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Volatile organic compounds (VOCs) are considered as

important groups of interior pollutants.!!

Mahnaz Shakerian, Shiva Souri

ABSTRACT

The purpose of this study was to evaluate the concentrations of
toluene and ethylbenzene inside the cars with an interior source related
to in-cabin decoration and deodorizer use among Pride cars manufactured
in Iran.

The vehicles under study were Pride cars
manufactured in Iran. In-cabin sampling was conducted by a personal sampling
pump drawing air through an active carbon sorbent tube. The samples were
analyzed by a gas chromatograph equipped with mass spectrophotometer
detector.

In — cabin mean concentrations of toluene and ethylbenzene
were 105.4 ug/m® and 19.09 ug/m3, respectively. The effects of decoration
and deodorizer use inside the cars on toluene and ethylbenzene in-cabin
concentrations were also not significant.

Total means concentration of toluene inside the cars was
higher than that of ethylbenzene. Models of the studied vehicles were
not significantly affecting the concentrations of the target volatile organic
compounds.
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The exposure to high level concentrations of VOCs can
result in some important health effects such as neural
inflammations, allergia, asthma and cancer symptoms.!?!

Toluene and ethylbenzene are two of these compounds
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largely found in both internal and external VOC emission
sources.!
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Central nervous system (CNS) disorders are of the most
important effects of toluene (C,I). The impacts on the
respiratory, cardiovascular and renal systems has been
proved.™
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The exposure to ethylbenzene (C.H,) may lead to the eyes
and skin irritations as well as mucus tissue inflammation.

Chronic exposure to ethylbenzene can affect CNS as well as
the respiratory and renal systems.” Ethylbenzene is classified
as a potential carcinogen to humans (Group 2B) by the
international agency for research on cancer.!

The exposure to VOCs occurs in workplaces”®! as well as
residential areas!”™” and urban environments.!'b1?

Now-a-days, the quality of indoor air has become of the
interest of researchers because of the fact that people spend
the majority of their time indoors.!"”!

It is presumed that higher VOC levels can be found among
the interior environments than the outsides. Monitoring
of the interior places, therefore, can obtain more desirable
results associated with the personal exposures to VOCs. ')

One of the important interior environments is the cabin of
vehicles where people are spending more time on commuting.
With rapid growth of economy, privately owned cars are
achieving more people popularity among in different
societies.

Vehicle manufacturing companies report that an increasingly
growth of their products marketing. Producing Pride cars in
Iran was reported nearly up to 590,000 vehicles in 2012.1)

The air contaminants inside the vehicles are possible to be
produced by in — car compounds emission, fuel leaking and
ambient outdoor air penetration into the vehicles.!'®l

The studies indicate that toluene and ethylbenzene with
known health effects are two of the VOCs found inside the
cabin of the vehicles.!'18!

Chertok et al. measured the passengers exposure to toluene
and ethylbenzene inside the vehicles. As they reported,
the average concentrations of toluene and ethylbenzene
inside the 8 vehicles under study were 28.76 ppb and
4.38 ppb, respectively."” Som et al. revealed that in — cabin
concentrations of toluene and ethylbenzene among
public commuting cars under static conditions were
52.1 £21.2 ug/m’ and 12.5 = 4.3 pug/m’, respectively.” Lau
and Chan measured individuals’ exposure to VOCs in public
transportation vehicles (bus, taxi and subway) and found
that the average concentrations of toluene and ethylbenzene
among 12 tested taxi vehicles were 43.5 = 12.6 ug/m’ and
4.4 £ 1.6 ug/m’, respectively.!)

In another study conducted by Balanay and Lungu the
exposure levels of 15 Jeepney drivers to toluene and
ethylbenzene were reported 196.6 ug/m’ and 17.9 ng/m’,
respectively.#

Zhang et al., studied on 822 vehicles parked in a covered
garage and reported the concentrations of toluene and
formaldehyde 1220 pg/m?* and 80 pg/m?, respectively.!'*!

