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Abstract 
 

Thermal space fogging is one of the methods to control the spread of dengue fever. 

Chemicals used in the thermal fog machine consists of diesel and petrol, which both contain 

volatile organic compounds including benzene. The objective of this study was to determine 

the individual benzene concentration and lung function test among foggers at Dewan 

Bandaraya Kuala Lumpur. Personal benzene concentration was measured using personal air 

sampler and analysed following the NIOSH Manual of Analytical Methods (NMAM) 1501. 

Measurement of individual benzene concentration involved two fogger activities namely 

during the preparation of chemical and when fogging was executed. Lung function of the 35 

foggers and 35 non-foggers was tested using a spirometry. The respondents were also 

required to answer a questionnaire. The results showed that the average individual benzene 

concentration was 1.3 ppm during the chemical preparation and below the detection limit 

(<DL) when fogging was carried out. Individual benzene concentration measured during the 

preparation of chemical was found to exceed the limit set by NIOSH (US). For the lung 

function tests, the percentage of foggers having restrictive lung problems was lower than the 

control group. However, statistical tests showed no significant difference (p>0.05) between 

groups. The study also found that smoking status provided a significant difference (p< 0.05) 

in foggers. In conclusion, exposure to individual benzene concentration was found to be 

higher during the chemical preparation activities. Abnormalities in lung function among the 

foggers cannot be associated directly with exposure to benzene, but there were other 

contributing factors, namely smoking habits. However, risk control measures such as the 

rotating among foggers to reduce benzene exposure time and the use of personal protective 

equipment (PPE) must be completely practiced by the foggers. 
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Introduction 

Dengue fever is a disease that affects the morbidity and mortality of men and has become 

one of the most important public health problems both local and global level. One of the 

measures that are efficient in controlling the spread of dengue fever is to carry out thermal 

space fogging activities. Chemicals used in fogging thermal fog machine is a mixture of 

pesticides and diesel, which acts as a solvent, while petrol as fuel. Chemicals contents in 

thermal fog machines is describes on the Table 1. 

 

Table 1.  Chemicals mixture in thermal fog machines 

Thermal fog machine Pesticide Diesel (solvents) Petrol (fuel) 

Mixing ratio for complete 

200 m2 fogging area  
200 ml 5 l 1 l 

 

Conventional fuels such as diesel and petrol consist of hydrocarbons (Musialik-

Piotrowska et al. 2011). Hydrocarbons are a subset of volatile organic compounds (VOC) 

(United States Geological Survey 2015). The use of petrol and diesel will release the VOC in 

the form of gas and became one of the sources of this toxic gas introduced into the 

environment (Liu et al. 2008). The composition of volatile organic compounds in petrol and 

diesel are different in concentration and type of compounds (Chin et al. 2012). Based on the 

classification of toxic effects, benzene is in class 1, which proved to be carcinogenic to 

humans (International Agency for Research Cancer 2012). 

Benzene is a VOC and exposure to it occurs mainly through inhalation (WHO 2010a). 

Direct exposure to the eyes, skin or lungs can cause tissue injury and irritation (Centers for 

Disease Control and Prevention 2013). The main manifestations of acute toxic benzene are on 

the central nervous system depression and continuous exposure can cause leukaemia 

(Klaassen et al. 2008). Effects of benzene on health depends on the concentration and duration 

of exposure (ATSDR 2007). 

Lung function test does not cause harm. The test is to measure the abilities of respiratory 

gas exchange by ventilation, diffusion and mechanical characteristics of the respiratory 

system. Assessment of respiratory function is a major investigation for the early detection of 

lung abnormalities (Prajapati et al. 2010). Selection of lung function test on this study caused 

by exposure route to benzene is mostly by inhalation (International Programme on Chemical 

Safety 1993). Effects of benzene on health is depends on the concentration and duration of 

exposure to these compounds (ATSDR 2007). This study was conducted to determine the 

personal benzene concentration and lung function test among foggers at Dewan Bandaraya 

Kuala Lumpur (DBKL). 

 

 

 

 

 

 



 

 

 

Materials and Method 

Materials 

Chemicals: Carbon disulfide (CS2) from R&M Marketing. Adsorbent tubes containing 

activated charcoal from SKC Inc. 

Appratus: Gas Chromatograph-Flame Ionization Detector (G1530A) from Agilent 

Technology. Individual sampling pump (GilAir Plus) from SENSIDYNE (Industrial Health & 

Safety Industrial Instrument) company. Pony FX Spirometer (Cosmed) from COSMED 

company. Orbital mechanical shaker (model 719) from MFG Tech Lab company. Mouthpiece 

(Medicine) from medico Sdn. Bhd. company. Weighing machine and measuring tape. 

