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Inhaled inorganic dusts, such as coal, can cause inflammation and fibrosis in the lungs, known as pneumo-

coniosis. Diagnosis of pneumoconiosis depends on morphological changes by radiological findings and

functional change by pulmonary function test (PFT). Unfortunately, current diagnostic findings are lim-

ited only to lung fibrosis, which is usually irreversibly progressive. Therefore, it is important that research

on potential and prospective biomarkers for pneumoconiosis should be conducted prior to initiation of irre-

versible radiological or functional changes in the lungs. Analytical techniques using exhaled breath con-

densate (EBC) or exhaled gas are non-invasive methods for detection of various respiratory diseases. The

objective of this study is to investigate the relationship between inflammatory biomarkers, such as EBC

pH or fractional exhaled nitric oxide (FENO), and pneumoconiosis among 120 retired coal miners (41 con-

trols and 79 pneumoconiosis patients). Levels of EBC pH and FENO did not show a statistically significant

difference between the pneumoconiosis patient group and pneumoconiosis patients with small opacity

classified by International Labor Organization (ILO) classification. The mean concentration of FENO in the

low percentage FEV1 (< 80%) was lower than that in the high percentage (80% ≤) (p = 0.023). The mean

concentration of FENO in current smokers was lower than that in non smokers (never or past smokers)

(p = 0.027). Although there was no statistical significance, the levels of FENO in smokers tended to

decrease, compared with non smokers, regardless of pneumoconiosis. In conclusion, there was no signifi-

cant relationship between the level of EBC pH or FENO and radiological findings or PFT. The effects

between exhaled biomarkers and pneumoconiosis progression, such as decreasing PFT and exacerbation

of radiological findings, should be monitored.
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INTRODUCTION

Among occupational lung diseases, the most prevalent

diseases are induced by inhalation of dust, including asbes-

tos, crystalline silica, and coal. Inhalation of these types of

dust may result in development of a variety of pulmonary

diseases, such as a nodular interstitial lung disease,

progressive massive fibrosis (PMF), emphysema, and

classical pneumoconiosis, including coal workers pneumo-

coniosis (CWP) (Schins and Borm, 1999). Exposure to

silica and coal mine dust may also result in pulmonary

scarring in a pattern that mimics idiopathic pulmonary

fibrosis, and in chronic obstructive pulmonary disease

(COPD), including emphysema and chronic bronchitis,

which appears indistinguishable from obstructive lung dis-

ease caused by exposure to tobacco smoke. Exposure to

coal mine and silica dust may therefore result in restric-

tive, obstructive, or mixed patterns of impairment on pul-

monary function testing. Many researchers are aware of the

nodular fibrosis pulmonary tissue reactions in response to

retained dust; however, they may not realize that these

other reactions of the pulmonary parenchyma and airways

to dust exist and can result in significant respiratory dys-

function in sensitive individuals. Fibrosis of tissue result-

ing from these types of dust may invoke functional damage

and irreversible change (Cohen et al., 2008). Notably, crys-

talline silica has been classified as a class I carcinogen by

the International Agency for Research on Cancer (IARC,

1997).

Pneumoconiosis is a lung disease caused by inhalation of
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mine dust. Diagnosis of pneumoconiosis depends on mor-

phological changes by radiological findings and functional

change by pulmonary function test. Unfortunately, there is

no cure for the damage and current diagnostic findings are

only limited to fibrosis in the lung, which is usually irre-

versibly progressive. Once silica threshold has been exceeded,

silica-induced pulmonary disease may progress without fur-

ther exposure to silica. Therefore, it is important that

research on potential and prospective biomarkers for pneu-

moconiosis should be conducted prior to the occurrence of

irreversible radiological changes in the lung (Gulumian et

al., 2006; Porter et al., 2004). Many researchers have stud-

ied biomarkers in pulmonary inflammation resulting from

mineral dust (Schins and Borm, 1999).

Detection of inflammatory biomarkers for pulmonary dis-

eases involves invasive techniques, such as blood, broncho-

alveolar lavage fluid (BALF), and induced sputum. Because

invasiveness sampling procedures to obtain specimens may

induce an inflammatory response, non-invasive techniques,

such as exhaled breath condensate (EBC) and exhaled air

have been developed. Analyses of various biomarkers in

exhaled breath have allowed non-invasive monitoring of

inflammation and oxidative stress in respiratory tract in

inflammatory lung diseases (Grob et al., 2008; Lehtonen et

al., 2007; Goldbart et al., 2006; Horvath et al., 2005; Mon-

tuschi, 2005; Kharitonov and Barnes, 2002). Studies of

reactive oxygen species (ROS) using direct analysis of free

radicals in EBC of patients with fibrosis have been reported

(Rosias et al., 2006).

pH and fractional exhaled nitric oxide (FENO) are simple

and technically validated biomarkers studied in exhaled air

(Grob et al., 2008; Hunt, 2007). The pH of EBC has been

found to be lower in many respiratory disorders, including

COPD (Kostikas et al., 2002; Borrill et al., 2005), asthma

(Grob et al., 2008; Hunt et al., 2000), bronchoectasis (Kos-

tikas et al., 2002), and chronic cough (Niimi et al., 2004)

than in normal subjects. Therefore, many researchers have

suggested that the pH of EBC could be useful a biomarker

for detection of inflammatory acidification in the respira-

tory tract (Grob et al., 2008; Hunt, 2007). Exhaled NO

released from lung cells, including inflammatory cells, epi-

thelial cells, and endothelial cells in the respiratory tract has

been known to be an effective biomarker in diagnosis and

treatment of lung disorders and correlated with decrease of

pulmonary function (Paredi et al., 2002; Maziak et al.,

1998). Reported lung disorders associated with the levels of

FENO include asthma (Kharitonov and Barnes, 2006) and

COPD (Ferreira et al., 2001). Yet, there have been no reports

on EBC in lung disorders that affect Korean patients. The

objective of this study was to investigate the relationship

between EBC pH or FENO as inflammatory biomarkers and

pneumoconiosis findings obtained from radiological find-

ings identified by the pneumoconiosis review committee

and pulmonary function test (PFT).

