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Abstract - Contamination of fertile soils by disposal wide 
range of chemical toxic volatile effluents have become a major 
threat to subsoil ecosystem and groundwater. The long-term 
persistence of such chemicals is greatly influenced by soil 
properties, mainly the organic content which enhance the 
sorption of such compounds in soil. Series of soil columns 
packed with alluvial soils of variable organic content were 
used to investigate the influence of soil organic matter (SOM) 
on rate of volatilization of petroleum Benzene, Toluene and 
Xylenes (BTX) were studied for a duration of 28 days. The soil 
used for study was silt loam with high porosity and soil 
organic matter (SOM). The initial examination of soil columns 
prior to volatilization showed 12% excess contaminants in 
+10% organic content amended soil as compared to normal 
alluvial soil. All the sampling and analysis was carried out as 
per standard procedures recommended by USEPA Methods 
5035 and 8021b. The weekly gaseous phase volatilization of 
BTX showed maximum rates for benzene characterized by 
drastic change in contaminant profiles in all soils irrespective 
of organic content due to its superior vapor pressure. Similar 
conditions for toluene and xylenes showed 1-3% fluctuation in 
volatilization at variable organic content. The 4-week study 
showed that, a difference in 20% OM affected 1.66 times lower 
rates for benzene and for other compounds it varied ~1.1 
times. 

 
Key Words:  Contaminants, Subsoil, Groundwater, BTX, Soil 
organic matter, Volatilization, USEPA. 
 

1. INTRODUCTION  
 

Soil is the prime element that support life on earth. 
Human beings have modified the landscape and character of 
soil to meet his needs. Among them is the unscientific 
disposal and accidental spillages of toxic chemicals. Study on 
gaseous phase transport or volatilization of toxic compounds 
and the factors governing this process is significant in 
determining the vapor intrusion from contaminated sites 
and for devising remediation measures. The classical case of 
Love canal episode and related health and regulatory issues 
serve as a benchmark example for such scenario [1].  

The persistence of VOCs in subterrestrial environment is 
greatly influenced by soil and contaminant properties. 
Among the soil properties, soil organic matter is an 
important factor for retention of VOCs. Hence, detailed 

laboratory soil column studies were conducted for alluvial 
and SOM amended soils to determine the impact of organic 
matter on volatilization of petroleum BTX. The sorption 
capacity specific to chemical compounds are further affected 
by the presence of organic matter in soil mass. Among 
chemical characteristics of BTX, its density, vapor pressure 
and sorption capacity govern the gaseous phase transport 
from soil. 

1.1 Petroleum BTX 
 

BTX belongs to the aromatic group of petroleum 
compounds and are also known as Light Non-Aqueous Phase 
Liquids (LNAPL) because of low density and vapor pressure. 
For this reason, these compounds are called “aromatic 
compounds.” Many of these compounds contain a benzene 
ring that is bound to one or more substituents which gives 
sweet odor.  Much of these compounds are carcinogenic and 
has severe health implication if contacted by dermal, 
inhalation or ingestion. Table 1 presents the key chemical 
characteristics governing volatilization of BTX [2]. 

Table 1. Key characteristics of BTX 

Compound 
Density 

Vapor 
pressure 

Henry’s 
constant 

Sorption 
coefficient 

mg/ml mmHg kpa.m3/mol KOC 
Benzene 876 76 0.557 1.49 
Toluene 867 28.4 0.660 1.75 
m-xylene 864 8.29 0.730 2.22 
p-xylene 861 6.21 0.690 2.11 
o-xylene 880 8.24 0.520 2.31 

