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ABSTRACT

Particulate matter less than ten micrometers in diameter (PMiyo) containing
crystalline silica is the leading cause of illnesses and death of respiratory disorders. Stone-
mortar process has produced PMio containing crystalline silica which these dusts easily
enters the lower respiratory system and interacts with pulmonary cells causing tissue
reaction, inflammation, pathological changes of pulmonary fibrosis, and silicosis.
Therefore, this study aimed to examine the dose-response relationship of PMio and
crystalline silica with respiratory disorders, clara cell protein 16 (CC16) and heme
oxygenese (HO-1) levels among stone-mortar workers, and to assess the risk perception,
preventive behaviors, and health related quality of life (HRQOL) among stone-mortar

workers and people living around stone-mortar factories.

Methodology: First phase was a retrospective study for an exposed group and an
unexposed group. Seventy-seven subjects aged over 18 years and must have lived at study
areas for at least 1 year. We obtained a history of respiratory disorders, CC16 and HO-1
detection. Multiple linear regression analysis was used to examine the association
between selected variables and outcomes. Second phase was a cross-sectional study
which the sample sizes were 57 stone-mortar workers, 325 people living around stone-

mortar factories for risk perception, and 380 people living around stone-mortar factories



for HRQOL. Binary logistic regression analysis and multiple linear regression analysis

were used to examine the association between selected variables and outcomes.

Results: The meantSD of PMjio concentration in stone-mortar workers
(0.350+0.468 mg/m?®) was significantly higher than those in control group (0.033+0.021
mg/m?) (p<0.001). The mean+SD of crystalline silica concentration in stone-mortar
workers was 0.112 + 0.100 mg/m® which was significantly higher than those in control
group (0.003 + 0.005 mg/m®) (p<0.001). Especially, crystalline silica exceeded the
standard level of ACGIH (0.025 mg/m?®). The average daily doses (ADD) of PMjo and
crystalline silica in the stone-mortar workers were 0.018 and 0.005 mg/kg-day,
respectively. Risk characterization with a hazard quotient (HQ) of PMyo and crystalline
silica were 1.64 and 1.67, respectively which were considered risk health effects from
exposure following by the U.S. Environmental Protection Agency (US EPA). Eight stone-
mortar workers had abnormal chest radiographs; three workers had silicosis. The
meanxSD of serum CC16 level in stone-mortar workers was 6.30£2.31 ng/ml, which was
significantly lower than those in control group, 12.05£2.95 ng/ml (p<0.001). On the
contrary, there was a significantly higher level of serum HO-1 in the stone-mortar workers
group (51.62+46.13 ng/ml) compared with those in the control group (16.01+£8.51 ng/ml)
(p<0.001). An eight-hour TWA of PMio and crystalline silica concentration were
associated with serum CC16 levels using multiple regression analysis after adjusting for

age, current smoker, wearing a mask while working.

Conclusions: The concentration of crystalline silica exceeded the standard level
of ACGIH (0.025 mg/m?) and was higher than those in control group. The serum CC16
level in stone-mortar workers was lower than those in control group while serum HO-1
level in the stone-mortar workers group was higher than those in the control group. Our
study confirmed that an eight-hour TWA concentrations of PM1o and crystalline silica
were significantly associated with serum CC16 level in stone-mortar worker and control
groups. Thus, our data provide evidence that CC16 may be a potential biomarker to
predict the exposure of PMio and crystalline silica among stone-mortar workers. In

addition, further study directly assessing PM2 s due to penetrate deeply into the lung.
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STATEMENTS OF ORIGINALITY

Stone-mortar process has produced particulate matter less than ten micrometers in
diameter (PM1o) and crystalline silica which crystalline silica exceeded the standard
level of ACGIH. These dusts can affect respiratory tract system to human health of

stone-mortar workers and the people living around stone-mortar factories.

Exposure surveillance to crystalline silica associated with stone workers. Stone
workers should be examined periodically to check for signs and symptoms of
respiratory diseases, pulmonary function, and chest radiographs. In addition to the
reduction of dust concentration, it also should conduct an analysis of some potential
biomarkers which should be used in diagnose the lung inflammation at early stage
to indicate silicosis.



CHAPTER 1

INTRODUCTION

1.1 Background

Air pollution is an aggravating global environmental problem especially the
presence of particulate matter less than ten micrometers in diameter (PM1o) which is a
complex mixture of extremely small particles and liquid particles suspended in air. Most
particles are the result of complex interactions of chemicals which are emitted from
both natural and anthropogenic sources [1]. However, particles are largely attributable
to human activity [2]. In addition, the level of particles in occupational working or
living environments can affect health problems for both occupational workers and
people living in the vinicity of air pollution sources [3,4]. Particularly, the PMzo
containing crystalline silica originated from activities related to construction, glass
products, pottery products, construction stone, masonry and stone products invariably
contain respirable crystalline silica [5-7]. The different types of particulate matter may
be divided into three categories: particles which are 2.5 to 10 micrometres in diameter
are called coarse particles and the most common usually can enter the upper respiratory
tract. Particles which are 0.5 to 2.5 micrometres in diameter usually can enter the
bronchial tree and air sacs (alveoli) of lung. Particles which are less than 0.5
micrometres in diameter may be filtered out by its cilia and dislodged by breathing (eg.
coughing) [8,9]. Especially, PMzg containing crystalline silica (aerodynamic diameter
less than ten micrometers) occurs in many industries and occupations can enter a nose,
throat, and lungs by breathing. Particles which are usually enter into the bronchial tree
and response to lung tissue reducing efficiency of the immune system air sacs (alveoli)
of lung [7].

Moreover, the International Agency for Research on Cancer (IARC) classified
crystalline silica as a Group 1 human carcinogen in 1997 [10-12]. Therefore, the Joint
International Labour Organization (ILO) and World Health Organization (WHO)



committee on occupational health have established the ILO/WHO global programme
for the elimination of silicosis in 1995 and the prevention campaign to eliminate
silicosis from the world by 2030 [13].

Mechanism of entering the body of crystalline silica dust by inhalation of small
particle with crystalline silica or silicon dioxide which these particles can penetrate the
lower respiratory system and the accumulation of dust in the lungs. When small
particles can enter the human body and affect the lung and tissue lung, those particles
ingested by macrophages in the air sacs. Crystalline silica has the sharpness of the
crystal. Therefore, Macrophages are broken and eventually decay. Fibrin releases the
enzyme to stimulate the fibroblast in the lungs with the release of crystalline silica.

Other macrophages will also be ingested [14,15].

The different types of silicosis may be divided into three categories: Chronic
silicosis occurs in people who have been exposed to crystalline silica dust for 10 years.
The pathogenesis of chronic silicosis is gradual, with the formation of a nodule after
long exposure, with fatigue, and cough with phlegm. Accelerated silicosis occurs in
people who have been exposed to crystalline silica dust for 5-10 years. Chronic cough
and exertional dyspnea (shortness of breath) are common findings. Acute silicosis
occurs in people who have been exposed to crystalline silica dust for a few weeks to 5
years, with dust containing crystalline silica at high concentration. The pathogenesis of
chronic silicosis is gradual, with the formation of a nodule after long exposure, with
fatigue, and cough with phlegm. Symptoms of silicosis can appear from 1-2 weeks after
exposure to silica dust. The patient is more likely to have difficulty breathing, followed

by dry cough, chest pain, dyspnea, weight loss, and cardiovascular failure [7,16].

The diagnostic criteria of occupational diseases commemorative edition on the
auspicious occasion of His Majesty the King’s 80" Birthday Anniversary in 2007 for
pneumoconioses and silicosis included 3 criteria as follows [17]: 1) The patient's
occupational history has been exposed to the stone mineral dusts for at least 2 years, 2)

From the chest radiograph, the patient has some abnormality from profusion of 1/1



following the guidelines for the use of the ILO International Classification of
Radiographs of Pneumoconioses and 3) Having sign of pathology of lung biopsy or

epidemic evidence to support.

Moreover, basing on literature and research review concerning the exposed
workers in crystalline silica in the Asia-Pacific region and the global which found health
problems such as respiratory symptoms, pulmonary function, chest radiograph, and
inflammatory biomarkers as following these situations. The situation of respiratory
symptoms, we found that about one-third (32.7%) of the sandstone quarry workers
attributed cough with breathing difficulties as the most important symptom of silicosis.
But some of the respondents also mentioned fever for more than 15 days (20.5%), fever
with loss of weight (20.7%) or weakness, loss of appetite and fever in the evening
(12.2%) as main symptoms of silicosis in 2011 in Desert Ecology of Jodhpur,
Rajasthan, India [18]. There were 20 workers (11.7%), which had symptoms consistent
with chronic bronchitis and 8 workers (4.7%) showed asthma and asthma-like
symptoms among agate grinding workers in Iran in 2014 [19]. The prevalence of
chronic cough (26.6%), wheeze (24.7%), asthma (17.3%), pneumonia (17.1%), chronic
bronchitis (13.4%), and emphysema (5.6%) in the exposed communities was higher
than that of the unexposed communities around mine dumps in Gauteng and North West
Province, in South Africa, 2015 [20]. The prevalence of respiratory symptoms among
brick field workers of West Bengal, India in 2015 dyspnea was 46.8%, phlegm was
39.2%, and chest tightness was 27.6% [21]. Twenty-five percent of automotive part
foundry workers in 2014 reported multiple respiratory symptoms including coughing,
phlegm, wheezing and shortness of breath whereas 35% had single symptom including

cough, phlegm and shortness of breath [22].

The situation of pulmonary function, we found that significant associations of
exposure to concrete dust with a small pulmonary function loss were found in a cement
factory of year 2001 in the Netherlands [23]. Exposed workers compared to the
unexposed group showed significant reduction in forced expiratory volume in one
second (FEV1), forced vital capacity (FVC), and forced expiratory flow at 25-75% of
FVC (FEF25.75%) (p<0.05) at a cement factory in the east of Iran in 2012 [24]. The most



frequent disorder observed in spirometry was the restrictive pattern (n=43, 30%) among
agate grinding workers in Iran in 2014 [19]. There was significantly lower (p<0.001)
in pulmonary function when compared with control group in among brick field workers,
West Bengal, India in 2015 [21]. The situation of pulmonary function in Thailand, we
found that the correlation between serum HO-1 levels and percentage of Force
expiratory volume in one second forced vital capacity (FEVi/FVC) was negative
significance (r=-0.219, p<0.01) among the stone mill workers, Northern Thailand in
2012 [25]. Pulmonary function test indicated that 24 percent of the workers had mild
restrictive lungs (decreased FVC, FEV1, FEF25.75%). coughing, phlegm and shortness of
breath were significantly associated with reduced pulmonary function (p=0.001, 0.034
and 0.024, respectively) among automotive part foundry workers in 2014 [22]. From the
situation of chest radiograph finding diagnosed with silicosis, we found that 1,437
decedents had silicosis as death or the underlying cause which were aged 15-44 years
and the most of 1,370 males (95.3%) between 2001 and 2010 in the United States [26].

The prevalence of silicosis was 12.9%; 18 workers had simple and 4 had
complicated silicosis among agate workers in Iran. There was a significant (p<0.05)
association of contracting silicosis and exposure duration in 2014 [19]. There were
incident silicosis 203 cases (23.28%) from the high risk group and 4 cases (0.46%) from
the low risk group in china, 2015 [27]. Moreover, the situation of silicosis in Thailand,
we found the incidence of silicosis that were found to be 9% of workers in stone
grinding factories in Saraburi, Thailand and had radiologic evidence of silicosis in 1995
[28]. The incidence of silicosis was 10.34% in stone crushing workers, followed by
9.68% in quarrying commnuities, and 3.48% in in quarrying workers in 2009 [29].
Limestone crusher factories were 4 silicosis-suspected subjects in 2014 [30]. A study
among stone-mortar and pestle workers in Thailand reported 19 subjects with silicosis
in 2014 [31]. In stone carving workers, the prevalence of radiographic change was 8.9%
(68 subjects). There were 66 subjects with parenchymal lesions and profusion (>grade
1/0 as for the ILO classification). Two subjects have pleural abnormalities.
Interestingly, 55 cases (68%) with radiographic abnormalities were compatible with

tuberculosis; 32% of whom showed no clinical evidence of tuberculosis in 2014 [32].



More recently, silicosis was reported to occur in 36.1% among Thai stone carvers in
2017 [33].

In the present, medical histories and radiological findings have been used to
diagnose silicosis. However, these findings were significantly found in the late stages of
the disease. Moreover, there is no effectively treatment for silicosis. Consequently, an
early diagnosis or prediction by biological markers might become very beneficial to
screen and monitor the disease before it is diagnosed by conventional approaches
[15,34-36]. A previous finding revealed that serum clara cell protein 16 (CC16) and
heme oxygenase-1 (HO-1), which serve as antioxidative, antiapoptotic and anti-
inflammatory activities in the lung lining fluid, were correlated with crystalline silica
exposure in the respiratory tract system as described elsewhere. Serum CC16 and HO-1
could be detected in the lung tissue after PMyo and crystalline silica exposed. There
found that the high concentration of PMyo and crystalline silica affects the lungs by
damaging the lining of the lung air sacs and lead to deterioration in functional
performance. Many researchers suggested that this protein helped prevent reactive
oxygen species (ROS) inducing airway inflammation from crystalline silica exposure,
which has a key role in the development of silicosis [34,37-41]. In addition, there were
associations of CC16 and HO-1 concentrations with declining pulmonary function.
Long-term and short-term exposure to high concentration of PMzg and crystalline silica
may compromise the integrity of the lung epithelium and lead to increased epithelial

barrier permeability in the lungs [41,42].

According to previous studies, PMyo and crystalline silica dust in working areas
and environment have been found to be associated with respiratory symptoms,
pulmonary function disorders, and silicosis [18-21,23]. Moreover, it is necessary to find
out the risk perception, preventive behavior and quality of life in order to the level of
risk perception has affects to change in self-protective behavior to avoid health risks.
Thus, the high level of self-protective behavior for crystalline silica exposure can help
to make better quality of life in both occupational workers and people living near the
sources as following risk perception and health related quality of life (HRQOL)
concepts [43-46].



In addition, it is imperative to find out whether or not people living in the
vinicity of stone mortar factories have risk perception as well as health risks awareness.
Frequent or prolonged exposure to crystalline silica often occurs as part of working or
living near the stone-mortar factories but many exposed persons might not be aware of
the potential health hazards from working and living in their familiar environment [47-
49]. The lack of awareness or the low level of perception means the low likelihood for
the individual to behave in self protective ways to avoid the harm from air pollution
[50,51]. Health is one of the most important aspects of their HRQOL which HRQOL
measurement are particularly important for health determinant indicators. Health and
HRQOL outcomes are used to evaluate the stone-mortar workers and communities.
Previous studies found that characterization of greater socio-economic disadvantage,
riskier health behaviors, and environmental degradation that were associated with
reduced HRQOL [52].

Stone-mortar process has used granite and sand stone for raw materials which
each process had generated PM1o containing crystalline silica by cutting and grinding
machine. Stone-mortar workers lived in Ban Sang Sub-district, Phayao Province, had 2
villages, namely, Village 6 - Ngio Nuea Village and Village 7 - Ngio Tai Village. Most
of the raw materials were granite and sand stone from Chiang Rai Province and Phayao

Province.

Stone-mortar production has been an informal labor intensive cottage industry
for a long time and PM1o containing crystalline silica from stone-mortar production
contains the harmful inhalable crystalline silica which can penetrate deep into the
respiratory tract system and cause such occupational lung disease as silicosis [10-12].
There were many stone-mortar workers infected by silicosis in 1972. Sixty-one stone-
mortar workers (9.0%) infected by silicosis, 13 of them (1.9%) infected by tuberculosis
in 1995 and one with tuberculosis and one with asthma in 2010. There were 3
invididuals with lung cancer and one with asthma in 2011, one with brain cancer and
lung cancer, one with asthma in 2013 and one with lung cancer in Phayao Province in
2014 [53]. In entering the area to carry out a pilot study and interview with Municipal

president of Ban Sang Sub-district, it was found that the stone-mortar making had been



done for 200 years. There were died from stone-mortar making every year. In addition,
researcher have been analysed the components of dust sample from polyvinyl chloride
(PVC) filter using scanning electron microscopy (SEM) and energy dispersive X-ray
spectroscopy (EDS). The results of the chemical components of dust were found silicon

(Si), aluminium (Al), chlorine (CI), iron (Fe), sodium (Na), and magnesium (Mg).

1.2 Rationale

Stone-mortar process has produced PMig containing crystalline silica which dust
can enter the lung's deep airways through respiratory tract system after that affects the
lungs by damaging the lining of the lung air sacs and the air sacs in the lungs (alveoli)
are damaged. PMzo containing crystalline silica has free radical and ROS activity which
can cause epithelial damage and pulmonary inflammation. These dusts causing illness
and premature death of respiratory disease, respiratory symptom disorders, decrease
pulmonary function and silicosis which those who often had exposed PM1o containing
crystalline silica in their working areas. Interestingly, serum CC16 and HO-1 could be
detected in the lung tissue after exposure to PMio and crystalline. These would be

affected on their health from the familiar environment making them non-aware of it.

Most importantly, stone-mortar worker had exposed PMzo and crystalline silica
in working areas for a long time and duration of exposure which found that stone-
mortar workers had health problems such as respiratory symptoms, pulmonary function
impairment, chest radiograph, and respiratory tract inflammatory. Moreover, the dose-
response assessment is the process of the risk assessment process quantitates the
hazards of what is relationship between the magnitude of dose and the response. Thus,
there is relationship between the dose of PMyg and crystalline silica and respiratory
disorders. These results could be used to identify the standard value for exposure to

PMj1o and crystalline silica and respiratory disorders in stone-mortar workers.

Moreover, the level of risk perception has affected on their behavioral change to
prevent the danger of their health and has better HRQOL. Besides, those with high



awareness on the health risk have better behavior in attempting to prevent themselves
from the air pollution than those with low awareness. It was also found that the
concentration of PMygo and crystalline silica cause the danger or inconvenience affecting
physical health and mental health of the individuals who had exposed in working area
and people living around the air pollution source. It had become the risk factors on
perception, emotion, thought, and behavior, and served as a significant indicator of
HRQOL.

1.3 Purposes of the study

Our study aimed to identify and examine as follow:

1.3.1 The exposure concentrations of PMyo and crystalline silica among stone-
mortar workers.

1.3.2 The health outcomes on the respiratory symptoms, pulmonary function,
chest radiographs and biomarkers among stone-mortar workers and people living
around stone-mortar factories.

1.3.3 The dose-response relationship between PM1o and crystalline silica with
respiratory disorders, CC16 and HO-1 levels among stone-mortar workers.

1.3.4 The risk perception and preventive behaviors of crystalline silica dust
exposure, and HRQOL in stone-mortar workers and people living around stone-mortar

factories.

1.4 Literature review

1.4.1 Situation of an occupational lung diseases

Occupational lung diseases resulted from maintaining occupation at risk of
breathing in dust, smoke, or poison in lung while working. These substances could
cause irritation or be left over in the breathing organ. Some could have infamed lung or
fibrosis. Some may have allergic responses such as asthma. While working, it breathing
in dust, inorganic substances, or mineral dusts would open for the chance of infamed

lung or fibrosis causing the lung disease technically known as pneumoconiosis which is



the general term for all occupational lung disease caused by silicosis and asbestosis, for
example [54].

There are 3 types of crystalline silica dust that causes silicosis. They are quarts,
cristobalite, and tridimite. In 1997, IARC had identified crystalline silica as quartz or or
cristobalite from occupational site as cancer caused substance or technically called
carcinogenic in humans (Group 1) [10,55]. Silicosis is a lung disease from the
workplace or pneumoconioses resulted from breating in crystalline silica or silicon
dioxide (SiO>) into body in form of very tiny dust via breathing in to be accumulated in
the lung’s airbag. The dust coming in lung airbag would cause the tissue reaction
causing inflammation and fibrosis pathology in the lung [10,56].

From the situation of silicosis in the Asia-Pacific region and the global, we
found that 1,437 decedents had silicosis as death or the underlying cause which were
aged 15-44 years and the most of 1,370 males (95.3%) between 2001 and 2010 in the
United States [26]. The prevalence of silicosis among agate workers was 12.9% (95%
confidence interval (Cl): 7.9%-18.0%); 18 workers had simple and 4 workers had
complicated silicosis. There was a significant (p<0.05) relationship between contracting
silicosis and exposure duration in Iran in 2014 [19]. There were 203 incident silicosis
cases (23.28%) from the high risk group (risk score>5.91) and 4 cases (0.46%) from the
low risk group (risk score<3.97) in China in 2015 [27]. Moreover, from the situation of
silicosis in Thailand, we found the incidence of silicosis that were found to be 9% of
workers in stone grinding factories in Saraburi, Thailand and had radiologic evidence of
silicosis in 1995 [28]. There were 10.34% in stone crushing workers as the incidence of
silicosis, followed by 9.68% in quarrying commnuities, and 3.48% in quarrying workers
in 2009 [29]. There were no lung lesions in of chest radiograph in stone mill workers
but the average of crystalline silica in stone mills were over the American Conference
of Governmental Industrial Hygienists (ACGIH) standard (0.025 mg/m?) in Northern
Thailand in 2012 [25]. There were 4 silicosis-suspected subjects and the increased
serum HO-1 level was specifically related to silica exposure and chest radiograph
finding independently from age and smoking status in limestone crusher factories in
2014 [30]. A study among stone-mortar and pestle workers in Thailand reported 19
subjects with silicosis [31]. In stone carving workers, the prevalence of radiographic

change was 8.9% (68 subjects) in 2014. There were 66 subjects with parenchymal



lesions and profusion (>grade 1/0 as per ILO classification). Two subjects have pleural
abnormalities. Importantly, 55 cases (68%) with radiographic abnormalitieswere
compatible with tuberculosis; 32 of whom showed no clinical evidence of tuberculosis
in 2014 [32]. More recently, silicosis was reported to occur in 36.1% among stone
carvers in Thailand in 2017 [33].

Medical histories and radiological findings have been used to diagnose silicosis;
however, these findings were significantly found in the late stages of the disease.
Moreover, there is no effectively specific treatment for silicosis. Consequently, an early
diagnosis or prediction by biological markers might become very beneficial to screen
and monitor the disease before it is diagnosed by conventional approaches [34-36].
Previous studies discovered that CC16 could be detected in the lung tissue after PM1o
and crystalline exposure. The high concentration of PMyo and crystalline silica affects
the lungs by damaging the lining of the lung air sacs and lead to deterioration in
functional performance [40,41]. In addition, there were associations of CC16
concentrations with declining pulmonary function. Long-term and short-term exposure
to high concentration of PMz1o and crystalline silica may compromise the integrity of the
lung epithelium and lead to increased epithelial barrier permeability in the lungs
[41,42].

The situation of respiratory symptoms in the Asia-Pacific region and the global,
we found that about one-third (32.7%) of the sandstone quarry workers attributed cough
with breathing difficulties as the most important symptom of silicosis. But some of the
respondents also mentioned fever for more than 15 days (20.5%), fever with loss of
weight (20.7%) or weakness, loss of appetite and fever in the evening (12.2%) as main
symptoms of silicosis in 2011 in Desert Ecology of Jodhpur, Rajasthan, India [18].
There were 20 workers (11.7%), which had symptoms consistent with chronic
bronchitis and 8 workers (4.7%) showed asthma and asthma-like symptoms in agate
grinding workers in Iran, 2014 [19]. The prevalence of asthma was 17.3%, chronic
bronchitis was 13.4%, chronic cough was 26.6%, emphysema was 5.6%, pneumonia
was 17.1% and wheeze was 24.7% in the exposed communities was higher than that of
the unexposed communities around mine dumps in Gauteng and North West Province,
in South Africa in 2015 [20]. There were respiratory symptoms among brick field

workers of West Bengal, India, which the prevalence of respiratory symptoms; dyspnea
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was 46.8%, phlegm was 39.2%, and chest tightness was 27.6% in 2015 [21]. The
situation of respiratory symptoms in Thailand, we found that the prevalence of all
respiratory symptoms of students in Naphralan school was statistically significant
higher than students in Bankoktoom, Saraburi Province in 2006 [57]. In 2014, Twenty-
five percent of the workers reported multiple respiratory symptoms including coughing,
phlegm, wheezing and shortness of breath whereas 35% had single symptom including
coughing, phlegm and shortness of breath among automotive part foundry workers [22].
The situation of pulmonary function in the Asia-Pacific region and the global,
we found that significant associations between exposure to concrete dust and a small
pulmonary function (FEV1/FVC ratio) loss were found in concrete workers of year 2001
in Netherlands [23]. Exposed workers compared to the unexposed group showed
significant reduction in FEV1, FVC and FEF2s.75% (p<0.05) at a cement factory in the
east of Iran in 2012 [24]. The most frequent disorder observed in spirometry was the
restrictive pattern (n=43, 30%) in agate grinding workers in Iran in 2014 [19]. There
was significantly lower (p<0.001) in pulmonary function when compared with control
group in among brick field workers, West Bengal, India in 2015 [21]. The situation of
pulmonary function in Thailand, we found that the correlation between serum HO-1
levels and crystalline silica levels was positive significance (r=0.419, p<0.01) whereas
the correlation between serum HO-1 levels and percentage of FEV1/FVC was negative
significance (r=-0.219, p<0.01) in 2012 in the stone mill workers, Northern Thailand
[25]. Pulmonary function test indicated that 24 percent of the workers had mild
restrictive lungs (decreased FVC, FEV1, FEF2s5.75%). coughing, phlegm and shortness of
breath were significantly associated with reduced pulmonary function (p=0.001, 0.034
and 0.024, respectively) among automotive part foundry workers in 2014 [22].
1.4.2 Exposure to occupational PM1o containing crystalline silica
1.4.2.1 General characteristics of PMyo and crystalline silica
PMyo is a complex mixture of extremely small particles and liquid
droplets that get into the air in the areas full of dust in the atmposphere. In general, there
are 4 main types, namely, 1) natural particle, 2) man-made particle emerged from
transportation, traffic, and construction, 3) particle emerged from industry, and, 4)
particle from other activities such as cleaning, food making, painting, for example
[2,58,59].
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Particulate matter could be devided into 3 types as follows [60]:

1) Total suspended particulate (TSP) which is referred to
particulate matter less than 100 micrometers in diameter regarded as large particle.

2) PMao which is referred to particulate matter less than 10
micrometers in diameter.

3) PM2s which referred to particulate matter less than two point
five micrometers in diameter.

Particle size could be classified by size into 2 groups. The first one is of
the particle which is too large to breath in called non-respirable particle which is
referred to the particle with the size larger than 10-15 micrometers which could be
screened out by nose hair and mucus to prevent it from getting down into trachea. The
particle smaller than 10 micrometers is the one that could pass through lower respiratory
organ. It is called resporable particle which could be further divided by its mass median
aerodynamic diameter (MMAD) into 3 groups. Group 1 is of the particple with the size
of 2.5-10 micrometers called coarse mode fraction which is always left over at upper
and midle respiratory tracts. Group 2 is of the particple with the size of 0.5-2.5
micrometers called fine mode fraction which could fall down to be left over at small
bronchial lung distal and sac. Group 3 is of the particle with the size smaller than 0.5
micrometers known as smallest particle which could be breathed in and out. Particles
emerged from grinding in mining industry has the size about 3-10 micrometers or larger
which is size of crystalline silica dust that could get into human body. Crystalline silica
which is breathed and could endanger lung is the tiny dust that could breathed in and
accumulated in lung air bags [16,61].

PM3o containing crystalline silica or SiO> as component would be found
in the industrial areas of stone making, mining, brick making, stone carving, stone
polishing, and stone grinding, and stone-mortar making [19,21,25,27,32]. The process
of each of the production could create the dust which has silica components or SiO;
spreading all over the working areas and surrounding communities.

From reviewing the literature and researches related to the measurement

on particulate matter and crystalline silica as summarized below:
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Danphaiboon et al. studied blood HO-1 levels in stone mill workers in
Upper North Thailand in 2012, which crystalline silica levels were 1.30, 1.99, 6.34,
1.10, 15.08, 15.91, 6.31, 11.25 and 1.67 mg/m? in 9 stone mill and crystalline silica
levels were over ACGIH standard (0.025 mg/m?) using spectrophotometer [25].

Franque Mirembo et al. studied respirable quartz exposure on two
medium-sized farms in southern Mozambique in 2013, which found respirable dust and
quartz ranged from 0.01 to 2.88 and 0.001 to 0.30 mg/m?3, respectively [62].

Nambunmee et al. studied increased serum HO-1 in silicosis-suspected
subjects in limestone crusher factories, Thailand in 2014, which crystalline silica was
0.94-27.03 mg/m® using spectrophotometer according to the National Institute for
Occupational Safety and Health (NIOSH) Method 7601 [30].

Nambunmee et al. studied serum heme oxygenase-1 level in silicosis
patients and stonemortar and pestle production workers, Thailand in 2014, which
crystalline silica level was 3.97-21.12 mg/m?® using spectrophotometer [31].

Omidianidost et al. studied assessment of occupational exposure to dust
and crystalline silica in foundries in Pakdasht, Iran in 2015, which found crystalline
silica ranged from 0.02 to 0.1 mg/m?®and crystalline silica concentration was higher than
NIOSH and ACGIH (0.025 mg/m®) using the method 7601 of NIOSH. Total dust
concentration average was higher than the allowed extent by Permissible Exposure
Limit (PEL) of the Occupational Safety and Health Administration (OSHA) [63].

From the literature review on the measurement on PMzo and crystalline
silica, the researcher had used the personal air sampling to measure about PM1o using
gravimetric method according to NIOSH method 0600 and crystalline silica using
spectrophotometer according to NIOSH method 7601.

1.4.2.2 Mechanism of crystalline silica on human health

1) Mechanism of silicosis

The breathed in crystalline silica could cause the danger if it is
less than ten micrometers in diameter. When silica dust accessing the lung air bag, the
lung tissues would be eaten up by macrophage in the lung air bag (Alveolar
macrophage). Macrophage would try to eat up the silica ore. As silica crystal is sharp, it
could break through the wall of lysosome in macrophage resulting the macrophage

finally brokendown releasing lysosome enzymes and chemotactic factor to activate
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fibroblast to build up fibrin and membrane in lung along with releasing silica ore. Other
macrophages would open for other macrophages to come in and eat up the ore. This
cycle could increase collagen and hyaline substances in lung as macrophage would eat
up silica and digest it causing its decay. Macrophage is a prime mechanism in eating up
and fighting with tuberculosis. Thus, when macrophage cells have decayed, silicosis
patients could easily have infected by tuberculosis causing silicosis patient to also
become tuberculosis patient [14-16].

2) Lung defense mechanism

All the time, breathing system would get in touch with air which
is extermal environment by breathing in air from outside atmosphere all the time. The
air having breathed in might contains various unknown matters which come in variety
of forms such suspended particle, aerosols, or gas which, in general, are smaller than 5-
10 micrometers. Consequently, they could be breathed in through lower respiratory tract
and lung air bag. The particles with the size of about 10 micrometers would be left over
in the nose and upper respiratory tract and could be got rid of by cough clearance
mechanism. Particle with 5 micrometer size could be left over in lower respiratory tract.
It can be removed by mucociliary clearance. Those with the size of 1-2 micrometers
would be left over in the lung air bag and could be got rid of by the process of alveolar
clearance. The particles less than 0.5 micrometers and other kinds of gass could be
breathed in with minimal leftover in the lung air bag. Lung defense mechanism includes
the physical ones to filter the contaminants to be left over at various levels of breath.
Automatic mechanisms are coughing, sneezing, or trachea narrowing, for example. The
crucial mechanism is mucociliary transport which utilizes cilia along the cells of
epithelium respiratory skin along with mucus released to cover the skin cell. Particles
left over in the lung air bag would be sucked in by phagocytosis process of alveolar
macrophage. The process functions as the mechanism get rid of foreign matters without
any exception [16,61,64].

3) Clinical description and sign & symptoms of silicosis

Silicosis could be classified along the lung pathology and over
common factors such as duration of encountering with crystalline silica dust, patient’s
individual factors, and amount of crystalline silica dust having been taken, into 3 types,
as follows [7,16]:
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3.1) Chronic silicosis - This type of silicosis could occur
with the ones encountering with crystalline silica dust for 10 years. The pathology of
this kind of silicosis could eventually occure starting from nodul resulted from having
got in exposure to crystalline silica dust for a long period of time. The patient had
breathed in the crystalline silica dust which has less than of 30% of quartz. The silica
crystals left over in lung would be eaten up by macrophage and removed to the lung air
bag or lymph nodes at the lung terminal. When macrophage died away, such area would
become the nodule composed of silica crystals in the lung tissues. Patients of this
category would not show any syndrome in first phase of time. Later on, however, they
would easily feel tired when getting physical exercise, the syndrome found among aging
people. The patients would begin with coughing with some but not much phlegm. The
syndrome is difficult to be sorted out from chronic bronchitis resulted from cigarette
smoking. Later, the patient might get dyspnea or shortness of breath which would be
more serious if the lung sizing down or atelectasis. The lung would be easily infected or
fibrosis. In the case joint tuberculosis, it could be found that patients could cough out
with blood, decreasing weight, or frequent dyspnea due to the membrane in lung to the
point he or she could not eat enough food. Finally, the patients could encounter with
respiratory failure particularly when they have leaks in lung (pneumothorax). In
checking physical conditions, no abnormality is found. In chest radiograph, abnormality
could be found when the person abnormality has last long. Some cases might take up 20
years to be found getting the problem. Consequently, there is a need for lab
examination. Simple silicosis would not show any sign after getting in exposure with
for 10-40 years. The person would not show any symptoms except when he or she has
also got chronic obstructive pulmonary disease (COPD). Most of them would show up
some syndrome when the disease has progresses generating membrane in lung
(progressive massive fibrosis). He or she would be tired and has strong coughing with
phlegm.

3.2) Accelerated or Subacute silicosis - This desease
could grow with faster rate than the chronic one taking about 5-10 years. One could get
it from breathing ni the dust that is with 40-80% of quartz. When getting more
crystalline silica dust into body, the patients would have the syndrome that looks

chronic but it has stronger impact than the first kind. The fibrotic nodules would be less
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than those of the chronic one and fibrosis would stick up the middle of of lung. The
deterioration of pulmonary function would be faster than that of the chronic one.

3.3) Acute silicosis - Patients with this type would fastly
get the syndrome for a few weeks to 5 years as they have got tremendous amout of
crystalline silica dust within short time period. The patients with history of getting in
touch directly with silica dust would be possible to get it. The disease pathology could
be visualized in form of dots distributed on both sides. The pathology is similary to that
of the chronic one except it comes up in the fast period of time and the silicotic nodule
is tinier. The symptom of lung disease might come up vary fast. After touching it for 1-
2 weeks, the patient would have trouble in breathing followed by having some dry
cough for 1-2 months. Later on, the patient would be encountered with chest oppression
and out of breath along with weight loss and could possibly die from heart failure.

4) Diagnosis criteria

The diagnostic criteria of occupational diseases commemorative
edition on the auspicious occasion of His Majesty the King’s 80" Birthday Anniversary
in 2007 for Pneumoconioses - Silicosis included 3 criteria as follows [17]:

4.1) The patient has work history in risk group
occupations interacting with the stone mineral dusts for at least 2 years.

4.2) From the chest radiograph on the chest, the patient
has some abnormality from profusion of 1/1 and up along the criterial of ILO system of
classification of radiographs of pneumoconiosis issued in 2011.

4.3) Having sign of pathology of lung biopsy or epidemic
evidence to support

In conclusion, PM1 and crystalline silica dust could get through
nose and neck to lung. Having been in exposure with it for a long period of time would
have negative strong impact on the individual’s health. From the researches done, it has
been found that getting in exposure to PMo and crystalline silica dust in the working
areas and environment could adverstly affect the respiratory symptoms, pulmonary
function, and leading to silicosis [18-21,23]. This is because all these PMio and
crystalline silica dusts would have reaction to the tissues in the lung decreasing the body
immunity. Besies body and mononuclear phagocyte in lung have less effectiveness

affecting health and wellbeing of the individual who directly gets in exposure to PM o
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and crystalline silica dust and those living in the community surrounding these sources
of air pollution. It affects respiratory system leading to coughing and symptoms of
lower respiratory system, heart system, brood vessel, eye system, skin system, and lung
cancer, for example. Particularly, in PMio containing crystalline silica dust could lead
one’s to silicosis. At the present, this disease has not specific curing approach to help
the silicosis patients to gain better condition nor completely cured. Nonetheless, early
detection is essential to detect and can help diagnosis and prognosis of the disease
[52,65-69].

