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Abstract

Objectives: To identify adverse health effects due to air pollution derived from a cement plant in Korea. The
ventilation impairment in residents around a cement plant was compared to another group through a pulmonary
function test (PFT).

Methods: From June to August of 2013, both a pre and post-bronchodilator PFT was conducted on a “more exposed
group (MEG)” which consisted of 318 people who lived within a 1 km radius of a cement plant and a “less exposed
group (LEG)” which consisted of 129 people who lived more than 5 km away from the same plant. The largest forced
expiratory volume in a one second (FEV1) reading and a functional residual capacity (FVC) reading were recorded after
examining the data from all of the usable curves that were agreed upon as valid by PFT experts of committee of
National Institute of Environmental Research. The global initiative for chronic obstructive lung disease (GOLD)
criteria for COPD, defined the FEV1/FVC ratio < 0.7 as the obstructive type, and the FEV1/FVC ratio ≧ 0.7 and FVC%
predicted < 80% were as the restrictive type. The FVC% predicted value was estimated using Korean equation. We
compared the proportion of lung function impairments between the MEG and the LEG by using a chi-square,
and estimated the OR of obstructive and restrictive ventilation impairments by logistic regression.

Results: The obstructive type impairment proportion was 9.7% in the MEG, whereas it was 8.5% in the LEG. The
restrictive type was 21.6% in the MEG which was more than the 12.4% of the LEG. The odds ratio (OR) of total
ventilation impairment in the MEG was 2.63 (95% CI 1.50 ~ 4.61) compared to the LEG. The OR of obstructive type
in the MEG was 1.60 (95% CI 0.70 ~ 3.65), the smoking history was 3.10 (CI 1.10 ~ 8.66) whereas OR of restrictive
type in the MEG was 2.55 (95% CI 1.37 ~ 4.76), the smoking history was 0.75 (95% CI 0.35 ~ 1.60) after adjusting for sex
and age. Level of exposure to particulate played a role in both types. However, it appeared to be a significant variable
in restrictive type, while smoking history was also an important variable in obstructive type.

Conclusion: Although this study is a limited cross-section study with a small number of subjects, ventilation
impairment rate is higher in the MEG. There might be a possibility that it is due to long-term exposure to particulate
dust generated by the cement plant.
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Introduction
Although cement is the most widely used essential con-
struction material, there are many hazardous environmen-
tal pollutants such as particulate matter, various oxides,
and heavy metals, which are released in its production
process. Most of the Portland cement plants in Korea have
been in operation since the 1970s by the national policy to
accelerate industrialization. The residents who have lived
near the cement plants have always been complaining be-
cause of the inevitable dust created at plants when they
were carrying limestone from the mine to the plant. How-
ever, because the protest movements from the residents
have continued, epidemiological surveys have been con-
ducted by the Ministry of Environment (National Institute
of Environmental Research) since 2007 [1]. This survey
was carried out in 2013, as one of a series of epidemio-
logical investigations about the relationship between en-
vironmental particulates derived from a cement plant and
pulmonary functions of the residents in Jeollanam-do
Jangseong-gun.
Portland cement is composed of a mixture of mate-

rials. It is mostly made of calcium oxide (CaO, 62-67%)
and silica glass (SiO2,17-25%) with a lesser amount of
aluminum trioxide(Al2O3 3-8%), iron oxide(Fe2O3 0-5%),
magnesium oxide (MgO, 1-2%), and other heavy metals
such as hexavalent chromium (Cr6+), nickel, etc. [2,3].
The cement manufacturing is done in three simplified
steps. First, the raw material and fuel supply preparation
(mining and/or outsourcing, crushing, storage, and pre-
blending), second the pyroprocessing to make clinker,
grinding of clinker and gypsum in the finishing mill to
make cement, and finally the storage, packaging, and
loading for the finished products [2]. Cement is made
from the intermediate product of finely ground clinker
formed through a high-temperature burning of lime-
stone and other materials in a kiln (pyroprocessing). The
emissions created by the combustion such as particu-
lates, carbon dioxide (CO2), nitrogen oxides, sulfur ox-
ides, and heavy metals are discharged in the process [4].
There is additional dust generated from the mining and
transportation. Various types of particulate emissions
and dust are continually created by the comminution
circuits when crushing and grinding the raw materials
and clinker, from the pyroprocessing or kiln line, inter-
mittently and diffusely from quarrying activities as well
as through limestone transportation.
In general, fugitive emissions from coarse particulates

