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Fractional Exhaled Nitric Oxide (FeNO) and Spirometry as
Indicators of Inhalation Exposure to Chemical Agents in
Pathology Workers
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Shinya Ohkouchi, MD, PhD, Masao Tabata, MD, PhD, Susumu Togashi, BE, Takeshi Nakamura, ME,
Noriko Ohisa, PhD, Etsuhiro Nikkuni, MS, Emiri Miura, MD, Kaoru Yoshida, BN,

Hiroshi Inomata, PhD, and Hajime Kurosawa, MD, PhD

Objective: The objective of this study was to examine whether fractional
exhaled nitric oxide (FeNO) and spirometry can be used as indices to
evaluate adverse health effects of low-concentrated chemical inhalation
exposure, mainly to formaldehyde. Methods: Thirty-three subjects (path-
ology technicians) and 30 controls (workers without handling any chemicals
in the same hospitals) participated in this study. All participants underwent
FeNO measurement and spirometry before and after 5 days of work.
Results: FeNO significantly increased in the subjects with a history of
asthma (P < 0.05), whereas forced vital capacity (FVC) and forced expir-
atory volume in the first second (FEV1) decreased in the subjects (P < 0.05).
Furthermore, work duration and pre-work levels of FEV1 in the subjects had
a significant association. Conclusion: The results suggest that FeNO, FVC,
and FEV1 represent effective health-effect indices of low-concentrated
chemical inhalation exposure.

BACKGROUND

F ormaldehyde (FA) is a useful and important chemical in
industry. In the medical field, it is used as formalin for
disinfection and preservation. On the contrary, FA is recognized
as a respiratory sensitizer and environmental pollutant. Chronic
exposure to FA may cause bronchial asthma (BA)" upper respir-
atory tract inflammation,’ decreased pulmonary function,® and
chemical sensitivity (CS).>

Physicians and laboratory technicians who work in pathology
departments of general hospitals have occupational exposure to
chemical substances, mainly to FA. In Japan, work environment
measures require treatment of chemical substances in work areas by
law, most of which are rated as being good environments. However,
these results do not necessarily mean that adverse health effects do
not occur in workers. There are some reports on occupational
asthma due to FA®~® and chronic or repeated FA exposure affecting
lung function in healthy adults.'®"!
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Occupational exposure limits (OELs) were recommended by
the Japan Society for Occupational Health (JSOH) and American
Conference of Governmental Industrial Hygienists (ACGIH) refer-
ence values for preventing adverse health effects of occupational
exposure to chemical substances in workers. It is not necessarily
correct to conclude that work environments below OELs guarantee
complete absence of health impairment in workers. Safe and
harmless work environments are only guaranteed with appropriate
implementation of local exhaust ventilation and work management.

Fractional exhaled nitric oxide (FeNO) is a useful biomarker
to assess airway inflammation.'? It has been shown to be elevated in
patients with BA'>'> and is used as a diagnostic test for BA in
clinical practice.'?~'*

It has been suggested that FeNO is a useful marker for
adverse respiratory health effects of occupational exposure, for
examgle, exposure to chemical agents,">'7 dusts,'® and air pollu-
tion."” Moreover, it has also been reported that FeNO levels are
significantly elevated in children living in homes with average FA
levels of =50 ppb.%° This suggests that long-term exposure to low-
dose FA may invoke a subclinical inflammatory response in the
airways of healthy children. We hypothesized that FeNO might be a
possible index for the detection of adverse health effects caused by
occupational inhalation exposure to low-dose FA in workers.

Spirometry is one of the basic pulmonary function tests, and
the indices, vital capacity (VC), forced VC (FVC), and forced
expiratory volume in the first second (FEV1), have been used
frequently in investigations about occupational chemical inhala-
tional exposure and the diagnosis of the occupational asthma. Meo
et al'” reported that FEV1 and FEV1/FVC in the workers of oil
refineries who were exposed to some chemicals, for example,
benzene, toluene, xylene, and so on, were significantly decreased
as compared with controls.