MATERIALS AND METHODS

Subjects. The study population included 120 retired

male miners exposed to coal dust. Data on EBC, urine,

chest x-ray, and PFT were obtained from the subjects. Per-

sonal information on age, body weight, height, and various

personal histories (job, smoking status, and disease) was

obtained using a structured questionnaire. The Research

Ethics Committee of our institute approved the study proto-

col, and all participants gave informed written consent.

Collection of EBC. Collection of EBC was performed

in accordance with recommended guidelines of the Ameri-

can Thoracic Society (Horvath et al., 2005). Briefly, all par-

ticipants rinsed their mouths with purified saline prior to

collection. Exhaled breath condensate was collected during

oral tidal breathing using the RtubeTM EBC collection sys-

tem (Respiratory Research Inc, USA). All samples were

collected for 10 minutes, and nose clips were worn. The

condensate was transferred from the collection tube into

cryogenic vials and  stored at −80oC until assay.

Measurement of EBC pH. The pH of EBC was assayed

with a glass microelectrode (Orion 4Star/9802BN elec-

trode, Orion, USA) after gas standardization through bub-

bling 150 µL of EBC with purified argon (99.99% <) for

8 min, as previously described (Accordino et al., 2008).

Measurement of FENO. Measurement of exhaled NO

was performed as recommended by the American Thoracic

Society/European Respiratory Society guidelines (Ameri-

can Thoracic Society, 2005). Briefly, FENO was measured

with an NO analyzer (Sievers 280i, GE Analytical Instru-

ments Inc., USA). While wearing nose clips, participants

performed continuous inhalation of nitric oxide free air and

exhaled against a positive pressure of 16 mmH2O for longer

than 6 seconds and generated expiratory flow of 50 mL/sec.

Analysis of urinary cotinine. Analysis of urinary coti-

nine, metabolite of nicotine, was measured by high perfor-

mance liquid chromatography (HPLC, Agilent 1200 series;

Agilent, USA), as previously described (Takeda et al.,

1993). Briefly, 3 mL of the urine samples and standard were

added with 1 mL of 2 N sodium hydroxide. After mixing,

2 mL of dichloromethane was added and was centrifuged at

3,000 rpm for 10 min. After evaporation under nitrogen

flow, suspended samples and standards with 800 µL of de-

ionized water and 20 µL of suspended sample were injected

into the HPLC. Cotinine was separated on a C18 column

(150 × 4.6 mm, 3.5 µ; Agilent, USA). Detecting wave-

length was 260 nm.

PFT. Using a spirometer (Vmax22, SensorMedics, USA),

PFT was performed in accordance with recommended
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guidelines of the American Thoracic Society/European

Respiratory Society Task Force (Brusasco et al., 2005).

Forced vital capacity (FVC), which is the volume delivered

during an expiration made as forcefully and completely as

possible starting from full inspiration, forced expiratory vol-

ume in one second (FEV1), which is the volume delivered

in the first second of an FVC maneuver, and FEV1/FVC

ratio (%FEV1/FVC) were measured and calculated for pre-

dicted volume by the regression equation of Morris et al.

(1971).

FVC predicted volume (L) = 0.148 × height (in)

− 0.025 × age (yr) − 4.241

FEV1 predicted volume (L) = 0.092 × height (in)

− 0.032 × age (yr) − 1.26

Predicted percentages (%) of FVC (%FVC) and FEV1

(%FEV1) were calculated by the following equation:

% predicted = measured volume (L)

/predicted volume (L) × 100

PFT was performed with the patient in the sitting posi-

tion via the closed circuit method, measuring inhaled and

exhaled air during the same test cycle. Tests were con-

ducted until gaining 3 adequate sets of data.

Chest x-ray. Radiological findings for pneumoconiosis

were observed on digital chest x-ray (Digital Diagnost, Phil-

ips, Netherlands). Diagnosis of pneumoconiosis was identi-

fied by the pneumoconiosis review committee of the Korea

Worker’s Compensation & Welfare Service, and classifica-

tions were categorized in accordance with classification of

ILO (2002).

Table 1. Numbers of each pneumoconiosis category according
to the ILO classification

ILO category* N % Profusion (N)

Control 41 34.2 0/0 (34); 0/1 ( 7)

Pneumoconiosis 79 65.8

Small opacity 62 51.6

I 44 36.6 1/0 (16); 1/1 (19); 1/2 (9)

II, III 18 15.0 2/1 (10); 2/2 ( 6); 2/3 (1); 3/2 (1)

Large opacity 17 14.2 A (17)

Table 2. General characteristics of the study subjects

Control

(n = 41)

Pneumoconiosis
p-values

Small opacity (n = 62) Large opacity (n = 17)

