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From the two aspects of external environmental factors and vehicle factors, this paper studies the influence of
in-car temperature, humidity, vehicle type, vehicle mileage, vehicle exhaust displacement and other factors on
the harmful volatile organic compounds (VOC) in the automobiles. The research results show that: in terms of
external environmental factors, the increase of temperature and relative humidity in the car will cause the in-
car VOC concentration to increase, and the temperature has a more significant influence on the VOC
concentration in the car; being in area with poor environment and serious exhaust emissions for a long time
will increase the VOC concentration in the car; when the natural wind speed increases, the concentration of
VOC pollutants in the car gradually decreases. In terms of vehicle factors, the VOC concentration in high-end
cars is significantly higher than that in low-end cars, and the VOC concentration of new cars is higher than that
of old cars. As the car age and mileage increase, the VOC concentration in the car begins to decrease. The
vehicle exhaust displacement is proportional to the VOC concentration in the vehicle, and the interior space is
inversely proportional to the VOC concentration. The influence of the change in the interior space on the
harmful VOC concentration is relatively small.

1. Introduction

With the increasing of car ownership, the problem of air pollution inside the car has gradually received more
attention from the public (Chien, 2007; Buters et al., 2007). According to research, the pollution inside the car
is mainly caused by the volatile organic compounds (VOC) generated by the interior decoration materials.
Staying in this environment for a long time will cause dizziness, fatigue, nausea and other symptoms, and
even lead to various diseases to the human respiratory system and immunity system (Xu et al., 2016; Kim,
Dominici and Buckley, 2007; Riediker et al., 2003; Liu et al., 2015). Studying the diffusion law of VOCs in the
car and controlling in-car VOC pollution has become the focus of current research (Yoshida et al., 2006;
Dominici et al., 2006; Tatsu et al., 2016; Faber, 2015).

At present, automobile interior decoration materials include various resin materials, chemical fillers, etc., and
VOC types in the car include formaldehyde, benzene organic compounds, undecane, n-butyl acetate, etc.
(Geiss et al., 2009; Chen et al., 2014; Zhang et al., 2008). At present, the research on the VOC diffusion law in
the car (Jiang, Xiao and Liang, 2011) mainly includes the in-car VOC pollution degree survey, the car pollution
health risk assessment, and the influence of vehicle-related parameters (mileage, car age, interior decoration
type, in-car space volume, etc.) on the characteristics of VOC volatilization (Fedoruk and Kerger, 2003; Chen
et al., 2016; Hsu and Huang, 2009; Batterman et al., 2006). However, the current research results have large
differences in the in-car VOC concentration statistics, there is no general conclusion, and the investigation of
vehicle-related parameters is not comprehensive (Yoshida and Matsunaga, 2006).

This paper considers from the two aspects of external environmental factors and vehicle factors, studies the
influence of in-car temperature, humidity, vehicle type, vehicle mileage, vehicle exhaust displacement and
other factors on the harmful (Wang et al., 2018) VOCs in the automobiles. The research conclusion can
provide a theoretical reference for the volatilization detection and control of VOC in the car.
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2. Influence of environmental factors on VOC diffusion law in the car

First, the influence of environmental factors on the VOC diffusion law in the car is analyzed. Figure 1 shows
the concentration change of various VOCs in the car at different temperatures. As can be seen from the figure,
the temperature inside the car is proportional to the concentration of various VOCs in the car. When the
temperature inside the car increases from 24°C to 36°C, the concentration of benzene organics in the car
increases by about 3.85 times on average; The concentration of n-butyl acetate and undecane increases by
4.5 times and 6.5 times, respectively; the total organic matter content (TVOC) in the car increases by about
3.7 times.

Automobile interior decorative materials would occur complex chemical changes under high temperature,
including volatilization and decomposition of chemical additives. Therefore, the interior of the car should be
protected from the sun exposure.

