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Abstract

Objectives: The correlation between quartz dust concentrations in the Swiss enterprises and the incidence of silico-
sis and other related diseases acknowledged as occupational diseases (OD) was investigated. Material and Methods:
Quartz dust concentrations were obtained from Suva’s databases of occupational health surveillance measurements
between 2005 and 2014. Information on quartz dust-related diseases was from medical dossiers of workers with OD
acknowledged by Suva between 2005 and 2014. Results: The median quartz dust concentration of the 2579 measure-
ments between 2005 and 2014 was 0.09 mg/m? (alveolar fraction). Out of all measurements, 28% were above the Swiss
occupational exposure limit (OEL) of 0.15 mg/m® (alveolar fraction). One hundred eighty-one individuals suffered from
acknowledged quartz dust-related disease (179 silicosis and 2 chronic obstructive pulmonary disease (COPD)). Addi-
tionally, 8 out of these workers were diagnosed with lung cancer and 55 with COPD of a non-specified cause. Out of all
workers, 46% were exposed to silica dust for the first time before 1975 when the current Swiss OEL was introduced. Out
of the foreign workers, 63% began to work abroad, during which they could have at least partly acquired their silicosis.
Out of all workers, 75% were ever-smokers. Conclusions: The incidence of silicosis decreased drastically from approxi-
mately 300 cases/year in the 1970s to fewer than 20 cases/year 20 years ago. Several findings of this study that could help
to interpret the ongoing occurrence of the disease include excessive exposure in or outside of Switzerland in former or
current times, vulnerability to the development of silicosis due to cigarette smoke, or poor compliance with wearing
breathing masks. Int J Occup Med Environ Health 2018;31(5):659-676
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INTRODUCTION

Several occupational exposure limit (OEL) commit-
tees are or have been recently reevaluating the OEL
for crystalline silica. In this context, we have reviewed
the quartz dust concentrations recorded in Suva’s data-
base of workplace air-monitoring campaigns as well as
medical records of individuals with quartz dust-related
diseases recognized by Suva as an occupational disease.
We wanted to investigate the current state of silica dust
exposure in the workplace and its association with the
frequency of different silica-related occupational dis-
eases (OD).

Received: September 25, 2017. Accepted: December 22, 2017.

Silica (silicon dioxide - SiO,) is the anhydride of silicic
acid (Si(OH),) and belongs to the large group of silicates.
There are both crystalline and amorphous modifications
of silica. The latter ones are found in various rocks, ra-
diolaria, diatoms, sponges, and kieselguhr, among oth-
ers, whereas crystalline forms occur only in rocks. The
most important crystalline modification is quartz which is
the second most common mineral in the earth crust (af-
ter silicate feldspar). Other modifications of crystalline
silica, such as cristobalite and tridymite, are considerably
more rare. Therefore, in practice, the term “quartz” is
often used simplistically for crystalline SiO,. Since quartz

Corresponding author: Michael E Koller, Suva, Division of Occupational Medicine, Fluhmattstrasse 1, CH-6002 Lucerne, Switzerland (e-mail: michael.koller@suva.ch).

Nofer Institute of Occupational Medicine, LddZ, Poland

659


http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
https://doi.org/10.13075/ijomeh.1896.01272

660

ORIGINAL PAPER M., KOLLER ET AL

occurs in most kinds of rocks, numerous activities are as-
sociated with exposure to quartz, like tunnel construc-
tion, quarries, gravel, stone processing, furnace construc-
tion, the ceramic, glass and building materials industries,
foundries, the demolition of concrete structures and
sandblasting or grinding through the use of quartz.
Crystalline silica dust may lead to several diseases when
inhaled repeatedly. The respirable fraction of the dust de-
posits in the bronchi and alveoli lead to chronic inflamma-
tion and subsequently silicosis, lung cancer, chronic bron-
chitis or chronic obstructive pulmonary disease (COPD).
Other diseases that are related to silica are tuberculosis,
pleural plaques, scleroderma, rheumatoid arthritis or
chronic kidney diseases [1].

The most important occupational disease in context with
silica is silicosis. Suva (Schweizerische Unfallversicher-
ungsanstalt — the Swiss National Accident Insurance
Fund) has recognized silicosis as a quartz dust-related oc-
cupational disease since 1938.

Silicosis is a pneumoconiosis that is a lung fibrosis caused
by inorganic dust. The fibrogenic potential of silica de-
pends on its modification, e.g., tridymite is more fibrogenic
than cristobalite, which is more fibrogenic than quartz [1].
The most critical factor for the development of silicosis is
the accumulated amount of crystalline SiO, [1].

Typically, approximately 10-20 years of exposure [2]
are required until enough dust has been accumulated to
lead to silicosis with obstructive and restrictive ventila-
tion alterations and various symptoms, such as dyspnea
or cough. In exceptional cases, silicosis develops after
as little as 5-10 years (accelerated silicosis), or even
faster after weeks to years following very high silica
concentrations (acute silicosis or silicoproteinosis) [1].
During the latency period, most patients do not report
any respiratory symptoms. Silicosis may progress even
in the absence of additional ongoing exposure. The dis-
ease is irreversible, and only supportive care may be
offered.

[JOMEH 2018;31(5)

The diagnosis and determination of severity of silicosis is
performed with the help of the medical history, clinical ex-
amination, such as lung function, X-ray or high-resolution
computer tomography (HRCT) of the chest, and lung
biopsy for the detection of granuloma and birefringent
crystals. A pneumoconiosis seen on the radiograph image
is graded using the reference set out by the International
Labor Office (ILO) [3].

