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1. About This Guide

Investigation into the toxicological effects of
nickel salts on animals was first reported in 1826.
Since that time, numerous reports and papers
have been generated on the human health and
environmental effects of nickel. The reported ef-
fects of nickel and its compounds on humans are
wide ranging, comprising effects that are both
beneficial (the probable essentiality of nickel in
humans) as well as harmful (skin allergy and, in
certain circumstances, respiratory cancer).
Although nickel has been studied extensively,
there is still much to be learned about this ubig-
uitous metal. Given the importance of nickel to
industrialized societies, a guide to evaluating
workplace exposures has long been needed. The
first edition of such a guide was prepared in 1993
by the Nickel Producers Environmental Research
Association (NiPERA) in collaboration with the
Nickel Development Institute (now the Nickel
Institute). Additional assistance for the first edi-
tion was provided by the Radian Corporation.
The second edition of the Guide was published
in 1997. Subsequent to that printed edition, the
Guide was published online and was subject to
revisions in 2002 and 2004. The current version
of this Guide is the third printed version and re-
flects the evolving nature of the knowledge about
the health concerns associated with working with
nickel and its compounds.

This Guide has been written for those individu-
als who are responsible for the health mainte-
nance of workers exposed to nickel, its com-
pounds, and alloys. As such, it is directed to a
variety of individuals including operational
managers, business managers, industrial hygien-
ists, occupational health nurses, physicians,
joint occupational health and safety committees,
and other health professionals. Its purpose is not
only to educate the reader about the potential
hazards associated with exposure to various

forms of nickel but also to instruct the reader in
the safe handling of nickel-containing substanc-
es in the workplace. Like all scientific docu-
ments, the information contained within this
Guide constitutes a “snapshot” and is subject to
change as knowledge is gained about nickel.
Further up-dates are planned.

Certain conventions have been followed in pre-
paring this Guide. Since it mainly addresses the
health effects associated with occupational expo-
sure to nickel and nickel-containing substances,
evaluations are based predominantly on epide-
miological and clinical studies. Most evaluations
are qualitative and reflect the overall weight-of-
evidence reported from studies of nickel work-
ers. Discussions of the health effects related to
working with nickel compounds focus on spe-
cific forms of nickel. Because they are not pres-
ent in most work environments, organic nickel
compounds, with the exception of a brief dis-
cussion on the acute toxicity of nickel carbonyl,
are not discussed within this Guide. Finally, un-
less noted otherwise, statements regarding the
“solubility” of nickel compounds are made with
respect to their solubility in biological fluids as
opposed to water.

The Guide has been organized into a summary of
the Guide followed by sections on production,
sources of exposure, pharmacokinetics, toxicol-
ogy, health surveillance, exposure levels and air
monitoring, control measures, and hazard com-
munication. Additional instructional materials
are provided in appendices.

1.1 Summary

Nickel is a naturally occurring element that exists
in nature mainly in the form of sulfide, oxide,

HEALTH GUIDE SAFE USE OF NICKEL IN THE WORKPLACE
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and silicate minerals. Because it is ubiquitous,
humans are constantly exposed to nickel in vari-
ous amounts. “Zero exposure” to nickel is nei-
ther possible nor desirable. Nickel has been
shown to be an essential element in certain mi-
cro-organisms, animals, and plants. The gener-
ally held view is that nickel is probably an essen-
tial element for humans as well.

Nickel is an extremely important commercial
element. Factors which make nickel and its al-
loys valuable commodities include strength,
corrosion resistance, high ductility, good ther-
mal and electric conductivity, magnetic charac-
teristics, and catalytic properties. Stainless steels
are particularly valued for their hygienic prop-
erties. In some applications, nickel alloys are
essential and cannot be substituted with other
materials. Given these many beneficial proper-
ties, nickel is used in a wide variety of products
discussed below.

1.2 Production and Use

Nickel in one form or another has literally hun-
dreds of thousands of individual applications.
Annual world production of nickel products in
recent years has averaged in excess of 1,100 ki-
lotonnes. Primary nickel products are classified
by the amount of nickel they contain. Class I
products contain almost 100 percent nickel,
whereas Class II products vary widely in their
nickel content.

Most primary nickel is used in alloys, the most
important of which is stainless steel. Other uses
include electroplating, foundries, catalysts, bat-
teries, welding rods, coinage, and other miscel-
laneous applications. The list of end-use applica-
tions for nickel is, for all practical purposes, lim-

itless. Nickel is found in transportation products,
electronic equipment, chemicals, construction
materials, petroleum products, acrospace equip-
ment, durable consumer goods, paints, and ce-
ramics. From this list, it is evident that nickel is a
critical metal to industrialized societies.

1.3 Sources of Exposure

Given its many uses and applications, the poten-
tial for exposure to nickel, its compounds, and
alloys is varied and wide ranging. With respect to
occupational exposures, the main routes of toxi-
cological relevance are inhalation and, to a lesser
extent, skin contact.

Workers engaged in nickel production — which
may include mining, milling, concentrating,
smelting, converting, hydrometallurgical pro-
cesses, refining, and other operations — are ex-
posed to a variety of nickel minerals and com-
pounds depending upon the type of ore mined
and the processes used to produce intermediate
and primary nickel products. Generally, expo-
sures in the producing industry are to moder-
ately soluble and insoluble forms of nickel. In
the producing industry, soluble nickel com-
pounds are more likely to be found in hydromet-
allurgical operations. Exposures in nickel-using
industry sectors vary according to the products
produced and include both soluble and relatively
insoluble forms of nickel.

In the past, airborne occupational nickel con-
centrations were believed to have been quite
high (>10 mg Ni/m?®) in certain producing op-
erations, with some estimates of exposures as
high as 100 mg Ni/m’ or more for Ni,S, sinter-
ing (sometimes referred to as “matte” sintering).
More recent estimates of exposure (post-1960)
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are much lower, with current measurements
generally averaging <1 mg Ni/m’. Exposures to
nickel species in user industries have historically
been much lower than in producing industries,
with estimates generally averaging well below

1 mg Ni/m’.

1.4 Pharmacokinetics of
Nickel

The major routes of nickel intake are dietary in-
gestion and inhalation. In most individuals, diet
constitutes the main source of nickel intake.
Recent studies indicate that average dietary in-
take is approximately 0.16 mg Ni/day. Nickel in
drinking water (averages ranging from <0.001 to
0.01 mg Ni/L) and ambient air (averages ranging
from 1 to 60 ng Ni/m?) is generally quite low.
Other sources of nickel exposure include contact
with nickel-containing articles such as jewelry,
medical applications, and tobacco smoke.

For individuals occupationally exposed, total
nickel intake is likely to be higher than that of
the general populace. Whether diet or workplace
exposures constitute the main source of nickel in
workers depends upon a number of factors.
These factors include the acrodynamic size of the
particles and whether the particles are inhalable,
the concentration of the nickel that is inhaled,
the minute ventilation rate of a worker, whether
breathing is nasal or oronasal, the use of respira-
tory protection equipment, personal hygiene
practices, and general work patterns.

Toxicologically speaking, inhalation is the most
important route of nickel exposure in the work-
place, followed by dermal exposure. Deposition,
absorption, and retention of nickel particles in

the respiratory tract will depend on many of the

factors noted above for intake. Not all particles
are inhalable. Humans inhale only about half of
the particles with aerodynamic diameters >30
pm, and it is believed that this efficiency may
decline rapidly for particles with aerodynamic
diameters between 100 and 200 pm. Of the
particles inhaled, only a small portion with
aerodynamic diameters larger than 10 pm are
deposited in the lower regions of the lung, with
deposition in this region predominantly limited
to particles =4 pm.

Factors such as the amount deposited, solubility,
and surface area of the particle will influence the
behavior of particles once they are deposited in
the lung. The smaller and more soluble the par-
ticle, the more rapidly it will be absorbed into the
bloodstream and excreted. The residence time of
nickel-containing particles in the lung is believed
to be an important component of toxicity.

