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Abstract 

This study evaluated the occurrence and human exposure risk of mono-aromatic hydrocarbons (MAHs) such as benzene, 

toluene, ethylbenzene, and o,p-xylene (BTEX) in soils from petroleum product jetty from the Niger Delta, Nigeria. Samples 

were collected from the top (0-15 cm), sub (15-30 cm), and bottom (30-45 cm) soil depths. The MAHs components were 

determined using Headspace gas chromatography-mass spectrometer (HS-GCMS).  The individual and ƩMAHs concentrations 

ranged from not detected (ND) to 1528 µg kg-1 and ND to 2512 µg kg-1 respectively. The total cancer risks were within the low 

category. The source identification indicated that the origin MAHs species are attributed to solvent, paints, and gasoline-diesel 

spill and particulate emission from gasoline/diesel combustion exhaust in the vicinity of the petroleum product jetty. This depicts 

the presence of low molecular weight petroleum fractions such as gasoline and kerosene that could exhibit toxicological and 

carcinogenic effects to organisms in soils within the jetty. Clean-up actions should be carried out to prevent the accumulation 

of MAHs in soil-plant uptake and the potential ecological and human exposure risks of MAHs in the surrounding soil and 

aquatic ecosystem. 
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Introduction 

Benzene, toluene, ethylbenzene, and o, m, p-

xylenes (BTEX) are four related volatile mono-

aromatic hydrocarbons (MAHs) that are 

environmentally ubiquitous and classified as priority 

pollutants and human carcinogen [1-3]. Naturally, 

MAHs compounds are constituents of natural gas, 

crude petroleum, coal tar, and gaseous emissions from 

forest fires and volcanoes. Anthropogenic sources of 

MAH are spills from petroleum products, emissions 

from solid and liquid fossil combustion processes, 

consumer products such as thinners, cigarette smoke, 

adhesives, inks, cosmetics, and paints [4]. The 

introduction and accumulation of MAHs onto soil 

could alter the general soil ecosystem functions; 

contaminate the nearby surface and groundwater 

aquifer, the food chain through plant-animal uptake, 

and direct human exposures [5-7]. 

The activities of oil exploitation, exploration, and 

marketing have contributed to the environmental 

pollution of the Niger Delta. These activities has led to 

the deposition of environmental pollutants and 

damaged the quality of the environment, particularly 

around petroleum and allied installations [8-11]. 

Oghara is an urban settlement in the Niger Delta 

Nigeria; it hosts several administrative commercial 

and petroleum product handling facilities. The tank-

farms at Oghara are connected to the jetty by the bank 

of the Ethiope River where vessels berth to discharge 

petroleum products. The deposition of petroleum 

products containing MAHS constituents in the jetty 

environment could occur due to spillage during 

product offload, equipment failure, and spilled 

chemical used for maintenance of the jetty. The spilled 

petroleum product could contribute to the ƩMAHs 

load in the soil matrix around the jetty [12]. Thus, 

characterizing the concentrations origin and exposure 

risk of MAHs in soil depths from petroleum product 

jetty is critical to the establishment of operations 

compliance and MAHs pollution load arising from the 

activities of petroleum product haulage and its 

subsidiary at the jetty. Therefore, this study 

determined the occurrence profile, sources, and human 

health hazards of MAHs in soils from selected 

petroleum product haulage jetty. 

 
Materials and methods 

Study area description and Sample collection 
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The study area is the petroleum product jetty located 

by the bank of the Ethiope River at Oghara, with a 

geographical coordinate between longitude 6°06'0.60" 

E and latitude 5°35'11.99" N in Delta State, Nigeria, 

Figure 1. Oghara is an urban settlement with an 

average human population of 150,000. Oghara is host 

to over 300,000,000 liters petroleum products storage 

tanks owned by different petroleum marketing 

subsidiaries [13]. Using stainless steel auger, soil 

samples were collected at the top sub and bottom soil 

depths from the vicinity of petroleum product jetty. 

The collected samples were labelled, stored in 

aluminium foil, and kept in an ice chest. In the 

laboratory, the samples were sieved through 2 mm 

mesh, air-dried in the dark, and stored below 4 oC 

before analysis. 

 

Figure 1: Map of Nigeria showing the study area and 

sample sites  

Determination of soil physicochemical properties 

and MAHs in soil 

The electrical conductivity, pH and total organic 

carbon (TOC) were determined using conductivity 

meter, pH meter (Lie-ci PXSJ-216F, lie-ci, purchased 

from Shanghai, China) in 1:2 soil to water suspension 

and the Walkley and Black dichromate-based wet 

oxidation digestion method as described in Emoyan et 

al.  [14]. Using the American Standard Testing 

Method (EPA) 8260, 2 ml of 99.8% methanol 

(purchased from Sigma-Aldrich, St. Louis, Missouri, 

USA) was added into a 20 mL septum sealed vial 

containing 5 g of the soil sample. The septum sealed 

vial was placed into the auto caroused of headspace 

sampler (Dani HSS 82.50, Italy); thereafter, the vial 

was allowed to move to a heated zone (Headspace 

Incubator) while maintaining the temperature at 100 

°C; a sample of the headspace gas was drawn with an 

automated gas-tight syringe of the headspace sampler 

by direct transfer into already calibrated GC-MS. The 

analysis was allowed to run and data was quantified 

using equation (1). 

Concentration (
mg

kg
) =

     
Instrument Reading ×Volume of Extract ×Dilution Factor

Weight of sample 
     

(1) 

Assessment of health-risk from MAHs exposure in 

soil  

The health risk from human exposure to MAHs in the 

soils was assessed using the carcinogenic risk and non-

carcinogenic risk expressed as total cancer risk and 

hazard index (HI) models.  

Total cancer risk from MAHs exposure in soil 

The total cancer risk was evaluated as the ratio of 

chronic daily intake to oral slop of individual MAHs. 

The carcinogenic risk was evaluated using the United 

States Environmental Protection Agency model in 

equations 2-5  

 

Total Cancer Risk =     𝑅𝑖𝑠𝑘𝑖𝑛𝑔 + 𝑅𝑖𝑠𝑘𝑖𝑛ℎ + 𝑅𝑖𝑠𝑘𝑑𝑒𝑟𝑚 

(2) 

Where, Risking, Riskinh and Riskderm are the risk 

through ingestion, inhalation and dermal routes 

respectively. 

Risking  =           
𝐶𝑠𝑜𝑖𝑙 × 𝐼𝑛𝑔𝑅 × 𝐸𝐹 × 𝐸𝐷 ×𝐶𝐹 × 𝑆𝐹𝑂

𝐵𝑊 ×𝐴𝑇
 (3) 

Riskinh   =            
𝐶𝑠𝑜𝑖𝑙 ×𝐸𝐹 ×𝐸𝐷 ×𝐼𝑈𝑅

𝑃𝐸𝐹 ×𝐴𝑇∗
  (4) 

Riskderm =            

𝐶𝑠𝑜𝑖𝑙 ×𝑆𝐴 ×𝐴𝐹 ×𝐴𝐵𝑆 ×𝐸𝐹 ×𝐸𝐷 ×𝐶𝐹 ×𝑆𝐹𝑂 ×𝐺𝐼𝐴𝐵𝑆

𝐵𝑊 ×𝐴𝑇
 (5) 

Hazard index from MAHs exposure in soil 

The HI is the total of the individual hazard quotients 

(HQs) of the individual exposure route as presented in 

equations 6-10. 

Hazard index (HI)     =    ∑ 𝐻𝑄 = 𝐻𝑄𝑖𝑛𝑔 + 𝐻𝑄𝑖𝑛ℎ +

𝐻𝑄𝑑𝑒𝑟𝑚    (6) 

𝐻𝑄𝑖𝑛𝑔 =  
𝐶𝐷𝐼𝑛𝑐

𝑅𝑓𝐷
;  𝐻𝑄𝑖𝑛ℎ    =     

𝐶𝐷𝐼𝑛𝑐

𝑅𝑓𝐶𝑖𝑛ℎ
 ;       

𝐻𝑄𝑑𝑒𝑟𝑚    =     
𝐶𝐷𝐼𝑛𝑐

𝑅𝑓𝐷 ×𝐺𝐼𝐴𝐵𝑆
 (7)  

CDIing-nc      =            
𝐶𝑠𝑜𝑖𝑙 × IngR × EF × ED  

BW × AT𝑛𝑐
 × 10-6 

    (8)  
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CDIinh-nc       =            
𝐶𝑠𝑜𝑖𝑙  × InhR × EF × ET × ED 

PEF × 24 × AT𝑛𝑐
 

    (9) 

CDIderm-nc   =         
𝐶𝑠𝑜𝑖𝑙  × SA × AF × ABS𝑑 × EF × ED 

BW × AT𝑛𝑐
 × 10-6 

   (10) 

The parameters in equation 2-10 are defined in the 

supplementary material (Table 1 and 2) and Table 1 as 

described in USEPA, [15, 16]; Iwegbue et al. [17]. 

 

Table 1: Variables and definition for estimation of human health risk assessment 

Variable Definition Variable Definition 

ATca 

  

average time for carcinogen in 19,893 days 

(54.5yrs × 365 days), 

IUR   inhalation unit risk (mg m−3), 

ED  exposure duration, 54.5 years was applied 

based on the assumed average lifespan of 

Nigerians 

SFO  oral slope factor (2.00 mg−1 kg−1 day−1). 

