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Abstract

Distribution, composition profiles and sources olfygyclic aromatic hydrocarbons (PAHS) were evatdah
roadside soils from Delhi, India. PAH determinativas made by Sonication extraction and chromatdugcap
clean-up with final analysis by high performancgild chromatography with ultraviolet-diode arrayestsor
(HPLC-UV-DAD).The average concentration BPAHs was 6838.6+3528.4 ug kand ranged between
81.6 to 45017.4 pg Kg Seven possible carcinogenic PARE ¢-PAHs) accounted 67.4% to the total PAHS.
Diagnostic ratios of individual PAHs and LMM/s to HMW;paps ratio were calculated and applied to assess
the possible sources of PAHs which, indicates thedpyrogenic activities such as petroleum, bicsreasl
coal combustion are the main contributors. Althqugincentrations of individual PAHs were lower thihae
guideline values but, the concentrations of songé Imnolecular weight PAHs were higher at the locatio

in the vicinity of industrial areas and there islpable some risk to human health.

Keywords: Polycyclic aromatic hydrocarbons (PAHs), HPLC-Wdadside soil, diagnostic ratio, India
1. Introduction

Polycyclic Aromatic Hydrocarbons (PAHS) are a grafppersistent, bio-accumulative and toxic organic
compounds (Blumer, 1976; Hitesal, 1977). They consists at least two benzene @ngshydrophobic in
nature. They are of environmental concern, becthesehave harmful effects on invertebrates and malsim
including humans (Gupta et al., 1993; Szezeklikal, 1994; Ravindraet al, 2001). Some PAHs have
endocrine disrupting properties and some have shiowaffect the immune system (IARC, 1983). The
carcinogenicity  classifications verified by EPACarcinogenicity Risk Assessment Work
Group (USEPA,1994) shows that Benzo(a)athracene Benzo(b)fluoranthene,
Benzo(k)fluoranthene, Benzo(a)pyrene, Chrycene, ibeixo(a,h)anthracene and
Indeno(1,2,3,cd)pyrene are considered to bebghle human carcinogens. Therefore, US EPA
has designated sixteen PAHs as priority environatigrailutants (USEPA, 2002).

They are released to the environment through tweces, the anthropogenic and natural processes(lae
1995). Anthropogenic input was regarded as the maimce for the elevated concentration of PAH$é t
environmental matrix. There are two types of arfibgenic sources of PAHSs: petrogenic and pyrogenic.
Petrogenic sources include crude oil and petrolguoducts. Pyrogenic sources from by the incomplete
combustion of organic matter in industrial openatigarbage incinerators, power plants, vehiclereeggand
forest fires (Baelet al,, 1991).

Due to their hydrophobicity, low water solubiligmd vapor pressures, PAHs tend to accumulate aspe
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for longer period in soil (Wilcke, 2000). Owingtteeir toxicity and widespread distribution arouhd globe,
identification of the sources of PAHs is importarte identification of PAH sources is requisitedgulation

of the input of PAHs to environment. The initiabgtin source identification is differentiation betme
petrogenic and pyrogenic sources, which is reletarthe impacts of PAH accumulation on aquatic and
benthic ecosystems. Petrogenic PAHs may be morigableafor biological uptake than pyrogenic PAHSs,
since it tends to bind more strongly to particulpteticles (Gustafssoat al, 1997). Soils are a major
reservoir and sink for urban pollutants becaus#sofjuantity and holding capacity for organic ptdluts
(Wild and Jones, 1995).

The amount of PAHSs in urban soil and the closipmity of these soils to humans lead to human expos
via ingestion, inhalation or dermal contact (Mielke al., 2001; Abrahams, 2002). Hence, the PAHs
contamination of soils and identification of PAHsusces is essential for their fate and transportha
environment. Therefore, this study was carriedtoutetermine the distribution of PAHs in roadsidéssin
Delhi, India

2. Material and M ethods
2.1 Sudy Area

The study area, National Capital Territory (NCT)Ie(28° 36’ 36" N to 77 13 487E), is the
administrative capital city of India with 16.6 mih populations (Figure 1). Delhi lies in northdrdia
with a total area of 1,483 KmThere was single mode of transport in Delhi2dD2 when first Delhi metro
was started. The number of in use vehicle populagimwth increased from 3.05 million in 2000 to 6.5
million on 30,985 km road length during 2010 (DoBElhi, 2010). There are five power plants (two coal
based and three gas based) for electricity gearatid a number of medium to small-scale industrie
Delhi, which contribute total suspended particutagss concentrations (>500 pg)to the environment in
Delhi (Anejaet al., 2001).

