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Identification of Polycyclic Aromatic Hydrocarbons
in Atmospheric Particles of PM10 at Agra, India.
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Abstract— Polycyclic aromatic hydrocarbons (PAHs) have
been widely accepted as a class of ubiquitous and mutagenic
environmental pollutants and attracted much attention in
previous studies on air pollution recently. PAHs are products of
incomplete combustion and pyrolysis of fossil fuels such as
petroleum and coal and other organic materials from natural
and anthropogenic sources the urban atmosphere. Sixteen
polycyclic aromatic hydrocarbons were determined in PM 10
(particulate matter with aerodynamic diameter ≤ 10 µm)
collected at Agra from July 2010-December 2012 using Fine
Particulate Sampler (Envirotech APM 550) on 47mm glass
micro fibre filters The filters were extracted in ultrasonic bath
with dichloromethane and analyzed by gas chromatography
(Shimadzu 17A). Results show that the total PAHs
concentrations varied between 20.2 ng/m3 to 3214.1 ng/m3 while
the concentration of individual compounds ranged from 55.2
ng/m3 to163.8 ng/m3. PAH concentrations exhibited seasonal
variation with maximum values in winter (1978.25 ng/m3)
followed by monsoon (1467.3 ng/m3), post monsoon (1367.9
ng/m3) and summer (1240.8 ng/m3), respectively. Meteorological
conditions such as wind speed and temperature, solar intensity,
relative humidity had a strong influence on the seasonal
variation. 3& 4 ring PAHs were the abundant compounds and
accounted for 59.19–83.7% of TPAHs. Carcinogenic PAHs
contributed 31.49% to total PAHs while the contribution of
combustion derived PAHs was 49.87% to total PAHs
Index Terms— Polycyclic aromatic hydrocarbons (PAHs),
PM10, Envirotech APM 550.

I. INTRODUCTION
Particulate matter (PM) is a ubiquitous component of the
atmosphere and has become a persistent and pervasive
environmental problem that imposes significant health risk
attributable to the complexity in particle size and chemical
composition. Exposure to particulate matter has recently
received considerable attention as a result of epidemiological
findings showing association between ambient their
concentrations and mortality (Pope, 2000; Van et al., 2004).
Recent epidemiological studies have suggested that an
increase in the concentration of inhaled particles of 10 mg/ m3
is associated with a 1% increase in premature mortality
(Schwartz et al., 1996). Fine and ultrafine aerosol particles
can be transported long distances, penetrate deep into the
lungs and can elicit mutagenic and carcinogenic effects. Thus,
due to its potential health impact, PM10 (particulate matter
≤10 μm in diameter) has been widely studied to assess and
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regulate air quality. Particles with an aerodynamic diameter
<10 μm (PM10) can deposit and accumulate in the respiratory
system representing a significant threat to human health
(WHO, 2000; Hauser et al., 2001). Polycyclic aromatic
hydrocarbons [PAHs] have received serious attention owing
to their potential toxic, carcinogenic and mutagenic effects.
Particulate-phase PAHs in particular are considered to be a
significant hazard to human health through breathing (Spurny,
1996). In view of this health concern, monitoring the level of
PAHs in urban areas has become more important. Thus, it is
important to understand abundance, distribution and potential
sources of PAHs in PM10 so that the diverse effects caused by
particulate matter can be efficiently controlled. Many of these
PAH compounds have been classified as possible or probable
carcinogens (IARC, 1983), for example benzo(a)pyrene
[B(a)P] has been directly linked to lung cancer through its
selective adducts along a tumor suppressor gene (Denissenko
et al., 1996). PAHs are mainly emitted from incomplete
combustion processes associated with anthropogenic and
natural sources such as volcanic eruptions and forest fires
(Jenkins et al.,1996; Finlayson-Pitts and Pitts, 2000).
Approximately 90% of PAHs emissions are estimated to be
emitted from anthropogenic sources typically including the
combustion of fossil fuels, industrial processes and domestic
heating systems (Benner and Wise, 1989; Rogge et al., 1993a,
b). Vehicular traffic is considered to be the major contributor
to the urban atmosphere (Schauer et al., 1996; Fang et al.,
2004; Yang and Chen, 2004).
Atmospheric PAHs are partitioned between the particulate
and the gaseous phase. PAHs emitted in gaseous form may be
condensed into the particulate phase mostly with PM2.5 (Sicre
et al.,1987) and may later accumulate on larger particle sizes
(Miguel et al., 2004) and thus could be present in both
particulate (p-PAHs) and gaseous form (g-PAHs). However,
the carcinogenic 5, 6- ring PAHs are predominantly
associated with particles. The composition of PAHs in any
phase changes significantly according to their emission
sources, this feature can be used to identify possible emission
sources (Barale et al.,1991; Venkataraman et al.,1994) which
in turn serves as the basis for exposure regulations through
emission control and for public health measures. The total
number of PAHs and their individual mass concentration play
important roles in exposure and risk assessment, while the
PAHs size distribution has an impact on the site and type of
patho-physiological lesions in the exposed personnel. Since
the carcinogenic PAH concentrations may be taken as an
‘index’ for the biologically active (mutagenic, genotoxic,
embryo toxic) components in air particulate samples, their
high-quality monitoring data may be useful for related
epidemiological studies. At Agra, urban and suburban areas
are likely to be highly polluted due to industrial activities,
traffic density and firewood combustion. The current study
was implemented with the major objective of assessing the
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exposure levels of 16 US EPA prioritized PAHs of respirable
PM10 in ambient air. The PAH compounds under study were:
Naphthalene (Nap), Acenaphthylene (Acy), Acenaphthene
(Ace), Fluorine (Flu), Phenanthrene (Phen), Anthracene
(Anth), Fluoranthene (Fla), Pyrene (Pyr), Benzo(a)anthracene
(BaA), Chrysene (Chy), Benzo(b)fluoranthene (BbF),
Benzo(k)fluoranthene (BkF), Benzo(a)pyrene (BaP),
Dibenz(a,h)anthracene (DbA), Benzo(g,h,i) perylene (BghiP)
and Indeno (1,2,3-c,d) pyrene (IP).

