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SUMMARY

Background: Adverse health effects of occupational exposure to cobalt and its compounds are well-documented. Ob-
jectives: The aim of the study is to evaluate exposures to cobalt in Italian industrial seftings. Methods: Data on
cobalt and its compounds were collected from an occupational exposure registry. Statistical analysis was carried out
for some exposure-related variables (i.e., cobalt compound, activity sector, occupational group, firm size). The number
of workers potentially exposed was estimated for selected industrial sectors. Results: Overall 1,701 measurements

® were analyzed in the period 1996-2016. The geometric mean of cobalt airborne concentration was 0.33 ug/m’. Most ®

exposures occurred in the manufacture of fabricated metal products (50%) and among metal finishing-, plating-
and coating-machine operators (42%). A total of 30,401 workers potentially exposed to cobalt was estimated, over
72% were male. Conclusions: Identifying professional groups at high-risk of exposure can help to control the most
dangerous situations for workers’ health. Surveillance systems based on occupational exposure registries contribute to
support systematic improvement of working conditions.

RiassunTO

«Valutazione dellesposizione a cobalto e ai suoi composti nei contesti industriali italiani». Introduzione: G/
effetti avversi dell esposizione professionale al cobalto e ai suoi composti sulla salute dei lavoratori sono ben documen-
tati. Obiettivi: Lobiettivo dello studio ¢ valutare le esposizioni al cobalto nei contesti industriali italiani. Metodi: 7
dati sul cobalto e sui suoi composti sono stati raccolti tramite il registro delle esposizioni professionali. E stata condotta
un'analisi statistica per alcune variabili correlate all esposizione, quali il composto di cobalto, il settore di attivita
economica, il gruppo professionale e la dimensione dell’impresa. Il numero di lavoratori potenzialmente esposti é
stato stimato per alcuni settori industriali. Risultati: Complessivamente sono state analizzate 1.701 misurazioni
nel periodo 1996-2016. La media geometrica della concentrazione nell’aria di cobalto é risultata pari a 0,33 ug/m’.
La maggior parte delle esposizioni si é verificata nella fabbricazione dei prodotti in metallo (50%), e tra gli operatori
delle macchine per la finitura, la placcatura e il rivestimento dei metalli (42%). E stato stimato un totale di 30.401
lavoratori potenzialmente esposti al cobalto, di cui oltre il 72% uomini. Conclusioni: Lidentificazione di gruppi
professionali ad alfo rischio di esposizione puo aiutare a controllare le situazioni piis pericolose per la salute dei lavo-
ratori. I sistemi di sorveglianza basati sui registri di esposizione professionale contribuiscono a sostenere il processo di
miglioramento sistematico delle condizioni di lavoro.
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OCCUPATIONAL EXPOSURE TO COBALT 23