CRing,  incremental lifetime cancer risk through 

non dietary ingestion 

ILCRderm incremental lifetime cancer risk through dermal 

contact 

ILCRinh.  incremental lifetime cancer risk through 

inhalation 

ABS  dermal absorption factor (0.13 infants and adults), 

ATnc  average time (in days) for non carcinogen, PEF particle emission factor (1.36 × 109 m3 kg−1), 

ET  exposure time (8 hrs day−1 for infants and 

adults), 

SA skin surface area in contact with soil (2800 cm2 for 

infants and 5700 cm2
  for adults, 

AF  soil-skin adherence factor (0.2 for infants 

and 0.7 mg cm−2 for adults) 

BW  average body weight (15 kg for infants and 60 kg 

for adults). 

CF  conversion factor (1 × 10−6 kg mg−1), ED exposure duration (6 years for infants and 30 years 

for adults), 

IngR  ingestion rate (200 mg day−1 for infants and 

100 mg day−1 for adults), 

EF  exposure frequency (350 days year−1 for both 

infants and adults, excluding 15 days holiday 

period), 

CUCL. UCL 95% concentrations of MAHS in soil 

samples (µg kg−1) 

CDIinh-

nc, 

chronic daily intakes for inhalation, route 

CDIing-nc chronic daily intakes for ingestion route CDIderm-

nc 

 chronic daily intakes for dermal route 

Quality control and data analysis 

During sample collection and sample preparations, 

equipment and containers were cleaned to avoid cross-

contamination, and analytical grade reagents were 

used. The Microsoft Office Excel software was used 

for all descriptive statistics. A linear regression and 

ANOVA were used to determine the relationship 

between TOC and MAHs concentrations.  

 

Results and Discussions 

Soil physicochemical properties 

The results of the soil physicochemical properties are 

presented in Table 2. The TOC values ranged from 

0.39 to 4.55%, and the highest TOC value was 

obtained in the topsoil at site SS6 and the lowest value 

in the bottom soil at site SS1. The EC values ranged 

from 28.6 to 123 μS/cm. The highest and lowest EC 

values were observed in the top and bottom soil at sites 

SS3 and SS11 respectively. The soil pH ranged from 

4.20 to 7.60, the highest and lowest pH values were 

obtained in the top and subsoil depths at SS9 and SS8 

respectively. The pH values are of the acidic and 

neutral range. The soil TOC, EC, and pH content 

decreased with depth and were comparable to other 

studies previously reported for some Niger Delta soils 

[18,19]. Microbial biodegradation of MAHs 

compounds is limited to bio-available portions 

[20,21]. Therefore, the observed soil TOC and pH may 

induce the adsorption of o, p-xylene, and ethylbenzene 

on fine-active soil surfaces and would hinder their 

mobilization, leaching and onward migration from top 

to adjacent soil depths, and aquatic environments 

around the petroleum product jetty [20-22].  

 

MAHs concentrations in soils 

The results of MAHs concentrations in this study are 

presented in Table 2. The concentrations of the MAHs 

ranged from ND to 2512 µg kg-1, 8.0 to 2483 µg kg-1 

and ND to 1911 µg kg-1 for the top, sub, and bottom 

soils respectively. The highest concentration was 

observed in the topsoil at site SS13. MAHs were not 

detected in the top and bottom soil depths at sites SS1 

and SS8 respectively. The MAHs concentrations at 

sites SS9 to SS15 surpassed those found at sites SS1 
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to SS8. The ƩMAHs concentrations suggest the 

presence of petroleum products with low molecular 

weight petroleum fractions such as gasoline and 

kerosene [23]. The MAHs concentration pattern in the 

soil depths is in the order bottom > top > subsoil and 

did not show any regular trend. The irregular 

occurrence of MAHs concentrations concerning soil 

depth is attributed to the soil mechanical and 

bioturbation behavior, the difference in soil 

physicochemical properties, the retention capacity of 

the different soil layer, nature of soil surfaces, leaching 

characteristics, the strength of the input sources, 

biological chemical activities within soil depths, and 

other environmental variables such as hydrolysis 

dissociation and redox reactions, sorption, 

volatilization, and weathering [24]. 

 

The observed ƩMAHs concentrations were higher 

than the concentrations reported for soils around 

automobile mechanic workshop and lubricant 

production plants [25,26]. The individual and ƩMAHs 

concentrations were below the MO intervention 

threshold range of 2,000-100,000 µg kg-1 and the 

DPR-EGASPIN intervention value of 246,000 µg kg-1 

[27,28]. However, these concentrations are 

considerable and could have high toxicological and 

carcinogenic effects on terrestrial and aquatic 

organisms when leached to nearby soil and aquatic 

environments [29].  

 

The compositional patterns of MAHs in soil  

The compositional patterns of MAHs varied for all 

sites and depths, Figure 2. Benzene ranged from ND 

to 36.4% of the total MAHs. The highest concentration 

of benzene was observed in the subsoil at site SS1. The 

concentrations of toluene ranged from ND to 53.5% of 

the total MAHs. The highest concentration of toluene 

was found at the topsoil of site SS12. Ethylbenzene 

constituted ND to 62.3% of the total MAHs. The 

highest concentration of ethylbenzene was found at the 

topsoil of site SS14. Ortho xylene concentration 

ranged from ND to 68.7% of the total MAHs 

concentrations. The highest concentration of o-xylene 

was found at the topsoil of site SS13. The 

concentrations of p- ranged from ND to 52.6% of the 

total MAHs concentrations. The average 

compositional patterns of MAHs in the soil depths 

followed the order of ethylbenzene > o-xylene > p-

xylene > toluene > benzene. The dominance of 

ethylbenzene relative to other MAHs compounds 

suggest that under undisturbed natural environment, 

MAHs constituents can migrate through the soil in the 

order benzene > toluene > m-, p- and o-xylenes > 

ethylbenzene. Again, ethylbenzene is less soluble in 

water (152 ppm) when compared to other MAHs 

compounds, [30,31]. 

Linear regression correlation between TOC and 

ƩMAH 

The linear regression indicates a weak correlation 

between soil depths (0.0078 to 0.0775) Figures 3abc. 

The low correlation between TOC and ƩMAHs in the 

soil depths could be related to non-equilibrium 

adsorption behaviour between TOC, ƩMAHs, and 

fresh pollution occurrence. Also, it depicts that the fate 

of MAHs in the soil depths is not determined by the 

organic matter contents and the input of multiple 

sources of MAHs compounds. A number of studies 

have demonstrated a negative correlation between 

TOC and organic pollutants similar to MAHs [32]. 

The one way ANOVA (P < 0.05) implies that there is 

no significant (P < 0.05) variation between MAHs 

levels and soil depths. Therefore, the impact of soil 

depth variation on the concentration levels of MAHs 

did not change considerably. This is attributed to soil 

physicochemical properties, biological and chemical 

reactions within the soil profiles, MAHs properties, 

biological and mechanical disturbances within soil 

depths [33]. 

 

Non-carcinogenic and carcinogenic risks of MAHs 

in soils  

 

There exist an informal sector consisting of family 

members that operate petty kiosk for food and 

consumables within the petroleum product jetty 

premises. Hence the inclusion of infants in the human 

non-cancer and cancer risk evaluation from MAHs 

exposure. The values of the cancer risks and non-

cancer arising from the exposure of infants and adults 

to MAHs compounds in soils around the petroleum 

product jetty in this study are presented in Table 3. The 

HQ for human exposure from MAHs in soils is in the 

order of HQING > HQDERM > HQINH. The HQ 

levels for both infants and adults for the individual 

exposure routes were < 1, while the HI values for all 

sites and depths were also < 1, depicting no adverse 

carcinogenic and non-carcinogenic health effects for 

human exposures from MAHs in soils from the 

vicinity of petroleum product jetty. The HI values for 

the infants’ exposure were greater compared to that of 

the adults’ exposure. The carcinogenic sensitivity of 

MAHs in infants is higher than adults; this is attributed 

to the exposure duration and smaller body weight of 

infants [34]. The risk value of soils around the 

petroleum product jetty through ingestion, inhalation, 

and dermal contacts ranged from 0.0 to 2.30 ×10-4, 0.0 

to 2.81 ×10-11 and 0.0 to 1.24 ×10-4 for infants and 0.0 

to 2.88 ×10-5, 0.0 to 3.10 ×10-11 and 0.0 to 5.07 ×10-6 

for adults respectively. The observed inhalation cancer 

risks for MAHs were lower than the ingestion and 

dermal contact exposure routes. However, the total 

cancer risk ranged from 0.0 to 3.54 × 10-4 with a mean 
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of 8.14 × 10-5 and 0.0 to 3.39 × 10-5 with a mean of 

8.11 × 10-6 for infants and adults respectively. The 

cancer risk for infants through accidental ingestion and 

dermal contact were higher than that for adults. This 

raises concern due to possible adverse human health 

effects for infants’ exposure to MAHs around the 

petroleum product jetty. According to the New York 

State Department of Health classifications, the 

obtained total cancer risk values for MAHs fall into the 

low-risk based factor [35]. These concentrations could 

promote human health hazards depending on the 

exposure concentrations and duration of exposed 

MAHS compounds [29,36]. 