II. METHODOLOGY
Description of Sampling Site
Agra is situated in the extreme southwest corner of Uttar
Pradesh. It stretches across 26º 44’N to 27º 25’N and 77º
26’E to 78º 32’E. Its borders touch Rajasthan to its west and
south, the district of Firozabad to its East and the districts of
Mathura and Etah to its North. It is situated on the banks of
river Yamuna; it has a limited forest area supporting mainly
deciduous trees. According to census 2001, the area of Agra
district is 4027 km2 with a total population of about 1,316,177
and density about 21,148 of km2 with 386,635 vehicles
registered and 32,030 generator sets. In Agra, 60% pollution
is due to vehicles [RTO, 2008]. Three National Highways
(NH-2, NH-11 and NH-3) pass through the city. Like most
cities of north India, the weather and climate of Agra is
extreme and tropical. Agra suffers from extremities of climate
with scorching hot summers and chilly winters. It is about 169
m above the mean sea level and has a semiarid climate with
atmospheric temperature ranging from 11-48°C (maximum)
and 0.7-30°C (minimum), relative humidity 25-95%, light
intensity 0.7-5.6 oktas (cloudiness) and rainfall 650 mm per
year. The climate of Agra has been broadly divided into four
seasons: winter (December to February), summer (March to
June), monsoon (July to September) and post-monsoon
(October to November). During monsoon period the
temperature ranges between 26 and 39°C and relative
humidity varies between 70 and 100% respectively. The
winter months are cool, temperature ranges between 2 to 15°C
while relative humidity is 60 to 90%. Summers are
characterized by high temperature ranging between 23 to
45°C and low relative humidity 25 to 40%.

Sampling was conducted on the roof of the faculty building in
the Institute at Dayalbagh. The site is dominated primarily by
agricultural areas towards its north but about 2 km south of the
site lies a busy roadway intersection situated on the National
Highway No.2 (NH-2). NH-2 connects Delhi to Kolkata via
Agra and is one of the busiest Highways. On an average six to
seven thousand vehicles ply on this highway and comprise
about 3500 light motor vehicles (LMV), 500 light commercial
vehicles (LCV’s) and 2500 heavy commercial vehicles
(HCV) [NHAI, 2007]. PM10 aerosols were collected using
fine particulate sampler with Wins-Anderson Impactor (APM
550) with sharp cut points of 10 µm and 2.5 µm. Samples
were collected on desiccated and pre-weighed Whatman glass
microfiber filters (47 mm diameter) at a flow rate of 16.6 liter
per minute for 24 hours. After sampling all filters were again
desiccated and weighed till constant weight. The filters were
then sealed in polyethylene zip-lock bags and stored at 4oC
until analysis. From the difference of the initial and final
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weights and volume of air sampled, the mass concentration of
fine particulate matter was calculated by dividing mass
deposited by volume of air.

Monitoring of Meteorological Parameters
Meteorological data such as ambient temperature, rainfall,
relative humidity, wind speed and wind direction were
recorded through an automatic weather monitoring system
(Envirotech’s Wind Monitor WM271) mounted on the roof
8m above the ground level at the sampling site. It was
programmed to collect data at 1 minute interval and store
them in memory to be downloaded to a computer and
software.

Extraction
The filters were cut into small pieces and extracted in
Dichloromethane (DCM) by ultra-sonication for about two
hours with an interval of 5 minutes at every 15 minutes. The
extract was filtered through Whatman filter paper and cleaned
through column chromatography employing silica gel column
of 15 cm length and 1.5 cm diameter. These extracts were
concentrated by rotary evaporator and finally reduced to 2 ml
under the stream of nitrogen gas and stored in a Teflon vial at
a low temperature until analysis of PAHs.
III.