Higher vapor pressure results in volatilization in the form 
of vapors from the absolute liquid phase. The pressure of gas 
is in equilibrium with the liquid at a given temperature 
causing volatilization. Vapor pressure is a significant tool for 
forecasting the behavior of chemical contaminants in the 
environment, because of perseverance of compounds 
absorbed on soil particles are significantly reliant on vapor 
pressure [3]. During a chemical spill, the vapor pressure of 
solution is very critical to predict its rate of upward flux or 
volatility. More so, the difference in vapor pressure between 
BTX in petroleum mixture can result in variable behavior of 
petroleum VOCs on overall impact and vadose zone. The 
vapor pressure of chemical contaminants affecting its phase 
partitioning has been used to differentiate them into volatile, 
semi-volatile and nonvolatile. Vapor pressure of volatile 
compounds are >10-2 kPa, semi-volatiles are between 10-5-
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102 kPa and non-volatiles are <10-5 kPa [4]. Volatile 
compounds of gasoline are potential air pollutants at higher 
concentrations of vapor above the liquid phase. Leakage from 
underground storage tanks result in upward vapor phase 
transport. Review on transport of VOCs in environment has 
indicated that the vapor pressure plays a key role which 
governs the rate of transport of organic chemical 
contaminants [5]. A study on volatilization rates of gasoline 
from subsoil showed that it drastically increased at higher 
vapor pressures [6].  

1.2 Soil organic matter 
 

It is the organic material which may be natural, thermally 
transformed, biologically derived present in soil or on the 
surface regardless of the sources excluding the portion of 
living plants above the ground [7]. The major elements of 
organic matter are N(3.7-4.1%), H(3.3-4.8%), O(34-39%) 
and C(52-58%) [8]. SOM may be non-humic and humic 
organic substances [9].  

SOM’s are 5% while in soft top soils and >1% in sandy 
soils [8],[9],[10]. Even at such minimum amounts, it is highly 
reactive and has major effect on physico-chemical 
characteristics of soil. Factors governing soil formation such 
as time, climate, vegetation, parent material and topography 
influence the mass of SOM in soil. SOM is gathered in soils at 
different rates variable quantities. Research on sorption of 
contaminants on soil particles revealed significant 
dependency of soil physical and chemical properties on SOM. 
Thus, it is significantly in deciding sorption of organic 
compounds and strongly govern contaminant leaching, 
biodegradability and volatility. Hence, the need to 
understand the degree of significance of SOM on sorption of 
petroleum VOCs are paramount. The soils amended with 
excess SOM to have shown enhanced sorption of 
contaminants because of its superior specific surface-area 
and cation exchange capacity. Even though, SOM is the 
primary soil component governing sorption of contaminants, 
clay fractions also contribute to this process [8]. The total 
sorption of nonpolar organic contaminants on organic and 
mineral particles was investigated, and the research showed 
that their influence was dependent on mineral properties 
like area, pore geometry, intrinsic sorptive attraction of 
mineral surface and characteristics of compounds such as 
water repulsion and solubility [11],[12],[13].  

The non-humic compounds exist soil for short duration, 
and comprises of proteins, peptides, carbohydrates, fats, 
waxes, low molecular weight acids and amino acids [8]. The 
humic SOM’s are the most principal elements of soils and 
comprises of humic-fulvic acids and humin. Compared to 
humic acid, fulvic have abundant carboxylic and phenolic 
groups and hydrogen/carbon and oxygen/carbon atomic 
ratios. This reduction of humic, fulvic acids and humin 
indicates the biodegradation order of humin, starting with 
decay of non-amorphous organic matter into humic acids 
and progress to fulvic acids and finally becomes humin [9]. 

Their distinctive composition and related functional groups 
greatly impact sorption of petroleum VOCs. 

There are two kinds of SOM which has different physical 
and chemical properties and are made of soft carbon or 
amorphous SOM like humic matter and hard carbon. 
Sorption of hydrophobic organic compounds, like gasoline 
on amorphous SOM leads to linear partitioning whereas 
sorption on hard carbon SOM showed adsorption as well as 
absorption [14]. Therefore, depending on its relative 
presence, these two SOM phases in soil may result in linear 
separation to highly nonlinear adsorption of hydrophobic 
organic compounds. Also, SOM diverges in oxygen/carbon 
atomic ratio and its reduction results in increases of 
hydrophobic property and water repulsive force for 
sorption. The physicochemical properties of various types of 
SOM are significantly related to rate of desorption and 
sorption [15],[16].  

