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Abstract: Among chemical industries in Nigeria, petroleum depots have been identified as large emitters of 
significant amount of Volatile Organic Compounds (VOCs). They affect air quality and constitute serious health and 
environmental problems on the ecosystem. Air samples were collected over activated charcoal of 10-18 mesh, using 
a low volume air sampler. The sampler (Model: NEGRETTI 1000tm) was placed at a human breathing height of 
1.5m for a sampling period of 8 hours at seven different sampling locations as follows; Workshop area, Slop Tanks 
area, Gate 1, Tank Farm area, Gate 2, Otiyelu Village and Marketer’s Block. Desorption process was performed on 
the adsorbed activated charcoal using a solvent extraction method with carbon disulphide (CS2) as solvent. The 
extracted solutions were subjected to Flame Ionization Detection analysis in a Gas Chromatograph (Model: HP 
6890) using a capillary column HP 5MS with length, inner diameter and particle size set at (30 m × 0.25 mm × 0.25 
μm). The Gas Chromatograph was powered with ChemStation RevA09.01 software to determine the concentrations 
of each of the VOCs species present. The identified VOCs species emitted were characterized by toluene (52.84%), 
benzene (37.61%), xylene (5.67%), and ethyl benzene (3.88%). The observed concentrations uncovered the air 
tolerance limits set by United States Environmental Protection Agency (USEPA) and the Agency for Toxic 
Substances and Diseases Registry (ATDRS) for both acute and chronic inhalations. 
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Introduction 

Petroleum products depots are generally large 
installations and equipment. Their routine operations 
are largely associated with emission of various organic 
compounds into the atmosphere mainly originated 
from distributions network, the storage facilities and 
waste areas (Kalabolakas et al. 2001, Muhibbu-din 
2017). Although some VOCs are emitted from large 
sources but most are emitted from smaller multiple 
sources. The varieties of sources of emissions of 
VOCs are quite large (De Nevers, 1995, Muhibbu-din, 
2017). 

Benzene, toluene, ethyl benzene and xylene 
(BTEX) are the most typical aromatic component of 
VOCs in the air (Chattopadhyayy et a.l,1997; 
Srivastava et al.,2005). They are known for degrading 
air quality; their associated oxidants are threat to 
human health (life) and ecosystem. (Molina et al 
2007). Short term (acute) exposure adverse effect 
include conjunctive irritation, nose and throat 
discomfort, headache and sleeplessness, allergic skin 
reaction, nausea, fatigue and dizziness. While long 
term (chronic) exposure adverse effect include loss of 
co-ordination, leukemania, anemia, cancer and 
damage to liver, kidney and central nervous system 
(Kim et al., 2001; Pohl et al., 2003; Kerbarchi et al., 

2006). VOCs are commonly encountered by people as 
they go about their daily activities (Ojiodu et al., 
2011) for both indoor and outdoor.  

Researchers have shown that VOCs enter the 
human bloodstream through inhalation, ingestion and 
through the skin (ATSDR, 2001). Other effects of 
VOCs are recognized such as their contribution to 
stratospheric ozone depletion and enhancement of the 
global greenhouse effect (Cetin et al., 2003). 

Studies on long-term monitoring of aromatic 
VOCs pollutants from industrial facilities confirm a 
significant exposure for inhabitants, workers and 
environment of these areas (Suleimanov 1997, 
Muhibbu-din, 2017). Once VOCs are emitted into the 
atmosphere, they cause not only pollution problem on 
local scale but also play an important role on regional 
scale like acid rain, photochemical ozone formation 
initiated by the reaction with OH radicals in the 
troposphere in the presence of nitrogen oxides and 
sunlight (Muhibbu-Din, 2017; Finlayson-Pitts and 
Pitts 1986). 

Global concern regarding VOCs arise due to 
their ability of long range transport, distribution and 
accumulation in various component of environment, 
their toxic nature and significant contribution from 
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industrial (anthropogenic) and natural (biogenic) 
sources (Srivastava et al., 2005).  

