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Disclaimer

The information contained in this publication is guidance material only. It is provided in good 
faith and believed to be reliable and accurate at the time of publication. 

To ensure you understand and comply with your legal obligations, this information must be 
read in conjunction with the appropriate Acts and Regulations which are available from the 
Parliamentary Counsel’s Office https://www.legislation.wa.gov.au/

The State disclaims all responsibility and all liability (including without limitation liability in 
negligence) for all expenses, losses, damages and costs you might incur as a result of the 
information being inaccurate or incomplete in any way and for any reason.

In this disclaimer:

State means the State of Western Australia and includes every Minister, agent, agency, 
department, statutory body corporate and instrumentality thereof and each employee or agent 
of any of them.

Information includes information, data, representations, advice, statements and opinions, 
expressly or implied set out in this publication.

Loss includes loss, damage, liability, cost, expense, illness and injury (including death).

Reference
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health monitoring guide for medical practitioners: Department of Mines, Industry Regulation 
and Safety, Western Australia, 7 pp.

© State of Western Australia (Department of Mines, Industry Regulation and Safety) 2022

This publication is available on request in other formats for people with special needs.

Further details of safety publications can be obtained by contacting:

Safety Regulation Group – Regulatory Support 
Department of Mines, Industry Regulation and Safety 
303 Sevenoaks Street 
CANNINGTON WA 6107

Telephone: 1300 307 877

NRS:    13 36 77 

Email:  Safety@dmirs.wa.gov.au 
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Introduction
Health monitoring must be supervised by a registered medical practitioner (RMP) who has 
been engaged by the person conducting the business or undertaking (PCBU). 

Medical practitioners undertaking health monitoring are required to have an understanding of 
the potential adverse health effects of nickel and nickel compounds, and to use their clinical 
knowledge to advise on health monitoring for workers in the workplace.

The identification of early changes and potential adverse health effects from occupational 
exposures enables early clinical intervention and modifications in the workplace to prevent 
serious and irreversible damage to health, that is, occupational disease.

Background exposure
The general population is exposed to nickel at low levels in the environment via food, tobacco, 
water and air. Nickel is present in commonly used items of daily living, e.g. nickel-containing 
jewellery, coinage, and fasteners in clothing. Medical exposures can occur through dialysis 
treatment, and surgical prostheses. About 2% to 5% of the adult population have nickel allergy 
but the prevalence has been estimated be as high as between 8% and 19% in Europe. Nickel 
allergy is more common in women, and in those with a family history of atopy. 

Occupational exposure 
Occupational exposure to nickel occurs mainly from inhalation of fine dusts, fumes and mists 
or from direct contact with skin. Inadvertent ingestion may occur as a result of poor personal 
hygiene practices when eating, drinking or smoking.

Nickel mining and processing
Nickel is a ferromagnetic element that is naturally present in the earth’s crust as nickel-rich 
sulphide deposits or laterite (oxide) deposits. Occupational exposure occurs during the stages 
of nickel mining, crushing and milling, smelting, refining, laboratory analyses, storage and 
transport. Different processes are used to extract and concentrate nickel depending on the ore 
being sulphidic or lateritic. As such, the exposure risks and the intake of nickel into the body 
will vary.

Nickel sulphide ore refining
Nickel sulphide ores undergo a beneficiation process of flotation circuits and magnetic 
separator to produce nickel-rich concentrate. The concentrate undergoes a pyrometallurgical 
process (flash smelting) to produce nickel matte fluid. The nickel content is futher enhanced 
through smelting with silica flux to remove iron as an oxide in the slag. Introduction of air or 
oxygen into the hot molten bath converts the iron and sulphur to oxides, releasing sulphur 
dioxide. Further refining by fluid bed roasting and chlorine-hydrogen reduction produces 
high grade nickel oxides (>95% nickel).  Electrorefining is another method in which nickel is 
deposited onto nickel cathodes from nickel sulphate or chloride solutions in electrolytic cells. 
The Mond process of refining nickel by passing carbon monoxide through the heated matte, 
and releasing nickel carbonyl (very toxic gas), is not used in WA. 
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Nickel laterite ore refining
Extracting nickel from laterite ore is more complex. The hydrometallurgical processes involves 
high pressure acid leaching (HPAL) and other chemical processes involving ammonia, 
hydrogen sulphide, and nickel compounds. Co-exposures with acid and alkali mists may occur. 
Nickel powder produced is briquetted or sintered. Cobalt (another hazardous substance) is 
often co-produced with nickel from laterite ore. 

