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Abstract The disinfection efficiencies of two chem-
ical disinfectants, chlorine dioxide and weak acid
hypochlorous water (WAHW), were examined in the
soiled room and dishwashing room of a hospital
infectious disease ward in Taiwan. The investigations
were conducted in two seasons, namely winter and
summer, in order to examine the correlation between
the bioaerosol concentration and the environmental
factors. In addition, a single-daily disinfection mode
(SM) and a twice-daily disinfection mode (TM) were
applied in this study. The results showed that the
bacteria and fungi colony counts were strongly
correlated with the temperature. Both disinfectants
reduced the bacteria and fungi concentrations in the
considered rooms. However, of the two disinfectants,
the C10, showed a stronger disinfection effect than the
WAHW. It means that when using ClO, as the
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disinfectant, the disinfection efficiency of the TM
treatment mode is significantly better than that of the
SM treatment mode. But, when using WAHW as the
disinfectant, no significant difference is found
between the disinfection efficiencies of the two
methods. Overall, the results showed that the applica-
tion of ClO, twice daily provided the most effective
means of satisfying the Taiwan EPA guidelines for the
indoor air quality of hospital medical wards.

Keywords Disinfectant - Chlorine dioxide - Weak
acid hypochlorous water - Ward - Bioaerosols

1 Introduction

In hospital buildings, there is a fertile breeding ground
for many medical disorders, including allergies,
asthma and infectious diseases (ACGIH 1999). Hospi-
tal wards are closed spaces and are therefore at a very
high risk of microbial contamination. The bioaerosols
containing pathogenic bacteria in the environment of
hospital buildings put patients and even hospital
personnel into a dangerous situation (Abreu et al.
2013). Due to the risk may happen in the hospital,
there were many studies investigated the airborne
bioaerosols and their impacts on the indoor air quality
in hospital wards (Beggs 2003; Bhalla et al. 2004;
Boyce 2007; Maclean et al. 2015; Dancer 2009).
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The total bioaerosol particles in indoor environ-
ments should be less than 1000 CFU/m* according to
the National Institute of Occupational Safety and
Health in America and the American Conference of
Governmental Industrial Health (ACGIH, and the total
culturable count for bacteria cannot be higher than
500 CFU/m® (NIOSH 1998; ACGIH 1989; AIHA
1996). However, Taiwan lies in a subtropical zone,
and is usually warm and humid throughout the entire
year. As a result, the local climate is highly conductive
to the growth of bioaerosols (Hsu et al. 2012).
According to the results of one long-term monitoring
study, the concentration of biological contamination in
Taiwan is much higher than the value of 1000 CFU/m”
recommended by the WHO (Hsu et al. 2015). There-
fore, in Taiwan, the bacteria concentration of indoor
public spaces including medical centers and hospitals
should be lower than the value of 1500 CFU/m?, and
the fungi concentration should be less than 1000 CFU/
m’ (Taiwan EPA 2012). Therefore, an effective
disinfection protocols for maintaining satisfied indoor
air quality (IAQ) are an issue worthy of paying
attention.

