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Abstract 

Characteristics of Airborne Biocide and 

Its Effect on Bioaerosols 

Shinah Kang 

Department of Environmental Health 

Graduate School of Public Health 

Seoul National University, Korea 

Advisor Chungsik Yoon, Ph.D., CIH 

Objective Biocides are widely used in domestic households, industrial facilities, 

and living spaces. Biocidal sprays are commonly used for disinfection in indoor 

areas in the form of an aerosol. Biocides applied as an aerosol can be inhaled 

through the respiratory system into the lungs. The aim of this study was to 

determine the characteristics of biocide aerosol particles according to biocide 

solvent concentrations, and to measure changes in the bioaerosol. 

Methods A biocide product with a high frequency of use was selected for use in the 

experiments, which were conducted in a room with a volume of 38.05 m3; the 

biocide was diluted with tap water at ratios of 1 :200, 1 :40, and 1 :20. Real-time 



monitoring devices were used to determine the characteristics of airborne biocide 

particles. A scanning mobility particle sizer (SMPS), P-Trak, and an optical 

particle sizer (OPS) were used to measure particle size distributions and number 

concentrations. A DustTrak was used to measure mass concentrations. Based on 

consideration of pre、rious studies, the biocide components 

didecyldimethylammomium chloride (DDAC), benzalkonium chloride (BAC), 

propiconazole (PCZ), and tebuconazole (TBZ) were selected for study. The 

samples were collected on glass fiber filters using a 2 L/min pump, and then 

analyzed by gravimetric analysis and liquid chromatography-mass spectrometry 

(LC-MS/MS). Bacteria and fungi were sampled on tryptic soy agar (TSA) and 

sabouraud dextrose agar with chloramphenicol (SDAC) plates using an Anderson 

one-stage viable cascade impactor, immediately before and 1 h after spraying. 

Bacteria were cultured for more than 48 hat 35 C and fungi were cultured for more 

than 5 days at 25。C in an incubator. After counting the number of colonies, the 

concentrations of microorganisms were determined. 

Results (1) Biocide particle characteristics: After spraying the biocide, the number 

concentration of particles smaller than 100 nm increased, but the concentration did 

not differ significantly between the treatments with different biocide concentrations. 

However, the DustTrak results indicated that application of higher concentrations 

of biocide resulted in higher mass concentrations. Statistically significant 

differences in the DustTrak results were found between every biocide concentration. 

(2) Components of the biocide: Concentrations ofBAC ranged from LOD to 25.73 

µg/m3 in the treatment with the high biocide concentration. (3) Microorganisms: 

Bacteria concentrations before and after spraying were 73.88 and 27.15 CFU/m3, 
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respectively. The rates of decrease in biocide concentrations were 24.85% in the 

control, and 89.86% and 97.88% at the 1 :200 and 1 :40 dilutions, respectively. 

The highest rate of decrease was 100% at the 1 :20 dilution. Concentrations of fungi 

were 59.60 and 23.44 CFU/m3 before and after spraying, respectively. The rate of 

decrease in the concentration of biocide was 40. 70% in the control, and 44.4 7% 

and 71.21 % at the dilutions of 1 :200 and 1 :40, respectively. The highest rate of 

decrease was 94. 71 % at the 1 :20 dilution. 

Conclusions The concentration of a biocide applied in an enclosed space can 

influence the characteristics of biocide aerosol in the air. The concentration of 

microorganisms remaining in the area where biocide was applied was dependent on 

the size of the biocide particles. The results of this study can be used as a reference 

when assessing the characteristics of biocide aerosol distributions and the 

concentration of microorganisms. 

Keywords: Biocide, Aerosol, Microorganism, BAC, 

Real-time device, LC-MS/MS 

Student number: 2012-21839 

lll 



Contents 

Abstract ..................................................................................................... 1 

Contents ..................................................................................................... 1v 

List of Tables ............................................................................................. vi 

ii List of Figures ........................................................................................... vi 

1. Introduction -------------------------------------------------------………………………………· 1 

2. Materials and Methods …………………………………………--……………………4 

2. 1 . Study Design ................................................................................................ 4 

2. 1 .1. Selection of the biocidal product ………………………………………………… .. 4 

2.1.2. Selection ofbiocide components .......................................................... .4 

2.2. Sampling and analysis .................................................................................. 6 

2.2.1. Characteristics of biocide particles ………………………………………………. 8 

2.2.2. Components of the biocide .................................................................. 10 

2.2.3. Microorganisms ……………………………………………………………………… .. 14 

3. Results .................................................................................................... 1 5 

3.1. Characteristics of biocide particles ……………………………………………………. 15 

3.2. Components of biocide …………………………………………………………………… .28 

IV 



3 .3. Microorganisms ……………………………………………………………………………… 32 

3 .3 .1. Bacteria ………………………………………………………………………………… .. 32 

3 .3 .2. Fungi ………………………………………………………………………………………34 

4. Discussion .............................................................................................. 36 

5. Conclusions …………………………………………----…………………………………42 

6. References .............................................................................................. 43 

국문초록 ----------------------------------------------------------------------------------------------------% 

v 



List of Tables 

Table I. Characteristics of DDAC, BAC, TBZ, PCZ ………………………………………5 

Table 2. Conditions of Sampling ………………………………………………………………… .. 7 

Table 3. Measurement ranges of size distribution and number concentration for the 

real-time devices ....................................................................................... 9 

Table 4. Anaηsis conditions of LC-MS/MS for analyzing components of biocide 

…… .12 

Table 5. Descriptive statistics results of the value that measured real-time devices 

according to the biocide concentrations ………………………………………… .. 16 

Table 6. Coefficient of determination and calibration equation of biocides ……… 29 

