Occupational Health Guideline for
Nickel Metal and Soluble Nickel Compounds

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 symmary form.

APPLICABILITY

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

SUBSTANCE IDENTIFICATION
Nickel, metallic

* Formula: Ni

* Synonyms: Nickel catalyst; Raney nickel

* Appearance and codor: Silvery gray, metallic (or
darker), odorless powder.

Nickel nitrate hexahydrate

* Formula: Ni{NOs)y-H,O
¢ Synonyms: None
* Appearance and odor: Green, odorless solid.

Nickel suifate hexahydrate

* Formula: NiSO.—.Hgo
* Synonyms: None
* Appearance and odor: Green, odorless solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for nicke! meta! and
soluble nickel compounds is 1 milligram of nickel metal

and soluble nickel compounds per cubic meter of air
(mg/m*) averaged over an eight-hour work shift.
NIOSH has recommended that the permissible expo-
sure limit for nickel be reduced to 0.015 mg/m? aver-
aged over a work shift of up to 10 hours per day, 40
hours per week, and that nickel be regulated as an
occupational carcinogen. The NIOSH Criteria Docu-
ment for Inorganic Nickel and the Special Occupational
Hazard Review for Nickel Carbonyl should be consult-
ed for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Metallic nickel or soluble nickel compounds can affect
the body if they are inhaled or if they come in contact
with the eyes or skin. They can also affect the body if
they are swallowed.

* Effects of overexposure

Nickel fumes are respiratory irritants and may cause
pneumonitis. Skin contact may cause an allergic skin
rash. Nickel and its compounds have been reported to
cause cancer of the lungs and sinuses. Nickel itself is not
very toxic if swallowed. but its soluble salts are quite
toxic and, if swallowed, may cause giddiness and
nausea. Exposure to nickel carbonyl (by inhalation or
skin absorption) may cause both initial and delayed
symptoms. Initial symptoms include headache, dizzi-
ness, shortness of breath, and vomiting. These symp-
toms generally disappear when the worker is exposed to
fresh air. The delayed symptoms may develop 12 to 36
hours after exposyre. The shortness of breath returns, a
blue color of the skin may appear, and a fever may
develop. The exposed person may become delirious. In
some cases the symptoms may run together. Death may
occur.

* 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 nickel metal and soluble nickel compounds.

These recommendations reflect good industriat 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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¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to nickel
metal and soluble nickel compounds at potentially haz-
ardous levels:

L. 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. Per-
sons with a history of asthma, allergies, or known
sensitization to mickel metal and soluble nickel com-
pounds would be expected to be at increased risk from
exposure. Examination of the nasal cavities and lungs
should be stressed. The skin should be examined for
evidence of chronic disorders.

—14” x 17" chest roentgenogram: Nickel metal and
soluble nickel compounds cause human lung damage
and cancer of the lung. Surveillance of the Jungs is
indicated.

—FVC and FEV (1 sec): Nickel metal and soluble
nickel compounds are respiratory irritants. Persons
with impaired pulmonary function may be at increased
risk from exposure. Periodic surveillance is indicated.

—Skin disease: Nickel metal and soluble compounds
are defatting agents and can cause dermatitis on pro-
longed exposure. Persons with pre-existing skin disor-
ders may be more susceptible to the effects of these
agents.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.
+ Summary of toxicology
Metallic nickel and certain soluble nickel compounds as
dust or fume cause sensitization dermatitis and probably
produce cancer of the paranasal sinuses and the lung;
nickel fume in high concentrations is a respiratory
irritant. Severe but transient pneumonitis in two work-
ers resulted from exposure to nickel fume; in one case,
exposure was for 6 hours, and post-incident sampling
suggested & nickel concentration of 0.26 mg/m?.
“Nickel itch” is a dermatitis resulting from sensitization
to nickel; the first symptom is usually itching, which
occurs up to 7 days before skin eruption appears. The
primary skin eruption is erythematous, or follicular; it
may be followed by superficial discrete ulcers, which
discharge and become crusted, or by eczema; in the
chronic stages, pigmented or depigmented plaques may
be formed. Nickel sensitivity, once acquired, is appar-
ently not lost; recovery from the dermatitis usually
occurs within 7 days of cessation of exposure, but may
take several weeks. A worker who had developed
cutaneous sensitization also developed apparent asthma
from inhalation of nickel sulfate; immunologic studies
showed circulating antibodies to the salt, and controlled
exposure to a solution of nickel sulfate resulted in
decreased pulmonary function and progressive dys-
pnea; the possibility of developing hypersensitivity
pneumonitis could not be excluded. In animals, finely
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divided metallic nickel was carcinogenic when intro-
duced into the pleural cavity, muscle tissue, and subcu-
tanecus tissues; rats and guinea pigs exposed to a
concentration of 15 mg/m?* of powdered metallic nickel
developed malignant pulmonary neoplasms. Several
epidemiologic studies have shown an increased inci-
dence of cancer of the paranasal sinuses and lungs
among workers in nickel refineries and factories; suspi-
cion of carcinogenicity has been focused primarily on
respirable particles of nickel, nickel subsulfide, nickel
oxide, and on nickel carbonyl vapor. Many of the
studies also included exposures to other suspected car-
cinogens.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Nickel, metallic