Gaseous chlorine dioxide (ClO,) is a commonly
used disinfectant for reducing the impact by microbial
growth (US EPA 2007). It has the ability to destroy all
manner of bacteria, spores, fungi, viruses and even
protozoans (Loretet al. 2005; Otaga et al. 2016).
Chlorine dioxide can readily dissolve in water and at
room temperature, can evaporate to spread through the
environment, providing a strong disinfection effect.
Chlorine dioxide molecules can spread very well
including building cavities, and therefore can have an
extremely thorough disinfection performance (Buttner
et al. 2004; Lowe et al. 2013). Previous studies showed
that weak acid hypochlorous water (WAHW) also has a
good disinfection performance (Abadias et al. 2008;
Koide et al. 2009; Rahman et al. 2010; Ono et al. 2012).
WAHW is generated from water and dilute salt solution
and its final product is water after use (Hricova et al.
2008; Mgretrg et al. 2012). Therefore, WAHW has
attracted significant interest recently. The efficiency of
WAHW in disinfecting monoculture bacteria, namely
E. coli, S. aureus, Salmonella, Vibrio, Bacillus spores,
Leuconostoc sp. and virus (Cao et al. 2012; Issa-
Zacharia et al. 2010; Quan et al. 2010; Kim et al. 2008).
Furthermore, WAHW has multiple disinfection mech-
anisms, and is hence an ideal broad-spectrum disinfec-
tant (Zhang et al. 2011; Chuang et al. 2013).
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As described above, hospital medical wards are
particularly prone to bioaerosol contamination. In
Taiwan, Bacillus spp., Micrococcus spp., and Staphy-
lococcus spp. bacteria were found in the operating
theater area. Furthermore, Acinetobacter spp. was the
main pathogen in the post-operative recovery room
and traumatic surgery room (Tang and Wan 2013).
Consequently, effective methods for disinfecting the
ward and maintaining a good IAQ are essential in
protecting the health of the patients, visitors and
medical personnel. The requirement for effective
disinfection protocols is particularly strong in the case
of infectious disease wards, where the spread of
infection must be strictly controlled in order to prevent
the transmission of the disease to others and the
occurrence of further outbreaks. Accordingly, the
present study investigates the effectiveness of two
disinfectants, namely gaseous ClO, and WAHW, in
optimizing the IAQ in the infectious disease ward of a
teaching hospital in southern Taiwan. Two treatment
modes are considered, namely single daily and twice
daily. Experiments are conducted in two public rooms
of the infectious disease ward, namely the soiled room
and the dishwashing room. Furthermore, to examine
the year-round effectiveness of the two treatment
protocols, investigations are performed in both the
winter season and the summer season to investigate
how to improve the environmental quality with
different disinfection methods by using chlorine
dioxide and hypochlorous water.

2 Material and methods

Figure la presents a schematic representation of the
infectious disease ward considered in the present study
consisting of twenty-seven negative-pressure rooms, a
nursing station, a soiled room (SR) and a dishwashing
room (DR). The SR is a public open space with two
normally-open doors, and is used primarily to collect
and wash dirty clothes and sheets (Fig. 1b). Mean-
while, the DR is a public and open space with one
normally open door, and is used to supply drinking and
cleaning water, to wash the patients’ dishes after
eating, to provide crushed ice for body cooling, and so
on (Fig. 1c).

For both rooms, air samples were collected prior to
the disinfection process in order to determine the
background concentration levels of bacteria and fungi.
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Fig. 1 Layouts of experimental area. a Overall layout of
infectious disease ward containing twenty-seven negative-
pressure rooms, a nursing station, a soiled room and a
dishwashing room. b Layout of soiled room with single

ClO, and WAHW disinfection were then performed
using two treatment protocols, namely a single (one-
off) application mode (SM) and a multiple (twice-
daily) application mode (TM). The disinfection
experiments were conducted during the summer
months (July—September) of 2016 and winter months
(January—February) of 2017. For each of the two
experimental periods (winter and summer), CIO,
disinfection was performed for the first three weeks,
while WAHW disinfection was performed for the last
three weeks. For each experimental week, background
air samples were collected on Monday, while back-
ground sampling, followed by SM disinfection/sam-
pling was performed on Tuesday, and background
sampling followed by TM disinfection/sampling was
performed on Thursday. The detailed experimental
methods are described in the following sections.

2.1 Study area and sampling time

Figure 1b and c show the detailed floor plans of the SR
and DR, respectively. According to the design blue-
prints, the two rooms had cubic volumes of 47 m® and
57 m’, respectively. As shown in Fig. 1b, sampling
and disinfection were performed at just one location
within the SR. By contrast, sampling and disinfection
were performed at two locations in the DR due to its
larger size (see Fig. 1c). On each sampling day
(Monday), background air samples were collected at
9:00 am and were then collected on an hourly basis
until 4:00 pm. On each SM disinfection/sampling day
(Tuesday), background air samples were collected at
9:00 am and disinfection/sampling was performed at
10:00 am. On each TM disinfection/sampling day

Cleaning . Garbage
Sink | Machine Tolet | Barrel
— e

| e—— 420cm

Spin Washing Garbage
Dryer I Oryer || Machine Can

sampling position (O) and application position (%). ¢ Layout
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(Thursday), background air samples were collected at
9:00 am and disinfection/sampling was performed at
10.00 am and 1:00 pm. The collected samples were
analyzed to determine the concentrations of the
various biological (bacteria and fungi) and non-
biological (suspended particle) components. In addi-
tion, an Aerocet-531 mass particle counter was applied
for measuring the total number of suspended particles
(TSP) (Met One Instruments, Inc., USA). Each sample
was measured in triplicate for promising the reliability
of the data. For studying the factors affecting the
disinfection efficiencies of the two treatment proto-
cols, the relative humidity and temperature in the SR
and DR were detected with a humidity temperature
(TES-1364, TES Corp., Taiwan). A Q-TRAK TAQ
Meter (model 7565; TSI, Inc., USA) was used to detect
the airflow velocity and CO, concentration. The
luminance was measured using a TES-1335 Digital
Light Meter (TES Electrical Electronic Co., Taiwan).
Afterward, the number of individuals in the room on
each sampling occasion was counted and recorded.

