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Abstract: Silicosis is a progressive fibrotic lung disease that is caused by the inhalation of respirable
crystalline silica. Due to its high silica content, artificial stone (AS) can become a possible source
of hazardous dust exposure for workers that are employed in the manufacturing, finishing, and
installing of AS countertops. Therefore, the aim of this review was to verify the association between AS
derived silica exposure and silicosis development, and also then define the pathological characteristics
of the disease in relation to specific work practices and preventive and protective measures that were
adopted in the workplace. A systematic review of articles available on Pubmed, Scopus, and Isi Web
of Knowledge databases was performed. Although the characteristics of AS-associated silicosis were
comparable to those that were reported for the disease in traditional silica exposure settings, some
critical issues emerged concerning the general lack of suitable strategies for assessing/managing
silica risks in these innovative occupational fields. Further research that is designed to assess the
hazardous properties of AS dusts, levels of exposure in workplaces, and the effectiveness of protective
equipment appears to be needed to increase awareness concerning AS risks and induce employers,
employees, and all factory figures that are engaged in prevention to take action to define/adopt
proper measures to protect the health of exposed workers.

Keywords: artificial stone; engineered stone; reconstituted stone; artificial quartz; silicosis;
occupational exposure; exposure evaluation; risk assessment; risk management

1. Introduction

Silicosis is a progressive, irreversible, and incurable fibrotic pulmonary disease that is caused
by the inhalation of respirable crystalline silica (RCS) dust [1]. Key factors determining the risk of
developing silicosis include lifetime cumulative exposure, total amount of inhaled RCS, and individual
susceptibility [2,3]. Mechanistically, when respirable silica particles are inhaled, they can reach the
lower respiratory tract and the gaseous exchange zones where, after having been phagocytosed by
alveolar macrophages, they can persist and then trigger an inflammatory process that is characterized
by the production of reactive oxygen species (ROS) [4,5]. The inflammation that is generated by
ROS damages the pulmonary parenchyma and the subsequent repair/regeneration process leads to
fibrogenesis and carcinogenesis [1,4,5]. Respirable dust control represents the only effective measure
to prevent disease manifestation and no curative therapies are currently available [6].

Crystalline silica is a common component of the earth’s crust and it can be found in quartz,
granite, sandstone, slate, and sand [7,8]. It is widely acknowledged that occupational exposure
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to crystalline silica may occur in several workplaces and industries, such as the construction and
metallurgy industries, coal and metal mining/quarrying, and the manufacturing of building materials
(e.g., bricks and concrete), glass, and ceramics [7,8]. Therefore, when considering the large number of
industrial applications and working activities that involve the use or handling of materials containing
silica, it is estimated that millions of workers are exposed to this mineral worldwide (approximately
10 million in India, 3.2 million in the European Union, 2.3 million in the United States of America
(USA), and 2 million in Brazil) [9-12]. Therefore, silicosis is a major work-related interstitial lung
disease [1,13-16]. More recently, the manufacturing and processing of artificial stone (AS) has been
reported as a possible source of exposure to high levels of RCS in workers [17].

In recent decades, this specific type of material has become increasingly popular and it has
been largely employed for the production and manufacturing of kitchen and bathroom countertops.
Artificial stone is formed of finely crushed rocks that are mixed with a polymeric resin. Its silica
content is approximately 90%, a much higher percentage than the silica content of natural marble
(3%) or granite stones (30%) [18]. Through the cutting and grinding of AS slabs with high-energy,
powerful devices may result in high levels of exposure to RCS dusts, although little information
is currently available regarding concentrations in these specific workplace settings/tasks [19-22].
It should be noted that the Occupational Safety and Health Administration and the National Institute
for Occupational Safety and Health have identified exposure to silica as a “health hazard to workers
involved in manufacturing, finishing and installing natural and manufactured stone countertop
products, both in fabrication shops and during in-home finishing/installation” [23].

Indeed, the concern that is aroused by this hazard alert has been further corroborated by the
findings of several studies that have highlighted outbreaks of silicosis among AS workers in various
countries throughout the world [24-37]. Moreover, it is worth pointing out that the growing concern
of the scientific community with regard to this topic is related, not only to an increased incidence of
the disease in AS workers, but also to the different pathological characteristics and the high degree
of severity of AS-associated silicosis. In fact, most epidemiological or clinical studies reported cases
of accelerated silicosis characterized by a short latency period, extensive pulmonary damage, and its
presence in young workers. The greater aggressiveness of AS-associated silicosis is usually attributed
to a lack of adequate preventive or protective measures: this may be a plausible explanation given the
high levels of exposure that is generated over a short period of time. However, a recent interesting
in vitro study of Pavan et al. [38] showed that AS dusts exhibited a higher reactivity in free radical
production when compared to reference quartz. The authors correlated this result to the larger amount
of metal transition ions that were contained in the AS dusts, therefore also suggesting that the different
chemical features could play an important role in the pathogenesis of AS-associated silicosis [30,38].

