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Abstract

Fuel adulteration increases the emission of total hydrocarbons, carbon monoxide, nitrogen oxides  and

respirable particulate matter , and thus adds to air pollution. The study examined the effects of mixing of different

percentage of kerosene with petrol on the motorized rickshaw exhausts in terms of volatile organic compounds

(benzene, toluene, xylene and ethyl benzene) and total suspended particulate matter (SPM). The personal

sampler was used for sampling, and gas chromatography-mass spectrometry for quantification of compounds.

Concentration of volatile organic compounds significantly decreased (p<0.001) along with the increase in

fraction of kerosene in petrol. The level of benzene in exhausts while, using petrol (100 %) was significantly

higher (p<0.001) than that of three combinations used in this study (75% petrol + 25% kerosene, 50% petrol

+ 50% kerosene and 25% petrol + 75% kerosene). Similar trend was observed for toluene, xylene and ethyl

benzene also. The mean concentration of benzene, toluene, xylene and ethyl benzene were 31.34, 160.93,

10.07 and 5.58 �g m-3 in pure petrol, while  12.30, 51.41,4.89 and 3.16 �g m-3  for fuel combination 75% petrol

+ 25% kerosene. The observed levels of benzene, toluene, xylene and ethyl benzene were 9.12, 41.04, 4.33

and 2.91 �g m-3 for fuel mixture having 50% petrol with 50% kerosene and levels were 8.36, 20.05, 3.82 and

2.95 �g m-3 were for 25% petrol with 75% kerosene fuel combination. The levels of suspended particulate

matter (SPM) increased along with the increase in fraction of kerosene in petrol. The data generated is useful

to understand the common volatile organic compounds trend with the increasing fraction of kerosene in petrol.
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Introduction

In India, ambient air pollution is one of the major factors of

hazards to human health (Sinha and Nag, 2011). The ambient air

pollutants (AAP) such as SO
2
, NOx, particulate matter (PM), volatile

organic compounds (VOC’s) and polycyclic aromatic hydrocarbon

(PAHs) are emitted from the automobile exhausts and industrial

activity (Sinha et al., 2005; Sinha et al., 2010; Sinha et al., 2006).

Exposure of AAP is an important cause of morbidity and mortality in

India (Ozkaynak and Spengler, 1985; Schwartz et al., 1992; Xu et

al., 1994; Borja-Aburto et al., 1997; Touloumi et al., 1997; Lee et

al., 1999). Adulteration of gasoline and diesel is as ramphant in

South Asia as it is elsewhere in the world (Anonymous, 2002). In

South Asia, gasoline carries a much higher tax than diesel, which in

turn is taxed more than kerosene (Anonymous, 2001). Adulteration

increases emissions of harmful pollutants from vehicles and

worsening urban air pollution that could cause adverse impact on

health (Anonymous, 2002). An overview of the scope of the problem

and some technical data on the gasoline and diesel adulteration

was reported (Anonymous, 2002). Fuel adulteration can increase

the emission of hydrocarbons and PM
10
. Air toxin emissions, such

as benzene, depend mostly on fuel composition and catalyst

performance. Polyaromatic hydrocarbon (PAHs) in the exhaust

are primarily due to the presence of PAH in the fuel itself and partly

due to PAH formation by fuel combustion in the engine. The result

showed that addition of kerosene in gasoline results in higher level

of emission of hydrocarbons, CO and PM, even in catalyst equipped

cars (Muralikrishna et al., 2006).  The emissions of air pollutants

was reported due to adulteration of fuels that depend on maintenance

of engine, fuel quality, air-fuel ratio, engine speed and load, operating

temperature and whether the vehicles are equipped with a catalytic
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converter (Ale, 2003). They have used five different compositions

of petrol in kerosene and tested for emission and air pollution from

petrol engine. It was observed that as the percentage of kerosene

in petrol increased the concentration of SPM and CO also increased

(Ale, 2003). Several reports indicate that the adulteration of fuels

with solvent increase the ambient air pollution like HC, CO, NOx,

SPM (Fialkov et al., 2008; Pedroso et al., 2008; Al-Ghouti et al.,

2008; Flumignan et al., 2010)

In India, the data related to adulteration of petroleum fuel

with different composition of kerosene is lacking. The present study

aims at estimating the concentration of benzene, toluene, xylene,

ethyl benzene (BTEX) and SPM emitted from the exhausts of

motorized rickshaws, which operate on the Indian roads in large

numbers.