INTRODUCTION

Exposure to cobalt and its compounds is known
to produce adverse health effects, including lung
cancer, on the exposed workers (1). In 1991, the In-
ternational Agency for Research on Cancer (IARC)
classified cobalt and its compounds in group 2B
(possibly carcinogenic to humans), noting that the
interpretation of the available data on cobalt carci-
nogenicity was made difficult by the concurrent ex-
posure of workers to other carcinogens (e.g., nickel),
and therefore inadequate to classify them in group
2A (9). The last update of the IARC on cobalt and
its compounds was in 2006, classifying cobalt metal
with tungsten as probably carcinogenic to humans
(group 2A) (10). Moreover, some of its compounds
are classified in group 2A by the EU, such as co-
balt sulfate and cobalt chloride (EC Regulation n.
1272/2008). Cobalt is a transition element with
magnetic properties and, like nickel, promotes oxi-
dation and reduction reactions. The main industrial
use of cobalt is in the production of rechargeable
batteries and superalloys, and cobalt compounds are
utilized as pigments, driers for paints, catalysts and
adhesives (16). The primary route of exposure to co-
balt is by inhalation and the highest levels of cobalt
in the workplace were found in hard metal manufac-
ture, production of cobalt salts, and metallurgical-
related industries (16). Cobalt alloys are also used in
metal surgical implants and the health risk may be
related to the releasing of cobalt ions into the body.
Another source of occupational exposure to cobalt is
the electronic industry, particularly the manufacture
of integrated circuits and semiconductors. Some ep-
idemiological studies have reported increased lung
cancer risk among workers exposed to cobalt with
tungsten carbide in the hard metal industry (10).
Other documented adverse health effects are on
the respiratory tract and cardiovascular system (1).
Of great interest to the scientific community, with
regard to risk assessment, is the possibility of hav-
ing available estimates on exposed workers. On the
other hand, being able to assess the average exposure
levels is useful in weighing and setting professional
limit values, in order to improve the protection of
exposed workers. In Italy, the occupational expo-
sures to cobalt compounds in the period 2000-2003
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were estimated at about 28,615 by the Carcinogen
Exposure (CAREX) project (14). The Carcinogen
Exposure (CAREX) Canada project estimated that
approximately 33,000 workers (85% male) have
been professionally exposed to cobalt in Canada (4).
No occupational exposure limit value has yet been
established in Italy, to our knowledge, for cobalt or
one of the cobalt compounds. In the U.S.A., the
American Conference of Governmental Industrial
Hygienists (ACGIH) recommended a threshold
limit value (TLV) of 0.02 mg/m® for an 8-h time-
weighted average (TWA) exposure to cobalt and
cobalt inorganic compounds, and of 0.1 mg/m’ to
cobalt carbonyl and cobalt hydrocarbonyl (2).

The aim of this study is to evaluate the levels of
occupational exposure to cobalt and its compounds
in Italy during the period 1996-2016. An estima-
tion of the number of workers potentially exposed
to cobalt and its compounds by economic sector was
also performed.

METHODS
Data collection

Data were selected from the Italian Information
System on Occupational Exposure to Carcinogens
(SIREP), a relational database that collects infor-
mation on exposures to carcinogens in the work-
place. The SIREP system has been fully described
elsewhere (19). In brief, according to the Italian
regulation on health surveillance at the workplace
(Law Decree n. 81/2008), data on exposures have to
be collected by employers and regularly sent (every
three years) to the SIREP system. Employers are re-
quired to report the carcinogens used or produced
by industrial process, data on exposed employees
and the exposure levels. The core information sent
by employers follow a standardized schema, which
includes: economic activity and size of the firm; per-
sonal and occupational data on the workers; and the
levels of exposure in terms of intensity, frequency
and duration. One or more exposure measurements
are recorded for each worker and work period. Em-
ployers are responsible for the exposure measure-
ment procedures and air sampling methods, to be
carried out in accordance with European standards
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which provide technical guidance on the implemen-
tation of air monitoring strategies (5, 6).

Data selection and classification

For the purposes of this study, measurements of
airborne cobalt concentration in the exposure period
1996-2016 were selected from the SIREP database.
Other than cobalt as metal, cobalt compounds in-
cluded in the analysis were identified on the basis of
the IARC classification (9, 10). In detail, the com-
pounds selected for the analysis were: cobalt nitrate,
cobalt sulfate, cobalt nitrate hexahydrate, cobalt
sulfate heptahydrate, cobalt chloride hexahydrate,
cobalt acetate tetrahydrate, cobalt chloride, cobalt
acetate, cobalt oxide, cobalt hydroxide, and cobalt
carbonate. The term “exposure”refers to a specific job
task of a worker involving exposure to cobalt or its
compounds. The exposure measurements recorded
in SIREP refer only to the TWA-8 value (inhalable
fraction), i.e. the average result of the sampling pro-
cedure of air inhalable fraction over a typical work-
day (8-h). Measurements that were below the ana-
lytical limit of detection (LOD) were processed with
NDExpo software (Flot 0.8.1, Montreal, Canada;
http://www.expostats.ca/site/app-local/NDExpo/).
The software uses a log-probit regression method,
replacing the <LOD measurements with estimated
values on the basis of their rank among the set of
detected values (7). The year of measurement, if not
available, was set equal to the year of first exposure
(occurring in 34% of measurements). Exposure-re-
lated variables selected for the descriptive analysis
were: exposure agent, occupational group, economic
activity sector and firm’s workforce size. Occupa-
tional groups were coded using the international
standard classification of occupations (ISCO-88) at
the lowest group level (four-digit code); activity sec-
tors were classified using the international statistical
classification of economic activities (NACE rev. 1)
at the group level (three-digit code); and workforce
sizes were categorized into five classes: 1-9, 10-19,
20-49, 50-99, 2100 workers.

