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Introduction
Benzene (B), toluene (T), ethylbenzene (E) and xylene (X), collectively named as 

BTEX are mono-aromatic ring compounds with a 6-carbon benzene ring. Due to the 
presence of the aromatic ring, these compounds, especially benzene, are generally 
considered to be non-reactive species [1]. However, they are known to undergo 
hydrogenation and certain substitution reaction depending on the prevailing 
environmental conditions. Their solubility in water is usually low (i.e. relatively 
hydrophobic in nature) due to the low octanol-water partition coefϐicient (Kow) values 
which favour hydrophilic dissolution [2]. BTEX compounds are relatively insoluble in 
water and in some situations, their levels have been recorded at up to 1000 mg/L, 
which is much higher than the allowed maximum contaminant level of 0.005 mg/L 
for B, 1 mg/L for T, 0.7 mg/L for E, and a total of 10 mg/L for all three forms of X [3]. 
They are released into the natural environment (air, water, soil and sediments) due 
to landϐill leaching, underground storage tanks, accidents during oil transportation 
and pipeline leakage from petroleum and chemical industries [4]. BTEX compounds 
are transported through several metres at oil-spill sites causing them to be persistent 
pollutants in both soil and water environments [5]. The persistence presence of BTEX 
in air and the transportation to water bodies has been reported as a result of rainfall 
[6]. BTEX compounds exists together in the environment suggesting that their toxicity 
is ampliϐied through their interactions with one another. The composition of BTEX 
in gasoline is: m-xylene (31%), toluene (26%), o-xylene (12%), ethylbenzene (11%), 
benzene (11%), p-xylene (9%). BTEX are harmful to human and aquatic life due to 
its inherent toxic and carcinogenic properties. Acute exposure can cause tiredness, 
dizziness, headache, loss of coordination, skin, sensory irritation, chronic kidney 
disease and also affect the liver and blood system [7]. BTEX compounds can be released 
from a variety of sources such as petrochemical industry waste streams, household 
wastes, municipal landϐills as well as groundwater plumes, especially when they are 
located at a considerable distance from an oil spill site [8,9]. BTEX are also few of the 
compounds responsible for the formation of ground level ozone and are considered as 
priority environmental pollutants by the US-EPA [10]. 

Practical application 

Biodegradation of BTEX has proven to be a cost-efϐicient and environmentally 
friendly treatment technique for the removal of BTEX from contaminated water, soil, 
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sediment and air environments [11]. As mentioned previously, BTEX are released from 
the petroleum, chemical and oil industries as they are spread in the environment due 
to accidental leakage and due to lack of treatment of these industrial efϐluents. The 
persistence of BTEX compounds in groundwater plumes is troublesome, especially in 
vulnerable regions like Africa and South-East Asia where drinking wells and boreholes 
for potable and other uses is high. The health risks posed as a result of such chemical 
persistence cannot be overstated. Bioremediation and biodegradation of oil spill 
has been in practice for many years now. Two of the greatest oil spills in history, i.e. 
Exxon Valdez spill in 1989 [12] and BP Deepwater Horizon spill in 2010 [13], had used 
bioremediation as a technique to reduce the environmental impacts and increase the 
rate of petroleum biodegradation. 

Future research 

Bioremediation is very feasible and effective technology for the treatment of oil 
containing BTEX sites and is highly effective for practical applications [14]. However, 
there are factors that make the process undesirable. One such factor is the duration 
of the bioremediation process. Therefore, nanotechnology based bioprocesses 
can be applied in treating BTEX contaminated wastewater or waste gases. Besides, 
nanoparticles have proven ability to remove pathogens in water, adsorb priority water 
pollutants and degrade chlorination by-products [15]. For cheaper option, research 
could be done on biosorbents which can be synthesized from green raw materials and 
green wastes. One such example is the application of tannin-based adsorbents. They 
are water soluble and it has been reported that they can be converted into insoluble 
gels and matrices for widespread environmental applications [16]. Tannins are mostly 
applied in the ϐield of nutrition and cosmetics where they are used as an astringent. 
They have not been explored for wastewater or waste gas treatment, although the use 
of biochar produced from various raw materials including domestic sewage sludge have 
recently found major applications in various domains of environmental engineering. 
Bacelo et al. [17] reported that tannin-based adsorbents have a naturally high afϐinity 
for heavy metals, dyes, and other organic and inorganic pollutants in aqueous solution, 
indicating a need to investigate the application of these compounds for the removal of 
mono-aromatic hydrocarbons in water and waste gas steams. The sources for tannin 
based adsorbents are agricultural products such as leaves and tree barks that are often 
discarded as a waste in developing countries [18]. Removal of BTEX has traditionally 
been achieved by mixed cultures of bacteria and the use of fungi has been recognized 
only recently. There are advantages of using fungi over most bacteria as fungi is readily 
adaptable to adverse environmental conditions of low moisture and low pH [19]. Thus, 
it is important to examine their resilience and activity to tolerate high concentrations 
of pollutants present in contaminated environments in order to better understand and 
optimize the mechanisms of remediation using emerging techniques and materials 
[20]. For treating point source contaminants, bioreactors can be used because 
temperature, pH, nutrient levels, and agitation can be controlled in constructed batch-
fed or continuously fed reactors, microbial activity and thus contaminant degradation 
can be optimized [21].

Conclusion and Perspectives

BTEX are volatile compounds with high solubility and toxicity. The main source 
of BTEX contaminated water and waste gas is improper storage and leakage of 
gasoline and BTEX chemicals from faulty and ill maintained underground storage 
tanks. Its exposure to humans can occur by drinking water from contaminated wells 
or by inhalation (exposure to BTEX contaminated water via showering or laundering). 
Acute exposure can cause skin and sensory irritation and can affect the central nervous 
system and respiratory system. Therefore, it is important to remove BTEX from the 
environment and it could be done by using various techniques such as bioremediation, 
adsorption and nanotechnology. From an economic point of view, bioremediation is the 
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best option but it has been reported that it takes longer time to remove the pollutants 
from the contaminated sites (e.g. oil spills and leakage from storage tanks). In such 
cases, nanotechnology and tannin based adsorbents could be used to remove BTEX 
and other volatile pollutants; however, pilot-scale and semi-industrial scale testes 
should be carried out before applying these materials in real (harsh) environments.
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