Materials and Methods

The methanol (GC grade) and BTEX standards were

purchased from Sigma-Aldrich Inc. USA. The sorbent charcoal

sample tubes, protective cover W/clip, constant pressure controller

for low flow, adjustable. ¼” ID tubing sample cap, master charger

Ultra FlowTM, primary gas flow calibrator and Ultra Flow soap film

were purchased from SKC Inc. 863 Valley View Road Eighty Four,

PA 15330, USA. For GC analysis, the DB-5 column (30 m x 0.25

mm id; 0.25 µm thickness) was purchased from Varian Pvt. Lmt. U

SA.  Ultra pure He gas (99.999%) was procured locally.

Field monitoring: A personal sampler fitted with an activated

charcoal sorbent tube at height of 50 cm, with a flow rate of 0.5 l min-1

was used for environmental monitoring  of volatile organic compounds

at an exhaust level from auto rickshaw. The environmental samples

were collected 5 m away from the exhaust of auto rickshaw with the

air personal sampler and SPM samples were collected using vacuum

pump.

Suspended particulate matter (SPM) samples were collected

on 37 mm diameter cellulose acetate membrane filters with constant

flow rates at 22 l min-1. Filters were weighted on a digital micro

balance (Sartorious) with accuracy of ± 0.1 mg before and after

sampling (Model GMBH type 1702, Germany). Duration of sampling

for VOC’s and SPM was 30 min. A total of 41 samples of BTEX and

SPM were collected from only one new auto rickshaw for this study

in 10 days.

Composition of fuels: Four different compositions of fuels were

used in this study. The different compositions were group I: 100 %

petrol (11 samples), group II: 75% petrol + 25% kerosene  (10

samples), group III: 50% petrol  + 50% kerosene (11 samples)

and group IV: 25% petrol + 75% kerosene (9 samples). The

same gasoline and kerosene were used during the entire course

of study.

Analytical methods:

Measurement of SPM: Gravimetric analysis for SPM was carried

out using a Sartorious electronic balance. All filters were put in oven at

40oC to condition for 24 hr before weighing. The SPM concentrations

expressed in �g m-3 were calculated by dividing the blank corrected

filter mass increase by the total volume sampling (Sinha et al.,

2005a).

Gas chromatography-mass spectroscopy (GC-MS/MS)

study: The VOC’s were extracted from sorbent charcoal tube

using 1 ml methanol with ultrasonication (Sinha et al., 2005a).The

methanol extract was analyzed by GC-MS technique. Instead of

CS
2
, the HPLC grade (99.9%) methanol was used for the isolation.

Chromatographic condition: The extract was analyzed by GC-

MS in MS/MS mode for quantification of BTEX. The GC-MS (Varian,

2000) was used with some modification of our earlier reported

method for estimation of VOC’s. Gravimetric and calorimetric method

was used for estimation of SPM and NOx (Sinha et al., 2005a;

Sinha et al., 2006). For GC (CP-3800), 30 m DB-5 column (0.25

mm id; 0.25 µm thicknesses) was used in a split ratio of 1:10. The

initial GC oven temperature (80oC) was maintained for 2.5 min after

injection. Subsequently, the oven temperature was increased up to

100oC at a rate of 5oC min-1 maintained for 5 min. Finally, the oven

temperature increased up to 120oC at the rate of 20oC min-1, hold

for 20 min. The run time was 32.5 min The injector temperature was

150oC with hold time of 2 min and total time of 2 min.

Mass spectrometric condition: The MS spectra of BTEX were

recorded in full scan mode with the mass range 40-500 amu with

the scan 1 second/scan. The emission current of the ionization

filament was set 30- µa-generating electrons with 70 eV energy.

The transfer line, manifold and trap temperature was maintained at

270, 40 and 150oC respectively. For more sensitive determination

of BTEX due to adulteration of fuels, the MS method was first attempted

in GC-MS with electron impact auto ionization in full scan mode.

Interfering peaks from adulterated fuels and poor sensitivity

complicated this method at below ppb levels. Therefore, more

sensitivity mass spectrometric analysis was performed in the EI auto

MS/MS mode at the flow rate of 1 ml min-1 using ultra pure helium

gas (Sinha et al., 2005a; Sinha et al., 2006). After scanning and

confirming the spectra using NIST library search, the method was

shifted in MS/MS mode to increase its sensitivity. The MS/MS spectra

of BTEX were recorded in EI mode with MS/MS ion preparation by

using mass range 40-500 amu and scan rate equal to 0.50 second/

scan. The axial modulation voltage and emission current of the

ionization filament set for MS/MS were 4v and 40µA, respectively.