Figure 2 shows the concentration change of various VOCs in the car at different relative humidity. It can be
seen from the figure that when the relative humidity increases, the concentration of various VOCs in the car
also tends to increase gradually, but the influence of relative humidity on the VOC is not as obvious as the
temperature. In-car humidity increase will cause VOCs to dissolve in the water vapor and reattach to the
surface of the car's decorative material, causing secondary pollution.
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Figure 3: Concentration change of various VOCs in Figure 4: Influence of airflow on the concentration
the car at different data collection locations change of various VOCs in the car under natural
wind mode

Figure 3 shows the concentration change of different VOCs in the car at different data collection locations. As
can be seen from the figure, cars that are parked around railway stations have highest in-car VOC
concentration, while cars that are parked on college campus have lowest in-car VOC concentration. The VOC
concentrations at the four sampling locations are ranked from high to low as train stations, bus stations,
procuratorates, and college campuses. It shows that the VOC pollution in the car is also heavier in areas with
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poor environment, numerous vehicles and serious exhaust emissions, while VOC pollution in the car that are
parked in area with better environment is relatively light.

Figure 4 shows the influence of airflow on the concentration change of various VOCs in the car under natural
ventilation mode. It can be seen from the figure that when the natural wind speed increases from 0.37 m/s to
0.69 m/s, the concentration of VOC pollutants in the car shows a significant declining trend as a whole. When
the natural wind speed is 0.69m/s, the concentration of toluene, ethylbenzene and styrene decreases by 48%,
68% and 59% respectively compared to the concentration of those when the wind speed is 0.69m/s; the
concentration of n-butyl acetate and undecane decreases by 56% and 77%, respectively. This is because in
the natural wind mode, the air exchange in the car is more frequent, which effectively diluted the VOC
concentration in the vehicle.
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Figure 5: Changes in mean concentration of various VOCs in taxis, buses and cars

3. Influence of vehicle factors on the VOC diffusion law in the car

Figure 5 shows the concentration of various VOCs for different types of vehicles (taxi, bus, car). It can be seen
from the figure that the VOC concentration values inside the three types of vehicles exceed the specified
values of the relevant standard, and the VOC concentration values are ranked from large to small as cars,
taxis and buses. The concentration of n-butyl acetate in cars is the highest, and the concentration of toluene in
taxis is the highest.

The different types of cars are divided into high-end cars, mid-range cars and low-end cars according to price,
rating and other factors. As can be seen from the figure, the VOC concentration ranks from high to low in
order of high-end cars, low-end cars, and mid-range cars. There are many decorative materials in high-end
cars, and the airtightness is the best, which causes various types of VOCs unable to be quickly released to the
outside; the low-end cars generate a large amount of harmful VOC due to the use of more inferior materials.
The concentrations of benzene, toluene and ethylbenzene in the mid-range cars were 78 ug/ms3, 198 pug/m?
and 70 ug/m3, respectively, which were all less than the values specified by the relevant standards.
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Figure 6: Changes in mean concentration of various Figure 7: Influence of car age on concentration of
VOCs in high-end, mid-range and low-end cars various VOCs in the car

Taking the 12-th months after car leaving the factory as the dividing point, cars leaving the factory for less than
12 months are regarded as new cars, and cars leaving the factory for more than 12 months are considered as
old cars. Calculate the concentration change of various VOCs in the two kinds of cars, as shown in figure 7. It
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can be seen from the figure that, the concentrations of VOCs inside the new cars are all higher than those of
the old cars. This is because the internal materials of the new cars are brand new, and the harmful VOCs
stored therein will gradually volatilize, and the general volatilization period is more than 6 months.

Figure 8 shows the influence of car mileage on the VOC concentration in the vehicle. Similar to Figure 7, as
the mileage of the car is increases, the concentration of harmful VOC stored in the interior decoration material
gradually decreases, and the pollution inside the car is also reduced. According to the statistical results of this
paper, when the mileage exceeds 140,000 km, the VOC concentration in the car is lower than the relevant
standard, and when the mileage is only 4,000 km, the benzene organic matter and the TVOC concentration in
the car are clearly exceed limits of relevant standard.
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Figure 8: Influence of car mileage on concentration of various VOCs in the car
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Figure 10: Influence of interior space on concentration of various VOCs in the car

Figure 9 shows the influence of different car displacements on concentration of various VOCs in the car. It can
be seen from the figure, as the car exhaust displacements increase, the total amount of VOCs in the car is
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also growing. The total internal VOC of cars with a displacement of 3.6L is about 10% higher than that of the
cars with a displacement of 1.3L, and for cars with displacement of 3.6L, the in-car toluene and xylene
concentrations also seriously exceed the standard. For cars with a displacement of 1.3L, the concentration of
benzene organic matter in the car is significantly lower than the specified standard value. The larger the
exhaust displacements of the car, the more harmful VOCs are emitted, and the harmful VOCs are more likely
to penetrate into the interior of the car.

