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ABSTRACT

Polycyclic aromatic hydrocarbons (PAHs) releasedthe environment are petrogenic sources and pyragen
sources. Sixteen PAHs have been listed as pripalyitant by the US Environmental Protection Ageridyis study
deals with the distribution of concentration, pésisources identification and health risk of s&decpriority PAHS

in residential street soils from an industrial citfhe concentrations df PAHs ranged 36 — 898g kg" with an
average value of 315 + 67g kg'. The concentration of studied, probable human icagenic PAHs accounted for
60% ofy PAHs. Benzo(a)pyrene Toxicity Equivalency (BaPfor studied PAHs was estimated and ranged 0.61 —
197 pg BaReq kg'with the mean value of 46.78 + 15.97 ug %@Pkg‘l. The composition profile analysis and
diagnostic molecular ratios of PAHs suggested miggmbgenic sources of PAHs from combustion of eoal
diesel combustions in vehicles and industrial aiigis. Potential risk to contaminated ground waterm leaching
of carcinogenic PAHs and from soil was assessegshynating the Index of Additive Cancer Risk (IA@RJ found
to be less than safe limit. Study concluded thatentrations of selected PAHs were within acceptdibtits of soil
quality guidelines and the study area got clasdifis weakly contaminated.

Keywords: ResidentialSoil, Polycyclic aromatic hydrocarbons, BaP Toxidiquivalency, Diagnostic molecular
ratio, Index of Additive Cancer Risk,

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) also callpdlyaromatic hydrocarbons or polynuclear aromatic
hydrocarbons refer to a group of organic arene camg@s composed of two or more fused aromatic bendags.
There are hundreds of PAH compounds occurring irxremely complex mixture in the environment. 8éext
parent PAH compounds listed by the US EnvironmeRtattection Agency on its priority pollutant listhese
compounds are among those which have been frequesttd for the purposes of environmental quality
assessments. The base structures of the sixteemtpeompounds are composed of 2-6 aromatic ringh wi
molecular weight ranging from 128 Dalton to 278 tObal These include Napthalelene (Npt), Acenaphtig/le
(Any), Fluorene (Fle), Phenanthrene (Phe), Anthrac@nt), Acenaphthene (Ane), Chrysene (Chr), Flaotrene
(FIt), Pyrene (Pyr), Benzo(a)athracene (BaA), Béaynyrene (BaP), Benzo(b)fluoranthene (BbF),
Benzo(k)fluoranthene (BKF), Dibenzo(a,h)anthracen€DBA), Benzo(ghi)perylene (BghiP) and
Indeno(1,2,3,cd)pyrene (Ind) as priority environtatpollutants.

PAHSs are organic compounds with two or more arartadinzene rings, released to the environment priedorty
from petroleum products (petrogenic sources) arttirapogenic activities of incomplete combustion qasses
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involving coal, petroleum products and biomassdpggnic sources) [1]. Polycyclic aromatic hydrocarb(PAHS)
is a matter of concern because of their toxicityl aandency to accumulate in sediments and soilsugtr
bioaccumulation, biomagnifications in the food chi, 3].

Polycyclic aromatic hydrocarbons (PAHs) have loegrmrecognized for potential to cause health effimctiuding
carcinogenic and mutagenic effects in wide varietyorganisms, animal species, including humans Ifigh
molecular weight (HMW) PAHs tend to be more cargeic, but less acutely toxic than low moleculaighe
(LMW) PAHs. The carcinogenicity classificationgerified by US EPA carcinogenicity risk assesatn work
group shows that benzo(a)athracene, benzo(b)fitieeae, benzo(k)fluoranthene, benzo(a)pyrene, seimsy,
dibenzo(a,h)anthracene and indeno(1,2,3,cd)pyeemeconsidered to be probable human carcimofd. The
International Agency for Research on Cancer of Wétealth Organization (IARC/WHO) concluded that BaP
particular is carcinogenic in experimental animetgl most probable carcinogenic in humans (Group IARC)
and is often used as a hazard index for PAH exgoBlr Metabolites of BaP in human and animals rebgit
toxicity through binding with DNA (deoxyribonuclegxcid) which can interfere with or alter DNA regtion, and
may be associated with induced risk of cancerTihE effects of PAHs exposure include alterationl@felopment
and function of immune system; and reduced feytilit offspring during adulthood due to BaP exposdueing
pregnancy [6,7]. Human exposure to PAHs can odawugh inhalation, dermal contact, and ingestiohalation
and skin contact have been proven to be importathiyays for atmospheric PAH to enter the biota.

