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estimating (if feasible) the number of deaths and disability-adjusted life years that are attributable to occupa-
tional exposure to silica, asbestos and coal dust, for the development of the WHO/ILO Joint Estimates.
Objectives: We aimed to systematically review and meta-analyse estimates of the prevalences and levels of
occupational exposure to silica, asbestos and coal dust among working-age (> 15 years) workers.

Data sources: We searched electronic academic databases for potentially relevant records from published and
unpublished studies, including Ovid Medline, PubMed, EMBASE, and CISDOC. We also searched electronic grey
literature databases, Internet search engines and organizational websites; hand-searched reference lists of pre-
vious systematic reviews and included study records; and consulted additional experts.

Study eligibility and criteria: We included working-age (> 15 years) workers in the formal and informal economy
in any WHO and/or ILO Member State but excluded children (< 15 years) and unpaid domestic workers. We
included all study types with objective dust or fibre measurements, published between 1960 and 2018, that
directly or indirectly reported an estimate of the prevalence and/or level of occupational exposure to silica,
asbestos and/or coal dust.

Study appraisal and synthesis methods: At least two review authors independently screened titles and abstracts
against the eligibility criteria at a first stage and full texts of potentially eligible records at a second stage, then
data were extracted from qualifying studies. We combined prevalence estimates by industrial sector (ISIC-4 2-
digit level with additional merging within Mining, Manufacturing and Construction) using random-effects
meta-analysis. Two or more review authors assessed the risk of bias and all available authors assessed the
quality of evidence, using the ROB-SPEO tool and QoE-SPEO approach developed specifically for the WHO/ILO
Joint Estimates.

Results: Eighty-eight studies (82 cross-sectional studies and 6 longitudinal studies) met the inclusion criteria,
comprising > 2.4 million measurements covering 23 countries from all WHO regions (Africa, Americas, Eastern
Mediterranean, South-East Asia, Europe, and Western Pacific). The target population in all 88 included studies
was from major ISCO groups 3 (Technicians and Associate Professionals), 6 (Skilled Agricultural, Forestry and
Fishery Workers), 7 (Craft and Related Trades Workers), 8 (Plant and Machine Operators and Assemblers), and 9
(Elementary Occupations), hereafter called manual workers. Most studies were performed in Construction,
Manufacturing and Mining. For occupational exposure to silica, 65 studies (61 cross-sectional studies and 4
longitudinal studies) were included with > 2.3 million measurements collected in 22 countries in all six WHO
regions. For occupational exposure to asbestos, 18 studies (17 cross-sectional studies and 1 longitudinal) were
included with > 20,000 measurements collected in eight countries in five WHO regions (no data for Africa). For
occupational exposure to coal dust, eight studies (all cross-sectional) were included comprising > 100,000
samples in six countries in five WHO regions (no data for Eastern Mediterranean). Occupational exposure to
silica, asbestos and coal dust was assessed with personal or stationary active filter sampling; for silica and
asbestos, gravimetric assessment was followed by technical analysis.

Risk of bias profiles varied between the bodies of evidence looking at asbestos, silica and coal dust, as well as
between industrial sectors. However, risk of bias was generally highest for the domain of selection of participants
into the studies.

The largest bodies of evidence for silica related to the industrial sectors of Construction (ISIC 41-43),
Manufacturing (ISIC 20, 23-25, 27, 31-32) and Mining (ISIC 05, 07, 08). For Construction, the pooled prevalence
estimate was 0.89 (95% CI 0.84 to 0.93, 17 studies, 12 91%, moderate quality of evidence) and the level estimate
was rated as of very low quality of evidence. For Manufacturing, the pooled prevalence estimate was 0.85 (95%
CI 0.78 to 0.91, 24 studies, I2 100%, moderate quality of evidence) and the pooled level estimate was rated as of
very low quality of evidence. The pooled prevalence estimate for Mining was 0.75 (95% CI 0.68 to 0.82, 20
studies, I2 100%, moderate quality of evidence) and the pooled level estimate was 0.04 mg/m?> (95% CI 0.03 to
0.05, 17 studies, I 100%, low quality of evidence). Smaller bodies of evidence were identified for Crop and
animal production (ISIC 01; very low quality of evidence for both prevalence and level); Professional, scientific
and technical activities (ISIC 71, 74; very low quality of evidence for both prevalence and level); and Electricity,
gas, steam and air conditioning supply (ISIC 35; very low quality of evidence for both prevalence and level).
For asbestos, the pooled prevalence estimate for Construction (ISIC 41, 43, 45,) was 0.77 (95% CI 0.65 to 0.87,
six studies, I2 99%, low quality of evidence) and the level estimate was rated as of very low quality of evidence.
For Manufacturing (ISIC 13, 23-24, 29-30), the pooled prevalence and level estimates were rated as being of
very low quality of evidence. Smaller bodies of evidence were identified for Other mining and quarrying (ISIC 08;
very low quality of evidence for both prevalence and level); Electricity, gas, steam and air conditioning supply
(ISIC 35; very low quality of evidence for both prevalence and level); and Water supply, sewerage, waste
management and remediation (ISIC 37; very low quality of evidence for levels).

For coal dust, the pooled prevalence estimate for Mining of coal and lignite (ISIC 05), was 1.00 (95% CI 1.00 to
1.00, six studies, 12 16%, moderate quality of evidence) and the pooled level estimate was 0.77 mg/m> (95% CI
0.68 to 0.86, three studies, I 100%, low quality of evidence). A small body of evidence was identified for
Electricity, gas, steam and air conditioning supply (ISIC 35); with very low quality of evidence for prevalence,
and the pooled level estimate being 0.60 mg/m® (95% CI —6.95 to 8.14, one study, low quality of evidence).
Conclusions: Overall, we judged the bodies of evidence for occupational exposure to silica to vary by industrial
sector between very low and moderate quality of evidence for prevalence, and very low and low for level. For
occupational exposure to asbestos, the bodies of evidence varied by industrial sector between very low and low
quality of evidence for prevalence and were of very low quality of evidence for level. For occupational exposure
to coal dust, the bodies of evidence were of very low or moderate quality of evidence for prevalence, and low for
level. None of the included studies were population-based studies (i.e., covered the entire workers’ population in
the industrial sector), which we judged to present serious concern for indirectness, except for occupational
exposure to coal dust within the industrial sector of mining of coal and lignite. Selected estimates of the prev-
alences and levels of occupational exposure to silica by industrial sector are considered suitable as input data for
the WHO/ILO Joint Estimates, and selected estimates of the prevalences and levels of occupational exposure to
asbestos and coal dust may perhaps also be suitable for estimation purposes.

Protocol identifier:
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1. Background

The World Health Organization (WHO) and the International Labour
Organization (ILO) produce the WHO/ILO Joint Estimates of the Work-
related Burden of Disease and Injury (WHO/ILO Joint Estimates) (Pega
et al. 2021a; World Health Organization and International Labour Or-
ganization 2021a; World Health Organization; International Labour
Organization 2021b; Pega et al. 2022a). The organizations estimate the
numbers of deaths and disability-adjusted life years (DALYs) that are
attributable to selected occupational risk factors. The WHO/ILO Joint
Estimates are based on already existing WHO and ILO methodologies for
estimating the burden of disease for selected occupational risk factors
(International Labour Organization 2014; Priiss-Ustiin et al. 2017). They
expand these existing methodologies with estimation of the burden of
several prioritized additional pairs of occupational risk factors and
health outcomes. For this purpose, population attributable fractions, the
proportional reduction in burden from the health outcome achieved by a
reduction of exposure to the theoretical minimum risk exposure level
(Murray et al. 2004), are calculated for each additional risk factor-
outcome pair. These fractions are applied to the total burden of dis-
ease envelopes for the health outcome from the WHO Global Health
Estimates (World Health Organization 2018).

The WHO/ILO Joint Estimates may include a methodology for esti-
mating, and estimates of the burden of silicosis, asbestosis and coal
workers’ pneumoconiosis attributable to occupational exposure to silica
dust, asbestos fibres and coal (mine) dust, respectively, if feasible, as
additional prioritized risk factor-outcome pairs. To select parameters
with the best and least biased evidence for our estimation models, we
conducted a systematic review and meta-analysis of studies on the
prevalence and level of occupational exposure to these dusts and/or fi-
bres, as per our protocol (Mandrioli et al. 2018). WHO and ILO, sup-
ported by a large number of individual experts, are in parallel also
producing a systematic review and meta-analysis of the health effects of
occupational exposure to silica, asbestos and coal (mine) dust on sili-
cosis, asbestosis and coal workers’ pneumoconiosis (Mandrioli et al.
2018). The organizations are also conducting or have completed several
other systematic reviews and meta-analyses on other additional risk
factor-outcome pairs (Descatha et al., 2018, 2020; Godderis et al., 2018;
Li et al., 2018, 2020; Loomis et al., 2022; Pachito et al., 2021; Paulo
et al., 2019; Pega et al., 2020b; Rugulies et al., 2019, 2021; Teixeira
et al., 2021a; Tenkate et al., 2019; World Health Organization, 2021;
Hulshof et al., 2019; Hulshof et al., 2021a; Hulshof et al., 2021b; Teix-
eira et al., 2019; Teixeira et al., 2021b). To our knowledge, these are the
first systematic reviews and meta-analyses (with a pre-published pro-
tocol, Mandrioli et al. (2018)) conducted specifically for an occupational
burden of disease study. An editorial provides an overview of this series
of systematic reviews and meta-analyses from the WHO/ILO Joint Esti-
mates and outlines its scientific, methodological, policy, editorial and
other innovations (Pega et al. 2021b). Several new systematic review
methods were also developed specifically for the WHO/ILO Joint Esti-
mates (Pega et al. 2020a; Momen et al. 2022; Pega et al. 2022c; Pega
et al. 2022b). The WHO/ILO joint estimation methodology and the
WHO/ILO Joint Estimates are separate from these systematic reviews,
and they are described in more detail and reported elsewhere (Pega et al.
2021a; World Health Organization and International Labour Organiza-
tion 2021a,b; Nafradi et al. 2022; Pega et al. 2022a). For example,
WHO/ILO Joint Estimates have been published of the global, regional
and national burdens of ischemic heart disease and stroke attributable to
exposure to long working hours for 183 countries (Pega et al. 2021a).

1.1. Rationale

Occupational exposures to asbestos, silica and coal dust (defined as
pure coal dust and dust from coal mining) are known occupational risk
factors for pneumoconiosis. In the Global Burden of Disease Study 2016,
asbestosis (as an outcome separate to coal workers’ pneumoconiosis and
other pneumoconiosis) and silicosis are 100% attributed to occupational
exposure to asbestos and silica respectively (G. B. D. Risk Factors Col-
laborators 2017). In the same study, the entire burden of coal workers’
pneumoconiosis and of other pneumoconiosis is 100% attributed to the
risk factors occupational exposure to particulate matter, gases and fumes
(G. B. D. Risk Factors Collaborators 2017). However, the population-
attributable fractions may actually be smaller than 1.00, considering
that some burden of pneumoconiosis may be caused by residential
exposure to one or more sources of asbestos (Tarres et al. 2013), silica
and coal dust (Akaoka et al. 2017) among residents near mines; non-
occupational exposure to silica from the natural environment (e.g.
wind erosion and storms, including in deserts) (De Berardis et al. 2007);
and from second-hand exposures (e.g. family members of exposed
workers coming into contact with contaminated clothes etc.). To
consider the feasibility of estimating the burden of pneumoconiosis from
occupational exposure by inhalation of dusts and/or fibres, and to
ensure that potential estimates of burden of disease are reported in
adherence with the guidelines for accurate and transparent health esti-
mates reporting (GATHER) (Stevens et al. 2016), WHO and ILO require a
systematic review of studies on the prevalence of any occupational
exposure to dusts and/or fibres, as well as a systematic review and meta-
analysis of studies with estimates of the relative effect of occupational
exposure to dusts and/or fibres on the prevalence of, incidence of and
mortality from pneumoconiosis, compared with the theoretical mini-
mum risk exposure level. The theoretical minimum risk exposure level is
the exposure level that would result in the lowest possible population
risk, even if it is not feasible to attain this exposure level in practice
(Murray et al. 2004). These data and effect estimates should be tailored
to serve as parameters for estimating the burden of pneumoconiosis
from occupational exposure to silica, asbestos and coal dust in the
WHO/ILO joint methodology. Apart from one systematic review
assessing exposure to pure coal dust and the risk of interstitial lung
diseases (Beer et al. 2017), we have not identified any previous sys-
tematic reviews on occupational exposure to dusts and/or fibres. How-
ever, there was a recent scoping review which looked at occupational
exposure of silica and asbestos among industrial workers in Thailand
(Kunpeuk et al. 2021). This study reported prevalence of exposure to be
100% in most of the included studies.

Our systematic review covers studies on workers in the formal and
informal economy. The informal economy is defined as “all economic
activities by workers and economic units that are — in law or in practice —
not covered or insufficiently covered by formal arrangements” (104th
International Labour Conference 2015). It does not comprise “illicit
activities, in particular the provision of services or the production, sale,
possession or use of goods forbidden by law, including the illicit pro-
duction and trafficking of drugs, the illicit manufacturing of and traf-
ficking in firearms, trafficking in persons and money laundering, as
defined in the relevant international treaties” (104th International La-
bour Conference 2015). Work in the informal economy may lead to
different exposures and exposure effects than does work in the formal
economy. Therefore, we consider in the systematic review the formality
of the economy reported in included studies.
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Definitions of the risk factors, risk factor levels and the minimum risk exposure levels.

Risk factor Occupational exposure to silica

Occupational exposure to asbestos Occupational exposure to coal dust

Two levels:

No occupational exposure to silica
Any occupational exposure to silica
No occupational exposure to silica

Risk factor levels

Theoretical minimum risk exposure level

Two levels:

No occupational exposure to coal dust
Any occupational exposure to coal dust
No occupational exposure to coal dust

Two levels:

No occupational exposure to asbestos
Any occupational exposure to asbestos
No occupational exposure to asbestos

Footnote: Sourced from Mandrioli et al. (2018).

1.2. Description of the risk factor

We have reviewed occupational exposure to three different types of
dusts and/or fibres: (i) silica; (ii) asbestos; and (iii) coal dust. We define
coal dust as dust from coal mining or dust from pure coal. Coal dust from
coal mining may contain a combination of different types of coal, silica,
various silicates and asbestos fibres, depending on the specific mineral
composition of the mined substance. There are workers with exposure to
coal dust only, such as those working in (bulk) transportation (e.g. bulk
ports) and who use coal at work (e.g. coke ovens, electricity power
plants and other industries using coal as ground material or power
source). However, the most numerous occupational groups with expo-
sure to coal dust include workers involved in excavating coal at the seam
of coal mines and those working in downstream activities (e.g., haulage,
maintenance and surface workers). The definition of the risk factors, the
risk factor levels and their theoretical minimum risk exposure level are
presented in Table 1. We define the risk factors as any occupational
exposure by inhalation to silica dust, asbestos fibres or coal dust in the
air. A priori, we assumed a theoretical minimum risk exposure level of
no occupational exposure. Where possible we used the analytical limit of
detection (LOD) as the cut-off between exposed and unexposed. For
studies with a different cut-off between exposed and non-exposed, we
converted reported levels to the standard levels and, if not possible, we
included studies with these alternate exposure levels in the systematic
review and discussed the implications.

2. Objectives

To systematically review and meta-analyse evidence on the preva-
lences and levels of occupational exposure to silica, asbestos and coal
dust among working-age (> 15 years) workers.

3. Methods
3.1. Developed protocol

The study protocol was registered in  PROSPERO
(CRD42018084131). This protocol is in accordance with the Preferred
Reporting Items for Systematic Review and Meta-Analysis Protocols
statement (PRISMA-P) (Moher et al. 2015; Shamseer et al. 2015). The
abstract is in line with the Reporting Items for Systematic Reviews in
journal and conference Abstracts (PRISMA-A) (Beller et al. 2013). Any
modification of the methods stated in the protocol is reported in Section
8. Our systematic review is reported according to the Preferred
Reporting Items for Systematic Review and Meta-Analysis statement
(PRISMA) (Liberati et al. 2009). Our reporting of the parameters for
estimating occupational exposure to silica, asbestos and coal dust in the
systematic review adheres with the requirements of the Guidelines for
Accurate and Transparent Health Estimates Reporting guidelines (Ste-
vens et al. 2016). This is done because the WHO/ILO Joint Estimates
that may be produced following the systematic review must also adhere
to these reporting guidelines.

3.2. Searched literature

3.2.1. Electronic academic databases
We searched the following electronic academic databases:

. Ovid Medline with Daily Update (1946 to 22 May 2018).

. PubMed (1946 to 20 June 2018).

. EMBASE (1974 to 5 June 2018).

. Web of Science with inclusion of three databases:
(a) Science Citation Index Expanded (1900 to 17 June 2018).
(b) Social Sciences Citation Index (1956 to 30 April 2018).
(c) Arts and Humanities Citation Index (1975 to 30 April 2018).

5. OSH UPDATE with inclusion of three databases:

(a) CISDOC (1974 to 14 June 2018).

(b) HSELINE (1977 to 30 April 2018).

(c) NIOSHTIC-2 (1977 to 14 June 2018).

A WN -

All search strategies are presented in Appendix 1 in the Supple-
mentary data. We searched in electronic databases operated in the En-
glish language using a search strategy in the English language. We
adapted the Ovid Medline search syntax to suit the other electronic
academic and grey literature databases.

3.2.2. Electronic grey literature databases
We searched the following electronic academic databases:

1. OpenGrey (https://www.opengrey.eu/).
2. Grey Literature Report (https://greylit.org/).

3.2.3. Internet search engines

We also searched the Google (https://www.google.com/) and Goo-
gle Scholar (https://www.google.com/scholar/) Internet search engines
and screened the first 100 hits for potentially relevant records, as has
been done in Cochrane Reviews previously (Pega et al. 2022d).

3.2.4. Organizational websites
The websites of the following seven international organizations and
national government departments were searched:

i. International Labour Organization (https://www.ilo.org).
ii. World Health Organization (https://www.who.int).
iii. European Agency for Safety and Health at Work (https://osha.eur
opa.eu/en).
iv. Eurostat
ome).
v. China National Knowledge Infrastructure (https://www.cnki.net
/).
vi. Finnish Institute of Occupational Health (https://www.ttl.
fi/en/).
vii. United States National Institute of Occupational Safety and
Health (NIOSH), using the NIOSH data and statistics gateway (htt
ps://www.cdc.gov/niosh/data/).

(https://www.ec.europa.eu/eurostat/web/main/h
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3.2.5. Hand-searching and expert consultation
We hand searched for potentially eligible studies in:

e Reference lists of previous systematic reviews.

e Reference lists of all included study records.

e Study records published over the previous 24 months in the three
peer-reviewed academic journals from which we obtained the largest
number of included studies.

o Study records that have cited an included study record (identified in
the Web of Science citation database).

e Collections of the review authors.

Additional experts were contacted with a list of included studies,
with the request to identify potentially eligible additional studies.

3.2.6. National information searches

Review authors from four national government agencies conducted
searches of national and local bibliographic and grey literature data-
bases for their countries (Bulgaria, People’s Republic of China, South
Africa, and Thailand) in their national language or languages:

e National Center of Public Health and Analyses, Ministry of Health,
Bulgaria.

e National Institute for Occupational Health and Poison Control, Chi-
nese Center for Disease Control and Prevention, People’s Republic of
China.

e National Institute for Occupational Health, South Africa.

o International Health Policy Program, Ministry of Public Health,
Thailand.

3.3. Selected studies

Study selection was carried out with the Systematic Review tool
Covidence (https://www.covidence.org). All study records identified in
the search were downloaded to Endnote, and then duplicates were
identified and deleted. Afterwards, at least two review authors inde-
pendently screened titles and abstracts (step 1) and then full texts (step
2) of potentially relevant records. A third review author resolved dis-
agreements between the two review authors. If a study record identified
in the literature search was authored by a review author assigned to
study selection or if an assigned review author was involved in the study,
then the record was re-assigned to another review author for study se-
lection. In the systematic review, the study selection process was
documented in a flow chart, as per GATHER guidelines (Stevens et al.
2016).

3.4. Eligibility criteria
The population and exposure criteria are described below.

3.4.1. Types of populations

We included studies of working-age (> 15 years) workers in the
formal or informal economy. Studies of children (aged < 15 years) and
unpaid domestic workers were excluded. Participants residing in any
WHO Member and/or ILO member State and workers in any industrial
sector and occupation were included.

3.4.2. Types of exposures

We included studies that define occupational exposure to dusts and/
or fibres in accordance with our standard definition (Table 1). For
pneumoconiosis, cumulative exposure is the most biologically relevant
exposure metric, but we also considered a non-cumulative exposure
metric when insufficient cumulative exposure data were available to
enable burden of disease estimation. We reviewed evidence separately
for dusts and/or fibres from (i) asbestos, (ii) silica and (iii) coal dust. We
included studies with direct or indirect information on the prevalences

Environment International 178 (2023) 107980

and levels of occupational exposure to the respective risk factor, possibly
disaggregated by country, sex (two categories: female, male), age group
(ideally in 5-year age bands, such as 20-24 years) and industrial sector
(e.g. International Standard Industrial Classification of All Economic
Activities, Revision 4 [ISIC Rev.4] (United Nations 2008) or occupation
(as defined, for example, by the International Standard Classification of
Occupations 1988 [ISCO-88] (International Labour Organization 1988)
or 2008 [ISCO-08] (International Labour Organization 2012). To be
included, studies should as a minimum present data disaggregated by
Country and Industry/Occupation. We included studies with exposure
data for the years 1960 to June 2018. We included only studies with
objective measurements of occupational exposure to eligible dusts and/
or fibres, such as quantitative samples of dusts and/or fibres collected by
an expert using appropriate technologies. Subjective measures were
excluded, such as self-reports from workers, workplace administrators
or managers. We included studies with measures from any data source,
including registry data.
The eligible exposure measures of this systematic review were:

. Prevalence of any occupational exposure to silica

. Level of occupational exposure to silica among exposed workers

. Prevalence of any occupational exposure to asbestos

. Level of occupational exposure to asbestos among exposed workers
. Prevalence of any occupational exposure to coal dust

. Level of occupational exposure to coal dust among exposed workers

U A WN -

3.4.3. Types of studies

We included quantitative studies of any design. These studies were
judged to be informative of the relevant industrial sector, occupational
group or national population. We excluded qualitative, modelling and
case studies, as well as non-original studies without quantitative data (e.
g. letters, commentaries and perspectives). Records written in any lan-
guage were included. If a record was written in a language other than
those spoken by the authors of this review or those of other reviews
(Descatha et al. 2018; Godderis et al. 2018; Li et al. 2018; Mandrioli
et al. 2018; Hulshof et al. 2019; Paulo et al. 2019; Rugulies et al. 2019;
Teixeira et al. 2019; Tenkate et al. 2019; Descatha et al. 2020; Li et al.
2020; Pega et al. 2020b; Hulshof et al. 2021b; Hulshof et al. 2021a;
Pachito et al. 2021; Rugulies et al. 2021; Teixeira et al. 2021b; Teixeira
et al. 2021a; World Health Organization 2021; Loomis et al. 2022) in the
series (i.e. Arabic, Bulgarian, Chinese, Danish, Dutch, English, French,
Finnish, German, Hungarian, Italian, Japanese, Norwegian, Portuguese,
Russian, Thai, Spanish, and Swedish), then the record was translated
into English. Published and unpublished studies were included. Studies
conducted using unethical practices were excluded from the review (e.
g., studies that deliberately exposed humans to a known risk factor to
human health); none were however found.

3.4.4. Types of prevalence and level measures

We included studies with a direct or indirect measure of exposure
prevalence and/or exposure level.

Exposure can be defined as contact between an agent and a target.
Contact takes place at an exposure surface over an exposure period
(ES21 Federal Working Group on Exposure Science 2015) The preva-
lence (as here defined) is usually measured as the number of exposed
persons (numerator) divided by the total number of persons (i.e., un-
exposed persons plus exposed persons) (denominator). It is usually re-
ported in percentage points.

The exposure level is measured in the unit milligram per cubic meter
(mg/ms) for silica and coal dust and in fibre per millilitre (f/ml) for
asbestos.

3.5. Extracted data

WHO and ILO developed a standard data extraction sheet and all
data extractors piloted this sheet until there was convergence and
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Records identified through database
searching
(n=12,207)

Records after duplicates removed
(n=13,329)

Records screened
(n=13,329)

Full-text articles assessed for
eligibility
(n=1592)

Records included in qualitative synthesis
(n=96)

Silica (records n = 73; studies n = 65)
Asbestos (records n = 18; studies n = 18)
Coal dust (records n = 9; studies n = 8)

Records included in quantitative synthesis
(prevalence and/or level)
(n=92)

Silica (records n = 69; studies n = 61)
Asbestos (recordsn = 18; studies n = 18)
Coal dust (recordsn = 9; studies n = 8)

Environment International 178 (2023) 107980

Additional records identified through other

sources
(n=2,578)

Records excluded
(n=12,737)

Full-text articles excluded
(n=496)

e 95 No quantitative exposure
data reported

e 114 Ineligible setting

e 06 Ineligible study type

e 56 Duplicates

e 48 Data already included

e 49 Ineligible exposure

e 10 Fewer than ten
measurements

e 9 Data before 1960

e 31 Not representative, too
specific tasks

e 18 Not available

Fig. 1. Flow diagram of study selection.



Table 2
Characteristics of included studies, Prevalence and level of occupational exposure to silica.
Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 1SCO-08
participants
Andersson 2009 ( Manufacturing (prevalence 2333 1691 Unclear Sweden National Manual iron foundries 24 Manufacture of Unclear
Andersson et al. and level) workers in Sweden basic metals
2009; Andersson
et al. 2012)
Archer 2002 (Archer Crop and animal production ~ 37 27 Unclear United States Regional Manual crop farm 01 Crop and 9211 Unclear
et al. 2002) (prevalence and level) of America workers in North animal production,
Carolina hunting and
related service
activities
Azari 2009 (Azari Construction (prevalence 194 Unclear Iran (Islamic Local Exposed manual 08 Other mining Unclear
et al., 2009) and level); Manufacturing Republic of) workers from various and quarrying
(prevalence and level); industries in Tehran,
Mining (prevalence and Iran (Islamic Republic
level) of)
40 08 Other mining and Unclear
quarrying
20 24 Manufacture of Unclear
basic metals
20 42 Civil engineering Unclear
20 41 Construction of Unclear
buildings
80 23 Manufacture of Unclear
other non-metallic
mineral products
14 32 Other Unclear
manufacturing
Bakke 2001 (Bakke Construction (prevalence 386 209 0 Norway National Manual tunnel 42 Civil 8113 Unclear
et al. 2001) and level) construction workers in  engineering
Norway
Bakke 2014 (Bakke Construction (prevalence 162 209 0 Norway National Manual tunnel 42 Civil 8113 Unclear
et al. 2014) and level) construction workers in  engineering
Norway
Carneiro 2017 ( Manufacturing (prevalence 50 0 Brazil Region Semi-precious stone 23 Manufacture of 7549 Nonsilicotics:
Carneiro et al. and level) craftsmen in Minas other non-metallic Median 30, Range
2017) Gerais, Brazil mineral products 17-62. Silicotics:
Median 34, Range:
25-56
Chen 2012 (Chen Manufacturing (prevalence 10,514 China National
et al. 2012) and level); Mining 1,388,085 59,743 Manual metal mine 07 Mining of metal 8111 Unclear
(prevalence and level) workers in China ores
782,644 59,743 Manual metal mine 07 Mining of metal 8111 Unclear
workers in China ores
357 14,297 Manual pottery workers 23 Manufacture of 9329 Unclear
in China other non-metallic
mineral products
867 14,297 Manual pottery workers 23 Manufacture of 9329 Unclear
in China other non-metallic

mineral products

(continued on next page)
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Table 2 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 ISCO-08
participants
Chen 2007 (Chen Manufacturing (prevalence) 64 Unclear Taiwan, China Region Manual refractory 23 Manufacture of 9329 Unclear
et al. 2007) workers in Taiwan, other non-metallic
China mineral products
Churchyard 2004 ( Mining (prevalence and 506 112 Unclear South Africa Local Manual work 07 Mining of metal ~ 8111 Above 40
Churchyard et al. level) goldminers in South ores
2004) Africa
Dion 2005 (Dion Manufacturing (prevalence) 28 48 Unclear Canada Region Manual workers in 20 Manufacture of 9329 Unclear
et al. 2005) silicon carbide chemicals and
production plants in chemical products
Canada
Estellita 2010 ( Manufacturing Brazil Region Unclear
Estellita 2010) (prevalence); Mining 78 0 Manual granite shop 23 Manufacture of 9329
(prevalence) workers in Brazil other non-metallic
mineral products
14 0 Manual granite minersin 08 Other miningand ~ 8111
Brazil quarrying
Flanagan 2006 ( 1374 Unclear United States National Manual construction 41 Construction of 9313 Unclear
Flanagan et al. of America workers in the United buildings
2006) States of America
Foreland 2008 ( Manufacturing (prevalence 680 250 Unclear Norway National Manual silicon carbide 23 Manufacture of 9329 Unclear
Fgreland et al. and level) workers in Norway other non-metallic
2008) mineral products
Fulekar 1999 ( Unclear India Region Quartz manufacturing 23 Manufacture of 9329 Unclear
Fulekar 1999) industry workers in other non-metallic
India mineral products
Galea 2016 (Galea Construction (level) 49 25 Unclear United Local Manual tunnel workers 42 Civil 2146 Unclear
et al. 2016) Kingdom of in London, the United engineering
Great Britain Kingdom of Great
and Northern Britain and Northern
Ireland Ireland
Golbabaei 2004 ( Mining (prevalence) 60 18 0 Iran (Islamic Local Manual stone quarry 08 Other mining 9311 Various age
Golbabaei et al. Republic of) workers in Iran (Islamic ~ and quarrying groups: mean 31
2004) Republic of)
Gottesfeld 2015 ( Mining (prevalence and 11 27 Unclear United Region Manual artisanal small- 07 Mining of metal ~ 9311 Unclear
Gottesfeld et al. level) Republic of Scale Gold Mining in ores
2015) Tanzania the United Republic of
Tanzania
Green 2008 (Green Mining (prevalence) 79 19 samples India Region Manual young workers 08 Other mining 7113 Unclear
et al. 2008) in stone crushing sites and quarrying
in India
Grove 2014 (Grové 42 Unclear South Africa National Manual coal mine 05 Mining of coal 9311 Unclear
et al. 2014) workers in South Africa and lignite
Guenel 1989 (Guénel Construction (prevalence); Denmark National 42 Civil Unclear
et al. 1989) Manufacturing (prevalence) engineering
87 Unclear Manual road workers in 42 Civil 9311
Denmark engineering
21 Unclear Manual stone cutters in 23 Manufacture of 9311 Unclear

