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ABSTRACT

This study considered the influence of two atmospheric variables (temperature and relative humidity) on total
volatile organic compound (TVOC) pollutant emission concentration in parked vehicles at Ignatius Ajuru
University of Education, Rumuolumeni. One hundred parked vehicles (50 parked vehicles under shade and 50
parked vehicles in the sun) were selected for the study. TVOC monitor was placed right inside each of the selected
parked vehicles to measure its TVOC emission concentration, atmospheric variables (temperature and relative
humidity) for a period of three months. The readings were taken between the hours of 12pm to 3pm, Nigerian
time. This was done for vehicles parked under shade and vehicles parked in the sun. The measured TVOC
concentration for vehicles parked under shade showed a positive correlation of 0.451 with temperature and a
negative correlation of -0.087 with relative humidity, while that of the parked vehicles in the sun, the measured
TVOC concentration showed a weak negative correlation of -0.264 with temperature and a weak positive
correlation of 0.333 with relative humidity for the period under study. The measured TVOC concentrations of
the selected vehicles parked under shade and in the sun with the following values 0.56 mg/m3, 0.604mg/m?,
0.698mg/m3, 0.711mg/md, 0.732mg/m?, 0.740mg/m?, and 0.882mg/m? for the period under study were higher
than the occupational exposure limits of 3mg/m? to 5mg/m?3. This study shows that shades did not play any major
influence in the reduction of emission concentration of TVOC in Parked vehicles. Hence cross ventilation of
vehicles should be considered by vehicle users in order to prevent any hazardous effects due to prolong exposure
to high build-up of TVOC concentration in vehicles.
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1.1 INTRODUCTION

The harmful effect of air pollution on the environment and human’s health has been on the increase as a result of human activities,
mostly in developing countries and Nigeria in particular, where the effects of air pollution has no diminishing rate (Igbokwe et al,
2015, Ede and Edokpa, 2015, Edokpa et al, 2019; Ede and Edokpa 2017). According to Ait-Helal et al (2014), anthropogenic or

biogenic activities are continually introducing pollutants such as Volatile Organic Compounds (VOCs) that blend with other pollutant
IJSER © 2021
http://www.ijser.org


http://www.ijser.org/
mailto:robert.james@iaue.edu.ng

International Journal of Scientific & Engineering Research Volume 12, Issue 12, December-2021 293
ISSN 2229-5518

to impact the atmospheric boundary layer. More so, in our daily activities, we are always in contact with some items like disinfectant,
semi-conducting materials, petroleum products, paint solvent, adhesives, and many other products that emits volatile organic
compounds. Also, in our long distant journeys, we often spend hours inside vehicles, which sometimes translates into considerable
exposure to high TVOC concentration emitted by the vehicles. According to Klepeis et al (2001) commuters on average, spend 5.5%
which is about 79 minutes of their time on a daily basis in automobiles. Fedoruk & Kerger (2003), “the emission of volatile organic

compounds (VOCs) from automobile cabin materials is one of the main causes of poor vehicular air quality”’

Exposure to VOCS, particularly in new vehicles could result to sick car syndrome (SCS) (Kim et al, 2011). A number of studies have

reported that among the anthropogenic sources of VOCs vehicles were the major contributor to VOC emission (Cui et al, 2015).