Therefore, by means of a systematic and critical analysis of the available literature, the aim of
this review was to verify the association between RCS exposure in AS working activities and the
development of pulmonary silicosis; to define the common pathological characteristics that could
promote the onset of this disease in relation to specific job tasks or work practices, and also in
highlighting research areas that require further investigation. Overall, this may be important in
extrapolating data that provide useful information on the risk of silicosis in AS production/working
fields and then subsequently lead to suitable risk assessment and management strategies to adequately
protect the health of exposed workers.

2. Materials and Methods

The study involved a systematic review process that was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Statement criteria (PRISMA) [39]. Principal
scientific databases, namely PubMed, Scopus, and ISI Web of Science were searched to identify
studies addressing cases of AS-associated silicosis, published up to 15 December 2018. We used
two search lines that included the terms “artificial stone or artificial quartz or engineered stone or
reconstituted stone” to assess the exposure context, and the term “silicosis” to identify the outcome.
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The two lines were combined with the operator “AND”. All of the titles and abstracts that were
retrieved by the computerized search were independently reviewed by two of the authors who
made a selection of the papers that are relevant for the review purposes, in accordance with the
inclusion criteria. These referred to original, human peer-reviewed articles, including descriptive
epidemiological-occupational surveys, medical reports, case series, cohort and case-control studies
published in English, and reporting cases of silicosis and AS exposure. To be included in the review,
studies had to describe pathological cases that were confirmed through valid diagnostic methods,
including clinical examination, pulmonary function tests, and imaging techniques. Occupational
exposure to AS dust had to be confirmed by occupational histories of employment in any sector of
the manufacturing, finishing, and installation of AS, as collected through medical records, patients’
self-reported information, as well as through environmental monitoring when available. No limits
regarding the duration of AS occupational exposure were adopted, and no restrictions were imposed
on the geographical areas of investigation, patient origin, or the statistical methods used. Exclusion
criteria regarded reviews, case reports, conference papers, experimental studies on cellular and animal
models, and publications that did not focus on occupational exposure to AS dust or that were were
published in languages other than English. The preliminary search identified a total of 109 articles:
26, 63, and 20 in Pubmed, Scopus, and Isi Web of Knowledge databases, respectively. Thirty-four
duplicates were removed from the total number of papers. Out of the remaining 75 articles, two
authors independently excluded 68, as they did not meet the inclusion criteria based on the title and
abstract analyses. A total of seven papers remained for review. All of the full texts of the articles that
were considered suitable for review were obtained and subjected to a critical evaluation. By assessing
the reference list accompanying the selected articles further enlarged the citation pool of relevant
publications that were identified in the literature search; this allowed for the inclusion of one additional
eligible paper. Overall, our search retrieved a total of eight articles for review (Figure 1).

Each eligible study was critically reviewed by three investigators and the principal characteristics
were extracted in order to determine the demographic and occupational characteristics of cases, disease
features, and workplace information. The Joanna Briggs Institute (JBI) Critical Appraisal tools for use
in JBI Systematic Reviews Checklist for Case Series was used to assess the methodological quality of a
study and to determine the extent to which a study has addressed the possibility of bias in its design,
conduct, and analysis [40].

The results of the eligible studies are described in the following sections and then organized into
tables summarizing information concerning case identification, periods of investigations, geographical
areas of origin, mean or median age of affected subjects, working activities in which AS exposure could
occur, and the duration of exposure where available, as well as quality rating, as assessed through the
JBI checklist (Table 1). To define pathological manifestations of AS-associated silicosis, data concerning
clinical examination, respiratory function tests, as well as radiological findings were collected and
are summarized in Table 2. Information on histological findings and disease outcome following
lung transplantation was also reviewed to complete the overview of the pathology. Furthermore,
to extrapolate information regarding risk assessment and management strategies for dealing with
AS chemical risks in workplaces, data concerning exposure assessment, as well as preventive and
protective measures that were adopted to protect the health and safety of exposed workers, were
carefully collected, evaluated, and reported, as shown in Table 3.
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Figure 1. Flow diagram of literature search.
3. Results

The following paragraphs will summarize details regarding cases of AS-associated silicosis that
are emerging worldwide, and the principal characteristics of the disease.

3.1. Identification of Cases

In recent years, a silicosis outbreak that was attributed to occupational AS exposure was reported
in Israel [7]. This was the first, large, retrospective series of 25 AS silicosis cases occurring in patients
that were admitted to the National Lung Transplantation Center in Israel to be evaluated for lung
transplantation (LTX) in the period 1997-2010 [7]. According to their occupational histories, all of
the patients had been working with the same synthetic stone material for a period ranging from 17
to 22 years and they were all mainly involved in AS dry cutting for end-use countertop application.
An updated evaluation of patients referred to the same center for advanced silica-related pulmonary
pathology, over a further two-year period of observation (1997-2012), enabled researchers to identify
15 additional cases of silicosis related to AS dust (a total of 40 cases) in workers that were exposed
for at least six years [41]. Eighty-two Israeli marble workers that were affected by AS silicosis were
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studied by computed tomography (CT) and pulmonary function tests (PFTs) by Grubstein et al. [42]
from 1997 to 2015, while Rosengarten et al. [16] retrospectively reviewed the post-lung transplantation
condition in 17 silicosis patients from 2006 through 2013. All of the subjects had been working with AS.
However, a possible overlap between the above-mentioned populations prevents the extrapolation of
a global count of Israeli cases of the disease, therefore limiting an assessment of the real impact of AS
silicosis in that country.