Denmark

other non-metallic
mineral products

(continued on next page)
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Table 2 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 1SCO-08
participants
Hammond 2016 ( Construction (prevalence 42 Unclear United States Region Manual asphalt 42 Civil 9313 Unclear
Hammond et al. and level) of America pavement milling in the  engineering
2016) United States of
America
Hayumbu 2008 ( Mining (prevalence) 203 Unclear Zambia Region Manual copper mine 07 Mining of metal ~ 9311 Unclear
Hayumbu et al. workers in Zambia ores
2008)
Healy 2014 (Healy Manufacturing (prevalence) 103 Unclear Ireland National Manual stone-workers 23 Manufacture of 7113 Unclear
et al. 2014) involved in stone other non-metallic
restoration work in mineral products
Ireland
Hicks 2006 (Hicks Electricity, gas, steam and 108 Unclear United States Unclear Manual coal power 35 Electricity, gas, 3131 Unclear
and Yager 2006) air conditioning supply of America plant workers in the steam and air
(prevalence) United States of conditioning
America supply
Huizer 2010 (Huizer Construction (prevalence) 22 unclear Netherlands National Teachers and students 43 Specialized 7112 Unclear
et al. 2010) in Bricklaying construction
Vocational Training activities
Centers in the
Netherlands
Khoza 2012 (Khoza Construction (prevalence Unclear South Africa Region Manual non-mining Unclear
2012) and level); Manufacturing industry workers in
(prevalence and level) South Africa
54 Foundry workers in 24 Manufacture of 3135
South Africa basic metals
95 Unclear South Africa Region Sandstone/sandblasting 23 Manufacture of
workers in South Africa other non-metallic
mineral products
49 Unclear South Africa Region Construction workers in 41 Construction of 9313
South Africa buildings
108 Unclear South Africa Region Ceramics/potteries/ 32 Other 8181
refractories workers in manufacturing
South Africa
95 Unclear South Africa Region Sandstone/sandblasting 23 Manufacture of
workers South Africa other non-metallic
mineral products
108 Unclear South Africa Region Ceramics/potteries/ 32 Other 8181
refractories workers in manufacturing
South Africa
Kim 2002 (Kim et al. Professional, scientific and 41 60 0 Republic of Region Manual dental 74 Other 3251 Mean 36, SD 5.9
2002) technical activities (level) Korea technician in the professional,
Republic of Korea scientific and
technical activities
Koo 2000 (Koo et al.,  Manufacturing (prevalence) 22 209 0 Republic of Region Manual Foundry 24 Manufacture of 3135 Unclear
2000) Korea workers in the Republic ~ basic metals
of Korea
Kreiss 1996 (Kreiss Mining (level) 484 Unclear United States Local Manual mine workers 07 Mining of metal ~ 9311 Unclear

and Zhen 1996)

of America

in Colorado, the United
States of America

ores

(continued on next page)
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Table 2 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 ISCO-08
participants
Kullman 1995 ( Mining (prevalence and 559 874 Unclear United States National Manual workers in 08 Other mining 8111 Unclear
Kullman et al. level) of America American stone mining  and quarrying
1995) and milling operations
Lee 2014 (Lee 2014) Mining (prevalence) 14 Unclear Republic of Region Manual stone workers 08 Other mining 7113 Unclear
Korea in construction industry ~ and quarrying
in the Republic of Korea
Linch 2002 (Linch Construction (prevalence) 45 Unclear United States Regions Manual construction 41 Construction of 9313 Unclear
2002) of America workers in the United buildings
States of America
Love 1997 (Love Mining (prevalence) 626 1249 25 United National Manual workers in 08 Other mining 9311 Unclear
et al. 1997) Kingdom of opencast coalmining in and quarrying
Great Britain the United Kingdom of
and Northern Great Britain and
Ireland Northern Ireland
Love 1999 (Love Heavy clay industry 1403 1925 Unclear United National Workers in the heavy 23 Manufacture of Various Unclear
et al. 1999) (prevalence) Kingdom of clay industry in the other non-metallic
Great Britain United Kingdom of mineral products
and Northern Great Britain and
Ireland Northern Ireland
Mamuya 2006 ( Mining (prevalence and 173 0 United Region Manual coal mine 08 Other mining 9311 Unclear
Mamuya et al. level) Republic of workers in the United and quarrying
2006b; Mamuya Tanzania Republic of Tanzania
et al. 2006a)
Nieuwenhuijsen Crop and animal production 144 Unclear United States Region Manual farmers in 01 Crop and 6330 Unclear
1999 ( (prevalence) of America California, the United animal production,
Nieuwenhuijsen States of America hunting and
et al. 1999) related service
activities
Nij 2003 (Tjoe Nij Construction (prevalence 61 Unclear Netherlands National Manual building 41 Construction of 9313 30-34 years
et al. 2003; Tjoe and level) construction workers in buildings
Nij et al. 2004) the Netherlands
Normohammadi Construction (prevalence 60 Unclear Iran (Islamic Region Manual demolition 43 Specialized 9313 25-29 years
2016 ( and level) Republic of) workers in Iran (Islamic ~ construction
Normohammadi Republic of) activities
et al. 2016)
Omidianidost 2015 ( Manufacturing (prevalence) 80 Unclear Iran (Islamic Local Manual foundry 24 Manufacture of 7211 Unclear
Omidianidost et al. Republic of) workers in Iran (Islamic ~ basic metals
2015; Republic of)
Omidianidost et al.
2016)
Oudyk 1995 (Oudyk Manufacturing (prevalence 1038 Unclear Canada Unclear Manual ferrous 24 Manufacture of 7221 Unclear
1995) and level) foundries workers in basic metals
Ontario, Canada
Pandey 2017 ( Mining (prevalence) 69 Unclear India Region. Manual coal miners in 05 Mining of coal 8111 Unclear
Pandey 2017) Jharia, India and lignite
Peters 2017 (Peters Mining (prevalence and Unclear Australia Region Mine workers in 07 Mining of metal ~ 9311 Unclear
et al. 2017) level) Australia including ores
administrative workers
11,084
13,672
9180

(continued on next page)
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Table 2 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 1SCO-08
participants
13,624
16,379
15,506
Radnoff 2014 ( Construction (prevalence Unclear Canada Region Manual cement plant, Unclear
Radnoff et al. and level); Manufacturing sand and mineral, lime
2014; Radnoff and (prevalence and level); stone workers in
Kutz 2014) Mining (prevalence and Alberta, Canada
level); Electricity, gas, 44 24 Manufacture of
steam and air conditioning basic metals
supply (prevalence and 23 32 Other
level) manufacturing
28 35 Electricity, gas,
steam and air
conditioning supply
16 23 Manufacture of
other non-metallic
mineral products
78 08 Other mining and
quarrying
44 41 Construction of
buildings
24 42 Civil engineering
10 43 Specialized
construction
activities
Rando 2001 (Rando Mining (level) 14,249 Unclear United States Region Manual industrial sand 08 Other mining 9311 Unclear
et al. 2001) of America workers in the United and quarrying
States of America
Rappaport 2003 ( Construction (prevalence Unclear United States Region Unclear
Rappaport et al. and level); Professional, of America
2003) scientific and technical 14 12 Painters in the United 43 Specialized 7131
activities (level) States of America construction
construction industry activities
11 8 Bricklayers in the United 43 Specialized 7112
States of America construction
construction industry activities
46 23 Engineers in the United 71 Architectural 3123
States of America and engineering
construction industry activities; technical
testing and analysis
80 37 Construction workers in 41 Construction of 9313
the United States of buildings
America construction
industry
Rees 1992 (Rees Manufacturing (prevalence) 12 43 Unclear South Africa Local Manual pottery 23 Manufacture of 7314 Unclear
et al. 1992) workers in South Africa other non-metallic
mineral products
Rokni 2016 (Rokni Manufacturing (prevalence Unclear Iran (Islamic Region Manual workers from 83% between 20

2016)

and level); Mining
(prevalence and level)

Republic of)

different industries in
Iran (Islamic Republic

of)

and 40

(continued on next page)
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Table 2 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 ISCO-08
participants
12 Unclear Foundry workers in Iran 24 Manufacture of 8121
(Islamic Republic of) basic metals
12 Unclear Brick manufacturing 23 Manufacture of 9329
workers in Iran (Islamic other non-metallic
Republic of) mineral products
12 Unclear Sand and gravel mining 08 Other miningand ~ 8111
workers in Iran (Islamic quarrying
Republic of)
12 Unclear Asphalt manufacturing 23 Manufacture of 8111
workers in Iran (Islamic other non-metallic
Republic of) mineral products
12 Unclear Sandblasters in Iran 23 Manufacture of 8111
other non-metallic
mineral products
12 Unclear Ceramic manufacturing 32 Other 8111
workers in Iran manufacturing
12 Unclear Stone cutters and millers 23 Manufacture of 7113
in Iran other non-metallic
mineral products
12 Unclear Glass manufacturing 32 Other 7315
workers in Iran manufacturing
Saiyed 1995 (Saiyed Manufacturing (prevalence) 292 Unclear India Region Manual pottery 32 Other 7314 Mean 33, SD 10.2
et al. 1995) workers in India manufacturing
Sanderson 2000 ( Mining (prevalence and Unclear United States Region Manual industrial sand 08 Other mining 9311 Unclear
Sanderson et al. level) of America workers in the United and quarrying
2000) States of America
1278 Industrial sand workers
in the United States of
America
1299 Industrial sand workers
in the United States of
America
680 Industrial sand workers
in the United States of
America
1012 Industrial sand workers
in the United States of
America
Sayler 2018 (Sayler Manufacturing (prevalence 46 0 Thailand Region Manual stone 23 Manufacture of 8112 Mean: 39, SD: 10
et al. 2018) and level) processors in Thailand other non-metallic
mineral products
Scarselli 2014 ( Construction (level); Unclear Italy National Manual workers from Unclear
Scarselli et al. Manufacturing (prevalence different industries in
2014) and level) Italy
315 Manufacture nonmetallic 23 Manufacture of
mineral product workers other non-metallic
in Italy mineral products
181 Manufacture basic metal 24 Manufacture of
workers in Italy basic metals
217 Manufacture furniture 31 Manufacture of

workers in Italy

furniture

(continued on next page)
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Table 2 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 1SCO-08
participants
505 Construction workers in 41 Construction of
Italy buildings
Siltanen 1976 ( Manufacturing (prevalence) 1,639 4,316 Unclear Finland National Manual foundry 24 Manufacture of Unclear
Siltanen et al. workers in Finland basic metals
1976)
Swanepoel 2011 ( Crop and animal production =~ 298 unclear South Africa Region Manual Farmers in 01 Crop and Unclear
Swanepoel et al. (prevalence and level) South Africa animal production,
2011; Swanepoel hunting and
et al. 2018) related service
activities
Tavakol 2017 ( Construction (prevalence 85 Unclear Iran (Islamic National Manual construction 41 Construction of 9313; 3123 Mean 32
Tavakol et al. and level) Republic of) workers in Iran (Islamic buildings
2017) Republic of)
Ulvestad 2000 ( Construction (prevalence 339 193 0 Norway National Manual construction 42 Civil 7119 Unclear
Ulvestad et al. and level) workers in Norway engineering
2000)
Ulvestad 2001a ( Construction (prevalence 226 86 0 Norway National Manual construction 42 Civil 7119 Unclear
Ulvestad et al. and level) workers in Norway engineering
2001a; Ulvestad
et al. 2001b)
van Deurssen 2014 ( Construction (prevalence 149 116 0 Netherlands Other Manual construction 41 Construction of 9313 35-39 years
van Deurssen et al.  and level) workers in the buildings
2014; van Netherlands
Deurssen et al.
2015)
Verma 2014 (Verma Mining (prevalence and 277 Unclear Canada Local Manual gold miners in 07 Mining of metal ~ 8111 Unclear
et al. 2014) level) Ontario, Canada ores
Wang 2015 (Wang Manufacturing (prevalence) 2123 3129 Unclear China Region Manual workers in Unclear
et al. 2015) different industries in
China
20 Manufacture of
chemicals and
chemical products
23 Manufacture of
other non-metallic
mineral products
25 Manufacture of
fabricated metal
products, except
machinery and
equipment
27 Manufacture of
electrical equipment
24 Manufacture of
basic metals
32 Other
manufacturing
Watts 2012 (Watts Mining (level) Unclear United States National Manual workers in Unclear

et al. 2012)

of America

different industries in
the United States of
America
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Table 2 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 1SCO-08
participants
3025 Metal mining workers in 07 Mining of metal 9311
the United States of ores
America
1173 Unclear Metal mining workers in 07 Mining of metal 9311
the United States of ores
America
10,674 Unclear Stone mine workersinthe 08 Other mining and 9311
United States of America  quarrying
5102 Unclear Stone mine workersinthe 08 Other miningand ~ 9311
United States of America  quarrying
10,753 Unclear Crushed limestone 08 Other miningand ~ 9311
workers in the United quarrying
States of America
4711 Unclear Crushed limestone 08 Other miningand 9311
workers in the United quarrying
States of America
16,560 Unclear Sand and gravel workers 08 Other mining and 9311
in the United States of quarrying
America
6571 Unclear Sand and gravel workers 08 Other miningand 9311
in the United States of quarrying
America
3412 Unclear United States of ~ National Nonmetal miners in the 08 Other miningand ~ 9311 Unclear
America United States of America  quarrying
1192 Unclear United States of ~ National Nonmetal miners in the 08 Other miningand ~ 9311 Unclear
America United States of America  quarrying
Weeks 2006 (Weeks Mining (prevalence and 16,207 Unclear United States National Manual metal and non- 07 Mining of metal ~ 9311 Unclear
and Rose 2006) level) of America metal minors in the ores
United States of
America
Woskie 2002 ( Construction (prevalence) 260 Unclear United States Unclear Manual heavy and 43 Specialized 9313 Unclear
Woskie et al. 2002) of America highway construction construction
in the United States of activities
America
Yassin 2005 (Yassin Construction (level); United States Manual workers from Unclear
et al. 2005) Manufacturing (level); of America different industries in
Mining (level) the United States of
America
405 Unclear Stoner cutters in the 08 Other miningand ~ 7113 Unclear
United States of America  quarrying
91 Unclear Tunnel construction 42 Civil engineering 7113 Unclear
workers in the United
States of America
1760 Unclear Iron foundries workers in 24 Manufacture of 8121 Unclear
United States of America  basic metals
Yingratanasuk 2002 Mining (prevalence) 148 97 33 Thailand Local Manual Stone Carvers 08 Other mining 7113 Mean 33
(Yingratanasuk in Thailand and quarrying
et al. 2002)
Zarei 2017 (Zarei Manufacturing (prevalence 55 0 Iran (Islamic Local Manual Foundry 24 Manufacture of 7214 Mean 32, SD 6.9

et al. 2017)

and level)

Republic of)

workers in Iran (Islamic
Republic of)

basic metals
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Table 2 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age distribution
estimate type measurements participants female location ISIC-4 1SCO-08
participants
Zhuang 2001 ( Manufacturing (prevalence China National Manual mine and Unclear
Zhuang et al. and level); Mining (level) pottery workers in
2001) China
56 Unclear Tungsten miners in China 07 Mining of metal 9311
ores
54 Unclear Pottery workers in China 23 Manufacture of 7314
other non-metallic
mineral products
10 Unclear Tin miners in China 07 Mining of metal 9311
ores
23 Unclear Iron/copper miners in 07 Mining of metal 9311
China ores
Study Study type Exposure assessment
Study ID Study design Study period Exposure Unit for Mode of Exposure Type of Dates Shortest Levels/ Potential co-
definition which exposure data assessment exposure covered by and intensity of exposure with
exposure collection methods measure exposure longest exposure other
was or assessment exposure occupational
assessed estimate (years) period risk factors
Andersson 2009 ( Measurement data from 1968-May 2006 Breathing zone Individual Technical Active filter Prevalence 1968-2006 Unclear AM: 0.084 mg/ Unclear
Andersson et al. 1968 to 2006 respirable silica, level device for sampling with m®, Median:
2009; Andersson mg/m3. Exposed: recent years; cyclone, X-ray 0.030 mg/m3,
et al. 2012) Above LOQ administrative diffraction GM (GSD) 0.034
records for past mg/m® (3.1)
years.
Adjustments
made.
Archer 2002 ( Cross-sectional study May-November Breathing zone Individual Technical Active filter Prevalence 1999 Unclear AM (SD) 0.66 Unclear
Archer et al. 1999 respirable silica, level device sampling with (1.56) mg/m®
2002) mg/m>, 4 h TWA. cyclone, X-ray
Exposed: Above diffraction
LOD
Azari 2009 (Azari Cross-sectional study Unclear Breathing zone Individual Technical Active filter Prevalence  Unclear Unclear None
et al., 2009) respirable silica, level device sampling with

mg/m®. Exposed:
above lowest
exposure category

cyclone, IAS

Stone cutting and
milling: GM 0.275
(95% CI 0.191 —
0.397) mg/m>;
Sand and gravel
mining: GM 0.261
(95% CI 0.184 —
0.372) mg/m®
Foundry work:
0.343 (0.231 -
0.510) mg/m®
Asphalt
preparation:

(continued on next page)
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Table 2 (continued)

Study

Study type

Exposure assessment

Bakke 2001 (Bakke
et al. 2001)

Bakke 2014 (Bakke
et al. 2014)

Carneiro 2017 (
Carneiro et al.
2017)

Chen 2012 (Chen
et al. 2012)

Chen 2007 (Chen
et al. 2007)

Cross-sectional study

Case-control study

Cross-sectional study

Measurement data from
1960 to 1980
Measurement data from
1981 to 2000
Measurement data from
1960 to 1980
Measurement data from
1981 to 2000
Cross-sectional study

June 1996-July
1999

June 1996- July
1999

January
2006-November
2015

1960-1980
1981-2000
1960-1980
1981-2000

Unclear

Breathing zone
respirable silica,
mg/m°. Exposed:
Above LOD

Breathing zone
respirable silica,
mg/m?>. Exposed:
Above LOD

Breathing zone
respirable
crystalline silica,
mg/m?>. Exposed:
Above LOD
Stationary
measurements,
total dust
converted to
respirable silica
dust by a
conversion factor.
Exposure
definition unclear

Breathing zone
respirable
crystalline silica,
mg/m>. Exposure
definition unclear

Individual
level

Individual
level

Individual
level

Group
level

Group
level

Technical
device

Technical
device

Technical
device

Technical
device

Technical
device

Active filter Prevalence
sampling with
cyclone, X-ray

diffraction

Active filter Prevalence
sampling, X-ray

diffraction

Active filter Prevalence
sampling with
cyclone, X-ray

diffraction

Active filter
sampling
conversion
factor from
paired side-by-
side
measurements.
Exposed: from

Prevalence

numbers in the
paper

Active filter Prevalence
sampling with

cyclone, IS

1996-1999

1996-1997

2006-2015

1960-1980

1981-2000

1960-1980

1981-2000

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

0.267 (0.131 -
0.369) mg/m’
Construction:
0.193 (0.124 -
0.301) mg/m*®
Unclear

Sand blasting: GM
0.272 (95% CI
0.172 - 0.429)
mg/m®

AM: 0.13 mg/m>
GM (GSD) 0.035
(5.0)

AM: 0.127 mg/
m>. GM: 0.063
(GSD 3.3).10-90
percentile
0.0016-0.267
AM 0.47 (95% C.
1.0.39-0.61) mg/
m°. Range
0.07-2.3 mg/m3

GM (GSD) 0.057
mg/m> (2.54)
GM (GSD) 0.032
mg/m® (2.51)
GM (GSD) 0.184
mg/m’ (2.112)
GM (GSD) 0.092
mg/m® (2.072)
0.22-0.68 mg/

m3

VOC; Oil mist;
Oil vapour;
Formaldehyde;
Nitrogen
dioxide; Carbon
monoxide;
Carbon dioxide;
Ammonia;
Elemental
carbon

Unclear

Unclear

Unclear

Unclear
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Table 2 (continued)

Study

Study type

Exposure assessment

Churchyard 2004 (
Churchyard et al.

2004)

Dion 2005 (Dion
et al. 2005)

Estellita 2010 (
Estellita 2010)

Flanagan 2006 (
Flanagan et al.
2006)

Foreland 2008 (
Fgreland et al.
2008)

Fulekar 1999 (
Fulekar 1999)

Galea 2016 (Galea
et al. 2016)

Golbabaei 2004 (
Golbabaei et al.
2004)

Gottesfeld 2015 (
Gottesfeld et al.
2015)

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

November 2000—
March 2001

July 2000

Unclear

1992-2002

November 2002—

December 2003

Unclear

Unclear

Unclear

2014

Breathing zone
respirable
crystalline silica,
mg/m®, 8 h TWA.
Exposure
definition:“90%
of subjects
between 0.029
and 0.075 mg/
m3’

Breathing zone
respirable
crystalline silica,
mg/m?>. Exposed:
Above LOD
Breathing zone
respirable
crystalline silica,
mg/m?>. Exposed:
Above LOD

Silica, mg/m®.
Exposure
definition unclear

Breathing zone
respirable
crystalline silica,
mg/m®. Exposed:
above LOD.

Breathing zone
respirable dust in
mg/m°; percent
quartz assessed.
Exposed: above
LOD

Breathing zone
respirable
crystalline silica,
mg/m3. Exposure
definition unclear

Breathing zone
respirable
crystalline silica,
mg/m°. Exposed:
above LOD
Breathing zone
respirable
crystalline silica,

Group
level

Group
level

Individual
level

Individual
level

Individual

level

Individual
level

Individual
level

Individual
level

Individual
level

Technical
device

Technical
device

Technical
device

Technical
device

Technical

device

Technical
device

Technical
device

Technical
device

Technical
device

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, silica
analysis method
unclear

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter Other
sampling, silica

analysis method

unclear

Silica Other
determined by
standard
methods e.g.
NIOSH, 1998
Active filter Prevalence
sampling with

cyclone, silica

analysis unclear

Active filter Prevalence
sampling with
cyclone, infrared
spectroscopy
and/or X-ray
diffraction.
Active filter
sampling with
cyclone, X-ray
diffraction

Prevalence

Active filter Prevalence

sampling with

Prevalence

Prevalence

Prevalence

2000

1999

1992-2002

2002-2003

Unclear

6 days

Unclear

2014

Unclear

Around 1
month

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

85 min —
7h

AM (SD) 0.05

(0.72) mg/m?>.
Range 0-0.71

mg/m3

Below LOD —
0.16 mg/m*

GM 0.1-0.2 mg/
m3

GM ND-0.1 mg/
m3

GM (GSD) 0.13

mg/m° (5.9)

GM: ND — 0.02
mg/m3

AM 0.76 mg/m°>

GM (GDD) 0.03
mg/m?® (2.59).
Min -max: LOD —
0.24 mg/m3

AM
0.0050-0.057
mg/m?®

AM (SD) 16.9
(8.7) mg/m>

None

Cristobalite at
much lower
levels

Unclear
Unclear

None

Fibres,
Crystalline
Silica, Silicon
Carbide and
Sulphur Dioxide.
Low levels
Unclear

Unclear

None

Unclear

(continued on next page)
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Table 2 (continued)

Study

Study type

Exposure assessment

Green 2008 (Green
et al. 2008)

Grove 2014 (Grové
et al. 2014)

Guenel 1989 (
Guénel et al.
1989)

Hammond 2016 (
Hammond et al.
2016)

Hayumbu 2008 (
Hayumbu et al.
2008)

Healy 2014 (Healy
et al. 2014)

Hicks 2006 (Hicks
and Yager 2006)

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

April 2006

After 2008

1948-1980
1948-1980
Unclear

Unclear

3 years - unclear
when

Unclear

mg/m>. Exposed:
above LOD
Breathing zone
respirable
crystalline silica,
mg/m?>. Exposed:
above LOD

Breathing zone
and area samples
of respirable silica
dust, mg/m?.
Exposed: above
LOD

Before 1970:
number of
respirable
particles/m®.
After 1970:
Breathing zone
respirable
crystalline silica,
mg/m®. Exposed:
Quartz identified
in the sample

Breathing zone
Respirable
Crystalline Silica,
mg/m?>. Exposed:
above LOD

Breathing zone
Respirable
Crystalline Silica,
mg/m°. Exposed:
above LOD
Breathing zone
respirable
crystalline silica,
mg/m®. Exposed:
above LOD
Breathing zone
respirable
crystalline silica,
mg/m3, 8 h TWA.
Exposed: Above
TLV (0.025 mg/
m?)

Group
level

Individual
level

Individual
level

Individual
level

Individual
level

Individual
level

Individual
level

Technical
device

Technical
device

Technical
device

Technical
device

Technical
device

Technical
device

Technical
device

cyclone, X-ray
diffraction
Active filter
sampling with
cyclone direct
reading
photometric
monitors

Active filter
sampling with
cyclone, silica

analysis unclear

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, silica
analysis unclear

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

2006

After 2008

1968-1977
1968-1977
21 days

Unclear

3 years -
unclear
when

Unclear

12h

8 h shift

Unclear
Unclear
7to12h

8 h shift

30-375
min

8-12h

AM 1.09 mg/m*

AM (SD) 0.005.-
0.242 (0-0.331)
mg/m3. Min-max
0.005-0.890
mg/m?

Unclear
Unclear

GM
0.0042-0.0092
mg/m®. AM
0.0049-0.0108
mg/m3. range
ND-0.024 mg/
m3

AM 0.06-0.24
mg/m3 Median
0.04-0.10 mg/
m? range 0-6.9
mg/m3

GM 0.008-0.14
mg/m3

AM 0.048-0.23
mg/m?

(continued on next page)

Domestic PM2.5
concentration:
0.534 mg/m°,
Environmental
respirable dust

concentration:
0.161 mg/m3
Coal dust

Unclear
Unclear
Unclear

Unclear

Unclear

Unclear
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Table 2 (continued)

Study

Exposure assessment

Huizer 2010 (
Huizer et al.
2010)

Khoza 2012 (Khoza
2012)

Kim 2002 (Kim
et al. 2002)

Koo 2000 (Koo
et al., 2000)

Study type

Other non-randomized 2009-2010
intervention study

Cross-sectional study Unclear
Cross-sectional study Unclear
Cross-sectional study Unclear

Breathing zone Individual
respirable level
crystalline silica,

mg/m?>. Exposed:

crystalline silica

idenfified in the

sample

Breathing zone Individual
respirable level
crystalline silica,

mg/m?>. Exposed:

above LOD

Breathing zone Individual
respirable level
crystalline silica,

mg/m°. Exposed:

above LOD
Breathing zone Individual
respirable level

crystalline silica,

Technical
device

Technical
device

Technical
device

Technical
device

Active filter
sampling with
cyclone, IS

Active filter
sampling with
cyclone, IS

Active filter
sampling with
cyclone, IS

Active filter
sampling with
cyclone, IS

Prevalence

Prevalence

Prevalence

Prevalence

2009-2010

Unclear

Unclear

Unclear

Unclear Range ND — Unclear

0.049 mg/m>

3 Unclear
workdays
of 8h

AM (SD) 0.17
(0.31) mg/m’>.
Min-max
0.010-0.662 mg/
m
AM (SD)
0.022-0.656
(0.021-1.247)
mg/m°. Min-max
009-5.772 mg/
me
AM (SD) 0.017
(1.013) mg/m®.
Min-max
0.009-0.062 mg/
m’
AM (SD)
(0.084-0.269
(0.086-0.477)
mg/m®. Min-Max
0.009-0.355 mg/
m?
AM (SD)
0.022-0.656
(0.021-1.247)
mg/m34 Min-max
009-5.772 mg/
m
AM (SD)
(0.084-0.269
(0.086-0.477)
mg/m34 Min-Max
0.009-0.355 mg/
m’

Full-shift AM

0.0065-0.0148

mg/m?> (range

0.0005-0.0510

mg/m3)

GM (GSD) None

0.023-0.079

mg/m3

Unclear

Unclear

(continued on next page)
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Table 2 (continued)

Study

Study type

Exposure assessment

Kreiss 1996 (Kreiss
and Zhen 1996)

Kullman 1995 (
Kullman et al.
1995)

Lee 2014 (Lee 2014)

Linch 2002 (Linch
2002)

Love 1997 (Love
et al. 1997)

Love 1999 (Love
et al. 1999)

Mamuya 2006 (
Mamuya et al.
2006a; Mamuya
et al. 2006b)

Nieuwenhuijsen
1999
(Nieuwenhuijsen
et al. 1999)

Nij 2003 (Tjoe Nij
et al. 2003; Tjoe
Nij et al. 2004)

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

1974-1982

Unclear

Unclear

1992-1998

1990

Before 1999

January— August
2003 and
July-August
2004

April 1995-June
1996

November
1999-December
1999

mg/m>. Exposed:
above LOD

Respirable silica,
mg/m?>. Exposed:
unclear

Breathing zone
respirable
crystalline silica,
mg/m®. Exposed:
above LOD
Breathing zone
respirable
crystalline silica,
mg/m°. Exposed:
Above TLV (0.025
mg/m3)
Breathing zone
respirable
crystalline silica,
mg/m?® 8-hour
TWA. Exposed:
above LOD
Breathing zone
respirable
crystalline silica,
mg/m®. Exposed:
Above LOD
Breathing zone
respirable
crystalline silica,
mg/m°. Exposed:
Above LOD
Breathing zone
respirable
crystalline silica,
mg/m®. Exposed:
Above LOD
Breathing zone
respirable
crystalline silica,
mg/m°. Exposed:
Above LOD

Breathing zone
respirable
crystalline silica,

Individual
level

Individual
level

Individual
level

individual
level

Individual
level

Individual
level

Individual
level

Individual

level

Individual
level

Technical
device

Technical
device

Technical
device

Technical
device

Technical
device

Technical
device

Technical
device

Technical

device

Technical
device

Active filter
sampling, hard
correction factor
between
respirable dust
and silica,
12.3%

Active filter
sampling with
cyclone, IS

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, IS

Active filter
sampling with
cyclone, infrared
spectro-scopy

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

Prevalence

1974-1982

Unclear

Unclear

1992-1998

1990

Unclear

2003-2004

1995-1996

1999

Unclear

Unclear

Unclear

Unclear

Full-shift

Full-shift

Full-shift

Unclear

Full-shift

(1.42-2.81).
Min-max
0.006-0.147
mg/m3

AM (SD) 0.09
(0.12) mg/m3

GM (GSD)
0.04-0.06 mg/
m> (1.62-1.94)

GM 0.043 mg/

m3

Range ND — 10
mg/m3

AM 0.04-0.62
mg/m3 Min-max
0.01-3.8 mg/m®

AM 0.04-0.62
mg/m® Min-max
0.01-0.75 mg/

m3

AM (SD) 0.62
(2.36) mg/m°>
GM (GSD) 0.022
mg/m?> (6.68)

Respirable dust
levels AM
0.03-4.447 mg/
m®) GM (GSD)
0.05-1.65 mg/
m? (1.65-11.81)
18.6% silica in
the dust

GM (GSD) 0.13
mg/m° (5.4). AM
0.4 mg/m3. Min-

None

Asbestos fibres

Unclear

Unclear

Unclear

Unclear

Unclear

endotoxin

None

(continued on next page)
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Table 2 (continued)

Study Study type Exposure assessment
mg/m>. Exposed: cyclone, X-ray Max 0.0016-4.7
Above LOD diffraction mg/m3
Normohammadi Cross-sectional study April 2010-June Breathing zone Individual Technical Active filter Prevalence 2010-2011 Full-shift AM (SD) 0.190 Unclear
2016 ( respirable level device sampling with (0.138) mg/m°.
Normohammadi 2011 crystalline silica, cyclone, IS GM (GSD) 0.132
et al. 2016) mg/m°. Exposed: mg/m°® (2.65)
Above LOD
Omidianidost 2015 Cross-sectional study Unclear Breathing zone Group Technical Active filter Prevalence Unclear Unclear AM (SD) 0.19 Unclear
(Omidianidost total silica, mg/ level device sampling, IS (0.08) mg/m®
et al. 2015; m?>. Exposed:
Omidianidost above LOD
et al. 2016)
Oudyk 1995 (Oudyk  Cross-sectional study 1983-1988 Breathing zone Individual Technical Active filter Prevalence 1983-1988 Unclear AM 0.086 mg/ Unclear
1995) respirable level device sampling with m? GSD 2.95
crystalline silica, cyclone, X-ray
mg/m> diffraction
Pandey 2017 ( Cross-sectional study 2012-2014 Breathing zone Individual Technical Active filter Prevalence 2012-2014 Unclear AM 0.77-6.25 None
Pandey 2017) respirable level device sampling with mg/m®. Min -
crystalline silica, cyclone, IS max 0.027-8.3
mg/m°. Exposed: mg/m?>
above LOD
Peters 2017 (Peters MeasurementMeasurement 1986-2014 Breathing zone Individual Technical Active filter Prevalence 1986-2014 Unclear AM 0.043 mg/ Unclear
et al. 2017) data from 1986 to 2014 respirable level device sampling with m®. GM (GSD)
crystalline silica, cyclone, X-ray 0.011 mg/m®
mg/m®. Exposed: diffraction or IS (4.52)
above LOD
1986-1990 AM 0.101 mg/
m®. GM (GSD)
0.037 mg/m>
(4.06)
1991-1995 AM 0.054 mg/
m>. GM (GSD)
0.017 mg/m>
(3.88)
1996-2000 AM 0.058 mg/
m>. GM (GSD)
0.016 mg/m®
(4.03)
2001-2005 AM 0.031 mg/
m>. GM (GSD)
0.007 mg/m®
(4.46)
2006-2010 AM 0.021 mg/
m>. GM (GSD)
0.006 mg/m®
3.78)
2011-2015 AM 0.016 mg/
m>. GM (GSD)
0.006 mg/m3
(3.3352)
Radnoff 2014a + Cross-sectional study 2009-2013 Breathing zone Group Technical Active filter Prevalence 2009-2013 Unclear GM (GSD) Unclear
2014b (Radnoff respirable level device sampling with 0.007-0.010
et al. 2014) crystalline silica, cyclone, X-ray mg/m>

diffraction

(1.60-2.51) Min-

(continued on next page)
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Table 2 (continued)

Study

Study type

Exposure assessment

Rando 2001 (Rando

et al. 2001)

Rappaport 2003 (
Rappaport et al.
2003)

Rees 1992 (Rees
et al. 1992)

Rokni 2016 (Rokni
2016)

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

1973-1998

April
1992-October
2000

Unclear

Unclear

mg/m>. Exposed:
Above LOD

Breathing zone
respirable
crystalline silica,
mg/m3. Exposed:
Unclear
Breathing zone
respirable
crystalline silica,
mg/m3. Exposed:
above LOD

Breathing zone
respirable
crystalline silica,
mg/m3. Exposed:
above LOD
Breathing zone
respirable
crystalline silica,

Individual
level

Individual
level

Individual
level

Individual
level

Technical
device

Technical
device

Technical
device

Technical
device

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, IS

Prevalence

Prevalence

Prevalence

Prevalence

1973-1998

1992-2000

Unclear

Unclear

Unclear

Unclear

Unclear

<8h

max: 0.003-1.7
mg/m?

