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Abstract
Objectives—To assess the exposure to
tungsten, cobalt, and nickel in a plant pro-
ducing hard metals. The main compo-
nents of hard metals are tungsten carbide
and cobalt metal. According to recent
studies, these two components may be
responsible for both fibrogenic and carci-
nogenic eVects.
Methods—87 workers were investigated
(86 male, one female) with a median age of
42 (range 22–58) and a mean duration of
exposure of 13 years (range 1–27 years).
Stationary and personal air sampling, and
biological monitoring were carried out.
Results—Ambient monitoring yielded
maximum tungsten concentrations of
417 µg/m3 in the production of heavy
alloys. A maximum cobalt concentration
of 343 µg/m3 and a maximum nickel
concentration of 30 µg/m3 were found at
the sintering workshop. The highest uri-
nary cobalt concentrations were found in
the powder processing department. The
mean concentration was 28.5 µg/g creati-
nine and the maximum value was 228 µg/g
creatinine. The maximum nickel concen-
tration in urine of 6.3 µg/g creatinine was
detected in the department producing
heavy alloys. The highest tungsten con-
centrations excreted in urine were found
in grinders and had a mean value of
94.4 µg/g creatinine and a maximum of
169 µg/g creatinine. Due to the diVerent
solubility and bioavailability of the sub-
stance, there was no correlation between
the tungsten concentrations in air and
urine on a group basis.
Conclusions—Despite its low solubility,
tungsten carbide is bioavailable. The dif-
ferent bioavailability of tungsten metal
and tungsten compounds has to be consid-
ered in the interpretation of ambient and
biological monitoring data in the hard
metal producing industry. The bioavail-
ability increases in the order: tungsten
metal, tungsten carbide, tungstenate.
Only if both monitoring strategies are
considered in combination can a valid and
eVective definition of high risk groups be
derived.
(Occup Environ Med 2001;58:631–634)
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Hard metals are widely used in diVerent
industries, mainly because of their resistance

to corrosion, temperature, and wear. The most
important use is as a component of alloys
(cemented carbides). These materials were
developed decades ago with the sintering
process. The main components are tungsten
carbide (about 90%) and cobalt metal (about
10%). Also, small amounts of nickel may be
added.1 After occupational exposure to hard
metal dust adverse eVects on the upper and
lower respiratory tract and on the skin have
been reported. Although hard metal asthma
and eVects on the skin are considered to be
immunologically mediated reactions, the
pathogenic model for interstitial lung disease
(hard metal dust fibrosis) is still unclear.2 Sev-
eral studies in the hard metal producing and
processing industry suggested that cobalt is
the main aetiological agent for the develop-
ment of interstitial fibrosis. As a consequence
of these studies preventive measures were ini-
tiated to reduce exposure to cobalt.3–5 These
measures were very successful, especially the
use of a metal working fluid containing a com-
plex binder which generated a cobalt complex
that reduced the bioavailability of cobalt.
According to the results of biological monitor-
ing, this measure has led especially in hard
metal grinders to a significant reduction in
exposure to cobalt.6

Several in vitro and animal experiments car-
ried out over the past few years suggest that
tungsten carbide also plays an important part
in the pathogenesis of hard metal dust fibrosis
as a result of a synergistic eVect. In vitro
experiments have shown that the toxicity of
hard metal dusts is determined by the
physicochemical interaction of cobalt and
tungsten carbide. Animal experiments have
shown that the incidence of fibrotic lung
changes is higher when a mixture of cobalt and
tungsten carbide is administered, whereas
cobalt and tungsten carbide alone lead to only
low fibrogenic activity.2 7 8