Age (yrs) 60.9 ± 8.80 64.6 ± 7.50 65.3 ± 6.60 0.042a

BMI (kg/m
2
) 24.1 ± 2.30 23.7 ± 2.60 23.1 ± 2.30 0.354

a

Exposure period (yrs) 14.4 ± 6.50 18.4 ± 7.70 16.9 ± 7.00 0.025
a

FVC (L) 3.50 ± 0.78 3.36 ± 0.69 3.01 ± 0.64 0.063a

FVC, % predicted 87.0 ± 18.6 89.3 ± 19.0 80.7 ± 18.5 0.250
a

FEV (L) 2.50 ± 0.67 2.33 ± 0.53 1.95 ± 0.44 0.004
a

FEV1, % predicted 86.5 ± 20.1 87.8 ± 19.3 74.2 ± 18.1 0.037a

FEV1/FVC ratio (%) 71.8 ± 12.3 69.6 ± 8.60 65.3 ± 10.1 0.088
a

Smoking, N (%)

Smoking, Never 07 (17.1) 5 (8.1) 2 (11.8) 0.120b

Smoking, Past 11 (26.8) 32 (51.6) 7 (41.1)

Smoking, Currentc 23 (56.1) 25 (40.3) 8 (47.1)

†Mean ± SD
aCalculated by ANOVA test
bCalculated by χ2-test
cUrinary cotinine levels of self-reported non-smokers (2 cases) and past-smokers (7 cases) were greater than 785µg/g creatinine (data not
showed), which was the lower limit of the confidence interval in self-reported current smokers, the selected cut-off level for identification of
current smokers, and they were biochemically classified as current smokers

Statistical analysis. Data were analyzed using SPSS

14.0 (SPSS, Chicago, IL, USA). General characteristics and

PFT data showed normal distribution, whereas FENO showed

log-normal distribution (Kolmogorov-Smirnov test); there-

fore, data on FENO was log-transformed for all of the statis-

tical tests, and the results were expressed as the geometric

mean (GM) and geometric standard deviation (GSD). EBC

pH did not show normal or log-normal distribution; there-

fore, data on EBC pH was analyzed by nonparametric sta-

tistics. A p-value of < 0.05 (two-tailed) was considered

significant for all of the tests.

RESULTS

General characteristics of the study populations.
Number of study subjects classified by the ILO categories

of pneumoconiosis (ILO, 2002) was “small opacity” in 62

(51.6%), type I in 44 (36.6%), type II or III in 18 (15.0%),

and “large opacity” in 17 (14.2%) (Table 1).

Characteristics of the study populations are shown in

Table 2. Average age in the control group (n = 41), the small
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opacity group (n = 62), and the large opacity group (n = 17)

were 60.9 ± 8.8, 64.2 ± 7.5, and 65.3 ± 6.6 years, respec-

tively. Percent of FEV1 in pneumoconiosis with large opac-

ity (74.2 ± 18.1%) was lower than those of the control

(86.5 ± 20.1%) and small opacity (87.8 ± 19.3% (p = 0.037).

Levels of BMI, %FVC, %FEV1, and number of smokers

did not show significant statistical differences among the

pneumoconiosis groups.

Levels of EBC pH and FENO according to general
characteristics. No significant differences were observed

between median of EBC pH and general characteristics,

such as age, BMI, exposure period, smoking status, and cri-

teria levels of %FVC, %FEV1, and %FEV1/FVC (Table 3).

The mean concentration of FENO in current smokers was

lower than that in non smokers (never or past smokers)

(p = 0.027) (Fig. 1), and the mean concentration of FENO in

the low percentage FEV1 (< 80%) was lower than that in the

high percentage (80% ≤) (p = 0.023). However, no signifi-

cant differences were observed between the mean concen-

tration of FENO and other general characteristics, including

age, BMI, exposure period, and criteria levels of %FVC and

%FEV1/FVC.

Levels of EBC pH and FENO according to ILO categories
of pneumoconiosis. Levels of EBC pH and FENO did not