(particularly of particle diameters >10 μm) are considered
to be the reason for repeated protests by the residents
near the cement plant. This is believed to be due to the
visible accumulation rather than the health hazards.
However, fine particulates, <10 μm (PM10) and <2.5 μm
(PM2.5), can cause health problems, if one experiences
prolonged exposure for 30 to 40 years, because of their
respirable nature, and because they may contain poten-
tially harmful concentrates of toxic metals and com-
pounds. Cement dust can cause lung function impairment,
pneumoconiosis [5], carcinoma of the lungs and larynx
[6,7], and may cause inflammatory changes in the skin,
and often leads to skin diseases or autoimmune dis-
eases [8-10].
Many studies for cement factory workers on the ad-

verse respiratory effects of cement dust exposure have
been focusing on pulmonary function and symptoms, or
their relationships [11-17]. But, few have researched the
health effects of cement dust and asbestos [18,19], or
heavy metals [20,21] derived from cement plants, thus a
study on the relevance of dust and lung diseases of resi-
dents who live around these plants was rare. It is diffi-
cult to explain the relationship between environmental
cement dust exposure and occurrence of a pulmonary
disease due to the variety of other factors involved such
as age, sex and smoking. Therefore, we are going to re-
port about the difference in ventilation impairment be-
tween the more exposed group of residents and less
exposed group of residents living around the cement
plants or limestone mines in the region using the results
of a health survey.

Materials and methods
Study subjects
The surveyed cement plant is located in a rural area near
a big city, and about 13,000 residents live in this area.
The epidemiological survey target population is about
900 over 40-year-olds living near the cement plant. The
residents who lived within the 1 km radius of the ce-
ment plant were designated as the “more exposed group
(MEG)”. The “less exposed group (LEG)” lived more
than 5 km away from the cement plant in an area that
was not typically in the path of incoming wind from the
plant but was similar to the MEG in socioeconomic liv-
ing conditions. The population of the eligible LEG was
about 370 residents. The participants in the MEG and
LEG were 453 (50.3%) and 153 (41.4%) respectively. Par-
ticipants were given both pre and post-bronchodilator
tests. The exceptions were persons considered to be too
old or those having contraindicating reasons such as a
recent myocardial infarction or infected lung disease.
PFT were carried out within a university hospital and
four experts of the committee of National Institute of
Environmental Research determined whether the PFT
test results were acceptable and reproducible. Therefore,
among the participants, 447 cases were determined as
valid and the pre and post-bronchodilator test results
were used in the analysis; the MEG was 318 (/453 =
70.2%), the LEG was 129 (/153 = 84.3%) (Table 1). The
proportions of persons with valid results of the pre and
post bronchodilator test decreased with increasing age,



Table 1 Participants (pN) and valid pulmonary function test (vPFT) of subjects

Sex Age ~59 60 ~ 69 70+ Total

pN vPFT % pN vPFT % pN vPFT % pN vPFT %

Female LEG 26 22 84.6 29 23 79.3 45 39 79.3 100 84 84.0

MEG 67 54 80.6 82 60 73.2 118 75 63.6 267 189 70.8

Subtotal 93 76 82.6 111 83 76.3 163 114 71.5 367 273 74.4

Male LEG 11 8 72.7 8 6 75.0 34 31 91.2 53 45 84.9

MEG 62 55 88.7 60 44 73.3 64 30 46.9 186 129 69.4

Subtotal 73 63 80.7 68 50 74.2 98 61 69.1 239 174 72.8

Total LEG 37 30 78.7 37 29 77.2 79 70 85.3 153 129 84.3

MEG 129 109 84.7 142 104 73.3 182 105 55.3 453 318 70.2

Subtotal 166 139 81.7 179 133 75.2 261 175 70.3 606 447 73.8

%: Valid PFT number/participant number.
MEG: ‘more exposed group’ who lived within the 1 km radius of the cement plant.
LEG: ‘less exposed group’ who lived 5 km or more away from the cement plant in not related to usually wind direction.