Due to their characteristic properties of hydroghityp strong affinity to soil colloids, resistancéo
physicochemical degradation and biodegradation, ®Athy persist for longer period in soils [8]. Due its
quantity and holding capacity, soils can act as dim as well as source for these pollutants. Diépas via
atmospheric transport and local anthropogenic ssuace important sources of PAHs in urban soils [9]

Considering their toxic potential, it is essent@lunderstand the health risks from PAHs in sothvgroximity to
humans for effective environmental management. dhwve been several studies worldwide on assessmfient
health risks of human population from PAHs in s{ili8-16]. Few studies have been reported on PAH®Ils from
India [17-25]. Consequently, in this study, distitibn and source identification of selected pripiRAHS in
residential street soils from industrial belt ofaZlabad in Utter Pradesh was carried out.

MATERIALS AND METHODS

Sampling Area and Sampling

Sampling locations were in residential areas of Z&ttmd, India, a part of National Capital RegiorC@) located
near National Capital Territory (NCT), Delhi in wem Uttar Pradesh province of India. This is axgng industrial
city with small scale (~14000 units) to medium dravy industries (145 units). Majority of operatibimdustries
includes electric machinery, chemicals, rubberstta& petroleum, metal products, paper & textilesnufacturing
of transport parts, food products, pharmaceuti@atsbeverages (http://ghaziabad.nic.in/industry)htm

Region experiences a typical hot and humid clindaiéng summers (April to October) and the monsoeessn in
between. Winter season starts in November, peaklamuary and heavy fog often occur. Ambient tentpeza
ranges varies as low as’@ (winters) and up to 4% (summers). The average annual rainfall in tha ise-730
mm.

Street soil samples were collected from fifteenatmms in residential areas of Ghaziabad. From earhpling
location, approximately 500 grams of soil was aziltel in duplicates, materials such as pebblest pdaves and
wood sticks were removed manually and collectets seére mixed thoroughly to ensure the represemtaample
from each location. Then a part of the samples waresferred to clean wide mouth amber glass coetsi Sample
containers with samples were labelled and tranegoite preserved to the laboratory and kept a€ 4until
processing, extraction and analysis.

Solvents, Chemicals and Standards

All solvents (hexane, acetone, dichloromethanegemaind acetonitrile) used in sample processing aralysis
were HPLC grade and procured from Merck India. c8iligel (100-200 mesh) used as absorbent during
chromatographic column clean-up procured from Sigdaich (USA) and activated at 13C for 16 h. Anhydrous
sodium sulphate (Merck, India) was cleaned witlvesols and stored in the sealed desiccator. Individtandard
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solutions of PAHs compounds [phenanthrene (Phdahrarene (Ant), fluoranthene (Flt), pyrene (Pyr)yskne
(Chr), benzo[k]fluoranthene (BkF), Benzo(a)pyrenaRRB benzo[ghi]perylene (BghiP), and indeno[1,2iBgrene
(Ind)] were purchased from Supelco (Sigma-AldrictigA). Standard solutions with suitable concentratiovere
used for instrument calibration and quality conamoblysis.

Sample Extraction and Clean-up

Collected soil samples were air dried in clean emvnent, grinded and passed through 1 mm sievestaned in air
tight glass bottle in refrigerator. For extractiohPAHs, ~20 g of sample was thoroughly mixed watihydrous
sodium sulphate and extracted three times withoaeehexane (1:1 v/v) mixture in ultrasonic bathteAfxtraction
the sample was allowed to settle and solvent lewer filtered through Whatman 41 filter paper andcamtrated to
2 ml under reduced pressure in a water batlCAfsing a rotary evaporator (Eyela, Tokyo, Japan).