In the United States and in some European
countries the ambient threshold limit values
are in the range of 1 mg/m3 for soluble tungsten
compounds and 5 mg/m3 for insoluble ones.
The aim of these limits is to prevent eVects on
the central nervous system occurring after
exposure to soluble compounds and irritative
eVects on the respiratory tract with insoluble
compounds. In Germany a maximum concen-
tration at the workplace (MAK) value of
1 mg/m3 for soluble tungsten compounds and
5 mg/m3 for insoluble compounds has been
set.9 To date there are no biological exposure
indices for internal exposure to tungsten. For
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cobalt compounds the technical exposure limit
(TRK) value in Germany is 0.5 mg/m3 for
cobalt in the form of cobalt metal, cobalt oxide,
and cobalt sulfide in the production of cobalt
powder, hard metals, machine pressing, and
mechanical processing of unsintered articles
and 0.1 mg/m3 in other fields of production and
processing.10 The exposure equivalents for car-
cinogenic materials (EKA) values are 30 µg/l
urinary cobalt for 0.05 mg/m3 cobalt in air, 60
µg/l urinary cobalt for 0.10 mg/m3 cobalt in air
and 300 µg/l urinary cobalt for 0.50 mg/m3

cobalt in air.10 The reference value for urinary
cobalt is 1.5 µg/l. The TRK value for nickel as
metallic nickel, nickel sulfide, and sulfide con-
taining ores, nickel oxide, and nickel carbonate
is 0.5 mg/m3. The EKA values are 15 µg/l uri-
nary nickel for 0.10 mg/m3 nickel in air, 30 µg/l
urinary nickel for 0.30 mg/m3 nickel in air and
45 µg/l urinary nickel for 0.50 mg/m3 nickel in
air.10 The reference value for urinary nickel is
2.2 µg/l.

In the hard metal producing industry an
increase in the incidence of lung cancer has
been found.11–14 Therefore the International
Agency for Research on Cancer (IARC) has
suggested categorising cobalt and cobalt com-
pounds as possibly carcinogenic to humans.15

Exposure to tungsten carbide, however, was
not considered in earlier studies. To be able to
evaluate the risk of cancer in the hard metal
industry, the exposure situation needs to be
assessed not only for cobalt and its compounds
but also for tungsten and nickel. To our know-
ledge there are no data available on exposure to
cobalt, nickel, and especially tungsten in the
hard metal producing industry.

The aim of this study was therefore to assess
the external and internal exposure of workers
exposed to hard metal dust to define high risk
groups in which synergistic eVects may occur
and for whom specific screening activities
could be initiated.

Study group and methods
We investigated 87 workers (86 male, one
female) with a median age of 42 (range 22–58)
from diVerent workshops in a hard metal pro-
ducing plant. All workers were included in the
study. In the diVerent workshops processing of
the powder (mixture), the production of heavy
alloys, pressing, forming, sintering, grinding,
and maintenance were carried out. The
median exposure period was 13 (range 1–27)
years. Informed written consent was obtained

from each participant. The protocol was
approved by the ethics committee of the Medi-
cal School of the Friedrich-Alexander Univer-
sity Erlangen-Nuremberg, Germany.

The study design included a standardised
questionnaire with special interest in symp-
toms and diseases of the respiratory tract.
Assessment of the exposure situation took into
account former occupational exposure and
current exposure. Also stationary and personal
air sampling were performed in every workshop
with at least one worker in each workshop.

Stationary air monitoring was performed
with a VC 25 (air flow rate 22.5 m3/h, nitrocel-
lulose acetate filters, pore size 8 µm, 150 mm
diameter). The respirable dust fraction was
measured. Personal air monitoring was per-
formed with a DuPont P4000 sampling device
(air flow rate 210 l/h, nitrocellulose acetate fil-
ters, pore size 0.8 µm, 37 mm diameter) with
Casella cyclons for respirable dust fraction.
The mean sampling time was 4 hours (range 1
hour to 5 hours 42 minutes). After wet
oxidative digestion (HCl/HNO3 4:1) of the fil-
ters, measurements were performed with
graphite furnace atomic absorption spectrom-
etry (cobalt and nickel) and inductively cou-
pled plasma spectroscopy (tungsten, details
later).