There are number of researches on VOCs studies 
and monitoring. Rezazadeh et al (2011) probed 
occupational exposure of petroleum depot workers in 
Iran to VOCs emission. They revealed that toluene is 
the most abundant compound the worker are exposed 
to with valued of 0.2 - 0.27 ppm. A study of VOCs in 
Nigerian atmosphere by Ojiodu et al (2012) revealed 
that aromatic VOCs were found to be highest with 
43% around a fishing lake of a rural community in 
Lagos State while Olumayede and Okuo (2011) also 
revealed 40% of aromatic VOCs among Total VOCs 
identified in high traffic within Benin City. Akeredolu 
and Sonibare (1997) investigated a Nigerian Refinery 
and its immediate environment and found that toluene 
is the most abundant VOCs emission with 0.434 
mg/m3. 

There are few studies that have reported VOC 
levels in Nigerian cities so far. Only a few works have 
been done for Nigerian refineries and very few 
attempts has been made to study ambient level of 
VOCs in a Nigerian petroleum depots. This study is an 
attempt to investigate and envisage the impact of 
presence of Mosimi petroleum products depot on 
workers of the petroleum depot, abut residence and 
host environment. 
 
Methodology 

The study area 
Sagamu, the third largest settlement in Ogun 

state after Abeokuta and Ijebu Ode, is located within 
latitude 6°50' and 7°00' N and longitude 3°45' and 
4°00' E in the land area of 614 km2. The area stands on 
a low-lying gently undulating terrain with altitude 
ranging between 30 and 61 m above sea level. The 
town is a semi-urban area with an estimated 
population of 200,000 people. It is located midway 
about 50 km northward from Lagos and southward 
from Ibadan. Sagamu is within the tropical humid 
climatic zone of Nigeria, which is generally 
characterized by high rainfall and high relative 
humidity. This is attributable to the prevalence of 
moisture laden tropical maritime air mass over the 
region for about nine months in a year. The mean 
relative humidity varies from 66.2 % in January to 
88.4 % in July (Akanni, 2000). The rainfall shows a 
double-maxima distribution reaching the peak during 
the months of June and September. The average 
monthly rainfall for the study area ranges between 7.1 
mm in the month of January to 208.3 mm in the month 
of June. The mean annual temperature is 26 ;℃  
although with some variations over time. The mean 
diurnal minimum temperature varies from 21.8 ℃ in 
December to 24.34 ℃ in April while the mean diurnal 

maximum temperature varies from 33.92  to 37.1  ℃ ℃
at the onset of the wet season (March and April) 
(Akanni, 2000). 

On the basis of climatic features, the Sagamu is 
characterized by two distinct weather seasons: the wet 
and dry. The wet season marked by lower mean 
temperature, higher total rainfall and higher relative 
humidity is usually experienced between the months 
of February and October. However, little dry season is 
sometimes experienced in August, a phenomenon 
characterized by drastic reduction in the frequency and 
intensity of rainfall and referred to as ‘August break’. 
The dry season sets in by November and persists till 
the end of January. It is usually accompanied by 
harmattan cold, brought by the prevailing north-west 
winds. 
 
Description of sampling site 

Mosimi depot is one of the subsidiaries of 
Nigeria National Petroleum Corporation, located at 
Sagamu, Ogun state. The basic activities in Mosimi 
Depot are; reception of petroleum products such as, 
PMS, DPK, and AGO from Atlas Cove and local 
refineries. The Petroleum products are pumped to both 
Ibadan and Ore depots. Others activities that often take 
place include: quality control analysis of products 
(laboratory analysis), inter tank transfer, tank dipping 
and sampling, blending of an off-spec with on-spec 
products, fiscalization, calibration and stock taking 
activities. 

The depot operates with a total number of 21 
storage tanks designated with numbers of 
specifications. Tank 21, 16, 41, 42, and 43 are made 
for Premium Motor Spirits (PMS) with a total capacity 
of 19,200 m³ each, for tank 44,45,46,47 and 14, are for 
Dual Purpose Kerosene (DPK) with a total capacity of 
19000 m³ each. Tank 51, 52, 53, 54, 55, 56 and 42 are 
made for Automotive Gas Oil (AGO) with a total 
capacity of 23, 0704 m³ each. Tank 71, 72, 73 and 74 
are called “Slop tank” with a total capacity of 200 m³ 
each. The Depot pumped and received products via 
pipelines. 
 