1.2 TOTAL VOLATILE ORGANIC COMPOUND

VOCs is a combination of a large number of heterogeneous organic compounds such as aliphatic and aromatic hydrocarbons, alcohols,
aldehydes, ketones, esters and halogenated compounds, which are highly volatile (Talapatra and Srivastava, 2011). According to
Goldstein and Galbally (2007), “scientific interest in atmospheric VOCs originated in Los Angeles in the 1950s, when Haagen-Smit
first recognized the importance of anthropogenic organic compounds in atmospheric chemistry’’. In scientific literature, “VOCs are
organic chemical compounds which can evaporate easily under normal conditions of temperature and pressure’’. “Volatile organic
compounds are generally referred to as highly reactive or toxic organics emitted by both human made and natural sources due to their
high volatility at normal atmospheric condition’” (Godish et al, 2015). A group of World Health Organisation experts in consensus,
adopted internationally recognized definition of (VOCs) (WHO, 1989). “It was opined that “volatile organic compounds should include
volatile organic compounds within a defined interval of boiling points 50-100°C sampled by absorption and analysed by Gas
Chromatography (GC) or Liquid Chromatography (CL)’’(WHO, 1989). VOCs can be classified into groups based on volatility--very
volatile organic compounds with boiling points between less than 0°c and 100°c, volatile organic compounds with boiling points between
100°c and 240°, and semi-volatile organic compounds having boiling points between 240 and 400°c (WHO, 1989). The group of
VOC:s is often treated as one entity and is then called TVOC (Total Volatile Organic Compound).

1.2.1 SOURCES OF TVOC

Sources of TVOC is generally divided into two--Natural and Anthropogenic sources. According to Guenther (2006), tropical and extra-
tropical forests are the largest sources of volatile organic compound globally.

Natural sources (Biogenic): Natural sources of TVOC include wildfire, emission by vegetation, wetlands, and VOCs emitted by
animals or microorganisms.

Anthropogenic (man-made) sources: Anthropogenic sources of TVOC are the TVOC that emanate from human activities such as
transportation, manufacturing industries, oil refining storage, oil and gas, waste deposits, electricity generation, and household products
and residential sector. Industries and vehicle transportation are the two primary sources of anthropogenic emissions that have the biggest
impact on the global atmosphere. Zhang, et al (2008); Faber, et al (2013) reported that materials such as plastics, sealants, paints,
leather, fabrics, carpets, an foam used to design the compartment and interior of vehicles are largely responsible for vehicles’ indoor
pollution. In a study by Brodzik et al (2014), they noted that the sealing materials and adhesives around the sunroof in many newly
manufactured vehicles could increase the emissions aldehyde concentration values of the range 23.0 -1110 pg/m?® and a mean value of
80pg/m. Yoshida et al (2006) conducted a study using 50 new cars and found the measured in-cabin formaldehyde concentration to be
between 17-61pug/m* A research finding by You et al (2007) showed that the correlation between the total concentration of volatile
organic compound (TVOC) and the airflow in the cabin is a function of air velocity in the surroundings. “When the air velocity increases
from 0.15 to 0.7mls, the airflow rate increases from 0.15 to 67h, whereas the TVOC concentration decrease from 1780 to 120.0pg/m®”
(YYou et al, 2007). Xu, et al (2006) reported that vehicles with leather interior emit higher VOCs concentrations than vehicles designed
with fabrics, and equally higher in newly manufactured vehicles than old vehicles. Fedoruk and Kerger (2003) found TVOC levels in a

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 12, Issue 12, December-2021 294
ISSN 2229-5518

6-month old vehicles in the USA were 400-500 pg/m® under warm conditions, but increases to at least 5-fold under extreme heat
conditions. Xiong et al (2015) theoretically derived a correlation equation between the in-cabin VOC concentration and temperature.

. . . . . . Cq1-
This correlation equation is given by equation (*1) ;’;C;; = ITCZ .............................. (1)

Where Ca is the pollutant concentration in the vehicle cabin in ug/md, T is the air temperature in the vehicle cabin, C,and C; are positive
constants, which are independent of temperature and only related to the physical and chemical properties of the material-pollutant

combinations.
1.2.2 EFFECTS OF TVOC

Health Effect: The quality of the air human beings breath can adversely affect human’s health. The major route of exposure to VOCs
is through inhalation. Among the health effects of VOCs, the most common issue is their toxic or carcinogenic effects (Ramirez, 2012).
A good number of studies have shown that long term exposure to VOCs poses serious health effects (Rumcher et al., 2004). Health
effects associated with VOCs could either be short or long term---short term health effects are nose and throat discomfort, headache,
sleeplessness, fatigue and dizziness, allergic skin reaction, while leukaemia, loss of coordination, anaemia, and cancer are long term
effects (Kim et al., 2002; Kerbachi et al., 2006). The level of harmful effect of organic compounds depends on the nature of the organic
compound. These compounds vary from highly toxic to those with no known health effect. Furthermore, the health problems associated
VOCs depends on the concentration, specific composition, and the length of time of exposure to VOCS.