Table 2: MAHs concentrations (µg kg-1) and physicochemical properties in soil 

 

Site Depth TOC (%) 
EC 

(µs/cm) pH Benzene Toluene Ethyl Benzene o-xylene p-xylene ∑MAHS 

SS1 0-15 0.51 83.6 6.7 ND ND ND ND ND 0 
 15-30 0.42 52.7 6.3 142 312 104 52 30 640 
 30-45 0.39 43.5 5.2 12 52 166 280 114 624 
SS 2 0-15 2.5 53.7 6.2 10 8 24 4 16 62 
 15-30 1.96 50.2 6.3 ND 2 6 2 4 14 
 30-45 1.8 39.6 4.6 26 78 42 360 18 524 
SS 3 0-15 2.55 123 5.8 ND 2 2 2 2 8 
 15-30 2.19 78.9 4.7 2 10 24 6 6 48 
 30-45 1.66 53.1 4.3 2 2 14 12 10 40 
SS 4 0-15 1.26 63.3 5.6 ND 4 4 10 4 22 
 15-30 1.23 48.4 5.3 18 16 18 2 60 114 
 30-45 1.04 47.6 4.9 16 52 2 10 28 108 
SS 5 0-15 2.22 42.3 6.4 ND 2 14 20 4 40 
 15-30 1.54 38.4 5.6 ND 2 2 2 2 8 
 30-45 1.43 40.3 5.7 44 2 122 36 12 216 
SS 6 0-15 4.55 39.8 4.7 ND 2 6 8 10 26 
 15-30 3.84 39.6 4.4 16 2 6 4 16 44 
 30-45 3.23 32.5 4.3 ND 4 10 8 6 28 
SS 7 0-15 2.58 76.2 6.3 2 18 352 34 240 646 
 15-30 2.24 59.6 6.5 48 12 164 36 12 272 
 30-45 1.99 54.6 5.1 4 16 18 12 6 56 
SS 8 0-15 1.8 66.7 4.9 22 64 196 266 134 682 
 15-30 1.6 43.1 4.2 ND 30 24 30 16 100 
 30-45 1.4 42.3 4.3 ND ND ND ND ND ND 
SS9 0-15 0.87 96.2 7.6 16 350 702 230 108 1406 
 15-30 0.59 66.5 6.4 28 219 424 115 157 943 
 30-45 0.48 49.8 6.3 31 264 314 272 261 1141 
SS10 0-15 2.83 106 6.4 40 88 146 ND 206 480 
 15-30 2.64 81.3 5.9 33 308 204 428 365 1338 
 30-45 2.47 89.4 5.1 26 227 778 589 292 1911 
SS11 0-15 3.56 48.9 5.8 38 156 102 266 6 568 
 15-30 3.34 42.3 4.7 19 145 1351 749 219 2483 
 30-45 3.09 28.6 4.3 18 206 881 433 141 1678 
SS12 0-15 2.92 56.6 6.2 28 460 306 590 724 2108 
 15-30 2.69 38.2 5.7 17 266 411 116 63 873 
 30-45 2.64 33.3 5.3 26 270 319 206 264 1084 
SS13 0-15 3.00 63.5 5.6 16 130 1174 952 240 2512 
 15-30 2.53 58.9 5 34 274 226 295 465 1294 
 30-45 2.19 50.3 4.5 31 209 432 452 294 1417 
SS14 0-15 1.43 57.8 6.8 22 160 1528 546 198 2454 
 15-30 1.15 39.7 6.4 27 143 638 609 123 1540 
 30-45 0.98 31.2 6.2 22 150 643 543 126 1483 
SS15 0-15 4.21 57.6 5.7 18 182 120 2 18 340 
 15-30 3.79 44.7 5.3 17 156 647 477 129 1426 
 30-45 3.39 46.4 5.1 23 188 536 296 143 1185 
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Figure 2: MAHs compositional patterns in soils. 

a)   b)    

c)  

Figure 3a-c: Figure 3: Plot of TOC vs MAHs concentrations in soil for top soil (a) sub soil (b) and bottom soil (c).depth 

Source identification  

Several studies have established the use of MAHs 

ratios and multivariate statistics in the identification of 

MAHs sources in environmental compartments [37-

42]. The principal component analysis, Pearson 

Correlation analysis, and the ratio of xylenes and 

ethylbenzene (X/E), toluene and benzene (T/B), 

xylenes and benzene (X/B) and ethylbenzene and 

benzene (E/B) were evaluated to identify the potential 

sources of MAHs occurrence in the petroleum jetty, 

Tables 4-6. 

Principal component analysis (PCA)  

In this study, five PCA components were extracted, 

explaining 100% of the variance as presented in Table 

4. Component 1 explained 32.896% of the variance 

with positive high loading values of ethylbenzene and 

o-xylene. Components 2 and 3 explained 23.903% and 

21.573% of the variance with positive high loading of 

p-xylene and benzene respectively, and components 4 

and 5 explained 15.888% and 5.740% of the variance 

with positive high loading of toluene and o-xylene 

respectively. The MAHs in Factors 1-5 are 

components in gasoline and diesel petroleum fractions 

[23]. Therefore, the PCA revealed that the sources of 

MAHs in the petroleum product jetty are attributed to 

gasoline-diesel spills, solvent use, and other stationary 

sources. 

Pearson correlation coefficients (PCC) 
Pearson correlation coefficient was applied to identify 

the relationship between MAHs assuming that two or 

more MAHs compounds may correlate due to 

common physicochemical behavior and/or source [6]. 

The matrix showed the existence of a moderate 

correlation between benzene-toluene, ethylbenzene-

toluene-toluene-o-xylene, and ethylbenzene-p-xylene, 

a good correlation between ethylbenzene-o-xylene, 

toluene-p-xylene and o-xylene-p-xylene, Table 5. The 

correlation between MAHs indicated similarity in 

their photochemical reactivity and physicochemical 

properties [43]. The correlation between the MAHs 

suggests a common origin attributed to gasoline-diesel 

evaporative spills, solvent and paint use, and 

particulate emission from gasoline/diesel combustion 

exhaust in the petroleum product jetty [37, 44]. 
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Table 3: Hazard index (HI) and total cancer risk of MAHs in soils 