Non-occupational exposures
Nickel is used widely downstream in industry including the manufacture of stainless steel, alloy 
steels and nickel alloys which are high strength, heat-resistant and corrosion-resistant, welding 
rods, and surgical and dental prostheses. Nickel compounds are used in electroplating, 
enamelling, nickel batteries and as nickel catalysts and pigments. 

Toxicokinetics
The main route of entry into the body is through inhalation. About 50% of the respirable 
particulates are deposited in the airways and 25% in the lung parenchyma. Some inhaled nickel 
dust may be swallowed after being cleared by the mucociliary transport system. About 29% of 
ingested nickel is absorbed from the gastrointestinal tract. Skin absorption is negligible. 

Nickel is not metabolised in the body but is excreted unchanged in urine. Poorly soluble nickel 
(metallic nickel, sulphide, subsulphide, oxides, hydroxide) accumulate in the lungs, and when 
solubilised, is excreted in urine over weeks to months. Nickel can be detected in the urine of 
nickel workers several years after exposure has ceased. Soluble nickel compounds (chloride, 
sulphate, nitrate or acetate) are more readily absorbed. Excretion in urine is relatively rapid, 
with a biological half-life of hours to days.

Following uptake, nickel accumulates predominantly in bone, with reduced concentrations in 
lung, kidney, liver and heart. 

Health effects
Local symptoms can include eye, nose and throat irritation and inflammation, rhinitis and 
sinusitis, nasoseptal erosions, cough, breathing difficulties and skin rash. 

Nickel is a skin sensitiser causing allergic dermatitis (‘nickel itch’). A red itchy oedematous rash 
with papules, vesicles and ooze appears at the primary eruption site of direct skin contact, 
commonly the hands and face. In high nickel exposures, nickel may be absorbed through the 
skin and transported to secondary sites with eruptions that are symmetrical in the flexural 
areas, eyelids amd hands. Dry, scaly and fissured skin is seen in the chronic phase. Nickel 
allergy can be confirmed by patch testing by the dermatologist. Nickel allergy may occur 
concomittently with allergy to cobalt and chromium. 

Occupational asthma has been associated with nickel sulphate aerosols. Concurrent 
exposures to cobalt and chromium may be contributory. The presence of sulphur dioxide gas 
and sulphuric acid mist during processing also contribute to respiratory symptoms including 
exacerbation of asthma or bronchitis.
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Nickel compounds are classified as a Group 1 human carcinogen by IARC. Metallic nickel 
classified as Group 2B carcinogen (possibly carcinogenic to humans). Nickel refinery workers 
in Wales, Canada, Norway and Finland in the 1930’s to 1950’s were found to have increased 
risks of lung and nasal cancer with an average latency of 20 years. The exposure risk were 
considered to be greater from mixtures of nickel compounds (nickel sulphate, oxides and 
sulphides) and for smokers. 

Health monitoring
Early identification enables early and effective management and treatment. Work exposure, 
symptoms and examination findings must all be considered. The focus is on early detection 
and prevention of dermatitis and occupational asthma, and in the long term, lung and nasal 
cancers. These medical conditions can occur without urinary nickel levels being elevated. 

Health monitoring consists of:

 • a work exposure history and medical history with an emphasis on dermatitis, nasal and 
sinus inflammation, occupational asthma, and potential for lung and sinonasal cancer

 • examination of the skin (hands, forearms and any exposed skin areas) for dermatitis; nasal 
passages and septum for rhinitis, nasal perforations, nasal polyps and growths; and lungs

 • spirometry
 • urinary nickel where relevant (see section on biological monitoring).

An initial health monitoring is followed by annual health assessments with health counselling.

The registered medical practitioner (RMP) has the following role:

 • determines whether the worker may continue working with nickel
 • explains the results of the health monitoring to the worker
 • provides feedback to the PCBU to enable remedial action (i.e. review and implement safety 

controls at work), and
 • provides the results of the health monitoring to the PCBU and the regulator. 
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Health counselling
Good personal hygiene is important to minimise contamination of face, hands, clothing or 
surfaces. Facial hair (unshaven, beards) prevent effective face seals for respiratory protection.  
Smoking adds to the risks of cancer.

The RMP has an important role in educating and reinforcing good personal hygiene and safe 
work practice. As such, the RMP should have an understanding of the safety controls in the 
work environment. Such information is available from the PCBU. 

