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ABSTRACT
Volatile organic compounds (VOCs) emitted from vehicle dashboards, panelling and interior compo-
nents are one of the primary contributors to poor automobile air quality. Exposure to VOCs can result 
in symptoms such as headaches and fatigue which can lead to unsafe driving. The purpose of this pilot 
study was to compare the VOC and airborne particle concentration levels between new model (<10 years 
old, N = 6) and old model (>10 years old, N = 4) automobiles. VOC and particle measurements were 
conducted at the beginning of business operations and then again four hours later to assess the impact 
of temperature on material emissions of VOCs. Morning VOC measurements in new and old model au-
tomobiles ranged from <LOD to 6.60 ppm (mean ± SD: 1.168 ± 2.005 ppm) and <LOD to 0.60 ppm 
(mean ± SD: 0.0285 ± 0.0182), respectively. Afternoon VOC measurements for both models ranged from 
0.22 to 6.62 ppm (mean ± SD: 2.952 ± 1.714 ppm and <LOD to 12.12 ppm (mean ± SD: 3.106 ± 3.722), 
respectively. Interestingly, unlike new model automobiles, old models of automobiles showed statistically 
significant positive correlations between temperature increase and VOC levels [Spearman’s rho in the 
mornings: 0.611 (p < 0.05; in the afternoons: 0.947 (p < 0.05)]. New model  automobiles emit significantly 
higher levels of VOCs than older models during morning hours (p < 0.05).
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1 INTRODUCTION
Volatile organic compounds (VOCs) are a category of organic chemical compounds whose 
structure allows them to evaporate under normal temperature and pressure conditions [1,2]. 
VOCs are emitted into the air from processes (such as burning fuels) or naturally by being 
released by products (such as building materials) [2]. VOCs are emitted from car interior 
products such as dashboards, door panels, vinyl and plastics and are a primary contributor 
to poor air quality in automobiles. Automobile products can emit VOCs for a long period of 
time as a result of off-gassing, heating and cooling, and the natural breakdown of products 
due to aging [3]. Exposure to VOCs can result in symptoms such as nausea, fatigue and head-
aches which could lead to unsafe driving [2,4].

Many studies investing VOC emission rates have been conducted. These studies have pro-
vided insight into levels of harmful compounds such as benzene and toluene in automobile 
cabins. The emission rates have been analysed under varying conditions such as engine idling 
vs driving and the effect of ventilation [4–6]. Further investigations have shown the influ-
ence of temperature on VOC emissions. Several studies have shown that as the temperature 
increases in the cabin of automobiles, so do the levels of VOCs [4,7–9].

Like VOCs, particulate matter (PM) is a class of air pollution that can be found in automo-
biles. PM is made up of either solid or liquid particles that are suspended in the air and have a 
certain chemical structure such as sulphur or nitrogen oxides [1]. PM is formed in many dif-
ferent ways including fuel burning (wood-burning, power plants), driving on unpaved roads, 
and from natural sources such as pollen and dust [1]. Particles are grouped by size according 
to their aerodynamic diameter, which is determined by its density and shape. Exposure to PM 
can lead to respiratory problems such as exacerbated asthma, decline in pulmonary function 
and respiratory diseases [1].
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While there are many studies investigating VOC emission rates and temperature, a majority 
of them gather their data from new cars. There is little data comparing the VOC concentration in 
new and old model automobiles. The purpose of this pilot study was to investigate the emission 
of VOCs in new model automobile (<10 years old) and old model automobiles (>10 years old) 
in two different times of the day – morning and afternoon hours – with different temperatures. 
We examined the influence of in-cabin temperature on materials emission of VOCs and number 
concentrations of particles of following six sizes: 0.3, 0.5, 1.0, 2.5, 5.0 and 10 µm.

2 METHODS

2.1 Sampling locations

Data were collected from two business parking lots in southeast Georgia, USA. The two 
parking lots were within four miles of each other. Neither parking lot provided cover for 
vehicles, and both were free of tree coverage. Data were collected from five vehicles at each 
site. All vehicles were parked in spots next to each other and were not moved in-between 
sampling periods.

2.2 Data collection and analysis

A total of ten new (N = 6) and old (N = 4) model vehicles were recruited for this pilot study 
through convenience sampling. New model automobiles (<10 years old) ranged in produc-
tion year from 2013 to 2017. Old model automobiles ranged in production year from 1997 to 
2005. VOC and particle data were collected from each vehicle twice per day. The first meas-
urements were taken between 8 am and 9 am. The second set of data collection took place 
4 h later between 12 pm and 1 pm. VOC data were collected using a VOC08 meter (General 
Tools, NJ, USA). The VOC08 detects VOCs by measuring changes in the conductivity and 
resistance electrical properties in metal-oxide sensors when exposed to ambient gases [10]. 
During each collection, VOC levels were measured every 15 s for 3 min. Temperature and 
particle counts (n/m3) were measured in 15-s intervals for 3 min using a 6-channel (0.3, 0.5, 
1, 2.5, 5 and 10 µm) particle counter (CEM, West Bengal, India). The DT-9881 is an optical 
particle counter that uses light refraction to indicate the size of particles pulled into the device 
[11]. The DT-9881 has a flow rate of 2.83 L/min and detects CO, HCHO, relative humidity 
and temperature in addition to the six particle sizes stated above. Statistical analysis was 
preformed using SPSS Version 25 (IBM, NY, USA). Nonparametric Spearman’s correlation 
tests were ran for determining the association between the mean value of VOCs and tem-
perature as well as the association between particle concentration and temperature. Pearson 
correlation test was used to determine the relationship between temperature and VOCs.