Kim et al. Annals of Occupational and Environmental Medicine  (2015) 27:3 Page 3 of 10
in particular, the lowest of 46.9% in men over 70 years of
the MEG.

Pulmonary function test
The authors first explained the purpose of the epi-
demiological survey to participants, including the as-
sumed respiratory health effect regarding the cement
plant and the PFT method in more detail. We con-
ducted PFT screenings at 9 ~ 11 AM daily by 10 ~ 20
people units from June to August in 2013. PFT was
performed in a separate hospital pulmonary function
laboratory following the guidelines of KOSHA and
ATS/ERS TASK FORCE [22-24]. Before the test, a
trained technician explained how the procedure would
work and gave them a demonstration. If the elderly had
a risk of falling due to syncope during a test, the PFT
procedure was performed in a sitting position. The resi-
dents who refused or quit during the test were excluded
from the participants. The PFT procedure was con-
ducted twice for all participants, before and after the
administration of a bronchodilator. After the pre-test
was completed, 200 μg the salbutamol was inhaled
twice at an interval of 30 seconds, using a total of
400 μg. The PFT procedure was then repeated after
waiting for 15 minutes in a comfortable posture. Because
the test results could vary due to the use of different spir-
ometry equipment, a single model, the MicroQuark,
Cosmed® (Italy), was used. We checked for abnormalities
in the spirometry equipment after calibrating it by using a
3 L calibration syringe loaded into it. Each test was carried
out after a preliminary examination. In addition, an inves-
tigation was conducted to asses for other factors that
could affect pulmonary function, for example, past and
present respiratory disease history, smoking history, resi-
dential and job history, use of firewood, general health sta-
tus, history of drugs taking, recent major surgery and
history of a heart disease.
Data analysis
The FVC measurement is the maximal volume of air
exhaled with maximally forced effort from a maximal
respiration. The FEV1 is the maximal volume of air ex-
haled in the first second of a forced expiration from a
position of full respiration. The FVC and FEV1 are
measured through a series of at least three forced ex-
piratory curves that have an acceptable beginning to
the test and are free from artefacts, such as a cough
[25]. We took the largest FVC and FEV1 results re-
corded (agreed to be valid by four PFT expert commit-
tees of National Institute of Environmental Research)
after examining the data from all the usable curves of
post-bronchodilator test. The valid tests were analyzed
using a modification of the global initiative for chronic
obstructive lung disease (GOLD) criteria for COPD
[26], the FEV1/FVC ratio <0.7 was defined as the ob-
structive type of ventilation impairment, and the
FEV1/FVC ratio ≧0.7 and FVC% predicted <80% was
the restrictive type. We used a formula of the FVC%
predicted based on Korean standard [27] (Male,-
4.8434-0.00008633*age2(year) + 0.05292*Height (cm) +
0.01095*Weight (kg); Female, −3.0006-0.0001273*age2

(year) + 0.03951*Height (cm) + 0.006892*Weight (kg).
Then we calculated proportions of ventilation impair-

ment respectively in the MEG and LEG based on sex,
age, residency period, current job, smoking or past occu-
pational dust exposure history, and firewood use history.
The residency period was divided into less than and
more than 25 years living since the dust collection facil-
ities of the cement plant had been incorporated in the
mid-1980s. The smoking history was divided into two
groups (never, current or ex-smoking) because there was
no significant difference in MEG and LEG, especially in
women, and the rate of women with a smoking history
was as low as 4.4% (ex-smoker 1.5%, current smoker
2.9%). We tested to identify if there was a difference in
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proportions between ventilation impairment and other
variables for two groups using a chi-square test. Vari-
ables tested included sex, age, smoking history, residency
period, current job, and past occupational dust exposure
or firewood use history. We used logistic regression to
estimate the OR of total, obstructive and restrictive sub-
type impairments, using ventilation impairment as a
dependent variable and other factors (two groups, sex,
age and smoking history) as independent variables. A p-
value of less than 0.05 was regarded to be statistically
significant. All statistical analyses were performed in
SPSS 21.