Peak expiratory flow (PEF) is used for monitoring of airway
inside diameter in asthmatic patients, and is considered to be the
most useful method by a diagnosis of the occupational asthma in
Japanese Guideline for Diagnosis and Management of Occu-
pational Allergic Diseases. PEF is also used as one of the evaluation
methods of the effect of chemical exposure for airway. However, as
for the past reports about health effect evaluation of the chemical
exposure with spirometry or the PEF, cases with high-concentrated
chemical exposure workers were often found, but there were few
reports about the measurement of low-concentrated chemical
exposure worker.

The objectives of this study have two points, one is whether
low-concentration chemicals that mainly include FA evoke an
airway inflammation or an airway functional change, and the other
is to verify whether FeNO, spirometry, and PEF are useful as
indicators of exposure to low-concentration chemicals. In an
attempt to clarify these objectives, this study was performed to
compare the physiological examinations before and after 5 days
work between chemical-exposed and unexposed workers.
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METHODS

Study Population

This study was performed in six general hospitals in Sendai,
Japan, from November 2014 to April 2016. The study population
consisted of an exposed subject group (39 participants) and an
unexposed control group (32 participants). The subjects were phys-
icians and laboratory technicians who worked in the pathology
departments of six general hospitals and always handled several
chemical substances, including FA, through their work. The controls
were workers who did not handle any chemical substances through
their work in other departments, for example, office workers, phys-
iological examination technicians, or physical therapists of the same
hospitals. All participants worked for 8 hours a day, for 5 days a week.

Study Protocol

Before the study, all subjects and controls filled out a
questionnaire on their chemical-handling history (work duration
in months), medical history (including BA, rhinitis, and other
allergies), and smoking habits. The investigation period was set
for 5 consecutive weekdays, reflecting a usual work situation, and
FeNO measurements and spirometry were conducted at the begin-
ning and end of this period. In addition, the subjects monitored and
recorded PEF three times a day and wore two individual chemical
exposure monitors during the work time of this period. The protocol
summary is shown in Figure 1.

The study protocol was approved by the Ethics Committee of
the Ethics Committee of Tohoku University School of Medicine,
and written informed consent was obtained from all participants
before study participation.

Exposure Monitoring of Chemical Substances

To measure occupational exposure concentrations, the sub-
jects wore two kinds of individual exposure monitors during their
work time. The DSD-DNPH Diffusive Sampling Device (Sigma-
Aldrich Co., Tokyo, Japan) was used for monitoring FA exposure
concentration, and the 3M Organic Vapors Monitor 3500 or 3520
(OVM; 3M Japan CO Ltd, Tokyo, Japan) was used for monitoring
the concentration of other volatile organic compounds (VOCs)
handled during work. The subjects wore these monitors on the
neck close to the breathing zone in order to evaluate inhalation
exposure. They handled the monitors, kept them frozen or refriger-
ated according to each manual, and, after removal, they were stored
in a refrigerator until analysis. OVM data extraction and analysis
were performed, as previously described,?! at the chemical labora-
tory of Environment Conservation Center in Tohoku University.

FeNO Measurement
FeNO levels were measured using NIOX MINO (Aerocrine,
Solna, Sweden), according to standardized procedures issued by the

Sat | Sun Mon | Tue ‘ Wed | Thu | Fri
no duty on duty (on study)
W

Peak flow meter (PEF)
three times a day

Pre assessment on day 1
in the morning

Post assessment on day 5
in the evening

«FeNO (before the day work, -FeNO
* gpirometry
(VC, FVC, FEV1, FEVI/FVC)

before lunchtime, and
after the day work)

*gpirometry
(VC, FVC, FEV1, FEVI/FVC)

FIGURE 1. The protocol of study. The period was 5 consecu-
tive weekdays. Subjects and controls performed FeNO
measurement and spirometry at the beginning (pre) and
the end (post) of this study period. Also, the subjects measured
their PEF levels by themselves at three times a day during the
study period.

American Thoracic Society (ATS) and European Respiratory
Society (ERS).'?> Measurements were conducted on Monday morn-
ing and Friday evening of the investigation period. FeNO measure-
ments were performed before spirometry.