Table 7. The results of gravimetric and LC-MS/MS analysis using glass fiber filter 

.... 31 

Table 8. Concentrations of bacteria before and after the spraying of biocide …… .33 

Table 9. Concentrations offungi before and after the spraying of biocide ……… .. 35 

VI 



List of Figures 

Figure 1. Positions for sampling biocide components. …·……………………………… .10 

Figure 2. Comparison of number concentrations by SMPS and P-trak according to 

dilution rates. (a) SMPS (b) P-trak. . ...................................................... 18 

Figure 3. Scatter plots that shows correlation between SMPS results and P-trak 

results. ……………………………………………………………………………………… 19 

Figure 4. The mass concentrations according to the particle size and dilution rates 

by OPS. Mass concentrations of particle size in (a) 0.3 µm, (b) 1.0 µm 

(c) 5.0 µm .. ............................................................................................ 21 

Figure 5. Particles size distribution before and after spraying by SMPS .. ............ 23 

Figure 6. Results of mass concentrations by DustTrak according to dilution rates . 

.... 25 

Figure 7. Correlation between SMPS results and DustTrak results by dilution rates . 

........ 27 

Figure 8. Standard curves for analysis of biocide components. ……………………… .29 

Figure 9. Bacteria concentrations from three sampling periods. ……………………… 33 

Figure 10. Fungi concentrations from three sampling periods. ……………………·… .35 

Vil 



1. Introduction 

Biocides are substances used to control potenti떠ly harmful microorganisms such as 

bacteria, fungi, and viruses (Telegdi et al., 2000). They include chemicals used for 

disinfection (European Commission, 2012) and also those used to control the 

propagation of bacteria in metal working fluid (Park, 2007; Rosenman et al., 2009, 

1997). The general public is growing more aware of the issues surrounding biocide 

application as health effects following exposure have recently been reported in 

Korea, including cryptogenic lung diseases associated with humidifier disinfectants 

(Moon, 2014). 

Sales of humidifier disinfectants have been discontinued, but the active 

components are still used in shampoo, contact lens solution, moist wipes, etc., so 

humans are still at risk of exposure (Kim et al., 2013). Disinfection is mandatory in 

facilities such as schools, hospitals, and public facilities according to Article 51 of 

the Infectious Disease Control and Prevention Act. The degree of disinfection is 

also specified in the act, and the use of biocides is increasing for disinfection 

purposes (Ministry of Health and Welfare, 2014 ). The use of biocides is also 

increasing rapidly in response to the spread of animal epidemics such as foot-and

mouth disease and avian influenza. 

The term aerosol refers to solid and liquid particles suspended in the air. For 

humidifier disinfection, the biocide is aerosolized to 0.5 ∼ 3 µm sized droplets, so it 

can reach the pulmonary alveoli after inhalation (Park, 2013 ). The Korea Institute 

of Toxicology has confirmed the potential for the inhalation of humidifier 

disinfectants through particle generation experiments (Korea Institute of 



Toxicology, 2011 ), and polyhexamethylene guanidine (PHMG), oligo(2-(2-

ethoxy )ethoxyethyl guanidinium chloride (PGH), and 5-chloro-2-methylisothiazol-

3(2H)-one (CMIT), and 2-methylisothiazol-3(2H)-one (MIT) have been classified 

as poisonous substances due to their potential to cause lung injury (Ministry of 

Environment, 2012). Biocides used for disinfection that are sprayed through an 

atomizer remain as an aerosol in the air, and can affect the health of occupants 

following inhalation (Daftary and Deterding, 2011 ). Because the ingredients of 

biocides are gener따ed as small particles ( 5 ∼ 50 µm) through an atomizer, they are 

likely to reach the alveoli via the respiratory tract of exposed individuals. 

Didecyldimethylammonium chloride (DDAC) is an ammonium compound that is 

an ingredient in many disinfectants used to prevent epidemics, and is used to 

disinfect humidifiers. The chemical is also applied as an aerosol in hospitals, 

homes, wood processing, and the agricultural sector (Yang et al., 2012). 

Benzalkonium chloride (BAC) is also used as a fungicide and a preservative, and 

aerosol inhalation exposure is possible (Swiercz et al., 2013). Tebuconazole (TBZ) 

and Propiconazole (PCZ), which are widely used in agriculture, are also known to 

present an inhalation exposure hazard (Flack et al., 2008; Sheila et al., 2008; Joshi 

et al., 2005). 

In addition to biocide aerosol, biological contaminants (e.g., microorganisms) may 

be a major cause of lung disease (Tischer and Heinrich, 2013; Douwes et al., 2003; 

Ege et al., 2011 ). Indiscriminate use of biocides leads to the eme1‘gence of 

disinfectant-resistant microorganisms (Mc Cay et al., 2010; Zhou et al., 2010; 

White and McDermott, 2001; Russell, 1999, 2003). Airborne bacteria trigger 

respiratory ailments such as asthma, as well as skin diseases such as atopic 
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dermatitis or eczema through the production of endotoxins. Long-term exposure to 

endotoxins can result in chronic lung damage (Smid et al., 1992). 