A high incidence of silicosis was retrospectively detected over a short period of time (2009-2012)
in the small geographical area of the Cadiz Province of Spain [43]. Forty-six workers, which were
employed in the manufacture and installation of kitchen bench-tops composed of quartz conglomerates
over a period ranging from nine to 17 years, were diagnosed with silicosis. They had generally been
involved in AS cutting, shaping, and finishing in small family industries. A prospective, observational
study that was performed by Pascual et al. [44] reported six cases of silicosis in a cohort of 11 workers
from a family marble workshop in Spain. All except one employee had been working for an average of
12.5 years as countertop assemblers and had been involved in the cutting and polishing of AS during
in-home installation. The same authors, in a follow-up study, described a total of 19 cases of silicosis
in the region of Valencia from 2009 to 2016. Twelve of these cases occurred in assemblers, cutters,
and sanders that are involved in the finishing of kitchen and bath countertops over an average of
11 years [45].

Between 2011 and 2016, seven cases of AS-associated silicosis were detected in Australia: one
in Queensland and three in Victoria and New South Wales, respectively [17]. All cases had been
employed for a period of 4-10 years in small kitchen and bathroom benchtop fabrication where the
dry cutting of AS was one of the most frequently performed tasks (Table 1).
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Table 1. Main characteristics of the artificial stone associated silicosis cases and of the epidemiological studies that investigated this topic.

Working Activities Investigated and

Exposure Time

Quality Rating

Country Study Period Type of Study Correlated Cases of Silicosis (i) Age of Workers (Years) (Years) by JBI Reference
Epidemiological study Dry cutting and polishing of artificial
Australia 2011-2016 investigating the prevalence of stone for fabrication of small kitchen and 44 (median) 7.3 (median) Fair Hoy etal. [17]
artificial stone associated silicosis bathroom benchtop (7)
. . . Dry cutting of synthetic stone material
Retrospective analysis of patients . o
Israel 1997-2010 (with a diagnosis of silicosis) (Caesar'Stor'te' conta1n1.n & >85% 52 (median) 17£9-22+7 Good Kramer et al. [7]
. . crystalline silica) for kitchens and other (mean + SD)
candidates to lung transplantation L
countertop applications (25)
Dry cutting and polishing synthetic
Retrospective analysis of patients stone material (with high content of e 44.1 (n. 9 -mean); 6-26 (9 with
Israel 1997-2012 (with a diagnosis of silicosis) crystalline silica) for kitchens and other 504 (n. 31- . . Good Shtraichman et al. [41]
. . [ X e 50.4 (n. 31-mean) autoimmune disease)
candidates to lung transplantation  countertop applications (40 whom 9 with
autoimmune disease)
Evaluation of patients with P rin ?ig;c;il/ 19.8 4 9.4
Israel 1997-2015 diagnosis of silicosis visited in a . tone prodt ° 47.26 (mean) ’ ) Fair Grubstein et al. [42]
. .. crystalline silica) for kitchens and other (mean + SD)
pulmonary outpatient clinic L
countertop applications (82)
Retrospective analysis of patients Occupations carrying out job tasks
Israel 2006-2013 who underwent lung consistent with over-exposure to silica 50 (median) Not reported Good Rosengarten et al. [16]
transplantation for silicosis through handling artificial stone (17)
Prospective observational study Cutting, polishing and assembling
. . investigating the prevalence of quartz conglomerates composed of at "
Spain 2008-2011 silicosis in subjects who worked least 90% natural quartz (crystallized 3981 (mean) 12.54 (mean) Poor Pascual etal. [44]
quartz conglomerates silicon dioxide [SiO;] and silica) (6)
Epidemiological study
investigating the prevalence of Working activities (cutting, shaping and
Spain 2009-2012 artificial stone assoc1atec.1 silicosis finishing) in which agglome'rated quartz 33 (median) 12.8 (mean) Good Perez-Alonso et al. [43]
and the correlated working was used in the manufacturing of
conditions in workers exposed to countertops for kitchens (46)
quartz conglomerates
Descriptive epidemiological study
assessing the prevalence of artificial
stone associated silicosis among the ~ Cutting, sanding and assembling
. . silicosis cases reported to the artificial quartz aggregates (with a high 46.62 £ 13.33 (mean + 11.00 & 3.58 )
Spain 2009-2016 Healthcare Information System for  content of crystalline silica: 70-90%) for ~ SD) (mean + SD) Poor Pascual etal. [45]

Occupational Epidemiological
Surveillance of the Community
of Valencia

kitchen and bath countertops (13)

JBI, Joanna Briggs Institute Systematic Reviews Checklist for Case Series. Quality rating: good (>80% positive responses); fair (60-70% positive responses); poor (<60% positive responses);
SD, standard deviation.
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3.2. Symptoms, Pulmonary Function Tests, Radiological Diagnosis

Mild respiratory symptoms were reported in 82.6% of the Spanish population that was
investigated by Perez Alonso et al. [43], while the remaining 17.4% was asymptomatic. All workers
of the Australian series (n. 7) had cough and exertion shortness of breath, while only two suffered
from weight loss and haemoptysis [17]. The duration of symptoms before diagnosis ranged from
six months to three years. Taking into account the well-known association between silica exposure
and autoimmune diseases, Shtraichman et al. [41] identified nine patients, among the 40 that were
investigated for lung transplantation, who were co-diagnosed with silicosis and systemic sclerosis
(n. 3), Sjogren’s syndrome (n. 1), theumatoid arthritis (n. 2), polymyosisitis (n. 1), and mixed connective
tissue disease (n. 2), respectively.