Cleanup of sample extracts for the separation afyées from interfering compounds, methods aftemgvat al.
[26] were followed. Cleanup was carried out usinglass chromatography column (25 cm x 10 mm) paekéd
10 g activated silica gel (100-200 mesh) and 1 ayerl of anhydrous sodium sulphate. The concentretedcts
and two 2-ml portions of hexane from rinsing thenpke flask were transferred on top of the columre €blumn
was first eluted with 30 ml of hexane containingplatic hydrocarbons and discarded. Finally, eluticas made
with 35 ml of dichloromethane at the flow rate~df ml min®; this fraction was retained and concentrated &r fie
ml with rotary evaporator. An additional 20 ml hagawas added to the concentrated extracts and etefdao
remove traces of dichloromethane. Final volume sahgent exchanged to acetonitrile for PAH analysisiPLC.

PAHs Analysis and Analytical Quality Control

PAH compounds were analyzed using HPLC (AgilentOL8&ries) equipped with autosampler and diode array
detector (DAD,A=254 nm), quaternary pump and degasser. 20 ul saexttact was injected for separation of
compounds by LC-PAH Supelco$fl (25cm x 4.6 mm, 5 um film) analytical column andifise XDB-C8 (4.6 x
12.5 mm, 5 pm) as guard column. Mixture of Acetdlisitand water was used as mobile phase with liflear of
60% acetonitrile and 40% water @1.0 ml/min to 1088étonitrile in 42 min. Details of mobile phasegraam has
been given elsewhere [22].

Quality assurance/ quality control (QA/QC) analysisre done with procedural blanks, duplicate samfige -
level calibration curves{, 0.999) and matrix spiked recovery. The instrunvems calibrated, before every batch of
sample analysis. Calibration was verification wd§%. Analysis of samples was carried out in dupdiGnd the
average of two analyses was used in calculatioesed@ion limits (DL) were estimated by processihg eight
aliquots of a spiked sample to produce a detectasponse (s/n >3) and multiplying the standardatiem by 3
(tswaentsvalue for eight replicates at 99% confidence [pv@tatistically calculated detection limits fol BIAHs were
ranged between 0.02-0.51 ng. The matrix spikedvexges for target PAHs were in range of 85% - 92%.

Health Risk Assessment

Ingestion, inhalation and dermal contact are thsmpathways of life-long exposure to contaminawtshumans. In
this study, soil ingestion pathway was considereéxposure route of PAHs for human health risksssaent. The
Benzo(a)pyrene (BaP) toxicity equivalent (TEQ) camtcation was estimated using BaP toxic equivaleators

(TEFs) of individual PAHs [27]. The Bag, is calculated by multiplying the concentrationeaich PAH in the soil
by its BaP toxic equivalent factor (TEFs) using fibiélowing equation:

BaRegq=C x TEF

Where, C is the concentration of individual PAH () and TEF is the corresponding toxic equivalencyda
Similar to BaReg, Benzo(a)pyrene total potency equivalents (B[affE)fwas calculated for assessment of human
health risk from direct contact with PAHs contanméth soil [28]. Index of Additive Cancer Risk (IACRhe
potential threat to potable groundwater qualitynfrizaching of carcinogenic PAH from soil was alssessed [28-

29].

Further, observed PAHs concentrations were compavid soil quality guidelines for the protection of
environment and human health [29-30].
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RESULTS AND DISCUSSION

Concentration of PAHsin Soils

The obtained concentration of PAHSs in soils was@néed in Table 1 and Figure 1 & 2. Total PAHs emtiction
ranged between 36 - 898 pg'kgith the mean value of 315 + 67 pgkghe average concentration of individual
PAHSs, Phe, Ant, Flt, Pyr, Chr, BkF, BaP, BghiP, &nd was 74 + 16 pg K 110 + 13 ug kg, 144 + 18 ug kg,

83 + 10 pg kg, 70 + 16 pg kg, 58 + 8 pg kg, 67 + 15 pg kg, 157 + 22 pg kg, and 69 + 8 pg kg respectively.
The dominant PAHs were Ant, FIt, and BghiP, ancbaoted for 13%, 17% and 19% to total PAHs concéintra