Results
General characteristic of analyzed subjects
An analysis was performed on 447 residents that show-
ing valid results of a pre and post-bronchodilator test
conducted on the 606 participants. Among the 318 in
the MEG, 59.4% were male and 40.6% were female. In
the LEG a total of 129 participants were included, 65.1%
male and 34.9% female. This was not a significant differ-
ence (Table 2). Of the LEG 54.3% were over the age of
70, which was significantly higher than the MEG, which
was 33.0%. Those with a smoking history were 33.0%
and 31.8% respectively; there was no significant differ-
ence between the two groups. Similarly, there was no
difference in the residence period. In regards to current
employment, farmers and laborers made up 56.6% of the
LEG, in contrast retired or tradesmen made up 65.7% of
the MEG, which was considered to be a significant dif-
ference. The rate of using firewood was higher in the
MEG. In other words, both groups were similar in sex,
Table 2 General characteristic of analyzed subjects

Variables LEG (n = 29)

Sex Female 84 (65.1)

Male 45 (34.9)

Age (yrs) ≤59 30 (23.3)

60 ~ 69 29 (22.5)

≥70 70 (54.3)

Residence ≤25 29 (22.5)

>25 100 (77.5)

Current job None/Merchant 56 (43.4)

Farmer/Labor 73 (56.6)

Smoking history Never 88 (68.2)

Current/ex smoking* 41 (31.8)

Dust exposure No 111 (86.0)

Yes 18 (14.0)

Firewood No 37 (28.7)

Yes 92 (71.3)

p-value by Chi-square test, MEG: more exposed group, LEG: less exposed group.
*The rate of ex-smoking history in women was 1.5% (LEG 3.6%, MEG 0.5%) and cur
residence period, occupational dust exposure history,
and smoking rate except for age distribution.

Ventilation impairment rate of MEG and LEG
In both men and women in all age groups, the post-
bronchodilator mean FVC value in the MEG was signifi-
cantly smaller than that of the LEG. But, the FEV1
showed no significant difference except in the ≤59 age
group of men (Figure 1).
The obstructive type (FEV1/FVC <0.7) was 9.7% in the

MEG, and 8.5% in the LEG. The restrictive type (FEV1/
FVC ≥0.7 & FVC% predicted <80%) was 21.6% in the
MEG which was higher than 12.4% of the LEG (Table 3).
The ventilation impairment proportion, which is the
sum of obstructive and restrictive type, was 31.3% in
MEG, which was significantly higher than the 20.9% of
the LEG. The proportion of ventilation impairment was
higher in men than in women and also higher in older
age groups and groups with a smoking history (current
and ex-smoker). There was no significant difference in
the ventilation impairment rate according to residency
period, current job, past dust exposure related to occu-
pational history, or firewood use history between the
MEG and LEG (Table 3).
The OR value for each variable was adjusted by enter

method of logistic regression (Table 4). The OR of the
ventilation impairment rate in the MEG was 2.63 (95%
CI 1.50 ~ 4.61) compared to the LEG. The OR in male
was 3.30 (95% CI 1.68 ~ 6.48), higher than that of female.
The OR according to age, in 60–69 and ≧70 years was
2.92 (95% CI 1.53-5.56), 7.03 (95% CI 3.71-13.32) com-
pared with <59 years respectively. OR of ventilation
MEG (n=318) Total (n = 447) p-value

189 (59.4) 273 (61.1) 0.264

129 (40.6) 174 (38.9)

109 (34.3) 139 (31.1) 0.000

104 (32.7) 133 (29.8)

105 (33.0) 175 (39.1)

84 (26.4) 113 (25.3) 0.404

234 (73.6) 334 (74.7)

209 (65.7) 265 (59.3) 0.000

109 (34.3) 182 (40.7)

213 (67.0) 301 (67.3) 0.801

105 (33.0) 146 (32.7)

246 (77.4) 357 (79.9) 0.038

72 (22.6) 90 (20.1)

176 (55.3) 213 (47.7) 0.000

142 (44.7) 234 (52.3)

rent smokers were 2.9% (LEG 0.5%, MEG 3.6%).