Figure 10 shows the influence of the car interior space on the concentration of various VOCs. It can be seen
from the figure that when the space inside the vehicle is small (V<10m3), the typical VOC concentrations of
toluene, ethylbenzene and styrene are 231.8ug/m3, 82.9ug/m? and 27.7ug/m?, respectively; when the space
inside the vehicle is large (V>20 m3), the concentrations of above VOCs are 178.6ug/m3, 61.3ug/m?, and
19.9ug/m3, respectively, which are about 22.9%, 26.1%, and 28.2% lower than those of cars with V<10m3. It
shows that the larger the space inside the car, the lower the concentration of harmful VOCs, but the reduction
extent is relatively flat.

The smaller the space inside the car is, the less air is circulated, and the VOCs generated by the decorative
materials cannot be discharged quickly. Therefore, the concentration of VOCs accumulated in the car is
larger. The statistical results show that the content of benzene organic matter is basically exceeding the
standard when the space inside the vehicle is V<10m?3. When the interior space is V>20m3, only the xylene
content exceeded the standard.

4. Conclusion

From the two aspects of external environmental factors and vehicle factors, this paper studies the influence of
in-car temperature, humidity, vehicle type, vehicle mileage, vehicle exhaust displacement and other factors on
the harmful volatile organic compounds (VOC) in the automobiles. The research conclusions are as follows:
(1) In terms of external environmental factors, the increase of temperature and relative humidity in the car will
cause the VOC concentration in the car to increase, and the influence of temperature on the VOC
concentration in the car is more significant; being in area with poor environment and serious exhaust
emissions for a long time will increase the VOC concentration in the car; when the natural wind speed
increases, the concentration of VOC pollutants in the car gradually decreases.

(2) In terms of vehicle factors, the VOC concentration in high-end cars is significantly higher than that in low-
end cars, and the VOC concentration of new cars is higher than that of old cars. As the car age and mileage
increase, the VOC concentration in the car begins to decrease. The car exhaust displacement is proportional
to the VOC concentration in the car, and the interior space is inversely proportional to the VOC concentration.
The influence of the change in the interior space on the harmful VOC concentration is relatively small.

Acknowledgements

This paper is supported by Research and Development Programs of Shandong Province (2016GGX103036),
Jinan Science and Technology Development Plan (201102026).

References

Batterman S., Jia C., Hatzivasilis G., Godwin C., 2006, Simultaneous measurement of ventilation using tracer
gas techniques and voc concentrations in homes, garages and vehicles, Journal of Environmental
Monitoring, 8(2), 249-256, DOI:10.1039/b514899%

Buters J.T., Schober W., Gutermuth J., Jakob T., Aguilar-Pimentel A., Huss-Marp J., 2007, Toxicity of parked
motor  vehicle indoor air, Environmental Science & Technology, 41(7), 2622-2629,
DOI:10.1021/es0617901

Chen X., Feng L., Luo H., Cheng H., 2014, Analyses on influencing factors of airborne vocs pollution in taxi
cabins, Environmental Science & Pollution Research International, 21(22), 12868-12882,
DOI:10.1007/s11356-014-3223-y

Chen X., Feng L., Luo H., Cheng H., 2016, Health risk equations and risk assessment of airborne benzene
homologues exposure to drivers and passengers in taxi cabins, Environmental Science & Pollution
Research, 23(5), 4797-4811, DOI:10.1007/s11356-015-5678-x

Chien Y.C., 2007, Variations in amounts and potential sources of volatile organic chemicals in new cars,
Science of the Total Environment, 382(2-3), 228-239, DOI:10.1016/j.scitotenv.2007.04.022

Dominici F., Peng R.D., Bell M.L., Pham L., Mcdermott A., Zeger S.L., 2006, Fine particulate air pollution and
hospital admission for cardiovascular and respiratory diseases, Jama the Journal of the American Medical
Association, 295(10), 1127-1134, DOI:10.1001/jama.295.10.1127

Faber J., 2015, Influence of volatile organic compounds presence on odor in cabin of passengers cars,


https://doi.org/10.1039/b514899e
https://doi.org/10.1021/es0617901
https://doi.org/10.1007/s11356-014-3223-y
https://doi.org/10.1007/s11356-015-5678-x
https://doi.org/10.1016/j.scitotenv.2007.04.022
https://doi.org/10.1001/jama.295.10.1127

