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Abstract 

Six air samples were collected from six locations in Warri and Effurun environs and were 

analysed for Volatile Organic Compounds. (VOCs) After treatment of samples, VOCs were 

determined with Gas Chromatography coupled with Flame Ionization Detector (GC / FID). 

Results obtained showed concentrations of VOCs in the range of 0.42 – 28.78, 0.32 – 31.34, 

0.29 – 31.61, 1.87 – 36.26, 0.20 – 37.23 and 0.45 – 33.56 ug/m3
 for Effurun Roundabout, 

Warri Refinery, Effurun Market, Enerhen Junction, NPA and Ogunu with total VOCs of 177.8, 

147.99, 179.13, 282.35, 196.65 and 168.93 ug/m3 respectively. Kruskal Wallis test revealed 

no significant difference across the studied locations. All the studied locations were found 

to be contaminated / slightly polluted by these gaseous components when values obtained 

were compared with critical values for Air Quality Guideline. It was therefore recommended 

that we as individuals must consider the consequences for our actions and work to improve 

air quality for future generations. 
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Introduction 

Pure air comprise of Oxygen (21%) 

and Nitrogen (78%) and a number of rare 

gases, of which Argon is the most 

plentiful. Carbon dioxide is present at a 

lower percentage concentration (0.03%) 

than Argon (0.93%); water vapour up to 

4% by volume is also present. The 

Atmosphere also contain number of gases 

which at higher than usual concentration 

are harmful to human. This include 

Volatile Organic Compounds (VOCs) 

which are carcinogenic such as benzene 

and 1, 3 – butadiene. They are potentially 

toxic and are referred to as air pollutants. 

(Harrop, 2002). These pollutants are in the 

ambient air in gas phase and are sorbed to 

aerosols. The fate, transport and removal 

of organic compounds from the 

atmosphere by dry and wet deposition 

processes are strongly influenced by their 

gases – particle partitioning (Bidleman, 

1988). 

Concerns about the air we breathe 

have probably been around as long as 

mankind from the moment fire was 

invented; the pollution of the atmosphere 

became a problem (Brimblecombe, 1987). 
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Several effects of atmospheric volatile 

organic compounds (VOCs) are 

recognised such as their contribution to 

stratospheric ozone, ozone depletion, 

tropospheric photochemical effect, and 

enhancement of global greenhouse 

effects. (Dewalf and Langerhove, 1999). 

A considerable number of substances, 

carcinogenic or supposedly carcinogenic 

occur as outdoor and indoor air pollution 

of these carcinogenic substances, benzene, 

1, 3 – butadiene, etc, and the Poly 

Aromatic Hydrocarbons (PAHs) are the 

best known. Some of them are 

genotoxicarcinogous and as such any form 

of exposure no matter how small may in 

theory be associated with and increased 

risk of cancer. (Harrop, 2002). 

The VOCs protocol under the 

convention on Long – Range Trans – 

Boundary Air Pollution (CLRTAP) 

defines VOCs as all organic compounds of 

an anthropogenic nature other than 

methane, that are capable of producing 

photochemical oxidants by reaction with 

Nitrogen oxides in the presence of sun 

light. 

VOC such as Benzene has half-life in 

the environment of less than one day and 

consequently does not disperse significant 

distance from its service and readily 

washed from the atmosphere by 

precipitation as well as can easily re – 

evaporate (Scottish Office, 1998). Other 

VOCs arising from the combination 

process of petroleum products dispersed 

relatively rapidly within the atmosphere. 

Motor vehicles are the principal source of 

such VOCs (DOE, 1997).  

VOCs are known to be toxic to man 

due to greater exposure than 3200mg/m3 

that could result to neuro – toxic 

symptoms while persistent exposure to 

toxic level causes injury to bone marrow, 

resulting in consistent pancytopenia; 

Toluene causes dysfunctioning of the 

Central Nervous System (CNS); Acute 

experimental and repeated occupational 

exposure at levels greater than 375mg/m3 

has elicited dose related to CNS alteration 

such bas fatigue and confusion. 

The objective of this study is to 

quantitatively analyse VOCs associated 

with the atmosphere in Warri and Effurun 

Environs using GC/FID techniques; 

determine the level of significant 

difference across the studied locations; 

and determine the VOCs effects in the 

studied locations by comparing 

quantitative value with guideline provided 

by Occupation Safety for Health and 

Administration. 