ANALYSIS

PAHs were analyzed in the split less mode using a
temperature gradient program by Gas Chromatograph (GC,
Shimadzu 17AATF, version 3.0) equipped with a FID
detector and capillary column (25 m length, 0.3 mm internal
diameter: BP) with Dimethyl polysiloxane as stationary
phase. Nitrogen was the carrier gas at a flow rate of 12.7 ml
min-1. The oven temperature was held at 40°C for 5 minutes
and programmed to rise to 179°C at 10°C min-1, held for 2
minutes and then elevated to 300°C at 9°C min-1. The
temperature of injector and detector was maintained at 210
and 310°C respectively. The GC was calibrated with a
standard solution of 16 PAH compounds (Supelco EPA 610
PAH mixture). The procured PAH mixture contained the
following 16 EPA priority PAHs in mixed solvent (methanol:
dichloromethane; vol/vol, 1:1); Naphthalene (Nap),
Acenapthylene (Acy), Acenapthene (Ace), Fluorene (Flu),
Phenanthrene (Phen), Anthracene (Anth), Fluoranthene (Fla),
Pyrene (Pyr), Benzo(a)anthracene (BaA), Chrysene (Chy),
Benzo(b)fluranthrene (BbF), Benzo(k)fluranthene (BkF),
Benzo(a)pyrene (BaP), Dibenzo(a,h) anthracene (DbA),
Benzo(ghi)perylene (BghiP), Indeno (1,2,3-c,d)pyrene (IP).
Five point calibration curves for all the target analytes were
obtained by analysis of serial dilution of PAH standard.
Calibration curves were plotted by regression analysis. 1μl of
the extracted sample was injected into GC and the program
was run for 40 minutes. Individual PAH were identified by
comparing their retention time with the standard
chromatogram. Each PAH compound was quantified by
plotting its peak area on the regression curve of standard. The
compounds Phenanthrene and Anthracene, Chrysene and
benzo(A)
anthracene,
Benzo(b)fluranthrene
(BbF),
Benzo(k)fluranthene (BkF), co-elute. Therefpre in the present
study these pair of compounds have been reported as their
sums.
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Quality Control and Assurance
The limits of detection (LOD) for PAHs were determined
through repeated runs (n=6) of respective standard of lowest
concentration. The LOD was based as three times the
observed standard deviation of six replicate analyses of the
lowest standard (Notar and Leskovsek, 2000). PAH
concentrations only above their corresponding LOD are
reported here.

PM10 varied between 20.1 to 3214 ng /m3. On an average,
PAHs accounted for 0.51% of the PM10 mass. The annual as
well as the seasonal mean values of Total PAHs (sum of all
measured PAHs) in this area are much higher than those
reported for Amritsar (154 ng/ m3, Kaur et al., 2013), Agra
(120 ng/m3, Rajput et al., 2010), Delhi (668-672 ng/ m3 ,
Sharma et al., 2007), London (17.23 ng/ m3, Baek et al.,1992;
Brown et al.,1996), Hong Kong (5.30 ng /m3, Chang et al.,
2012) and moderately higher than Giza (1430 ng/ m3, Hassan
and Khoder, 2012).

IV. RESULTS AND DISCUSSION
Mass Concentration of PM10
PM10 were collected from July 2010-December 2012. PM10
mass concentration ranged from 24.1 to 124.0 µg/m3 in
monsoon (geometric mean (GM), 49.8 ± 0.9 µg/ m3), 35.8 to
420.9 µg /m3 in post monsoon (GM, 197.3 ± 1.3 µg/ m3), 18.2
to 599.5 µg/ m3 in summer (GM, 148.0 ± 1.3 µg /m3) and
110.9 to 593.3 µg/ m3 in winter (GM, 281.8 ± 2.1 µg /m3) with
an annual average of 126.5 ± 1.1 µg/ m3. A comparison of the
mass concentrations of PM10 in different seasons is displayed
in Fig. 1. 86% of PM10 samples were found above the
NAAQS standards of 40 µg/ m3. The observations are found
to be consistent with earlier studies reported in India (Sharma
et al., 2007; Mohanraj et al., 2010).

The major PAH compounds in PM10 at the monitoring site
were Benzo(b)fluoranthene, Fluoranthene, Acenaphthylene,
Benzo(a)anthracene, Anthracene, Phenanthrene, Chrysene,
Pyrene and Naphthalene. These are strongly related to
emissions from motor vehicles, coal, wood, bio-mass and
refuse combustion. The composition of PAHs depends on the
combustion temperature. At low to moderate temperature, as
in the wood stove or as from the combustion of coal, low
molecular weight PAH compounds are abundant, whereas, at
higher temperature, such as in the vehicle emissions, the
higher molecular weight PAH compounds are dominant
(Zhang et al.,2004). The sixteen PAHs can be classified
according to their number of aromatic rings: two (Nap), three
(Acy, Ace, Flu, Phen, Anth), four (Pyr, Fla, BaA, Chy), five
(BbF, BkF, BaP) and six (BghiP, DbA and IP). In this study,
on an annual basis three and four ring compounds were
dominant (almost ˃59%) in all seasons, indicating mixed
sources (Fig. 2). The two ring compounds were predominant
in summer while in winter the three ring compounds were
dominant. The dominance of the 2 and 3 ring compounds
suggests that low temperature pyrolysis (combustion) is the
main source of PAHs in the study area. Moreover, the low
molecular weight (2–3 ring) PAHs are dominantly present in
gaseous phase in the atmosphere and during interactions with
aerosols in the atmosphere, considerable fraction of these may
get adsorbed/ absorbed on the particulate matter thus,
resulting in to building up of their higher concentrations. Flu,
Pyr, Chy, BbF, BkF, BaA, BaP, IP and BghiP are the main
combustion derived PAH (COMPAH) (Bourotte et al., 2005).
The sum of these combustion derived PAHs comprised
49.87% of the total PAHs.