Fungi are known to be a major cause of allergic rhinitis, asthma, and extrinsic 

allergic alveoli tis (hypersensitivity pneumonitis) (Matsuse et al., 2013; Pakdaman 

et al., 2011; Bush and Portnoy, 2001; Verhoeff and Burge, 1997). Overall, 10% of 

the global population has a fungal allergy and at least 40% of asthma patients have 

sensitivity to fungi (Burge, 2001 ). Fungi produce toxins as secondary metabolites, 

which can cause liver disorders and renal impairment, and have also been proven 

as carcinogens (Jung, 2008). The characteristics of respiratory diseases vary 

according to exposure concentrations, the type and characteristics of the 

microorganisms (Park, 2013). On the basis of past research, once a biocide 

component is sprayed in the form of an aerosol, it can be hypothesized that 

airborne microorganisms or bioaerosols will be affected. 

Because the use of biocides has increased rapidly, the general public and workers 

applying biocides are likely to be exposed to a mixture of bioaerosol and 

aerosolized disinfectant particles. However, few studies have focused on this issue. 

The objectives of this study were to determine the aerosol particle size distribution 

of an airborne biocide, and to determine the actual exposure concentration by 

simulating the application of a biocide. In addition, the study investigated changes 

in the concentrations of microorganisms according to the initial solvent 

concentration in the biocide. 

껴
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2. Materials and Methods 

2.1. Study design 

2.1.1. Selection of the biocidal product 

The biocidal product used in the experiments was one of the most frequently used 

in Korea, with permission H‘om the Ministry of Health and Welfare (Ministry of 

Health and Welfarζ 2013). The selected product was a BAC-based biocide. 

2.1.2. Selection of biocide components 

Four substances were selected as biocide components that can present an 

occupati이1al exposure as an aerosol: (1) DDAC, which is usually included in 

humidifier disinfectants and is a potentially hazardous component; (2) BAC, which 

is most commonly used in traditional workplaces, and is reported in national 

statistics; and (3) TBZ and (4) PCZ, which are both materials that are specified by 

Annex I & I A of EU Directive 98/8/EC. 
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Table 1. Characteristics of DDAC, BAC, TBZ, PCZ 

CAS Number 

Molecular weight 

Vapor pressure 
(atm) 

h• elting point 

Exposure Limits 
in Korea 

Chemical 

structure 

DDAC1l 

7173-51-5 

326.08 

0 

None 

None 

BAC2l 

63449-41-2 

Varying 
(about 340) 

Negligible 

29 - 34 。C

Nonε 

뚫;딴c18 않·~‘〈 

TBZ3l 

1 O’7534-96-3 

307.83 

0 

102.4 。C

None 

CH, 

。H

Cl [ ;;N

1lMatεrial Safety Data Shεζt of Korεa Occupational Safety and Hεalth Agency, Rεvisεd Oct. 26, 2013. 

2l Korζa Information Sysκm for Chεmical Safety Management, National Tnstitutε of Chemical Safiεty, Sεarching on Jul. 25, 2014. 

3lMatζrial Safety Data Shεet of Korζa Occupational Safety and Hεalth Agεncy, Revisζd Aug. 8, 2013. 

4l Korσa Information Systζm for Chζmica! Safiζty Managζmζnt, National lnstitutζ of Chζmica! Safety, Sζarching on Jul. 25” 2014. 
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PCZ4l 

60207-90-1 

342.20 

0 (25 ℃) 

None 

None 



2.2. Sampling and analysis 

Sampling was conducted in a room with a volume of 38.05 m3 (2.49 m × 5.66 m × 

2.70 m). The room was wrapped in plastic to minimize the effects of the different 

disinfectants. The concentration of the biocide was diluted using tap water to 

produce three levels of recommended usage: 1 :200, 1 :40, and 1 :20. Tap water with 

no addition of biocide was used as a control. 

The different concentrations of biocide were sprayed into the room over a certain 

period of time using an ultrafine sprayer. The experiment began with the control 

group through to the I :20 dilution, and each experimental run was repeated three 

times (Table 2). 
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Table 2. Conditions of Sampling 

Conditions Variables 

Room size 

Control cone. 

Concentrations 
of Biocide Experimental 

cone. 

Sprayed Durations 

Average Temperature 

Average Humidity 

Average usage of biocide 

38.05 m3 (2.49 m × 5.66m × 2.70 m) 

Only tap water 

1 :200, 1 :40, 1 :20 dilution 

빼
 

28.2 ℃ 

40.1% 

190.8 ml 

- 7 -



2.2.1. Characteristics of biocide particles 

The particle size distribution and number concentrations were measured using a 

combination of a scanning mobility particle sizer (SMPS, Nanoscan Model 3910, 

TSI, USA) and P-trak (Ultrafine Particle Counter Model 8525, TSI, USA) and an 

optical particle sizer (OPS Model 3330, TS!, USA). A DustTrak (DRX Aerosol 

Monitor Model 8533, TSI, USA) was also used to investigate the characteristics of 

particle mass in association with biocide concentrations, through the real-time 

measurement of mass concentrations. A dryer was used to minimize the effects of 

moisture during the biocide application. Temperature and humidity were also 

measured in real time (Thermo Recorders, TR-72U, T&D Corporation, Japan). 

The operation of the real-time measurement devices began once the particle 

number concentration reached a steady state at 4000 ∼ 6000 particles/cm3. Table 3 

lists the measured concentrations and the range of measurements for the real-time 

devices. 