Descriptive statistical analyses were carried out to
estimate the arithmetic mean (AM) and geometric
mean (GM) of exposure levels, the standard devia-
tion (SD), the geometric standard deviation (GSD)
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and the 25*-75" interquartile range (IQR). A sam-
ple size of 50 measurements was set as the mini-
mum number required to perform reliable descrip-
tive statistics.

Estimating numbers of exposed workers

'The number of workers potentially exposed to co-
balt and its compounds was estimated for the eco-
nomic activity sectors that were best represented in
the SIREP database. The conditions for selecting a
sector were set as follows: total reported workforce
(exposed together with non-exposed) resulting from
SIREP (RW)) equal or greater than 1% of the to-
tal workforce (W), i.e. RW/W,>=1%, where RW,=
reported workforce in SIREP, Wi=total workforce,
and 7=i-£h economic sector. The total workforce (W,)
for each sector was estimated from national statis-
tics of the Italian Institute for Statistics (ISTAT)
(11). Moreover, to include a sector, at least three
firms had to be recorded in SIREP for such sector.
For the selected industrial sectors (shown in table
3), the number of workers potentially exposed to
cobalt was reconstructed using the percentage of ex-
posed workers in relation to both the workforce size
of firms recorded in SIREP and the national sta-
tistics on workforce (i.e., PE=W/*(E/RW,), where
PE=Potentially exposed workers, W=ISTAT total
workforce, RW=reported workforce in SIREP and
E=SIREP exposed workers). The SIREP exposed
workers (E;) represents the total number of work-
ers having cobalt exposure measurements recorded
in SIREP (including those with levels below the
LOD), for the i-# activity sector. In order to have
economic activity sectors encoded in a comparable
manner to the coding system of ISTAT census, the
NACE revision 2 international classification was
used.

REsurrs
Descriptive statistics
A total of 1,701 measurements (personal or en-

vironmental) collected over a full (8-h) work shift

for 1,354 exposures to cobalt and its compounds
were selected from the SIREP database. The air-
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borne concentration of cobalt for 264 exposures was
measured repeatedly over time (two or more times),
and 581 measurements below the LOD value were
replaced as indicated in the methods. Overall, the
mean level of exposure (GM) to airborne concen-
tration of cobalt was 0.33 pg/m’, and was slightly
higher in women (0.44 pg/m°) than in men (0.32
ng/m?®). Cobalt sulfate heptahydrate was the com-

pound with the highest level of exposure (GM=1.09
pg/m?) while cobalt nitrate had the lowest value
(GM=0.11 pg/m’). The distribution of exposure
levels (GM) and 95% confidence limits by cobalt
compound (with number of measurements >=50) is
shown in figure 1. Manufacture of basic metals was
the industrial sector where the cobalt as metal was
largely reported (mainly for metal melters, casters
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Figure 1 - Distribution of exposure level (GM) and 95% CI by cobalt and its compounds (SIREP 1996-2016)
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26 SCARSELLI ET AL