1.4.3 Effects of crystalline silica on respiratory disorders

Respiratory disorders are the major health effect of PM1o containing crystalline
silica exposure in workers and people living around stone factories. PM1o containing
crystalline silica can cause short-term adverse health effects or acute symptoms and
long-term adverse health effects or chronic symptoms which could cause serious illness
and premature death [70]. PMyo is one-sixth of human hair diameter which it is
inhalable into the lungs and can induce adverse health effects. PMio could get deeper
into lower respiratory system. Particle or inhalable dust in working environment that has
many sizes and could affect health is particle breathed in by human into their respiratory
system. Health effects depends on size and components of the dust. When people get it,
it could affect many systems of health such as respiratory system which causes
coughing and symptom of lower respiratory system, heart system, and blood vessel such
as heart attack, arrhythmia, and heart failure, eye system, and skin system [71-73]. PM1o
also increases the risk of death from stroke and reduce the low birth weight. It could
increase the rate illness and premature death from respiratory disorders in heart system
and blood vessel along the concentration of the dust in the air. Silicosis and coal
workers’ pneumoconiosis could cause lung disease. Especially, the risk group such as
asthma patient and COPD patient could avoid exposure to sandstone dusts or crystalline
silica. Moreover, PM1o would access their body via breathing causing pneumonia,
emphysema, and, tuberculosis possibly leading to illness and premature death [66-
69,74].

Basing on literature and research review concerning the effects of crystalline

silica on respiratory disorders, the researcher had decided to study silicosis with chest
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radiograph, pulmonary function, respiratory symptoms, inflammatory biomarkers as
follow.

1.4.3.1 Effects of crystalline silica on chest radiograph

Using large film along the standard of ILO (International Classification
of Radiographs of Pneumoconiosis, 2011), the researcher found chest radiograph that
showed abnormality at the level of Profusion 1/1 and up, such as seeing small round
nodular lesion or fibrosis difused all over the lung particularly the upper part or lower
part of lung or limestone left over aroun hilar node [17,75].

From reviewing the literature and researches related to the measurement
on silicosis as summarized below:

Aungkasuvapala et al. studied silicosis and pulmonary tuberculosis in
stone-grinding factories in Saraburi, Thailand in 1995, which found the incidence of
silicosis that were found to be 9% of workers [28].

Danphaiboon et al. studied blood HO-1 levels in stone mill workers in
Upper North Thailand in 2012, which there were no lung lesions in of chest radiograph
in stone mill workers [25].

Nambunmee et al. studied increased serum HO-1 in silicosis-suspected
subjects in limestone crusher factories, Thailand in 2014, which there were 4 silicosis-
suspected subjects and the increased serum HO-1 level was specifically related to silica
exposure and chest radiograph finding independently from age and smoking status [30].

Nambunmee et al. studied serum HO-1 level in silicosis patients and
stonemortar and pestle production workers, Thailand in 2014, which there were 19
subjects with silicosis [31].

Rafeemanesh et. studied respiratory diseases among agate grinding
workers in Iran in 2014, which found the prevalence of silicosis among agate workers
was 12.9% (95% ClI: 7.9%-18.0%); 18 workers had simple and 4 had complicated
silicosis. There was a significant (p<0.05) relationship between contracting silicosis and
exposure duration [19].

Silanun studied the development of a disease surveillance system for
silicosis among stone carving workers in Thailand, which found the prevalence of
radiographic change was 8.9% (68 subjects). There were 66 subjects with parenchymal

lesions and profusion (>grade 1/0 as per ILO classification). Two subjects have pleural
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abnormalities. Importantly, 55 cases among 68 with radiographic abnormalitieswere
compatible with tuberculosis; 32 of whom showed no clinical evidence of tuberculosis
in 2014 [32].

Bang et al. studied silicosis mortality trends and new exposures to
respirable crystalline silica, United States in 2015, which found 1,437 decedents had
silicosis as death or the underlying cause which were aged 15-44 years and the most of
males 1,370 (95.3%) between 2001 and 2010 [26].

Tse et al. studied prediction models and risk assessment for silicosis
using a retrospective cohort study among workers exposed to silica in China in 2015,
which there were 203 (23.28%) incident silicosis cases from the high risk group (risk
score>5.91) and 4 (0.46%) cases from the low risk group (risk score<3.97) [27].

Silanun et al. studied orevalence of silicosis among stone carving
workers at Sikhiu District Nakhonratchasima Province, Thailand 2017, which silicosis
was reported to occur in 36.1% among stone carvers [33].

Basing on literature and research review concerning the chest
radiograph, the researcher had decided to use chest radiograph with ILO standard. In
addition, the researcher had checked the concerning disease to find out disease
associated with crystalline silica exposure as following:

1) Silicosis

The study conducted by Nambunmeee et al. (2014) reveal that
there were 4 silicosis-suspected subjects in chest radiography [30]. Torres et al. (2015)
found that 35.9% prevalence of pneumoconiosis in the subjects (42.3% in region 1 and
29.9% in region 2) [76]. Rafeemanesh et al. (2014) found that the prevalence of silicosis
was 12.9% (95% CI: 7.9%-18.0%); 18 workers had simple and 4 had complicated
silicosis [19]. Silanun (2014) found that the prevalence of radiographic change was
8.9%(68 subjects). There were 66 subjects with parenchymal lesions and profusion
(>grade 1/0 as per ILO classification). Importantly, 55 cases among 68 with
radiographic abnormalitieswere compatible with tuberculosis; 32 of whom showed no
clinical evidence of tuberculosis [32].

2) Lung cancer

The study conducted by Ross and Murray (2004) found that coal

workers' pneumoconiosis, asbestos related diseases, lung cancer and other occupational
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respiratory diseases remain of considerable importance even after mining operations
cease. While mining exposures contribute significantly to lung disease, smoking is a
major factor in the development of lung cancer and chronic obstructive airways disease
necessitating a comprehensive approach for prevention and control of mining-related
occupational lung disease [77].

3) Tuberculosis

From the study carried out by Rees and Murray (2007) found that
exposure to crystalline silica dust causes multiple diseases that silicosis and silica dust
associated tuberculosis [78]. Milovanovi¢ et al. (2011) had stated that tuberculosis was
the incurrent disease mostly found along silicosis. In the case silicosis patient with
whom tuberculosis was found with silicosis is called silicotuberculosis [79].

4) Other diseases

The study conducted by Chaisabai et al. (2012) found that asthma
1.7%, bronchitis 1%, emphysema 1.7%, pneumonia 0.1% and allergy 1.4% [80].

1.4.3.2 Effects of crystalline silica on pulmonary function
PMio and crystalline silica dust could get through nose and neck to lung.

Having been in exposure with it for a long period of time would have negative strong
impact on the individual’s health. From the researches done, it has been found that
exposure to PMjo and crystalline silica dust in the working areas and environment
conditions could adverstly affect the respiratory symptoms, pulmonary function, and
leading to silicosis [18-21,23]. Therefore, the pulmonary function test had the objectives
to survey the performing ability of lung such as checking if the volume and capacity of
pulmonary normally function or to what extent is fails to let the air to float through the
lung, its ability in gas converting, for example [81]. The diagnostic criteria of
occupational diseases commemorative edition on the auspicious occasion of His
Majesty the King’s 80" Birthday Anniversary had stated that, in initial period, from the
chest radiography, there was nothing abnormal. When the decease expanded, there
might be some evidence of restriction and deceasing diffusion. In certain cases, the
irreversible airway obstruction was also found. The level of severity is relative to the
level of abnormality. Though the individual might no longer get in exposure to PMio
and crystalline silica dust and, as technically known. The lung capacity had still

continuously deteriorated, however [17].
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From reviewing the literature and researches related to the measurement
on pulmonary function as summarized below:

Meijer et al. studied respiratory effects on concrete dust containing
crystalline silica in the Netherlands in 2001, which found the significant associations of
exposure to concrete dust with a small pulmonary function (FEV1/FVC ratio) loss [23].

Nordby et al. studied exposure to thoracic dust, airway symptoms and
lung function in cement production workers in 2011, found that FEV1 showed an
exposure-response relationship with a 270-mL deficit of FEV1 (95% CI 190-300 mL) in
the highest compared with the lowest exposure level [67].

Danphaiboon et al. studied the situation of pulmonary function in the
stone mill workers, Upper North Thailand in 2012, which found the correlation between
serum HO-1 levels and percentage of FEV1/FVC was negative significance (r= -0.219,
p<0.01) [25].

Kakooei et al. studied respiratory health at a cement factory in the east of
Iran in 2012, which showed significant reduction in FEV1, FVC, and FEF2s.75% (p<0.05)
in exposed workers compared to the unexposed group [24].

Patto et al. studied the abnormality of pulmonary function from
crystalline silica dust exposure who worked in automotive part foundry, Thailand in
2014, which found pulmonary function test indicated that 24 percent of the workers had
mild restrictive lungs (decreased FVC, FEV1, FEF2s.75%). Cough, phlegm and shortness
of breath were significantly associated with reduced lung function (p=0.001, 0.034 and
0.024, respectively) [22].

Rafeemanesh et al studied respiratory diseases in agate grinding workers
in Iran in 2014, which found most frequent disorder observed in spirometry was the
restrictive pattern (n=43, 30%) [19].

Das studied pulmonary function values among the brick field workers of
West Bengal, India in 2015, which there was significantly lower pulmoray function in
workers when compared with control group (p<0.001) [21].

From reviewing the literature and researches related to the measurement

on pulmonary function, the researcher had decided to use spirometer for pulmonary
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function test and checked the pulmonary function to find out about FVC, FEV;, and
FEV//FVC.
1.4.3.3 Effects of crystalline silica on respiratory symptoms
Silicosis is the disease resulted from the exposure of sandstone dust or
crystalline silica. When silica eventually penetrates the body into respiratory system and
lung for a long period of time, it would accumulate more and cause of death from
chronic disease [14,15]. At the beginning, the simple silicosis would not cause any
symptom nor be tackled but could be monitored in form of nodules appearing in chest
radiographs. At this stage, chest radiographs would not show any abnormality but if the
person has increasing got in crystalline silica exposure, it could be come a progressive
massive fibrosis and would begin to feel it [16,82]. Another effect is the pulmonary
function volume having been reduced leading to shortness of breath, coughing, pain in
the chest, when minimally exerting, heart working hard leading the death possibility in
5-10 years, etc. All these, however, depend on heath of the workers, amount and
proportion of pure sandstone. Acute symptoms are mostly found among the workers
who work in the areas full of sandstone dusts or factory which is all closed up without
any good ventilation. Working in such condition for only 8-18 months, one could get
the symptom of shock, uncomfortableness, stress, darkening skin due to the lack of
oxygen, short breathing, fast breathing, etc. during which tuberculosis might come up
[7,16].
From the study conducted by Patto et al. (2014), it was found that
25% of the workers had got many symptoms related to respiratory system such as
coughing, having phlegm, wheezing, and shortness of breath while 35% had one
syndrome - coughing, having phlegm, and shortness of breath which were significantly
related to decreased pulmonary function (p=0.001, 0.034 and 0.024, respectively) [22].
Das (2015) had found that the syndrome of respiratory system among the brickworks
comparing to control group was less with p<0.001 and the prevalence of respiratory
system syndrome including the dyspnea was 46.8%, having phlegm was 39.2%, and
oppression in the chest was 27.6%. Exposure to the dust in the working environment
had affected the lung capacity and respiratory system of the brick workers [21]. Besides,
NKkosi et al. (2015) [20] also found that the elders who had been exposed to the dust
would had higher prevalence, with statistical significance, of chronic respiratory system
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and other chronic diseases than those unexposed ones [20]. This shows that residing
near mine dumps has significant relationship with asthma (Odd Ratio (OR)=1.57; 95%
Cl: 1.20-2.05), chronic bronchitis (OR=1.74; 95% CI: 1.25-2.39), chronic cough (OR =
2.02; 95% ClI: 1.58-2.57), emphysema (OR = 1.75; 95% CI: 1.11-2.77), pneumonia (OR
= 1.38; 95% CI: 1.07-1.77) and wheeze (OR = 2.01; 95% CI: 1.73-2.54). Those who
lived in the community were current smokers, previous smoker, and had low level of
education were at risk to getting chronic respiratory system and other chronic diseases.
This has shown that chronic syndrome of respiratory system and other chronic diseases
were frequently found among elders residing in the community near the mine.

From reviewing the literature and researches related to the measurement
on respiratory symptoms as summarized below:

Moondee et al. studied the situation of respiratory symptoms in Saraburi
Province, Thailand in 2006, which found that the prevalence of all respiratory
symptoms of students in Bankoktoom school was statistically significant lower than
students in Naphralan school [57].

Yadav et al. studied the sandstone quarry workers in desert ecology of
jodhpur, rajasthan, India in 2011, which found that about one-third (32.7%) of the
sandstone quarry workers attributed cough with breathing difficulties as the most
important symptom of silicosis but some of the respondents also mentioned fever with
loss of weight (20.7%) or weakness, fever for more than 15 days (20.5%), loss of
appetite and fever in the evening (12.2%) as main symptoms of silicosis [18].

Patto et al. studied the abnormality of pulmonary function from
crystalline silica dust exposure who worked in automotive part foundry, Thailand in
2014, which found 25 percent of the workers reported multiple respiratory symptoms
including cough, phlegm, wheezing and shortness of breath whereas 35% had single
symptom including coughing, phlegm and shortness of breath among automotive part
foundry workers [22].

Rafeemanesh et al. studied respiratory diseases in agate grinding workers
in Iran in 2014, which found that 20 workers (11.7%) had symptoms consistent with
chronic bronchitis and 8 workers (4.7%) showed asthma and asthma-like symptoms in

agate grinding workers in Iran [19].
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Das studied respiratory symptoms among brick field workers of West
Bengal, India in 2015, which the prevalence of respiratory symptoms, dyspnea was
46.8%, phlegm was 39.2%, and chest tightness was 27.6% [21].

Nkosi et al. studied chronic respiratory disease among the elderly in
South Africa in 2015, which found the prevalence of chronic cough was 26.6%, wheeze
was 24.7%, asthma was 17.3%, pneumonia was 17.1%, chronic bronchitis was 13.4%,
emphysema was 5.6%, and in the exposed communities was higher than that of the
unexposed communities around mine dumps in Gauteng and North West Province, in
South Africa [20].

From the literature review on abnormalities of the respiratory symptoms
from PMo and crystalline silica exposure, the researcher had used the questionnaire to
survey about the respiratory symptoms with American Thoracic Society Division of
Lung Diseases (ATS-DLD 78A).

1.4.4 Biomarkers of crystalline silica exposure

At present, diagnosis of silicosis includes medical history, and radiographic
results, which has no effective treatment with one-time diagnosis. Diagnosis and
prenatal diagnosis for these diseases are advantageous for treatment. As a result, testing
with biological indicators is essential as it can help in diagnosis and identification
before the disease occurs [34,35].

Pathologic mechanisms of silicosis are caused by the inhalation of crystalline
silica. Exposure to PM1o containing crystalline silica can enter a nose, throat, and lungs
if exposed for a long period of time. After inhalation, silica particles are quickly
engulfed by alveolar macrophages and in response these cells release inflammatory
mediators. The pathologic mechanisms of silicosis were caused by sandstone dust
which accumulated into lung biopsy. Body reaction to sandstone dust led to
inflammation. Body builds up white blood cell to eat up the sandstone dust, generating
cytokine, secretions, and free radical particularly alveolar, macrophage, and monocyte.
However, at the sandstone dust is an inorganic compound, it is hart to destroy. When
white blood cells eat upthe small sandstone dust, it would create tremendous amount of
free radicals in the cells causing their necrosis before release the sandstone dusts getting
out of white blood cell to lung biopsy waiting for other white blood cells to eat up. The

cell dies and free radicals increase leading the cycle for the cells and lung biopsy to
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create lipid peroxidation. Deoxyribonucleic acid (DNA) damages organelle which, for a
long period of time, would create abnormal collagen and the emergence of membrane
(fibrosis) to the point that lung could not function normally [83]. It is evident that CC-16
and HO-1 has antioxidative, antiapoptotic and anti-inflammatory activities in the lung
lining fluid. All these biomarkers are sensitive enough to detect crystalline silica dust in
respiratory tract [34].

CC16 is a 16-kDa homodimeric protein secreted in airways by non-silicated
clara cells of the tracheobronchial tree [39]. CC16 increasingly reflect the very early
toxic effects of silica particles to protect the respiratory tract against oxidative stress and
inflammation in the human respiratory epithelium [34,39]. Consequently, in this study,
the biological indicators for abnormality of respiratory system would utilize the CC-16
in serum as biomarker. Clara cell is a type of respiratory mucosa cell that could produce
CC-16 protein in the respiratory system during the time respiratory system and lung
have been inflamed opening for CC-16 running into blood stream. Thus CC-16 could
serve as the biomarker at the beginning period of abnormality in respiratory system.
Normally, CC-16 in healthy people would take about 21.7 to 27.9 ug/L [84].

The HO-1 is a stress response protein and acts as an antioxidant enzyme. Many
researchers suggested that this protein helped prevent ROS inducing airway
inflammation from crystalline silica exposure, which has a key role in the development
of silicosis [34,40]. The reduction of antioxidant enzymes such as superoxide dismutase
(SOD), HO-1, catalase, glutathione reductase and peroxidase was involved in the

toxicity mechanism of silica as described elsewhere [85,86].

These mechanism of serum CC16 and HO-1 can identify suitable biomarkers of
exposure, effect, and susceptibility for silicosis. In the present, Silicosis diagnosis is
based on clinical history and radiological findings that do not have effective treatment
and once diagnosed [35]. Early diagnosis and prognosis for these diseases is advantage
to their treatment. Therefore, biomarker detection is the potential things due to it can

indicate early prognosis of these diseases [34].

From reviewing the literature and researches related to the measurement on

serum CC16 and HO-1 biomarkers of crystalline silica as summarized below:
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Bernard et al. studied early decrease of serum clara cell protein in silica-exposed
workers in 1994, which serum CC16 concentration was decreased in exposed workers
(geometric mean 12.3 micrograms) with in controls (16.3 micrograms) [38].

Sato et al. found that serum HO-1 levels were significantly increased in subjects
with silicosis compared with age-matched control subjects or patients with COPD in
2006 [40].

Wang et al. studied serum CC16 in the early diagnosis and progression of
silicosis in 2007, which serum CC16 concentrations decreased in exposed workers
compared to controls using enzyme-linked immunosorbent assay [87].

Ruchirawat et al. studied health effects of exposure to carcinogenic volatile
organic compounds in Rayong Province, Thailand in 2010, found that CC16 levels in
serum in serum could serve as the indicator of inflammation of respiratory at beginning
period and low CC16 levels in serum. The low CC16 levels could serve as the indicator
of exposing to pollution affecting respiratory system for a long period of time [84].

Snyder et al. found clara cells in 2010 can attenuate the inflammatory response
through regulation of macrophage behavior, and suggest that epithelial remodeling
leading to reduced clara cell secretory function is an important factor that increases the
intensity of lung inflammation in chronic lung disease [88].

Nambunmee et al. studied biological markers application in silicosis risk
screening in 2015, found that HO-1 was proposed as a potential biomarker for silicosis
in order to HO-1 related to oxidative stress in lung tissue caused by silica dust exposure.
He said that quantity of CC-16 serum among the individuals who had been exposed to
sand stone dust was 12.3 micrograms per liter compared with 16.3 micrograms per liter
of control group differencing at statistical significance level. The decrease of CC-16 in
the workers having been exposed to sand stone dust is the signal indicating the change
at the beginning level of lung issue after expose in sand stone dust. Moreover, there is
also a relationship between lung inflammation and chronic pneumonia and level of CC-
16 in patients [83].

Basing on literature and research review concerning biomarkers of crystalline
silica, the researcher had decided to use CC16 and HO-1 as the mean of analyzing the

substance.
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1.4.5 Risk perception and preventive behavior of inhalable dust exposure

1.4.5.1 Risk perception of inhalable dust exposure

The perceived level of air pollution in occupational or living
environments affects to change in self-protective behavior to avoid health risks.
Empirically, it has been found that air quality perception (AQP) varies positively with
health risks perception and low level of AQP results in low level of self protective
pursuits. In other words, people having high level of awareness about health risks from
air pollution tend to have stronger self-protective behaviors than those having low level
of awareness. As a result, it is imperative to find out whether or not people living in the
neighborhood of stone-mortar factories have risk perception as well as health risks
awareness. The lack of awareness or the low level of perception means the low
likelihood for the individual to behave in self protective ways to avoid the harm from air
pollution [43-47,89].

Furthermore, it has been found that AQP varies positively with health
risks perception and that low levels of AQP result in low levels of self protective
pursuits. In other words, people having a higher level of awareness regarding health
risks from air pollution tend to have stronger self-protective behaviors. The present
research found that perceptions of the overall environmental changes and negative
physical changes in 2011 were 39.3% and 43.0% respectively among people who living
around the mining industry, Chonburi Province. Moreover, the environmental changes
due to the mining industry had an influence on healthproblems including allergies,
respiratory health problems, and silicosis [90]. The average score of perceived air
pollution level was 46.9 (95% CI = 46.0 to 47.8) in Viwandani and 41.4 (95% CI = 40.9
to 41.9) in Korogocho. The average score for perceived level of health risk related to air
pollution was 43.6 (95% CI = 42.7 to 44.5) in Viwandani and 44.6 (95% CI = 44.1 to
45.1) in Korogocho, Nairobi Slums, Kenya, 2013 [44]. Women in the agricultural
community had significantly increased physical health, mental health and 36-item short
form (SF-36) scores compared with those in the mining community among indian
women in mining and agricultural communities in 2013 [65]. Therefore, the ILO/World
Health Organization (WHO) joint committee on occupational health launched in 1995 a
global programme on the elimination of silicosis from the world by 2030 [13].
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As perception can be influenced by the distance from pollution sources,
this spatial dimension becomes a focal point in this study. Although by nature and from
various reports ambient air pollutants concentration will be high at and around the point
source of pollution, the air pollutants can be dispersed to more remote communities at
high concentrations and thus can pose health risks to the residents there [69,91]. To
tackle this issue, many researches have applied geographic information system (GIS)
technique for mapping the spatial dispersion and concentrations of air pollutants
generated from a point source, or for studying the relationship between distance and air
quality or health risks perception of residents in the affected area. However, from
literature review, meager studies and researches have been undertaken related to the
implications of stone mortar production as it is generally an informal cottage industry in
various developing countries where appropriate occupational and environmental health
protective measures are still lacking [92-94].

From reviewing the literature and researches related to the
measurement on risk perception of exposure to PMyo and crystalline silica dusts as
summarized below:

Deguen et al. studied association between pollution and public
perception of air quality-SEQAP, a risk perception study in France in 2008, found that
AQP score increased with the particles level. However, the association between PM1o
and AQP score remained significant after exclusion of these susceptible groups. AQP
was significantly association with ozone (p=0.001), but only in the summer season [95].

Badland et al. (2009) studied perceptions of air pollution during the
work-related commute by adults in Queensland, Australia in 2009, found that 45% of
the subject perceived air pollution negatively affected health outcomes when
commuting to/from work, and 3% recognised air pollution as a major barrier to walking
or cycling to/from work [96].

Pokawinpudisnun et al. studied dust hazard risk perception and
protection behaviors among ceramic factory workers in 2009, found that 84.2% of the
subjects had overall dust hazard risk perception at a high level. The aspect of dust
hazard risk perception including knowledge of health hazard from dust exposure,
awareness of dust exposure prevention, and cause of dust were also reported at a high
level (67-85%) [97].
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Kumpiranont et al. found that perceptions of environmental and
negative physical changes in 2011 were 39.3% and 43.0% respectively. Impact upon
health and the negative impact upon health were found to be 35.2% and 39.5%
respectively. People who lived less than or equal to 1 kilometer from the mining area
had significantly different perceptions (p<0.05) when compred to those who more than
1 kilometer from the mining area about environmental changes and their negative
impact upon health [90].

Shi and He studied the environmental pollution perception of residents
in coal mining areas: a case study in the Hancheng mine area, Shaanxi Province, China
in 2012, found that the majority of the residents in the coal mine area are not satisfied
with their living environment. The perception order of pollution severity is: air pollution
> noise pollution > sanitation > water pollution. The residents think that pollution is
mainly caused by coal processing [47].

Egondi et al. studied community perceptions of air pollution and
related health risks in Nairobi Slums in 2013, found that the average perceived air
pollution level was higher among residents in Viwandani compared to those in
Korogocho. Perceived air pollution level was positively associated with perceived
health risks [44].

Charles et al. studied a cross-sectional survey on knowledge and
perceptions of health risks associated with arsenic and mercury contamination from
artisanal gold mining in Tanzania in 2013, found that knowledge and risk perceptions
concerning mercury and arsenic exposure, with 40.6% (n=65) and 89.4% (n=143) not
aware of the health effects of mercury and arsenic exposure respectively [48].

Omanga et al. studied industrial air pollution in rural Kenya:
community awareness, risk perception and associations between risk variables in 2014,
found that a significant association between industrial pollution as a risk and, perception
of risk from other familiar health hazards. The most important factors influencing the
respondents' pollution risk perception were environmental awareness and family health
status [49].

Basing on related literature review on perception on the health risk

from exposure to PMio and crystalline silica dusts, the researcher had used the
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questionnaire on perception on health risk. Moreover, our literature reviews found that
factors associated with risk perception by crystalline silica exposure as follow:

1) Sex

From the study conducted by Kumpiranont et al. it was found that
most of the workers in 2011 were females (75.6%), followed by males (24.4%) [90].
Chanprasit et al. had found that most of the workers in 2011 was females (80.34%) [97]
and Shi and He found that most of them in 2012 were males (56.8%) followed by
females (43.2%) [47].

2) Age

From the study conducted by Kumpiranont et al., it was found
that most of them in 2011 were between 49-77 years old (57.0%) followed by 7-48
years old (43.0%) [90]. Chanprasit et al. found that most of them in 2011 were 18-60
years old and average age of 35.74 years [97]. Shi and He found that most of them in
2012 were 30 years old and older (36.3 %) followed by 30-40 years old (27.5%) and
41-50 years old (18.7%) [47].

3) Education

From the study conducted by Kumpiranont et al., it was found
that most of them in 2011 had completed secondary education (51.3%) followed by
certificate of vocation education (33.5%) [90]. Chanprasit et al. (2011) found that most
of them in 2011 were with primary education [97]. Shi and He found that most of them
in 2012 were with secondary education (39.9%) followed by primary education (32.8%)
[47].

4) Marital status

From the study conducted by Chanprasit et al. found that most of
them in 2011 had married [97].

5) Occupation

From the study conducted by Kumpiranont et al., it was found
that most of them in 2011 were employees (47.9%) followed by house keeper (28.1%)
[90]. Xingmin Shi and Fei He (2012), it was found that most of them in 2012 were
freelance (25.1%) followed by industry and mining employees (22.0%) [97].
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6) Length of living in the community

From the study conducted by Kumpiranont et al., it was found
that most of them in 2011 resided in the area for 1-40 years (53.0%) followed by resided
in area for 47-77 years (47.0 %) [90].

7) Income

From the study conducted by Geer et al., it was found that most
of them in 2006 had 35,000-49,000 USD yearly income (41.6%) followed by 50,000-
74,000 USD yearly income (27%), 74,000 USD (15.7%), and less than 35,000 USD
yearly income (15.7%) [98]. Chanprasit et al. had studied and found that most of them
in 2011 had 3,000-9,000 Baht per year [97].

1.4.5.2 Preventive behavior of inhalable dust exposure

Health behavior, according to WHO, is referred to any behavior carried
out by individual or his/her health perception aiming at promoting health care and
preventing the problems in effective way [99].

From reviewing the literature and researches related to the measurement
on preventive behavior of exposure to PM1o and crystalline silica dusts as summarized
below.

Pokawinpudisnun et al. studied dust hazard risk perception and
protection behaviors among ceramic factory workers in 2009, found that with regard to
protection behaviors, 82.8% of the subjects had overall protection behaviors at a
moderate level. Regarding each aspect of protection behaviors, 74.3% of the subjects
had work practice at a moderate level while 58.3% of the sample used personal
protective equipment at a high level. In addition, it was found that overall dust hazard
risk perception showed positive significant relationship with overall protection behavior
at a low level (p<0.01). Each aspect of dust hazard risk perception was also found to be
positive significant relationship with overall protection behavior at a low level (p<0.05
and p<0.01) [97].

Ahmed et al. studied dust exposure and respiratory symptoms among
cement factory workers in the United Arab Emirates in 2012, found that the few
workers (19.5%) who used masks all the time had a lower prevalence rate of respiratory
symptoms than those not using them. High dust level was the only variable that

influenced the workers to use the mask all the time [100].
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Siripanich et al. studied incense and joss stick making in small household
factories, Thailand in 2014, found that only 3.9% of female workers used personal
protection equipment [101].

Basing on related literature review on self-protecting behavior from
exposure to PM1o and crystalline silica dusts, the researcher had used the questionnaire
on self-protecting behavior. Moreover, our literature reviews found that factors
associated with preventive behavior by crystalline silica exposure as follow:

1) Sex

From the study conducted by Chanprasit et al., it was found that
most of them in 2011 were females (80.34%) [97]. Siripanich et al., it was found that
most exposed group in 2013 were males (88.8%) followed by females (11.2%) [101].

2) Age

From the study conducted by Chanprasit et al., it was found that
most of them in 2011 were 18-60 years old (35.74%) [97]. Siripanich et al., found that
most exposed group in 2013 were 15-34 years old (21.9%) followed by 35-54 years old
(62.5%) and those who were more than 55 years (15.6%) [101].

3) Education

From the study conducted by Chanprasit et al., it was found that
most of exposed group in 2011 had primary education [97]. Siripanich et al. found that
most of them in 2013 had primary education (74.5%), followed by with secondary
education level (19.4%), undergraduate education or higher (4.1%), no education
(2.0%) [101].

4) Marital status

From the study conducted by Chanprasit et al., it was found that
most of them in 2011 had been married [97]. Siripanich et al. found that most of them in
2013 had been married (83.7%), single (14.3%), divorced or separated (2.0%) [101].

5) Income

From the study conducted by Chanprasit et al., it was found that
most of them in 2011 had yearly income of 3,000-9,000 baht [97].
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6) Working steps

From the study conducted by Chanprasit et al., it was found that
most of them in 2011 were at the step of coating and decorating (44.66%) and at the
step of modeling (38.83%) [97].

7) Working duration

From the study conducted by Chanprasit et al., it was found that
most working duration in 2011 was 1-5 years (39.56%) followed by 6-10 years
(33.98%), and 6 months-20 years (26.46%) [97]. Siripanich et al. found that most of
dust exposure in 2013 had more than 10 years of working duration (71.9%) followed by
those with less than 10 years (28.1%) [101].

8) Working hours per week

From the study conducted by Chanprasit et al., it was found that
most of them in 2011 had 48 working hours or less per week (87.14%) [97].

9) Smoking

From the study conducted by Siripanich et al., it was found that
most of the dust exposure in 2013 did not smoke (61.2%) followed by still smoking at
the present (38.3%) [101].

10) Alcohol drinking

Siripanich et al. found that most of the dust exposure in 2013 had
drunken alcohol (55.1%) followed by non-alcohol drinking (44.9%) [101].

11) Personal protective equipments

From the study conducted by Chanprasit et al., it was found that
most workers in 2011 used dust preventing tools (94.42%). The tools included nose
mask which was occasionally used (60.67%), mask all the time (39.33%). Some
prevented themselves from the dust by not working in the place which was full of dust
(69.90%) [97]. Siripanich et al. found that most workers in 2013 appropriately dress
such as wearing long-handed shirt and long-legged pants (74.5%), wearing cotton
gloves (5.9%), cotton mask (3.9%), washing hands before eating or drinking (80.4%),
taking a shower before taking lunch or dinner (39.3%) [101].
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1.4.6 Health related quality of life concept

The concentration of PMio could cause danger or inconvenience affecting
physical health and mental health of workers and residents living surrounding source of
the air pollution [71,102]. As risk factors on stress, emotion, thought, and behavior are
crucial indicators of HRQOL, they could serve as the predictors of quality of life of the
people residing nearby air pollution sources both of physical health and mental health as
well [65,103].

Moreover, it has been found that the people residing nearby the air pollution
source both in urban or rural areas would get its impact on physical health and mental
health and quality of life in general [52,103]. They have problems on their mental health
and physical health than those living far away from them basing on SF-36 scale
[65,103]. For those who live in the rural areas, it was found that their level of education
and knowledge was not sufficient for effectively and efficiently controlling the air
pollution [4]. There are many researches applying GIS to study on the environment that
affects the resident’s health and epidemiology. GIS could be used to accurately measure
the areas and distance from residing area to the sources of air pollution affecting health
and quality of life of the people residing nearby the air pollution sources as well [104-
107].

Health is an important factor of good quality of life. Consequently, the
measurement of HRQOL is necessary. Besides, health life quality is also an important
health outcome. The quality of life assessing tools having generally been used come
two types: the one measuring a single aspect or the one measuring many aspects. The
one to measure many aspects would focus on SF-36 and World Health Organization
Quality of Life- BREF version (WHOQOL-BREF) has been widely used in Thailand.
SF-36 is a tool for assessing life quality in general widely used all over the world. It has
validity and reliability and has been translated into many languages all over the world
including Thai. SF-36 is the questionnaire constructed by Ware, et al., in United States
of America. It has 36 items classified into 8 dimensions, namely, physical functioning
(PF), role limitation due to physical problems (RP), role limitation due to emotional
problems (RE), bodily pain (BP), mental health (MH), vitality (VT), social functioning
(SF), and general health (GH) perceptions [108-110].
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From reviewing the literature and researches related to the measurement on
quality of life to PM1o and crystalline silica exposure as summarized below:

Ware and Gandek, studied overview of the SF-36 health survey and the
international quality of life assessment (IQOLA) project in 1998, found that SF36 health
survey evaluated validity and reliability and provides administrative and interpretation
guidelines for the SF-36 [108].

Jenkinson et al. studied assessment of the SF-36 version 2 in the United
Kingdom in 1999, found that internal consistency of the different dimensions of the

questionnaire were found to be high [111].

Yamazaki et al. studied association between ambient air pollution and health-
related quality of life in Japan in 2005, found that SF-36 is important for, and needed
by, public health policy makers, because assessing the health effects of air pollution by
measuring the HRQOL would provide a new method for formulating air pollution
policies [112].

Zullig et al. studied a comparative analysis of HRQOL for residents of U.S.
counties with and without coal mining in 2010, found that residents of coal-mining
counties inside and outside of Appalachia reported significantly fewer healthy days for
both physical and mental health, and poorer self-rated health (p<0.0005) when
compared with referent U.S. non-coal mining counties, but disparities were greatest for

people residing in Appalachian coal mining areas [52].

Liu et al. studied determination of ameliorable health impairment influencing
health-related quality of life among patients with silicosis in China in 2011, found that
median 36-item short-form health survey physical component (PCS) and mental
component (MCS) scores were 47.17 and 51.05, respectively. Lower than median PCS
scores (<47) were significantly associated with high levels of symptom and activity
impairment. Lower than median MCS scores (<51) were significantly associated with

high levels of depression and activity impairment [113].

Zullig et al. studied HRQOL among central appalachian residents in

mountaintop mining counties, found that residents of mountaintop mining counties
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reported significantly more days of poor physical, mental, and activity limitation and
poorer self-rated health (p< 0.01) compared with the other county groupings [114].

D'Souza et al. studied factors associated with HRQOL among Indian women in
mining and agriculture in 2013, found that women in the agricultural community had
significantly increased physical health, mental health and SF36 scores compared with
those in the mining community. Years of stay, education and employment were
significant predictors among women in the agricultural community. 39% (33%) and
40% (26%) of the variance in physical and mental health respectively among women in
agricultural and mining communities are predicted by the structural, health and

psychosocial variables [65].

Having reviewed the literatures and researches relating to HRQOL, the
researcher had decided to use the questionnaire of SF-36. Moreover, our literature
reviews found that factors associated with quality of life by crystalline silica exposure

as follow:
1) Sex

From the study conducted by Yamazaki et al., it was found that the dust
exposure in 2005 were equally males and females (50% each) [112]. Liu et al. (2011)
found that they were males (75.5%) and females (24.5%) in 2011 [113]. Han et al.
found that they were males (77.47%) and females (22.53%) in 2013 [115].