show statistical differences among the pneumoconiosis

groups (small or large opacity), and the levels of EBC pH

Table 3. Concentrations of EBC pH and FENO according to general characteristics

Characteristics N
EBC pH FENO

AM (Median) Range GM (GSD)* 95% CI

Age (yrs) 60-59 36 7.94 (8.11) 5.71~8.51 18.7 (1.4) 16.6~21.1

60-69 56 7.99 (8.02) 6.42~8.58 19.2 (1.6) 17.0~21.6

70-60 28 7.73 (7.95) 5.41~8.33 23.2 (1.6) 19.3~28.0

p = 0.088a p = 0.090c

BMI (kg/m
2
) < 25 83 7.91 (8.02) 5.41~8.58 19.4 (1.5) 17.7~21.2

< 25 37 7.93 (7.97) 5.71~8.50 21.1 (1.6) 18.2~24.5

p = 0.689b p = 0.647d

Exposure period (yrs) 0-9 20 8.02 (8.08) 7.60~8.28 18.8 (1.4) 15.8~22.3

10-19 55 7.96 (8.01) 5.71~8.58 19.7 (1.5) 17.6~22.2

20-60 45 7.82 (7.96) 5.41~8.46 20.6 (1.6) 18.0~23.3

p = 0.811a p = 0.710c

Smoking status Never 14 7.84 (7.95) 5.76~8.38 24.4 (1.4) 20.0~29.8

Past 50 8.06 (8.06) 7.18~8.58 21.0 (1.6) 18.6~23.8

Current 56 7.81 (7.98) 5.41~8.51 18.0 (1.5) 16.1~20.1

p = 0.125a p = 0.027c

%FVC predicted 80 ≤ 84 7.91 (8.01) 5.41~8.58 20.1 (1.5) 18.4~22.0

< 80 36 7.92 (8.01) 5.76~8.51 19.4 (1.6) 16.4~22.9

p = 0.705b p = 0.654d

%FEV1 predicted 80 ≤ 74 7.94 (8.01) 5.71~8.58 21.3 (1.4) 19.6~23.2

< 80 46 7.88 (8.00) 5.41~8.51 17.8 (1.6) 15.4~20.6

p = 0.998b p = 0.023d

%FEV1/FVC ratio 70 ≤ 66 7.93 (8.06) 5.71~8.58 20.9 (1.5) 19.1~23.0

< 70 54 7.89 (7.99) 5.41~8.46 18.7 (1.6) 16.4~21.3

p = 0.363b p = 0.153d

*Geometric mean (Geometric standard deviation), 95% confidence interval, Unit: ppb
aCalculated by Kruskal-Wallis H test 
bCalculated by Mann-Whitney U test
cCalculated by ANOVA test
dCalculated by t-test



Levels of Exhaled Breath Condensate pH and Fractional Exhaled Nitric Oxide in Retired Coal Miners 333

and FENO did not show statistical difference among the

groups (ILO category II or III) in pneumoconiosis patients

with small opacity (Table 4~5).

Relationship between FENO levels and associated
variables. As shown in Table 6, FENO was significantly

correlated with %FEV1 (β = 0.289, p = 0.001), smoking

status (β = −0.232, p = 0.008), and BMI (β = 0.227, p =

0.010) (adjusted R2 = 0.141, p < 0.001) in the stepwise mul-

tiple regression analysis.

DISCUSSION

Toxicity of crystalline silica and coal dust are based on

activation of macrophages and lung inflammation. Many

researchers have shown concern with regard to crucial

mediators of the pulmonary disorder resulting from these

mineral dusts (Schins and Borm, 1999). Inhaled dusts or

other transitional metals, including iron, copper, and vana-

dium have been known to induce ROS generated from acti-

vated phagocytes in the lung (Becker et al., 1996; Castranova

Fig. 1. EBC pH and FENO according to smoking status.

Table 4. Levels of EBC pH of pneumoconiosis patients

Pneumoconiosis N AM
a

Median Range Mean rank p-values
b

Opacity Control 41 7.85 7.93 5.71~8.46 53.8

Small 62 7.93 8.02 6.42~8.51 62.8 0.264

Large 17 8.00 8.03 5.41~8.58 68.3

ILO Categoriesc 0 41 7.85 7.93 5.71~8.46 47.4

I 44 7.92 8.08 5.41~8.58 57.9 0.223

II or III 18 7.95 7.97 7.57~8.28 48.1

aArithmetic mean, arithmetic standard deviation
bCalculated by Kruskal-Wallis H test
cSubjects except for patients with large opacity
ILO Categories (0: 0/0, 0/1; I: 1/0, 1/1, 1/2; II: 2/1, 2/2, 2/3, III: 3/2)

Table 5. Levels of FENO of pneumoconiosis patients

Pneumoconiosis N GMa GSD 95% CI p-valuesb

Opacity Control 41 21.1 1.5 18.6~23.9

Small 62 20.2 1.6 18.0~22.7 0.264

Large 17 16.4 1.4 13.6~19.7

ILO Categories
c

0 41 21.1 1.5 18.6~23.9

I 44 20.0 1.6 17.3~23.2 0.847

II or III 18 20.8 1.5 17.1~5.2

aGeometric mean, geometric standard deviation, unit: ppb
bCalculated by ANOVA test
cSubjects except for patients with large opacity
ILO Categories (0: 0/0, 0/1; I: 1/0, 1/1, 1/2; II: 2/1, 2/2, 2/3, III: 3/2)
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et al., 1997; Dalal et al., 1991; Shoemaker et al., 1995;

Tourmann and Kaufmann, 1994; Vallyathan, 2004; Wal-

laert et al., 1990).

Various harmful materials, including carcinogens and fac-

tors of oxidative stress are present in cigarettes (Pryor,

1997). Smoking status has been an important variable in

epidemiology studies, especially occupational lung diseases,

including pneumoconiosis (Balint et al., 2001; Nowak et

al., 2001; Montuschi et al., 2000; Nowak et al., 1996). Self-

reports rely on participant’s answers, which may be suspect

due to hiding of their smoking habits. Cotinine is the major

degradation product of nicotine metabolism (Takeda et al.,

1993). Biological cotinine level has been established as a

useful biological indicator of actual smoking status. Infor-

mation on smoking status from face-to-face interviews was

compared with laboratory urinary cotinine levels. Urinary

cotinine levels of self-reported non-smokers (2 cases) and

past-smokers (7 cases) were greater than 785 µg/g creati-

nine, which was the lower limit of the confidence interval in

self-reported current smokers, the selected cut-off level for

identification of active smokers. Therefore, they could be

biochemically classified as current smokers. Discrepancy

was observed between smoking status using self-reported

and identification using urinary cotinine. Therefore, simul-

taneous estimation of biological indicators and self-reports

for cigarette smoking were necessary for health surveil-

lance, especially in the status encouraging prohibition of

smoking or compensation for the disability of life.

Pneumoconiosis is the most prevalent lung disease show-

ing decrease of pulmonary function (Schins and Borm,

1999). In this study, mean of %FEV1 of CWP patients with

large opacity (74.2 ± 18.1%) was significantly higher than

those of the control (86.5 ± 20.12%) and CWP patients with

small opacity (87.8 ± 19.3%) (p = 0.037).

