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This study has assessed the concentration of Total Volatile Organic 
Compounds (TVOCs) emissions across selected automobile repair 
workshops in and around Port Harcourt metropolis. EGVOC-180 TVOCs gas 
monitor was used to measure the TVOCs concentration levels emitted from 
10 purposively selected automobile repair workshops. One sample t-test 
statistical analysis was performed using SPSS version 23 statistical Package. 
The study results showed difference in mean concentration levels of TVOCs 
in the morning and afternoon working hours of the day. The morning 
working periods (8 am-12 noon) recorded lower levels of ground level mean 
concentration (0.95±0.77 mg/m3 and range of 0.15-2.5 mg/m3) when 
compared to the higher values (1.38±0.89 mg/m3 and range of 0.45-3.00 
mg/m3) observed during the afternoon working periods (12 noon – 4 pm). 
All the selected automobile repair workshops locations had TVOCs 
concentration levels higher than the control sample areas. The study 
emphasized a significant difference in TVOCs concentration levels between 
the observed sampled locations and the Nigerian Ambient Air Quality 
Standard of 160 µg/m3 (0.16 mg/m3) for 3-hourly average daily values. 
TVOCs have been scientifically established to have negative effects on air 
quality, climate change, human health and the biotic environment. Similarly, 
increase in anthropogenic emissions from automobile repair workshops 
have the possibility of contributing significantly to soil and surface water 
pollution. In order to minimise the negative effects of this study outcome, 
health exposure and risk assessment of emissions from automobile repair 
workshop domains should be encouraged in rapidly developing cities in 
Nigeria by Policy Makers. 
 
Keywords: Total Volatile Organic Compounds, air quality, Port Harcourt, 
automobile workshops, health and environment. 

 
INTRODUCTION 
 
Total Volatile Organic Compounds (TVOCs) is a phrase used 
to define a collection of compounds that are present in 
emissions released to the boundary layer atmosphere.  
They are basically a composite blend of several small scale 
Volatile Organic Compounds (VOCs). Observation of TVOCs 
is significant in assessing photochemical air quality in 

urban lower atmosphere (Olumayede, 2014). The quality of 
air in any environment remains an important ecological 
phenomenon of health concern. The harmful impact of air 
pollution on human health and the environment across the 
globe has been on the increase, mostly in developing 
countries    such     as     Nigeria,     where     the    effects      of  
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anthropogenic activities on air pollution has no diminishing 
rate (Igbokwe et al., 2015; Ede and Edokpa, 2015; Ede and 
Edokpa, 2017; Edokpa and Ede, 2019; Edokpa et al., 2019). 
Anthropogenic or biogenic activities are continually 
introducing pollutants such as VOCs that blends with other 
pollutants to impact the atmospheric boundary layer. (Ait-
Helal et al., 2014). TVOCs are formed due to incomplete 
combustion of organic compounds from fossil fuel products 
with favourable chemical composition that enables easy 
evaporation under normal atmospheric temperature and 
pressure conditions and as such impacts air quality, climate 
change and human health (Olumayede, 2014; Dinh et al., 
2015).  