Spirometry

Spirometry was performed on Monday morning and Friday
evening of the investigation period using the Multi-Functional
Spirometer HI-801 (Chest M.I., Tokyo, Japan). VC, FVC, FEV1,
and forced expiratory ratio (FEV1/FVC) were recorded as respir-
atory function parameters. Measurements were based on standard-
ization of ATS/ERS.*

Monitoring PEF

PEF was measured using Asthma Check (Chest M.I., Tokyo,
Japan) to observe the circadian variability of respiratory function.
We explained how to use the PEF monitor and record each value to
the subjects. During the investigation period, the subjects measured
and recorded PEF by themselves three times a day (before work,
before lunch, and soon after work). The controls did not perform the
PEF monitor.

Statistical Analysis

Statistical analysis was performed with JMP ver. 12 for
Windows (SAS Institute Inc., Cary, NC). The general characteristics
of the subject and control groups were compared using ¢ test (about
age) and Pearson x” test [about gender, degree of having history of
BA or allergic rhinitis (AR), and smoking habit]. For comparison of
FeNO, VC, FVC, FEV1, and FEV1/FVC in the subject and control
groups, the Wilcoxon signed-rank test (paired groups) or the Mann—
Whitney U test (unpaired groups) were used. A single linear
regression model was used to test the association between pulmon-
ary function and work duration or individual FA exposure concen-
trations. In addition, a multiple linear regression model was used to
test the effects of work duration and age for pulmonary function
level. A P value of less than 0.05 was considered to be significant.

RESULTS

This study was conducted in order to evaluate whether FeNO,
spirometry, or PEF showed the adverse health effects caused by
occupational chemical inhalation exposure in workers. The charac-
teristics of the subjects and controls are summarized in Table 1. It is
already known that current smoking and steroid use are significant
factors that influence FeNO levels and spirometry; therefore, six
subjects and two controls who were smokers or using inhaled
steroids were excluded, so finally, 33 subjects and 30 controls were
investigated. In each group, there were six subjects (18%) and seven
controls (23%) with a current or past history of BA. None of the
subjects or controls had a current or past history of respiratory
disease other than BA. There were no statistically significant
differences in age, gender, and ratio with AR between two groups.

Table 2 summarizes the level of chemicals detected by
individual exposure measurement in the subject group. FA, xylene,
ethyl benzene, and acetone were detected, and the mean concen-
trations in both groups were less than the OEL-Mean (OEL-M)
recommended by the JSOH.

The FeNO measurements are presented in Table 3. There was
no significant change in the 5-day investigation period in the whole
controls, with or without history of BA (Fig. 2A, Table 3). Pre
(Monday morning)-work FeNO levels were not significantly differ-
ent between the subjects and controls overall (Fig. 2A), or between
the subjects with and without a history of BA (Fig. 2B). However,
post (Friday evening)-work, FeNO levels were significantly higher
than pre-work levels in the subject group with a history of BA [pre:
29.84+16.8 (25.5) ppb (mean 4+ SD (median)), post: 47.5+£39.7
(30.5) ppb, P=0.028], and conversely, significantly lower in the
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TABLE 1. General Characteristics of Study Participants

Number of Participants Subjects (n =39) Controls (n=32)

Current Smoker, n 6 1
Corticosteroid User, n (%) 0 1

Surveyed Number Subjects (n =33) Controls (n = 30)

Age 23-67 (median; 33) 23-62 (median; 31.5) n.s.
Male, n (%) 11 (33.3) 13 (43.3)
Female, n (%) 22 (66.7) 17 (56.7) n.s.
Bronchial asthma®, n (%) 6 (18.2) 7 (23.3) n.s.
Allergic rhinitis*, n (%) 19 (57.6) 15 (50.0) n.s.
Smoking habit
Never smokers, n (%) 30 (90.9) 22 (73.3) n.s.
Ex-smokers, n (%) 3.1 8 (26.7)

Working duration, months 6-505 (median; 97) —

No significant difference was found between subjects and controls about age, gender, degree of having history of bronchial asthma or allergic rhinitis, and smoking habit.
n.s., not significant.
*Current or past history.