  HAZARD INDEX TOTAL CANCER RISK 

    CHILD       ADULT       CHILD       ADULT       

SITES   HQING HQINH HQDERM HI HQING HQINH HQDERM HI RISKING RISKINH RISKDERM 

Total 
Cancer 

Risk RISKING RISKINH RISKDERM 

Total 
Cancer 

Risk 

SS1 0-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 15-30 5.22E-01 2.69E-06 1.28E-01 6.50E-01 6.53E-02 1.34E-06 2.27E-02 8.80E-02 1.14E-04 9.64E-12 3.06E-05 1.45E-04 1.43E-05 1.06E-11 2.52E-06 1.68E-05 
 30-45 9.31E-02 2.12E-06 3.17E-02 1.25E-01 1.16E-02 1.06E-06 5.65E-03 1.73E-02 3.18E-05 3.59E-12 1.50E-05 4.67E-05 3.97E-06 3.96E-12 6.99E-07 4.67E-06 
SS2 0-15 3.76E-02 2.63E-07 9.74E-03 4.73E-02 4.70E-03 1.31E-07 1.73E-03 6.43E-03 1.04E-05 9.73E-13 3.47E-06 1.39E-05 1.30E-06 1.07E-12 2.29E-07 1.53E-06 
 15-30 1.47E-03 3.12E-08 6.66E-04 2.14E-03 1.84E-04 1.56E-08 1.19E-04 3.02E-04 8.44E-07 1.06E-13 4.73E-07 1.32E-06 1.05E-07 1.17E-13 1.86E-08 1.24E-07 
 30-45 1.25E-01 2.21E-06 3.39E-02 1.59E-01 1.56E-02 1.11E-06 6.04E-03 2.17E-02 2.42E-05 2.17E-12 7.40E-06 3.16E-05 3.02E-06 2.39E-12 5.32E-07 3.56E-06 
SS3 0-15 8.31E-04 1.99E-08 3.37E-04 1.17E-03 1.04E-04 9.97E-09 5.99E-05 1.64E-04 2.81E-07 3.53E-14 1.58E-07 4.39E-07 3.52E-08 3.89E-14 6.19E-09 4.13E-08 
 15-30 1.18E-02 1.00E-07 3.95E-03 1.58E-02 1.48E-03 5.00E-08 7.03E-04 2.18E-03 4.78E-06 5.33E-13 2.21E-06 6.99E-06 5.98E-07 5.88E-13 1.05E-07 7.03E-07 
 30-45 9.91E-03 1.42E-07 3.01E-03 1.29E-02 1.24E-03 7.08E-08 5.37E-04 1.78E-03 3.38E-06 3.57E-13 1.42E-06 4.79E-06 4.22E-07 3.93E-13 7.43E-08 4.96E-07 
SS4 0-15 2.05E-03 6.81E-08 8.02E-04 2.85E-03 2.56E-04 3.40E-08 1.43E-04 3.99E-04 5.63E-07 7.05E-14 3.15E-07 8.78E-07 7.03E-08 7.78E-14 1.24E-08 8.27E-08 
 15-30 6.64E-02 5.83E-07 1.64E-02 8.27E-02 8.29E-03 2.92E-07 2.92E-03 1.12E-02 1.52E-05 1.31E-12 4.25E-06 1.94E-05 1.90E-06 1.44E-12 3.34E-07 2.23E-06 
 30-45 6.21E-02 4.35E-07 1.52E-02 7.73E-02 7.77E-03 2.18E-07 2.71E-03 1.05E-02 1.15E-05 9.15E-13 2.68E-06 1.42E-05 1.44E-06 1.01E-12 2.54E-07 1.70E-06 
SS5 0-15 3.64E-03 1.20E-07 1.63E-03 5.27E-03 4.55E-04 5.98E-08 2.90E-04 7.45E-04 1.97E-06 2.47E-13 1.10E-06 3.07E-06 2.46E-07 2.72E-13 4.33E-08 2.89E-07 
 15-30 8.31E-04 1.99E-08 3.37E-04 1.17E-03 1.04E-04 9.97E-09 5.99E-05 1.64E-04 2.81E-07 3.53E-14 1.58E-07 4.39E-07 3.52E-08 3.89E-14 6.19E-09 4.13E-08 
 30-45 1.60E-01 9.73E-07 4.14E-02 2.01E-01 2.00E-02 4.86E-07 7.37E-03 2.73E-02 4.81E-05 4.57E-12 1.65E-05 6.46E-05 6.01E-06 5.04E-12 1.06E-06 7.07E-06 
SS6 0-15 2.24E-03 8.76E-08 9.24E-04 3.16E-03 2.80E-04 4.38E-08 1.65E-04 4.44E-04 8.44E-07 1.06E-13 4.73E-07 1.32E-06 1.05E-07 1.17E-13 1.86E-08 1.24E-07 
 15-30 5.35E-02 3.48E-07 1.24E-02 6.59E-02 6.69E-03 1.74E-07 2.21E-03 8.90E-03 1.21E-05 9.86E-13 2.99E-06 1.51E-05 1.51E-06 1.09E-12 2.66E-07 1.78E-06 
 30-45 2.81E-03 7.09E-08 1.23E-03 4.04E-03 3.52E-04 3.54E-08 2.19E-04 5.71E-04 1.41E-06 1.76E-13 7.88E-07 2.19E-06 1.76E-07 1.94E-13 3.09E-08 2.07E-07 
SS7 0-15 7.18E-02 1.49E-06 3.35E-02 1.05E-01 8.97E-03 7.43E-07 5.96E-03 1.49E-02 5.09E-05 6.31E-12 2.80E-05 7.89E-05 6.36E-06 6.96E-12 1.12E-06 7.48E-06 
 15-30 1.79E-01 1.06E-06 4.78E-02 2.27E-01 2.24E-02 5.28E-07 8.51E-03 3.09E-02 5.68E-05 5.53E-12 2.05E-05 7.73E-05 7.10E-06 6.10E-12 1.25E-06 8.35E-06 
 30-45 1.88E-02 1.57E-07 5.40E-03 2.42E-02 2.35E-03 7.86E-08 9.62E-04 3.31E-03 5.34E-06 5.37E-13 2.05E-06 7.39E-06 6.68E-07 5.93E-13 1.18E-07 7.86E-07 
SS8 0-15 1.31E-01 2.32E-06 4.18E-02 1.73E-01 1.64E-02 1.16E-06 7.45E-03 2.38E-02 4.30E-05 4.66E-12 1.89E-05 6.19E-05 5.38E-06 5.14E-12 9.47E-07 6.33E-06 
 15-30 1.08E-02 2.30E-07 4.32E-03 1.51E-02 1.35E-03 1.15E-07 7.69E-04 2.12E-03 3.38E-06 4.23E-13 1.89E-06 5.27E-06 4.22E-07 4.67E-13 7.43E-08 4.96E-07 
 30-45 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
SS9 0-15 2.18E-01 2.20E-06 8.78E-02 3.06E-01 2.73E-02 1.10E-06 1.56E-02 4.29E-02 1.10E-04 1.33E-11 5.78E-05 1.68E-04 1.37E-05 1.46E-11 2.42E-06 1.62E-05 
 15-30 1.96E-01 1.94E-06 6.80E-02 2.64E-01 2.45E-02 9.69E-07 1.21E-02 3.66E-02 7.93E-05 9.01E-12 3.78E-05 1.17E-04 9.92E-06 9.94E-12 1.75E-06 1.17E-05 
 30-45 2.14E-01 3.15E-06 6.99E-02 2.84E-01 2.67E-02 1.58E-06 1.25E-02 3.92E-02 6.56E-05 7.21E-12 2.95E-05 9.51E-05 8.20E-06 7.95E-12 1.44E-06 9.64E-06 
SS10 0-15 1.74E-01 1.67E-06 4.82E-02 2.22E-01 2.17E-02 8.36E-07 8.59E-03 3.03E-02 4.87E-05 4.77E-12 1.78E-05 6.65E-05 6.08E-06 5.26E-12 1.07E-06 7.15E-06 
 15-30 2.31E-01 4.37E-06 7.18E-02 3.03E-01 2.89E-02 2.18E-06 1.28E-02 4.17E-02 5.19E-05 5.41E-12 2.13E-05 7.32E-05 6.49E-06 5.97E-12 1.14E-06 7.63E-06 
 30-45 2.75E-01 4.93E-06 1.05E-01 3.80E-01 3.44E-02 2.47E-06 1.88E-02 5.31E-02 1.28E-04 1.51E-11 6.53E-05 1.93E-04 1.60E-05 1.67E-11 2.81E-06 1.88E-05 
SS11 0-15 1.77E-01 1.94E-06 4.87E-02 2.26E-01 2.21E-02 9.68E-07 8.68E-03 3.08E-02 4.11E-05 3.89E-12 1.40E-05 5.51E-05 5.13E-06 4.29E-12 9.04E-07 6.04E-06 
 15-30 3.19E-01 5.50E-06 1.39E-01 4.57E-01 3.98E-02 2.75E-06 2.47E-02 6.46E-02 2.03E-04 2.49E-11 1.09E-04 3.13E-04 2.54E-05 2.74E-11 4.47E-06 2.99E-05 
 30-45 2.40E-01 3.41E-06 9.93E-02 3.39E-01 3.00E-02 1.71E-06 1.77E-02 4.77E-02 1.37E-04 1.65E-11 7.22E-05 2.09E-04 1.71E-05 1.82E-11 3.00E-06 2.01E-05 
SS12 0-15 2.86E-01 6.80E-06 9.49E-02 3.81E-01 3.58E-02 3.40E-06 1.69E-02 5.27E-02 6.27E-05 6.93E-12 2.85E-05 9.12E-05 7.84E-06 7.65E-12 1.38E-06 9.22E-06 
 15-30 1.61E-01 1.33E-06 5.97E-02 2.21E-01 2.01E-02 6.63E-07 1.06E-02 3.07E-02 6.98E-05 8.18E-12 3.50E-05 1.05E-04 8.72E-06 9.02E-12 1.53E-06 1.03E-05 
 30-45 1.95E-01 2.78E-06 6.56E-02 2.61E-01 2.44E-02 1.39E-06 1.17E-02 3.61E-02 6.27E-05 7.02E-12 2.91E-05 9.18E-05 7.84E-06 7.74E-12 1.38E-06 9.22E-06 
TF13 0-15 2.98E-01 6.42E-06 1.28E-01 4.26E-01 3.73E-02 3.21E-06 2.28E-02 6.01E-02 1.76E-04 2.16E-11 9.50E-05 2.71E-04 2.20E-05 2.38E-11 3.88E-06 2.59E-05 
 15-30 2.30E-01 4.24E-06 7.16E-02 3.02E-01 2.87E-02 2.12E-06 1.27E-02 4.15E-02 5.57E-05 5.85E-12 2.32E-05 7.88E-05 6.96E-06 6.46E-12 1.23E-06 8.19E-06 
 30-45 2.34E-01 4.21E-06 8.00E-02 3.14E-01 2.92E-02 2.10E-06 1.42E-02 4.35E-02 8.22E-05 9.29E-12 3.88E-05 1.21E-04 1.03E-05 1.02E-11 1.81E-06 1.21E-05 
SS14 0-15 3.39E-01 4.58E-06 1.50E-01 4.89E-01 4.24E-02 2.29E-06 2.67E-02 6.90E-02 2.30E-04 2.81E-11 1.24E-04 3.54E-04 2.88E-05 3.10E-11 5.07E-06 3.39E-05 
 15-30 2.38E-01 4.18E-06 8.84E-02 3.26E-01 2.97E-02 2.09E-06 1.57E-02 4.54E-02 1.09E-04 1.27E-11 5.45E-05 1.63E-04 1.36E-05 1.40E-11 2.39E-06 1.60E-05 
 30-45 2.19E-01 3.81E-06 8.42E-02 3.03E-01 2.74E-02 1.90E-06 1.50E-02 4.24E-02 1.06E-04 1.25E-11 5.41E-05 1.60E-04 1.32E-05 1.38E-11 2.33E-06 1.56E-05 
SS15 0-15 1.03E-01 4.50E-07 3.17E-02 1.35E-01 1.29E-02 2.25E-07 5.64E-03 1.85E-02 2.95E-05 3.11E-12 1.23E-05 4.18E-05 3.69E-06 3.42E-12 6.50E-07 4.34E-06 
 15-30 2.01E-01 3.43E-06 7.99E-02 2.81E-01 2.51E-02 1.72E-06 1.42E-02 3.93E-02 1.03E-04 1.23E-11 5.36E-05 1.57E-04 1.29E-05 1.36E-11 2.27E-06 1.51E-05 
  30-45 1.98E-01 2.69E-06 7.39E-02 2.72E-01 2.48E-02 1.34E-06 1.32E-02 3.80E-02 9.11E-05 1.07E-11 4.57E-05 1.37E-04 1.14E-05 1.18E-11 2.01E-06 1.34E-05 