GM (GSD) 0.02
mg/m® (4.18)
GM (GSD) 0.02
mg/m° (7.48)
GM (GSD) 0.024
mg/m® (10.17)
GM (GSD) 0.09
mg/m® (2.51)
GM (GSD) 0.048
mg/m® (3.13)
GM (GSD) 0.055
mg/m° (2.79)
GM (GSD) 0.013
mg/m° (2.16)
GM (GSD) 0.027
mg/m® (1.56)
GM (GSD) 0.042
mg/m® (6.5)

Median
(min-max) 0.32
(0.007-14.2)
mg/m®

Median
(min-max) 1.28
(0.26-26.2) mg/
m3

Median
(min-max)
0.075
(0.007-0.800)
mg/m®

Median
(min-max) 0.35
(0.007-5.9) mg/
m3

Median 0.06-0.4
mg/m3

Unclear

Wet dust
suppression

Wet dust
suppression

Wet dust
suppression

Wet dust
suppression

None

(continued on next page)
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Table 2 (continued)

Study Study type

Exposure assessment

Saiyed 1995 (Saiyed
et al. 1995)

Cross-sectional study

Sanderson 2000 (
Sanderson et al.
2000)

Cross-sectional study

Sayler 2018 (Sayler
et al. 2018)

Scarselli 2014 (
Scarselli et al.
2014)

Cross-sectional study

Unclear

1974-1979
1980-1984
1985-1988

1989-1996

May 2015

1996-2012

mg/m3. Exposed:

above LOD
Stationary Group
respirable level

crystalline silica,
mg/m®. Exposed:
above LOD

Breathing zone Individual
respirable level
crystalline silica,

mg/m®. Exposed:

above 0.005 mg/

m3).

Breathing zone Individual
respirable level
crystalline silica,

mg/m°. Exposed:

above LOD

Breathing zone Individual
and area level
respirable

crystalline silica,
mg/m>, 8 h TWA.
Exposed: Above
TLV (0.025 mg/
m®)

Technical
device

Technical
device

Technical
device

Technical
device

Active filter
sampling, Pyro-
phosphoric acid
method for
determining free
silica

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Unclear

Prevalence

Prevalence

Prevalence

Prevalence

Unclear

1974-1979
1980-1984
1985-1988

1989-1996

May 2015

1996-2012

Unclear

Unclear

Unclear

Unclear

Unclear

Full-shift

Full-shift

AM (SD) 0.34
(0.11) mg/m®
AM (SD) 0.19
(0.13) mg/m®
AM (SD) 0.28
(0.10) mg/m®
AM (SD) 0.24
(0.17) mg/m®
AM (SD) 0.31
(0.18) mg/m®
AM (SD) 0.17
(0.065) mg/m>
AM (SD) 0.32
(0.12) mg/m®
AM (SD) 0.13
(009) mg/m®
AM 0.019-8.28 None
mg/m3

Unclear

GM (GSD) 0.051
mg/m® (10.5)
GM (GSD) 0.026
mg/m® (10.2)
GM (GSD) 0.012
mg/m> (9.5)

GM (GSD)
0.0075 mg/m®
9.1

AM 0.0059 mg/ None
m3. GM (GSD)
0.0050 mg/mg®
.7

Unclear

AM 0.053 mg/
m®. GM (95%CI)

(continued on next page)
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Table 2 (continued)

Study

Study type

Exposure assessment

Siltanen 1976 (
Siltanen et al.
1976)

Swanepoel 2011 (
Swanepoel et al.
2011; Swanepoel
et al. 2018)

Tavakol 2017 (
Tavakol et al.
2017)

Ulvestad 2000 (
Ulvestad et al.
2000)

Ulvestad 2001 (
Bakke et al. 2001;
Ulvestad et al.
2001a)

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Case-control study

1972-1974

July
2006-November
2009

Unclear

1996-1999

1996-1999

Breathing zone
and area
respirable
crystalline silica,

mg/m®. Exposed:

crystalline silica
identified in the
sample
Breathing zone
respirable
crystalline silica,

mg/m?>. Exposed:

above LOD
Breathing zone
respirable
crystalline silica,

mg/m®. Exposed:

unclear
Breathing zone
respirable
crystalline silica,
mg/m3.
Unexposed:
Outdoor
construction
workers
Breathing zone
respirable
crystalline silica,
mg/m°.
Unexposed:
Outdoor

Individual
level

Individual

level

Individual
level

Group

level

Individual
level

Technical
device

Technical

device

Technical
device

Technical

device

Technical
device

Dust and
crystalline silica
was separated in
ethyl alcohol by
liquid
sedimentation

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, IS

Active filter
sampling with
cyclone, X-ray
diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Prevalence

Prevalence

Prevalence

Other

Other

1972-1974

2006-2009

Unclear

1996-1999

1996-1999

2-8h

Full-shift

4h

Unclear

Unclear

0.017
(0.015-0.020)
mg/m® GSD
4.203

AM 0.013 mg/
m®. GM (95%CI)
0.007
(0.006-0.008)
mg/m® GSD
2.617

AM 0.037 mg/
m®. GM (95%CI)
0.01
(0.008-0.012)
mg/m3 GSD
4.315

AM 0.057 mg/
m®. GM (95%CI)
0.045
(0.043-0.047)
mg/m® GSD
1.707

AM 0.19-5.26
mg/m?>. Median
0.13-2.10 mg/

mS

AM 0.046 mg/
m>; GM (GDS)
0.031 mg/mg

2.3)

AM (SE) 0.13
mg/m® (0.019)

Tunnelling: AM
0.034 mg/m°.
Outdoor
construction
work: AM 0.003
mg/m>

Drillers: AM
0.044 mg/m3.
Shotcreters: AM
0.019 mg/m>;
Outdoor

Unclear

None

Unclear

None

None

(continued on next page)
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Table 2 (continued)

Study

Study type

Exposure assessment

van Deurssen 2014 (
van Deurssen
et al. 2014; van
Deurssen et al.
2015)

Verma 2014 (Verma
et al. 2014)

Wang 2015 (Wang
et al. 2015)

Watts Jr 2012 (
Watts et al. 2012)

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

November 2011
and February
2012

1978-1979

Unclear

1993-2004
2005-2010
1993-2004
2005-2010
1993-2004
2005-2010
1993-2004
2005-2010
1993-2004

2005-2010

construction
workers
Breathing zone

crystalline silica,
mg/m?>. Exposed:
Above LOD
Breathing zone

crystalline silica,
mg/m®. Exposed:
Above LOD
Respirable dust

concentration
according to the
national standard.
Exposed: unclear -
numbers from
paper

Breathing zone

respirable
crystalline silica,
mg/m®. Exposed:
unclear

Individual
respirable level

Individual
respirable level

Individual
with silica, level

Individual
and area level

Technical
device

Technical
device

Technical
device

Technical

device

Active filter
sampling with
cyclone, IS and
X-ray diffraction

Active filter
sampling with
cyclone, X-ray
diffraction

Quantitative
measurement

Active filter
sampling with
cyclone, X-ray
diffraction

Prevalence

Prevalence

Other

Prevalence

2011-2012

Unclear

Unclear

1993-2004

2005-2010

1993-2004

2005-2010

1993-2004

2005-2010

1993-2004

2005-2010

1993-2004

2005-2010

Unclear

Full-shift

Unclear

Unclear

workers: 0.003
mg/m?

GM (GSD) 0.1
mg /m°® (3.84)
min-max
0.01-1.36 mg/
m3

AM 0.08 mg/m°,
Median 0.04 mg/
m?, Min-max
0.01-0.85

Range 0.04 to
46.7 mg/m*
respirable dust,
silica content not
measured

Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

GM (GSD) 0.039
mg/m°, (2.71)
GM 0.037 mg/
m>, GSD 2.54
GM (GSD) 0.036
mg/m®, (2.75)
GM (GSD) 0.035
mg/m>, (2.58)
GM (GSD) 0.023
mg/m®, (2.39)
GM (GSD) 0.021
mg/m>, (2.36)
GM (GSD) 0.031
mg/m>, (2.57)
GM (GSD) 0.029
mg/m®, (2.47)
GM (GSD) 0.037
mg/m>, (2.70)
GM (GSD) 0.032
mg/m>, (2.53)

(continued on next page)
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Table 2 (continued)
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Study Study type Exposure assessment
Weeks 2006 (Weeks  Cross-sectional study 1998-2002 Breathing zone Individual Technical Active filter Prevalence 1998-2002 AM 0.047 mg/
and Rose 2006) respirable level device sampling with m® GM 0.0272
crystalline silica, cyclone, X-ray mg/m?
mg/m?>. Exposed: diffraction
below 0.05 mg/
m3
Woskie 2002 ( Cross-sectional study June 1994- April Breathing zone Individual Technical Active filter Prevalence 1994-1999 Unclear GM (GSD) Diesel particles
Woskie et al. 1999 respirable level device sampling with 0.007-0.026
2002) crystalline silica, cyclone, IS mg/m® (2.8.5.9)
mg/m°. Exposed:
Above LOD
Yassin 2005 (Yassin Cross-sectional study Breathing zone Individual Technical Active filter Prevalence Unclear Unclear
et al. 2005) respirable level device sampling with
crystalline silica, cyclone, X-ray
mg/m®. Exposed: diffraction
unclear
1988-2003 1988-2003 GM (GSD) 0.091
mg/m® (2.601)
1988-2003 1988-2003 GM (GSD) 0.070
mg/m> (2.289)
1988-2004 1988-2003 Unclear GM (GSD) 0.073
mg/m® (2.404)
Yingratanasuk 2002  Cross-sectional study March Breathing zone Group Technical Active filter Prevalence 2000 Full-shift AM 0.05-0.88 Unclear
(Yingratanasuk 2000-October respirable level device sampling with mg/m>. 95%
et al. 2002) 2000. crystalline silica, cyclone, IS percentile
mg/m?>. Exposed: 0.13-2.12 mg/
Above LOD m?
Zarei 2017 (Zarei Cross-sectional study 2015 Breathing zone Individual Technical Active filter Prevalence 2015 Full-shift AM (SE) 0.25 Formaldehyde,
et al. 2017) respirable level device sampling with (0.05) mg/m?, triethylamine
crystalline silica, cyclone IS Min-max
mg/m?>. Exposed: 0.05-2.40 mg/
Above LOD m®
Zhuang 2001 ( Cross-sectional study 1988-1989 Breathing zone Individual Technical Active filter Prevalence 1988-1989 From 2.3 Unclear
Zhuang et al. respirable level device sampling with to7.5h
2001) crystalline silica, cyclone, X-ray
mg/m?>. Exposed: diffraction
Unclear
AM 0.101 (SD
0.131) mg/m*®
AM (SD) 0.116
(0.199) mg/m®
AM (SD) 0.10
(0.13-0.17) mg/
m3
AM (SD) 0.017
(0.004) mg/m®
Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in N of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Andersson 2009 (Andersson Prevalence Exposed iron foundries workers in 2174 2174 Iron foundries workers in Sweden 2333 159 93%
et al. 2009; Andersson et al. Sweden

2012)

(continued on next page)
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Table 2 (continued)

Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in N of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Archer 2002 (Archer et al. Prevalence Exposed farm workers in North 34 34 Farm workers in North Caroline, the 37 3 92%
2002) Caroline, the United States of America United States of America
Azari 2009 (Azari et al. (2009)) Prevalence Cumulative exposure to crystalline Manual workers from various
silica > 0.99 mg/m>-year in included industries in Iran (Islamic Republic
industries of)
32 32 40 8 79%
16 16 20 4 79%
16 16 20 4 79%
16 16 20 4 79%
63 63 80 17 79%
11 11 14 3 79%
Bakke 2001 (Bakke et al. 2001)  Prevalence Exposed tunnel construction workers 299 299 Tunnel construction workers in 386 87 79%
in Norway Norway
Bakke 2014 (Bakke et al. 2014) Prevalence Exposed tunnel construction workers 151 151 Tunnel construction workers in 162 11 93%
in Norway Norway
Carneiro 2017 (Carneiro et al. Prevalence Exposed stone craftsmen in Brazil 50 50 Stone craftsmen in Brazil 50 0 100%
2017)
Chen 2012 (Chen et al. 2012) Prevalence
Exposed metal mine workers in China 39,925 39,925 Metal mine workers in China 59,743 19,818 67%
Exposed metal mine workers in China 39,925 39,925 Metal mine workers in China 59,743 19,818 67%
Exposed pottery workers in China 9384 9384 Pottery workers in China 14,297 4913 66%
Exposed pottery workers in China 9384 9384 Pottery workers in China 14,297 4913 66%
Chen 2007 (Chen et al. 2007) Prevalence Exposed refractory workers in 36 36 Refractory workers in Taiwan, 64 0 56%
Taiwan, China China
Churchyard 2004 (Churchyard Prevalence Exposed goldminers in South Africa 112 112 Goldminers in South Africa 112 0 100%
et al. 2004)
Dion 2005 (Dion et al. 2005) Prevalence Exposed workers in granite mining in 19 19 Workers in granite mining in 28 9 68%
Canada Canada
Estellita 2010 (Estellita 2010)
Prevalence Exposed granite shop workers in Brazil 73 73 Granite shop workers in Brazil 78 5 94%
Prevalence Exposed granite miners in Brazil 7 7 Granite miners in Brazil 14 7 50%
Flanagan 2006 (Flanagan et al.  Prevalence Exposed construction workers in the Unclear Unclear Construction workers in the United 1374 Unclear
2006) United States of America States of America
Foreland 2008 (Fgreland et al. Prevalence Exposed silicon carbide workers in 408 408 Silicon carbide workers in Norway 680 200 60%
2008) Norway
Fulekar 1999 (Fulekar 1999) Prevalence Exposed quartz manufacturing Unclear Unclear Quartz manufacturing industry Unclear 0 100%
industry workers in India workers in India
Galea 2016- (Galea et al. 2016) Prevalence Exposed tunnel workers in London, < 49 <49 Tunnel workers in London, the 49 Unclear < 100%
the United Kingdom of Great Britain United Kingdom of Great Britain
and Northern Ireland and Northern Ireland
Golbabaei 2004 (Golbabaei Prevalence Exposed stone quarry workers in Iran 60 60 Stone quarry workers in Iran 60 0 100%
et al. 2004) (Islamic Republic of) (Islamic Republic of)
Gottesfeld 2015 (Gottesfeld Prevalence Exposed artisanal Small-Scale Gold 11 11 Artisanal Small-Scale Gold Mining 11 0 100%
et al. 2015) Mining in United Republic of in United Republic of Tanzania
Tanzania
Green 2008 (Green et al. 2008)  Prevalence Exposed workers in stone crushing 79 79 Workers in stone crushing sites in 79 0 100%
sites in India India
Grove 2014 (Grové et al. 2014)  Prevalence Exposed coal miners in South Africa 42 42 Coal miners in South Africa 42 0 100%
Guenel 1989 (Gueénel et al.
1989) Prevalence Exposed road workers in Denmark 80 80 Road workers in Denmark 87 7 91%
Prevalence Exposed stone cutters in Denmark 21 21 Stone cutters in Denmark 21 0 100%

(continued on next page)
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Table 2 (continued)

Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in N of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Hammond 2016 (Hammond Prevalence Exposed Asphalt Pavement Milling in 38 38 Asphalt Pavement Milling in the 42 4 90%
et al. 2016) the United States of America United States of America
Hayumbu 2008 (Hayumbu Prevalence Exposed copper mine workers in 152 152 Copper mine workers in Zambia 203 51 75%
et al. 2008) Zambia
Healy 2014 (Healy et al. 2014)  Prevalence Exposed stone-workers in Ireland 55 55 Stone-workers in Ireland 103 48 53%
Hicks 2006 (Hicks and Yager Prevalence Exposed coal power plant workers in 66 66 Coal power plant workers in the 108 42 61%
2006) the United States of America United States of America
Huizer 2010 (Huizer et al. Prevalence Exposed teachers and students in 10 10 Teachers and students in 22 12 45%
2010) Bricklaying Vocational Training Bricklaying Vocational Training
Centers in the Netherlands Centers in the Netherlands
Khoza 2012 (Khoza 2012) Prevalence Non-mining industry workers in
South Africa
Foundry workers exposed to silica dust 54 54 Foundry workers from South Africa 54 0 100%
in South Africa
Sandstone/sandblasting workers 95 95 Sandstone/sandblasting workers in 95 0 100%
exposed to silica dust in South Africa South Africa
Construction workers exposed to silica 49 49 Construction workers in South Africa 49 0 100%
dust in South Africa
Ceramics/potteries/refractories workers 108 108 Ceramics/potteries/refractories 108 0 100%
exposed to silica dust in South Africa workers in South Africa
Sandstone/sandblasting workers 95 95 Sandstone/sandblasting workers in 95 0 100%
exposed to silica dust in South Africa South Africa
Ceramics/potteries/refractories workers 108 108 Ceramics/potteries/refractories 108 0 100%
exposed to silica dust in South Africa workers in South Africa
Kim 2002 (Kim et al. 2002) Prevalence Exposed dental technicians in the 41 41 Dental technicians in the Republic 41 0 100%
Republic of Korea of Korea
Koo 2000 (Koo (2000) Prevalence Exposed foundry workers in the 22 209 Foundry workers in the Republic of =~ 22 0 100%
Republic of Korea Korea
Kreiss 1996 (Kreiss and Zhen Prevalence Exposed miners in Colorado, the Unclear Unclear Miners in Colorado, the United 484 Unclear
1996) United States of America States of America
Kullman 1995 (Kullman et al. Prevalence Exposed Workers in American stone 196 196 Workers in American stone mining 559 363 35%
1995) mining and milling operations and milling operations
Lee 2014 (Lee 2014) Prevalence Exposed stone workers in the 10 10 Stone workers in the construction 14 4 71%
construction industry in the Republic industry in the Republic of Korea
of Korea
Linch 2002 (Linch 2002) Prevalence Exposed construction workers in the 23 23 Construction workers in the United 45 22 49%
United States of America States of America
Love 1997 (Love et al. 1997) Prevalence Exposed worker in opencast 626 626 Workers in opencast coalmining in 626 0 100%
coalmining in the United Kingdom of the United Kingdom of Great Britain
Great Britain and Northern Ireland and Northern Ireland
Love 1999 (Love et al. 1999) Prevalence Exposed worker in the clay industry 1360 1360 Worker in the clay industry in the 1403 43 97%
in the United Kingdom of Great United Kingdom of Great Britain
Britain and Northern Ireland and Northern Ireland
Mamuya 2006 (Mamuya et al. Prevalence Exposed coal miners in the United 147 147 Coal miners in the United Republic =~ 173 26 85%
2006a; Mamuya et al. 2006b) Republic of Tanzania of Tanzania
Nieuwenhuijsen 1999 ( Prevalence Exposed farmers in California, the 72 72 Farmers in California, the United 144 72 50%
Nieuwenhuijsen et al. 1999) United States of America States of America
Nij 2003 (Tjoe Nij et al. 2003; Prevalence Construction workers in the 57 57 Construction workers in the 4 61 93%
Tjoe Nij et al. 2004) Netherlands exposed to respirable Netherlands
quartz
Normohammadi 2016 ( Prevalence Exposed demolition workers in Iran 60 60 Demolition workers in Iran (Islamic 60 0 100%

Normohammadi et al. 2016)

(Islamic Republic of)

Republic of)

(continued on next page)

‘D 32 UISSUNYIS A

086401 (£§20Z) 841 1PUOLDWLIU] FUIULOLAUT



6C

Table 2 (continued)

Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in N of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Omidianidost 2015 ( Prevalence Exposed foundry workers in Iran 80 80 Foundry workers in Iran (Islamic 80 0 100%
Omidianidost et al. 2015; (Islamic Republic of) Republic of)
Omidianidost et al. 2016)
Oudyk 1995 (Oudyk 1995) Prevalence Exposed ferrous foundries workers in 862 862 Ferrous foundries workers in 1038 176 83%
Ontario, Canada Ontario, Canada
Pandey 2017 (Pandey 2017) Prevalence Exposed coal miners in Jharia, India 69 69 Coal miners in Jharia, India 69 0 100%
Peters 2017 (Peters et al. 2017) Prevalence Exposed miners in Australia 46,873 46,873 Miners in Australia 79,445 32,572
9976 9976 11,084 1108 90%
11,895 11,895 13,672 1777 87%
7987 7987 9180 1193 87%
4496 4496 13,624 9128 33%
6060 6060 16,379 10,319 37%
6668 6668 15,506 8838 43%
Radnoff 2014 (Radnoff et al. Prevalence Exposed cement plant, sand and Cement plant, sand and mineral,
2014; Radnoff and Kutz mineral, lime stone workers in lime stone workers in Alberta,
2014) Alberta, Canada Canada
38 38 44 6 86%
18 18 23 5 78%
22 22 28 6 79%
16 16 16 0 100%
56 56 78 22 72%
43 43 44 1 98%
22 22 24 2 92%
10 10 10 0 100%
Rando 2001 (Rando et al. Prevalence Exposed industrial sand workers in Unclear Unclear Industrial sand workers in the Unclear Unclear
2001) the United States of America United States of America
Rappaport 2003 (Rappaport Prevalence
et al. 2003) Exposed painters in the United States of 13 13 Painters in the United States of 14 2 86%
America construction industry America construction industry
Prevalence Exposed bricklayers in the United States 7 7 Bricklayers in the United States of 11 4 64%
of America construction industry America construction industry
Prevalence Exposed engineers in the United States of 34 34 Engineers in the United States of 46 12 74%
America construction industry America construction industry
Prevalence Exposed construction workers in the 68 68 Construction workers in the United 80 12 85%
United States of America construction States of America construction
industry industry
Rees 1992 (Rees et al. 1992) Prevalence Exposed pottery workers in South 12 12 Pottery workers in South Africa 12 0 100%
Africa
Rokni 2016 (Rokni 2016) Prevalence
Exposed foundry workers in Iran 12 12 Foundry workers in Iran (Islamic 12 0 100%
(Islamic Republic of) Republic of)
Exposed brick manufacturing workersin 12 12 Brick manufacturing workers in Iran 12 0 100%
Iran (Islamic Republic of) (Islamic Republic of)
Exposed sand and gravel mining workers 12 12 Sand and gravel mining workers in 12 0 100%
in Iran (Islamic Republic of) Iran (Islamic Republic of)
Exposed asphalt manufacturing workers 12 12 Asphalt manufacturing workers in 12 0 100%
in Iran (Islamic Republic of) Iran (Islamic Republic of)
Exposed sandblasters in Iran (Islamic 12 12 Sandblasters in Iran (Islamic Republic =~ 12 0 100%
Republic of) of)
Exposed ceramic manufacturing 12 12 Ceramic manufacturing workers in 12 0 100%

workers in Iran (Islamic Republic of)

Iran (Islamic Republic of)

(continued on next page)
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Table 2 (continued)

Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in N of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Exposed stone cutters and millers inIran 12 12 Stone cutters and millers in Iran 12 0 100%
(Islamic Republic of) (Islamic Republic of)
Exposed glass manufacturing workersin 12 12 Glass manufacturing workers in Iran 12 0 100%
Iran (Islamic Republic of) (Islamic Republic of)
Saiyed 1995 (Saiyed et al. Prevalence Exposed pottery workers in India 292 292 Workers in Indian potteries 292 0 100%
1995)
Sanderson 2000 (Sanderson Prevalence
et al. 2000) Exposed industrial sand workers in the 728 728 Industrial sand workers in the United 1278 550 57%
United States of America States of America
Prevalence Exposed industrial sand workers in the 740 740 Industrial sand workers in the United 1299 559 57%
United States of America States of America
Prevalence Exposed industrial sand workers in the 306 306 Industrial sand workers in the United 680 374 45%
United States of America States of America
Prevalence Exposed industrial sand workers in the 385 385 Industrial sand workers in the United 1012 627 38%
United States of America States of America
Sayler 2018 (Sayler et al. 2018)  Prevalence Exposed stone processors in Thailand 18 18 Stone processors in Thailand 46 28 40%
Scarselli 2014 (Scarselli et al. Prevalence
2014) Exposed manufacture of nonmetallic 49 49 Manufacture nonmetallic mineral 315 266 16%
mineral product workers in Italy product workers in Italy
Exposed manufacture of basic metal 21 21 Manufacture of basic metal workersin 181 160 12%
workers in Italy Italy
Exposed manufacture of furniture 39 39 Manufacture of furniture workers in 217 178 18%
workers in Italy Italy
Exposed construction workers in Italy 471 471 Construction workers in Italy 505 34 93%
Siltanen 1976 (Siltanen et al. Prevalence Exposed foundry workers in Finland 1608 1,608 Foundry workers in Finland 1639 21 98%
1976)
Swanepoel 2011 (Swanepoel Prevalence Exposed farmers in South Africa 176 176 Farmers in South Africa 298 122 59%
et al. 2011; Swanepoel et al.
2018)
Tavakol 2017 (Tavakol et al. Prevalence Exposed construction workers in Iran 85 85 Construction workers in Iran 85 0 100%
2017) (Islamic Republic of) (Islamic Republic of)
Ulvestad 2000 (Ulvestad et al. Prevalence Exposed construction workers in 302 302 Construction workers in Norway 339 37 89%
2000) Norway
Ulvestad 2001 (Ulvestad et al. Prevalence Exposed construction workers in 158 158 Construction workers in Norway 226 68 70%
2001a; Ulvestad et al. 2001b) Norway
van Deurssen 2014 (van Prevalence Exposed construction workers in the 142 142 Construction workers in the 149 95%
Deurssen et al. 2014; van Netherlands Netherlands
Deurssen et al. 2015)
Verma 2014 (Verma et al. Prevalence Exposed gold miners in Ontario, 252 252 Gold miners in Ontario, Canada 277 25 91%
2014) Canada
Wang 2015 (Wang et al. 2015) Prevalence Exposed workers in the respective 302 302 All workers in all the respective 2123
industries in China industries in China
Unclear Unclear Unclear Unclear 19%
Unclear Unclear Unclear Unclear 66%
Unclear Unclear Unclear Unclear 7%
Unclear Unclear Unclear Unclear 4%
Unclear Unclear Unclear Unclear 3%
Unclear Unclear Unclear Unclear 5%
Watts Jr 2012 (Watts et al. Prevalence
2012) Exposed metal miners the United States Unclear Unclear Metal mining workers the United 3025 Unclear

of America

States of America

(continued on next page)

‘D 32 UISSUNYIS A

086401 (£§20Z) 841 1PUOLDWLIU] FUIULOLAUT



1€

Table 2 (continued)

Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in N of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Exposed metal miners the United States Unclear Unclear Metal mining workers the United 1173 Unclear
of America States of America
Exposed stone miners the United States Unclear Unclear Stone mine workers the United States 10,674 Unclear
of America of America
Exposed stone miners the United States Unclear Unclear Stone mine workers the United States ~ 5102 Unclear
of America of America
Exposed crushed limestone workers in Unclear Unclear Crushed limestone workers in the 10,753 Unclear
the United States of America United States of America
Exposed crushed limestone workers in Unclear Unclear Crushed limestone workers in the 4711 Unclear
the United States of America United States of America
Exposed sand and gravel workers in the ~ Unclear Unclear Sand and gravel workers in the United 16,560 Unclear
United States of America States of America
Exposed sand and gravel workers in the ~ Unclear Unclear Sand and gravel workers in the United ~ 6571 Unclear
United States of America States of America
Exposed nonmetal miners in the United Unclear Unclear Nonmetal miners in the United States ~ 3412 Unclear
States of America of America
Exposed nonmetal miners in United Unclear Unclear Nonmetal miners the United States of 1192 Unclear
States of America America
Weeks 2006 (Weeks and Rose Prevalence Exposed metal and nonmetal miners 4408 4408 Metal and nonmetal miners the 16,207 11,799 27%
2006) the United States of America United States of America
Woskie 2002 (Woskie et al. Prevalence Exposed heavy and highway 246 246 Heavy and highway construction 260 14 95%
2002) construction the United States of the United States of America
America
Yassin 2005 (Yassin et al. 2005) Prevalence
Exposed Stoner cutters the United States ~ Unclear Unclear Stoner cutters the United States of 406 Unclear
of America America
Exposed tunnel construction workers the ~ Unclear Unclear Tunnel construction workers the 91 Unclear
United States of America United States of America
Exposed iron foundries workers the Unclear Unclear Iron foundries workers the United 1760 Unclear
United States of America States of America
Yingratanasuk 2002 ( Prevalence Exposed stone carvers in Thailand 148 148 Stone carvers in Thailand 148 0 100%
Yingratanasuk et al. 2002)
Zarei 2017 (Zarei et al. 2017) Prevalence Exposed foundry workers in Iran 55 55 Foundry workers in Iran (Islamic 55 0 100%
(Islamic Republic of) Republic of)
Zhuang 2001 (Zhuang et al. Prevalence Unclear Unclear Unclear Unclear
2001) Exposed tungsten miners in China Tungsten miners in China 56
Exposed pottery workers in China Pottery workers in China 54
Exposed tin miners in China Tin miners in China 10
Exposed iron/copper miners in China Iron/copper miners in China 23

‘D 32 UISSUNYIS A

Footnotes: AM: Arithmetic mean, SD: Standard deviation, GM: Geometric mean, GSD: Geometric standard deviation, LOD: level of detection, LOQ: level of quantification, IAS: infrared absorption spectroscopy, IS: infrared spectroscopy.
Where a study includes two or more estimates/measures, the first entry in the table provides an overview of the information from the study. Estimate/measure-specific information is provided in subsequent linings, in italics.
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agreement among them. Most data extractors participated in WHO’s
online training for the use of the data extraction sheet. At a minimum,
two review authors independently extracted the data on occupational
exposure to silica, asbestos or coal dust, disaggregated by country, sex,
age and industrial sector and occupation. A third review author resolved
conflicting extractions. Data were extracted on study characteristics
(including study authors, study year, study country, participants and
target population), study type (including study design and period)
exposure assessment (including exposure definition, exposure assess-
ment method, dates covered by the exposure assessment, and exposure
level), prevalence estimate and study context. The estimates of exposure
prevalences and levels from included studies were entered and managed
with Microsoft Excel.

