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ABSTRACT

Crystalline silica is commonly found in the work environment. Possible health effects of occupational exposure continue to be the
subject of extensive research. The aim of this paper was to analyze the recent findings concerning the health effects of exposure to
crystalline silica, taking into account different levels of exposure. This work is based on the relevant information from the papers
retrieved from the following databases: EBSCO, Scopus, ScienceDirect, and Web of Science, using the following keywords: crystal-
line silica, quartz, health effects. The review of the results confirms the multi-faceted harmful effects of crystalline silica. Prolonged
occupational exposure, apart from silicosis and non-cancer respiratory diseases, may also result in the development of lung cancer,
and autoimmune and chronic kidney diseases, the pathogenesis, which has not been completely explained yet. The exposure to the
crystalline silica at concentrations close to the current occupational exposure limit value does not exclude the risk of the following
pathologies: silicosis, lung cancer, other lung diseases and renal diseases. It is not feasible to completely eliminate the crystalline
silica dust from the work environment. The best way to reduce the health effects of the exposure is to minimize the concentrations
of silica dust. Further progress in clarifying the true mechanisms of interaction between silica dust and lung cells, the determination
of the importance of surface properties of the silica particles in the pathogenic processes and explaining the effects of co-morbid dust
in the work environment may help to prevent the harmful effects of silica dust. Med Pr 2014;65(6):799-818
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STRESZCZENIE

Krystaliczna krzemionka powszechnie wystepuje w srodowisku pracy. Mozliwe zdrowotne skutki zawodowego narazenia sa nadal
przedmiotem wielu badan. Celem niniejszej pracy byla analiza aktualnych wynikéw badan dotyczacych zdrowotnych skutkéw
narazenia na krystaliczng krzemionke, z uwzglednieniem réznych pozioméw ekspozycji. Podstawe opracowania stanowity publi-
kacje zawarte w bazach: EBSCO, Scopus, ScienceDirect oraz Web of Science, znalezione z uzyciem stéw kluczowych: crystalline
silica, quartz, health effects. Przeglad wynikéw badan potwierdza wielokierunkowe szkodliwe dziatanie krystalicznej krzemion-
ki. W nastepstwie dtugotrwalej zawodowej ekspozycji, oprocz krzemicy ptuc i nienowotworowych choréb uktadu oddechowego,
moze rozwijac sie rak pluca, a takze choroby o niewyjasnionej ostatecznie patogenezie — choroby autoimmunizacyjne i choroby
nerek. Ekspozycja na krystaliczna krzemionke wystepujaca w zakresie stezen zblizonych do obecnie obowigzujacych wartosci
dopuszczalnych nie wyklucza ryzyka wystapienia nastepujacych patologii: krzemicy, raka ptuca, innych choréb ptuc oraz choréb
nerek. Wyeliminowanie pylu krystalicznej krzemionki ze srodowiska pracy jest praktycznie niemozliwe, a gtéwnym sposobem
ograniczania zdrowotnych skutkéw narazenia nadal pozostaje jego minimalizowanie. Waznym elementem zapobiegania szkodli-
wemu dzialaniu krzemionki moze by¢ dalszy postep w dokladnym wyjasnieniu mechanizméw interakeji pytu krzemionkowego
z komdrkami, ustalenie znaczenia wlasciwosci powierzchniowych czastek w patogenezie oraz doktadne poznanie interakeji z py-
fami wspolwystepujacymi w srodowisku pracy. Med. Pr. 2014;65(6):799-818
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INTRODUCTION

Silicon dioxide (SiO,) commonly known as silica, is one
of the most ubiquitous chemical compounds in the
world. Quartz, one of the crystalline forms of silica, rep-
resents a very frequent component of the natural envi-
ronment. It represents 12% of the Earth’s crust, occurs

in almost all types of rocks and is an important raw
material. Cristobalite is an another form of crystalline
silica, which rarely occurs in nature, but in the indus-
trial conditions, it may be formed as a result of ther-
mal transformations of other forms of crystalline silica,
kaolinite, clay minerals or amorphous silica, if they are
subjected to the temperature higher than 800°C (1,2).
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Siliceous materials are extensively used in construc-
tion, for the production of glass, ceramics, foundry
molds and cores, metallic silicon, silicium iron, sodium
silicate, organosilicon compounds, refractory products,
friction and filter materials and fillings. Quartz crystals
are used in optical and electrical instruments (2).