Crystalline silica was classified as a C1, carcinogen by
Suva in 2011 [4]. The exposure time needed to develop
lung cancer requires many years, with reports of approxi-
mately 15 years [1]. The carcinogenic power of crystalline
silica is weak, and the correlation curve between the accu-
mulated amount of quartz dust and the risk of lung cancer
is flat [1,5,6]. The risk differs depending on the type of
crystalline SiO,, the particle surface, and the co-occur-
rence of other carcinogenic substances, among others.
The mechanisms involved in carcinogenesis are chronic
inflammation or — probably at higher concentrations —
the production of reactive oxygen species (ROS) [5,7].
As chronic inflammation is a non-genotoxic mechanism,
the existence of a threshold value regarding carcinogen-
esis is discussed [8-11]. Other discussions concern the
question if silicosis is a requirement for the development
of lung cancer [12,13] because lung cancer is mainly seen
in the case of workers with silicosis. Suva recognizes lung
cancer as a silica dust-related disease only in the presence
of a co-existing silicosis.

The third important lung disease related to crystalline
silica is COPD [14-16]. The risk of developing COPD
depends on the accumulated dose of silica; however, the
most important risk factor for COPD is tobacco smoke.
To protect workers from these lung diseases, many coun-
tries have introduced OELs. In Switzerland, Suva issues
guidelines [4] on the maximum workplace concentrations
of harmful substances (article 50.3, ordinance regulating
accident prevention and occupational diseases), in agree-
ment with the Committee on Occupational Exposure
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Limits of Suissepro (Swiss Association for Occupational
Health, Occupational Hygiene and Safety). Suva intro-
duced the first OEL for alveolar fraction of crystalline
silica (a), of 0.3 mg/m® in 1971. The OEL was decreased
in 1975 to the current value of 0.15 mg/m? (a). To comply
with the OEL, the number of technical and personal pro-
tective measures such as wet drilling, exhaust ventilation,
closed systems or encapsulation, avoidance of sandblast-
ing, and wearing a breathing mask, among others, have to
be used. Moreover, the most exposed workers are includ-
ed in prophylactic occupational medical programs of Suva
with periodic investigation by a physician (in 2015, there
were approximately 10 000 workers in such a program).
When a worker develops a silicosis (or another disease),
Suva may issue a declaration of unsuitability, which means
that the concerned worker is no longer allowed to perform
a job where he is exposed to quartz dust. Suva may op-
tionally issue a declaration of conditional suitability, which
means that the worker is only allowed to continue his oc-
cupation when he wears a breathing mask.

MATERIAL AND METHODS

Data sources

In Switzerland, Suva conducts workplace air measure-
ments to verify compliance with the OEL of crystalline
silica. The results are registered in an internal database.
We analyzed the following data for measures generated
during the period 2005-2014: quartz dust concentration,
duration of measurement, type of measurement (station-
ary/personal), measuring strategy (time-weighted average,
workplace-related, job-related), activity defined by the
expert (stone processing, tunneling, graveling, foundry,
ceramics, material production, food production and pro-
cessing, renovation, recycling, preparing mixtures, pro-
cessing plastics, nanotechnology, fiber processing, not
determined).

In Switzerland, all occupational diseases recognized by
an accident insurance company are registered by the

Swiss Central Office for Statistics in Accident Insur-
ance (Sammelstelle fiir die Statistik der Unfallversicher-
ung — SSUV). Lung cancer, COPD and other illnesses
are in general only acknowledged as a quartz dust-related
disease when there is co-existing silicosis. We analyzed all
those cases where a silica dust-related disease has been
recognized by Suva between 2005 and 2014. We extracted
the diagnosis, year of birth, sex, year of registration, year
of recognition, year of death (and a flag indicating if death
was deemed to be due to silicosis), which had been ac-
knowledged between 2005 and 2014.

From the cases extracted from the SSUV database, we
consulted the medical files available at Suva and extract-
ed the country of origin, smoking history (actual smok-
er, non-smoker, never-smoker, pack years), predilated
lung function parameters of forced expiratory volume
in one second (FEV,), forced vital capacity (FVC) and
FEV /FVC ratios, self-rated adequate personal protec-
tion over time (yes, no), declaration of unsuitability (yes,
no), and whether the diagnosis was determined over the
course of routine occupational medical prophylaxis ex-
ams (yes, no). The accumulated silica dose was recorded.
(“Quartz years” —a “quartz year” is the accumulated silica
dust over a working life given in mg/m?Xyears. It is calcu-
lated by a Suva expert who estimates the average quartz
dust concentration of each occupation in which a worker
has worked, and sums all the time-weighted concentra-
tions. The estimation of the quartz dust concentrations
of each occupation is based on measurements, or when
no measurements have been performed, on comparisons
with similar companies with available data. Sometimes
the expert calculates a minimum and a maximum amount.
We conveniently took only the higher estimation for fur-
ther analysis.). For the time courses, the year of start and
year of finish of work in each activity with quartz exposure
(both inside and outside of Switzerland) that were gen-
erally self-reported by the individual, year of registration
and recognition of the occupational disease were obtained
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from the files; this data was usually self-reported by the pa-
tients. The number of years a worker had been employed
in an activity was multiplied by the yearly employment rate
to obtain the effective exposure time; in case the employ-
ment rate was not available in the insurance dossier, we
instead assumed a value of 100%.

Statistical analysis

The statistical analysis consisted of calculating the me-
dians (Me), interquartile ranges (IQRs) and 90th per-
centiles/year. We did not determine the 90th percentiles
when N < 20. We also determined the number of quartz
dust concentrations that were higher than the OEL of
Switzerland or other committees. To analyze temporal
trends, we calculated linear regression for time series. The
statistical significance of the data of subgroups compared
to the remaining cases was analyzed by the Mann-Whit-
ney U test for unpaired data (two-tailed).

Ethical approval statement

Ethical approval for this study was given by the Ethics
Committee of Northwest and Central Switzerland (Ethik-
kommission Nordwest- und Zentralschweiz), application
No. EKNZ 2016-00731.