Sampling Locations 

All units of the depot were categorized into seven 
locations as follows; Workshop area, Slop Tanks area, 
Gate 1, Tank Farms, Gate 2, Otiyelu Village and 
Marketer’s Block. Each unit was deployed with 
sampling system over the survey period as shown in 
Figs1 and 2. The sampling system was placed at 
human breathing height of 1.5 m for a sampling period 
of eight (8) hours at different sampling units. The 
survey period was every day of the sampling 
campaign. 
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Figure 1: Geographical location of study area and Mosimi petroleum depot 

 

 
Figure 1: A map showing NNPC pipeline network (Nigeria) revealing the Mosimi Pipeline 
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The Sampling System 

This is made up of low volume air sampler, 
sampling sorbent tubes (adsorption column) and 
adsorbent media (activated charcoal). The air sampler 
is a chargeable battery powered device (capable of 
operating on battery for up to 10 hours) through which 
ambient air were sucked via adsorbent media.15g of 
activated carbon was filled in the adsorption tube with 
glass wool on one side of the adsorption tube. Air 
samples were pumped through at a fixed flow rate of 
12.0 litres per minute. The adsorption column is a 
glass tube of length 20.0cm and 4.0cm in diameter. 
The lower end of adsorption column is a glass tube of 
length 7.0 cm with a diameter of 0.70cm. It was 
corked at the top with rubber while glass wool was 
used at the base as a support for adsorbent (activated 
charcoal). The lower end of the adsorption column 
was connected to the to the air sampler. Sampling 
period that was adopted was eight (8) hours. The 
sampling system was assembled at various locations 
site where sampling was carried out. 

After sample collection in the field, the adsorbed 
activated charcoal were placed in sampling bottles and 
were preserved in ice blocks in a cooler before being 
taken to the refrigerator where they were kept until 
extraction and analysis time. 
Extraction Procedure. 

Each sample was placed in the thimble of soxhlet 
extractor fitted to a reboiler flask containing about 75 
ml of carbon disulphide (CS2) that is solvent that was 
used for extraction. The flask was heated by heating 
mantle with a thermostat for temperature regulation of 
50 . The condenser for extraction was connected to ℃
CHURCHILL chiller which was maintaining the 
cooling fluid at preset temperatures in the range of -
5  to 0℃ ℃. On attainment of this temperature; heating 
mantle was switched on and was regulated to a 
convenient point of 50 . The sample extraction set℃ -
up was run last for about 4 hours for complete 
extraction. The extract was collected in a sampling 
bottle and was preserved in a refrigerator. Before 
further use, the soxhlet extractor and flask were 
cleaned. The process was repeated for every sample. 
For every run, new thimble was used in order to 
prevent contamination.  
Sample (Chromatographic) Analysis 

The quantitative determination of extracted 
solutions were analyzed with Gas Chromatography 
(Model: HP 6890) fitted with a Flame Ionizations 
Detector (GC-FID). The capillary column was HP 
5MS with length, inner diameter and particle size set 
at (30 m×0.25 mm×0.25 μm). It was attached to the 
injection port. The flow rate of carrier gas (hydrogen) 
was 1.0 mL/min; the hydrogen pressure and 
compressed air were set at 22 psi and 28 psi 

respectively. The injection temperature was split 
injection set at 150 , the detector temperature at 320 ℃
℃, and the oven temperature was programmed at 50 

 with the 1st ramped 5 /min to 150  and 2nd ℃ ℃ ℃
ramped at 10 /min to 250 ℃ ℃. A 1mL aliquot of the 
final solution was injected in the GC (split ratio; 20: 
1). Calibration standards were supply by the 
Laboratory which was used for calculation of 
concentrations from chromatography peaks. 
Calibration standard was first run thereafter sample 
was run and quantifies by ChemStation software. The 
sampling collection and quantitative analysis describe 
above is consistent with ANSI/ASTM procedure. 
(ANSI/ASTM D-1605-60). 
 
Results And Discussion 
Benzene Concentrations 

The concentrations of benzene, toluene, ethyl 
benzene and xylene were measured for air basin of 
Mosimi PPMC depot is summarized in Table 1.0. 
Benzene concentrations (37.61%) were recorded at 
various locations within and around the depot. 
Concentration of 71.12 µg/m3 was recorded at Slop 
tanks area (located at east of the depot) was found to 
be the highest among sampling locations considered. 
Its location may be a contributing factor to high 
benzene concentration obtained. Other contributing 
factors may be ascribed to evaporative emissions from 
pipelines, Tank farm 21 and four slop tanks because of 
low height, presence of sludge from Tank Farm 22 ( 
that has not be cleared) not too far from Slop tanks, 
variability of wind speed and so on contribute to high 
concentration of benzene in the slop tanks area. 