Crystalline silica is one of the most common factors
harmful to health in the work environment, particu-
larly in mining and extractive industries, fuel and ener-
gy production, metallurgical plants, ceramic products
industry, house-building and construction industries,
refractory industry, as well as in the chemical indus-
try, glass manufacture, agriculture and horticulture (1).
Adverse effects of crystalline silica in humans are as-
sociated with the accumulation of respirable dust in the
alveoli and health effects of the exposure include: sili-
cosis and its complications connected with bacterial or
fungal infections, other non-cancer respiratory diseas-
es (e.g., chronic obstructive pulmonary disease), lung
cancer, cancers located outside the respiratory system,
autoimmune and chronic kidney diseases (3). Although
the adverse effects of crystalline silica have been known
for a long time, the research aiming at explaining the
determinants of the known pathologies as well as at de-
tecting the yet unknown long-term effects of exposure
to this factor still continues.

The aim of this study was to analyze the current
findings concerning the health effects of exposure to
crystalline silica in the workplace, taking into account
the different levels of exposure.

MATERIAL AND METHODS

The present work uses English-language publications
collected in the following databases: EBSCO, Scopus,
ScienceDirect, and Web of Science, and found us-
ing the keywords: crystalline silica, quartz, health ef-
fects, silicosis, lung cancer. In the case of lung cancer
as an effect of exposure to crystalline silica, selection
of literature was limited mainly to the works contain-
ing the results of meta-analyzes and pooled analyzes.
The bulk of the accumulated literature was published
over the years 2000-2012; but some publications im-
portant for the studied problems were published in
the years 1985-1999. Recent publications by the Inter-
national Agency for Research on Cancer (IARC), the
American Conference of Governmental Industrial
Hygienists (ACGIH) and the National Institute for
Occupational Safety and Health (NIOSH) have been
also included in the analysis.

RESULTS

Silicosis

Silicosis is a result of deposition of silica dust parti-
cles with a diameter less than 10 pm in the alveoli
and terminal bronchioles. There are 3 types of silico-
sis, namely: acute silicosis, accelerated silicosis and
chronic silicosis.

Acute silicosis (silicoproteinosis, silicolipoprotei-
nosis) develops as a result of exposure to very high
(probably up to 100 mg/m?) concentrations of crystal-
line silica within a period ranging from a few weeks
to 4 years. The resultant pathological changes are
characterized by hypertrophy and hyperplasia of
type II pneumocytes, which under the influence of dust
produce excessive amounts of proteins and surfactant,
leading to silica-induced lipoproteinosis. The progres-
sion of the disease is very rapid, resulting in a consid-
erable impairment of gas exchange in the lungs. The
radiographic image usually does not show the changes
typical of other forms of silicosis (3-5).

Accelerated silicosis is a result of exposure to crys-
talline silica at concentrations of several tens mg/m’
over a period of several years. It develops after
4-10 years and is characterized by a clinical image
similar to chronic silicosis, but with a higher patho-
logical progression, while the fibrotic changes in the
lung may be more irregular and more dispersed (3,4,6).
At present, this form of silicosis is mainly encountered
in developing countries, among the miners employed
in small mines, and its risk is estimated to amount
to 30-50% after about 3-5 years of exposure (6).

Chronic silicosis is the most common form of sili-
cosis. The disease develops after at least 10 years of
exposure to relatively low levels of crystalline silica. It
is understood that the deposition in the lung of 1-3 g
respirable crystalline silica is sufficient to initiate the
development of this form of pneumoconiosis (5,7), and
the morbid process may progress even after cessation of
the exposure (1,8). The pathogenesis of silicosis has not
been yet completely elucidated. The major contributor
is the direct impact of particulate matter on the macro-
phages and other cells of the alveoli. The development
of pathological changes is a series of successive inflam-
matory processes, immune and fibrotic reactions lead-
ing to the formation of nodular (focal) or diffused pul-
monary fibrosis (3-5). The diagnosis of silicosis is based
primarily on radiological examination, and observed
changes are classified according to the criteria set by
the International Labour Organisation — ILO 2002 (9).
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The research on the incidence of silicosis in the
people exposed to crystalline silica has continued for
several decades and the results have been published in
several review papers (3,10-12). Table 1 shows the re-
sults of epidemiological studies on the risk of silicosis
published during the recent 25 years, involving large
exposed groups.