Data on potential conflict of interest were also extracted from the
included studies, such as financial disclosures, funding sources, and
authors’ affiliated organization. A modification of a previous method
was used to identify and assess undisclosed financial interests (Forsyth
et al. 2014). If no financial disclosure and conflict of interest statements
were provided, other records were searched from this study published in
the 36 months prior to the included study record and in other publicly
available repositories (Drazen et al. 2010b; Drazen et al. 2010a).

3.6. Requested missing data

Missing data were requested from the principal study author by
email or phone, using the contact details provided in the principal study
record. If no response was received at two weeks, a follow up email was
sent. We requested silica data from six authors and silica and coal dust
data from two authors. We received additional data on silica from two
studies and additional coal dust data from one study. One author
responded it was not possible to identify the data, and five authors did
not respond (Appendix 2 in the Supplementary data).

3.7. Assessed risk of bias

We used the RoB-SPEO tool for assessing risk of bias in studies esti-
mating exposure to occupational risk factors (Pega et al. 2020a), which
has been validated in a recent study (Momen et al. 2022). WHO and ILO
developed this tool specifically for their systematic reviews for the
development of the WHO/ILO Joint Estimates (Pega et al. 2022c¢). For
each included study, two or more review authors independently
assessed risk of bias with RoB-SPEQ, and another review author resolved
any conflicts between the individual assessments.

3.8. Synthesised evidence (including conducted meta-analysis)

If we found two or more studies with an eligible measure of the
prevalence estimate and/or level of exposure, two or more review au-
thors independently assessed the heterogeneity (Deeks et al. 2011) of
the studies in terms of population (WHO region and/or distribution by
sex, age, industrial sector and occupation) and exposure (definition,
measurement methods and level of exposure) following our protocol
(Mandrioli et al. 2018). If we judged two or more measures of the
prevalence or level of occupational exposure to be sufficiently homog-
enous, we pooled them in a quantitative meta-analysis, using the inverse
variance method with a random effects model. We assessed statistical
heterogeneity using the I? statistic, judging with QoE-SPEO (Pega et al.
2022b) a priori that the expected heterogeneity was moderate.

The meta-analyses for prevalence were conducted in MetaXL (Epi-
gear) using double arcsine transformation, which has been recom-
mended in meta-analyses of prevalence (Barendregt et al. 2013). The
number of measurements indicating exposure and total number of
measurements in the study were entered into MetaXL. The meta-analyses
for level were conducted using the statistical software RevMan version
5.4.1 (Nordic Cochrane Centre) and forest plots were produced. It was
evident from our search that the vast majority of studies were identified
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within certain industrial sectors or groupings thereof (Mining, Manu-
facture and Construction). Apart from that only a limited number of
other industrial sectors were represented. We therefore synthesised ev-
idence per industrial sector (ISIC-4 code at 2-digit level with additional
merging within Mining, Manufacture and Construction) for prevalence
and level of occupational exposure to silica, asbestos and coal dust,
respectively.

All included data points from included studies are presented,
together with meta-data on the study prevalence, and exposure level by
country and industry.

Forest plots for prevalence were generated by inputting the de-
nominator and numerator for each prevalence estimate into MetaXL.
Studies reported several different measures of the level of exposure and
its dispersion, such as arithmetic means and standard deviations, geo-
metric means and geometric standard deviation factors, medians,
ranges, 95% confidence intervals (CIs). It is well recognized that the
distribution of data of concentrations are usually skewed and are
therefore well represented by a log-normal function, and best summar-
ised by geometric mean, geometric standard deviation factor and suit-
able CIs. We chose to use these measures to meta-analyse level of
exposures. When they were not available from studies, we estimated
them using the following formulae:

AM
GM = -
1+4%
ASD? in(a) + In(b)
GSD = exp ln(l + A )GM = exp(f

/ AM
D = 2*In| —
GS. exp n (GM)

where GM and GSD are geometric mean and geometric standard devi-
ation factor, AM and ASD are arithmetic mean and standard deviation,
and (a) and (b) are the minimum and maximum values observed. Then,
we calculated 95% CIs using the formula

GM

Lower limit = -
(SE')*

Upper limit = GM*(SE")?

with SE* = (GSD)"/ Vi and q is the 97.5% quantile of a t distribution with
n-1 degrees of freedom.

To generate the forest plots, the estimates for geometric means were
entered into RevMan to three decimal places. Additionally, the standard
error, generated from the 95% CI that is most distant from the point
estimate was entered to six decimal places.

3.9. Conducted additional analyses

We conducted subgroup analyses for mining, manufacture and con-
struction (as here defined, and not as per ISIC classification) by WHO
region based on disaggregated data from the studies included in the
main meta-analysis only (to ensure a sufficiently homogenous dataset).
We planned to also conduct subgroup analyses by sex, age group and
occupation, but the data from included studies did not permit these
analyses.

In a sensitivity analysis we compared studies we judged as at high or
probably high risk of bias due to selection into the study with studies
judged as at low or probably low risk of this bias.

3.10. Assessed quality of evidence

We used the QOE-SPEO approach for assessing the quality of
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Table 3
Study and measurement numbers by industrial sector, for prevalence and level of occupational exposure to silica.
Industrial sector Prevalence Level
Number of Number of Number of Number of Number of Number of Number of Number of
entries and countries regions measurements entries and countries regions measurements
studies studies
Construction 24 entries from 7 4 2479 25 entries from 8 4 2352
17 studies 16 studies
Manufacturing 39 entries from 15 6 40,073 30 entries from 10 6 7733
24 studies 14 studies
Mining 29 entries from 13 6 222,276 43 entries from 7 4 2,349,598
20 studies 17 studies
Crop and animal 3 entries from 3 2 2 479 2 entries from 2 2 2 335
production studies studies
Electricity, gas and air 2 entries from2 2 1 136 1 entry from 1 2 1 28
supply studies study
Professional, scientific 1 entry from 1 1 1 41 3 entries from 2 2 2 18,313
and technical study studies

activities

evidence in studies estimating the prevalence and level of exposure to
occupational risk factors (Pega et al. 2022b). QoE-SPEO was developed
by WHO specifically for systematic reviews for the WHO/ILO Joint Es-
timates (Pega et al. 2022c).

We sought to ensure consistency in the assessment of quality of ev-
idence with the other WHO/ILO systematic reviews of prevalences in the
series for the WHO/ILO Joint Estimates (Hulshof et al. 2021a; Teixeira
et al. 2021b), including downgrading for the serious concerns for indi-
rectness presented by bodies of evidence without any included studies
being population-based, i.e., covering the entire workers’ population in
the relevant industrial sector, including all its sub-sectors.

To assess publication bias for prevalence, Doi plots with LFK statis-
tics (Furuya-Kanamori et al. 2018) were produced in MetaXL for each
body of evidence comprising at least 10 study records. For levels, funnel
plots were generated using RevMan.

4. Results
4.1. Study selection

A flow diagram of the study selection is presented in Fig. 1. Of a total
of 13,329 unique individual study records identified in our searches, 100
records from 91 studies fulfilled the eligibility criteria and were included
in the systematic review. For the 35 of the excluded studies that most
closely resembled inclusion criteria, the reasons for exclusion are listed
in Appendix 3 in the Supplementary data. The three most common
reasons for exclusion were no quantitative exposure data reported (n =
95), ineligible setting (n = 114), and ineligible study type (n = 66). Of
the 100 included records, 96 were included in one or more quantitative
meta-analyses.

4.2. Characteristics of included studies

4.2.1. Occupational exposure to silica

The characteristics of all included studies relating to prevalence and
level of occupational exposure to silica are summarize in Table 2.

In total, 65 studies from 73 study records that reported on occupa-
tional exposure to silica met the inclusion criteria. Of these, 55 studies
described in 63 study records looked at silica prevalence. For silica level,
there were 39 studies described in 46 study records. See Table 3 for a
breakdown by industrial sector.

For silica, the target population was from major ISCO groups coded
3, 6,7, 8 and 9 at the 1-digit level, and almost all measurements were
performed among workers with manual work. Only three silica studies
included measurements from administrative workers (Love et al. 1999;
Rappaport et al. 2003; Peters et al. 2017). No included studies were
population-based. Therefore, no included individual study captured all
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subsectors or the entire population of workers in the industrial sector of
interest. Additionally, the body of evidence (i.e., all included studies
together) also did not capture all subsectors within the relevant indus-
trial sector, nor the entire workers’ population within the industrial
sector.

4.2.1.1. Study type. For silica, most studies were cross-sectional studies
(50 out of 55 studies for prevalence and 34 out of 39 studies for level).

4.2.1.2. Population studied. For silica, the actual number of workers
included in the studies may deviate from the number of measurements, i.
e., nine of the studies were based on group-based estimates, and there-
fore the number of workers is underestimated. On the other hand,
several studies included more than one measurement per person, and
this overestimates the number of workers included.

Forty-four out of 65 included silica studies did not state the number
of workers included, but only the number of measurements. Thus, the
sum of workers indicated in Table 2 (161,634 workers) is far below the
number of measurements (2,369,742). The sum of female workers
indicated in Table 2 is 10,572, but the true proportion of males and
females is unclear. Eight studies included male workers only, three
studies included both male and female workers, and the rest (54 studies)
did not provide any information about the gender distribution.

Most silica studies examined populations in the WHO Region of the
Americas (21 studies from three countries), followed by populations in
Europe (16 studies from eight countries) and populations in the Africa
and Western Pacific (eight studies from three countries, and eight
studies from four countries, respectively). The most commonly studied
countries were the United States of America (15 studies), Iran (Islamic
Republic of) (seven studies), Norway (five studies) and South Africa
(five studies).

The industrial sectors most commonly studied for occupational
exposure to silica were Other mining and quarrying (19 studies),
Manufacture of other non-metallic mineral products (14 studies), and
Manufacture of basic metals (12 studies). The occupations studied in
most silica studies were “Mining and Quarrying Labourers” (15 studies),
followed by “Building Construction Labourers” (10 studies) and “Miners
and Quarries” and “Manufacturing Labourers Not Elsewhere Classified”
(seven studies).

4.2.1.3. Exposure studied. All 65 included silica studies used active filter
sampling and gravimetric assessment followed by technical analysis for
quantification of silica. Sixty-two studies included personal air sam-
pling, three studies stationary measurements, and four did not specify
the sampling collection mode. Sixty-three studies assessed respirable
crystalline silica, and two studies collected other particles size fractions.
Thirty-three studies used X-ray diffraction for analysis of the silica
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Table 4
Characteristics of included studies, Prevalence and level of occupational exposure to asbestos.
Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age
estimate type measurements participants female location ISIC-4 ISCO-08 distribution
participants
Ansari 2007 (Ansari Manufacturing (prevalence 65 16 India Local Informal sector manual 23 Manufacture of 9329 Unclear
et al. 2007) and level) asbestos mill workers in other non-metallic
India mineral products
Bird 2004 (Bird et al.  Electricity, gas, steam and 203 Unclear United Region 35 Electricity, gas, 3131 Unclear
2004) air conditioning supply States of steam and air
(prevalence) America conditioning supply
Borton 2012 (Borton Manufacturing 914 Unclear United Local Manual workers in a care 23 Manufacture of 9329 Unclear
et al. 2012) (prevalence) States of product manufacturing other non-metallic
America company in Ohio, the mineral products
United States of America
Cattaneo 2012 ( Other mining and 105 Unclear Italy Local Manual quarries and stone 08 Other mining and 8111 Unclear
Cattaneo et al. quarrying (prevalence and processing workers in quarrying
2012) level) Italy
Damiran 2015 ( Electricity, gas, steam and 47 Unclear Mongolia Local Manual special 35 Electricity, gas, 7124 Unclear
Damiran et al. air conditioning supply construction workers in steam and air
2015) (prevalence and level) Mongolia conditioning supply
Kakooei 2007 ( Manufacturing 75 Unclear Iran Local Brake manufacturing 30 Manufacture of 7231 Unclear
Kakooei et al. (prevalence) (Islamic workers in Iran (Islamic other transport
2007) Republic Republic of) equipment
of)
Kakooei 2014 ( Construction (prevalence 45 Unclear Iran Local Demolition workers in 43 Specialized 7111 Unclear
Kakooei and and level) (Islamic Iran (Islamic Republic of) construction
Normohammadi Republic activities
2014) of)
Kauffer 2007 ( Construction (level); Unclear Unclear France National Manual workers from Unclear
Kauffer and Manufacturing (level) different industries in
Vincent 2007) France
392 Workers manufacturing 23 Manufacture of
non-metallic products in other non-metallic
France mineral products
243 Construction workers in 41 Construction of
France buildings
110 Workers manufacturing 24 Manufacture of
basic metals in France basic metals
114 Motor vehicles workers in 29 Manufacture of
France motor vehicles, trailers
and semi-trailers
247 Motor vehicles repair 45 Wholesale and
workers in France retail trade and repair
of motor vehicles and
motorcycles
15 Textile workers in France 13 Manufacture of
textiles
239 Construction workers in 41 Construction of
France buildings
41 Motor vehicles repair 45 Wholesale and

workers in France

retail trade and repair
of motor vehicles and
motorcycles

(continued on next page)
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Table 4 (continued)

Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age
estimate type measurements participants female location ISIC-4 ISCO-08 distribution
participants
1454 Demolition workers in 41 Construction of unclear
France buildings
982 Construction workers in 41 Construction of unclear
France buildings
79 Construction (installation) 41 Construction of unclear
workers in France buildings
111 Construction (completion) 41 Construction of unclear
workers in France buildings
1208 Construction workers 43 Specialized unclear
(erection of roofs) in France  construction activities
65 Construction workers 43 Specialized unclear
(highways etc.) in France construction activities
6650 Other construction workers 43 Specialized unclear
in France construction activities
725 Construction (insulation) 43 Specialized unclear
workers in France construction activities
4507 Sewage and sanitary 37 Sewerage unclear
workers in France
Maino 1995 (Maino Construction (prevalence 32 Unclear Italy Region Manual asbestos removal 43 Specialized 9313 Unclear
et al. 1995) and level) workers in Italy construction
activities
Marioryad 2011 ( Manufacturing (prevalence 98 Unclear Iran Local Manual asbestos cement 23 Manufacture of 8114 40-44 years
Marioryad et al. and level) (Islamic workers in Iran (Islamic other non-metallic
2011) Republic Republic of) mineral products
of)
Massaro 2012 ( Construction (prevalence 368 Unclear 0 Italy Region Manual construction 43 Specialized Unclear
Massaro et al. and level) workers in Italy construction
2012) activities
5 Unclear 0 Italy Region Manual construction 43 Specialized Unclear
workers in Italy construction
activities
Mlynarek 1996 ( 302 Unclear Unclear United Local Manual building 43 Specialized 9313 Unclear
Mlynarek et al. States of maintenance workers in construction
1996) America the United States of activities
America
Panahi 2011 (Panahi Manufacturing (prevalence 45 120 0 Iran Local Manual asbestos cement 23 Manufacture of 7114 Mean age
et al. 2011) and level) (Islamic sheet manufacturing other non-metallic (range) 41
Republic workers in Iran (Islamic mineral products (29-56) years
of) Republic of)
Perkins 2008 ( Construction (prevalence 564 Unclear Unclear United Region Manual road construction 43 Specialized 9313 Unclear
Perkins et al. 2008) and level) States of workers in the United construction
America States of America, natural activities
occurring asbestos
Phanprasit 2009 ( Manufacturing (prevalence 19 Unclear Unclear Thailand Unclear Manual asbestos cement 23 Manufacture of 8114 Unclear
Phanprasit et al. and level) sheet manufacturing other non-metallic
2009) workers in Thailand mineral products
Scarselli 2016 ( Construction (prevalence Unclear Unclear Italy National Unclear
Scarselli et al. and level); Water supply, 2440 41 Construction of

2016)

sewerage, waste
management and
remediation (level)

buildings

(continued on next page)
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Study Inclusion in meta- Study population
analyses?
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age
estimate type measurements participants female location ISIC-4 1SCO-08 distribution
participants
8583 43 Specialized
construction
activities
4507 37 Sewerage
Wang 2012 (Wang Manufacturing 32 Unclear 0 China Unclear Manual asbestos 23 Manufacture of Not applicable Unclear
et al. 2012) (prevalence) manufacturing workers in  other non-metallic
China mineral products
Wilmoth 1994 ( Construction (prevalence) 38 11 Unclear United Local Manual demolition 43 Specialized 9313 Unclear
Wilmoth 1994) States of workers in Alaska, the construction
America United States of America activities
Study Study type Exposure assessment
Study ID Study design Study Exposure Unit for Mode of Exposure Type of Dates covered Shortest and Levels/ intensity of Potential co-
period definition which exposure assessment exposure by exposure longest exposure exposure with
exposure data methods measure or assessment exposure other
was collection estimate (years) period occupational-
assessed risk factors
Ahmad Ansari Cross-sectional Unclear Breathing zone Individual Technical Active filter Prevalence Unclear Unclear AM 2.24-15.6 f/ml No
2007 (Ansari study asbestos fibres, f/  level device sampling.
et al. 2007) em®. Exposed: Microscope
above LOD membrane filter
analysis
Bird 2004 (Bird Cross-sectional Unclear. Stationary Group level Technical Active filter Prevalence 2001 or 2002 Unclear Range LOD — 0.007 f/ Arsenic
et al. 2004) study June-August sampling device sampling, PCM ml
in 2001 or in asbestos fibres, f/
2002 em®. Exposed:
above LOD
Borton 2012 ( Cohort study 1972-1994 Breathing zone Individual Technical Active filter Prevalence Exposure Unclear GM 1992:3.32f/ml,GM  No
Borton et al. (retrospective) and area level device sampling, PCM measurements 1996: 1.49 f/ml, GM
2012) sampling available 1997-1997: 0.03 f/ml
asbestos fibres, f/ 1972-1994
em®. Exposed:
above LOD or
LOQ
Cattaneo 2012 ( Cross-sectional Unclear Breathing zone Individual Technical Active filter Prevalence Unclear Unclear AM (SD) 0.0500 Unclear
Cattaneo et al. study and Stationary level device sampling, SEM (0.2275) f/ml. Median
2012) sampling equipped with X- 0.0021 f/ml. Range
asbestos fibres, f/ ray 0.00005-1.8517 f/ml
cm3. Exposed: microanalysis.
above LOD
Damiran 2015 ( Cross-sectional Unclear Breathing zone Individual Technical Active filter Prevalence Unclear Unclear AM 0.96 f/ml Unclear
Damiran et al. study and stationary level device sampling, PCM (Average
2015) sampling sample time
asbestos fibres, f/ in table 1
em®. Exposed: might be
above LOD exposure
period.)
Kakooei 2007 ( Cross-sectional 2002 Breathing zone Individual Technical Active filter Prevalence 2012 30-60 min AM between 0.36 and Unclear
Kakooei et al. study asbestos fibres, f/ level device sampling of total 1.85 f/ml, SD between

2007)

cm?®, Estimated
from the total

dust. PCOM

0.02 and 0.08 f/ml

(continued on next page)
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Table 4 (continued)

Study Study type Exposure assessment
Study ID Study design Study Exposure Unit for Exposure Type of Dates covered Shortest and Levels/ intensity of Potential co-
period definition which assessment exposure by exposure longest exposure exposure with
exposure methods measure or assessment exposure other
was estimate (years) period occupational-
assessed risk factors
dust fraction.
Exposed: above
LOD
Kakooei 2014 ( Cross-sectional 2010-2011 Breathing zone Individual Active filter Prevalence 2010-2011 240-360 min PCM: GM (GSD) 0.07 f/ Unclear
Kakooei and study asbestos fibres, f/  level sampling, PCOM ml (0.339). Min-max
Normohammadi cm?®. Estimated and SEM) 0.01-0.15 f/ml. SEM:
2014) from the total GM (GSD) 0.20 f/ml
dust fraction. (0.111). Min-max
Exposed: above 0.02-0.36 f/ml
LOD
Kauffer 2007 ( Cross-sectional Breathing zone Individual Active filter Prevalence Unclear Unclear
Kauffer and study and stationary level sampling. PCOM
Vincent 2007) sampling
asbestos fibres, f/
em?®. Various
methods.
1986-1996 1986-1996 AM 0.79 f/ml. Median
0.33 f/ml. Min-max
0.03-9.5 f/ml
1986-1996 1986-1996 AM 9.2 f/ml. Median
0.85 f/ml. Min-max
0.01-370 f/ml
1986-1996 1986-1996 AM 2.5 f/ml. Median
0.42 f/ml. Min-max
0.02-79 f/ml
1986-1996 1986-1996 AM 0.66 f/ml. Median
0.23 f/ml. Min-max
0.02-6.3 f/ml
1986-1996 1986-1996 AM 3.0 f/ml. Median
0.45 f/ml. Min-max
0.01-160 f/ml
1986-1996 1986-1996 AM 2.8 f/ml. Median 1.5
f/ml Min-max 0.04-19
f/ml
1997-2004 1997-2004 AM 1.1 f/ml. Median
0.07 f/ml. Min-max
0.004-8.3 f/ml
1997-2004 1997-2004 AM 0.086 f/ml. Median

005 f/ml. Min-max
0.01-1.1 f/ml

AM (SD) 0.005 (0.032)
f/ml. GM (GSD) 0.003 f/
ml (2.31)

AM (SD) 0.010 (0.022)
f/mlL GM (GSD) 0.004 f/
ml (3.76)

AM (SD) 0.017 (0.019f/
ml. GM (GSD) 0.008 f/
ml (3.73)

(continued on next page)
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Table 4 (continued)

Study Study type Exposure assessment
Study ID Study design Study Exposure Unit for Mode of Exposure Type of Dates covered Shortest and Levels/ intensity of Potential co-
period definition which exposure assessment exposure by exposure longest exposure exposure with
exposure data methods measure or assessment exposure other
was collection estimate (years) period occupational-
assessed risk factors
AM (SD) 0.009 (0.022)
f/ml. GM (GSD) 0.001 f/
ml (16.63)
AM (SD) 0.045(0.155)
f/ml. GM (GSD) 0.006 f/
ml (11.30)
AM (SD) 0.004 (0.001)
f/ml. GM (GSD) 0.004 f/
ml (1.07)
AM (SD) 0.036 (0.090)
f/ml. GM (GSD) 0.011 f/
ml (5.63)
AM (SD) 0.011 (0.018)
f/cc. GM (GSD) 0.006 f/
cc (3.24)
AM (SD) 0.016 (0.089)
f/ml. GM (GSD) 0.003 f/
ml (7.67)
Maino 1995 ( Cross-sectional 1993-1994 Breathing zone Individual Technical Active filter Prevalence 1993-1994 Unclear 64.15 ff/1 Unclear
Maino et al. study and stationary level device sampling, PCOM
1995) sampling
asbestos fibres,
ff/1. Exposed:
above LOD
Marioryad 2011 ( Cross-sectional Unclear Breathing zone Individual Technical Active filter Prevalence Unclear 60-240 min AM (SD) 0.3 (0.16) f/ml.  Unclear
Marioryad et al. study asbestos fibres, f/  level device sampling, GM (GSD) 0.09 f/ml
2011) cm®. Estimated polarized light (0.11). Min - max
from the total microscopy. 0.02-0.69 f/ml
dust fraction.
Exposed: above
LOD
Massaro 2012 ( Cross-sectional 2008-2009 Stationary Individual Technical Active filter Prevalence 2008-2009 Unclear Unclear Unclear
Massaro et al. study sampling level device sampling, SEM
2012) asbestos fibres, and EDS micro-
ff/1. Exposed: analysis
above LOD
Cross-sectional 2008-2009 Breathing zone Individual Technical Active filter Prevalence 2008-2009 Unclear 6.034 ff/1 Unclear
study asbestos fibres, level device sampling, SEM
ff/1. Exposed: and EDS micro-
above LOD analysis
Mlynarek 1996 ( Cross-sectional 1988-1993 Breathing zone Individual Technical Active filter Prevalence Unclear 5-477 min AM between 0.003 and Unclear
Mlynarek et al. study asbestos fibres, f/  level device sampling, PCM 0.042 f/ml SD between
1996) cm?®. Estimated 0.0039 and 0.038 f/ml.
from the total Min max 0.0023-0.21f/
dust fraction. 8- ml
TWA
Panahi 2011 ( Cross-sectional 2009-2010 Breathing zone Individual Technical Active filter Prevalence 2009-2010 60 min AM (SD) 0.0708 (0.05) Unclear
Panahi et al. study asbestos fibres, f/  level device sampling, PCM f/ml GM (GDS) 0.052 f/

2011)

cm?®, Estimated
from the total

ml(1.36) Min-max
0.012-0.243 f/ml

(continued on next page)
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Table 4 (continued)

Study Study type Exposure assessment
Study ID Study design Study Exposure Unit for Mode of Exposure Type of Dates covered Shortest and Levels/ intensity of Potential co-
period definition which exposure assessment exposure by exposure longest exposure exposure with
exposure data methods measure or assessment exposure other
was collection estimate (years) period occupational-
assessed risk factors
dust fraction.
Exposed: above
LOD
Perkins 2008 ( Cross-sectional Unclear Breathing zone Individual Technical Active filter Prevalence Unclear Unclear 371 samples above LOD,  Unclear
Perkins et al. study asbestos fibres, f/ level device sampling, PCOM below 0.1 f/ml: AM (SD)
2008) em®. Estimated 0.028 (0.016) f/ml
from the total
dust fraction. 16 samples above LOD,
Exposed: above Above 0.1 f/ml: AM
LOD (SD) 0.18 (0.12) f/ml
Phanprasit 2009 ( Cross-sectional 2002 Breathing zone Individual Technical Active filter Prevalence 2002 Unclear AM (SD) 0.078 (0.19) f/  unclear
Phanprasit et al. study asbestos fibres, f/  level device sampling, ml
2009) em®. Exposed: otherwise
above 0.001f/ unclear
cm?®
Scarselli 2016 ( Cross-sectional 1996-2013 Breathing zone Individual Technical Active filter Prevalence 1996-2013 8 h work shift Unclear
Scarselli et al. study asbestos fibres, f/  level device sampling. PCOM
2016) cm?®. Estimated and/or SEM
from the total
dust fraction.
Exposed: above
LOD
GM (GSD) 0.001-0.008
f/ml (2.31-16.68)
GM (GSD) 0.004-0.011
f/ml (1.07-11.3)
GM (GSD) 0.003 f/ml
(7.67)
Wang 2012 (Wang Cross-sectional 2002 Breathing zone Individual Technical Active filter Prevalence 2002 Full-shift Personal sampling: Unclear
et al. 2012) study and stationary level device sampling, X-ray median 4.5-8.6 f/ml
sampling diffraction and (p25-p75 1.8-9.8 f/ml).
asbestos fibre, f/ TEM Area sampling: median
cm®. Based on 0.8-7.2 f/ml (p25-p75
total dust 0.6-28.3 f/ml)
samples.
Exposed: above
LOD
Wilmoth 1994 ( Cross-sectional 1992 Breathing zone Individual Technical Active filter Prevalence 1992 60-208 min. AM Below 0.033 f/ml Unclear
Wilmoth 1994) study asbestos fibres, f/ level device sampling, TEM
cm?®, Estimated
from the total
dust fraction. 8-
TWA. Exposed:
above LOD
Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in Number of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate

exposed group

unexposed group

(continued on next page)
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Table 4 (continued)

Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in Number of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Ahmad Ansari 2007 ( Prevalence Exposed informal sector asbestos Not applicable 65 Informal sector asbestos mill Not applicable 0 100%
Ansari et al. 2007) mill workers in India workers in India
Bird 2004 (Bird et al. Prevalence Exposed power plant workers in the 4 4 Power plant workers in the United 203 4 2%
2004) United States of America States of America
Borton, 2012 (Borton Prevalence Exposed workers of care product 879 879 Workers of care product 914 35 96%
et al. 2012) manufacturing in the United States manufacturing in the United
of America States of America
Cattaneo, 2012 (Cattaneo Prevalence Exposed quarries and stone 105 samples, 89 Quarries and stone processing 105 16 85%
et al. 2012) processing workers in Italy number of persons workers in Italy
unclear
Damiran, 2015 (Damiran Prevalence Exposed special construction 46 46 Special construction workers in 47 1 98%
et al. 2015) workers in Mongolia Mongolia
Kakooei, 2007 (Kakooei Prevalence Exposed brake manufacturing 75 75 Brake manufacturing workers in 75 0 100%
et al. 2007) workers in Iran (Islamic Republic of) Iran (Islamic Republic of)
Kakooei, 2014 (Kakooei Prevalence Exposed demolition workers in Iran 45 45 Demolition workers in Iran 45 0 100%
and Normohammadi (Islamic Republic of) (Islamic Republic of)
2014)
Kauffer, 2007 (Kauffer Prevalence Unclear Unclear Unclear Unclear
and Vincent 2007) Exposed workers manufacturing non- Workers manufacturing non- 392
metallic products in France metallic products in France
Exposed construction workers in Construction workers in France 243
France
Exposed workers manufacturing basic Workers manufacturing basic metals 110
metals in France in France
Exposed motor vehicles workers in Motor vehicles workers in France 114
France
Exposed motor vehicles repair workers Motor vehicles repair workers in 247
in France France
Exposed textile workers in France Textile workers in France 15
Exposed construction workers in Construction workers in France 239
France
Exposed motor vehicles repair workers Motor vehicles repair workers in 41
in France France
Exposed demolition workers in France 334 334 Demolition workers in France 1454 1120 23%
Exposed construction workers in 424 424 Construction workers in France 986 562 43%
France
Exposed construction (installation) Construction (installation) workers 79
workers in France in France
Exposed construction (completion) Construction (completion) workers 111
workers in France in France
Exposed construction workers 604 604 Construct-ion workers (erection of 1208 604 50%
(erection of roofs) in France roofs) in France
Exposed construction workers Construction workers (highways 65
(highways etc.) in France etc.) in France
Exposed other construction workers in 5187 5187 Other construction workers in 6650 1463 78%
France France
Exposed construction (insulation) 326 326 Construction (insulation) workers in 725 399 45%
workers in France France
Exposed sewage and sanitary workers 2434 2434 Sewage and sanitary workers in 4507 2073 54%
in France France
Maino 1995 (Maino et al. Prevalence Exposed samples from 32 Not relevant Total number of samples from 32 Not relevant 100%

1995)

environmental sampling

environmental sampling

(continued on next page)
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Table 4 (continued)

Study Prevalence estimate
Study ID Prevalence Definition of numerator Count in Number of study Definition of denominator Count in Number of study Point
estimate type population numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Marioryad 2011 ( Prevalence Exposed asbestos cement workers in 98 98 Asbestos cement workers in Iran 98 0 100%
Marioryad et al. 2011) Iran (Islamic Republic of) (Islamic Republic of)
Massaro 2012 (Massaro Prevalence Exposed construction workers in 244 244 Construction workers in Italy 368 124 66%
et al. 2012) Italy
Prevalence Exposed construction workers in 5 5 Construction workers in Italy 5 0 100%
Italy
Mlynarek 1996 (Mlynarek  Prevalence Exposed building maintenance Unclear Unclear Building maintenance workers in 302 Unclear Unclear
et al. 1996) workers in the United States of the United States of America
America
Panahi 2011 (Panahietal.  Prevalence Exposed asbestos cement sheet 45 45 Asbestos cement sheet 45 0 100%
2011) manufacturing workers in Iran manufacturing workers in Iran
(Islamic Republic of) (Islamic Republic of)
Perkins 2008 (Perkins Prevalence Exposed road construction workers 387 387 Road construction workers in the 564 177 69%
et al. 2008) in the United States of America, United States of America, natural
natural occurring asbestos occurring asbestos
Phanprasit 2009 ( Prevalence Exposed asbestos cement workers in 15 15 Asbestos cement workers in 19 4 79%
Phanprasit et al. 2009) Thailand Thailand
Scarselli 2016 (Scarselli Prevalence
et al. 2016) Exposed construction workers in 758 758 Construction workers in Italy 2440 1682 31%
Italy
Exposed construction workers in 6117 6117 Construction workers in Italy 8583 2466 71%
Italy
Exposed sewage workers in Italy 2434 2434 Sewage workers in Italy 4507 2073 54%
Wang 2012 (Wang et al. Prevalence Exposed asbestos manufacturing 32 32 Asbestos manufacturing workers 32 0 100%
2012) workers in China in China
Wilmoth 1994 (Wilmoth Prevalence Exposed demolition workers in 6 6 Demolition workers in Alaska, the 38 32 16%

1994)

Alaska, the United States of America

United States of America

Footnotes:

AM: Arithmetic mean, SD: Standard deviation, GM: Geometric mean, GSD: Geometric standard deviation, LOD: Level of detection, LOQ: Level of quantification, PCM: Phase contrast microscopy, PCOM: Phase-contrast

optical microscopy, SEM: Scanning electron microscopy, TEM: Transmission electron microscopy.