Figure 1: Map showing the study site

2.2 Sample collection

Soil sample was collected from fourteen roadsideamrlocations in Delhi during June 2011. At each
sampling location, approximately 1/2 kg of soil sgenwas collected, and after removing pebbles, wood
sticks and leaves the sample was mixed thoroughiypmogenized, then a part was transferred to aadn
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labelled wide mouth amber glass containéifter collection, samples were transported to theoratory
and kept at 4C until further analysis.

2.3 Chemicals and Solvents

Solvents used included n-hexane, acetone and dich&thane (DCM) (analytical grade, procured from
E-Merck India. Silica gel (100—200 mesh) was ol#difrom Sigma-Aldrich (USA) and was activated & 13
°C for 16 h immediately prior to use. Granular amoys sodium sulfate were cleaned with solvents and
stored in the sealed desiccator. A mixture of 1&®Atandards and individual PAHs were purchased fro
Supelco (Sigma-Aldrich, USA).

2.4 Sample Extraction

The soil samples were extracted following EPA MetB850C-ultrasonic extraction. In brief, 20 g pomtof

soil was extracted with 50 ml mixture of acetonedre (1:1 v/v) for 30 min in ultrasonic bath. After
Sonication the sample was allowed to settle ancesblayer was filtered through a Whatman 41 fifiaper.
The process was repeated for two more times. Theers#oextracts were concentrated to 1-2 ml under
reduced pressure in a 20 water bath using a rotary evaporator (Eyela, ®okgpan).

2.5 Chromatographic Column Clean-up

The concentrated extracts and two 2-ml portionsloéxane from rinsing the sample flask were trarsfieto
top of a chromatography column (30 cm x 10 mm pdgked with 10 g activated silica gel (100—-200mhes
and 1 cm layer of sodium sulphate to separateAtsPraction from other interfering matters. Thikcsi gel
was loaded in n -hexane and capped with a thin lafyabsorbent cotton (extracted with DCM as sas)die
prevent the gel from spilling, and approximatelgrd length of anhydrous sodium sulfate was addetdn
top. The column was sequentially eluted with 30ofnh -hexane and 35 ml of DCM to produce fractions
enriched in aliphatic hydrocarbons and PAHs afflthe rate of~2 ml min*. The elute of the PAHSs fraction
was concentrated to near 1 ml and solvent exchatogadetonitrile. Then the sample was transferoe?l @

ml vial for HPLC analysis.

2.6 Quantification of PAH in sample extracts

Sixteen priority PAHs were selected and they al@abated as naphthalene (Npt), acenapthylene/JAN
acenaphthene (ANe), fluorene (Fle), anthrace@at), phenanthrene (Phe), fluoranthene (Flt),
pyrene (Pyn), benzo(a)anthracene  (BaA), chiysen(Chr), benzo(b)fluoranthene  (Bbf),
benzo(k)fluoranthene (BKf), benzo(a)pyrene (BaPdlibenzo(a,h)anthracene (DBA),
benzo(g,h,i)perylene (BPe) and indeno (1,2,3-pytene (Ipy). The analytical methods were based o
EPA Method 8310. Briefly, PAHs were quantitativelpalysed by HPLC system (Agilent 1100 Series)
equipped with UV Diode Array Detector (DAR=254 nm), quaternary pump and degasser. Extrasttion
with 20 pl sample loop were chromatographed ona2% 4.6 mm, 5 um Supelco$fl LC-PAH analytical
column and Eclipse XDB-C8 (4.6 x 12.5 mm, 5 um) waed as guard column. Acetonitrile and HPLC
grade water was used as mobile phase with gradiede as below:

Time Acetonitrile Water Flow
(%) (%) (ml min™)
0.00 60 40 1.0
15.00 65 35 1.0
20.00 85 15 1.2
25.00 95 5 1.2
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30.00 100 0 1.2
40.00 100 0 1.2
42.00 60 40 1.0