Similar to biomarkers found in blood and urine, breath-

ing analysis such as EBC, could be a promising non-inva-

sive biomarker for detection of respiratory diseases as well

systemic diseases. EBC has been studied in a variety of dis-

eases, including asthma, COPD, cystic fibrosis, allergic

rhinitis, and lung cancer (Grob et al., 2008). EBC can be

collected by cooling or freezing exhaled air, thereby con-

densing  vapor and aerosolized droplets emerging with the

breath (ATS workshop proceeding, 2006).

In this study, measurement of EBC pH was performed

after bubbling argon gas for 8 min for removal of CO2,

because measurement of EBC pH after dearation for

removal of CO2 is a more validated technique (Kostikas et

al., 2002; Vaughan et al., 2003). Deaeration caused a signif-

icant increase in EBC pH, with a mean change of 2.10

(from 5.91 to 8.01) (results not shown), which is similar to

previous reports (Borrill et al., 2006; Niimi et al., 2004).

Median pH of EBC in total subjects in this study was 8.01

(range 5.41~8.58), which is similar to previous studies

(Paget-Brown et al., 2006; Wells et al., 2005).

Acidification occurs in several respiratory diseases (Bor-

rill et al., 2008; Hunt, 2007; Horvarth et al., 2005). The level

of EBC pH is unaffected by variables that include subject

age, race, gender, collecting and storage temperature, acute

airway obstruction, ammonia in the mouth, saliva pH, hyper-

and hypoventilation (Bloemen et al., 2007; Paget-Brown et

al., 2006; Borrill et al., 2005; Wells et al., 2005; Vaughan et

al., 2003). Acidification of EBC occurs in acidic materials

generated from inflammatory cells (Hunt et al., 2002), and

gastroesophageal reflux (Effros et al., 2005). Many research-

ers have suggested that EBC pH is a simple, reproducible,

and relevant biomarker of disease (Hunt, 2007; Vaughan et

al., 2003). However, in this study, there were no significant

differences between EBC pH and measured variables,

including general characteristics, criteria levels of pulmo-

nary function test, and radiological findings for pneumoco-

niosis. Effros et al. (2006) reported that EBC pH may not

be a reliable marker of airway acidification, because EBC

acidification can be affected by the balance of volatile sali-

vary acids and bases. Nicolaou et al. (2006) also reported

that there were no significant relationships between EBC

pH and PFT and bronchitis. Thus, Borrill et al. (2008) sug-

gested that more research on the relationship between EBC

pH and pulmonary inflammation would be necessary.

FENO in association with asthma and has been extensively

investigated and has been shown to correlate with predomi-

nantly eosinophilic airway inflammation and to be reduced

by corticosteroid therapy (Kharitonov and Barnes, 2006;

Kharitonov et al., 2002). In this study, mean concentrations

of non-smokers, non-pneumoconiosis, and non-COPD sub-

jects were 24.4 ppb, 21.1 ppb, and 20.9 ppb, respectively.

These results, which are lower than the mean concentration

(26 ppb) of the control studied by Girgis et al. (2002), are

higher than that (17.8 ppb) of the non-smoking control stud-

ied by Degano et al. (2009).

In this study, we found that FENO in smokers (18.0 ppb)

was lower than in either never-smokers (24.4 ppb) or past-

smokers (21.0 ppb) (p = 0.027), and that the levels of FENO

Table 6. Stepwise multiple regression analysis of log (FENO)
against associated variables

Variables Ba SE β p-values

Intercept −0.704 0.179 0.000

BMI −0.017 0.006 −0.227 0.010

Smoking statusb −0.086 0.032 −0.232 0.008

%FEV1 predicted −0.003 0.001 −0.289 0.001

R
2

0.162

Adjusted R
2

0.141

F 7.485 (p < 0.001)

aB: regression coefficients, SE: standard error, β: standardized B
bDummy variable: yes or no
Exclusion variables: age, work period, pneumoconiosis (dummy
variable), %FVC predicted, %FEV1/FVC ratio, EBC pH, urinary coti-
nine (log transformed)
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showed a statistical relationship among smoking status (β =

−0.232, p = 0.008). These results are in agreement with

those of previous studies (Degano et al., 2009; Malinovschi

et al., 2006; Brindicci et al., 2005). The explanation for

these results could be that decreased exhaled NO in smok-

ers is the result of muscular, structural, and metabolic dam-

age resulting from alterations of skeletal muscle, such as

oxidative fiber atropy, increased glycolic capacity, and reduced

expression of the constitutive NO synthase (Montes de Oca

et al., 2008), or may be due to the effect of tobacco smok-

ing, which down-regulates epithelial NO synthase, and may

reflect increased oxidative stress that may consume NO in

formation of peroxynitrite (Kharitonov and Barnes, 2002).

Exposure to coal mine dust may result in COPD, includ-

ing emphysema and chronic bronchitis, that appears indis-

tinguishable from obstructive lung disease. Coal mine and

silica dust may therefore result in restrictive, obstructive, or

mixed patterns of impairment on pulmonary function test-

ing (Cohen et al., 2008). In this study, no significant differ-

ences in FENO were observed among radiological findings

for pneumoconiosis. The mean concentration of FENO in the

low percentage FEV1 (< 80%) was lower than that in the

high percentage (80% ≤) (p = 0.023). However, there were

no significant differences between the mean concentration

of FENO and criteria levels of %FEV1/FVC, which is

another criteria index for COPD. The explanation for these

results may be that radiological findings or decreased PFT

are the results of inflammation or fibrosis in the lung; how-

ever, FENO results from the current response of oxidative

stress due to inflammation or exposure to hazardous materi-

als. Another possibility may be that PFT is affected by dif-

ferences in the anatomy of the respiratory tract, such as

restriction of bronchus. Conventionally measured FENO in

COPD is less useful, since the levels are usually normal or

slightly elevated, except during exacerbations (Kharitonov

and Barnes, 2006; Brindicci et al., 2005). New techniques

for measurement of exhaled NO have recently been

extended by measurements of exhaled NO at different flows

(Degano et al., 2009; Condorelli et al., 2007; George et al.,

2004; Tsoukias et al., 1998).

