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Effect of low-concentration chlorine dioxide gas against
bacteria and viruses on a glass surface in wet environments
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Introduction

In recent years, emergence and re-emergence of serious

infectious disease occurred frequently throughout the

world. Relevant pathogens include Escherichia coli

O157:H7, Mycobacterium tuberculosis, norovirus, rotavi-

rus, swine-origin influenza A virus (H1N1) and severe

acute respiratory syndrome (SARS) coronavirus. Annu-

ally, there are 1Æ7 million deaths from diarrhoeal diseases

and 1Æ5 million deaths from respiratory infections world-

wide (Nada and Gregory 2006). For centuries, it was

assumed that infectious diseases were spread primarily by

the airborne route or through the direct patient contact,

and the environmental surfaces played little or no signifi-

cant role in the disease transmission (Goldmann 2000;

Cozad and Jones 2003; Boone and Gerba 2007). However,

there is growing evidence that contaminated fomites or

surfaces play a key role in the spread of viral infections

(Barker et al. 2001; Hota 2004). Influenza A virus was

detected on over 50% of the fomites from bathrooms,

kitchens, and play areas in homes and day care centres

during the influenza season (Boone and Gerba 2005).

Norovirus was detected on swabs taken from kitchen and

bathroom surfaces in five outbreaks (Boxman et al.

2009a,b). Furthermore, the home environment, such as

the kitchen and bathroom, serves as a reservoir of large

numbers of microbes, particularly Enterobacteriaceae, and

the infectious disease transmission has been demonstrated

to occur in 6–60% of households in which one member

is ill (Kagan et al. 2002). From these reports, we focused

on the reduction in microbes on environmental surfaces,

particularly, under moist conditions. In this report, to

evaluate the disinfecting activity of a low-concentration

chlorine dioxide (ClO2, CAS no. 10049-04-4) gas, we set

up a test room (39 m3) and used four types of model

microbes such as influenza A virus (Flu-A, enveloped

virus), feline calicivirus (FCV, a norovirus surrogate,

nonenveloped virus), Staphylococcus aureus (S. aureus,

Gram-positive bacterium) and Escherichia coli (E. coli,

Gram-negative bacterium).

ClO2 is a strong oxidant and a yellow to reddish-yellow

gas at room temperature (Budavari 2001). Gaseous ClO2
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Abstract

Aims: To evaluate the efficacy of low-concentration chlorine dioxide (ClO2)

gas against model microbes in the wet state on a glass surface.

Methods and Results: We set up a test room (39 m3) and the ClO2 gas was

produced by a ClO2 gas generator that continuously releases a constant low-

concentration ClO2 gas. Influenza A virus (Flu-A), feline calicivirus (FCV),

Staphylococcus aureus and Escherichia coli were chosen as the model microbes.

The low-concentration ClO2 gas (mean 0Æ05 ppmv, 0Æ14 mg m)3) inactivated

Flu-A and E. coli (>5 log10 reductions) and FCV and S. aureus (>2 log10 reduc-

tions) in the wet state on glass dishes within 5 h.

Conclusions: The treatment of wet environments in the presence of human

activity such as kitchens and bathrooms with the low-concentration ClO2 gas

would be useful for reducing the risk of infection by bacteria and viruses resid-

ing on the environmental hard surfaces without adverse effects.

Significance and Impact of the Study: This study demonstrates that the low-

concentration ClO2 gas (mean 0Æ05 ppmv) inactivates various kinds of

microbes such as Gram-positive and Gram-negative bacteria, enveloped and

nonenveloped viruses in the wet state.
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dissolves readily in water at room temperature. The aque-

ous ClO2 has been used as a disinfectant, and it has been

widely used for drinking water treatment in North Amer-

ica (Gates 1998). Recently, antibacterial and antifungal

activities have been reported for gaseous ClO2 (Lee et al.

2004; Sy et al. 2005; Wilson et al. 2005). However, the

concentration of ClO2 gas used in previous reports to

inactivate bacteria and fungi was extremely high (250–

3500 ppmv); its concentration was much higher than a

lethal concentration 50% kill (LC50) value (32 ppmv,

90 mg m)3) in rats as a single exposure (Dobson 2002).