The assessment of pulmonary functionality in Israeli patients (potential candidates for lung
transplantation) revealed moderate-to severe restrictive lung disease in all cases [7] (Table 2). Similarly,
a restrictive pattern and a reduced diffusing capacity for carbon monoxide (DLCO) was evident in all
but one of the subjects that were studied by Shtraichman et al. [41] for autoimmune manifestations of AS
silicosis. Spanish workers that were affected by simple silicosis (n. 42) showed a moderately restrictive
pattern at the PFTs, while the four complicated cases demonstrated a more restrictive spirometric
profile and a greater reduction in DLCO [43]. Restrictive functional patterns were also reported in six
out of seven Australian silicosis cases [17]. Pascual et al. [44] demonstrated ventilatory disorders with
reduced DLCO in three out of six diagnosed workers and, interestingly, one of these showed moderate
obstructive function. When PFTs were compared between AS silicosis and idiopathic pulmonary
fibrosis transplanted patients in Israel, the first group demonstrated a lower forced expiratory volume
in 1 s (FEV1). This may have been due to the possible mixed restrictive and the obstructive pattern
that is common in silicosis [1,16,46].

Concerning radiological diagnosis, which is in line with clinical silicosis manifestations, a
bilateral diffuse micronodular pattern was detected at chest X-ray in 80.4% (n. 37) of the cases
that were investigated by Perez-Alonso et al. [43], while normal findings were evident in 19.6% of
the examinations (Table 2). The high resolution-CT revealed simple and complicated chronic silicosis
in 91.3% and 8.7% of cases, respectively. A reticulonodular interstitial pattern was evident at the
chest X-ray imaging in eight out nine patients with concomitant autoimmune diseases, as reported by
Shtraichman et al. [41]. In Hoy et al. [17], CT scans revealed semiconfluent nodules in the mid and
upper zones of the lungs, with increased upper lobe interstitial markings (two subjects), extensive
ground glass nodules (two patients), as well as a pattern of progressive massive fibrosis that is
characterized by large confluent mass-like densities and volume loss (6 subjects). Grubstein et al.
demonstrated a significant inverse correlation between the severity of the chest CT findings and the
PFT parameters, particularly in regards to the FEV1 and the total lung capacity [42]. These authors
showed a progressive massive fibrosis indicating advanced and complicated silicosis in 85% of LTX
patients and in 40% of affected subjects with conserved pulmonary function.
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Table 2. Main clinical characteristics of artificial stone associated silicosis reported in the articles included in the review.

Country Cases (n.) Respiratory Function Tests Radiological Assessment Diagnosis Reference
e 3 restrictive defects; High-resolution computerized tomographic: semiconfluent o ¢ with progressive
Australia 7 ° 3 mixed obstructive/restrictive defects; nodules in the mid and upper zones, ground glass nodules, massive fibrosis; Hoy et al. [17]

bilateral upper lobe fibrosis and volume loss with
reticulonodular and large confluent mass-like densities

e  1normal respiratory function test. e 1 chronic silicosis.

e 2 with progressive massive
Diffuse micronodular pattern and progressive fibrosis (consistent with
massive fibrosis accelerated silicosis);

e 23 chronic silicosis.

Israel 25 Moderate to severe restrictive lung disease Kramer et al. [7]

e Chest X-ray: reticulonodular interstitial pattern (89%);

*  Restrictive lung disease (8); e  High-resolution computerized tomographic:

