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Abstract
Objective  To understand the prevalence rate of obstructive pulmonary dysfunction in workers exposed to silica dust 
and analyze its risk factors, so as to provide reference for the formulation of diagnostic criteria for chronic obstructive 
pulmonary disease caused by occupational dust.

Methods  Data collection and structured questionnaire were used to collect the data of 2064 workers exposed to 
silica dust who underwent health examination in Hunan Occupational Disease Prevention and Control Hospital 
and Yuanling Second People’s Hospital from January 1, 2021 to June 30, 2022. The prevalence rate of obstructive 
pulmonary ventilation dysfunction was analyzed and the risk factors were analyzed.

Results  The prevalence rate of obstructive pulmonary ventilation dysfunction (FEV1/FVC < 70%) was 2.3% in 2064 
silica dust exposed workers. The prevalence of restrictive pulmonary ventilation dysfunction (FVC/Pre < 80%) was 8.1%. 
The prevalence of obstructive pulmonary ventilation dysfunction in the high level exposure group was higher than 
that in the low level exposure group, 8.2 vs0.9% (P < 0.05). The rate of obstructive pulmonary ventilation dysfunction 
in female group was higher than that in male group (5.3% vs. 1.7%, p = 0.00). Workers with obstructive pulmonary 
dysfunction were older and worked longer than workers without obstructive pulmonary dysfunction, but there 
was no statistical difference. Multivariate regression analysis showed that high exposure level was a risk factor for 
obstructive pulmonary ventilation dysfunction in silica dust exposed workers (P < 0.05). Females were the risk factors 
for obstructive pulmonary ventilation dysfunction (P < 0.05).

Conclusion  Silica dust exposure can cause obstructive pulmonary ventilation dysfunction and lead to chronic 
obstructive pulmonary disease. High level of exposure is a risk factor for obstructive pulmonary ventilation 
dysfunction. Women exposed to dust are more prone to obstructive pulmonary ventilation dysfunction than men. 
Early diagnosis of chronic obstructive pulmonary disease caused by silica dust and timely intervention measures are 
very important to delay the decline of lung function and protect the health of workers.
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Background
Chronic Obstructive Pulmonary Disease (Chronic 
Obstructive Pulmonary diseases, COPD) is a hetero-
geneous lung condition, with Chronic respiratory 
symptoms (dyspnea, cough, sputum), is due to airway 
(bronchitis, Bronchiolitis) and/or abnormalities in the 
alveoli (emphysema) that result in persistent (often pro-
gressive) airflow obstruction is a common, preventable 
and treatable chronic airway disease [1]. The 2019 Bur-
den of Disease Study (GBD) states that COPD is the 
third leading cause of death globally [2]. Due to its high 
prevalence, disability and mortality, COPD has become a 
worldwide public health problem [3–5].

The risk factors of COPD include smoking, occupa-
tional dust, air pollutants, and genetic, developmental, 
and social factors [1]. A number of systematic assess-
ments have concluded that there is indeed a causal rela-
tionship between occupational exposure and COPD [6], 
and the ILO Occupational Diseases catalogue includes 
inhalation of coal dust from work activities, dust from 
quarries (mines), wood dust, and other pollutants. COPD 
is caused by dust from grain and agricultural work, dust 
from animal stables (sheds), dust from textiles and paper 
dust. The EU list of occupational diseases includes COPD 
caused by coal dust and silica dust. Taiwan of China 
has made reference guidelines for the determination of 
COPD in underground coal miners with reference to 
European Union standards, and the list of occupational 
diseases in South Korea includes COPD caused by coal 
dust and cadmium smoke. In 2011, China issued the 
national occupational health standard of the People’s 
Republic of China, “Diagnosis of Chronic obstructive 
pulmonary disease caused by occupational irritating 
chemicals” (GBZ/T237-2011) standard, because of the 
lack of large sample epidemiological studies and evi-
dence, did not include occupational dust.

This study intends to evaluate information from annual 
physical examination from multiple centers ( Hunan 
Occupational Disease Prevention Hospital, Yuanling 
County Second People ' s Hospital ), to investigate the 
prevalence rate of obstructive pulmonary ventilation 
dysfunction (FEV1/FVC < 70%) among workers exposed 
to silica dust at work in Minmetals Nonferrous Metals 
Group ( affiliated to Yaogangxian Tungsten Mine ) and 
Hunan Gold Group ( affiliated to 4 gold mines ) and ana-
lyze its risk factors .