In conclusion, no significant relationship was observed

between the level of EBC pH and FENO and radiological

findings and PFT. It was necessary to monitor the effects

between exhaled biomarkers and pneumoconiosis progres-

sion, including decreasing PFT and exacerbation of radio-

logical findings. Future studies will be required for investigation

of more specific and sensitive biomarkers that are present in

pneumoconiosis patients using new analytical techniques

such as proximal and peripheral NO analysis.

ACKNOWLEDGEMENTS

The authors thank all retired coal miners who partici-

pated in this study. This study was conducted by the finan-

cial contribution of Korea Workers’ Compensation &

Welfare Service.

REFERENCES

Accordino, R., Visentin, A., Bordin, A., Ferrazzoni, S., Marian, E.,

Rizzato, F., Canova, C., Venturini, R. and Maestrelli, P. (2008).

Long-term repeatability of exhaled breath condensate pH in

asthma. Respir. Med., 102, 377-381.

American Thoracic Society; European Respiratory Society.

(2005). ATS/ERS recommendations for standardized proce-

dures for the online and offline measurement of exhaled lower

respiratory nitric oxide and nasal nitric oxide, 2005. Am. J.

Respir. Crit. Care Med., 171, 912-930.

American Thoracic Society Workshop. (2006). ATS Workshop

Proceedings: Exhaled nitric oxide and nitric oxide oxidative

metabolism in exhaled breath condensate: Executive summary.

Am. J. Respir. Crit. Care Med., 173, 811-813.

Balint, B., Donnelly, L.E., Hanazawa, T., Kharitonov, S.A. and

Barnes, P.J. (2001). Increased nitric oxide metabolites in

exhaled breath condensate after exposure to tobacco smoke.

Thorax, 56, 456-461.

Becker, S., Soukup, J.M., Gilmour, M.I. and Devlin, R.B. (1996).

Stimulation of human and rat alveolar macrophages by urban

air particles: effects on oxidant radical generation and cytokine

production. Toxicol. Appl. Pharmacol., 141, 637-648.

Bloemen, K., Lissens, G., Desager, K. and Schoesters, G. (2007).

Determinants of variability of protein content, volume and pH

of exhaled breath condensate. Respir. Med., 101, 1331-1337.

Borrill, Z.L., Roy, K. and Singh, D. (2008). Exhaled breath con-

densate biomarkers in COPD. Eur. Respir. J., 32, 472-486.

Borrill, Z.L., Smith, J.A., Naylor, J., Woodcock, A.A. and Singh,

D. (2006). The effect of gas standardisation on exhaled breath

condensate pH. Eur. Respir. J., 28, 251-252.

Borrill, Z., Starkey, C., Vestbo, J. and Singh, D. (2005). Reproduc-

ibility of exhaled breath condensate pH in chronic obstructive

pulmonary disease. Eur. Respir. J., 25, 269-274.

Brindicci, C., Ito, K., Resta, O., Pride, N.B., Barnes, P.J. and

Kharitonov, S.A. (2005). Exhaled nitric oxide from lung periph-

ery is increased in COPD. Eur. Respir. J., 26, 52-59.

Brusasco, V., Crapo, R. and Viegi, G. (2005). Series “ATS/ERS

Task Force: Standardisation of lung function testing’. Eur.

Respir. J., 26, 318-338.

Castranova, V., Vallyathan, V., Ramsey, D.M., McLaurin, J.L.,

Pack, D., Leonard, S., Barger, M.W., Ma, J.Y., Dalal, N.S. and

Teass, A. (1997). Augmentation of pulmonary reactions to

quartz inhalation by trace amounts of iron-containing particles.

Environ. Health Perspect., 105, 1319-1324.

Cohen, R.A., Patel, A. and Green, F.H. (2008). Lung disease

caused by exposure to coal mine and silica dust. Semin. Respir.

Crit. Care Med., 29, 651-661.

Condorelli, P., Shin, H.W., Aledia, A.S., Silkoff, P.E. and George,

S.C. (2007). A simple technique to characterize proximal and

peripheral nitric oxide exchange using constant flow exhala-

tions and an axial diffusion model. J. Appl. Physiol., 102, 417-

425.

Dalal, N.S., Jafari, B., Peterson, M., Green, F.H. and Vallyathan,

V. (1991). Presence of stable coal radicals in autopsied coal



336 J.S. Lee et al.

miners’ lungs and its possible correlation to coal worker’s

pneumoconiosis. Arch. Environ. Health, 46, 366-372.

Degano, B., Mittaine, M., Hervé, P., Rami, J., Kamar, N., Suc, B.,

Rivière, D. and Rostaing, L. (2009). Nitric oxide production by

the alveolar compartment of the lungs in cirrhotic patients. Eur.

Respir. J., 34, 138-144.

Effros, R.M., Casaburi, R., Su, J., Dunning, M., Torday, J., Biller,

J. and Shaker, R. (2006). The effects of volatile salivary acids

and bases on exhaled breath condensate pH. Am. J. Respir. Crit.

Care Med., 173, 386-392.

