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Abstract 
Indoor air pollution caused by the cigarette smoke consisted of wide range pollutants is a big 

problem for threatening human health. Air cleaners are expected as one of effective counter-

measures against this environmental problem. 

 

However, few air cleaners correspond to various sorts of indoor pollutants. So, we developed new 

air cleaning method used with additive agents supply system for air pollutants. This new air clean-

ing method is called as “Mist-wash” technology. 

 

Cigarette smoke includes a great variety of gaseous pollutants and particle-formed pollutants. In 

present study, we determined the removal performance on the volatile organic and carbonyl com-

pounds included in the cigarette smoke. The air cleaner used with new technology indicated that 

the VOC CADR was very big and it showed around 150m
3
/h.  

 

This new air cleaner was confirmed to be effective countermeasure against VOC pollution. And 

moreover, it turned out that with operation of the new air cleaning method, air cleaner’ removal 

performance of VOC and formaldehyde was improved up to 87% and 73% respectively.  
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1. Introduction 

1.1 New air cleaning system 

An additive agents supply system is attracting attention as new air cleaning system. In this tech-

nology, liquid agents for deodorization and bacteria elimination are automatically supplied into 

removal layer (Fig.2), to maintain strong air cleaning performance during a long period. In this 

system, fixed amount of liquid agents corresponding to odorants and chemical substances are 

dispensed in additive bottle A and liquid agents corresponding to microbes are dispensed in addi-

tive bottle B (Fig.1). For example, in the room where human waste smell and chemical substance 

are in problem, it is required to remove effectively odor substance such as ammonia, hydrogen 

sulfide and methyl mercaptan, and chemical substances such as formaldehyde etc. Therefore, the 

liquid agents corresponding to odor substances and toxic chemical substances such as formalde-

hyde is put into bottle A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Additive agent supply system       Fig. 2 Air cleaners adopted with 

additive agent supply system 

 

In addition, bacteria, virus and allergen are trapped in dust collecting filter and bacteria produce 

unpleasant MVOC (microbial volatile organic compounds). Therefore, the fixed amount of liquid 

agents for sterilization and inactivation are dispensed in bottle B and are added to the filter regu-

larly and automatically to suppress growth of bacteria, and to prevent production of MVOC and 

generate or leak of growing bacteria into the room. 

 

1.2 Background and purpose of this study 

In a room, air pollution by microbe, suspended particulate matters, odor substances and toxic 

chemical substances becomes a big problem and expectation for air cleaner is high and the air 

cleaner capable to remove wide range of air pollutants efficiently is being required. From this kind 

of circumstance, the authors examined new air cleaning systems and carried out the research and 

development oriented to air cleaner. In Fig.3, the removal test results of the air cleaner for virus in 

this study were shown and extremely high removal performance was demonstrated.  

 

Especially, microbe particles such as virus, mite, mould and pollen, and chemical substances 

contained in cigarette smoke, fatty acid, ammonia and sulfur based compounds contained in body 

odor and human waste are the substances to be removed.  

 

In present study, problematic cigarette smoke was focused and the removal performance on 

chemical substances contained in cigarette smoke was revealed.  

Additive agent supplying system 
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In addition, the improvement degree of pollutant removal performance of the air cleaner by utiliz-

ing the additive agents supplying system was validated. 

 

Fig. 3 Change of virus concentration in the test chamber during operating the Mist-wash technolo-

gy 

 

1.3 Component and toxicity of cigarette smoke 

Cigarette smoke contains various kinds of gaseous and particulate pollutants. Typical gaseous 

pollutants are carbon monoxide, carbonyls, nitrogen oxide, hydrogen cyanide, ammonia, organic 

compounds and nitroso amines, and typical particulate pollutants are nicotine and tar
1)

. 

 

The component of cigarette smoke generated from a domestic cigarette were shown in Table 1. It 

is said that cigarette smoke consists of 4,000 kinds of chemical substances and about 200 kinds 

of toxic substances
2)

.  

 

Typical health effects of cigarette smoke are described as following. Carbon monoxide is the 

cause to introduce deficiency of oxygen, drop of athletic capability and arteriosclerosis. Nicotine 

makes blood vessel shrink and causes rising of blood pressure. It is highly addictive.  

 

Formaldehyde, benzene and nitroso amines are also included in cigarette smoke and those sub-

stances are carcinogenic. More than 60 kinds of other carcinogens have been confirmed.  