2) Age

From the study conducted by Yamazaki et al., it was found that most
workers in 2005 were 40-49 years old (21%), followed by 50-59 years old (20%), and
less than 30 years old (19%) [112]. D'Souza et al. found that most of them in 2013 were
30-39 years old followed by less than 30 years old [65]. Han et al., it was found that
most workers in 2013 were more than 60 years old (87.96%), followed by less than 60
years old (12.04%) [115].

3) Marital status

From the study conducted by D'Souza et al, it was found that most
workers in 2013 were married followed by separated/divorced [65]. Han et al. found
that most of them in 2013 were married (77.16%) followed by divorced (22.84%) [115].
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4) Education

From the study conducted by D'Souza et al., it was found that most of the
workers in 2013 had secondary education followed by without any education and
primary education [65]. Han et al. was found that most of the workers in 2013 had
lower secondary education (61.11%) followed by primary education (28.09%) and
lower secondary education (10.80%) [115].

5) Length of living in the community

From the study conducted by D'Souza et al., it was found that the
workers in 2013 who lived in the mine community had resided for more than 20 years
(40.7%) followed by residing for less than 10 years (36.6%) 36.6 and those who lived in
the agricultural community, most had resided for 10 years (36.1%) followed by residing
for less than 10 years (33.8%) [65].

6) Duration of dust exposure

From the study conducted by Han et al., it was found that most workers
in 2013 had the dust exposure for 15-30 years (53.09%) followed by had the dust
exposure it for less than 30 years (37.04%) and the dust exposure for more than 5 years
(9.88%) [115].

7) Respiratory symptoms

From the study conducted by Yamazaki et al, it was found that most of
the workers in 2005 had not disease (87%) followed by had it (2%) and missing data
(11%) [112].

8) Smoker

From the study conducted by Han et al., it was found that most of the
workers in 2013 were non-smokers (49.39%) followed by never smoke (38.27%) and
presently smoking (12.36%) [115].

9) Alcohol user

From the study conducted by Han et al., it was found that most workers
in 2013 had not drunk alcohol (75.62%) followed by used to drink (21.91%) and
presently drink (2.47%) [115].
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1.4.7 Dose-response relationships

1.4.7.1 Health risk assessment

There are 4 steps of assessing health risk due to PMig and crystalline
silica dust, namely: assessing the hazard, assessing the exposure, assessing the dose and
response, and describing the risk characteristic. The whole process was to assess the
health risk of people who had been exposed to the concentration of PMyo and crystalline
silica dust (hazard) at a certain period of time [116].

1.4.7.2 Hazard identification

Obijectives of identifying the hazards were to respond to the question if
the threat has existed or not basing on 2 types of data - 1) data on injury or diseases
related to the threat, and 2) conditions in which the threating substance is taking into
body resulting the injury or diseases at last. Identifying the threating substance really
affect the individual’s heath or not requires a lot of data which could be obtained from
the study on laboratory animals, study on epidemiology with the population having been
threated, clinical study, or reports on patients having been threated, for example. Data
are important for assessing the risk assessment obtained from the study with laboratory
animals and epidemiological data [116].

Hazard, in here, are referred to the pollutants widely affecting heath of
the people causing the big and severe problems as follows:

1) The area having encountered with environmental problems
from tiny dusts and having been announced as the area for pollutant controls since 2004.

2) The people residing near by the hazard source breathing is the
dusts of size of PM1o, PM» s and crystalline silica into body everyday resulting the threat
to heath

Consequently, the threats used to assess the risk is PMio, and crystalline
silica [116].

In this research, the researcher would not study on the topic of assessing
the hazard. The study concerning toxicity of crystalline silica affecting human heath
was conducted in 1997 by IARC which took crystalline silica breathed in form of quartz
or cristobalite being carcinogenic to humans classified in Group | [117].
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The process of stone-mortar making includes the following steps:

1) Searching for raw materials for making stone-mortar. There
are 2 kinds of stone to be used, namely, 1.1) granite which was taken from Mae Ka
Subdistrict, Mueang District, Phayao Province, and Phan District, Chiang Rai province;
and 1.2) sandstone taken from Pa Wai Subdistrict, Muang District, Phayao Province.

2) Penetrating and cleaving into stone-mortar form, and, 2.1)
digging out the soil having rapped around out to cut the stone in pieces, and, 2.2)
moulding the stone into the needed form.

3) The process to cut the stone into the needed form - 3.1) Putting
the cut stone onto the stone cutter, 3.2) Passing through the cutting process, and, 3.3)
the stone-mortar resulted from the cutting process.

4) The process to grinding into stone-mortar form 4.1) smoothing
the outside and bottom of the stone-mortar to be further smoothed out by the grinding
machine, 4.2) putting the stone through the grinding process by setting up the grinding
machine into the right position to grinder the bottom of the stone-mortar, and 4.3)
grinding down the stone into pit of the needed sized down, 4.4) smoothing inside of the
stone-mortar’s pit using knife to smooth up the pit.

5) Getting stone-mortar as designed.

1.4.7.4 Level of exposure basing on job type or job exposure matrix
(JEM)

The process of stone-mortar making follows the procedural steps of 1)
Finding the raw materials for making stone mortar, 2) Penetrating or cleaving to form
the stone-mortar, 3) Process of cutting, and 4) Process of grinding in form of stone-
mortar. Each step of work could generate different amount of PM1o and crystalline silica
dust per worker. They then breath in different amount of PMio and crystalline silica
dust. There is a need for assessing the situation via the process technically known as
JEM among SMW.

JEM is a phenomenon of the research in epidemiology and medical
surveillance conducted by Coughlin and Chiazze in 1990 who had concluded that JEM
was the method to assess the exposure which were adjusted along the research process.
One advantage of exposure matrix was an avoidance of bias and statistical power.

Nonetheless, some bias might still exist due to the misclassification of exposures.
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Sensitivity of the method had not been proved for having been continuously carried in
the extent higher than other normal approach of assessing the exposure. Nonetheless, it
also dependes on the interview carried out by the volunteers [118].

JEM could be used to indicate the significant exposure to the dust in the
working area. Sieber et al. (1992) had concluded that JEM was to link to the type of job
to explain the situation. JEM was developed by NIOSH and JEM was a mechanism
useful for studying the occupational diseases [119].

JEM as mentioned by Goldberg et al. (1992) was the JEM designed to
link the data on working with the data of exposing to danger of the specific working
area. Though there were some constraints, JEM is useful for studying epidemiology
along large retrospective epidemiological model covering the design related to the JEM
structure which was based on 4 points possibly make difference in the exposure - agent
(exposure), job, time, and place [120].

JEM was the system of data on exposure for various purposes. In
describing the JEM, Kauppinen (1998) had concluded that documents on Finnish job-
exposure matrix (FINJEM) could be used for organizing the system of data on exposure
in general for preventing the danger, estimating the risk, and monitoring the danger.
FINJEM also covered physical, chemical, biological, ergonomical, and social
psychological [121].

JEM as mentioned in Beyond the JEM: The Task Exposure Matrix
(TEM) of Benke et al. (2000) was the matrix for assessing the accumulative exposure of
a lot of workers checked on epidemiology. In obtaining quantitative data on the all the
workers who had worked under the same job name and about the same exposure time,
the data came up in form of mg.m™ x years and method to decrease the variance of JEM
which could also be regarded as TEM as well [122].

1.4.7.5 Exposure assessment

Exposure assessment is the method to estimate or measure volume or
concentration of the threat each individual, group of population or ecological system
got. Objectives of exposure assessment were to 1) search for substance or thing
threating each type of organism or environment had got, 2) calculate the volume having

been exposure to, 3) method of exposure, 4) for how long, and, 5) under which
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condition. We could classify the method of investigation into 2 types - exposure
monitoring and exposure modeling [116].

Exposure monitoring is the most reliable method to obtain data on
exposure and could provide good input data for assessing by the exposure model.
Monitoring could assure the best collection of the data on exposure of population or
environment we have been mostly interested with. There are two types of monitoring -
personal monitoring and ambient monitoring [116].

Exposure model is a mathematic equation model used for predicting the
value from various known and measurable factors. We could classify the model into 2
types - Release assessment model and Population exposure model [116].

The release assessment model was used to predict the concentration of
the threat at a certain distance from its origin [116].

Population exposure model was used for assessing the risk population on
health due to their exposure to such threat. The main goal was to answer the question
how much the risk population would take would take the threats [116].

It could be assessed from the concentration of the pollutants, frequency
of exposing to the, duration of exposure, and channel of exposure. The exposure would
only be assessed in term of milligram per kilogram per day [116].

We assessed quantitative estimates of PM1o and silica exposure by using
historical data on dust concentrations and working histories that those were calculated

according to the following equation [123,124]:

ADD (PMug, Silica) = (C x IR x ET x EF x ED) / (BW x AT)

where ADD represents average daily dose (mg/kg/day), C=contaminant
concentration in air (mg/m®), IR=inhalation rate (0.83 m3/hrs), ET=the exposure time
(hrs/day), EF=exposure frequency (days/year), ED=exposure duration (years),
BW=body weight (kilogram), and AT=the average time (days).

Then variables were valued in the formula for risk assessment along the
unit set for each variable. At the end, the risk assessment could answer the question for
how much the target group subjects had been exposed to the pollutants. The unit used
was in term of milligram per kilogram per day (mg/kg/day). When exposure had been
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assessed, it could be used to carry out the dose-response assessment to be used further
to calculate the risk probability further on [123,124].

1.4.7.6 Dose-response concept

When humans or laboratory animals had got the certain amount of dose
of such threat, they would begin to show the sign of toxicity with frequency or severity
of toxicity when exposure increased. The assessment of the dose and response was to
respond to the question of what relationship between the size of dose and the response
was. It could lead further to predict the response later on. Besides, such relationship
could be used to identify the standard value for threat to find the level not harming
health of the people. The factors for assessing the dose and response included toxicity
and non-toxicity, dose determination, and response measurement, for example [116].

Toxicity and non-toxicity are the conditions of encountering with the
threat with or without the impact on heath. Nonetheless, in the world, there is no
substance without any poison. Consequently, zero risk is impossible in the real world. It
is only that such risk is so minimal that it has no effect on the sample subject. The term
“safe level” of a chemical either in food, drink, air, or working place, has been used to
assure the individual touching the substance at such level would not have any negative
impact on his/her heath [116].

Dose determination could be done in 2 ways along their size. The first
one is absorbed dose which is the size that could be breathed in and absorbed through
lung wall (via breathing), alimentary canal (via eating), and skin (via skin contacting).

The internal or effective dose has the size that could turn into toxin or damage [116].

Response measurement could come up with 3 groups, namely,
dichotomous response, continuous response, and, dichotomous and continuous response
[116].

Dichotomous response could come up with 2 types such as the study on
acute toxicity with laboratory animals. The response could come up as “dead” or
“undead,” or when studying on tumor formation, it could come up with “with” or

“without” tumour, for example [116].
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Continuous response is the assessment of response in terms of severity
level such as liver enzyme which has been found in the blood stream showing the
severity of the liver having been destroyed by the threats [116].

Response could come up with dichotomous and continuous types. In
reality, such two cases could occur together. The assessment on response could come up
with “dead” or “undead” and fine out further how much the destroying level the undead
group has had. The assessment of these two types of response could be done at the same
time along each other [116].

Besides responding to the size of being exposed to, there are other
factors affecting the response and should be taken into consideration. These are duration
of exposure, degree of reversibility, time of responses, type of responses, site of
responses, and genetic factors [116].

1.4.7.7 Risk characterization

Risk assessment for hazard quotient (HQ) that calculated according to
the following equation [123,124]:

HQ = Exposure (mg/kg/day) / RfD (mg/kg/day)

Where HQ represents risk characterization, reference dose (RfD) of
PM1o (0.011 mg/kg/day) and RfD of silica (0.003 mg/kg/day).
An HQ>1 was considered risk health effects from exposure while HQ<1

was considered acceptable level
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1.4.8 Theoretical of conceptual framework

_____________________________________________________________________________

Primary outcomes

Preventive Exposure Dose - Respiratory tract disorder
behavior —| - PMyo > - Inflammatory biomarkers
* - Crystalline silica (CC16 and HO-1)
Risk perception
Secondary outcomes

- Health related quality of
life

-

Phase |1

Phase |

Figure 1.1 Theoretical of conceptual framework

A theoretical of conceptual framework aimed to identified the dose-response
association of respirable dust exposure with respiratory disorders and biomarkers
among stone-mortar workers (SMW), and was to assess the risk perception of
crystalline silica exposure, preventive behavior, and HRQOL in SMW and people living

around stone-mortar factories (Figure 1.1).

1.5 Scope of the study

This study was a retrospective cohort and cross-sectional study which conducted
the study among SMW who worked at 11 stone-mortar factories currently in operation
and people living around stone-mortar factories in two villages in Bansang Sub-District,

Phayao Province, Thailand during January and March 2017.
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1.6 Expected benefits from the study

This research can create awareness and modify behavior of SMW and people
living around stone-mortar factories. In addition, this research can provide a guideline
for surveillance in exposure to PMzo and crystalline silica such as health checking of

respiratory tract system in SMW and people living around stone-mortar factories.

1.7 Operatinal definitions

1.7.1 Risk perception refers to level of air quality perception in stone-mortar
workers and people living around stone-mortar factories which it has affects to change
in self-protective behavior to avoid health risks from PMz1o and crystalline silica using
risk perception questionnaire which consisted of 22 items with four subscales (never,

occasionally, often, and always perceived) to assess risk perception.

1.7.2 Preventive behavior refers to any behavior undertaken by stone-mortar
workers and people living around stone-mortar factories who believes himself to be
healthy for the purpose of preventing or detecting illness in exposure to PMig and
crystalline silica using preventive behaviour questionnaire which consisted of 3 part;
wearing personal protective equipment (PPE) when exposed air pollution. knowledge

and environmental management.

1.7.3 PMao refers to particulate matter less than ten micrometers in diameter.

1.7.4 Crystalline silica refers to an essential component of materials made up of
silicon and oxygen (SiO2) which have an abundance of uses in stone-mortar factories
and are vital in stone-mortar products. Occupational exposure to crystalline silica in

stone-mortar factories leads to silicosis.
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1.7.5 Respiratory tract disorder refers to occupational exposure to crystalline
silica in stone-mortar factories leads to respiratory tract disorder such as respiratory
symptom following the standardized the American Thoracic Society Division of Lung
Diseases (ATS-DLD-78A), pulmonary function following the standard method of the
American Thoracic Society (ATS), and chest radiographs finding with silicosis

following ILO guidelines.

1.7.6 Clara cell protein 16 (CC16) refers to a 16-kDa protein released due to
damage to clara cells found mainly in the lung of stone-mortar workers. The serum
CC16 probably reflect the very early toxic effects of crystalline silica particles on the

respiratory epithelium.

1.7.7 Heme oxygenase-1 (HO-1) refers to a rate-limiting enzyme in heme
catabolism, has antioxidative, antiapoptotic and anti-inflammatory activities which it is
a potential biomarker of chronic silicosis, attenuates silica-induced lung injury of stone-

mortar workers.

1.7.8 Health related quality of life (HRQOL) refers to HRQOL in stone-
mortar workers and people living around stone-mortar factories which HRQOL is a
multi-dimensional concept using the SF-36 questionnaire contains 36 questions
categorized into a physical component summary (PCS) and a mental component
summary (MCS). The SF-36 measures eight health concepts: physical functioning (PF),
role limitations due to physical health (RP), bodily pain (BP), general health (GH),
vitality (\VT), social functioning (SF), role limitations because of emotional problems
(RE) and mental health (MH).
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CHAPTER 2

METHODOLOGY

This research had two phases of the study processes which first phases was
identified the dose-response association of respirable dust exposure with respiratory
disorders and biomarkers among stone-mortar workers (SMW), and second phases was
to assess the risk perception of crystalline silica exposure, preventive behavior, and
health related quality of life (HRQOL) in SMW and people living around stone-mortar
factories. The research design of this study was a retrospective cohort and cross-
sectional study which conducted the study among SMW who worked at 11 stone-mortar
factories currently in operation and people living around stone-mortar factories in two
villages in Bansang Sub-District, Phayao Province, Thailand during January and March
2017. The study was approved by the Research Ethics Committee of Faculty of
Medicine, Chiang Mai University, Thailand (No. 243/2016). The steps and details of

this study were as following:

2.1 Phase 1: Dose-response relationship between respiratory dust exposure,
respiratory disorders and biomarkers

A retrospective cohort study was conducted to examine the dose-response
relationship between respiratory dust exposure, respiratory disorders and biomarkers
which conducted the study among SMW who worked at 11 stone-mortar factories
currently in operation as following:

2.1.1 Study design and sample

This phase of the study conducted with a retrospective cohort in two villages in
Bansang Sub-District, Phayao Province, Thailand during January and March 2017.
Seventy-seven workers consisting of 57 stone-mortar workers that were all available
SMW exposed to crystalline silica, and 20 of control group who were age and sex
matched, who were agricultural workers in these villages, were recruited. Fifty-seven

SMW were conducted, which consisted of 29 stone cutters and 28 stone grinders.
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2.1.2 Data collection
The processes of data collection as following:
2.1.2.1 Sending a letter of introduction to SMW and people living around
stone-mortar factories in Bansang Sub-District, Phayao Province, Thailand, Phayao
hospital, Ban Sang subdistrict municipality, Ban Sang Tambon health promoting
hospital, and community leaders requesting for permission to undertake in the providing
information and data collection in the study area.
2.1.2.2 Training three student to be research assistant for data collection
and questionnaires.
2.1.2.3 Explain the questionnaire (general data, and respiratory symp-
toms), blood sample collection, pumonary function test, chest radiographs, the
collection of particulate matter less than ten micrometers in diameter (PMaio)
concentrations and signing consent form to SMW and people living around stone-
mortar factories.
2.1.2.4 Signing consent form for participation in the research.
2.1.2.5 Interviewing the study subjects, PMio concentration measure-
ment, blood sample collection, pumonary function test, and chest radiographs in SMW
and people living around stone-mortar factories.
2.1.2.6 Analysing the concentration of PMyo and crystalline silica using
visible absorption spectrophotometry by research assistant.
2.1.2.7 Analysing the level of serum clara cell protein 16 (CC16) and
heme oxygenase-1 (HO-1) concentrations using enzyme-linked immunosorbent assays
(ELISA) kits by research assistant.
2.1.2.8 Analysing pulmonary function results by physician.
2.1.2.9 Analysing chest radiographs and interpreted according Interna-
tional Labour Organization (ILO) guidelines by physician.
2.1.2.10 Recording the data by researcher into computer with the R
program, version 3.2.2 for analysis.
2.1.3 Data measurement and instrument tools
The instruments and measures consisted of PM1o and crystalline silica exposure,
respiratory symptoms, CC16 and HO-1 detection, pulmonary function test, chest

radiography and global positioning system (GPS) tool were as follows:
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2.1.3.1 PMyp and crystalline silica exposure measurement

The collection of PM1o was performed by personal sampling following
the National Institute for Occupational Safety and Health (NIOSH) method 0600 guides
for respirable particulates not otherwise regulated as following NIOSH (1998) [125].
The cyclone (respirable dust nylon cyclone, SKC, UK) and Poly Vinyl Chloride (PVC)
filter holders were mounted in the vests of the workers’ breathing zone. Ambient air
was pumped through a size-selective cyclone at a flow of 1.7 L/min, which was
calibrated using a soap bubble meter.

We tested for PM1o exposure and crystalline silica exposure in each
subject using a personal sampling pump (SKC Inc., USA) with a filter cassette
containing a 37 mm PV C filter screening particulate matter down to 5.0 um with a flow
rate of 1.7 liters/minute for an 8-hour work day period, the PVC filter was weighed and
then the PVC filter was weighed before and after sampling to analyze the dust
concentration using NIOSH method 0600 as following NIOSH (1998) [125].

The crystalline silica concentration was determined using the NIOSH
method 7601 as following NIOSH 2003 [126], with a visible absorption
spectrophotometer. The concentration of PM1o and crystalline silica were expressed for
an 8-hour time-weighted average (TWA) as following the Occupational Safety and
Health Administration (OSHA) (2018) [127].

2.1.3.2 Risk assessment of PM1g and silica exposure

The concentration of PM1o and crystalline silica were expressed as eight-
hour TWA as following OSHA (2018) [127]. The Average Daily Dose (ADD) was
assessed for subjects to PMio and crystalline silica using the United States
Environmental Protection Agency (US EPA) in inhalation exposure assessor algorithm.
The data was based on the contaminant concentration (C), inhalation rate (IR), exposure
time (ET), exposure frequency (EF), and exposure duration (ED) divided by the product
of averaging time (AT) and body weight (BW) [123,124] as following:

ADD (PMy, Silica) = (C x IR x ET x EF x ED) / (BW x AT)

where ADD represents average daily dose (mg/kg/day), C=contaminant
concentration in air (mg/m®), IR=inhalation rate (0.83 m®hrs), ET=the exposure time
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(hrs/day), EF=exposure frequency (days/year), ED=exposure duration (years),
BW=body weight (kilogram), and AT=the average time (days).

We assessed the health risk of PM1o and crystalline silica with a health
quotient (HQ), the ratio of the potential exposure to a substance using Ministry of Public
Health and the US EPA’s principal approach to and rationale for assessing risk for
health effects other than cancer and gene mutations from chronic chemical exposure.
We calculated the HQ according to the following equation [123,124]:

HQ = Exposure (mg/kg/day)/Reference dose (RfD) (mg/kg/day)

where HQ represents risk characterization, RfD of PMgy= 0.011
mg/kg/day, RfD of silica = 0.003 mg/kg/day).

An HQ>1 was considered risk health effects from exposure while HQ<I
was considered acceptable level

2.1.3.3 Respiratory symptoms

The respiratory symptoms questionnaire used in the interviews included
respiratory symptoms following the standardized the American Thoracic Society
Division of Lung Diseases (ATS-DLD-78A) which consist of 7 symptoms were
coughing, phlegm, coughing with phlegm, wheezing, difficulty in breathing, chest pain,
and past illness included ask other questions such as nose irritation and stuffy nose
following Helsing et al. (1979) [128].

2.1.3.4 Pulmonary function test

We used a spirometer (MicroLab 3500 Spirometer, UK) to determine
forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and ratio
of Force expiratory volume in one secon/ forced vital capacity (FEV1/FVC) following
the standard method of the American Thoracic Society (ATS) and Miller et al. (2005)
[129]. The average percent predicted for each pulmonary function test was calculated
after measurement and compared to the healthy Thai population following
Dejsomritrutai et al. (2000) [130].

The findings were interpreted by comparison with percentages predicted
for normal people sharing the same height, age, sex, and ethnic background. Standard

values of pulmonary function were compared with the gold standard following the
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standard method of the ATS and Miller et al. (2005) [129]. Obstructive airway disease
was defined as a FEV1/FVC value below the fifth percentile for the predicted value;
restrictive lung disease was defined as a FVC value below the fifth percentile for the
predicted value with a normal FEV1/FVC value; mixed airway disease was defined as a
reduction in the FEV1/FVC value; and a FVC value below the fifth percentile for the
predicted value following Pellegrino et al. (2005) [131].

2.1.3.5 Chest radiographs

Chest radiographs were taken for each subject at Phayao Hospital and
interpreted by a physician from the Central Chest Institute of Thailand following ILO
guidelines, (2011) [75].

2.1.3.6 Clara cell protein 16 (CC16) and heme oxygenase 1 (HO-1)
detection

Venous blood samples from all the subjects were drawn. To obtain
serum, the blood was then centrifuged at 4000 rpm for minutes, and serum was
transferred to a one ml sterile microcentrifuge tube, and then stored at -80 °C. Serum
CC16 and HO-1 concentrations were measured by using ELISA kits according to the
recommendations of the supplier (Bio vendor®, Czech Republic, and Cusabio®, China).

2.1.4 Data and statistics

2.1.4.1 Association of exposure PMuo, crystalline silica and respiratory
symptoms and pulmonary function

The collected data were analyzed using the R program, version 3.2.2
following R Development Core Team (2013) [132]. The Chi-square, Fisher's exact and
Kruskal-wallis tests were used to compare demographic characteristics (age, sex,
education level, duration of exposure and mask used while working); social habits
(smoking and alcohol use); medical history (history of underlying disease, respiratory
symptoms, pulmonary function test results, chest radiographic findings); and the
amount of PMio and crystalline silica collected. Multiple Linear Regression analysis
was used to analyze the association between the exposure levels to PMyo, crystalline
silica and pulmonary function. Statistical significance was set at p<0.05.

2.1.4.2 Assocoation of exposure PM1o and crystalline silica concentration
with serum CC16 and HO-1 levels
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All data analyses were performed with the R program, version 3.2.2
following R Development Core Team (2013) [132]. Demographic data (sex, age and
living duration), current smoker, exposure duration, wearing a mask while working,
clinical characteristics (body mass index (BMI) and pulmonary function test), and co-
morbidity were tested by using mann-whitney u test and chi-square test. The correlation
between characteristics, silica concentrations and pulmonary functions by using
Spearman’s rank correlation test, and mann-whitney u test. Additionally, the association
of crystalline silica concentration with serum CC16 and HO-1 levels by multiple
regression analysis. Statistical significant in this study was defined as a p<0.05.

2.1.5 Inclusion and exclusion criteria

2.1.5.1 Inclusion criteria for 57 SMW from 11 stone factories which all
available SMW were those who must have worked at their jobs for at least 1 year. Our
study also included a control group which consisted of 20 agricultural workers who
were age and sex matched with the study subjects. All subjects were aged at least 18
years. People living around stone-mortar factories which have lived at the study area for
at least 1 year.

2.1.5.2 Exclusion criteria for SMW which did not participate in this
research and controls were those unable to communicate in the Thai language, those
having neuropathy and agree to sign consent form.

2.2 Phase 2: Risk perception, preventive behaviors and health related quality of

life in stone-mortar workers and people living around stone-mortar factories

We had 2 studies which consist of the study of risk perception and preventive
behaviors in SMW and people living around stone-mortar factories because we would
like to study characteristics of risk perception and preventive behaviors in PM1g and
crystalline silica exposure from stone-mortar factories and the second was the study of
quality of life in SMW and people living around stone-mortar factories because we
would like to study HRQOL characteristic in PMzo and crystalline silica exposure from

stone-mortar factories as following.
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2.2.1 Study design and sample

The study was conducted among all available SMW. Fifty-seven subjects
participated from a total population of 59 who were willing to participate, which
collected the data from 11 home stone factories and three hundred twenty-five subjects
of people living around stone-mortar factories. The research was studied between
January and March 2017 in Ban Sang Sub-District, Phayao Province, Thailand.

2.2.1.1 The study of risk perception and preventive behaviors

The data of risk perception, preventive behavior and HRQOL in SMW
was collected the data from SMW currently in operation at 11 home stone-mortar
factories. Fifty-seven subjects participated from a total population of 59 people. The
study was conducted among all available SMW who were willing to participate, which
consisted of 29 stone cutters and 28 stone grinders.

Moreover, three hundred twenty-five subjects participated from a total
population of 866 people which were studied risk perception and preventive behavior in
people living around stone-mortar factories. A simple random sampling method was
used, and sample size was calculated for estimating the proportion of a finite
population. We selected 325 subjects (37.5%) of a total population of 866 people.

The formula for sample size calculation based on the proportion of air
pollution risk perception and preventive behavior was eligible further analysis at 48%
following Omanga et al. (2014) [49]. The n4Studies was used for sample size
calculation following Ngamjarus, 2016) [133,134] as follows:

Np(1-p)7
n=
d2(N — 1) —|-p(1 —p)zi_g
2
N = 866
p=0.48
Delta = 0.048

Alpha =0.05, Z (0.975) = 1.960
n (sample size) = 282
We added at least 15% to the estimated sample size to allow for losses.

Therefore, the sample size needed to be 325 subjects.
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2.2.1.2 The study of HRQOL

Three hundred eighty subjects participated from a total population of 866
people which were studied HRQOL of crystalline silica exposure. A simple random
sampling method was used, and sample size was calculated for estimating the
proportion of a finite population. We selected 380 subjects (43.9%) of a total population
of 866 people.

Consequently, 380 subjects (43.9%) of a total population of 866 people
were selected. The remaining subjects were eligible for further analysis from the
formula based on the proportion of HRQOL at 29.5 % following D'Souza et al. (2013)
[65]. The sample size calculation using n4Studies following Ngamjarus (2016)
[133,134] was as follows:

Np(1 — p)zlz_%
n —=
d?(N —-1) +p(1 —p)zl?_g
2
N = 866
p=0.295
Delta = 0.035

Alpha =0.05, Z(0.975) = 1.960
Sample size = 373
We added at least 5% to the estimated sample size to allow for losses.
Therefore, the sample size needed to be 392 subjects. The data was not completed 12
subjects. Therefore, the sample size needed to be 380 subjects.
2.2.2 Data collection
The process of data collection as following:
2.2.2.1 Sending a letter of introduction to SMW and people living around
stone-mortar factories in Bansang Sub-District, Phayao Province, Thailand, Phayao
hospital, Ban Sang subdistrict municipality, Ban Sang Tambon health promoting
hospital, and community leaders requesting for permission to undertake in the providing
information and data collection in the study area.
2.2.2.2 Training three student to be research assistant for data collection

and questionnaires.
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2.2.2.3 Explain the questionnaire (general data, risk perception, and SF-
36), and signing consent form to SMW and people living around stone-mortar factories.

2.2.2.4 Signing consent form for participation in the research.

2.2.2.5 Interviewing the study subjects with questionnaire in SMW and
people living around stone-mortar factories.

2.2.2.6 Recording the data by researcher into computer with the R
program, version 3.2.2 for analysis.

2.2.3 Data measurement and instrument tools
The instruments and measures consisted of the risk perception, preventive

behavior of crystalline silica exposure, HRQOL questionnaires and GPS tool were as
follows:

2.2.3.1 Risk perception questionnaire

Risk perception was measured using a questionnaire for original use in
France which was translated into the Thai language with the contents synthesized from
the forward and backward translations with content validity. The original air quality
perception scale was tested for validity and reliability by Deguen et al. (2012) [89]. The
reliability was 0.801. It contains 22 items with four subscales (never, occasionally,
often, and always perceived) to assess risk perception (anxiety about health and quality
of life) and the extent to which air pollution is a nuisance (sensorial perception and
symptoms). Scores of at least 22 indicated a poor risk perception or a high level of risk
perception while the scores lower than 22 indicated a good risk perception or a low
level of risk perception following Deguen et al. (2008) and Deguen et al. (2012)
[89,95].

2.2.3.2 Preventive behaviour questionnaire

Preventive behaviour questionnaire was tested for content validity and
reliability. The reliability was 0.834. It contains 14 items with five subscales (never,
occasionally, sometime, often, and always) to assess preventive behaviour. The
guestionnaire was consisted of 3 parts; wearing personal protective equipment (PPE)
while working had 6 items; knowledge had 4 items and environmental management 4

items.
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2.2.3.3 Health related quality of life (HRQOL) questionnaire

The 36-item short form survey (SF-36) is a standard or generic
questionnaire for assessing HRQOL which has been used extensively worldwide. This
questionnaire was made into the form of a manual by Ware et al. (1994; 1995; 1998)
[108,135,136], and the SF-36 version 2 was translated into Thai by Jirarattanaphochai et
al. (2005) [137]. The SF-36 questionnaire contains 36 questions categorized into two
main components, specifically a physical component summary (PCS) score and a
mental component summary (MCS) score. The SF-36 measures eight health concepts:
1) physical functioning (PF) (10 items); 2) role limitations due to physical health (RP)
(4 items); 3) bodily pain (BP) (2 items); 4) general health (GH) (5 items); 5) vitality
(VT) (4 items); 6) social functioning (SF) (2 items); 7) role limitations because of
emotional problems (RE) (3 items); 8) mental health (MH) (5 items), and one single
item dimension on health transition. Each dimension results in a score in the range of 0-
100 with a higher score indicating a better HRQOL. The scores assigned to all question
items can be categorized for computation of total component score, specifically PCS
and MCS.

2.2.3.4 Global positioning system (GPS) Tool

The geographic positions or coordinates of the stone-mortar factories and
those of people living around stone-mortar factories were identified using the Garmin
eTrex 30x GPS tool and the information was used for calculating the distance between
the stone-mortar factories and the residential home. In addition, the geospatial data
obtained were processed into map form using direct measurements using the quantum
geographic information system (QGIS) program.

2.2.4 Data and statistics

2.2.4.1 Risk perception, preventive behavior and HRQOL in stone-
moratar workers

Risk perception and preventive behavior were analyzed using the R
program, version 3.2.2 following R Development Core Team (2013) for descriptive
statistics on frequencies, means, standard deviations (SD), were used to describe the
sample [132]. Factors associated with risk perception were analyzed by Chi-square test.
Statistical significance was taken as a p<0.05.
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HRQOL was analyzed using the R program, version 3.2.2 following R
Development Core Team (2013) for descriptive statistics on characteristics of
participants, medical history, smoking and alcohol use and HRQOL scores. These data
were analyzed by Mann-Whitney U test and Kruskal-Wallis test [132].

2.2.4.2 Risk perception, preventive behavior and HRQOL in people
living around stone-mortar factories.

Descriptive statistics such as frequencies, means and standard deviation
(SD) were used to describe the sample for risk perception and preventive behavior.
Factors associated with risk perception were analyzed by Binary logistic regression
analysis. The association between distances and respiratory symptoms was analyzed by
Multiple logistic regression. The confounders were adjusted in terms of age, education,
smoking, number of respiratory symptoms and underlying disease, and distance from
stone factories. Statistical significance was taken as a p<0.05.

HRQOL was analyzed using the R program, version 3.2.2 following R
Development Core Team (2013) for descriptive statistics on characteristics of
participants, medical history, smoking and alcohol use and HRQOL scores. These data
were analyzed by an Independent t-test and Analysis of variance (ANOVA). The
association between the distance between home and stone-mortar factories and the
HRQOL of people living around stone-mortar factories were analyzed by Multivariate
regression analysis.

2.2.5 Inclusion and exclusion criteria

2.2.5.1 Inclusion criteria for 57 stone-mortar workers from 11 stone
factories which all available SMW were those who must have worked at their jobs for at
least 1 year. Our study also included a control group which consisted of 20 agricultural
workers who were age and sex matched with the study subjects. All subjects were aged
at least 18 years.

2.2.5.2 Exclusion criteria for SMW and people living around stone-

mortar factories which used exclusion criteria as phase I.
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CHAPTER 3

RESULTS

This research has four objectives which consisting of 1) to assess the
concentration of particulate matter less than ten micrometers in diameter (PMyo) and
crystalline silica among stone-mortar workers (SMW); 2) to identify the respiratory
disorders among SMW and people living around stone-mortar factories; 3) to examine
the dose-response relationship between PMuo, crystalline silica dust and respiratory
disorders, with serum clara cell 16 (CC16) and heme oxygenase-1 (HO-1) levels among
SMW, and 4) to assess the risk perception and preventive behaviors of crystalline silica
dust exposure, and health related quality of life (HRQOL) in SMW and people living
around stone-mortar factories. The results of this study divided into 7 parts as
following;

3.1 Community context and the stone-mortar factory process

3.2 Baseline characteristics of the study participants

3.3 PMyo containing crystalline silica exposure level

3.4 Respiratory disorders among stone-mortar workers and people living around
stone-mortar factories

3.5 Risk perception and preventive behaviors of crystalline silica exposure

3.6 Health related quality of life in stone-mortar workers and people living
around stone-mortar factories.

3.7 Dose-response relationship between dust exposure, respiratory disorders and

inflammatory markers among stone-mortar workers
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3.1 Community context and the stone-mortar factory process

This study has shown that community context and the stone-mortar factory
process consisted of 1) location of the study area and stone-mortar factories in the
community, and 2) the process of stone-mortar production as following:

3.1.1 Location of the study area and stone-mortar factories in the community

We conducted a cross-sectional study among workers at 11 home stone-mortar
factories from January to June 2017 in two villages in Ban Sang Subdistrict of Phayao
Province, Thailand (UTM zone 47Q east: 0587424 north: 2119035) (Figure 3.1A)
where 11 stone-mortar factories are operating (Figure 3.1B).