Table 1: Retention times, recovery and detectimitdi for 16 PAHs

Compound No of RT Recovery DL
Ring (min.) (%) (g kg")

Naphthalene (Npt) 2 8.189 81 0.15
Acenaphthylene (ANy) 3 9.485 55 0.32
Acenaphthene (ANe) 3 11.980 79 0.20
Fluorene (Fle) 3 12.584 82 0.32
Phenanthrene (Phe) 3 14.865 86 0.19
Anthracene (Ant) 3 17.525 920 0.18
Fluoranthene (Flt) 4 19.742 89 0.32
Pyrene (Pyr) 4 21.100 80 0.16
Benzo(a)Anthracene (BaA) 4 24.389 88 0.40
Chrysene (Chr) 4 25.266 81 0.16
Benzo(b)Fluoranthene (BbF) 5 27.743 86 0.33
Benzo(k)Fluoranthene (BKF) 5 29.133 94 0.29
Benzo(a)Pyrene (BaP) 5 30.581 92 0.89
Benzo(g,h,i)Perylene (Bpe) 6 32.484 95 0.40
Dibenzo(a,h)Anthracene (DBA) 5 34.087 85 0.35
Indeno(1,2,3-Cd)Pyrene (lpy) 6 35.241 87 0.18

2.7 Analytical Quality Control

The concentrations of target compounds were debtenby external standard method using the peak area
of the samples and the five level calibration cargéthe standards. The peak identification wasluoted

by the accurate retention time of each standamgragedural blank consisting of all chemicals andesas

was run to check for interferences and cross cantion. Appropriate quality assurance quality coht
(QA/QC) analysis was performed, including analysisprocedural blanks (analyte concentrations were
<MDL ‘method detection limit’), random duplicatersples (Standard deviation <10), calibration curves
with ther? value of 0.999. Each sample was analyzed in dafgliand the average was used in calculations.
The limit of detection (LOD) was calculated by nipilfing standard deviation of each PAH congener by
Student'st value (at 99% confidence level). The detectioritSrvere in range of 0.15-0.89 ugg

Recovery study was undertaken by analysis of fedifample. Separate replicates of sample weredpik
with known standard solutions of PAHs, then exedcind analyzed in the same way as the real samples
The percent recoveries were in range of 79% - 94éém for acenapthylene for which a value of 55% wa
obtained. The mean retention times, recoveriesdateiction limits for 16 PAHs achieved in this studg
shown in Table 1.
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3. Resultsand Discussions
3.1 Distribution of PAHSs

The concentrations of 16 individual PAHs, sum of B&Hs (16PAHs) and seven carcinogenic PAHs
(3>.7c-PAHS) in soil samples from different locationsDelhi, India are shown in Table 2 and Table 3¢ Th
concentrations 0§ PAHs, categorized as priority pollutants by US ER#&re in range of 81.9-45017.4 ug
kg, with a mean of 6838.6 g kgEarlier studies reported lower concentration AH® in soils of Delhi
(469443028 pg kg Agarwal, 2009; 4430 pg KgRoy et al, 2008). However, higher concentrations have
been reported for other Indian cities. The obsereséls in roadside soils were lower than Agra,idnd
(12980 pg kg; Masih and Taneja, 2006) and Jalandhar, Indiag268y kg'; Kumar and Kothiyal, 2011).
In this study the higher concentrations)®AHs (>10,000 pg kb were detected in soil samples at DS13
and DS14 (Figure 2). These locations were locaged the vicinity of industrial estates.
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Figure 2:3 PAHs concentrations in roadside soil at differexgtions in Delhi
Table 2: Concentration of PAHs in roadside soiterfrDelhi (ug kd)
Range M Std Err % of
ean
PAHS YPAHS
min max (€3]
Naphthalene <0.15
Acenaphthylene <0.32
Acenaphthene 267.1 504.8 386.0 44.9 0.8
Fluorene 585.0 772.5 678.8 354 14
Phenanthrene 51.1 1099.3 283.0 93.8 4.1
Anthracene 41.1 231.6 98.4 21.7 0.5
Fluoranthene 187.9 5166.3 1110.0 389.8 13.9
Pyrene 170.5 3216.7 938.4 303.2 11.8
Benzo(a)Anthracene* 60.2 3700.0 625.2 296.9 7.8
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Chrysene * 47.6 6466.0 1036.3 553.7 13.0
Benzo(b)Fluoranthene* 52.5 3824.2 646.9 314.0 7.4
Benzo(k)Fluoranthene* 117.0 8761.2 2598.4 925.7 316.
Benzo(a)Pyrene * 107.7 5547.2 1657.8 650.7 10.4
Benzo(g,h,i)Perylene <0.40