Figure 1 Post-bronchodilator FVC, FEV1 (L) and predicted FVC%, FEV1%.

Table 3 Ventilation impairment of post-bronchodilator PFT

Variable Number Ventilation
impairment

Type p-value

Obstructive Restrictive

Group LEG 129 27 (20.9) 11 (8.5) 16 (12.4) 0.025

MEG 318 100 (31.3) 31 (9.7) 69 (21.6)

Sex Female 273 52 (19.0) 8 (2.9) 44 (16.1) 0.000

Male 174 75 (43.1) 34 (19.5) 41 (23.6)

Age (yrs) ≤59 139 20 (14.4) 6 (4.3) 14 (10.1) 0.000

60 ~ 69 133 37 (27.8) 13.(9.8) 24 (18.0)

≥70 175 70 (40.0) 23 (13.1) 47 (26.9)

Residence period (yrs) ≤25 113 30 (26.5) 12(10.6) 18 (15.9) 0.632

>25 334 97 (29.1) 30 (9.0) 67 (20.1)

Occupation None/Merchant 265 80 (30.2) 17 (6.4) 63 (23.8) 0.338

Farmer/Labor 182 47 (25.8) 25 (13.7) 22 (12.1)

Smoking history Never 301 65 (21.6) 11 (3.7) 54 (17.9) 0.000

Current/ex smoking 146 62 (42.4) 31 (21.2) 31 (21.2)

Dust exposure occupational history No 357 97 (27.2) 31 (8.7) 66 (18.5) 0.295

Yes 90 30 (33.3) 11 (12.2) 19 (21.1)

Firewood use history No 213 60 (28.2) 20 (9.4) 40 (18.8) 0.917

Yes 234 67 (28.6) 22 (9.4) 45 (19.2)

p-value on total ventilation impairment by Chi-square test, MEG: more exposed group, LEG: less exposed group.
Ventilation impairment: Obstructive type: FEV1/FVC <0.7, Restrictive type: FEV1/FVC ≥0.7 & FVC% predicted <80%.
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Table 4 Adjusted odds ratio and CI of ventilation impairments

Ventilation impairment Obstructive type Restrictive type

Group LEG 1

MEG 2.63 (1.50-4.61) 1.60 (0.72-3.65) 2.55 (1.37-4.76)

Sex Female 1

Male 3.30 (1.68-6.48) 4.16 (1.35-12.83) 2.26 (1.09-4.66)

Age (yrs) ≤59 1

60 ~ 69 2.92 (1.53-5.60) 3.20 (1.13-9.06) 2.09 (1.01-4.29)

≥70 7.03 (3.71-13.32) 5.74 (2.09-15.76) 4.34 (2.20-8.54)

Smoking history Never 1

Current/ex smoking 1.44 (0.72-2.84) 3.10 (1.10-8.66) 0.75 (0.35-1.60)

Logistic regression with adjusted for all variables, CI: 95% confidence interval, MEG: more exposed group, LEG: less exposed group.
Ventilation impairment, Obstructive type; FEV1/FVC <0.7, Restrictive type; FEV1/FVC ≥0.7 & FVC% predicted <80%.
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impairment rate in the smoking history was 1.44 (95%
CI 0.72 ~ 2.84) compared to the non-smoker. But, OR of
obstructive type in the MEG was 1.60 (95% CI 0.70 ~
3.65), the smoking history was 3.10 (CI 1.10 ~ 8.66)
whereas OR of restrictive type in the MEG was 2.55
(95% CI 1.37 ~ 4.76), the smoking history was 0.75 (95%
CI 0.35 ~ 1.60). Statistical significance was adjusted de-
pending on the obstructive or restrictive type of venti-
lation impairment. In restrictive type, level of exposure
to particulate was a significant variable while smoking
history was also an important variable in obstructive
type.