TVOCs contribute considerably to the development and 
growth of aerosols in the lower atmosphere and these 
aerosols modify the micro-climatic condition of any domain 
directly through absorbing both incoming and outgoing 
solar/infrared radiations. Smog formation results from 
combination of TVOCs and nitrogen oxides in the air, which 
affects air quality and visibility (Nasralla et al., 2017).  
Ground level ozone is formed when TVOCs react with 
nitrogen oxides on hot summer days (Plocoste et al., 
2018).This results in the formation of tropospheric ozone 
and particles lower than 2.5 micrometres in large cities 
(Lee et al., 2002). TVOCs, like benzene, 1,3-butadiene and 
vinyl chloride are classified by the International Agency for 
Research on Cancer (IARC) in Group 1 as carcinogenic for 
humans (IARC, 2017 According to Igbokwe et al. (2015), 
chlorofluorocarbons (CFCs) which are parts of the TVOCs 
group are not likely to have instant effect on its immediate 
domain of discharge, however, its mixture and reaction 
with other substances to form secondary pollutants triggers 
the formation of ground level ozone which can cause 
significant harm to plants and materials on a local scale. 
TVOCs, however, are important for global ecological 
integrity and human health (Global Atmosphere Watch, 
2017) TVOCs come mainly from natural sources, like forest 
fires and the transformation of biogenic precursors; 
nevertheless, anthropogenic activities have become 
important sources of toxic TVOC emissions into the 
atmosphere, so much so that they account for 25 % of 
TVOCs in our global atmosphere (USEPA, 2017). CFCs at 
global level is a dangerous greenhouse gas that enhances 
global warming (Igbokwe et al., 2015). Its concentrations in 
the upper atmosphere destroys the ozone layer and allows 
the infiltration of dangerous ultraviolent radiations. 
Petroleum and natural gas extraction, petrochemical 
activities and the burning of fossil fuels in industries, homes 
and mobile sources, including automobiles, trucks, buses 
and motorcycles, ships and airplanes are the major 
contributors of TVOCs, followed by chemical and industrial 
processes (manufacturing of paints, lubricants, adhesives, 
oil derivatives), mining, commercial sources, gas leaks from 
stoves, residential water heaters and boilers and use of 
pesticides in agriculture (Global Atmosphere Watch, 2017). 

The Port Harcourt City which is a significant commercial 
and industrial nerve centre of Nigeria (Ede, 1998) 
accommodates    several    vehicle    automobile   workshops  

 
 
 
 
known locally as “mechanic workshops”. These centres are 
widely known for degrading the soil and surface water, 
with less attention to its emissions contributions to the 
local air quality. The momentous growth in automobile 
repairs centres across Nigeria most especially in the urban 
domains is largely attributed to the inability of majority of 
the population to purchase brand new vehicles due to the 
serious economic impacts. This has led to the purchase of 
outdated vehicles which requires constant rehabilitation at 
the automobile workshop centres thereby contributing to 
the high levels of ambient TVOCs emissions in the urban 
domains. The major sources of air pollutants in the 
environment include emissions from vehicles, electricity 
generators and industries, road and building construction 
activities, as well as mining (Obanya et al., 2018). 

The aim of this present study was tomonitor the total 
volatile organic compound (TVOC) emission levels from 
selected automobile repair workshops domains in and 
around Port-Harcourt metropolis, as an indication of air 
pollution. 
 
 
MATERIALS AND METHODS 
 
Study Areas and Instrumentation 
 
The sampling points was effected in locations within and 
around Port Harcourt metropolis (Figure 1) and TVOC was 
the main pollutant assessed. Port Harcourt situated in the 
Niger Delta area, Southern Nigeria, is located within 
Longitudes 6° 58’ – 7°60’ E and Latitudes 4° 40’ – 4°55’ N 
and within the tropical wet equatorial zone of bi-modal 
rainfall regime (Edokpa, 2018). The area being a vital 
business hub for oil and gas activities and the associated 
business with impact on rapid population growth is 
consistently prone to emissions releases from various 
anthropogenic activities. 

The EGVOC-180 with photoionization detector (PID) also 
known as combustible gas meter or explosivity meter was 
used for measuring the level of TVOCs in the ambient 
airfrom the sampled locations. The photoionization 
instruments are not chemical-specific; they measure the 
total organic or flammable vapour concentrations in the air 
mass under considerationwith a flow rate of 2.5 ml/s. The 
detection limits of <0.001 ppm and measuring range of 
0.000-9.999 ppm is typically higher in the parts per million 
range. The primary step of the methods requires pre-
concentration of the target pollutant. The portable gaseous 
emission analyser EGVOC-180 collect and store data 
independently with features such as a menu driven user 
interface and LCD display. The meter was calibrated with a 
self-auto calibration for quality assurance/control . The 
quality control of the measuring instrument is shown on 
Table 1. 
 