Methods
Prospective study method was used to collect data.The 
Ethics committee of Hunan Prevention and Treatment 
Institute for Occupational Diseases approved the study 
and waived the written informed consent.

2.1 Research subjects: The Hunan Provincial Occupa-
tional Disease Prevention and Control Hospital and the 

Second People’s Hospital of Yuanling County are desig-
nated physical examination hospitals for dust workers in 
Hunan Province. The study focuses on the on duty silicon 
dust exposed workers who were voluntarily arranged by 
the unit to undergo physical examinations at these two 
hospitals from January 1, 2021 to June 30, 2022, includ-
ing those from Wukuang Colorful Group (a subsidiary of 
Yaogangxian Tungsten Mine) and Hunan Gold Group (a 
subsidiary of four gold mines).

Exclusion criteria: Imaging showed pneumonia, tuber-
culosis and other lung diseases; Pulmonary function data 
is incomplete or missing.

A total of 2277 cases were included according to the 
inclusion criteria, 213 cases were excluded according to 
the exclusion criteria, and the final health monitoring 
data of 2064 workers exposed to silica dust on the job 
were included in the analysis.

2.2 In this study, we collected workplace dust concen-
tration, occupational history (including dust exposure 
type, exposure start time, exposure end time, job type), 
age, sex, smoking history, chest X-ray results, and pul-
monary function test results (FEV1/FVC, FVC/Pre). The 
workplace dust concentration is obtained from the unit’s 
most recent annual monitoring report.

The diagnosis of silicosis was made by 3 occupational 
disease specialists (including 2 occupational disease cli-
nicians and 1 imaging physician) according to the Diag-
nostic Criteria for Occupational pneumoconiosis (GBZ 
70-2015) in the National Occupational Health Standards 
promulgated by the People’s Republic of China in 2015. 
In refer to the 2021 ERS/ATS Guidelines for Interpreta-
tion of Routine Pulmonary Function Tests [7], FEV1/
FVC < 70% is defined as obstructive pulmonary ventila-
tion dysfunction, and FVC/Pre < 80% is defined as restric-
tive pulmonary ventilation dysfunction.

The exposure level reflects the cumulative exposure 
amount (exposure time × concentration). When the con-
centration of the same job is equal, the exposure level 
depends on the effective exposure, that is, the length of 
underground exposure time; High level exposure refers 
to downhole workers with long effective exposure time, 
including air drill, excavation and transportation work-
ers, who are exposed to the underground for 6–8 h per 
day. Low level exposure refers to short effective exposure 
time, part of the work in the well, part of the work in the 
well, mainly including: management, safety, maintenance, 
etc., about 2–4 h per day in the underground exposure.

2.3 SPSS 26.0 software was used for statistical analysis. 
The measurement data were expressed as mean ± stan-
dard deviation, and statistical analysis was performed by 
T test. The count data were expressed as frequency and 
percentage, and were statistically analyzed using the χ² 
test or Fisher precision test. The risk factors of obstruc-
tive pulmonary ventilation dysfunction were analyzed by 
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binary logistic regression. P < 0.05 was considered statis-
tically significant.

Results

1.	 3.1 The average age of silica dust exposed workers 
(n = 2064) was 43 years old, the oldest age was 63 
years old, the youngest age was 19 years old, and 
the proportion of over 50 years old was 33.7%; The 
average working age was 16.6 years, 318 women, 
accounting for 15.4%; 44.1% of those with more than 
15 years of service, 39.7% of smoking and 22.5% of 
high level exposure. (See Table 1)

2.	 3.2 Among silica dust exposed workers, the 
prevalence of obstructive pulmonary ventilation 
dysfunction was 2.3%, and the prevalence of 
restrictive pulmonary ventilation dysfunction was 
8.1%. The rate of obstructive pulmonary ventilation 
dysfunction in female group was higher than that in 

male group (5.3% vs. 1.7%, p = 0.00). The prevalence 
of obstructive pulmonary ventilation function in 
the high exposure group was higher than that in the 
low exposure group (8.2% vs. 0.9%, p = 0.00). In 2064 
cases of silica dust exposed workers, restrictive lung 
ventilation dysfunction increased with the increase 
of age, which was 5.9% in the group < 40 years old, 
8.0% in the group 40–49 years old and 9.9% in 
the group 50–65 years old, and the difference was 
statistically significant (p < 0.05). In 41 patients with 
silicosis and suspected silicosis (2.0%), there was no 
statistical difference between obstructive pulmonary 
ventilation dysfunction and whether there was 
silicosis or suspected silicosis, but there was 
statistical difference between restrictive pulmonary 
ventilation dysfunction and whether there was 
silicosis or suspected silicosis (P = 0.03). (See Table 1)