The retention time of benzene toluene, xylene and ethyl benzene

were 2.00, 2.53, 3.61 and 3.65 min.

Statistical analysis: The SPSS release (15.0) software was used

for data analysis. The data were analyzed using one-way analysis

of variance (ANOVA) followed by Scheffe’s Post hoc test for multiple

comparisons among groups. The data were analyzed in

transformed mode at the level of p<0.001 for homogeneity and

normality. Pearson correlation coefficient was used to determine

the relationship between the variables. The comparisons were

made among all variables using two-tailed hypothesis at the level

of p<0.05.
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Results and Discussion

Table 1 shows the geometrical mean (GM), geometrical

standard deviation (GSD) and range of benzene, toluene, and

xylene and ethyl benzene at exhaust level for different percentages

of petrol with kerosene that were used as fuels in rickshaw. One –

way ANOVA showed that the concentration of common VOCs

(benzene, toluene, xylene and ethyl benzene) decreased

significantly (p< 0.001) along with the increase in kerosene fractions

in petrol fuel. The initial trend showed that with the increase in the

fraction of kerosene in petrol, the emission of BTEX decreased. The

statistical analysis shows that the level of benzene increased

significantly (p<0.001) in group I as compared to groups II, III and

IV. Similarly, the level of toluene was significantly (p<0.001) higher

in-group I in comparison to groups II, III and IV. The concentration

of xylene decreased significantly in group IV in comparison to group

I, II and III.  The concentration of ethyl benzene decreased

significantly in group IV in comparison to groups II, III, and I.

The mean levels of SPM were 852.80, 1088.25, 1352.47

and 1817.76 µg m-3 for group I, II, III and IV, respectively, indicating

that the increase in fraction of kerosene in petrol increased the

concentration of SPM (Fig. 1).

A relationship was observed between benzene and three

VOCs namely - toluene (r = 0.681, p< 0.01), xylene (r = 0.686, p

< 0.01) and ethyl benzene (r = 0.723, p < 0.01) for 41 samples

(Fig. 2). Similarly, a relationship was also observed between toluene

and three VOCs namely- benzene (r = 0.68, p< 0.01), xylene

(r = 0.899, p < 0.01) and ethyl benzene (r = 0.79, p < 0.01) for 41

samples (Fig. 3).

 Adulteration of gasoline, especially petrol with kerosene

increases the emission of harmful pollutants, with potential

environmental and health risks. Four different compositions of

kerosene and petrol were examined in this study, with reference to

assessing the index parameters of air pollution such as benzene;

toluene, xylene, ethyl benzene and SPM. The findings show that

the levels of benzene, toluene, xylene and ethyl benzene were

significantly lower (p<0.001) at exhaust level with the increase in

fraction of kerosene in petrol. The levels of benzene, toluene, xylene

and ethyl benzene were significantly higher in-group I than those of

group II, III and IV. The levels of BTEX decreased along with the

increase in the percentage of kerosene in petrol. These findings

were not in accordance with what was generally expected for total

hydro carbon. The behaviour and physical/chemical properties of

common volatile organic compounds were different when

considering the effect of fuel composition on total hydro carbon and

specific hydrocarbon. Moreover, the emission factor of BTEX was

entirely different to the total hydrocarbon. Therefore, the emission

concentration of BTEX decreases along with the increases the

fraction of kerosene in petrol as compared to total HC. Additionally,

the reason for decreasing the VOCs on increasing of percentage of

kerosene is due to that the kerosene has lower aromatic fraction.

The international average of aromatics in kerosene is 18%, and

benzenes in kerosene are about 12-13%. Gasoline usually has

higher aromatic content at 25-40%, and most aromatics in gasoline

are benzenes as gasoline has a lighter molecular weight than

kerosene. The benzene undergoes photochemical reaction with

methyl free radical leading to the formation of toluene. So that toluene

concentration is higher and that explains why the benzenes have

lower concentration when the gasoline is mixed with kerosene.