- 8 -



Table 3. Measurement ranges of size distribution and number concentration 

for the real-time devices 

Devices Measurεmεnt charactεristics 

v· ·n ”U M 

빼
 

n 

e 

s 

·
때
 비
 

mm 

X 

없
 

내
바
 cl 

p 

r、
L

/
‘
,
‘
、

- Particles size distribution 

- Particles number coneεntration 

Range: IO ∼ 420nm 

Particles number concentration 
P-trak 

Rangε; 20 ∼ 1000 nm 

OPS 
(Optical Particles Sizer) 

- Particles number concentration 

- Range: 300 ∼ 10000 run 

Mass concentration 
DustTrak 

- PM10, PM2s, PM10, Respirable mass 

Temperature and relative humidity 

Thermo Recorders - Temperature range: -40 ∼ 110 。C

Humidity range: 10 ∼ 95% 
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2.2.2. Components of the biocide 

After a glass fiber filter was installed in a two-stage cassette, the components of the 

biocide were sampled using a pump (ELF-ESCORT, MSA, USA) with a high flow 

rate (2 L/min) (Occupational Safety and Health Research Institute, 2012). Figure 1 

shows the sampling positions. 

Back 

@ @]

0 

0 (힐 
Front 

Figure 1. Positions for 
sampling biocide 

components. 
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The glass fiber filter‘S were kept in a desiccator prior to gravimetric analysis. After‘ 

gravimetric analysis, 5 ml of Acetonitrile (ACN, JT Baker, USA) including 

dimethyldioctadecylammonium bromide (DOD AB, Sigma Aldrich, USA) of 

constant concentration as an internal standard was added to the glass fiber filter, 

and the glass fiber filter was placed in a sonicator for 30 min (Vincent et al., 2007). 

Filtration was undertaken using a syringe equipped with a syringe filter (syringe 

filter, 13 mm, 0.2 µm, Whatman, UK), and analysis was performed by liquid 

chromatography-mass spectrometry (LC-MS/MS, LC-30AD, Shimadzu, Japan) 

(Ford et al., 2002; Occupational Safety and Health Research Institute, 2012). The 

analysis conditions of LC-MS/MS are the same as Table 4. 
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Table 4. Analysis conditions of LC-MS마1S for analyzing components of biocide 

Variables Conditions 

Column Luna Cl8(2) (Phenomenex, 150*20 mm, 5 µm) 

Flow rate m U 
U U 

j 

m 

Injεction volume μ
 

n U 

Mobile phase 50 mM Ammonium formate (pH 3.5) + Acetonitrile 

(I :9) 

Mode Isocratic mode 

Drying gas temperature 350 ℃ 

Vaporizer temperature 450 ℃ 

Capillary voltage 4000 v 

GSI 40 
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The limit of detection (LOD) was calculated as the standard de、riation of the 、ralue

of the lowest concentration of a sample analyzed 7 times in the standard solution, 

multiplied by 3 .14. Where statistical processing was required, a value less than the 

LOO was calculated as 0.5 LOO. 
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2.2.3. Microorganisms 

Sampling 

Microbial sampling was performed at a flow rate of 28.3 Umin for 10 min using an 

Anderson one-stage viable cascade impactor (SKC Inc., USA) connected to a 

pump (Quick Take 30, SKC Inc., USA) with a high flow rate. Tryptic soy agar 

(TSA, Hanil Komed, Korea) was used for bacteria, while the medium used for 

fungi was sabouraud dextrose agar (SDAC, Hanil Komed, Korea), with the 

addition of 0. 0 5 g of the antibiotic Chloramphenicol to inhibit the growth of 

bacteria. Sampling was conducted twice: immediately before and 1 h after biocide 

application. 

Culture Conditions 

The sampled bacteria and fungi were incubated for more than 48 hat 35 ℃ and 5 

days at 25 。C, respectively. After counting the number of colonies, concentrations 

(CFU/m3; Colony Forming Unit) were calculated by dividing the count results by 

the 、rolume of air (Burge and Solomon, 1987; NIOSH Method 0800). 
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3. Results 

3.1. Characteristics of biocide particles 

Table 5 lists descriptive statistics for the number concentration measured by SMPS 

and P-Trak, the ratio of particles less than 100 nm among the particles measured by 

SMPS, and the mass concentration monitored by DustTrak before and during 

spraying for each biocide concentration. When the biocide was diluted to 1 :200, the 

highest number concentration was recorded by the SMPS, the maximum 、ralue was 

25,972 particles/cm3, and the maximum value recorded by the P-Trak was 17,896 

particles/cm3. The maximum mass concentration was 1.81 mg/cm3, which was 

measured at the highest biocide concentration of 1 :20. A clear relationship was 

observed, in which the mass concentration increased with the increasing 

concentration of biocide. 
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Table 5. Descriptive statistics results of the value that measured real-time devices according to the biocide concentrations 

Time Before spraying 1 hour after spraying3l 

Concentration1l Con따1πtro이12) 1:200 I :40 1:20 Control 1:200 I :40 1:20 

Total number 5092.04 5144.80 3780.87 3850.15 10762.96 10487.74 8017.29 9054.45 
coneεntration 

(1.04) (1.21) (1.11) (1.22) (1.21) (1.42) (1.23) (1.25) 
(particles/cm3) 

SMPS 드 100 nm 3154.53 2911.39 2448.08 2147.38 8572.50 8481.17 6548.24 6545.55 

(particles/cm3) (1.14) ( 1.31) (1.15) (1.16) (1.28) (1.44) (1.26) (1.34) 

Number(%) 
61.95 56.59 64.75 55.77 79.65 80.87 81.68 72.29 

드 100 nm 

Number 4856.22 4655.24 3985.22 3987.50 8708.70 8635.11 7727.44 8281.16 
P-trak concentration 

(1.16) (1.16) (1.16) (1.16) ( 1.21) (1.30) (1.22) (1.20) 
(particles/cm3) 

Mass 0.29 0.30 0.28 0.28 0.41 0.46 0.51 0.99 
DustTrak concentration 

(1.02) (1.06) (1.07) (1.08) (1.20) (1.39) (1.38) (1.28) (mg/cm3) 