The Workshop area was located less than 1km 
from the loading gantry and also in the east of the 
depot. The benzene concentration of 59.54 µg/m3 
(second highest) was obtained at that site. The 
contributing sources to the concentration obtained may 
be due to proximity to loading gantry and decanting 
point and slop pit at the front, pumping pit at the back 
and bolster pump pit by the side of workshop. The 
location is characterized with high variable strong 
wind speed. 

At Tank farms area, benzene concentration was 
found to be 18.08 µg/m3. This value is low when 
compared to concentrations earlier discussed. It is 
located at west of the depot. Thus observation here 
could be attributed to good height of the Tank farms 
(emission takes place at the top roof of tank), no 
spillage or leakage of petroleum products as at the 
time of sampling was observed and prevailing wind 
direction prevent emissions depositing to the ground 
level. 

The benzene concentration observed at Gate1 is 
16.60 µg/m3. The Gate 1 was characterized with high 
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variable of wind speed. The contributing source may 
include loading gantry (due to proximity to Gate 1), 
vehicular emissions from loading trucks and other 
vehicle as they move into PPMC premises. 

At Gate 2, the concentration of benzene is 10.22 
µg/m3. The contributing sources could be from 
separator pit, waste water from the depot and tank 
farms that contain remnants of DPK (Dual Purpose 
Kerosene). Low wind speed was experienced during 
air sampling. 

The benzene concentration observed outside 
PPMC Mosimi depot include one at marketer’s block 
and the second at Otiyeju village (behind PPMC Area 
Office) are 10.37 µg/m3 and 7.73 µg/m3 respectively. 
For marketer’s block, the contributing sources might 
include vehicular emissions and presence haulage 
(where excess products are drawn from loading truck) 
and emissions from the depot. Variable wind speed 
was experienced during air sampling. Marketer’s 
block host good number of people and various kinds 
of vehicle at a time. Level of benzene concentration 
observed at Otiyeju village was at of 7.73 µg/m3. This 
low level observed could be attributed to her far 
distance from the contributing sources. The village is 
located at a distance right behind area office of PPMC 
and east of the depot. The prevailing wind directions 
do not favour influx VOCs and may have limits VOCs 
species from getting deposited to the village. 
Comparing the sampled average concentrations of 
benzene as against international standards as shown in 
Table 2.0. The mean concentration of benzene is lower 
when compared to United State Environmental 
Protection Agency (USEPA) (Chronic inhalation 
guidelines) and Agency for Toxic Substances and 
Diseases Registry (ATSDR) (Acute inhalation 
guidelines) standards but higher when compared with 
ATSDR (Chronic inhalation guidelines). This implies 
that benzene emissions from PPMC Mosimi depot are 
within international standard limits and that 
operational routine of the depot can be said to be safe 
for workers, host environment and general public. 
Toluene Concentrations  

Among VOCs species observed, toluene 
concentrations are the most abundance VOCs species 
in all sampling locations (52.84%). The maximum 
observed toluene concentration was 99.75 µg/m3 at 
slop tank area. The occurrence of maximum 
concentration at Slop Tank area could be traced to 
explanations proffer to benzene concentrations. Within 
PPMC depot, toluene concentrations were in 

descending order of slop tank area (99.75 µg/m3 , 
Workshop area (78.53 µg/m3 ), Gate1 area (23.16 

µg/m3 , Tank Farms area (20.76 µg/m3), Gate2 area 
(16.30 µg/m3). Beyond PPMC Mosimi Depot premises 
toluene concentration decreases (marketer’s block 

area: 18.34 µg/m3 and Otiyeju village: 8.88 µg/m3) 
due to wash down of little or low dispersed 
hydrocarbon vapour from the depot.  