Studies by Park et al., Steenland et al., and Rosenman
et al. have shown that the higher-than-acceptable risk
of developing silicosis, assumed to be 1x10°-1x1072,
is associated with virtually every exposure to respirable
crystalline silica (22-24). The value of the risk associ-
ated with a 45-year exposure, assuming 85-year life-

Results of the risk assessment
Wyniki oceny ryzyka
related to smoking / nieprawidlowosci zaobserwowane na zdjeciach

0.7%, abnormalities that have been observed in X-ray films may be
rentgenowskich moga mie¢ zwigzek z paleniem papieroséw

time, is 0.2-0.5% in the case of exposure to very low %

levels — about 0.01 mg/m’ (the dose: 0.45 mg/m’xyears) =

and 2-3% in the case of exposure to concentrations g

close to 0.02 mg/m’ (the dose: 0.9 mg/m’xyears) (22). Z
The risk associated with cumulative exposure to T 505 gm "

about 1-2 mg/m?xyears is estimated to range from 1% ®E =g g sE %) g -

to 20% (median: 5%) (16,19,22,23,26). In the case of -§ £ g § E 5 %é D;l% o ° =

higher doses, from 4 to 6 mg/m?xyears, corresponding 5% P % Eg=28 % N N

to 40 years of exposure to crystalline silica concentra- g %DE €32% § g’g" S| E 5

tion equal to 0.1-0.15 mg/m’, the risk of silicosis ranges 8583 E* % g %

from several per cent to several ten percent (15,16,26).
The highest cumulative exposure of over 6 mg/m’xyears
involves the risk of 8-77% (the average around 40%)
(17-19,23). The differences in the level of the risk of
silicosis estimated in various studies may be caused by
several factors:

The adopted criterion for diagnosing the silicosis-

Exposure to respirable crystalline silica (RCS)
Narazenie na dzialanie respirabilnej
krystalicznej krzemionki

average level of concentration / §redni
97% of all quartz concentrations /
/ 97% wynikéw pomiaréw stezenia

related changes in the radiographic image of the d éﬂ
lungs (shading category 1/0, 1/1, 2/1 or > 2/1 accor- g . 3
ding to the ILO 2002 (9)) (15,16,18,22-24). - g Y
Erroneous estimation of exposure in the people § § §

ac &

with silicosis, especially in the cases of people ex-

posed decades earlier (27).

Different time of observation of the exposed people;

silicosis is often diagnosed after more than 30 years

of latency and many years after retirement (8,18,28).

The results of the studies on mortality due to sili-
cosis (Table 2) are more coherent than the results of
the studies on the incidence of the disease, although
silicosis is rarely the direct cause of death (27). Hed-
lund et al. and Mannetje et al. have found that the risk
of death from exposure to respirable crystalline silica
at doses below 2 mg/m’xyears is close to 1%, while it
has been found to be slightly higher if the dose exce-
eded 2 mg/m®xyears (27,28). The standardized mor-
tality ratios (SMRs) due to silicosis resulting from
intense exposure may reach very high values ranging

Study, country
Badanie, panstwo
a cross-sectional study of 972 granite

quarry workers, USA / badanie
przekrojowe w grupie 972 pracownikéw

kopalni granitu, Stany Zjednoczone
a cross-sectional study of 1 934 heavy

clay factories workers, Great Britain /

/ badanie przekrojowe w grupie
1 934 pracownikéw fabryk wyrobow

ceramicznych, Wielka Brytania
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from 20 to over 500 (29-32). In a study conducted by

