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Abstract - A study of the relationship between the concentration of benzene obtained from measurements and the CALINE - 
4 model and to study the relationship between the concentration of benzene obtained from measurements and the CALINE - 
4 model. The concentration of benzene were collected in rush hour from 4.00 - 5.00 pm.All samples were collected by a 
Coconut shell charcoal tube and analyzed by Gas Chromatography. The benzene concentration from the actual measurement 
was in the range of 0.0008 - 0.0084 mg/M3, with an average of 0.0038 ± 0.0028 mg/M3. The benzene concentration from 
CALINE-4 was in the range of 0.0093 - 0.1533 mg/M3, with an average of 0.0640 ± 0.0506 mg/M3, The benzene 
concentration of was measured and the CALINE - 4 assessment not difference at level of 0.01 (Sig equal to 0.000 <0.01) and 
correlated well with a very high correlation coefficient (R) is equal to 0.9647 
 
Index Term - Benzene, Caline – 4, Air Pollution 
 
I. INTRODUCTION 
 
Bangkok is the Capital and the most populous city in 
Thailand. It has a population of over 5.6 million 
inhabitants in an area of approximate 1,500 kM2[1]. 
The city is congested with a large number of motor 
vehicles. More than 5.9 million vehicles circulate 
within the city in 2008. Traffic has been the main 
sources of air pollution in Bangkok. Currently, 
Bangkok air quality problems due to various 
expansion. Be it economic, social and political in the 
population of more than 5 million inhabitants (2014), 
the larger the population, the greater the number of 
vehicles. It has increased as well. This results in dense 
traffic, low-speed movement of vehicles. The traffic 
jams result in the release of many air pollutants, but 
the species that is contaminated in the general 
atmosphere and carcinogenic affect the quality of life 
for health of people and the environment. 
Benzene is a substance in the group of volatile 
organic compounds (VOCs). Benzene has a major 
source of combustion of the car's fuel. It is very 
concentrated in areas with heavy traffic, according to 
the study by PimlaRajadanapong[2] on the 
Phaholyothin Road, it was found that during the rush 
hour, it was higher than the rush hour. Benzene has 
the highest concentration in the range of 2.63 - 5.66 
micrograms per cubic meter. between 4 pm and 7 pm 
(urgent in the evening). 
 
However, the benzene measurement method is costly 
to operate and time consuming to analyze. Therefore, 
the assessment of air quality can be done by 
CALINE-4 modeling. The actual measurement of 
benzene is costly to the sampling device. And take 
time to analyze it. However, the CALINE-4 model is 
one method that can be achieved by estimating traffic 
volumes and calculating air pollutant concentrations. 
The popular traffic estimation model, called the 
CALINE-4 model, was initially developed for carbon 

monoxide assessment, but can be used to determine 
the concentration of benzene. Therefore, it is 
interesting to study in order to study the difference of 
the actual measurement. Sampling using a coconut 
shell charcoal tube using Gas Chromatography and 
Flame Ionization Detector (FID) was used to 
determine benzene concentration. CALINE - 4 to 
assess concentrations of benzene  

 
Fig 1. Dusit District, Bangkok, Thailand [1] 

 
A. Benzene 
Benzene has been an important and widespread 
environmental pollutant. Exposure to benzene occurs 
via the inhalation of contaminated air. The 
International Agency for Research on Cancer (IARC) 
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classifies benzene as a “known human carcinogen” 
(group 1), with “sufficient” evidence of causing 
different types of leukemia, particularly, the acute 
myeloid form both in humans and in animals [3], [4]. 
B. Air Quality Assessment with CALINE-4 Model 
CALINE4 [5]is a line source air quality model 
developed by the California Board of Transportation. 
It is capable of predicting concentrations of pollutants 
within 500 m of a roadway given the required 
meteorological (e.g. wind speed, wind direction, 
mixing height, stability class, temperature, 
background concentrations), source strength (e.g. 
vehicles h_1, vehicle emission factor) and geometrical 
(e.g. roadway height, receptor locations and heights, 
number of links, surface roughness, mixing zone 
width) input parameters. In addition to its application 
to roadways, special options allow the model to be 
applied to intersections, street canyons and parking 
lots. 
The CALINE-4 models represent roadway links as a 
series of elements with corresponding finite line 
sources. [6] 
The CALINE-4 model is a mathematical model for 
the mobile source. CALINE-4 model developed by 
the California Highway Authority using Gaussian 
diffusion equations The study of the air pollution 
impact by this mathematical model is used in the 
event that the most severe meteorological 
characteristics, as recommended by CALINE 4, are 
wind speed of 1 meter per second. The coefficient of 
variation (y) of the wind direction is 17.5 degrees, 
the atmospheric stability F and the ambient 
temperature 25 ° C. CALINE-4 is models 
recommended by U.S. EPA [7], were used to predict 
hourly PM2.5 and CO concentrations 
 