RESULTS

Exposure measurements

There were 3707 single measurements registered in the
Suva database between 2005 and 2014. The measurements
were performed in 207 companies during one or several vis-
its. The 2579 (70%) measurements were further analyzed,
and 1128 (30%) measurements were discarded. The dis-
carded measurements were as follows: 60 measurements
with measurement times < 60 min (which are considered
to be too short to be of relevance by Suva occupational
hygienists), 2 failed measurements, 4 worst case measure-
ments, 26 reference measurements, § orienting measure-
ments, 674 emission source measurements and 354 back-
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ground room measurements. In 12 cases, the results were
lower than the detection limit of 0.01 mg/m® (a); in these
cases, we used 0.0099 mg/m’ (a), which is a value that does
not otherwise exist in the Suva database.

There were 252 measurementsfyear (median; IQR =
218-285) with a median measuring time of 181 min
(IQR = 138-350). The median alveolar silica dust concen-
tration of all activities together and of the individual activi-
ties of stone processing, tunneling, foundry and ceramics
were 0.08-0.09 mg/m’ (Table 1). There was no positive or
negative trend with time for the total silica dust concentra-
tion (R? of the linear regression of the median concentra-
tions per year = 0.02). The mean concentrations were con-
siderably higher than the median values (data not shown).
Measurements were performed by applying either perso-
nal or stationary sampling methods. Measurements per-
formed by personal sampling (N = 1347) yielded slightly,
but significantly, higher median alveolar silica dust concen-
trations (0.1 mg/m’, IQR = 0.05-0.21 mg/m’) compared
with the measurements performed by stationary sampling
(0.08 mg/m’; IQR = 0.04-0.14 mg/m’; N = 1231). Analo-
gously, the concentrations of each individual activity were
significantly higher for personal samplings than for sta-
tionary measurements except for graveling, for which the
proportion was the opposite (data not shown).

The percentage of measurements that were higher than
the Swiss OEL of 0.15 mg/m® (a) was 28% (Table 2). The
smallest ratio was observed in foundries, with only 17% ex-
ceeding the current Swiss OEL; the highest percentage
was in gravel quarries, among which 54% had levels that
were considered to be too high. If the OEL was 0.1 mg/m*
and 0.05 mg/m’ (a), as recommended by other OEL com-
missions, then 43% and 68% of all measurements would
be too high.

The 3 analyzed measuring strategies were “workplace-
related,” “job-related” and “time-weighted average” mea-
surements. The median of all workplace-related measure-
ments was 0.08 mg/m® (a) (IQR = 0.03-0.14; N = 1140;
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Table 1. Quartz dust concentrations in studied enterprises in Switzerland, 2005-2014, by activity

Alveolar quartz dust concentration

Activity MeaSIE;ejments [mg/m’] .
Me IOR 90% percentile

Stone processing 1072 0.08 0.04-0.16 0.39 <0.01
Tunneling 915 0.09 0.05-0.15 0.27 0.09
Graveling 316 0.17 0.09-0.29 0.48 <0.01
Foundry 86 0.09 0.05-0.14 0.24 0.92
Ceramics 17 0.09 0.02-0.12 n.d. 0.34
Other* 173 0.05 0.02-0.11 0.50 <0.01
Total 2579 0.09 0.04-0.17 0.36

Me - median; IQR - interquartile range; n.d. - not determined.

* Material production, food production, processing, recycling, preparing mixtures, processing plastics, nanotechnology, fiber processing, and not

determined.

Table 2. Quartz dust concentrations in studied enterprises in Switzerland, 2005-2014, by concentration and activity

Measurements

Alveolar quartz dust concentration

Activity ] (7]
> (.05 mg/m’ > (.1 mg/m? > (.15 mg/m?
Stone processing 1072 65 39 26
Tunneling 915 69 41 24
Graveling 316 87 69 54
Foundry 86 74 41 17
Ceramics 17 69 44 19
Other* 173 48 27 21
Total 2579 68 43 28

Explanations as in Table 1.

p < 0.001), the time-weighted average measurements yield-
ed a median of 0.1 mg/m* (a) (IQR = 0.05-0.22; N = 1236;
p < 0.001) and the median of job-related measurements
was 0.08 mg/m’ (a) (IQR = 0.04-0.16; N = 203; p = 0.09).

Quartz dust-related diseases

One hundred seventy-nine cases of silicosis (includ-
ing mixed pneumoconiosis) and two cases of quartz
dust-related COPD (without coexisting silicosis) were
acknowledged as quartz dust-related diseases by Suva

between 2005 and 2014 (COPD is only recognized as
a quartz dust-related disease by Suva when there is a co-
existing silicosis, which was, exceptionally, not the case
in these two COPD cases). One hundred eighty diseases
were diagnosed in the case of men, and one case of silico-
sis occurred in the case of a woman. The median number
of diseases recognized per year was 19 (IQR = 15-21).
There was no clear timely increase or decrease in inci-
dence (R? of the linear regression of the yearly median of
diseases of 0.15).

[JOMEH 2018;31(5)
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The most common respiratory diseases diagnosed in ad-
dition to silicosis were quartz dust-related lung cancer
(N = 8) and COPD of unspecified cause (N = 55). These
lung cancers were recognized as silica dust-related dis-
ease by Suva because silicosis with an ILO grade of at
least 1/1 was also present. In the case of COPD, there are
usually no statements on causality in the medical files. Fur-
ther secondary diagnosis such as e.g., tuberculosis is not
provided herein.

