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Abstract
The levels of indoor air pollutants are increasing. However, the indoor air quality of only operating rooms, intensive care units, and
radiology departments is usually monitored in hospitals. Hence, we aimed to evaluate the indoor air quality of an otorhinolaryngology
outpatient clinic and compare air quality indices among different areas in a hospital.
We prospectively measured indoor air quality using air quality sensors in different areas of a hospital from February 1, 2019 to

January 31, 2020. Carbon dioxide (CO2), total volatile organic compounds (VOCs), particulate matter with diameter of <2.5mm
(PM2.5), and nitrogen dioxide concentrations were measured in the otorhinolaryngology clinic, orthopedic clinic, and reception area.
The intervention efficacy was compared between otorhinolaryngology clinics employing and not employing air-cleaners.
The overall concentrations of CO2, VOCs, and PM2.5 in the otorhinolaryngology clinic were significantly higher than those in the

orthopedic clinic or reception area. The indoor air quality was the worst in winter. The intervention effect was observed only in PM2.5
concentrations in otorhinolaryngology clinics employing an air-cleaner.
Medical practitioners and patients are frequently exposed to ambient indoor air pollution in otorhinolaryngology clinics. Hence,

health-related strategies to protect against ambient indoor air pollution in otorhinolaryngology clinics are warranted.

Abbreviations: CO2 = carbon dioxide, NO2 = nitrogen dioxide, PM2.5 = particulate matter with diameter of <2.5 mm, VOCs =
volatile organic compounds.
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1. Introduction

The quality of outdoor air is associated with vehicle and
industrial pollution. However, the quality of indoor air in public
utility buildings is influenced by a range of environmental
factors.[1,2] Indoor air quality is influenced by the emissions from
building materials and furnishings; central heating and cooling
systems; humidification devices; moisture creating processes;
electronic equipment; products used for household cleaning; and
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behavior of building occupants such as smoking. Indoor air
pollutants usually consist of various chemicals such as gases (e.g.,
carbon dioxide, nitrogen dioxide), volatile organic compounds
(VOCs), and particulate matter.[3–6] Increasing evidence suggests
that chronic exposure to these pollutants is associated with
reduced pulmonary function, respiratory symptoms such as
allergic rhinitis and/or asthma, cardiovascular disease, and/or
cancer.[7–10]

Generally, hospitals have specialized departments (e.g.,
operating rooms, intensive care units, radiology departments,
and outpatient clinics) that provide specific medical services. In
terms of air quality in hospitals, most studies have focused on the
air quality in operating rooms to minimize the risk of surgical site
infections and/or exposure to chemicals such as VOCs and radon
in intensive care units or radiology departments.[11–13] However,
to date, little attention has been given to the air quality of
outpatient clinics. Otorhinolaryngology physicians spendmost of
their time in an otorhinolaryngology clinic with patients and
other healthcare personnel. Otorhinolaryngology clinics are
mostly closed and are frequently exposed to gases expelled from
individuals in the clinic, use of disinfectant sprays, and various
procedures such as electrocautery, biopsy, and incision and
drainage. Moreover, the disinfection and cleansing processes for
otorhinolaryngology equipment could increase air pollution.
Thus, an otorhinolaryngology clinic is a relatively high-risk area
in terms of poor indoor air quality. Inadequate air quality could
cause health problems in the healthcare personnel who work in
the otorhinolaryngology clinic and affect the level of comfort in
the clinic. Therefore, in this study, we aimed to evaluate the
indoor air quality of an otorhinolaryngology outpatient clinic
and compare air quality indices among different areas in a
hospital.
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Figure 1. The measurements of indoor air quality in various areas of an
outpatient clinic: (A) otorhinolaryngology clinic, (B) orthopedic clinic, (C)
reception. The following air quality indices were measured: carbon dioxide
(CO2), total volatile organic compounds (VOCs), particulate matter with
diameter of <2.5mm (PM2.5), and nitrogen dioxide (NO2).
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2. Materials and methods