I) Gεometric mεan (Gεomεtr ic standard dεviation) 
21 Tap watζr only sprayεd for‘ control sampling. 
3l It mζasurεd during onε hour right after biocidε spraying‘ 
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Figure 2 compares the number concentrations measured by SMPS and P-Trak for 

the different biocide concentrations, during the 1-h period after the biocide was 

applied. The results show that the number concentrations, measured by two 

different real-time devices, were highest when the 1 :200 diluted biocide was 

sprayed. Figure 3 is a scatter plot that shows the correlation between the results 

recorded by the SMPS and P-Trak. The correlation coefficients for most 

concentrations were relatively high: 0.80 in the control group, 0.95 in the 1:200 

dilution, and 0.85 in the 1 :40 dilution. For the 1 :20 dilution, a lower correlation 

coefficient of 0.54 was obtained. 
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Figure 2. Comparison of number concentrations by SMPS and P-trak 

according to dilution rates. (a) SMPS (b) P-trak. 

(Median (line within box), upper quartile and lower quartile (top and bottom part of box, 
respectively), the maximum excluding outliers and the minimum excluding outliers (upper 
and lower bars on whisker, respectively), and outliers (black circles)) 

* p<0.05: t-test compared to the number concentration in each biocidε concentrations. 
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In the data measured by OPS and presented in Figure 4, no statistically significant 

differences appeared in o.3-µm particle size between those produced at the 1 :40 

biocide dilution (p = 0.276). However, the measured particle size increased, with 

larger particles generated at higher concentrations of biocide. 
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Figure 5 shows the particle size distribution measured by the SMPS. When the 

biocide was sprayed, the number concentration of particles smaller than 100 nm 

rapidly increased. 
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Figure 6 presents the measured mass concentrations of particles for each 

concentration of biocide. As shown in the figure, the higher the biocide 

concentration, the greater the resulting mass concentration. The DustTrak results 

revealed statistically significant differences between each concentration (p<0.05). 
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Figure 7 is scatter plots that confirms the car‘relation between the mass 

concentrations measured by DustTrak and the number concentrations measured by 

SMPS. The correlation coefficient for the control group was 0.70, which was the 

highest 、ralue recorded. The correlation coefficients for the biocide dilutions of 

1 :200 and 1 :40 were 0.60 and 0.67, respectively. Therefore, the highest biocide 

concentration produced the weakest correlation between the resulting mass and 

number concentrations of particles. 
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3.2. Components of biocide 

The average amount of biocide sprayed in each experiment was approximately 

190.8 ml. Temperatures ranged from 24.0 ∼ 31.8 。C, with a mean of28.8 。C The 

selected biocide product was based on BAC and also contained 2.5% each of 

alkyldimethylbenzylammonium chloride (ADBAC) and 

alkyldimethylethylbenzylammonium chloride (ADEBAC) according to the 

material safety data sheets (MSDS). The product contained 22.5 mg biocide within 

1 ml of solution. The actual concentration of the diluted biocide was calculated by 

dividing this 、ralue by the dilution rate, and the final concentration was determined 

from the molecular weight and volume of space used in this experiment. The 

theoretical maximum concentration of the diluted biocide was approximately 429 

ppb, and the range of the standard curve was set using this value. Table 6 shows the 

coefficient of determination of the standard curve for each substance, and the 

regression equation. The standard curve is shown in Figure 8. 
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Table 6. Coefficient of determination and calibration equation of biocides 

Compound Rz Regression equation 

DDAC 0.9995 y= 27.757x 1.7413 

BAC 0.9993 y= I 15.05x 0.6194 

TBZ 0.9999 y= 1093.lx + 0.5053 

PCZ 0.9994 y= l 933.2x + 0.2056 
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Figure 8. Standard curves for analysis of biocide components. 
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Table 7 lists the results of an analysis of the biocide components collected on glass 

fiber filters when treatments with the different biocide concentrations were applied. 

The qualitative analysis of samples was confirmed using the retention time 

following the injection of standard solutions for the four biocide components. The 

quantitative analysis was conducted on mixtures comprising each component of the 

biocide, diluted stepwise to the standard solution in desorption solvent, and a 

standard curve was then created. 

The LO Os for each component were: DDAC = 1.18 µg/m3, BAC = 2.04 µg/m3 ’ 

TBZ = 2.80 µg/m3 and PCZ = 2.29 µg/m3. The results of the gravimetric analysis 

of the glass fiber filters ranged from 35.56 ∼ 2495.2 µg/m3. The most abundant 

biocide component, as determined by LC-MS/MS, was BAC, with a range from the 

LOD to 22.17 µg/m3. The DDAC, TBZ, and PCZ concentrations were less than the 

LOD. 
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Table 7. The results of gravimetric and LC-MS/MS analysis using glass fiber filter 

Gravimetric analysis2l BAC3l 

Dilution NI) 

(µg/m3) (µg/m3) 

control 15 141.21 士 106.37 <LOD 

1:200 15 199.29 士 160.78 <LOD 

1 :40 15 731.76 士 375.18 5.70 士 0.99

1 :20 15 2296.22 士 610.51 18.57 士 5.64 

1) Number of samples 

2l Geometric mean (Geometric standard deviation) 

3) Bεnzalkonium Chloridε. 0thεr comp onεnts of biocidε didn’t in die atε bεca usε thε valuεs ofDDAC, 
TBZ and PCZ were less than LOD. 