Urinary cobalt, tungsten, and nickel was
measured in all workers. The samples were
taken at the end of the shift after 4 consecutive
working days on the same day that air sampling
was done. Special precautions were taken to
avoid contamination of the urine samples. The
measurement of urinary cobalt and nickel was
performed according to the recommendations
of the Working Group on Analyses of Hazard-
ous Substances in Biological Materials of the
DFG by graphite furnace atomic absorption
spectrometry.16 The analytical detection limit
for urinary cobalt is 0.1 µg/l, for urinary nickel
0.2 µg/l. The tungsten analysis was carried out
by inductively coupled plasma spectroscopy
with low resolution mass spectrometry after
ultraviolet digestion. Tungsten (184W) was
assessed by mass spectrometry with iridium
(193Ir) as an internal standard. Calibration was
performed with aqueous tungsten standard
solutions. The detection limit in urine was 0.05
µg/l. Because of the lack of reference values for
samples of tungsten in urine from the general
population, we analysed urine samples from 33
people not occupationally exposed to tungsten.

Results
Ambient monitoring yielded maximum tung-
sten concentrations of 417 µg/m3 in the
production of heavy alloys. A maximum cobalt
concentration of 343 µg/m3 and a maximum
nickel concentration of 30 µg/m3 were found at
the sintering workshop (table 1). The maxi-
mum concentrations at the workplace for
tungsten and the German technical exposure
limits for cobalt and nickel were not exceeded.
The results of ambient monitoring show that
the concentrations of exposure at the diVerent
workshops vary greatly.

The results of biological monitoring for the
diVerent workshops are presented in table 2.

Table 1 Results of ambient monitoring of cobalt, nickel and tungsten in diVerent
workshops

n
Cobalt
(µg/m3)

Tungsten
(µg/m3)

Nickel
(µg/m3)

Forming P 5 0.61–2.82 7.8–97.4 0.23–0.76
S 1 1.32 6.2 0.30

Pressing P 3 0.87–116.0 5.3–211.0 0.32–3.0
Powder processing P 4 7.9–64.3 177.0–254.0 0.76–1.65
Production of tungsten carbide P 1 0.39 19.1 0.40
Sintering P 1 343.0 12.1 29.6

S 1 1.3 5.9 0.07
Grinding (wet) P 1 0.20 3.3 0.13
Grinding (dry) P 1 0.48 81.3 0.31
Heavy alloy production P 2 0.85–1.84 125.0–417.0 0.48–2.17

S 3 0.63–8.50 50.0–163.0 0.72–1.70

P=personal sampling; S=stationary sampling.

632 Kraus, Schramel, Schaller, et al

www.occenvmed.com

http://oem.bmj.com


The highest cobalt concentrations were found
in the powder processing department with a
mean concentration of 28.5 µg/g creatinine and
a maximum value of 228 µg/g creatinine. Con-
centrations above the exposure equivalent for
carcinogenic substances of 60 µg/l urine were
found in the departments where forming (n=1)
and powder processing (n=2) were carried out.

The nickel concentrations at the workplace
and in the urine samples of the workers were
very low. The maximum nickel concentration
in urine of 6.26 µg/g creatinine was found in
the department producing heavy alloys. Nickel
concentrations above the exposure equivalent
for carcinogenic substances (EKA) of 45 µg/l
could not be detected.

The mean tungsten concentrations in urine
of non-exposed people were 0.31 µg/l (range
<detection limit (DL)–0.87) and 0.30 µg/g
creatinine (range <DL–1.22). The reference
values (95th percentile) were 0.86 µg/l and
1.00 µg/g creatinine. The tungsten concentra-
tions in urine of the exposed workers varied
greatly between the diVerent workshops (table
2). The highest tungsten concentrations ex-
creted in urine were found in grinders who had
a mean value of 94.4 µg/g creatinine and a
maximum value of 169 µg/g creatinine. High
tungsten concentrations were also detected in
the departments producing tungsten carbide
(42.1 µg/g creatinine) and heavy alloys (24.9

µg/g creatinine). Duration of exposure had no
eVect on the urinary concentrations of cobalt,
nickel, and tungsten.