Table 1  Demographic characteristics of workers exposed to silica dust and prevalence of obstructive (FEV1/FVC < 70%) and restrictive 
(FVC/Pre < 80%) pulmonary ventilation dysfunction
Demographic characteristics Silica dust

Sample size FEV1/FVC < 70% FVC/Pre < 80%

2064 47(2.3) 168(8.1)
Age (years)
< 40 508(24.6) 10(2.0) 30(5.9)
40–49 861(41.7) 17(2.0) 69(8.0)
50–65 695(33.7) 20(2.9) 69(9.9)
P-values 0.43 0.00
gender
Male 1746(84.6) 30(1.7) 142(8.1)
female 318(15.4) 17(5.3) 26(8.1)
P-values 0.00 0.98
female
≤ 5 249(12.1) 3(1.2) 22(8.8)
6–15 555(26.9) 5(0.9) 52(9.4)
16–30 440(21.3) 5(1.1) 34(7.7)
>30 192(9.3) 3(1.6) 25(13.0)
N= 628(30.4) 31(4.9) 35(5.6)
P-values 0.90 0.21
Exposure Level
High 465(22.5) 38(8.2) 44(9.5)
Low 1003(48.6) 9(0.9) 92(9.2)
N= 596(28.9) 0(0) 32(5.4)
P-values 0.00 0.86
Smoking or not
Never 523(25.3) 4(0.8) 47(9.0)
often 819(39.7) 13(1.6) 69(8.4)
N= 722(35.0) 30(4.2) 52(7.2)
P-values 0.20 0.72
Pneumoconiosis or suspected pneumoconiosis
Yes 41(2.0) 1(2.4) 7(17.1)
no 2023(98.0) 46(2.3) 161(8.0)
P-values 0.94 0.03
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3.3.1 Among the workers exposed to silica dust, 8.2% of 
workers in the high-level exposure group had obstruc-
tive pulmonary ventilation dysfunction, 0.9% of workers 
in the low-level exposure group had obstructive pulmo-
nary ventilation dysfunction, and the difference between 
the two groups was statistically significant (p < 0.05). The 
obstructive pulmonary ventilation dysfunction accounted 
for 5.3% of female workers and 1.7% of male workers, and 
the difference between the two groups was statistically 
significant (p < 0.05).Workers with obstructive pulmonary 
dysfunction were older and worked longer than workers 
without obstructive pulmonary dysfunction, but there 
was no statistical difference (See Table 2).

3.3.2 In all age groups (< 40 years old, 40–49 years 
old, 50–65 years old), the prevalence of obstructive 
pulmonary ventilation disorder in the high level expo-
sure group was significantly higher than that in the low 
level exposure group, and the differences were statisti-
cally significant(p < 0.05); The prevalence of obstruc-
tive pulmonary ventilation disorder in the high level 
exposure group of smoking group and non-smoking 
group was significantly higher than that in the low level 
exposure group, and the differences were statistically 
significant(p < 0.05);(See Table 3).

3.3.3 There was no significant difference in the preva-
lence of obstructive pulmonary ventilation dysfunc-
tion between the smoking and non-smoking groups. 
However, in the never-smoking group, the prevalence 
of obstructive pulmonary ventilation dysfunction 
increased with age, and the difference was statistically 
significant(p < 0.05). In both smoking and never smok-
ing groups, the prevalence of obstructive pulmonary 
ventilation dysfunction in the high silica dust exposure 

group was higher than that in the low silica dust exposure 
group, with statistical significance. (See Table 4)