TABLE 2. Results of Chemical Exposure Measurement During the Investigation Period

OELSs, ppm TWA 8hours, ppm
Chemical n JSOH (OEL-M) ACGIH (TLVs) Median IQR Min Max
Formaldehyde 33 0.1 0.3 0.024 0.012-0.054 0.004 0.079
Xylene 33 50 100 0.647 0.325-1.234 0.000 5.739
Ethyl benzene 30 50 20 0.120 0.057-0.185 0.000 0.757
Acetone 11 200 250 0.091 0.056-0.213 0.000 0.721

There was no subject who exposed any chemicals over OELs

ACGIH, American Conference of Governmental Industrial Hygienists; IQR, interquartile range; JSOH, Japan Society for Occupational Health; n, number of whom we detected
the chemicals from; OEL-M, Occupational Exposure Limit-Mean; OELs, Occupational Exposure Limits; TLVs, Threshold Limit Values; TWA, time-weighted average
concentration.

group without a history of BA [pre: 21.3 +£15.5 (17.0) ppb, post:
17.5£11.0 (14.0) ppb, P=0.007] (Fig. 2B, Table 3).

P =0.004, Fig. 4A, Table 4)] were significantly decreased after
5 days of work. These results were similar in the subjects group

For spirometry, there were no significant differences in VC,
FVC, FEV1, or FEV1/FVC pre-work levels between the subjects
and controls. In the controls, there were no significant differences
for all indices between Monday morning and Friday evening. In
the overall subjects, FVC [pre: 3.54 £0.74 (3.40) L, post:
3.48+0.77 (3.31) L, P=0.013, Fig. 3A, Table 4] and FEV1

without history of BA [FVC: pre; 3.66 £0.73 (3.40) L, post;
3.57+£0.76 (3.35) L, P=0.003, Fig. 3B], FEVI: pre;
3.14£0.72 (2.90) L, post; 3.07£0.72 (2.81) L, P=0.001,
Fig. 4B. There was no significant difference for VC or FEV1/
FVCin the subjects. For PEF, there was no daily variation of more
than 20% or significant decrease from morning to evening in the

[pre: 3.03+0.71 (2.83) L, post: 2.97+0.71 (2.78) L, subjects (Table 5).

TABLE 3. FeNO Levels and Rate of Change in Overall or With/Without History of Bronchial Asthma

Subjects Controls
Overall BA + BA — Overall BA + BA —
n 33 6 27 30 7 23
Prelevel, ppb 22.9+15.8 29.84+16.8 21.3+15.5 19.7+15.6 36.7+23.1 145+7.3
18 (12-29) 25.5 (19-44.8) 17 (12-22.5) 16 (10.3-21.8) 33 (20-50.5) 13 (9-19)
Postlevel, ppb 22.94+22.0 47.5+39.7 17.5+11.0 18.0+11.8 30.9+15.3 14.0+7.2
15 (11-26) 30.5 (22.3-68) 14 (11-20.5) 15.5 (10-21.3) 26 (22-39) 13 (8.5-18)

A% [%] 0.0 (=23.1t0 12.5)  26.6 (13.1-49.8) —18.8 (—27.1108.3) 0.0 (—17.8t0 18.6) 0.0 (=228 t0 10.2) 0.0 (—15.5 to 19.4)

The number of pre and postlevel in the table shows the mean £ SD (upper rank), median, and IQR (in the parenthesis) (lower rank).

The number of A% in the table shows the median, and in the parenthesis shows IQR.

Prelevel and rate of change of FeNO were not significantly different between overall subjects and controls. Comparing subjects with controls in the group with or without BA
history, both were no significant differences in pre FeNO levels.

A%, rate of change = (post FeNO — pre FeNO)/pre FeNO x 100; post FeNO, FeNO level measured on the evening of Friday; pre FeNO, FeNO level measured on the morning of
Monday.
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Subjects Controls
Pre Post Pre Post

Subjects (n=33) : pre ; 22.9+15.8, post ; 22.9£22.0
Controls (n=30) : pre ; 19.7£15.6, post ; 18.0+11.8

(mean *+ SD [ppb])
» n.s. : not significant
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Subjects <BA+> Subjects <BA—>
Pre Post Pre Post.
* p<0.05 (Wilcoxon signed rank test)

Subjects <BA +> (n=6) : pre ; 29.8+16.8, post ; 4
1

5+39.7
21.3%£15.5, post ; .5X11.0
(mean = SD [pph] )

T
7

Subjects <BA—> (n=27) : pre ;

» 1.s.: not significant

B

FIGURE 2. Pre and post levels of FeNO
in overall subjects and controls (A), and
in subjects with and without BA history
(B). (A) In both overall subjects and
controls, there were no significant
differences between pre and post-
FeNO levels. Also, pre- FeNO levels
were not significantly  different
between subjects and controls. (B)
FeNO showed significant increase
(P <0.05) in the group with BA history
in subjects after 5 days chemical-
treated work, whereas FeNO decreased
significantly (P<0.05) in the group
without BA history in subjects.