Comparing the sampled average concentrations 
of toluene as against international standards as shown 
in Table 2.0. The mean concentration of toluene is 
lower when compared to USEPA (Chronic inhalation 
guidelines), ATSDR (Acute inhalation guidelines) and 
ATSDR (Chronic inhalation guidelines), standards. 
This indicate that toluene emissions from PPMC 
Mosimi depot are within international standards limit 
and that operational routine of the depot can be said to 
be safe for workers, host environment and general 
public. 
Xylene Concentrations 

The GC/FID analysis identified three isomers of 
xylene (5.67%). They are para-xylene (p-xylene), 
meta-xylene (m-xylene) and ortho-xylene (o-xylene). 
Unlike the earlier findings with benzene and toluene 
levels in terms of spatial distribution, Trace level of 
xylene concentrations were observed. Among the three 
isomers of xylene, m-xylene is the most prominent. 
The m-xylene detected at Slop Tank area was seen to 

be highest (2.82 µg/m3 , followed by 2.56 µg/m3 at 
Workshop area. The lowest concentration of m-xylene 
was 0.69 µg/m3 at Otiyeju village. P-xylene 
concentration is next to m-xylene in descending order 
of distributions. The highest detected was at Slop 
Tanks area with concentrations of 2.18	µg/m3 with the 
least at Otiyeju village with concentration of 0.40 
µg/m3.  

The least among the xylene isomer is o-xylene 
with highest concentration observed at Slop Tanks 
area with concentration 1.91µg/m3 and least 
concentration was observed to be 0.11µg/m3 at Otiyeju 
village. All xylene isomers detected are extremely at 
low value probably due to photochemical reactions. 
Comparing the sampled average concentrations of 
xylene isomers as against l international standards as 
shown in Table 2.0. The mean concentrations of 
xylene isomers are lower when compared to USEPA 
(Chronic inhalation guidelines), ATSDR (Acute 
inhalation guidelines) and ATSDR (Chronic inhalation 
guidelines) standards. This indicate that xylene 
emissions from PPMC Mosimi depot are within 
international standard limits and that operational 
routine of the depot can be said to be safe for workers, 
host environment and general public. 
Ethyl benzene Concentrations 

The concentrations of ethyl benzene for air basin 
of PPMC and its environment at various sampling 
location is the least amount among the VOCs species 
considered (3.88%). The maximum concentration 
recorded of ethyl benzene was at Slop Tanks area with 
4.94 µg/m3 while the least concentration was observed 
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at Otiyeju village with 0.10 µg/m3. The trends of ethyl 
benzene emission could also be traced to other VOCs 
species considered. Presence of ethyl benzene is as a 
result of hydrocarbon vapour from various sources in 
the depot. Comparing the sampled average 
concentrations of ethyl benzene as against local and 
international standards as shown in Table 2.0. The 
mean concentration of ethyl benzene is lower when 

compared to USEPA (Chronic inhalation guidelines), 
ATSDR (Acute inhalation guidelines) and ATSDR 
(Chronic inhalation guidelines) standards. This 
indicate that ethyl benzene emissions from PPMC 
Mosimi depot are within international standard limits 
and that operational routine of the depot can be said to 
be safe for workers, host environment and general 
public. 

 
 

Table 1: Sum and average measured concentrations (µg/m3) of VOCs species at Mosimi PPMC depot 

 
Location Benzene Toluene Ethyl benzene p-Xylene m-Xylene o-Xylene Xylene 

1 Workshop 59.54 78.53 3.55 1.59 2.56 1.34 5.49 
2 Slop Tanks 71.12 99.75 4.49 2.18 2.64 1.91 6.73 
3 Gate 1 16.6 23.16 3.2 1.38 1.99 1.01 4.37 
4 Tank Farms 18.08 27.06 3.9 1.78 2.64 1.52 5.93 
5 Gate 2 10.22 16.3 1.79 0.79 1.23 0.42 2.45 
6 Otiyelu Village 7.73 8.88 1.01 0.4 0.69 0.11 1.2 
7 Market's Block 10.37 18.34 2.01 1.04 1.39 0.58 3.01 

 
Summation 193.66 272.02 19.95 9.16 13.14 6.89 29.18 

 
Average 27.67 38.86 2.85 1.31 1.88 0.98 4.17 

 
standard deviation 26.20 35.35 1.27 0.61 0.79 0.65 2.02 

 
 

Table 2: Comparison of average measured VOCs species concentrations (µg/m3) with Air Quality Standards 

S/
N 

VOCs 
species 

USEPA chronic 
inhalation guidelines 

ATSDR chronic 
inhalation 
guidelines 

ATSDR acute 
inhalation guidelines 

PPMC Mosimi depot sampled 
(averaged measured 
concentration) 

1 Benzene 30 9.57 287.1 27.67 
2 Toluene 400 300 3760 38.86 

3 
Ethyl 
benzene 

1000 260 21680 2.85 

4 p-Xylene 100 220 8670 1.31 
5 m-Xylene 100 100 8670 1.88 
6 o-Xylene 100 220 8670 0.98 
Source: USEPA; Source: ATSDR 2017 
For duration, Acute = 1to14 days and Chronic = 1 year or Longer 

 
 

Suggested strategies to abate and control VOCs 
emission from petroleum products depots in 
Nigeria. 