You et al., carried out another study on different kinds of
chemical compounds as well as their quantity among both
new and old vehicles under static conditions and found a
5 year old vehicle to have the concentrations of toluene and
m, p xylene as 32.2 pg/m’® and 10.2 pg/m’, respectively.!

The results were obtained from the studies shows the
importance of measuring the in-vehicle VOCs concentrations
and assessing effective factors on exposure to these
compounds. Noteworthy, Pride cars account for a major
portion of the vehicles manufactured and utilized in
Iran. The aims of the current study were to evaluate the
concentrations of toluene and ethylbenzene inside Pride cars
and to investigate the effect of decoration and deodorizer use
on the in — cabin concentrations of the target compounds.

MATERIALS AND METHODS

Study plan
Toluene and ethylbenzene were considered as two pollutants

to be investigated in this study because of their impacts on
public health.*’)

The target compounds’ presence inside the vehicles can be
due to interior materials emission, fuel leakage and polluted
ambient air penetration into the vehicles. Environmental
sampling, therefore, was also carried out under the same
condition that the study was performed to control the impact
of the polluted ambient air on in — cabin concentrations
of toluene and ethylbenzene. The samples were taken from
the switched — off cars to eliminate the influence of fuel
leakage on concentration of the compounds. Sampling was
carried out in covered parking lots to reduce the influence
of sunlight — induced heat. The public vehicles also were
excluded from the study to control the effect of the cars
application on the desired results. To achieve more precise
results, the pride vehicles used in this study were classified
into three different groups. 152 different models of Pride
vehicles were evaluated totally in this study including KIA
(Group I), Saba (Group II) 131, 141, LX 111, SX'and Nasim
(Group III). Environmental sampling was also carried out
under the same condition that the study was performed to
control the impact of the polluted ambient air on in — cabin
concentrations of toluene and ethylbenzene.

Several samples were taken from fabric cars at the market
offices to assess the initial in — vehicle concentrations of
the target compounds exactly after being manufactured and
before being utilized. Some other required information such
as cabin decoration components and use of deodorizers was
collected using a check list.
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Measurement method

All samples were taken from the vehicles using low — flow
rate sampling pump (Model 222-3 SKC Inc — England)
drawing air through an active carbon tube (SKC. No

226-01).

The sampling was carried out based on the NIOSH sampling
method NO. 1500-1501.11621

Prior and after cach sampling event, the sampling pump was
calibrated using uniformity digital soap bubble flowmeter
(Defender, Model 570 made in Bios Company, England).
Temperature and humidity were measured through the
study using temperature humidity meter (Model sinometer

CTH-609).

The study was conducted in one of the covered parking lots of
the Isfahan city, to eliminate the influence of solar radiation
on the vehicles as well as the heat produced by sunlight.

After entering the cars into the parking lot and parking in
a certain place, the vehicles were turned off and all their
windows were closed. After 10 min, the suspended activated
carbon sorbent tube inserted to the calibrated pump was sent
into the cabin through back side window. The sampling, then,
was performed in 20 min with a flow rate of 200 ml/min that
was set based on the pretest.!'*!

The samples were isolated completely and kept in the
refrigerator until being desorbed and analyzed. To make the
samples ready for analysis, the target compounds absorbed
by an activated carbon sorbent tube were transferred to a
vial and desorbed with 1 ml of carbon disulfide (Merck,
Germany).

Samples analysis

The samples were analyzed using a gas chromatography (GC)
(Agilent technology: 7890 Uniformity: USA) equipped with
a mass spectrometer detector (Agilent technology: 5975
Concentration: USA) and sample distribution of split 1:
10. HP-5 ms column (30 m X 0.25 mm Id, 0.25 wm), was
employed with helium (purity 99.995%) as carrier gas at a
flow rate of I ml/min.

The column temperature program was 40°C for 5 min
programmed with an increase of 5°C/min to the point
where the temperature reaches 150°C and remains at this
temperature for 2 min.