With respect to skin absorption, divalent nickel
has been shown to penetrate the skin fastest at
sweat ducts and hair follicles; however, the sur-
face area of these ducts and follicles is small.
Hence, penetration through the skin is primar-
ily determined by the rate at which nickel is
able to diffuse through the horny layer of the
epidermis. Although the actual amount of nick-
el permeating the skin from nickel-containing
materials is unknown, in studies using excised
human skin, the percent permeation was small,
ranging from 0.23 (non-occluded skin) to

3.5 percent (occluded skin) of an administered
dose of nickel chloride. Marked differences in
the rate of nickel permeation have been reported
for nickel solutions, with nickel sulfate solutions
permeating the skin at a rate 50 times slower
than nickel chloride solutions.
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Analyses of human tissues from autopsy studies
have shown highest concentrations of nickel in
the lungs, thyroid gland, and adrenal gland, fol-
lowed by lesser concentrations in kidney, liver,
heart, spleen, and other tissues. Excretion of ab-
sorbed nickel is mainly through urine, whereas
unabsorbed nickel is excreted mainly in feces.
Nickel also may be excreted in sweat, hair, and
human breast milk.

1.5 Summary of the
Toxicity of Nickel
Compounds

Just as the pharmacokinetics of chemical nickel
species are influenced by their physical and chemi-
cal properties, concentration and route of expo-
sure, so too are the toxic effects of nickel.
Although a number of nickel-related effects, in-
cluding renal and reproductive effects, have oc-
casionally been reported, the main effects noted in
humans are respiratory and dermal. Consequently,
the major routes of toxicological relevance in the
workplace are inhalation and skin contact.

In most work environments, the potential
chronic toxicity of various nickel species is likely
to be of more concern than acute effects, with
the exception of nickel carbonyl. Long-term ex-
posures to some nickel compounds have been
associated with excess lung and nasal sinus can-
cers. The major source of evidence for this as-
sociation comes from studies of workers who
were employed in certain nickel-refining opera-
tions. On the whole, these workers were gener-
ally exposed to higher concentrations of nickel
than those that prevail in many workplaces to-
day. These workers were also exposed to a variety
of other potentially carcinogenic substances, in-

cluding arsenic compounds, polyaromatic hy-
drocarbons (PAHs), and sulfuric acid mists.
These concurrent exposures make a direct-cause-
and-effect interpretation of the data difficult, al-
though in some instances, the animal data help
to shed light on the potential carcinogenic role,
if any, played by different nickel species.
Summarized below are the respiratory and der-
mal effects associated with exposure to individual
nickel species.

1.5.1 Summary of the
Toxicity of Metallic Nickel

A determination of the health effects of metallic
nickel is based mainly upon epidemiological
studies of over 40,000 workers from various
nickel-using industry sectors (nickel alloy man-
ufacturing, stainless steel manufacturing, and
the manufacturing of barrier material for use in
uranium enrichment ). These workers were ex-
amined for evidence of carcinogenic risk due to
exposure to metallic nickel and, in some in-
stances, accompanying oxidic nickel com-
pounds and nickel alloys. No nickel-related ex-
cess respiratory cancer risks have been found in
any of these workers. Animal data on carcino-
genicity are in agreement with the human data.
A recent regulatory-compliant study on the in-
halation of metallic nickel powder was negative
for carcinogenicity. However, at levels above 0.1
mg Ni/m’, chronic respiratory toxicity was ob-
served in the animals.

Data relating to respiratory effects associated
with short-term exposure to metallic nickel are
very limited. One case report of a fatality has
been recorded in a man spraying nickel using a
thermal arc process. However, the relevance of
the case is questionable since the reported expo-
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sure to total nickel was extremely high (382 mg
Ni/m?). Nevertheless, special precautions to re-
duce inhalation exposure to fine and ultrafine

powders should be taken.

Collectively, animal and human data present a
mixed picture with respect to the potential role
that metallic nickel may play in non-malignant
respiratory disease. A few cases of asthma or fi-
brosis have been reported in humans and certain
inflammatory effects have been noted in animals.
However, the overall literature shows that past
exposures to metallic nickel have not resulted in
excess mortality from such diseases. Additional
studies on such effects would be useful.

Skin sensitization to nickel metal can occur wher-
ever there is leaching of nickel ions from articles
containing nickel onto exposed skin.
Occupational exposures involving direct and pro-
longed skin contact with metallic nickel may elic-
it cutaneous allergy (allergic contact dermatitis)
in nickel-sensitized workers. However, nickel der-
matitis occurs mainly as the result of non-occu-
pational exposures.

1.5.2 Summary of Nickel
Metal Alloys

Each type of nickel-containing alloy is a unique
substance with its own special physico-chemical
and biological properties that differ from those of
its individual metal constituents. The potential
toxicity of a nickel alloy (including carcinogenic
effects) must, therefore, be considered separately
from the potential toxicity of nickel metal itself
and other nickel-containing alloys.

While there are no studies of nickel workers ex-
posed solely to nickel alloys in the absence of me-

tallic or oxidic nickel, studies on stainless steel
and nickel alloy workers (who would likely have
low level nickel alloy exposures) suggest an ab-
sence of nickel-related excess cancer risk.
Intratracheal studies on animals have generally
shown an absence of cancer risk in animals ex-
posed to nickel alloys. Collectively, these studies
suggest that nickel alloys do not act as respiratory
carcinogens. For many alloys, this may be due to
their corrosion resistance which results in reduced
releases of metal ions to target tissues.

With respect to non-carcinogenic respiratory ef-
fects, no animal data are available for determin-
ing such effects, and the human studies that have
looked at such endpoints have generally shown
no increased mortality due to non-malignant re-
spiratory disease.

Because alloys are specifically formulated to meet
the need for manufactured products that are du-
rable and corrosion resistant, an important prop-
erty of all alloys and metals is that they be insolu-
ble in aqueous solutions. They can, however, re-
act (corrode) in the presence of other media. Of
particular importance to dermal exposures is the
potential of individual alloys to corrode in sweat.
The potential for nickel alloys to elicit an allergic
reaction in occupational settings will depend on
both the sweat resistant properties of the alloy
and the amount of time a worker is in direct and
prolonged skin contact with an alloy. Alloys that
release less than 0.5 pg/cm?/week are generally
believed to be protective of the majority of nick-
el-sensitized individuals when in direct and pro-
longed skin contact. Alloys that release greater
than 0.5 pg/cm?/week of nickel may not, in and
of themselves, be harmful. They may be used
safely when not in direct and prolonged contact
with the skin or when appropriate protective
clothing is worn.

HEALTH GUIDE SAFE USE OF NICKEL IN THE WORKPLACE
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1.5.3 Summary of the
Toxicity of Soluble Nickel

European regulatory activity in the first decade
of the new millennium has resulted in soluble
nickel compounds being classified as human in-
halation carcinogens. However, the precise role
of soluble nickel in human carcinogenicity is still
uncertain. Epidemiologic information suggests
that an increased risk of respiratory cancer as-
sociated with refinery process exposure to soluble
nickel compounds primarily occurs at levels in
excess of 1 mg Ni/m?. However, a few recent
studies have noted that exposures slightly lower
than this (around 0.5 mg Ni/m?®) may have been
associated with the excess respiratory cancers ob-
served in workers exposed to soluble nickel.

Well-conducted inhalation animal studies where
rats and mice were exposed to soluble nickel at
workplace equivalent concentrations up to 2-6
mg Ni/m’ did not show any evidence of carcino-
genicity. However, at workplace equivalent levels
above 0.1 mg Ni/m?, chronic respiratory toxicity
was observed. Respiratory toxicity due to soluble
nickel exposures may have enhanced the induc-
tion of tumors by less soluble nickel compounds
or other inhalation carcinogens seen in refinery
workers. This mode of action is in agreement
with mechanistic information indicating that
nickel ions from soluble nickel compounds will
not be bioavailable at target respiratory nuclear
sites because they have inefficient cellular uptake
and are rapidly cleared from the lungs.

With respect to non-malignant respiratory ef-
fects in humans, the evidence for soluble nickel
salts being a causative factor for occupational
asthma, while not overwhelming, is more sugges-
tive than it is for other nickel species. Such evi-

dence arises mainly from a small number of case
reports in the electroplating industry and nickel
catalyst manufacturing. It should be noted, how-
ever, that exposure to soluble nickel can only be
inferred in some of the cases and confounding
factors (exposure to chromium, cobalt, and plat-
ing solutions of low pH) often have not been
taken into account.