S § g
Marinaccio et al. it has been also found that the level §§ v % go .
of that ratio depended on gender; it was significantly v | £E %% aj;
higher in women than in men (31). % 3 2 é T 2
The abovementioned data indicate that the most 25 | T Eﬁ z E =8
important factor in the occurrence of silicosis is the $5 | £§£¢ 2 g8
cumulative exposure to respirable crystalline silica g g % K %ég §
and the time of the 1st exposure (18,23,25,26,28). Hnizdo EE | 5€2¢ 23 n =2 £ g g
et al. have indicated that the relationship between the E K o = e R
risk of silicosis and the dose up to 4 mg/m’xyears is S £ | 8% j;
linear; at higher doses, the risk of silicosis increases in Z | 8 § 2
a manner similar to an exponential function (18). Mul- £8 | & ; g
tiple increase in the risk was also noted for the doses s |3 2 g
exceeding 2 mg/m®xyears followed by additional sev- ;i g < §
eral months of exposure to crystalline silica at concen- i 5
trations higher than 2 mg/m® (20). Yet another factor S EE e o o
increasing the risk of developing silicosis consists in E §§ P E 53 §
the exposure to freshly fractured silica dusts produced .
during crushing, grinding or pulping siliceous mate- S . .
rials (3,33). The modification of the surface properties 3Z | E¢
of such particles by coal mine dusts or clay dusts, i.e., ?5) '«3 2 é g
minerals, which cause occlusion of the silica particles, % %‘g = g
as well as aluminum salts and metallic iron, can lead to ‘g % é’ Eﬁ—i
reduction of biological activity of crystalline silica (34). % 7| E3 2 & &
It is believed that the weaker fibrotic effect of such %g ;E % z < 79T -
dusts results in reducing the risk of silicosis among the tezl iz § 2 2 2 %
workers employed in factories manufacturing ceramic ‘g i EEE § S0% 8 =
products (14,19) and in coal mines (15). 2z § %é S § = & 5
The relationship between silicosis and tobacco 2 g % ED g i T 3 2
smoking has not been fully resolved. The results sug- 55 E v 3 2 5 %

gesting additive effect of both factors may be biased

S
>~
(=]
N
S
o0
S
g
s 5
b=
B ooy
73
58
Sg
&3
=R
EE
=
. . . . & °
by an error resulting from an incorrect interpretation PE: 5% e
of non-specific radiographic changes in the lungs of S8 EoSEsF
S) SRR N
smokers (35). EEN LSt EAs
2z Ziies:s
et . 55 e | EESQ 228
Systemic silicosis (extrapulmonary silicosis) SE EZ | 8=2EFEZ S
s . . .1 c s et =t A I = = - i
Silicotic patients happen to develop silicotic-like nod- sE| 28| 8 E g3 gEs52
. Y Sg | EEES RS
ules in organs other than lungs. It is believed that these 8BS xE | ES85E g g &
. 2= 5= o = ISR
changes occur as a result of the transportation of the S8 8% | 88ESERLT
. . 2w M ~ & > g % > 25
respirable dust with blood and/or lymph beyond the 2= 5ET o888
. . . S SR ET gs
respiratory system, mainly to the liver, spleen, pan- aé TEE 2z é z
. 2 0= g ® =
creas or bone marrow. Other factors, such as immune g g [ SoEEE
. . . Q = o B
responses, are also suspected of being involved in the = o £532 £ £33
9] 4 2 8N
development of those changes (36,37). s 2 EEBZRB ®g 88
< boo s O 2T & O Ak
= R
o
. . o1s . o .
Complications of silicosis g2, 2 2
ili . li ial £ I t;\ 8 S ~ =
Silicosis may be complicated by severe bacterial or fun- 2| 5% | =8
. . . . . . b5} =
gal infections, developing as a result of the impairment <O EE | =%
&~ 5 S @2
. . ) Q ™ -
of macrophage phagocytic function by the crystalline 22 & %‘ z
silica dust. In the relevant literature, silicotuberculosis B T
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is the most frequently reported complication, while
mycobacteriosis, nocardiasis, cryptococcosis (torulo-
sis) are considerably less frequent (3). The analysis of
the death certificates of the silicotic patients living in
Tuscany and Lazio, Italy, showed a significant increase
in mortality due to infectious diseases to the SMR = 3.11
(95% CI: 1.38-7.01) (31,32). In a study of mortality due
to tuberculosis in the silicotic workers, the SMR val-
ues ranging from 2.89 (95% CI: 2.20-3.80) to 10.47
(95% CI: 4.24-25.85) (31,32,38) were observed, and the
mortality odds ratio (OR) for silicotuberculosis as com-
pared to a non-silicotic control group amounted to 39.5
(95% CI: 16.9-92.4) (39). The human immunodeficiency
virus (HIV) infection in the patients with pulmonary
silicosis additionally increases the risk of developing tu-
berculosis (40). The odds of developing silicotuberculo-
sis increase in proportion to the time of exposure (38)
and the dose of respirable crystalline silica (30).