The known concentrations of each target VOCs were made
using pure samples (Merck, Germany) and injected to
GC-mass spectrophotometer (GC-MS) as the standard
materials for calibration.

The samples were prepared and injected to GC-MS using
an automated injection system (CTC Pal — Combi Pal).

The concentrations of contaminants to be existed in each
sample were specified in terms of pg/m’ based on the standard
calibration curve corresponding to each sample and the
sampling size.

Non — parametric kruskal —wallis test was utilized to compare
the in — cabin concentrations of the tested compounds among
the target vehicles and parameters under assessment.

RESULTS

Table 1 represents the in — vehicle concentrations of toluene
and ethylbenzene.

Figure 1 indicates toluene and ethylbenzene concentrations
inside the vehicles based on three classified groups.

The results associated with in — vehicle concentration of
toluene and ethylbenzene in relation to decoration and
deodorizer application have been summarized in Table 2.

Based on non — parametric Kruskal — Wallis test, the
in — vehicle concentrations of toluene and ethylbenzene
among the three tested vehicle groups were not statistically
significant, (P = 0.809 and 0.799 respectively).
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Group1 Group2 Group3
® Mean toluene ® Mean ethylbenzene
Number Mean Mean N
of Group toluene ethylbenzene
Group1 103.95 20.63 50
Group2 71.95 14.02 52
Group3 141.64 22.83 50

Figure 1: Toluene and ethylbenzene concentrations in terms
of the vehicle model

Table 1: The average in-vehicle concentrations of toluene
and ethylbenzene

Compound N Mean SD Min-max
(ng/m3  (ug/m?d) (ng/m3)

Toluene 152 105.4 270.5 10.56-1913.1

Ethylbenzene 152 19.09 33.97 7.6-245.04

SD: Standard deviation, Min: Minimum, Max: Maximum
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DISCUSSION

The environmental air sampling and in—vehicle air sampling
were carried out simultancously. The target compounds
concentrations collected by the environmental sampling
were below GC-MS detection limit. The concentrations
of toluene and ethylbenzene inside the cars, therefore,
are more likely to be due to the interior sources emission.
These results are consistent with the findings reported by
Zhang et al 1'%

According to Table 1, the mean concentration of toluene
inside the cars was higher than that of ethylbenzene. Karman
et al!”l and Batterman et al.,1**! measured the in — cabin
concentrations of toluene and ethylbenzene and reported
similar results. In another study conducted by Fedoruk and
Kerger the concentrations of toluene inside the Chevrolet,
Ford and Toyota cars were 38, 89.5 and 86.8 ug/m’ and

Table 2: Toluene and ethylbenzene concentrations
(mean, SD) in terms of the in-vehicle decoration and
deodorizer use

Variable Toluene (pg/m?3) Ethylbenzene
(ug/m?)
N Mean SD Mean SD
In-cabin
decoration
No decoration 79 77.7 158.4 13.83 19.61
Seat covers 44 99.1 249.78 26.32 46.84
Dashboard 3 448.34 758.26 40 56.12
covers
Seating and 6 17.09 13.92 9.83 5.46
dashboard covers
Window screen 1 38.2 — 7.6 —
Seating covers 3 12.33 3.07 7.6 —
and window
screen
Hanging 2 45.34 49.2 17.83 14.47
accessories
Deodorizer use
No deodorizer 99 85.04 202.48 16.36 27.04
Spray 22 132.55 318.2 27.28 52.93
Oil-based 13 41.36 39.41 15.8 19.46
deodorizer
Perfume 4 87.77 213.58 17.62 12.36

SD: Standard deviation

concentrations of ethylbenzene were respectively 7.5, 2.7
and 2.5 ug/m*.1¥"I This can be due to using toluene as the
important component of the solvents utilized in painting
and surfacing of interior decoration inside the vehicles.?*!

The cars classified in group Il showed higher concentrations
of toluene and ethylbenzene inside the vehicles compared
with those of two other studied group [Figure 1].