In the diVerent workshops the species of the
metal compounds vary. This must be consid-
ered when interpreting the results. There is
exposure to tungsten carbide in the forming,
pressing, and sintering workshops. Exposure to
a combination of tungsten carbide, tungsten
oxide, and tungsten metal occurs in the
tungsten carbide production workshop. Expo-
sure to tungsten metal alone is found in the
powder processing department. Grinders are
exposed to tungstenate when wet grinding is
carried out and to tungsten oxide and carbide
when dry grinding is carried out. These diVer-
ences must be considered because of the
diVerent bioavailability of the various metal
species. A correlation between the results of
ambient monitoring and biological monitoring
on a group basis is therefore not expected.
Table 3 shows ambient and biological monitor-
ing results for diVerent tungsten compounds
used in the workshops. The correlations found
reflect the diVerent bioavailability of the tung-
sten species at diVerent workplaces. With
exposure to tungsten metal, relatively high
concentrations were found in air compared
with relatively low tungsten concentrations in
urine. The concentrations of tungsten carbide
in air and urine cover a wide range. The table
shows that tungsten carbide, despite its rela-
tively low solubility, is bioavailable to a consid-
erable degree. Combined exposure to tungsten
metal and tungsten carbide is of greater
bioavailability than tungsten carbide alone with
comparable concentrations in air. The highest
bioavailability was detected for tungstenate,
with increased urinary concentrations corre-
sponding to low concentrations of tungsten in
air.

Table 2 Results of biological monitoring for urinary cobalt, nickel, and tungsten in diVerent workshops

Workshop
Workers
n Metal

Mean (95% CI)
µg/g creatinine

Median
µg/g creatinine

Range
µg/g creatinine

Forming 23 Co 13.5 (3.7 to 23.3) 4.2 0.75–106.4
W 10.7 (6.7 to 14.6) 9.5 0.33–33.1
Ni 0.40 (0.19 to 0.62) 0.3 < DL–2.2

Pressing 30 Co 5.5 (2.9 to 8.1) 2.8 0.36–35.9
W 8.6 (4.1 to 13.1) 6.5 1.5–71.0
Ni 0.42 (0.28 to 0.56) 0.4 < DL–1.6

Heavy alloy production 3 Co 1.6 (0.15 to 3.0) 1.4 1.1–2.2
W 24.9 (−34.9 to 84.8) 21.6 2.6–50.5
Ni 2.9 (−4.8 to 10.6) 2.2 0.21–6.3

Powder processing 14 Co 28.5 (−5.6 to 62.7) 11.2 0.75–227.8
W 12.2 (8.0 to 16.5) 11.6 2.6–25.1
Ni 0.53 (0.04 to 1.0) 0.1 < DL–3.1

Production of tungsten carbide 4 Co 2.1 (−1.9 to 6.0) 1.1 0.31–5.7
W 42.1 (4.3 to 79.9) 48.9 10.0–60.6
Ni 0.91 (0.13 to 1.7) 0.8 0.51–1.5

Sintering 6 Co 4.1 (0.12 to 6.0) 2.6 0.31–9.6
W 12.5 (−5.7 to 30.7) 5.5 2.1–46.8
Ni 0.47 (0.11 to 0.84) 0.4 < DL–1.0

Grinding 5 Co 2.2 (−0.57 to 5.0) 1.4 0.19–6.0
W 94.4 (11.2 to 177.5) 70.9 10.6–168.6
Ni 0.25 (0.02 to 0.48) 0.2 < DL–0.5

Maintenance 2 Co 3.0 (−18.9 to 24.9) 3.0 1.3–4.7
W 3.4 (−21.1 to 27.8) 3.4 1.5–5.3
Ni 0.63 (−3.5 to 4.7) 0.6 0.31–1.0

Co=cobalt; W=tungsten; Ni=nickel; DL=detection limit.