Israel 9 Silicosis Shtraichman et al. [41
¢ Normal (1). lymphadenopathy (with or without calcification), -
alveolar infiltrates, ground glass opacities
High-resolution computerized tomographic: centrilobular e 31 with progressive massive
Israel 82 Reduced FEV;: 68.4426 (mean+SD) ar}d perllymphatlc'godl.ﬂes, nodal enlargement with or fibrosis (cons.ls.tenf with Grubstein et al. [42]
without nodal calcification, emphysema, and conglomerate accelerated silicosis);
masses—progressive massive fibrosis e 51 chronic silicosis.
Reduced FEV; (median: 31; 25t-75t percentile High-resolution computerized tomographic: picture of
Israel 17 range: 27-38) TLC (median: 47; 25th_75th percentile  interstitial lung disease that was consistent withsilicosis in  Silicosis Rosengarten et al. [16]
range: 41-54) all cases
e Mild and moderate restrictive ventilatory s : : ; e 1 with progressive
. . ) Chest X-ray: radiographic patterns of simple chronic e »
Spain 6 disorder (2); . . . silicosis (83.3%) and progressive massive fibrosis (16.66%) masstve flb_r_OSle Pascual et al. [44]
e Moderate obstructive ventilatory disorder (1) e 5 chronic silicosis.
e Very moderately restrictive pattern (42): e Chest X-ray: bilateral diffuse micronodular pattern in th "
FEV=85.9+13, FEV; /FVC=79.945; 80.4% (37) of the cases; y 4h“”t | Comp icated
Spain 46 e In4 cases was observed a more restrictive e  High-resolution computerized tomographic: ¢ ro'mc St ICOSIS’_ . Perez-Alonso et al. [43]
spirometric profile: FEV=74.5+14, Micronodules in upper lung zones, diffuse ¢  42simple chronic silicosis.
FEV,/FVC=76.619. ground-glass pattern (3).
Spirometric data was obtained in 14 silicosis cases.
The results of respir. ator.y f1.1nct10n tes'ts refer to the High-resolution computerized tomographic data were . .
total number of cases (findings of patients e.xpo.sed obtained in 14 silicosis cases. The results refer to the total ~ ® 3 with progressive
Spain 13 to artificial quartz aggregates are not specified): number of cases (findings of patients exposed to artificial massive ‘flbr.o‘sm; ) Pascual et al. [45]
e 1 mild restrictive ventilatory dysfunction; quartz aggregates are not specified): micronodular pattern ~ ® 10 chronic silicosis.
e 6 had obstructive ventilatory dysfunction with hilar and mediastinal adenopathies

(1 very severe, 4 moderate and 1 mild).
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3.3. Histopathological Examination

Peripheral and centrilobular patchy pulmonary fibrosis, with silicosis nodules containing
birefringent particles that are consistent with silica, were the typical histological findings from
explanted lungs of patients that were studied in Kramer et al. [7]. In the seven Australian silicosis
cases, Hoy et al. [17] described inflammatory infiltrates characterized by sclerotic nodules that are
surrounded by histiocytes or histiocytic aggregates, sometimes including silica particles. Histological
features of silicosis were also found in patients with concomitant autoimmune manifestations [41],
with two out of nine patients presenting focal or widespread silico-proteinosis reactions. In a more
severe case, in which the subject underwent lung transplantation, extensive areas of confluent fibrosis
and silico-proteinosis-like patterns with the presence of birefringent particles were detected.

3.4. Post-Lung Transplantation Outcomes

The only life-saving therapeutic option in end-stage silicosis is LTX [16]. Data that are available
on the survival outcomes of LTX receiving patients for silicosis or other diseases are conflicting [47,48],
and little information has been reported for AS silicosis patients.

Concerning the one-year survival rate following LTX, Kramer et al. [7] reported comparable
rates between patients with AS silicosis and other LTX recipients referred to the National Lung
Transplantation Center in Israel over a 14-year period (1997-2010) (83 & 4% vs. 81 &+ 7%, respectively).
In a subsequent investigation, Rosengarten et al. [16] specifically compared the follow-up condition of
17 transplanted AS silicosis subjects with 73 patients who underwent LTX for idiopathic lung fibrosis
(IPF) in the same medical center in Israel from 2006 to 2013. Patients with silicosis were significantly
younger than the IPF patients (mean age: 49.8 versus 57.1 years). The one- and three-year survival
rates were 88% and 76% for silicosis patients, respectively. In IPF patients, those rates were 68 and
64%, respectively. Although it was possible to identify a 32% increase in survival outcomes in silicosis
patients, the limited amount of data on LTX in similarly-affected individuals prevented researchers
from ascertaining statistical significance for this result.

3.5. Silica Exposure Risk Assessment and Management

The following paragraphs will attempt to elucidate specific preventive and protective measures
that were adopted in AS workplace settings in order to determine the conditions that may promote the
onset of disease and identify aspects that need to be carefully considered, so that precautionary risk
assessment and management strategies can be undertaken in this field (Table 3).

3.5.1. Exposure Assessment

No environmental monitoring data were reported in AS workplaces where the cases of silicosis
reviewed in this study occurred. Kramer et al. [7] failed to report data quantifying the airborne
dust concentrations in the AS workplaces that were implicated in the Israeli outbreak of silicosis and
declared that they were not aware of any industrial hygiene measurements that were performed by
governmental institutions. Rosengarten et al. [16] reported environmental levels of RCS greater than
1 mg/m? in AS dry cutting operations, as measured by the Israel Ministry of Labor, i.e., concentrations
ten-times higher than the environmental exposure limit that was adopted in that country. In the
province of Perez, Spain, according to worker responses, periodical measurements of dust levels were
never performed in any workplace that was involved in AS activities [43]. Although possible recall
bias may affect such responses, the authors indicated that the inspections of the workplaces that were
carried out by the Centre for Risk Prevention of the Regional Labour Authority and the Inspectorate
of the Ministry of Labour in Cadiz supported the results that were obtained through individual
interviews. Also, in the Australian case series, workplace exposure monitoring was reported to be
unavailable [17].
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3.5.2. Collective Protective Measures