Figure 3.1A Location map of Figure 3.1B Location map of 11 home stone factories in
study area in Phayao Province,

Thailand

the study area;’z stone factories
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3.1.2 The process of stone-mortar production

The home stone-mortar factories consist of four processes: raw material, stone
cutting, stone grinding and finished products. However, the main processes of home
stone-mortar factories were divided into two types: stone cutting and stone grinding. In
the stone cutting sector, workers cut and roughly shape stone. In stone grinding, the

workers turn and smooth the stone-mortars with a lathe (Figure 3.2).

B. Stone grinding sector

Figure 3.2 Stone-mortar factory showing the two separate sectors:

(A) The stone cutting sector (B) The stone grinding sector
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3.2 Baseline characteristics of the study participants

This study has shown that baseline characteristics of SMW and people living
around stone-mortar factories which baseline characteristics consisted of 1) baseline
characteristics of SMW and control groups, and 2) baseline characteristics of people
living around stone-mortar factories as following:

3.2.1 Baseline characteristics of stone-mortar workers and control groups

Fifty-seven subjects of this study were recuired from a total 59 populations of
SMW. The baseline characteristics of study subjects are summarized in Table 3.1. A
total of 20 controls were included in the study. Ninety-one percent of stone-mortar
worker subjects were males. Ninety percent of stone cutter study subjects were males.
The mean age of SMW was 46.9 years. The mean exposure duration of SMW was 21.7
years. The mean age of stone cutter study subjects was 47.9 years. The mean exposure
duration of stone cutters were 22.7 years. Ninety-three percent stone grinder study
subjects were males. The mean age of stone grinder study subjects was 45.8 years. The
mean mean exposure duration of stone grinders were 20.8 years. Seventy-five percent
of control subjects were males. The mean age of control subjects was 47.3 years.

The numbers of subjects with underlying disease among stone cutters, stone
grinders and controls were 5, 5 and 2, respectively. The co-morbidity present among
stone cutters were hypertension (n=3), diabetes mellitus (n=1) and both diabetes
mellitus and hypertension (n=1). The underlying disease present among stone grinders
were asthma (n=2), hypertension (n=1), diabetes mellitus (n=1) and both hypertension
and asthma (n=1). The co-morbidity present among controls were hypertension (n=1),
and diabetes mellitus (n=1) (data not shown).

The demographic characteristics, including age, sex, living duration, education
levels, duration of exposure, current smokers, pack-years smoked, alcohol user, co-
morbidity and body mass index (BMI) were not significantly different between stone-
mortar workers and control groups. There were no significant differences among stone
cutters, stone grinders, and control subjects in terms of demographic characteristics,
including age, sex, living duration, education levels, duration of exposure, current

smokers, pack-years smoked, alcohol user, underlying disease and BMI.
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Table 3.1 Baseline characteristics of stone-mortar workers and control groups

Characteristics SMW (n=57) Stone-mortar position Controls
Stone cutters ~ Stone grinders ~ (N=20)
(n=29) (n=28)
. Mean age in years 46.9+12.6 47.9+13.2 45.8+12.0 47.3+11.2
(+SD)"*"
. Sex2cd
Male 52 (91.2) 26 (89.7) 26 (92.9) 15 (75.0)
Female 5 (8.8) 3(10.3) 2(7.1) 5 (25.0)
. Living 44.2+16.2 454 (16.8) 42.9 (15.8) 45.6+12.9
duration'2®, years
. Education level?®
<Primary School 34 (59.6) 15 (52) 19 (68) 8 (40)
>Primary School 23 (40.4) 14 (48) 9(32) 12 (60)
. Mean duration of 21.7£16.9 22.7417.1 20.8+16.9 -
exposure in years
(£SD)!*
. Current smokers?® 26 (45.6) 12 (41.4) 14 (50.0) 7 (35.0)
. Mean pack-years 4.5+6.4 5.3£10.6 6.8£10.1 2.745.2
smoking(xSD)*2P
. Alcohol user2P 39 (68.4) 21 (72) 18 (64) 12 (60)
. Underlying 10 (17.5) 5(17) 5(18) 2 (10)
disease®*
10. BMI*®P, Kg/m? 22.5+4.2 22.1+3.8 22.8+4.7 23.1#3.3

3Presented in Mann-Whitney U test, "Kruskal-Wallis test, Chi-square test, 9Fisher's
exact test; *p<0.05
!Data are presented as meanzstandard deviation (SD)

?Data are presented as the absolute number and percentage of subjects
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3.2.2 Baseline characteristics of people living around stone-mortar factories

A total of 325 subjects for the study of risk perception and preventive behaviors
from the total 866 populations. Gender of the subjects were male 155 (47.7%) and
females 170 (52.3%). The average age was 56.1 years old with an average income of
4,154.2 baht per month. The average length of living in this community was 52.7 years.
The sample populations who had no respiratory symptoms or underlying diseases were
45.8% and 64.0% respectively. The average distance between residential home and
stone-mortar factories was 97.6 meters. The proportion of residential home distance
within 100 meters was 85.27%.

A total of 380 subjects for the study of quality of life from the total 866 people.
Among the subjects, 158 (41.6%) were males and female 222 (58.4%). The average age
was 55.6 years old with an average income of 4,274.2 baht per month. The average
length of living in this community was 52.4 years. The sample populations who had no
respiratory symptoms or underlying diseases were 48.2% and 64.8% respectively. The
average distance between residential home and stone-mortar factories was 96.3 meters.

The proportion of residential home distance within 100 meters was 51.3% (Table 3.2).

Table 3.2 Baseline characteristics of people living around stone-mortar factories

Characteristics Study of risk Study of quality of life
perception (n=325), (n=380),
n (%) n (%)
1. Sex?
Female 170 (52.3) 222 (58.4)
Male 155 (47.7) 158 (41.6)
2. Age, mean+SD 56.1+15.3 55.6+£15.3
>60 125 (38.5) 138 (36.3)
46-59 141 (43.4) 169 (44.5)
<45 59 (18.2) 73 (19.2)
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Table 3.2 (Continued)

Characteristics Study of risk Study of quality of life
perception (n=325), (n=380),
n (%) n (%)

3. Income (baht/month), mean£SD 4154.2£5974.9 4274.2+5574.4
<1,000 126 (38.8) 148 (38.9)
1,001-4,000 95 (29.2) 98 (25.8)
>4,001 104 (32.0) 134 (35.3)

4. Education
<Primary school 240 (73.8) 286 (75.3)
>Primary school 85 (26.2) 94 (24.7)

5. Marital status
Single 50 (15.4) 59 (15.5)
Married 237 (72.9) 285 (75.0)
Divorce 38 (11.7) 36 (9.5)

6. Occupation
Daily hired workers 146 (44.9) 167 (43.9)
Agriculture 93 (28.6) 95 (25.0)
Unemployed 70 (21.5) 93(24.5)
Company and government 9(2.8) 19 (5.0)
employee
Students 7(2.2) 5(1.3)

7. Type of occupation
Light labor 82 (25.2) 109 (28.7)
Moderate labor 150 (46.2) 176 (46.3)

Heavy labor 93 (28.6) 95 (25.0)

8. Smoker
No 264 (81.2) 322 (84.7)
Yes 61 (18.8) 58 (15.3)
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Table 3.2 (Continued)

Characteristics Study of risk Study of quality of life
perception (n=325), (n=380),
n (%) n (%)
9. Alcohol user
No 238 (73.2) 280 (73.7)
Yes 87 (26.8) 100 (26.3)
10. Number of respiratory symptoms®
None 149 (45.8) 183 (48.2)
1-2 75 (23.1) 91 (23.9)
>3 101 (31.1) 106 (27.9)
11. Numberof underlying diseases
None 208 (64.0) 245 (64.5)
1 76 (23.4) 88 (23.2)
>2 41 (12.6) 47 (12.4)
12. Length of living in this 52.7+£18.3 52.4+18.3
community (years), mean£SD
13. Residential distance from stone-
mortar factories (meters),
mean+SD 97.6+39.2 96.3+40.3
>100 48 (14.8) 185 (48.7)
51-100 109 (33.5) 136 (35.8)
<50 168 (51.7) 59 (15.5)
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3.3 PM1o containing crystalline silica exposure level

This study has shown that the exposure level of PMjo containing crystalline
silica in SMW and people living around stone-mortar factories consisted of 1) PMyo and
crystalline silica concentrations in SMW, and 2) the correlation between PM10 and
crystalline silica concentrations for an eight-hour time-weighted average (TWA) as
following:

3.3.1 PMyo and crystalline silica concentrations in stone-mortar workers

In our study, SMW (0.350+0.468 mg/m?) had significantly (p<0.001) greater
PMio levels than controls (0.033+0.021 mg/m®). Moreover, stone cutters (0.029+0.296
mg/m®) and stone grinders (0.416+0.596 mg/m®) had significantly (p<0.001) higher
PMyo levels than controls (0.033+0.021 mg/m?®), but PMyo levels in all subjects did not
exceed the standard level of the American Conference of Governmental Industrial
Hygienists (ACGIH) guidelines (3 mg/m?3) and Hearl, (1998) [138]. In addition, SMW
(0.112+0.100 mg/m?) had significantly greater (p=0.000) silica levels than controls
(0.004+0.005 mg/m?®). Moreover, stone cutters (0.096+0.094 mg/m?) and stone grinders
(0.130+0.106 mg/m®) had significantly higher (p=0.000) silica levels than controls
(0.004+0.005 mg/m3). Silica levels in the stone cutters and stone grinders was higher
than the standard level of ACGIH guidelines (0.025 mg/m?) and Hearl (1998) [138]
(Table 3.3).

The average daily dose (ADD) of PMyo and crystalline silica in SMW were
0.018 and 0.005 mg/kg-day, respectively. Risk characterization with health quotient
(HQ) of PMyo and crystalline silica in stone-mortar workers were 1.64 and 1.67,
respectively which an HQ>1 was considered risk health effects from exposure following
by Ministry of Public Health and the United States Environmental Protection Agency
(US EPA) [123,124] (Table 3.4).
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Table 3.3 Concentrations of PM1oand crystalline silica collected in 8-hr TWA hours among study subjects

Subject Group Eight-hour TWA in mg/m?®
PM 1o concentration Crystalline silica concentration
mean+SD min-max mean+SD min-max
Stone-mortars® (n=57) 0.350+0.468* 0.045-2.706 0.112+0.100* 0.003-0.453
- Stone cutters® (n=29) 0.286+0.296* 0.045-1.253 0.096+0.094* 0.003-0.316
- Stone grinders® (n=28) 0.416+0.596* 0.050-2.706 0.130+0.106* 0.024-0.453
Control group® (n=20) 0.033+£0.021 0.010-0.087 0.004+0.005 0.001-0.022

*p<0.01; 2Stone-mortars compared with control group, *Stone cutters compared with control group,

“dStone grinders compared with control group
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Table 3.4 Crystalline silica and PM1g concentrations and HQ among stone-mortar workers and control groups

PMz1o concentration Crystalline silica concentration
Subjects 8-hr TWA, mg/m? ADD, mg/kg-day HQ* 8-hr TWA, mg/m? ADD, mg/kg-day HQ*
Mean+SD Min, Mean+SD Min, 95% Cl Mean+SD Min, Mean+SD Min, 95% ClI

Max Max Max Max

SMW (n=57) 0.350+0.468*  0.045, 0.018+0.038*  0.000, 1.64 0.112+0.100* 0.003, 0.005+0.008* 0.000, 1.67
2.706 0.237 (-5.27-8.55) 0.453 0.040 (-3.67-7.00)

Control(n=20)  0.033+0.021 0.010, 0.000+0.000 0.000, ND 0.003+0.005  0.001, 0.000+0.000 0.000, ND
0.087 0.000 0.022 0.000

Presented in Mann-Whitney U test; *p<0.001 compared with control group; not determined (ND); The acceptable level of PMyg is less than
3 mg/m? 8-hr TWA (respirable) and silica is less than 0.025 mg/m?® 8-hr TWA (respirable) according ACGIH; “HQ = Exposure
concentration (mg/kg-day)/ Reference dose (RfD) (mg/kg-day)



The average concentration of PMyo in all stone-mortar factories did not exceed
the standard level of the National Institute for Occupational Safety and Health (NIOSH)
and ACGIH, while the crystalline silica concentration in all factories were higher than
the standard level of NIOSH and ACGIH allowed extent (0.025 mg/m®) [127] (Table
3.5).

Table 3.5 PMyo and crystalline silica concentrations in 11 home stone-mortar factories

Stone factories PMj1o concentration Crystalline silica concentration

(n?=41) (mg/m®) (mg/m®)
Mean+SD Min-Max Mean+SD Min-Max
Factory 1 (n=4) 0.236+0.102 0.110-0.360 0.137+0.050*  0.072-0.194
Factory 2 (n=4) 0.092+0.033 0.045-0.120 0.040+0.039*  0.005-0.075
Factory 3 (n=2) 0.446+0.289 0.242-0.650 0.263+0.182*  0.134-0.391
Factory 4 (n?=6) 0.233+0.131 0.136-0.491 0.139+0.095*  0.053-0.316
Factory 5 (n?=6) 0.902+1.079 0.048-2.706 0.169+0.163*  0.027-0.453
Factory 6 (n=2) 0.673+0.845 0.075-1.270 0.150+0.150*  0.044-0.256
Factory 7 (n®=3) 0.171+0.049 0.122-0.220 0.097+0.039*  0.055-0.131
Factory 8 (n=2) 0.213+0.045 0.181-0.244 0.127+0.031*  0.105-0.149
Factory 9 (n?=5) 0.287+0.142 0.114-0.503 0.170+0.090*  0.060-0.309
Factory 10 (n*=4)  0.143+0.075 0.050-0.234 0.081+0.052*  0.024-0.151
Factory 11 (n®>=3)  0.103+£0.056 0.058-0.166 0.055+0.041*  0.030-0.103

n®= number of personnel dust samplers for each factory; *Higher than the standard
levelof ACGIH; Silica (0.025 mg/m®) at eight-hour TWA

The mean distance of each stone-mortar factories located remote from other
factories (no 1, 2, 3, 4, 8 and 9) was 174.5 meters (Min = 90, Max = 246, mean = 174.5,
SD = 65.0). These formed a distribution pattern shown as pattern A in Figure 3.3. The
mean distance of stone-mortar factories located nearby to other factories (no 5, 6, 7, 10
and 11) was 68.9 meters (Min = 53.0, Max = 77.0, mean = 68.9, SD = 11.4); pattern B
in Figure 3 shown as cluster pattern. The mean PMio concentration of stone-mortar
workers in pattern A was greater than that in pattern B (0.261+0.107, and 0.127+0.026

mg/m3, respectively). The mean crystalline silica concentration of the stone-mortar
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workers (Pattern A) was greater than Pattern B (0.152+0.066, 0.070+0.016
respectively). The mean concentrations of crystalline silica in both patterns were greater
than both NIOSH and ACGIH (0.025 mg/m?®) [127]. The concentrations of PM1o and
crystalline silica were associated differently in both cluster pattern and distribution

pattern of stone-mortar factories locations (p<0.001) (data not shown).
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Figure 3.3 Pattern A: cluster pattern, with six stone-mortar factories
(no 1, 2, 3, 4, 8and 9); Pattern B: distribution pattern, with

five stone-mortar factories (no.5, 6, 7, 10 and 11)
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3.3.2 The correlation between PMi and crystalline silica concentrations for an
eight-hour Time-weighted average

PMyo concentration was significantly associated with crystalline silica
concentration using linear regressions (Figure 3.4). The linear correlations for each
concentration of the variability in the data, as determined by the R2-value of the

regressions (where X is the PM1o concentration (mg/m?) and y is the silica concentration
(mg/m3)).
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Figure 3.4 Relationship between PM1o and crystalline silica concentrations of
home stone factories

3.4 Respiratory disorders among stone-mortar workers and people living around

stone-mortar factories

This study has shown that the respiratory disorders in SMW and people living
around stone-mortar factories consisted of 1) sign and symptoms of respiratoty tract
problem among SMW, 2) sign and symptoms of respiratory tract problem among people
living around stone-mortar factories, 3) pulmonary function test result and chest
rediograph findings among SMW, and 4) respiratory inflammatory marker: serum
CC 16 and HO-1 levels as following:
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3.4.1 Sign and symptoms of respiratory tract problem among stone-mortar
workers

Fifty-seven SMW had respiratory symptoms consisting of coughing (45.6%),
phlegm (33.3%), coughing with phlegm (31.6%), and nose irritation (22.8%). Twenty-
nine stone cutters had respiratory symptoms consisting of coughing (51.1%), phlegm
(37.9%) and coughing with phlegm (32.1%). Twenty-eight stone grinders had
respiratory symptoms consisting of coughing (39.3%), coughing with phlegm (32.1%)
and phlegm (28.6%). There were significantly more phlegm and coughing with phlegm
among SMW than controls. There were significantly more phlegm and coughing with

phlegm among stone cutters and stone grinders than controls (Table 3.6).

Table 3.6 Sign and symptoms of respiratory tract problem among stone-mortar workers

Symptoms SMW? Stone-mortar position Controls®
(n=57) (n=20)
Stone cutters®  Stone grinders®
(n=29) (n=28)
1. Coughing 26 (45.6) 15 (51.7) 11 (39.3) 5(25.0)
2. Phlegm 19 (33.3)** 11 (37.9)** 8 (28.6)** 0(0.0)
3. Coughing with 18 (31.6)** 9 (31.0)* 9(32.1)* 0(0.0)
phlegm
4. Wheezing 5(8.8) 3(10.3) 2(7.2) 0(0.0)
5. Difficulty in 3(5.3) 1(3.4) 2(7.1) 0(0.0)
breathing
6. Chest pain 8 (14.0) 4 (13.8) 4 (14.3) 0 (0.0)
7. Nose irritation 13 (22.8) 6 (20.7) 7(25.0) 1(5.0)
8. Stuffy nose 12 (21.1) 5(17.2) 7 (25.0) 2 (10.0)

%Presented in Chi-square test, Fisher's exact test; *p<0.05, **p<0.01; 2Stone-mortars
compared with control group, *Stone cutters compared with control group,

“Stone grinders compared with control group
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3.4.2 Sign and symptoms of respiratory tract problem among people living
around stone-mortar factories

Three hundred twenty-five in people living around stone-mortar factories for air
risk perception had respiratory symptoms consisting of coughing (22.2%), phlegm
(14.2%), nose irritation (13.8), stuffy nose (12.3), and coughing with phlegm (11.7%)
(Table 3.7).

Table 3.7 Sign and symptoms of respiratory tract problem among people living around

stone-mortar factories

Symptoms (n=325) n (%)
1. Coughing 72 (22.2)
2. Phlegm 46 (14.2)
3. Coughing with phlegm 38 (11.7)
4. Wheezing 23(7.1)
5. Difficulty in breathing 21 (6.5)
6. Chest pain 35 (10.8)
7. Nose irritation 45 (13.8)
8. Stuffy nose 40 (12.3)

3.4.3 Pulmonary function test result and chest rediograph findings among stone-

mortar workers

The statistical analysis showed a significant difference in the number of
abnormal chest radiographs between the exposed group (stone cutting and stone
grinding workers) and the control group (p=0.042). Interestingly, 8 stone-mortar
workers had abnormal chest radiographs and 3 individuals, which consisted of 1 worker
from the stone cutters and 2 workers from the stone grinders, were interpreted as having
silicosis. Two stone grinders had non-specific radiographic abnormalities, one had

emphysematous changes and one had cardiomegaly with mild chronic lung changes.
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One stone cutter had upper lobe pulmonary fibrosis. As regards cases of pulmonary
function testing, 4 workers in the stone cutters presented with an obstructive lung
disease, and 2 workers had a restrictive lung disease. Three stone grinders presented
with an obstructive lung disease, 3 workers had a restrictive lung disease, and 2 workers
had a mixed obstructive/ restrictive lung disease. Among controls, 3 subjects had
restrictive lung disease. Some pulmonary function parameters such as forced expiratory
volume in one second (FEVi), forced vital capacity (FVC), and Force expiratory
volume in one secon/ forced vital capacity (FEV1/FVC) ratio in the two groups were not
significantly different, except the percent predicted FEV1/FVC was significantly lower
in control group (p=0.015). Abnormal chest radiograph findings consisted of eight

cases, which three cases were diagnosed with silicosis (Table 3.8).

Table 3.8 Respiratory conditions among study subjects

Respiratory conditions SMW? Stone-mortar position Control

(n=57) Stone Stone subjects®
cutters®  grinders® (n=20)
(n=29) (n=28)

1. Mean pulmonary function

test results (£SD)%ef

FEV1 (L) 2.7+0.8 2.610.7 2.840.8 2.610.7
FVC (L) 3.210.8 3.1+0.7 3.3+0.9 3.1+0.9
FEV1/FVC ratio 84.2+10.0 84.7£9.5 83.6x10.5 86.7+£5.7
FEV1 (%predicted) 94.8+23.3 93+24 97+24 96+25
FVC(%predicted) 90.05+19.0 88+18 92420 88126
FEV1/FVC(%predicted) 100.3+11.6* 101+11 100+13 10747
2. Pulmonary function?9
Normal 43 (75.4) 23(79.3)  20(715)  17(85.0)
Obstructive 7(12.3) 4 (13.8) 3(10.7) 0 (0.0)
Restrictive 5 (8.8) 2(6.9) 3(10.7) 3(15.0)
Mixed 2(35) 0(0.0) 2(7.1) 0 (0.0)

74



Table 3.8 (Continued)

Respiratory conditions SMw? Stone-mortar position Control

(n=57) Stone Stone subjects
cutters®  grinders® (n=20)
(n=29) (n=28)

3. Chest radiograph findings?9

Normal 49 (86.0) 27 (93.1) 22 (78.6) 20 (100.0)
Abnormal 8 (14.0) 2 (6.9)" 6 (21.4) 0(0.0)

- silicosis 3 1 2 0

- upper lobe fibrosis 1 1 0 0

- nonspecific lesion/mild 1 0 1 0

occlusion

- emphysematous change 1 0 1 0

- cardiomegaly and mild 1 0 1 0

- chronic lung changes 1 0 1 0

®Presented in Mann-Whitney U test, 'Kruskal-Wallis test, 9 Fisher's exact test; *p<0.05
!Data are presented as mean+SD

?Data are presented as the absolute number and percentage of subjects
FEV1/FVC(%predicted) = ad, bd, cd = p<0.05

Chest radiograph findings =bd, cd = p<0.05

3.4.4 Respiratory inflammatory marker: serum CC 16 and HO-1 levels

The meanzSD of serum CC16 level in SMW was 6.30£2.31 ng/ml, which was
significantly lower than those in control group, 12.05+2.95 ng/ml (p<0.001) (Figure
3.5A). On the contrary, there was a significantly higher level of serum HO-1 in the
SMW group (51.62+46.13 ng/ml) compared with those in the control group (16.01+8.51
ng/ml) (p<0.001) (Figure 3.5B). The mean+SD of serum CC16 level in stone cutters
and stone grinders were 6.62+2.36 ng/ml and 5.97+2.25 ng/ml, which was significantly
lower than those in control group, 12.05£2.95 ng/ml (p<0.001). On the contrary, there
was a significantly higher level of serum HO-1 in stone cutters (47.73+46.24 ng/ml) and
stone grinders (55.64+46.52 ng/ml) compared with those in the control group
(16.01+8.51 ng/ml) (p<0.001) (Table 3.9).
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Table 3.9 Mean+SD of inflammatory biomarkers among stone-mortar workers and

control groups

Inflammaotry SMwW? Stone-mortar position Control group®
markers (n=57) Stone cutters®  Stone grinders® (n=20)
(n=29) (n=28)
CC 16, ng/ml 6.30+2.31* 6.62+2.36* 5.97+£2.25% 12.05+2.95
HO-1, ng/ml 51.62+46.13* 47.73+46.24* 55.64+46.52% 16.01+£8.51

3Presented in Mann-Whitney U test, PKruskal-Wallis test, t test; *p<0.01
- AStone-mortars compared with control group, "Stone cutters compared with control

group, “Stone grinders compared with control group
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Figure 3.5 Dot plot of serum CC16 levels in stone-mortar workers and
control groups, *p<0.001 (A); Dot plot of serum HO-1 levels

in stone-mortar workers and control groups, *p<0.001 (B)

3.5 Risk perception and preventive behaviors of crystalline silica exposure

This study has shown that the risk perception and preventive behaviors of
crystalline silica exposure in SMW and people living around stone-mortar factories
consisted of 1) risk perception of crystalline silica exposure in SMW and people living
around stone-mortar factories, 2) factors related with risk perception of crystalline silica

exposure in SMW, 3) factors related with risk perception of crystalline silica exposure
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in people living around stone-mortar factories, and 4) preventive behaviors of
crystalline silica exposure in SMW and people living around stone-mortar factories as
following:

3.5.1 Risk perception of crystalline silica exposure in stone-mortar workers and
people living around stone-mortar factories

There was not significantly level of risk perception in SMW compared with
those in the control group (p=0.489). Nineteen SMW (33.3%) were found to have a
poor risk perception or high-risk perception when compared with those in the control
group (25.0%). Seventy-nine of people living around stone-mortar factories (24.3%)

were found to have a poor risk perception or high-risk perception (Table 3.10).

Table 3.10 Risk perception of crystalline silica exposure in stone-mortar workers and

people living around stone-mortar factories

Subjects MeantSD  Min-Max Risk perception, n (%)
<22 scores >22 scores

SMW (n=57) 18.6+11.1 0.0-51.5 38 (66.7) 19 (33.3)

Control group (n=20) 17.7£16.2 0.0-69.7 15 (75.0) 5(25.0)

People living around stone-  14.4+11.8 0.0-63.6 246 (75.7) 79 (24.3)

mortar actories (n=325)

Presented in Chi-square test

3.5.2 Factors related with risk perception of crystalline silica exposure in stone-
mortar workers

The SMW had awareness of health risks of crystalline silica dust exposure at
33.3% (n=19). Females had a poor risk perception more 40.0% (n=2) than males 32.7%
(n=17). Respiratory tract disease had a poor risk perception more (n=18, 46.2%) than
non-respiratory tract disorder (n=1, 5.6%). Smoking and respiratory tract diseases were
found significantly association with risk perception in SMW (Table 3.11).
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Table 3.11 Factors related with risk perception of crystalline silica exposure in stone-

mortar workers

Characteristic Risk perception, n (%) p-value

<22 Scores >22 Scores
n (%), (n=38) n (%), (n=19)

1. Age (years)

<40 10 (66.7) 5(33.3) -
>40 28 (66.7) 14 (33.3)

2. Gender
Male 35 (67.3) 17 (32.7) 0.741
Female 3(60.0) 2 (40.0)

3. Education
<Primary school 23 (67.6) 11 (32.4) 0.849
>Primary school 15 (65.2) 8 (34.8)

4. Marital status
Married 32 (65.3) 17 (34.7) 0.590
Others 6 (75.0) 2 (25.0)

5. Income per month
<5,000 Bahts 9(69.2) 4 (30.8) 0.823
>5,000 Bahts 29 (65.9) 15 (34.1)

6. Smoking
No 13 (52.0) 12 (48.0) 0.038
Yes 25 (78.1%) 7(21.9)

7. Alcohol use
No 12 (66.7) 6 (33.3) -
Yes 26 (66.7) 13 (33.3)

8. Respiratory tract disease
No 17 (94.4) 1(5.6) 0.003
Yes 21 (53.8) 18 (46.2)

Presented in Chi-square test
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3.5.3 Factors related with risk perception of crystalline silica exposure in people
living around stone-mortar factories

Seventy-nine subjects (24.3%) were found to have a poor risk perception or
high-risk perception. Demographics and health characteristics associated with the risk
perception level were presented in Table 3.12. Subjects’ ages between 46 and 59 years
and below 45 years had a poorer risk perception than ages over 60 years (crude odd
ratio (COR) 2.2, 95 % confidence interval (Cl): 1.2-4.0; cOR 2.2, 95 % CI: 1.1-4.7
respectively). Subject’s with incomes at 1,001-4,000 baht/month and >4,001 baht/month
had a poorer risk perception than subject’s with incomes at <1,000 baht/month (cOR
3.4, 95 % Cl: 1.7-6.8; cOR 3.6, 95 % CI: 1.8-7.1 respectively). Subjects with moderate
labor and heavy labor had a poorer risk perception than light labor (cOR 2.9, 95 % CI:
1.4-6.1; cOR 2.8, 95 % CI: 1.3-6.2 respectively). Subjects who were smokers had a
poorer risk perception than non-smokers (COR 3.0, 95 % CI: 1.6-5.3). For subjects who
had more than three respiratory symptoms had a poorer risk perception than those with
no symptoms (cOR 2.9, 95 % CI: 1.6-5.0). Interestingly, those with distance from
residential home to stone-mortar factories between 51 and 100 meters and lower than 50
meters had a poorer risk perception than those whose distance from residential home to
stone-mortar factories more than 100 meters (cOR 1.8, 95 % CI: 1.1-3.0; cOR 2.5, 95 %
Cl: 1.3-4.9 respectively).

Table 3.12 Binary logistic regression analysis of the relationship between

demographics, health characteristics, distance from home to stone factories and risk

perception
Variables n (%) Risk perception cOR
<22 scores >22 Scores (95% CI)
n (%), (n=246) n (%), (n=79)
1.Sex?
Female 170 (52.3) 133 (54.1) 37 (46.8)  Ref.
Male 155 (47.7) 113 (45.9) 42 (53.2) 1.3 (0.8-2.2)
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Table 3.12 (Continued)

Variables n (%) Risk perception cOR
<22 scores >22 Scores (95% CI)
n (%), (N=246)  n (%), (h=79)
2.Age® (years),
mean +SD 56£15.3
~60 125 (38.5) 105 (42.7) 20 (25.3)  Ref.
;6_59 141 (43.4) 100 (40.7) 41 (51.9) 2.2 (1.2-4.0)*
<45 59 (18.2) 41 (16.7) 18 (22.8) 2.2 (1.1-4.7)*
3.Income
(baht/month)®
mean+SD 4154.2+5974.9
<1,000 126 (38.8) 111 (45.1) 15(19.0)  Ref.
1,001-4,000 95 (29.2) 65 (26.4) 30 (38.0) 3.4(1.7-6.8)**
104 (32.0) 70 (28.5) 34 (43.0)  3.6(1.8-7.1)**
>4,001
4 Education®
<Primary school 240 (73.8) 182 (74.0) 58 (73.4)  Ref.
>Primary school 85 (262) 64 (26.0) 21(26.6)  1.0(0.6-1.8)
5.Marital Status?
Single 50 (15.4) 38 (15.4) 12(15.2)  Ref.
Married 275 (84.6) 208 (84.6) 67 (84.8)  1.0(0.5-2.1)
6.0ccupation®
Light labor 82 (25.2) 72 (29.3) 10 (127)  Ref.
Moderate labor 150 (46.2) 107 (43.5) 43(54.4) 2.9 (L4-6.1)**
Fase yi 93 (28.6) 67 (27.2) 26(32.9)  2.8(1.3-6.2)*
7.Smoker?
No 264 (81.2) 211 (85.8) 53 (67.1)  Ref.
Yes 61 (18.8) 35 (14.2) 26 (32.9) 3.0 (1.6-5.3)**
8.Alcohol user?
No 238 (73.2) 185 (75.2) 53 (67.1) Ref.
Yes 87 (26.8) 61 (24.8) 26(32.9) 15(0.9-2.6)
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Table 3.12 (Continued)
Variables n (%) Risk perception cOR

<22 scores >22 Scores (95% CI)
n (%), (N=246)  n (%), (h=79)

9.Respiratory symptoms (number)®

None 210 (64.6) 171 (69.5) 39(49.4)  Ref.
1-2 34 (10.5) 26 (10.6) 8(10.1)  1.4(0.6-3.2)
>3 81 (24.9) 49 (19.9) 32(405) 2.9 (1.6-5.0)**
10.Distance
(meters)P,
mean+SD 97.6+£39.2 101.1+£38.5 86.7£39.3
>100 48 (14.8) 29 (11.8) 19 (24.0)  Ref.
51-100 109 (33.5) 79 (32.1) 30(38.0)  1.8(1.1-3.0)*
<50 168 (51.7) 138 (56.1) 30(38.0)  2.5(1.3-4.9)**

*p<0.05; **p<0.01; Risk perception<22 score=a good risk perception, Risk perception

>22 scores= a poor risk perception

3.5.4 Preventive behaviors of crystalline silica exposure in stone-mortar workers
and people living around stone-mortar factories

Preventive behaviors of crystalline silica exposure in SMW were found that the
most of good personal protective equipment (PPE) wearing while working behaviors
were “you wear mask, when exposed air pollution from stone-mortar dust”43 (55.8%),
and “you keep PPE in clean, when do not exposed to air pollution from stone-mortar
dust” 36 (46.8%). The most of bad PPE wearing while working behaviors were “you
hang cloths, when exposed air pollution from stone-mortar dust” 57 (74.0%).The most
of good knowledge were “you have knowledge to self-prevention, when exposed air
pollution from stone-mortar dust”31 (40.3%), and “you walk away, when exposed air
pollution from stone-mortar dust” 30 (39.0%).The most of bad environmental
management were “you take food at workplace of stone mortar area.”60 (77.9%), and

“you drink water at workplace of stone-mortar area” 41 (53.2%) (Table 3.13).

Preventive behaviors of crystalline silica exposure in SMW were found that the

most of good preventive behaviors of crystalline silica exposure were “you wear mask,
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when exposed air pollution from stone-mortar dust”27 (47.4%), “you keep PPE in
clean, when do not exposed to air pollution from stone-mortar dust” 18 (31.6%) and
“you wear PPE all times in working time, when exposed air pollution from stone-mortar
dust” 17 (29.8%). The most of bad preventive behaviors of crystalline silica exposure
were “you hang cloths, when exposed air pollution from stone-mortar dust” 34 (59.6%),
“you take food at workplace of stone-mortar area” 33 (57.9%) and “you drink water at

workplace of stone-mortar area” 17 (29.8) (Table 1 in appendix).

Preventive behaviors of crystalline silica exposure in people living around stone-
mortar factories were found that the most of good PPE wearing while working
behaviors were “you wear mask, when exposed air pollution from stone-mortar dust” 77
(23.7%), and “you keep PPE in clean, when do not exposed to air pollution from stone-
mortar dust” 67 (20.6%). The most of bad PPE wearing while working behaviors were
“you hang cloths, when exposed air pollution from stone-mortar dust” 231 (71.1%). The
most of good knowledge were “you walk away, when exposed air pollution from stone-
mortar dust” 117 (36.0%), and “you have knowledge to self-prevention, when exposed
air pollution from stone-mortar dust” 67 (20.6%). The most of badenvironmental
management were “you take food at workplace of stone-mortar area.”282 (86.8%), and

“you drink water at workplace of stone-mortar area” 270 (83.1%) (Table 3.13).

Preventive behaviors of crystalline silica exposure in people living around stone-
mortar factories were found that the most of bad preventive behaviors of crystalline
silica exposure were “you take food at workplace of stone-mortar area”. 228 (70.2%),
“you drink water at workplace of mortar stone area.” 223 (68.6%) and “you hang cloths,

when find air pollution from stone-mortar dust.” 172 (52.9%) (Table 2 in appendix).
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Table 3.13 Preventive behaviors of crystalline silica exposure in stone-mortar workers

and people living around stone-mortar factories.