2.1. Study design

We prospectively measured air quality indices using convention-
al, portable, and passive air quality sensors in an otorhinolaryn-
gology clinic. Our primary target pollutants were carbon dioxide
(CO2), VOCs, particulate matter with diameter of <2.5mm
(PM2.5), and nitrogen dioxide (NO2). The target air pollutants
were measured at 1-minute intervals from Monday to Friday for
12 months between February 1, 2019 and January 31, 2020.
We did not measure air quality indices on off-duty days such as
holidays. Since the usage of cooling and heating systems was a
major confounder in this study, we did not permit the usage of
any personal air-coolers, -heaters, -cleaners, or additional
ventilation such as opening windows during the study time.
This study adhered to the tenets of the Declaration of Helsinki of
1975 revised in 2013 and was approved by the Institutional
Review Board of Hallym Medical University Chuncheon Sacred
Hospital (IRB No. 2019-001).
We attempted to determine the differences in indoor air quality

between different areas of HallymMedical University Chuncheon
Sacred Hospital. Thus, for the comparison of indoor air quality in
different areas of the hospital, we measured air quality indices in
the otorhinolaryngology clinic, orthopedic clinic, and reception
area of the hospital. All these areas were located on the same floor
of the hospital. Generally, various types of procedures, including
mass biopsy, electrocauterization during epistaxis, incision and
drainage of abscess cavities, and debridement of necrotic or
granular tissue are performed in the otorhinolaryngology clinic;
whereas in the orthopedic clinic, the medical practitioner usually
performs only manual procedures such as history taking,
counseling, and physical examination without any instruments
or devices. Thus, we assumed that the otorhinolaryngology clinic,
orthopedic clinic, and reception desk were representative of high
risk of indoor air pollution, low risk of indoor air pollution, and
control area, respectively. Moreover, to investigate the effect of
intervention, we measured air quality indices in other otorhinolar-
yngology clinics that used air-cleaners during the study period.
However, as this study did not include human subjects, we could
not investigate the degree of exposure to air pollutants of the
healthcare personnel in the otorhinolaryngology clinic.

2.2. Statistical analysis

The air quality sensors measured air quality indices at 1-minute
intervals; however, we used the average values during the course
of 1hour for statistical analysis. Continuous variables were
expressed as median with range, because they were not normally
distributed. The Mann–Whitney test was used to compare 2
continuous variables. The Kruskal–Wallis test was used to
evaluate the 3 continuous variables. Post-hoc analysis was also
performed with the Mann–Whitney and Kruskal–Wallis tests. A
P value<.05 (2-tailed) was adopted as the threshold for statistical
significance for all tests. All analyses were performed using R
version 3.4.2 software and GraphPad Prism software 7.0
(GraphPad software Inc, La Jolla, CA).

3. Results

3.1. Indoor air quality variations according to area of analysis

The results of indoor air quality measurements in each area are
summarized in Figure 1. In the otorhinolaryngology clinic, the
2

average annual concentration of CO2 was 1020ppm, and the
average monthly concentration was always more than 800ppm.
Meanwhile, the average annual concentration of CO2 was
670ppm in the orthopedic clinic and 528ppm in the reception
area (Fig. 2A). The average annual concentration of VOCs in the
otorhinolaryngology clinic (312 ppb) was significantly higher
than that in the reception area (110 ppb) (Figure 2B).
Additionally, the average annual concentration of PM2.5 in
the otorhinolaryngology clinic (49.6mg/m3) was significantly
higher than those in the orthopedic clinic (20.0mg/m3) or
reception area (20.5mg/m3) (Fig. 2C). However, there were no
significant differences in the average annual concentrations of
NO2 among the analyzed areas (Fig. 2D). We presented
the detailed reference range of indoor air quality indices on
Table 1.



Figure 3. Seasonal effects on indoor air quality among different areas in the
hospital: (A) carbon dioxide (CO2), (B) total volatile organic compounds (VOCs),
(C) particulate matter with diameter of <2.5mm (PM2.5), and (D) nitrogen
dioxide (NO2).