Discussion
The residents who live around the cement plant have al-
ways complained about suffering in their daily lives be-
cause of dust originating from the plant. These complaints
included respiratory symptoms such as chronic cough or
phlegm as well as itching sensations from the body surface
and prickly feeling eyes. While the residents refer to the ir-
ritant as ‘cement dust’ it should be noted that ‘particulate’
is the more scientific term. A particulate is anything solid
or liquid suspended in the air [28]. It not only includes
primary particles coming from limestone powder or dir-
ectly out of the exhaust from a kiln during preprocessing,
but also can include secondary particles, such as sulfates
and nitrates, which are formed during the condensation of
vaporized materials or from the by-products of the oxi-
dation of gases in the atmosphere. Among these parti-
cles, particulates (<10 μm, PM10) and fine particulates
(<2.5 μm, PM2.5) that were derived intermittently and
diffusely from raw materials and other manufactured
products appear to be more of a health hazard because
of their respirable nature and because they may contain
potentially harmful concentrations of toxic metals and
compounds [4,29]. Various gases are generated directly
from clinker manufacturing, according to a recent study
on the health effects of fine particulates and how they
affect mortality [30].
In order to determine the health effects of particulates,
pulmonary function tests have been used for quite a long
time. Ventilation impairments in cement plant workers
is already well documented [3,11-15]. According to rela-
tively consistent reports, the FVC and FEV1 of such
workers is significantly decreased when compared to
their matched control groups. These were also meaning-
fully decreased based on the length employment [3].
However, the foundation of these studies is different
than the situation affecting the health of the residents.
These studies reported that the concentration of respir-
able dust in the workplace for 8 h/day shift ranged from
3.7 mg/m3 (kilns) to 23 mg/m3 (ore crushing area) [8]. It
was the highest for the crusher at 27.49 mg/m3,
16.90 mg/m3 around the packing areas and 1.55 mg/m3

in administration offices throughout the production
process [14,15,17].
However, it seems that there is a significant difference

found in health effects between the studies examining
ambient pollution and in studies about ventilation im-
pairment among cement plant laborers. This is likely to
be due to the concentration of dust within the plant be-
ing much higher than the outside of the plant. How is it
possible to confirm that the health effects are the result
of prolonged exposure to particulate arising from a ce-
ment plant? It’s a question of whether the respiratory
health effects of residents with ventilation impairments
found using PFT can be proved to be due to the low
concentration long-term exposure to particulates from
the cement plant. This study used the data of particulate
concentrations collected in a total of 21 days in June,
August and October. Data was collected every seven
days. The mean PM10 concentration in the atmosphere
was 45.5 μg/m3 (95% CI 37.8 ~ 53.3) beside the cement
plant, higher than 38.5 μg/m3 (95% CI 32.3 ~ 44.7) in a
5 km away point from the cement plant. Also, the mean
PM2.5 concentration was 25.5 μg/m3 (95% CI 18.7 ~
32.3), higher than 19.3 μg/m3 (95% CI 14.1 ~ 24.6), re-
spectively (Figure 2). Of course, this does not measure



Figure 2 Difference of measured PM10 and PM2.5 concentration in a cement plant area.
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the level of exposure of the past and may only reflects
the current situation. However, it can be assumed that
residents who live close to the cement plant were ex-
posed to higher levels of particulate before dust collec-
tion facilities had been implemented in mid-1980s.
When the plant location is used as the central location
on the map (Figure 3), the LEG lived more than 5 km
away in the northwest and the MEG lived within 1 km
in the southwest. The wind direction is a northwester
during the three seasons in the fall, winter and spring,
and is a southwester during summer. The LEG habitats
were in an independent wind direction while the MEG
was right on the side of the plant, where the northwest-
ern wind blows during three seasons, having the plant in
the southwest of the area. It was confirmed that the par-
ticulate concentration in cement plant area (MEG re-
gion) was higher than that in the control area (LEG
region) as well as continuously being exposed to more
particulates due to the wind direction. Even so, the con-
centration around cement plant area would still be lower
than the inside of the cement plant.
This study had obvious limitations that included the