and rolling-mill operators), while the cobalt nitrate
was principally reported in the manufacture of fab-
ricated metal products (mainly for metal finishing-,
plating- and coating-machine operators). Expo-
sures to cobalt sulfate were quite widespread in all
sectors except for the manufacture of basic metals.
'The highest frequency of the cobalt exposure level
was found below 0.1 pg/m*(31% of measurements).
Figure 2 describes the distribution of cobalt meas-
urements (%) by exposure level within each activity
sector (at division level, two-digit code). The eco-
nomic sector at higher risk was the manufacture of
tabricated metal product in both genders, given its
high number of exposure situations. Particularly, the
manufacture of cutlery, tools and general hardware
showed the highest GM value (3.69 pug/m’, men).
'The distribution of exposure mean levels by gender
and economic activity sector is displayed in table 1.
'The occupational group most at risk was the ma-
chine-tool setters and setter-operators (GM=5.32
ng/m®, men), even though it is based on a relative
low number of measurements (N=50). The distribu-
tion of exposure mean levels by gender and occu-
pational group is shown in table 2. With regards to

the distribution of cobalt exposure levels by size of
firm’s workforce, micro-firms (1-9 workers) showed
the highest GM value of cobalt exposure (1.06 pg/
m?), while the lowest (0.07 pg/m?) was found in me-
dium-sized firms (50-99 workers). Figure 3 shows
the temporal trend of mean exposure level (GM) by
year of measurement. No significant temporal trend
for cobalt exposure mean level was found in the re-
gression analysis. In the last decade the numbers of
measurements notified to the SIREP system was
steady, with an average value of 138 measurements
per year (81% of total measurements). Results are
presented as cobalt concentration regardless of the
specific compound in use by each firm.

Estimating numbers of exposed workers

Overall, 30,401 workers (72% men), were esti-
mated potentially at risk of exposure to cobalt in
the selected industrial sectors. The most represented
sector was the “Ireatment and coating of metals
(NACE Rev.2 code: 25.61.0)” with 14,223 workers
(77% male), which also showed the highest percent-
age of exposed workers with respect to the work-
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n.e.c.(29)
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(ug/m?)

Manufacture of fabricated

O<=0.1

metal products (28)
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Figure 2 - Distribution of cobalt measurements (%) by exposure level within each activity sector (SIREP 1996-2016)
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Table 1 - Distribution of mean levels of cobalt exposure with variability metrics by gender and activity sector, and overall

(SIREP 1996-2016)

Gender  Sector of economic activity (NACE Rev. 1 code) N AM SD GM GSD IQR
Women Treatment and coating of metals; general mechanical 71  3.56 1547 048  6.14 0.20-5.0
engineering (28.5)
Other sectors 138 - - - - -
Overall 209  3.79 1092 0.44 12.92 0.09-4.50
Men Manufacture of other chemical products (24.6) 156 3.55 6.97 0.10 32.77 0.002-1.8
Manufacture of basic iron and steel and of ferro-alloys 193 0.37 0.31 0.22 2.96 0.08-0.70
(ECSC) (27.1)
Treatment and coating of metals; general mechanical 642 5.29 3259 0.31 6.29 0.08-1.0
engineering (28.5)
Manufacture of cutlery, tools and general hardware (28.6) 93 732 846 3.69 271 5.0-7.0
Manufacture of other fabricated metal products (28.7) 126  0.75 1.66 0.16  4.38 0.06-0.84
Manufacture of agricultural and forestry machinery (29.3) 53 027 023 013 2.53 0.04-0.50
Other sectors 229 - - - - -
Overall 1,492 3.73 2190 0.32 8.28 0.08-2.0
All 1,701  3.73 20.86 033  8.81 0.08-2.0

N: Number of 8-h TWA exposure measurements (g/m?); AM: Arithmetic Mean; SD: Standard Deviation; GM: Geometric

Mean; GSD: Geometric Standard Deviation; IQR: 25*-75" percentile; only sectors with at least 50 exposure measurements
are shown; NACE: Statistical classification of economic activities in the European Community, French acronym; SIREP:
Italian Information System on Occupational Exposure to Carcinogens

Table 2 - Distribution of mean levels of cobalt exposure with variability metrics by gender and occupational group (SIREP
1996-2016)