Regarding protective measures applied in AS workshops, all of the patients in Kramer et al. [7]
reported that their work activities were performed without dust exposure control, including both
wet cutting and local exhaust ventilation. In the Spanish population that was examined by
Perez-Alonso et al. [43], water curtains, as a means of reducing dust production in AS bench-top
cutting activities, were reported to have been adopted in only 32.6% of the workplaces. Engineering
controls for workplace ventilation were described to properly in function in 10.9% of cases, and to be
ineffective in 54.3%. In the remaining cases (34.8%), working in an outdoor space or in the presence
of windows and doors was described as the only ventilation system in the workplace. All of the
workers reported the absence of dust ventilation devices during in-home installation operations.
Concerning the maintenance of machinery and tools, the same group of patients referred that these
were systematically or occasionally (in case of malfunction) serviced, in 6.5% and 26.1% of cases,
respectively. In Pascual et al. [44], the affected workers reported the presence of exhaust ventilation
systems in their workplaces, in addition to the presence of doors and windows that are designed to
guarantee a passive airflow in the occupational environments. Waterjet cutting systems were only
used in workshop operations. Installers, which are involved in cutting and polishing AS pieces during
in-home installation, were not provided with this kind of prevention system. Likewise, inadequate
ventilation and collective protective measures were reported by the same authors in a subsequent
investigation [45].

All of the workers in the case series of Hoy et al. [17] performed AS dry cutting, mainly using
hand devices, while water dust control was more frequently applied during polishing tasks or when
table saws were used. The presence of doors and windows, together with ceiling extraction fans,
ensured ventilation in the workplaces.

3.5.3. Personal Protective Equipment

As regards personal protective equipment, workers that were investigated by Kramer et al. [7]
reported working without any personal respiratory protection for an average of 10 to 12 h daily. Only
32.6% of the cases that were described by Perez Alonso et al. [43] reported using complete personal
protective equipment, including a mask, goggles, gloves, special footwear, and a helmet. Regarding
higher protection masks, half of the workers declared that they had had access to such equipment for
only a part of their working time, and an even lower percentage (6.5%) reported that this equipment
was constantly available. In the study carried out by Pascual et al. [44], home installation of pieces
was described as performed without any personal protection. In the clinical series of seven Australian
workers [17], respiratory protection was provided for only three subjects.

3.5.4. Occupational Health Surveillance

Health surveillance programs in the study by Perez Alonso et al. [43] showed some discrepancies
that were related to the fact that, during periodic medical examinations, in 32.6% of cases, chest X-ray
was never performed, in 58.7%, it was performed only once at the beginning of the observational
period, and in a more limited 8.7%, it was obtained periodically. Hoy et al. [17] reported that no
organized health surveillance program was carried out for any of the investigated cases.
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Table 3. Protective and preventive measures (collective and individual) reported in the articles included in the review.

11 0of 17

Country Cases (n.) Environmental Monitoring Collective Protective Measures Individual Protective Measures Reference
e  Poor use of water dust suppression e Availability of respiratory protective
. o (usually only when polishing activities equipment (disposable masks) was
Australia v Envu’o.nmental monitoring data not known were performed); reported only in 3 cases; Hoy etal. [17]
or available e  Ceiling extraction fans or passive airflow e  Lack of information and /or
through open doors or windows. training programs;
e No Health Surveillance program.
Israel o5 Envqunmental monitoring data not known No dust suppression systems or effective Tl}e working activities were performed ' Kramer et al. [7]
or available local ventilation without any personal respiratory protection
Israel 9 Env1r9nmental monitoring data not known Not reported Inadequa't(e respiratory protection Shtraichman et al. [41]
or available (not specified)
Israel 82 EnVlrgnmental monitoring data not known Not reported Not reported Grubstein et al. [42]
or available
Environmental monitoring carried out by the Israel
Israel 17 erus.try of Pa.b.or h'as documen'ted th;'at stan.d.eu.‘d No dust suppression systems Tl.1e working activities were performed . Rosengarten et al. [16]
working activities (i.e., dry cutting) with artificial without any personal respiratory protection
stone cause exposure to levels of silica >1 mg/m?3
e Machinery equipped with a waterjet
. Environmental monitoring data not known cutting system; No specific respiratory protection "y
Spain 6 i e Work areas equipped with several dust i Pascual et al. [44]
or available quipp apparatuses were used (at least until 2009)
extraction systems;
e Natural ventilation.
e Use of personal protective equipment
e Dust suppression systems (water curtains) (mask, goggles, helmet, gloves, special
present in 32.6% of footwear and overalls) was referred by
respondents’ workplace; 32.6% of the cases. Noteworthy, only
. Environmental monitoring of dust levels was never ®  Ventilation system: 10.9%—dust three cases reported having constant )
Spain 46 performed in any workplace ventilation system worked properly, 54.3% access to FFP3 or P5 masks; Perez-Alonso et al. [43]
it was ineffective, in the 34.8% doors and e Inadequate periodic preventive
windows, were the only form medical examinations: only in 8.7% of
of ventilation. cases, the health surveillance procedure
with execution of chest x-ray was
performed periodically.
. Inadequate ventilation;
Environmental monitoring data not known ¢ Presence 9f dpst suppression systems and  Qccasional use of individual protection
Spain 13 & local ventilation that however are not equipment is reported (not specified what Pascual et al. [45]

or available

always used and/or available (i.e.,
assembly of kitchens and baths is
conducted in homes)

type of protective equipment)
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4. Discussion

This review represents an attempt to provide an updated overview of the current state of
knowledge regarding silicosis in the AS manufacturing field. Its aim is to enhance the awareness of the
well-known silica health hazard in new occupational exposure realities, and extrapolate data that may
be of use in indicating more suitable risk assessment and management strategies in these environments.