very small number of surveyed population as well as be-
ing a cross-sectional study. Moreover, the pulmonary
function test performs a fundamental role in clinical set-
ting, but its result varies with sex, age, height, and ethni-
city. Furthermore, ventilation impairment degrees are
greatly affected by smoking, occupational exposure (in-
cluding organic or inorganic dusts), chemical agents and
fumes [26], and the use of firewood as cooking or heat-
ing fuel in poorly ventilated kitchens. The smoking rates
in Korean men were close to 80% in the 1980 ~ 90s [31].
Firewood has been used for a long time including re-
cently as both a cooking and heating fuel source in the
rural regions of Korea. Also, the target population in this
study was residents who lived near the cement plant, and
because many of them are current farmers or had farmed,
they were always exposed to dust in the soil and to chem-
ical substances like agriculture chemicals. In spite of these
limitations, we were trying to assess pulmonary function
status of the MEG who lived near the cement plant com-
pared with the LEG who was living under similar economic
living conditions and in sociocultural environments, for
example, the use of firewood as cooking or heating fuel,
similar types of occupations and smoking rates.
Everyone who was over the age of 40 living in these

areas was to receive the pulmonary function test and we
also encouraged them to participate actively. As a result,
about 50% of the expected target population was exam-
ined. In validation checks on pre and post bronchodilator
test, 26.2% of the participants were eliminated because
the test reproducibility did not meet criteria [25] when
matched with three acceptable curves or due to early
termination of expiration. Therefore, approximately 40%
of the target population was analyzed. The proportion of
valid PTF readings in the MEG was 70.2%, but it was
84.2% in the LEG. Despite the PFT tests being carried out
under the same conditions in a stable hospital room, there
was difference in invalid test proportions between the two
groups (Table 1). Unfortunately, the authors also could
not find out why there was a significant difference in valid
PFT proportions between the two groups. However, if the
proportion of valid PFT proportions between the two
groups had been similar, then it would mean that there
would be a higher obstructive and restrictive ventilation im-
pairment in the MEG while it would be lower in the LEG.
The classification of ventilation impairment is based

on a modified GOLD criterion for COPD definition
[26,32]. Regardless of the presence of symptoms like
chronic coughing or sputum, and dyspnea, the obstructive



Figure 3 MEG and LEG position.
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type was considered to be FEV1/FVC <0.7 in post-
bronchodilator readings. If the FVC% predicted was less
than 80%, it was considered the restrictive type, even if the
FEV1/FVC was above of 0.7. Although the PFT tests
showed about 15% difference in invalid test proportions
between the two groups, it put us on the spot to compare
the two groups for ventilation impairment. Whatever re-
sults came from the analysis, the most characteristic find-
ing was a 10% difference in the restrictive type between
two groups. There was less visible difference in obstructive
type, 9.7% in the MEG and 8.5% in the LEG (Table 3). The
relationship between particulates and COPD or increasing
mortality rate in respiratory disease is well known [29,33].
The prevalence of COPD was 14.0% in those with the
post-bronchodilator test, whereas the prevalence was
20.9% in those with a pre-bronchodilator test during
2007–2010, the National Health and Nutrition Examin-
ation Survey of Americans aged 40–79 years [34]. Simi-
larly, the prevalence of COPD in post-bronchodilator tests
ranged from 23.4% to 11.6% in 10,360 adults aged 40 years
and older in 14 countries in North America, Europe,
Africa and Asia who participated in the Burden of Ob-
structive Lung Disease study [35]. The prevalence rates in
China and the Philippines, which belong to Asia like
Korea, were the lowest at 11.6% and 12.7%, respectively.
When compared with such reports, a prevalence of ob-
structive type of ventilation impairment in this study was
presumed to be similar.
By the way, how can we say that restrictive ventilation