The RMP should:

 • inform the worker of potential adverse health effects from nickel dust, fumes or mists
 • encourage the worker to cease smoking
 • advise the workers to be clean shaven for effective respiratory protection
 • reinforce safe work practice, use of appropriate PPE, RPE etc.
 • reinforce personal hygiene and cleanliness, including:

 – wash face and hands before eating or drinking
 – no eating, drinking or smoking in work areas
 – shower and change into clean clothes and footwear before leaving work area.

Biological monitoring
The urinary nickel level in a non-occupationally exposed persons may be within the range of 
3-7 µg/L. 

A Time Weighted Average (TWA) exposure of 0.1 mg/m3 over 8 hours to soluble nickel 
compounds corresponds to approximately 70 µg/L of nickel in urine, collected at the end of the 
work shift. Caution must be exercised in the interpretation of urinary nickel levels for exposures 
to mixtures of metallic nickel and nickel compounds (soluble and poorly soluble) as in nickel 
smelting and refining.

Despite the lack of a Biological Exposure Standard (BES) for urinary nickel in Australia, Safe 
Work Australia (2021) recommends urinary nickel for the following:

(a) Investigation of excessive exposures (spillage) or workers reporting symptoms
(b) Assessment of exposures in an occupational group to ascertain whether exposures are 

significant (above background exposures of 3 µg/L).
Urinary nickel is still useful as a gauge of workers’ exposure to nickel. Biological monitoring 
data together with air monitoring measurements, provide valuable information for the PCBU as 
part of the risk assessment process and ongoing monitoring of exposures. The PCBU should 
use this information to review and improve safety controls for the protection of their workers. 
The goal is to minimise the workers’ total nickel burden over their working life to reduce the 
risks of lung and nasal cancers.

Urine sampling should be done at the end of shift, preferably at the end of the working week 
(that is, after 4 or 5 consecutive working days with exposure). 

Urinary nickel should be tested as outlined in Table 1 using a urinary nickel level of 75 µg/L as a 
level of concern (Hoffman, et al, OEM Health Information, 2019).
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Table 1 Biological monitoring action levels

Urinary nickel level Actions

Below 35 µg/L  • Re-test six monthly.

35 to below 75 µg/L  • Counsel worker and review personal hygiene/work 
practice.

 • Liaise with the PCBU to investigate workplace 
exposure and safety controls and remedial measures 

 • Re-test at three months.

75 µg/L and above  • Removal from nickel work when urine level is 75 µg/L 
or above.

 • Medical examination with RMP. 
 • Counsel worker and review personal hygiene/work 

practice.
 • Liaise with the PCBU regarding remedial measures 

(as above).
 • Re-test in 4 - 6 weeks.

Removal from nickel-risk work 
The RMP recommends removal from exposure to nickel in the presence of respiratory 
symptoms or spirometry with obstructive features suggestive of occupational asthma; 
dermatological symptoms or skin rashes on exposed skin surfaces suggestive of contact 
dermatitis or nickel sensitisation; or clinical features suggestive of lung cancer or sinonasal 
cancer.

The RMP arranges a referral to the relevant medical specialist (dermatologist, respiratory 
physician) for an assessment, diagnosis and clinical management of dermatitis and 
occupational asthma.

In the event of cancer, prompt referral to the appropriate medical specialists (respiratory 
physician, ENT surgeon) can be undertaken by the RMP or if preferred, by the worker’s GP.

In addition, removal is recommended for workers (symptomatic or asymptomatic) with urinary 
nickel of 75 µg/L or higher. 

The RMP informs the worker and the PCBU of the reasons for the removal and any remedial 
actions that may be required.

The PCBU must notify the regulator without delay that the worker has been removed and 
review the safety controls in the workplace. The regulator may request additional health 
monitoring information including specialist reports to confirm the diagnosis.
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Return to work
If removal was due to urinary nickel exceeding 75 µg/L, the RMP recommends a return to 
nickel work when urinary nickel is 35 µg/L or less, in the absence of any clinical concerns.

If removal was due to concerns over respiratory or dermatological health effects, the worker 
cannot return to work until after an assessment by the RMP and cleared suitable to return to 
work.

Specialist physician advice and workplace environmental controls should be taken into careful 
consideration by the RMP before determining whether the worker may safely resume work in 
an environment which potentially exposes them to nickel.

Notification requirements
The registered medical practitioner submits health monitoring results to the regulator through 
safety@dmirs.wa.gov.au
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