3.3.4 Finally, the data of 1200 workers exposed to 
silica dust with no data loss were incorporated into 
Logistic regression analysis, with whether obstructive 
pulmonary ventilation dysfunction was the dependent 
variable (0 = none, 1 = yes), and age (1 = less than 40 years 
old, 2 = 40–49 years old, 3 = more than 50 years old), 
gender (1 = male, 2 = female), length of service (1 = less 
than or equal to 5 years, 2 = 6–15 years, 3 = 16–30 years, 
4 = greater than 30 years), smoking status (0 = non-smok-
ing, 1 = smoking), dust concentration, exposure level 
(0 = low level, 1 = high level), pneumoconiosis or sus-
pected pneumoconiosis (0 = none, 1 = yes) Covariables 
were included for univariate Logistic regression analysis. 
Gender and exposure levels that showed statistical dif-
ferences in univariate regression analysis were included 
in multivariate Logistic regression analysis. The results 
suggested that high exposure level was a risk factor for 
obstructive pulmonary ventilation dysfunction in silica 
dust exposed workers (P = 0.000). Females were a risk 
factor for obstructive pulmonary ventilation dysfunc-
tion (P = 0.000). There was no difference in age, smoking, 
length of service, or presence or absence of pneumoco-
niosis or suspected pneumoconiosis. (See Table 5)

Discussion
This study investigated the prevalence of obstructive pul-
monary ventilation dysfunction in silica dust exposed 
workers and analyzed its risk factors, and the results 
showed that obstructive pulmonary ventilation dysfunc-
tion (FEV1/FVC&lt; 70%) prevalence was 2.3% (47/2064). 
This is slightly higher than the findings of another recent 

Table 2  Subgroup analysis of general characteristics of workers exposed to silica dust with and without obstructive pulmonary 
ventilation dysfunction (FEV1/FVC < 70%)

n = 2064 silicious dust FEV1/FVC < 70% p-values
Yes(n = 47) No(n = 2017)

Age (years) 44.9 ± 8.1 47.0 ± 8.7 44.9 ± 8.1 0.08
seniority 16.7 ± 10.1 18.0 ± 12.1 16.64 ± 10.1 0.59
gender
Male 1746(84.6) 30(1.7) 1716(98.3)
female 318(15.4) 17(5.3) 301(94.7) 0.00
Pneumoconiosis or suspected pneumoconiosis
yes 41(2.0) 1(2.4) 40(97.6)
no 2023(98.0) 46(2.3) 1977(97.7) 0.94
Exposure Level
High 465(22.5) 38(8.2) 427(91.8)
Low 1003(48.6) 9(0.9) 994(99.1) 0.00
N= 596(28.9) 0(0) 596(100.0)
Smoking or not
Never 523(25.3) 4(0.8) 519(99.2)
often 819(39.7) 13(1.6) 806(98.4) 0.20
N= 722(35.0) 30(4.2) 692(95.8)
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Table 3  Prevalence rate of workers exposed to silicon dust at different levels
Project Exposure level of silica dust p-values

High (465) Low (1003)
n FEV1/FVC < 70% n FEV1/FVC < 70%

Age (years)
< 40 99(21.3) 10(10.1) 266(26.5) 0(0) 0.00
40–49 205(44.1) 13(6.3) 405(40.4) 4(1.0) 0.00
50–65 161(34.6) 15(9.3) 332(33.1) 5(1.5) 0.00
p-values 0.43 0.15
seniority(years)
≤ 5 68(14.6) 0(0) 171(17.0) 3(1.8) 0.27
6–15 194(41.7) 4(2.1) 371(37.0) 1(0.3) 0.03
16–30 146(31.4) 3(2.1) 294(29.3) 2(0.7) 0.20
>30 27(5.8) 2(7.4) 165(16.5) 1(0.6) 0.01
N= 30(6.5) 29(96.7) 2 2(100.0)
p-values 0.15 0.29
Smoking or not
Never 114(24.5) 9(7.9) 346(58.9) 4(1.2) 0.00
often 250(53.8) 4(1.6) 495(41.1) 0(0) 0.00
N= 101(21.7) 25(24.8) 162 5(3.1)
p-values 0.00 0.02
Pneumoconiosis or suspected pneumoconiosis
yes 30(6.5) 1(3.3) 11(1.1) 0(0) 0.54
no 435(93.5) 37(8.5) 992(99.0) 9(0.9) 0.00
P-values 0.32 0.75