In 2005-2014, 19 (10%) workers died of silica dust-related
diseases (silicosis: N = 14, and lung cancer: N = 5).
Twenty-six (14%) of the workers received a declaration of
unsuitability, and 21 (12%) workers received a conditional
declaration of unsuitability (which means that they could
continue with their activity when wearing a breathing
mask). Additional 11 workers changed their activity due to
silicosis without a declaration of unsuitability (which cor-
responds to 7% of the 152 workers for whom medical fol-
low-up was available); this figure must be considered with
caution because there a complete follow-up was typically
not performed. The workers who did not have to quit their
job either continued their original work, retired or they
had already changed their original activity at a prior time.
We analyzed the predilated lung function parameters
(FEV,, FVC and FEV /FVC ratios) for those work-
ers, in the case of whom silicosis had been recognized
after 2010, and in the case of whom lung function para-
meters were available in the insurance dossiers (N = 69
for FEV,, N = 68 for FVC and N = 67 for FEV /FVC).
The median FEV, was 86% of the predicted value
(IQR = 75-103%), and the median FVC was 92% of
the predicted value (IQR = 83-105%), adjusted by age.
The median of the FEV /FVC ratios was 0.78 (IQR =
0.69-0.84). The workers without COPD showed a me-
dian FEV /FVC ratio of 0.81 (IQR = 0.73-0.9; N = 46)
whereas the ratio was significantly lower for the work-
ers with COPD: 0.68 (IQR = 0.56-0.73; N = 18)
(p < 0.005).

[JOMEH 2018;31(5)

Origin of the workers

The 3 most frequent countries of origin were Portu-
gal, Switzerland and Italy, where 29%, 27% and 23%
(N = 142), respectively, of all workers had been born.
Among all the workers, 73% (N = 133) had been born
outside of Switzerland.

The percentage share of foreigners was the highest in
construction (84%). Eighty-five percent of all Portuguese
workers were employed in stone processing whereas tun-
neling was performed by 39% of the Italians.

Year of starting work

The median year of the first occupational exposure to-
wards quartz dust (Figure 1) was 1972 (IQR = 1959-
1982; N = 179). The median year of birth (Figure 2)
was 1953 (IQR = 1940-1961; N = 181), and the medi-
an age at the first occupational exposure to silica dust
(Figure 3) was 18 years (IQR = 15-24 years; N = 179).
The age of starting work was not correlated with the
year of birth (R2 of the linear regression of 0.06) — this
means that workers in former times did not start to
work at a younger age as compared with more recent
times.

There was no correlation between quartz years and the
real total working time of each worker (R? of the linear
regression of 0.002) or between the quartz years and the
time between the start of work and recognition of disease
(R?for the linear regression of 0.002).

Among all workers, 46% started to work in Switzerland
before the Swiss OEL had been lowered to 0.15 mg/m’ (a)
in 1975. Since 10-20 years of exposure to quartz dust are
needed until silicosis develops [2], we also calculated the
percentage of workers who started to work in Switzer-
land 10 and 20 years before the current Swiss OEL had
been introduced: 30% and 9% of workers had started to
work before 1965 and 1955, respectively. We do not know
the details of the OELSs in the countries of origin of the
workers in this study.
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Fig. 1. Year of first occupational exposure towards quartz dust of workers (N = 179) in studied enterprises in Switzerland, 2005-2014
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Birth [year]

Fig. 2. Years of birth of workers occupationally exposed towards silica dust (N = 181) in studied enterprises in Switzerland, 2005-2014

Time point of recognition of silicosis by Suva

The median age at the time point of recognition of silicosis
as an occupational disease by Suva was 58 years (IQR = 48-
70 years; N = 181). The youngest worker was 34 years
old, and the oldest was 90 years old (Figure 4). The year
of acknowledgement was a median of 39 years (IQR =

27-50years) after the year of starting work. There was no sig-
nificant time difference in the start of work and recognition
between Swiss and Italian workers; however, the time differ-
ence between the start of work and recognition was 18 years
(median) shorter for Portuguese workers due to the later im-
migration of this population into Switzerland (Figure 1).

[JOMEH 2018;31(5)
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Fig. 3. Median age at start of work with occupational silica dust exposure of workers (N = 179) in studied enterprises
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Suva - the Swiss National Accident Insurance Fund (Schweizerische Unfallversicherungsanstalt).

Other explanations as in Figure 1.

Fig. 4. Age at the time point of recognition of silicosis as occupational disease by Suva of workers in studied enterprises

in Switzerland, 2005-2014

We attempted to analyze when a worker noticed symp-
toms for the first time or when a medical doctor first
described diagnostic indices for silicosis. We found
corresponding data for 163 medical dossiers. The me-
dian age when symptoms or diagnostic hints appeared

[JOMEH 2018;31(5)

was 54 years (IQR = 43-63 years), which was approxi-
mately 33 years (IQR = 23-43 years; median) after the
year of starting work. As the workers did not always re-
member the exact time point of the start of symptoms and
as it was not always clear if the described symptoms were




SILICOSIS N SWITZERLAND ORIGINAL PAPER

Table 3. Time during which a worker performed an activity,
according to the insurance dossiers!, in studied enterprises
in Switzerland, 2005-2014

Seniority*

Activity Wo[rnl;ers [yearsay
(Me (IQR))

Stone 94 28 (20-38)
Tunnel 48 18 (10-31)

Gravel 9 10 (8-24)
Foundry 22 30 (16-41)
Construction 25 23 (12-30)
Ceramics 7 27 (19-34)
Other* 11 17 (12-30)
Total 181 31 (21-38)

' Double entries are possible because a worker may have been
employed in a number of activities consecutively.

2 A working time of zero (i.e., an activity which a worker never
performed) was not considered for calculation of the median.

Other explanations and abbreviations as in Table 1.

really always related to the disease, our results must be
considered as a rough estimation only.

The effective working time or exposure time in an ac-
tivity is shorter than the difference between the year of
recognition and the year of starting work. We estimated
the effective working time with the help of the working
histories in the insurance dossiers (Table 3). The me-
dian calculated working time was 31 years (IQR = 21-
38 years), whereby the real working times were lower
because we inserted an employment rate of 100% when-
ever there was no information on the employment rate
in the working history. The median calculated work-
ing time in Switzerland (21 years; IQR = 10-33 years)
was obviously longer than the working time outside of
Switzerland (15 years; IQR = 9-23 years).