Figure 2. Comparison of air quality indices among different areas in the
hospital: (A) carbon dioxide (CO2), (B) total volatile organic compounds (VOCs),
(C) particulate matter with diameter of <2.5mm (PM2.5), and (D) nitrogen
dioxide (NO2).
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3.2. Indoor air quality variations with seasons

To evaluate the seasonal effects, we classified months into spring
(from March to May), summer (from July to August), fall (from
September to November), and winter (from November to
January). In the otorhinolaryngology and orthopedic clinics,
the CO2 concentration increased from spring to winter; however,
the CO2 concentration in the reception area was similar
throughout the year (Fig. 3A). Moreover, we observed that the
VOC concentration in the winter was higher than that in other
seasons, regardless of the area of analysis (Fig. 3B). With regard
to PM2.5 concentrations, levels in the otorhinolaryngology clinic
in spring, summer, and winter were higher than those in the
orthopedic clinic or reception area; whereas, no differences in
PM2.5 concentrations were detected between the analyzed areas
in the fall season (Fig. 3C). The NO2 concentration varied with
the seasons and was different in different areas of the hospital
(Fig. 3D). In the otorhinolaryngology clinic, the NO2 concentra-
Table 1

The detailed reference range of indoor air quality indices of this
study.

Air quality indices
Acceptable

range
Tolerable
range

Poor quality
range

Carbon dioxide 400–800ppm 800–1500ppm >1500ppm
Volatile organic compounds 0–400ppb 400–800ppb >800ppb
Particulate matter <50mg/m3 50–100mg/m3 >100mg/m3

Nitrogen dioxide <100ppb 100–250ppb >250ppb

3

tion increased from spring to winter. In the orthopedic clinic,
summer and winter showed higher NO2 concentrations than
spring and fall, whereas the NO2 concentration of the reception
desk was higher in fall and winter than those in spring and
summer.

3.3. Control of indoor air pollution using an air-cleaner

To investigate the intervention effect, we compared the indoor air
quality between otorhinolaryngology clinics that did and did not
employ air-cleaners. There was no difference in the mean number
of daily patient visits and number of otorhinolaryngologic
procedures per month between otorhinolaryngology clinics
employing air-cleaners and those not employing air-cleaners.
The overall effects of air-cleaners in otorhinolaryngology clinics
are presented in Figure 4. We found that the concentration of
PM2.5 (P= .015) was significantly decreased when an otorhino-
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Figure 4. The intervention effect on air-quality indices between otorhinolar-
yngology clinics with air-cleaner and without air-cleaner. The following air
quality indices were measured: carbon dioxide (CO2), total volatile organic
compounds (VOCs), particulate matter with diameter of <2.5mm (PM2.5), and
nitrogen dioxide (NO2).
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laryngology clinic used an air-cleaner; however, there were no
significant differences in the concentrations of CO2, VOCs, or
NO2 between the 2 groups (P= .1432, P= .0597, and P= .0679,
respectively).

4. Discussion

Indoor air quality is receiving increased attention from the
international scientific community, political institutions, and
environmental governances as an important factor in improving
the health and quality of life of people. People spend
approximately 90% of their time in either private or public
indoor environments.[14] Specifically, the indoor air quality of
hospitals is an important factor affecting the health of staff and
patients. Indoor air quality is affected by various activities and
procedures performed in hospitals including the use of chemicals,
pharmaceutical products, biological contaminants, cleaning
compounds, sterilization, and dust. Previously, 1 study described
that the exceeding acceptable level of VOCs and PM2.5
concentrations were associated with the number of endoscopic
procedures and PM2.5 in the gastrointestinal endoscopic unit.[15]

Therefore, as an integral part of hospitals with exposure to
several indoor pollutants, this study aimed to evaluate the indoor
air quality of an otorhinolaryngology clinic.We observed that the
otorhinolaryngology clinic had significantly higher concentra-
tions of CO2, VOCs, and PM2.5 than the orthopedic clinic or
reception area. The distinct seasonal differences in ambient air
quality indices were also detected. An air-cleaner (the interven-
tion) only had a significant effect on PM2.5 concentrations and
not on CO2, VOCs, or NO2 concentrations.
The major indoor air pollutants are CO2, NO2, VOCs, sulfur

dioxide, ozone, PM, radon, toxic metals, and microorganisms.
Among these, CO2 is a well-known constituent of the earth’s
atmosphere and a major human metabolite. The average CO2

concentration in ambient air is approximately 400ppm.[3,16,17]