Gender  Occupational group (ISCO-88 code) N AM SD GM GSD 1IQR

Women Metal finishing-, plating- and coating-machine operators (8223) 84 3.75 14.46 058 7.55 0.20-2.0
Other groups 125 - - - - -

Men Machine-tool setters and setter-operators (7223) 50 598 1.79 532 191 5.0-7.0
Metal melters, casters and rolling-mill operators (8122) 187 035 0.31 0.19 3.41 0.08-0.7

Chemical-processing-plant operators not elsewhere classified (8159) 102 1.25 3.80 0.04 24.03 0.002-0.5
Metal finishing-, plating- and coating-machine operators (8223) 722 479 30.83 0.28 8.82 0.08-1.0

Mechanical-machinery assemblers (8281) 51 0.28 0.23 0.15 4.00 0.05-0.5
Manufacturing labourers (9320) 58 1.61 214 037 7.58 0.03-5.0
Other groups 322 - - - - -

N: Number of 8-h TWA exposure measurements (ug/m?); AM: Arithmetic Mean; SD: Standard Deviation; GM: Geometric
Mean; GSD: Geometric Standard Deviation; IQR: 25*-75" percentile; only sectors with at least 50 exposure measurements
are shown; ISCO-88: International Standard Classification of Occupations; SIREP: Italian Information System on Occupa-
tional Exposure to Carcinogens

force of the sector (39.29%). Detailed data on the workers (e.g., manufacture of optical instruments;

number of exposed workers by activity sector are  testing and technical analysis of products, etc.), but
shown in table 3. In some sectors, the percentage  these sectors contributed overall to a small number
of exposed female workers was higher than in male  of the total potentially exposed workers (12%).
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Figure 3 - Temporal trend of cobalt exposure level (geometric mean) by year of measurement (SIREP 1996-2016)

@ Table 3. Estimates of potentially exposed workers to cobalt in the selected sectors of economic activity (SIREP 1996-2016). @
Sector of economic activity (NACE Rev 2 code) N.of %of N.of % of % of N.of %of
Firms* Firms® Workers: Workers! Exposed® Exposed® Men
Manufacture of other inorganic basic chemicals (20.13.0) 3 1.32 5,883 1.60 13.83 814 79
Manufacture of other organic basic chemicals (20.14.0) 3 1.21 10,526 5.84 1.14 120 82
Manufacture of organic chemicals from basic products 3 1.97 1,248 7.85 6.12 76 80

derived from fermentation processes or vegetable raw
materials (20.59.2)

Manufacture of other chemical products for industrial 17 291 9,913 6.79 19.17 1,900 74
use (including anti-knock and antifreeze

preparations) (20.59.4)

Manufacture of basic pharmaceutical products (21.10.0) 11 6.79 11,870  18.23 3.97 472 63
Manufacture of pharmaceutical preparations (21.20.0) 28 4.54 50,855  15.54 3.02 1,538 60
Treatment and coating of metals (25.61.0) 73 1.73 36,201 3.88 39.29 14,223 77
Manufacture of hand tools, interchangeable parts for 3 0.13 20,607 1.72 24.29 5,006 79

machine tools (25.73.1)
Manufacture of other fabricated metal products (25.99.9) 10 0.21 42,273 2.48 6.10 2,579 72
Manufacture of optical instruments (32.50.5) 3 026 18,302  19.37 0.28 52 43
Testing and technical analysis of products (71.20.1) 7 0.20 15,382 2.95 9.47 1,457 48
Other research and experimental development on natural 10 0.18 17,494 2.86 12.38 2,165 49
sciences and engineering (72.19.0)

“Number of firms in SIREP; "Percentage of firms in SIREP with respect to the latest industry census data; ‘Number of workers
reported by firms (exposed + non-exposed) in SIREP; ‘Percentage of workers reported by firms in SIREP with respect to the
latest industry census data; ‘Percentage of exposed workers with respect to non-exposed workers reported by firms in SIREP;
Number of estimated exposed workers; SIREP: Italian Information System on Occupational Exposure to Carcinogens.
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Discussion