Fig. 1- Seasonal variation in mass concentration of PM 10
PAH concentrations in PM10
16 PAH compounds [Napthalene (Nap), Acenapthalene
(Ace), Acynapthalene (Acy), Anthracene (Anth),
Phenanthrene (Phen), Fluorene (Flu), Fluoranthene (Fla),
Pyrene (Pyr), Benzo(a)anthracene (BaA), Chrysene (Chy),
Benzo(b)fluoranthene (BbF), Benzo(k)fluoranthene (BkF),
Benzo(a)pyrene (BaP), Benzo(ghi)pyrelene (BghiP),
Dibenzoanthracec (DbA), Indeno(123-c,d)pyrene (IP)] were
determined in the samples by gas chromatography. Among
these 16 compounds BghiP, DbA and IP were below
detection limit in most of the samples, hence they have been
excluded from further analysis. The geometric mean
concentrations are presented in Table 1. The concentration of
individual compounds varied between 55.2 ng/m3 to 191.4
ng/m3, while summed PAH mass concentration (ƩPAHs) in
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Fig. 2- Abundance of PAH in PM 10 on the basis of
aromatic rings
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Table 1- Seasonal variation of PAHs concentrations
(Geometric Mean in ng/m3)
PAHs

Study Period

Winter

Summer
Mean

Monsoon
Min

Max

Mean

Min

Max

Winter/
Summer
Ratio

415.5

85.0±1.6

30.5

147.6

225.3±1.1

197.5

254.3

0.94

240.7

112.1±1.7

55.7

236.9

82.1±2.1

19.1

173.4

2.30

2.2

119.5

145.3±1.3

112.5

271.6

86.8±2.9

4.7

215.4

12.12

Mean

Min

Max

Mean

Min

Max

Mean

Min

Max

Nap

156.5±1.8

30.5

315.4

284.0±1.0

254.6

315.4

299.5±1.5

90.9

Acy

111.0±2.1

19.1

275.5

234.8±1.1

215.7

275.5

101.9±2.3

43.1

Ace

80.7±3.7

2.2

310.9

224.1±9.7

85.6

310.9

18.5±4.1

Post Monsoon

Flu

97.9±2.5

6.3

296.5

145.8±2.2

22.4

296.5

27.8±4.0

6.3

183.5

82.2±1.8

45.4

271.7

119.5±1.9

21.9

222.6

5.24

Anth+Phe
n
Pyr

173.4±2.4

18.2

706.1

247.1±1.4

118.6

366.8

91.9±2.2

22.1

296.7

230.5±2.5

18.2

706.1

173.8±2.1

37.6

413.1

2.68

142.1±2.0

11.9

516.5

102.3±1.5

50.5

199.7

108.2±3.3

11.9

287.7

234.5±1.4

133.4

516.5

141.5±1.7

61.7

328.8

0.94

Fla

133.0±2.8

4.9

902.4

225.4±1.4

137.8

573.9

72.5±3.7

4.9

315.4

159.1±2.3

56.2

902.4

134.2±2.5

23.5

485.1

3.11

Chy+ BaA

191.4±3.1

5.1

584.7

122.4±4.8

5.1

520.4

284.0±1.2

231.7

348.2

264.4±1.4

130.8

569.5

172.7±3.6

5.2

584.7

0.43

BbF+Bkf

164.7±1.1

54.3

555.1

303.0±1.4

206.9

555.1

146.8±1.6

79.9

305.1

110.4±1.5

54.3

183.3

179.2±1.5

98.7

346.9

2.06

15.9

162.6

88.8±1.4

60.6

162.6

39.4±1.1

89.4

89.4

43.3±1.8

15.9

133.3

52.5±1.5

28.9

101.5

0.99

BaP

55.2±1.8

Ʃ PAHs

1306.3

1978.2

1240.8

1467.3

1367.9

ƩCAN
PAHs
Ʃ
COMPAH
s

411.4

514.3

520.3

418.2

404.5

651.4

762.5

606.4

735.0

665.6

Seasonal Variation of PAH
Relatively higher concentrations of PAHs were found in
winter as compared with other seasons as shown in Table 1.
Source emissions and meteorological conditions as well as
gas particle partitioning may result in winter and summer
difference of PAHs concentrations (Harrison, 2004).
Emissions increased obviously owing to the fossil fuel usage
for space heating which was one reason for the higher
concentrations in winter. The cold start conditions for the
vehicles in winter may also contribute to the higher PAHs
concentrations. Lower temperatures and atmospheric mixing
heights as well as decreased photochemical oxidation
intensity can also explain the higher PAHs concentrations in
winter (Lobscheid, 2007). PAHs belong to the semi-volatile
organic contaminants and occur in both gaseous and
particulate phases in the atmosphere. Low atmospheric
temperature can affect the distribution of PAHs between the
gas and particle phases and result in a relatively larger portion
of PAHs partitioning to the particle phase in winter
(Zonguldak et al., 2007, Akyuz et al., 2008). Conversely, a
higher ambient temperature in summer could change the
distribution of PAHs between the gaseous and particulate
phases by increasing the vapor pressure of pollutants that
adhered to atmospheric aerosols, favoring the volatilization of
PAHs from the particulate to gaseous phase, but it could also
increase the mixing height of the atmosphere resulting in
excellent dilution and dispersion of PAHs and hence reduce
them. Ambient air concentrations of PAHs were