Climate Change: Emission of VOC may have adverse environmental effects on the local, regional and the climate. TVOC contributes
considerably to the development and growth of aerosols which modify the micro-climate condition of any domain directly through
absorbing both incoming and outgoing solar/infrared radiation. TVOCs reacts with nitrogen oxides on hot summer day (Plocoste et al,
2018), this results in the formation of atmospheric ozone and particles of smaller size below 2.5um in big cities (Lee et al., 2002).
“Biogenic sources of VOCs emissions are easily influenced by climate change as well as playing important role in climate, increasing
greenhouse gas concentrations and formation of aerosols in the atmosphere”(Constable et al.,1999).

VOCs from both mobile and stationary sources are defined as ozone precursor (Pitts & Pitts, 2012) and they affect climate change
indirectly.

Regional Impacts: The formation of photochemical smog is largely attributed to VOCs. Photochemical smog is formed when VOCs
react with nitrogen oxides in the presence of sunlight producing a brown haze over cities and this phenomenon is more common in

summer because of abundant sunlight during this period of the year (USEPA, 2004).
1.3 MATERIALS AND METHOD

Study Area: The vehicles used for this study were parked vehicles at Ignatius Ajuru University of Education campus, Rumuolumeni
community in Obio-Akpor Local Government Area of Rivers State, Nigeria. The study area (Ignatius Ajuru University of Education)
has a geographical coordinates of latitude 4° 48' 0.6343" N and longitude 6° 55' 52.9835" E. The climatic condition of the study area is
tropical monsoon. This geographical location is marked by long period of Rainy season, usually from March to November and a short
period of dry season, usually from December to February. These long period of rainfall and short dry seasons of study location could
be attributed to its nearness to rivers and a network of creeks with large water bodies. “The university campus is bounded by creeks to
the North, Eagle Cement Manufacturing Company and other companies and private establishments like Master Energy to the South,

residential area to the East and creeks to the West”. Figure 1 is the satellite map of the study area.
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Figurel: Satellite View of Ignatius Ajuru University Campus and the Adjoining Residential Area

1.3.1 MATERIALS

The materials/instrument employed in this study include TVOC monitoring device, 100 parked vehicles, and a stop watch.

TVOC Monitor: The TVOC monitor is a portable hand held chargeable volatile organic compound (VOC) device used to measure
accurately a variety of air synthetic indicators, the total amount of natural and synthetic volatiles organic compounds that cause most
odours, and dust particles less than 2.5 microns.

Stop Watch: This is a handheld timepiece employed in measuring the time intervals.

One hundred parked vehicles (50 parked vehicles under shade and 50 parked vehicles in the sun) were selected for the study. TVOC
monitor was placed right inside each of the selected parked vehicles to measure its TVOC emission concentration, atmospheric variables
(temperature and relative humidity) for a duration of three months. The readings were taken after five minutes, this was done for both
the vehicles parked under shade and vehicles parked in the sun. The measuring time was from 12pm to 3pm, Nigerian time. Correlations

between the measured emitted TVOC concentration and the measured atmospheric variables were also determined.

1.4 RESULTS AND DISCUSSION

Figures 2, 3, 4, and 5 are scatter plots showing the trends between the mmeasured TVOC concentration and atmospheric variables
(temperature and relative humidity) for vehicles parked uunder shade and in the sun respectively.

Scatter Plot: Scatter plots enable us to determine the relationship between the measured variables, outliers and the appropriate statistical

tool to be employed in statistical analysis.
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Figure2: Scatter Plot of Measured TVOC Concentration Vs Temperature of vehicles
Parked Under Shade

Figure 2 shows a positive linear relationship between the measured TVOC concentration and temperature for vehicles parked under

shade.
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Figure 3: Scatter Plot of Measured TVOC Concentration Vs Relative Humidity of
Vehicles Parked Under Shade

In figure 3, the relationship between the two variables (TVOC concentration and relative humidity) for vehicles parked under shade is

a negative linear relationship.