 MIN 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
 MAX 5.22E-01 6.80E-06 1.50E-01 6.50E-01 6.53E-02 3.40E-06 2.67E-02 8.80E-02 2.30E-04 2.81E-11 1.24E-04 3.54E-04 2.88E-05 3.10E-11 5.07E-06 3.39E-05 
  MEAN 1.40E-01 1.99E-06 4.84E-02 1.89E-01 1.75E-02 9.95E-07 8.63E-03 2.62E-02 5.52E-05 6.26E-12 2.62E-05 8.14E-05 6.90E-06 6.91E-12 1.21E-06 8.11E-06 
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Table 4: PCA of MAHs in soils around jetties 

 Component 

1 2 3 4 5 

Benzene .034 .069 .981 .179 .022 

Toluene .252 .445 .326 .791 .076 

Ethyl Benzene .976 .150 .034 .154 -.002 

o-xylene .755 .357 .065 .168 .520 

p-xylene .240 .918 .073 .291 .101 

% Variance 32.896 23.903 21.573 15.888 5.740 

Cumm % 32.896 56.799 78.372 94.260 100.000 

 

Table 5: Pearson’s correlation coefficient of MAHs in soils around jetties 

 Benzene Toluene Ethyl Benzene o-xylene p-xylene 

Benzene 1.00 0.50** 0.10 0.16 0.20 

Toluene  1.00 0.45* 0.54** 0.73* 

Ethyl benzene  1.00 0.82* 0.42** 

o-xylene    1.00 0.61** 

p-xylene     1.00 

*Pearson’s correlation significant at 0.01 level of significance 

**Pearson’s correlation significant at 0.05 level of significance 

MAHS ratio 

Toluene/Benzene  

Benzene and toluene are volatile MAHs with an 

atmospheric half-life of 226 and 46 hours respectively 

[45]. The T/B ratio greater and less than 1 indicates the 

presence of MAHs from stationary sources and 

emission from petroleum-combustion exhaust 

respectively. The T/B ratio ranged from 0.13 to 21.9 

with an average ratio of 5.12. The lowest and highest 

T/B ratios were observed at SS6 and SS9 respectively, 

in Table 6. The T/B ratio indicated that 36% of the 

samples had ratios less than 1; depicting typical values 

of combustion emissions and other stationary sources. 

The T/B ratios suggest that the MAHs were derived 

from a mixture of stationary sources such as gasoline-

diesel spills and particulates deposits from 

gasoline/diesel combustion exhausts [37,38]. 

 

Xylene/Ethylbenzene  

The atmospheric lifetime of xylene and ethylbenzene 

are 14-31 and 41 hours respectively. The principal 

environmental sources of ethylbenzene and xylene are 

particulate emission from fuel service stations, 

gasoline/diesel combustions exhaust, and solvent use 

respectively [37, 47]. Several studies have shown that 

the X/E ratio range from 2.4 to 5.3 with a mean value 

of 3.5 is characterized as emission from 

gasoline/diesel combustion exhaust sources [48-51]. 

In this study, the X/E ratio ranged from 0.29 to 19 with 

an average ratio of 2.05. The lowest and highest X/E 

ratios were observed at SS7 and SS4 respectively, in 

Table 6. The observed X/E ratio in this study indicated 

that 91% of the sites had a ratio of less than 3.5, 

depicting that the sources of MAHs in the petroleum 

product jetty are from stationary sources [52-53].   

 

Ethyl Benzene/benzene  

The E/B ratio ranged from 0.13 to 176 with a mean 

ratio of 17.7. The lowest and highest E/B ratios were 

observed at SS4 and SS7 respectively, in Table 6. The 

E/B ratio observed in this study shows that 97% of the 

sites had ratios greater than 1,  suggesting that benzene 

concentration is lower than the more reactive and 

unstable ethylbenzene congener. The E/B ratios 

indicate that the origins of MAHs in this study are 

from stationary sources such as paint and solvents and 

gasoline-diesel spills ([53-54]. 

 

Xylenes/Benzene  

The X/B ratio ranged from 0.58 to 137 with an average 

ratio of 17.3. The lowest and highest X/B ratios were 

observed at SS1 and SS7 respectively, in Table 6. The 

X/B ratio observed in this study shows that 99% of the 

sites had ratios greater than 1, depicting significant 

amount of MAHs are from stationary sources such as 

gasoline-diesel spills and particulate deposits from 

gasoline/diesel combustion exhaust ([52-53, 55].  
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Table 6: Ratios of MAHs soils 
 SS1   SS2   SS3   SS4   SS5   

 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 

T/B 0.00 2.20 4.33 0.80 0.00 3.00 0.00 5.00 1.00 0.00 0.89 3.25 0.00 0.00 0.05 
X/E 0.00 0.79 2.37 0.83 1.00 9.00 2.00 0.50 1.57 3.50 3.44 19.0 1.71 2.00 0.39 
E/B 0.00 0.73 13.8 2.40 0.00 1.62 0.00 12.0 7.00 0.00 1.00 0.13 0.00 0.00 2.77 
X/B 0.00 0.58 32.8 2.00 0.00 14.5 0.00 6.00 11.0 0.00 3.44 2.38 0.00 0.00 1.09 

                

 SS6   SS 7   SS 8   SS9   SS10   

 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 

T/B 0.00 0.13 0.00 9.00 0.25 4.00 2.91 0.00 0.00 21.9 7.82 8.52 2.2 9.33 8.73 
X/E 3.00 3.33 1.40 0.78 0.29 1.00 2.04 1.92 0.00 0.48 0.64 1.70 1.41 3.89 1.13 
E/B 0.00 0.38 0.00 176 3.42 4.50 8.91 0.00 0.00 43.9 15.1 10.1 3.65 6.18 29.9 
X/B 0.00 1.25 0.00 137 1.00 4.50 18.2 0.00 0.00 21.1 9.71 17.2 5.15 24 33.9 

                

 SS11   SS12   SS13   SS14   SS15   

 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 0-15 cm 15-30 cm 30-45 cm 

T/B 4.11 7.63 11.4 16.4 15.6 10.4 8.13 8.06 6.74 7.27 5.30 6.82 10.1 9.18 8.17 
X/E 2.67 0.72 0.65 4.29 0.44 1.47 1.02 3.36 1.73 0.49 1.15 1.04 0.17 0.94 0.82 
E/B 2.68 71.1 48.9 10.9 24.2 12.3 73.4 6.65 13.9 69.5 23.6 29.2 6.67 38.1 23.3 
X/B 7.16 50.9 31.9 46.9 10.5 18.1 74.5 22.4 24.1 33.8 27.1 30.4 1.11 35.6 19.1 
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Conclusions and recommendations 

The occurrence of MAHs in this study showed significant 

and spatial distribution in all sites and depths. The ANOVA 

and linear regression showed that there is no significant 

variation in MAHs levels between soil depths, and no 

significant positive correlation between TOC and ƩMAHs 

concentrations respectively. The source identification 

indicated that MAHs species are from a common source 

attributed to solvent, paints, and gasoline/diesel spills 

and particulate emission from gasoline-diesel 

combustion exhaust in the vicinity of the petroleum 

product jetty. The individual and ƩMAHs concentrations 

were below the DPR-EGASPIN intervention values. 

However, continual deposition of MAHs and persistent 

human occupational exposures to the ƩMAHs in soils from 

the jetty could increase the risk of cancer and noncancerous 

associated ailments in terrestrial and aquatic organisms 

within the sites. The HI values from infant exposure were 

higher than that of the adult’s exposure values. The soils 

from the petroleum product jetty should be subjected to 

appropriate clean-up actions to reduce the potential 

ecological and human exposure risks of observed ƩMAHs in 

the environment. Further study should be carried out to 

investigate the variation in the occurrence of total petroleum 

hydrocarbons and heavy metals across petroleum product 

jetties in Nigeria.  

 

Acknowledgments: 

Special thanks to Apex Analytics LTD, 6 Chief Wopara 

street, off Market road, Rumuomasi, Port Harcourt, Nigeria 

and the laboratory personnel, department of chemistry, Delta 

State University, Abraka for their technical support. 

 

References 

[1] Costa A.S., Romão L.P.C., Araújo B.R., Lucas S.C.O., 

Maciel S.T.A., Wisniewski Jr., A. and Alexandre M.R. 

Environmental strategies to remove volatile aromatic 

fractions (MAHS) from petroleum industry wastewater 

using biomass. Bioresource Technology. 105 31-39 

(2012). DOI: 10.1016/j.biortech.2011.11.096  

[2] ATSDR. The Priority List of Hazardous Substances. 

Division of Toxicology and Human Health Sciences 

Agency for Toxic Substances and Disease Registry. 

(2017). https://www.atsdr.cdc.gov/spl/index.html. 

(accessed 07-26-2020). 

[3]Abdel-Shafy H.I. and Mansour M.S.M. Polycyclic 

aromatic hydrocarbons: Source,                                                                           

environmental impact, effect on human health and 

remediation. Egyptian Journal of Petroleum. 25 107-123 

(2016). https://doi.org/10.1016/j.ejpe.2015.03.011 

[4] Frena M.  Tonietto A.E. and Madureira L.A.S. 

Application of solid phase microextraction and gas 

chromatography for the determination of MAHS in solid 

petroleum residues. Journal of Brazilian Chemical 

Society. 24(9) 1530-1536 (2013). 

https://doi.org/10.5935/0103-5053.20130194  

[5] Emoyan O.O. Bioremediation of in-situ Crude oil 

contaminated soil using selected organic dung. Egyptian  

Journal of Chemistry. 63 (8) 2827-2836 (2020), 

https://doi.org/10.21608/ejchem.2020.18048.2098   

[6] Emoyan O.O. Quantification and cancer risk evaluation 

of polycyclic aromatic hydrocarbons in soil around 

selected telecom masts in Delta state Nigeria Egyptian 

Journal of Chemistry 63(2) 433-448 (2020b) 

https://doi.org/10.21608/ejchem.2019.17620.2081 

 

[7] Emoyan O.O., Ejecha, O.O. and Tesi G.O. Concentration 

assessment and source evaluation of 16 priority polycyclic 

aromatic hydrocarbons in soils from selected vehicle-

parks in southern Nigeria. Scientific African. 7. 