Where a study includes two or more estimates/measures, the first entry in the table provides an overview of the information from the study. Estimate/measure-specific information is provided in subsequent linings, in

italics.
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Table 5
Study and measurement numbers by industrial sector for prevalence and level of occupational exposure to asbestos.
Industrial sector Prevalence Level
Number of Number of Number of Number of Number of Number of Number of Number of
entries and countries regions measurements entries and countries regions measurements
studies studies
Construction 6 3 3 16,580 6 4 3 12,240
Manufacturing 7 5 4 1225 5 4 3 1431
Mining (other mining and 1 1 1 89 1 1 1 89
quarrying)
Electricity, gas and air 2 2 2 108 1 1 1 46
supply
Water supply, sewerage, NA NA NA NA 1 1 1 4507

waste management and
remediation

content, 18 studies used infrared spectrometry (IS), and 14 studies used
other methods, or did not specify the method. In 41 studies, occupa-
tional exposure to silica was defined as silica measurements above the
LOD, in six studies it was defines as above the occupational exposure
limit (OEL), and in the remaining 18 studies it was defined in other ways
or not specified. Fifty-five studies assessed exposure at an individual
level, whereas in 10 studies measurements (personal or stationary) were
used to express exposure at group level. In the vast majority of studies,
60, current exposure (prevalence) was assessed, and only five studies
used other exposure metrics. Measurements between 1960 and 2014
were identified. Twenty-three studies included full-shift measurement
(above 4 hours), four studies included measurements with a duration of
< 4 hours, and in the remaining 38 studies measurement duration was
not specified. Forty-two studies presented a mean exposure level by AM
(range 0.006-16.9 mg/m3), 29 studies by GM (ND -1.65 mg/ms), two
studies by the median (range 0.075-1.3 mg/m®), and eight studies by
other or unclear methods. For 56 studies a prevalence estimate was
available, ranging from 0.12 to 1.00.

4.2.2. Occupational exposure to asbestos

The characteristics of all included studies relating to prevalence and
level of occupational exposure to asbestos are summarize in Table 4.

In total, 18 studies from 18 study records that reported on occupa-
tional exposure to asbestos met the inclusion criteria. Of these, 17
studies described in 17 study records provided information on asbestos
prevalence. For asbestos level, 12 studies described in 12 study records
provided information. See Table 5 for a breakdown by industrial sector.

The target population in all included studies was from major ISCO
group 3, 7 and 9, and all measurements were performed among workers
with manual work. No included studies were population-based. There-
fore, no included individual study captured all subsectors or the entire
population of workers in the industrial sector of interest. Additionally,
the body of evidence (i.e., all included studies together) also did not
capture all subsectors within the relevant industrial sector, nor the
entire workers’ population within the industrial sector.

4.2.2.1. Study type. For asbestos, most studies were cross-sectional (16
studies out of 17 for prevalence and all studies for level were cross-
sectional).

4.2.3. Population studied

For asbestos the actual number of workers included in the studies
may deviate from the number of measurements, i.e., one of the studies
was based on group-based estimates, and therefore the number of
workers is underestimated. On the other hand, several studies included
more than one measurement per person, and this overestimates the
number of workers included.

Thirteen of the included 18 asbestos studies did not state the number
of workers included, but only the number of measurements. Thus, the
sum of workers indicated in Table 4 (196 workers) is far below the
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number of measurements (35,604). The sum of female workers indi-
cated in Table 4 is 16, but the true proportion of males and females is
unclear. Three studies included male workers only, one study included
both male and female workers, and the rest (14 studies) did not provide
any information about the sex distribution.

Most asbestos studies examined populations in the Americas and
Europe (five studies from one country, and five studies from two
countries, respectively), followed by populations in the Eastern Medi-
terranean (four studies from one country). The most studied countries
were the United States of America (five studies), Iran (Islamic Republic
of) (four studies), and Italy (four studies). The most studied industrial
sectors for occupational exposure to asbestos were Manufacture of other
non-metallic mineral products (seven studies), Specialized construction
activities (six studies), and Electricity, gas, steam and air conditioning
supply (two studies).

The most studied occupations in asbestos studies were “Building
Construction Labourers” (four studies), followed by “Cement, Stone and
Other Mineral Products Machine Operators” (two studies) and
“Manufacturing Labourers Not Elsewhere Classified” (two studies).

4.2.3.1. Exposure studied. All 18 included asbestos studies used active
filter sampling and gravimetric assessment followed by technical anal-
ysis for quantification of asbestos fibres. Sixteen studies included per-
sonal air sampling, and six studies stationary measurements. Nine
studies assessed asbestos fibres based on total dust, and the remaining
nine studies did not specify the collected particle fraction. Ten studies
used phase contrast microscopy for analysis of the content of asbestos
fibres, five studies used scanning electron microscopy (SEM) or trans-
mission electron microscopy (TEM), and three studies used other
methods. In 13 studies, occupational exposure to asbestos was defined as
asbestos fibres count above the LOD, and in the remaining five studies
other definitions were used. Seventeen studies assessed exposure at an
individual level and in one study stationary measurements were used to
assess exposure at group level. All 18 studies assessed current exposure
(prevalence). Measurements between 1972 and 2011 were identified.
Five studies included full-shift measurement (above 4 hours), four
studies included measurements with a duration below 4 hours, and in
nine studies the sampling duration was unclear. Ten studies presented a
mean exposure level by AM (range 0.03-16 f/ml), four studies by GM
(range 0.03-3.2 f/ml), two studies by the median (range 0.002-8.6 f/
ml), and four studies by other or unclear methods. For 15 studies a
prevalence estimate was available, ranging from 0.02 to 1.00.

4.2.4. Occupational exposure to coal dust
The characteristics of all included studies relating to prevalence and
level of occupational exposure to coal dust are summarize in Table 6.
In total, eight studies from nine study records that reported on
occupational exposure to coal dust met the inclusion criteria. Of these,
seven studies described in eight study records looked at coal dust
prevalence. For coal dust level, four studies described in five study



194

Table 6
Characteristics of included studies, Prevalence and level of occupational exposure to coal dust.
Study ID Industrial sector and Number of Number of Number of Country Geographic Target population Industrial sector, Occupation, Age
estimate type measurements participants female location ISIC-4 ISCO-08 distribution
participants
Bird 2004 (Bird Electricity, gas, steam 203 Unclear Unclear United States of Region Manual power plant 35 Electricity, gas, 3131 Unclear
et al. 2004) and air conditioning America workers in the United steam and air
supply (prevalence and States of America conditioning supply
level)
Grove 2014 ( Mining of coal and 42 Unclear Unclear South Africa National Manual coal miners in 05 Mining of coal 9311 Unclear
Grové et al. lignite (prevalence) South Africa and lignite
2014)
Love 1997 (Love Mining of coal and 626 1249 25 United Kingdom National Manual workers in 05 Mining of coal 9311 Unclear
et al. 1997) lignite (prevalence) of Great Britain opencast coalmining in the  and lignite
and Northern United Kingdom of Great
Ireland Britain and Northern
Ireland
Lu 2016 (Lu Mining of coal and 108 Unclear Unclear China Local Manual coal miners in 05 Mining of coal 9311 Unclear
2016) lignite (prevalence and China and lignite
level)
Mamuya 2006 ( Mining of coal and 204 Unclear 0 United Republic Region Manual coal miners in the 05 Mining of coal 9311 Unclear
Mamuya et al. lignite (prevalence and of Tanzania United Republic of and lignite
2006a; level) Tanzania
Mamuya et al.
2006b)
Piacitelli 1990 ( Mining of coal and 99,220 Unclear Unclear United States of National Manual surface coal miners 05 Mining of coal 8111 Unclear
Piacitelli et al. lignite (level) America in the United States of and lignite
1990) America
Tripathy 2015 ( Mining of coal and 4 Unclear Unclear India Region Manual opencast coal 05 Mining of coal 8111 Unclear
Tripathy 2015) lignite (prevalence) miners in India and lignite
Wang 2015 ( Mining of coal and 2325 0 China Region Manual coal miners in 05 Mining of coal Unclear Mean (SD)
Wang et al. lignite (prevalence) China and lignite 36.7 (8.5)
2015) years
Study Study type Exposure assessment
Study ID Study Study Exposure Unit for Mode of Exposure Type of Dates Shortestand  Levels/ intensity of Potential co-exposure
design period definition which exposure assessment exposure covered by longest exposure with other occupational
exposure data methods measure or exposure ass.  exposure risk factors
was assessed  collection estimate (years) period
Bird 2004( Cross- June-August Breathing zone Individual Technical Active filter Prevalence 2001 or 2002 Unclear 199 out of 203 Arsenic, noise, heat stress
Bird et al. sectional 2001 or respirable coal level device sampling with measurements below LOD.
2004) study 2002 dust, mg/m3. cyclone Range below LOD — 5.3
Exposed: Above mg/m3. Estimated overall
LOD mean below 0.3 mg/m3
coal dust
Grove 2014 ( Cross- 2006 Breathing zone and  Individual Technical Active filter Prevalence After 2008 Full shift AM 1.0-5.9 mg/m3 Both coal dust and silica
Grové et al. sectional stationary level device sampling with (min-max 0.9-9.2 mg/m3 assessed
2014) study sampling of cyclone

respirable coal
dust, mg/m3.
Exposed: Above
LOD

(continued on next page)
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Table 6 (continued)

Study Study type Exposure assessment
Study ID Study Study Exposure Unit for Mode of Exposure Type of Dates Shortestand  Levels/ intensity of Potential co-exposure
design period definition which exposure assessment exposure covered by longest exposure with other occupational
exposure data methods measure or exposure ass.  exposure risk factors
was assessed  collection estimate (years) period
Love 1997 ( Cross- 1990 Breathing zone Individual Technical Active filter Prevalence Unclear Full shift Range 0.02-20.1 mg/m3 Unclear
Love et al. sectional respirable mixed level device sampling with
1997) study dust, mg/m3. cyclone
Exposed: Above
LOD
Lu 2016 (Lu Cross- 2014 Stationary Group level Technical Area sampling Prevalence 2014 Unclear AM (SD) 3.02-3.23 Other metals and
2016) sectional respirable coal device with (2.34-2.67) mg/m3 metalloids in coal dust
study dust, mg/m3. DUSTTRAK assessed (Fe, Cu, Zn, Mn,
Exposed: Above Pb, Ni, Cd, and As):
LOD Microbiological exposure
assessed
Mamuya 2006  Cross- 2003-2004 Breathing zone Individual Technical Active filter Prevalence 2003-2004 5-10h GM (GSD) 0.56 mg/m3 Unclear
(Mamuya sectional respirable coal level device sampling with (5.37) Range 0.08-10.30
et al. 2006a;  study dust, mg/m3. cyclone mg/m3
Mamuya Exposed: Above
et al. 2006b) LOD
Piacitelli 1990  Cross- 1982-1986 Breathing zone Group level Technical Active filter Prevalence 1980-1986 Unclear AM (SD) 0.6-0.7 (1.1-1.7)  Unclear
(Piacitelli sectional respirable coal device sampling with mg/m3
et al. 1990) study dust, mg/m3. cyclone
Exposed: Above
LOD
Tripathy 2015 Cross- Unclear Breathing zone Individual Technical Active filter Prevalence Unclear Unclear Range 4.6-29.5 mg/m3 Unclear
(Tripathy sectional PM10 Coal dust, level device sampling
2015) study mg/m3. Exposed:
Above LOD
Wang 2015 ( Cross- 2013 Coal dust, mg/m3. Unclear Technical Active filter Prevalence 2013 Unclear AM 1.18-6.96 mg/m3 Unclear
Wang et al. sectional Exposure definition device sampling
2015) study unclear
Study Prevalence
estimate
Study ID Prevalence Definition of numerator population  Count in Number of study Definition of denominator Count in Number of study Point
estimate type numerator participants in population (source population) denominator participants in estimate
exposed group unexposed group
Bird 2004 (Bird et al. Prevalence Exposed power plant workers in the 4 4 Power plant workers in United States 203 199 2%
2004) United States of America of America
Grove 2014 (Grové et al. Prevalence Exposed coal miners in South Africa 42 42 Coal miners in South Africa 42 0 100%
2014)
Love 1997 (Love et al. Prevalence Exposed worker in opencast 626 626 Workers in opencast coalmining in 626 0 100%
1997) coalmining in the United Kingdom of the United Kingdom of Great Britain
Great Britain and Northern Ireland and Northern Ireland
Lu 2016 (Lu 2016) Prevalence Exposed coal miners in China 108 108 Coal miners in China Unclear 100%
Mamuya 2006 ( Prevalence Exposed coal miners in the United 203 203 Coal miners in the United Republic of 204 1 99%

Mamuya et al. 2006a;
Mamuya et al. 2006b)

Republic of Tanzania

Tanzania

(continued on next page)
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Table 6 (continued)

Prevalence

Study

estimate

Point

Number of study
participants in

Count in

Definition of denominator

Number of study
participants in

Count in

Definition of numerator population

Prevalence

Study ID

estimate

denominator

population (source population)

numerator

estimate type

unexposed group

exposed group

99,220

Surface coal miners in the United

States of America

Exposed surface coal miners in the

United States of America

Prevalence

Piacitelli 1990 (

Piacitelli et al. 1990)
Tripathy 2015 (Tripathy

100%

Opencast coal miners in India

4

Exposed opencast coal miners in India

Prevalence

2015)
Wang 2015 (Wang et al.

100%

2325

Coal miners in China

2325

Exposed coal miners in China 2325

Prevalence

2015)

Footnotes:

AM: Arithmetic mean, SD: Standard deviation, GM: Geometric mean, GSD: Geometric standard deviation, LOD: level of detection, LOQ: level of quantification.

Where a study includes two or more estimates/measures, the first entry in the table provides an overview of the information from the study. Estimate/measure-specific information is provided in subsequent linings, in

italics.
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records met the inclusion criteria. See Table 7 for a breakdown by in-
dustrial sector.

The target population in all included studies was from major ISCO
group 3, 7 and 9, and all measurements were performed among workers
with manual work. No individual included study was population-based.
For the industrial sector of Mining of coal and lignite (ISIC 05), we
judged the body of evidence to probably capture all (or the great ma-
jority of) the industrial subsectors. For all other industrial sectors, all
included studies collectively did not capture all industrial subsectors
within the industrial sectors, and the respective body of evidence (i.e.,
all included studies together) also did not capture the entirety of the
industrial sectors.

4.2.4.1. Study type. For coal dust, all studies for both prevalence and
level were cross-sectional.

4.2.5. Population studied

For coal dust the actual number of workers included in the studies
may deviate from the number of measurements, i.e., two of the studies
were based on group-based estimates, and therefore the number of
workers is underestimated. On the other hand, several studies included
more than one measurement per person, and this overestimates the
number of workers included.

Six of the included eight coal dust studies did not state the number of
workers included, but only the number of measurements. Thus, the sum
of workers indicated in Table 6 (3574) is far below the number of
measurements (100,407). The sum of female workers indicated in
Table 6 is 25, but the true proportion of males and females is unclear.
Two studies included male workers only, one study included both male
and female workers, and the rest (five studies) did not provide any in-
formation about the sex distribution.

Most coal dust studies examined populations in the Africa and
Western Pacific (two studies from two countries, and two studies from
one country, respectively). The most commonly studied countries were
the People’s Republic of China (two studies) and the United States of
America (two studies). The most studied industrial sector for occupa-
tional exposure to coal dust was Mining of coal and lignite (seven
studies). One study was conducted in the Electricity, gas, steam and air
conditioning supply industry. The occupations studied in most coal dust
studies were “Mining and Quarrying Labourers” (four studies), followed
by “Miners and Quarries” (two studies) and “Power Production Plant
Operators” (one study).

4.2.6. Exposure studied

All eight included coal dust studies used active filter sampling and
gravimetric assessment of coal dust. Five studies included personal air
sampling, two studies stationary measurements, and one study didn’t
specify the collection method. Five studies assessed respirable coal dust,
two studies other particle size fractions, and one study did not define the
collected particle fraction. In seven studies, occupational exposure to
coal dust was defined as coal dust measurements above the LOD, in one
study the definition was unclear. Five studies assessed exposure at an
individual level, in two studies (one using personal and one stationary
measurements) exposure was expressed at group level, while for one
study it was unclear. In all eight studies, current exposure (prevalence)
was assessed. Measurements between the years 1980 and 2014 were
identified. Three studies included full-shift measurement (above 4
hours), and for the remaining five studies the sampling duration was
unclear. Four studies presented a mean exposure level by AM (range
0.6-7.0 mg/m®), one study by GM (0.6 mg/m®), and three studies by
other methods, e.g., range. For seven studies a prevalence estimate was
available, ranging from 0.02 to 1.00.
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Table 7
Study and measurement numbers by industrial sector, for prevalence and level of occupational exposure to coal dust.
Industrial sector  Prevalence Level
Number of Number of Number of Number of Number of Number of Number of Number of
entries and countries regions measurements entries and countries regions measurements
studies studies
Mining (coal and 6 entries from 6 5 4 3309 5 entries from 3 3 3 100,092
lignite) studies studies
Electricity, gas 1 entry from 1 1 1 203 1 entry from 1 1 1 4
and air supply study study

Table 8

Risk of bias in included studies, Prevalence and level of occupational exposure to silica by industrial sector Construction: Construction of buildings (41), Civil en-
gineering (42), Specialized construction activities (43).
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Legend
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4.3. Characteristics of studies awaiting classification

We did not identify any studies that are awaiting classification.

4.4. Risk of bias within studies

The risk of bias tables for each study with a rationale for the rating by

RoB-SPEO risk of bias domain (Pega et al. 2020) are presented in

Appendices 4-6 in the Supplementary data.

4.4.1. Occupational exposure to silica

for Construction, Manufacture and Mining.
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Tables 8-13 present an overview of risk of bias in included studies by
industrial sector, where ISIC-4 codes at the level of 2-digits were merged
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Risk of bias in included studies, Prevalence and level of occupational exposure to silica by industrial sector Manufacturing: Manufacture of chemicals and chemical
products (20), Manufacture of other non-metallic mineral product (23), Manufacture of basic metals (24), Manufacture of furniture (31), Other manufacturing (32).
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- Low Probably low Probably high ” High
4.4.1.1. Construction

4.4.1.1.1. Prevalence. Across the 18 included studies (Table 8), risk
of bias was high or probably high for ten studies for bias in selection of
participants into the study, three studies for bias due to lack of blinding
of study personnel, four studies for bias due to exposure misclassifica-
tion, four studies for bias due to incomplete exposure data, one study for
bias due to selective reporting of exposures, five studies for bias due to
conflicts of interest, seven studies for bias due to differences in numer-
ator and denominator, and two studies for other bias.

4.4.1.1.2. Level. Across the 16 included studies (Table 8), risk of
bias was high or probably high for nine studies for bias in selection of
participants into the study, two studies for bias due to lack of blinding of
study personnel, four studies for bias due to exposure misclassification,
three studies for bias due to incomplete exposure data, two studies for
bias due to selective reporting of exposures, four studies for bias due to
conflicts of interest, six studies for bias due to differences in numerator
and denominator, and three studies for other bias.

4.4.1.2. Manufacturing

4.4.1.2.1. Prevalence. Across the 25 included studies (Table 9), risk
of bias was high or probably high for 13 studies for bias in selection of
participants into the study, three studies for bias due to lack of blinding
of study personnel, seven studies for bias due to exposure misclassifi-
cation, five studies for bias due to incomplete exposure data, three
studies for bias due to selective reporting of exposures, six studies for
bias due to conflicts of interest and five studies for bias due to differences
in numerator and denominator.

4.4.1.2.2. Level. Across the 14 included studies (Table 9), risk of
bias was high or probably high for eight studies for bias in selection of
participants into the study, two studies for bias due to lack of blinding of
study personnel, five studies for bias due to exposure misclassification,

Not reported/not applicable

one study for bias due to incomplete exposure data, one study for bias
due to selective reporting of exposures, two studies for bias due to
conflicts of interest, three studies for bias due to differences in numer-
ator and denominator, and one study for other bias.

4.4.1.3. Mining

4.4.1.3.1. Prevalence. Across the 21 included studies (Table 10), risk
of bias was high or probably high for nine studies for bias in selection of
participants into the study, one study for bias due to lack of blinding of
study personnel, four studies for bias due to exposure misclassification,
four studies for bias due to incomplete exposure data, one study for bias
due to selective reporting of exposures, one study for bias due to con-
flicts of interest, six studies for bias due to differences in numerator and
denominator, and two studies for other bias.

4.4.1.3.2. Level. Across the 17 included studies (Table 10), risk of
bias was high or probably high for six studies for bias in selection of
participants into the study, one study for bias due to lack of blinding of
study personnel, five studies for bias due to exposure misclassification,
three studies for bias due to incomplete exposure data, one study for bias
due to selective reporting of exposures, one study for bias due to con-
flicts of interest, five studies for bias due to differences in numerator and
denominator, and two studies for other bias.

4.4.1.4. Crop and animal production

4.4.1.4.1. Prevalence. Across the three included studies (Table 11),
risk of bias was high or probably high for one study for bias in selection
of participants into the study, one study for bias due to lack of blinding
of study personnel, one study for bias due to selective reporting of ex-
posures, and one study for bias due to differences in numerator and
denominator.

4.4.1.4.2. Level. Across the two included studies (Table 11), risk of
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Risk of bias in included studies, Prevalence and level of occupational exposure to silica for industrial sector Mining: Mining of coal and lignite (05), Mining of metal ores

(07), Other mining and quarrying (08).
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Legend

Low

bias was high or probably high for one study for bias in selection of
participants into the study, one study for bias due to selective reporting
of exposures, and one study for bias due to differences in numerator and
denominator.

4.4.1.5. Electricity, gas, steam and air conditioning supply

4.4.1.5.1. Prevalence. Across the two included studies (Table 12),
risk of bias was high or probably high for two studies for bias in selection
of participants into the study and one study for bias due to exposure
misclassification.

4.4.1.5.2. Level. For the one study in the body of evidence
(Table 12), risk of bias was high or probably high for bias in selection of
participants into the study and for bias due to exposure misclassification.

4.4.1.6. Professional, scientific and technical activities

4.4.1.6.1. Prevalence. For the one study in the body of evidence
(Table 13), risk of bias was high or probably high for bias in selection of
participants into the study and for bias due to differences in numerator
and denominator.

4.4.1.6.2. Level. Across the two included studies (Table 13), risk of
bias was high or probably high for two studies for bias in selection of
participants into the study, one study for bias due to exposure misclas-
sification and two studies for bias due to differences in numerator and
denominator.

4.4.2. Occupational exposure to asbestos

Tables 14-18 present an overview of risk of bias in included studies
by industrial sector, where ISIC-4 2-digit codes were merged for Con-
struction (as here defined; not as per ISIC) and Manufacture (as here
defined).

Probably low Probably high q High
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Not reported/not applicable

4.4.2.1. Construction

4.4.2.1.1. Prevalence. Across the six included studies (Table 14),
risk of bias was high or probably high for one study for bias in selection
of participants into the study, two studies for bias due to exposure
misclassification, one studies for bias due to incomplete exposure data,
one study for selective reporting of exposures, and one study for bias due
to differences in numerator and denominator.

4.4.2.1.2. Level. Across the six included studies (Table 14), risk of
bias was high or probably high for two studies for bias in selection of
participants into the study, one study for bias due to exposure misclas-
sification, and one study for bias due to incomplete exposure data.

4.4.2.2. Manufacturing

4.4.2.2.1. Prevalence. Across the seven included studies (Table 15),
risk of bias was high or probably high for six studies for bias in selection
of participants into the study, one study for bias due to exposure
misclassification, one study for bias due to incomplete exposure data,
two studies for bias due to selective reporting of exposures, three studies
for bias due to differences in numerator and denominator, and two
studies due to other bias.

4.4.2.2.2. Level. Across the five included studies (Table 15), risk of
bias was high or probably high for five studies for bias in selection of
participants into the study, one study for bias due to exposure misclas-
sification, one study for bias due to incomplete exposure data, one study
for bias due to selective reporting of exposures, and one study for bias
due to differences in numerator and denominator.

4.4.2.3. Other mining and quarrying
4.4.2.3.1. Prevalence. For the one study in the body of evidence
(Table 16), risk of bias was high or probably high for bias in selection of
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Risk of bias in included studies, Prevalence and level of occupational exposure to silica for industrial sector Crop and animal production (01).
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participants into the study, bias due to lack of blinding of study
personnel, bias due to incomplete exposure data, bias due to selective
reporting of exposures, and bias due to differences in numerator and
denominator.

4.4.2.3.2. Level. The body of evidence for levels comprised the same
study as the body of evidence for prevalence for occupational exposure
to asbestos in Other mining and quarrying.

4.4.2.4. Electricity, gas, steam and air conditioning supply

4.4.2.4.1. Prevalence. Across the two included studies (Table 17),
risk of bias was high or probably high for one study for bias in selection
of participants into the study, one study for bias due to incomplete
exposure data, and one study for bias due to differences in numerator
and denominator.

4.4.2.4.2. Level For the one study in the body of evidence
(Table 17), risk of bias was high or probably high for bias in selection of
participants into the study, bias due to incomplete exposure data, and
bias due to differences in numerator and denominator.

4.4.2.5. Water supply, sewerage, waste management and remediation
4.4.2.5.1. Prevalence. No included studies considered prevalence of
occupational exposure to asbestos in Water supply, sewerage, waste
management and remediation.
4.4.2.5.2. Level. For the one study in the body of evidence
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NR | Not reported/not applicable

(Table 18), risk of bias was rated low across all domains.

4.4.3. Prevalence and level of occupational exposure to coal dust by
industrial sector

Tables 19-20 present an overview of risk of bias in included studies
by industrial sector.

4.4.3.1. Mining of coal and lignite

4.4.3.1.1. Prevalence. Across the six included studies (Table 19),
risk of bias was high or probably high for four studies for bias in selec-
tion of participants into the study, one study for bias due to lack of
blinding of study personnel, two studies for bias due to incomplete
exposure data, one study for bias due to selective reporting of exposures,
two studies for bias due to conflicts of interest, and two studies for bias
due to differences in numerator and denominator.

4.4.3.1.2. Level. Across the three included studies (Table 19), risk of
bias was high or probably high for three studies for bias in selection of
participants into the study, one study due to exposure misclassification,
one study for bias due to incomplete exposure data, two studies for bias
due to selective reporting of exposures, and one study for bias due to
differences in numerator and denominator.

4.4.3.2. Electricity, gas, steam and air conditioning supply
4.4.3.2.1. Prevalence. For the one study in the body of evidence
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Risk of bias in included studies, Prevalence and level of occupational exposure to silica for industrial sector Electricity, gas, steam and air conditioning supply (35).
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(Table 20), risk of bias was rated low across all domains.

4.4.3.2.2. Level. The body of evidence for level of exposure
comprised the same study as the body of evidence for prevalence for
occupational exposure to coal dust in Electricity, gas, steam and air
conditioning supply.

4.4.4. Results from studies excluded from the meta-analysis

Tables on results from studies excluded from the meta-analyses on
prevalences and levels for silica, asbestos and coal dust, respectively, as
well as the reasons for their exclusion from the meta-analyses are
available in Appendix 7 of the Supplementary data. The results are
briefly described below by type of exposure.

4.4.4.1. Occupational exposure to silica. Nine out of 65 silica studies
were not included in the meta-analyses for prevalence. For seven studies,
no information on the prevalence was available, and for the two
remaining studies, the prevalence ranges between 5% and up to “below
100%”.

Twenty-five out of 65 silica studies were not included in the meta-
analyses for level of exposure. Not included studies did not present an
eligible summary measure for meta-analysis and had a large variability
in exposure levels ranging from LOD to 47 mg/m>. Taken together, the
excluded studies did not systematically present lower or higher levels
compared to the meta-analysed result.

4.4.4.2. Occupational exposure to asbestos. Two out of 18 asbestos
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NR | Not reported/not applicable

studies were not included in the meta-analysis for prevalence. In these
two studies no information on the actual prevalence was available.

Six out of 18 asbestos studies were not included in the meta-analyses
for level of exposure. Not included studies did not present an eligible
summary measure for meta-analysis and had a large variability in
exposure levels ranging from LOD to 16 f/ml. The excluded studies
tended to present higher exposure levels compared to the meta-analyzed
results.

4.4.4.3. Occupational exposure to coal dust. One out of eight coal dust
studies was not included in the meta-analysis for prevalence. For this
study no information on prevalence was available.

Four out of eight coal dust studies were not included in the meta-
analyses for level of exposure. The studies that were not included did not
present an eligible summary measure for meta-analysis and had a large
variability in exposure levels ranging from 0.02 to 30 mg/m®. Exposure
levels tend to be higher compared to the meta-analyzed results.

4.5. Evidence synthesis

Measurements from each of the sectors were considered sufficiently
clinically homogenous to be included in the same quantitative meta-
analysis, where ISIC-4 2-digit coded were merged for construction,
manufacture and mining. Clinical homogeneity is the lack of clinical
heterogeneity, which can be defined as “differences in participant
characteristics, [and] types or timing of outcome [or exposure]
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Risk of bias in included studies, Prevalence and level of occupational exposure to silica for industrial sector Professional, scientific and technical activities (71, 74).
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measurements” (Chess and Gagnier 2016).
4.5.1. Occupational exposure to silica

4.5.1.1. Construction (ISIC 41-43)

4.5.1.1.1. Prevalence. The pooled prevalence estimate for Con-
struction (ISIC 41-43, 17 studies, 2479 measurements, eight countries),
was 0.89 (95% CI 0.84 to 0.93), with a moderate statistical heteroge-
neity (12 91%) (Fig. 2).

4.5.1.1.2. Level. The pooled level estimate for Construction (ISIC
41-43, 16 studies, 2352 measurements, seven countries), was 0.06 mg/
m® (95% CI 0.05 to 0.06), with a high statistical heterogeneity (I 100%)
(Fig. 3).

4.5.1.2. Manufacturing (ISIC 20, 23-25, 27, 31-32)

4.5.1.2.1. Prevalence. The pooled prevalence estimate for
Manufacturing (ISIC 20, 23-25, 27, 31-32, 24 studies, 40,073 mea-
surements, 14 countries), was 0.85 (95% CI 0.78 to 0.91), with a high
statistical heterogeneity (1% 100%) (Fig. 4).

4.5.1.2.2. Level. The pooled level estimate for Manufacturing (ISIC
20, 23-25, 27, 31-32, 13 studies, 7733 measurements, nine countries),
was 0.10 mg/m3 (95% CI 0.09 to 0.11), with a high statistical hetero-
geneity (I2 100%) (Fig. 5).