Dibenzo(a,h)Anthracene* 399.7 9145.2 2711.5 1147.8 11.3
Indeno(1,2,3-Cd)Pyrene* 107.4 1031.5 569.5 174.7 2 1.
> PAHs 81.9 45017.4 6838.6 3528.4 100
> 7c-PAHs* <2.6 34514.8 4612.5 2723.8 67.4
LMW-PAHs 81.6 2479.9 470.3 190.0 6.9
HMW-PAHs <3.5 42537.5 6368.3 3340.8 93.1

Std Err=SD#/n, Y PAHs=Sum of EPA's 16 PAHSy 7c-PAHs=Sum of 7 possible carcinogenic PAHSs,
LMW-PAHs=} of 2-3 ring PAHs, HMW-PAHSX of >4 ring PAHs

The lower concentrations (<500 ug'§gvere observed in soil samples at DS2, DS6, DS8,MS11 and
DS12 (Table 3). DS5 location was least contaminatgld PAHs, where only Phenanthrene was present
with the concentration of 43.5 ugkgThe concentration df 7c-PAHs accounted for 67.4% BIPAHS in
soils from Delhi. Moreover, BaP, one of the mostemb carcinogenic PAHs varied from 107.7 to 554¥g2
kg™ with a mean of 1657.8 pug kgConcentration of BaP in Delhi urban soil was leigthan those in urban
soil of Beijing, China (5-270 pg Kg Ma et al, 2005) but, lower than roadside soils of ShangBhina
(7050 pg kg; Jianget al., 2009).

The obtained data for PAHs concentrations in saihgles compared with data from literature and found
remarkably varied. The concentrationXfPAHSs in this study was lower than those in soihfrdSA (58680

ng kg, Roggeet al, 1993), Tilahuac and Milpa Alta, Maxico (9130-202ug kg', and 11430-35770 pg
kg™, Rutilio et al, 2011). But PAHs concentration level in Delhi ambsoil was higher than those in urban
soil of Tokushima, Japan (611 pgkgranget al, 2002), Hong Kong, China (21-554 pg'kghunget al.,
2007), Kota Bharu, Malaysia (1450 ug’kdradzilet al, 2008), Sanghai, China (3780 pg*kdianget al,
2009), Valasske, Czeck Republic (860-10840 ug, iRjachaet al, 2009), Miami, Florida (1869 pg Rg
Bangeret al., 2010).

3.2 Source | dentification by Diagnostic Ratios of PAHs

It is essential to identify the origin and potehtiurces of PAHs in the environment to assess the
environmental risk. The anthropogenic release di$8an be attributed to petrogenic and pyrogendgre.

The PAHSs of petrogenic (petroleum derived residoegjns are characterized by the predominance ahd
3-ring or low molecular weight, while PAHs from pgenic (combustion derived) origins are characteriz
with high proportion of above 4-ring or high molémuweight PAHsS. LMW,y are generated at low to
moderate temperatures such as during biomass ctiohute HMWh,s are generated at high temperature
combustion such as vehicle emissions (Mastral aadtki@ 2000); this gives different ratio of LMMY,s to
HMWopaps in soil depending upon the sources. The soil ithDeontained a considerable amount of high
molecular weight PAHs (81-96%) (Table 3) and low\WWhys to HMWpapsratio (<1.0) which indicated the
major input of PAHs are from vehicle emissions (F&g3).
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Figure 3: Ratio of LMW and HMW PAHSs in roadsidelsati different locations in Delhi

Further, diagnostic ratios of selected PAH coneiuins are the most widely used technique to ifieatid
characterize the sources (Yunletral,, 2002; Pie®t al, 2008). In order to identify sources of PAHSs ialli
soil, the isomer ratio of Ant/(Ant+Phe), Flt/(Fltyly, BaA/(BaA+Chr), FIt/Pyr and BaP/(BaP+Chr) were
used to distinguish between petrogenic and pyregemirces (Table 4).