impairment in the MEG is much higher than that of
LEG? In the regression analysis, the OR of all ventilation
impairment was higher in persons of older age and who
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are men. Smoking is known to be the biggest cause of
COPD (chronic obstructive pulmonary disease) [26,36].
We have not separated the number of ex and current
smokers in Table 2, because there was no significant dif-
ference in both groups. In men in MEG, 37.2% were ex-
smokers and 39.5% were current smokers, whereas in
men in LEG, 48.9% and 28.9%, respectively. In women,
the percentages were very low. In women of MEG, 0.5%
were ex-smokers and 2.6% were current smokers,
whereas in LEG, 3.6% were ex-smokers and 3.6% were
current smokers. Therefore, the reason the obstructive
type OR of men against women in Table 4 is as high as
4.16 (95% CI 1.35 ~ 12.83) is because most of the ex and
current smokers are men. In fact, the MEG and LEG are
similar people living in the same rural area with similar
economic and socio-cultural settings. The aim of this
study is to determine whether the particles from the ce-
ment plant have an effect on ventilation impairment, so
we did not need to subdivide the smoking history into
more categories.
Restrictive impairment was unrelated to smoking his-

tory, while smoking history was a main risk factor of for
obstructive impairment. Restrictive impairment may
occur because of increased lung recoil caused by pul-
monary fibrotic change or weakened respiratory systems
due to old age, or both [37]. Particulates were in the
lung parenchyma, blood vessel walls, airway, lymphoid
follicles and alveolar macrophages [33]. Particulates can
be sensed by the airway’s epithelial cells, activate macro-
phages, dendritic cells and innate immune cells. They
can then initiate responses in various populations of spe-
cific immune cells such as T helper cells, T cytotoxic
cells and B cells. Initiation of inflammatory immune re-
sponses, activation of immune cells and release of many
cytokines, chemokines and other inflammatory mole-
cules, have variable pathologic effects like fibrotic
change [38]. There is a limit which is that we could not
confirm the total lung capacity (TLC) for restrictive type
impairment by body plethysmography or DLco (diffusion
capacity of lung for carbon monoxide) [39], in the few
residents without a history of occupational dust-related
who were diagnosed with pneumoconiosis.
The strength of this study is that at present a particu-

late (PM 10 and PM 2.5) concentration was measured to
evaluate a level of dust exposure related a cement plant;
the concentration of the particulate was higher in the
area around the cement plant (MEG) than the other area
(LEG). And we have compared the health effects by
chronic particulate exposure according to GOLD’s
guideline (post-bronchodilator spirometry) [40]. The
PFT was carried out in order to obtain a reliable value
by the same examiner in comfortable and stable envir-
onment in the hospital. However, we need to take the
limitations into account when interpreting the result.
This is a cross-sectional study with not enough number
of residents to find a significant difference in the venti-
lation impairment, especially in the obstructive type be-
tween the two groups. We have reviewed other data
related to this epidemiologic survey such as population
change, the lung cancer incidence and mortality due to
respiratory diseases, 70% of the residents who were liv-
ing in the area when the cement plant was first built
(1973) have moved to larger cities (as of 2013). And
there is also a possibility that the residents whose
health had been compromised have already died of
lower respiratory tract disorder or lung cancer. The res-
idents who were too old to go through PFT or have
been diagnosed with contraindicated diseases have been
excluded from the study. In addition, there were signifi-
cantly lower valid PFT proportions in MEG (70.2%)
compared to those of LEG (84.3%). Therefore, it is pos-
sible that the health effects of chronic particulate ex-
posure has are actually underestimated.

Conclusion
Although this study was a limited cross-section study
with a small number of subjects, the ventilation impair-
ment rate, particularly in restrictive not obstructive type,
is higher in the MEG than the LEG even with a lower
valid PFT proportion in MEG. There might be a possi-
bility that it is due to long-term exposure to particulate
dust generated from the cement plant.
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