Table 4  Prevalence rate of silicon dust among workers with different smoking levels
Project Smoking level p-values

often (819) Never (523)
n FEV1/FVC < 70% n FEV1/FVC < 70%

Age (years)
< 40 237(28.9) 3(1.3) 120(22.9) 0(0) 0.22
40–49 302(36.9) 6(2.0) 250(47.8) 2(0.8) 0.25
50–65 280(34.2) 4(1.4) 153(29.3) 5(3.3) 0.20
p-values 0.77 0.04
seniority(years)
≤ 5 108(13.2) 1(0.9) 58(11.1) 0(0) 0.46
6–15 304(37.1) 2(0.66) 173(33.1) 1(0.6) 0.92
16–30 206(25.2) 3(2.1) 170(32.5) 2(1.2) 0.81
>30 122(14.9) 2(1.5) 59(11.28) 1(1.7) 0.98
N= 79(9.6) 5(6.3) 63(12.0) 0(0)
p-values 0.76 0.72
Exposure Level
Low 495(60.4) 4(0.8) 346(66.2) 0(0) 0.09
High 250(30.5) 9(3.6) 114(21.8) 4(3.5) 0.97
N= 74(9.0) 0(0) 63(12.0) 0(0)
p-values 0.01 0.00
Pneumoconiosis or suspected pneumoconiosis
yes 22(2.7) 1(4.5) 11(2.1) 0(0) 0.47
no 797(97.3) 12(1.5) 512(97.9) 4(0.8) 0.24
P-values 0.26 0.77
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cross-sectional study, which showed a prevalence of 
obstructive pulmonary ventilation dysfunction of 1.47% 
(30/2045) among occupational dust exposed workers [8]. 
In the Chinese adult lung health survey, it was reported 
that the prevalence of COPD in Chinese adults over 20 
years old was 8.6%, and that in those over 40 years old 
was 13.7% [9]. Although the research methods were not 
completely comparable, it was found that the prevalence 
of obstructive pulmonary ventilation dysfunction in dust 
exposed workers was significantly lower than that in the 
normal population. On the one hand, the workers with 
occupational contraindications were excluded from the 
pre-work physical examination, and the workers with 
respiratory diseases found in the on-the-job physical 
examination were transferred from their jobs in time, or 
resigned, that is, the healthy worker bias effect. On the 
other hand, dust-induced lung function injury is more 
dominated by restricted pulmonary ventilation dysfunc-
tion (FVC decline) [10], which was also confirmed in our 
study, and the prevalence rate of restricted pulmonary 
ventilation dysfunction reached 8.1% among workers 
exposed to silica dust. Similar results were also found in 
another study. The prevalence of obstructive pulmonary 
ventilation dysfunction was 1.47% (30/2045), while that 
of restrictive pulmonary ventilation dysfunction was 
12.81% [8]. The degree and speed of FVC decline were 
significantly higher than FEV1, resulting in the ratio of 
FEV1 to FVC tending to be normal. Therefore, the preva-
lence of obstructive pulmonary ventilation dysfunction is 
too low.

The working age refers to the working years, not 
exactly equivalent to the effective exposure time of dust, 
dust concentration in the same mine, the same work-
place is roughly the same, but different positions, dif-
ferent types of work (such as mining and management) 
effective exposure time is very different, so the working 
age or dust concentration can not reflect the cumula-
tive exposure amount of dust in a position. Therefore, 
we analyzed the exposure level, which reflects the prod-
uct of exposure time and dust exposure concentration. 
High exposure level mainly refers to underground work-
ers (air drilling, digging, transportation), with long effec-
tive exposure time and large accumulated dust exposure, 
while low exposure level has short effective exposure 
time (management, safety, maintenance, etc.) and small 
accumulated dust exposure. The prevalence of obstruc-
tive pulmonary ventilation dysfunction in workers with 
high levels of silica dust exposure was 8.2%, which was 

significantly higher than 0.9% in the group with low lev-
els of exposure. In subgroup analysis, the prevalence of 
obstructive pulmonary ventilation dysfunction in the 
high silica dust exposure group was higher than that in 
the low silica dust exposure group, and the differences 
were statistically significant. In different age groups, the 
prevalence of obstructive pulmonary ventilation dysfunc-
tion in the high silica dust exposure group was higher 
than that in the low silica dust exposure group, and the 
difference was statistically significant. Finally, regression 
analysis also suggested that high silica dust exposure was 
a risk factor for obstructive pulmonary ventilation dys-
function (P = 0.00).This is consistent with the conclusion 
that a large number of previous studies have confirmed 
that there is a dose-effect relationship between the loss 
of lung function and dust exposure in both smokers and 
non-smokers [11]. Therefore, it can be concluded that 
high exposure to silica dust can lead to obstructive pul-
monary ventilation dysfunction.