4.5.1.3. Mining (ISIC 05, 07, 08)
4.5.1.3.1. Prevalence. The pooled prevalence estimate for Mining
(ISIC 05, 07, 08, 20 studies, 222,276 measurements, 13 countries), was
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Not reported/not applicable

0.75 (95% CI 0.68 to 0.82), with a high statistical heterogeneity (12
100%) (Fig. 6).

4.5.1.3.2. Level. The pooled level estimate for Mining (ISIC 05, 07,
08, 17 studies, 2,429,043 measurements, seven countries), was 0.04
mg/m> (95% CI 0.03 to 0.05), with a high statistical heterogeneity (12
100 %) (Fig. 7).

4.5.1.4. Crop and animal production, hunting and related service activities
(ISIC 01)

4.5.1.4.1. Prevalence. The pooled prevalence estimate for Crop and
animal production, hunting and related service activities (ISIC 01, three
studies, 479 measurements, two countries), was 0.67 (95% CI 0.48 to
0.84), with a moderate statistical heterogeneity (1% 93%) (Fig. 8).

4.5.1.4.2. Level The pooled level estimate for Crop and animal
production, hunting and related service activities (ISIC 01, two studies,
335 measurements, two countries), was 0.13 mg/m3 (95% CI —0.09 to
0.35), with a moderate statistical heterogeneity (1% 89 %) (Fig. 9).

4.5.1.5. Electricity, gas, steam and air conditioning supply (ISIC 35)

4.5.1.5.1. Prevalence. The pooled prevalence estimate for Elec-
tricity, gas, steam and air conditioning supply (ISIC 35, two studies, 136
measurements, two countries), was 0.69 (95% CI 0.51 to 0.84), with a
moderate statistical heterogeneity (1 66%) (Fig. 10).

4.5.1.5.2. Level. The level estimate for Electricity, gas, steam and air
conditioning supply (ISIC 35) came from one study (28 measurements,
one country). The estimate produced, once entered into RevMan, was
0.02 mg/m® (95% CI —0.01 to 0.06).
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Risk of bias in included studies, Prevalence and level of occupational exposure to asbestos for industrial sector Construction: Construction of buildings (41), Specialized
construction activities (43), Wholesale, retail trade, repair of vehicles and motorbikes (45).

< ~ " ~ 0 © <
- o - 3 - -
S|g|&|R /8|8 |2
Cohort glElelsl2 5 8

o £ 2| = &
2138 8|5|5|£
S|2|2|3|a|8|%2

° ° ° ° °

> - > > > >
3 [ I T T O H
Meta-analysis N H N N N . o
> - > > > > a

o 2 o 3 o

o -8 o [-Y a

a1, 41,
Industrial sector (ISIC 4) 43 | 43, | 43 | 43 | 43 ' 43

43

45
Bias in selection of

participants into the study PL | PH | PH | PL L L PL

Bias due to lack of blinding
of study personnel PL [ PL | PL | PL| L L | PL

Bias due to exposure

misclassification PL | PL | PH L L L

PH

Bias due to incomplete

exposure data L [PL{PH| L |PL| L L
Bias due to selective
reporting of exposures PL [ PL | PL | PL| L L | PH
Bias due to conflicts of
interest PL | PL | PL | PL L L PL
Bias due to differences in
numerator and denominator | PL | PL | PL | PL [ L L | PH
Other bias

L L L L L L L

Legend

Low Probably low Probably high - High

4.5.1.6. Professional, scientific and technical activities (ISIC 71,74)

4.5.1.6.1. Prevalence. The prevalence estimate for Professional,
scientific and technical activities (ISIC 71,74) came from one study (41
measurements, 1 country). The estimate produced, once entered into
MetaXL, was 0.99 (95% CI 0.96 to 1.00).

4.5.1.6.2. Level. The pooled level estimate for Professional, scien-
tific and technical activities (ISIC 71, 74, two studies, 87 measurements,
two countries), was 0.01 mg/m3 (95% CI —0.00 to 0.02), with a mod-
erate statistical heterogeneity (12 86 %) (Fig. 11).

4.5.2. Occupational exposure to asbestos

4.5.2.1. Construction (ISIC 41, 43, 45)

4.5.2.1.1. Prevalence. The pooled prevalence estimate for Con-
struction (ISIC 41, 43, 45, six studies, 16,580 measurements, three
countries), was 0.77 (95% CI 0.65 to 0.87), with a high statistical het-
erogeneity (I2 99%) (Fig. 12).

4.5.2.1.2. Level. The pooled level estimate for Construction (ISIC
41, 43, 45, six studies, 12,240 measurements, four countries), was 0.02
f/cm® (95% CI 0.01 to 0.02), with a high statistical heterogeneity (12100
%) (Fig. 13).

4.5.2.2. Manufacturing (ISIC 13, 23, 24, 29, 30)

4.5.2.2.1. Prevalence. The pooled prevalence estimate for
Manufacturing (ISIC 13, 23, 24, 29, 30, seven studies, 1225 measure-
ments, five countries), was 0.99 (95% CI 0.96 to 1.00), with a moderate
statistical heterogeneity (12 75%) (Fi g. 14).

The pooled level estimate for Manufacturing (ISIC 13, 23, 24, 29, 30,
five studies, 1432 measurements, five countries), was 0.16 f/cm® (95%
CI0.10 to 0.21), with a high statistical heterogeneity (I 97 %) (Fig. 15).

Not reported/not applicable
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4.5.2.3. Other mining and quarrying (ISIC 08)

4.5.2.3.1. Prevalence. The pooled prevalence estimate for Other
mining and quarrying (ISIC 08) came from one study (89 measurements,
one country). The estimate produced, once entered into MetaXL, was
0.85 (95% CI 0.77 to 0.91).

4.5.2.3.2. Level The pooled level estimate for Other mining and
quarrying (ISIC 08) came from one study (89 measurements, one
country). The estimate produced, once entered into RevMan, was 0.01 f/
em? (95% CI 0.01 to 0.02).

4.5.2.4. Electricity, gas, steam and air conditioning supply (ISIC 35)

4.5.2.4.1. Prevalence. The pooled prevalence estimate for Elec-
tricity, gas, steam and air conditioning supply (ISIC 35, two studies, 108
measurements, two countries), was 0.64 (95% CI 0.00 to 1.00), with a
high statistical heterogeneity (1% 99%) (Fig. 16).

4.5.2.4.2. Level. The level estimate for Electricity, gas, steam and air
conditioning supply (ISIC 35) came from one study (46 measurements,
one country). The estimate produced, once entered into RevMan, was
0.40 f/cm® (95% CI 0.21 to 0.58).

4.5.2.5. Water supply; sewerage, waste management and remediation (ISIC
37)

4.5.2.5.1. Prevalence. There were no included studies that consid-
ered prevalence of occupational exposure to asbestos in the industrial
sector of Water supply; sewerage, waste management and remediation
(ISIC 37).

4.5.2.5.2. Level. The level estimate for Water supply; sewerage,
waste management and remediation (ISIC 37) came from one study
(4507 measurements, one country). The estimate produced, once
entered into RevMan, was 0.00 f/cm® (95% CI 0.00 to 0.00).
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Risk of bias in included studies, Prevalence and level of occupational exposure to asbestos for industrial sector Manufacturing: Manufacture of textiles (13), Manu-
facture of other non-metallic mineral product (23), Manufacture of basic metals (24), Manufacture of motor vehicles, trailers and semi-trailers (29), Manufacture of

other transport equipment (30).
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4.5.3. Occupational exposure to coal dust

4.5.3.1. Mining of coal and lignite (ISIC 05)

4.5.3.1.1. Prevalence. The pooled prevalence estimate for Mining of
coal and lignite (ISIC 05, six studies, 3309 measurements, five coun-
tries), was 1.00 (95% CI 1.00 to 1.00), with a low statistical heteroge-
neity (12 16%) (Fig. 17).

4.5.3.1.2. Level. The pooled level estimate for Mining of coal and
lignite (ISIC 05, three studies, 100,092 measurements, three countries),
was 0.77 mg/m3 (95% CI 0.68 to 0.86), with a high statistical hetero-
geneity (I 100%) (Fig. 18).

4.5.3.2. Electricity, gas, steam and air conditioning supply (ISIC 35)

4.5.3.2.1. Prevalence. The prevalence estimate for Electricity, gas,
steam and air conditioning supply (ISIC 35) came from one study (203
measurements, one country). The estimate produced, once entered into
MetaXL, was 0.02 (95% CI 0.00 to 0.04).

4.5.3.2.2. Level. The level estimate for Electricity, gas, steam and air
conditioning supply (ISIC 35) came from one study (four measurements,
one country). The estimate produced, once entered into RevMan, was
0.60 mg/m> (95% CI —6.95 to 8.14).

4.6. Additional analyses

4.6.1. Subgroup analysis, by WHO region

Forest plots for subgroup analyses by WHO region can be found in
Appendices 8-10 of the Supplementary data for exposures that have
data for two or more WHO regions.
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Not reported/not applicable

4.6.1.1. Occupational exposure to silica. Table 21 presents the subgroup
analyses for results by WHO region for prevalence and level of occu-
pational exposure to silica for each industrial sector. For industrial
sectors with more entries (Construction, Manufacturing and Mining) a
large statistical heterogeneity within and between WHO regions was
indicated suggesting that the prevalences and levels may differ sub-
stantially by WHO region for these industrial sectors. For the remaining
sectors the number of entries was too limited to draw any conclusion.

4.6.1.2. Occupational exposure to asbestos. Table 22 presents the sub-
group analyses for results by WHO region for prevalence and level of
occupational exposure to asbestos for each industrial sector.

For industrial sectors with more entries (Construction and
Manufacturing) a large statistical heterogeneity within and between
WHO regions was indicated suggesting that the prevalences and levels
may differ substantially by WHO region for these industrial sectors. For
the remaining sectors the number of entries was limited. For the
remaining sectors the number of entries was too limited to draw any
conclusion.

4.6.1.3. Occupational exposure to coal dust. Table 23 presents the sub-
group analyses for results by WHO region for prevalence and level of
occupational exposure to coal dust for each industrial sector.

For the single industrial sector with more entries (Mining of coal and
lignite) a low statistical heterogeneity and a very similar prevalence
(99-100%) within and between WHO regions was evident. For levels, a
large statistical heterogeneity was indicated suggesting that the levels
may differ substantially by WHO region. For the remaining sectors the
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Table 16
Risk of bias in included studies, Prevalence and level of occupational exposure to asbestos for industrial sector Other mining and quarrying (08).
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Table 17
Risk of bias in included studies, Prevalence and level of occupational exposure to asbestos for industrial sector Electricity, gas, steam and air conditioning supply (35).
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Table 18
Risk of bias in included studies, Prevalence and level of occupational exposure to asbestos for industrial sector Water supply, sewerage, waste management and
remediation (37).
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Risk of bias in included studies, Prevalence and level of occupational exposure to coal dust for industrial sector Mining of coal and lignite (05).
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Risk of bias in included studies, Prevalence and level of occupational exposure to coal dust for industrial sector Electricity, gas, steam and air conditioning supply (35).
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number of entries was too limited to draw any conclusion.

4.6.2. Sensitivity analysis, by risk of bias due to selection of participants
into studies

We carried out sensitivity analyses for each exposure to assess
whether pooled estimates varied between studies considered at high/
probably high risk of bias due to selection of participants into studies
versus studies considered at low/probably low risk of bias due to se-
lection of participants into studies. Forest plots are shown in Appendices
11-13 in the Supplementary data, for exposures whose bodies of evi-
dence comprised studies with both high/probably high and low/prob-
ably low risk of bias due to selection of participants into studies.

4.6.2.1. Occupational exposure to silica. Table 24 presents the sensitivity
analyses for results by risk of bias due to selection region for prevalence
and level of occupational exposure to silica.

4.6.2.2. Occupational exposure to asbestos. Table 25 presents the sensi-
tivity analyses for results by WHO region for prevalence and level of
occupational exposure to asbestos for each industrial sector.

4.6.2.3. Occupational exposure to coal dust. Table 26 presents the
sensitivity analyses for results by WHO region for prevalence and level
of occupational exposure to coal dust for each industrial sector.

4.7. Quality of evidence

Using the QOoE-SPEO approach (Pega et al. 2022b) for assessing
quality of evidence of the entire body of evidence that WHO developed
specifically for the WHO/ILO Joint Estimates, we judged the quality of
evidence for each exposure, starting from a rating of high. Funnel plots,
used in the assessment of publication bias for bodies of evidence
comprising at least 10 studies, can be found in Appendix 14 of the

Not reported/not applicable
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Supplementary data (silica only, as no body of evidence related to
asbestos or coal dust comprised 10 studies or more). Additionally,
detailed information about the quality of evidence assessments can be
found in the templates used for the assessment in Appendices 15-17.

4.7.1. Occupational exposure to silica

Table 27 displays the expected heterogeneity, number of down-
grades and reasons for downgrading, and the final quality of evidence
score for prevalence and level of occupational exposure to silica.

4.7.2. Occupational exposure to asbestos

Table 28 displays the expected heterogeneity, number of down-
grades and reasons for downgrading, and the final quality of evidence
score for prevalence and level of occupational exposure to asbestos.

4.7.3. Occupational exposure to coal dust

Table 29 displays the expected heterogeneity, number of down-
grades and reasons for downgrading, and the final quality of evidence
score for prevalence and level of occupational exposure to coal dust.

5. Discussion
5.1. Summary of evidence

5.1.1. Occupational exposure to silica
The summary of findings for prevalence and level of occupational
exposure to silica in each industrial sector is shown in Table 30.

5.1.1.1. Construction. The pooled prevalence estimate was 0.89 (95%
CI 0.84 to 0.93, I? 91%, 17 studies, moderate quality of evidence) for
occupational exposure to silica in Construction, and the pooled level
estimate was 0.06 mg/m® (95% CI 0.05 to 0.06, I 100%, 16 studies,
very low quality of evidence).
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Prevalence of exposure to silica for Construction

Study Prev (95% CI) % Weight

Azari 2009 (1) = 0.80 ( 0.59, 0.95) 3.4

Azari 2009 (2) = 0.80 ( 0.59, 0.95) 3.4
Bakke 2001 (3) —a— 0.77 ( 0.73, 0.81) 4.9
Bakke 2001 (4) —a 1.00 ( 0.96, 1.00) 4.0
Bakke 2014 . 0.93 ( 0.89, 0.97) 4.7

Guenel 1989 — 0.92 ( 0.85, 0.97) 4.5
Hammond 2016 — 0.90 ( 0.79, 0.98) 4.1
Huizer 2010 = 0.45 ( 0.25, 0.67) 3.5

Khoza 2012 —a 1.00 ( 0.97, 1.00) 4.2

Linch 2002 _——— 0.51 ( 0.36, 0.66) 4.1

Nij 2003 ——a— 0.93 ( 0.86, 0.99) 4.3
Normohammadi 2016 —a 1.00 ( 0.97, 1.00) 4.3
Radnoff 2014 (5) —a 0.98 ( 0.90, 1.00) 4.1
Radnoff 2014 (6) - 0.92 ( 0.76, 1.00) 3.6
Radnoff 2014 (7) —_— 1.00 ( 0.83, 1.00) 2.6
Rappaport 2003 (8) —m— 0.88 ( 0.82, 0.93) 4.7
Rappaport 2003 (9) —a— 0.83 ( 0.76, 0.89) 4.6
Rappaport 2003 (10) —_——— 0.74 ( 0.60, 0.86) 4.1
Rappaport 2003 (11) —_—— 0.88 ( 0.72, 0.98) 3.6
Tavakol 2017 - 1.00 ( 0.98, 1.00) 4.5
Ulvestad 2000 —— 0.89 ( 0.86, 0.92) 4.8
Ulvestad 2001 —a— 0.70 ( 0.64, 0.76) 4.8

van Deurssen 2014 —a— 0.95 ( 0.91, 0.98) 4.7
Woskie 2002 —- 0.95 ( 092, 0.97) 4.8
Overall ’ 0.89 ( 0.84, 0.93) 100.0

Q=260.39, p=0.00 12=91%
0 0.2 0.4 0.6 0.8 1
Prevalence

Fig. 2. Main meta-analysis, prevalence of occupational exposure to silica, Construction ISIC 41-43.

5.1.1.2. Manufacturing. The pooled prevalence estimate was 0.85 (95%
CI 0.78 to 0.91, I 100%, 24 studies, moderate quality of evidence) for
occupational exposure to silica in Manufacturing, and the pooled level
estimate was 0.10 mg/m°> (95% CI 0.09 to 0.11, I 100%, 14 studies,
very low quality of evidence).

5.1.1.3. Mining. The pooled prevalence estimate was 0.75 (95% CI 0.68
to 0.82, I2 100%, 20 studies, moderate quality of evidence) for occu-
pational exposure to silica in Mining, and the pooled level estimate was
0.04 mg/m> (95% CI 0.03 to 0.05, I2 100%, 17 studies, low quality of
evidence).

5.1.1.4. Crop and animal production. The bodies of evidence for the
pooled prevalence estimate and the pooled level estimate for Crop and
animal production were judged to be of very low quality of evidence.

5.1.1.5. Electricity, gas, steam and air conditioning supply. The bodies of
evidence for the pooled prevalence estimate and the pooled level esti-
mate for Electricity, gas, steam and air conditioning supply were judged
to be of very low quality of evidence.

5.1.1.6. Professional, scientific and technical activities. The bodies of
evidence for the pooled prevalence estimate and the pooled level esti-
mate for Professional, scientific and technical activities were judged to
be of very low quality of evidence.

5.1.2. Occupational exposure to asbestos
Table 31 presents the summary of findings for prevalence and level of
occupational exposure to asbestos by industrial sector.
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5.1.2.1. Construction. The pooled prevalence estimate was 0.77 (95%
CI 0.65 to 0.87, 12 99%, six studies, low quality of evidence) for occu-
pational exposure to asbestos in Construction. The body of evidence for
the pooled level estimate for Construction was judged to be of very low
quality of evidence.

5.1.2.2. Manufacturing. The bodies of evidence for the pooled preva-
lence estimate and the pooled level estimate for Manufacturing were
judged to be of very low quality of evidence.

5.1.2.3. Mining (other mining and quarrying). The bodies of evidence for
the pooled prevalence estimate and the pooled level estimate for Mining
were judged to be of very low quality of evidence.

5.1.2.4. Electricity, gas, steam and air conditioning supply. The bodies of
evidence for the pooled prevalence estimate and the pooled level esti-
mate for Electricity, gas, steam and air conditioning supply were judged
to be of very low quality of evidence.

5.1.2.5. Water supply, sewerage, waste management and remediation. The
body of evidence for the pooled level estimate for Water supply,
sewerage, waste management and remediation was judged to be of very
low quality of evidence.

5.1.3. Occupational exposure to coal dust
Table 32 presents the summary of findings for prevalence and level of

occupational exposure to silica by industrial sector are shown.

5.1.3.1. Mining (coal and lignite). The pooled prevalence estimate was
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Study or Subgroup

Levels of exposure

Levels of exposure
SE Weight IV, Random, 95% CI
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Levels of exposure
IV, Random, 95% CI

Azari 2008 (1) 0.267 0.017797 3.0%  0.27[0.23,030] =
Azari 200 (2) 0193 001084 42%  019[0.17,021] -

Bakke 2001 (3) 0.035 0.003574 54%  0.04[0.03,004] .

Bakke 2001 (4) 0.002 0.000211 56%  0.00([0.00,0.00]

Bakke 2014 0.063 0.006488 50%  0.06[0.05,0.08] -

Galea 2016 0.03 0.004674 53%  0.03[0.02,0.04) -

Hammond 2016 0.218 0193343 01%  0.22[-0.16,060] —

Khoza 2012 0.01 0.001706 55%  0.01[0.01,0.01)

Nij 2003 013 0.034944 13% 013 [0.06,0.20) —

Normohammadi 2016 0132 0018835 29%  0.413[0.10,017] ~

Radnoff 2014 (5) 0.055 0.009938 44%  0.06([0.04,007] -

Radnoff 2014 (6) 0.013 0.002543 55%  0.01[0.01,002

Radnoff 2014 (7) 0.027 0005158 52%  0.03[0.02,004] -

Rappaport 2003 () 128 1175208 00%  1.28[1.02 358 * >
Rappaport 2003 (9) 032 0.817014 00%  0.32[1.28,1.82 * >
Rappaport 2003 (10) 035 016283 01%  0.35[0.03067)

Scarselli 2014 0.045 00011 55%  0.04[0.04,008 .

Tavakol 2017 0129 000206 55%  013[0.12,013 .

Ulvestad 2000 (11) 0.034 0005437 52%  0.03[0.02,004] .

Ulvestad 2000 (12) 0.003 0006327 50%  0.00[0.01,002

Ulvestad 2001 (13) 0.026 0.002762 54%  0.03[0.02, 003 -

Ulvestad 2001 (14) 0.015 0.001768 55%  0.01[0.01,002

Ulvestad 2001 (15) 0.002 000033 56%  0.00([0.00,000]

van Deurssen 2014 01 0.012304 40%  0.10[0.08,0.12) -

Yassin 2005 0.07 0.006615 50%  0.07[0.06, 0.0) -

Total (95% CI) 100.0%  0.06 [0.05, 0.06] |

Heterogeneity: Tau®= 0.00; Chi*= 6324.69, df= 24 (P < 0.00001); F= 100% = = =

Test for overall effect: Z=12.04 (P < 0.00001)

Footnotes
(1) 1SIC 42
(2) ISIC 41

(3) ISIC 42, tunnel construction
(4) ISIC 42, tunnel construction

(5) 1SIC 41
(6) ISIC 42
(7)I1SIC 43

(8) ISIC 43, construction, bricklayers

(9) ISIC 43, construction, painters

(10) ISIC 41

(11) ISIC 42, tunnel construction

(12) ISIC 42, tunnel construction, outdoor
(13) ISIC 42, construction, drilling

(14) ISIC 42, shotcretes

(15) ISIC 42, construction, outdoor

05 1
Level (mg/m3)

Fig. 3. Main meta-analysis, level of occupational exposure to silica, Construction ISIC 41-43.

1.00 (95% CI 1.00 to 1.00, I 16%, six studies, moderate quality of ev-
idence) for occupational exposure to silica in Mining (coal and lignite),
and the pooled level estimate was 0.77 mg/m3 (95% CI 0.68 to 0.86, I
100%, three studies, low quality of evidence).

5.1.3.2. Electricity, gas, steam and air conditioning supply. The body of
evidence for the pooled prevalence estimate for Electricity, gas, steam
and air conditioning supply was judged to be of very low quality of
evidence. The pooled level estimate was 0.60 mg/m3 (95% CI —6.95 to
8.14, one study, low quality of evidence).

5.2. Comparison with previous systematic reviews evidence

There has only been a prior scoping review on this topic, which only
looked at occupational exposures to silica and asbestos among industrial
workers in one country, namely Thailand (Kunpeuk et al. 2021). Similar
to our systematic review, this scoping review found that most included
studies reported the prevalences of occupational exposure to be 100%
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for both silica and asbestos, with two studies on occupational silica
exposure reporting a lower prevalence (50% and 74%, respectively).
The scoping review did not report a meta-analysis.

5.3. Strength and limitations of this review

Our systematic review included 65 silica studies (62 included in
meta-analysis) covering all six WHO regions, 18 asbestos studies (17
included in meta-analysis) covering five WHO regions (Region of the
Americas, South-East Asia Region, European Region, Eastern Mediter-
ranean Region, and Western Pacific Region), and eight coal dust studies
(all included in meta-analysis) covering four WHO regions (African Re-
gion, Region of the Americas, South-East Asia Region, and European
Region). This systematic review examines the bodies of evidence for
both prevalence and level of these three occupational exposures by in-
dustrial sector.

Globally, we aimed to include all silica, asbestos and coal dust
measurements at workplaces performed since 1960. Even though we
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Prevalence of exposure to silica for Manufacturing

Study Prev (95% Cl) % Weight
Andersson 2009 - 0.93 ( 092, 0.94) 28
Azari 2009 (1) —_—a— 0.79 ( 0.69, 0.87) 2.7
Azari 2009 (2) = 0.80 ( 0.59, 0.95) 24
Azari 2009 (3) - 0.79 ( 0.53, 0.97) 23
Carneiro 2017 —a 1.00 ( 0.97, 1.00) 2.6
Chen 2007 —_— 0.56 ( 0.44, 0.68) 2.6
Chen 2012 (4) ] 0.66 ( 0.65, 0.66) 2.8
Chen 2012 (5) ] 0.66 ( 0.65, 0.66) 2.8
Dion 2005 = 0.68 ( 0.49, 0.84) 25
Estellita 2010 —a— 0.94 ( 0.87, 0.98) 27
Foreland 2008 —a— 0.60 ( 0.56, 0.64) 2.8
Guenel 1989 —a 1.00 ( 0.92, 1.00) 24
Healy 2014 — 0.53 ( 0.44, 0.63) 2.7
Khoza 2012 (6) - 1.00 ( 0.98, 1.00) 27
Khoza 2012 (7) —a 1.00 ( 0.97, 1.00) 2.6
Khoza 2012 (8) - 1.00 ( 0.98, 1.00) 2.7
Koo 2000 —a 1.00 ( 0.92, 1.00) 24
Love 1999 - 0.97 ( 0.96, 0.98) 2.8
Omidianidost 2015 -a 1.00 ( 0.98, 1.00) 2.7
Oudyk 1995 - 0.83 ( 0.81, 0.85) 2.8
Radnoff 2014(9) — = 0.84 ( 0.75, 0.91) 27
Radnoff 2014 (10) H— 0.86 ( 0.74, 0.95) 2.6
Radnoff 2014 (11) = 0.78 ( 0.59, 0.93) 24
Rees 1992 | 1.00 ( 0.86, 1.00) 2.2
Rokni 2016 (12) —a 1.00 ( 0.96, 1.00) 2.6
Rokni 2016 (13) | 1.00 ( 0.86, 1.00) 2.2
Rokni 2016 (14) —a 1.00 ( 0.93, 1.00) 24
Rokni 2016 (15) | 1.00 ( 0.86, 1.00) 2.2
Rokni 2016 (16) —_— 1.00 ( 0.86, 1.00) 2.2
Rokni 2016 (17) | 1.00 ( 0.86, 1.00) 2.2
Rokni 2016 (18) —_— 1.00 ( 0.86, 1.00) 2.2
Saiyed 1995 ] 1.00 ( 0.99, 1.00) 2.7
Sayler 2018 —_——— 0.39 ( 0.25, 0.54) 2.6
Scarselli 2014 (19) —a 0.16 ( 0.12, 0.20) 2.7
Scarselli 2014 (20) —— 0.12 ( 0.07, 0.17) 2.7
Scarselli 2014 (21) —a 0.18 ( 0.13, 0.23) 2.7
Siltanen 1976 a 0.98 ( 0.97, 0.99) 28
Wang 2015 - 0.14 ( 0.13, 0.16) 2.8
Zarei 2017 —a 1.00 ( 0.97, 1.00) 26
Overall ’ 0.85 ( 0.78, 0.91) 100.0
Q=8699.38, p=0.0Q 12=100%
0 02 0.4 0.6 0.8 1
Prevalence

Fig. 4. Main meta-analysis, prevalence of occupational exposure to silica, Manufacturing ISIC 20, 23-25, 27, 31-32.

systematically searched for measurement data in both academic and
grey literature, it is evident we did not succeed in including all mea-
surements of relevance. One main reason is that the study records from
included studies often did not report the data of interest (see for example
Heederik and Attfield (2000); Schonfeld et al. (2017)), and we were only
able to include additional measurements to a limited extent after data
requests from the principal study authors. Moreover, many exposure
measurements are in databases (rather than study records), which we
did not comprehensively review and access. We approached SYNJEM
and FINJEM and asked for aggregated data- but did not receive the
requested data. We expect an overlap in data between our systematic
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review and these exposure databases, due to our thorough search
strategy including both peer-reviewed and grey literature. Future sys-
tematic reviews would benefit from updating the current work with
these data (if and when feasible). Finally, our searches may have missed
studies published in languages other than English. However, we
searched many electronic bibliometric and grey literature databases
using a comprehensive search strategy and consulted additional experts,
which lead to us identifying only few additional eligible study records.

Taken together, the current systematic review can be regarded as an
important starting point for a global source, where prevalence and level
of occupational exposure to silica, asbestos and coal dust can be
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Levels of exposure

Study or Subgroup  Levels of exposure SE Weight [V, Random, 95% Cl IV, Random, 95% CI
Andersson 2009 0.034 0.000815 4.7% 0.03[0.03, 0.04) "

Azari 2009 (1) 0.343 0.017068 3.2% 0.34 [0.31,0.38) -
Azari 2009 (2) 0.272 0.019807 2.9% 0.27[0.23,0.31) -
Carneiro 2017 0.401 0.034536 1.6% 0.40[0.33,0.47) -
Chen 2012 (3) 0184 0.00757 4.3% 0.18[0.17,0.20] -
Chen 2012 {4) 0.092 0.002332 4.7% 0.09[0.09,0.10] '
Foreland 2008 0.015 0.004548 4.6% 0.01 [0.01, 0.02) r

Khoza 2012 (5) 0.154 0.009893 4.1% 0.15[0.13,017) he
Khoza 2012 (6) 0106 0.035913 1.6% 0.11[0.04,0.18] -
Khoza 2012 (7) 0.012 0.002544 4.7% 0.01 [0.01, 0.02)

Khoza 2012 (8) 0.105 0.024488 2.4% 0.10[0.06, 0.15] -
Khoza 2012 (9) 0.042 0.007661 4.3% 0.04 [0.03, 0.06) -

Oudyk 1995 0.048 0.001663 4.7% 0.05[0.04, 0.05] "
Radnoff 2014 (10) 0.02 0.005367 4.5% 0.02 [0.01, 0.03] "
Radnoff 2014 (11) 0.02 0.014157 3.6% 0.02 [-0.01, 0.05] ™
Radnoff 2014 (12) 0.09 0.029056 2.0% 0.09[0.03,0.15] -
Rokni 2016 {(13) 0.339 0.038631 1.4% 0.34 [0.26, 0.41] -
Rokni 2016 (14) 016 0.03857 1.4% 0.16 [0.08, 0.24] -
Rokni 2016 {15) 0.203 0.0522589 0.9% 0.20[0.10,0.31) —_—
Rokni 2016 {(16) 0.238 0.048108 1.0% 0.24[0.14,0.33) —_
Rokni 2016 (17) 0173 0.023494 2.5% 0.17[0.13,0.22) -
Rokni 2016 {18) 0.308 0.040998 1.3% 0.31[0.23,0.39) -
Rokni 2016 {(19) 0.115 0.030779 1.9% 0.12[0.05,0.18] -
Sayler 2018 0.005 0.00025 4.7% 0.01 [0.00, 0.01]

Scarselli 2014 (20) 0.017 0.001488 4.7% 0.02[0.01,0.02)

Scarselli 2014 (21) 0.007 0.000538 4.7% 0.01 [0.01, 0.01]

Scarselli 2014 (22) 0.01 0.001095 4.7% 0.01 [0.01, 0.01]

Yassin 2005 0.073 0.001558 4.7% 0.07 [0.07, 0.08) "

Zarei 2017 0.245 0.006721 4.4% 0.24 [0.23, 0.26) -
Zhuang 2001 0.058 0.01093 4.0% 0.06 [0.04, 0.08] he

Total (95% Cl) 100.0% 0.10 [0.09, 0.11] |
Heterogeneity: Tau®= 0.00; Chi*= 7653.28, df= 29 (P < 0.00001); F=100% U{ 5 b 055

Test for overall effect: Z=18.02 (P < 0.00001)

Footnotes
(1) 1SIC 24
(2)ISIC 23
(3) ISIC 23, 1960-1980
(4) ISIC 23,1981-2000
(5) ISIC 24

(6) ISIC 23, sandstone work including sandblasting
(7) ISIC 32, ceramics/potteries/refractories work
(8) ISIC 23, sandstone work including sandhblasting
(9) ISIC 32, ceramics/potteries/refractories work

(10)ISIC 23
(11)ISIC 24
(12)ISIC 32
(13)ISIC 24

(14) ISIC 23, hrick manufacturing

(15) ISIC 23, asphalt manufacturing
(16) ISIC 23, sand blasting

(17) ISIC 32, stone cutters and millers
(18) ISIC 23, brick manufacturing

(19) ISIC 23, glass manufacturing

(20) ISIC 23
(21)1SIC 24
(22) 1SIC 31

Level (ma/m3)

Fig. 5. Main meta-analysis, level of occupational exposure to silica, Manufacturing ISIC 20, 23-25, 27, 31-32.
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Study

Azari 2009

Chen 2012 (1)

Chen 2012 (2)
Churchyard 2004
Estellita 2010
Golbabaei 2004
Gottesfeld 2015
Green 2008
Hayumbu 2008
Kullman 1995

Lee 2014

Love 1997

Mamuya 2006
Pandey 2017

Peters 2017 (3)
Peters 2017 (4)
Peters 2017 (5)
Peters 2017 (6)
Peters 2017 (7)
Peters 2017 (8)
Radnoff 2014

Rokni 2016
Sanderson 2000 (9)
Sanderson 2000 (10)
Sanderson 2000 (11)
Sanderson 2000 (12)
Verma 2014

Weeks 2006
Yingratanasuk 2002

Overall
Q=36026.59, p=0.0Q 12=100%

Prevalence of exposure to silica for Mining
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Prev (95% Cl) % Weight
—_— 0.80 ( 0.66, 0.91) 3.2
0.67 ( 0.66, 0.67) 3.7
0.67 ( 0.66, 0.67) 3.7
1.00 ( 1.00, 1.00) 3.6
o 0.50 ( 0.24, 0.76) 2.7
1.00 ( 0.97, 1.00) 3.4
—_— 1.00 ( 0.85, 1.00) 2.5
1.00 ( 0.98, 1.00) 3.4
—— 0.75 ( 0.69, 0.81) 3.6
—a— 0.35 ( 0.31, 0.39) 3.6
- 0.71 ( 045, 0.93) 27
—a 0.71 ( 0.67, 0.74) 3.6
—a— 0.85 ( 0.79, 0.90) 3.6
1.00 ( 0.98, 1.00) 3.4
n 0.90 ( 0.89, 0.91) 3.7
n 0.87 ( 0.86, 0.88) 3.7
0.87 ( 0.86, 0.88) 3.7
] 0.33 ( 0.32, 0.34) 3.7
- 0.37 ( 0.36, 0.38) 3.7
a 0.43 ( 042, 0.44) 37
—_— 0.72 ( 0.61, 0.81) 3.4
] 1.00 ( 0.86, 1.00) 2.6
- 0.57 ( 0.54, 0.60) 3.6
—- 0.57 ( 0.54, 0.60) 3.6
—— 0.45 ( 0.41, 0.49) 36
- 0.38 ( 0.35, 0.41) 36
—a— 0.91 ( 0.87, 0.94) 36
n 0.27 ( 0.27, 0.28) 3.7
1.00 ( 0.99, 1.00) 3.5
. 0.75 ( 0.68, 0.82) 100.0
0.2 04 0.6 08
Prevalence

Fig. 6. Main meta-analysis, prevalence of occupational exposure to silica, Mining ISIC 05, 07, 08.

assessed, and we are not aware of any other systematic review with
meta-analysis on this topic.

