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ABSTRACT
Estimation of Polycyclic aromatic hydrocarbons is done in the current study because of its
carcinogenicity and mutagenic property. Biodiesel has received the maximum attention in the recent
years but the main advantage of using neat biodiesel/Biodiesel blended with diesel as a fuel are its
renew ability, better quality exhaust gas emission, easy availability and its biodegradability. Blending
low levels of biodiesel with conventional diesel fuel is an important option for displacing imported
petroleum consumption and reducing harmful emissions.  Low blends of biodiesel can be defined as
blends containing 5% and below.  Even low blends of biodiesel provide a greater lubricity than
standard diesel fuel alone.  These blends usually consist of 2% biodiesel mixed with 98% diesel (B2).
Any blend of up to 5% biodiesel is considered an additive volume (B5 is 5% biodiesel/95% diesel).
Some of the obvious benefits to biodiesel blending are the increased fuel lubricity and reduction in
emissions. Biodiesel can be blended with petroleum diesel at any percentage however only B20 (20%
biodiesel, 80% petroleum) and higher qualify for fuel credit. Biodiesel can also be used in its pure
form (B100), but may require certain engine modifications to avoid maintenance and performance
problems.
In present investigation an attempt has been made to synthesis biodiesel from Castor, blending of
diesel with biodiesel in different ratio and estimation of Polycyclic Aromatic Hydrocarbons (16
according to EPA). The order of PAHs generation by using different kind of fuels were Diesel >
Castor (25:75) > Castor (35:65)> Castor (45:55). Ace Naphthalene was the individual PAH found in
higher concentration in almost fuels and ranging between 5.2 ng/µl to 166.2 ng/µl. Blending of Diesel
with biodiesel reduce the emission of PAHs.
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INTRODUCTION
Known petroleum reserves are limited and will
eventually run out. Various studies put the data of
global peak in oil production between 1996 and
2035. Biomass energy technologies use waste or
plant matter to produce energy with lower level
of green house gas emission than fossil fuel
sources. Vehicular emission has been associated
with adverse health effects, but the sources or
constituents responsible for these effects have not

been established clearly. Characterization of
vehicle rela ted exposure requires detail
information on spatial and temporal trends of
various pollutants and the ability to predict
exposures in unmonitored settings1. Urban PAHs
concentrations have been found linked with traffic
volume2.In many countries, the traffic sources
have been known to be the greatest contributor
of PAHs  emission3-5. A study conducted in United
States demonstrated that motor vehicle contributes
to 36% of its annual total PAH emissions of all*Author for correspondence
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sources6. In Taiwan, the effect of the traffic
source on PAH emissions has been investigated
by many researchers because of high traffic
density of the city i.e. 475 vehicles/km2 (highest
in world). Lee et al. (1995) showed that the total
PAH contents at the intersection of two main
roads of a city area in southern Taiwan was 5.3
and 8.3 time in magnitude higher than that in the
urban and rural atmosphere7.The automobile
industry is the second highest wealth creator in
the India. It is, however, a well known fact that
nearly 70% of all air pollution is from vehicular
emission in most urban environment8. The study
is of great significance in Indian context, especially
in fast developing cities because of varying nature
of socio economical conditions, road condition,
traffic norms and type of vehicle ply on the road
side.
To fully understand the processes and conditions
that enhance or reduce the presence of PAHs in
exhaust emissions, characterization of PAHs in
light, medium and heavy duty diesel exhaust
emissions have been undertaken by several
researchers9-12. It is understood that emission
factor depend on the mechanical conditions of the
vehicles, types of fuel, types of lubricant,  driving
condition and  presence or absence of catalytic
converters etc.13. It is also now fairly well
accepted that PAHs sources in the exhausts of
diesel-powered vehicle include unburned fuel,
lubricating oil and pyrosynthesis within the engine.
It has suggested that unburned fuel is main source
of PAHs in the vehicular exhaust emission and
attempt to reduce PAHs in the exhaust should be
focused on fuel formulation.14,16

AIMS   AND  OBJECTIVES
The objective of this study aims to synthesis
biodiesel from Castor, blending of diesel with
biodiesel in different ratio and estimation of
Polycyclic Aromatic Hydrocarbons (16 according
to EPA). Biodiesel samples were synthesized in
our lab from raw materials of Jetrofa and analyzed
for PAHs concentration in exhaust on a Honda
Genset (EBK 2000AC Model).

MATERIA L   AND  METHODS
Material
Biodiesel samples were synthesized indigenously
in our institute laboratory using raw materials of
Jetrofa oil.