The relationship between smoking and obstructive pul-
monary ventilation dysfunction has been confirmed by 
many studies and has become a consensus. In this study, 
the smoking rate of silica dust exposed workers was as 
high as 61.0% (819/1342), and the incidence of obstruc-
tive pulmonary ventilation dysfunction in the never 
smoking group was lower than that in the regular smok-
ing group by 0.8%(4/523) vs. 1.6% (13/819), but the differ-
ence was not statistically significant. Multivariate analysis 
showed no significant relationship between smoking and 
obstructive pulmonary ventilation dysfunction. Due 
to the lack of smoking data, this study did not quantify 
the smoking situation and analyze it in groups. Smoking 
is one of the main factors leading to obstructive pulmo-
nary ventilation dysfunction. Therefore, when workers 
have both smoking and dust exposure, which are two 
risk factors causing lung function injury, the synergistic 
effect of smoking and dust exposure in the development 
of obstructive pulmonary ventilation dysfunction should 
be considered [12].

Age is often listed as a risk factor for COPD. In this 
study, workers with obstructive pulmonary dysfunc-
tion were older and had longer working years than those 
without obstructive pulmonary dysfunction, but the dif-
ference was not statistically significant. However, in the 
never-smoking group, the prevalence of obstructive 
pulmonary ventilation dysfunction increased with age; 
Regression analysis also suggested that age was a risk fac-
tor for obstructive pulmonary ventilation dysfunction. It 

Table 5  Risk analysis of obstructive pulmonary ventilation dysfunction in workers exposed to silica dust
F B S.E P

P-values
gender 1.963 0.351 0.000
Exposure Level 2.709 0.351 0.000
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is not clear whether healthy aging causes individuals to 
be sensitive to COPD or whether age reflects the sum of 
cumulative dust exposure.

Previous studies believed that the incidence of COPD 
in men was higher than that in women. However, with 
the change of smoking patterns, some studies found that 
women were more susceptible to the harmful effects of 
smoking than men [13], in the case of the same amount 
of smoking, and women had a greater burden of small 
airway diseases [14–15]. Studies have also found that 
long-term exposure to metals and chlorinated solvents 
can cause obstructive pulmonary ventilation dysfunc-
tion, and this effect is strongest in women [16]. These 
results are consistent with the results of this study, that 
is, women are the risk factors for obstructive pulmonary 
ventilation dysfunction, suggesting that female lung func-
tion is more susceptible to dust, and women with dust 
work are more likely to suffer from obstructive pulmo-
nary ventilation dysfunction than men.

Our study has certain advantages, reporting the preva-
lence of silica-dust exposed workers and the prevalence 
among different subgroups, exploring the reasons for 
the low prevalence of obstructive pulmonary ventilation 
dysfunction and the risk factors for the disease, and pro-
viding reference for the development of diagnostic crite-
ria for chronic obstructive pulmonary disease caused by 
occupational dust exposure.This study has some limita-
tions. Data such as silica dust exposure of workers smok-
ing are missing, and smoking history is not quantified. 
Due to the epidemic, only the results of obstructive pul-
monary ventilation dysfunction were collected, and the 
bronchodilation test was not completed. In addition, we 
did not collect dust concentrations of silica dust, so we 
did not analyze the relationship between silica dust expo-
sure and prevalence. According to the current prevalence 
rate calculation, our present sample size is insufficient, 
and it is suggested that a larger sample size cohort study 
can be conducted in the future.

Conclusion
Silica dust exposure can cause obstructive pulmonary 
ventilation dysfunction and lead to chronic obstructive 
pulmonary disease. High level of exposure is a risk fac-
tor for obstructive pulmonary ventilation dysfunction. 
Women exposed to dust are more prone to obstructive 
pulmonary ventilation dysfunction than men. Early diag-
nosis of chronic obstructive pulmonary disease caused 
by silica dust and timely intervention measures are very 
important to delay the decline of lung function and pro-
tect the health of workers.
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