CALINE 4 model is used to estimate the 
concentration of air pollution in the traffic area. The 
information used is Emissions from traffic (from car), 
traffic routes and meteorological conditions. This 
model is used to simulate general conditions. Also 
applicable to special cases are the elevated 
expressway junction. Or freeway below ground level 
and freeway within the ravine. The basic equation is 
shown as (1) 
 
The CALINE 4 model is a mobile and line source 
model developed by the California Highway 
Authority, using a Gaussian dispersion model. 
CALINE 4 use wind speed is 1 meter per second. 
Coefficient of variance (y) of wind direction is 17.5 
degrees. The stability of the atmosphere is  F and the 
temperature in the atmosphere is 25 ° C. 

 

Where  dC is the concentration of air pollutants. 
(grams per cubic meter) 
q is the rate of emission of air pollutants (grams per 
meter per second) 
u is wind speed (Meters per second) 
H is the height of the origin (meter) 
σy, σz is the diffusion coefficient in y and z direction 
(m) 
The CALINE-4 model requires the following data to 
be used 
 
(1) air pollution source information 
(1.1) The amount of air pollutant released from traffic 
due to automobile is shown in Table 1. 
 

Pollutant 

The amount of emissions from each vehicle. 
(Grams per kilometer per vehicle) 

Motorbik
e 

Automobil
e 

Light 
diesel 
engine 

Heavy 
diesel 
engine 

Benzene 0.080 0.023 0.001 
-

0.0004
7 

Toluen
e 0.015 0.010 0.011 0.006 

Athyl 
benzen

e 
0.00015 0.00009 0.0001

1 
0.0000

6 

Xylene 0.00026 0.00017 0.0001
9 

0.0001
0 

source: [2] 
Table 1 Emission factor of Volatile Organic Compounds of each 

vehicle in Thailand 
 
(1.2) Total car volume And the proportion of each 
vehicle. 
(1.3) car speed 
(1.4) The position of the road in the beginning and the 
end. 
(2) Meteorological Information 
(2.1) Speed (meters per second) and wind direction 
(degrees) 
(2.2) Atmosphere Temperature (Kelvin) 
 (2.3) Stability of the atmosphere 
(2.4) height of mixing (meter) 
(3) Pollution Information 
(3.1) The recipient of the pollutant uses a Cartesian 
coordinate system based on the 0,0 position. 
(3.2) pollution recipient height (meters) 
(3.3) Map, showing the surrounding environment. 
 
II. RESEARCH OBJECTIVES 
 
(1) To measure the concentration of benzene on the 
roadside  
(2) To assess the concentration of benzene from 
traffic using the CALINE-4 model. 
(3) To study the relationship between benzene 
concentration obtained from actual measurement and 
evaluation using the CALINE - 4 model. 
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III. ASSUMPTIONS OF RESEARCH 
 
The concentration of benzene obtained from the 
CALINE - 4 model was correlated with the 
concentration obtained from the actual measurement. 
 