336

Logistyka, 3, 1254-1262.
Fedoruk M.J., Kerger B.D., 2003, Measurement of volatile organic compounds inside automobiles|[dagger]|,
Journal of Exposure Analysis & Environmental Epidemiology, 13(1), 31-41, DOI:10.1038/sj.jea.7500250
Geiss O., Tirendi S., Barrero-Moreno J., Kotzias D., 2009, Investigation of volatile organic compounds and
phthalates present in the cabin air of used private cars, Environment International, 35(8), 1188-1195,
DOI:10.1016/j.envint.2009.07.016

Hsu D.J., Huang H.L., 2009, Concentrations of volatile organic compounds, carbon monoxide, carbon dioxide
and particulate matter in buses on highways in Taiwan, Atmospheric Environment, 43(36), 5723-5730,
DOI:10.1016/j.atmosenv.2009.08.039

Jiang F., Xiao Z.M., Liang Z.W., 2011, Simulation of voc diffusion of plastic packaging in the vehicle cabin,
Key Engineering Materials, 460-461, 518-521, DOI:10.4028/www.scientific.net/kem.460-461.518

Kim S.R., Dominici F., Buckley T.J., 2007, Concentrations of vehicle-related air pollutants in an urban parking
garage, Environmental Research, 105(3), 291-299, DOI:10.1016/j.envres.2007.05.019

Liu H., Man H., Tschantz M., Ye W., He K., Hao J., 2015, Voc emissions from the vehicle evaporation
process: status and control strategy, Environmental Science & Technology, 49(24), 14424-14431,
DOI:10.1021/acs.est.5b04064

Riediker M., Williams R., Devlin R., Griggs T., Bromberg P., 2003, Exposure to particulate matter, volatile
organic compounds, and other air pollutants inside patrol cars, Environmental Science & Technology,
37(10), 2084-2093, DOI:10.1021/es026264y

Tatsu K., Habibullahalmamun M., Raknuzzaman M., Hatayama R., Masunaga S., Takeda T., 2016, Car indoor
air pollution by volatile organic compounds and aldehydes in japan, Aims Environmental Science, 3(3),
362-381, DOI:10.3934/environsci.2016.3.362

Wang W., Chang J., Wang S., 2018, Odor recognition and control measures of harmful substances in drinking
water sources in irrigated area of yellow river, Chemical Engineering Transactions, 68, 511-516, DOI:
10.3303/CET1868086

Xu B., Wu Y., Gong Y., Wu S., Wu X,, Zhu S., 2016, Investigation of volatile organic compounds exposure
inside  vehicle cabins in china, Atmospheric  Pollution Research, 7(2), 215-220,
DOI:10.1016/j.apr.2015.09.005

Yoshida T., Matsunaga I., 2006, A case study on identification of airborne organic compounds and time
courses of their concentrations in the cabin of a new car for private use, Environment International, 32(1),
58-79, DOI:10.1016/j.envint.2005.04.009

Yoshida T., Matsunaga I., Tomioka K., Kumagai S., 2006, Interior air pollution in automotive cabins by volatile
organic compounds diffusing from interior materials: i. survey of 101 types of japanese domestically
produced cars for private use, Indoor & Built Environment, 15(15), 425-444
DOI:10.1177/1420326x06069395

Zhang G.S., Li T.T., Luo M., Liu J.F., Liu Z.R., Bai Y.H., 2008, Air pollution in the microenvironment of parked
new cars, Building & Environment, 43(3), 315-319, DOI:10.1016/j.buildenv.2006.03.019


https://doi.org/10.1038/sj.jea.7500250
https://doi.org/10.1016/j.envint.2009.07.016
https://doi.org/10.1016/j.atmosenv.2009.08.039
https://doi.org/10.4028/www.scientific.net/kem.460-461.518
https://doi.org/10.1016/j.envres.2007.05.019
https://doi.org/10.1021/acs.est.5b04064
https://doi.org/10.1021/es026264y
https://doi.org/10.3934/environsci.2016.3.362
https://doi.org/10.1016/j.apr.2015.09.005
https://doi.org/10.1016/j.envint.2005.04.009
https://doi.org/10.1177/1420326x06069395
https://doi.org/10.1016/j.buildenv.2006.03.019