Although most of the reviewed studies are observational in nature, therefore impeding a definite
association between occupational exposure to RCS in AS activities and silicosis development, the
unusually high incidence of the disease that was reported over short periods of investigations, and
the comparable occupational histories of affected workers, all being involved in the manufacture and
manipulation of engineered stones, may indicate a cause-effect relationship of this type.

In general, the characteristics of AS-associated silicosis, in terms of clinical and latency periods
of manifestation, pulmonary functionality alterations, and radiological outcomes, were comparable
to those that were reported for the disease in traditional silica exposure settings [17]. In some cases,
shorter latency periods, i.e., 4-10 years, were reported before disease development, which may be in
relation to the higher intensity of exposure that may characterize some specific job tasks in this field,
e.g., cutting, polishing, and grinding AS in workshops and during the in-home installation of pieces,
which may generate high levels of RCS [7,43]. Moreover, further clarification is needed as to whether
newly fractured silica that are produced by high-energy cutting and abrasive blasting operations,
such as those performed by assemblers, cutters, and sanders of countertops, is more toxic than aged
powder containing silica in inducing fibrogenic effects due to the greater redox potential on crystal
surface [21,22,38]. Additional research is also needed to define the hazardous properties of AS dusts
on account of their possible specific toxicological properties resulting from the mixed composition of
crushed rock and polymeric resins [38]. The possibility that different components may increase the
toxicity of the dust and therefore change the occupational risk profile for workers that are employed in
this sector should be carefully considered [30,38].

The main limitations of the studies reviewed are due to the lack of data on environmental
monitoring measurements to quantify CRS exposure levels. A couple of case reports, in the finishing
areas of artificial quartz manufacture, revealed the average crystalline silica airborne concentrations
ranging from 0.260 to 0.744 mg/m? [22] and >0.5 mg/m3 [32], which are much higher than the
0.1 mg/m? threshold limit value that was recently adopted in the European Union [49]. When the
efficacy of dust control measures in cutting operations was assessed, the dry activities were found
to generate a RCS concentration of 44 mg/m3 over 30 minutes of sampling. This level decreased to
4.9 mg/m? through the employment of wet blade cutting and it was further reduced to 0.6 mg/m3
when the latter measure was combined with local exhaust ventilation [20]. In the studies reviewed,
general information on exposure and the preventive measures that were adopted for its control were
largely based on the statements of patients and employers, and may therefore have been affected
by a recall bias of respondents [43]. The importance of assessing worker exposures depends on the
possibility of obtaining information that strongly correlates dust contact and pulmonary effects in
the AS production sector. This may also be helpful in defining the possible influencing variables that
are related to specific job tasks and work practices that may affect RCS concentrations, and therefore
present risks for employees, including, for example, cutting without waterjet machines, as well as
polishing without prevention during in-home finishing/installation operations.

Most of the studies reviewed reported that basic preventive measures for controlling occupational
exposure and for protecting the health of workers were not adopted, or not properly adopted. In fact,
no effective measures, such as general or mounted-tool local exhaust ventilation systems or wet-cut
methods, were implemented to suppress dust generation/exposure when working on AS [20,50,51].
In addition, machinery and tools were not properly set up and they did not undergo the prescribed
routine checks [43]. This seems to be a relevant problem, especially for smaller companies that are less
aware of occupational safety and health resources than larger factories [12]. Proper compliance with
personal protective measures is very important. Most workers reported that full protective equipment
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was not available, it was not used in the proper manner, and that they did not have access to masks
that are suitable for RCS exposure [43].

Importantly, most of the cases of silicosis reviewed were identified through a “passive”
surveillance of subjects that were referred to medical attention for transplant evaluation. This fact may
impede the diagnosis of many other cases of AS silicosis and prevent an adequate and prompt
identification of the public and occupational health impact of “AS silica-related-effects” [7,12].
Although this review fills a gap in the literature, some limitations of our methodology should be
carefully considered when drawing conclusions from reported results. Given that knowledge on the
topic is still in the early stages, the inclusion criteria range was quite broad, and studies that varied
widely in terms of the assessed outcomes and the variables investigated were included to avoid the
loss of valuable information. However, the findings reported could not be easily integrated and they
were evaluated individually in an attempt to determine common evidence. It is also important to note
that all the studies included were observational in nature, and therefore they have inherent biases that
should be taken into account when interpreting the results. According to the JBI checklist for case
series studies, half for the reviewed papers resulted in good quality, while the others could be classified
in fair or poor quality rating [40]. Deficiencies in the methodology and reporting of these latter studies
may regard self-selection biases, as they do not clearly detail the inclusion and exclusion criteria for
the studied population. Additionally, the use of subjective measures (e.g., self-reporting, unverified
information on exposure and preventive measures in the workplace) may also lead to information
bias. Furthermore, only a qualitative approach could be used in the review and no quantitative issues
relative to the emergence of AS-associated silicosis could be extrapolated. Overall, although all of
these issues may question the reliability of the investigations reviewed, the relevance that the topic
has for the health, and safety of exposed workers makes it necessary to pursue the most inclusive
approach in order to achieve a more substantial understanding of these emerging occupational risks.
In this perspective, future longitudinal studies should be planned to make an in-depth assessment
of the epidemiological impact that AS working may have on the occurrence of silicosis cases, also in
comparison to traditional silica exposure settings. Moreover, these studies should investigate and
determine the pathogenesis of the disease in relation to the extent of occupational exposure.

