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Abstract
Background and objectives: Volatile organic compounds (VOCs) are among major pollutants in urban
air, which can be associated with known effects and
complications. Therefore, the aim of this study was to
assess concentration changes of total volatile organic compounds (TVOC) and the temperature effect on
the concentration of pollutants in the air of Yasuj city.
Materials and methods: In this cross-sectional descriptive and analytical study, the samples were collected from the main squares of the city of Yasuj during
two cold and warm seasons at the traffic peak hours
of vehicles (7-22) in accordance with full factorial design. This study was carried out in several stages.
Firstly, direct-reading device (First Check) was used
to measure the concentration of total volatile organic
compounds. At this step, the digital device (Model
HD50, made in France) measured the temperature
simultaneously. In the next step to determine the type
of VOCs, environmental sampling pump and activated- charcoal sorbent tubes were used to collect some
air samples. After sample preparation, the pollutants
were extracted using carbon disulfide. Analysis of
the samples was performed by GC-MS device. Data
were analyzed using SPSS version 16 software.
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Results: Based on the results, the mean TVOCs concentration in the air of Yasuj city was 1058ppb. The
concentration of these compounds showed the highest value in the warm season and in the afternoon
hours within the midweek days. Concerning the effect
of temperature on TVOCs concentration, it can be
said that the concentration of these compounds was
enhanced with increasing temperature over 10ºC.
Conclusion: With regard to the adverse effects
of VOCs on human and environmental health as
well as the role of these pollutants in the formation of photochemical oxidants, appropriate actions related to monitoring and controlling these
compounds should be considered in urban air.
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Introduction
Air pollution is one of the most important human problems,
which is resulting from the release of various pollutants into
the atmosphere. The volatile organic compounds (VOCs)
are of the major pollutants in the air.
The VOCs are a large group of gaseous hydrocarbons that
evaporate at extremely high speed. These compounds
are emitted from a variety of sources, including power
stations, gas stations, industries, gasoline and diesel
vehicles, processes of using dyes etc. The diversity of
these gases in different environments depends on the
spatial and temporal changes in the sources of emissions,
meteorological parameters and other factors. The EPA has
listed a wide variety of these compounds as hazardous air
pollutants (1-3).
Some of the VOCs cause adverse effects on human and
environmental health. For example, exposure to benzene
can lead to several types of diseases, such as leukemia,
immune system abnormalities, neurological disorders,
cardiovascular diseases, respiratory illnesses, etc. (4, 5).
Some of the VOCs harmful effects on the environment
include participation in the formation of photochemical
smog and bad ozone in the lower layer of the atmosphere
(6). If there is a release of the VOCs, the concentration
of these compounds, similar to other pollutants in
atmospheric air, will be influenced by several factors,
including meteorological factors (temperature and relative
air humidity), the topographical features of the earth’s
surface and so on. Therefore, it is essential to be aware
of the meteorological parameters in which the dispersion
process affects the air pollution and causes the decrease
or increase in the concentration of air pollutants (7, 8).
Given the importance of the VOCs concentrations in the
atmosphere in terms of health and the environment, as
well as understanding the situation and changes in air
quality levels, this study was conducted to evaluate the
changes in TVOCs concentration in the air of Yasuj city
and the influence of temperature on the concentration of
pollutants in the air of the city.

Materials and methods
The city of Yasuj in southwestern Iran is the capital
of Kohgiluyeh and Boyer-Ahmad Province. The total
population of the city consists of approximately 120
thousand in 2016 and its area is over 24 km2. Since it is
a non-industrial city and motor vehicles are likely to play
a major role in air pollution, hence, the crowded areas
and main squares were selected as sampling sites in this
cross-sectional descriptive analytical study.
Totally, 1,500 samples were collected from ten main
squares of the city of Yasuj during two cold and warm
seasons (winter and spring) at the traffic peak hours of
vehicles (7-22) in accordance with full factorial design.

In order to facilitate statistical analysis, sampling times
were classified into three periods, before noon, afternoon
and night. In addition, the days of sampling were also
divided into the early days of the week, midweek days and
the late days of the week.
This study was carried out in three stages. Firstly,
direct-reading device (First Check, made in England)
with photoionization detector was used to measure the
concentration of total volatile organic compounds. The
device equipped with a 0.45-micron filter sucked the air with
flow of 250 ml per minute and determined the concentration
of total volatile organic compounds (TVOCs) by ultraviolet
light detector. At this step, the digital device (Model HD50,
made in Kimo Co., France) measured the temperature
simultaneously. In the next step to determine the type of
VOCs, environmental sampling pump (Model HFS-513A,
made in America) and activated-charcoal sorbent tubes
were employed to collect some air samples from places
with significant concentration of the VOCs. In the third
step, carbon disulfide was used to extract pollutants from
activated-charcoal sorbent tubes. Then, the samples were
injected into the gas chromatography–mass spectrometry
(GC-MS) according to NIOSH 2549 (model Yl6100, made
in Korea). Finally, the chromatogram output from the GCMS detected the most abundant of the VOCs in the urban
air.
In this study, SPSS version 16 software was used to analyze
the results and to draw the charts. Part of the results have
been reported as descriptive statistics (mean, standard
deviation). The graph of the regression was constructed to
determine association between variables.

Results
In this study, the minimum and maximum TVOCs
concentrations were measured as 230 ppb and 1650 ppb
in the cold season, as well as 160 ppb and 2200 ppb in the
warm season. According to the results presented in Table
1 (next page), the TVOCs concentration was higher in the
warm season than in the cold season.
The most TVOCs concentration in the warm season was
observed in the afternoon hours and in midweek days
and the lowest concentration was found before noon and
late days of the week (Figure 1). In the cold season, the
highest concentrations of these compounds was found at
nighttime and in the late days of the week and the lowest
concentration was also observed before noon and in
midweek days.
Concerning the type of the VOCs, based on the peaks of
air sample injection to GC-MS device, the most abundant
of the VOCs in the air of Yasuj city accounted for aromatic
compounds such as 2-ethyl-1,3 (2H) -Dithion-1H-Isoindol,
1,3Bis (trimethylsilyl) benzene, 2,4 - Di-tert-butilphenol,
dibenzosuberane and N-Butyl-benzene sulfonamide
(Figure 2).
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Table 1: Summary of statistics related to samples taken during the study

Figure 1- Temporal variations of the volatile organic compound concentration
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Figure 2: An example of chromatogram obtained from injection of air sample of Yasuj city to GC-MS devices
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Figure 3 depicts the effect of air temperature on the TVOCs concentration in the air of Yasuj city. Based on this figure,
the TVOCs concentration was enhanced with increasing temperature over 10ºC.
Figure 3: Effect of air temperature on the concentration of total volatile organic compounds
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Discussion
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