 

Materials and Methods 

Study Locations 
Effurun and Warri are urban areas 

located in Uvwie and Warri South local 

Government area respectively in Delta 

State, Nigeria. The study area is bounded 

by Latitude 5o15′ N and 6o N and 

Longitude 5o40′ E and 6o25′ E. They host 

different companies such as Refineries, 

Gas Company, Air and Sea Ports, fuelling 

stations and other automobile activities. 

Sample Collection 
The samplers used for the collection of 

air samples for VOCs analysis comprised 

of a glass tube opened at one end which 

was filled / packed with activated carbon. 

It was mounted on a pole at an average 

height of 2.0 meters from the ground. 

Samplers were mounted and positioned in 

such a way to allow free flow of air 

through it opening for adsorption of VOCs 

components by the activated carbon. This 

procedure was carried at the six sites 

studied. The mounted samplers were 

allowed to stay for a period of fourteen 

days with regular monitoring. 
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Harvesting of Samplers  
All the samplers mounted were 

harvested after a period of fourteen (14) 

days. The glass tubes which were initially 

opened for in flow of air were then closed 

with special caps to avoid any form of 

contamination and desorption. The 

samples were placed into tightly closed 

special plastic bags and were kept in a 

refrigerator at a controlled temperature 

until they were processed. 

All the samples harvested were treated 

with extreme carefulness to avoid any 

form of contamination and desorption. 

Sample Extraction and Analysis 
The sample tube prepared and 

harvested for VOCs analysis was placed in 

vials in which they were weighed. 10ml 

carbon disulphide (CS2) was added as the 

extraction solvent and they were 

reweighed (ASTM, 1988). Samples were 

extracted using magnetic stirrer (Jenweary 

1103) for a period of thirty (30) minutes. 

The extracted samples were centrifuged 

for another thirty minutes to obtain a clear 

phase at the top. The extracted samples 

were kept in a freezer until they were 

analysed by injecting 5uL of each sample 

into a Gas Chromatography (GC) (Perkin 

Elmer Clarus 500) equipped with Flame 

Ionization Detector (FID). The GC / FID 

was standardized and calibrated, the GC 

with a capillary column (30 m by 25 um 

id, film thickness, 0.25 um) was used and 

Helium as the carrier gas. After an initial 

holding temperature of five minutes, the 

oven temperature was increased from 

45oC to 120oC at a rate of 10oC per minute, 

and then to 150oC at 6oC per minute. The 

flow of the carrier gas was at a constant 

flow rate of 45 ml /minute. The bake time 

was 8 minutes at 260oC. The split ratio 

was 1:40 and the injection and detection 

temperature were maintained at 250oC and 

280oC respectively. The concentration of 

the analytes (samples) was read from the 

calibration graph which was done with 

standard solutions based on their retention 

times. 

Statistical Analysis 
Data obtained from the experimental 

work were analysed using Kruskal – 

Wallis Test which revealed no statistically 

significant difference in scores (ug/m3) 

across the six studied locations.  

 

Result and Discussion 

Table 1 present the volatile organic 

compounds (VOCs) concentration 

obtained in Warri and Effurun envrions. 

Results obtained from the analysis showed 

VOCs concentration in the range of 0.2 – 

37.23 ug/m3 with concentration range of 

0.42 - 28.78, 0.32 - 31-34, 0.29 - 31.61, 

1.87 – 36.26, 0.20 - 37.23 and 0.45 - 33.56 

ug/m3 for Effurun Roundabout, Warri 

Refinery, Effurun Market, Enerhen 

Junction, NPA and Ogunu studied 

locations respectively. The sum of all 

VOCs concentration from the studied 

locations are 177.8, 147.99, 174.13, 

282.35, 196.65 and 168.93 ug/m3 for 

Effurun Round about, Warri Refinery, 

Effurun Market, Enerhen Junction, NPA 

and Ogunu respectively. The total highest 

VOCs concentration of 282.35ug/m3 was 

recorded at Enerhen junction while the 

lowest concentration of 168.93ug/m3 was 

recorded at Ogunu. Concentration of 

VOCs obtained from the analysis could be 

traced to the nature of activities being 

carried out at the various studied 

locations. 
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Table 1: Results of Volatile Organic Compounds (VOCs) (ug/m3) 
Components  Effurun 