TABLE 4. Spirometry and the Rate of Change in Each Indicator

Subjects Controls
Prelevel Postlevel A% Prelevel Postlevel A%

vC 3.51+0.73 3.48+0.73 3.95+0.98 3.95+0.97

3.39 (3.01-3.84) 3.28 (3.00-3.98) —0.41 (—4.83 to 3.03) 391 (3.15-4.48) 3.79 (3.24-4.46) —0.09 (—2.28 to 3.38)
FVC 3.54+0.74 3.48+0.77 3.96+0.91 3.96 £0.94

3.40 (3.02-3.80) 3.31 (2.95-3.91) —2.31 (—5.40 to 0.00) 4.04 (3.16-4.53) 4.08 (3.19-4.53) 0.58 (—0.89 to 1.96)
FEV1 3.03£0.71 297+0.71 3.33£0.81 3.33+£0.81

2.83 (2.51-3.35) 2.78 (2.46-3.21) —2.49 (—4.18 to 0.00) 3.27 (2.66-3.96) 3.28 (2.64-3.98) —0.37 (—1.99 to 2.13)
FEV1/FVC 854+79 85.0+6.8 84.1+6.3 84.0+5.8

85.4 (79.8-91.3)

85.7 (81.4-89.8)

—0.09 (—2.86 to 2.75)

82.5 (80.1-88.9)

85.0 (80.6-88.2)

—0.88 (—2.09 to 1.42)

The number of pre and postlevel in the table shows the mean £ SD (upper rank), median and IQR (in the parenthesis) (lower rank).
The number of A% in the table shows the median, and in the parenthesis shows IQR.
In either indicator (VC, FVC, FEV1, FEV1/FVC), the significant differences were not found in pre levels between the subjects and controls.

A%, rate of change = (post level — pre level)/pre level x 100; post level, the level measured on the evening of Friday; pre level, the level measured on the morning of Monday.

T .
*

6 T 1 S

5 & A
241 &
S
B3

2 ,

1

0

Subjects Controls
Pre Post Pre Post

* p=0.05 (Wilcoxon signed-rank test)

Subjects (n=33) : pre ; 3.54+0.74, post : 3.48+£0.77
Controls (n=30) : pre ; 3.96=0.91, post : 3.96+0,94

(mean + SD [L])
» n.s.: not significant
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Pre Post Pre Post

* p<0.05 (Wilcoxon signed rank test)

Subjects <BA +> (n=6) : pre : 3.02+0.55, post ; 3.06=0.71
Subjects <BA—> (n=27) : pre ; 3.66=£0.73, post ; 3.57£0.76

(mean * SD [L])
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FIGURE 3. Pre and postlevels of FVC
in overall subjects and controls (A),
and in subjects with and without BA
history (B). (A) FVC was significantly
decreased before and after the study
period in overall subjects (P<0.05).
(B) In subjects without a history of
BA, FVC was significantly decreased
after 5 days of work (P < 0.05).
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5.
‘f x

b —
4 n.s

FEV1(L)
)

FIGURE 4. Pre and postlevels of FEV1 0
in overall subjects and controls (A),
and in subjects with and without BA
history (B). (A) FEV1 was significantly
decreased before and after the study
period in overall subjects (P<0.05).
(B) In subjects without a history of
BA, FEV1 was significantly decreased
after 5 days of work (P < 0.05).