Little is known whether a low-concentration ClO2 gas has

an antibacterial and antiviral activity. Previous studies in

our laboratory demonstrated that a low-concentration

ClO2 gas (mean 0Æ08 ppmv, 0Æ22 mg m)3) inactivated

FCV on a hard surface in the dry state within 10 h in 75–

85% ‘high’ relative humidity (r.h.) (>3 log10 reductions),

but had little virucidal effect in 45–55% ‘moderate’ r.h.

(Morino et al. 2009). These results suggest that the atmo-

spheric moisture plays an important role in the inactiva-

tion by a low-concentration ClO2 gas of FCV on hard

surfaces. The moisture may be indispensable for a low-

concentration ClO2 gas to inactivate microbes on hard

surfaces. Therefore, we evaluated the efficacy of a low-

concentration ClO2 gas against model microbes in the

wet state on a glass surface, which means without any

drying process.

The purpose of this study was to investigate the possi-

bility of using a low-concentration ClO2 gas as a method

for reducing the risk of infectious disease by various

microbes on environmental surfaces, particularly under

moist conditions such as kitchens and bathrooms.

Materials and methods

Test bacteria

Escherichia coli and S. aureus were obtained from the

National Institute of Technology and Evaluation (NITE)

Biological Resource Center (NBRC; 3972 and 13276) in

Japan. One loop (c. 10 ll) of each bacterium was taken

from the stock culture stored under refrigeration, trans-

ferred into 5 ml of Soybean Casein Digest (SCD, 393-

00185; Nihon Seiyaku, Tokyo, Japan) solution and incu-

bated at 37�C for 18 h. Cells were collected by centrifuga-

tion at 1400 g for 15 min at 25�C, washed three times

with Dulbecco’s phosphate-buffered saline (D-PBS) and

resuspended in D-PBS as inocula (1 · 108 cells ml)1).

Viable cell counts

The viable cell counts were determined by serial tenfold

dilutions followed by an inoculation of 100 ll onto SCD

agar culture plates. After incubation at 37�C for 24 h

(E. coli) or 48 h (S. aureus), the number of colonies was

counted and the viable cell counts on the glass dish after

exposure to ClO2 gas or ordinary air were determined as

colony-forming units (CFU) per dish.

Test viruses

FCV strain F9 was obtained from the American Type

Culture Collection (ATCC, VR-782; Manassas, VA, USA),

and Flu-A subtype H1N1 strain New Caledonia ⁄ 20 ⁄ 99

was kindly provided by Dr Yoshinobu Okuno. Crandell–

Reese feline kidney (CRFK) cells for FCV infection and

Madin–Darby canine kidney (MDCK) cells for Flu-A

infection were obtained from the ATCC (CCL-94; CRFK

and CCL-34; MDCK). The CRFK cells were grown in

Dulbecco’s modified Eagle’s medium (DMEM) supple-

mented with 10% (v ⁄ v) heat-inactivated foetal bovine

serum (FBS; Sigma, St. Louis, MO, USA), 100 U ml)1

penicillin and 100 lg ml)1 streptomycin. The MDCK cells

were grown in Eagle’s minimum essential medium

(MEM) supplemented with 10% (v ⁄ v) heat-inactivated

FBS, 100 U ml)1 penicillin and 100 lg ml)1 streptomy-

cin. The cells were inoculated with each virus and incu-

bated at 37�C in a humidified atmosphere containing 5%

CO2 until a cytopathic effect (CPE) was observed. Then,

the viruses were released from the cells by freezing and

thawing and centrifuged at 12 000 g for 30 min to

remove the cell debris. The supernatant was filtered

through a 0Æ45 lm membrane filter (SCHVU11RE; Milli-

pore Co., Billerica, MA, USA) and ultra-centrifuged at

70 000 g for 3 h (for FCV) or 2 h (for Flu-A) at 5�C. The

precipitate was suspended in D-PBS, and the suspension

was centrifuged at 13 800 g for 10 min.