The concentrations of specific PAH compounds,a ogroup of PAHs, have been used to indicate tasvard
the corresponding emission sources, such as Amt, Py Pyr, BaA and Chr for coal combustion;
Ant, Phe, BaP and Bpe for coke productiddhe, Flt and, especially, Pyr for incinerators
Ant, Phe, FIt and Pyr are indicators for baistion of wood; FIt and Pyr for oil burning; FRyr
and, especially, Bpe for petrol powered vehiclédt, Pyr with higher ratio of BbF and Bk
for diesel-fueled vehicles (Duval and Friedlend 1981; Khaliliet al, 1995). These markers
indicate some degree of similarity and overldbetween the profiles from different source
categories.

16



Journal of Environment and Earth Science
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)
Vol 2, No.1, 2012

www.iiste.org

Table 3: Concentration of PAHs (ugkdw) in roadside soils from different locationsDelhi

Range Std
Location ID — — Mean Err LMW (%) HMW (%)
IP Extension DS1 51.1 1206.9 386.6 138.3 282.73}J18. 1263.6 (81.7)
Gokulpuri DS2 86.6 449.3 209.7 40.0 162.9(12.9) 9510(87.1)
Chilla DS3 411 22834 8510 1825 273.7(4.0) 468396.0)
Bhajanpura DS4 53.4 639.1 226.0 455 388.4(19.1) 6453 (80.9)
Rohini-I DS5 <4.8 81.9 43.5 5.0 81.9 (100.0) <3.5
Rohini-II DS6 70.3 404.0 2133 377 92.3(6.2) 180@3.8)
Mayur Vihar Ph-I DS7 452 399.7 159.8 27.8  122.B)8 1315.3(91.5)
Mayur Vihar Ph-II DS8 47.6 1879 109.5 14.9 114.1.7) 540.8 (82.3)
Mayur Vihar Ph-llI DS9 60.2 1070.6 342.7 80.4 48@.3.7) 2255.1 (82.3)
Nand Nagri DS10 62.1 634.0 2381 50.6 190.9 (11.501475.5 (88.5)
Bhalswa DS11 63.0 3724 1981 328 139.1(11.7) 91¢B8.3)
Jahangirpuri DS12 82.8 4170 1969 325 82.8 (7.0) 1098.4 (93.0)
Badli DS13 120.7 9145.2 3462.9 755.0 2479.9(5.5) 42537.5(94.5)
Gazipur DS14 585.06466.0 2863.0 476.4 1684.3(5.9) 26945.3(94.1)

Std Err=SD#in, LMW-PAHs=Y of 2-3 ring PAHs, HMW-PAHSE of >4 ring PAHs

The value of Ant/(Ant+Phe) (<0.1) and FIt/(FIt+PyK0.4) ratio has been used for petrogenic sourees
value of >0.1 an@0.4-0.5, respectively used for pyrogenic sourcesghet al, 2003). The higher ratio
(>0.5) of Flt/(FIt+Pyr) has been used for grassp@and coal combustion sources (Fadtial, 2008).
The ratio of BaA/(BaA+Chr) <0.2 indicates petrogerd.2-0.35 implies petroleum combustion, and >0.35
value shows grass, wood and coal combustion (Yuekat, 2002; Hwanget al, 2003). Leeet al (1982)
reported FIt/Pyr ratio for diesel and gasoline (3Jand wood and coal combustion (1.0-1.4). Khelilal.,
(1995) and Guet al, (2003) indicated that the ratio of BaP/(B&hr) was 0.49 and 0.73 for
gasoline and diesel engines, respectively, whilg-0.24 value (Cheet al, 2005) indicative of grass,
wood and coal combustion (Table 4).