(2020).  https://doi.org/10.1016/j.sciaf.2020.e00296 

 [8] Emoyan O.O. Akpoborie I.A. and Akporhonor E.E. The 

oil and gas industry and the Niger Delta: Implications for 

the Environment”. Journal of Applied Science and 

Environmental Management. 12(3) 29–37 (2008). 

DOI:10.4314/jasem.v12i3.55488 

[9] Emoyan O. O., Akporhonor E. E. and Akpoborie I. A. 

Environmental Risk Assessment of River Ijana, Ekpan, 

Delta State, Nigeria. Journal of  Chemical Speciation and 

Bioavailability.  20 (1) 23-32 (2008). 

https://doi.org/10.1080/09542299.2008.11073770 

[10] UNEP.Environmental Assessment of Ogoni land. 

United Nations Environment Programme    (UNEP). No.: 

DEP/1337/GE. 262. (2011). unep-oea-environment-

assessment-of-ogoniland  

[11] Onojake M.C., Anyanwu C.O., Iwuoha G.N. Chemical 

fingerprinting and diagnostic ratios of Agbada-1 oil spill 

impacted sites in Niger Delta, Nigeria. Egyptian Journal 

of Petroleum. 25 465–471 (2016). 

https://doi.org/10.1016/j.ejpe.2015.10.012 

[12] Iwegbue C.M.A., Tesi  G.O. Overah L.C. Emoyan O.O., 

Nwajei G.E. and Martincigh B.C. Effects of Flooding on 

the Sources, Spatiotemporal Characteristics and Human 

Health Risks of Polycyclic Aromatic Hydrocarbons in 

Floodplain Soils of the Lower Parts of the River Niger, 

Nigeria, Polycyclic Aromatic Compounds. Polycyclic 

Aromatic Compounds. 40(2): 228-244. (2020). 

http:///doi.org/10.1080/10406638.2017.1403329. 

[13] Emoyan O.O., Peretiemo-Clarke B.O., Tesi G.O., 

Adjerese W. and Ohwo E.  Occurrence, origin and risk 

assessment of heavy metals measured in petroleum tank-

farm impacted soils. Soil and sediment Contamination. An 

International Journal. 30 (4).  384–408. (2021), 

https://doi.org/10.1080/15320383.2020.1854677  

[14] Emoyan O.O., Akporido S.O. and Agbaire P.O. Effects 

of soil pH, Total Organic   Carbon and texture on fate of 

Polycyclic Aromatic Hydrocarbons (PAHs) in Soils. 

Global NEST Journal, 20(2) 181-187 (2018). 

https://doi.org/10.30955/gnj.002277.  

[15] Akporhonor E.E., Emoyan O.O. and Agbaire P.O. 

Concentrations, origin, and human health risk of 

polycyclic aromatic hydrocarbons in anthropogenic 

impacted soils of the Niger Delta, Nigeria. 

Environmental Forensics. 1-14 (2021), 

https://doi.org/10.1080/15275922.2021.1892877 

[16] USEPA (United States Environmental Protection 

Agency). Regional Screening Level Table (RSL) for 

Chemical Contaminants at Superfund Sites. U.S. 

Environmental Protection Agency: Washington, DC, 

USA. (2011). https://www.epa.gov/risk/regional-

screening-levels-rsls-generic-tables 

[17] Iwegbue C.M.A., Obi G., Emoyan O.O., Odali E.W., 

Egobueze F.E., Tesi G.O., Nwajei G.E. and Martincigh, 

B.C. Characterization of metals in indoor dusts from 

electronic workshops, cybercafés and offices in southern 

https://doi.org/10.1016/j.biortech.2011.11.096
https://www.atsdr.cdc.gov/spl/index.html
https://www.sciencedirect.com/science/journal/11100621
https://doi.org/10.1016/j.ejpe.2015.03.011
https://doi.org/10.5935/0103-5053.20130194
https://doi.org/10.21608/ejchem.2020.18048.2098
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.21608%2Fejchem.2019.17620.2081?_sg%5B0%5D=Mx9Y6OLylXt4qxRqkMjpv8YaP9UBex4Fd_9R5TWkoMvdnYJQ3kIPd-ijrkokg9SioOSjwQcT1XlmbcjVvGLsOxLIeQ.VgOG67gH-LPdi9KaYqPwmlBVi-Coi7qUIlXMznyjCH2-gXSUiwbA3By4lvbAkwfLGEmHe1vRsRLFdV0MEQmwNA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.sciaf.2020.e00296?_sg%5B0%5D=sdycfZnIqHVaWonzkdnAi3U4KDsBYMQpo91855gd77Dtk98jLVUoVCWyaAhkmkEcs6bzW_NLsoE7D19-qiuJ9xRzOQ.HdxcX378zT59njIcqgWrOuhLzg3vhpVGPIpTYf8VDQgu89O_353S23wDou5YFH25UoAro--gpW_d7AlQhjWCRg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4314%2Fjasem.v12i3.55488?_sg%5B0%5D=1p-o_05unIldwys0dTzrnqJbYcJcAdBGWOO9MM2CnteQP965rsRL3FuQ6vrF8SK0aYktXI_MVBR9dt0MDSt2BTJXtQ.GNkzkLA4BReSEat8p3ipFM2XTLZZLVG9rET0jkIZNdbC0dBqH9nAWr0SiD9aRxJNY6xFhpizSReO-ylz1_Mvwg
https://doi.org/10.1080/09542299.2008.11073770
https://doi.org/10.1016/j.ejpe.2015.10.012
http://doi.org/10.1080/10406638.2017.1403329
https://doi.org/10.1080/15320383.2020.1854677
https://doi.org/10.30955/gnj.002277
http://url310.tandfonline.com/ls/click?upn=odl8Fji2pFaByYDqV3bjGMQo8st9of2228V6AcSFNq2Y6MdAyQ17-2BnWCG-2BkDRzjfqOQ0jUFBSAevy7Lxv9WecmV8t9iwmYEYaf3jWgehnkljWrt9bBngLMPLXzUR-2BaKhT4h8_cSz6lO6OoirvEdKXe7xdTEKdpzI3JpphQjjnnA-2B-2FQarBEG7oxOLbzR8KYGsL1-2BalpHLPE1GGyb-2F09SyUwaMYxrwQ72yb7KBidMAfbRvs52RWDxEQ-2FK2Zr93CUmf0-2BkH3N-2Bg6Ov9YQKXFY23-2BadC6-2FKRKN9c9Iwil-2BFGotMYsnYsvoT8UQeBtnCGufmYKcinllsYLnYiF0DLhcOiNVnZbMrJ1Stb-2FpgN-2F6gs6ooKc5Vau0p7k4IO2cleMuxYfDJhRjP3sH7vY9NJc1L3WLOpPE-2BshOh30XPv8KM2eAv4pn8w-3D
http://url310.tandfonline.com/ls/click?upn=odl8Fji2pFaByYDqV3bjGMQo8st9of2228V6AcSFNq2Y6MdAyQ17-2BnWCG-2BkDRzjfqOQ0jUFBSAevy7Lxv9WecmV8t9iwmYEYaf3jWgehnkljWrt9bBngLMPLXzUR-2BaKhT4h8_cSz6lO6OoirvEdKXe7xdTEKdpzI3JpphQjjnnA-2B-2FQarBEG7oxOLbzR8KYGsL1-2BalpHLPE1GGyb-2F09SyUwaMYxrwQ72yb7KBidMAfbRvs52RWDxEQ-2FK2Zr93CUmf0-2BkH3N-2Bg6Ov9YQKXFY23-2BadC6-2FKRKN9c9Iwil-2BFGotMYsnYsvoT8UQeBtnCGufmYKcinllsYLnYiF0DLhcOiNVnZbMrJ1Stb-2FpgN-2F6gs6ooKc5Vau0p7k4IO2cleMuxYfDJhRjP3sH7vY9NJc1L3WLOpPE-2BshOh30XPv8KM2eAv4pn8w-3D
http://url310.tandfonline.com/ls/click?upn=odl8Fji2pFaByYDqV3bjGMQo8st9of2228V6AcSFNq2Y6MdAyQ17-2BnWCG-2BkDRzjfqOQ0jUFBSAevy7Lxv9WecmV8t9iwmYEYaf3jWgehnkljWrt9bBngLMPLXzUR-2BaKhT4h8_cSz6lO6OoirvEdKXe7xdTEKdpzI3JpphQjjnnA-2B-2FQarBEG7oxOLbzR8KYGsL1-2BalpHLPE1GGyb-2F09SyUwaMYxrwQ72yb7KBidMAfbRvs52RWDxEQ-2FK2Zr93CUmf0-2BkH3N-2Bg6Ov9YQKXFY23-2BadC6-2FKRKN9c9Iwil-2BFGotMYsnYsvoT8UQeBtnCGufmYKcinllsYLnYiF0DLhcOiNVnZbMrJ1Stb-2FpgN-2F6gs6ooKc5Vau0p7k4IO2cleMuxYfDJhRjP3sH7vY9NJc1L3WLOpPE-2BshOh30XPv8KM2eAv4pn8w-3D
https://doi.org/10.1080/15275922.2021.1892877
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables


 OCCURRENCE AND EXPOSURE RISK OF MONO-AROMATIC HYDROCARBONS..... 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 5 (2021) 

 

2577 

Nigeria: Implications for On-Site Human Exposure. 