Synthesis
Pour 50 ml of vegetable oil into a 100 ml beaker
and reweigh the beaker. Begin stirring vegetable
oil with magnetic stir bar while simultaneously
heating the oil to 60° C. (Do not allow temperature
to go over 70° C during the reaction.) While your
vegetable oil is heating, add 10 ml of methanol to
a 25 ml flask. Weigh out approximately 0.5 grams
of potassium hydroxide and add to the flask
containing the methanol.
Swirl Erlenmeyer flask until all the potassium
hydroxide is dissolved. Once your vegetable oil
reaches 60°C add the methanol solution while
stirring vigorously. While stirring vigorously,
maintain a temperature of approximately 60°C for
an hour. After an hour, place your beaker in your
lab drawer to allow the biodiesel mixture separate
until the next laboratory period. Your mixture
should have separated over the week.
The dark layer on the bottom is glycerol and the
light layer on the top is your biodiesel. Decant off
the top layer and into a tared beaker. The bottom
layer may be poured into the waste bottle.
Now find out the Rf value by using TLC and
hexane and acetate (5:1) as solvent. Then find
out the physical parameter of the biodiesel
samples.
Reagents
Analytical grade reagents solvents and standards
used in the study were procured from Merck
Specialty Chemicals (Pvt. Ltd. Mumbai, India).
PAHs standards used in this study were Dr
Ehrenstorfer GmbH chemicals procured through
Merck Germany. Whatman glass microfiber filter
paper GF/A (20.3 x 25.4 cm) were used for
collection of air samples.
Glasseswares
All borosil make glassware’s (A grade) were used
in this study.  Glassware’s were washed with
nitric acid and finally washed with distilled water
every time before use.
Equipments
PAHs collected from various sources were
analyzed on Nucon make microprocessor   based
Gas Chromatograph (GC) model No 5765.
Narrow bore capillary column BPX-5 of 60 meter
length, 0.25 mm I.D.  and 1 µm film thickness
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was used in the study was procured  from SGE
GmbH Germany.
Plan of Study
One hour intensive sampling on standing mode
vehicles (two, three, four wheeler and Honda
make genet) run on different types of fuels such
as Petrol, Diesel, Kerosene and Biodiesel was
undertaken in this study.
Sampling Method
Sampling was done from each kind of vehicle in
standing mode run for one hour. The exhaust pipe
of the vehicle was connected through a 1-2 inch
diameter PVC pipe and left near the canopy of
the high volume sampler close to the filter paper.
The samples of exhaust emission were done using
high volume sampler (Model APM-411,
Envirotech Instruments Pvt. Ltd., New Delhi) in
the standing mode. The high volume sampler
collects the particulate matters in the size range
varying from 100-0.01 um. The high volume
sampler was kept in the front of vehicle exhaust
connected through a PVC pipe. The ambient air
was drawn in a laminar flow at the rate of 1.01 l/
min. In each case the sample was collected
running the engine for one hour in standing mode.
The airborne soot particles along with PAHs were
collected for one hour on filter paper (size: 8”x10”)
and PUF plug fitted just below the filter paper in
a cartridge. After the sampling, filter paper was
removed and kept in vacuum desiccators for 24
hour to demoisturise them again. The filter papers
were wrapped separately in aluminium foils and
stored in a fridge at 4oC prior to analysis.
Extraction of PAHs
The PAHs collected on glass microfiber filter
paper and PUF were extracted by soxhlet method
and analyzed for the presence of types and
concentration of PAHs. PAHs both in particulate
and vapor phase were trapped on glass fiber filter
paper and polyurethane foam plug. PUF and glass
fiber filter paper was extracted every time using
soxhlet extractor with toluene as solvent for 48
hrs at the rate of 3 cycles per hour. Toluene was
used instead of other solvents (like benzene/
methanol, dichloromethane (DCM), etc. because

of its high recovery, especially for higher boiling
PAHs. Combined extract of filter paper and PUF
was reduced to 1 ml volume by rotary evaporation
at 600C under gentle vacuum to rule out any
possibility of breakdown of the PAHs species.
The extract was transferred to a 10 ml volumetric
flask and then the volume was adjusted to 10ml
with hexane. Interfering compounds were
removed by liquid-solid chromatography. Silica gel
(70-230 mesh) used as adsorbent was activated
at 250 oC for 24 hours before use. Silica gel slurry
was prepared by adding around 40 ml of hexane
to 3g of silica gel and filled in a micro glass column
(0.7cm dia and 45 cm effective length). The
concentrated PAHs extract collected as above
was transferred to the top of the column and
eluated with n-hexane three to four times. The
eluate thus obtained was evaporated nearly to
dryness using the rotavapor below 400C. The
reduced volume was dissolved in HPLC grade
toluene to make up the volume 1 ml and preserved
in a amber colour vials before analysis. The
samples were kept preserved in refrigerator
below 4 oC. Samples were subjected to GC for
analysis.