 

2. Experimental Methodology 
 
 The physical and chemical properties of alluvial soils were 
anaylsed as per IS methods to determine bulk density, 
moisture content, pH, porosity, specific gravity, cation 
exchange capacity and texture. However, such test was not 
necessary for amended soils since, SOM were the only 
variables apart from other properties.  

 The BTX volatilization studies were carried out in 10 cm 
diameter clear Perspex columns of 60 cm deep with 50 cm 
soil depth. The soil columns were filled with alluvial soil and 
2 organic matter amended alluvial soils of +10% and -10% 
SOM. A total of 12 soil columns were used which were pre-
contaminated with vehicular grade petrol which contains 
BTX (Benzene-Toluene-Xylenes). The SOM in alluvial soils 
were modified by adding dry powdered leaves to add 10% 
organic matter and reduction was done by heating the 
alluvial soil by oven drying the samples at 95°C for 1186 min. 
The soil columns were pre-contaminated with a known 
amount of vehicular grade petrol and allowed to drain out for 
24hrs before volatilization studies. The soil columns were 
exposed to ambient temperature for 4 weeks and a batch of 3 
columns with three different set of SOM alluvial soils were 
analyzed at an interval of 1 week. The soil samples were 
drawn at an interval of 5cm deep using a pre-slit stainless 
steel core sampler which amounts to a total of 11 samples per 
column (i.e., 33 for soils) per week.  

 The contaminated soil containing volatile compounds 
were carefully processed for extracting the BTX by USEPA 
Method 5035. In this method, 20 ml culture vials with 9 ml 
Methanol + 1 g Sodium Bisulphate were as BTX extracting 
matrix to which 5 g contaminated soils were added and clear 
supernatant of 2 ml was taken in a GC vial for analysis before 
24 hrs of extraction [17]. Further the samples were analyzed 
using GC PID (Shimadzu GC-2010 Plus with J&W DB 624 – 
70m x 0.53 mm columns) as per USEPA Method 8021b by 
direct injection method for high concentration samples [18]. 
This exercise was repeated for 4 weeks and the results were 
plotted to examine the contaminant mass retention, rate of 
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BTX volatilization, contaminant profiles in soils of variable 
SOM. Based on differences in chemical properties of BTX, the 
variation in rates among the compounds were analyzed. 

3. Results 

The physico-chemical analysis of alluvial soils indicated 
that the soil type was silt loam with high porosity and SOM at 
38.44% and 14.8 % respectively with other parameters being 
1.424 g/cc (In-situ density), 6.90 (pH) and 16.50 meq (CEC). 
High porosity helps retaining higher mass of contaminants. 
Since the SOM in alluvial soils were modified, it resulted in 
variable contaminant levels in soils of similar physical 
properties other than SOM. The variable contaminant 
retention the pre-contaminated alluvial soil columns were 
initially analyzed for BTX and the mass of contaminants 
retained are presented in Table 2.  

Table 2. Initial BTX concentration in soil columns 

Soil Benzene Toluene m-X p-X o-X 

Alluvial 36876 58118 37260 27965 26125 

Alluvial 
(+10%OM) 

41301 65092 41731 31321 29260 

Alluvial 

(-10%OM) 
33188 52306 33534 25169 23512 

 Among BTX, it may be observed that the concentration of 
Toluene was maximum followed by m-xylene, benzene, p and 
o-xylene respectively. This initial pollutant levels in soil are 
mainly governed by their concentrations in the leaked 
contaminant, where Toluene was the abundant compound at 
41269.2 mg/L which was 1.58 times higher than benzene 
followed by 1.588, 2.12 and 2.26 times of xylenes (m-p-o). 
However, m Xylenes showed higher initial concentration than 
benzene due to its higher soil sorption capacity. Among the 
soils, +10% OM amended soils showed maximum BTX 
amounting to higher organic content which resulted in 12% 
higher BTX levels than normal alluvial soils. Similarly, -10% 
OM soil showed 10% lower initial concentrations of BTX in 
soil columns. 