Aside from asthma, the only other non-carcino-
genic respiratory effect reported in nickel work-
ers exposed to soluble nickel is that of fibrosis.
Evidence that soluble nickel may act to induce
pulmonary fibrosis comes from a recent study of
nickel refinery workers that showed modest ab-
normalities in the chest X-rays of workers. An
association between the presence of irregular
opacities (ILO' =21/0) in chest X-rays and cumu-
lative exposures to soluble nickel, sulfidic nickel,
and possibly metallic nickel, was reported. The
significance of these results for the clinical diag-
nosis of fibrosis remains to be determined.

Historically, workplaces where prolonged contact
with soluble nickel has been high, have shown
high risks for allergic contact nickel dermatitis.
For example, nickel dermatitis was common in
the past among nickel platers. Due to improved
industrial and personal hygiene practices, how-
ever, over the past several decades, reports of
nickel sensitivity in workplaces, such as the elec-
troplating industry, have been sparse.

! Based on a chest radiographs from the International Labor
Organization (ILO) set of standard chest X-rays.
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1.5.4 Summary of the
Toxicity of Oxidic Nickel

As with above-mentioned species of nickel, the
critical health effect of interest in relation to oc-
cupational exposure to oxidic nickel is respiratory
cancer. Unlike metallic nickel, which does not
appear to be carcinogenic in humans or animals,
and soluble nickel, whose carcinogenic potential
currently appears to be the opposite in humans
and animals, the evidence for the carcinogenicity
of certain oxidic nickel compounds is more com-
pelling. That said, there is still some uncertainty
regarding the forms of oxidic nickel that induce
tumorigenic effects. Although oxidic nickel is
present in most major industry sectors, it is of
interest to note that epidemiological studies have
not consistently implicated all sectors as being
associated with respiratory cancer. Indeed, excess
respiratory cancers have been observed only in
refining operations in which nickel oxides were
produced during the refining of sulfidic ores and
where exposures were relatively high (>5 mg Ni/
m?). At various stages in this process, nickel-cop-
per oxides may have been formed. In contrast, no
excess respiratory cancer risks have been observed
in workers exposed to lower levels (<2 Ni/m?) of
oxidic nickel free of copper during the refining of
lateritic ores or in the nickel-using industry.

A high calcining temperature nickel oxide admin-
istered to rats and mice in a two-year inhalation
study did show some evidence of carcinogenicity
in rats. In intraperitoneal studies, nickel-copper
oxides have appeared to be as potent as nickel
subsulfide in inducing tumors at injection sites.
There is, however, no strong evidence to indicate
that black (low temperature) and green (high
temperature) nickel oxides differ substantially
with regard to tumor-producing potency.

There is no single unifying physical characteristic
that differentiates oxidic nickel compounds with
respect to their 7z vitro genotoxicity or carcino-
genic potential. Some general physical character-
istics which may be related to carcinogenicity in-
clude: particle size <5 pm, large particle surface
area, presence of metallic or other impurities and/
or amount of Ni (III), and the ability to induce
reactive oxygen radicals. Phagocytosis appears to
be a necessary, but not sufficient condition for
carcinogenesis. Solubility in biological fluids will
also affect how much nickel ion is delivered to
target sites (i.e., cell nucleus).

With respect to non-malignant respiratory ef-
fects, oxidic nickel compounds do not appear to
be respiratory sensitizers. Based upon numerous
epidemiological studies of nickel-producing
workers, nickel alloy workers, and stainless steel
workers, there is little indication that exposure to
oxidic nickel results in excess mortality from
chronic respiratory disease. In the few instances
where excess risks of non-malignant respiratory
disease did appear — for example, among refining
workers in Wales — the excesses were seen only in
workers with high nickel exposures (>10 mg Ni/
m?), in areas that were reported to be very dusty.
With the elimination of these dusty conditions,
the risk that existed in these areas seems largely to
have disappeared by the 1930s. In two studies of
nickel workers using lung radiographs, there was
no evidence that oxidic nickel dusts caused a sig-
nificant fibrotic response.

Dermal exposures to oxidic nickel are believed to
be of little consequence to nickel workers. While
no data are directly available on the effects of ox-
idic nickel compounds on skin, little skin absorp-
tion of nickel ions is expected due to their low
water solubility.

HEALTH GUIDE SAFE USE OF NICKEL IN THE WORKPLACE
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1.5.5 Summary of the
Toxicity of Sulfidic Nickel

Of all the nickel species examined in this docu-
ment, a causal relationship for respiratory cancer
can best be established for nickel subsulfide. The
human data suggest that respiratory cancers have
been primarily associated with exposures to less
soluble forms of nickel (including sulfidic nickel)
at concentrations in excess of 10 mg Ni/m?’.
Animal data unequivocally point to nickel sub-
sulfide as being carcinogenic.

Relative to other nickel compounds, nickel sub-
sulfide may be the most efficient at inducing the
heritable changes needed for the cancer process.
In vive, nickel subsulfide is likely to be readily
phagocytized and dissolved by respiratory epi-
thelial cells resulting in efficient delivery of nick-
el (I) to the target site within the cell nucleus.
In addition, nickel subsulfide has relatively high
solubility in biological fluids. This results in the
release of nickel (II) ions, with subsequent in-
duction of cell toxicity and inflammation.
Chronic cell toxicity and inflammation may en-
hance tumor formation by nickel subsulfide or
other carcinogens (as discussed for soluble nickel
compounds).

The evidence for non-malignant respiratory ef-
fects in workers exposed to sulfidic nickel has
been mixed. Mortality due to non-malignant re-
spiratory disease has not been observed in
Canadian sinter workers, but has in refining
workers in Wales. With the elimination of the
very dusty conditions that likely brought about
such effects, the risk of respiratory disease disap-
peared in the Welsh workers by the 1930s. In a
recent study of Norwegian nickel refinery work-
ers, an increased risk of pulmonary fibrosis was

found in workers with cumulative exposure to
sulfidic and soluble nickel. The significance of
these results for the clinical diagnosis of fibrosis
remains to be determined.

No relevant studies of dermal exposure have
been conducted on workers exposed to sulfidic
nickel. Likewise, no animal studies have been
undertaken.

1.5.6 Summary of the
Toxicity of Nickel Carbonyl

The human data unequivocally show that nickel
carbonyl is an agent which is extremely toxic to
man; the animal data are in agreement with re-
spect to this acute toxicity.

It is not possible to assess the potential carcino-
genicity of nickel carbonyl from either human or
animal data. Unless additional, long-term carci-
nogenicity studies in animals can be conducted
at doses that do not exceed the Maximum
Tolerated Dose (MTD) for toxicity, the database
for the carcinogenicity of nickel carbonyl will
remain unfilled. This issue may only be of aca-
demic interest since engineering controls and
close monitoring of nickel carbonyl exposure to
prevent acute toxicity greatly limit possible expo-
sures to this compound.

Exposures to nickel carbonyl are usually con-
founded with exposures to other nickel com-
pounds. However, for acute nickel carbonyl ex-
posures urinary nickel can be used as a health
guidance value to predict health effects and the
need for treatment. Reasonably close correlations
between the clinical severity of acute poisoning
and urinary concentrations of nickel during the

12

HEALTH GUIDE SAFE USE OF NICKEL IN THE WORKPLACE



1. About This Guide

initial three days after exposure have been estab-
lished as follows:

Symptoms 18-hr urine specimen
(ug Nifl)

Mild 60-100

Moderate 100-500

Severe >500

These values, however, are only relevant when
urinary nickel is not elevated due to other nickel
compound exposures.

Experience at a nickel carbonyl refinery has
shown that the clinical severity of the acute nickel
carbonyl exposure can also be correlated to nickel
levels in early urinary samples (within the first 12
hours of exposure). The use of an 8-hour post ex-
posure urinary nickel specimen may also be help-
ful in categorizing cases and determining the
need for chelation therapy.