RESULTS  AND  DISCUSSION
In the present study we have determined 16 EPA
identified PAHs namely Nap, Napthalene; Ace
Nap, Acenapthene; Ace Naph, Acenapthylene;
Flu Fluorene; Phen,  Phenanthrene; Anth,
Anthracene; Flan, Fluoranthene; Pyr, Pyrene;
B(a)A, Benzo(a) Anthracene; Chry, Chrysene;
B(b)F, Benzo(b) Fluoranthene; B(k)F, Benzo(k)
Fluoranthene;  B(a)P, Benzo(a)Pyrene; IP,
Indeno(123cd) Pyrene; Dib(ah)A, Di Benzo(ah)
Anthracene ;B(ghi)P, Benzo (ghi) Pyrelene.
The results of concentration and types of PAHs
produced by Diesel, Gasoline and Biodiesel are
presented in Table 1. Graphical presentation of
the data is shown in Fig. 1. Graphical presentation
of five major PAHs is shown in Fig. 2. Physical
parameter  of biodiesel samples are given in
Table 2.
It could be seen from Fig. 1 that concentration
of PAHs decreases in the following order Diesel
> Castor (25:75) > Castor (35:65)> Castor (45:55).
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Fig. 2 : Variation of concentration of five major PAHs with different kinds of fuels

Fig. 1 : Variation of concentration of PAHs with type of PAHs in different kinds of fuels.
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Around five exhaust samples of Diesel, Gasoline,
Kerosene and Biodiesel run on Honda Genset
were taken in this study. It could be seen from
the table that Diesel generates higher
concentration of almost all PAHs than Biodiesel
and Petrol.

In the order to find out major contributors of PAHs
in term of concentration and types by in ambient
air run on Diesel, Gasoline and Biodiesel fuel
exhaust samples were collected from standing
mode on Honda Genset.

The five major PAHs produced by Diesel run on
Genset in highest concentration were Naphthalene
(110.1 ng/µl), Fluoranthene (61 ng/µl), Chrysene
(65.2 ng/µl), Benzo (a) Pyrene (65.8 ng/µl), and
Ace Naphthalene (166.2 ng/µl).

The five major PAHs produced on Honda Genset
run on Castor (25:75) were Naphthalene (100.84
ng/µl), Fluoranthene (45.2 ng/µl), Pyrene (55.2 ng/
µl), Chrysene (53.1 ng/ul), Benzo (k) Fluoranthene
(19.7 ng/µl).

The five major PAHs produced on Honda Genset
run on Castor (35:65) were Naphthalene (99.2
ng/µl), Fluoranthene (40.2 ng/µl), Pyrene (50.2 ng/
µl), Chrysene (50.1 ng/µl), Ace Naphthalene 138.9
ng/µl.

The five major PAHs produced on Honda Genset
run on Castor (45:55) were Naphthalene (98.1
ng/µl), Ace naphthalene (12.1 ng/µl), Chrysene
(55.2 ng/µl), B(b) Fluoranthene (20.1 ng/µl), B(k)
Fluoranthene (15.1 ng/µl).

The five major PAHs produced by Petrol run on
Honda Genset were Naphthalene (58.2 ng/µl),
Fluoranthene (25.2 ng/µl), Pyrene (22.1 ng/µl),
Chrysene (23.9 ng/µl), B(b) fluoranthene (25.1
ng/µl).
It was interested to note that when Biodiesel
samples were added to Diesel (25:75, 35:65,
45:55), the concentration of almost all PAHs
reduce in comparison to pure Diesel exhaust. In
Biodiesel samples maximum PAHs generated by
Castor Biodiesel (25.75) whereas, lower
concentration was found in the case of Castor
(45:55). PAHs generated by gasoline were almost
lower in concentration than Diesel and Biodiesel
samples.
The order of PAHs generation by using different
kind of fuels were Diesel > Castor (25:75) >
Castor (35:65)> Castor (45:55)

CONCLUSION
It was also concluded from the study that the
Diesel driven Honda genset generate higher
concentration of almost all 16 PAHs considered
in the study in comparison to Biodiesel and Petrol
driven Honda Genset.
When Biodiesel samples were added to Diesel
(25:75, 35:65, 45:55), the concentration of almost
all PAHs reduce in comparison to pure Diesel
exhaust.
This indicate that blending of diesel with petrol
reduce the concentration of PAHs emission.
Such studies could be of great significance for
the planers while considering environmental
remedial measures.

Table 2 : Physical parameter of Jetrofa biodiesel

Sr. No Physical parameter Value 

1 Flash Point 212 

2 Cetane number 44 

3 Water content 0.18 

4 Iodine value 295 

5 Density at 150C 0.35 

6 Cinematic viscosity 30 

7 Phosphorus content 51 
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