 The ambient conditions during the 4-week study period 
was recoded as, maximum and minimum ranged between 17 
C to 31.9 C with an average observed of 25 C. Throughout 
the study period, the temperature fluctuated around 23 C to 
25 C indicating there were no extreme anomaly in 
temperatures. 

 The loss of benzene due to vapor phase was observed to 
be maximum among the BTX compounds. The weekly loss of 
benzene greatly reduced in +10% OM by 5.7% as compared 
to normal soil. The rate was observed to increase by 6.2 % in 
-10% OM soils for 28th day. The average rate of losses was 
14.52% in normal soil, 18.42% for -10 % OM soil and 10.96% 
for +10% OM soils respectively. For other compounds such as 
toluene and isomers of xylene, the difference in percent loss 
by volatilization showed very little variation for variable OM 
at 1-3% at 28th day. A closer look into the chemical 
characteristics show that the superior vapor pressure of 

benzene over other compounds acts as a driving force for the 
vapor phase migration from all soils, even though the OM is 
retarding the volatilization. 

 

Fig 1. Percent reduction in BTX volatilization for alluvial 
soils of variable organic matter 

Figure 1 shows the impact of variable organic matter on 
volatilization of BTX from alluvial soils. It was observed that 
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an increase in 10% SOM in alluvial soil showed 25.08% 
reduction in volatilization of benzene. The reduction in loss 
for other compounds were observed as 4-9%. It indicates that 
level of SOM greatly influences the vapor phase mobility of 
petroleum benzene from alluvial soil. These observations 
show the significance of organic matter in sorption of volatile 
compounds in soil for longer time period as reported in 
previous studies [8],[19]. Further investigations carried out 
to study the influence of SOM on retardation of vapor phase 
migration of BTX showed considerable variations at higher 
and lower soil organic matter. However, the difference in 
vapor phase loss of between individual compounds in BTX 
was within 1%. 

The concentration profiles of BTX across a depth of 50 cm 
showed drastic variations in benzene and toluene for all soils 
as shown in Fig 2, 3 and 4. The change in concentrations were 
rapid upto a depth of 20 cm because of sufficient aeration in 
the top soil layer. The profiles for variable OM showed similar 
trends with different concentrations.  The profiles of xylenes 
showed very minimal variations due to its lower vapor 
pressure coupled with stronger soil sorption capacity.  

 

Fig 2. BTX Concentration profiles in alluvial soil 

 
 

Fig 3. BTX Concentration profiles in +10% OM alluvial soil 

 
 

Fig 4. BTX Concentration profiles in +10% OM alluvial soil 

The volatilization rate of benzene at the end of 28th day 
in alluvial soil and +10% SOM soils were 20% and 36% 
lower at 309.36 and 263.44 mg/day than toluene. In -10% 
SOM soil, the rates were 15% higher for benzene at 352.75 
mg/day as compared to toluene. This shows the affect of 
SOM on vapor pressure of benzene which is 2.67 times 
greater than that of toluene. 
 

4. CONCLUSION 
 
In the initial part of soil column studies, soils with higher 
SOM content showed higher contaminant retention with 
toluene as most abundant compound in soil due to its higher 
initial concentration in leaked petroleum fuel followed by 
xylenes due to their higher sorption capacity. The study also 
showed significant impact of SOM on volatilization of 
petroleum BTX from alluvial soils. It affected 12% reduction 
in the vapor phase transport of benzene in organic rich soils 
as compared to -10% SOM soils. It induced competitive 
volatilization between benzene and toluene in high SOM 
soils by 20% and 36 %, even though benzene has superior 
vapor pressure than the latter compound. As opposed to 
rapid volatilization of benzene, compounds such as toluene 
and xylenes showed lower rates of vapor phase losses from 
soil mass mainly due to their lower vapor pressure and 
better soil sorption capacities. This was further 
substantiated by soil contaminant profiles which indicated 
minor variations in concentration trends for these 
compounds. 
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