Effros, R.M., Su, J., Casaburi, R., Shaker, R., Biller, J. and Dun-

ning, M. (2005). Utility of exhaled breath condensates in

chronic obstructive pulmonary disease: a critical review. Curr.

Opin. Pulm. Med., 11, 135-139.

Ferreira, I.M., Hazarim, M.S., Gutierrezm, C., Zamelm, N. and

Chapmanm, K.R. (2001). Exhaled nitric oxide and hydrogen

peroxide in patients with chronic obstructive pulmonary dis-

ease: effects of inhaled beclomethasone. Am. J. Respir. Crit.

Care Med., 164, 1012-1015.

George, S.C., Hogman, M.M., Permutt, M.S. and Silkoff, P.E.

(2004). Modeling pulmonary nitric oxide exchange. J. Appl.

Physiol., 96, 831-839.

Girgis, R.E., Gugnani, M.K., Abrams, J. and Mayes, M.D. (2002).

Partitioning of alveolar and conducting airway nitric oxide in

scleroderma lung disease. Am. J. Respir. Crit. Care Med., 165,

1587-1591.

Goldbart, A.D., Krishna, J., Li, R.C., Serpero, L.D. and Gozal, D.

(2006). Inflammatory mediators in exhaled breath condensate

of children with obstructive sleep apnea syndrome. Chest, 130,

143-148.

Grob, N.M., Aytekin, M. and Dweik, R.A. (2008). Biomarkers in

exhaled breath condensate: a review of collection, processing

and analysis. J. Breath Res., 2, 1-18.

Gulumian, M., Borm, P.J.A., Vallyathan, V., Castranova, V.,

Donaldson, K., Nelson, G. and Murray, J. (2006). Mechanisti-

cally identified suitable biomarkers of exposure, effect, and sus-

ceptibility for silicosis and coal-worker’s pneumoconiosis: a

comprehensive review. J. Toxicol. Environ. Health B. Crit. Rev.,

9, 357-395.

Horvath, I., Hunt, J. and Barnes, P.J. (2005). ATS/ERS Task Force.

Exhaled breath condensate: methodological recommendations

and unresolved questions. Eur. Respir. J., 26, 523-548.

Hunt, J. (2007). Exhaled breath condensate pH assays. Immunol.

Allergy Clin. North Am., 27, 597-606.

Hunt, J.F., Erwin, E., Palmer, L., Vaughan, J., Malhotra, N., Platts-

Mills, T.A. and Gaston, B. (2002). Expression and activity of

pH-regulatory glutaminase in the human airway epithelium.

Am. J. Respir. Crit. Care Med., 165, 101-107.

Hunt, J.F., Fang, K., Malik, R., Snyder, A., Malhotra, N., Platts-

Mills, T.A. and Gaston, B. (2000). Endogenous airway acidifi-

cation. Implications for asthma pathophysiology. Am. J. Respir.

Crit. Care Med., 161, 694-699.

IARC. (1997). IARC Monograph on the evaluation of the carcino-

genic risk of chemicals to humans. In: Silica, some silicates,

coal dust and para-aramid fibrils, Vol. 68. IARC Press, Geneva,

Switzerland.

ILO. (2002). Guidelines for the use of the ILO international classi-

fication of radiographs of pneumoconiosis. Geneva, Interna-

tional Labor Organization.

Kharitonov, S.A. and Barnes, P.J. (2002). Biomarkers of some pul-

monary diseases in exhaled breath. Biomarkers, 7, 1-32.

Kharitonov, S.A. and Barnes, P.J. (2006). Exhaled biomarkers.

Chest, 130, 1541-1546.

Kharitonov, S.A., Donnelly, L.E., Montuschi, P., Corradi, M., Col-

lins, J.V. and Barnes, P.J. (2002). Dose-dependent onset and

cessation of action of inhaled budesonide on exhaled nitric

oxide and symptoms in mild asthma. Thorax, 57, 889-896.

Kostikas, K., Papatheodorou, G., Ganas, K., Psathakis, K., Pana-

gou, P. and Loukides, S. (2002). pH in expired breath conden-

sate of patients with inflammatory airway diseases. Am. J.

Respir. Crit. Care Med., 165, 1364-1370.

Lehtonen, H., Oksa, P., Lehtimaki, L., Sepponen, A., Nieminen,

R., Kankaanranta, H., Saarelainen, S., Jarvenpaa, R., Uitti, J.

and Moilanen, E. (2007). Increased alveolar nitric oxide con-

centration and high levels of leukotriene B4 and 8-isoprostane

in exhaled breath condensate in patients with asbestosis. Tho-

rax, 62, 602-607.

Malinovschi, A., Janson, C., Holmkvist, T., Norbäck, D., Mer-

iläinen, P. and Högman, M. (2006). Effect of smoking on exhaled

nitric oxide and flow-independent nitric oxide exchange param-

eters. Eur. Respir. J., 28, 339-345.

Maziak, W., Loukides, S., Culpitt, S., Sullivan, P., Kharitonov,

S.A. and Barnes, P.J. (1998). Exhaled nitric oxide in chronic

obstructive pulmonary disease. Am. J. Respir. Crit. Care Med.,

157, 998-1002.

Montes de Oca, M., Loeb, E., Torris, S.H., Sanctis, J.D., Herna-

dez, N. and Talamo, C. (2008). Peripheral muscle alterations in

non-COPD smokers. Chest, 133, 13-18.

Montuschi, P. (2005). Exhaled breath condensate analysis in

patients with COPD. Clinica. Chimica. Acta, 356, 22-34.