2.2 Disinfection methods

By complying with the standard of the 8-h Time
Weighted Average (TWA) for the maximum exposure
limit for ClO, of 0.3 mg/m’ (US OSHA 2006),
disinfection was performed using 56.4 mL and
68.4 mL of CIO, solution (250 mg/L) in the SR and
DR, respectively. There is no maximum exposure
limit for WAHW. Therefore, the WAHW disinfection
trials were applied using the same quantities in
comparison with ClO,, which was performed using
ultrasonic aerosol devices (Model EP606, Great Long
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Co., Ltd, Taiwan) placed at the locations shown in
Fig. 1b and c. The average temperature in the two
rooms exceeded 11 °C throughout the entire study
period. Therefore, both disinfectants were evaporated
instantly after nebulization and propagated by the
local environment with the effects from the convec-
tion, natural ventilation and the air conditioning
system.

The two disinfectants (ClIO, and WAHW) were
applied in both rooms (SR and DR). For convenience,
the related treatments were annotated as CSR (ClO,
used in SR), CDR (ClO, used in DR), WSR (WAHW
used in SR) and WDR (WAHW used in SR),
respectively. Furthermore, for each disinfectant and
both rooms, two different application modes were
used, namely a single-daily disinfection mode (SM)
and a twice-daily disinfection mode (TM). In the SM
treatment mode, the disinfectant solutions were
applied at 10:00 am and were not replenished as they
nebulized. By contrast, in the TM treatment mode, the
disinfectant solutions were applied at 10:00 am and
were replenished after three hours (i.e., at 1:00 pm).
For both application modes, the disinfection/sampling
process was limited to a single day in each experi-
mental week (i.e., Tuesday (SM) or Thursday (TM)).

2.3 Air sample collection

On each sampling day or disinfection/sampling day,
air samples were collected as described previously in
order to determine the concentrations of bacteria and
fungi, respectively. For these disinfectants, samples
were collected from the single sampling location
shown in Fig. 1b for the SR and two sampling
locations shown in Fig. 1c for the DR. In every case,
a volume of 1000 L was sampled based on the related
Taiwan NIEA (2016) guidelines (i.e., NIEA E301.15C
for bacteria and NIEA E401.15C for fungus). Partic-
ularly, a MAS-100 Eco Microbial Air Sampler (Mer-
ck, Germany, 100 L/min) containing petri dishes with
Tryptic Soy Agar (TSA, Merck) plates and Malt
Extract Agar (MEA, Merck) plates was used to collect
samples. After 10-min of collection period, the petri
dishes were removed from the sampler for cultivating
the bioaerosols. The TSA plates after collection were
then incubated at 30 &= 1 °C for 48 + 2 h. The MEA
plates for the fungus bioaerosols were incubated at
25 £1°C for 4 £ 1 days. The concentrations of
bacteria and fungi concentrations were then
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determined with the colonies on the respective agar
surfaces using a Galaxy 230 colony counter meter
(Rocker Co., Taiwan).

2.4 Statistical analysis

The experimental data were analyzed with a commer-
cial SPSS software (SPSS 2003; Version 12.0). The
effects of the environmental factors (i.e., the temper-
ature, relative humidity, airflow velocity, CO, level,
luminance and TSP concentration) on the bacteria and
fungi levels were statistically compared using a
multivariate analysis of variance technique (MAN-
OVA, p <0.05). In addition, the mean difference
between the effects of the two disinfection modes on
the bacteria and fungus colony counts in the winter and
summer periods, respectively, was evaluated using
Duncan’s multiple-range test (p < 0.05; SPSS Inc.,
USA 2003). The effectiveness of the two disinfection
agents (CIO, and WAHW) with the two different
treatment modes were evaluated by means of t-tests.
For each mode, the differences in the colony counts
after C10, and WAHW disinfection were evaluated by
a nonparametric Friedman analysis test (p < 0.05).
Finally, the correlations between the colony counts
and the environmental parameters were evaluated by
Pearson’s correlation analysis (p < 0.05).