1. Molecular weight: 58.7

2. Boiling point (760 mm Hg): 2730 C (4946 F)

3. Specific gravity (water = 1): 8.9

4. Vapor density (air = 1 at boiling point of metallic
nickel): Not applicable

5. Melting point: 1453 C (2648 F)

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

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

8. Evaporation rate (butyl acetate =
ble
» Physical data—Nickel nitrate hexabydrate

1. Molecular weight: 290.8

2. Boiling point (760 mm Hg): 137 C (278 F) (loses
water)

3. Specific gravity (water = 1): .05

4. Vapor density (air = 1 at boiling point of nickel
nitrate hexahydrate): Not applicable

5. Melting point: 57C (135 F)

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

7. Solubility in water, g/100 g water at 20 C (68 F):
60

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
¢ Phyxical data—Nickel sulfate hexshydrate

1. Molecular weight: 262.8

2. Boiling point (760 mm Hg): 103 C (217 F) (loses
water)

3. Specific gravity (water = 1): 207

4. Vapor density (air = 1 at boiling point of nickel
sulfate hexahydrate): Not applicable

5. Melting point: 53 C(127F)

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

7. Solubility in water, g/100 g water at 20 C (68 F):
40

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

1. Conditions contributing to instability: Heat (nickel
only)

2. Incompatibilities: Contact of nickel with strong
scids may form flammable and explosive hydrogen gas.

1): Not applica-
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Contact with sulfur may cause evolution of heat. Con-
tact of nickel nitrate with wood and other combustibles
may cause fire.

3. Hazardous decomposition products: Toxic gases
and vapors (such as nickel carbonyl and oxides of
nitrogen) may be released in a fire invelving nickel or in
the decompostion of nickel compounds.

4. Special precautions: None
* Flammability

1. Flash point: Not applicable

2. Minitmum ignition temperature: Not available

3. Minimum explosive concentration: Not available,
but nickel sponge catalyst may ignite spontaneously in
air.

4. Extinguishant: Dry powder, dry sand, dry dolo-
mite, dry graphite

¢ Warning properties

Grant states that “workers employed in nickel plating
involving nickel sulfate, sulfuric acid, and chlorine are
said to have developed conjunctivitis and epiphora
when ventilation was poor.” Since, according to Grant,
“both sulfuric acid mist and chlorine gas are known to
cause burning and stinging of the eyes,” and since the
ATHA Hygienic Guide states that eye contact “does not
present any problem peculiar to nickel,” nicke] metal
and soluble compounds are not treated as eye irritants.

MONITORING AND MEASUREMENT
PROCEDURES

* General

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).

¢ Method

Sampling and analyses may be performed by collection
on a cellulose membrane filter followed by treatment
with nitric and perchloric acids, solution in nitric acid,
and analysis with an atomic absorption spectrophoto-
meter. An analytical method for nickel metal and
soluble nickel compounds is in the NJOSH Manual of
Analptical Methods, 2nd Ed., Vol. 5, 1979, available
from the Government Printing Office, Washington,
D.C. 20402 (GPO No. 017-033-00349-1).

number PB 258 433).

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
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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

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with powdered metallic nickel or solids or liquids
containing soluble nickel compounds.

* If employees’ clothing may have become contaminat-
ed with powdered metallic nickel or solid soluble nickel
compounds, employees should change into uncontamin-
ated clothing before leaving the work premises.

¢ Clothing contaminated with metallic nicke! or solu-
ble nickel compounds should be placed in closed con-
tainers for storage until it can be discarded or until
provision is made for the removal of metallic nickel or
soluble nickel compounds from the clothing. If the
clothing is to be laundered or otherwise cleaned to
remove the metallic nickel or soluble nickel com-
pounds, the person performing the operation should be
informed of these substances's hazardous properties.
¢ Non-impervious clothing which becomes contami-
nated with metallic nickel or soluble nickel compounds
should be removed promptly and not reworn until the
metallic nickel or soluble nickel compounds are re-
moved from the clothing.

SANITATION

¢ Skin that becomes contaminated with metallic nickel
or soluble nickel compounds should be promptly
washed or showered with soap or mild detergent and
water to remove any metallic nickel or soluble nickel
compounds.

* Eating and smoking should not be permitted in areas
where solids or liquids containing soluble nickel com-
pounds are handled, processed, or stored.

* Employees who handle powdered metallic nickel or
solids or liquids containing soluble nickel compounds
should wash their hands thoroughly with soap or mild
detergent and water before eating, smoking, or using
toilet facilities.