Data Collection and Analysis 
 
TVOCs    concentrations    were    measured   at    automobile 
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Figure 1: Map Showing the Sampled Locations 

 
 

Table 1. The EGVOC-180 Quality Control Parameters 
 

Display 2.8” 320 x 240 pixel colour LCD display 
Material Plastic, LCD Glass 
Sensors Formaldehyde Detector; Temperature and Humidity Meter 
Size 5.9 x 2.8 x 1.7 inches 
Special Features Total natural & synthetic volatile organic compounds causing most odours 

(TVOC), and fine particulate dust matter (PM2.5/PM1.0/PM10) 

Detection Limit  (TVOC) 0.001 mg/m3 
Range 0.001- 0.100 mg/m3 (TVOCs) 
Accuracy < ± 2% from 0.001 – 0.020 mg/m3 

<± 10% from 0.020  - 0.100 mg/m3 
Precision 0.001 mg/m3 
Sensor response time 20 seconds 
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Table 2. Average Concentration of TVOCs for the Areas 
 
Sampling 
Station 

Description of 
Sampling Station 

GPS Coordinate Sample Area 
Category 

Morning Session 
(8 am – 12 noon) (mg/m3) 

Afternoon Session 
(12 noon – 4 pm) (mg/m3) 

1 Alakahia Mechanic 
Workshop 

40 53’20.40”N 
60 55’17.91”E 

Minor 0.40 0.60 

2 Elekahia Mechanic 
Village 

40 49’16.42”N 
70 01’23.87”E 

Major 0.80 1.2 

3 Shell Location, Rumuola 40 50’02.35”N 
70 00’00.06”E 

Medium 0.75 1.40 

4 Ikoku  Mechanic Market 40 47’55.82”N 
60 59’39.56”E 

Major 2.50 3.00 

5 Somitel Junction, Odilli 
Road 

40 47’50.65”N 
70 02’34.34”E 

Minor 0.90 1.50 

6 Rumuibekwe Mechanic 
Yard 

40 50’20.68”N 
70 02’52.97”E 

Minor 0.15 0.45 

7 High Tension, Woji 
Road 

40 50’17.89”N 
70 02’26.27”E 

Minor 0.35 0.60 

8 Trailer Park, Onne 40 45’23.84”N 
70 09’33.23”E 

Major 2.15 2.80 

9 EliozuRound About 40 51’32.79”N 
70 01’14.81”E 

Medium 0.55 0.85 

10 East –West Road 
EbubuEjamah 

40 46’00.94”N 
70 08’40.91”E 

Medium 0.95 1.35 

C1 Control 1 (Service 
Station) EzimgbuLink 

Road GRA 

4°49'33.8"N 
7°0'43.3"E 

Minor 0.10 0.14 

C2 Control 2 (Service 
Stations) Aba Road 

4°49'16.3"N 
7°0'25.9"E 

Minor 0.02 0.10 

 FMEnv Standard  (Non Methane CxHy) 0.16 0.16 
 

Author’s Fieldwork, 2019. (*C1 and C2 are control sampled areas) 

 
 
 
workshop areas with land expanse of about 10 x 100 ft. The 
workshop areas also accommodate other associated 
activities such as the sales of spare part, automobile engine 
repairs, installation of automobile upholstery, repair of air 
conditioning system etc.). The selected sampled locations 
were widely spread across Port Harcourt metropolis and 
immediate environs. The controlled sampled locations were 
situated at modern auto mechanic workshop which also 
incorporates the sales of brand new vehicles. The TVOCs 
measurement was conducted at 10 selected sampled 
locations for a 3-day period in October, 2019. The sampling 
timing was conducted in two phases of 8am to 12 noon for 
morning session and 12 noon to 4 pm afternoon session. 
The periods accommodate the workload activities that take 
place at the workshop centres and largely determined the 
appropriate monitoring frequency for quantifying the 
trends of TVOCs concentration. A weather meter 
instrument (AZ 8910913919) was used to measure 
meteorological parameters such as wind speed, wind 
direction, air temperature and relative humidity. The 
parameters had measuring ranges of 0-20 m/s, 400-1100 
mbar, 0-50 °C and 20-100 % for the respective 
meteorological variables. The monitor was kept at 
approximately 2 m above the ground following the World 
Meteorological Organization (WMO) standard for ambient 
weather measurement (WMO, 2008). 