SMW People living around
(n=57) stone-mortar factories
Behaviors (n=325)
Never/ Often/ Never/ Often/
Sometimes  Always  Sometimes  Always
Wearing PPE when exposed air
pollution
1. You wear mask, when you 34 (44.2)  43(55.8) 248(76.3) 77 (23.7)
exposed air pollution from stone-
mortar dust.
2. You hang cloths, when you 20(26.0) 57 (74.0) 94(28.9) 231(71.1)
exposed air pollution from stone-
mortar dust.
3. You wear PPE and follow-up 45(58.4) 32(41.6) 264(81.2) 61(18.8)
procedures, when you exposed air
pollution from stone-mortar dust.
4. You wear N95 mask, when you 64 (83.1) 13(16.9) 302(92.9) 23(7.1)
exposed air pollution from stone-
mortar dust.
5. You wear PPE all times in 49 (63.6) 28(36.4) 271(83.4) 54(16.6)
working time, when you exposed
air pollution from stone-mortar
dust.
6. You keep PPE in clean, when 41 (53.2) 36(46.8) 258(79.4) 67 (20.6)

you do not expose to air pollution

from stone-mortar dust.
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Table 3.13 (Continued)

SMW People living around
Behaviors (n=57) stone-mortar factories
(n=325)
Never/ Often/ Never/ Often/
Sometimes  Always  Sometimes  Always
Knowledge
7. You walk away, when you 47 (61.0) 30(39.0) 208 (64.0) 117 (36.0)
exposed air pollution from stone-
mortar dust.
8. You have complaint, when you 77 (100) 0.0(0.0) 315(96.9) 10(3.1)
exposed air pollution from stone-
mortar dust.
9. You have knowledge to self- 46 (59.7)  31(40.3) 258(79.4) 67 (20.6)
prevention, when you exposed air
pollution from stone-mortar dust.
10. You get knowledge to self- 68 (88.3) 9(11.7) 273(84.0) 52(16.0)
prevention from outsource, when
you exposed air pollution from
stone-mortar dust.
Environmental management
11. You drink water at workplace 36(46.8) 41(53.2) 55(16.9) 270(83.1)
of stone-mortar area.
12. You take food at workplace of 17(22.1) 60(77.9) 43(13.2) 282(86.8)
stone-mortar area.
13. You open window, when you 62 (80.5)  15(19.5) 259(79.7) 66 (20.3)
exposed air pollution from stone-
mortar dust.
14. You avoid road, when you 60 (77.9) 17(22.1) 235(72.3) 90(27.7)

exposed air pollution from stone-

mortar dust.
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3.6 Health related quality of life in stone-mortar workers and people living around

stone-mortar factories

This study has shown that HRQOL in SMW and people living around stone-
mortar factories consisted of 1) HRQOL in SMW and people living around stone-
mortar factories, 2) factors associated with health related quality of life among SMW,
and 3) factors associated with HRQOL among people living around stone-mortar
factories as following:

3.6.1 Health related quality of life in stone-mortar workers and people living
around stone-mortar factories

Scores on HRQOL of stone-mortar workers found that the average physical
component summary (PCS) score was higher than those of the HRQOL of Thais’
healthy national volunteer as follows: 81.7%, and 75.1% respectively. The average
mental component summary (MCS) score was slightly higher than those of the HRQOL
of Thais’ healthy national volunteer as follows: 76.9%, and 76.7% respectively.
Average of role limitations due to physical health and role limitations because of
emotional problems were lower than those of the the HRQOL of Thais’ healthy national
volunteer.

Scores on HRQOL of people living around stone-mortar factories found that the
average of PCS scores were higher than those of of Thais’ healthy national volunteer as
follows: 79.2%, and 75.1% respectively. The average of MCS scores were lower than
those of Thais’ healthy national volunteer as follows: 75.2%, and 76.7% respectively
(Table 3.14).

Table 3.14 MeanzSD of health related quality of life score of stone-mortar workers and

people living around stone-mortar factories

SV People living around HRQOL
HRQOL domains (1=57) stone-mortar factories  Thais’ volunteer?
(n=380)
PCS 81.7+13.1 79.24£17.2 75.1£20.6
Physical functioning (PF)  94.6+9.8 86.6+£20.2 77.3t17.4
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Table 3.14 (Continued)

S People living around HRQOL
HRQOL domains (n=57) stone-mortar factories  Thais’ volunteer?
(n=380)

Role limitations due to 75.0+36.3 79.6+35.3 82.2+28.6
physical health (RP)
Bodily pain (BP) 88.0£13.3 83.8+18.6 75.6£18.4
General health (GH) 69.4+16.9 66.8£19.1 65.1+18.1
MCS 76.9+13.2 75.2+12.8 76.7£19.1
Vitality (VT) 70.1£15.6 70.1£14.6 62.2+13.3
Social functioning (SF) 80.5£22.5 71.0£22.3 78.2£18.2
Role limitations because 78.4+36.5 84.6+£33.1 80.4+31.9
of emotional problems
(RE)
Mental health (MH) 78.7£16.0 75.1£15.8 66.1+12.9

Thais’ healthy national volunteer of Lim et al. (2008) [139]

PCS=Physical component summary, MCS= Mental component summary

3.6.2 Factors associated with health related quality of life among stone-mortar

workers

The PCS, MCS and overall HRQOL were not significantly different as regards

sex, age, income, marital status, education, length of living, smoker, alcohol use,

respiratory symptoms and underlying diseases in stone-mortar workers (Table 3.15).
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Table 3.15 Factors associated with health related quality of life among stone-mortar

workers
Associated PCS p-value MCS p-value  Overall  p-value
factors (n=57)

1. Sex?
Male 82.0£13.6 0.277 77.1£13.6  0.189 79.5+£12.3 0.259
Female 79.5£8.0 75.0+8.0 77.347.1

2. Age (years)®
<25 93.6x2.1 0.055 80.6+14.0 0.816 87.1+6.7 0.397
26-45 78.6x10.5 79.419.0 79.0+8.8
46-64 81.3£14.8 75.0£15.3 78.2£13.9
65 88.8£3.3 78.7£6.5 83.7£4.8

3. Income (Baht/month)P
<1,000 - 0.504 - 0.410 - 0.723
1001-4000 81.7+8.1 79.9+12.1 80.8+8.7
4001-8000 84.6+10.2 78.819.3 81.7+7.8
~8001 78.2+17.8 72.7+£17.0 75.5+16.6

4. Marital status®
Single 86.84£9.3 0.626  825+124. 0.544 84.6+£6.9 0.484
Married 81.2+13.7 76.3+13.4 78.7+12.5
Divorce 80.3+8.4 75.5£13.2 77.949.2

5. Education®
Primary 8174138 0870 77.6+¢145 0535 79.6+12.9  0.681
school
Secondary 82.1+11.1 76.6+11.8 79.4+11.4
School

. 80.9+10.2 73.519.4 77.2+7.2

Higher
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Table 3.15 (Continued)

Associated PCS p-value MCS p-value  Overall  p-value
factors (n=57)
6. Length of living in this community (years)®
<20 86.4+£12.7 0.327 79.7£11.2  0.982 83.0£9.9 0.812
21-40 80.2+11.0 77.848.9 79.049.0
41-60 80.2+14.7 76.0£15.2 78.1£13.9
~60 88.915.0 76.8+£14.0 82.818.2
7. Smoker?
No 83.9+13.0 0.095 77.5+£13.6 0451 80.7£12.2 0.197
Yes 79.2+13.1 76.2412.9 77.7+11.7
8. Alcohol user?
No 79.6£15.8 0576 7894150 0.233  79.2%£144 0.607
Yes 82.7£11.8 76.0£12.4 79.4+10.8
9. Respiratory symptoms?
No 82.4+138 0.560 76.0£12.7 0487  79.2+11.7 0.798
Yes 81.1+£12.6 77.8£13.9 79.5%£12.4
10. Underlying diseases ?
No 80.9+140 0.571 76.6x13.8  0.637 78.8+£12.8 0.615
Yes 85.746.8 78.2+10.4 82.0+6.3

Presented in Mann-Whitney U test, °Kruskal-Wallis test; *p<0.05, **p<0.01

3.6.3 Factors associated with health related quality of life among people living

around stone-mortar factories

There were significant differences between the associated factors such as age,
income, marital status, education, occupation, period of living in this community,
alcohol use, underlying diseases and PCS scores among people living around stone-
mortar factories. In addition, there were significant differences between the associated
factors such as income, education, respiratory symptoms, underlying diseases and MCS
scores among people living around stone-mortar factories. The overall HRQOL was
significantly different the associated factors such as age, income, education, occupation,

respiratory symptoms, underlying diseases and the overall HRQOL among people living
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around stone-mortar factories. Moreover, the distance between residential home and

stone-mortar factories of people living around stone-mortar factories were significantly
different as regards PCS, MCS and overall HRQOL (Table 3.16).

Table 3.16 Association between demographics, health characteristics, residential

distance and health related quality of life among people living around stone-mortar

factories

Associated PCS p-value MCS p-value  Overall  p-value

factors (n=380)

1. Sex?

Male 80.0£17.3 0.408 75.3+13.1  0.870  77.7£13.7 0.549
Female 78.6+17.2 75.1+12.7 76.8+13.6

2. Age (years)®

<25 87.7£11.7 <0.001**  78.6%£9.6 0.492 83.2£8.5  0.006**
26-45 84.6+11.3 75.8+10.0 80.249.5

46-64 79.5+15.8 75.3+12.6 77.4£12.7

65 73.4+22.1 73.8+£15.3 73.6+17.5

3. Income (Baht/month)®

<1,000 75.1+20.1 0.001**  73.6£14.3 0.035* 74.3x15.8 0.004**
1001-4000 80.2+17.4 75.5+12.6 77.8+13.3
4001-8000  835%9.7 78.648.6 81.1x8.1

~8001 82.1£14.9 74.1+£13.6 78.1£13.1
4. Marital status®

Single 83.4£12.7 0.030* 77.6+114  0.251  80.5+10.3 0.054
Married 79.0+17.6 74.9+13.1 76.9+14.0
Divorce 73.9+19.5 73.8+12.6 73.8+14.9
5. Education®

Primary 77.5+£18.2 0.007** 742+13.2 0.014* 75.8414.3 0.004**
school

Secondary 84.4+13.6 79.4+£10.7 81.9+£10.9

school

. 82.3£13.3 75.1£12.7 78.7£11.6

Higher
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Table 3.16 (Continued)

Associated PCS p-value MCS p-value  Overall  p-value
factors (n=380)
6. Occupation®
Daily hired ~ 821#137  0.003** 761111 0130 79.1+11.0  0.030*
workers
Agriculture  78.3+16.1 75.3+13.0 76.8+13.1
Unemployed  73.7+22.8 73.8+15.7 73.8+18.0
Company/
government  83.0£13.5 71.0£11.2 77.0+11.5
employee
Students 83.5+16.9 85.3+4.4 84.4+8.3
7. Length of living in this community (years)®
<20 83.4+16.2 0.005**  743+£11.5 0.897 789+124 0.111
21-40 82.9+13.0 75.2+10.9 79.0+10.3
41-60 80.2+15.6 75.7+12.7 77.9+12.8
~60 74.8+20.8 74.6x£14.4 74.7£16.4
8. Smoker?
No 78.9+17.6 0.535 75.1+£131  0.739  77.0£14.0 0.584
Yes 80.5+15.3 75.7+11.1 78.1£11.8
9. Alcohol user?
No 78.0£18.3  0.012*  746x13.1 0.105 76.3x14.3 0.016
Yes 82.4+13.4 77.0£11.9 79.7£11.2
10. Respiratory symptoms®
No 80.0+16.5 0.062 76.5£11.9 0.008** 78.2+12.7 0.018*
1symptom 821125 74.7+11.2 78.4+10.1
>1 symptoms 75-5+20.6 7154155 735+16.9
11. Underlying diseases®
No 81.4+£16.0 0.000%*  76.2£12.7 0.033* 78.8+13.1 <0.001**
1 disease 75.9+16.9 73.8+11.7 74.9+12.5
>1 diseases 094217 70.8+14.8 70.1£16.7

90



Table 3.16 (Continued)

Associated PCS p-value MCS p-value  Overall  p-value
factors (n=380)
10. Respiratory symptoms®
No 80.0+16.5 0.062 76.5+11.9 0.008** 78.2£12.7  0.018*
1symptom 821125 74.7+11.2 78.4+10.1
>1 symptoms  75-5+20.6 715+15.5 73.5+16.9
11. Underlying diseases®
No 81.4+£16.0 0.000**  76.2£12.7 0.033* 78.84£13.1 <0.001**
1 disease 75.9+16.9 73.8+11.7 74.9412.5
>1 diseases  09:4%21.7 70.8+14.8 70.1%16.7
12. Pattern of stone-mortar factories location?
Cluster 78.6x17.7 0.465 75.2+12.8  0.989  76.9+13.9 0.650
pattern B
Distribution 79 9+16.5 75.2413.0 77.6+13.4
pattern A
13. Residential distance from stone-mortar factories (meters)?
<100 meters 81.5+13.5 0.008**  76.8+10.9 0.014* 79.2£10.7 0.005**
>100 meters  76.9£20.0 73.6x14.4 75.2+15.8

3Presented as Independent t-test, PANOVA; *p<0.05, **p<0.01

The distance of residential home was significantly negative associated with
physical, mental and overall HRQOL after adjusting for age, respiratory symptoms and
underlying diseases using the multivariable analysis.
residential home was associated with increased physical HRQOL, mental HRQOL, and

An increased distance of

overall HRQOL among people living around stone-mortar factories (Table 3.17).
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Table 3.17 Association of residential distance from stone-mortar factory with health
related quality of life among people living around stone-mortar factories using multiple

linear regression analysis

HRQOL (n=380) B SE p-value
Physical component summary -0.042 0.021 0.043*
Mental component summary -0.032 0.016 0.047*
Overall HRQOL -0.037 0.017 0.026*

Adjusted for age, respiratory symptoms and underlying diseases; *p<0.05

3.7 Dose-response relationship between dust exposure and respiratory disorders

and inflammatory biomarkers among stone-mortar workers

This study has shown that the dose-response relationship between dust exposure
and respiratory disorders and inflammatory markers among stone-mortar workers
consisted of 1) association of crystalline silica concentration with respiratory disorders,
and 2) association of crystalline silica concentration with serum CC16 and HO-1 levels
as following:

3.7.1 Association of crystalline silica concentration with respiratory disorders

In our study, an eight-hour TWA concentrations and ADD of PMy and
crystalline silica in two groups were not associated with respiratory symptoms.
Moreover, age and duration of dust exposure in two groups were not associated with
respiratory symptoms. Moreover, current smoker, and wearing a mask while working
were not significantly different to associated with respiratory symptoms in two groups.
(Table 3.18).
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Table 3.18 The correlation between characteristics, silica concentrations and respiratory

symptoms in stone-mortar workers and control groups

Asscociated factors Respiratory symptoms
SMW (n=57) Controls (n=20)

Age?, years 0.113 0.010
Current smoker® -0.252 -1.319
Duration of dust exposure?, years 0.185 -
Wearing a mask while working® -0.147 0.000
PMao concentration?

8-hr TWA, mg/m?® -0.022 -0.060

ADD, mg/kg-day 0.170 -
Crystalline silica concentration?

8-hr TWA, mg/m® -0.024 0.319

ADD, mg/kg-day 0.105 -

%Presented in Spearman's rank correlation test (r), "Mann-Whitney U test (z)

In our study, an eight-hour TWA concentrations and ADD of PMj, and
crystalline silica in two groups were not significantly associated with the respiratory
symptoms after adjusting for age, duration of exposure, cotton mask and N95 mask use

while working and pack-year smoking history (Table 3.19).

Table 3.19 Association between PMiy and crystalline silica concentrations with
respiratory symptoms among stone-mortar workers and controls by multiple linear

regression analyses

Associated factors (n=77) Respiratory symptoms
B SE
PMao concentration?
8-hr TWA, mg/m?® 0.616 0.419
ADD, mg/kg-day 5.901 5.749
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Table 3.19 (Continued)

Associated factors (n=77) Respiratory symptoms
B SE
Crystalline silica concentration®
8-hr TWA, mg/m?® 3.338 1.807
ADD, mg/kg-day 42.369 29.417

Adjusted for age, duration of exposure, cotton and N95 mask used while working and

pack-years smoking

In our study, an eight-hour TWA concentrations and ADD of PMy and
crystalline silica in SMW and control groups were not associated with FEV1, FVC,
FEV1/FVC, FEV1 %predicted, FVC %predicted, and FEV1/FVC %predicted. However,
dust exposure durations in stone-mortar workers were negatively associated with FEV1,
FVC and FEV1/FVC. Wearing a mask while working in SMW was significantly
different to FVC %predicted in SMW. Age in stone-mortar workers was negatively
associated with all pulmonary function parameters, except predicted FEV/FVC %
while age in control group was also negatively associated with all pulmonary function
parameters, except FEV1/FVC and predicted FEV1/FVC % (Table 3.20).
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Table 3.20 The correlation between characteristics, silica concentrations and pulmonary functions in stone-mortar workers and control

groups
FEV1(L) FVC (L) FEVI/EVC (%) FEV:=:Predicted FVC%Predicted FEVI/FVC
Asscociated factors YoPredicted
SMW  Contrels SMW  Controls SMW  Conmfrols SMW  Confrols SMW Controls  SMW  Controls
Age? years S0.509%  QTTTEE 0551 Qed40% 0360+ 0230 -0362* 0777 0367 0640 0126 0230
Current smoker” -1.978% -1.070 -1.930 -1.149 -0.080 -0.436 -0.418 -1.070 -0.828 -1.149 -1.335 0436
Duration of dust exposure”, -0.322# - -0.268* - -0311# - -0.212 - -0.180 - -0.159 -
years
Wearing a mask while -1.264 -1.026 -1350 -1.064 -1.726 -0.494 -1.617 -1.026 -1.5904% 104 0742 0494
wmi:ingb
PMio concentration®
8-hr TWA, mg/'m’ -0.058 0062 0246 0197 -0.176 -0.269 -0.116 0.069 -0.103 0197 0121 0269
ADD, mg/kg-day -0213 - 118 . 0370 - -0.181 - -0.111 - - -
0.269*
Crystalline silica
concentration®
8-hr TWA, mg/m’ 0.000 -0.431 0.011 0431 -0.080 0.007 -0.111 -0.438 -0.002 2431 0137 0007
ADD, mg/kg-day -0.084 - 01034 3 -0.196 3 -0.097 - -0.042 - 0213 -

3Presented in Spearman's rank correlation test (r), "Mann-Whitney U test (z); *p<0.05; **p<0.001; SMW (n=57), Controls (n=20)



In our study, an eight-hour TWA concentrations of PM1o in two groups
were associated with FEVi, FVC, FEV1/FVC, FEV: %predicted, FVC
%predicted, and FEV1/FVC %predicted and ADD of PMyg in two groups were
associated with FEV1, FVC, FEV1/FVC, FEV1 %predicted, FVC %predicted, and
FEV1/FVC %predicted after adjusting for age, duration of exposure, cotton mask
and N95 mask use while working and pack-year smoking history

An eight-hour TWA concentrations of crystalline silica in two groups were
associated with FEV1, FVC, FEVY/FVC, FEV1 %predicted, FVC %predicted, and
FEVY/FVC %predicted and ADD of crystalline silica in two groups were
associated with FEV1, FVC, FEV1/FVC, FEV1 %predicted, FVC %predicted, and
FEV1/FVC %predicted after adjusting for age, duration of exposure, cotton mask

and N95 mask use while working and pack-year smoking history (Table 3.21).
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Table 3.21 Association between PM1g and crystalline silica concentrations with pulmonary function test results among stone-mortar
workers and controls by multiple linear regression analyses

Associated factors (n=77) FEWV) FVC FEVV/FVC FEV) FVC FEVI/EVC
(Yopredicted) {“opredicted) {Yepredicted)
B SE B SE B SE E SE B SE B SE
PMig concentration
Bhr TWA mg m’ 00759 0141  -0.708** 0173 -11.503%* 2057 -27982%= 5.155 - 20 (4ge 4832 -14. 105%* 2530
ADD. mg'kg-day 9147+ 2007 -B.B55* 2398  -1500852%% 28451 -335T774%F T3435 M42539%F g7750  -1876TTF 0 34796
Crystalline silica
concentration
8-lr TWA. mg m® -1.956%%  (.692 -Lag= 0805 -29824%=  10.156 -T19.377e= 24994 -38.365* 12485 -40.010%=* 12332
ADD, mz/kg-day 37420 10896  -35525%+F 12824 A27R55%F 156560 1430997+ 305861 -998.032% 3603535 -B1T7.115%+ 180482

Adjusted for age, duration of exposure, cotton and N95 mask used while working and pack-years smoking; *p<0.05, **p<0.01



Average daily doses (ADD) of PM1o and crystalline silica concentrations
were differentially associated with chest radiographs. In addition, age and
duration of dust exposure were also significantly association with chest
radiographs (Table 3.22).

Table 3.22 The correlation between characteristics, silica concentrations and

chest radiographs in stone-mortar workers and control groups

Asscociated factors (n=77) Chest radiographs
Age?, years -3.099**
Current smoker® 0.666
Duration of dust exposure?, years -3.311**
Wearing a mask while working® 0.063

PMjio concentration?

8-hr TWA, mg/m?® -0.985

ADD, mg/kg-day -2.619**
Crystalline silica concentration?

8-hr TWA, mg/m® -0.920

ADD, mg/kg-day -2.434*

%Presented in Mann-Whitney U test (z), "Fisher’s exact test; **p<0.001

In our study, an eight-hour TWA of PMjo and crystalline silica
concentrations were not associated with chest radiographs and ADD of PMyo and
crystalline silica concentrations were not associated with chest radiographs after
adjusting for age, duration of exposure, cotton mask and N95 mask use while

working and pack-year smoking history (Table 3.23).
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Table 3.23 Association between PMio and crystalline silica concentrations with
chest radiographs among stone-mortar workers and controls by multiple binary

logistic regression analysis

Associated factors (n=77) Chest radiographs
B SE

PMao concentration?

8-hr TWA, mg/m3 1.273 0.843

ADD, mg/kg-day 14.479 9.421
Crystalline silica concentration®

8-hr TWA, mg/m?3 3.226 4.336

ADD, mg/kg-day 51.616 50.158

Adjusted for age, duration of exposure, cotton and N95 mask used while

working and pack-years smoking

3.7.2 Association of crystalline silica concentration with serum CC16 and
HO-1 levels

In our study, an eight-hour TWA of PMjo and crystalline silica
concentrations in stone-mortar workers and control groups were not associated
with CC 16 and HO-1. Moreover, ADD of PMjy and crystalline silica
concentrations were not associated with CC 16 and HO-1. However, wearing a
mask while working was significantly different to HO-1 in stone-mortar workers
(Table 3.24).

Table 3.24 The correlation between characteristics, crystalline silica

concentrations with CC 16 and HO-1 in stone-mortar workers and control groups

CC 16 HO-1
Asscociated factors SMW Controls SMwW Controls
Age?, years 0.135 0.450* -0.242 0.202
Current smoker® -1.987 -1.228 -0.112 -1.942
Duration of dust 0.129 - -0.172 -

exposure?, years
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Table 3.24 (Continued)

CC 16 HO-1
Asscociated factors SMW Control SMW Control
Wearing a mask while -1.279 -1.701 -2.749%* 0.851
working®
PMao concentration?
8-hr TWA, mg/m?® -0.014 0.102 -0.022 0.152
ADD, mg/kg-day 0.206 - -0.093 -
Crystalline silica
concentration?
8-hr TWA, mg/m?® -0.040 0.380 0.208 0.287
ADD, mg/kg-day 0.163 - 0.158 -

3Presented in Spearman's rank correlation test (r), "Mann-Whitney U test (2):
*p<0.05; **p<0.001; SMW (n=57), Controls (n=20)

In our study, an eight-hour TWA of PMyo concentration was negatively
associated with serum CC16 levels after adjusting for age, cotton and N95 mask

used while working and pack-years smoking history (Table 3.25).

Table 3.25 Association of crystalline silica concentration with serum CC16 and

HO-1 levels among stone-mortar workers and controls by multiple regression

analysis
Associated factors CC 16 HO-1
(N=77) B SE B SE
PM 3o concentration®
8-hr TWA, mg/m3 -2.106* .940 2.898 10.950
ADD, mg/kg-day -23.198 12.481 18.958 143.924
Crystalline silica concentration
8-hr TWA (mg/m®) -11.833** 3.982 71.940 46.772
ADD (mg/kg-day) -120.141  60.633  572.184  698.181

Adjusted for age, cotton and N95 mask used while working and pack-years

smoking
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In our study, an eight-hour TWA of PMio concentration were associated
with FEV1/FVC %predicted, and serum levels of CC16 and HO-1 and ADD of
PM1o concentration were associated with respiratory symptoms, FEV1/FVC,
FEV1/FVC %predicted, and serum levels of CC16 and HO-1. Moreover, PMyo
concentrations was significantly different to chest radiographs in two groups.

An eight-hour TWA of crystalline silica concentration were associated
with FEV1/FVC %predicted, and serum levels of CC16 and HO-1 and ADD of
crystalline silica concentration were associated with respiratory symptoms,
FEVY/FVC %predicted, and serum levels of CC16 and HO-1. Moreover,
crystalline silica concentration was significantly different to chest radiographs in

two groups (Table 3.26).

101



¢0T

Table 3.26 Association of PM1o and crystalline silica concentration with respiratory symptoms, pulmonary function, chest

radiographs, CC16 levels and HO-1 levels among stone-mortar workers and controls

Associated factors (N=T7) Respiratory Pulmonary fonction® Chest cCclg* HO-1*
symptoms® EEV,  FVC  FEV,EVC  EEV, FVC FEMEVC  radiographs®
(Yipredicted) (Yipredicted)  (“epredicted)

PMip concentration®

8-he TWA, mg.-'m'! 0.175 0.026 0.077 -0205 -0.072 0.009 -0.303* 0985 0.466%* 0319

ADD. mg/kg-day 0.308*=* 0082 0012 -D284% -0.116 -0.010 -0.350+= -2.619%=* -0.400%  0224*
Crystalline silica concentration

8-hr TWA {mg-’msj 0.194 0012 0.039 -0127 -0.123 -0.049 -0.284* -0.920 -0474%= 0467

ADD (mg/kg-day) 0.276* 0.004 0.057 -0.187 -0.071 0.026 0332+ -1.434% -0.418%%  (434%=

T

3Presented in Spearman's rank correlation test (r); "Mann-Whitney U test (z); p<0.05, **p<0.01



An eight-hour TWA of PMyo and crystalline silica concentration were associated
with serum CC16 levels using multiple regression analysis after adjusting for age,
current smoker, wearing a mask while working. Moreover, our studies found that an
eight-hour TWA and ADD of PMjy and crystalline silica concentration were not
associated with serum CC16 and HO-1 levels after adjusting for age, current smoker,

wearing a mask while working, pulmonary function. (data not shown) (Table 3.27).

Table 3.27 Association of silica concentration with serum CC16 and HO-1 levels

among stone-mortar workers and controls by multiple regression analysis

Associated factors CC 16 HO-1
(N=T77) B SE B SE

PMao concentration?

8-hr TWA, mg/m3 -2.047*  0.940 -0.068 10.644

ADD, mg/kg-day -21.541 12.688 -15.362  141.941
Crystalline silica concentration

8-hr TWA (mg/m?3) -11.736** 3.977 56.443 45.713

ADD (mg/kg-day) -110.412  61.757 313.676  691.413

Adjusted for age, current smoker, wearing a mask while working; *p<0.05, **p<0.01
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CHAPTER 4

DISCUSSIONS AND SUGGESTIONS

This study had two phases of the study processes which first phases was a
retrospective cohort to identify the dose-response association of respirable dust
exposure with respiratory disorders and biomarkers among 57 stone-mortar workers
(SMW) and 20 controls with aged over 18 years and lived at study areas for at least 1
year, and second phases was a cross-sectional study to assess 57 stone-mortar workers,
325 people living around stone-mortar factories for risk perception, and 380 people
living around stone-mortar factories for health related quality of life (HRQOL) with
aged over 18 years and lived at study areas for at least 1 year. Data were collected from
January to March 2017.

The instruments and measures consisted of particulate matter less than ten
micrometers in diameter (PM1o) and crystalline silica exposure, respiratory symptoms
with the American Thoracic Society Division of Lung Disease questionnaire (ATS-
DLD-78A), clara cell 16 (CC16) and heme oxygenase-1 (HO-1) detection with using
enzyme-linked immunosorbent assays (ELISA) kits, pulmonary function test with
spirometer, chest radiography following International Labour Organizatio (ILO)
guidelines and global positioning system (GPS) tool and questionnaires asked for
interviewt risk perception with a questionnaire for original use in France which was
translated into the Thai language with content validity and reliability of risk perception
questionnaire, preventive behavior of crystalline silica exposure with content validity
and reliability, HRQOL with 36 item short form survey (SF-36). Multiple linear
regression analysis was used to examine the association of PM1o and crystalline silica
with respiratory disorders, and serum level of CC16 and HO-1. Binary logistic
regression analysis and multiple linear regression analysis were used to examine the

association of associated factors with risk perception and HRQOL.
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4.1 Conclusions

Occupational exposure to crystalline silica led to reduces serum CC16 and
increased serum HO-1 among SMW. The concentration of crystalline silica was
significantly associated with serum CC16 levels after adjustment for age, current
smoker, dust exposure duration, wearing a mask while working, co-morbidity and
pulmonary functions. Therefore, our data provides novel evidence that serum CC16
should be useful as a biomarker of effect from crystalline silica exposure and to predict
the health risk of stone-mortar workers. Further studies on the detailed molecular
mechanisms for short- and long-term exposure to crystalline silica resulting in the
reduction of serum CC16 levels among SMW are warranted.

In addition, all stone-mortar factories produce inhalable dust pollutants,
especially PMzq containing crystalline silica, which affects respiratory symptoms and a
poorer risk perception of those residents living around stone-mortar factories.
Moreover, our findings have shown that SMW were exposed to excessive crystalline
silica level but PMyo level did not exceed the standard level. Therefore, this exposure
was associated with respiratory disorders and pulmonary function impairment among

SMW and people living around stone-mortar factories.

However, crystalline silica exposure is a preventable health hazard. SMW in the
study area should be regulated to use appropriate personal protective equipment (PPE),
Especially N95 masks are widely used as a self-preventive measure for high health risk
areas and should be screened periodically for respiratory disorders, pulmonary function
impairment and silicosis. Meanwhile, knowledge and advice should be provided to
SMW, particularly respiratory disorders who are more likely to receive adverse effects
directly from air pollution for them to minimize the potential harm from continued
exposure to air pollution from stone-mortar factories. Further studies are needed to
determine if strict enforcement of using PPE with result in reduction of respiratory

disorders and risk of silicosis.

In addition, those residential home living around stone-mortar factories should
consider appropriate PPE. Meanwhile, knowledge and advice should be provided to
those residential home living near stone-mortar factories, particularly lung disease

patients, and elder with respiratory symptoms who are more likely to receive adverse
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effects directly from air pollution for them to minimize the potential harm from
continued exposure to air pollution from stone-mortar factories.

Finally, developing industries provide socioeconomic advantages to workers and
communities living near air pollution sources, these advantages affect health risks and
HRQOL when there is a lack of control measures as regards air polluting sources. Our
studies have shown that SMW and people living around stone-mortar factories had high
respiratory disorders. It was also shown that SMW and people living around stone-
mortar factories will lead to a decrease in HRQOL. Therefore, the local policy makers
should aim to be providing in place practices and procedures to reduce household air
pollution from stone-mortar factories to improve HRQOL. Moreover, these findings
indicate the importance of the intervention and surveillance measures, especially for
SMW and people living around stone-mortar factories with respiratory disorders, to
reduce the risks of air pollution exposure and lead to better health.

4.2 Discussions

Our findings have the importance to discuss as follow:

1) This study showed high exposure concentration of PM1o and crystalline silica
in SMW. PMyo concentration in SMW did not exceed the recommended level while
crystalline silica concentration in SMW was exceeded the exposure limit proposed by
the American Conference of Governmental Industrial Hygienists (ACGIH) [127]. These
results are consistent with the findings from previous research of Nambunmee et al.
which found a high level of atmospheric crystalline silica dust in the stone mortar and
pestle production industry among Thai stone workers in 2014 [30]. According to
Chanvirat et al. reported the stone-carving workers in 2018 were exposed to high
concentrations of respirable crystalline silica and this level exceeded the Occupational
Safety and Health Administration (OSHA) and the ACGIH standard limits [127,140].
Our study also found that the risk characterization of PMyo and crystalline silica in
stone-mortar workers, which was expressed as health quotient (HQ), were considered
unacceptable and possibly affected humans according Ministry of Public Health and the
United States Environmental Protection Agency (US EPA) guidelines [123,124]. In our
study, the studied stone cutters and stone grinders had greater the levels of PMyg and

crystalline silica than control, but PMyo level did not exceed the standard level of
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ACGIH guidelines but crystalline silica exposure levels did exceed the standard level of
OSHA (2018) [127]. This finding is similar to previous studies which were conducted
among Thai stone workers of Nambunmee et al. (2014); Chaiear et al. (2017); Chanvirat
et al. (2018) and in Iranian stone workers of Mohammadi et al. (2017) [31,140-142].

Moreover, our studies found that the crystalline silica concentration in all
factories were exceeded the exposure limit proposed by the National Institute for
Occupational Safety and Health (NIOSH) and ACGIH guidelines for each stone-mortar
process, such as stone cutting and grinding, in home stone-mortar factories. However,
stone-mortar factories are a household products industry and mostly informal sector
workers which these areas were an open system causing ventilation problems and lack
appropriate the concentration controls of air pollution. These results are consistent with
the findings from previous research of Bhagia (2012) indicating high concentrations of
crystalline silica in stone-mortar factories when compared with other occupational
groups [143]. Moreover, these results are consistent with the findings from previous
research of Kuo et al. (2018) that indicating the association between the high levels of
respirable dust and crystalline silica concentrations [144].

2) Our studies were collected PMio concentration using a personal sampling
pump in the vests of the workers’ breathing zone for an 8-hour work day period. These
measurements were representing individual exposure of PM1o and crystalline silica in
these areas as following the National Institute for Occupational Safety and Health
(NIOSH) method 0600 guides for respirable particulates not otherwise regulated as
following NIOSH (1998) and the NIOSH method 7601 as following NIOSH 2003 with
a visible absorption spectrophotometer [125,126]. Moreover, our studies found that
some respiratory symptoms such as coughing, phlegm and coughing with phlegm were
upper respiratory system. However, PM>s may be measured in the further study because
some respiratory symptoms such as wheezing, difficulty in breathing and chest pain
were lower respiratory system including decreased pulmonary function and two
biomarkers due to PM. s can penetrate deeply into the lung.

3) Our studies found that the respiratory symptoms such as coughing, phlegm,
coughing with phlegm, nose irritation, stuffy nose, chest pain, wheezing, and difficulty
in breathing due to stone-mortar production has been producing PMjio containing
crystalline silica since the industry began and these particles can enter the nose, throat,
and lungs. Workers exposed to PMzg and crystalline silica in the workplace experienced

irritation in the respiratory tract which causes respiratory symptoms. These findings
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were also consistent with previous studies of Sivacoumar et al. (2001); Sun et al.
(2013); Isara et al. (2016) that the high concentration of PM1g containing crystalline
silica, in both the working area and the living environment, is associated with human
health problems such as respiratory disorders [145-147]. Besides, we found that
approximately 55% of stone cutters and 43% of stone grinders had respiratory
symptoms such as coughing with phlegm, coughing, and coughing with wheeze and
phlegm. These findings were also consistent with previous studies of Rafeemanesh et al.
(2014); Yingratanasuk et al. (2014); Silanun et al. (2017) [19,33,148]. In addition,
people living around stone-mortar factories had respiratory symptoms consisting of
coughing, phlegm, nose irritation, stuffy nose, and coughing with phlegm. This finding
Is consistent with current literature of of Garshick et al. (2003) and Doiron et al. (2017)
that indicates an association between respiratory symptoms and living near air pollution
sources [149,150].

4) Our studies have shown that crystalline silica exposure was associated with
reduced pulmonary function such as forced expiratory volume in one second (FEVy),
forced vital capacity (FVC) and force expiratory volume in one secon/ forced vital
capacity (FEV1/FVC) levels similar to prior research studies of Hertzberg et al. (2002);
Mohammadi et al. (2017); Lamichhane et al. (2018) [142,151,152]. Thus, SMW should
be investigated with pulmonary function testing. Moreover, our studies have shown that
stone cutters and grinders had obstructive lung disease and others had restrictive lung
disease. This finding was similar to previous studies of Aghilinejad et al. (2012) from
Iran found that the most common abnormality of pulmonary function among SMW
were obstructive lung disease followed by restrictive lung disease [153]. Among
workers who were chronically exposed to crystalline silica, the particles interacted with
lung tissue to promote the persistent inflammation through the production of oxidant
substance in the alveolar space. The reactive oxygen species (ROS), major oxidant
substance, was produced by macrophages attempting to breakdown the silica [154].
Hence, the exposure with the high concentration of crystalline silica probably damaged
the lining of the lung air sacs and decreased pulmonary functional performance [40,41].
However, our study found that all pulmonary function parameters in SMW were normal
and not significantly different from the control group, except the percent of predicted
FEVY/FVC. In addition, we did not observe the relationship between crystalline silica

concentration and all pulmonary function parameters.
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5) In our study, there were significantly a higher number of abnormal chest
radiographs in stone cutters and stone grinders than controls. Fourteen percent of stone
cutters and grinders had abnormal chest radiographs, 3 had findings consistent with
silicosis. Therefore, these results are in agreement with the findings of other research
studies of Rafeemanesh et al. (2014) reported 16.4% of studied stone grinders had
abnormal chest radiographs in Iran [19]. In our study found that the percentage of study
subjects with abnormal chest radiographs was greater than a previous study from
Thailand (8.9%) of Silanun (2014) [155]. It is possible that SMW might be lower risk to
crystalline silica exposure in the workplace area. This reason was supported by the type
of stone factories in this study household being industry and open ventilation system.
Besides, we found that approximately 50% of workers in the exposure group wearing a
mask while working which might have helped to reduce the exposure. Despite the lower
risk of crystalline silica exposure in SMW, we found three abnormal chest radiograph
findings diagnosed as silicosis. Likewise, previous studies reported the prevalence of
silicosis in Thai stone workers of Nambunmee et al. (2014); Silanun, (2014); Silanun et
al. (2017) [32,33,156].