3 RESULTS AND DISCUSSION
Morning VOC measurements in new model vehicles ranged from below the level of detec-
tion (<LOD) to 6.60 ppm (mean ± SD: 1.168 ± 2.005 ppm) Old model vehicles ranged from 
<LOD to 0.60 ppm (mean ± SD: 0.0285 ± 0.0182). VOC measurements for new model vehi-
cles in the afternoon ranged from 0.22 to 6.62 ppm (mean ± SD: 2.952 ± 1.714 ppm After-
noon VOC measurements for old model vehicles ranged from below the level of detection 
to 12.12 ppm (mean ± SD: 3.106 ± 3.722). VOC concentrations for both new and old model 
automobiles in the morning and afternoon hours are shown in Fig. 1.
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Morning temperatures in new model vehicles ranged from 20.6°C to 36.7°C (mean ± SD: 
28.16  ±  3.97°C). Old model morning temperatures ranged from 27.2°C to 33.7°C 
(mean ± SD: 30.36 ± 2.23°C). Afternoon temperatures in new model vehicles ranged from 
24.8°C to 38.5°C (33.82 ± 3.37°C). Old model temperatures ranged from 30.3°C to 44.6°C 
(mean ± SD: 35.58 ± 4.01°C).

VOCs and temperature showed statistically significant correlations in three of the four 
analyses. Temperature and VOCs in old vehicles showed significant correlation in both the 
morning and afternoon with Pearson correlation coefficients of 0.662 (p < 0.001) and 0.917 
(p <0.001), respectively. New model vehicles showed a statistically significant correlation in 
the morning, but not in the afternoon (Pearson coefficient of 0.491, p < 0.001).

Particle concentrations in new models were significantly higher in the morning than in the 
afternoon for 0.3 µm p < 0.05), 0.5 µm (p < 0.001) and 1 µm (p < 0.05). Larger particles of 
2.5, 5.0 and 10 µm, however, showed no significant differences. Particle concentrations in old 
models were significantly higher in the morning than in the afternoon for 0.3 µm (p < 0.05), 
0.5 µm (p < 0.001), 1 µm (p < 0.001), 2.5 µm (p < 0.001), 5 µm (p < 0.001) and 10 µm 
(p < 0.001). Particle concentrations for old and new models in the morning and afternoon are 
shown in Figs. 2 and 3.

The results of this study align with those of other studies measuring VOC concentration 
and temperature in automobile cabins. Yang et al. (2017) found that temperature influences 
VOC concentration. In their study, they found that as temperature increased so did the con-
centration of five different VOCS (benzene, toluene, styrene, ethylbenzene and p-xylene) 
with toluene showing the greatest increase [8]. Likewise, Xiong et al. found that temperature 
influences the VOC concentration in automobile cabins in a linear relationship [7]. When 
comparing VOC concentration during warm (26°C) and extreme heat (60°C) conditions, 
Fedoruk and Kerger [3] found that in extreme heat conditions VOC concentration rates were 
four times higher than those found in warm conditions.

The results of this study found that new model automobiles emit higher levels of VOCs 
than older models in the mornings comparison. These results are similar to other studies that 

Figure 1: VOCs in old and new models by measurement times.
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Particle sizes
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Figure 2: Morning particle concentrations.

Figure 3: Afternoon particle concentrations.
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have compared the two different models. You et al. [12] found VOC concentrations in new 
vehicles to be four times higher than that of a 1-year old vehicle and almost 40-times higher 
than that of a 5-year-old vehicle. In a similar study, Fedoruk and Kerger [3] found that in 
addition to temperature, the age of vehicle influences the emission of VOCs into the cabin. 
They found that newer vehicles had higher concentrations of VOCs than older models.

While the results showed significant differences between morning and afternoon PM con-
centrations, no significant difference was found between old and new vehicles. The lack of 
difference between the old and new models can be explained in two ways. First, the cabin 
of automobiles is a closed environment with limited air flow to disperse the particles. PM is 
generated by car engines and dispersed into the air from the exhaust pipe. Ristovski et al. 
found that, depending on the size and type, engines emit particles ranging 0.5–30 µm [13]. In 
addition to those produced by the engine, PM is produced by tires rolling on the ground and 
found in the air [1]. PM produced by the engine and those found outside can enter the cabin 
through the air vents or unsealed areas connecting the cabin with the engine bay.

Second, the lack of significant difference in particle concentration may be associated with 
the VOCs found in the automobiles. Li et al. found that in an indoor environment, ozone and 
VOCs can mix to form hydrogen peroxide. When ozone and limonene were both present, 
particle concentrations were significantly higher than when only one or neither were present 
[14]. In a similar study, Fan et al. found that a mixture of ozone and VOCs in an indoor envi-
ronment can result in the production of hydrogen peroxide, submicron particles and ultra-fine 
particles [15]. According to United States Environmental Protection Agency, ground level 
ozone is highest during the late-spring and summer months due to hot and dry climate [16]. 
The mixing of ozone and VOCs in the automobile cabins may explain the similar concentra-
tion of particles between the two different models.

This study has a number of limitations. First, as a pilot study the scope is limited. Only ten 
automobiles were included in the study which limits the impacts of the findings. Second, the 
duration of the sampling time is a limitation to this study. VOC levels steadily rose through-
out the measurement period. Limiting the time of measurement to 3 min may underestimate 
the concentration of VOCs in automobile cabins. 

4 CONCLUSSION
As temperature increases in the cabin of an automobile, the VOC concentration increases as 
well. New model vehicles emit higher levels of VOCs than old model vehicles.
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