The measured TVOCs data across the selected sampled 
locations were analysed using IMB SPSS Statistics (version 
23). The data were summarized as mean (±S.D) and 
inferential statistics were used to test the level of 
significance (at 95 %, confidence level) difference in the 
mean parameters. Paired sample t-test was used to 
compare TVOCs levels of morning and afternoon 
assessment periods. One sample t-test was used to compare 
the respective TVOCs levels of morning and afternoon mean 
values and the set ambient limit for Nigeria. 
 
 
RESULTS AND DISCUSSION 
 
Data Analysis 
 
The average values recorded at the sampling locations for 
two sessions per day for a 3-day period in October, 2019 
are presented on Table 2. 

Approximately 95 % of values obtained were above the 
Nigeria’s Federal Ministry of Environment Ambient Air 
Quality Standard of 160 µg/m3 (0.16 mg/m3) for Non-
methane Hydrocarbon of daily average of 3 hourly values 
(FEPA, 1991). The locations with the values above 1.00 
mg/m3 were automobile repair workshops which offer 
multiple   services   such   as  automobile servicing,  sales  of  
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Figure 2: TVOCs Concentration at Selected Locations 
 
 

Table 3. A Mean Diurnal Weather pattern for the Study Environment in October 2019 
 

Local Time 
Air Temp 

(oC) 
RH 
(%) 

Air Pressure 
(mbar) 

Solar Radiation 
(W/m2) 

Wind Speed 
(m/s) 

Wind 
Direction 

00:00 AM 25.0 89 1011 0 1.1 SW 
06:00 AM 24.3 92 1012 0 1.2 SW 
12:00 PM 30.2 70 1015 241 2.7 SW 
18:00 PM 29.5 75 1013 122 3.2 SW 

 
 
 
materials, and the body work. Results indicated that 
morning and afternoon sessions recorded a value range of 
0.15 – 0.95 mg/m3 and 0.45 – 3.00 mg/m3 respectively. The 
Figure 2 shows the trends of TVOCs ground level 
concentration for the study periods.  

The trend analysis showed that slightly higher 
concentration of TVOCs were observed during the 
afternoon periods at all sampled locations when compared 
to the morning session.  The additional number of vehicles 
worked on during the afternoon periods as well as the 
diurnal changes in weather condition were likely 
responsible for the variations. The Port Harcourt boundary 
layer is slightly unstable during the afternoon periods 
(Edokpa and Nwagbara, 2017) and so released emissions 
tends to be more concentrated around close receptors to 
the emission source than further distances. It is also vital to 
note that an increase in air temperature with 
corresponding reduction in relative humidity increase 
TVOCs concentrations in the boundary layer atmosphere. A 
survey of TVOCs emission for Benin City, Nigeria 
(Olumayede, 2014) revealed that TVOCs ground level 
concentration indicated significant spatial variations among 
the sampled sites with peaks in the morning and evening 
periods. This followed the pattern of congested traffic flow 
during the peak periods in the area and the importance of 

vehicular emissions. A study conducted by Abulude et al. 
(2018) of the indoor air quality of Akure, Nigeria showed 
that the level of TVOCs in the study environment was 
within 0.003 – 362 mg/m3. The higher indoor range in 
Akure compared to the lower outdoor range in Port 
Harcourt indicates that diluting capacity of the outdoor 
environment during the daytime than indoors. However, 
during the inversion periods at night when the outdoor 
environment is stable, pollutants ground level 
concentrations tends to be higher around receptors. The 
Table 3 shows the mean weather pattern for the specified 
synoptic hours for the study environment with the 
dominant south-westerly wind direction. This indicate that 
emissions from the sampled areas will be transported 
towards the north-eastern directions of the city. 
 