temperature-dependent. In this study, high molecular weight
PAHs had a higher contribution in the summer while low
molecular weight PAHs had a higher contribution in the
winter. For instance, (BbF +BkF) and BaP occupied about
19.8 and 19.0 % of the ΣPAHs in winter and summer
respectively, whereas in monsoon their contribution reduced
to 10.47%. Lower concentrations in the monsoon are
probably due to wash out effects. Higher PAHs
concentrations in winter and lower concentrations in summer
were also widely observed in a previous study on PAH
content in TSPM in Agra (Rajput et al., 2010), Lucknow
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(Pandey et al., 2013) and some Asian cities like Guangzhou
(Harrison et al., 2004), Taichung (Zonguldak et al., 2007).

V. HEALTH RISK ASSESSMENT
Low molecular weight PAHs with two, three and four
aromatic rings produce fewer toxic impacts compared with
the high molecular weight PAHs, which contain five to six
aromatic rings (ATSDR, 1990). The PAHs BaA, BaP, BbF,
BkF, Chy, DbA, and IP have been identified as probable
human carcinogens (USEPA, 1994; IARC, 2006). These
carcinogenic species ranged between 5.1 to 584.7 ng/m3 (GM
101.6 ng/m3) and accounted for 31.49 % of ƩPAHs. The
carcinogenic PAHs also showed seasonal variation with
contributions being 26.0, 41.9, 28.5 and 29.5 % in winter,
summer, monsoon and post monsoon, respectively (Fig. 3).
The concentrations of benzo[a] pyrene, which is often used as
an indicator of PAH and regarded by the World Health
Organisation (WHO) as a good index for PAH
carcinogenicity, were in the range of 15.9 to 162.6 ng/m3. In
principle, the health risk assessment of PAHs can be assessed
based on its BaP equivalent concentration (BaPeq). The
carcinogenic potency of total PAHs can be assessed by the
sum of the BaPeq concentrations of each PAHs. BaPeq
concentration for each PAHs was calculated by multiplying
its concentration with the corresponding toxic equivalent
factor (TEF) which represents the relative carcinogenic
potency of the corresponding PAH suggested by Nisbet and
Lagoy (Hong et al., 2007, Akyuz et al., 2008). The total
BaPeq concentrations were found to be 88.8 ng /m3. The
annual mean BaPeq concentrations at Agra (88.85 ng/m3) are
higher when compared to particulate samples from other
urban atmospheres, Liaoning (40.05 ng/m3, Kong et al.,
2010), Florence (0.916 ng/m3, Lodovici et al., 2003),
Zonguldak (14.1 ng/m3, Akyuz et al., 2009) and Nanjing (7.1
ng/m3, Wang et al.,2006). The observed BaPeq
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concentrations are an alarming signal for pollution risks in
relation to human health.

Fig. 3- Comparative study of Carcinogenic and
combustion derived PAHs

VI. CONCLUSIONS
Sixteen polycyclic aromatic hydrocarbons were identified and
quantified in the PM10 during the period from July 2010 to
December 2012. It was observed that ambient air particle
(PM10)-bound PAHs were higher or comparable with those
of other cities of India and a few overseas countries. Levels of
PM10 and PM10-associated PAHs also showed distinct
seasonal variations with peak levels in winter and post
monsoon, respectively. The concentration of individual
compounds varied between 55.2 to 163.8 ng/m3, while
summed PAH mass concentration (ƩPAHs) in PM10 varied
between 20.1 to 3214 ng /m3. The dominance of three- to
four-aromatic–ring PAHs in the majority of samples indicates
that biomass combustion and vehicle emissions were the
predominant sources. The concentration of total combustion
derived and carcinogenic PAHs bound to ambient air particles
(PM10) of Agra accounted for 52.2% and 35.7% of ƩPAHs,
which comes from combustion sources.
Estimation of health risk associated with exposure to these
compounds was made by using BaPeq than using the simple
concentrations of BaP. The potential BaPeq, based on total
concentration is 88.8 ng/m3 is larger than the limits of 1
ng/m3 set by various legislations.
ACKNOWLEDGEMENT
The authors are grateful to the Director, Dayalbagh
Educational Institute, Dayalbagh, Agra; Head, Department of
Chemistry for facilities provided and Department of Science
and Technology, DST project No.: SR/S4/AS:282/ 07, New
Delhi, for financial assistance. Mr. Jitendra Dubey
acknowledges UGC for Research fellowship for Meritorious
students.