Table 1. Concentrations of 9 priority PAHSs in soilsfrom Ghaziabad, India

Concentration (ug kg™

Name of PAHs Range Mean SD SE

%

Phenanthrene (Pt BDL - 19€ 74 62 16 9
Anthracene (Ant) BDL - 156 110 51 13 13
Fluoranthene (FIt) BDL -220 144 72 18 17
Pyrene (Pyi BDL - 112 83 40 1C 1¢C
Chrysene (Chr) 8.2-198 70 62 16 8
Benzo(k)Fluoranthene (BkF) BDL - 78 58 32 8 7
Benzo(a)Pyrene (Ba BDL - 192 67 58 15 8

Benzo(g,h,i)Perylene (BghiP) BDL - 318 157 84 22 19
Indeno(1,2,3-Cd)Pyrene (Ind) BDL - 90 69 30 8 8

S PAHs 36 - 898 315 258 67 100
ZPAHcarcinoge 20-694 188 208 54 60
PAH ww 20-472 104 136 35 33
PAHuww BDL -248 238 87 23 76
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Figure 1: Concentration of YPAHSs (ug kg") and Y TEQ (ug kg?) in soils at different locations

The observed concentrations of PAHSs in the presemty were compared with the recent measuremerdthat
soils around the world including India (Table 2heTaverage concentration of PAHs observed in Ghadiatreet
soils is comparable with the other cities includitarba (385+118 pg kb [24] and Gwalior (481 + 92 pg Ky
[25] in India, Bincheng, China (360 pg Kg[16]. However, higher concentration of PAHs inlsdave been
reported for major cities such as Agra (6440-1280kg") [20], Delhi (1551-11460 pg Ky [21] & (6839+3528
ng kg') [22], Jalandhar (4040 pg Kp[19] and Kurukshetra (632 + 45 ugRg[23] in India. The observed
concentrations of PAHs in soils from Ghaziabad wengch lower than those reported from Shenyang, &£hin
(1510+1640 pg Kg) [15], Anhui, China (840 pg Kg [12], Liaoning, China (1118 pg Ky[31], NE China (675 pg
kg™') [14], Northern China (1041 pg Ry[32], Zhanjiang, China (553 pg ®p[33], Florida, USA (771 pg kb
[34], Arizona, USA (523+1886 g Ky [35], Esbjerg, Denmark (2500 ugRg36], Gipuzkoa, Spain (18450 pg kg
% [37], Addis Ababa, Ethiopia (800 pg Kp[38] and South Africa (9730-61240 pgRg[39]. Saba et al. [40]
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reported very high concentration of PAHs in urbailssfrom Rawalpindi, Pakistan (3672 + 592 mg’kg
Compared with these areas, Ghaziabad has a trapicelte under strong influence of sunshine andfadlievery
year, which made soil PAHs decrease by evaporatigirunoff.
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Figure 2: Box and Whisker Plot for concentration ofselected PAHs
Table 2. A global comparison of PAHs in soils witlthis study
) YPAHSs (ng kg?)
Country/City No of PAHs Range Average Reference
India
Agra 16 - 6440 - 12500 [20]
Delhi 16 - 1551 - 11460 [21]
Delhi 16 82 - 45017 6839 + 3528 [22]
Ghaziabad 9 36 - 898 315+ 67 Present study
Gwalior 16 76 - 1391 481 + 92 [24]
Jalandhar 16 8 - 28400 4040 [51]
Kurukshetra 16 19 — 2538 632 £45 [23]
Korba 16 7.3-2151 385+ 118 [25]
Other countries
Anhui, China 16 130 - 3540 840 [12]
Florida, US#£ 14 83- 2371 731 [34]
Northern China 16 323 -23245 1041 [32]
Arizona, USA 16 67 -10117 523 + 1886 [35]
Esbjerg, Denmai 6 240- 760( 250( [36]
Gipuzkoa, Spain 10 200 - 136260 18450 [37]
NE China 16 293-1736 675 [14]
Zhanjiang, Chin 16 9.5-661¢ 55z [33]
Rawalpindi, Pakistan 16 2700 — 4443* 3672 + 592* 0][4
Ethiopia 20 186 - 3150 800 [38]
Bincheng, China 16 181 - 2176 360 [16]
Shenyang, China 16 90 - 8350 1510 + 1640 [15]
Liaoning, China 16 5-5642 1118 [31]
South Africa 16 9730 - 61240 - [39]