Study population 

The study population involved 35 full time-foggers in Unit Kawalan Vektor, Jabatan 

Kesihatan dan Alam Sekitar, DBKL. Whereas for the control group are 35 non-foggers in the 

same unit of workplace. All respondents signed an informed written consent and completed a 

questionnaires for demographic data obtaining. Questionnaires containing the working 

practices of worker, type of work, the practice of using personal protective equipment (PPE) 

and smoking habits. 

Personal air concentration 

Two forms of activity involved in conducting individual benzene concentration 

measurements. The first activity is when the foggers (n=2) are undertaking the chemicals 

preparation for thermal fogging. While the second is during foggers (n=23) conducting the 

thermal fogging in certain areas localities based on current incidence of dengue fever cases 

received. Sampling was carried out for 30 minutes each based on the estimated time taken to 

complete both of these work processes. Measuring the concentration of individual benzene 

against foggers using personal sampling pump with activated charcoal tubes mounted in the 

breathing zone of foggers; the breathing air was drawn through activated charcoal, desorbed 

by carbon disulfide and analyzed by gas chromatography with flame ionization detector, 

based on NIOSH method no. 1501 (Pendergrass 2003). Air sampel were submitted to 

Industrial Hygiene Analytical Lab, NIOSH (Bangi, Selangor, Malaysia) for determination of 

individual benzene concentration. 

Lung function test 

Lung function tests are done once to the respondent; foggers (n=35) and a control group 

(n=35). Tests conducted with a briefing about the lung function test to the respondents in 

advance. Information related to height, age and weight of each respondent is recorded on the 

spirometer. Next, respondents were instructed to sit or stand in a comfortable and wearing a 



 

 

 

nose clip to prevent air inhaled or exhaled through it. Instruction and demonstration of interest 

and exhale with the mouth given to the respondent to get better test results. Respondents were 

asked to inhale deeply and exhale with a maximum of 6 seconds. Respondents were asked to 

repeat the test 3 times to get the best reading (NIOSH 2003). Interpretation of lung function 

test normality and the parameters FVC, FEV1, ratio FEV1/FVC is based on Bellamy et al. 

(2005). 

Results and Discussion 

Study population 

 

Most of the respondent were men: foggers (100%), control (31.4%). There is no female 

work as foggers in the work unit. Based on Unit Kawalan Vektor DBKL, the tendency to 

select foggers is more to the man. This is due to estimated load of thermal fog machines 

carried by a foggers during conducting thermal fogging is equivalent to 7-10 kg with a full 

load of pesticides, diesel and petrol. More than 2/3 of all respondent were malay: foggers 

(88.6%), control (91.4%). The age range of respondent was 21-58 years, with a mean age of 

34.34 years in the foggers, and a mean age of 39 years in the male (control group), while 

mean age of 9.8 years in female. The physical parameter of the foggers and the control are 

shown in Table 2. Most of respondent were working more than 5 years: foggers (87.5%), 

control (87.5%). 100% of foggers using complete PPE equipment during working. For 

smoking status, almost 1/2 of respondent are smokers: foggers (51.4%), control (40%). There 

was no significant difference in the mean of the of age, height and weight in comparison 

foggers and control group. For height parameter, comparison between the gender in both 

groups showed that there were significant differences (p<0.001) among male and female. 

 

Table 2.   Physical characteristic of foggers and control group 

Parameters Mean ± Standard Deviation 

Foggers Controls 

Male Female Male Female 

Age (year) 34.34 ± 6.77 0 39 ± 9.80 33 ± 14.47 

Height (cm) 166.48 ± 7.03 0 169.36 ± 6.43 154 ± 8.40 

Weight (kg) 77.17 ± 14.77 0 73.96 ± 12.45 59.27 ± 14.96 

 

 

Personal benzene concentration 

 

According to Azari et al. 2012, the concentration of benzene in the range of 0.24-1.63 ppm 

were measured in petrol and petroleum products. While in these study, individual benzene 

concentrations obtained during chemical preparation (petrol and diesel) activities is 1.3 ppm. 

The average individual benzene concentration during conducting thermal fogging were <DL. 



 

 

 

The individual benzene concentration during chemical preparation were found to be exceed 

the standard of short-term exposure limit-15 minute by NIOSH (Occupational Safety & 

Health Administration 2012). Summary of individual benzene concentrations are shown in 

Table 3. 