REFERANCE
[1] Akyuz M., Cabuk H., 2008. Particle-associated polycyclic aromatic
hydrocarbons in the atmospheric environment of Zonguldak, Turkey.
Science of the Total Environment. 405, 62–70.

214

[2] Akyuz M., Cabuk H, 2009. Meteorological variations of PM2.5/PM10
concentrations and particle-associated polycyclic aromatic
hydrocarbons in the atmospheric environment of Zonguldak, Turkey,
J. Hazard. Mater. 170 ,13–21.
[3] Agency for Toxic Substances and Disease Registry ,1990. Polynuclear
aromatic hydrocarbon (PAH) toxicity. Case studies in environmental
health medicine #13. United States Department of Health and Human
Services.
[4] Baek S.O., Goldstone M.E., Kirk P.W.W., Lester J.N., Perry R.,
1992. Concentrations of particulate and gaseous polycyclic aromatic
hydrocarbons in London air following a reduction in the lead content
of petrol in the United Kingdom. Science of the Total Environment
111(2-3), 169-199.
[5] Benner B.A., Gordon Jr. G.E., Wise S.A., 1989. Mobile sources of
atmospheric polycyclic aromatic hydrocarbons: a roadway tunnel
study. Environmental Science and Technology 23, 1269– 1278.
[6] Barale R., Giromini L., Ghelardini G., Scapoli C., 1991. Correlations
between 15 PAHs and the mutagenicity of the total PAH fraction in
ambient air particles in La Spezia (Italy). Mutal. Res. 249, 227-241.
[7] Bourotte C., Fortic M.C., Taniguchi S., Bıcego M.C., Lotufo P.A.,
2005. A wintertime study of PAHs in fine and coarse aerosols in Sao
Paulo city, Brazil. Atmospheric Environment 39, 3799–3811.
[8] Brown, J.R., Field R.A., Goldstone M.E., Lester J.N., Perry R., 1996.
Polycyclic aromatic hydrocarbons in central London air during 1991
and 1992. Science of The Total Environment 177( 1–3), 73–84.
[9] Cheng Y, Ho KF, Wu WJ, Ho SSH, Lee SC, Huang Y et al .,2012.
Real-time characterization of particle-bound polycyclic aromatic
hydrocarbons at a heavily trafficked roadside site. Aerosol Air Qual
Res 12:1181–1188.
[10] Chow J., Chen L.A., Ho S.H., Koracin D., Zielinska B., Tang D.,
Perera F., Cao J. and Lee S.C., 2006. Exposure to
PM2.5 and PAHs from the Tong Liang, China Epidemiological Study.
Journal of Environmental Science and Health, Part A:
Toxic/Hazardous Substances and Environmental Engineering 41(4),
517-542.
[11] Cincinelli A., Mandorlo S., Dickhut R.M., Lepri L., 2003. Particulate
organic compounds in the atmosphere surrounding an industrialised
area of Prato (Italy). Atmospheric Environment 37 (22), 3125-3133.
[12] Denissenko M.F., Pao A., Tang M., Pfeifer G.P., 1996. Preferential
formation of benzo[a]pyrene adducts at lung cancer mutational
hotspots in P53. Science 18, 430-432.
[13] Fang G.C. Chang K.F., Bai H.2004. Estimation of PAHs dry
deposition and BaP toxic equivalency factors (TEFs) study at urban,
Industry park and rural sites in central Taiwan Taichung.
Chemosphere 55 (6),787-796.
[14] Finlayson-Pitts B.J., Pitts Jr. J.N., 2000. Chemistry of the Upper and
Lower Atmosphere. Theory, Experiments and Applications.
Academic Press. 969 pp.
[15] Fraser M. P., Cass G. R., Simoneit B. R. T., Rasmussen R. A., 1998.
Air quality model evaluation data for organics: 5. C 6–C22 nonpolar
and semipolar aromatic compounds. Environmental Science and
Technology 32, 1760–1770.
[16] Guo H.L., Lu C.G., Yu Q. and Chen L.M., 2004. Pollution
characteristics of polynuclear aromatic Hydrocarbons on airborne
particulate in Shanghai. Journal of Fudan University (Natural
Science) 43, 1107-1112.
[17] Harrison R.M., Jones A.M., Lawrence R. G., 2004. Major component
composition of PM10 and PM2.5 from roadside and urban background
sites. Atmospheric Environment 38, 4531–4538.
[18] Hassan SK, Khoder MI., 2012. Gas-particle concentration,
distribution, and health risk assessment of polycyclic aromatic
hydrocarbons at a traffic area of Giza, Egypt. Environ Monit Assess
184:3593–3612.
[19] He L.Y., Hu M., Huang X.F., Zhang Y.H., Tang X.Y., 2006. Seasonal
pollution characteristics of organic compounds in atmospheric fine
particles in Beijing. Science of the Total Environment. 359(1-3),
167–176.
[20] Hauser R., Godleski J., Hatch V., Christiani D.C., 2001. Ultrafine
particles in human lung macrophages. Arch. Environ. Health 56,
150-156.
[21] Hong H.S., Yin H.L., Wang X. H., Ye C.X.,2007. Seasonal variation
of PM10-bound PAHs in the atmosphere of Xiamen, China, Atmo
X.H.s. Res. 85, 429–441.
[22] IARC, (International Agency for Research on Cancer)
1983.
Polynuclear Aromatic Compounds. Part 1. Chemicals, Environmental
and Experimental Data. IARC Monographs on the Evaluation of the
Carcinogenic Risk of Chemicals to Humans, vol. 32. WHO,
International Agency for Research on Cancer. 155-161, 225-231.