* Areas in which exposure to nickel metal and soluble
nickel compounds may cccur should be identified by
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signs or appropriate means, and access to these areas
should be limited to authorized persons.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to mnickel metal and soluble nickel
compounds may occur and control methods which may
be effective in each case:

Operation Controls
Use of meta! and salts General dilution
during electroplating ventilation; local
and electroless plating exhaust ventilation;
personal protective
equipment
Use in manufacture of Local exhaust

Operation Controls

Use during manufacture General dilution

and fabricating of more ventilation; local

than 3000 alloys; use in exhaust ventilation;

electronic tube parts, personal protective

coins heavy machinery, equipment

tools, instrument parts,

magnets, food and

chemical processing

equipment, flatware, jet

engines, automotive

parts, zippers, nicke!

anodes, surgical and

dental instruments, and

cooking utensils {they

aid in corrosion- and

heat-resistance,

enhance ductibility, and

increase thermal

conductivity)

Liberation during General dilution

processing and refining ventilation; local

of ore exhaust ventilation;
perscnal protective
equipment

Use in manufacture of Local exhaust

nickel-iron afloys, and
non-ferrous-nickel

ventilation; general
dilution ventilation

alloys

Use during fabrication General dilution

of nickel-plated ventilation; local

materials exhaust ventilation;
personal protective
equipment

Use in chemical General dilution

synthesis as starting ventilation

material of complex

compounds; use as

catalysts in

hydrogenation of fats/

oils

Use in textile industry in General dilution

dyeing and printing; and ventilation; local

in ceramic industry in exhaust ventilation

coloring
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nickel-iron alloys and ventilation; general
non-ferrous-nickel dilution ventilation
altoys

EMERGENCY FIRST AID PROCEDURES

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

If solids or liquids containing soluble nickel compounds
get on the skin, immediately flush the contaminated skin
with water. If solids of liquids containing soluble nickel
compounds penctrate through the clothing, remove the
clothing immediately and flush the skin with water, If
irritation persists after washing, get medical attention.
Metallic nickel should be removed from the skin by
washing with soap or mild detergent and water.

* Breathing

If a person breathes in large amounts of metallic nickel
of soluble nickel compounds, 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. If
any nickel carbonyl has been inhaled, get medical
attention promptly.

¢ Swallowing

When metallic nickel or solids or Liquids containing
soluble nickel compounds have been swallowed and the
person is conscious, give the person large quantities of
water immediately. After the water has been swal-
lowed, try to get the person to vomit by baving him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
tion 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 spills until cleanup
has been completed.

* If nickel metal and soluble nickel compounds are
spilled, the following steps should be taken:

1. Ventilate area of spill.
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2. Collect spilled material in the most convenient and
safe manner for reclamation or for disposal in a secured
sanitary landfill. Liquid containing nickel should be
absorbed in vermiculite, dry sand, earth, or a similar
material.

* Waste disposal method:

Nickel metal and soluble nickel compounds may be
disposed of in scaled containers in a secured sanitary
landfill.
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* SPECIAL NOTE

Nickel metal and soluble nickel compounds appear on
the OSHA *“Candidate List™ of chemicals being consid-
ered for further scientific review regarding their car-
cinogenicity (Federal Register, Vol. 45, No. 157, pp.
5372-5379, 12 August 1980).

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 11, 1976.
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RESPIRATORY PROTECTION FOR NICKEL METAL AND SOLUBLE COMPOUNDS

Condition

Minimum Respiratory Protection*
Required Above 1 mg/m*

Dust or Mist Concentration

5 mg/m? or less Any dust and mist respirator.

10 mg/m?* or less Any dust and mist respirator, except single-use or quarter-mask respirator.

50 mg/m? or less A high efficiency particulate filter respirator with a full facepiece.

Any supplied-air respirator with a ful! facepiece, helmet, or hood.
Any self-contained breathing apparatus with a full facepiece.

1000 mg/m?* or less A powered air-purifying respirator with a high efficiency particulate filter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure of continuous-flow mode.

2000 mg/m? or less A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet, or hood
operated in continuous-flow mode.

Greater than 2000 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-alr respirator with a
full facepiece operated in pressure-deman or other 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-

demnand or other positive pressure mode.

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




RESPIRATORY PROTECTION FOR NICKEL METAL AND SOLUBLE COMPOUNDS

Condition Minimum Respiratory Protection*
Required Above 1 mg/m*

Dust, Mist, or Fume

Concentration

10 mg/m? or less Any fume respirator or high efficiency particulate respirator.

Any supplied-air respirator.
Any seli-contained breathing apparatus.

50 mg/m? 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.

1000 mg/m?* or less A powered air-purifying respirator with a high efficiency particulate filter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode,

2000 mg/m* or less A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet, or hood
operated in continuous-flow mode.

Greater than 2000 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
fult tacepiece operated in pressure-demand or other 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.

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