5. Conclusions

Over the past few decades, great attention has been paid to the emergence of silicosis cases that
are associated with occupational exposure to silica dust generated by the manufacturing, finishing,
and installation of AS kitchen and bathroom countertop products, both in fabrication shops and
during in-home assembly procedures. Our systematic review enabled us to observe that the clinical
characteristics of AS-associated silicosis were comparable to those that were reported for the disease
occurring in traditional workplace settings. However, it is important to note that the lack of information
concerning silica exposure levels during AS work activities, and the limited awareness regarding
silica-derived risks in such innovative applications may have been responsible for the inadequate
protection of the workers involved. Further research should aim to fill these gaps in order to better
understand AS silicosis pathogenesis, especially in relation to workplace silica concentrations and
specific job tasks. It should also investigate and determine the effectiveness of collective and personal
protective equipment so as to induce employers, employees, and all factory figures that are engaged
in prevention to take concerted action to define/adopt proper measures for protecting the health of
exposed workers in AS occupational settings.

When considering the critical role of dust exposure control in preventing the development of
disease, inadequately controlled RCS concentrations represent a missed opportunity for preventing
silicosis that is caused by a known hazardous material. In this respect, exposure control should take
the differing composition of the material and the particular work conditions in the AS industry into
careful consideration, since these may include high-intensity and short-duration exposures requiring
a specifically focused preventive approach. In this scenario, environmental monitoring campaigns
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should be actively encouraged as a primary preventive measure for assessing levels of exposure
to RCS in workplaces during different job tasks and for verifying the efficacy of engineered and
personal protective methods of controlling such hazardous exposures (Figure 2). Furthermore, health
surveillance is recommended for workers that are exposed to RCS, also in these emerging occupational
contexts, in order to achieve the early identification of disease and minimize its potentially severe
manifestation (Figure 2). On the other hand, clinicians should be careful when correlating respiratory
signs and symptoms of patients with hazardous RCS occupational exposures.

‘ PRIMARY PREVENTIVE MEASURES | ‘ SECONDARY PREVENTIVE MEASURES I
\)‘\:

Health surveillance program

| Workers' information and training

Attention to dusty

2 2 I st use the
work activities... Inustuse te

mask correctly !!!

& Safety Technician

uction worker
. e ;
Environmental and Health
& Safety Manager

Fitness for work with limitations and/or prescriptions

Circular saw with
integrated wet dust
management system

Air samplers for
environmental monitoring

Figure 2.  Prevention and protection measures that should be used in artificial stone
processing activities.

Outbreaks of silicosis due to AS working can be expected to occur in other countries in the near
future if the risks that are associated with the manufacturing or working of engineered stone are not
urgently recognized by managers and workers, or well-defined precautionary preventive programs
are not suitably applied. A delay in recognizing well-known health hazards in innovative occupational
settings may lead to ongoing dangerous exposures and the appearance of further cases. Indeed, in
addition to the articles that were reviewed and presented in this review, during the selection process,
we identified several other studies (not included in the review, since they did not meet the inclusion
criteria, being mostly abstracts, letters to the editor, case-reports, or articles written in languages other
than English) that suggest both the presence of AS-associated silicosis in other countries (i.e., the
United States, Italy, or Belgium), and a growing interest of the international scientific community in
this issue [22,24-35,37].

Product stewardship may be helpful in avoiding the mishandling of potentially dangerous
materials, and safety datasheets may assist in the identification of the dangerous properties of
crystalline silica-containing products. In addition, manufacturers should also be actively involved
in communicating the risks of manufacturing/working with hazardous products and in providing
resources for the adoption of preventive and protective measures to control harmful exposures [12].
Information and training of the workforce with regard to the possible silicosis risks derived from
crystalline silica exposure during the manufacturing and finishing of AS materials, along with suitable
health surveillance plans that are designed to recognize cases and case clusters should be actively
promoted (Figure 2). Governmental agencies can contribute to prevention, not only by setting and
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implementing protective exposure standards, but also by giving health and safety support to the
companies involved.

Summing up, stakeholders, manufacturers, occupational risk prevention services, insurance
companies for occupational accidents and diseases, business owners, occupational health physicians,
general practitioners, and also employees should be engaged, not only in designing/planning processes
and operational working environments, but also in assessing the global applicability of proactive
preventive and protective measures to identify and control crystalline silica exposure, especially in
new and unexpected exposure scenarios, the full extent of which cannot yet be accurately predicted.
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