According to kruskal — wallis test, however, the differences
between three studied groups (group I, KIA group 11, SABA
and group III, SAIPA) were not statistically significant for
both toluene and ethylbenzene. In this study, the mean
concentrations of toluene and ethylbenzene inside KIA
cars were 103.95 pg/m’ and 20.63 pg/m’, respectively, that
show lower levels than the mean in— cabin concentrations of
target compounds in a study performed by Jo WK and Park
KH in South Korea which were 331 ug/m’® and 42.8 ug/m’,
respectively. This inconsistency can be due to using tenax
as sorbent in Jo and K-HP study, which is known for its high
ability to absorb even very low level concentrations of VOCs.*)

Zhang et al.,' and Harrison RM et al.,’" reported higher
VOC:s concentrations in their studies due to the fact that
these materials are more likely to be emitted from interior
decoration used in new cars. In this study also the mean
concentrations of toluene and ethylbenzene were higher
among the fabric cars.

The factor that may have attributed to this difference is that
the high — emitting materials widely used in the surface of
the interior decoration of the vehicles emit VOCs specially
when they are newly installed.!**!

Based on the collected data using a check-list, it was observed
that in addition to the original interior cabin components,
some extra components such as seat and dashboard covers,
curtains and some other accessories were used by some
drivers as well as deodorizers including sprays, fragrances
and o1l — based perfumes. Although some of the mentioned
accessories were relatively effective on increasing the toluene
and cthylbenzene in — cabin concentrations based on

Table 3: comparison of the mean concentrations of toluene and ethylbenzene in different studies

Study Location Average concentration Average concentration References

of toluene inside the car of ethylbenzene inside

(ng/m?3) the car (ug/m?3)

Current study Isfahan, Iran 105.04 19.09 This study
Geiss et al. Italy 98.8 11.7 [32]
Som et al. Kolkata, India 186.7+118.2 130.5+76.4 [20]
Lau and Chan Hong Kong, China 43.5+12.6 4.4+1.6 [21]
Fedoruk and Kerger California, USA 169.6 +67.2 15.7£11.7 [27]
Chan et al. Guangzhou, China 108.5+30.6 20.3+6.9 [17]
Jo and Yu Taegu, Korea 175 15.1 [34]
The Hong Kong indoor air quality Hong Kong 1045 1090 [35]
objective
The National indoor air quality Chinese 200 — [36]
standards
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the kruskal — wallis test, the effect was not significant,
(P =0.784, 0.546, 0.711 and 0.194 respectively).

However, in two other studies performed by Hsu and
Huang HL P! and Geiss et al.,’?) interior leather — used
decoration and deodorizer use were respectively two
important pollution sources to emit VOCs inside the cars.

The concentration levels of some samples were below the
GC-MS detection limit in this study that may be due to the
type of the utilized sorbent.

Using some other sorbents with higher ability to detect
low — level concentrations can help to obtain more precise
results.*’!

There was not any study conducted on interior air standard
for BTEX in Iran. The results, therefore, have been compared
with the standards applying in some other countries as well
as the studies with similar objectives [Table 3].

The measured concentrations of toluene were lower than
those of other similar studies and toluene concentrations
were higher than ethylbenzene in all studies. The mean
concentrations of both target compounds were lower
than other studies, which can be due to the sampling
location, different vehicles models, sampling size, the drivers
conditions, the fuel type, climatic condition etc.

CONCLUSIONS

In the current study, the mean in — cabin concentrations
of toluene and ethylbenzene were measured under the
statistic condition. Since the samples were taken from
switched — off cars and the results of the environmental
sampling, simultancously conducted in the same location and
with the same conditions, showed that the environmental
concentration were below the GC-MS detection limit, it can
be claimed that the measured in — vehicle concentrations
are related to the interior emission sources. It was also found
that using some extra interior decorations and deodorizers
was not significantly effective on the concentrations of the
target compounds.

The results of this study indicate that the in-cabin emission
sources can be attributed to the interior air pollution and
there is an essential need to develop the required standards.
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