Roundabout 

Warri 

Refinery 

Effurun 

Market 

Enerhen 

Junction 

NPA Ogunu 

Acetone  9.19 10.65 9.11 36.26 9.79 8.92 

Chloroform  11.56 11.48 10.59 15.12 11.25 11.27 

Benzene  12.49 10.60 10.60 13.72 10.10 10.60 

Chlorobenzene  11.11 10.80 9.90 10.86 10.75 9.92 

Toluene  9.26 9.82 8.88 12.06 9.09 9.00 

Trichloroethane  1.99 3.24 2.19 3.69 2.18 2.13 

4-methyl-2-pentanone 0.42 0.32 0.29 2.61 0.20 .0.50 

Ethylbenzene  1.72 0.60 0.49 3.31 0.33 0.45 

m-xylene  5.10 5.68 5.21 5.31 5.49 4.35 

p-xylene  24.31 22.83 28.38 32.24 31.99 23.45 

o-xylene 28.78 31.34 31.61 24.22 37.23 33.56 

Chlorobenzene  3.52 3.96 4.93 4.55 6.60 5.22 

Ethanol  10.10 11.31 10.08 14.20 11.76 8.22 

Carbontetrachloride  8.78 8.24 8.30 27.47 8.23 7.64 

Trichloroflouromethane  2.06 1.86 1.93 13.44 2.73 1.99 

Methylene chloride  3.94 4.84 3.72 10.43 4.78 2.98 

Isopropyl acetate  3.26 4.30 3.30 2.36 4.38 3.22 

Tetrahydrofuran  7.93 9.04 8.11 14.13 10.55 10.43 

Naphthalene  2.88 2.67 1.81 3.97 3.02 2.56 

n-propylbenzene  5.28 4.16 4.66 5.09 4.32 1.70 

1,2,dichloropropane  3.77 3.29 2.46 5.08 2.91 3.14 

n-butylbenzene 1.81 1.77 1.76 3.07 2.40 1.78 

2,2-dichloropropane  1.94 1.79 1.66 2.17 1.83 1.67 

Tetrachloroethane  1.36 1.48 1.14 2.54 1.34 1.30 

Bromoform  1.45 1.63 1.41 3.62 1.75 1.43 

Isopropyl benzene 1.79 1.63 1.61 2.19 1.65 1.50 

1,3-dichloropropane  ND ND ND 2.36 ND ND 

Acetonitrile  ND ND ND 1.87 ND ND 

Chloropropane  ND ND ND 1.93 ND ND 

2 – Hexanone ND ND ND 2.47 ND ND 

ND: not detected  
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Fig 1: Kruskal – Wallis mean ranking of the various study locations 

 

Enerhen junction study location 

recorded a relatively high VOCs value 

compared to other locations. High 

concentration of 36.26, 32.23, 27.47, 

24.22, 15.21, 14.20, 14.14, 13.72 and 

13.45 ug/m3 were recorded for acetone, m-

xylene, carbon tetrachloride, o-xylene, 

chloroform ethanol, tetrahydrofuran 

(THF), benzene and 

tetrachlorofloromethane respectively are 

generally higher compared to other 

studied locations. The high concentrations 

of VOCs obtained at this location is due to 

the rapid mobile activity, vaporization of 

un-burnt fuel from various fuelling 

stations, fuel burning, evaporation of 

furniture polishes from furniture 

workshops etc., in the study area. This 

particular study location has been 

recorded to be the busiest areas in Warri 

and Effurun environ. It was also noted that 

this study location (Enerhen Junction) 

recorded 1,3 dichloropropane, 

acetonitrile, chloroprene and 2-hexanone 

which were not detected in other study 

locations.  

Concentrations obtained at Nigeria 

Port Authority, (NPA) and Warri Refinery 

would be attributed to the nature of 

activities being carried out in the environs. 

NPA recorded high values such as   37.23, 

31.99, 11.76, 11.25, 10.75, 10.55, 10.16 

and 9.79 ug/m3 for o-xylene, p-xylene, 

ethanol, chloroform, bromomethane, 

THF, benzene, and acetone respectively.  

Though there are automobile activities 

being carried out at the NPA, the major 

activity is the use of ships / boats, loading 

and offloading and during this process the 

environment is being contaminated 

through the emission of unburnt diesel 

fuel from ships / boats diesel engine. 