Subjects
Pre Post

¥ n.s. : not significant

The relationship between work duration (work period of chemical
exposure) and the test results was examined, and a strong correlation
was seen between work duration and pre-work FEV1 levels in the
subjects without a history of BA (Speaman product-moment cor-
relation coefficient=-0.728, P <0.01, Fig. 5A). However, VC,
FVC, and FEV1 values are known to decrease with age; therefore,
not only work duration but also subject age might have influenced
decrease in FEV 1. To confirm this, we performed step-wise multiple
regression analysis to compare the contribution ratio of work
duration and age to pre-work FEV1 level. Only work duration
was found to contribute significantly to the pre-work FEV1 level
(p=-0.658, P<0.001), and, therefore, work duration had a
greater influence than age. Furthermore, in the groups without
history of BA, the degree of the decrease of pre-work FEV1 levels
by aging of the subjects was bigger than that of the controls
(Fig. 5B). About the correlations between FA individual exposure
concentrations and the rate of change of each test value measured,
no significant correlations were found.

DISCUSSION

FeNO, spirometry, and PEF measurement were performed on
workers who were exposed to chemical agents, mainly FA, in
university or general hospital pathology departments, and it was
revealed that low concentrations of chemical substances had an
effect on inflammation and respiratory function of the respiratory
tract. Furthermore, taking these data into account, FeNO and
spirometry could be applied as an indicator to detect adverse health
effects on workers of chronic low concentration chemical exposure.

We calculated the sample size required for this study with
using the [sample size/power] platform in JMP Prol2. In order to

TABLE 5. The Summary of PEF Records in Subjects

Overall Subjects BA- Subjects

% of the standard value

Before work time (%) 83.6+10.5 85.64+10.2

Before having lunch (%) 843+114 862+ 114

Soon after finished work (%) 853+£11.7 87.4+11.5
Daily variation (%) 6.34+2.9 6.5+3.0

Data are presented as arithmetic mean+ SD. Any subjects had neither daily
variation of more than 20% nor significant decrease from morning to the evening.

* p<0) 05 (Wileoxon signed-rank test)

Subjects (n=33) : pre ; 3.03+0.71, post ; 2.97+0.71
Controls (n=30) : pre ; 3.33+0.81, post ; 3.33+0.81

—

(=3

Controls Subjects <BA+> Subjects <BA—>
Pre Post Pre Post Pre Post

* pe<l) 05 (Wileoxon signed-rank test)

Subjects <BA +> (n=6) : pre ; 2.51+0.37, post ; 2.52+0.48
Subjects <BA—=> (n=27) : pre ; 3.140.72, post ; 3.07+0.72

(mean + SD [L]) (mean + SD [L])

» 1n.s.: not significant

evaluate the effect of FA exposure, for example, when FeNO was
used as an effect indicator, and the level of significance was assumed
to be 5%, the power to be 0.8 and the effect size to Sppb, the sample
size combined with controls and subjects was 304. But there are few
hospitals with their own pathology department in our city except for
university hospital, and even that hospitals had only a few ex
exclusive staff. So, it was difficult for us to investigate a lot of
samples in a limited period. And the funds did not allow us to study
such a number of people. These affected the limit of our study.

The work environment measurements were conducted in the
hospitals and the assessments were considered to be suitable for the
work environment within regulation. Individual chemical-exposure
measurements of the subjects were carried out during work hours,
and no workers had OELs exceeding the recommended JSOH? or
ACGIH guidelines. The JSOH defines OEL-M as “‘the reference
value for mean exposure concentration at or below which adverse
health effects caused by the substance do not appear in most workers
working for eight hours a day, forty hours a week under a moderate
workload.” In addition, the recommendations of OEL by the JSOH
state that “occupational disease may be induced at levels of
exposure below the OELs in workers.” These recommendations
suggest that even if the work environment is judged to be appro-
priate within regulation, the risk of adverse health effects on workers
remains. Therefore, direct evaluation of the health effects in indi-
vidual workers and identification of indicators that can estimate the
risk are important.