3 Results and discussion

Prior to the main experimental stage of the study,
preliminary measurements were made of the TAQ of
the negative-pressure rooms in the infectious disease
ward (see Fig la). The average bacteria concentration
was found to be less than 1500 CFU/m3, while the
average fungi concentration was less than 1000 CFU/
m®. In other words, the air quality was consistent with
the requirements of the TEPA Indoor Air Quality act
(Taiwan EPA 2012) in Taiwan. This finding is
reasonable since the negative-pressure rooms are
private and closed spaces, in which thorough micro-
bial control is performed every day by means of
surface disinfection using 0.1% bleach. In view of this
finding, the negative-pressure rooms were excluded
from the study, and the remaining experiments were
conducted only in the public soiled room (SR) and
dishwashing room (DR) of the ward.
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Table 1 shows the measured values of the environ-
mental parameters in the SR and DR during the two
study periods (winter and summer). Results were
presented before and after disinfection, respectively. It
was observed that for each study period and both study
rooms (SR and DR), there is no obvious difference
between the measured values of the environmental
factors before and after disinfection. However, with
increasing the number of individuals presence, the
luminance and the TSP in the DR were higher than
those in the SR since the DR contained a greater
number of functions and activities than the SR, leading
tomore individuals entering and leaving the room.

By Sect. 2.1, it can be found the reason that people
number changed. On each sampling day (Monday),
background air samples were collected at 9:00 am and
were then collected on an hourly basis until 4:00 pm.
On each SM disinfection/sampling day (Tuesday),
background air samples were collected at 9:00 am and
disinfection/sampling was performed at 10:00 am. On
each TM disinfection/sampling day (Thursday), back-
ground air samples were collected at 9:00 am and
disinfection/sampling was performed at 10.00 am and
1:00 pm.

Before disinfection, the number of individuals’
presence is the one, which people entered and left on
Monday from 9 am to 4 pm and Tuesday and
Thursday at 9 am. After disinfection, the number of
people entering and leaving on Tuesday and Thursday
from 10 am to 4 pm, and therefore this has been
changed.

In addition, the temperature, relative humidity and
luminance in the summer period were higher than
those in the winter time in both rooms due to the
characteristic hot, bright and humid conditions
summer.

Table 2 shows the Pearson’s correlation analysis
results for the effects of the environmental factors on
the bacteria and fungi colony counts prior to disinfec-
tion. It is seen that significant positive correlations
existed between the bacteria concentration and the
indoor temperature (r = 0.397, p < 0.01) as welll
as luminance (r = 0.150, p < 0.05). Moreover, sig-
nificant positive correlations also existed between the
fungi concentration and the indoor temperature
(r =0.156, p < 0.05). In other words, the bacteria
concentration increased with an increasing tempera-
ture and luminance, while the fungi concentration
increased with an  increasing temperature.

Consequently, the results presented in Tables 1 and
2 reveal that the bacteria and fungi concentrations
increased in the summer period.

Figures 2 and 3 show the MANOVA and Duncan
test analysis results for the effects of the different
application conditions (CSR, CDR, WSR and WDR)
on the residual bacteria and fungi colonies, respec-
tively, in the winter and summer periods. For each
application  condition,  significant  differences
(p < 0.05) in the residual concentration level follow-
ing disinfection are annotated with different letters (a-
C).

The results presented in Fig. 2 confirm that the
bacteria concentration increased in the summer.
During the winter period, there was no significant
difference between the background bacteria concen-
tration level and the post-disinfection concentration
level, irrespective of the disinfection mode employed.
However, the results show that the bacteria concen-
tration levels (both before disinfection and after
disinfection) were comfortably lower than the maxi-
mum limit of 1500 CFU/m® prescribed in the TEPA
standard (Taiwan EPA 2016). In the summer period,
the background value of the bacteria concentration in
the DR was higher than that in the SR and excee-
ded the maximum limit of 1500 CFU/m>. For all four
application conditions (CSR, CDR, WSR and WDR),
both treatment modes (SM and TM) resulted in a
significant reduction in the number of bacteria
colonies. In other words, both treatment modes
provided a good disinfection effect. Irrespective of
the disinfectant applied, or the treatment mode
employed, the residual bacteria count following
disinfection was lower than the maximum value of
1500 CFU/m’ prescribed in the TEPA standard (Tai-
wan EPA 2016). However, for both treatment modes
(SM and TM), the disinfection efficiency of CIO,
was significantly better than that of WAHW in both
rooms. Furthermore, for each disinfectant, and both
rooms, the TM treatment mode resulted in a lower
residual bacteria concentration than the SM treatment
mode.