*concentration in mg/kg

Toxic Fraction of PAHs and BaP Toxic Equivalency (BaPrgo)

The concentration of probable human carcinogenitl® & PAHqarcinoge) iN Studied soils ranged between 20-472 pg
kg™ with an average of 104+35 ugkand accounted for 33% of total PAHs (Table 1). Am¢he priority PAHSs,
BaP has been considered as the potential refetsn@éorld Health Organization (WHO) for other PAHKxicity.
Therefore, BaP often used as a general indicat®¥Adis contamination. The average concentrationa® B this
study was 67 +15 ug Kgrange, BDL - 192 pg kb and accounted for 8% to total PAHSs.
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Table 3. BaP Toxicity Equivalency (BaRgqg) of 9 priority PAHSs in studied soils

BaP Toxicity Equivalency g kg™

Name of PAHS Range Mean SD SE

%

Phenanthrene BDL-0.10 0.04 0.03 0.01 0.04
Anthracen BDL -0.0¢  0.0¢ 0.0: 0.01 0.0€
Fluoranthene BDL-11 7.20 3.58 0.92 7.46
Pyrene BDL-0.11 0.08 0.04 0.01 0.09
Chrysen 0.25-5.9¢ 2.0¢ 1.8¢ 0.4t 2.1€
Benzo(k)fluoranthene BDL-3.90 2.90 1.59 0.41 3.00
Benzo(a)pyrene BDL-192 74.15 57.8 149 76.82

Benzo(g,h,i)peryler BDL -6.3¢  3.1f 1.67 0.4: 3.2¢
Indeno(1,2,3-Cd)pyrene  BDL-9.00 6.87 2.98 0.77 117.

> PAHs 0.61 - 197 46.78 61.81 15.97 100.00
> PAHcarcinoge: 0.60 - 193 4480 59.66 1542 95.77
PAH mw BDL-0.12 0.05 0.04 0.01 0.11
PAHumw 0.60 - 197 46.74 61.80 15.97 99.92
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Figure 3: Box and Whisker Plot for BaP Toxicity Equivelent (BaPreq) of selected PAHs

Table 4. Diagnostic ratios and possible sources BAHSs in this study

PAHs ratios This study

_Diagnostic ratio & indicative of possible sources

Ratic Possible Sourc Referenc
0.13-1.90 <1 Pyrolytic [8]
PAH /P A (0.56) >1  Petrogenic [8]
<10 Pyrogenic [49]
Phe/Ant 05(8 581)'33 >10 Petrogenic [49]
) 2-8  Vehicle emissio [43]
: 0.21-1.89 <0.6 Non-traffic sources [26]
BaP/BghiP (0.78) >0.6 Vehicle emission [26]
<1.0 Gasoline, diesel engine [45]
<0.4 Petrogenic [46]
FIt/(FIt+Pyr) 0% g:g'% >0.4 Gasoline, diesel engine [48]
' 1.0-1.4 Coal combustion [45]
0.3-0.7 Diesel engine [44]
0.07-0.24Coal combustion [42]
0.27-0.89 0.49 Gasoline [43]
BaP/(BaP+Chr) (0.59) 0.73 Diesel engine [43]
0.3-0.7 Diesel engine [44]

*Average in parenthesis
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BaP has sufficient toxicological data for the reygrgtation of relative carcinogenic potential to tiest of the
priority PAHs. Therefore, for conservative purpoB@P toxic equivalent factors (TEFs) for other gtioPAHs
were derived and used for quantification of the ceamnrisk in terms of benzo(a)pyrene toxicity eqlevay
(BaPRreg). BaRgo for this study was estimated and presented ineT8band Figure 3. EstimatédBaPrgq for 9
PAHSs ranged between 0.61-197 pg Bafkg”, with the mean value of 46.78+15.97 ug BaPkg". BaRgo for
Y PAH arcinogen fanged between 0.60 — 193 ug BaPkg® with the mean of 44.80+15.42 ug Bap kg' and
accounted for 95.77% tp BaReo. In this study, HMW PAHs were the major contritnsteand LMW PAH
compounds contributed negligible towards total icexgenic potency of PAHs. BaP was the dominantrimitors
and accounted for 76.82% to total Ba§