Other frequent non-infection-related complications
of silicosis include enlargement of the right ventricle
of the heart (cor pulmonale) and the progressive right
ventricular circulatory failure (3).

Other non-malignant respiratory diseases

The workers exposed to crystalline silica suffer also
from the following diseases: chronic obstructive pul-
monary disease (COPD), chronic bronchitis and em-
physema (3). Studies on the relationship between ex-
posure to silica and the occurrence of the COPD and
chronic bronchitis are difficult to conduct and evaluate,
as tobacco smoking is the major cause of these diseases.
An additional factor complicating the study of this re-
lationship is the fact that the particle size fraction re-
sponsible for the development of diseases located in the
bronchial tree, and in the thoracic fraction, is different
from that involved in the development of silicosis and
pulmonary cancer.

Park et al. (22) who studied the workers min-
ing and processing diatomite has estimated that
the risk of developing lung diseases other than can-
cer, pneumoconiosis and pulmonary inflamma-
tion increases in proportion to the dose of dust,
and ranges from 0.11% at a dose of 0.045 mg/m’x
years to 19% at a dose of 9-10 mg/m’xyears. The
risk of death from these diseases, estimated using
the SMR, is significantly higher after a long, 20-year-
long period of exposure and its value ranges from
1.47 (95% CI: 1.30-1.66) to 3.91 (95% CI: 3.49-4.37)
(30-32,38). An increased risk of death (SMR) due to
chronic obstructive pulmonary disease in the workers

exposed to silica reported by Scarselli et al. (32) and
Calvert et al. (39) is as follows: 1.43 (95% CI: 1.14-1.79)
and OR = 4.38 (95% CI: 3.39-5.67). Those values
were not confirmed by Marinaccio et al. whose SMR
was equal to 0.79 (95% CI: 0.71-0.87) (31). Similarly,
in the case of chronic bronchitis, higher SMR values
amounting to 1.52 (95% CI: 1.19-1.94) were estimated
in Scarselli studies (32), which were not confirmed by
Marinaccio et al. (SMR = 0.84 (95% CI: 0.75-0.94)) (31).
Crystalline silica is not considered a factor that may
contribute to the development of asthma (3). Epidemio-
logical studies have failed to demonstrate a relation-
ship between the frequency of fatal cases due to asth-
ma (30-32) or emphysema (30) and exposure to silica.

Lung cancer

Lung cancer belongs to the most common tumors di-
agnosed in the general population, and its major risk
factor is tobacco smoking. A significant risk is also
related to factors of occupational origin. The Interna-
tional Agency for Research on Cancer (IARC) in 1997
decided that there was sufficient evidence in the case of
humans for carcinogenicity of inhaled crystalline silica
in a form of quartz and cristobalite from occupational
sources, and included them into group 1 - carcinogenic
to humans (1). In 2009, the Working Group, after re-
viewing the results of the available studies confirmed
this classification, specifying lung as the only target
organ (41).

The mechanism of carcinogenicity of crystalline
silica is not completely explained. Borm et al. (42) after
analyzing more than 200 publications in this field has
concluded that the most likely hypothesis for carcino-
genicity of crystalline silica is its secondary genotoxic
effect resulting from its potent pro-inflammatory acti-
vity. Exposure to crystalline silica may result in the de-
velopment of all major histological types of lung cancer,
such as squamous cell carcinoma, adenocarcinoma and
small cell carcinoma (43,44).