FeNO is a biomarker of airway inflammation and is applied
as a diagnostic tool for BA. In past reports on occupational exposure
to toxic substances, FeNO levels in shoe- and leather-factory
workers over 10 years, who handled toluene, xylene, and methyl-
ethyl ketone, were significantly increased bPI 40% after 8 hours/day
of work."® In a study by LjubiCi¢ et al,'® swine farm workers
exposed to dust and ammonia gas were found to have higher levels
of FeNO at 7.5ppb than controls. Furthermore, Franklin et al*®
reported FeNO levels of healthy children living in houses in which
FA concentrations were more than 50 ppb were significantly higher
than in children whose home environment had FA levels of 50 ppb or
less. This suggests that FeNO levels may be increased even at low-
concentration FA exposure. In the present study, pre-work FeNO
levels were not significantly different between the subjects and
controls. These data disagree with that of the study by Franklin
et al’® in that low-concentration FA exposure increasing FeNO
levels. The cause of this difference may be whether the survey target
is an adult or a child.
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FIGURE 5. The correlation between
pre-FEV1 and working duration
(months) in subjects without BA history
(A), and between pre-FEV1 and age in
subjects and controls without BA (B).

(Controls)
¥=-0.0297x+4.3128
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(A) The correlation between pre-FEV1
and working duration is significant

(r=-0.728, P<0.01). (B) The degree
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Significantly increased FeNO levels after 5 days of work
were found in subjects with a current or past history of BA. It can be
presumed that their airway inflammation was evoked or airway
irritation was enhanced by exposure to low-concentration chemicals
including FA in workers that have airway hypersensitivity with
potential exacerbation of their clinical condition. However, the
FeNO levels of the subjects without a past history of BA signifi-
cantly decreased after the study investigation period. It is difficult to
explain clearly these data, but one interpretation based on past
reports is oxidative stress-induced response.

Murta et al** examined the changes in inflammatory cells in
bronchoalveolar lavage fluid (BALF), the activity of nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase in the blood, the
activity of superoxide dismutase enzyme (SOD), and the activity of
the catalase enzyme (CAT) of Fischer rats exposed to ambient air
(control group: CG) or different concentrations of FA: 1% (FA1%),
5% (FA5%), and 10% (FA10%). In BALF, the exposure to a
concentration of 10% promoted the increase of macrophages and
lymphocytes in FA10% and lymphocytes in FA5% compared with
CG, but eosinophil did not increase significantly in any concen-
tration of FA. The activity of NADPH oxidase in the blood had been
higher in FA5% and FA10% than in CG. The activity of SOD had an
increase in FA5% and the activity of CAT showed an increase in
FA1% compared with CG. These results suggest that airway
inflammation occurs due to inhalation exposure of FA, and the
main stream of its inflammation is likely to be oxidative stress rather
than eosinophils. In addition, in patients with chronic obstructive
pulmonary disease (COPD), the nitric oxide (NO) in the respiratory
tract is consumed for producing peroxynitrite (ONOO™) in response
to superoxide (O, ), which is representative reactive oxygen species
(ROS).%>*® It can be presumed that similar oxidative stress may be
the main stream of inflammation even in the respiratory tract
exposed to FA, and that, by such a reason, FeNO levels in the
subjects without history of BA decreased in this study. Future
studies will need to elucidate the mechanism of decrease in FeNO
by low-concentration FA exposure in subjects.

In the current study, the subjects underwent spirometry
before (pre) and after (post) a 5-day work; and FVC and FEV1
in the subjects showed significant decrease on chemical exposure
mainly to FA, even though these exposure levels were less than
OELs. In other words, the likelihood of evaluation of the short-term
health effects of low-concentration FA exposure in workers by
confirming FVC and FEV1 values were shown. FA, xylene, ethyl
benzene, and acetone were detected by individual exposure
monitoring (Table 2). Of these, FA is considered to be a group 2
occupational airway sensitizer, probably inducing allergic reactions
in humans, and is known as a causative agent of occupational
asthma. There is a report on a worker in a crease-resistant, trou-
ser-product factory who handled FA on a daily basis; FEV1 was
found to be decreased by 21% after normal work. After a FA
inhalational exposure challenge test of 0.5ppm for 20 minutes,
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FEV1 was found to be temporarily decreased by 23% five hours
later, and he was diagnosed with occupational asthma due to FA.>’
In addition, a previous study demonstrated airway obstruction
secondary to high-concentration FA inhalational exposure.® How-
ever, although the general impression is that asthma-like symptoms
are common in workers who handle FA, past reports have shown
that the low-concentration FA inhalation challenge test often has a
low positive or negative rate.>® This suggests that the airway
response to low-concentration FA exposure is complicated. In the
past, most of the reports are case studies or survey results in a small
group of around 10 subjects. In the present study, although it is not
enough subjects for detail analysis, the current consequences seem
to show the reliable evidence of adverse effects on pulmonary
function by exposing to low-concentration chemicals mainly includ-
ing FA. In future study, it will be necessary to perform spirometry
before and after research period for confirming recovery of each
value in order to determine whether reductions in FVC and FEV1
are reversible. Recently, it is difficult to carry out a challenge test for
an ethical problem, and it is important to continue the survey and
collect more data.