Figure 3 shows the residual fungi colonies in the
SR and DR during the winter and summer periods for
each of the four disinfection conditions (i.e., CSR,
CDR, WSR and WDR) and both treatment modes (SM
and TM). During winter time, the background fungi
concentration level was very low, and hence both dis-
infectants (ClO, and WAHW) has a significant
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Table 2 Correlations between bioaerosol concentrations and environmental parameters obtained via Pearson’s correlation analysis

(N = 246). Note that parameters were measured before disinfection

Items Bacteria Fungi No. of Temperature Relative Airflow Carbon TSP
concentration  concentration individuals humidity velocity dioxide
present
Fungi .078
concentration
No. of —.091 — .105
individuals
present
Temperature 397%* 156% — .338*
Relative .056 —.090 A77%* —.079
humidity
Airflow velocity .028 .073 418* .289%* .090
Carbon dioxide —.110 —.008 542%%* — 279%* 155 .019
TSP —.007 —.110 .138%* — . 176%* — .046 — .009 .208%*
Luminance 150% .074 — 392 .396%* — .007 — .293%%  — 227 265%*
“Correlation is significant at the 0.05 level (2-tailed)
“Correlation is significant at the 0.01 level (2-tailed)
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Fig. 2 Background level (BG) bacteria colonies and residual
bacteria colonies in winter and summer periods for two
application modes (SM and TM), two disinfectants (ClO, and
WAHW) and two application rooms (SR and DR). Note that for
each disinfection combination (CSR, CDR, WSR and WDR),
significant differences (p < 0.05) among BG, SM and TM are
annotated with different letters (a—c) according to MANOVA
and Duncan’s tests. Note also that the bars represent the
mean £ SD. CSR (ClIO; used in SR), CDR (CIO, used in DR),
WSR (WAHW used in SR) and WDR (WAHW used in SR)

disinfection effect. Furthermore, no significant differ-
ence was observed in the disinfection efficiencies of
the two treatment modes (i.e., SM and TM). In the
summer months, the residual fungi concentration
levels in the two rooms were higher than those in the

Fig. 3 Background level (BG) fungus colonies and residual
fungus colonies in winter and summer periods for two
application modes (SM and TM), two disinfectants (C1O, and
WAHW) and two application rooms (SR and DR). Note that for
each disinfection combination (CSR, CDR, WSR and WDR),
significant differences (p < 0.05) among BG, SM and TM are
annotated with different letters (a—c) according to MANOVA
and Duncan’s tests. Note also that the bars represent the
mean £ SD. CSR (CIO; used in SR), CDR (CIO, used in DR),
WSR (WAHW used in SR) and WDR (WAHW used in SR)

winter. However, they were still well below the TEPA
recommended value of 1000 CFU/m® (Taiwan EPA
2012). When using ClO, as the disinfectant, the TM
treatment mode provided a more obvious disinfection
effect than the SM mode. However, when using
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WAHW as the disinfectant, no obvious difference in
the disinfection efficiencies of the two treatment
modes was observed.

The whole results in Figs. 2 and 3 show that both
disinfectants (C1O, and WAHW) at both disinfection
modes (SM and TM) had good disinfection efficien-
cies in these two rooms (SR and DR). Table 3 presents
the Pearson’s correlation analysis for the environmen-
tal factors affecting the bacteria and fungus colony
counts after disinfection. Results show that the
correlations are positive between the residual bacteria
concentration and the residual fungi concentration
(r=0.154, p <0.01), the number of individuals
presented (r = 0.167, p < 0.01), the indoor relative
humidity (» = 0.195, p < 0.01), the TSP concentration
(r=0.181, p < 0.01) and the luminance (r = 0.073,
p < 0.01). Significant positive correlations also
occurred between the residual fungi concentration
and the TSP concentration (r = 0.064, p < 0.05) as
well as luminance (r = 0.064, p < 0.05). However,
the correlations were significantly negative between
the residual bacteria concentration and the airflow
velocity (r = — 0.066, p < 0.05) and between the
residual fungi concentration and the relative humidity
(r= —0.245, p < 0.01). Consequently, the residual
bacteria concentration increased with increasing
residual fungi concentration, number of individuals