VOCs emitted during crude oil and petroleum 
products terminal storage activities/operations have 
the potential to be significant from health, 
environmental and economic perspectives. Controlling 
VOCs is a serious concern and major challenge with 
reasonable available treatment or control technology. 

In any approved or established petroleum depots 
or refineries, identification of potential sources of 
VOCs emission at design stage can assist in adopting 
efficient control technology. Technological treatment 
is an efficient way for VOCs emission reduction. 
Technology treatment includes source reduction and 
end pipe emission treatment and currently more 
focuses are place on the latter. 

End pipe emission treatments involve collection 
of hydrocarbon vapour through air extractors and 
subsequent treatment of diluted air (contaminated air) 
with control destructive devices such as catalytic 
incinerator/combustion, thermal incinerator, enclosed 
oxidizing flares and so on. Installation or provision of 
catalytic combustion can assist in complete destruction 
of emitted VOCs. (Chen and Zheng, 2004). 

For Source reduction, all controlling valves in the 
petroleum depots or refineries should be equipped 
with live-loading packing. The flanges serving 
hydrocarbon streams can be equipped with expanding 
graphite. Seals and those with purge or drain end 
should be equipped with caps, blinded or plugged for 
VOCs emission reduction. 

For area sources, tanks and other storage for 
petroleum products should always be covered. 
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Floating roofs on storage tanks reduce the opportunity 
for volatization (NESREA, 2009). The inner or outer 
floating roofs should be installed with primary and 
secondary seals respectively. Cracks and leaks should 
be avoided and water effluent must not be discharged 
into drain without prior treatment. Finally, Nigeria 
should develop a specific policy to tackle VOCs for 
both existing and newly approved petroleum products 
depots and refineries. 

 
Conclusion 

A field VOC measurement for Pipelines and 
Products Marketing Company (PPMC) Mosim depot, 
Sagamu, Nigeria was conducted for this study. Four 
aromatic species were identified and quantified in the 
petroleum storage industrial site with air samples 
taken from selected locations within the petroleum 
depot and host environment. The concentrations of 
benzene, toluene, ethyl benzene, p-xylene, m-xylene 
and o-xylene ranged between 7.73 – 71.12, 8.88 – 
99.75, 1.01 – 4.49, 0.40 – 2.18, 0.69 – 2.64 and 0.11 - 
1.91 µg/m3 respectively. The mean values were 27.67, 
38.86, 2.85, 1.31, 1.88 and 0.98 µg/m3 respectively. 
These identified species show substantial variations 
among selected locations most especially toluene and 
benzene. A prevalence flowing air mass in 
geographical location of the industrial site observed is 
responsible for rich dispersion and dilution of VOCs 
emission which resulted to extreme low concentrations 
hydrocarbon pollution. The concentrations of 
identified VOCs were comparable in all locations, 
suggesting minimal external influence. The averaged 

measured concentration of VOCs species sampled at 
PPMC Mosimi depot and Host Environment comply 
with international standards set by United States 
Environmental Protection Agency (USEPA) and 
Agency for Toxic Substances and Diseases Registry 
(ATDRS), for both acute and chronic inhalations. This 
study has established that routine operational activities 
of PPMC Mosimi depot are safe for workers, host 
environment and general public. Regular monitoring 
of VOCs level should be encouraged to assess the 
change of VOCs level in the air shed of Mosimi 
petroleum products depot. However further 
determination of occupational health effects by 
analyzing the level of VOCs in urine, blood and stool 
of workers of the depot and residents of host 
environment should be carried out. 
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Abbreviation 
m3 cubic meter 
GC-FID Gas Chromatography Fitted With Flame Ionization Detector 
g Gram 
µm Micrometer 
mg/m3 Milligram per cubic meter 
ml Millimeter 
mm Millimeter 
NNPC Nigeria National Petroleum Corporation 
PPMC Pipelines and Products Marketing Company 
ppm Part per million 
µg/m3 microgram per cubic meter 
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