Table 3 Ambient and biological monitoring of diVerent tungsten species

n
Tungsten
species

Tungsten in air
(µg/m3)
mean (range)

Tungsten in urine
(µg/g creatinine)
mean (range)

Powder processing 4 W 203.5 (177.0–254.0) 13.8 (2.6–21.1)
Forming, pressing, sintering 8 WC 53.5 (5.3–211.0) 9.5 (2.2–33.1)
Production WC 1 WC, WO, W 19.1 59.6
Grinding (wet) 1 WO4

2− 3.3 70.9
Grinding (dry) 1 WO, WC 81.3 10.6

WO=tungsten oxide, WO4
2− = tungstenate, W=tungsten metal, WC=tungsten carbide.
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Discussion
In view of the numerous cases of interstitial
lung disease among hard metal workers and the
suspected carcinogenicity of hard metal dusts,
it is important that in future the exposure situ-
ation at the diVerent workplaces be validly
assessed. This is the prerequisite for the detec-
tion of dose-response relations in workers from
the hard metal industry. In this study exposure
to tungsten was assessed for the first time as
well as the hard metal components cobalt and
nickel.

The tungsten concentrations in air and in
urine were analysed by inductively coupled
plasma spectroscopy with low resolution mass
spectrometry, which proved to be a valid
method for the assessment of tungsten expo-
sure.17 18 With this technique it is possible to
diVerentiate between the renal excretion of
tungsten in occupationally exposed and non-
exposed people. Exposed people were found to
excrete significantly higher concentrations of
tungsten in urine than people not exposed. The
95th percentile for the general population is 1
µg/g creatinine.

During the hard metal manufacturing proc-
ess various tungsten compounds and tungsten
metal are used in the diVerent workshops. The
tungsten species have diVerent degrees of bio-
availability. This means that a correlation
between internal and external tungsten expo-
sure on a group basis cannot be expected. The
bioavailability increases in the order: tungsten
metal, tungsten carbide, tungstenate. The
maximum tungsten concentrations in urine
were therefore found in wet grinders, as
tungstenate enriches in the metal working
fluid. At these workplaces very low tungsten
concentrations in air of 3.3 µg/m3 were found.
Despite its low solubility, tungsten carbide is
bioavailable to a considerable degree. The
results show that ambient monitoring alone
and biological monitoring alone are not
representative for the assessment of the expo-
sure of hard metal workers. Ambient monitor-
ing alone provides no information about the
bioavailable fraction of the exposure. Biological
monitoring alone gives only incomplete infor-
mation about the exposure of the target organ,
the lung. Regulations based on ambient or bio-
logical monitoring alone are therefore incom-
plete and involve errors. This might lead to
inappropriate preventive measures. Therefore a
combination of both methods of monitoring is
recommended for the definition of groups at
risk necessary for eVective and eYcient preven-
tion of disease. The methods used in this study
allow the valid identification of exposure to
tungsten and of exposure to cobalt and nickel
in the hard metal manufacturing industry.

The results of this study show that exposure
to cobalt, which was thought to be the main
pathogenic factor in the development of hard
metal dust fibrosis, has been reduced com-
pared with the concentrations found in earlier
studies. This has been achieved by use of metal
working fluids with complex binding addi-
tives.19 High levels of exposure to cobalt could

only be found in individual cases, especially in
the powder processing department. Exposure
to nickel does not seem to play an important
part in this industry. Increased concentrations
could be found in neither air nor urine.

Conclusion
The diVerent bioavailability of tungsten metal
and tungsten compounds must be considered
in the interpretation of data from ambient
monitoring and biological monitoring in the
hard metal producing industry. The bioavail-
ability increases in the order: tungsten metal,
tungsten carbide, tungstenate. Only if these
results are considered in combination, can a
valid and eVective definition of high risk groups
be derived. High risk groups should be the
main focus of preventive measures and further
studies on the risk of lung cancer and intersti-
tial lung disease should be carried out
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