1.6 Assessing the Risks of
Workers Exposed to Nickel

Any efforts to evaluate occupational health risks
such as those identified above must start with
good data collection. This includes not only
monitoring workplace exposures (discussed in
greater detail in the next section), but assessing
the health of individual workers with the ulti-
mate goal of keeping the worker healthy and re-
ducing the overall risks in the work environment.
[t is not enough to periodically monitor workers,
but programs must be implemented in ways that
allow for the systematic collection of data that
can be used in epidemiological studies and, sub-
sequently, risk assessment. In some countries, im-
plementation of a health surveillance program is
obligatory. In such instances, any company-based

surveillance program should be in compliance
with the relevant local/national guidelines.
Developing infrastructure and systems that sup-
port consistent data collection and storage re-
quires effort, careful planning, and an adequate
allocation of resources.

The general steps involved in the assessment of
risks include:

* Determining the population at risk.

* Identifying the hazards.

* Assessing exposures and health outcomes.

* Developing data collection and management
systems.

* Training and benchmarking.

For purposes of risk assessment, records should
be kept on most, if not all, workers employed in
the nickel industry. This includes not only pro-
duction workers, but office workers and support
staff as well. Consideration should also be given
to contractors, such as temporary workers or
long-term maintenance crews employed at fac-
tories, as some of these workers may be em-
ployed in potentially high exposure jobs.
Companies should assign a unique identifier to
each individual.

It is also important to identify all potentially
harmful substances in a workplace and to moni-
tor and control exposures in order to manage
the risk. All the nickel species present in an in-
dustrial setting should be identified, and a com-
plete inventory of raw materials used, materials
produced, by-products, and contaminants
should be taken. Consideration should be given
to monitoring these materials not only under
normal operations, but also when short-term
peak exposures occur (e.g., during mainte-
nance). In addition, a record should be made of
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all procedures and equipment used (including
control equipment such as local exhaust venti-
lation and respirators), changes in processes,
and changes in feed materials. Complementing
this description of the worksite should be a de-
scription of each worker’s employment history,
both past and current.

With respect to exposures, two types of exposure
data are required: those that pertain to the am-
bient environment (e.g., workplace air) and those
that pertain to the internal environment of the
worker (e.g., health surveillance). To be of use in
risk assessment, each must be linked to the other.
Health surveillance may be used to evaluate an
individual’s health prior to, during, and at termi-
nation of employment. Occasionally, it also may
be used during retirement. Considerable clinical
skill and judgment are required to assess work-
related health effects. Consultation with properly
trained personnel is critical. Issues such as the
invasiveness, sensitivity, and accuracy of testing
procedures must be considered carefully, as
should the rights of the workers. Laws regarding
discriminatory practices in hiring and job place-
ment should be strictly followed, as should laws
regarding recordkeeping. Any health data gath-
ered and recorded should be subject to rigorous
quality control.

In structuring a health surveillance program,
consideration ideally should be given to the fol-
lowing components:

* Pre-placement assessment. Of particular im-
portance is the identification of pre-existing
medical conditions in target organs (notably
the respiratory system and skin, but also re-
productive and renal systems) that poten-
tially might be affected by nickel and its

compounds. A pre-placement assessment

should typically include, but not necessarily
be limited to: baseline health data, a detailed
history of previous disease and occupational
exposures, present or past history of allergies
(particularly nickel-related) including asth-
ma, identification of personal habits (most
notably, smoking) and hobbies, a physical
examination (which may include chest
X-rays and other pulmonary tests), and
evaluation of the ability of a worker to wear
respiratory protection equipment.

* Periodic assessment. Such an assessment gen-
erally consists of an update of the above, but
may also include more extensive testing.
Unless mandated more frequently by law,
measurements of respiratory function and
chest X-rays should be considered around
every 5 years. Depending on the age, the
smoking status, and the job task (nature and
level of exposure), more frequent chest
X-rays may be appropriate.

Skin patch testing is not recommended as a rou-
tine pre-employment procedure because there is
a possibility that such test may sensitize the ap-
plicant. However, in special circumstances, such
testing may be warranted for purposes of clinical
diagnosis. Patch testing should only be under-
taken by persons experienced in the use of the
technique.

In many industrial health surveillance programs,
workers may be monitored for markers of expo-
sure in body fluids, with the intent of establish-
ing a correlation between external exposure, in-
ternal exposure (as measured by the marker), and
effect. However, in the case of nickel, a biologi-
cal monitoring program should be implemented
only after careful consideration of the facts and
limitations of such a program. While of some
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value as a marker of exposure, nickel in urine,
blood, and other tissues or fluids (with the excep-
tion of nickel carbonyl) has not been shown to be
predictive of health risks. Given that biological
monitoring reflects only the amount of solubi-
lized nickel present in biological materials and
not true body burden, its utility is questionable
as an early warning device of potential health ef-
fects that are generally organ-specific, long-term,
and accumulative in nature.

If implemented, a biological monitoring program
should augment both environmental monitoring
and industrial hygiene programs. It should never
be implemented as a “stand alone” program.
Given the above limitations, biological monitor-
ing may have a place, but mainly in specific situa-
tions, e.g., where exposures are to soluble nickel
compounds, fine nickel metal powders, or nickel
carbonyl. It is less useful in situations where ex-
posures are predominantly to insoluble com-
pounds of larger particle size or where exposures
are mixed. If biological monitoring is undertak-
en, urinary sampling is generally preferred over
serum sampling because it is less invasive and eas-
ier to conduct.

It is preferable that any health surveillance pro-
gram implemented be administered by qualified
occupational health specialists. However, once a
proper data collection system is in place, non-
expert staff, with appropriate training, can help
to collect some of the data on a day-to-day basis.

Lastly, any surveillance program that is imple-
mented should be evaluated to determime how
well it is working. This entails establishing sound
database management systems, filling recognized
data gaps, and setting goals against which future
evaluations can be made.

1.7 Workplace
Surveillance

Knowledge of general exposure conditions within
the workplace is another element of a good work-
er protection program. Workplace surveillance
entails understanding applicable legislative/regu-
latory occupational exposure limits and imple-
menting an air monitoring program that allows
for the comparison of worker exposures to these
limits. It is necessary for the employer to keep
abreast of current recommended and mandated
exposure limits regarding nickel and its com-
pounds and to ensure that workplace exposures
comply with these limits.

Components of an air monitoring program are:

* development of a sampling strategy,

* purchase or rental of sampling equipment
and supplies,

* calibration of equipment,

* sample collection,

* sample analysis,

* calculation of exposure concentrations,

* determination of compliance status,

* notification of employees of the results, and

* documentation and recordkeeping.

Specific requirements for each of these compo-
nents may differ from country to country.
Employers should consult the appropriate gov-
ernment agency and/or code for detailed proce-
dures on establishing an air monitoring program.
Air monitoring is not an end in itself but should
be considered part of an overall program of risk
assessment and management. It is necessary to
evaluate monitoring results and decide whether
any action is required to modify the sampling
procedures or working environment.
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When monitoring, it is important that the sam-
pling strategy be flexibly designed to account for
differences in worker and job variability. This
means that different sampling strategies may
need to be employed in different areas of a plant.
It is also important to note that while either per-
sonal or static sampling devices may be used
(provided that regional regulations do not stipu-
late a particular method), personal sampling is
best suited to evaluating worker exposure while
static sampling is a preferred tool for data collec-
tion for engineering controls. In all cases, the
employees’ support should be sought by explain-
ing the reason for sampling and asking for their
participation.

Recently, the search for a more rational, health-
related aerosol sampling has resulted in the de-
velopment of an inhalable sampler at the
Institute of Occupational Medicine. This sam-
pler takes into consideration the efficiency of in-
halation of the human head and the deposition
of particles in the nasopharyngeal, thoracic and
alveolar regions of the respiratory tract.

Side-by-side comparisons of the inhalable sampler
to “total” aerosol samplers (such as the 37 mm
sampler) have shown the inhalable sampler to con-
sistently measure 2-3 times more aerosol than the
“total” sampler. The observed biases tended to be
greater for workplaces where aerosols are coarser.

As noted above, health effects associated with
nickel exposures may be dependent upon a num-
ber of factors including chemical form (specia-
tion), particle size, and solubility within biologi-
cal fluids. Research projects currently underway
are designed to provide new methods and means
for collecting biologically-meaningful aerosol
fractions. In fact, the American Conference of
Governmental Industrial Hygienists (ACGIH)

set its 1998 Threshold Limit Value (TLV) rec-
ommendations for nickel compounds based
upon the “inhalable” particulate fraction.
Countries that use the ACGIH TLVs to set their
own Occupational Exposure Limits will be likely
to make the appropriate changes. In the interim,
it may be prudent to begin a program of evaluat-
ing the use of an inhalable dust fraction sampler,
obtain measurements of particle size distribu-
tion, and to determine nickel species in samples
when reasonably practicable.