www.erpublication.org

Identification of Polycyclic Aromatic Hydrocarbons in Atmospheric Particles of PM 10 at Agra, India.

[23] IARC (International Agency for Research on Cancer) 2006. IARC
Monographs on the Evaluation of Carcinogenic Risks to Humans. 88.
Formaldehyde, 2-Butoxyethanol and 1-tert-Butoxypropan-2-ol.
[24] Jenkins B.M., Jones A.D., Turn S.Q., Williams R.B., 1996. Particle
concentrations, gas–particle partitioning and species intercorrelations
for polycyclic aromatic hydrocarbons (PAH) emitted during biomass
burning. Atmospheric Environment 30, 3825– 3835.
[25] Kaur S., Senthilkumar K. ,Verma VK , Kumar B. , Kumar S.,
Katnoria J.K., Sharma CS, 2013. Preliminary Analysis of Polycyclic
Aromatic Hydrocarbons in Air Particles (PM10) in Amritsar, India:
Sources, Apportionment, and Possible Risk Implications to Humans.
Arch Environ Contam Toxicol DOI 10.1007/s00244-013-9912-6.
[26] Kong S., Ding X., Bai Z., Han B., Chen L., Shi J., Zhiyong Li, 2010.
A seasonal study of polycyclic aromatic hydrocarbons in PM 2.5 and
PM2.5–10 in five typical cities of Liaoning Province, China. Journal of
Hazardous Materials 183, 70–80.
[27] Li A., Schoonover T. M., Zou Q., Norlock F., Conroy L. M., Scheff P.
A., Wadden R. A., 2005. Polycyclic aromatic hydrocarbons in
residential air of ten Chicago area homes: Concentrations and
influencing factors. Atmospheric Environment 39, 3491–3501.
[28] Lobscheid A.B., McKone T. E., Vallero D.A., 2007. Exploring
relationships between outdoor air particulate associated polycyclic
aromatic hydrocarbon and PM2.5: a case study of benzo(a)pyrene in
California metropolitan regions. Atmospheric Environment 41,
5659–5672.
[29] Lodovici M., Venturini M., Marini E., Grechib D., Dolara P., 2003.
Polycyclic aromatic hydrocarbons air levels in Florence, Italy, and
their correlation with other air pollutants, Chemosphere 50 , 377–382.
[30] Miguel A.H., Fernandez A.E., Jaques P.A., Froines J.R., Bill L., Grant
P., Mayo R., Sioutas C. 2004. Seasonal variation of the particle size
distribution of polycyclic aromatic hydrocarbons and of major aerosol
species in Claremont California. Atmospheric Environment 38(20),
3241-3251.
[31] Manti J., Chaloulakou A., Samara C., 2005. PM 10-bound polycyclic
aromatic hydrocarbons (PAHs) in the Greater Area of Athens, Greece,
Chemosphere 59, 593–604.
[32] Marino f., Cecinato A., Siskos P., 2000). Nitro- PAH in PM in the
atmosphere of Athenes, Chemosphere 40,533-537.
[33] Mohanraj V.J., Barnes T. J., Clive A. Prestidge C.A. (2010). Silica
nanoparticle coated liposomes: A new type of hybrid nanocapsule for
proteins. International Journal of Pharmaceutics 392 (1–2)15 ,
285–293.
[34] NHAI (National Highway Authority of India), 2007. Data from
Shipping, Ministry of Road Transport and Highways, Delhi to Agra
(KM 108-199.03) at Madhuvan, India, 2007.
[35] Notor M., and Leskovsek Hermina L., 2000. Determination of
polycyclic aromatic hydrocarbons in marine sediments using anew
ASE-SFE extraction technique. Fresnius Journal of Analytical
Chemistry 366, 846-850.
[36] Pandey P., Patel D.K., Khan A.H., Barman S.C., Murthy R.C. and
Kisku G.C., 2013.Temporal distribution of fine particulates (PM 2.5,
PM10), potentially toxic metals, PAHs and Metal-bound carcinogenic
risk in the population of Lucknow City, India. Journal of
Environmental Science and Health, Part A 48, 730–745.
[37] Pope C.A., Burnett R.T., Thun M.I., Calle E E, Krwski D, Ito K,
Thurston G D. 2002. Lung cancer, cardiopulmonary mortality, and
long term exposure to fine particulate air pollution. JAMA, J.Am.
Med. Soc.287,1132-1141.
[38] Rajput N., Lakhani A., (2010) Measurement of polycyclic aromatic
hydrocarbons in an urban atmosphere of Agra, India. Atmosfera
32,165–183.