Influence of smoking

Smoking history was recorded in the insurance files
of 155 workers, out of whom 115 (75%) workers were
ever-smokers and 40 were never-smokers (25%). The

Table 4. Pack years of various groups of workers in studied
enterprises in Switzerland, 2005-2014

Workers Pack years*
Workers [n] (Me ()I]QR))
With recorded pack years 133 15 (0-30)
Ever-smoker 94 20 (15-40)
With cancer 6 40 (30-80)
Without cancer 127 15 (0-30)
With COPD 38 25 (15-40)
Without COPD 95 14 (0-23)

COPD - chronic obstructive pulmonary disease.

Abbreviations as in Table 1.

* The number of pack years of those workers with lung cancer or COPD
is significantly higher than the pack years of the workers without

disease (p < 0.05).

smoking status at the time point of registration of silicosis
is known for 160 workers, out of whom 47 (29%) work-
ers were currently smoking. The number of pack years
was described in the dossiers of 133 workers (Table 4):
the median number of pack years of all these 133 workers
was 15 whereas the median number of pack years of the
ever-smokers (N = 94) was 20.

All workers with lung cancer (N = 8/8) and 84% of the
workers with COPD (N = 51/55) were ever-smokers. The
median number of pack years of workers with and without
lung cancer and/or COPD is summarized in the Table 4.
All workers with lung cancer were ever-smokers, and their
number of pack years was significantly higher (median
of 40 pack years) than the number of pack years of the
workers without lung cancer (median of 15 pack years).
The number of pack years of the workers with COPD was
significantly higher (median of 25 pack years) than the
number of pack years of the workers without COPD (me-
dian of 14 pack years).

Acquisition of silicosis in and outside of Switzerland
There were 84 foreign workers who started their work
outside of Switzerland (63% of 133 foreign workers).

[JOMEH 2018;31(5)
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The extent to which these workers acquired silicosis
in and outside of Switzerland remains unknown. As it
takes 10-20 years of exposure to produce silicosis [2]
and as silicosis progresses even when there is no longer
additional exposure, the disease could have its origin be-
fore immigration and could have manifested clinically
in Switzerland. We determined the number of workers
who had worked more than 10 or 20 years abroad be-
fore immigration. Therefore, we analyzed those 69 for-
eigners who never returned to their home country after
having entered Switzerland. Their median working time
outside of Switzerland was 13 years (IQR = 6-21 years).
Out of these 69 workers, 41 (60%) and 19 (28%) had
worked more than 10 and 20 years abroad, respectively,
and could therefore have completely acquired silicosis
abroad. The workers came from Portugal (N = 35; 66% of
all 53 Portuguese), Italy (N = 19; 46% of all 41 Ital-
ians), Austria (N = 7; 78% of all 9 Austrians) and other
countries (N = 8). They had worked in stone process-
ing (N = 52), tunneling (N = 19), construction (N = 9),
foundries (N = 2) and ceramics (N = 1) (double entries
are possible) before immigration.

Moreover, we compared the quartz years and the working
times outside and inside of Switzerland. There were 22 for-
eign workers for whom Suva occupational hygienists
determined the silica burden both for their occupation
in and outside of Switzerland. The median quartz years
acquired in Switzerland was 2.1 mg/m’Xy (IQR = 1.1-
43 mg/m’Xy), and the median quartz years acquired
abroad was 3 mg/m*xy (IQR = 1.0-8.6 mg/m?*xy). There
was no significant difference between the quartz years per
worker acquired in Switzerland (41% of the total quartz
years) and the quartz years per worker accumulated out-
side of Switzerland (59% of the total quartz years). There
was also no significant difference in working times outside
and inside Switzerland among those 84 foreigners who
began to work outside of Switzerland. The median work-
ing time outside and inside of Switzerland was 14 years,
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with an IQR = 8-23 years and 6-24 years, respectively.
For the calculation, we assumed that all conditions, such
as quartz dust concentrations and daily working hours,
were the same in all locations. In cases for which there
was no information on the employment rate, the value
of 100% was adopted.

DISCUSSION

This study shows that the incidence of silicosis has drasti-
cally decreased from over 300 cases/year at approximate-
ly 1970 to below 20 cases/year in the nineties. Nonethe-
less, silicosis has not disappeared, and quartz dust con-
centrations in workplaces are still often above the current
Swiss OEL.

Silica dust concentrations

Measurements of workplace quartz dust air-monitoring
campaigns have mainly been performed for stone process-
ing and tunneling, to a lesser extent for gravel quarries
and foundries, and very rarely for the ceramic industry
and other unspecified activities. The median concen-
tration of all measurements and of the measurements
in stone processing, tunneling, foundries and ceramics
ranged 0.08-0.09 mg/m* (a), i.e., below the Swiss OEL of
0.15 mg/m* (a) (Table 1).

The median silica dust level was nearly twice as high in
gravel quarries as in the other activities because Suva fre-
quently performed occupational health surveillance mea-
surements in areas of gravel quarries where the highest
exposures are expected. However, workers generally do
not remain in these areas for longer times, and thus these
measurements are of minor relevance to workers’ health
and are not further discussed in this chapter.

Hardly any measurements have been collected at construc-
tion sites (they are listed under “other activities”), which
is surprising because every seventh quartz dust-induced
disease originates from an occupation in the construction
sector [17,18]. The explanation for this observation resides



SILICOSIS N SWITZERLAND ORIGINAL PAPER

in the constant changes in construction places and activi-
ties and often poor representative nature of measure-
ments over a longer time period.

Among all measurements, 28% were above the Swiss OEL
for alveolar crystalline silica of 0.15 mg/m? (Table 2). This
value may be higher than expected in a typical company
because Suva often acquires measurements when bad
working conditions are suspected or have been observed
during an earlier plant visit. Conversely, we assume that
the proportion of higher quartz dust concentrations was
higher in previous decades than at present. When a low-
er OEL of 0.1 mg/m’or even 0.05 mg/m® (a) is applied
to determine the percentage of quartz dust levels that are
too high, 43% or even 68% of all measurements would be
above the limit, respectively (Table 2).

