applicable

5. Melting point: 900 C (1652 F) (sublimes and de-
composes)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0005

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
¢ Physical dats-—Cadmium sulfide dust

1. Molecular weight: 144.5

2. Boiling point (760 mm Hg): Sublimes in N at 980
C(1796 F)

3. Specific gravity (water = 1): 4.82

4. Vapor density (air = 1 at boiling point of cadmi-
um sulfide dust): Not applicable

5. Melting point: 1750 C (3182 F) at 100 atm.

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0001

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Csdmium chloride dust

1. Molecular weight: 183

2. Boiling point (760 mm Hg): 960 C (1760 F)

3. Specific gravity (water = 1): 4.047

4. Vapor density (air = 1 at boiling point of cadmi-
um chloride dust): Not applicable

5. Melting point: 568 C (1054 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
140

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity

1. Conditions contributing to instability: None haz-
ardous

2. Incompatibilities: Contact of cadmium metal dust
with strong oxidizers or with elemental sulfur, selenium,
and telturium may cause fires and explosions.
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3. Hazardous decomposition products: Toxic gases
and vapors (such as cadmium oxide fume) may be
released in a fire involving cadmium dust.

4. Special precautions: None
* Flammability

1. Flash point: Not applicable

2. Autoignition temperature: 250 C (482 F) (layer)
{(cadmium metal dust)

3. Minimum explosive dust concentration: Data not
available

4, Extinguishant: Dry powder for metal fires
¢ Warning properties
Grant states that “cadmium is a very toxic metal which
gives off fumes when burned or heated strongly. Char-
acteristically these fumes cause dryness and irritation of
the throat, followed in a few hours by nausea and
diarrhea. Smarting of the eyes occurs relatively infre-
quently, and no injury to the eyes of human beings has
been reported. Neither eye nor respiratory irritation is
enough to prevent exposures which may cause serious
systemic poisoning and damage to the lungs.”

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of cadmium dust. Each mea-
surement should consist of a fifteen (15) minute sample
or series of consecutive samples totalling fifteen (15)
minutes in the employee’s breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3) measurements should
be taken on one work shift and the highest of all
measurements taken is an estimate of the employee’s
exposure.

¢ Method

Sampling and analyses may be performed by collection
of cadmium dust on a filter, followed by treatment with
nitric acid, solution in hydrochloric acid, and atomic
absorption spectrophotometric analysis. An analytical
method for cadmium dust is in the NIOSH Manual of
Analytical Methods, 2nd Ed., Vol. 3, 1977, available
from the Government Printing Office, Washington,
D.C. 20402 (GPO No. 017-033-00261-4).
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RESPIRATORS

¢ Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

¢ In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* If employees’ clothing has had any possibility of
being contaminated with cadmium dust, employees
should change into uncontaminated clothing before
leaving the work premises.

¢ Clothing which has had any possibility of being
contaminated with cadmium dust should be placed in
closed containers for storage until it can be discarded or
uatil provision is made for the removal of cadmium dust
from the clothing. If the clothing is to be laundered or
otherwise cleaned to remove the cadmium dust, the
person performing the operation should be informed of
cadmium dust’s hazardous properties.

* Employees should be provided with and required to
use dust-resistant safety goggles where there is any
possibility of cadmium chloride dust contacting the
eyes.

* Where there is any possibility that employees’ eyes
may be exposed to cadmium chloride dust, an eye-wash
fountain should be provided within the immediate work
area for emergency use.

SANITATION

* Workers subject to skin contact with cadmium dust
should wash with soap or mild detergent and water any
areas of the body which may have contacted cadmium
dust at the end of each work day.

* Eating and smoking should not be permitted in areas
where cadmium dust is handled, processed, or stored.
¢ Employees who handle cadmium dust should wash
their hands thoroughly with soap or mild detergent and
water before eating or smoking.
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COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to cadmium dust may occur and con-
trol methods which may be effective in each case:

Operation Controls
Liberation from Local exhaust
fabrication of cadmium- ventilation; personal
plated marine, aircraft, protective equipment
and motor vehicle
equipment for
corrosion-resistant
coatings
Liberation during Process enclosure;
processing of cadmium local exhaust
metal ventilation; personal

protective equipment
Liberation in synthesis Process enclosure;
of cadmium compounds local exhaust ventilation
Liberation in Local exhaust
manufacture and ventilation; personal
fabrication of cadmium protective equipment
alloys; recovery from
flue dusts during
smelting of lead and
zinc operations
Liberation during Process enclosure;
manufacture of nuclear local exhaust ventilation
reactor rods

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If cadmium dust gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irritation is present after
washing, get medical attention. Contact lenses should
not be worn when working with this chemical.

+ Skin Exposure

If cadmium dust gets on the skin, wash the contaminat-
ed skin using soap or mild detergent and water. Be sure
to wash the hands well before eating or smoking and at
the close of work.

¢ Breathing

If a person breathes in large amounts of cadmium dust,
move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

¢ Swallowing

When cadmium dust or liquids containing cadmium
dust have been swallowed and the person is conscious,
give the person large quantities of water immediately.
After the water has been swallowed, try to get the
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person to vomit by having him touch the back of his
throat with his finger. Do not make an unconscious
person vomit. Get medical attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises,

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of releases until
cleanup has been completed.

* If cadmium dust is released in hazardous concentra-
tions, the following steps should be taken:

1. Remove all ignition sources.

2. Ventilate area of release.

3. Collect released material in the most convenient and
safe manner for reclamation or for disposal in sealed
conainers in a secured sanitary landfill.

* Waste disposal method:

Cadmium dust may be disposed of in sealed containers
in a secured sanitary landfill.
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* SPECIAL NOTE

The International Agency for Research on Cancer
(IARC) has evaluated the data on these chemicals and
has concluded that they cause cancer. See JARC Mono-
graphs on the Evaluation of Carcinogenic Risk of Chemi-
cals to Man, Volume 2, 1973, and Volume 11, 1976.
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RESPIRATORY PROTECTION FOR CADMIUM DUST (AS CADMIUM)

Condlition

Minimum Respiratory Protection”
Required Above 0.2 mg/m?

Dust Concentration
1 mg/m? or less

Any dust respirator, except single-use.

-2 mg/me or less

Any dust respirator, except single-use or quarter-mask respirator.
Any high efficiency particulate filter respirator.

Any supplied-air respirator.

Any self-contained breathing apparatus.

10 mg/n or less

A high efficiency particulate filter respirator with a full facepiece.
Any supplied-air respirator with a full facepiece, helmet, or hood.
Any self-contained breathing apparatus with a full facepiece.

40 mg/m or less A powered air-purifying respirator with a high efficiency particuiate filter.
A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode.

Greater than 40 mg/m® or Self-contained breathing apparatus with a full facepiece operated in pressure-

entry and escape from demand or other positive pressure mode.

unknown concentrations
A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or cther positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

Escape Any dust respirator, except single-use.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.