The PAHSs ratio values in our study indicate thatedipyrogenic activities such as petroleum, bionaasb
coal combustion (Table 4) are the main sourceg\bfsRo Delhi soils. This contamination will be angming
issue as PAHSs are persistent and human exposurénahation of particles, dietary intake of contaatid
food products such as vegetables, and direct comtiflc polluted water, soil, sludge and sedimenll wi
continue.
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Table 4: Diagnostic ratios of individual PAH contration for source diagnosis

. . o Present
PAHSs ratios Value of ratios and indicative of Refare
study

<0.1 petrogenic
Ant/(Ant+Phe) . Hwanget al,, 2003 0.11

>0.1 pyrogenic

<0.4 petrogenic Hwanget al, 2003
FIt/(FIt+Pyr) >0.4-0.5 pyrogenic Hwanget al,, 2003 0.54

>0.5 biomass, coal comb. Fadzilet al., 2008

<0.2 petrogenic

Yunker et al, 2002
BaA/(BaA+Chr) 0.2-0.35 Petroleum comb. 0.50
Hwanget al., 2003

>0.35 biomass, coal comb.

<1.0 gasoline, diesel
Flt/Pyr ) Leeet al, 1982 1.37

1.0-1.4 biomass, coal comb.

0.49 gasoline Khalili et al, 1995

BaP/(BaP+Chr) 0.73 diesel Khalili et al, 1995 0.23
0.07-0.24 biomass, coal comb. Chenet al, 2005

3.3 Ecotoxicological Risk Assessments of PAHs

Effects on the organisms are usually considerdaketan early warning indicator of potential humaaltie
impacts. In India, no environmental standards hlagen established for PAHs in soil and sediments.
Therefore, ecotoxicological effects of these palhis in this study area were roughly evaluateddmpyéeng
published guidelines from National OceanographyA&tmdospheric Administration (NOAA) (NOAA, 1999)
and from Canada (CCME, 2002).
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Table 5: Guidelines for individual PAHSs in soil (kg* dw): comparison with this study

Soil guidelines* Present

PAHs

NOAA CCME study
Naphthalene (Npt) 5000 600-22%10 <0.15
Acenaphthylene (ANy) - - <0.32
Acenaphthene (ANe) - - 386
Fluorene (Fle) - - 679
Phenanthrene (Phe) 5000 5 %50 x16 283
Anthracene (Ant) - - 98
Fluoranthene (Flt) - - 1110
Pyrene (Pyr) 10x®0  10x1G-100x1G 938
Benzo(a)anthracene (BaA)* 1000 - 625
Chrysene (Chr)* - 1000-10 xi0 1036
Benzo(b)fluoranthene (BbF)* 1000 1000-10 %10 647
Benzo(k)fluoranthene (BkF)* 1000 1000-10 %10 2598
Benzo(a)pyrene (BaP)* 1000 700 1658
Benzo(ghi)perylene (Bpe) - - <0.40
Dibenzo(a,h) anthracene (DBA)* 1000 1000-10%10 2712
Indene(1,2,3-cd)pyrene (Ipy)* 1000 1000-10 %10 570

*guidelines for residential, park, community andurstrial soil, NOAA-National Oceanic and Atmosphberi
Administration, CCME-Canadian Council of Ministafthe Environment

Table 5 shows the recommended guideline concemtrati these pollutants in soils from environmental
agencies. Concentrations of individual PAHs wenmagarable with guideline values. Low molecular weigh
PAHs were lower than the guideline values and asduno adverse effects to the biota. On the othed,ha
on comparing the individual PAHs concentrationshwidcommended guideline values, the concentrations
of some high molecular weight PAHs were higher,cily Benzo(a)pyrene (BaP) was higher than
guidelines proposed by NOAA and CCME.

4. Conclusions

The study shows moderate to high pollution with RAH soils. The concentrations BPAHS were in the
range of 81.6 - 45017.4 pg kgith a mean of 6838.6+3528.4 pugkgOut of 16 EPA priority PAHs, 13
PAHs were detected in surface soils of Delhi. Higblecular weight PAHs accounted 93% (including
67.4% of) 7c-PAHSs) of the total PAHs. Diagnostic ratio of iwidual PAHs indicates the mixed pyrogenic
activities such as petroleum, biomass and coal astidn sources of PAHs. Concentrations of individua
PAHs were lower than guideline values except soigh molecular weight PAHs, which exceeded the
guidelines at some locations.
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