Quantitative estimation of the risk of lung cancer
attributable to occupational exposure to quartz and
cristobalite obtained in the meta-analysis of the results
of many epidemiological studies is shown in the Ta-
ble 3. Research conducted in the people occupationally
exposed to crystalline silica indicates that the relative
risk (RR) ranges from 0.97 (95% CI: 0.68-1.38) among
the non silicotic subjects to 3.27 (95% CI: 1.32-8.2)
among the silicotic only (50) and the SMR from 1.2
(95% CI: 1.1-1.3) to 2.15 (95% CI: 1.63-3.66) (this data
were not adjusted for smoking) (45,51).
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The increased risk of lung cancer due to exposure to
quartz and cristobalite depends primarily on:

Silicosis diagnosis and the time elapsed since the
diagnosis (1,10,33,46,50); RR or odds ratio (OR) of
the lung cancer patients with silicosis is the high-
est, ranging from 1.7 (95% CI: 1.15-2.53) to 3.3
(95% CI: 1.32-8.2), while an increased risk was not
recorded in the exposed groups without pathologi-
cal changes in radiological image of the lung, and
this increase was not significant and did not exceed
the value of 1.19 (95% CI: 0.87-1.57) (44,46,49-51),
Cumulative exposure to respirable crystal-
line silica and the maximum intensity of expo-
sure (1,3,29,33,43,45,48); in the case of exposure to
small doses — up to about 1-2 mg/m®xyears - the
risk of lung cancer was not increased or the re-
corded increase was at the border of statistical sig-
nificance (29,48), while in the case of higher expo-
sure levels the RR or OR adopted values about 2.0
(29,43-45,48). According to Steenland et al. and
Lacasse et al., the growing trend of the risk in re-
sponse to higher cumulative exposure levels con-
tinues until about 6 mg/m?®xyears, above which
there is no further increase (45,48).

Just like silicosis, gender is another factor that may

Results
Wyniki
pracownikow kopalni pracujacych pod ziemig (24 badania kohortowe): 2.47 (1.76-3.48)

SMR (95% CI) for lung cancer (all with silicosis) / dla raka ptuca (u 0séb chorych
total / ogétem: 2.45 (1.63-3.66)

na pylice krzemowga):
after exclusion of smokers (10 cohort studies) / po wylaczeniu oséb palacych

(10 badan kohortowych): 1.52 (1.02-2.26)
after exclusion of underground miners (24 cohort studies) / po wylaczeniu

after adjustment for smoking (4 cohort studies) / po uwzglednieniu palenia

(4 badania kohortowe): 1.60 (1.33-1.93)

Tabela 3. Ryzyko zachorowania na raka ptuca z powodu narazenia na dziatanie respirabilnej krystalicznej krzemionki (RCS) w metaanalizach badan epidemiologicznych - cd.
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cancer (1,3,39). However, epidemiological studies have
not definitively proven a relationship between ex-
posure to crystalline silica and the occurrence of tu-
mors at locations other than the lung (3,41).

Autoimmune diseases

Activation of the immune system by crystalline silica
deposited in the alveoli is linked with an increased risk
of autoimmune diseases in the silica-exposed patients:
systemic sclerosis (scleroderma), rheumatoid arthritis or
Caplan’s syndrome, systemic lupus erythematosus, sys-
temic vasculitis (3,39,52-55). Elevated frequencies were
also recorded for sarcoidosis, dermatomyositis, dermat-
opolymyositis, autoimmune hemolytic anemia (3,39,52).

The pathogenesis of autoimmune diseases in the
patients exposed to silica has not been yet completely
explained. Based on experimental results, it is believed
that crystalline silica may show an adjuvant effect by
non-specifically enhancing the immune response to
the dust, and triggering or enhancing the development
of the quoted diseases (39,52,54).

The frequency of those diseases may be also affected
by genetic susceptibility and some environmental fac-
tors, such as the relationship between the observed
number of cases of rheumatoid arthritis and the geo-
graphic latitude of the habitats of the silica-exposed
people (53). The development of scleroderma seems
to result also from silica directly penetrating the skin
of the exposed people (3). The increased incidence of
arthritis and systemic rheumatoid sclerosis in the pa-
tients diagnosed with silicosis has been confirmed by
epidemiological studies (3,39,52,54).

In contrast, the relationship between exposure to
crystalline silica and other autoimmune diseases is not
obvious, although some studies reported increased OR
of the development of these diseases in the exposed
people (39,56).