Ecotoxicology and Environmental Safety. 159 342–353 

(2018). https://doi.org/10.1177/1420326X19876007 

[18] Ubuoh E.A., Akande S.O.C. and Akhionbare S.M.O. 

Assessment of wood waste dumpsite on dynamics of soil 

physiochemical characteristics in Njoku Timber Market, 

Imo State, Nigeria. International Journal of 

Multidisciplinary Science and Engineering, 3(2) 1-4 

(2012). 

http://www.ijmse.org/Volume3/Issue2/paper1.pdf 

[19] Tesi G.O., Iwegbue C.M.A., Emuh F.N. and Nwajei 

G.E. Lagdo Dam Flood Disaster of 2012: An Assessment 

of the concentrations, sources, and risks of PAHs in 

floodplain soils of the lower reaches of River Niger, 

Nigeria. Journal of Environmental Quality. 45(1) 305–

314 (2016). DOI: 10.2134/jeq2015.02.0116 

[20] ATSDR. Toxicological profile for toluene. Atlanta, GA, 

U.S. Department of Health &  Human Services, Public 

Health Service, Agency for Toxic Substances and Disease 

Registry. (2000). 

https://www.atsdr.cdc.gov/toxprofiles/tp56.pdf  

[21] Prokop, Z., Nečasová, A., Klánová, J. et 

al. Bioavailability and mobility of organic contaminants 

in soil: new three-step ecotoxicological 

evaluation. Environmental Science and Pollution 

Research. 23(5) 4312–4319 (2016). 

https://doi.org/10.1007/s11356-015-5555-7 

[22] Kane S.R., Beller H.R., Legler T.C., 

Koester C.J., Pinkart H.C., Halden R.U. and Happel A.M. 

Aerobic Biodegradation of Methyl tert-Butyl Ether by 

Aquifer Bacteria from Leaking Underground Storage 

Tank Sites. Applied Environmental Microbiology. 67(12) 

5824–5829 (2001). doi: 10.1128/AEM.67.12.5824-

5829.2001 

 [23] Pinedo J., Ibáñez R., Lijzen J.P. and Irabien Á. 

Assessment of soil pollution based on total petroleum 

hydrocarbons and individual oil substances. Journal of 

Environmental Management.130:72-79 (2013). 

http://dx.doi.org/10.1016/j.jenvman.2013.08.048 

[24] De Vaull G., Ettinger R., Salanitro J.P. and Gustafson 

J.B. Benzene, Toluene, Ethylbenzene and Xylenes 

[MAHs] Degradation in Vadose Soils During Vapor 

Transport: First-Order Rate Constants. Proceedings of the 

Petroleum Hydrocarbons and Organic Chemicals in 

Ground Water - Prevention and Remediation Conference, 

November 12-14, (Ground Water Publishing Company, 

Westerville, Ohio), ISSN: 1047-9023, 365-379. (1997). 

https://www.osti.gov/biblio/569942  

[25] Biose, E. and Ogbewi, E. Assessment of BETX 

concentration in soils and earthworm (Aporrectodea 

Longa) from two automobile workshops in Benin City, 

Southern Nigeria. African Scientist, 18(4) 195-200 

(2011). 

http://ojs.klobexjournals.com/index.php/afs/article/view/

330  

[26] Ukoha P.O., Ekere N.R., Timothy C.L. and Agbazue 

V.E. Benzene, toluene, ethylybenzene and xylenes 

(MAHS) contamination of soils and water bodies from 

alkyd resin and lubricants industrial production plant. 

Journal of Chemical Society of Nigeria. 40(1) 51-55 

(2015). 

http://journals.chemsociety.org.ng/index.php/jcsn/article/

view/10/98  

 [27] MO. Approval of Regulation Concerning 

Environmental Pollution Assessment; Published in 

Official Monitor, Ministry Order No. 756 (1997).  

[28] DPR-EGASPIN 2002. Environmental guidelines and 

standard for the petroleum industry in Nigeria (revised 

edition. Department of Petroleum Resources, Ministry of 

Petroleum and Mineral Resources, Abuja Nigeria.(2002). 

. https://ngfcp.dpr.gov.ng/media/1066/dprs-egaspin-

2002. 

[29] USEPA. Regional screening levels (RSL) summary 

tables. http://www.epa.gov/risk/risk-based-screening-

table-generic-tables (accessed 21 July, 2020). (2010). 

https://www.epa.gov/risk/regional-screening-levels-rsls-

generic-tables  

 [30] Zytner R.G. Sorption of benzene, toluene, 

ethylbenzene and xylenes to various media. Journal of 

Hazardous Materials 38(1): 113-126. (1994). 

https://doi.org/10.1016/0304-3894(94)00027-1 

[31] Huybrechts T., Dewulf J. and Langenhove H.V. Priority 

volatile organic compounds in surface waters of the 

southern North Sea. Environmental Pollution 133(2) 255-

264 (2005). https://doi.org/10.1016/j.envpol.2004.05.039 

 [32] Singh G. and Perwez A. Assessment of ambient air 

quality around mines, in buffer zone and along ore 

transportation routes in iron ore mining region of Goa: 

emphasis on spatial distributions and seasonal variations. 

International Journal of Environmental Pollution. 63 

(1&2) 47-68 (2018). 

https://doi.org/10.1504/IJEP.2018.092989 

[33] Valentin L., Nousiainen A. and Mikkonen A. 

Introduction to Organic Contaminants in soil:  Concepts 

and Risks. In:  Emerging Organic Contaminants in 

Sludges: Analysis, Fate and Biological Treatment. Hand 

book of Environmental Chemistry. 24. 1-29 (2013). 

https://doi.org/10.1007/698_2012_208 

 [34] Olawoyin R., Grayson R.L. and Okareh O.T. 

Ecotoxicological and epidemiological assessment of 

human exposure to polycyclic aromatic hydrocarbons in 

the Niger Delta, Nigeria. Toxicology and Environmental 

Health Science. 4(3) 173-185 (2012). 

https://doi.org/10.1007/s13530-012-0133-6  

 [35] NYSDOH. Hopewell precision area contamination: 

Appendix C-NYS DOH, In: Procedure for evaluating 

potential health risks for contaminants of concern. New 

York States Department of Health.(2007). 

https://www.health.ny.gov/environmental/investigations/

hopewell/appendc.htm  

[36] Durmusoglo E., Taspinar, F., Karademir, A. Health risk 

assessment of MAHS in the land fill environment. Journal 

of. Hazardous. Materials. 176(1-3) 870-877 (2010). 

https://doi.org/10.1016/j.jhazmat.2009.11.117 

 [37] Gaur M., Singh R., Shukla A. Variability in the Levels 

of BETXs at a Pollution Hotspot in New Delhi, India. 

Journal of Environmental Protection, 7(10): 1245-1258 

(2016). DOI:10.4236/jep.2016.710110 

[38] Kerchich Y. and Kerbachi R. Measurement of MAHs 

(benzene, toluene, ethybenzene, and xylene) levels at 

urban and semirural areas of Algiers City using passive air 

samplers. Journal of the Air & Waste Management 

Association. 62(12): 1370-1379.(2012). 

https://doi.org/10.1080/10962247.2012.712606 

[39] Yassaa N., Brabcalconi E., Frattoni M. and Ciccioli P. 

Isomeric analysis of MAHSs in the atmosphere using b-

cyclodextrin capillary chromatography coupled with 

thermal desorption and mass spectrometry. Chemosphere 

https://doi.org/10.1177%2F1420326X19876007
http://www.ijmse.org/Volume3/Issue2/paper1.pdf
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2134%2Fjeq2015.02.0116?_sg%5B0%5D=X1-Iv3k7mS3JDm17-Q8lwORtQI22s2vpXOyGZbUaXF19_8LKRkhYSF48NGH0_jNes8_klplhCasIIVuWuThUgH_Icw.xHir9g0dKy6bl5i0Y-xIoOXUQhT8ndIn6QyCUfaEod8RInbw6YR1m0-kDnP34dLQOPSoQn4fNOKZojhiq8UMPA
https://www.atsdr.cdc.gov/toxprofiles/tp56.pdf
https://doi.org/10.1007/s11356-015-5555-7
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kane%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=11722940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beller%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=11722940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Legler%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=11722940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Legler%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=11722940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koester%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=11722940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinkart%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=11722940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halden%20RU%5BAuthor%5D&cauthor=true&cauthor_uid=11722940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Happel%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=11722940
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC93377/
https://dx.doi.org/10.1128%2FAEM.67.12.5824-5829.2001
https://dx.doi.org/10.1128%2FAEM.67.12.5824-5829.2001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinedo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24064142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ib%C3%A1%C3%B1ez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24064142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lijzen%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=24064142
https://www.ncbi.nlm.nih.gov/pubmed/?term=Irabien%20%C3%81%5BAuthor%5D&cauthor=true&cauthor_uid=24064142
https://www.ncbi.nlm.nih.gov/pubmed/24064142
https://www.ncbi.nlm.nih.gov/pubmed/24064142
https://www.osti.gov/biblio/569942
http://ojs.klobexjournals.com/index.php/afs/article/view/330
http://ojs.klobexjournals.com/index.php/afs/article/view/330
http://journals.chemsociety.org.ng/index.php/jcsn/article/view/10/98
http://journals.chemsociety.org.ng/index.php/jcsn/article/view/10/98
https://ngfcp.dpr.gov.ng/media/1066/dprs-egaspin-2002
https://ngfcp.dpr.gov.ng/media/1066/dprs-egaspin-2002
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
https://doi.org/10.1016/0304-3894(94)00027-1
https://doi.org/10.1016/j.envpol.2004.05.039
https://doi.org/10.1504/IJEP.2018.092989
https://doi.org/10.1007/698_2012_208
https://doi.org/10.1007/s13530-012-0133-6
https://www.health.ny.gov/environmental/investigations/hopewell/appendc.htm
https://www.health.ny.gov/environmental/investigations/hopewell/appendc.htm
https://doi.org/10.1016/j.jhazmat.2009.11.117
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4236%2Fjep.2016.710110?_sg%5B0%5D=EZLYhlwfMNODwRtEIobIU57TYklkU5JWxCd26jqENnrMgjvA1tgRySokpGZ90aZH2jarKaD51rtR1d2MLsU2wUfxfA.iZ2OElmliIDpR5JjwAHL5YcLpIOMW9L_n6_SQnlWIQaiJYB9nyWdBwIRNfgSsP-lbqoMHCpFGaASI1Qi6Zw0SQ
https://doi.org/10.1080/10962247.2012.712606