IV. TOOLS AND EQUIPMENT 
 
A. Tools and Equipment Used in Field 
Measurements. 
(1) Air sampler 
(2) Dry Gas Meter (DGMs) for measuring the air flow 
rate. 
(3) Coconut shell charcoal tube 
(4) The Weather Probe (Davis Vantage Pro 2) is used 
to measure wind speed. 
B. Tools and Equipment Used in Scientific 
Laboratory Measurements. 
(1) Gas Chromatography using Flame Ionization 
Detector (FID) (Shimadzu GC-2010) 
(2) CALINE - 4 Version 2.1 
C. Chemicals used to analyze benzene concentration. 
(1) Benzene standard solution 
(2) Carbon disulfide 
 
V.RESEARCH METHODOLOGY 
 
The study of the relationship between the 
concentration of benzene obtained from 
measurements and the CALINE - 4 model. There are 
steps. 
(1) The actual measurement of the benzene 
concentration in the urban roadside by used the 
Coconut Shell Charcoal Tube. All samples were 
collected for 1 hr during the rush hour, from 4.00 – 
5.00 pm. Number of cars were count at the same time 
as benzene collected to bring the wind speed and 
number of cars to evaluate the  benzene concentration 
with CALINE-4 model. 
(2) CALINE-4 model assessment by bringing the 
weather meter to the same location as the air sampler 
to measure air velocity. Along with counting the 
number of vehicles passing through the road is 
divided into four categories: motorcycle benzene 
engine cars light diesel engine cars And heavy diesel 
engine cars. At the same time as benzene sample 
collection. The meteorological data were analyzed by 
air velocity and number of vehicles evaluated by 
CALINE-4 model. 
(3) The concentration of benzene. Based on the 
analysis, the statistical difference was calculated by 
paired sample t-test at .01 significance level. 
VI. SCOPE OF STUDY 
 
(1) Sampling of benzene using a coconut shell 
charcoal tube and analyzed benzene concentration by 
Gas Chromatography using Flame Ionization Detector 
(FID). 
(2) Determine the benzene concentration using the 
CALINE - 4 model. 

VII. RESEARCH RESULT 
 
Results of the study on concentration of benzene 
obtained from roadside measurements and using the 
CALINE-4 model. 
A. The Benzene Concentration 
From the measurement of benzene concentration. 
From November 4 to November 13 2016, the 
concentration of benzene is shown in Table 2 as 
follows: 
 

 
Benzene Concentration(mg/M3) 

U thong Rd Samsen Rd 
Measurement Caline-

4 Measurement Caline-
4 

1 0.0015 0.0206 0.0082 0.1280 
2 0.0009 0.0097 0.0078 0.1206 
3 0.0011 0.0215 0.0083 0.1249 
4 0.0012 0.0211 0.0078 0.1331 
5 0.0013 0.0261 0.0065 0.1189 
6 0.0014 0.0225 0.0056 0.1087 
7 0.0013 0.0215 0.0080 0.1357 
8 0.0014 0.0195 0.0065 0.1162 

Min 0.0009 0.0097 0.0056 0.1087 
Max 0.0015 0.0261 0.0083 0.1357 
Mean 0.0013 0.0203 0.0073 0.1233 
SD 0.0002 0.0047 0.0010 0.0090 
Table 2 Results of the study on concentration of benzene 

obtained from roadside measurements and using the CALINE-
4 model. 

 

 
Benzene Concentration(mg/M3) 

Rajwithi Rd Nakhon Rajasrima Rd 
Measurement Caline-

4 Measurement Caline-
4 

1 0.0014 0.0155 0.0084 0.1533 
2 0.0015 0.0151 0.0066 0.1366 
3 0.0045 0.0740 0.0056 0.1172 
4 0.0010 0.0093 0.0043 0.0610 
5 0.0011 0.0104 0.0044 0.0734 
6 0.0015 0.0125 0.0046 0.0754 
7 0.0009 0.0109 0.0044 0.0691 
8 0.0008 0.0110 0.0032 0.0549 

Min 0.0008 0.0093 0.0032 0.0549 
Max 0.0045 0.0740 0.0084 0.1533 
Mean 0.0016 0.0198 0.0052 0.0926 
SD 0.0012 0.0220 0.0016 0.0375 
Table 3 Results of the study on concentration of benzene 

obtained from roadside measurements and using the CALINE-
4 model. 