Chronic kidney diseases
Chronic renal disease observed in an increased number
of cases among the workers exposed to crystalline sili-
ca is supposed to be associated with 3 possible mecha-
nisms of their development: deposition in the kidneys
of immune complexes resulting from the inflammatory
processes taking place in the lungs; disorders of the im-
mune system leading to autoimmunization; or direct
nephrotoxicity of the silica transported by blood from
alveoli to the kidneys (3,39,57-59).

Harmful effects of crystalline silica are associated
with a variety of chronic kidney diseases, including

glomerulonephrititis and end-stage kidney diseases.
The results of epidemiological studies on the rela-
tionship between exposure and various pathological
changes in the kidneys are not clear (11,38,39,58,59).
The risk of chronic kidney disease assessed by Steen-
land et al. (11) based on pooled analyses of the results of
three cohorts was increased in proportion to the expo-
sure to crystalline silica; the OR in the upper quartile
of cumulative silica exposure above 1.67 mg/m’xyears
was 3.93 (95% CI: 1.31-11.76), and the SMR for all the
exposed was 1.41 (95% CI: 1.05-1.85).

In arecent case-control study, the OR of the develop-
ment of chronic renal disease in the exposed people was
equal to 1.40 (95% CI: 1.04-1.89) and was also dependent
on the dust dose; in a group of less exposed people the
OR was 1.20 (95% CI: 0.77-1.86), and in the longer ex-
posure group it was 1.76 (95% CI: 1.14-2.71). Similar
values of the OR were assessed for renal insufficien-
cy, 1.74 (95% CI: 1.05-2.87) and for end-stage kidney
diseases, 1.75 (95% CI: 0.76-4.01) although the latter
value was not statistically significant (59).

Health effects in the context

of the current limit values

For silicosis (a critical effect of exposure to respirable
crystalline silica, also essential for the possibility of
secondary development of lung cancer), the NOAEL
(No Observed Adverse Effect Level) has not been es-
tablished (60). Occupational exposure limit values for
crystalline silica are currently set at levels which do not
eliminate, although significantly restrict, the risk of ad-
verse health effects.

In alarge number of countries in Europe and world-
wide, the hygienic standards for this harmful agent are
at the level recommended by the NIOSH (3) and the
European Commission SCOEL (Scientific Committee
on Occupational Exposure Limits) (60), i.e., 0.05 mg/m’
or 2-fold higher - 0.1 mg/m’.

Epidemiological studies of the exposed people show
that exposure to 0.05 mg/m?* (Table 4) is associated with
the risk of silicosis ranging from about one to several
percent (16,22,26), one percent additional risk of lung
cancer (45) and a few percent risk of other respiratory
(excluding infectious) diseases (22).

Exposure to quartz and cristobalite at a concentra-
tion of 0.1 mg/m’ causes silicosis development in at
least 1 (to several dozen) percent of people (16,22,23,57)
and other pulmonary diseases (except cancer) in 10%
of the exposed people (22). In this exposed group, the
additional risk of death from both pneumoconiosis
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Table 4. The risk of health effects of exposure to respirable crystalline silica (RCS) at concentrations close to the current limit values
Tabela 4. Ryzyko wystapienia skutkéw zdrowotnych zwigzanych z narazeniem na respirabilng krzemionke krystaliczng (RCS)
wystepujaca w stezeniu zblizonym do obowiazujacych wartoéci dopuszczalnych