Table - 1: Geometrical mean (GM), Geometrical standard deviation (GSD) and range of benzene, toluene, xylene and ethyl benzene (�g m-3)

Compound Parameter Group I Group II Group III Group IV p value

100p(n=11) 75p+25k (n=10) 50p+50k (n=11) 25p+75k  (n=9)

Benzene G M 31.34 12.30 9.12 8.36 P<0.001

G.SD 1.53 1.29 1.18 1.37

Range (17.0-59.0) (6.67-16.0) (6.8-12.7) (4.3-13.9)

Tolune G M 160.93 51.41 41.04 20.05 P<0.001

G.SD 1.60 1.76 1.81 1.90

Range (78.4-290.4) (20.9-116.0) (19.7-123.1) (5.6-40.8)

Xylene G M 10.07 4.89 4.33 3.82 P<0.001

G.SD 1.62 1.45 1.34 1.35

Range (2.0-16.5) (2.3-8.3) (2.1-8.3) (1.4-4.1)

Ethyl benzene G M 5.58 3.16 2.91 2.95 P<0.001

G.SD 1.41 1.22 1.15 1.18

Range (2.0-6.3) (1.5-3.4) (1.4-3.3) (1.4-2.8)

Petrol consumption G M 181.09 122.50 209.80 193.62 P<0.001

G.SD 1.13 1.25 1.22 1.29

Range (150-210) (100-180) (165-270) (140-255)

SPM G M 852.80 1,088.25 1,352.47 1,817.76 P<0.293

G.SD 2.87 2.36 2.02 2.51

Range (267-4133) (267-2800) (400-3200) (267-4800)

N = number of samples. k= kerosene, p = petrol. All comparisons were made using ANOVA followed by Scheffe’s Post hoc test (p <0.001)
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 Second, the increasing particulate matter is a direct effect of burning

kerosene in rickshaw since kerosene is not the designed fuel for this

configuration. Adulteration of fuels can also cause emissions of all

toxins like benzene and PAHs, which are well-known carcinogens.

Air toxin emissions such as benzene depend mostly on fuel

composition and catalyst performance. Gasoline is adulterated with

kerosene or diesel, results in higher emissions of HC, CO and PM,

since these fuels (kerosene and diesel) are more difficult to burn

than gasoline even from catalyst-equipped cars. If kerosene is

added in excess quantity, octane quality will fall and knocking in

engine increases the concentration of HC, CO and PM. Gasoline

may also be adulterated with gasoline boiling range solvent such as

toluene, xylene and other aromatics, or light material such as

pentanes and hexanes which increase the HC, CO and NO

(Anonymous, 2002).

Most studies concerning BTEX measurements were in

ambient air, smoker group, indoor air and industrial workers

and few studies have been on the measurement of BTEX levels

produced due to combustion of gasoline by motorized engine at

the exhaust level. The concentrations of volatile organic

compounds such as benzene (2.5 �g m-3), toluene (9.5 �g m-3),

ethylbenzene (1.6 �g m-3) and xylenes (3.4 �g m-3) were lower

as compared to our present study. This is perhaps due the fact

that these concentrations were assessed in a different context.

In our study, the levels of BTEX were assessed due to mixing of

different percentages of kerosene in petrol, whereas in the

reported  study, BTEX were determined on the context of

assessing the influence of the modernization and renovation of a

S. N. Sinha and V. K. Shivgotra
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traffic artery in the region of Mortsel, Belgium (Buczynska et al.,

2009).

Although the levels of HC and CO increase when petrol is

adulterated with kerosene in different ratios, the pollutants were

reported to be within the Idle Test Emission Standard limits.

However, the result reported that the pollutants (HC and CO) at

the exhaust levels increased drastically with the use of cheaper

fuels, especially gasoline adulterated with kerosene (Muralikrishna

et al., 2006). The effect of ethanol gasoline and unleaded gasoline

on exhaust emissions of electronic fuel injection system (EFI) with

three-way catalytic converter (TWC) reported that ethanol gasoline

can greatly decrease engine-out exhaust emissions of CO and

HC and exhaust emissions of CO, HC and NOx from vehicles

compared to unleaded gasoline (Wang et al., 2004). The study

showed the metropolitan area at Mexico City that 10% addition of

methyl tertiary butyl ether (MTBE) in gasoline decreased the

levels of CO, total HC concentration in the exhaust emissions

(Schifter et al., 2000). The later study showed that the

environmental implications on the oxygenation of gasoline and

concluded that ethanol was a better choice, as compared to MTBE,

for adulteration of gasoline (Schifter et al., 2001). Perhaps this is

the first report to demonstrate that the levels of BTEX decrease by

increasing the fraction of kerosene in petrol as a fuel.
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