Good industrial hygiene practice requires that an
employer provide the sampled employees (and
those unsampled employees whose exposures
they are deemed to represent) with their personal
sampling results and an explanation of their
meaning. Group results should also be shared
with the workforce. Where the results of sam-
pling “representative” individual(s) are made
available to other workers, consideration should
be given to withholding personal identifiers.
Exposure recordkeeping requirements may vary
from country to country; hence, it is advisable to
consult with the appropriate authority for details
on possible mandatory requirements. Like health
data, exposure monitoring data should be subject
to rigorous quality control.

1.8 Control Measures

Whenever conditions suggest high exposures or
monitoring indicates a potential for overexpo-
sure, measures to control exposures should be
taken. Control options fall into four categories:

* engineering controls,

* administrative controls,

* control through work practices, and
* personal protective equipment (PPE)
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Typically, engineering, administrative, and work
practice controls are preferred over PPE when
feasible. Since regulatory authorities may differ in
their definition of “feasible” controls, employers
should contact their respective authority for spe-
cific guidelines.

Three categories of engineering controls generally are
considered — substitution, enclosure, and ventilation.
Of these three options, ventilation is probably the
most widely employed as a means of controlling ex-
posures, although it is not necessarily the most effec-
tive in all situations. In choosing among options,
consideration should be given to the nature of the
operation (e.g., is the operation likely to be continu-
ously dusty), the materials handled, feasibility, and

regulatory requirements.

When employed, exhaust fans and exhaust ventila-
tion (z.e., exhaust hoods at the source of exposure)
are preferred over intake fans for work area ventila-
tion. Ventilation design is complex and should be
undertaken only by suitably trained engineers. The
designer should consider both the regulations that
govern exposure to workplace contaminants and the
process operation itself, including the materials being

used and the frequency with which they are handled.

Administrative controls, such as employee rotations
and workshift modification, can also be used to re-
duce individual exposures, but such practices should
be secondary to engineering controls.

In any industrial setting, it is important to engage
in good housekeeping and personal hygiene prac-
tices. In the nickel industry, special care should
also be taken to reduce the risk of contact derma-
titis (e.¢., by wearing protective clothing and
gloves) and the risk of inhaling nickel in excess of
permissible limits. Because smoking is the most

common cause of respiratory cancer, it should be
discouraged, if not banned.

Personal protective equipment (PPE) ordinarily is
the last control option considered. Use of PPE
should occur under a properly administered pro-
gram. When the use of respirators is involved, a writ-
ten program should be established which describes
management and employee responsibilities, respira-
tor selection, fitting, and fit-testing, employee in-
struction and training, medical screening, and pro-
gram evaluation. Because recommendations on the
use of respirators and other protective equipment
may vary from country to country, employers should
contact their appropriate authority for guidance.

1.9 Limit Values and Hazard
Communication

A number of countries and jurisdictions have estab-
lished specific regulatory requirements for hazard
communication relating to the use, handling, and
presence of chemicals in the workplace. Such infor-
mation must be relayed to workers and sometimes to
a variety of “end-users” of the chemical, as well as

any other parties that may be affected by exposure to
the chemical.

Generally speaking, three components comprise a
hazard communication program: labeling, Material
Safety Data Sheets (MSDS), and worker training.
The producer/supplier is responsible for preparing
labels and MSDSs and seeing that these are delivered
to its customer. Worker training is the responsibility
of all employers, regardless of industry sector. As im-
portant differences may exist between jurisdictions,
employers should contact their relevant authorities
for further detailed information on such programs
and any specific requirements pertaining to nickel.
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Apart from unusual sources, such as massive
nickel in meteorites, nickel from natural sourc-
es is usually found at modest concentrations
and occurs in conjunction with a wide variety
of other metals and non-metals. Although nick-
el is a ubiquitous metal in the natural environ-
ment, industrialization has resulted in increased
concentrations of nickel in both rural and ur-
ban environments.

Nickel-bearing particles are present in the atmo-
sphere as constituents of suspended particulate
matter and, occasionally, of mist acrosols. The
primary anthropogenic stationary source catego-
ries that emit nickel into ambient air are: (1)
combustion and incineration sources (heavy re-
sidual oil and coal burning units in utility, in-
dustrial, and residential use sectors, and munici-
pal and sewage sludge incinerators), (2) high
temperature metallurgical operations (steel and
nickel alloy manufacturing, secondary metals
smelting, and co-product nickel recovery), (3)
primary production operations (mining, milling,
smelting, and refining), and (4) chemical and
catalyst sources (nickel chemical manufacturing,
electroplating, nickel-cadmium battery manufac-
turing, and catalyst production, use, and recla-
mation). Typical ambient air concentrations of
nickel range from 0.03 (North Sea remote site)
to 21 ng Ni/m’ (industrially influenced site)
(Working Group on As, Cd and Ni Compounds,
2001).

In aquatic systems, such as in ambient or drink-
ing water, nickel is usually present as the nickel
cation (Ni**), together with other anions such as
hydroxyl (OH), sulfate (SO ), chloride (CI),
carbonate (CO,*), or nitrate (NO,). Sources of
nickel in ambient waters include chemical and
physical degradation of rocks and soils, deposi-

tion of atmospheric nickel-containing particulate

matter, and discharges from industrial processes.
The recently completed EU Risk Assessment of
Nickel reported ambient dissolved nickel con-
centrations for typical European freshwater sys-
tems ranging from 1 to 6 pg Ni/L. Higher and
lower concentrations may be encountered in wa-
ters with specific geological influences, but nickel
concentrations for most freshwater systems will
fall within this general range. Nickel levels in soil
vary between 5 and 500 pg Ni/g depending on

geological factors.

For purposes of this document, however, the
main concern is nickel presence in occupational
settings. The use of nickel, although concentrat-
ed in the traditional uses of stainless steels and
high-nickel alloys, continues to find new uses
based on magnetic, catalytic, shape-memory,
electro-magnetic shielding, electrical, and other
esoteric properties. Thus more nickel in small
quantities and in various forms will be used in
more industries and applications. The contribu-
tions being made by nickel have never been
greater but neither has the need for an under-
standing of nickel.

It is evident that industrial processes present po-
tential for exposure of workers to higher concen-
trations of nickel and/or its compounds than
those generally found in the natural environ-
ment. Occasionally, these exposures may be to a
refined form of nickel, but usually they are
mixed, containing several nickel compounds
and/or contaminants. These “mixed exposures”
often complicate the interpretation of health ef-
fects of specific nickel species.
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2.1 Nickel-producing
Industries

Workers engaged in nickel production—which
may include mining, milling, concentrating,
smelting, converting, hydrometallurgical process-
es, refining, and other operations—are exposed to
a variety of nickel minerals and compounds de-
pending upon the type of ore mined and the pro-
cess used to produce intermediate and primary
nickel products (Nickel Institute, 2008). These
production processes are often broadly grouped
under the industry sectors of mining, milling,
smelting, and refining.

Generally, exposures in the producing industry
are to moderately soluble and insoluble forms of
ores and nickel, such as pentlandite (Ni,Fe),S,,
nickeliferous pyrrhotite, (Fe,Ni), S, nickel sub-
sulfide (N,S,), silicates (including garnierite and
smelting slags), and oxidic nickel (including
nickeliferous limonite, NiO, Ni-Cu oxides, and
complex oxides with other metals such as iron
and cobalt). Exposures to metallic and soluble
nickel compounds are less common. Soluble
nickel compounds are more likely to be found in
hydrometallurgical operations, such as leaching
and electrowinning, than in mining and smelting
operations (Nickel Institute, 2008).

Primary nickel products produced from the
above operations are often characterized as Class
[ and II. Class I products are pure nickel metal,
defined as containing 299.8% Ni (Table 1). Class
II products have <99.8% Ni and encompass three
different types of products: metallic nickel in var-
ious product forms, nickel oxides, and ferronick-

els (Table 2).