We included studies with information that enabled us to assess
prevalence of exposure, where exposure was dichotomised into no (or
low) versus any (or high) occupational exposure. Furthermore, we also
included studies on level of occupational exposures. In most studies we
defined exposure as measurements above the LOD and used measure-
ments and not individuals as the unit of analysis.

The LOD changes over time and depends on several factors, such as
sampling duration, sampling method, the LOD of the analytical
methods, and the sampling strategy, and therefore the LOD varies across
studies. Still, we anticipate the LOD to be a good indication of no (or
low) exposure in a given study. In few studies with no information on the
LOD we defined exposure as measurements above an OEL. This likely
resulted in an underestimation of the prevalence of exposure given that
the LOD is generally well below the OEL. We included these studies to
cover as many WHO regions and countries as possible. Only few studies
used an OEL and we, therefore, do not anticipate this to have had a
noteworthy impact on the overall prevalence found for occupational
exposure to silica, asbestos and coal dust, respectively.

Occupational exposure prevalence (often termed exposure proba-
bility) is, in the vast majority of epidemiological studies on health
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effects, based on silica, asbestos or coal dust internal or external job
exposure matrices or exposure modelling. We found high occupational
exposure prevalences for silica in Construction (89%) and
Manufacturing (85%). Exposure prevalences for construction workers
have been assessed from different external job exposure matrices, for
example FINJEM (Kauppinen et al. 2013), MATGENE (Fevotte et al.
2011) and MATEMESP (Garcia et al. 2013). These job exposure matrices
provide exposure prevalences between 14 and 90% for main manual
construction job titles (construction and maintenance and building
construction laborers) and between 40 and 90% for main manufacturing
job titles (Ore and metal furnace operators, Glass and ceramics kiln and
related machine operators, Mineral-ore- and stone-processing-plant
operators). This exemplifies that our pooled prevalence estimates fall
on the high end compared to occupational exposure prevalence esti-
mates from other sources. Of note, our definition of exposure (above
limit of detection) will result in higher prevalences of exposures
compared to studies where different occupational exposure limits have
been used to define exposure.

We assumed that the proportion of measurements where exposure
above LOD was found reflects the proportion of exposed individuals
(workers). For example, for silica, within the industrial sectors that
comprise Construction, we assume 89% of the source population of
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Levels of exposure

Study or Subgroup Levels of exp e SE _Weight IV, Rand: 95% CI IV, Rand: 95% CI
Azari 2009 0.275 0012498 2.0% 0.28[0.25, 0.30] -
Chen 2012 (1) 0.057 0.000045 2.7% 0.06 [0.06, 0.06] -
Chen 2012 (2) 0.032 0000033 2.7% 0.03[0.03, 0.03]

Churchyard 2004 0.028 0001353 26% 0.03[0.03, 0.03] u
Gottesfeld 2015 (3) 0117 0035473 0.7% 0.12[0.05,0.19] -
Gottesfeld 2015 (4) 14.22 4341232 00% 14.22[5.71,22.73) 4
Kreiss 1996 (5) 0.142 0012816 1.9% 0.14[0.12,017] -
Kreiss 1996 (6) 0.057 0083626 0.2% 0.06 [-0.11,0.22] -
Kreiss 1996 (7) 0.03 000281 26% 0.03[0.02, 0.04]

Kreiss 1996 (8) 0.018 000201 26% 0.02[0.01,0.02]

Kullman 1995 (8) 0.04 0001524 26% 0.04 [0.04, 0.04]

Kullman 1995 {10) 0.06 0003512 26% 0.06 [0.05, 0.07]

Kullman 1995 {11) 0.04 0001832 26% 0.04 [0.04, 0.04]

Marmuya 2006 0.027 0006137 25% 0.03[0.01, 0.04] ~
Peters 2017 {(12) 0.037 0000499 2.7% 0.04 [0.04, 0.04] -
Peters 2017 {13) 0.017 0000199 27% 0.02[0.02,0.02]

Peters 2017 {14) 0.016 0000236 2.7% 0.02[0.02,0.02]

Peters 2017 {15) 0.007 0000092 2.7% 0.01 [0.01, 0.01]

Peters 2017 {16) 0.006 0000063 2.7% 0.01[0.01, 0.01]

Peters 2017 {(17) 0.006 0000059 2.7% 0.01 [0.01, 0.01]

Radnoff 2014 0.048 001613 1.7% 0.05 [0.02, 0.08] ~
Rando 2001 0.042 0000669 2.7% 0.04 [0.04, 0.04] -
Rokni 2016 0.253 0029896 0.9% 0.25[0.19,0.31] -
Sanderson 2000 (18) 0.051 0003594 2.6% 0.05 [0.04, 0.08] -
Sanderson 2000 (19) 0.026 0001758  2.6% 0.03[0.02, 0.03]

Sanderson 2000 (20) 0.012 0001091 2.7% 0.01 [0.01,0.01]

Sanderson 2000 (21) 0.008 0000558 2.7% 0.01 [0.01, 0.01]

Verma 2014 0.04 0003035 2.6% 0.04 [0.03, 0.05] -
WattsJr 2012 (22) 0.037 000064 2.7% 0.04 [0.04, 0.04] -
WattsJr 2012 (23) 0.032 0000883 2.7% 0.03[0.03, 0.03]

WattsJr 2012 (24) 0.039 000072 27% 0.04 [0.04, 0.04]

WattsJr 2012 (25) 0.037 0002813 26% 0.04 [0.03, 0.04] -
WattsJr 2012 (26) 0.036 0000356 2.7% 0.04 [0.04, 0.04] -
WattsJr 2012 (27) 0.035 0.000471  2.7% 0.04[0.03, 0.04] -
WattsJr 2012 (28) 0.023 0000195 2.7% 0.02[0.02,0.02]

WattsJr 2012 (29) 0.021 0000266 2.7% 0.02[0.02,0.02] r
WattsJr 2012 (30) 0.031 0000229 27% 0.03[0.03, 0.03]

WattsJr 2012 (31) 0.029 0000327 27% 0.03[0.03, 0.03] u
Weeks 2006 0.027 0000235 2.7% 0.03[0.03, 0.03] u
Yassin 2005 0.091 0004531 25% 0.09[0.08,0.10] -
Zhuang 2001 {32) 0.047 0032749 0.8% 0.05[-0.02,0.11] e
Zhuang 2001 (33) 0.017 0000892 2.7% 0.02[0.02,0.02]

Zhuang 2001 (34) 0.062 0009349 2.2% 0.06 [0.04, 0.08] -
Total (95% CI) 100.0% 0.04[0.03, 0.05] |
Heterogeneity: Tau®= 0.00; Chi*= 750564.42, df= 42 (P < 0.00001); "= 100% OI 5 ) 055 1=

Test for overall effect: Z=12.05 (P < 0.00001)

Footnotes
(1) ISIC 07,1960-1980
(2) ISIC 07, 1981-2000

(3) ISIC 07, artisanal Small-Scale Gold Mining 2014
(4) ISIC 07, artisanal Small-Scale Gold Mining 2014

(5) ISIC 07, mining of metal ores 1974-82
(6) ISIC 07, mining of metal ores 1974-82
(7) ISIC 07, mining of metal ores 1974-82
(8) ISIC 07, mining of metal ores 1974-82

(9) ISIC 08, stone mining and milling operations
(10) ISIC 08, stone mining and milling operations
(11) ISIC 08, stone mining and milling operations

(12)ISIC 07, 1986-1990
(13)ISIC 07, 1996-2000
(14) ISIC 07, 2001-2005
(15) ISIC 07, 2006-2010
(16) ISIC 07, 2011-2015
(17)I1SIC 08,1974-1979
(18) ISIC 08, 1974-1979
(19) ISIC 08, 1980-1984
(20) ISIC 08, 1985-1988
(21)ISIC 08, 1989-1996
(22)ISIC 07,1993-2004
(23)ISIC 07, 2005-2010
(24) ISIC 08, 1993-2004, stone mining
(25) ISIC 08, 2005-2010, stone mining

(26) ISIC 08, 1993-2004, crushing of limestone
(27) 1SIC 08, 2005-2010, crushing of limestone
(28) I1SIC 08, 1993-2004, sand and gravel work
(29) ISIC 08, 2005-2010, sand and gravel work

(30) ISIC 08, 1993-2004, non-metal mining
(31) ISIC 08, 2005-2010, non-metal mining
(32) ISIC 07, Tungsten mining

(33) ISIC 07, Tin mining

(34) ISIC 07, Iron/cupper mining

Level (mg/im3)

Fig. 7. Main meta-analysis, level of occupational exposure to silica, Mining ISIC 05, 07, 08.
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Study
Archer 2002
Niewenhuijsen 1999

Swanepoel 2011

Overall

Q=27.24, p=0.00, 12=93%

Prevalence of exposure to silica for Crop and animal production

_._
_._
——

— T
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Prev (95% CI) % Weight

0.92 ( 0.80, 0.99) 29.4
0.50 ( 0.42, 0.58) 34.7
0.59 ( 0.53, 0.64) 35.9

0.67 ( 0.48, 0.84) 100.0

T T T T

0.4 0.6
Prevalence

0.2

0.8 1

Fig. 8. Main meta-analysis, prevalence of occupational exposure to silica, Crop and animal production, hunting and related service activities ISIC 01.

Levels of exposure

Levels of exposure

Study or Subgroup  Levels of exposure SE Weight [V, Random, 95% CI IV, Random, 95% CI

Archer 2002 0.257 0.076167 44.3% 0.26 [0.11,0.41) —i—

Swanepoel 2011 0.031 0.001563 55.7% 0.03[0.03, 0.03)

Total (95% Cl) 100.0% 0.13[-0.09, 0.35]

Heterogeneity: Tau®= 0.02; Chi*= 8.80, df=1 {P = 0.003); F= 89% !_1 -D: 5 b 0:5 1:

Test for overall effect: Z=1.17 (P=0.24)

Level (ma/m3)

Fig. 9. Main meta-analysis, level of occupational exposure to silica, Crop and animal production, hunting and related service activities ISIC 01.

Study
Hicks 2006

Radnoff 2014

Overall

Q=2.97, p=0.08, 12=66%

Prevalence of exposure to silica for Electricity, gas, steam and air conditioning supply

—

L
——

Prev (95% Cl) % Weight

061 ( 052, 0.70) 59.8
0.79 ( 0.61, 0.92) 40.2

0.69 ( 0.51, 0.84) 100.0

T T T T

0.4 0.6
Prevalence

0.2

Fig. 10. Main meta-analysis, prevalence of occupational exposure to silica, Electricity, gas, steam and air conditioning supply ISIC 35.

Levels of exposure

Levels of exposure

Study or Subgroup  Levels of e SE Weight IV,R 95% CI IV, R: 95% CI

Kim 2002 (1) 0.003 0.001257 51.6% 0.00[0.00, 0.01]

Kim 2002 (2) 0.012 0002057 48.2% 0.01 [0.01, 0.02]

Rappaport 2003 0.075 0.088545 0.2% 0.07 [-0.10, 0.25]  ——

Total (95% CI) 100.0% 0.01[-0.00, 0.02]

Heterogeneity: Tau®= 0.00; Chi*= 14.56, df= 2 (F = 0.0007); F= 86% [1 _05_5 b 0?5 15

Footnotes

(1) 151C 74, dental technician work
(2) I1SIC 74, dental technician work

Level (ma/m3)

Fig. 11. Main meta-analysis, level of occupational exposure to silica, Professional, scientific and technical activities ISIC 71, 74.
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Prevalence of exposure to asbestos for Construction

Environment International 178 (2023) 107980

Study Prev (95% Cl)
Kakooei 2014 —a 1.00 ( 0.96, 1.00)
Maino 1995 —a 1.00 ( 0.95, 1.00)
Massaro 2012 (1) —a— 0.66 ( 0.61, 0.71)
Massaro 2012 (2) —_— 1.00 ( 0.68, 1.00)
Perkins 2008 —a— 0.69 ( 0.65, 0.72)
Scarselli 2016 (3) 0.31 ( 029, 0.33)
Scarselli 2016 (4) - 0.71 ( 0.70, 0.72)
Scarselli 2016 (5) - 0.54 ( 0.53, 0.55)
Wilmoth 1994 +—a— 0.89 ( 0.76, 0.97)
Overall f 0.77 ( 0.65, 0.87)

Q=1553.39, p=0.00, 12=99%
0 02 0.4 06 08 1
Prevalence

% Weight
10.9
104
12.3
56
124
125
12.6
12.6
10.6

100.0

Fig. 12. Main meta-analysis, prevalence of occupational exposure to asbestos, Construction ISIC 41, 43, 45.

Risk Difference Risk Difference
Study or Subgroup  Risk Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Kakooei 2014 0.07  0.00041 9.1% 0.07 [0.07, 0.07] -
Kauffer 2007 (1) 0.85 0136939 0.0% 0.85[0.58,1.12] 4
Kauffer 2007 (2) 0.063 0.010942 3.0% 0.06[0.04,0.08] -
Maino 1995 0.035 0007731 4.5% 0.04 [0.02, 0.05] -
Massaro 2012 0.04% 0.033508 0.4% 0.05 [F0.02, 0.11] 7
Perking 2008 (3) 0.024 0.000689 9.1% 0.02[0.02,0.03] -
Perking 2008 (4) 0148 0024984 0.8% 0148010, 0200
Scarselli 2016 (5) 0.006 0.000449 9.1% 0.01 [0.01, 0.01] r
Scarselli 2016 () 0.004 0.000034 9.2% 0.00[0.00, 0.00] r
Scarselli 2016 {7} 0.011 0.000238 9.2% 0.01 [0.01, 0.01] "
Scarselli 2016 {8) 0.006 0.000273 9.2% 0.01 [0.01, 0.01] r
Scarselli 2016 {9) 0.003 0.000067 9.2% 0.00[0.00, 0.00]
Scarselli 2016 (10) 0.004 0.000176 9.2% 0.00[0.00, 0.00] r
Scarselli 2016 (11 0.008 0.001254 8.9% 0.01 [0.01, 0.01] "
Scarselli 2016 {12) 0.001 0.000351 9.2% 0.00[0.00, 0.00]
Total (95% CI) 100.0% 0.02 [0.01, 0.02] L]
Heterogeneity: Tau®= 0.00; Chi®= 28014.04, df= 14 (P < 0.00001); F=100% 02 o1 o o 0
Level (flem3)
Fig. 13. Main meta-analysis, level of occupational exposure to asbestos, Construction ISIC 41, 43, 45.
Prevalence of exposure to asbestos for manufacturing
Study Prev (95% ClI) % Weight
Ahmad Ansari 2007 1.00 ( 0.97, 1.00) 15.1
Borton 2012 = 0.96 ( 0.95, 0.97) 211
Kakooei 2007 1.00 ( 0.96, 1.00) 13.3
Marioyad 2011 1.00 ( 0.98, 1.00) 16.8
Panahi 2011 1.00 ( 0.96, 1.00) 13.3
Phanprasit 2009 L 0.79 ( 0.57, 0.95) 88
Wang 2012 1.00 ( 0.95, 1.00) 11.5
Overall 0.99 ( 0.96, 1.00) 100.0
Q=24.03, p=0.00, 12=75%

04

06 0.8 1

Prevalence

Fig. 14. Main meta-analysis, prevalence of occupational exposure to asbestos, Manufacturing ISIC 13, 23, 24, 29, 30.

workers to be exposed. By doing so we assumed that the measured
sample was a random sample of the target population (i.e., all workers),
and eventually the source population (i.e., also all workers). This may be
a reasonable assumption for some industrial sectors, for example mining
and quarrying where we expected that most silica measurements origi-
nated from routine sampling involving most workers, and we expected a
large proportion of mineworkers to be occupationally exposed to silica
dust. For other industries, such as farming, we anticipated a smaller
fraction to be occupationally exposed to silica, and furthermore a worst-
case sampling strategy was often used. Therefore, we present the esti-
mates of prevalence and level by industrial sector. Still, we have raised
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at least serious concerns regarding external validity (in the QoE-SPEO
downgrade domain of indirectness (Pega et al. 2022b)) for the current
bodies of evidence for most industrial sectors, mostly due to the fact that
measurements are currently unavailable for industrial subsectors in
which exposure to the occupational risk factor is not expected to occur.
This lack of evidence for workers in all or some of the unexposed in-
dustrial subsectors for an industrial sector will have led to an over-
estimation of the prevalence and level of exposure at the level of the
entire population of workers for the industrial sector in our meta-ana-
lyses. Additionally, we considered risk of bias from selection into the
study during the risk of bias and quality of evidence assessments, as this
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Prevalence of exposure to asbestos for manufacturing

Study

Ahmad Ansari 2007
Borton 2012
Kakooei 2007
Marioyad 2011
Panahi 2011
Phanprasit 2009
Wang 2012

Overall
Q=24.03, p=0.00, 12=75%

0.4

Prevalence

Prev (95% Cl) % Weight
1.00 ( 0.97, 1.00) 15.1
- 0.96 ( 0.95, 0.97) 21.1
1.00 ( 0.96, 1.00) 13.3
1.00 ( 098, 1.00) 168
1.00 ( 0.96, 1.00) 13.3
- 0.79 ( 057, 0.95) 88
1.00 ( 095, 1.00) 115
0.99 ( 0.96, 1.00) 100.0
06 08 1

Fig. 15. Main meta-analysis, level of occupational exposure to asbestos, Manufacturing ISIC 13, 23, 24, 29, 30.

Study
Bird 2004

——

Damiran 2015

Overall

Q=92.72, p=0.00, 12=99%

Prevalence of exposure to asbestos for Electricity, gas, steam and air conditioning supply

Prev (95% Cl) % Weight

0.20 ( 0.11, 0.31) 50.1

-

0.98 ( 0.91, 1.00) 499

0.64 ( 0.00, 1.00) 100.0

Prevalence

Fig. 16. Main meta-analysis, prevalence of occupational exposure to asbestos, Electricity, gas, steam and air conditioning supply ISIC 35.

Prevalence of exposure to coal dust for mining

Study

Grove 2014
Love 1997

Lu 2016
Mamuya 2006
Tripathy 2015
Wang 2015

Overall
Q=5.94, p=0.31, 12=16%

Prev (95% CI) % Weight
1.00 ( 0.96, 1.00) 2.4
1.00 ( 1.00, 1.00) 26.0
1.00 ( 0.98, 1.00) 5.8
1.00 ( 0.98, 1.00) 10.4
1.00 ( 0.61, 1.00) 0.3
1.00 ( 1.00, 1.00) 55.2
1.00 ( 1.00, 1.00) 100.0

0.4

Prevalence

0.6 0.8 1

Fig. 17. Main meta-analysis, prevalence of occupational exposure to coal dust, Mining of coal and lignite ISIC 05.

was a risk of bias domain of prime concern across the occupational
exposures.

Day-to-day variability in exposure is the largest variance component
of airborne occupational measurements (Kromhout et al. 1993), which
can only be assessed if more than one measurement per person is
available. Repeated measurements were available in some of the
included studies, and therefore, the day-to-day variability is to some
extent included in the exposure prevalence and level estimates we pre-
sent in this systematic review. We presented and included repeated
measurements as independent, individual measurements, and therefore
the day-to-day variability cannot be separated out, and we are not sure
whether this approach has resulted in underestimation or over-
estimation of the true prevalence and level of occupational exposure.

We only included studies with objective measurements of occupa-
tional exposure to silica, asbestos and coal dust, i.e., quantitative sam-
ples of dust and/or fibres collected by an expert using appropriate
technologies. This strict requirement allowed us to take the national,
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regional and global exposure assessment one step further, based on the
estimates of exposure prevalence and level on measurements data from
several WHO regions and from the most relevant industrial sectors. This
is an improvement over the CAREX initiative which modelled estimates
for number of workers occupationally exposed to asbestos and silica,
estimated via proxy of occupation and/or industrial sector. Additionally,
they only provided information from European Union and a few other
countries (Kauppinen et al. 2000; Blanco-Romero et al. 2011; Peters
et al. 2015).

Few studies provided data disaggregated by sex and age group,
preventing subgroup analyses by sex and age group, and consequently
such disaggregated data are unavailable for the WHO/ILO Joint Esti-
mates. Overall, only few studies reported female workers to be present in
the study population; however, most studies did not provided informa-
tion about the sex distribution of the exposure prevalence and/or level.

Our systematic review is also limited to data derived mainly from the
formal economy. While we also searched for data from the informal
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Levels of exposure
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Levels of exposure

Study or Subgroup  Levels of exposure SE Weight [V, Random, 95% Cl IV, Random, 95% CI

Lu 2016 (1) 2616 0.252438 3.2% 2.62[212,311) —
Lu 2016 (2) 2.263 0.259387 3.0% 2.26[1.75,2.77)

Mamuya 2006 0.75 0140482 8.8% 0.75[0.47,1.03) -

Piacitelli 1990 {3) 0.7 0.000275 425% 0.70[0.70,0.70] L

Piacitelli 1990 {4) 0.6 0.001578 425% 0.60 [0.60, 0.60) u

Total (95% Cl) 100.0% 0.77 [0.68, 0.86] ¢

Heterogeneity: Tau?= 0.01; Chi*= 3991.93, df= 4 (P < 0.00001); = 100% 32 *1 ? 1* %

Test for overall effect: Z=16.49 (P < 0.00001) Level (mg/im3)

Footnotes

(1) Opencast coalmining 2014

(2) Opencast coalmining 2014

(3) Surface coal miners 1982-1986
(4) Surface coal miners 1982-1986

Fig. 18. Main meta-analysis, level of occupational exposure to coal dust, Mining of coal and lignite ISIC 05.

economy, we were unable to find eligible studies (apart from one
asbestos study and one coal dust study where the type of economy was
uncertain). Therefore, the results of this systematic review are mainly
representative for workers in the formal economy.

When personal sampling was available, we assessed the occupational
exposure prevalence and level based on personal samples only. In few
included studies where only stationary sampling was available, we used
these measurements in the same way as the personal measurements.
This may underestimate the prevalence and level, as stationary mea-
surements in general underestimate personal exposures at the work-
place. However, this was the case in very few included studies only, and
therefore we do not think this had a noteworthy impact on our preva-
lence and level estimates.

Neither meta-analysis by year or decade, nor time trend analyses
were included in this systematic review (Mandrioli et al. 2018). Thus,
the result of the current systematic review should be regarded as grand
means of prevalences and levels for occupational exposure to silica,
asbestos and coal dust for the decades of 1960-2015. Time trends will be
an important component of future work on national, regional and global
occupational dust and fibre exposure prevalences and levels.

In the literature, crystalline silica and quartz are often used synon-
ymously, and in this systematic review we have not distinguished be-
tween crystalline silica and quartz, which is the main component of
crystalline silica. We consequently judge our results to be valid for
assessment of both quartz and crystalline silica.

We only included studies using exposure assessment based on active
filter sampling and gravimetric assessment followed by technical anal-
ysis as our gold standard. We thus did not expect any information bias.
Most measurements were full shift measurements, and only few
included studies reported shorter sampling durations (below 4 hours).

In most included studies the silica content was measured in respi-
rable dust. Most coal dust studies measured respirable coal dust, too. The
respirable dust fraction refers to the particle distribution that can reach
the lower airways and is therefore highly relevant for silicosis and coal
workerS pneumoconiosis. In most studies the silica content of the
respirable dust was estimated by X-ray diffraction or infrared spectros-
copy with only a few exceptions that we believe did not affect the overall
results.

In most studies counting of asbestos fibres was done using phase-
contrast microscopy (PCM), but a few studies used the more sensitive
method of scanning electron microscopy (SEM). A study that used both
methods (Kakooei and Normohammadi 2014) found that the fibre
concentration was twice as high for SEM than for PCM. Therefore, ab-
solute levels of occupational exposure to asbestos fibres were likely
underestimated. As most existing health effects studies with dos-
e-response data have used PCM measurements we do not believe this
caused noteworthy bias.

Performing meta-analyses for exposure prevalence we used a double
arcsine transformation, enabling us to deal with skewed data. However,
it was not possible to carry out tests of subgroup differences for these
analyses. In the absence of a statistical test, we used the point estimates
and 95% CIs to judge differences between subgroups. We acknowledge
that this judgment-based approach has limitations.

To the best of our knowledge, occupational exposure data for level of
silica, asbestos and coal dust is best described by a log-normal distri-
bution. In the meta-analysis of exposure levels, we therefore used geo-
metric mean (GM) and geometric standard deviation (GSD), either
directly or after transformation from AM, SD and range (Zwillinger
2000; Lavoué et al. 2007). For some studies we assumed the median
value to reflect GM, and we used the range in GMs to assess GM if the
distribution was narrow (ratio between highest and lowest exposure <
2). This allowed us to include a large proportion of the studies in the
meta-analyses for level. We judged this adjustment to be minor and to
have negligible impact on the results. All meta-analyses used a weighted
average from a random-effects model based on the inverse variance
method. Since, our data were not normally distributed they cannot be
well represented by arithmetic means and symmetric confidence in-
tervals. Some of the lower 95% CI limits for pooled estimates of exposure
level are negative, which is impossible as there is no negative exposure.
This is due to the methods used, that only allowed us to produce sym-
metric confidence intervals, when the lower 95% CI limit should be
capped at 0. This will have led to spurious results in the pooled estimates
of very small and heterogeneous subgroups. However, by using the
standard error of the confidence interval furthest away from each point
estimate in the meta-analyses, we will have overestimated uncertainty,
rather than underestimated it. We have been unable to identify a better
approach for this kind of meta-analysis and believe this is a current
methodological gap for meta-analyses of levels of exposure. Future
methodological work is required to address this gap in systematic re-
views in Exposure Science.

A further gap we identified for systematic reviews of prevalences and
levels is the lack of an easy to interpret plot to assess publication bias for
skewed data.

We emphasize again that this systematic review identified no
population-based studies that were eligible for inclusion. The included
studies did not sample workers from all subsectors within the industrial
sectors of interest, nor did they sample the entire worker population
within the subsectors that they did sample; instead they sampled those
subsectors and workers within these who were likely to be occupa-
tionally exposed to dusts or fibers, respectively. In other words, and
importantly, we consider it highly likely that unexposed workers were
systematically selected out of the included studies and are therefore
systematically underrepresented in the current bodies of evidence
available for synthesis in this systematic review. Therefore, we judge the
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Environment International 178 (2023) 107980

Subgroup meta-analysis, prevalence and level of occupational exposure to silica by industrial sector across WHO regions.