Warri Refinery location which was 

expected to record the highest 

concentration of VOCs being that the area 

was expected to be polluted recorded 

concentrations of 31.34, 22.83, 11.48, 

11.31, 10.80, 10.65, 10.60, 9.82, 9.04, and 

8.24 ug/m3 for o-xylene, p-xylene, 

chloroform, ethanol, bromomethane, 

acetone, benzene, toluene, THF and 

carbon tetrachloride respectively while 
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other VOCs were between 0.32 and 

4.89ug/m3. VOCs values in this location 

could be due to gas flaring, loading of 

volatile petroleum products into trucks 

daily, automobile emission, fuel burning 

from nearly Gas Company and pesticides 

and insecticide being produce around the 

environs. Ogunu studied location recoded 

high VOCs concentrations of 33.56, 

23.45, 11.27, 10.50, 10.43, 9.92, 9.00, 

8.92, 8.22, 7.64, and 5.22 ug/m3 for o-

xylene, p-xylene, Chloroform, Benzene, 

THF, Bromomethane, Toulene, Acetone, 

Ethanol, Carbon tetrachloride and 

Chlorobenzene respectively. Other VOCs 

values are between 0.45 – 423 ug/m3. 

Effurun Roundabout recorded VOCs 

concentration of 28.78,  24.31, 12.49, 

11.56, 11.11, 10.10, 9.26, 9.19, 8.78, 7.93, 

5.52, 5.28 and 5.10 ug/m3  for o-xylene, p-

xylene, benzene, chloroform, 

bromomethane, ethanol, toluene, acetone, 

carbon tetrachloride, THF, 

chlorobenzene, n-propylbenzene, and m-

xylene respectively while other value are 

between 0.42 - 3.77 ug/m3. 

Effurun market with major source of 

air pollution being emission from 

automobile activities, vaporization of un 

burnt fuel from fuelling station and 

roadside marketers recorded VOCs 

concentrations of 31.61, 28.88, 10.60, 

10.59, 10.08, 9.90, 9.11, 8.88, 8.30 and 

8.11 ug/m3 for o-xylene, p-xylene, 

benzene, chloroform, ethanol, 

bromomethane, acetone, toluene, carbon 

tetrachloride, and THF respectively. Other 

value fell within 0.29 and 5.21 ug/m3.  

From the result obtained from all the 

study locations, though Enerhen junction 

which is the busiest of all the studied 

locations recorded a generally high 

concentration values of VOCs compared 

to other locations, there were still no 

significant difference across the six sites 

studied using Kruskal Wallis test 

(P≤0.05). 

 

                  
Fig. 2: Kruskal Wallis mean VOCs Concentrations (ug/m3) in Warri and Effurun environs 

for a period of two weeks 
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Table 2: Range and Mean Concentrations of VOCs (ug/m3) from the Studied Locations in 

comparison with OSHA limits for Air contaminants  
VOC COMPONENTS RANGE (ug/m3) MEAN (ug/m3) OSHA (ug/m3) 