Class I products are marketed in a variety of
forms including pure electrolytic full-plates, nick-
el squares, rounds, or crowns, spherical pellets,
briquettes of consolidated pure nickel powder
compacts, and pure nickel powders. The metallic
nickels in Class II are electrolytic nickel products
and briquettes containing >99.7% Ni, but
<99.8% Ni and utility nickel shot containing
>98.7% Ni. The oxide products in Class II in-
clude rondelles—partially reduced nickel oxide
compacts containing about 90% Ni—and com-
pacts of nickel oxide sinter containing approxi-
mately 75% Ni. The ferronickel products contain
about 20% to 50% Ni.

Table 2-1: Class | Primary Nickel Products,
99.8 Percent Nickel or More

Product Name Nickel Principal
Content, Form Impurity
Wt%

Electro — 99.8-99.99 | Massive Various

electrolytic

nickel squares,
rounds, crowns

Pellets — from >99.97 Massive Carbon
nickel carbonyl
Briquettes — >99.8 Massive Cobalt
metallized powder (possibility of
compacts some powder
formation
during
transport and
handling)
Powders — by =99.8 Dispersible Carbon
carbonyl
decomposition or
by precipitation
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Table 2-2: Class Il Primary Nickel Products,
Less than 99.8 Percent Nickel

some powder formation
during transport
and handling)

Nickel Principal
Product Name | Content, | Form Impurity
Wit%
Electro >99.7 Massive Cobalt
Briquettes >99.7 Massive (possibility of Cobalt

Utility — shot >98.7 Massive Iron
Sinter — nickel ~75-90 | Massive (possibility of Oxygen
oxide and some powder formation

partially during transport

metallized and handling)

Ferronickel — ~20-50 | Massive Iron

ingots, cones,
shot, granules

While the processes of each of these producers
differ, they may be broadly classified into two
groups: (1) those in which nickel is recovered
from sulfidic ores (generally, but not always,
found in the temperate zones of the earth’s crust)
and (2) those which are recovered from lateritic
ores (commonly present in areas that currently
are, or geologically were, tropical and semi-trop-
ical areas). Traditionally the sulfidic ores have
dominated but that is shifting and future pri-
mary nickel production will be more dependent
on lateritic ores. It is important to note, however,
that secondary sources of nickel — overwhelm-
ingly in the form of scrap stainless steels and
nickel alloys but also including spend catalysts,
batteries and other products — will constitute a
large and ever increasing percentage of world

nickel supply.

With the exception of inhalable nickel powders,
all the above products are massive and cannot be
inhaled. However, in some instances, inhalable

particles may be generated as a result of the deg-
radation of briquettes, rondelles, and sinters dur-
ing production, handling, packaging, shipping,
unpacking, or subsequent treating or processing
of these products.

The primary nickel industry is growing and
evolving. There are a number of new entrants
and a number of established producers are now
part of some of the largest mining companies in
the world. Smelting or refining operations take
place in more than a dozen countries and are fed
with concentrates from many more. The vol-
umes in domestic and international trade are in-
creasing, as are the ways in which the intermedi-
ate and finished products are packaged and

transported.

2.2 Nickel-using
Industries

Various public and private statistical services
track the production and end-use of nickel. The
divisions vary and all percentages are “best esti-
mates” but the 2006 numbers given below pro-
vide reasonable breakdowns.

Figure 1

W. World inc China Nickel First Use 2006
by Product Form

Other Stainless

10% Steel

Plating > 5%
1%

Alloy Nickel Alloy
Steel 7% 139,
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Figure 1 (Pariser, 2007) shows nickel use by in-
dustry sector. It indicates that almost 80 percent
of all nickel is used in the production of different
stainless and alloy steels, other nickel alloys (of
which there are thousands) and foundry prod-
ucts. About eleven percent is used in plated prod-
ucts, and the remaining ten percent goes into
catalysts, battery chemistries of various types,
coinage, pigments and literally thousands of
other small chemical uses.

There is a constant stream of new uses for nickel
where small uses of nickel are providing gains in
environmental (including energy efficiency and
carbon emission) performance.

Most of the plating and “other” applications are
“end-uses” of nickel; that is to say, the products
are used directly by the customer or “end-user.”

The steels and other nickel alloys, on the other
hand, are “intermediate” products that must be
further processed or “transformed” into end-use
commercial products in a number of industrial
applications. These applications include building
and construction materials; tubes; metal goods;
transportation, electrical and electronic; engineer-
ing; and consumer and other products (Figure 2)
(Pariser, 2007).

Figure 2

W. World inc China Nickel First Use 2006
by Sector

Non-allocated 7%

Metal Goods
16%

Tubular 9%

Building &
Construction 7%

Transport 19%

Electric/onic
14%

Engineering 23%

Only the most superficial description of nickel
production and use are given here and only to
provide context for the occupational health man-
agement issues that are the focus of this publica-
tion. For more information on nickel production
and use, including end-of-life management, of
nickel and nickel-containing materials and prod-
ucts, contact the Nickel Institute at:
www.nickelinstitute.org.
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3.Sources Of Exposure

Given its many uses and applications, the poten-
tial for exposure to nickel, its compounds, and
alloys is varied and wide ranging. Of main con-
cern to this document are occupational expo-
sures. Non-occupational exposures are briefly
mentioned at the end of this section.

3.1 Occupational
Exposures

Although exposure to specific forms of nickel
differs among using and producing industries,
the main exposure routes of toxicological rele-
vance — inhalation and, to a lesser extent, skin
contact — are the same in both industries.

The wide range of occupations with direct expo-
sure to nickel via these routes of exposure are
summarized below within 13 different industrial
sectors. These sectors are:

* refining, main part of the refining processes;

* last stage refining, handling of primary
nickel;

* alloy production, melting and foundry
techniques;

* alloy production, powder metallurgy;

* batteries, nickel metal as feedstock;

* batteries, unknown type of nickel species as
feedstock;

* nickel catalysts, nickel metal as feedstock;

* nickel catalyst, unknown type of nickel
species as feedstock;

* nickel in the production of chemicals;

* contact with coins;

* contact with tools and other nickel releasing
surfaces;

* use of batteries; and

* use of catalysts.

The first two sectors correspond to the nickel-
producing industry, while the rest belong to the
nickel-using industry.

Current exposures for all the industry sectors
noted above are summarized in Table 3-1.
Current data—generally acquired over the past
10 to 20 years, but occasionally representing
data recorded since the late 1970s—typically
represent actual measurements derived from
standard procedures of ‘total’ aerosol sampling
(e.g., through methods developed by the UK’s
Health and Safety Executive or the US’
National Institute of Occupational Safety and
Health). The data for this table come from a
variety of sources including:

* published, peer-reviewed literature,

* company or agency reports in general circu-
lation,

* company or agency internal reports not in
general circulation but accessible through
those organizations,

* company or agency databases and log-books
obtainable through direct personal contacts,
and

* follow-up through direct personal contacts
(where appropriate and feasible) to fill gaps

in information relevant to the evaluation.

From this table, it can be seen that exposures in
the nickel-producing sectors have generally been
reduced over time so that they now tend to be
lower than in the using sectors, although there
are some exceptions. For example, average expo-
sures in primary nickel refining tend to be rela-
tively low (around 0.07 mg Ni/m?), whereas av-
erage exposures in chemical blending and nickel
catalyst production average 0.3-0.5 mg Ni/m?.
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It is also clear from Table 3-1 and the footnotes
to this table that the range of exposures in any
given industry sector can vary widely. Workers
employed in some jobs and activities in a sector
with generally low exposures could well be ex-
posed for days, weeks, or even years to levels of
nickel aerosols well above those of some workers
employed in another sector which experiences
generally high exposures. Thus, it is unwise to
regard occupational exposures within sectors as
uniform among jobs, among workers within jobs,
or within workers from day to day, without gath-
ering further data on the particular industry sec-
tor of concern.

While it is clear that certain forms of nickel tend
to predominate in different industry sectors (e.g.,
soluble nickel in plating), it appears that in no
industry sector are workers exposed purely to one
form of nickel. Hence, an understanding of the
health effects of individual nickel species cannot
be obtained from human data alone. Animal and
human data, in conjunction with mechanistic
studies, need to be considered as part of the
weight-of-evidence required for determining spe-
cies-specific occupational exposure limits. In ad-
dition, although little is currently known about
the effects of particle size relative to speciation, it
should be borne in mind that the size of the
nickel particles to which workers are exposed is
likely to play an important role in the biological
effects of different nickel species. To the extent
that such data are available, they are discussed in
this document.