 

In present study, removal performance of toxic chemical substances by new type air cleaner was 

experimentally revealed based on GB/T 18,801- 2008
3)

. 
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Table 1 Ingredients of the cigarette smoke
4) 

 

Component 
Main 

steam 
smoke 

Sub steam 
smoke 

 

Carbon monoxide (mg) 11.6 48.7 

 

Nicotine (mg) 0.958 5.03 

 

Tar (mg) 11.8 24.4 

 

Formaldehyde(μg) 37.9 439 

 

Acetaldehyde(μg) 560 1689 

 

Carbonyls (μg) 1087.6 3935.2 
*formaldehyde, acetaldehyde, acetone,  
acrolein, propionaldehyde, crotonaldehyde, 
MEK, butyl aldehyde 

Nitrogen oxide (μg) 128 2080 

 

Ammonia (μg) 15.5 6701 

 

Benzene (μg) 25.8 294 

 

Toluene(μg) 35.9 583 

 

Organic compounds (μg) 376.87 3880.5 
*1,3butadiene, isoprene, acrylonitrile, benzene, 
toluene 

Nitroso amines (ng) 240.8 269 *NNN、NAT、NAB、NNK 

 

 

 

2. Outline of test 
 

2.1 Test methods 

The evaluation test controlled at temperature of 23±1.0℃and relative humidity of 50±5%RH was 

carried out using environmentally controllable large-sized chamber conforming to the standard test 

methods of air cleaner, GB/T 18801. 

 

In removal test of chemical substances contained in cigarette smoke, cigarette smoke was gener-

ated in chamber using smoke evacuator (Japan Electrical Manufacture’s Association Standard, 

JEM146
7
) and the removal performance of generated chemical substances was evaluated.  

 

In regard to hydrogen sulfide, the gas of fixed concentration was fed from gas cylinder to test 

chamber and the removal performance was evaluated. 

 

  

*Component generated from a cigarette (Moebius, Japan Tobacco) 
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2.2 Measurement methods 

(1) VOC was measured by solid-phase sampling- thermal desorption- GC/MS method, using GC, 

Clarus 500 made in Perkin-Elmer Corp.  

(2) Aldehydes were measured by DNPH cartridge- HPLC method, using HPLC, L- 2000 series 

made in Hitachi, Ltd.  

(3) Ammonia was measured by absorption bulb sampling- ion chromatography method, using 

ICS-1600 made in Thermo Fisher Scientific Inc.  

(4) Hydrogen sulfide was measured by solid-phase sampling- thermal desorption-GC/MS method, 

using GC, Clarus SQ8T made in Perkin- Elmer Corp.  

 

2.3 Air cleaner for test 

In present study, the new- type air cleaner shown in Fig.4 was used as testing object. High dust 

collection and gas removal capabilities of this new air cleaner have been recognized in various 

kinds of tests. The air cleaning characteristics was described as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4 (a) Tested air cleaner                                          Fig. 4 (b) Tested air cleaner 

 

2.3.1 Filter configuration 

First, in present test, the additive agents supply system was not operated and the attached acti-

vated carbon deodorizing filter and dust collecting filter were tested. The filter specification is as 

follows (Fig.5). 

・Prefilter: Saran net（546×440×3mm） 

・Dust collecting filter: HEPA filter (541×435× 65mm)  

・Deodorizing filter: activated carbon filter (273×440×30mm) 

 

The activated carbon of deodorizing filter was mixture type at fixed ratio of four kinds of granular 

activated carbons, which are specified to each absorptions of basic gas such as ammonia etc., 

acid gas such as hydrogen sulfide etc., volatile organic compounds such as styrene etc., and 

aldehydes. 

 

 

 

 

 

 

 

 

 

 

Fig. 5 HEPA filter (left side view), activate carbon filter (right side view) 
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2.3.2 Applicable space of additive feeding system 

By this system, odors, chemical substances and microbes in all kinds of architectural spaces such 

as institutions for the aged, medical facilities, play facilities and cohabit houses with pet can be 

removed, because the liquid agents corresponding to pollutants to be removed are added in re-

moval layer (Fig.6).  

Fig. 6 Adaptation of Mist-wash technology for targeted facilities or pollutants 

 

 

3. Results and discussion 
 

3.1 Removal performance of chemical substances in cigarette smoke 

The chemical substance concentrations in the testing room during operation of air cleaner were 

shown in Table.2. The very big CADR (clean air delivery rate) of 144 m3/h was obtained for highly 

toxic benzene and high removal performance was confirmed. For other VOCs, the removal per-

formances equal to or higher than that for benzene were shown.  

 

The formaldehyde removal performance of activated carbon filter used in this study was lower 

than that for VOCs.  

 

The test results described above were obtained during non-operation of additive agents supply 

system and removal performance will be improved by the operation of the system.  

 

The test results of VOCs and formaldehyde removal performances during the operation of the 

system were shown in Fig.7. Depending on the kinds of liquid agents used, the degrees of im-

provement (recoverability) of removal performances were different. By assuming that the value of 

removal performance during non-operation of the system was 100, the value for VOCs was in-

creased to 187 and the removal performance for formaldehyde was improved to the value of 143.  