Although a significant difference was not found in the pre-
work FVC and FEV1 levels between the subjects and controls, there
was a significant negative correlation in the subjects between pre-
work FEV1 and work duration. Only work duration was found to be
significantly associated with a decrease in FEV1 on multiple
regression analysis, which assumed that work duration and age
were contributing factors. This means that work duration influenc-
ing FEV1 decreases more than aging, and these results strongly
support the effect of chronic exposure to low-concentration chemi-
cals on lung function. Kilburn et al*® performed pulmonary function
tests in women who were histology technicians with chronic
occupational exposure to FA, and reported that age-related decrease
in FVC and FEV1 was more remarkable than in a national sample of
women. The present results agree with the ones by Kilburn et al*® in
that age-related decrease in FEV1 was more remarkable in exposed
subjects than in nonexposed controls. That leads us to presume that
chronic exposure to FA is regarded as having other influences on
pulmonary function in addition to aging.

This study had limitations. First, the subjects were exposed to
chemicals other than FA. According to the recommendations of
OEL by the JSOH, only FA is considered to be an airway sensitizer
and other chemicals have not been mentioned in this regard. The
findings in this current study are primarily due to FA; however, there
is another report on increase in the risk of asthmatic crisis in children
exposed to domestic low concentrations of VOCs containing
xylene.30 Therefore, our results cannot exclude effects on airways
caused by chemicals other than FA. Second, other factors have been
said to influence FeNO levels, in addition to asthma, smoking, and
steroid use, for example, foods containing nitrites and having a
current history of AR. It was not examined about nitrite-containing
food intake of participant before FeNO measurement. However, it
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seems that there was not a significant effect on FeNO levels through
ingestion of nitrite-containing foods before the investigation
because of the consistent tendency of increase in FeNO levels in
asthmatic subjects and decrease in nonasthmatic subjects. In
addition, regarding NIOX MINO, which was used for FeNO
measurement in this investigation, it has been confirmed that NO
derived from the nasal cavity is not mixed in by exhaling at a
predetermined pressure. In the current study, the subjects and
controls have AR accounted for 58% and 50% according to the
questionnaire. Although it has been reported that FeNO levels are
higher than 6 ppb on average in AR in previous papers, a significant
difference was not found in the baseline and rate of change of FeNO
levels when the groups with and without AR were compared in the
current study. There is a possibility that the diagnosis of AR in
subjects is not accurate, because these classifications were based on
self-declaration. Therefore, it can be presumed that AR was not
considered to have a significant influence on FeNO.

CONCLUSION

In recent years, in pathology departments of hospitals and
research organizations, occupational health and safety management
have greatly improved work environments. However, the current
study showed that pathology workers were exposed to chemicals
even at levels less than OELs. Furthermore, exposure to low levels
caused adverse changes in both FeNO and spirometry indices. This
suggests that even chemical exposure to concentrations less than
OEL may have adverse effects on airways. In a chemical-handling
work environment, it is believed that regular monitoring and
evaluation of health effects secondary to chemical exposure are
important. The current study suggests that FeNO, FVC, and FEV1
could be applied as indicators for the short-term evaluation of the
adverse health effects of chemical exposure, and that FEV1 could be
applied as an indicator for long-term evaluation.

It takes several decades until onset after exposure to carci-
nogen. Although FA is classified as a 2A carcinogen in the
International Agency for Research on Cancer (IARC) classification,
any chemical substances may have potential for carcinogens. It is
noted that subclinical exposure to unconscious chemicals should be
avoided and reduce exposure as much as possible. Therefore, it is
important to have an indicator for assessment of health status in
individual workers. It is hoped that the outcome of the present study
would makes a contribution to the health management of workers,
who handle chemical substances.
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