Virus assay

The infectivity titres of viruses were determined as the

50% tissue culture infectious dose (TCID50) per 50 ll

according to the Spearman–Kärber method (Hierholzer

and Killington 1996). Cells were seeded into 96-well, flat-

bottomed microtitre plates (FALCON, Franklin Lakes, NJ,

USA) and allowed to grow to confluence. Regarding FCV,

CRFK cells in 50 ll of DMEM with 10% FBS per well

were infected by the addition of 50 ll of serial 10-fold

dilutions of the virus in DMEM supplemented with 2%

FBS, 100 U ml)1 penicillin and 100 lg ml)1 streptomycin

per well, with four replicates per dilution. The cells were

incubated for 3 days at 37�C. Regarding Flu-A, after

MDCK cells were washed two times with D-PBS, the cells

were infected by the addition of 50 ll of serial 10-fold

dilutions of the virus in MEM supplemented with 0Æ2%

BSA, 100 U ml)1 penicillin and 100 lg ml)1 streptomycin
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per well for 2 h at 37�C, with four replicates per dilution.

After 2 h, the medium in wells was discarded and 100 ll

of MEM supplemented with 2Æ5 lg ml)1 trypsin was

added to the well, and the cells were incubated for 4 days

at 37�C.

Experimental set-up

The microbe suspension was prepared as follows: bacteria

(106–108 cells ml)1) and virus (108Æ3–109Æ3 TCID50 ml)1)

were suspended in D-PBS with 0, 0Æ1, 0Æ25, 0Æ5, 0Æ75 and

1% FBS. Hundred microlitres of microbe suspension was

placed on glass dishes (5 cm diameter). Drying was not

performed for bacteria or viruses in the wet state. These

preparations were placed in the test room as described later

and were exposed to ClO2 gas or ordinary air for 5 h

(organic load experiments). In the time course experi-

ments, the preparations of microbe in the wet state without

FBS were placed in the test room with a low-concentration

ClO2 gas (mean 0Æ05 ppmv) or ordinary air for 0, 1, 2, 3, 4

and 5 h. Hundred micro litre of the medium was added to

the dishes after the exposure to ClO2 gas or ordinary air,

and then a sample was collected with a cell scraper

(179693; Nunc, Rochester, NY, USA). To evaluate the effi-

cacy of low-concentration ClO2 gas against surface

microbes, the glass dishes with bacteria or viruses were

placed on a table in a test room, which was 4Æ8 m long,

3 m wide and 2Æ7 m high (39 m3) (Fig. 1a). The ClO2 gas

in the test room was produced by a ClO2 gas generator

(Cleverin generator, LISPASS�S; Taiko Pharmaceutical

Co., Ltd, Osaka, Japan) that continuously releases a con-

stant, low-concentration ClO2 gas. The experiments were

performed under fluorescent lights, and the concentration

of ClO2 gas in the test room was measured by a ClO2 mea-

suring device (0–1000 ppb, Model 4330-SP; Interscan Cor-

poration, Chatsworth, CA, USA). Similarly, a condition

without ClO2 gas (in ordinary air) was set up as a control.

The r.h. and temperature in the test room were recorded

by a portable thermometer ⁄ hygrometer with the accuracy

of ±3%r.h. (DL-8829; CUSTOM, Tokyo, Japan) under

ordinary air and ClO2 gas conditions. Values in this study

indicate the mean of four experiments.

Reagents

All other reagents were of the highest grade commercially

available.

Statistical analysis

Statistical significance was determined using Student’s

t-test. P values less than 0Æ05 or 0Æ01 (two-tailed) were

considered to be statistically significant.

Results

The concentration of ClO2 gas in the test room

The time course of changes in concentration of ClO2 gas

in the test room is shown in Fig. 1b. The mean value of

ClO2 gas concentration was 0Æ05 ppmv, and the mini-

mum and maximum values were 0Æ04 and 0Æ06 ppmv in

the test room, respectively. The concentration of ClO2 gas

was measured nearby the glass dishes containing the test

microbes. The temperature and RH in the test room were

21 ± 1�C and 54 ± 2%, respectively.

Inactivation of bacteria in the wet state

We evaluated the efficacy of low-concentration ClO2 gas

against E. coli and S. aureus in the wet (without any dry-
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Figure 1 Schematic diagram of a test room and time course of

changes in concentration of ClO2 gas. (a) Schematic diagram of bacte-

ria and viruses on the glass surface in a test room. The microbes in the

wet state on the glass dishes were placed at the centre of the room.

The 0Æ8 m given in a parenthesis in the figure shows the height of glass

dishes with the microbes placed above the floor. (b) Time course of

changes in concentration of ClO2 gas in the test room. The graph pre-

sents the mean of eight experiments; each error bar indicates the SD.

The background level of ClO2 gas in ordinary air was below 0Æ01 ppmv.