6) Our studies found that the serum CC16 level in SMW was significantly lower
than those in control group. These findings were also consistent with previous studies of
Bernard et al. (1994); Broeckaert et al. (2000); Wang et al. (2007) and Xiao et al. (2013)
which found the reduction of serum CC16 in silica-exposed workers without respiratory
symptoms, abnormal chest radiographs or pulmonary function tests [38,87,157,158].
Moreover, the serum CC16 was generally secreted into the respiratory tract and diffused
across the bronchoalveolar-blood barrier into the plasma [159]. Hence, it could be
suggested that the reduction of serum CC16 secretion into respiratory tract was possibly
caused from crystalline silica-induced lung injury as describe elsewhere [160]. Beside
the direct cell injury, the clara cells were damaged from the cytotoxin, which was
released from silica-engulfed alveolar macrophages [38]. The possible mechanism in the
reduction of serum CC16 was not only the clara cell injury but also the loss of
permeability of the alveoli/blood capillary barrier. Generally, the CC16 is diffused to
blood circulation through alveoli/blood capillary barrier under the pressure in a healthy
population [87]. For this reason, it probably suggested that the alteration of serum CC16
in the silica-exposed group may be influenced by the disruption of the alveoli barrier.

On the contrary, there was a significantly higher level of serum HO-1 in SMW

compared with those in control group. This finding is similar to previous studies of
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Nagatomo et al. (2006); Sato et al. (2006); Nambunmee et al. (2014) [31,40,161].
Moreover, prior inflammatory induction, the hydroxyl radical, one of ROS, was
produced by the silica particles. Subsequently, the antioxidant enzyme such as HO-1
was predominately released to respond to the toxicity of silica. Moreover, an eight-hour
TWA of PMyo concentration was associated with serum CC16 levels using multiple
regression analysis after adjusting for age, current smoker, wearing a mask while
working. However, our studies found that an eight-hour TWA and ADD of PMyo and
crystalline silica concentration were not associated with serum HO-1 levels after
adjusting for age, current smoker, wearing a mask while working, pulmonary function.
It is possible that the increase of HO-1 might result from co-morbidities such as
diabetes, hypertension, chronic obstructive pulmonary disease (COPD), asthma, and
cystic fibrosis including decreased pulmonary function [162-164]. From this reason, the
finding of no association between crystalline silica and HO-1 was assumed in the study
since the worker was probably exposed to a low level of crystalline silica due to these
findings were also consistent with previous study of Nambunmee et al. (2014) which
found the relationship of silica concentration and serum HO-1 levels between the low
and high exposure group found significant relationships between silica level and serum
HO-1 in the high silica exposure group only (silica concentration of 15.50 mg/m®)
[156].

Silicosis is an occupational respiratory disease. Practically, the measurement of
silica in workplace is also necessary to control the incidence of silicosis [165-167]. The
diagnosis of silicosis, which is based on clinical history and radiological findings, has
been done. Unfortunately, pulmonary function is not specific to silicosis and lung
lesions indentified by chest radiograph is obviously found in late stages. Furthermore,
an effective method for early diagnosis remained currently unavailable [35,37,40,168].

7) Our studies found that those SMW had risk perception and preventive
behavior at high level on respiratory tract protection. Respiratory tract problems were
common among them. Risk perception had low level in smoker and respiratory tract
disease. There were smoking and respiratory tract disease should concern in SMW,
especially, are known to affect risk perception. Most importanttly, the wearing N95
mask while working all times at low level in SMW and people living around stone-
mortar factories were 16.9% and 7.1% respectively due to N95 mask have the potential

to prevent disease. In addition, several previous studies of Omanga et al. (2014)
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reported that demographic factors were associated with air quality perception (AQP)
variables and Chakraborty et al. (2017) found other contextual and socio-demographic
factors that have influence in air pollution health risk perception [49,169]. In addition,
Sivacoumar et al. (2001) and lIsara et al. (2016) found inhalable particulate matter has
associated with human impacts such as respiratory symptoms and pulmonary function
in the work place of stone [145,147]. In Thailand, Janmaimool et al. (2014) found that
high-risk community of environmental contamination also was significantly related to
the degree of risk perception [170]. These findings suggest that SMW should increasing
knowledge to self-prevention behavior in crystalline silica dust exposure and hazardous
conditions. Smoker and people with respiratory tract disease should increasing health
risk perception and preventive behavior. Therefore, these have the potential to provide
education and training for the prevention of occupational lung disease.

Our studies have shown that the demographic characteristics and factors can
affect a poor risk perception including age (young had poorer risk perception than
older), income (low income had poorer risk perception than high income), occupation
(moderate and heavy labors had poorer risk perception than light labor), smoking
(smokers had poorer risk perception than non-smoker) and number of respiratory
symptoms (increased the number of respiratory symptoms had poorer risk perception).
In addition, there were found that low distance from home to stone-mortar factories was
associated with a poor risk perception. Moreover, our study found that the demographic
characteristics and factors associated with risk perception. Thus, these results are in
agreement with the findings of other research studies of Egondi et al. (2013); Omanga et
al. (2014); Guo et al. (2016) found that those characteristics have a bearing also on risk
perception in order to the context and personal traits can influence a person’s perception
of health risks from air pollution [44,45,49].

Most importantly, our study found that an increased number of respiratory
symptoms was associated with a poor risk perception. Especially, respiratory symptoms
such as nose irritation, chest pain, and stuffy nose had associated with a poor risk
perception. These results are in agreement with the findings of other research study of
Brender et al. (2011) found that those residential home living close to home stone-
mortar factories had more respiratory symptoms than those living far from home stone-
mortar factories [171]. In addition, these results have shown that the health risk
perceived levels of air pollution significantly influences respiratory symptoms that these

results are consistent with the findings from previous study of Orru et al. (2018) [172].
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Furthermore, our study has shown found that increasing distance from home to
stone-mortar factories was associated with a good risk perception. Thus, this study
showed that those residents living near home stone-mortar factories had a poorer risk
perception than those living far from the pollution sources. these results are consistent
with the findings from previous study of Egondi et al. (2013); Omanga et al. (2014);
Pattinson et al. (2015); Li et al. (2016) found that people living close to the air pollution
sources have a higher level of risk perception than those living in other conditions, and
that the residents in the vinicity of air pollution sources have greater awareness about
health risks from the familiar environmental hazards [44,49,173,174]. These results are
in agreement with the findings of other research study of Janmaimool et al. (2014)
found that the environmental pollution exposure risk was significant positive
association with health risks perception. Thai people in communities having high risk of
exposure to environmental pollutants appeared to have a high degree of health risks
perception [170].

8) Our studies found that the average physical component summary (PCS) score
was higher than those of the HRQOL of Thais’ healthy national volunteer and The
average mental component summary (MCS) score was slightly higher than those of the
HRQOL of Thais’ healthy national volunteer. Average of role limitations due to
physical health and role limitations because of emotional problems score were lower
than those of the the HRQOL of Thais’ healthy national volunteer. However, air quality
is a key factor in people's well-being due to HRQOL is strongly affected by the health
outcomes. Moreover, physical environment such as the role limitations due to physical
health and emotional problems influence the individual’s health in SMW,
neighborhoods (e.g., environments that increase physical activity etc.) and working
environment, which affect the HRQoL. Although development within the industry
provides socioeconomic advantages for both workers and communities, along with
these advantages are increased health risks affecting HRQOL for both workers and
communities due to the increase in air pollution [175].

Moreover, Lim et al. (2008) and Wang et al. (2008) found that the generic SF-36
tool has been extensively used worldwide for assessing HRQOL among exposed
workers and people living around the air polluting sources [139,176]. Our studies have
shown that people living around household stone-mortar factories, especially the
residents living around stone-mortar factories within distances of less than 100 meters

often had respiratory symptoms. These results are consistent with the findings from
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previous research of Laurent et al. (2007); Wang et al. (2008); Krewski, (2009);
D'Souza et al. (2013); Dargin, (2014) that these symptoms can lead to an increased risk
of poorer health status, more psychosocial stressors, and a reduced HRQOL. Several
studies reported that the association of the short- and long- term effects with air
pollution exposure can be induced by demographic characteristics, socioeconomic
change and HRQOL both directly exposed workers and the people living around stone
factories [65,71,176-178].

Furthermore, primary factors such as demographics, socioeconomics, and
geographical region have been identified as being related to HRQOL. All these were
related with HRQOL of residential home of people living near air pollution sources.
These findings were also consistent with previous studies of Wang et al. (2008) and
D'Souza et al. (2013), especially those characteristics of subjects, medical history, and
lifestyle habits identified in the HRQOL scores of people living around stone-mortar
factories [65,176]. In addition, Krewski, (2009) found that if possible changes should be
made to address primary factors, socio-economic, and geographical region for
residential home of people living near areas with high concentration of air pollution lead
to increases in life expectancy and D'Souza et al. (2013) found that residential home in
communities located closer to high concentration of air pollution sources were most
likely to have poorer physical health, mental health, and HRQOL than those living at
greater distance from the air pollution sources [65,178]. Most importantly, Zullig et al.
(2010) and D'Souza et al. (2013) found that residential home in communities can easily
be exposed to the dispersing pollutants in ambient air pollution, for example people
living near air pollution sources [52,65]. Thus, the concerned agencies need advice and
support the information as regards self-preventive measures to protect themselves.

The residential home of people living near stone-mortar factories tended to have
a significantly negative HRQOL using the multivariate analysis. This finding was also
consistent with previous studies of Lee et al. (2006) and Balmes et al. (2009) have
shown that the residential home living near a garbage dumping site was significantly
negative associated with quality of life in the physical and environmental domains
[179,180]. There are many possible confounding factors that could affect this
association such as traffic noise, living near roads or other pollution sources, buildings
or other obstructions which might be influencing factors in the decrease of air pollution
concentrations that this finding was similar to previous studies of Roswall et al. (2015)

and Yang et al. (2015) [181,182]. Wind direction has also been shown to affect quality
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of air pollution and needs to be taken into consideration that this finding was also
similar to previous study of Guerra et al. (2006) [183].

4.3 Limitation of the study

The limitations of this study were the small sample size of crystalline silica
exposure group but we conducted in all available SMW and people living around stone-
mortar factories who were willing to participate. The working area is an open system

causing an uncertainty in the concentrations of PM1o and crystalline silica.

4.4 Suggestions

This study was to suggest the implementation for SMW and people living
around stone-mortar factories, health personal, the factories and the further study as
following:

4.4.1 Suggestion for implementation

This study was to suggest the implementation for reduce the health risks;
increase the risk perception, preventive behaviours, and HRQOL as following;

1) The PMz1o monitoring in stone-mortar factories: The results showed
that PMyo did not exceed the standard level of ACGIH but crystalline silica exceeds the
standard level of ACGIH guidelines. Therefore, the PMio monitoring should be
conducted at yearly periods in stone-mortar factories and communities. In addition,
PMz2s have to be monitored due to PM2s can penetrate deeply into the lung.

2) The surveillance for respiratory symptoms: The results showed that
respiratory symptoms consisted of coughing, phlegm, coughing with phlegm, and nose
irritation in SMW and respiratory symptoms consisteds of coughing, phlegm, nose
irritation, stuffy nose, and coughing with phlegm in people living around stone-mortar
factories. Therefore, respiratory symptom questionnaires, especially chronic respiratory
symptoms, should be used to conduct a survey for screening both SMW and people

living around stone-mortar factories.
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3) The pulmonary function identification: The results showed that an
eight-hour TWA concentrations and ADD of PMzo and crystalline silica in two groups
were associated with FEV1, FVC, FEV1/FVC, FEV1 %predicted, FVC %predicted, and
FEV1/FVC %predicted after adjusting for age, duration of exposure, cotton mask and
N95 mask use while working and pack-year smoking history. Therefore, pulmonary
function test should be conducted at yearly periods in SMW for other lung disease
surveillance such as obstructive lung disease, a restrictive lung disease, and a mixed
obstructive/ restrictive lung disease.

4) The chest radiograph finding identification: The results showed that
abnormal chest radiograph findings in SMW consisted of eight cases, which three cases
were diagnosed with silicosis. Chest radiograph findings should be conducted at yearly
periods in SMW for silicosis surveillance and interpreted chest radiograph finding
results by physician following ILO guildline.

5) The biomarkers, clara cell protein 16 (CC16) and heme oxygenase-1
(HO-1) detection: The results showed that a decrease in serum CC16 was further
lowered after crystalline silica exposure in order to it is concluded that there is a
decreased anti-inflammatory capacity in the serum. An increase in serum HO-1 was
further highered after crystalline silica exposure in order to HO-1 has antioxidative,
antiapoptotic and anti-inflammatory activities. Therefore, SMW, especially chronic lung
disease and high dose exposure, should be monitored CC16 and HO-1 for health
surveillance and these biomarkers are benefit for the prediction and prognosis
assessment of silicosis.

6) The risk perception about air pollution: The results showed that SMW
had awareness of health risks of crystalline silica exposure at 33.3% (n=19). Respiratory
symptoms had a poor risk perception more than non-respiratory symptoms. Moreover,
our studies found that seventy-nine subjects (24.3%) were found to have a poor risk
perception in people living around stone-mortar factories. Interestingly, those with
distance from residential home to stone-mortar factories between 51 and 100 meters and
lower than 50 meters had a poorer risk perception than those whose distance from
residential home to stone-mortar factories more than 100 meters. Therefore, SMW and
people living around stone-mortar factories should be informed and educated on health
risk perception and appropriate PPE using from exposure to PMyg containing crystalline

silica to improve health risk perception and leads to better health.
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7) The preventive behavior for dust exposure: The results showed that
SMW and people living around stone-mortar factories had low preventive behavior of
crystalline silica exposure such as hang clothes when exposed air pollution, take food
and drink water at workplace of stone-mortar area. Therefore, SMW and people living
around stone-mortar factories should be informed and educated on health preventive
behavior from exposure to PMio containing crystalline silica to improve preventive
behavior and leads to better health.

8) The HRQOL monitoring: The results showed that the overall HRQOL
were not significantly different as regards sex, age, income, marital status, education,
length of living, smoker, alcohol use, respiratory symptoms and underlying diseases in
SMW. Moreover, the overall HRQOL was significantly different the associated factors
such as age, income, education, occupation, respiratory symptoms, underlying diseases
and the overall HRQOL among people living around stone-mortar factories. Moreover,
the distance between residential home and stone-mortar factories of people living
around stone-mortar factories were significantly different in the overall HRQOL.
Therefore, SMW annd people living around stone-mortar factories should be informed
and educated health risk from exposure to PMio containing crystalline silica when
entering stone-mortar factories for self preventive behavior and leads to increased
HRQOL. In addition, SMW should be checked HRQOL, especially the average of role
limitations due to physical health and role limitations because of emotional problems
score, for surveillance.

4.4.2 Suggestion for the further study

Further studies on the detailed molecular mechanisms for short- and long-term
exposure to crystalline silica resulting in the reduction of serum CC16 levels among
SMW are warranted. In addition, the studies are needed to determine if strict
enforcement of using PPE with result in reduction of respiratory disorders and risk of
silicosis and monitor the concentrations of PMz1o and crystalline silica and respiratory
disorder with the seasonal analyses. Most importantly, it is necessary to study
qualitative research and longitudinal research design for other measurement of
crystalline silica, inflammatory biomarkers (CC16 and HO-1) and respiratory disorders
among SMW and people living around the stone-mortar factories. In addition, the study

directly assessing PM2s due to PM2s can penetrate deeply into the lung.

116



10.

REFERENCES

Yatkin S1, Bayram A. Determination of major natural and anthropogenic source
profiles for particulate matter and trace elements in Izmir, Turkey.
Chemosphere. 2008;71(4):685-96.

Ghorani-Azam A, Riahi-Zanjani B, Balali-Mood M. Effects of air pollution on
human health and practical measures for prevention in Iran. J Res Med Sci.
2016;21:65.

Bauleo L, Bucci S, Antonucci C, Sozzi R, Davoli M, Forastiere F, et al. Long-
term exposure to air pollutants from multiple sources and mortality in an
industrial area: a cohort study. Occup Environ Med. 2019;76(1):48-57.

Liao X, Tu H, Maddock JE, Fan S, Lan G, Wu Y, et al. Residents’ perception of
air quality, pollution sources, and air pollution control in Nanchang, China.
Atmos Pollut Res. 2015;6(5):835-41.

Healy CB, Coggins MA, Van Tongeren M, MacCalman L, McGowan P.
Determinants of respirable crystalline silica exposure among stoneworkers
involved in stone restoration work. Ann Occup Hyg. 2013;58(1):6-18.

Scarselli A, Binazzi A, Forastiere F, Cavariani F, Marinaccio A. Industry and
job-specific mortality after occupational exposure to silica dust. Occup Med
(Lond). 2011;61(6):422-9.

Leung CC, Yu IT, Chen W. Silicosis. Lancet. 2012;379(9830):2008-18.

Fanning EW, Froines JR, Utell MJ, Lippmann M, Oberddrster G, Frampton M,
et al. Particulate matter (PM) research centers (1999-2005) and the role of
interdisciplinary ~ center-based  research. = Environ  Health  Perspect.
2009;117(2):167-74.

Masri S, Kang C-M, Koutrakis PJJotA, Association WM. Composition and
sources of fine and coarse particles collected during 2002—2010 in Boston, MA.
J Air Waste Manag Assoc. 2015;65(3):287-97.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.
Arsenic, metals, fibres, and dusts. IARC Monogr Eval Carcinog Risks Hum.
2012;100(Pt C):11-465.

117



11.

12.

13.

14.

15.

16.

17.

18.

1g

20.

Vacek PM, Verma DK, Graham WG, Callas PW, Gibbs GW. Mortality in
Vermont granite workers and its association with silica exposure. Occup Environ
Med. 2011;68(5):312-8.

Lee W, Ahn Y-S, Lee S, Song BM, Hong S, Yoon J-H. Occupational exposure
to crystalline silica and gastric cancer: a systematic review and meta-analysis.
Occup Environ Med. 2016;73(11):794-801.

World Health Organization (WHO). Task force 4: elimination of silicosis. [Cited
2016 May 9]. Available from: http://www.who.int/occupational _health/topics/
silicosis/en/.

Hiraiwa K, van Eeden SF. Contribution of lung macrophages to the
inflammatory responses induced by exposure to air pollutants. Mediators
Inflamm. 2013;619523.

Sato T, Shimosato T, Klinman DM. Silicosis and lung cancer: current
perspectives. Lung Cancer (Auckl). 2018;9:91-101.

Pattamak C. Seasonal variation and FEV1/FVC among grind-stone workers in
Srakrew Province, 2003. [Cited 2016 May 9]. Available from: http://klb.ddc.
moph. go.th/dataentry/research/form/200.

Ministry of Labour. Diagnostic criteria of occupational diseases commemorative
edition on the auspicious occasion of His Majesty the King’s 80" Birthday
anniversary 5 December 2007, 2007. [Cited 2016 May 9]. Available from:
https://www.ss0.go.th/wpr/assets/upload/files_storage/sso_th/fed9ac2c9e46ad81
b203e64b8a6a940c.pdf.

Yadav S, Anand P, Singh H. Awareness and practices about silicosis among the
sandstone quarry workers in desert ecology of jodhpur, rajasthan, India. J Hum
Ecol. 2011;33(3):191.

Rafeemanesh E, Majdi MR, Ehteshamfar SM, Fahoul MJ, Sadeghian Z.
Respiratory diseases in agate grinding workers in Iran. Int J Occup Environ
Med. 2014;5(3):130-6.

Nkosi V, Wichmann J, Voyi K. Chronic respiratory disease among the elderly in
South Africa: any association with proximity to mine dumps?. Environ Health.
2015:;14:33.

118



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Das B. Assessment of respiratory symptoms and lung function values among the
brick field workers of West Bengal, India. Arch Environ Occup Health.
20163;71(4):222-30.

Patto P, Loosereewanich P, Chantanakul S, Chansatitporn N. Pulmonary
function abnormality from silica dust exposure among automotive part foundry
workers. International Graduate Research Conference 2014, Chiang Mai
University. 2014.

Meijer E, Kromhout H, Heederik D. Respiratory effects of exposure to low
levels of concrete dust containing crystalline silica. Am J Ind Med.
2001;40(2):133-40.

Kakooei H, Gholami A, Ghasemkhani M, Hosseini M, Panahi D, Pouryaghoub
G. Dust exposure and respiratory health effects in cement production. Acta Med
Iran. 2012;50(2):122-6.

Danphaiboon A, Liewsaree W, Khantipongse J, Chaisuwan C, Khacha-ananda
S, Singkaew J, et al. Blood hemeoxygenase-1 (HO-1) levels in stone mill
workers who were exposed to silica in Upper North Thailand. Disease Control
Journal. 2012;38(1):8-14.

Bang KM, Mazurek JM, Wood JM, White GE, Hendricks SA, Weston A.
Silicosis mortality trends and new exposures to respirable crystalline silica -
United States, 2001-2010. MMWR Morb Mortal WKly Rep. 2015;64(5):117-20.
Tse LA, Dai J, Chen M, Liu Y, Zhang H, Wong TW, et al. Prediction models
and risk assessment for silicosis using a retrospective cohort study among
workers exposed to silica in China. Sci Rep. 2015;5:11059.

Aungkasuvapala N, Juengprasert W, Obhasi N. Silicosis and pulmonary
tuberculosis in stone-grinding factories in Saraburi, Thailand. J Med Assoc Thai.
1995;78(12):662-9.

Khaophuthai S. Occupational and work-related diseases, 2009. [Cited 2016 May
9]. Available from: https://www.hiso.or.th /hiso/tonkit/tonkits17.php.
Nambunmee K, Danphaiboon A, Khantipongse J. Increased serum heme
oxygenase-1 in silicosis-suspected subjects from limestone crusher factories. J
Health Res. 2014;28(1).

119



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Nambunmee K, Danphaiboon A, Khantipongse J. Serum heme oxygenase-1
level in silicosis patients and stone mortar and pestle production workers. Occup
Environ Med. 2014;71(Suppl 1):A50-A.

Silanun K. Development of a disease surveillance system for silicosis and
respiratory disorders in stone carving workers in Thailand. Occupational and
environmental medicine. 2014;71(Suppl 1):A117-A.

Silanun K, Chaiear N, Rechaipichitkul W. Prevalence of silicosis in stone
carving workers being exposed to inorganic dust at Sikhiu District
Nakhonratchasima Province, Thailand; preliminary results. J Med Assoc Thai.
2017;100(5):598.

Pandey JK, Agarwal D. Biomarkers: A potential prognostic tool for silicosis.
Indian J Occup Environ Med. 2012;16(3):101-7.

Fernandez Alvarez R, Martinez Gonzalez C, Quero Martinez A, Blanco Perez JJ,
Carazo Fernandez L, Prieto Fernandez A. Guidelines for the diagnosis and
monitoring of silicosis. Arch Bronconeumol. 2015;51(2):86-93.

Stacey P, Thorpe A, Roberts P, Butler O. Determination of respirable-sized
crystalline silica in different ambient environments in the United Kingdom with
a mobile high flow rate sampler utilising porous foams to achieve the required
particle size selection. Atmos Env. 2018;182:51-7.

Rokicki W, Rokicki M, Wojtacha J, Dzeljijli A. The role and importance of club
cells (Clara cells) in the pathogenesis of some respiratory diseases. Kardiochir
Torakochirurgia Pol. 2016;13(1):26-30.

Bernard AM, Gonzalez-Lorenzo JM, Siles E, Trujillano G, Lauwerys R. Early
decrease of serum Clara cell protein in silica-exposed workers. Eur Respir J.
1994;7(11):1932-7.

Broeckaert F, Bernard A. Clara cell secretory protein (CC16): characteristics and
perspectives as lung peripheral biomarker. Clin Exp Allergy. 2000;30(4):469-75.
Sato T, Takeno M, Honma K, Yamauchi H, Saito Y, Sasaki T, et al. Heme
oxygenase-1, a potential biomarker of chronic silicosis, attenuates silica-induced
lung injury. Am J Respir Crit Care Med. 2006;174(8):906-14.

120



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Provost EB, Chaumont A, Kicinski M, Cox B, Fierens F, Bernard A, et al.
Serum levels of club cell secretory protein (Clara) and short- and long-term
exposure to particulate air pollution in adolescents. Environ Int. 2014;68:66-70.
Sato T, Saito Y, Inoue S, Shimosato T, Takagi S, Kaneko T, et al. Serum heme
oxygenase-1 as a marker of lung function decline in patients with chronic
silicosis. J Occup Environ Med. 2012;54(12):1461-6.

Haas EJ, Willmer D, Cecala AB. Formative research to reduce mine worker
respirable silica dust exposure: a feasibility study to integrate technology into
behavioral interventions. Pilot Feasibility Stud. 2016;2(1):6.

Egondi T, Kyobutungi C, Ng N, Muindi K, Oti S, Vijver Svd, et al. Community
perceptions of air pollution and related health risks in Nairobi Slums. Int J
Environ Res Public Health. 2013;10(10):4851-68.

Guo Y, Liu F, Lu Y, Mao Z, Lu H, Wu Y, et al. Factors affecting parent’s
perception on air quality-from the individual to the community level. Int J
Environ Res Public Health. 2016; 13(5): 493.

Crowe MJ. Toward a “definitional model” of public perceptions of air pollution.
J Air Pollut Control Assoc. 1968;18(3):154-7.

Shi X, He F. The environmental pollution perception of residents in coal mining
areas: a case study in the Hancheng mine area, Shaanxi Province, China.
Environ Manage. 2012;50(4):505-13.

Charles E, Thomas DS, Dewey D, Davey M, Ngallaba SE, Konje E. A cross-
sectional survey on knowledge and perceptions of health risks associated with
arsenic and mercury contamination from artisanal gold mining in Tanzania.
BMC Public Health. 2013;13:74.

Omanga E, Ulmer L, Berhane Z, Gatari M. Industrial air pollution in rural
Kenya: community awareness, risk perception and associations between risk
variables. BMC Public Health. 2014;14(1):377.

Laumbach R, Meng Q, Kipen H. What can individuals do to reduce personal
health risks from air pollution?. J Thorac Dis. 2015;7(1):96-107.

Qian X, Xu G, Li L, Shen Y, He T, Liang Y, et al. Knowledge and perceptions
of air pollution in Ningbo, China. BMC Public Health. 2016;16.

121



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

Zullig KJ, Hendryx M. A comparative analysis of health-related quality of life
for residents of U.S. counties with and without coal mining. Public Health Rep.
2010;125(4):548-55.

Center of Excellence on Hazardous Substance Management, Chulalongkorn
University.  Silicosis.  [Cited 2016 May 9]. Available from:
http://www.chemtrack.org/ HazMap-Disease-Info.asp?I1D= 188.

Martins P, Marchiori E, Zanetti G, Muccillo A, Ventura N, Branddo V, et al.
Cavitated conglomerate mass in silicosis indicating associated tuberculosis. Case
reports in medicine. 2010;2010

Guha N, Straif K, Benbrahim-Tallaa LJLMdIl. The IARC Monographs on the
carcinogenicity of crystalline silica. Med Lav. 2011;102(4):310-20.

Thakur SA, Beamer CA, Migliaccio CT, Holian A. Critical role of MARCO in
crystalline silica-induced pulmonary inflammation. Toxicol Sci. 2009;108(2):
462-71.

Moondee S, Bualert S, Phewnil O, Jiamjarasragsi W. Prevalence of respiratory
symptoms and lung function efficiency of students in rock-crushing industrial
area, Saraburi Province. Proceedings of 44th Kasetsart University annual
conference, Kasetsart University. 2006.

Anderson JO, Thundiyil JG, Stolbach A. Clearing the air: a review of the effects
of particulate matter air pollution on human health. J Med Toxicol.
2012;8(2):166-75.

IARC Working Group on the Evaluation of Carcinogenic Risk to Humans.
Outdoor Air Pollution. IARC Monogr Eval Carcinog Risks Hum. 2016;109:9-
444,

Dockery DW. Health effects of particulate air pollution. Ann Epidemiol.
2009;19(4):257-63.

Wongtim S, Sridama V. Textbook of occupational Lung disease. 1999.

Franque Mirembo JC, Swanepoel AJ, Rees D. Respirable quartz exposure on
two medium-sized farms in southern Mozambique. Int J Occup Environ Health.
2013;19(2):113-8.

122



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Omidianidost A, Ghasemkhani M, Azari MR, Golbabaei F. Assessment of
occupational exposure to dust and crystalline silica in foundries. Tanaffos.
2015;14(3):208-12.

Thomas RJ. Particle size and pathogenicity in the respiratory tract. Virulence.
2013;4(8):847-58.

D'Souza MS, Karkada SN, Somayaji G. Factors associated with health-related
quality of life among Indian women in mining and agriculture. Health Qual Life
Outcomes. 2013;11:9.

Mamuya SH, Bratveit M, Mashalla Y, Moen BE. High prevalence of respiratory
symptoms among workers in the development section of a manually operated
coal mine in a developing country: a cross sectional study. BMC Public Health.
2007;7:17.

Nordby KC, Fell AK, Noto H, Eduard W, Skogstad M, Thomassen Y, et al.
Exposure to thoracic dust, airway symptoms and lung function in cement
production workers. Eur Respir J. 2011;38(6):1278-86.

Healy CB, Coggins MA, Van Tongeren M, MacCalman L, McGowan P.
Determinants of respirable crystalline silica exposure among stoneworkers
involved in stone restoration work. Ann Occup Hyg. 2014;58(1):6-18.

Olusegun O, Adeniyi A, Adeola GT. Impact of granite quarrying on the health
of workers and nearby residents in Abeokuta Ogun State, Nigeria. Ethiopian
Journal of Environmental Studies and Management. 2009;2(1).

Briggs D, Corvalan C, Nurminen M. World Health Organization (WHO).
Linkage methods for environment and health analysis: general guidelines: a
report of the Health and Environment Analysis for Decision-making
(HEADLAMP) project, 1996. [Cited 2016 May 9]. Available from: https://apps.
who.int/iris/handle/10665/62988.

Darcin M. Association between air quality and quality of life. Environ Sci Pollut
Res Int. 2014;21(3):1954-9.

Brunekreef B, Forsberg B. Epidemiological evidence of effects of coarse
airborne particles on health. Eur Respir J. 2005;26(2):309-18.

123



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Guo Y, Li S, Tawatsupa B, Punnasiri K, Jaakkola JJ, Williams G. The
association between air pollution and mortality in Thailand. Sci Rep.
2014;4:5500.

Xu X, Sharma RK, Talbott EO, Zborowski JV, Rager J, Arena VC, et al. PM1o
air pollution exposure during pregnancy and term low birth weight in Allegheny
County, PA, 1994-2000. Int Arch Occup Environ Health. 2011;84(3):251-7.

The International Labour Organization (ILO). Guidelines for the use of the ILO
international classification of radiographs of pneumoconiosis, 2011. [Cited 2016
May 9]. Available from: https://www.ilo. org /safework/info/publications/
WCMS _168260/lang--en/index. htm.

Torres Rey CH, Ibafiez Pinilla M, Bricefio Ayala L, Checa Guerrero DM,
Morgan Torres G, Groot de Restrepo H, et al. Underground coal mining:
relationship between coal dust levels and pneumoconiosis, in two regions of
Colombia, 2014. Biomed Res Int. 2015;647878.

Ross MH, Murray J. Occupational respiratory disease in mining. Occup Med
(Lond). 2004;54(5):304-10.

Rees D, Murray J. Silica, silicosis and tuberculosis. Int J Tuberc Lung Dis.
2007;11(5):474-84.

Milovanovic A, Nowak D, Milovanovic A, Hering KG, Kline JN, Kovalevskiy
E, et al. Silicotuberculosis and silicosis as occupational diseases: report of two
cases. Srpski arhiv za celokupno lekarstvo. 2011;139(7-8):536-9.

Chaisabai A. Dust exposure and signs and symptoms of respiratory system and
lung function in tied garlic and shallot workers in Lamphun Province [Thesis
Master of Public Health. Graduate School]. Chiang Mai: Chiang Mai University;
2012.

The Association of Occupational and Environmental Diseases of Thailand and
Occupational and Environmental Medical Center, Nopparat Rajathanee Hospital.
Guideline for standardization and interpretation of pulmonary function test by
spirometry in occupational health setting, 2018. [Cited 2016 May 9]. Available
from: http://safetyhubs.com/wp-content/uploads/2018/11/book_spirometry.pdf.
Buranatrevedh S. Textbook of Occupational Medicine. 1% editor. Bangkok:
Booknet Press; 2004.

124



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Nambunmee K., Songlar T, Kongkratoke S, Cassely M, Niruksanti W.
Biological markers application in silicosis risk screening. Thai Journal of
Toxicology. 2015;30(1):92-104.

Ruchirawat M, Navasumrit P, Kampeerawipakorn O, Promvijit J, Parnlob V.
Potential health effects of exposure to carcinogenic volatile organic compounds
of people in Rayong Province, Thailand, 2010. [Cited 2016 May 9]. Available
from: https://elibrary.trf.or.th/project_content.asp?PJID=RDG5030035.

Eom H-J, Choi J. Oxidative stress of silica nanoparticles in human bronchial
epithelial cell, Beas-2B. Toxicology in vitro. Toxicol In Vitro. 2009;23(7):1326-
32.

Anlar HG, Bacanli M, Iritas S, Bal C, Kurt T, Tutkun E, et al. Effects of
occupational silica exposure on oxidative stress and immune system parameters
in ceramic workers in Turkey. J Toxicol Environ Health A. 2017;80(13-15):688-
96.

Wang SX, Liu P, Wei MT, Chen L, Guo Y, Wang RY, et al. Roles of serum
clara cell protein 16 and surfactant protein-D in the early diagnosis and
progression of silicosis. J Occup Environ Med. 2007;49(8):834-9.

Snyder JC, Reynolds SD, Hollingsworth JW, Li Z, Kaminski N, Stripp BR.
Clara cells attenuate the inflammatory response through regulation of
macrophage behavior. Am J Respir Cell Mol Biol. 2010;42(2):161-71.

Deguen S, Segala C, Pedrono G, Mesbah M. A new air quality perception scale
for global assessment of air pollution health effects. Risk Anal.
2012;32(12):2043-54.

Kumpiranont R, Supaporn S, Sukkasame N. Perception and environmental
change on health impact among people living around the mining industry area,
Chonburi Province. J Public Health. 2011;41(3):219.

Madungwe E, Mukonzvi T. Assessment of distribution and composition of
quarry mine dust: Case of Pomona Stone Quarries, Harare. Atmos and Climate
Sci. 2012;2(01), 52.

Severtson DJ, Burt JE. The influence of mapped hazards on risk beliefs: A
proximity-based modeling approach. Risk Anal. 2012;32(2):259-80.

125



93.

94.

95.

96.

97.

98.

99.

Pu S, Shao Z, Fang M, Yang L, Liu R, Bi J, et al. Spatial distribution of the
public's risk perception for air pollution: A nationwide study in China. Sci Total
Environ. 2019;655:454-62.

Sajjadi SA, Zolfaghari G, Adab H, Allahabadi A, Delsouz M. Measurement and
modeling of particulate matter concentrations: Applying spatial analysis and
regression techniques to assess air quality. MethodsX. 2017;4:372-90.

Deguen S, Pédrono G, Segala C, Meshah M. Association between pollution and
public perception of air quality-SEQAP, a risk perception study in France.
Epidemiology. 2008;19(6):S216.