present, indoor relative humidity, TSP concentration
and luminance. However, it decreased with increasing
airflow velocity. A similar results can be found that the
residual fungi concentration increased with increasing
TSP concentration and luminance, but decreased with
increasing humidity. This result does not mean that the
fungal concentration affected the bacterial concentra-
tion. However, the number of people present will
affect the results of disinfection, resulting in a positive
deviation from the amount of residual bacteria.
Figures 2 and 3 show that both disinfectants
provided a high-disinfection efficiency in the two
rooms. Due to the negative correlation between the
airflow velocity and the residual bacteria concentra-
tion, it was found that the rapid mixing of air within the
indoor space could enhance the distribution of the
evaporated disinfectants, leading to the improvement
of the disinfection efficiency. After disinfection, the
bacteria and fungi concentrations were positively
correlated with the TSP concentration and luminance
(Table 3). Based on the results, it can be found that
both factors reduced the efficiency of the disinfection
process because ClO, and WAHW can be decom-
posed by light illumination (Obvintseva and Guba-
nova 2004; Vogt et al. 2011; Feng et al. 2007).
Furthermore, the bacteria and fungi concentration
levels inevitably increased with an increase in TSP

Table 3 Correlations between bioaerosol concentrations and environmental parameters obtained via Pearson’s correlation analysis

(N = 1449). Note that parameters were measured after disinfection

Items Bacteria Fungi No. of Temperature Relative Airflow Carbon TSP
concentration  concentration individuals humidity velocity dioxide
present
Fungi 154%*
concentration
No. of 167%* —.012
individuals
present
Temperature .046 —.018 — .004
Relative .195%* — 245%* 243 %% .091**
humidity
Airflow velocity —— .066* .050 — 214%* .024 — .016
Carbon dioxide .011 .008 — .004 .007 072%%* .065*
TSP A81%* .064* 401+ .029 148+ — .103**  — .026
Luminance 073** .064* 425%% .023 .158* — 213%% 022 183 %

“Correlation is significant at the 0.05 level (2-tailed)
“Correlation is significant at the 0.01 level (2-tailed)
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because the TSP count included bioaerosols regardless
of the disinfection process applied.

In addition, Lin et al. (2007) studied on the
disinfection efficiency by using chlorine dioxide for
the closed out-patient area of the physician department
in the hospital and found that after 30 min, the
average colony number in the physician out-patient
area decreased from 421 to 21 CFU/m® with a
disinfection efficiency of 95.0%. However, in the
present study, the disinfection efficiencies were only
in the range of 16.6-50%. By comparing these two
studies, it was found that the efficiencies were very
different because in the present study, the space was
not closed during the disinfection and people can come
in and out freely. However, it still can prove that
chlorine dioxide can enhance the air quality in the
hospital.

Chlorine dioxide can also be efficiently applied for
other sites. Lu et al. (2018a) concluded that chlorine
dioxide can improve the indoor air quality of the
university library and the faster air velocity was
beneficial in spreading the disinfectants through the
indoor space and improving the disinfection perfor-
mance. Lu et al. (2018b) presented that gaseous
chlorine dioxide disinfection improved the air quality
in the pet shop interior, and thus beneficial in
safeguarding the health of the pet shop staff and
visitors. Furthermore, chloride dioxide can be applied
for the operation of hospital wastes and wastewater
disinfection during COVID-19 pandemic in China
(Wang et al. 2020).

4 Conclusions

In winter, the bacteria and fungi concentrations in the
SR and DR were both relatively low, and hence no
significant difference was found between the residual
bacterium and fungal colonies before and after disin-
fection regardless of the disinfection method
employed. The residual bacteria and fungi concentra-
tions before disinfection in the summer are higher than
those in the winter. For both application modes (SM
and TM), the bacteria disinfection efficiency of CIO,
was better than that of WAHW in both rooms. When
using ClO, as the disinfectant, the disinfection
efficiency of the TM treatment mode was better than
that of the SM treatment mode. However, when using
WAHW as the disinfectant, no significant

difference was found between the disinfection effi-
ciencies of the two methods. Consequently, the results
suggest that among the various disinfection protocols,
twice daily disinfection with ClO, has the highest
efficiency and can satisfy the Taiwan EPA guidelines
for the IAQ in hospital infectious disease wards.
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