Inactivation of microbes by low-concentration ClO2 gas H. Morino et al.

630 Letters in Applied Microbiology 53, 628–634 ª 2011 The Society for Applied Microbiology

ª 2011 The Authors



ing process) state without FBS on a glass surface. The

effect of low-concentration ClO2 gas (mean 0Æ05 ppmv)

against E. coli showed reductions of >2 log10 after 3 h

(P < 0Æ05) as compared with control values (in ordinary

air) and was below the detection limit (<12 CFU per

dish) after 4 h (P < 0Æ01) (Fig. 2a). The effect of low-con-

centration ClO2 gas (mean 0Æ05 ppmv) against S. aureus

showed reductions of >2 log10 after 5 h (P < 0Æ05) as

compared with control values (Fig. 2b).

Inactivation of viruses in the wet state

We evaluated the efficacy of low-concentration ClO2 gas

against Flu-A and FCV in the wet state without FBS on a

glass surface. The effect of low-concentration ClO2 gas

(mean 0Æ05 ppmv) against Flu-A was below the detection

limit (<0Æ5 log10[TCID50 per 50 ll]) after 3 h (P < 0Æ01)

(Fig. 3a). The effect of low-concentration ClO2 gas (mean

0Æ05 ppmv) against FCV showed reductions of >2 log10

after 4 h (P < 0Æ05) as compared with control values

(Fig. 3b).

Effect of organic load on inactivation of bacteria and

viruses in the wet state by low-concentration ClO2 gas

It is known that ClO2 in solution loses its bactericidal

activity in the presence of organic substances. Therefore,

we investigated the effect of organic substance load

(0–1% FBS) on the inactivation of bacteria and viruses in

the wet state by a low-concentration ClO2 gas. The low-

concentration ClO2 gas inactivated S. aureus and FCV

with 0Æ5% FBS (1Æ8 log10 reductions) and E. coli and Flu-

A with 1% FBS (>2 log10 reductions) (Table 1).
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Figure 2 Inactivation of Escherichia coli (a) and Staphylococcus aur-

eus (b) in the wet state by low-concentration ClO2 gas. Drying was

not performed for bacteria in the wet state (see Materials and meth-

ods). This represents samples with no organic load. The asterisks

indicate reductions of >2 log10 (*) and >5 log10 (**) as compared

with control values (in ordinary air). The double asterisks represent

below the detection limit (<12 CFU per dish) of the assay. Data

represent mean ± SD (n = 4). (d) air (control); (s) ClO2 gas (mean

0Æ05 ppmv).
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Figure 3 Inactivation of Flu-A (a) and FCV (b) in the wet state by

low-concentration ClO2 gas. Drying was not performed for viruses in

the wet state (see Materials and methods). This represents samples

with no organic load. The asterisks indicate titre reductions of >2

log10 (*) and >5 log10 (**) as compared with control values (in ordin-

ary air). The double asterisks represent below the detection limit (<0Æ5

log10[TCID50 per 50 ll]) of the assay. Data represent mean ± SD

(n = 4). (d) air (control); (s) ClO2 gas (mean 0Æ05 ppmv).
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Discussion

Microbial decontamination is one of the practical issues

involved in health care and food industry, etc., and many

hospitals have used fumigation of formaldehyde, peracetic

acid and chlorhexidine for the disinfection purpose. How-

ever, these procedures have a number of disadvantages,

such as acute toxicity induced by inhalation of the disin-

fectant vapours and skin inflammation by contact with

these disinfectants. In this study, we demonstrated that a

low-concentration ClO2 gas (mean 0Æ05 ppmv) inacti-

vated E. coli, Flu-A (>5 log10 reductions) and S. aureus,

FCV (>2 log10 reductions) in the wet state within 5 h.

These results suggest that the low-concentration ClO2

may inactivate various kinds of microbes such as Gram-

positive bacteria, Gram-negative bacteria, enveloped

viruses, and nonenveloped viruses in the wet state.