*LOD- BAC: 2.04 µg/m3. 
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3.3. Microorganisms 

3.3.1. Bacteria 

Table 8 lists the concentrations of bacteria and the rates of reduction before and 

after the application of each biocide treatment. Before spraying the biocide, the 

concentration of bacteria was highest in the control group, with a range from 28.62 

∼ 233.92 CFU/m3. The concentration of bacteria after spraying the biocide was also 

highest in the control group, with the 1 :20 dilution of the biocide resulting in the 

lowest concentration. The range was 0 ∼ 133.22 CFU/m3. The rate ofreduction in 

the bacterial concentration was 100% for the 1 :20 and 1 :200 diluted biocide 

treatments. 
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Table 8. Concentrations of bacteria before and after the spraying of biocide 

Concentration1l (CFU/m3) 

Dilution 
Before2l After3l 

Control 132.10 士 86.09 101.53 士 32.17 

1:200 58.07 士 39.13 5.89 士 10.20 

I :40 55.48 士 30.97 1.18 士 2.04

1:20 46.88 士 25.74 0 

Total 73.88 ± 57.47 27.15 士 47.17 

Rεduction rate 

(%) 

24.85 

89.86 

97.88 

m w 

63.25 

l) Arithmetical mean (standard deviation) 
2l Bacteria were sampled immediately before biocide application. 
3l Bactζria wεrε samplεd I haftζr biocidε application. 
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Figure 9. Bacteria concentrations from three sampling periods. 

(Bar graphs show the mean bacteria concentration. Error bars indicate the standard deviation for the 
three εxpεrimεnts. Black bars indicatε concεntrations samplεd bεfor℃ thε application of biocidε‘ and 
gray bars indicatε concεntrations aftεr application.) 
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3.3.2. Fungi 

Table 9 lists the concentrations of fungi and the rates of reduction before and after 

the application of each biocide treatment. The concentration of fungi was highest in 

the control group before spraying the biocide, with a range of 14.13 ∼ 144.88 

CFU/m3. After spraying the biocide, the concentration of fungi was highest in the 

control group, and lowest in the biocide diluted to 1 :20. The range was 0 ∼ 79.86 

CFU/m3. The higher the concentration of biocide, the greater the rate ofreduction 

in the fungal concentration. 
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Table 9. Concentrations of fungi before and after the spraying of biocide 

Reduction rate Concentration1l (CFU/m3) 

(%) 
Dilution 

After3l Before2l 

40.07 42.05 ± 23.52 70.91 ± 65.31 Control 

44.47 28. 98 ± 44.21 52.18 ± 50.59 1:200 

71.21 20.38 ± 29.39 70.79 ± 55.16 1:40 

94.71 2.36 ± 2.04 44.52 ± 31.12 1:20 

60.67 23.44 ± 28.99 

t) Arithmetical mean (standard deviation) 
2l Fungi were sampled immediatεlybet、ore biocide application. 
3l Fungi wεrε samplεd I haftζr biocidε application. 
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Figure 10. Fungi concentrations from three sampling periods. 
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three experiments. Black bars indicate concentrations sampled before the application of biocide, and 
gray bars indicate concentrations after application.) 
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4. Discussion 

In this study, different concentrations of a biocide were sprayed into a room and the 

resulting particle size distributions, number concentrations, and mass 

concentrations of biocide aerosol in the air were measured. Four different biocidal 

components were selected for study based on the potential health risks following 

inhalation exposure. The actual concentrations of the biocidal components in air 

were determined by collecting particles on glass fiber filters when the biocide was 

sprayed. The effect of the particle characteristics of the biocide aerosol and the 

biocide components present in air on microorganisms was identified through 

changes in the concentrations of bacteria and fungi. 

Various factors influence the activity of biocides: concentration, contact period, pH 

of the biocide, temperature, presence of organic matter, and status of the target 

microorganisms. The concentration of biocide is the most important factor (Russell, 

2000). Additionally’ the level of inhalation exposure for room occupants may 

depend on the concentration of biocide components (Berger et al., 2009). Therefore, 

to determine the activity of biocides and better understand their behavior, the 

particle size distribution of the biocide in the air should be determined according to 

the initial concentration applied. 

Biocides used to prevent and control epidemics are sprayed through an ultra low 

、rolume (ULV) fogger (Occupational Safety and Health Research Institute, 2012). 

A rapid increase in the number concentration of the biocide aerosol can be 

identified by real-time measurement devices when the biocide is sprayed. 

- 36 -



A previous study found that the particle size of the released biocide aerosol was an 

important variable in determining the level of inhalation exposure. It also reported 

that inhalation exposure increased as the number of particles smaller than 50 µm 

increased (Berger et al., 2005). The direction in which the biocide is sprayed can 

also be an important variable. Most workers tend to spray the biocide in an upward 

direction (Occupational Safety and Health Research Institute, 2012). This enables 

biocide particles to stay suspended in the air for longer, and can result in a higher 

level of inhalation exposure (Berger et al., 2005). In this study, because the 

percentage of particles less than 100 nm increased when the biocide was sprayed, it 

was highly probable that a biocide aerosol would be inhaled tlπough a respirator 

(Oberdorster et al., 2007). Therefore, workers in the field of prevention and control 

of epidemics must wear personal protective equipment to prevent respiratory 

exposure to the biocide (European Chemical Agency, 2010). Additionally, 

restricting public access to areas that have been disinfected with a biocide until 

sufficient time has passed may help reduce adverse health effects. 