Incidence of silicosis

In Switzerland, the incidence of silicosis was highest be-
tween the 1940s and 1970s, possibly due to the wide-spread
underground construction works during the World Wars
and Cold War period, such as the military “réduit” [19];

moreover, dust-reducing protective measures were ab-
sent or lacked efficacy. A half of the workers in our study
started to work before 1972 (Figure 1), which is only one
year after the former OEL of 0.3 mg/m’ (a) had been in-
troduced in Switzerland.

In the 1970s, the incidence of silicosis declined from
a maximum of 318 cases/year during the S-year period
1968-1972 to below 20 cases/year during the S-year pe-
riod from 1998-2002 (Figure 5) [20]. Since then, the in-
cidence has been more or less stable. In our study, which
covers the years between 2005 and 2014, Suva acknowl-
edged 19 cases/year (median). Out of these, 2 workers
per year died due to quartz dust-related silicosis or lung
cancer (when the influence of smoking is not considered,
see below). More than a half of the concerned workers
with silicosis were occupied in stone processing and every
fourth worked in tunnels. The incidence of silicosis might
be higher than the incidence reported in this paper be-
cause not all silicosis detected by a physician might have
been linked to a working place due to the very long latency
time between exposure and diagnosis.

350
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SSUV - Swiss Central Office for Statistics in Accident Insurance (Sammelstelle fiir die Statistik der Unfallversicherung).

Fig. 5. Incidence of silicosis (mean of 5 years) according to the 5-year reports of the accident statistics of SSUV, Switzerland, 1933-2012
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In Switzerland, the incidence of silicosis is in the same range

as that of respiratory diseases due to isocyanates and other

dusts, but it is clearly lower than that of lung diseases due
to asbestos (approximately 150 cases/year) and flour dust

(approximately 60 cases/year) [21]. The incidence conforms

to approximately 5% of all occupational respiratory diseas-

es and to < 1% of all occupational diseases per year.

The decreased incidence of silicosis started when the cur-

rent Swiss OEL was implemented in 1975. Since the ex-

posure time of 10-20 years is needed for the development
of silicosis [2], the introduction of the Swiss OEL may
only partially explain the decline in incidence. Surpris-
ingly, 20 years after the implementation of the Swiss OEL,
there was no further decline, and the incidence remained
stable. The same behavior concerning the incidence of
silicosis was observed in the USA after implementation of
the permissible exposure limit (PEL) for crystalline silica
in 1971 [6]. Neither we nor the Occupational Safety and

Health Administration (OSHA) has an explanation for

the decreased incidence of silicosis in the 1970s and the

stabilization 20 years later [6]. Further analysis of the data
for that and previous times would be necessary to elucidate
the cause of this phenomenon.

Some possible explanations for the decline beginning in

the 1970s include the following:

- improvement of working conditions and protection
measures in the fifties, which may have influenced the
incidence of silicosis 20 years later,

- employment of fewer workers at large construction
sites in the Alps in the fifties, which also may have in-
fluenced the frequency of silicosis 20 years later,

- more accurate diagnostic possibilities (we estimate that
up 30% of silicosis cases could be incorrectly diagnosed
when only chest X-ray are performed [22]).

Some reasons for stabilization of the incidence of silicosis

in the early nineties could include the following:

- a high background prevalence (11%) of small lung
opacities in the European population that is not ex-
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posed to dust in radiography, which may be mistaken
as silicosis when no further diagnostic measures are
applied [23],

- a half of the workers started to work before implemen-
tation of the new Swiss OEL,

- the extraordinary long latency time (approximate-
ly 40 years) between the start of work and recognition
of disease,

- the ongoing immigration of workers who had already
been exposed to high silica concentrations in their
home countries.

It is not possible to calculate the relative risk of acquir-

ing silicosis based on our data for the following reasons.

First, the data for silica exposure is only available at the

aggregated level or as isolated sample measurements.

Second, there is a long latency and long-term accumula-

tion of silica doses, making it difficult to assign a proxi-

mate cause. Finally, too little is known about the reference
group, i.e., the workers who had been exposed to silica but

did not develop silicosis. Here, a healthy worker survivor

effect or that individuals with early symptoms of silicosis

are no longer exposed and thus are not detected in epide-
miologic studies must be considered.

Severity of silicosis

The respiratory symptoms do not necessarily correspond
to the changes observed on radiography [22]. Therefore,
it is not possible to consider the ILO graduation of the
chest X-rays as a surrogate for the severity of silicosis.
Additionally, other symptoms, such as coughing and dys-
pnea that are mentioned in the medical dossiers cannot
be considered as surrogates because they are not specific,
inconsistent over time and sometimes subjective.

As hints for the degree of severity, we considered the
spirometric parameters FEV, and FVC, the percentage
share of declarations of unsuitability and the percentage
share of silicosis occasionally detected during routine oc-
cupational medical prophylaxis investigations.
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The impairment of lung function during the medical ex-
ams was moderate: the median FEV , the median FVC
and the median/mean FEV /FVC ratio were 86%, 92%
and 0.78, respectively. The median FEV /FVC ratio is
above the limit for COPD of (.7 according to Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD) [24]
and corresponds to the mean ratio of 0.79 (males,
55 years, 175 cm) published in a recent analysis of near-
ly 100 000 healthy individuals [25].

In this study, 27% of the workers (17 of 64) qualified
for a COPD diagnosis according to GOLD (stage I = 6,
stage II = 8, stage III = 3), which is in the same range
as the percentage (30%) recorded in the medical dos-
siers and, e.g., in the German and Austrian participants of
the Burden of Obstructive Lung Disease (BOLD) study,
where 18% and 27% of the male population (mean age
of 58 years old) in Germany and Austria, respectively,
displayed COPD stage I-IV [26]. However, the spiromet-
ric data collected from the medical files must be consid-
ered as estimations of lung function only because pre-
bronchodilator values were provided (whereas GOLD is
based on post-bronchodilator values). We analyzed these
values because often no bronchodilation has been per-
formed during the medical examination. Conversely, we
assumed that patients who used bronchodilators on a reg-
ular basis often did not stop their medication on the day
the spirometry was performed because there no instruc-
tions were provided to physicians regarding this issue.
Although there is evidence that quartz dust may
cause COPD, the main cause of this disease is most likely
smoking.