'This study is part of a series of studies carried out
using the same data source as well as a similar meth-
odology for estimating exposure levels and workers
potentially exposed to some of the main occupation-
al carcinogens. The main occupational carcinogens
have been selected based on the following criteria:
classification of carcinogenicity at European and in-
ternational level, number and frequency of data no-
tifications to the surveillance system (SIREP), qual-
ity of the recorded data and relevance to community
practice. Previous studies have analyzed, among
others, occupational exposure to PAHs, chromium
VI and nickel compounds (20-22).

In this study, the most relevant sector entail-
ing cobalt exposure risk, based on the number of
exposed workers, is the manufacture of fabricated
metal products, particularly, the treatment and coat-
ing of metals. A large number of exposures occurred
among metal finishing-, plating- and coating-ma-
chine operators in both genders, while metal melt-
ers, casters and rolling-mill operators, and chemical-
processing-plant operators were mostly men. The
number of potentially exposed workers estimated
in our study (30,401) is consistent with that previ-
ously assessed by the CAREX project (28,615) (14),
and comparable with that resulting from CANADA
study taking into account the respective differences
(structure of active population and selected econom-
ic sectors) (4). The highest mean level of exposure to
cobalt (GM) was reached in 2014 while the largest
number of measurements was recorded in the period
2007-2016 (figure 3). No significant temporal trend
of cobalt levels detected by our analysis could indi-
cate an insufficient attention in implementing pro-
tection measures in relation to this group of agents
but, given the lack of statistical significance, this
result must be evaluated with caution. The highest
GM value for cobalt exposure was found in micro-
firms, probably due to the fact that smaller firms of-
ten pay less attention to health and safety at work,
while larger industries generally adopt more effective
prevention technical measures (3).