 Onoriode Onos Emoyan. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 5 (2021) 

 

 

2578 

63:502–508.(2006). 

DOI: 10.1016/j.chemosphere.2005.08.010 

[40] Emoyan O.O., Agbaire P.O., Ohwo E. and Tesi G. O.. 

Priority mono-aromatics measured in anthropogenic 

impacted soils from Delta, Nigeria: concentrations, origin, 

and human health risk, Environmental Forensics (2021c) 

https://doi.org/10.1080/15275922.2021.1892880 

[41] Lee S.C., Chiu M.Y., Ho K.F., Zou S.C. and Xinming 

W. Volatile organic compounds (VOCs) in urban 

atmosphere of Hong Kong. Chemosphere 48 375–382 

(2002). DOI: 10.1016/s0045-6535(02)00040-1 

 [42]Yamamoto N., Okayasu H., Murayama S., Mori S., 

Hunahashi K. and Suzuki K. Measurement of volatile 

organic compounds in the urban atmosphere of 

Yokohama, Japan, by an automated gas chromatographic 

system. Atmospheric Environment. 34:4441–4446 (2000). 

DOI:10.1016/S1352-2310(00)00168-0 

43] Ho K.F., Lee S.C., Guo H. and Tsai W.Y. Seasonal and 

diurnal variations of volatile organic compounds (VOCs) 

in the atmosphere of Hong Kong. Science of The Total 

Environment. 322 155–166 (2004). 

https://doi.org/10.1016/j.scitotenv.2003.10.004 

 [44] Kavouras I.G., Koutrakis P., Tsapaki M., Lagoudaki E., 

Stephanou E.G., Baer D.V. and Oyola, P. Source 

appointment of urban particulate aliphatic and 

polynuclear aromatic hydrocarbons (PAHs) using 

multivariate methods. Environmental Science and 

Technology. 345 2288 – 2294 (2001). 

DOI: 10.1021/es001540z 

[45] Atkinson, R. Atmospheric Chemistry of VOCs and 

NOx. Atmospheric Environment, 34(12-14) 2063-

2101.(2000). https://doi.org/10.1016/S1352-

2310(99)00460-4 

 [46] Garzón J.P., Huertas J.I., Magana M., Huertas M.E., 

Cárdenas B., Watanabe T., Maeda T., Wakamatsu S. and 

Blanco, S. Volatile Organic Compounds in the 

Atmosphere of Mexico City. Atmospheric Environment, 

119, 415-429. (2015). 

http://dx.doi.org/10.1016/j.atmosenv.2015.08.014  

 [47] Na K., Kim Y.P., Moon I., and Moon K.C. Chemical 

composition of major VOC emission sources in the Seoul 

atmosphere. Chemosphere 55 (4) 585-594 (2004). 

https://doi.org/10.1016/j.chemosphere.2004.01.010 

[48] Kerbachi R.M. Boughedaoui L. Bounoua and Keddam 

M. Ambient air pollution by aromatic hydrocarbons in 

Algiers. Atmospheric Environment. 40(21) 3995– 4003 

(2006). DOI: 10.1016/j.atmosenv.2006.02.033 

[49] Keymeulen R., Görgényi M., Héberger K., Priksane A. 

and Van Langenhove, H. Benzene, Toluene, Ethyl 

Benzene and Xylenes in Ambient Air and Pinus sylvestris 

L. Needles: A Comparative Study between Belgium, 

Hungary and Latvia. Atmospheric Environment, 35 6327-

6335 (2001). WOS:000173052300008 

[50] Monod A.,. Sive B.C., Avino P., Chen T., Blake D.R. 

and Rowland F.S. Monoaromatic compounds in ambient 

air of various cities: A focus on correlations between the 

xylenes and ethylbenzene. Atmospheric Environment. 35 

135–149. (2001). https://doi.org/10.1016/S1352-

2310(00)00274-0 

[51] Derwent R.G., Davis T.J., Delanay M., Dollard G.J., 

Field R.A., Dumitrean P., Nason P.D., Jones B.M.R. and 

S.A. Pepler. Analysis and interpretation of the continuous 

hourly monitoring data for C2–C8 hydrocarbons at 12 

United Kingdom sites during 1996. Atmospheric 

Environment. 34 297–312 (2000). doi:10.1016/S1352-

2310(99)00203-4  

 [52] Marć M., Bielawska M., Wardencki W., Namieśnik J. 

and Zabiegała B. The Influence of Meteorological 

Conditions and Anthropogenic Activities on the Seasonal 

Fluctuations of MAHS in the Urban Air of the Hanseatic 

City of Gdansk, Poland. Environmental Science and 

Pollution Research, 22 11940-11954 (2015). 

DOI: 10.1016/j.envres.2016.03.014 

 [53] Hoque R.R., Khillare P.S., Agarwal T., Shridhar V. and 

Balachandran S. Spatial and Temporal Variation of 

MAHS in the Urban Atmosphere of Delhi, India. Science 

of the total Environment. 392 30-40 (2008). 

DOI: 10.1016/j.scitotenv.2007.08.036 

 [54] Liu P.W.G., Yao Y.C., Tsai J.H., Hsu Y.C., Chang L.P. 

and Chang, K.H. Source Impacts by Volatile Organic 

Compounds in an Industrial City of Southern Taiwan. 

Science of Total Environment. 398 154-163 (2008). 

DOI: 10.1016/j.scitotenv.2008.02.053 

[55] Kelessis AG, Petrakakis MJ, Zoumakis N.M. 

Determination of benzene, toluene, ethylbenzene, and 

xylenes in urban air of Thessaloniki, Greece. 

Environmental Toxicology. 21(4) 440-443(2006). doi: 

10.1002/tox.20197

 

https://doi.org/10.1016/j.chemosphere.2005.08.010
https://doi.org/10.1080/15275922.2021.1892880
https://doi.org/10.1016/s0045-6535(02)00040-1
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS1352-2310(00)00168-0?_sg%5B0%5D=2BBmn3lmIypuXwoVmt7vRE3E5rGJy9doldHaXlNPe-WlQ5jjQzlPkRK8Z51ToZZO4qbrvFf5bwuABhr8i4tLRX_zqw.3Ib7e-6H0hrClPYxeigkySm71Kr3tV_J6UBg-j7UpGPzFuadCDY6lpHIa0eTmdlEtMCIGmWSKIjPZR_AM5yhKg
https://doi.org/10.1016/j.scitotenv.2003.10.004
https://doi.org/10.1021/es001540z
https://doi.org/10.1016/S1352-2310(99)00460-4
https://doi.org/10.1016/S1352-2310(99)00460-4
http://dx.doi.org/10.1016/j.atmosenv.2015.08.014
https://doi.org/10.1016/j.chemosphere.2004.01.010
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.atmosenv.2006.02.033?_sg%5B0%5D=5XH3IECW4zCsSSGH0s6TvTmAV1smIFcVMNUgVM-N1moaevdFWMIyZHMbHdscdbseEyWUiCOqNba6_SaMkrvYArhuvQ.o5tGb1AYLxPV5bbayWP1iae0oGEerzOUL_AQ0HHTVcFYC74V4DmINvsWtDnKSaa5npQJ76J5Gd8zAUOUxgDthA
https://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&search_mode=CitedFullRecord&isickref=WOS:000173052300008
https://doi.org/10.1016/S1352-2310(00)00274-0
https://doi.org/10.1016/S1352-2310(00)00274-0
https://doi.org/10.1016/j.envres.2016.03.014
https://doi.org/10.1016/j.scitotenv.2007.08.036
https://doi.org/10.1016/j.scitotenv.2008.02.053

	[1] Costa A.S., Romão L.P.C., Araújo B.R., Lucas S.C.O., Maciel S.T.A., Wisniewski Jr., A. and Alexandre M.R. Environmental strategies to remove volatile aromatic fractions (MAHS) from petroleum industry wastewater using biomass. Bioresource Technolog...
	[2] ATSDR. The Priority List of Hazardous Substances. Division of Toxicology and Human Health Sciences Agency for Toxic Substances and Disease Registry. (2017). https://www.atsdr.cdc.gov/spl/index.html. (accessed 07-26-2020).