According to the International Chemical Safety Card, the

threshold limit values for ClO2 gas are 0Æ1 ppmv as an

8 h time-weighted average and 0Æ3 ppmv as a 15-min

short-term exposure limit (Dobson 2002); the concentra-

tion of ClO2 gas (0Æ05 ppmv) used to inactivate microbes

in this study was lower than these concentrations (0Æ1
and 0Æ3 ppmv). Previous studies suggest that the environ-

mental surfaces, particularly under moist conditions, play

a key role in the spread of viral infections and serve as a

reservoir of various microbes (Barker et al. 2001; Boone

and Gerba 2005; Boxman et al. 2009a,b; Hota 2004;

Kagan et al. 2002). The gaseous agents show features of

excellent diffusibility and penetrability, making it possible

to access sites that are difficult to disinfect with conven-

tional liquid agents. In other words, these features make

it possible for the gas to disinfect widely dispersed sources

of infection. The treatment of wet environments in the

presence of human activity, such as kitchens and bath-

rooms, with the low-concentration ClO2 gas would be

useful for reducing the risk of infection by bacteria and

viruses on the environment surfaces without adverse

effects.

The disinfectants such as alcohol, triclosan and chlor-

hexidine are effective against enveloped viruses, but are

limited against nonenveloped viruses, suggesting that

nonenveloped viruses have a higher resistance to disinfec-

tants (Rotter 1997). In fact, we found that a ClO2 solu-

tion was more effective against enveloped viruses than

nonenveloped viruses (Sanekata et al. 2010). Similarly,

antiviral activity of the low-concentration ClO2 gas was

higher against enveloped viruses than nonenveloped

viruses (Fig. 3). In the case of bacteria, a ClO2 solution

was more effective against E. coli (Gram-negative) than

S. aureus (Gram-positive) (Toda et al. 2006). Similarly,

antibacterial activity of the low-concentration ClO2 gas

was higher against E. coli than S. aureus (Fig. 2). It is

known that a ClO2 solution loses its bactericidal activity

in the presence of organic substances. In this report, the

low-concentration ClO2 gas also decreased its antimicro-

bial activity in the presence of organic substances (up to

1% FBS), except for Flu-A (Table 1). Taken together, the

findings from research on antimicrobial activity of a ClO2

solution may be utilized to simulate the activity of low-

concentration ClO2 gas against various kinds of microbes.

Additional studies will be needed to clarify the relation-

ship between the antimicrobial activity of a ClO2 solution

and that of low-concentration ClO2 gas. Regarding the

mechanism of inactivation of microbes by ClO2, Ogata

(2007) discussed that the inactivation of microbes by

ClO2 was caused by the oxidative modification of their

tryptophan and tyrosine residues. The difference in the

efficacy of ClO2 against microbes described earlier may be

due to the difference in the reactivity of ClO2 against

Table 1 Effect of organic load on inactivation of bacteria and viruses in the wet state by low-concentration ClO2 gas

Exposure time (h)

FBS concentration in

microbes suspension (%)

Bacteria survival (log10 CFU per dish) Viruses infectivity (log10[TCID50 per 50 ll])

Escherichia coli

Staphylococcus

aureus Flu-A FCV

Air ClO2 Air ClO2 Air ClO2 Air ClO2

5 0 4Æ9 1Æ1 (3Æ9)* 6Æ0 2Æ1 (3Æ9)* 5Æ6 <0Æ5 (5Æ1)* 5Æ0 2Æ3 (2Æ7)*

0Æ1 4Æ9 1Æ1 (3Æ8)* 6Æ1 3Æ3 (2Æ8)* 6Æ3 <0Æ5 (5Æ8)* 5Æ1 2Æ6 (2Æ5) *

0Æ25 4Æ8 2Æ2 (2Æ7)* 6Æ1 4Æ4 (1Æ7) 6Æ4 0Æ6 (5Æ8)* 5Æ4 3Æ1 (2Æ3)*

0Æ5 4Æ7 1Æ3 (3Æ5)* 6Æ2 4Æ4 (1Æ8) 6Æ3 <0Æ5 (5Æ8)* 5Æ3 3Æ6 (1Æ8)

0Æ75 4Æ7 2Æ3 (2Æ4)* 6Æ3 5Æ0 (1Æ3) 6Æ2 <0Æ5 (5Æ7)* 5Æ2 4Æ8 (0Æ4)

1 4Æ9 2Æ0 (2Æ8)* 6Æ1 5Æ1 (1Æ0) 6Æ3 0Æ6 (5Æ7)* 5Æ3 5Æ3 (0Æ0)

CFU, colony-forming units; TCID, tissue culture infectious dose.

Values are the mean of four experiments.