Regarding occupational exposure to cobalt and
its compounds, a lot of studies have been performed
in the hard metal industry, where the cobalt, acting
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as a binder matrix, forms an alloy (hard metal) with
the tungsten carbide. Some studies assessed the risk
of cancer among exposed workers finding increased
risk to develop cancer (15,25), others the mean level
of cobalt airborne concentration in the workplace
(13, 24). A recent study in the Swedish hard metal
industry has found low mean cobalt levels with data
ranging from 0.00027 to 0.057 mg/m?, and only 6%
of measurements exceeded the Swedish OEL of
0.02 mg/m® (12). A similar conclusion was achieved
in a study based on data from a large hard metal
plant in Austria (8). Based on our data, low mean
exposure levels (25%-75® percentile 0.08-2.0 ng/m?)
were found among workers exposed to cobalt and
its compounds, confirming previous results. Con-
cerning other industrial sectors, a cancer incidence
study among Finnish male workers in cobalt pro-
duction has found no increased overall cancer risk
or lung cancer risk, except for tongue cancer. The
study, however, concluded that the results had to be
interpreted with caution due to the small number of
analyzed cases (18). An earlier study on blue dyes
among plate painters has evidenced adverse health
effects on the thyroid gland of workers occupation-
ally exposed to cobalt (17). Our data highlighted the
presence of cobalt, as metal, mainly in the manufac-
ture of basic metals, while cobalt nitrate and cobalt
sulfate were found largely in the manufacture of
fabricated metal products. However, different com-
pounds have different effects on the worker health,
and in our results the cobalt compounds have mean
levels of exposure that differ from one another (fig-
ure 1) (23). These differences should be taken into
consideration in reading the results. The highest fre-
quency of exposures above 2.5 ng/m’* was found in
the manufacture of chemicals (30%), while in the
manufacture of basic metals about 50% of the meas-
urements were less than 0.1 pg/m?® (figure 2). Par-
ticular attention should be focused on the presence
of exposed female workers in the sector of treatment
and coating of metals due to the possible adverse ef-
fects on newborns, even if, to our knowledge, studies
on reproductive effects in humans after cobalt in-
halation exposure have not yet been conducted (1).
Currently, the SIREP exposure surveillance sys-
tem covers most of the industrial sectors entail-
ing carcinogenic exposure risk. Weaknesses and
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strengths of the SIREP system have been extensive-
ly described elsewhere (20-22). In brief, data col-
lection and selection of analytic/sampling method
are under the responsibility of the employer, some
potential factors affecting cobalt air concentrations
are not always reported (e.g., environmental condi-
tions, control measures, measurements uncertainty),
and the number of exposure measurements are not
uniformly distributed among industrial sectors and
by firms size (e.g., small firms are underreported).
The variety of methods applied by employers for
sampling and analyzing cobalt in workplaces air
may have generated differences in the result of
the measurements. The most commonly analytical
methods used were those developed by the US Na-
tional Institute for Occupational Safety and Health
(30% of measurements). The impossibility of known
the type of measurement (personal or environ-
mental) is another limit (known only in the 10%
of measurements). Exposure measurements were
in large quantities for some industries/occupations
(e.g., treatment and coating of metals, N=713), but
limited for others (e.g., manufacture of machin-
ery, N=53). Consequently, in some situations the
reported data has a high degree of variability and
should be treated with caution. Conversely, the large
sample size helps to ensure the accuracy of the es-
timates and, to further increase the precision of the
analysis, a minimum of 50 recorded measurements
was required to include sectors and/or occupations
in the descriptive analysis. When lowering this lim-
it, in fact, some results showed an excessively large
variability, losing precision. A possible selection bias
could result from a lesser account of small firms in
the SIREP database, both because small firms are
usually less directed towards adopting prevention
measures, and because they represent the major-
ity of firms (about 95%) (3, 11, 26). Such distor-
tion, if confirmed, would lead to an underestimate
of the overall exposure levels. Uncertainties may
also have been introduced as a result of difterences
in the carcinogenicity classification of the agents/
compounds considered. Some of them, including
cobalt as single agent not bound to other elements,
are not classified as carcinogens in groups 1A or 1B
by the EU, and therefore notification of exposure
data to the SIREP system is not yet mandatory for
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these agents/compounds. Likewise, the purpose of
recording exposure data used in this study (regu-
latory compliance for legislative obligations) may
also have generated a further underestimation. The
number of workers potentially exposed to cobalt in
each sector was calculated assuming the same ratio
between exposed workers and non-exposed workers
in firms notifying and not notifying their exposure
data to the SIREP system. This assumption may
have introduced a bias into the estimates, leading
to an over estimate, that may be assessed only by
evaluating compliance of firms to the law with a
specific survey. On the other hand, only those sec-
tors better characterized in the database were taken
into account to estimate the number of potentially
exposed workers. A consequence of this selection
is that some economic sectors were excluded only
because of limited information on the size of the
reported workforce (RW)), such as, e.g., the sec-
tor of manufacture of paints, varnishes and similar
coatings, printing ink and mastics (RW=0.2). This
percentage (RW,, fifth column of table 3), together
with the percentage of firms in SIREP with respect
to the ISTAT industry census data (third column of
table 3), provide indications on the goodness of the
estimates, i.e. the higher these percentages are and
the more reliable is the estimate.

In conclusion, to our knowledge, this is the first
large-scale study concerning occupational exposure
to cobalt and its compounds in Italy. The mean level
(GM) of the cobalt airborne concentration in the
workplaces was 0.33 pg/m’, lower than the current
ACGIH TWA-TLV value (2). A total of 30,401
workers were estimated potentially at risk of expo-
sure across the selected industrial sectors. The man-
ufacture of fabricated metal products was the sector
most at risk for cobalt exposure, and a large number
of workers among metal finishing-, plating- and
coating-machine operators resulted exposed. This
study may contribute to the ongoing discussion on
the definition of occupational limit values for cobalt
and its compounds by providing useful data, and to
the promotion of a prevention culture in occupa-
tional health practice by disseminating information.
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