Acetone 9.11 - 36.26 13.99 2400 

Chloroform 10.59 - 15.21 11.89 240 

Benzene 10.10 - 12.45 11.35 NA 

Bromobenzene 9.90 - 11.11 10.56 NA 

Toluene 8.88 - 12.06 9.69 2 

Trachloroethane 1.99 - 3.24 2.57 45 

a-methy-2-pentanone 0.20 - 0.50 0.72 700 

Ethylbenzene 0.33 - 1.12 1.15 435 

m-xylene 4.35 - 5.68 5.19 435 

p-xylene 22.83 - 32-24 27.20 435 

O-xylene 24.22 - 33.56 31.12 435 

Chlorobenzene 3.96 - 6.60 5.13 350 

Ethanol 8.22 - 14.20 10.95 1900 

Carbon tetrachloride 7.64 - 27.47 11.44 2 

Trichlorofluoromethane 1.86 - 13.44 4.00 5600 

Methylenechloride 2.98 - 10.43 5.12 2 

Isopropylacetate 2.26 - 4.38 3.45 950 

Tetrahydrofuran 8.11 - 14.13 10.03 590 

Naphthalene 1.81 - 3.97 2.82 50 

n-propylbenzene 1.70 - 5.28 4.20 NA 

1,2-dichlorobenzene 2.46 - 5.08 3.44 350 

n-butylbenzene 1.77 - 3.07 2.10 NA 

2,2 –dichlropropane 1.67 - 2.17 1.84 350 

Tetrachloroethane 1.14 - 2.54 1.53 35 

Bromoform 1.41 - 3.62 1.88 5 

Isopropylbenzene 1.50 - 2.19 1.73 NA 

1,3-dichlorpropane 2.36 2.36 350 

Acetontrile 1.87 1.87 70 

Chloropropane 1.93 1.93 NA 

2-hexanone 2.47 2.47 410 

NA: Not Available 
 

Table 2.0 gives the concentration 

range of the various VOCs, and their 

corresponding mean from the six study 

locations. Observation showed that o-

xylene recorded the highest range of 24.22 

- 33.56ug/m3 followed by p-xylene, 

acetone, chloroform, carbon tetrachloride, 

benzene, ethanol, bromobenzene, THF, 

toluene and m-xylene with concentration 

range of 22.83 - 32.4, 9.11 - 36.26, 10.59 

- 15.12, 7.64 – 27.47, 10.10 - 12.49 and 

4.35-5.68 ug/m3 respectively. The lowest 

concentration range is between 0.20 - 0.50 

and 4.35 - 5.68 ug/m3. The corresponding 

mean concentration of VOCs ranged from 

0.72 - 31.12 ug/m3. The highest mean 

concentration is 31.12 ug/m3 for o-xylene, 

27.20 ug/m3 p-xylene, 13.99 ug/m3 

acetone, 11.89 ug/m3 chloroform, 11.44 

ug/m3 benzene, 11.44 ug/m3 carbon 

tetrachloride, 10.56 ug/m3 bromobenzene, 

10.93 ug/m3 ethanol, 10.03 ug/m3 THF 

and 9.69 ug/m3 toluene. 4 methl-2-

pentanone recorded the lowest mean 
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concentration of 0.72 ug/m3 followed by 

1.15, 1.53, 1.73, 1.84, 1.87, 1.88 and 1.93 

ug/m3 for ethylbenzene, tetrachorothane, 

isopropylbenzene, 2,2-dichloropropane, 

bromoform, and chloropropane  

respectively. Other VOCs mean 

concentration values laid between 2.10 

and 5.13 ug/m3 respectively.

 

                          
                  

Fig 3:  Mean ranking of VOCs concentrations (ug/m3) in Warri and Effurun Environs 

 

Comparison of the mean 

concentration values of the various VOCs 

components with limits for air 

contamination provided by the 

Occupational Safety and Health 

Administration (OSHA) showed that all 

the locations studied are all in safe limit 

that is, below the critical value set by the 

OSHA. This means that the various 

studied locations are safe for human even 

though trace components of the VOCs 

were detected.  

It should be noted that VOCs 

concentrations near or above the 

permissible limit could cause neuro-toxic 

symptoms, injury to bone marrow, 

resulting pancytopenia. Some of these 

VOCs components are known as human 

carcinogen. A large number of cases such 

as nyeloblasic and erythroblastic 

leukaemia have been associated to VOCs 

exposure (Harrop 1999, WHO 1987). It is 

worthy to also state that though VOCs 

concentrations are low in the various study 

locations, over exposure to it over a long 

period of time could damage human’s 

health as these values were recorded just 

for a period of two week. 

 

Conclusion and Recommendation 

All the studied locations are found to 

be contaminated with volatile organic 

compounds (VOCs). Analytical results 

found some areas polluted while others 
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critical values (limits) set by Occupational 

Safety and Health Administration 
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Enerhen junction was found to be the most 

contaminated though it was stated that 

Enrehen junction is the busiest of all 
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studied area. Warri refinery and Ogunu 

was the least contaminated / polluted area 

and these two were the less busy studied 

area. Over exposure to polluted 

environment above the critical values set 

by OSHA for ambient air pose serious 

health problems. 

Breathing is obligatory and without it 

there is no life. It is today’s generations of 

people who have realized that the air they 

breathe is not an unlimited natural 

resources. It should be a concern to 

effectively manage air for a sustainable 

future. The management of air should 

enquire methods and techniques based on 

sound science and careful application   

towards finding solution to already 

polluted air. 

There should be future development of 

air pollution management by bringing 

awareness to the general public of the 

scale of air pollution and how to manage 

it. There should be the development of 

philosophy and attitude towards 

monitoring air pollution. As an individual 

we must consider the consequences for 

our actions and work to improve air 

quality for future generation. “As a society 

of careless individual we have recklessly 

degraded the quality of our air” (Bach 

1972). The management of air pollution 

problems cannot be over emphasized 

hence we must avoid the reoccurrence of 

air pollution problem we are facing today.  
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