Differences in the particle size of the biocide aerosol produced with a sprayer were 

identified according to the initial concentration of the biocide. The biocide used in 

the experiment was an emulsion, which incorporated an emulsifier and a cationic 

surfactant. This has the function of increasing the viscosity of the emulsion by 

refining the particles, or increasing the concentration of the dispersed phase 

(Division of pharmaceutics, 2013). The biocide may be sprayed in a microscopic 

size through a UL V fogger. As the dilution rate is reduced, it becomes more 

concentrated, and therefore the viscosity of the solvent increases. Additionally’ the 

particle size distribution measured by the SMPS and the mass concentration 
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measured with the DustTrak could be interpreted because the higher the 

concentration of a solvent became, the more clearly a binding phenomenon 

appeared (Kovalchuk et al., 2010). Therefore, the larger the concentration of the 

biocide that is applied, the larger the resulting particles are and the greater the mass 

concentration becomes. 

Two SMPSs were used simultaneously to identify the effect of a dryer that was 

installed to minimize the effect of moisture on the measurements. The effect of 

moisture on measurements was reduced by about 20% when the dryer was installed. 

The SMPS data reported here were reorded when the dryer was installed. 

Airborne biocide components were collected on glass fiber filters, which have been 

reported to have a good recovery rate in previous studies (Links et al., 2006; 

Occupational Safety and Health Research Institute, 2012). As the biocide used in 

this study was based on BAC, samples were analyzed using LC-MS/MS. The 

quaternary ammonium chloride compound can be analyzed with Ion 

chromatography (IC), Gas chromatography (GC), or High Performance Liquid 

Chromatography (HPLC). However, the biocide components that are likely to be 

present at low concentrations are more suited to LC-MS/MS analysis because this 

technique has a lower LOD value than other available techniques (Vincent et al., 

2007). According to the gravimetric analysis results obtained before the 

instrumental analysis, the higher the concentration of the biocide, the greater the 

mass of particles that were collected. The analytical results revealed that the more 

concentrated the solvent was, the higher the BAC concentration was in the samples. 

Thereforε, it was clear that the higher the concentration of the biocide that was 
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sprayed, the higher the actual concentration of the biocide in air became. In this 

study, the highest BAC concentration recorded was 6.42 µg/m3, but in a site where 

the same biocide was used at a dilution ratio of 1 :200 a BAC concentration of 7 .29 

士 1.11 µg/m3 has been reported (Occupational Safety and Health Research Institute, 

2012). The higher concentration at this site was likely the result of being sprayed 

for longer than the treatment period used in this experiment. 

From a public health perspective, biocides are used to reduce the number of 

microorganisms, which can negatively affect human health. The regular use of 

biocides is one of the most widely used methods to control the concentration of 

bioaerosols (Srikanth et al., 2008). In this study, it was possible to identify the 

effects ofbiocides based on BAC and the levels of micoorgansims. The number of 

microorganisms decreased following the application of the biocide. When colonies 

grown in a culture medium were morphologically examined, similar forms of 

microorganisms were identified before and after the biocide application. Therefore, 

it was clear that some microorganisms were not influenced by the biocide. In 

previous collaborative study, most of the fungi were identified as belonging to the 

genus Penicillium (mainly Aspergillus, Arthrinium, and Cladosporium) before and 

after the biocide was sprayed. In particular, levels of Penicillium citrinum, 

Cladosporiwη Cladosporioides, which are well-known as allergic fungal species, 

did not decrease much after the biocide was applied. 

When biocides are sprayed and distributed in the air, the particles settle due to 

gravity, together with bioaeros이 particles (Hamp I et al., 1971 ). When 

microorganisms were sampled 1 h after the biocide was sprayed, there was a high 
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probability that these settled microorganisms were not collected. This was 

confirmed by the reduction in the concentration of microorganisms when only 

water was sprayed in the control experiment. 

Bioaerosols are present in air in a range of sizes (Gorny et al., 1999), and the 

sprayed biocide droplets were also present in a wide size distribution. In a previous 

collaborative study conducted in our laboratory, levels of Rhodotorula, 

Cryptococcus, and Epicoccum, which are relatively large fungi with spores sized 

15∼ 25 µm were considerably reduced. However, no large effect was observed for 

small fungi with spores sized 2∼ 3.5 µm such as Aspergillus and Penicillium. 

Therefore, the size of the biocide particles may influence the level of bioaerosols. 

However, it is difficult to identify the relationship between the size of the biocide 

particle and changes in the number of microorganisms, because no previous studies 

have focused on these issues. 

In this study, the experiments relating to the prevention and control of epidemics 

were conducted based on previous field studies. Many variables operate 

simultaneously in a field study, so it is difficult to identify which variable has the 

most important effect on the results. In this study, the resul엄 were compared and 

analyzed through observations made after controlling the variables that could 

influence the activity of the biocide. This process confirmed that finding that the 

distribution and number concentration of biocide aerosols in air was dependent on 

the concentration of the biocide applied, its active components, and changes in 

concentrations of bacteria and fungi. The key finding of this study is that the 

particle distribution and actual concentration of biocide aerosols varied according 
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to the concentration of the biocide applied with an UL V fogger, and as a result, the 

level of microorganisms in the room changed. 

This study had a number of limitations that should be addressed in future research. 