  
DISCUSSION OF RESULTS 
 
The non-compliance to the regulatory standards that is so 
evident in the developing countries such as Nigeria implies 
that emission domains such as automobile repair 
workshops constitutes a major source of air quality hazards 
to the boundary layer atmosphere impacting negatively on 
health of dwellers and living organisms.  From this  study, it  
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Table 4. Statistical Analysis for Study Outcome 
 

Statistical Parameters  
Morning Session(8 am – 12 

noon) (mg/m3) 
Afternoon Session (12 noon – 4 

pm) (mg/m3) 
Mean 0.95 1.375 
SD 0.772 0.885 
Variance 0.596667 0.783472 
Observations 10 10 
Hypothesized Mean Difference 0 

 df 18 
 t Stat -1.144 
 P(T<=t) one-tail 0.133804 
 t Critical one-tail 1.734064 
 P(T<=t) two-tail 0.267608 
 t Critical two-tail 2.100922 
  

**Statistical software used: (Microsoft Excel) 
 
 
 
is noted that the larger the automobile repair workshop 
centre and corresponding activities, the higher the 
emissions and ground level concentrations of TVOCs at 
close sensitive receptorsespecially during work hours of 
the day (Station 4 and 8). It should be noted that since the 
atmosphere has no immediate boundaries where emissions 
from various sources can be obstructed or diverted, the 
probable reason for increase in TVOCs concentration levels 
around sampled areas could also be attributed to other 
nearby or distant emission sources that release 
contaminants into the local atmosphere.  

When TVOCs are released into the environment, the 
organic compounds are subject to variety of biochemical 
and physical modifications resulting from reaction with 
other air pollutants and the dynamic manipulations of the 
local weather conditions that determines when, where, and 
how they are moved and deposited within the sensitive 
environmental receptors.The chemical reactions in the 
atmosphere creates other secondary airborne pollutants 
which significantly leads to the formation and growth of 
aerosols. These aerosols could affect local climate directly 
through absorbing incoming solar radiation and indirectly 
modifying cloud properties. When TVOCs react with 
nitrogen oxides in the atmosphere, smog is formed and this 
could limit visibility and affects airline flight operations. 
The National emissions inventory (USEPA, 2016) indicated 
that TVOCs ground level concentration less than 0.3 mg/m3 

or 0.5 mg/m3 is not detrimental to human health. However, 
concentration of 0.5 - 1 mg/m3 levelis considered to be 
marginal while 1 - 3 mg/m3 is considered high for sensitive 
receptors. The results obtained from this study showed that 
70 % and 90 % of the morning and afternoon sessions were 
above the acceptable levels. 

The Statistical analysis from the two-tailed paired T-test 
of assumed unequal variance (Table 4) revealed that there 
is no significant difference between the two set of data 
obtained during the morning and afternoon sections 
sinceTstat<Tcrit at 0.05 level of significance (i.e. Tstat0.267608 
<TCrit 2.100922) as shown on Table 2. However, for the one-
tailed T-test, it is noted that there is a significant difference 

between the measurement means of the observed data for 
the morning and afternoon periods and theNigeria set 
standard value of 0.16 mg/m3 for 3-hourly average (i.e. T-
test for morning and afternoon sections respectively: 3.238 
and 4.357 >Tcrit of 2.262). In this case, the null hypothesis is 
rejected. 
 
 
Conclusion 
 
This study has assessed the levels of TVOCs emissions from 
automobile workshop centres within and around Port 
Harcourt metropolis. The 10 sampled locations alongside 
two controlled stations were observed and findings 
revealed that over 90% of measured values at the sampled 
locations were above the 3-hourly set ambient limit for 
Nigeria. The average daily values showed that TVOCs 
concentration ranged between 0.10 – 3.00 mg/m3. It was 
emphasized that the ground level concentration during the 
afternoon periods were slightly higher than the observed 
morning periods. This show a more workload of repairs 
during the afternoon periods and the unstable nature of the 
boundary layer atmosphere during the afternoon periods in 
Port Harcourt that tends to increase pollutants ground level 
concentrations close to emission source.The enforcement of 
emissions management, designation of specialize places for 
automobile repair services, planting of trees within 
sensitive areas, public enlightenment and awareness 
campaigns on the effects of TVOCs concentrations as well as 
regular air quality monitoring at designated automobile 
workshop locations should be encouraged and 
implemented by Policy Makers.Attitudinal change to waste 
management by automobile repair domain dwellers and 
enforcement of global best practice for the areas should be 
monitored by concerned Regulators. 
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