Among persons affected by silica-related occupational dis-
eases, 14% received a declaration of unsuitability for work
in dust-burdened environments. This rate is in the range
of occupational diseases in general during recent years
(12% on average; internal data from Suva). However, we
found that there were more workers who did not continue
with their activity, the exact number being unknown due

to lacking follow-up. The reasons for no additional dec-
larations may be mildness of the symptoms (i.e., an only
moderate decrease in airflow parameters at the time point
of recognition), proviso permissions to continue to work
(i.e., if a breathing mask is worn or if technical protective
measures are installed), the retired status of a worker at
the time silicosis was acknowledged (the median age at
the time of recognition was 58 years old), or a change in
activity by the workers themselves before the disease was
recognized by Suva.

Most cases of silicosis were not identified during a regular
physician visit but during a routine occupational medical
prophylaxis investigation (79 out of 153 known cases). In
these cases, symptoms were either lacking or were too
weak to lead to a doctor’s visit. This finding challenges
the assumption that the health surveillance programs cur-
rently used in Switzerland are effective for detecting early
silicosis.

Altogether, silicosis often did not impair a worker substan-
tially at the time point of recognition. However, as silicosis
progresses — even in those cases where exposure stops, the
disease becomes increasingly severe and can sometimes
lead to death. Out of those cases that had been acknowl-
edged between 2005 and 2014, there were 2 deaths/year
due to silicosis and lung cancer until 2014. The total num-
ber of deaths will certainly increase over time.

Influence of smoking

Smoking was common among the investigated workers.
Three quarters of the workers were ever-smokers. Some
quartz dust-induced respiratory diseases, such as COPD or
lung cancer, may also be evoked by tobacco smoke. More-
over, smoking enhances the risk of developing silicosis dur-
ing exposure to silica dust [12]. Therefore, it is important
to consider both quartz dust exposure and smoking history
when determining the causation of a respiratory disease.
The most common secondary diagnosis concerning the
lung was COPD, which was present for 27% of all work-
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ers when taking their FEV /FVC ratios into account
and applying the GOLD definition for COPD. 1t is well
known that tobacco smoke is the most common cause
of COPD. Therefore, it is not astonishing that the work-
ers with COPD in our study most often were ever-smok-
ers (85%), with a median of 25 pack years — in contrast,
workers without COPD had only 14 pack years (p < 0.01;
Table 4). For smokers with 25 pack years, the risk of devel-
oping COPD is approximately double that for non-smok-
ers [27]. Other studies further report a decrease in FEV,
values and FEV /FVC ratios in workers exposed to quartz
dust [26]; however, the dose-response relationship is less
well consolidated compared with that for tobacco smoke.
As it is not possible to determine the extent to which
smoking or silica dust is responsible for COPD, physi-
cians usually do not comment on the causality of COPD
in insurance files.

Lung cancer was the second most important secondary
diagnosis concerning the respiratory tract. Lung cancer
was diagnosed in 8 workers and acknowledged as related
to silica dust by Suva due to the presence of silicosis with
an ILO grade of at least 1/1. Five of these workers died
due to cancer up to 2014. All workers with lung cancer
were ever-smokers — as observed in other studies [2§].
The median pack years was 40 - in contrast, workers
without lung cancer had a significantly lower burden of
only 15 pack years (Table 4). Smokers with 40 pack years
had a 2-4 times higher risk of developing lung cancer
than smokers with 15 pack years, depending on the dura-
tion and the intensity [29,30]. The probability of develop-
ing lung cancer for smokers with 40 pack years and 15 pack
years is — roughly estimated — at most 30 and 10 times
higher than those for non-smokers, respectively [31]. In
contrast, the standardized mortality and incidence ra-
tios of lung cancer due to exposure to silica dust are less
than 2 according to a recent meta-analysis [32]. The pres-
ence of silicosis seems to increase the risk of developing
lung cancer [32].
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Altogether, it seems that an unknown portion of lung cancers
are caused by smoking rather than exposure to silica dust.
The incidence of acknowledged quartz dust-induced lung
cancer is therefore probably overestimated. Regardless, the
high prevalence of smokers urges the implementation of pre-
ventive anti-smoking measures in the work place.

Acquisition of silica outside of Switzerland

The majority of workers (73%) were born in countries oth-
er than Switzerland. The 3 most common foreign countries
were Portugal (29%), Italy (23%) and Austria (5%). Most
Italian workers in our study population began to work af-
ter approximately 1945 whereas the Portuguese workers
were approximately 15 years younger and started working
after approximately 1960 (Figures 1 and 2). Therefore, the
[talian were older than the Portuguese workers at the time
of acknowledgement of silicosis, and therefore the work-
ing duration until recognition of the disease was longer
for the Italians than for the Portuguese. The workers were
sometimes very young when they started their occupation
in a silica-exposed activity: 28 workers from Italy and Por-
tugal were younger than 15 years old, with the youngest
being 10 years old.