Badland HM, Duncan MJ. Perceptions of air pollution during the work-related
commute by adults in Queensland, Australia. Atmos Environ. 2009;43(36):5791-
5.

Pokawinpudisnun R, Chanprasit C, Songkham W. Dust hazard risk perception
and protection behaviors among ceramic factory workers. J Health Sci.
2009;18(4):587-96.

Geer LA, Curbow BA, Anna DH, Lees PS, Buckley TJ. Development of a
questionnaire to assess worker knowledge, attitudes and perceptions underlying
dermal exposure. Scand J Work Environ Health. 2006;32(3):209-18.

World Health Organization (WHO). The WHO health promotion glossary, 1998.
[Cited 2016 May 9]. Available from: http://www.who.int/healthpromotion
/about/HPG/en/.

100.Ahmed HO, Abdullah AA. Dust exposure and respiratory symptoms among

cement factory workers in the United Arab Emirates. Ind Health.
2012;50(3):214-22.

101.Siripanich S, Siriwong W, Keawrueang P, Borjan M, Robson M. Incense and

joss stick making in small household factories, Thailand. Int J Occup Environ
Med. 2014;5(3):137-45.

102.Pothirat C, Chaiwong W, Liwsrisakun C, Bumroongkit C, Deesomchok A,

Theerakittikul T, et al. Influence of particulate matter during seasonal smog on
quality of life and lung function in patients with chronic obstructive pulmonary
disease. Int J Environ Res Public Health. 2019;16(1).

126



103.Fleury-Bahi G, Préau M, Annabi-Attia T, Marcouyeux A, Wittenberg I.
Perceived health and quality of life: the effect of exposure to atmospheric
pollution. J Risk Res. 2015;18(2):127-38.

104.Tanser FC, le Sueur D. The application of geographical information systems to
important public health problems in Africa. Int J Health Geogr. 2002;1:4.

105.McCracken DS, Allen DA, Gow AJ. Associations between urban greenspace
and health-related quality of life in children. Prev Med Rep. 2016;3:211-21.

106.Thornton LE, Pearce JR, Kavanagh AM. Using geographic information systems
(GIS) to assess the role of the built environment in influencing obesity: a
glossary. Int J Behav Nutr Phys Act. 2011;8:71.

107.Wang W, Ying Y, Wu Q, Zhang H, Ma D, Xiao W. A GIS-based spatial
correlation analysis for ambient air pollution and AECOPD hospitalizations in
Jinan, China. Respir Med. 2015;109(3):372-8.

108.Ware JE Jr, Gandek B. Overview of the SF-36 health survey and the
international quality of life assessment (IQOLA) project. J Clin Epidemiol.
1998;51(11):903-12.

109.Leurmarnkul W, Meetam P. Properties Testing of the Retranslated SF-36 (Thai
Version). Thai J Pharm Sci. 2005;29:69-88.

110.Nedjat S, Montazeri A, Holakouie K, Mohammad K, Majdzadeh R.
Psychometric properties of the Iranian interview-administered version of the
World Health Organization's Quality of Life Questionnaire (WHOQOL-BREF):
a population-based study. BMC Health Serv Res. 2008;8:61.

111.Jenkinson C, Stewart-Brown S, Petersen S, Paice C. Assessment of the SF-36
version 2 in the United Kingdom. J Epidemiol Community Health.
1999;53(1):46-50.

112.Yamazaki S, Nitta H, Murakami Y, Fukuhara S. Association between ambient
air pollution and health-related quality of life in Japan: ecological study. Int J
Environ Health Res. 2005;15(5):383-91.

113.Liu HB, Yan B, Han B, Sun JK, Yang Y, Chen J. Determination of ameliorable
health impairment influencing health-related quality of life among patients with
silicosis in China: a cross-sectional study. J Int Med Res. 2011;39(4):1448-55.

127



114.Zullig KJ, Hendryx M. Health-related quality of life among central appalachian
residents in mountaintop mining counties. Am J Public Health. 2011;101(5):848-
53.

115.Han B, Yan B, Zhao N, Zhang J, Sun J, Lei X, et al. The influence of the
functional capacity on subjective well-being and quality of life of patients with
silicosis. Aging Ment Health. 2013;17(6):707-13.

116.Pongtap Vivantanadej. Health risk assessment. 1% editor. Chiang Mai:
Community Medicine Press; 2004.

117.International Agency for Research on Cancer (IARC). IARC Monographs on the
evaluation of carcinogenic risks to humans, 1997. [Cited 2016 May 9]. Available
from: http://monographs.iarc.fr/ENG/ Monographs/vol68/index.php.

118.Coughlin SS, Chiazze LJr. Job-exposure matrices in epidemiologic research and
medical surveillance. Occup Med. 1990;5(3):633-46.

119.Sieber K, Seta J, Young R, editors. A job exposure matrix for identification of
potential exposures in occupational settings. 9" International Symposium:
Epidemiology in Occupational Health, Cincinnati, Ohio; 1992.

120.Goldberg M, Kromhout H, Guenel P, Fletcher AC, Gerin M, Glass DC, et al. Job
exposure matrices in industry. Int J Epidemiol. 1993;22 Suppl 2:S10-5.

121.Kauppinen T, Toikkanen J, Pukkala E. From cross-tabulations to multipurpose
exposure information systems: A new job-exposure matrix. Am J Ind Med.
1998;33(4):409-17.

122.Benke G, Sim M, Fritschi L, Aldred G. Beyond the job exposure matrix (JEM):
the task exposure matrix (TEM). Ann Occup Hyg. 2000;44(6):475-82.

123.US Environmental Protection Agency (US EPA). Risk assessment guidance for
superfund volume 1: human health evaluation manual (Part A).
1989;EPA/540/1-89/002.

124.Ministry of Public Health, Department of Health. Guidelines for monitoring air
pollution in risk areas: small particulate matter, 2015. [Cited 2016 May 9].
Available from: http://hia.anamai.moph.go.th/more_news.php?cid=317&

filename=index.

128



125.National Institute for Occupational Safety and Health (NIOSH). Manual of
Analytical Methods: 0600, Particulates not otherwise regulated, respirable. 4,
editor, 1998. [Cited 2016 May 9]. Available from: https://www.cdc.gov/niosh
/docs/ 2003-154/pdfs/0600.pdf.

126.National Institute for Occupational Safety and Health (NIOSH). Manual of
Analytical Methods: 7601, Silica, Crystalline, by VIS. 4, editor, 2003. [Cited
2016 May 9]. Available from: https://www.cdc.gov/niosh/docs/2003-154/pdfs/
7601.pdf.

127.0ccupational Safety and Health Administration (OSHA). Permissible exposure
limits, 2018. [Cited 2016 May 9]. Available from: https://www.osha.gov/dsg/
annotated-pels/tablez-1.html.

128.Helsing KJ, Comstock GW, Speizer FE, Ferris BG, Lebowitz MD, Tockman
MS, et al. Comparison of three standardized questionnaires on respiratory
symptoms. Am Rev Respir Dis. 1979;120(6):1221-31.

129.Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.
Standardisation of spirometry. Eur Respir J. 2005;26(2):319-38.

130.Dejsomritrutai W, Nana A, Maranetra KN, Chuaychoo B, Maneechotesuwan K,
Wongsurakiat P, et al. Reference spirometric values for healthy lifetime
nonsmokers in Thailand. J Med Assoc Thai. 2000;83(5):457-66.

131.Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi R, et al.
Interpretative strategies for lung function tests. Eur Respir J. 2005;26(5):948-68.

132.R Development Core Team. R: a language and environment for statistical
computing, 2015. [Cited 2016 May 9]. Available from: http://.R-project.org.

133.Ngamjarus C. n4Studies: sample size calculation for an epidemiological study
on a smart device. Siriraj Medical Journal, 2016, 68.3: 160-170.

134.Wayne WD. Biostatistics: A Foundation of Analysis in the Health Sciences, 6"
edition. New York: Wiley & Sons; 1995.

135.Ware JE, Gandek B. The SF-36 Health Survey: development and use in mental
health research and the IQOLA Project. Intl J Mental Health. 1994:49-73.

129



136.Ware JE Jr, Kosinski M, Bayliss MS, McHorney CA, Rogers WH, Raczek A.
Comparison of methods for the scoring and statistical analysis of SF-36 health
profile and summary measures: summary of results from the Medical Outcomes
Study. Med Care. 1995;33(4 Suppl):As264-79.

137 Jirarattanaphochai K, Jung S, Sumananont C, Saengnipanthkul S. Reliability of
the medical outcomes study short-form survey version 2.0 (Thai version) for the
evaluation of low back pain patients. J Med Assoc Thai. 2005;88(10):1355-61.

138.Hearl FJ. Current exposure guidelines for particulates not otherwise classified or
regulated: History and rationale. Appl Occup Environ Hyg. 1998;13(8):608-12.

139.Lim LL, Seubsman SA, Sleigh A. Thai SF-36 health survey: tests of data
quality, scaling assumptions, reliability and validity in healthy men and women.
Health Qual Life Outcomes. 2008;6:52.

140.Nambunmee K, Danphaiboon A, Khantipongse J. Increased serum heme
oxygenase-1 in silicosis-suspected subjects from limestone crusher factories. J
Health Res. 2014;28(1).

141.Chanvirat K, Chaiear N, Choosong T. Determinants of respirable crystalline
silica exposure among sand-stone workers. Am J Public Health Res.
2018;6(2):44-50.

142 .Chaiear N, Trakultaweesuk P, Boonsawat W. Occupational respirable cystalline
silica exposure related to fevl decline among normal or early abnormal ilo
chest-radiographs of sandstone-workers; a six month follow up. Occup Environ
Med. 2017;74(Suppl 1):A69-A.

143.Mohammadi H, Farhang Dehghan S, Golbabaei F, Roshani S, Pakzad R,
Foroughi P, et al. Pulmonary functions and health-related quality of life among
silica-exposed workers. Tanaffos. 2017;16(1):60-7.

144.Bhagia LJ. Non-occupational exposure to silica dust. Indian J Occup Environ
Med. 2012;16(3):95-100.

145.Kuo CT, Chiu FF, Bao BY, Chang TY. Determination and prediction of
respirable dust and crystalline-free silica in the Taiwanese foundry industry. Int J
Environ Res Public Health. 2018;15(10). pii: E2105.

130



146.Sivacoumar R, Jayabalou R, Subrahmanyam YV, Jothikumar N, Swarnalatha S.
Air pollution in stone crushing industry, and associated health effects. Indian J
Environ Health. 2001;43(4):169-73.

147.Sun Z, An X, Tao Y, Hou Q. Assessment of population exposure to PM1o for
respiratory disease in Lanzhou (China) and its health-related economic costs
based on GIS. BMC Public Health. 2013;13:891.

148.1sara AR, Adam VY, Aigbokhaode AQ, Alenoghena 10. Respiratory symptoms
and ventilatory functions among quarry workers in Edo state, Nigeria. Pan Afr
Med J. 2016;23:212.

149.Yingratanasuk T, Seixas N, Barnhart S, Brodkin D. Respiratory health and silica
exposure of stone carvers in Thailand. Int J Occup Environ Health.
2002;8(4):301-8.

150.Garshick E, Laden F, Hart JE, Caron A. Residence near a major road and
respiratory symptoms in U.S. Veterans. Epidemiology. 2003;14(6):728-36.

151.Doiron D, de Hoogh K, Probst-Hensch N, Mbatchou S, Eeftens M, Cai Y, et al.
Residential Air Pollution and Associations with Wheeze and Shortness of Breath
in Adults: A Combined Analysis of Cross-Sectional Data from Two Large
European Cohorts. Environ Health Perspect. 2017;125(9):097025.

152.Hertzberg VS, Rosenman KD, Reilly MJ, Rice CH. Effect of occupational silica
exposure on pulmonary function. Chest. 2002;122(2):721-8.

153.Lamichhane DK, Leem JH, Kim HC. Associations between ambient particulate
matter and nitrogen dioxide and chronic obstructive pulmonary diseases in
adults and effect modification by demographic and lifestyle factors. Int J
Environ Res Public Health. 2018;15(2). pii: E363.

154.Aghilinejad M, Naserbakht A, Naserbakht M, Attari G. Silicosis among stone-
cutter workers: A cross-sectional study. Tanaffos. 2012;11(2):38-41.

155.Fubini B, Hubbard A. Reactive oxygen species (ROS) and reactive nitrogen
species (RNS) generation by silica in inflammation and fibrosis. Free Radic Biol
Med. 2003;34(12):1507-16.

156.Silanun K. Development of a disease surveillance system for silicosis and
respiratory disorders in stone carving workers in Thailand. Occup Environ Med.
2014;71(Suppl 1):A117-A.

131



157.Broeckaert F, Clippe A, Knoops B, Hermans C, Bernard A. Clara cell secretory
protein (CC16): features as a peripheral lung biomarker. Annals of the New
York Academy of Sciences. 2000;923(1):68-77.

158.Xiao C, Li S, Zhou W, Shang D, Zhao S, Zhu X, et al. The effect of air
pollutants on the microecology of the respiratory tract of rats. Environ Toxicol
Pharmacol. 2013;36(2):588-94.

159.Hermans C, Petrek M, Kolek V, Weynand B, Pieters T, Lambert M, et al. Serum
Clara cell protein (CC16), a marker of the integrity of the air-blood barrier in
sarcoidosis. Eur Respir J. 2001;18(3):507-14.

160.Albrecht C, Adolf B, Weishaupt C, Hohr D, Zeittrager I, Friemann J, et al.
Clara-cell hyperplasia after quartz and coal-dust instillation in rat lung. Inhal
Toxicol. 2001;13(3):191-205.

161.Nagatomo H, Morimoto Y, Oyabu T, Hirohashi M, Ogami A, Yamato H, et al.
Expression of heme oxygenase-1 in the lungs of rats exposed to crystalline
silica. J Occup Health. 2006;48(2):124-8.

162.Maestrelli P, EI Messlemani AH, De Fina O, Nowicki Y, Saetta M, Mapp C, et
al. Increased expression of heme oxygenase (HO)-1 in alveolar spaces and HO-2
in alveolar walls of smokers. Am J Respir Crit Care Med. 2001;164(8):1508-13.

163.Zhou H, Lu F, Latham C, Zander DS, Visner GA. Heme oxygenase-1 expression
in human lungs with cystic fibrosis and cytoprotective effects against
pseudomonas aeruginosa in vitro. Am J Respir Crit Care Med. 2004;170(6):633-
40.

164.Bao W, Song F, Li X, Rong S, Yang W, Zhang M, et al. Plasma heme
oxygenase-1 concentration is elevated in individuals with type 2 diabetes
mellitus. PLoS One. 2010;5(8):e12371.

165.Abbey DE, Hwang BL, Burchette RJ, Vancuren T, Mills PK. Estimated long-
term ambient concentrations of PM10 and development of respiratory symptoms
in a nonsmoking population. Arch Environ Health. 1995;50(2):139-52.

166.Goldberg MJRoeh. A systematic review of the relation between long-term
exposure to ambient air pollution and chronic diseases. 2008;23(4):243-98.

132



167.Kusaka T, Nakayama M, Nakamura K, Ishimiya M, Furusawa E, Ogasawara
KJPo. Effect of silica particle size on macrophage inflammatory responses.
2014;9(3):92634.

168.Pandey JK, Agarwal D. Biomarkers: A potential prognostic tool for silicosis.
Indian J Occup Environ Med. 2012;16(3):101-7.

169.Chakraborty J, Collins TW, Grineski SE, Maldonado A. Racial Differences in
Perceptions of Air Pollution Health Risk: Does Environmental Exposure Matter?
Int J Environ Res Public Health. 2017;14(2):116.

170.Janmaimool P, Watanabe T. Evaluating Determinants of Environmental Risk
Perception for Risk Management in Contaminated Sites. Int J Environ Res
Public Health. 2014;11(6):6291-313.

171.Brender JD, Maantay JA, Chakraborty J. Residential proximity to environmental
hazards and adverse health outcomes. Am J Public Health. 2011;101(S1):S37-
S52.

172.0rru K, Nordin S, Harzia H, Orru H. The role of perceived air pollution and
health risk perception in health symptoms and disease: a population-based study
combined with modelled levels of PMi. Int Arch Occup Environ Health.
2018;91(5):581-9.

173.Pattinson W, Longley I, Kingham S. Proximity to busy highways and local
resident perceptions of air quality. Health & Place. 2015;31:154-62.

174.Li Z, Folmer H, Xue J. Perception of air pollution in the Jinchuan Mining Area,
China: A Structural Equation Modeling Approach. Int J Environ Res Public
Health. 2016;13(5).

175.Laumbach RJ, Kipen HM. Respiratory health effects of air pollution: update on
biomass smoke and traffic pollution. J Allergy Clin Immunol. 2012;129(1):3-11;
quiz 2-3.

176.Wang R, Wu C, Zhao Y, Yan X, Ma X, Wu M, et al. Health related quality of
life measured by SF-36: a population-based study in Shanghai, China. BMC
Public Health. 2008;8:292.

177.Laurent O, Bard D, Filleul L, Segala C. Effect of socioeconomic status on the
relationship between atmospheric pollution and mortality. J Epidemiol
Community Health. 2007;61(8):665-75.

133



178.Krewski D. Evaluating the effects of ambient air pollution on life expectancy. N
Engl J Med. 2009;360(4):413-5.

179.Lee MK, Choi JY, Kim IK, Cho YA, Kim YS, Jung HJ, et al. Does living nearby
a garbage dumping site degrade the quality of life? A case study based on Shin-
dong Myeon residents, Chun-cheon Si. J Prev Med Public Health.
2006;39(4):302-8.

180.Balmes JR, Earnest G, Katz PP, Yelin EH, Eisner MD, Chen H, et al. Exposure
to traffic: Lung function and health status in adults with asthma. J Allergy Clin
Immunol. 2009;123(3):626-31.

181.Roswall N, Hggh V, Envold-Bidstrup P, Raaschou-Nielsen O, Ketzel M,
Overvad K, et al. Residential exposure to traffic noise and health-related quality
of life-a population-based study. PL0oS One. 2015;10(3).

182.Yang J, Nam I, Yun H, Kim J, Oh H-J, Lee D, et al. Characteristics of indoor air
quality at urban elementary schools in Seoul, Korea: Assessment of effect of
surrounding environments. Atmos Pollut Res. 2015;6(6):1113-22.

183.Guerra SA, Lane DD, Marotz GA, Carter RE, Hohl CM, Baldauf RW. Effects of
wind direction on coarse and fine particulate matter concentrations in southeast
Kansas. J Air Waste Manag Assoc. 2006;56(11):1525-31.

134



LIST OF PUBLICATIONS

Sakesun Thongtip, Penprapa Siviroj, Athavudh Deesomchok, Anawat
Wisetborisut, Tippawan Prapamontol. Association of health-related quality of
life with residential distance from home stone-mortar factories in Northern
Thailand. EnvironmentAsia Journal. 2019; 12 (3).

Sakesun Thongtip, Penprapa Siviroj, Athavudh Deesomchok, Tippawan
Prapamontol, Anawat Wisetborisut, Supakit Khacha-ananda. Effect of high
silica exposure on respiratory disorders among stone-mortar workers in Northern
Thailand. the Southeast Asian Journal of Tropical Medicine and Public Health.
2019; 50(2).

135



APPENDICES

136



APPENDIX A

QUESTIONNAIRE

tuvaauay
d’ U v lﬂ' a e U v U 1 an
1393 MITUIANNLTE wqﬂnﬁumsﬂmnumiauwavgumam

21M3v09szUIMIAUME]D nazamnTInvesyilszneuarFninasntiv

o dq’ 7 ¢ Y . v dy
MBues nuudumalszneuliade 8 dau dali
' = ” o ! A~ wa o
aui 1 voyana A 2 dsziamsmau
i d' a ! li‘ v d 1
AN 3 NYANTTHFUNIN aui 4 1sziamsvie
' ] v v v v
AU 5 MITUFANWTEUNYINUNANYDINMALAZHANIZTNVAD VNN
v v Y v
A 6 nanssumsesnumsaudarugam
aui 7 1M IVeIIZUUMUAUNIETY

oA aa
TAIUN 8 AUNINTIN

aauii 1 voyana
L AURTMUUTOUDIN oveeeeeeeeeeeeeeeereeeeeeenn, (Tu/mou /1)

2. 50Aa U/ 00U /D)

3 UYN o
gJ (%
4. VN UNRD oo, Alansy
5N .. 302 £ EEUALIAT
6.918 .......... 1]
AN D | S g _Adiii . N

8. SLAUMIANEN

.......... Uszoufinw ... dseuANYInOUAY L iseudAnEIeUlane
.......... 1)7% RO 1515 v 1SRNRS
.......... ganmlIyanag o Tds@sEY L

137



9. ADIUNN

10. OWFWHAN ..o, oua TU5A52Y .o
U ! dgl d'
11. szgziaodvey Ty ... i
YA A
12. 591 lamasao@ou ................ UM

' d’ WA o
auh 2 dsziamsmau

A = a ogj ' o = &Y
1. 5usenoueFwasnty auad we. ... iluszeznavhaudalagiu . 1
v ' E4 Y [ v
2. e luduaeumsman (@enlauinna 1 ve)
(2 a A a’o a o =) ! Y ' a
....... wiingavilwhainiu . imsmigvseuaslmdugilyuasniiu
2 Y
....... nszvaunsdalmiugd . nszuaumsnadwiugiasniu
....... OUN TUTATZY oo
A o 09.:’ ! =
3. FUTIUNAT AW T OUDS Tua
o d‘ 0'.1 Y % % g [ A o
4, 32z RAe .. 5 AU L Swddem L Susdeu L il
PP A
aIUN 3 NYANIITNGUNIN
1. MIGUYHI
L1 dagumuguywsvsels K /... 2. Tl
o d‘d‘ ! d‘ ! 5 % %
1.2 NuauyrInmMuguyns luuaagiu udogiiu ... W/
% ! A A < '
2. fliumuaugsvseusansgea ... Lly 2. luly
aui 4 Usziamaduie
[ v 4
1. muaglasumsitaneIsaanuunersoanune1ua
%0150 Tune | oty ilu TSI TR R VT

b

v Y
msuad) | @lula (GRAGE

SN SN

1. Tsnviaonauoniay

2. TsngauTlilanes

A
3. IspviouHia

138



¥o 139

lwae | nedlu

Y

(rean)

il

(é'fq"lu'”l@y

S111°8))

i
(Mg

S111%8))

Taula

EJ
4. Tsngiiumn

5. Tsmda Tsntlen

6. Isarala

7. TsnnnuauTanaga

2

8. T3AYnNONIAINAITUN

Fd
9. Tsnuodntal

10. TsAIrNU

11. Tsamadszan

2
12. Tsaungiauea

A
13. Tsaviaoalaon

14. Isntlondua (Yoadnay /

B 2.
YongAnuITese) 581 ..........

< <
15. Tspuzi5e (uei591on)

< '
16. NTUIARU / HIAANTINON

17. Tsnoa laos

18. IspduuazduUDNIaL

19. IsAN1990

- IS) o w d’
2. muilIsalszaaioug

139




ooa v 7 a4 A o A ' A o a
aIun s mﬁiugmmsﬁmmmn‘umwummmmzwanigﬂmaqmmmmwu‘nﬂs:namww

MAINHY

nav AMoN ANNAAITY
g ) Y
AapATUAMNHILN 1HDIAIINAVDINATNEOIAA

HAZHANTZNUADGUNNIINMIAUATHUATNAY R

a 1 an =)
U fusan aall ...

Naunes 19059 LGRS AaAal
v v v v Y v Y v
0 AFIND 1-2A5900 | 3-5A5900 | =6 ATIND

dlav aav alav alav

v [
1 | anugdnnaaa 9nguasn
a ! a d’ o
MU UL NEINUFUNIN

~ ./
VOIMU 130l

~ 1 a 1
2 | Beag 1nHuAINTEY Ru

U vise'ly

3| NIWIUNINNTIZAIBIADA
YN NNHUATNHAY HURY

%30l

)

4 | B3 nruAINY

WUy vise 1y

a

EZ

5 | uasuna MnHuATARU Hu

D)

iy viso'ly

6 | 1'le anunsniiu fuiin

%30l

= o !
7 | Ivgleann mnduasn

Wy fuiiu vio lu

8 | nyuunne 1Nl
NAHUATAHY HUHY

%30l

140




Do

CRAREY

ANNAATIY

Y

o :
aaoadlamnIIuL Lﬁﬂﬂﬂ’)ﬂﬂﬁm@ﬂuﬁW‘HﬂWﬂWﬁ

[T

HAZHANIENUADFUMNINMTAUFTHUATATY Hu

) 1 an =
A HuFan auil ...

Naunes
3 v
0 A59910

dlam

U19A59
QQJI v
1-2 A5990

aau

SIREGER!
Y v
3-5 A5991D

alam

AaeAal
Y v
>6 AFI90

dlam

~ ~ A Y
ImsnasunanssuennIg
NNHUATNTY U
%390 1y (1w oon 1A

i A o
1aU #3000nM1aIMe 1y

9

AU)

10

[ E4 EZ
pgluu lasumaveq
WAl eINIA NHUATH

AU Uiy nie'ly

11

v Y EJ
2IMANVIU Ulﬂ%ﬂﬂaﬂl@ﬁ

HaNYDINA MINHUATN

a

wu fuiiu vio lu

12

P2
umsilaszguuiaalu

Y

VI INEUATIHY HUTL

%30l

13

2 v 2
lynFoslonomslveaa
Jrat o ; .
Fuluniu Mnguasniy

Hutiu o lu

14

P

a A
nanesMsiarnuiaig

YOI INHUATNAY B1

a

iy viso'ly

15

EJ [ FJ F2

= = A
38N ABIANNONTO
Y ] [}
Tuvun aneunsniiu fu

iy viso'ly

141




Do

CRAREY

ANNAATIY

Y

o :
aaoadlamnIIuL Lﬁﬂﬂﬂ’)ﬂﬂﬁm@ﬂuﬁW‘HﬂWﬂWﬁ

[T

HAZHANIENUADFUMNINMTAUFTHUATATY Hu

) 1 an =
A HuFan auil ...

Naunes
3 v
0 A59910

dlam

U19A59 SIREGER!

Y [ Y v
1-22 5990 | 3-5 A5990

aau alam

AaeAal
Y v
>6 AFI90

qlau

16

J

d’ g‘ =1 g =)
ANIUNUNA 919

Hunsniiu fuitu nie'ly

17

v
A A

Ay = ‘A
Nﬂﬁu%vlilWQﬂﬁgﬁ\iﬂ 1o
v

AAUINMIUBAVIU 21N

Hunsniu guiu niely

18

v
a

= Ay ' A
Unavi luialszaen vio
v 9 [
nauaInmeluuy 90k

AN /utiu vio lu

19

E4

@ < ' '
FUNATUMIIUVDINIY

Y ) v
ilou MnuATNHUY UKy

%301y

20

@ < r Py H A »
gunamriunneshuam
Y

AdENaNEOINA 917U

a 1 a A .
AN fuin nioly

21

AUNNFINVDINIUAAA
NIHUATARY Uy

%30l

22

2 FZ

AANEINUNTEILIU 10

Hunsniu fuitu nie'lu

142




' d’ a a4 U v N ‘ a ‘ a
a3ui 6 ngAnssumsvesnumadniaaingunsniiu puiiv

Q

fugam

Rlapt]

A0

Ao

Tuine
z v
0 A5IAD

alavi

317
1-2
QBJJ '

fINED

dlan

4

VNAT

&

3-4 33
21

alav

UD¥

5-6

:’I v
FIIIND

aav

il
SIEER

7 A3

ee

Ce

alavi /

NI

! a = QEJI d‘ = a
MUAUKHENNATI Holuaiy
DIMANNHUATNHAY FUHU

%30 luy

v v

MUAWHUINNYNATI W01
BANEOINMANINHUATAAY FU

a e, i
wu visely

F J

MULVIUHNNAT 11101
BANHOINMANINHUATNHY U

a = !
wu vise'ly

vﬁumnqﬂﬂim(ﬂymﬁu

fuAswAILAAD (PPE) AN
ﬁmuxﬁm%%umuﬁgﬂgm
nﬂﬂ'iza dofiuafivoimeain

unsniu fuiv wielu

[ [ 4 FJ [
mudaularninieanuru
wiia N9S tialinanneIn e

nneuasniu duiu vie lu

vimamiﬁqﬂﬂmﬁmﬁu
é’umwé’muﬂﬂa (PPE)
aavanaay ilefiuaiiy
oIMANINHUATATY Hufin

%30 lunse lu

143




Do
-

DY

Mo

Tanae

Y

0 AFIND

alav

4

PYNATI

2

3-4 A54
Ao

alav

UD¥

5-6

Qﬂ’l v
IR

alav

W
SIFER N
7 A%A0
Flam /

NI

Lﬁaﬁm”laiul@;“l;qﬂﬂimdﬂymﬁ’u
SunTIeTIUYAAT (PPE) M
ATt avern Tl

wafiveImAnnduATIY A1

a A '
wu 5ol

T z 4
TIWU?E]\?Liﬂuﬂilulﬁﬁ/]ﬂﬂiﬁ LU

= a

AN IMANINHUATNHY

Wuriu wse'ly

Q

v F

MUBANUNGINOADNS
Yoo A
Yoanunueannas ol
BANHOIMANNHUATNTAY FU

a A !
wu vise'ly

10

2

v 4 [
mulasuanugnnrueay
' 9
Meuonaentleanuaues
Y i1
NNATY WoNNANYDINAIN

dunasniu guiu wielu

11

2

VEIE R 2=
muaui luiunniuany
DIMANNAUATNHY HUTTY

%30l

12

mu%’uﬂsxmummsw%’muu

= a

4 4d :
Tununniuanve MmNy

a a A !
asnnu lunu vsely

q

144




e’ DY Mo
' Fd v
Tanae du | ease | uee il
Y v Y Y
0A59A0 | A9 | 3-4A59| 56 SIEEAN
P ' P P
dlav | a5 R ASIND | 7 ATIND
4 4 4
1-2 | deaw | ddew | e/
Y '
GRALE) NI
4
aiav
' FA ] U ]
% = =)
13 | Mmudanuaannasi ol
BaNEOIMANINHUATNTAY HU
a A )
iy 5ol
i a A A A
14 | Muvan@enuuntuany
23 ot
9IMANNATY IoUNANY
2IMANNHUATNHAY U
%30l
FI3UN 7 91MVBITZTUUMAAUE]D
a B Ada 2 h o s
1. o1msvesszuumuauriela lufgiiurazanudmnevulunnas dilam

= ' A a ' o 7
91M13 1913 Tadi ANUDMAAD 1IN luunazdilaim
lutfgiiv | o | ddeviaz | >1a5y Ny
Twfagiiu | ass dilam
1. 1o
=
2. Weruviy

3. 915 I WnUiauny

4. welalildeaniin

5. e laaun/vielava

4

» ;
6. muw%’mmuwmaﬂ

7. 3£MYIYN

8. ANIYN

9. 17afTHY

a A
10. WU

145




= 'a A4 a ' o 7
9INT U9INII llll?J ANvaNnaeImMs lunasdlaw

@

7 El
Twfagiiu | e | ddemaz | >1a5v N
4

4
Tudogiiu | ass d1lam

11. S£ABINDIN

12. SLABIADIAINI

13. AUFINTIG

14. 09U 521 ...

Fd ] ] F ] F ] Y ] ] ] ] Y
2. o luFanudusimsvesnu luaou lTumivie o1 luuulenazaovls Tuasy
1 'y
2.1 1m3 18 (Cough)
Y4 . \ .
2.1 A. muginiienns levess Ly 22 Ty
Y

(11059 HAWINMIFUYHIHTONAIDONIINVIN)

a1 luly w'lilve 2.1 ¢

2.1 B. Mui01M3 lou1nni 4-6 aseaeiu 1w 22 1 es

v v L4
‘H?’E’) 11NN 4 Tuaedian

' = a i [ ! ! !

2.1C. muummi”lammaﬂmﬂunmmu o1 1y M2, hbJGlG]f
) 9
muﬁuu@u‘lumum

' =) a i % ! ! !