The values given in parentheses show log10 reduction.

*Values indicate reductions of >2 log10 as compared with control values (in ordinary air).
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tryptophan and tyrosine residues on key proteins that are

indispensable to the growth of bacteria and to the infec-

tivity of viruses.

Staphylococcus aureus is the most important pathogen

among staphylococci. Traditionally, methicillin-resistant

S. aureus (MRSA) infections have occurred predominantly

in hospitals. However, there has been an increasing

incidence of community-acquired MRSA (CA-MRSA)

infections for recent years (Otto 2010). Recently, Scott

et al. reported that MRSA was found on a variety of

household surfaces, including the kitchen and bathroom

sinks as wet environments (Scott et al. 2008, 2009).

Although the efficacy of low-concentration ClO2 gas

against MRSA was not determined in this report, the

efficacy of low-concentration ClO2 gas against methicil-

lin-sensitive S. aureus (MSSA) showed reductions of >2

log10 after 5 h as compared with control values (Fig. 2b).

Furthermore, inactivation of a ClO2 solution against

MRSA was nearly equal to that against MSSA (S. Yamasaki

and A. Hinenoya 2011, personal communication). These

results suggest that the low-concentration ClO2 gas may

have an inactivation activity against MRSA and CA-

MRSA. Influenza viruses cause significant morbidity and

mortality among human populations worldwide. In April

2009, the swine-origin Flu-A (H1N1) first appeared in

Mexico and spread worldwide, presumably as a result of

frequent, intercontinental airplane travels. In June 2009,

the World Health Organization raised its pandemic level

to the highest level of phase 6. The pandemic caused

many hospitalizations and deaths world-wide (Al Hajjar

and McIntosh 2010). In this study, the efficacy of low-

concentration ClO2 gas against the swine-origin Flu-A

(H1N1) was not determined. However, the efficacy of

low-concentration ClO2 gas against identical subtype

Flu-A (H1N1) strain New Caledonia ⁄ 20 ⁄ 99 resulted in

the reduction in viral activity below the detection limit

after 3 h (Fig. 3a). In addition, the inactivation of a

ClO2 solution against swine-origin Flu-A (H1N1) was

nearly equal to that against Flu-A (H1N1) strain New

Caledonia ⁄ 20 ⁄ 99 (Fukuda et al. 2011). These results sug-

gest that the low-concentration ClO2 gas may inactive

the swine-origin Flu-A (H1N1). Boone and Gerba (2005)

reported that Flu-A was detected from over 50% of the

fomites collected from wet environments such as bath-

rooms and kitchens in homes and day care centres during

the influenza season. From these data, we propose that

the low-concentration ClO2 gas would be useful for

reducing the risk of MRSA and swine-origin Flu-A infec-

tions in wet environments such as kitchens and bath-

rooms, without necessitating the evacuation of residents.

We have discussed that the moisture may be indispens-

able for a low-concentration ClO2 gas to inactivate

microbes on hard surfaces. ClO2 gas had little effect even

when the FCV in the dry state was exposed to high-con-

centration ClO2 gas (8 ppmv) for 24 h (Morino et al.

2009). In the efficacy experiment of ClO2 gas for S. aur-

eus and FCV, the effect of ClO2 gas exposed for 3–5 h

(Fig. 2b) and 4–5 h (Fig. 3b) did not significantly differ

from the natural reduction in these microorganisms over

time during these late-phase period of time courses. This

finding may be due to that, in this experiment, the resid-

ual amounts of water were 100 ll (initial), 59 ± 5 ll

(after 1 h), 26 ± 8 ll (after 2 h), 9 ± 8 ll (after 3 h),

3 ± 3 ll (after 4 h) and <2 ll (after 5 h). Therefore, the

remaining amount of water beyond 3 h was less than

10% of the initial amount. It is likely that the effect of

ClO2 gas may be influenced by various factors such as

inoculum volume, inoculum surface area, humidity, tem-

perature and airflow. However, we were unable to investi-

gate the effect of these factors in detail, because this study

focused mainly on the simulation of realistic circum-

stances, employing a practical assessment system (test

room, 39 m3). In the future, with respect to the effect of

ClO2 gas and the factors that affect such effect, a further

study that enables the detailed investigation will be

needed, using, for example, a small size chamber in which

the temperature and the humidity can be strictly regu-

lated.
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