Two thirds of the foreign workers had been working abroad
(Me = 13 years) before coming to Switzerland. If we as-
sume that 10-20 years of exposure are needed to develop
quartz dust-related silicosis [2], then 28% and 60% of these
workers would have been working long enough abroad to
acquire silicosis outside of Switzerland (the percentages
are lower in reality because we considered an employ-
ment rate of 100% when the rate was not provided in the
medical dossier). After immigration, an “imported” silico-
sis progresses and is finally detected by a medical doctor.
This process normally takes a long time because it lasted
about 40 years (median) after starting work until silico-
sis was acknowledged. At the time point of acknowledge-
ment, the workers were 58 years old (median) — which is
not far from the age of retirement. It is noteworthy that
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the real exposure time was shorter than 40 years, which
is explained as follows: The effective exposure time in an
activity is shorter than the difference between the year
of recognition and the year of starting work because the
workers were not consistently employed in an occupation
with silica dust exposure. Moreover, the employment rate
and the number of working hours per day were not always
exactly described in the insurance dossiers (which is of im-
portance in the case of seasonal workers). Since silicosis
progresses even after no further exposure, the workers
may have already been retired when their silicosis was ac-
knowledged as an occupational disease.

Another way to estimate the extent to which exposure out-
side of Switzerland contributed to the development of sili-
cosis is either by comparing the quartz dust accumulation
or the working time inside and outside of Switzerland. We
found that the acquired silica dust and working time in-
side and outside of Switzerland were approximately equal;
however, this is a rough estimation only because the cal-
culation of quartz years is insecure and because the quartz
years are only based on the data collected from 22 work-
ers in this study. Moreover, we assumed that the working
conditions and silica concentrations were similar every-
where. Additionally, one must keep in mind that silicosis
progresses even after no further exposure in Switzerland.

Altogether, we found that the workers who had started
working abroad may have acquired an essential portion of
the silica dust burden outside of Switzerland.

Study limitations

This study is the analysis of various databases and medi-
cal dossiers. Therefore, the data was often heterogeneous,
incomplete, inconsistent over time or not representative.
The medical doctors did not follow a defined algorithm
when they diagnosed silicosis, when they clarified the cau-
sality of silicosis, and when they wrote down the working
history, among others. We have not formally assessed the
quality of the spirometries performed by the physicians, or

whether they were performed according to criteria pub-
lished by e.g., the American Thoracic Society [33]. Prior
research had shown that spirometries performed by gen-
eral practitioners in Switzerland had met acceptable qual-
ity in approximately 60% of measurements [34]. Unlike
in other countries such as, e.g., the USA, medical doctors
in Switzerland do not have to be qualified when inter-
preting X-rays of workers at risk for pneumoconiosis in
statutory health surveillance programs. Thus, variability in
reporting X-rays findings has been shown to occur, which
could be reduced by standardized teaching and recertifica-
tion of physicians [35].

We were neither able to derive a quantitative dose-re-
sponse relationship or a relative rate of developing sili-
cosis. Due to the design of this study, the follow-up time
for outcome variables was longer for cases registered at
the beginning and much shorter for cases registered at the
end of the study period. For a disease with long-term ef-
fects, such as silicosis, the follow-up may have been too
short to evaluate all consequences. In particular, we can-
not provide results for the long-term mortality of the sili-
cosis patients. In many cases, we are unable to provide
exact calculations but only rough estimations. However,
such an analysis mirrors the reality of practice. Due to the
limited time period examined, not all observations may be
explained. Further analysis is therefore recommended.

CONCLUSIONS

In this study, we have analyzed alveolar crystalline
silica dust concentrations measured by Suva and the
number of cases of silicosis acknowledged by Suva be-
tween 2005 and 2014. We have observed that the incidence
of silicosis dramatically decreased from approximate-
ly 1970 with over 300 cases/year to below 20 cases/year
approximately 20 years ago. Silicosis now represents ap-
proximately 5% of all occupational diseases of the respira-
tory tract per year in Switzerland, which is less than 1% of
all occupational diseases [21].
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Our study shows that - at least in part — cases of silicosis in

Switzerland could be due to the following:

- Every fourth measured alveolar quartz dust concentra-
tion was above the Swiss OEL of (.15 mg/m’.

- Every second worker began to work before 1975, which
is the year when the Swiss OEL for crystalline silica was
lowered to the current value.

- The average time between the start of work and recog-
nition of silicosis was very long — it was 40 years in this
study. However, this did not indicate 40 years of expo-
sure because the workers were not consistently exposed
during their working life and silicosis progresses even
after no further (dangerous) exposure to quartz dust
(e.g., after retirement).

— Three quarters of the workers were foreigners, out
of whom two thirds had worked abroad before immi-
grating into Switzerland with a median working time
of 13 years. Every fourth up to more than a half of
these workers were exposed to silica dust sufficiently
long abroad (theoretically) to acquire silicosis outside
of Switzerland.

- Personal protective equipment was often not always
carried adequately.

- Three quarters of the workers were ever-smokers.
Smoking facilitates the development of silicosis and
lung cancer. This study shows that a portion of the lung
cancers may be preferably ascribed to tobacco smoking
than to exposure to quartz dust.

- The background level of small lung opacities
(ILO = 0/1) in the case of European men who were
not exposed to dust is 11%. Therefore, a portion of
the cases of silicosis with a diagnosis based on chest
X-ray may have been false positively diagnosed. Thus,
basing a diagnosis of silicosis on X-ray only should be
avoided.

— There is no information about silica dust concentra-
tions in construction activities. The levels may have
been quite high because every 7th case of silicosis was
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correlated with an activity in the construction sector.
Thus, additional measurements are recommended.

- Evaluation of the adequacy of the Swiss OEL was not
the aim of this study, and this should be assessed in fur-
ther investigations.

The severity of symptoms at the time point of recogni-

tion was moderate in general — however, silicosis wors-

ens over time and even can lead to death (as was noted
in one to 2 cases/year in this study). At the time point of
recognition:

1. FEV, (median, pre-bronchodilator values) was only
about 15% lower than the normal values, which could
also be due to smoking.

2. The percentage share of workers who received a decla-
ration of unsuitability by Suva (14%) was in the range
of other occupational diseases.

3. Every second silicosis was diagnosed in a routine medi-
cal prophylaxis investigation; these workers did not visit
a medical doctor because of symptoms, supporting the
importance of current health surveillance programs in
Switzerland.
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