 
Table 2 shows that the U-thong road. The 
concentration of benzene obtained from the actual 
measurements was in the range of 0.0009 - 0.0015 
mg/M3, with an average concentration was 0.0013 ± 
0.0002 mg/M3. The concentration of benzene obtained 
from the CALINE - 4 model. The concentrations 
ranged from 0.0097 to 0.0261 mg/M3, with an average 
concentration was 0.0203 ± 0.0047    mg/ M3. 
Table 2 shows that benzene concentrations obtained 
from the actual measurements at Samsen Road. The 
concentrations in the range of 0.0056 - 0.0083 
mg/M3with an average concentration was 0.0073 ± 
0.0010 mg/M3. The concentration of benzene obtained 
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from the CALINE - 4 model was 0.1087, with an 
average concentration was 0.1233 ± 0.0090 mg/M3. 
Table 3 shows that the concentration of benzene 
obtained from the measurement at Rajavithi Road. 
Concentrations ranged from 0.0008 to 0.0045 mg/M3, 
with an average concentration was 0.0016 ± 0.0012 
mg/M3. The concentration of benzene obtained from 
the CALINE - 4 model at Rajavithi Road was in the 
range of 0.0093. - 0.0740 mg/M3, with an average 
concentration was 0.0198 ± 0.0220  mg/M3 
Table 3 shows the concentration of benzene obtained 
from the measurement of NakhonRatchasima Road. 
Concentrations ranged from 0.0032 to 0.0084 mg/M3, 
with an average concentration was 0.0052 ± 0.0016 
mg/M3. The concentration of benzene was assessed by 
CALINE-4 model at NakhonRatchasima Road. 
Concentrations ranged from 0.0549 to 0.1533 mg/M3, 
with an average concentration of was 0.0926 ± 0.0375 
mg/M3. 
B. The Relationship Between Concentration of 
Benzene from Measured and CALINE - 4 Model 
The results of the calibration of the measured 
concentration of CALINE-4 and the CALINE-4 
model were performed by measuring the 
concentration of benzene obtained from the actual 
measurement and assessment. With the CALINE - 4 
roadside model, the results of the actual 
measurements and the mathematical models. To 
analyze with correlation statistics. 
 
CONCLUSION 
 
Based on the research. Can be summarized as follows. 
(1) the benzene concentration obtained from the 
actual measurement at Samsen road The 
concentrations in the range of 0.0056 - 0.0083 mg/M3 
had the mean concentration of 0.0073 ± 0.0010 
mg/M3 at Rajavithi Road. The concentration was in 
the range of 0.0008 - 0.0045 mg/M3. The mean 
concentration was 0.0016 ± 0.0012 mg/M3 at Nakhon 
Ratchasima Road. Concentrations ranged from 0.0032 
to 0.0084 mg/M3, mean concentrations were 0.0052 ± 
0.0016 mg/M3, and U-Thong Road The concentration 
of benzene obtained from the actual measurement 
ranged from 0.0009 to 0.0015 mg/M3, with an average 
concentration of 0.0013 ± 0.0002 mg/M3. 
(2) the concentration of sucrose obtained from 
CALINE - 4 model assessment at Samsen Road. 
Concentrations ranged from 0.1087 to 0.1357 mg/M3. 
The average concentrations was 0.1233 ± 0.0090 
mg/M3 at Rajavithi Road were in the range of 0.0093 
- 0.0740 mg/M3. The average concentrations were 
0.0198 ± 0.0220 mg/M3 on Nakhon Ratchasima Road 
Concentrations ranged from 0.0549 to 0.1533 mg/M3, 
The average concentrations were 0.0926 ± 0.0375 
mg/M3 and U-Thong Rd, The concentrations ranged 
from 0.0097 to 0.0261 mg/M3. The average 
concentration was 0.0203 ± 0.0047 mg/M3. 

(3) The concentration of benzene obtained from the 
actual measurement and CALINE-4 model correlation 
was correlated. 
 
DISCUSSION 
 
Based on the results, the concentration of benzene 
obtained from the actual measurement and the use of 
mathematical models were not significantly different. 
The CALINE 4 model results are higher than the 
actual measurements. Because actual measurements 
may have other variables that affect concentration, 
such as the height of the mixed layer, the model 
assumes the assumption. However, it has been shown 
that the use of the CALINE-4 model can be used to 
assess benzene concentrations in the street 
environment. However, the relationship between the 
measured benzene concentration and the use of the 
CALINE - 4 model should be studied to confirm that 
the concentrations obtained from the actual 
measurement and the Using the CALINE-4 model is 
interrelated and requires further study to create an 
equation that can predict the results close to the actual 
measurement. 
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