3.2 Non-occupational
Exposures

Nickel is ubiquitous and can be found in ambi-
ent air, water, food, and soil. Some of this nickel
is naturally occurring; however, some is intro-
duced into the environment as a result of human
activity. Human exposure to nickel can also occur
through skin contact with nickel-containing ar-
ticles, such as jewelry, through nickel-containing
implants, through the leaching of nickel into di-
alysate fluids, and through tobacco smoke.
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Table 3-1: Estimated Inhalation and Dermal Exposure to Nickel Species
in Nickel-Producing and -Using Industries
Industry Sector | Time scale of Estimated exposure to inhalable nickel Dermal exposure
exposure (mg/m?3) (mg/day)
Duration | Frequency | Full shift Short-term Typical Worst-case
(hr/day) (day/year¥ (8 hour time weighted average)
Typical level Method | Worst-case | Method | Level Method
level
Refining, main 6-8 200 0004 | M |Meas® | 1.1 | M |[Meas |22 |M |[Bxp* |04 200 | U
. 0.0064 | SO 033 | S0 0.65 | SO 06 (U |18 |Ss0
part of the refining 0003 | SU 055 | U 11| su 50
processes 0.065 |0 9 0 18 |0
Last stage Refining, | 6-8 200 0.06 M | Meas. 6.0 M | Meas. 12 M Exp. 133 u |22 U
handling of 0.006 | SO 513 | S0 |87 |sO
primary nickel
Alloy production, 6-8 200 0.012 | M | Meas. 7 M | Meas. 14 M | Exp. 185 | U |16° U
- 0.0012 | SO 028 | SO 06 |s0 04° [so |18 |S0
melting and foundry -0 0 “0 130 0 |3
techniques 0.045 |0 7 0 14 |0
Alloy production, 6-8 200 05 M | Meas. |21 |M |Meas. [42 |[M | Exp 137 u |22 |U

powder metallurgy; 517 | SO |87 |SO

the powder was
considered to be
all metallic nickel

Batteries, nickel 6-8 200 0.3 M | Meas. 2.7 M | Meas. 5.4 M | Exp. 137 u |22 U
7 7
metal as feedstock 5.1 SO | 8.7 SO

Batteries, unknown | 6-8 200 0.02 T Meas. 0.3 T Meas. 0.6 T Exp. 137 u |2 U
5.17 SO | 8.7 SO

type of nickel

species as feedstock

Nickel catalysts, 6-8 200 0.06° M Meas. 5.0° M Meas. 10° M Exp. 137 U 22 U
. 7 7

nickel metal as 517150 | &7 |50

feedstock

Nickel catalyst, 6-8 200 0.09° | T2 | Meas. 1.2 | T2 | Meas. 24 | TP | Meas. 13’ u |22 U

unknown type 5.17 SO | 877 | SO

of nickel species
as feedstock

Nickel in the 6-8 200 0.006- | T Meas. 7.0° | T | Meas. 145 |7 Exp. 137 u |22 U
. 9 7 7
production of 0.45 517 150 187 |30

chemicals
Contact with coins 6-8 200 0.001 M Meas. 0018 | M | Meas. 0036 | M Exp. 0.045 | M | 0.128
Contact with tools 6-8 200 ~0 M Exp. ~0 M Exp. ~0 M Exp. 0.045 | M | 0.128

and other nickel
releasing surfaces

Use of batteries 6-8 200 ~0 M | Exp. ~0 M | Exp. ~0 M | Exp. ~0 M | ~0
Use of catalysts 6-8 200 ~0 M | Exp. ~0 M | Exp. ~0 M | Exp. ~0 M | ~0

1: M = Metallic nickel; O = Oxidic nickel; SO = Soluble nickel; SU = Sulphidic nickel; T = The predominant nickel species include metallic nickel, oxidic
nickel, and soluble nickel salts; U = Other nickel species than soluble nickel. 2: Exposure to sulphidic nickel cannot be excluded. 3: The estimate

was derived from measured data. 4: 'Expert judgement’. 5: The values may be overestimates. 6: The mass of material deposited on the skin was
estimated by analogy to dermal exposure measured for cathode cutting and briquette packing operators 7: Estimated by analogy to measured data
for nickel powder packing operators. 8: The estimate is for both hands (surface area 840 cm2). 9: Range of estimated typical exposure levels.
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3.3 Nickel Emissions

Determination of the potential for nickel expo-
sure depends to a large degree on the reliability
of analytical data from environmental samples
and biological specimens. This is particularly
true when trying to differentiate between an-
thropogenic and natural contributions of nickel
to environmental samples. Concentrations of
nickel in unpolluted atmospheres and in pris-
tine surface waters are often so low as to be near
the limits of current analytical methods.
Attention must also be paid to the fact that the
amount of nickel identified through analytical
techniques is not necessarily equivalent to the
amount that is bioavailable (i.e., available for ab-
sorption into the body).

Emissions to the atmosphere from the industrial
production and use of nickel are approximately
14.5 x 10° kg/year. At the same time, natural
emissions from volcanism, dust storms, fires, ezc.
contribute approximately 8.5 x 10 kg/year.
However, natural and industrial emissions com-
bined are substantially less than the emissions
from fuel combustion which total approximately
28.6 x 10° kg/year. Eisler (1998) quotes a figure
of 16% of the atmospheric nickel burden due to
natural sources, and 84% due to anthropogenic
sources, which agrees with these figures.

The figure given for emissions of nickel to the
atmosphere due to intentional production and
use of nickel is approximately 13 x 10¢ kg Ni/y.
There are larger differences in the estimates for
the contribution from other anthropogenic
sources. These range from 28.6 x 10° kg Ni/y
(Bennett, 1984) to a total of 43.4 . 10° kg/year
(Niagu, 1989). This difference is however very
small compared to the range of estimates for

emissions from natural sources which range from
8.5 x 10° kg/year (Bennett, 1984) to 1800 x 10°
kg/year (Richardson ez al., 2001). The uncertain-
ties in the estimates of nickel emissions from pro-
cesses not related to intentional nickel produc-
tion suggest that the relative contribution of
nickel emissions associated with intentional nick-
el production and use may have been overesti-
mated in earlier reviews.

Chemical and physical degradation of rocks and
soils, atmospheric deposition of nickel-containing
particulates, and discharges of industrial and mu-
nicipal waste release nickel into ambient waters
(US EPA, 1986). The main anthropogenic sourc-
es of nickel in water are primary nickel produc-
tion, metallurgical processes, combustion and in-
cineration of fossil fuels, and chemical and cata-
lyst production (US EPA, 1986). These are the
same sources that contribute to emissions to the
atmosphere.

The primary anthropogenic source of nickel to
soils is disposal of sewage sludge or application of
sludge as a fertilizer. Secondary sources include
industrial nickel production and use, and emis-
sions from electric power utilities and automo-
biles. Weathering and erosion of geological mate-
rials also release nickel into soils (Eisler, 1998).
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Abbreviations and Acronyms

ACGIH

ATSDR

BEI

CFR
CHIP

cm?2

COSHH

American Conference of
Governmental Industrial Hygienists
Agency for Toxic Substances and
Disease Registry

Biological Exposure Indices

Code of Federal Regulations
Chemical (Hazard Information and
Packaging) Regulations

Centimeter squared

Control of Substances Hazardous to

Health

Disulfiram Tetraethylthiuram disulfide
Dithiocarb Diethyldithiocarbamate

DNA

EEC
EKAs

EPA
EU

FeSO4
FEV1.0

FVC

H2S04
HEPA
HSC
HSE
IARC
ICNCM

ILO

Deoxyribonucleic acid

European Economic Community
Exposure equivalents for carcinogen-
ic materials

Environmental Protection Agency
European Union

Iron sulfate

Forced expiratory volume in one
second

Forced vital capacity

Gram

Sulfuric acid

High efficiency particulate air
Health and Safety Commission
Health and Safety Executive