Exposure to RCS

Narazenie na dziatanie RCS

Risk of health effects or subgroup

Ryzyko skutkéw zdrowotnych albo podgrupy

concentration duration cumulative exposure References
stezenie [years] [mg/m*xyears] Pi$miennictwo
[rr? /] czas narazenia  skumulowane narazenie 11O €at./ kat. %
& [w latach] [mg/m’xliczba lat] ILO(9)
risks of silicosis / ryzyko zachorowania
na pylice krzemowa
0.025-0.05 40 1.00-2.00 >1/0 13.0 Kreiss et al. / i wsp. 1996 (26)
0.05 40 2.00 >1/1 0.4 Muir et al. / i wsp. 1989 (16)
0.05 45 2.25 >1/0 7.5 Park et al. / i wsp. 2002 (22)
0.05-0.1 40 2.00-4.00 > 1/0 34.0 Kreiss et al. / i wsp. 1996 (26)
0.05-0.1 40 2.00-4.00 >1/1 2.0-11.0 Chen et al. / i wsp. 2005 (19)
0.10 45 4.50 > 1/0 14.0 Park et al. / i wsp. 2002 (22)
0.10 40 4.00 >1/1 1.2 Muir et al. / i wsp. 1989 (16)
0.10 45 4.50 >1/1 35.0 Steenland and / i Brown 1995 (23)
0.10 45 4.50 >1/1 47.0-77.0 Steenland 2005 (57)
excess lifetime risk of lung disease other
than cancer and infectious diseases /
/ dodatkowe calozyciowe ryzyko
zachorowania na choroby pluc inne niz rak
czy choroby zakazne
0.05 45 2.25 - 5.4 Park et al. / i wsp. 2002 (22)
0.10 45 4.50 - 10.0
excess lifetime risk of lung cancer /
/ dodatkowe catozyciowe ryzyko
zachorowania na raka ptuca
0.05 40 2.00 - 1.3 Steenland et al. / i wsp. 2001 (45)
0.10 40 4.00 - 1.7 Steenland et al. / i wsp. 2001 (29)
excess lifetime risk of end-stage renal
disease / dodatkowe calozyciowe ryzyko
wystapienia schylkowej niewydolnosci nerek
0.10 45 4.50 - 5.1 Steenland 2005 (57)
risk of death from silicosis / ryzyko zgonu
z powodu pylicy krzemowej
0.025-0.05 45 1.12-2.25 - 0.6 Steenland 2005 (57)
(at the age of 75 years) / (w wieku 75 lat)
0.05 45 2.25 - 0.6 Mannetje et al. / i wsp. 2002 (27)
(at the age of 65 years) / (w wieku 65 lat)
0.06-0.1 45 2.70-4.70 - 1.9 Steenland 2005 (57)
(at the age of 75 years) / (w wieku 75 lat)
0.10 45 4.50 - 1.3 Mannetje et al. / i wsp. 2002 (27)
(at the age of 65 years) / (w wieku 65 lat)
excess risk of death from lung cancer /
/ dodatkowe ryzyko zgonu z powodu raka ptuca
0.10 45 4.50 - 1.7 Steenland 2005 (57)
excess risk of death from renal disease /
/ dodatkowe ryzyko zgonu z powodu
niewydolnosci nerek
0.10 45 4.50 - 1.8 Steenland 2005 (57)

ILO - International Labour Organization / Miedzynarodowa Organizacja Pracy.
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and lung cancer is almost 2% (27,57). The risk of death
from one of the renal diseases, a category heretofore
rarely considered as the effect of exposure to crystal-
line silica, reaches a similar value (57).

All of the above values of the risks associated with
exposure to quartz and cristobalite exceed the thres-
hold of acceptable risk, i.e., 0.1%.

CONCLUSIONS

The review of the results of this research on the health
effects of exposure to respirable crystalline silica con-
firms its multi-faceted harmful effects. In addition to
the diseases developing at the places of respirable dust
deposition, i.e., silicosis and its complications, lung
cancer and other non-neoplastic respiratory diseases,
exposure to respirable crystalline silica may be respon-
sible for the development of diseases in other organs,
such as kidneys, as well as systemic diseases, such as
systemic silicosis, autoimmune diseases (systemic scle-
rosis, rheumatoid arthritis, systemic lupus erythemato-
sus, systemic vasculitis).

The prevalence of harmful health effects of respir-
able crystalline silica mainly depends on the concen-
tration of the dust in the air in the workplace and the
exposure time. Prolonged, a 40- to 45-year exposure,
even at exposure levels close to the current limit values
of 0.05-0.1 mg/m?, does not exclude, but significantly
reduces, the risk of developing silicosis, lung cancer and
other non-malignant respiratory and renal diseases.

Complete elimination of crystalline silica dust from
the work environment is not feasible, and the main
way to reduce adverse health effects of the exposure is
to minimize exposure and the use of personal respira-
tory protection in situations when concentrations of
particulate matter cannot be reduced. Further studies
on the influence of the surface characteristics of parti-
cles of crystalline silica in their interactions with cells,
investigations into mechanisms and carcinogenic po-
tential of silica and its interaction with tobacco smoke,
and comorbid dusts in the work environment could
contribute to more effective protection of the health of
the exposed workers.
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