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 12, Issue 12, December-2021 297

ISSN 2229-5518

800

600

400

MEASURED TVOC IN SUN

200

.ooa

mple Scatter with Fit Line of MEASURED TVOC IN SUN by MESURED TEMBRERATURE IN SUN

]
. -
L
- s ol
s ¢ ° T
T+ 8 -
P —
. e — @@ -
- I e
-
|
L ]
-
- -
- - - - - 2
37.500 40.000 42500 45.000 47 500 50.000

MEASURED TEMPERATURE IN SUN

Figure 4: Scatter Plot of Measured TVOC Concentration Vs Temperature of Vehicles Parked in the Sun

Figure 4 also shows a fairly negative linear relationship between the measured TVOC concentration and Temperature for vehicles

parked in the sun.
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Figure 5: Scatter Plot of Measured TVOC Concentration Vs Relative Humidity of Parked

Vehicles in the Sun

Figure 5 indicates a strong negative linear relationship between the measured TVOC concentration and relative humidity for vehicles

parked in the sun.

Atmospheric Variables: The mean temperature (40.56°C) of the vehicles parked in the sun was higher than the mean temperature

(34.72°C) of the vehicles parked under shade for the period under study. This difference in temperature could be due to direct exposure

of the vehicles to solar radiation. For relative humidity, the mean relative humidity (54.66%) measure in parked vehicles under shade
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for the period under study was higher than the mean relative humidity (41.80%) measured in vehicles parked in the sun. This difference

in the mean of relative humidity could be attributed to reduction in the rate of evaporation in vehicles parked under shade.
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Figure 6: Graphical Representation of the Measured TVOC Concentration of Vehicles parked under Shade and in
the Sun

Figure 6 is a bar chart showing the measured emitted TVOC concentration of the selected vehicles for the period under study. The red
colour bars represent TVOC concentration emitted by the parked vehicles under shade, while the black colour bars represent TVOC
concentration emitted by vehicles parked in the sun. More so, in figure 6 greater number of vehicles parked under shade emit more
TVOC concentration than those vehicles parked in the sun.

Comparing the difference between the mean of the measured TVOC concentrations in vehicles parked under shade and the vehicles
parked in the sun, the mean TVOC concentration (0.3657mg/m?3) of vehicles parked under shade for the period under study was higher
than TVOC concentration (0.2186) of the vehicles parked in the sun. This could be attributed to the fact that vehicles parked under
shade have higher relative humidity than vehicles parked in the sun.

1.4.1 CORRELATION ANALYSES

Correlation analyses for vehicles parked under shade: The measured TVOC Correlation and atmospheric variables (temperature
and relative humidity) showed a positive correlation of 0.451 between the measured TVOC concentration and temperature, and a very
weak negative correlation of -0.087 between the measured TVOC concentration and relative humidity for the period under study.
Correlation analyses for vehicles parked in the sun: The measured TVOC concentration also showed a weak negative correlation of
-0.264 with temperature and a weak positive correlation of 0.333 with relative humidity for the period under study.

1.5 CONCLUSION
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Generally, TVOC has no federally enforceable standards in non-industrial setting (USEPA, 2021). In this study, the measured TVOC
concentrations of the selected vehicles parked under shade and in the sun with the following values 0.56 mg/m3, 0.604mg/m?,
0.698mg/m?3, 0.711mg/m?, 0.732mg/m?, 0.740mg/m?, and 0.882mg/m? for the period under study were higher than the occupational
exposure limits of 3mg/m? to 5mg/m?3 stated by Advanced Solutions Nederlands B.V (2020). Finally, the finding of this study shows
that shades does not play any major influence in the reduction of emission concentration of TVOC in Parked vehicles. Hence the need
for cross ventilation of vehicles by vehicle users in order to prevent any hazardous effects from prolong exposure to high build-up of
TVOC concentration in vehicles.
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