215

[39] Ravindra K., Sokhi R., Grieken R.V., 2008. Review: atmospheric
polycyclic aromatic hydrocarbons: source attribution, emission
factors and regulation, Atmospheric Environment 42, 2895–2921.
[40] Rogge W. F., Hildemann L. M., Mazurek M. A., Cass G. R., Simoneit
B. R. T., 1993a. Sources of fine organic aerosol. 5. Natural gas home
applications. Environmental Science and Technology 27, 2736–2744.
[41] Rogge W.F., Hildemann L.M., Mazurek M.A., Cass G.R., Simoneit
B.R.T, 1993b. Sources of fine organic aerosol: non-catalyst and
catalyst-equipped automobiles and heavy duty diesel trucks.
Environmental Science and Technology 27, 636–651
[42] RTO, 2008. Road Transport Office, Transport Nagar, Agra, India.
[43] Sharma H, Jain V.K., Khan Z.H., 2007. Characterization and source
identification of polycyclic aromatic hydrocarbons (PAHs) in the
urban environment of Delhi. Chemosphere 66, 302–310.
[44] Sharma H., Jain V. K., Khan Z. H., 2007a. Identification of polycyclic
aromatic hydrocarbons (PAHs) in suspended particulate matter by
synchronous fluorescence spectroscopic technique. Spectrochimica
Acta. A68, 43–49.
[45] Sharma H., Jain V. K. Khan Z. H., 2007b. Characterization and source
identification of polycyclic aromatic hydrocarbons (PAHs) in the
urban environment of Delhi. Chemosphere. 66, 302–310.
[46] Schwartz J., Dockery D. W. and Nea, L. M., 1996. Is daily mortality
associated specifically with fine particles? Journal of the Air and
Waste Management Association, 46, 927.
[47] Schauer J.J., Rogge W.F., Hildemann L.M., Mazurek M.A., Cass
G.R., Simoneit B.R.T., 1996. Source apportionment of airborne
particulate matter using organic compounds as tracers. Atmospheric
Environment 30, 3837– 3855.
[48] Spurný F., Bednář J., Johansson L., Sätherberg A. 1996. Linear
energy transfer spectra of secondary particles in CR-39 track etch
detectors Radiation Measurements 26 (5), 645–649.
[49] USEPA. (1994) U.S. EPA toxicity data analysis software. U.S.
Environmental Protection Agency.
[50] Vasilakos C., Levia N., Maggos T., Hatzianestis J., Michopoulos J.,
Helmis C., 2007. Gas-particle concentration and characterization of
sources of PAHs in the atmosphere of a suburban area in Athens,
Greece. Journal of. Hazardous Materials 140, 45–51.
[51] Van Dingenen R., Raes F., Putaud J.-P., 2004. A European aerosol
phenomenology—1: physical characteristics of particulate matter at
kerbside, urban, rural and background sites in Europe. Atmospheric
Environment 38, 2561–2577.
[52] Wang G.H.,Huang L.M., Zhao X., Niu H.Y., Dai Z.X., 2006.
Aliphatic and polycyclic aromatic hydrocarbons of atmospheric
aerosols in five locations of Nanjing urban area, China, Atmos. Res.
81, 54–66.
[53] Westerdahl, D., Fruin, S., Sax, T., Fine, P. M., and Sioutas, C., 2005.
Mobile platform measurements of ultrafine particles and associated
pollutant concentrations on freeways and residential streets in Los
Angeles. Atmospheric Environment 39, 3597–3610
[54] WHO, 2000. Air quality guidelines for Europe. In: European Series,
second ed. WHO Regional Publications, 91, 32-71.
[55] Yang H.H., Chen C.M., 2004. Emission inventory and sources of
polycyclic aromatic hydrocarbons in the atmosphere at a suburban
area in Taiwan. Chemosphere 56, 879– 887.
[56] Zhang Y., Tao S., 2009. Global atmospheric emission inventory of
polycyclic aromatic hydrocarbons (PAHs) for 2004. Atmos. Environ.
43, 812–819.
[57] Zonguldak Governorship, Environment and Forestry Management,
Environment Situation Report, Zonguldak, 2007.

www.erpublication.org