According to the ASHRAE standard, it is recommended that
indoor CO2 concentration should be less than 700ppm to
prevent any harm to human health.[18] It is established that
exposure to a CO2 concentration of 3000ppm increases the
frequency of high-intensity headaches, sleepiness, fatigue, and
concentration difficulties.[19] In this study, the mean concentra-
tion of CO2 in the otorhinolaryngology clinic was more than 800
ppm every month, and it was higher than the concentration in
other outpatient areas. It means that healthcare personnel
4

working in the otorhinolaryngology clinic may be at higher risk
of health consequences due to high CO2 concentration.
VOCs are recognized as gases containing a variety of

chemicals, and formaldehyde is one of the most widespread
VOCs.[4] Generally, indoor VOCs are generated from 4 primary
sources: first, human activities such as smoking, cooking,
cleaning, and the use of personal care products; second, indoor
chemical reactions; third, penetration of outdoor air through
infiltration and ventilation systems; fourth, from building
materials.[4,20] Long-term exposure to some VOCs is considered
harmful to human health, with a potential to cause cancer.[21] In
this study, the mean concentrations of VOCs in the otorhinolar-
yngology clinic were higher than those in the other analyzed
areas. Additionally, the concentrations of VOCs increased in
winter in all analyzed areas. High VOC levels in the
otolaryngology clinic may be related to frequent disinfection
and cleansing of endoscopic equipment using various chemical
detergents and disinfectants.
PM is a complex mixture of extremely small particles and

liquid droplets.[22] On the basis of particle size, PM is
categorized into PM2.5 and PM10, which refer to particle
sizes below 2.5 and 10mm, respectively. PM2.5 is particularly
harmful, since it can penetrate human bronchi and lungs due to
its small particle size. It is sometimes inhalable, affecting the
lungs and heart and showing serious health effects.[23–25] The
source of indoor PM is known to be migration from the
outdoor environment as well as certain indoor activities.[6] In
this study, we found that the otorhinolaryngology clinic
showed significantly higher PM2.5 concentrations than the
other analyzed areas, specifically in spring and winter. We
speculate that procedures and physical examinations using
endoscopy or oronasal sprays may have contributed to the
higher PM2.5 concentrations in the otorhinolaryngology clinic.
Furthermore, the seasonal differences may be explained by
higher outdoor PM concentrations and increased number of
patients visiting the clinic in the spring and winter seasons.
Consistent with previous studies,[26,27] the use of filtration/
ventilation devices effectively reduced PM concentration in the
otorhinolaryngology clinic.
The 2 principal nitrogen oxides are nitric oxide (NO) andNO2,

and both are associated with combustion sources such as cooking
stoves and heaters.[28] Under ambient conditions, NO is rapidly
oxidized to form NO2; hence, NO2 is usually considered as a
primary pollutant.[29] NO2 exposure is also associated with
decreased pulmonary function and may cause bronchitis or
bronchopneumonia.[30] In this study, there were no significant
differences in NO2 concentrations among the different hospital
areas. However, the overall NO2 concentration was higher in
winter than that in summer. The continued usage of heating
systems in winter can explain this finding.
This study has some limitations. First, it does not provide

information regarding individual exposure to air pollutants and
its effects on general health. Thus, this study could not provide
direct evidence of the relationship between indoor air quality and
health of medical practitioners or patients in the otorhinolaryn-
gology clinic. Second, this study is a relatively small-sample
study. External validation in the form of multicenter studies is
required to confirm these outcomes. However, the strength of this
study is that it provides further evidence of the need for improving
the indoor air quality in otorhinolaryngology clinics to protect
the health of medical practitioners and patients.
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5. Conclusion

This study monitored the indoor air quality in an otorhinolaryn-
gology clinic and compared the ambient air quality indices among
different areas in a hospital. We found that the otorhinolaryn-
gology clinic had significantly higher concentrations of CO2,

VOCs, and PM2.5 than the orthopedic clinic or reception area.
The distinct seasonal differences in ambient air quality indices
were also detected. In the otorhinolaryngology clinic, only PM2.5
concentrations were significantly decreased by intervention,
whereas CO2, VOC, and NO2 concentrations were not affected.
These findings indicate that otorhinolaryngology clinics are at
risk of indoor air pollution and that this could affect the health of
clinicians and patients. Therefore, otorhinolaryngology clinicians
should be aware of the potentially harmful health effects
associated with indoor air pollution and should consider indoor
air quality as a part of their practice guidelines. Adequate special
precautions to counter the effects of poor indoor air quality
should be undertaken.
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