International Agency for Research on
Cancer

International Committee on Nickel
Carcinogenesis in Man

International Labour Organization

IPCS International Programme on
Chemical Safety

ISO International Organization for
Standards

IUPAC  International Union of Pure and
Applied Chemistry

kg Kilogram

L Liter

LOAEL  Lowest Observed Adverse Effect
Level

m3 Meter cubed

MAK Maximale
Arbeitsplatzkonzentrationen

MEL Maximum Exposure Limit

mg Milligram

MOL Ministry of Labor

MSDS Material Safety Data Sheets

ng Nanogram

NiO Nickel oxide

Ni3S2 Nickel subsulfide

NiSO4  Nickel sulfate

NiSO4 ¢« 6H20
Nickel sulfate hexahydrate

(Fe,Ni)1-xS  Nickelferrous pyrrhotite

(Ni,Fe)9S8 Pentlandite

NiDI Nickel Development Institute

NIOSH  National Institute for Occupational
Safety and Health

NiPERA Nickel Producers Environmental
Research Association

NOAEL No Observed Adverse Effect Level

NOHSC National Occupational Health and
Safety Commission

NTP National Toxicology Program

OEL Occupational Exposure Limit

OES Occupational Exposure Standard
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Abbreviations and Acronyms

OSHA Occupational Safety and Health
Administration

OSHAct  Occupational Safety and Health Act

PAHs Polycyclic aromatic hydrocarbons
PEL Permissible Exposure Limit
PPE Personal Protective Equipment

SCBA Self-Contained Breathing Apparatus
SMR Standardized Mortality Ratio

TRK Technische Richtkonzentrationen
TVL Threshold Limit Value

TWA Time-Weighted Average

TWAEC Time-Weighted Average Exposure

Concentration

TWAEVs Time-Weighted Average Exposure
Values

pg Microgram

pm Micron

pM Micromolar

U.K. United Kingdom

U.S. United States

WHMIS  Workplace Hazardous Materials
Information System

WHO World Health Organization

Wt% Weight Percent
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Appendix A - Sources of Useful Information

American Conference of Governmental
Industrial Hygienists

1330 Kemper Meadow Drive

Cincinnati, Ohio 45240

U.S.A.

Customers/Members Telephone:

1513 742 2020

Administrative Phone: 1 513 742 6163
Fax: 1513 742 3355

Email: mail@acgih.org

American Industrial Hygiene Association
2700 Prosperity Avenue, Suite 250

Fairfax, Virginia 22031-4319

U.S.A.

Telephone: 1703 849 8888

Fax: 1703 207 3561

Email: infonet@aiha.org

American National Standards Institute
25 West 43 Street, 4™ Floor

New York, New York 10036

U.S.A.

Telephone: 1 212 642 4900

Fax: 1 212 398 0023

BSI British Standards

389 Chiswick High Road
London

W4 4AL

United Kingdom

Telephone: 44 (0)20 8996 9001
Fax: 44 (0)20 896 7001

Commission of the European Communities
Directorate-General

Employment, Social Affairs and Education
Health and Safety Directorate V/E
Batiment Jean Monnet

Rue Alcide de Gasperi

L-2920 Luxembourg

Grand Duchy of Luxembourg

Telephone: 352 4301 32015

Fax: 352 4301 30359

Email: PHEA®@ec.curopa.cu

Health and Safety Executive
Broad Lane

Sheffield S3 7HQ

United Kingdom

Telephone: 44 114 289 2606
Fax: 44 114 289 2850
Email: Lkenny@hsl.gov.uk

International Labour Organization
International Occupational Safety and Health
Information Centre

CH-1211 Geneva 22

Switzerland

Telephone: 41 (0) 22 799 6111

Fax: 41 (0) 22 798 8685

Email: ilo@ilo.org

International Occupational Hygiene
Association

Principle Office and Secretariat-British
Occupational Hygiene Society

5/6 Melbourne Business Court, Millennium Way
Pride Park Derby

United Kingdom

DE24 8LZ

Telephone: 44 1332298101

Fax: 44 1332 298099

Email: admin@ioha.net
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Appendix A — Sources of Useful Information

International Organization for
Standardization (ISO)

1, ch. De la Voie-Creuse,

Case postale 56

CH-1121 Geneva 20
Switzerland

Telephone: 4122749 01 11
Fax: 41 22733 34 30

International Union of Pure and Applied
Chemistry

IUPAC Secretariat

PO Box 13757

Research Triangle Park, NC 27709-3757
USA

Telephone: 1 919 485 8700

Fax: 1 919 485 8706

Japanese Ministry of Labor
Labor Health and Safety
1-2-2 Kasumigaseki
Chiyoda-ku, Tokyo 100-8916
Japan

Telephone: 03-5253-1111
Fax: 81 3 3502 1598

Maximale Arbeitsplatz Konzentrationen
Commission

Kennedyalle 40

D-53175 Bonn

Germany

Telephone: 49228 8 85 1

Fax: 49 228 8 85 22 21

National Institute for Occupational Safety and
Health

Robert A. Taft Laboratories

4676 Columbia Parkway

Cincinnati, Ohio 45226-1998

Mail Stop C22

U.S.A.

Telephone: 1 513 533 8462

Fax: 1 513 533 8573

National Occupational Health and Safety
Commission (Worksafe Australia)

GPO Box 58

Sydney NSW 2001

Australia

Telephone: 61 2 565 9500

Fax: 61 2 565 9205

Nickel Institute

55 University Ave., Suite 1801
Toronto, Ontario M5] 2H7
Canada

Telephone: 1416 591 7999
Fax: 1 416 591 7987

Nickel Producers Environmental Research
Association

2605 Meridian Parkway, Suite 200

Durham, NC 27713

U.S.A.

Telephone: 1919 544 7722

Fax: 1919 544 7724
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Appendix A — Sources of Useful Information

U.S. Department of Labor (Domestic Only)
Occupational Safety and Health Administration
200 Constitution Avenue
Washington, DC 20210

or
U.S. Department of Labor (International)
Occupational Safety and Health Administration for Internal Affairs
Occupational Safety & Health Administration
Room N3641
Washington, DC 20210
Telephone: 1202219 8148
Fax: 1 202 219 5986

Ontario Ministry of Labour
400 University Avenue

14™ Floor

Toronto, Ontario M7A 1T7

Canada

Telephone: 1416 326 7606

Fax: 1416 326 0507

World Health Organization

International Programme on Chemical Safety
Avenue 20 Appia

CH-1211 Geneva 27

Switzerland

Telephone: 4122791 2111

Fax: 41 22791 3111

1 1 8 HEALTH GUIDE SAFE USE OF NICKEL IN THE WORKPLACE



Appendix B - Calculating

Exposure Concentrations

Calculating Exposure Concentrations

In order to calculate the concentration of particulate, the sampled volume of air must be determined. The
volume is determined by taking the average of the volumetric flowrates from the pump pre- and post-calibra-
tion and multiplying it by the time sampled. Corrections to the volume for any difference in air temperature
or pressure between the area where calibration is performed and the area where air is sampled should be
made using the ideal gas laws:

where:
P, and T are the conditions during calibration in units of mmHg and K, and P, and T, are the sam-
pling conditions. V, is the calculated sample volume, and V, is the corrected volume.

From the laboratory analysis, which reports the mass of the contaminant collected, the concentration is cal-
culated by dividing the mass of contaminant by the volume of air sampled:

_ _masss (mg)

volume, (m’)

n

Calculating the Time-Weighted Average Exposure Concentration (TWAEC)

An employee’s TWAEC is calculated by taking the sum of the products of the analytically-determined con-
centration (see above) for each sampling period and the duration of the corresponding sampling period and
dividing this sum by the total sampling time as shown below:

C]T1+C2T2+"'+CnTn
T, tT,+...=T,

where:
C, = concentration for sample n in mg/m?, and
Tn = sampling time for sample n in minutes

It usually happens that the total sampling time is less than eight hours. If the TWAEC is to be compared
with an eight-hour TWA standard such as the TLV, the calculated TWAEC must be adjusted to an eight-
hour basis. This can be done by adding one or more C T . products to the numerator of the above equation
and increasing the denominator to 480. As the added C T . product(s) refers to periods during which sam-
pling was not conducted, estimates of C . must be made. If the person conducting the sampling decides that
no exposure occurred during an unsampled period, the C . for that period would be set to zero.
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