Industrial sector WHO Region Prevalence (95%  Numbers of measures Level mg/m® Numbers of measures P value for test of
confidence (entries) of prevalence of (95% confidence (entries) of level of subgroup
interval) exposure, studies, and interval) exposure, studies, and differences for

countries, and I? countries, and 12 levels *
Construction Africa 1.00 (0.97t01.00) 1 entry from 1 study,1 country  0.01 (0.01 to 0.01) 1 entry from 1 study, 1 P < 0.00001
country
Americas 0.87 (0.79 t0 0.93) 10 entries from 5 studies, 2 0.04 (0.02 to 0.07) 8 entries from 4 studies, 2
countries, 1? 86% countries, 12 92%
Eastern 0.94 (0.81 t0 1.00) 4 entries from 3 studies, 1 0.18 (0.12 to 0.24) 4 entries from 3 studies, 1
Mediterranean country, 12 87% country, 12 97%
Europe 0.87 (0.79 t0 0.94) 9 entries from 8 studies, 3 0.03 (0.02 to 0.04) 12 entries from 8 studies, 4
countries, 12 93% countries, 12 99%
South-East Asia b E E b
Western Pacific b - - -
Manufacturing Africa 1.00(0.99t0 1.00) 4 entry from 2 studies, 1 0.08 (0.02 to 0.14) 5 entries from 1 study, 1 P < 0.00001
country, 12 0% country, 12 98%
Americas 0.87 (0.79t0 0.93) 7 entries from 5 studies, 2 0.07 (0.05 to 0.10) 6 entries from 4 studies, 3
countries, 1? 83% countries, 12 98%
Eastern 0.96 (0.91 to 1.00) 12 entries from 4 studies, 1 0.24 (0.20 to 0.28) 10 entries from 3 studies, 1
Mediterranean country, 12 79% country, 12 88%
Europe 0.65 (0.41 t0 0.87) 9 entries from 7 studies, 7 0.02 (0.00 to 0.03) 5 entries from 3 studies, 3
countries, 12 100% countries, 12 99%
South-East Asia 0.81 (0.00 to 1.00) 2 entries from 2 studies, 2 0.01 (0.00 to 0.01) 1 entry from 1 study, 1
countries, I? 99% country
Western Pacific 0.61 (0.43t00.77) 5 entries from 4 studies, 2 0.11 (0.05 to 0.18) 3 entries from 2 studies, 1
countries, 17 100% country, 12 99%
Mining Africa 0.93 (0.73 to 1.00) 4 entries from 4 studies, 3 0.04 (0.01 to 0.06) 4 entries from 3 studies, 2 P < 0.00001
countries, 1? 98% countries, 1? 82%
Americas 0.53 (0.39 t0 0.66) 9 entries from 6 studies, 3 0.04 (0.03 to 0.04) 26 entries from 9 studies, 2
countries, I? 99% countries, I? 100%
Eastern 0.95 (0.78 to 1.00) 3 entries from 3 studies, 1 0.27 (0.25 to 0.29) 2 entries from 2 studies, 1
Mediterranean country, 1% 88% country, 12 0%
Europe 0.71(0.67t00.74) 1 entry from 1 study, 1 L b
country
South-East Asia ~ 1.00(0.99t01.00) 3 entries from 3 studies, 2 b b
countries, 2 0%
Western Pacific 0.66 (0.53t00.78) 9 entries from 3 studies, 3 0.03 (0.01 to 0.04) 9 entries from 3 studies, 2
countries, I 100% countries, I? 100%
Crop and animal Africa 0.59 (0.53t0 0.64) 1 entry from 1 study, 1 0.03 (0.03 to 0.03) 1 entry from 1 study, 1 P = 0.003
production country country
Americas 0.73 (0.23 t0 1.00) 2 entries from 2 studies, 1 0.26 (0.11 to 0.41) 1 entry from 1 study, 1
country, 1% 96% country
Eastern b E E b
Mediterranean
Europe ) b b )
South-East Asia b E E b
Western Pacific b E E b
Electricity, gas, steam  Africa L R R b NA
and air conditioning  Americas 0.69 (0.51 t0 0.84) 2 entries from 2 studies, 2 0.02 (-0.01 to 1 entry from 1 study, 1
supply countries, I? 66% 0.06) country
Eastern b b b b
Mediterranean
Europe b b b b
South-East Asia ~ -” b b -
Western Pacific - L b b
Professional, scientific ~ Africa L Ry Ry R P =0.45
and technical Americas b E 0.07 (-0.10 to 1 entry from 1 study, 1
activities 0.25) country
Eastern b L b b
Mediterranean
Europe ) ) ) b
South-East Asia b > - b
Western Pacific 0.99 (0.96 to 1.00) 1 entry from 1 study, 1 0.01 (-0.00 to 2 entries from 1 study, 1
country 0.02) country

@ P value for test of subgroup differences is shown for level estimates only as it was not possible to generate this for the subgroup analyses for prevalence.

b No data available.

pooled estimates from the meta-analyses presented here to overestimate
both prevalences and levels of exposure within industrial sectors. One
avenue to seek to address this overestimation would be to develop a new
method to adjust for non-representative measurement of the industrial
sectors of interest and the workers within the selected subsectors that
were sampled. However, we judged this to be an infeasible option
because the global input measurements data required for such a new
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estimation model are unavailable, such as the proportion of workers per
industrial subsector of interest and the proportion of exposed and un-
exposed workers by subsector. Since adjustment for the selection bias in
the included studies though modelling was infeasible, we addressed the
overestimation of exposure prevalences and levels in the QoE-SPEQO
quality of evidence assessments (Pega et al. 2022b), consistent with
previous WHO/ILO systematic reviews of occupational exposure
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Subgroup meta-analysis, prevalence and level of occupational exposure to asbestos by industrial sector across WHO regions.

Industrial sector WHO Region Prevalence (95%  Numbers of measures Level f/ml (95% Numbers of measures P value for test of
confidence (entries) of prevalence of confidence (entries) of level of subgroup
interval) exposure, studies, and interval) exposure, studies, and differences for

countries, and 12 countries, and 12 levels *

Construction Africa - - P - P < 0.00001

Americas 0.78 (0.57 to 2 entries from 2 studies, 1 0.08 (-0.04 to 2 entries from 1 study, 1
0.96) country, 12 87% 0.21) country, 1% 96%
Eastern 1.00 (0.96 to 1 entry from 1 study, 1 0.07 (0.07 to 1 entry from 1 study, 1
Mediterranean 1.00) country 0.07) country
Europe 0.70 (0.54 to 6 entries from 3 studies, 1 0.01 (0.00 to 12 entries from 4 studies, 2
0.85) country, 1% 100% 0.01) countries, I* 99%
South-East Asia L L b L
Western Pacific E L b L
Manufacturing Africa - - b - P < 0.00001
Americas 0.96 (0.95 to 1 entry from 1 study, 1 P -
0.97) country
Eastern 1.00 (0.99 to 3 entries from 3 studies, 1 0.07 (0.03 to 2 entries from 2 studies, 1
Mediterranean 1.00) country, 12 0% 0.12) country, 1% 96%
Europe b P 0.20 (0.08 to 6 entries from 1 study, 1
0.31) country, 12 98%
South-East Asia 0.93 (0.62 to 2 entries from 2 studies, 2 2.18 (-2.09 to 2 entries from 2 study, 2
1.00) countries, 12 89% 6.45) countries, 12 99%
Western Pacific 1.00 (0.95 to 1 entry from 1 study, 1 b L
1.00) country
Other mining and Africa > - P - NA
quarrying Americas L L b L
Eastern - b b >
Mediterranean
Europe 0.85 (0.77 to 1 entry from 1 study, 1 0.01 (0.01 to 1 entry from 1 study, 1
0.91) country 0.02) country
South-East Asia o - b -
Western Pacific - - P -
Electricity, gas, steam Africa L L b L NA
and air conditioning Americas 0.20 (0.11 to 1 entry from 1 study, 1 b b
supply 0.31) country
Eastern L L b L
Mediterranean
Europe b b b b
South-East Asia L L b L
Western Pacific 0.98 (0.91 to 1 entry from 1 study, 1 0.40 (0.21 to 1 entry from 1 study, 1
1.00) country 0.58) country
Water supply, sewerage,  Africa - - P - NA
waste management Americas b b b L
and remediation Eastern > > b b
Mediterranean
Europe b b 0.00 (0.00 to 1 entry from 1 study, 1
0.00)

South-East Asia
Western Pacific

country
b b

) b

2 P value for test of subgroup differences is shown for level estimates only as it was not possible to generate this for the subgroup analyses for prevalence.

b No data available.

prevalences in the series, produced as part of the WHO/ILO Joint Esti-
mates (Hulshof et al. 2021a; Teixeira et al. 2021b). Under the QoE-SPEO
domain of Indirectness, we added downgrading of the quality of evi-
dence for all bodies of evidence for all exposure prevalences and levels
for all industrial sectors by one level for the serious concerns we had for
the lack of evidence from population-based studies. This resulted in the
Working Group having at least serious concerns regarding indirectness
(and therefore external validity) for these bodies of evidence, especially
when these bodies of evidence are applied to assign exposure to the
workers’ population to produce official health estimates of national,
regional and global occupational risk factor exposures and their attrib-
utable burden of disease. The only exception was that we did not
downgrade the quality of evidence in this way for the prevalence and
level of occupational exposure to coal dust within the industrial sector of
Mining of coal and lignite, as we judged the included studies to cover all
relevant industrial subsectors, reducing our concerns for indirectness.
This systematic review was a global effort that brought together
experts from international organizations, national governments
(including those of Bulgaria, Denmark, People’s Republic of China,
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South Africa, and Thailand), and research agencies (including acade-
mies of science and universities). Policy staff, clinical practitioners and
academic experts collaborated, ensuring broad applicability and suit-
ability of the systematic review and its findings. The systematic review
provides the exposure scientific evidence base needed for WHO and ILO
to consider producing global health estimates: the WHO/ILO Joint
Estimates.

6. Use of evidence for burden of disease estimation

This systematic review and meta-analysis was conducted by WHO
and ILO, supported by a large number of individual experts, for the
development of the WHO/ILO Joint Estimates. More specifically, it
provides a crucial evidence base for both organizations to consider
producing estimates of the burden of silicosis, asbestosis, and coal
workers’ pneumoconiosis attributable to occupational exposure to sil-
ica, asbestos and coal dust, respectively. This systematic review found a
large body of evidence from a large number of occupational exposure
studies, especially for silica, across all WHO regions. Some of the bodies
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Subgroup meta-analysis, prevalence and level of occupational exposure to coal dust by industrial sector across WHO regions.

Industrial sector WHO Region Prevalence (95% Numbers of measures Level f/ml (95% Numbers of measures P value for test of
confidence (entries) of prevalence of confidence (entries) of level of subgroup
interval) exposure, studies, and interval) exposure, studies, and differences for level

countries, and 12 countries, and I? a

Mining of coal and Africa 0.99(0.98t01.00) 2 entries from 2 studies, 2 0.75 (0.47 to 1.03) 1 entry from 1 study, 1 P <0.00001
lignite countries, 12 0% country

Americas -2 -2 0.65 (0.55t00.75) 2 entries from 1 study, 1

country, 12 100%

Eastern B A B &

Mediterranean

Europe 1.00 (1.00 t0 1.00) 1 entry from 1 study, 1 country ~ -* -

South-East Asia 1.00 (0.61to 1.00) 1 entry from 1 study, 1 country - -

Western Pacific 1.00 (1.00 to 1.00) 2 entries from 2 studies, 1 2.44 (2.09 to 2.80) 2 entries from 1 study, 1

country, 12 0% country, 1% 0%

Electricity, gas, steam  Africa b b L b NA
and air Americas 0.02 (0.00 t0 0.04) 1 entry from 1 study, 1 country  0.60 (-6.95 to 1 entry from 1 study, 1
conditioning 8.14) country
supply Eastern b b b b

Mediterranean
Europe b b b b

South-East Asia
Western Pacific

2 P value for test of subgroup differences is shown for level estimates only as it was not possible to generate this for the subgroup analyses for prevalence.

b No data available.

Table 24

Sensitivity meta-analysis, prevalence and level of occupational exposure to silica by industrial sector by risk of bias rating for selection of participants into the studies.

Industrial sector Risk of bias rating for Prevalence (95%

Numbers of measures

Level mg/m® Numbers of measures P value for test of

selection of confidence (entries) of prevalence of (95% confidence (entries) of level of subgroup
participants into the interval) exposure, studies, and interval) exposure, studies, and differences for
studies countries, and I countries, and I level *
Construction High/Probably high 0.86 (0.79 to 15 entries from 9 studies, I? 0.08 (0.06 to 14 entries from 9 studies, P = 0.004
0.92) 84% 0.10) 1 98%
Low/Probably low 0.93 (0.87 to 9 entries from 8 studies, I 0.04 (0.03 to 1 entry from 7 studies, ?
0.93) 95% 0.05) 100%
Manufacturing High/Probably high 0.81 (0.64 to 20 entries from 12 studies, 1> 0.08 (0.07 to 17 entries from 8 studies, P < 0.0001
0.95) 99% 0.10) 12 99%
Low/Probably low 0.89 (0.80 to 19 entries from 12 studies, I? 0.14 (0.12 to 13 entries from 6 studies,
0.96) 100% 0.16) 2 100%
Mining High/Probably high 0.90 (0.76 to 8 entries from 8 studies, I? 0.08 (0.06 to 12 entries from 6 studies, P < 0.0001
1.00) 92% 0.10) 12 99%
Low/Probably low 0.69 (0.60 to 21 entries from 12 studies, I 0.03 (0.02 to 31 entries from 11 studies,
0.78) 100% 0.04) 2 100%
Crop and animal High/Probably high 0.92 (0.80 to 1 entry from 1 study 0.26 (0.11 to 1 entry from 1 study P =0.003
production 0.99) 0.41)
Low/Probably low 0.55 (0.46 to 2 entries from 2 studies, 12 0.03 (0.03 to 1 entry from 1 study
0.63) 66% 0.03)
Electricity, gas, steam High/Probably high 0.69 (0.51 to 2 entries from 2 studies, 2 0.02 (-0.01 to 2 entries from 2 studies, 2 NA
and air 0.84) countries 0.06) countries
conditioning
supply Low/Probably low - P P P
Professional, High/Probably high 0.99 (0.96 to 1 entry from 1 study, 1 0.01 (-0.00 to 1 entry from 1 study, 1 NA
scientific and 1.00) country 0.02) country

technical activities ~ Low/Probably low b b

b b

# P value for test of subgroup differences is shown for level estimates only as it was not possible to generate this for the subgroup analyses for prevalence.

b No data available.

of evidence were judged to be of moderate quality of evidence; for
example, for occupational exposure to silica in Mining we judged the
body of evidence for prevalence to be of moderate quality of evidence.
Additionally, the bodies of evidence for prevalence of occupational
exposure to silica in Construction and Manufacturing were also judged
to be of moderate quality of evidence; and the body of evidence for
prevalence of exposure to coal dust in Mining (coal and lignite) was
judged to have moderate quality of evidence. We consider these suitable
as input data for WHO/ILO modelling of work-related burden of disease
and injury. Furthermore, other selected estimates of the prevalences and
levels of occupational exposure to asbestos and coal dust may perhaps
also be suitable for estimation purposes (with limitations
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acknowledged).
7. Conclusions

Our systematic review and meta-analysis concluded that the quality
of the bodies of evidence for prevalences and levels of occupational
exposure to silica, asbestos and coal dust vary by industrial sector. For
silica, while some bodies of evidence (i.e. prevalence of exposure in
Construction, Manufacturing and Mining) were of moderate quality of
evidence, others were of low or very low quality of evidence. The bodies
of evidence for asbestos were judged to be of low or very low quality of
evidence. For coal dust, the bodies of evidence were judged to be of
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Table 25
Sensitivity meta-analysis, prevalence and level of occupational exposure to asbestos by industrial sector by risk of bias rating for selection of participants into the
studies.

Industrial sector Risk of bias for Prevalence (95%  Numbers of measures Level f/ml (95% Numbers of measures P value for test of
selection of confidence (entries) of prevalence of confidence (entries) of level of subgroup
participants into the interval) exposure, studies, and interval) exposure, studies, and differences for
studies countries, and 12 countries, and 12 level *

Construction High/Probably high 1.00 (0.95 to 1 entry from 1 study 0.11 (0.03 to 3 entries from 2 studies, > P = 0.02

1.00) 0.18) 95%
Low/Probably low 0.73 (0.59 to 9 entries from 6 studies, I 0.01 (0.01 to 12 entries from 4 studies,
0.84) 100% 0.02) 1% 100%
Manufacturing High/Probably high 0.98 (0.95 to 6 entries from 6 studies, 1> 0.16 (0.10, 0.21) 10 entries from 5 studies, NA
1.00) 79% 1 97%
Low/Probably low 1.00 (0.95 to 1 entry from 1 study L b
1.00)
Other mining and High/Probably high 0.85 (0.77 to 1 entry from 1 study 0.01 (0.01 to 1 entry from 1 study NA
quarrying 0.91) 0.02)
Low/Probably low b R b b
Electricity, gas, steam High/Probably high 0.98 (0.91 to 1 entry from 1 study 0.40 (0.21 to 1 entry from 1 study NA
and air conditioning 1.00) 0.58)
supply Low/Probably low 0.20 (0.11 to 1 entry from 1 study L b
0.31)
Water supply, High/Probably high b b b b NA
sewerage, waste Low/Probably low b b 0.00 (0.00 to 1 entry from 1 study, 1
management and 0.00) country

remediation

@ P value for test of subgroup differences is shown for level estimates only as it was not possible to generate this for the subgroup analyses for prevalence.

b No data available.

Table 26

Sensitivity meta-analysis, prevalence and level of occupational exposure to coal dust by industrial sector by risk of bias rating for selection of participants into the

studies.

Industrial sector

Risk of bias rating for

Prevalence (95%

Numbers of measures

Level f/ml (95% Numbers of measures P value for test of

selection of confidence (entries) of prevalence of confidence (entries) of level of subgroup
participants into the interval) exposure, studies, and interval) exposure, studies, and differences for
studies countries, and 12 countries, and I? level *
Mining of coal and High/Probably high 0.99 (0.99 to 4 entries from 4 studies, I? 0.77 (0.68, 0.86) 5 entries from 3 studies NA
lignite 1.00) 0%
Low/Probably low 1.00 (1.00 to 2 entries from 2 studies, I? b L
1.00) 0%
Electricity, gas, High/Probably high - - b b NA
steam and air Low/Probably low 0.02 (0.00 to 1 entry from 1 study 0.60 (-6.95 to 1 entry from 1 study
conditioning 0.04) 8.14)
supply

2 P value for test of subgroup differences is shown for level estimates only as it was not possible to generate this for the subgroup analyses for prevalence.

b No data available.

either moderate quality of evidence (i.e., prevalence in Mining of coal
and lignite), low quality of evidence or very low quality of evidence.
Selected estimates of the prevalences and levels of occupational

e We intended in the protocol to use a modified version of the Navi-
gation Guide approach for assessing quality of evidence. WHO sub-
sequently developed a specific approach for assessing quality of

exposure to silica are considered suitable as input data for the WHO/ILO
Joint Estimates, and selected estimates of the prevalences and levels of
occupational exposure to asbestos and coal dust may perhaps also be
suitable for estimation purposes.

evidence in occupational exposure prevalence and level studies
(QOE-SPEO (Pega et al. 2022b)). This approach was applied in the
systematic review.

8. Differences between protocol and systematic review

e In our protocol (Mandrioli et al. 2018), we intended to use a modified
version of theNavigation Guide risk of bias tool, but then WHO and
ILO developed a specific tool for assessing risk of bias in studies
estimating prevalence and level of exposure to occupational risk
factors (RoB-SPEO (Pega et al. 2020a)), and WHO validated the tool
working with individual experts (Momen et al. 2022). We applied
this dedicated tool in this systematic review.
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We intended to review only the prevalence of any occupational
exposure to dusts and/or fibres. However, at the review stage, we
also included as additional eligible exposures the level of exposure to
silica, asbestos and coal dust. The reason was that WHO and ILO
started considering building a cumulative exposure model for the
WHOY/ILO Joint Estimates, which required data on both prevalences
and levels of exposures to dusts and/or fibres.

We intended to produce one pooled estimate of prevalence of occu-
pational exposure for each of silica, asbestos and coal dust, however,
it became apparent that a large number of studies were subject to
selection bias. Prevalence estimates from the bodies of evidence
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Ratings from QoE-SPEO for prevalence and level of occupational exposure to silica.
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Industrial sector

Type

Rating of expected heterogeneity (QoE-
SPEO Step 1; (Pega et al. 2022b))

Number of downgrades and reasons
for downgrading (if any)
(QOE-SPEO Step 2)

Final quality of evidence
rating (QoE-SPEO Step 3)

Construction

Manufacturing

Mining

Crop and animal production

Electricity, gas, steam and air
conditioning supply

Professional, scientific and
technical activities

Prevalence

Level

Prevalence

Level

Prevalence

Level

Prevalence

Level

Prevalence

Level

Prevalence

Level

High

High

High

High

High

High

High

High

Medium

High

High

High

Total downgrade of —1

—1 for serious concerns about
indirectness

Total downgrade of —3

—1 for serious concerns about risk of bias
—1 for serious concerns about
indirectness

—1 for serious concerns about
imprecision

Total downgrade of —1

—1 for serious concerns about
indirectness

Total downgrade of —3

—1 for serious concerns about risk of bias
—1 for serious concerns about
indirectness

—1 for serious concerns about
imprecision

Total downgrade of —1

—1 for serious concerns about
indirectness

Total downgrade of —2

—1 for serious concerns about
indirectness

—1 for serious concerns about
imprecision

Total downgrade of —3

—1 for serious concerns about risk of bias
—2 for very serious concerns about
indirectness

Total downgrade of —4

—2 for serious concerns about risk of bias
—2 for very serious concerns about
indirectness

Total downgrade of —3

—1 for serious concerns about risk of bias
—2 for very serious concerns about
indirectness

Total downgrade of —3

—1 for serious concerns about risk of bias
—2 for very serious concerns about
indirectness

Total downgrade of —5

—1 for serious concerns about risk of bias
—2 for very serious concerns about
indirectness

—1 for serious concerns about
inconsistency

—1 for serious concerns about
imprecision

Total downgrade of —5

—1 for serious concerns about risk of bias
—2 for very serious concerns about
indirectness

—2 for very serious concerns about
imprecision

Moderate quality of evidence

Very low quality of evidence

Moderate quality of evidence

Very low quality of evidence

Moderate quality of evidence

Low quality of evidence

Very low quality of evidence

Very low quality of evidence

Very low quality of evidence

Very low quality of evidence

Very low quality of evidence

Very low quality of evidence

could not be applied to all workers. Therefore, occupational expo-
sure to silica, asbestos and coal dust were pooled within industrial
sectors only (and not across all industrial sectors as originally
planned).

e We intended to include studies reporting exposure data dis-
aggregated by country, sex, age group, industrial sector and occu-
pation, but due to limited data on sex and age group we were only
able to include studies with data disaggregated by country and in-

However, for prevalence meta-analyses we used MetaXL. Addition-
ally, double arcsine transformation was used to provide confidence
limits within the floor and ceiling (0-100%). The levels meta-ana-
lyses were entered into RevMan.

e We planned to generate funnel plots for all meta-analyses, however

as these have been shown to provide erroneous results when pooling
proportions (Hunter et al. 2014) we generated Doi plots with LFK
statistics to assess publication bias (Cheema et al. 2022).

dustrial sector.

e We intended to use Rayyan Systematic Reviews Web App or Distill-
erSR for study selection but used Covidence instead.

e We planned to use the computer software Stata to carry out the meta-
analyses for both occupational exposure prevalence and level.

e We planned to update the PubMed search performed up to 30 April
2018, but for pragmatic reasons in order to finalise the systematic
review we did not perform an updated search, and the last searches
in all databases were performed between April and June 2018.
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Ratings from QoE-SPEO for prevalence and level of occupational exposure to asbestos.

Industrial sector Type Rating of expected heterogeneity (QoE- Number of downgrades and reasons Final quality of evidence
SPEO Step 1; (Pega et al. 2022b)) for downgrading (if any) rating (QoE-SPEO Step 3)
(QOE-SPEO Step 2)
Construction Prevalence  High Total downgrade of —2 Low quality of evidence
—2 for very serious concerns about
indirectness
Level High Total downgrade of —4 Very low quality of evidence
—2 for very serious concerns about
indirectness
—2 for very serious concerns about
imprecision
Manufacturing Prevalence  High Total downgrade of —4 Very low quality of evidence
—1 for serious concerns about risk of
bias
—2 for serious concerns about
indirectness
—1 for serious concerns about
imprecision
Level High Total downgrade of —4 Very low quality of evidence
—2 for serious concerns about risk of
bias
—2 for serious concerns about
indirectness
Other mining and quarrying Prevalence  High Total downgrade of —4 Very low quality of evidence
—2 for very serious concerns about risk
of bias
—2 for very serious concerns about
indirectness
Level High Total downgrade of —6 Very low quality of evidence
—2 for very serious concerns about risk
of bias
—2 for very serious concerns about
indirectness
—1 for serious concerns about
inconsistency
—1 for serious concerns about
imprecision
Electricity, gas, steam and air Prevalence  High Total downgrade of —3 Very low quality of evidence
conditioning supply —1 for serious concerns about risk of
bias
—2 for very serious concerns about
indirectness
Level High Total downgrade of —3 Very low quality of evidence
—1 for serious concerns about risk of
bias
—2 for very serious concerns about
indirectness
Water supply, sewerage, waste Prevalence  NA NA NA
management and remediation Level High Total downgrade of —6 Very low quality of evidence

—2 for very serious concerns about
indirectness

—2 for very serious concerns about
inconsistency

—2 for very serious concerns about
imprecision

e We did not originally plan to conduct sensitivity analyses, but in the
systematic review did conduct one sensitivity analysis for each
exposure. We compared studies we judged as at high or probably
high risk of bias in bias due to selection into the study with studies
judged as at low or probably low risk of this bias. The rationale was
that our primary concerns for risk of bias was in this domain, and we
wanted to check for differences in included studies by level of risk of
bias to inform our quality of evidence assessments.
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Ratings from QoE-SPEO for prevalence and level of occupational exposure to coal dust.
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Industrial sector

Type

Rating of expected heterogeneity (QoE-
SPEO Step 1; Pega et al. 2022b)

Number of downgrades and reasons
for downgrading (if any)
(QOE-SPEO Step 2)

Final quality of evidence
rating (QoE-SPEO Step 3)

Mining of coal and lignite

Electricity, gas, steam and air
conditioning supply

Prevalence

Level

Prevalence

Level

Low

High

High

High

Total downgrade of —1

—1 for serious concerns about risk of bias
Total downgrade of —2

—1 for serious concerns about risk of bias
—1 for serious concerns about
indirectness

Total downgrade of —4

—2 for very serious concerns about
indirectness

—1 for serious concerns about
inconsistency

—1 for serious concerns about
imprecision

Total downgrade of —2

—2 for very serious concerns about
indirectness

Moderate quality of evidence

Low quality of evidence

Very low quality of evidence

Low quality of evidence

Table 30

Summary of evidence for prevalence and level of occupational exposure to silica.

Prevalence and level of occupational exposure to silica among workers

Population: Any manual workers
Settings: All countries and work settings
Exposure: Occupational exposure to silica

Industrial sector Prevalence Level
Prevalence No. of measurements QOE-SPEO quality of Level estimate No. of measurements QOE-SPEO quality of
estimate (studies) evidence rating " mg/m> (studies) evidence rating *"
(95% CI) (95% CI)
Construction 0.89 2479 measurements SO0 - ¢ 2352 measurements S2SISIS)
(0.84 to 0.93) (24 entries from 17 Moderate quality of (25 entries from 16 Very low quality of
studies) evidence studies) evidence
Manufacturing 0.85 40,073 measurements DSOS - ¢ 7733 measurements S2SISIS)
(0.78 t0 0.91) (39 entries from 24 Moderate quality of (30 entries from 14 Very low quality of
studies) evidence studies) evidence
Mining 0.75 222,276 measurements PODBO 0.04 2,349,598 [SLISIS]
(0.68 to 0.82) (29 entries from 20 Moderate quality of (0.03 to 0.05) measurements Low quality of evidence
studies) evidence (43 entries from 17
studies)
Crop and animal production - 479 measurements dooe - ¢ 335 measurements DOCO
(3 entries from 3 Very low quality of (2 entries from 2 Very low quality of
studies) evidence studies) evidence
Electricity, gas, steam and air - © 136 measurements SSISIS] - ¢ 28 measurements SZSISIS)
conditioning supply (2 entries from 2 Very low quality of (1 entry from 1 study) Very low quality of
studies) evidence evidence
Professional, scientific and - 41 measurements [GElsIS] - 18,313 measurements [CISISIS)
technical activities (1 entry from 1 study) Very low quality of (3 entries from 2 Very low quality of
evidence studies) evidence

# QOE-SPEO quality of evidence ratings (Pega et al. 2022b):
@High quality of evidence: Further research is very unlikely to change our confidence in the estimate of prevalence.
Moderate quality of evidence: Further research is likely to have an important impact on our confidence in the estimate of prevalence and may change the estimate.
Low quality of evidence: Further research is very likely to have an important impact on our confidence in the estimate of prevalence and is likely to change the

estimate.

Very low quality of evidence: We are very uncertain about the estimate.

b See Table 27 and Appendix 15 for details of downgrading.
¢ Pooled estimate not shown due to very low quality of evidence.
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Conducted the meta-analyses: VS, FP, NCM, DS.
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Table 31

Summary of evidence for prevalence and level of occupational exposure to asbestos.
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Prevalence and level of occupational exposure to asbestos among workers

Population: Any manual workers
Settings: All countries and work settings
Exposure: Occupational exposure to asbestos

Industrial sector Prevalence Level
Prevalence No. of measurements  QoE-SPEO quality of Level No. of measurements  QoE-SPEO quality of
estimate (studies) evidence rating " estimate f/ (studies) evidence rating *"
(95% CI) em®
(95% CI)
Construction 0.77 16,580 measurements [SLISIS] - 12,240 measurements GESIS]
(0.65 to 0.87) (9 entries from 6 Low quality of (15 entries from 6 Very low quality of
studies) evidence studies) evidence
Manufacturing - 1225 measurements SISISIS) - ¢ 1431 measurements SZSISIS]
(7 entries from 7 Very low quality of (10 entries from 5 Very low quality of
studies) evidence studies) evidence
Mining (other mining and - 89 measurements SZSISIS) -¢ 89 measurements ESISIS)
quarrying) (1 entry from 1 study) Very low quality of (1 entry from 1 study) Very low quality of
evidence evidence
Electricity, gas, steam and air - ¢ 108 measurements [EISISIS) - 46 measurements CISISIS)
conditioning supply (2 entries from 2 Very low quality of (1 entry from 1 study) Very low quality of
studies) evidence evidence
Water supply; sewerage, waste - 0 measurements - - ¢ 4507 measurements SISISIS)
management and remediation (0 entries from (1 entry from 1 study) Very low quality of
0 studies) evidence

2 QOE-SPEO quality of evidence ratings (Pega et al. 2022b): High quality of evidence: Further research is very unlikely to change our confidence in the estimate of
prevalence. Moderate quality of evidence: Further research is likely to have an important impact on our confidence in the estimate of prevalence and may change the
estimate. Low quality of evidence: Further research is very likely to have an important impact on our confidence in the estimate of prevalence and is likely to change the

estimate. Very low quality of evidence: We are very uncertain about the estimate.
b See Table 28 and Appendix 16 for details of downgrading.
¢ Pooled estimate not shown due to very low quality of evidence.

Table 32

Summary of evidence for prevalence and level of occupational exposure to coal dust.

Prevalence and level of occupational exposure to coal dust among workers

Population: Any manual workers
Settings: All countries and work settings
Exposure: Occupational exposure to coal dust

Industrial sector Prevalence Level
Prevalence No. of measurements QOE-SPEO quality of Level estimate  No. of measurements QOE-SPEO quality of
estimate (studies) evidence rating " mg/m? (studies) evidence rating -
(95% CI) (95% CI)

Mining (Coal and lignite) 1.00 3,309 measurements POPO 0.77 100,092 measurements [SLISIS]

(1.00 to 1.00) (6 entries from 6

Moderate quality of

(0.68 to 0.86) (5 entries from 3 Low quality of evidence

studies) evidence studies)
Electricity, gas, steam and air - © 203 measurements D66 0.60 4 measurements DPCO

conditioning supply (1 entry from 1 study)

Very low quality of

evidence

(-6.95 to 8.14) (1 entry from 1 study) Low quality of evidence

# QOE-SPEO quality of evidence ratings (Pega et al. 2022b): High quality of evidence: Further research is very unlikely to change our confidence in the estimate of
prevalence. Moderate quality of evidence: Further research is likely to have an important impact on our confidence in the estimate of prevalence and may change the
estimate. Low quality of evidence: Further research is very likely to have an important impact on our confidence in the estimate of prevalence and is likely to change the

estimate. Very low quality of evidence: We are very uncertain about the estimate.
b See Table 29 and Appendix 17 for details of downgrading.
¢ Pooled estimate not shown due to very low quality of evidence.

Assessed quality of evidence: VS, DM, BA, WC, LG, KH, WK, JL, FM,
BN, NR, SM-R, DS, RS, SvdM, KV, MZ, PTJS.

Facilitated the quality of evidence assessments: FP, NCM.

Developed the standards and wrote the template for all systematic
reviews in the series: FP.

Wrote the first draft of the manuscript using the template: VS, FP.

Revised the manuscript critically for important intellectual content:
All authors.

Ensured tailoring of the systematic review for WHO/ILO estimation
purposes: FP, NCM.

Ensured harmonization across systematic reviews in the series: FP,
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NCM.
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