 

In the similar way, the values of 175 for VOCs and 129 for formaldehyde with liquid B and the 

values of 150 for VOCs and 173 for formaldehyde with liquid C were obtained as the results of 

removal performance improvement. 
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Table 2 The CADR of each chemical substance 

 

Component 

Natural decrease 
During operation of air 

cleaner 

CADR 

-32.5min -2.5min 
5 

min 
12 

min 
20 

min 
30 

min 
60 

min 

Chemical substance concentration in testing room 
[μg/m

3
] 

[m
3
/h] 

Acetone 80 97 52 36 22 6.9 0.9 151 

Methyl ethyl ketone 21 20 11 5.1 1.6 N.D. N.D. 236 

Benzene 33 29 19 10 5.3 2.4 N.D. 144 

Toluene 55 49 31 17 8.1 3.7 N.D. 152 

Ethyl benzene 14 6.2 3.8 2.0 0.9 N.D. N.D. 134 

m,p-Xylene 18 15 9.4 4.9 2.1 N.D. N.D. 176 

Styrene 11 9.4 6.0 2.6 0.9 N.D. N.D. 236 

Formaldehyde 90 87 64 52 45 36 28 40 

 

 

Fig. 7 The change of CADR on VOCs and formaldehyde with use of Mist-wash technology 
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3.2 Removal performance of odorants in cigarette smoke 

The results of removal performance of ammonia generated in cigarette smoke were shown in 

Table3 and Fig.8, and the results of removal performance of hydrogen sulfide generated from gas 

cylinder were shown in Table 4 and Fig.9. 

 

3.2.1 Removal performance of ammonia 

While the concentration of ammonia was about 450 ppb which was almost steady before the air 

cleaner operation, the concentration of ammonia in chamber suddenly decreased by starting 

cleaner operation and it became one of third of the initial concentration after 30 min. from the start 

of operation. The CADR indicated of 61.6 m
3
/h was obtained and the value was significantly larger 

than values of 5.83~28.7 m
3
/h

5),6)
 reported by domestic manufacturers. 

 

Table 3 Change of ammonia concentration in the test chamber during operating the air cleaner 

 

Component 

Ammonias concentration[ppb] 

CADR 
[m

3
/h] 

Natural decrease During operation of air cleaner  

-32.5min -2.5min 5 min 
12 

min 
20 

min 
30 

min 
60 

min 

Ammonia 443 446 384 288 213 170 100 61.6 

  

 

 

Fig. 8 Change of ammonia concentration in the test chamber during operating the air cleaner 
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3.2.2 Removal performance of hydrogen sulfide 

While the concentration of hydrogen sulfide was about 1 ppm which was steady before the air 

cleaner operation, the concentration of hydrogen sulfide in chamber suddenly decreased by start-

ing cleaner operation and it became one of forth of the initial concentration after 10 min. from the 

start of operation. The air cleaner in present study showed the removal performance of CADR was 

200 m
3
/h. 

 
Table 4 Change of hydrogen sulfide concentration in the test chamber during operating the air 
cleaner and CADR 
 
 
 
 
 
 

 
 
 

 
 

Fig. 9 Change of hydrogen sulfide concentration in the test chamber during operating the air 
cleaner 

 

Generally speaking, it was recognized that the odorants such as ammonia and hydrogen sulfide 

were difficult to be removed by air cleaner
3),4),

 however, it was revealed that the air cleaner used 

as testing object in this study had high odorant removal performance. In the air cleaner in this 

study, the filter in which the activated carbons corresponding to basic gas and acid gas were 

mixed at fixed ratio, and the additive feeding system is installed to improve removal performance 

of pollutants such as odorants. However, the system was not operated in present study. The re-

moval performance will be improved by the operation of the system. 

 

3.2.3 The effect of additive feeding system 

 

The improvement degrees of removal performance of ammonia, hydrogen sulfide and acetalde-

hyde were shown in Fig.10 when the additive feeding system was operated. 

  

Component 

Hydrogen sulfide concentration[ppm] 

CADR 
[m

3
/h] 

Natural 
decrease 

During operation of air cleaner 

-30min 0min 5 min 10min 
20 

min 
30 

min 
- 

Hydrogen sulfide 1.0 1.0 0.53 0.28 0.07 0.05 - 200 
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Fig. 10 Increase of removal performance on odor substances with use of Mist-wash technology 

 

4. Summary 

The test of air cleaner installed the additive agents supply system which is attracting attention as 

novel air cleaning technology was carried out and the following results were obtained. 

 
1) New type air cleaner showed high removal performance for toxic chemical substances derived 

from cigarette smoke, even without the operation of the additive agents supply system. The re-

moval performances for VOCs, ammonia and hydrogen sulfide were measured as the clean air 
delivery rates (CADR). The values of 150m

3
/ h for VOC, 61.6 m

3
/ h for ammonia and 200 m

3
/ h for 

hydrogen sulfide were obtained and high removal performances were confirmed. 
 

2) When the additive agents supply system was operated, the removal performances for formal-

dehyde, VOCs, ammonia, hydrogen sulfide and acetaldehyde were improved. 
 
3) Depending on the kinds of liquid agents used, the degrees of improvement (recoverability) of 
removal performances were different. By assuming that the value of removal performance during 
non-operation of the system was 100 %, the value for VOC was increased to 187 % using liquid A 
and the removal performance for formaldehyde was improved to the value of 143 %. 
 

In the similar way, the values of 175 % for VOCs and 129 % for formaldehyde with liquid B and 

the values of 150 % for VOC and 173 % for formaldehyde with liquid C were obtained as the re-

sults of removal performance improvement. 
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