 

Table 3.   Foggers individual benzene concentrations 

Foggers activities n Mean concentration 

(ppm) 

DL 

(ppm) 

STEL-15 minute 

(ppm) 

Preparation of chemicals  2 1.3 
0.46 1 

Thermal fogging 23 < DL 

 

Differences in individual benzene concentration readings for both activities is due to 

measurements carried out in outdoor environment than measurements made in the internal 

environment (chemical store). According to a study conducted by Flesca et al. 2000, the 

measurement of benzene in the outdoor environment will result in lower concentrations 

significantly compared with the internal environment. Benzene is a volatile aromatic 

compound with 6 unsaturated single bond carbon. At 1 ATM pressure, benzene has a melting 

point of 5.5 °C, a low boiling point of 80.1 °C and high vapor pressure (12.7 kPa at 25 °C). 

The existence of the fundamental nature of benzene causes it dispersed more quickly at 

ambient temperature. Normally benzene in air is present in the vapor phase, with erratic 

residence time depending on environment, climate and the concentration of other pollutants 

(WHO 2010b). 

 

Lung function test 

 

In this study, 28.6% of foggers were categorizes as restrictive lung compared to 34.3% in 

control. The lung abnormality in foggers were slightly lower than control [Table 4]. However, 

the mean values of all lung function test parameters shows no significant difference between 

the groups using independent (t) test of significance [Table 5]. The abnormalities of lung 

function test in foggers cannot be directly attributed to the personal benzene concentration 

obtained (1.3 ppm during chemical preparation). This is due to the concentration obtained 

does not represent the whole foggers involved in these study (n=2 for chemical preparation). 

Only two foggers are solely responsible for handling the preparation of chemicals in the work 

unit. Meanwhile, the differences of lung function test between groups are explained by gender 

differences in the control compared to the foggers which only has a male. 

 

The mean height is greater among male respondents influence the parameters improvement 

of lung function test (Etemadinezhad & Alizadeh 2011). Cruz and Torres (2011), the mean 

value difference parameter tests of lung function among male and female respondents is also 

due to respiratory muscle stronger, as well as the size of the lungs and respiratory tract larger. 



 

 

 

In another study that has been made, the phase of the menstrual cycle also affects the lung 

function test with 25% and 50% of FVC, FEV1 and the ratio FEV1 / FVC will be higher 

during the luteal phase and decreased during the menstrual phase (Nandhini & Subhashini 

2012). 

 

Table 4.   Interpretation of LFT results in foggers and control 

LFT Results Foggers No. (%) Control No. (%) Total No. (%) 

Restrictive 10 (28.6) 12 (34.3) 22 (31.4) 

Normal 25 (71.4) 23 (65.7) 48 (68.6) 

Total 35 35 70 

 

Table 5.   LFT results among foggers and control 

LFT Parameters Foggers Mean ± S.D. Control Mean ± S.D. Significance P Value 

FVC 85.46 ± 11.33 81.54 ± 13.17 0.187 

FEV1 85.97 ± 13.13 82.31 ± 13.98 0.263 

FVC/FEV1 95.86 ± 4.69 96.54 ± 7.07 0.635 

 

The mean values of lung function test parameters shows significant difference between 

smoker and non-smoker in foggers using the independent (t) test of significance [Table 6]. 

Smoking will cause a decrease in the parameters FVC, FEV1 and FEV1 / FVC against these 

smokers than non-smokers (Nighute & Awari 2011). Inhalation of cigarette smoke has been 

shown to cause significant changes in the lungs, including changes in the resistance to air 

flow and irritation of the respiratory tract (Tantisuwat & Thaveeratitham 2014). 

 

Table 6.  LFT results among smokers and non-smokers in foggers 

LFT Parameters Smokers Mean ± S.D. Non-smokers Mean ± 

S.D. 

Significance P 

Value 

FVC 81.00 ± 11.50 90.18 ± 9.28 0.014 (S) 

FEV1 81.11 ± 15.63 91.12 ± 7.22 0.022 (S) 

FVC/FEV1 95.44 ± 5.07 96.29 ± 4.37 0.60 

 

 

Conclusions 

Exposure to benzene is higher during the chemical preparation compared to when the fogging 

is conducted. This is due to the different degrees of exposure to petrol and diesel used in both 

of these activities. The individual benzene concentrations during chemical preparation were 

exceed the standard, while during thermal fogging are below. The selection of  urine or blood 

sample is more appropriate to determine the concentration of benzene. Results of lung 

function tests showed there were abnormalities in foggers lung function. The concentration of 



 

 

 

benzene may not be associated directly with this abnormality. There are also other factors 

affect the parameter value of lung function test among foggers, namely smoking habits. 
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