Montuschi, P., Collins, J.V., Ciabattoni, G., Lazzeri, N., Corradi,

M., Kharitonov, S.A. and Barnes, P.J. (2000). Exhaled 8-iso-

prostane as an in vivo biomarker of lung oxidative stress in

patients with COPD and healthy smokers. Am. J. Respir. Crit.

Care Med., 162, 1175-1177.

Nicolaou, N.C., Lowe, L.A., Murray, C.S., Woodcock, A., Simp-

son, A. and Custovic, A. (2006). Exhaled breath condensate pH

and childhood asthma: unselected birth cohort study. Am. J.

Respir. Crit. Care Med., 174, 254-259.

Niimi, A., Nguyen, L.T., Usmani, O., Mann, B. and Chung, K.F.

(2004). Reduced pH and chloride levels in exhaled breath con-

densate of patients with chronic cough. Thorax, 59, 608-612.

Nowak, D., Antczak, A., Krol, M., Pietras, T., Shariati, B.,

Bialasiewicz, P., Jeczkowski, K. and Kula, P. (1996). Increased

content of hydrogen peroxide in the exhaled breath of cigarette

smokers. Eur. Respir. J., 9, 652-657.

Nowak, D., Kalucka, S., Bialasiewicz, P. and Krol, M. (2001).

Exhalation of H2O2 and thiobarbituric acid reactive substances

(TBARs) by healthy subjects. Free Radic. Biol. Med., 30, 178-

186.

Paget-Brown, A.O., Ngamtrakulpanit, L., Smith, A., Bunyan, D.,

Hom, S., Nguyen, A. and Hunt, J.F. (2006). Normative data for

pH of exhaled breath condensate. Chest, 129, 426-430.

Paredi, P., Sergei, A., Kharitonov, S.A. and Barnes, P.J. (2002).

Analysis of expired air for oxidation products. Am. J. Respir.

Crit. Care Med., 166, S31-S37.

Porter, D.W., Hubbs, A.F., Mercer, R., Robinson, V.A., Ramsey,

D., McLaurin, J., Khan, A., Battelli, L., Mrumbaugh, K., Teass,



Levels of Exhaled Breath Condensate pH and Fractional Exhaled Nitric Oxide in Retired Coal Miners 337

A. and Castranova, V. (2004). Progression of lung inflamma-

tion and damage in rats after cessation of silica inhalation. Toxi-

col. Sci., 79, 370-380.

Pryor, W.A. (1997). Cigarette smoke radicals and the role of free

radicals in chemical carcinogenicity. Environ. Health Per-

spect., 105, 875-882.

Rosias, P.P., Den Hartog, G.J., Robroeks, C.M., Bast, A., Doncker-

wolcke, R.A., Heynens, J.W., Suykerbuyk, J., Hendriks, H.J.,

Jöbsis, Q. and Dompeling, E. (2006). Free radicals in exhaled

breath condensate in cystic fibrosis and healthy subjects. Free

Radic. Res., 40, 901-909.

Schins, R.P.F. and Borm, P.J.A. (1999). Mechanisms and media-

tors in coal dust induced toxicity: A review. Am. Occup. Hyg.,

43, 7-33.

Shoemaker, D.A., Pretty, J.R., Ramsey, D.M., McLaurin, J.L.,

Khan, A., Teass, A.W., Castranova, V., Pailes, W.H., Dalal,

N.S., Miles, P.R., Bowman, L., Leonard, S., Shumaker, J., Val-

lyathan, V. and Pack, D. (1995). Particle activity and in vivo

pulmonary response to freshly milled and aged alpha-quartz.

Scand. J. Work Environ. Health, 21, 15-18.

Takeda, N., Jitsunari, F., Asakawa, F., Suna, S., Manabe, Y., Fuku-

naga, I. and Gotoh, A. (1993). Simultaneous determination of

cotinine and creatinine by high performance liquid chromatog-

raphy. Jpn. J. Ind. Health, 35, 198-199.

Tourmann, J.L. and Kaufmann, R. (1994). Biopersistence of the

mineral matter of coal mine dusts in silicotic human lungs: is

there a preferential release of iron? Environ. Health Perspect.,

102, 265-268.

Tsoukias, N.M. and George, S.C. (1998). A two-compartment

model of pulmonary nitric oxide exchange dynamics. J. Appl.

Physiol., 85, 653-666.

Vallyathan, V. (2004). Oxygen/nitrogen radicals-lung injury and

disease: Oxidative stress: antioxidant status in health and dis-

ease (Vallyathan et al., Ed.). Marcel Deckker, New York, pp.

35-58.

Vaughan, J., Ngamtrakulpanit, L., Pajewski, T.N., Turner, R.,

Nguyen, T.A., Smith, A., Urban, P., Hom, S., Gaston, B. and

Hunt, J. (2003). Exhaled breath condensate pH is a robust and

reproducible assay of airway acidity. Eur. Respir. J., 22, 889-

894.

Wallaert, B., Lassalle, P., Fortin, F., Aerts, C., Bart, F., Fournier, E.

and Voisin, C. (1990). Superoxide anion generation by alveolar

inflammatory cells in simple pneumoconiosis and in progres-

sive massive fibrosis of nonsmoking coal workers. Am. Rev.

Respir. Dis., 141, 129-133.

Wells, K., Vaughan, J., Pajewski, T.N., Hom, S., Ngamtrakkul-

panit, L., Smith, A., Nguyen, A., Turner, R. and Hunt, J. (2005).

Exhaled breath condensate pH assays are not influenced by oral

ammonia. Thorax, 60, 27-31.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