2.1D. muumms"l@mmaﬂmﬁunmmu BB e 2 hbJGlG]f

Tuvaznnse lunainalau

o1 1yl an'lalve 2.2

v v Y ' v '
2.1 E. muiionms lefanonuaaoanaiu o1 Ny 22 1 e
Y v Y v Y v
dunadans 3 @eudulyl ... 88. Tunane
v ~ v dﬁ‘ v Y '
2.1 F. muiioimswanil unar ... i ... 88. lunane

2.2 1M INLENTE (Phlegm)
2.2 A mutannziiiuilszan o1 N 22 e
v Y
(11059 HAWINMIPUYNITHTONAI0ONINUIL)

a1 sy w'llve 2.2 ¢

v 9
2

2.2 B. MUH@UHEuInNnN1 2 Asano Iy o1 e 22 1 es

1l v s
‘Vi%l’f) 11NN 4 Tuaedidan

146



Y

. . . . .
2.2 C. Mmuiitauvizun luranaavuusuaowan.... 1. 1 22 1 e
2.2 D. muidiauvzinn luvaewansolunamarau . 1 1y 2. Tuly

a1 sy ww'lalve 2.3

v v 4 [ v ' v Yo
2.2 E. mulitguvicuesqaaeanadiu... L1y .2 Tuly .8 Twwiwne
Y v 1 Y
Whunandaun 3 eoudaneiuau i
[ ~ v dﬁl v Yo
22 F. mulomamant dhnan 9 ... 88 luvve
2.3 915 eI UTENHE (Episodes of cough and phlegm)
y = } [ = @ ¢ ! ! !
2.3 A, mutionms lesawdumsteungdunat 3 ddaw ... 1 Ty 2. Tl
A ' [ s
301NN 3 dan

Y v Y o Y
11y lvinue 2.3 B

' v Y v Yo
2.3 B. muioimamai iiunan oD ss lunvne
2.4 91511019 1d 89 (Wheezing)

i (Y] = S A
2.4.1 A. mulnazloimsmelaiidealunaila

1. vmziuda 1 e o2 1
2. ¥ 9N IMADU 1 lay o2 1 e
3. @apANIIUNITDNIAY 1 e o2 1 e

Y v Y Y d! Y o Y
o1 lyluvelaverid lunive 2.4.1 B

' ~ v dﬁl v Y v
2.4.1 B. musloimsimanil iunan Lo 88 e
7242 A, musinazdionmamielatidesauselaluiy o1 Ty 2 Tuly
A %
vsonelava

2119 lvimue 242 B.C.D

v Yo

' ~ v dSJ dl '
2.42 B. mulioxmamaii weorgmls .4 .88, luanane
. o~ . . .
2.42 C. Mulinimsaanan saudueimsoudn ... 1. 1. 2. Tuly
v Yo
... 88. Tunane
' 910/ i > ' v 1 v
2.42 D. muag lasumssawionmsvoslaadganan. . 1.y ... 2. Tuly
v Yo
... 8. lynne
2.5 911351181999 (Breathless)
v v 9 Y
2.5.1 muliTsasziamse lu miiluszyeimsvealsa ...
! ~ v A A ' A ! ~ ' 'q "
2.52 A. mutioimamelavanseamislosnense lu vazn... 1.l 2. Tuly
Y

' a < dy A A d? A ~ <]
MUAULITIN DUNUITIUTITHAINITDAUYUNG NS NUDY

211% lvimve 2.52 B, C.D. E

147



2.5.2 B. iy Tuvazimumauduessausssuar.. 1.1y 2. Tuly

v [ Y v Y v Y 1l ] v Yo
WIOUAUAUDUN VNI I MuFAnIuAUINNAUDY... 8. Tuvie

d' ! o U a ! g ! ' '
2,52 C. vz IMUMAUAUDYUUNUIT Y o1 D 2
v Y v Yo
muavInganmgly ... 8.l
d' ! o U a ! dﬂl ' ' '
2.5.2 D. vagimumauaueguuius Tusseema. . Ly 2 Ty
] [ v Yo
100 ey viowelszanm 2-3 widimull 8. lwve

v Y
MUADIKEA 1intite e
Covg 1€4 91 I ' o
2.5.2 E.mugdngleda omasaalansonldou.. 1.y 2. Tuly
dy ? A o w v A ' ! [
Wormso amzmaseonnnuunsely ... 8. luaeidunia
= v Y
2.6 1M IRAUNIDUUUNUIDN (Chest colds and chest illness)
H (% = ; % ng d' ' o ' ' '
2.6.1 A. musiniiomauuuninennaassiniudunda 1 Ty 2. Tuly
1 Y 1
... 8. Tyne
v d' v ' ~ v Y 1
2.6.2 A. Tux9szezina 3 INeULT MULeIMsUUUUIeN ... 1. o
v

o Yo 4 A ! ! !
wmlimuaes ngninnsoe lu L2 Ny

2119 Tvnue 2.6.2 B, C

' ~ v 3 - Y v ' v v Y '
2.6.2 B. mulitguvizsadumsauvuien . 1 1y 2. lule 8. Tunane
2.6.2 C. Tur2952821na1 3 YAMIULT MUASLDINIT  IIUIY ... A59
v ' P ' ' '
Tuaune dissnmaunzaaeaddamusounni . luaeluaune
' Y '
... 8. lynane
T ~ 3 ~ X
2.7 anuaulrenmuu (@nuavlielueaa) (Past illness)
2.7.1 mupgiifyrnunedrnvilea neuerg 161 ... 1. 1y L2 Ny
v ~ v dﬂ’ Al '
2.7.2 Mmuiienmsae 113ivse 1y
2.7.2 1A. ia0AANO ALAL o1 Ny o2 T es

a1les lvimue 2.7.2 1B, 1C

' Y P ' ' ' "
1B. mulasumsasnanunnenss ly ... 1. 1y o2 e

o4 an
aIui 8 AUMNATIN
1. f,:(GUﬂ1Wﬁ’JU],ﬂ (General health)
v ' v v v £
1.1 Taor 1) mufan quamvesmuiuesa’ls luvaeil

Y v
... 1an Lo2fmn 3@ Looawely 5@

148



! o Y4 o a -5 B B o Ay ¥ ~
W1uﬂ11ﬁﬂ1uuﬂﬂgﬁ1 1Uﬂ1§ﬂ1ﬂﬂﬂﬁﬁﬂlﬁa1uﬁﬁﬂqu DY Ni]?ﬂﬁﬁ@uuaﬂlw&ﬁﬁlﬂ

d‘ = - d' 7 ! a ' ! !
1.2 iWemeunudiual muaan qmmwmmmmﬂuamﬁﬁ

a1 A A 7

... 1ann Weiiuan
A 7 d' d' ?
3 wieuny Wietliuan

'a ' A a2
.5 uganuledltanuin

(nnaunilamaeu luunazussia)

Y
2. Y9INAVDINITNININGTY (Limitations of Activities)

! Y4 A a
... 2 AUV AR NIAN

' . o A Al
... 4 AOUVN weanI Ul T e

o ! dy o ti' v a d' n a wvAa ! - ! a !
mmme"lﬂu Lﬁummumfnfmfmﬂiiwmuﬂguﬂmmamu MUAAIT FUNTWUBD

o U ' = o Q' ! dq’ o = = = =
aen | mudtfyrmnaridaraiinnuesiadla | ddam | Jdam REEY
- v
310 wnuen | Uayvinas
v J Fd ] ]
1| nenssuiaealyusaun iy 2alnag 1 2 3
v Y
MUNABIDDNLTINING YAVDIHUN BON
AMAINIYBY NN
N 17 .7 ) E°
2 | manssunaedlyusahunais vy peulay 1 2 3
E2 Y Y Y Y
sAUAU ly ATNTENU 100 1UAT FIADHN
Y v
AYAULDI 8-10 %
a A Qy < A
3 | IAUENUIBNAVDUANADIND 1 2 3
FJ Fd ]
4 | duvwiulanaesudanonu 1 2 3
=~ 2 . % 7
5 | auauiulaviiasu 1 2 3
] ] J J v o
6 | w1 g Inalay/Tundiag 1 2 3
7 [1@u 1AM lawag 1 2 3
8 | 1@y 1nnnasen lamas 1 2 3
- 2 7
9 | 1au dszananilasosung 1 2 3
U ]
10 | 10U 1aIa 1 2 3

149




3. ﬂﬂJu“mf’ﬁJﬂ1W‘V]1\‘lmﬂ (Physical health problems)
A ' ' o v = o A A o
Tuszes 1 RounHIUN q"l]ﬂWWﬂWfJ"UENTnu‘VHGl‘VWHUMﬂmﬁ1 AAMNMIUKTBNIING

sza13u w3 'ly

a6 ﬁmﬁﬂiymnmméam&ﬁmnﬁamﬁﬂﬂﬂ Y st
1| haumiermninssuaien Yo luum A 1 2
> [ enlauesnniinosnis 1 2
3 [ yansarhauniensnssinsesa souiineh 1 2
4 | fianwenaunnlumsiau wienanssy (wu D4 1 2
Tyamumwenonaiiuiis)

L4
4. ﬂﬂluﬁ1q YNWNND1TUU (Emotional health problems)
A oAl ol A ' g ' A A o olal” '
1‘1433313 1 D UNHIUNT DITUUVDINU (1FU JaNvaY i ERRIINEG)] VITGlﬂVIWHMﬂﬂJﬁ']

Tumsmaursenanssulnalszariu uie

o w ’ = o Q' ' g g = = 'd
a1y muuﬂtymnmmmmmu N]ﬂ‘]—!ﬂﬂ!Wﬂ\ﬂﬂ EN) ulllll
o A o A o o o Y ! a
1 1/mmmamﬂmmﬂimnu]lﬂ”lnummuﬂu 1 2
v Y ] L
2 ﬁ%‘ﬂu]’lﬂu@t’lﬂﬂﬁﬂ@]@\iﬂ'ﬁ 1 2
= £ [ o A A o o w 7
3 Ianusziase e lumsmaunseninslseaiuuey 1 2
nINAN

5. NINTITUNNFIAY (Social activities)
' P v v v
FUATNN NI NNBHI001TNUVOINIY DHANTZTNUADMTNINING TUNINFINY 1HU 113
4 ] ] Y Y ~
wuilzdeassanuasounsd graainasanie neeurs rsemouu wnueaiivals

Y

= a ~ < =1

1 lulinaaeauiia@en .2 UmAlanuee 3 uwahunang
v v v
... 4 INANDUVIININ ... 5 URauINNga
<
6. M39U1U79 (Pain)
- C ao ' o v
6.1 Tuszez 1 @eunmIUL MuleInsiaisesane wu 11a% Jranog

- » g .
ra hanaiuiie juusuiisla

' = < Y < Y
| Ulllllfﬂﬂﬁm&l e 200INTIANUDYNN e 3 ﬁmmimﬂuaa
.4 ﬁfﬂﬂﬁiﬂﬂ e S ﬁﬂﬁﬂiiquuﬂlﬂﬂ

150



6.2 Tuszey 1 @ounMuLN NMULINTUIALIBITINNIBYBINIY HHANTENUAD

Y Y Y

Y 1 [ "
MM NIURINOULAZUDIY 1FY MANNTLDIA A1 mﬂﬁ":]) mﬂuammllwu

Y

' a < a
| lllliJWfImEJ .. 2 UHAlaNUBY e 3 Inathunais

Y

= ! = d'
s A UADUVNN < S UARNNNNEA

4
7. WadNULAZD1TUM (Energy and emotions)

A A’ 2 A = B ~
1”33‘(’13 1 D UNWIUNN ﬂWulﬂfJﬁJﬂ'Jngﬁﬂﬁﬂulﬂuﬂﬂmw&'ﬂﬁlﬂ

o U ' = g’d ! dq’ k =) .
aeu | muneinnuganaelliives | aaea | heu | wewq | va | g |
o g |
iiedla na | aeen Ase| a5y | X
1 o
i yﬁ AAAa A dy
1| mugdn 133031 nseals 1 2 3 | 4 5 6
GEEDIER
[ F
2 | mugdn Iannaa 1 2 3| 4 5 6
[ v v F
3| mMugdn vay @5E 1INy 1 2 3| 4 5 6
'd o - yd dg 2
luiieg lsmlumuganaaula
T El 75
4 | mugdn ersuandunazaa 1 2 3| 4 5 6
v E2
5| mugdn Gnazmaan 1 2 3 | 4 5 6
[ 2 E4 2 [
6 | mugdn noun uazviayle 1 2 3 | 4 5 6
v v [l
7 | mugdn nuaEes 1 2 3 | 4 5 6
' yd g A
8 | mugan dneudunuiiil 1 2 3 | 4 5 6
ANUTUAUNI
[ ﬁld d| F
9 | mugdn miloyan 1 2 3 | 4 5 6

8. NINTIWNNAIAY (Social activities)
Tuszoz 1RoumIIN UMM IMEnS o0 1THaITeaMY finanssNIABNITINAINTTUN
Faaw 13 manulsdadssatunseunss anadiniasans vieriour wierfieuy vey
un'lwu

2 9 [
... 1eaeAna  ....2MeuAasAnal ... 3UNATY L 4WUg AT LS ludlee

151



9. qmmwﬁﬂﬂ (General health)

Y 1 Y v v
voanuae I uasedmsumuniely

s
auysuaa

8 vonnuae Il iuassdmdy | o5um | o33 | lug |lunes | lauede
Mutiselu uUUOU 939 | uunaves

auluauienennaudug 1 2 3 4 5
v A = = v d‘

Bullqunnd milounuiious 1 2 |3 4 5
AUAAN FUAINUDINUILLYA 1 2 3 4 5
o a | @ <

BUANN GUANVDIT U 1 29 Iy 3 4 5

vaYRUNWITAMN ivaYa

152




1599 MI3UFANNT ngAnsIuMsesnumsauia

tyyaauald

ugam tazaamwiia

Q

d' % ! &' d‘ = o a
‘lli’)\‘i‘l.]’i3‘51‘111»!‘1]?)1?!8]98‘!19185?)‘1]1/‘11!1’]1]’53ﬂi’)‘lJi’ﬂ‘U‘WTnﬂiﬂ‘H‘H

. 3 . ‘ v 2
A nuudumualsznouliate 6 aau aail

' ] Y J
a1 veyan

AIUN 2 NOANTTUGUNIN

! { wAa <3 1
aun 3 Usgiamsiauilae

' ] 9 v v v
AU 4 MITUFANUTEUNEINUNANYDINMALAZHANIZTNVADTUNIN

' v Y [
aui 5 wanssumsesnumsaudarudam

' [ aa
TAIUN 6 AUNINTIN

aauii 1 voyana

8.
9.

Y d' [ A
10. sw"lﬂmaﬂmamau

¢ o X
3385&’3@’1161?[86@1141/‘!1&1/]

153

CTUNTWUUAOUDIY oo Gu /o1 /1)
SURa U/ 00U /D)
PN
918 ... 1]

NN AN e LY AALN. N

[} =
. FLAUNMTANH
= % = 4 o =
... szaufnm Liseudnmnouay . UseudAneIaeullaie
- . e, BEIEGTTRGE
gannilFayanes L aun Tlsasey
AU
v v Y '
. laa R TT R RRT! IR CRERR nenfiuoy
Loouq Tsasey
o . 4
DIFNNOD oo, oue) Tdsasel)



aIUN 2 NYANTINGUMN

1. MIGUYHI

L1 dagifumuguywsvsels Ll 2. Tl
o d“:‘ ! lﬂ‘ ' o o QJ

1.2 MuauynInmuguns lunaagiu Tudgiu YIUAY
@ ! A A i ! ! !
2. dafumudugsmioueansgea ... Ll 2. Tl

a3 3 Usziamsiduie
v Y rd
1. muag lasumaidane lsaanunnenssaaIuneua
¥olin T | ey iflu il Ty

v Y v

(e e | @Falyla GAGE uule
F7
(al) N FNH)

1. IsAviaoAaueniay

2. TsngaanTilanes

=
3. TsavieuHia

EZ
4. Tspgiium

5. Isndalsatlea

6. 13ntinla

~

Tsaanuaulariage

F2

8. T3nIYNBNAUINAITUN

J
9. TsAuedNIaL

10. I5ALIHNU

11. Tsamatlszamn

E4
12. TsAungiinuies

13. IsAviaoadon

14. Tsntlondua (eadniay /

s & o
ﬂ@ﬂ@ﬂﬂuliﬂid) 321 ...

< 3
15. Tsauz15e (Wzi59on) 521)...

<3 'y
16. MIVIALY / HIAANTINDN

4
17. Tanoalsmes

154




¥olin T | ey iflu il Ty
v Y v
e (W @1'lula GRGE uula
Y
1a7) S11%8)) FNHT)
18. TsadunazAUo MLEL
19. Tsan199a
! = o 2 dl = '
2. muiilsalseanaioug LUy Tuii

3. 91IMsV9TzUUMUAUKIela

Pl

R v L4
pimsvesszuumuaumelalufagiunazanudimeiulunaaz e

a 'a ada '
2113 TRRIIRE s ANNDNHA IS I MIRaY
d
Tufagiiu | 01ns aenv
C% ) i e’/’ o
Tutfagiiu | dlaw | >1a5y | yadu
ng U 1
azAiv | dilam
1. lo
=)
2. Niaune

3. 61ﬂ1§]165’311ﬁlﬂfllﬁll?i$

4. velauideania

5. e laaunnmielava

F

3 A 1
6. RUHITIDUHUNUIDN

7. 3EMYIYN

8. ANIYN

9. 19T

a A
10. 19U

11. 52M8ADIA

12. SLAIADIAINIA

13. AUAINTIS

A
140U 58Y oo

155




aufl 4 MuganudaadeiuraivematazHansznuaegumMwaInWuilszneu v

MAINHU

nav AN ANNAATU
g [ Y
AapAT UMM NNIULN 1HDIAIIHATDINANY
PINALAZHANTENUADFVNINDINS

duiapunsniiu puhiv fudam qadl ..

Tape | 119n59 | vesnss | masanal

F [] [
1| anwgdnnea nduasniu fu
U AN FUAINYDINIY

%30l

=\ 1 a 1 a
2 | Bewed mnEunINY Fuiy

%390l

3 VISNWﬂﬂTﬂﬂWﬁﬁ%ﬂTﬂLﬁﬂ\‘lfﬂy’ﬂ N

Hunsniu fuitu nie'ly

4 | 103 NNRUATIHY Uiy

Y3e

F ] [
5 | upeuna MnruAINY Uiy

%30l

6 | 1o vnduasniu fuiiu wiely

= o ! a 1
7 | imeladnn ansunsniiu iu

U vise'ly

8 | n3uuNeINstini 91ngu

a 1 a A '
asnAu {uru vse lu

= 4 A ' 1
9 ImsasunanssueIng %Tﬂﬁlu
=Y 1 a A . r
ﬂiﬂwuduwuwﬁaﬂn@%u
a ' =) o w
aaﬂ"lﬂmmau NIDVONNIANINY

Lﬁuéﬂ)

[ EZ EZ
10 | ogluuu lasunaveswany
9IME INFUATNTY FUTY

%30l

156



Do

CRAREY

ANNAATIY

b

e :
aaoadlaunmIuu Lﬁmm&wammuawy
2IMALAZHANTENUADTUNINDINNT

andarlunsniiv eluhiv udam aud ...

Naunes

19059

SIREGER

fasnlla

11

'S EJ
91MANUIU ”lﬂ%’uwammuawy

91MA MNEUATNAY U

130 |y
~ FZ] v
12 | imstdadszgrunaialuniu an
unsniu fuiu nielu
F 1 E4 )
13 | lmaseslenarmealvaazuluy
7 1 a 1 a A N
VI NIRUATIAY Uiy n3e 'l
g 7 '
14 | van@eamsdlaniinaveanu
MInduAINY Juiu nie'ly
E2 [ E2 EZ EZ
= = A
15 | 3@ asansiewie lunun 91n
unsniiu fuiu vie lu
S O A NI
16 | aunIunna 1nKunIn
wiu fuiiu vio lu
A A Ay "= 7 A A
17 | finaud luiislseasn nsenau
Y l
VINNMBUBNUIY MINHUATAHY
Hutiu o lu
A A Ay "= 7 A A
18 | fnaun luiislszasn nsenau
9 [ = v
vnaeluuiu MnHuasAi
a =) !
i 150 Ty
Y - 2 " I
19 | dunawiusmuuvesnmuilon
MnuAINY Uiy nie lu
@ < v H A w 7
20 | dunamiunmesvhiiaiii ade

WaNYDINA NNAUATNAY Uiy

%30l

157




a1ny QRREY ANNAAITY
3 (lﬂ' ! d’ ? a
AaRATUMUNNIUN 11DIAIEHAVDINANY
PIMFAZNANTZNUADTYNTNDINNIS
andarlunsniiv eluhiv udam aud ...
Tawee | 19nss | veanss | masanim
21 | auMuFInveInIUanad 1k
a 1 a A :
Asniu luriu niolu
] FZ Y [
22 | AanefumsesuIu 3nEuAsn
wu fuiiu wio lu
' tﬂ' a ° U v U | a | a 1 an
aIun 5 ngAnssumsvesnumsduiaanguasniiu funiv fudam
A A0 Aol
v 9 []
Twpe | flu | vuase | wes il
Y v Y Y
0A5® | AFY | 3-4A39| 56 IEERY
P ' ¥ v
dlam | asn A | ATIAD | 7A3T9A0
4 4 o
1.2 | ddawm | e | dden/
A '
AL NI
4
dlam
! a ~ Qa.ll d’ = a
1| mMuAuninnas oluany
PIMANNHUATNTAY HUHY
3o |u
- 7 7 1 .
2 | MUAWHUINNNNASTA 1ol
VaNHOIMANINHUATATU {1
a A '
WU 3o lu
[ v 4 f
[ A A
30| MUMIUINNATY 1ol

WANYOINANINAUATAAY KU

iy viso'ly

158




BUATIAINYAAA (PPE) AN
E4 [ Y
MoV UADUNYNADA
Y i1
NNAY TN N INAIN

luasniiu fuiu vie lu

a RRLRLY MaoL
Yoas | iy | vaneds | veo i
0aYinn | a3 |3-4afe| 56 SIEERY
ot | asm a0 | a¥ien | 7afiao
12 | §ew | daw | dlaw/
A%iA0 NI
Filon
. -y
muauglnsuilesnu

] [ EZ E4 [

muaularuninieanugu
a d’ =) a2

¥ia N95 tialuanye1na

NRUATNAY Uiy n3e'lu

vimmuiﬁqﬂmmﬁmﬁ'u
é’umwéauuﬂﬂa (PPE)
aaeanahay ilefiuaiiy
oIMANINHUATATY Ui

%30 lunse ly

Lﬁ@vhu”laj"l;”l;qﬂﬂim(ﬂymﬁu
SunTITIUYAAT (PPE) MU
A luftuns avern T

HaREOIMANINHUATATIY Hu

a A |
iu s 'ly

3 W
MmuseaFeuilyrInnasa e
uuanyIMANNHUATANY

Pluiiu viso lu

159




Do

DY

Mo

Tanae

Y

0 AFIND

alav

4

PYNATI

2

3-4 A54
Ao

alav

UD¥

5-6

Qﬂ’l v
I

aav

W
SIFER N
7 A%A0
Flam /

NI

v EZ v
MUBANUFNRINDADNT
7T A
YoanuaneINnA3 1ol
NaNEOIMANNHUATATY Hu

a A "
wu vso'ly

10

v

v 2 [
mulasuanugnnrueau
[ Y
Meuonnan1sleanuauieg
4 i1
NNATY WoNaNYeINIAIIN

funsniu fuiv wielu

11

F ]
A A

WY -
muau Tununntvaiy
IMANNHUATNAY HUHY

%30l

12

‘VITL!%]J‘]JS%‘I/HM’EﬂW”IﬁW?’E)"IJ‘HM

= a

2 g '
TuiunnuuanyoIMAINKY

[
a

a A '
Asnnu lunu visely

q

13

Y

v [ 4 1
muilaninannnass ol
uanyeIMANNHUATATY U

iy vso'ly

14

Y I AP ] 3= LB
MURANALIUURTUaNY
S A A a
9IMANNATI oluaNY
DIMANNHUATNTAY U

%30l

160




g an
aIUN 6 AUMNTIN
1.q vnnna 'l (General health)
v v v [ v Y
1.1 Taeia 11 mudan guamvesnmuiuensls luvmeil
S A =S =S 7 'd
L. la@e 28mn .34 LoAwely s @
lﬂ' = v ti' y ! a ' ! '
1.2 diedsusudiinal muaan guamvesnuiuesals
o A ad ? SN S R
... 18201 Weiliual ... 2 ADUY AnuaNLad
4 O et P g ol ?
L3 mleuiy weiiuad L 4 Aouv teAn el iuan

A A ad
... s uganednualuin

Y
2. YBNAVBINITNININT TN (Limitations of Activities)
o 1 dy o d‘ % a d‘ . a wvAa . L% . =) A
Mmauae i Lﬁummummﬂuﬂﬂﬂiinwmuﬂgumiugmamu MUAAN FUAINVDI
' ° ¥/ ~ P ol Sy N A A a? ~
mumlnmuiidym lumsmnanssumaniinge lu 018 JunnTeliusaiiosla

(’NﬂmJ‘ViﬁQﬁW]E]‘U Tuneazussna)

o v ' IS o Q' ; dv x =) IS = 'd
aey | muiidymnadavatinnuesiiadla | dfaym | Aifym Taidi
5 v
an lanuay ﬁagmmﬂ
L v v ]
1| Aenssuieealausannn wu 3 lnag 1 2 3

v Y
ﬂ1\11uﬁ@8\1@ﬂﬂll‘iﬁlﬂﬂﬂ gNUDINN BON

AAINYBYININ

' Fl ] ] Y
2 | Aanssunaealesusathunate wu moulay 1 2 3
R - o 4 7
saau 1y ATNTEU 100 AT FIADHN
Y 9

ANEAULDY 8-10 ¥

J
a a <
3 | IAUEANTBNIVDUANTDIND 1 2 3
F FA '
4 | dudwivlanaesudanonu 1 2 3
P P
5 | auauiulaviled 1 2 3
] ] FA FA FA h
6 | o1 g Inalay/Tundiag 1 2 3
7 | @u mnnnmilen Tawas 1 2 3
8 | AU M1ANATIN laas 1 2 3
- 3 7
9 | 1@au dszanantesesun g 1 2 3
J ]
10 | 10U 1AIA7? 1 2 3

161



3. ﬂﬂJu“mf’ﬁJﬂ1W‘V]1\‘lmﬂ (Physical health problems)
A ' ' o v = o A A o
Tusees 1 RounmIUN q"l]ﬂWWﬂWfJ"UENTnu‘VHGl‘VWHUMﬂmﬁ1 AAMNMIUKTBNIING

sza13u w3 'ly

a6 ﬁmﬁﬂiymnmméam&ﬁmnﬁamﬁm“lﬂ Y st
1| haumiermninssuaien Yo luum A 1 2
> [ enlauesnniinosnis 1 2
3 | lyaansarauniennssuneeoala osaiiner 1 2
4 | fianwenaunnlumsiau wienanssy (wu D4 1 2
“Lcﬁymmwmammmﬂuﬁmy)

L4
4. ﬂﬂluﬁ1q YNMWNND1TUU (Emotional health problems)
A oAl ol A ' g ' A A o olal” '
1‘1433313 1 D UNHIUNT DITUUVDINU (1FU JaNvaY i ERRIINEG)] VITGlWTIWHMﬂﬂJUTT"I

Tumsmaursenanssulnalszariu uie

o W ¥ IS o Q' ' g y =) = 'd
a1y muuﬂtymnmmmmmu mnueaiieela u 11113»1
o A o A o o o " ! a
1 ﬂ?ﬁ?ﬂﬂi@ﬂ'mi]'gﬁ51J§$i]'l'3uulﬂhlﬂu']ul,‘1/]'llﬂﬂ 1 2
v Y ] L
2 ﬁ%ﬂu]’lﬂu@t’lﬂﬁﬁﬂ@@\iﬂ'ﬁ 1 2
= £ [ o A A o o W 7
3 nanusziasz i lumsmaunsensinsdszaiuues 1 2
nINAN

5. NINTITUNNFIAY (Social activities)
v P [ ' '
FUATNN NI NNGHI001THUVDINIY LNANTZNUADMTNININTTUNFIAY 1FU N3
% ‘{w [ a a a A d‘ A d‘ 7 ? ~
nwulsdeassnnunsounsy gnaauNlaIariie nea U MU MINUBNEala

Y

'a = F o = < =\
LAl ”lmuwmaﬂi]uuﬂmm e 2 URDINUDY 1.8 MWﬁﬂ'lLlﬂﬁN

v

oo 4 UHAABDUYIINN ... 5 UpauInnga

]
6. M59U1U9 (Pain)
a4 L 4 ' o g
6.1 Tuszez 1 @auNmuL Mulensiiamessame 1wy e 1aanes
- » g .
e anaiiie juusuiela
E Y

' = < <
| Ulllllfﬂﬂﬁm&l e 2001MTIANUDYNN e 3 ﬁmmimﬂuaa

... 4 T?1mMsun o 5 URIMITTULTINN

162



6.2 Tuszey 1 @ounmuL MUL1NITUIALIDITIINIBYBINIY UHANTLNUAD

Y Y Y

k4 H v [
MIMTU TIUNINOULAZUDIY 1FY MANUALDIA Q19U ‘1/]1?1%}7]) NWﬂU@EJI,LﬂVI,‘Hu

Y

' a < a
| lllliJWfImEJ .. 2 UHAlaNUBY e 3 Inathunais

Y

= ! = d'
s A UADUVNN < S UARNNNNEA

4
7. WadNULAZ 1IN (Energy and emotions)

A A’ 2 A g B ~
1”33‘(’13 1 D UNWIUNN Vl']ulﬂf,mﬂ’ﬂllEﬁﬂ@]@vlﬂUU@fJLWfNalﬂ

o U ' = g’d ! dq’ k =) . =
a1y | muneiinnuganaeives | aaea | neu | wewq | v1e | wug | T
ieala na1 | faeaA A%a | A% | ey
R
i yﬂ AAAa A dy
1| mugdn 133080 nzls 1 2 3 | 4 5 6
GEEDIER
[ F
2 | mugdn Iannaa 1 2 3| 4 5 6
[ v ] v
30| mugdn vay @sEy 1INy 1 2 3| 4 5 6
'd o - yd dg 2
luiieg lsmlumuganaaula
T El 75
4 | mugdn olsuanduLaz e 1 2 3| 4 5 6
v E2
5| mugdn Gnazmaan 1 2 3 | 4 5 6
[ 2 E4 2 [
6 | mugdn noun nazvayla 1 2 3| 4 5 6
v v [l
7 | Mugdn vuaiEes 1 2 3| 4 5 6
' yd v Ao
g8 | mugdn Aneuduauiil 1 2 3 | 4 5 6
ANUTUAUNI
[ ﬁld d‘ F
9 | muzdn milosan 1 2 3 | 4 5 6

8. NINTIWNNAIAY (Social activities)
Tuszoz 1RoumIIN UMM IMEnS o0 1THaITeaMY finanssNIABNITINAINTTUN
Faaw 13w manulsdadssatunseunss aaaindiasanie vieuiours Wieriteuim vey
un'lwu

v 4 v
L. 1eaeAnal  ....2MeuAaeanal ... 3UNATY ... 4wuqase .5 luflae

163



9. qmmwﬁﬂﬂ (General health)

Y 1 Y v v
voanuae I uasedmsumuniely

s
auysuaa

8 vonnuae llil iuassdmdy | oSum | o33 | lug |lunes | lueds
Mutiselu uUUOU 939 | uunaves

auluauienennaudug 1 2 3 4 5
v A = = v d‘

Bullqunnd milounuiious 1 2 |3 4 5
AUAAN FUAINUDINUILLYA 1 2 3 4 5
o a | @ <

BUAND UATNYDIBULAT 1 29 Iy 3 4 5

vaYRUNWITAMN ivaYa

164




APPENDIX B

Preventive behaviors of crystalline silica exposure among SMW

and people living around stone-mortar factories

Table 1 Preventive behaviors of crystalline silica exposure among SMW

Behaviors

Answer, n (%)

Never Occasionally

Sometimes

Often

Always

Wearing PPE when exposed air pollution
1. You wear mask, 6 (10.5) 1(1.8)
when you exposed air

pollution from stone-

mortar dust.

2. You hang cloths, 5(8.8) 4 (7.0
when you exposed air

pollution from stone-

mortar dust.

3. You wear PPE and 14 (24.6) 7(12.3)
follow-up procedures,

when you exposed air

pollution from stone-

mortar dust.

4. You wear N95 38 (66.7) 3(5.3)
mask, when you

exposed air pollution

from stone-mortar

dust.
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12 (21.1)

9 (15.8)

9 (15.8)

5(8.8)

11 (19.3)

5 (8.8)

12 (21.1)

2 (3.5)

27 (47.4)

34 (59.6)

15 (26.3)

9 (15.8)



Table 1 (Continued)

Behaviors

Answer, n (%)

Never

Occasionally

Sometimes

Often

Always

5. You wear PPE all
times in working time,
when you exposed air
pollution from stone-
mortar dust.

6. You keep PPE in
clean, when you do
not expose to air
pollution from stone-

mortar dust.

19 (33.3)

15 (26.3)

4(7.0)

6 (10.5)

8 (14.0)

5(8.8)

9 (15.8)

13 (22.8)

17 (29.8)

18 (31.6)

Knowledge

7. You walk away,
when you exposed air
pollution from stone-
mortar dust.

8. You have
complaint, when you
exposed air pollution
from stone-mortar
dust.

9. You have
knowledge to self-
prevention, when you
exposed air pollution
from stone-mortar
dust.

13 (22.8)

49 (86.0)

2 (3.5)

15 (26.3)

6 (10.5)

15 (26.3)

166

9158

2 (3.5)

14 (24.6)

14 (24.6)

0(0.0)

15 (26.3)

6 (10.5)

0(0.0)

11 (19.3)



Table 1 (Continued)

Behaviors

Answer, n (%)

Never

Occasionally ~ Sometimes

Often

Always

10. You get 35(61.4)
knowledge to self-

prevention from

outsource, when you

exposed air pollution

from stone-mortar

dust.

8 (14.0) 8 (14.0)

2 (35)

4(7.0)

Environmental management
11. You drink water at 17 (29.8)
workplace of stone-

mortar area.

12. You take food at 8(14.0)
workplace of stone-

mortar area.

13. You open window, 36 (63.2)
when you exposed air

pollution from stone-

mortar dust.

14. You avoid road, 20 (35.1)
when you exposed air

pollution from stone-

mortar dust.

9 (15.8) 8 (14.0)

4(7.0) 5(8.8)

5(8.8) 4 (7.0)

13 (22.8) 12 (21.1)

6 (10.5)

7 (12.3)

3(5.3)

6 (10.5)

17 (29.8)

33 (57.9)

9 (15.8)

6 (10.5)
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Table 2 Preventive behavior among people living around stone-mortar factories

Behaviors

Answer, n (%)

Never

Occasionally  Sometimes

Often Always

Wearing PPE when exposed air pollution

1. You wear mask, 123 (37.8)
when you exposed air
pollution from stone-
mortar dust.

2. You hang cloths, 14 (4.3)
when you exposed air
pollution from stone-
mortar dust.

3. You wear PPE and

follow-up procedures,

182 (56.0)

when you exposed air
pollution from stone-
mortar dust.

4. You wear N95

mask, when you

261 (80.3)

exposed air pollution
from stone-mortar
dust.

5. You wear PPE all

times in working

210 (64.6)

time, when you
exposed air pollution
from stone-mortar
dust.

51 (15.7)

19 (5.8)

43 (13.2)

26 (8.0)

31 (9.5)
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74 (22.8)

61 (18.8)

39 (12.0)

15 (4.6)

30 (9.2)

30(9.2) 47 (14.5)

59 (18.2)

172 (52.9)

29(89) 32(9.8)

7(2.2)

16 (4.9)

20(6.2) 34 (10.5)



Table 2 (Continued)

Behaviors

Answer, n (%)

Never Occasionally  Sometimes

Often

Always

6. You keep PPE in
clean, when you do
not expose to air
pollution from stone-

mortar dust.

201(61.8)  32(9.8)

25 (7.7)

26 (8.0)

41 (12.6)

Knowledge

7. You walk away,
when you exposed air
pollution from stone-
mortar dust.

8. You have
complaint, when you
exposed air pollution
from stone-mortar
dust.

9. You have
knowledge to self-
prevention, when you
exposed air pollution
from stone-mortar
dust.

10. You get
knowledge to self-
prevention from
outsource, when you
exposed air pollution
from stone-mortar
dust.

61(18.8)  79(24.3)

276 (849)  28(8.6)

72(22.2) 102 ((31.4)

125(385)  82(25.2)
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68 (20.9)

11 (3.4)

84 (25.8)

66 (20.3)

60 (18.5)

4(1.2)

33(10.2)

37 (11.4)

57 (17.5)

6(1.8)

34 (10.5)

15 (4.6)



Table 2 (Continued)

Behaviors Answer, n (%)

Never Occasionally Sometimes Often Always

Environmental management

11. You drink water 10 (3.1) 12 (3.7) 33(10.2) 47(14.5) 223 (68.6)
at workplace of stone-

mortar area.

12. You take food at 7(2.2) 8(2.5) 28(8.6)  54(16.6) 228(70.2)
workplace of stone-

mortar area.

13. You open 192 (59.1)  33(10.2) 34(105) 24(7.4) 42(12.9)
window, when you

exposed air pollution

from stone-mortar

dust.

14. You avoid road, 92 (28.3) 64 (19.7) 79(24.3) 33(10.2) 57(17.5)
when you exposed air

pollution from stone-

mortar dust.
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APPENDIX C

PUBLICATIONS

EFFECTS OF HIGH SILICA EXPOSURE ON
RESPIRATORY DISORDERS AMONG STONE-MORTAR
WORKERS TN NORTHERIN THATLAND

Sakesun Thongtip!, Penprapa Sivirej!, Athavudh Deesomchok?,
Tippawan Prapamontol’, Anawat Wisetborisut® and Supakit Khacha-ananda®

!Department of Community Medicine, Faculty of Medicine, “Department of Internal
Medicine, Faculty of Medicine, *Research Institute for Health Sciences, “‘Department of
Family Medicine, Faculty of Medicine, *Department of Forensic Medicine, Faculty of
Medicine, Chiang Mai University, Chiang Mai, Thailand

Abstract. Particulate matter less than ten micrometers in diameter (PM,,) con-
taining crystalline silica if inhaled can cause respiratory symptoms. We aimed to
determine exposure levels of Thai stone-mortar workers to PM, , containing crystal-
line silica and its potential link to respiratory disorders. This cross-sectional study
was conducted among all available workers who had worked at stone-mortar
tactories for at least one year in the study area. Subjects were divided into two
groups: stone cutters (n=29) and stone grinders (n=28). We had a control group
which consisted of 20 age and sex matched agricultural workers. All subjects were
aged =18 years. We measured the exposure levels to PM, containing crystalline
silica using a filter-based gravimetric method. We obtained a history of respira-
tory symptoms from each subject using the American Thoracic Society Division
of Lung Disease questionnaire (ATS-DLD-78A). We checked the respiratory effect
of exposure using a lung function test and by performing chest radiographs. We
used the chi-square, Fisher’s exact and Kruskal-Wallis tests and multiple linear
regression analysls to examine assoclations between selected variables and re-
spiratory disorders. The mean crystalline silica levels found among stone cutfer
subjects (mean=5D, 0.096:0.094 mg/m?) and stone grinder subjects (meanzSD,
0.130+0.106 mg/m’) were significantly greater (p<0.001) than those found in
controls (mean+5D, 0.004+0.005 mg / m*). The numbers of subjects with abnormal
chest radiographs and abnormal FEV, /FVC ratios in the exposed groups were
significantly higher than the abnormal numbers found in controls. Three cases of
silicosis were diagnosis among stone cutters and grinders but none among contrels.
The crystalline silica levels found in the studied stone cutters and grinders were
negatively associated with the percent predicted levels for FEV, (p=0.002), FVC
(p=0.011), and FEV, /[FVC (p=0.002). Our findings show FPM,  containing crystal-
line silica exposure is associated with respiratory disorders and lung function
impairment among studied stone-mortar workers. Stone cutters and grinders
in the study area should be monitored for the presence of silica exposure and
silicosis. Personal protective equipment should be available and manda tory for
these high risk groups in the study area.

Correspondence: Penprapa Siviroj, Faculty of Medicine, Chiang Mai University; 110 Inthavaroros
Road, Sriphum Sub-District, Mueang Chiang Mai District, Chiang Mai 50200, Thailand.
Tel: +66 (0) 53 935472; Fax: +66 (0) 53 935476; E-mail: psiviroj@gmail com
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