First, the air change rate was not controlled in the room where the experiment took 

place. More useful information could be obtained from real-time measurement 

devices, and the results of the analysis of the components of the biocide would be 

more significant, if an experiment could be conducted in a space where the air 

change rate can be controlled. Second, the experiment could be conducted in a 

situation in which bioaerosols are controlled to identify microbial changes against 

the use of the biocide more accurately. Furthermore, if microbial identification is 

possible, this would improve the quality of basic data regarding microbial changes 

for different concentrations of biocide. If these limitations can be addressed, the 

major variables affecting the level of bioaerosols could be identified more 

accurately. 
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5. Conclusions 

This study confirmed the concentration of airborne biocide aerosol, and 

investigated the characteristics of biocide particle distribution in relation to 

variations in the concentrations of microorganisms. The developers and 

manufacturers of biocides are currently required to identify the concentrations of 

biocides that produce the optimum microbial reduction. In addition, workers should 

be provided with information about the correct amount of biocide to use, and 

indoor air quality should be measured, together with levels of bioaerosol, as 

biocide use increases. The results of this study can be used as a reference tool about 

the relationships between microorganisms and biocide aerosol, and also provide 

basic data for further studies of the management of biocide aerosol exposure. 
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공기 중 살균제 분포 특성과 

살균제 살포에 따른 미생물 변화 연구 

강선아 

서울대학교 보건대학원 

환경보건학과 산업보건전공 

지도교수 윤충식 

연구목적: 살균제는 각종 생활용품, 사엽장, 생활공간에 광범위하게 사용 

되고 있다, 삼균목적으로 사용되는 방역용 삼균제는 에어로졸 형태로 분 

사되어 미생물의 살균뿐 아니라 인체에 영향을 줄 수 있다. 본 연구의 

목적은 공기 중 살균제 에어로졸의 입자 특성과 살균제 사용농도에 따른 

미생물의 변화를 파악하는 것이다. 

연구방법: 설험 대상 잘균제는 보건복지부의 허가 제품 38종 중 높은 
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빈도로 사용하는 제품을 선정하였다. 살험은 38.05 m" (2.49 m × 

5.66 m × 2.70 m) 의 방에서 설시되었으며, 삼균제의 농도는 권장 희 

석농도인 1:200 농도를 포함하여 1:40 농도, 1:20 농도로 수돗물로 희 

석하였다. 대조군은 살균제를 첨가하지 않은 수돗물을 이용하였다. 공기 

중 삼균제 엽자의 특성을 확인하기 위해서 입자크기분포와 수 농도는 

SMPS (Scanning Mobility Particle Sizer), P-trak (Ultrafine Particle 

Counter), OPS (Optical Particle Sizer) 을 이 용하였고, DustTrak (DRX 

Aerosol Monitor) 을 이용하여 중량농도를 실시간으로 측정하였으며 기 

술통계분석을 살시하였다. 살균제 성분분석을 위한 바이오사이드 물절은 

기존 연구를 근거로 하여 DDAC (Didecyldimethylammonium 

chloride), BAC CBenzalkonium chloride), TBZ (Tebuconazol), PCZ 

(Propiconazol) 을 선정하였다. 유리 섬유 여과지를 사용하여 2 L/min으 

로 채취하였으며, 중량분석과 LC-MS/MS 분석을 설시하였다. 마생물 

채취는 Anderson one-stage viable cascade impactor에 세균은 TSA 

(Trypicase Soy Agar) 매 지 를, 곰팡이 는 SDAC (Sabouraud Dextrose 

Agar with Chloramphenicol) 매지 를 장착하여 28.3 L/min의 유량으로 

1 o~분간 설사하였다. 채취 시기는 삼균제를 분사하기 직전과 분사 1시간 

후, 총 2 변에 걸쳐 이루어졌으며 채취된 세균은 35 ℃ 배양기에서 48 

시간 이상, 곰팡이는 25 ℃ 배양기에서 5열 이상 배양 후, 자라난 콜로 

니를 계수하여 그 농도를 분석하였다. 

연구결과: (1) 살균제 엽자 특성: 삼균제 분사 후에 엽자의 수 농도가 

급격이 증가하였으며, 입자크기 분포를 보면 특히 100 nm 이하의 입자 
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수 농도가 증가하는 것을 확인하였다. 중량농도의 경우, 살균제의 농도 

가 높아절수록 커지는 경향을 보였다, (2) 삼균제 성분; 유리 섬유 여파 

지의 중량분석 결과, 중량농도는 35.56 ∼ 2495.29 µg/m'의 범위를 보였 

다. LC-MS/MS 분석 결과, 가장 높게 나온 성분은 BAC로 u〕D∼

22.17 µg/mJ 의 농도범위를 나타냈다. (3) 마생물: 세균의 평균 농도는 

분사 전에 73.88 CFU/m1 분사 후에는 27.15 CFU/m'로 나타났다, 살균 

제의 농도에 따른 세균의 감소율은 대조군에서 24.85 %, 1 :200 희석, 

1:40 희석에서 각각 89.86 %, 97.88 % 이었으며, 1:20 희석농도에서는 

감소율이 100 %로 가장 높았다. 곰팡이의 평균 농도는 분사 전에 

59.60 CFU/m1, 분사 후에는 23.44 CFU/m1로 나타났다, 잘균제 농도에 

따른 곰팡이의 감소율은 대조군에서 40.70 % 1:200 희석과 1:40 희석 

에서 각각 44.4 7 %, 71.21 % 이었고, 1:20 희석농도에서는 94.71 %로 

가장높았다 

결론: 본 연구를 통해서 삼균제의 농도가 공기 중 살균제 에어로졸의 분 

포 특성과 미생물의 농도어l 영향을 준다는 사실을 확인하였으며, 공기 

중에 존재하는 살균제의 살제 농도를 파악하였다, 또한 삼균제 임자 크 

기가 공기 중 미생물 변화에 영향을 준다는 것도 확인할 수 있었다. 

주요어: 살균제, 에어로졸, 미생물, BAC, 설시간 기기, LC-MS/MS 

학번: 2012-21839 
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