Possible Source I dentification of PAHS

Compositional Analysis of PAHs

The studied priority PAHs can be classified in fbiwmolog groups, according to their number of artienangs as
3- rings (Phe and Ant), 4- rings (FlIt, Pyr, and I rings (BKF and BaP) and 6- rings (BghiP and)! The
average concentration of PAHs homolog group was [164kg", 130 pg kg, 105 pug kg and 69 pg kg,
respectively for 3-ring, 4-ring, 5-ring and 6-riRg\Hs. Their contribution was accounted for 25.5%9%6, 25.8%
and 16.8%, respectively to total PAHs. The distitou pattern of group homolog of PAHs with diffetearomatic
rings at different sampling locations is shown igufe 4. The homolog distribution pattern in theaawas in order
of 4-ring > 5-ring > 3-ring > 6-ring PAHs. The olpged pattern at different sampling locations wae do
contamination with different group of PAHs. Thiariation in distribution pattern may have been ¢menixed
sources of PAHs from various sources.
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Figure 4: Percent contribution of different PAHs hamolog (3- to 6-ring) in soils at different locatiors

PAHs have been classified with respect to molecwieights as low molecular weight PAHs (PAW) with <4
aromatic rings and high molecular weight PAHs (Rg) with >4 aromatic rings. Different PAHs sources release
to the environment such as petrogenic or pyrogerigins of PAHs widely used to identify through tlesels of
PAH_ ww and PAHww in the environment. Petrogenic sources are doethby PAHww, while pyrogenic sources
are characterized with HMy). Thus, the ratios of PARw to PAH W in the environment can be used as tool to
identify the origin of PAH sources. Pyrolytic soescindicates the ratio of <1, while the petrogesrigins show
ratio of >1 [8,41]. In this study, PARw / PAHuw ratio ranged between 0.13 — 1.90 and average 8és I this
study, the average concentration of R and PAHww was 10435 pg kgt and 238+23 pg Ky respectively.
So, low fraction of PAluw (33%) and high fraction of PAl#hw (76%), and consequently low ratio of PAR to
PAH.uw (<1.0), indicating pyrogenic origin of PAHs in Giiabad city. The PAHuw are usually associated with
coal fired industries, heavy oil combustion, cokemand heavy-duty motor vehicle engines [42,48¢hSactivities
are dominant in the study area.
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Diagnostic molecular Ratios of PAHs

Furthermore, the characteristic diagnostic molecrdtios of selected PAHs have been widely usedeatify the
sources of PAHSs in the environment [44]. We haVeuated the diagnostic ratios of the selected PAdisthis
study and presented in Table 4. The moleculargatfd®AHs used to identify the possible sourceBAfls in this
study area were Phe/Ant, BaP/(BaP+BhgiP), Flit/(®t} and BaP/(BaP+Chr). These, selected ratios baes
used for characterization of various possible sesirof PAHs from petrogenic and pyrogenic originegei
combustion, gasoline, vehicle emission, non-velaclé coal combustion emissions) [42-49].

The calculated ratios of Phe/Ant, BaP/(BaP+BhgmY(FIt+Pyr) and BaP/(BaP+Chr) ranged 0.55 — 1321-
1.89, 0.61-0.66 and 0.27-0.89, respectively. Aswshin Table 4, the Phe/Ant ratio (0.88) indicatgsogenic
source through anthropogenic activities. BaP/(BaiyiB) ratios (0.78) suggested vehicular emissidhs.ratios of
FlIt/(FIlt+Pyr) (0.63) indicating different combusticsources of PAHS, particularly from coal combustidiesel
combustion and gasoline. Ratios of BaP/(BaP+Chrp9)0shows sources of PAHs from gasoline and diesel
combustion. Therefore, these observed ratios stiggesgenic sources of PAHs from combustion of ceahicular
emissions and diesel combustions in vehicles ashaisimial activities.

Health Risk of PAHs
The benzo(a)pyrene total potency equivalent (BaB)T®the sum of estimated cancer potency relatv@aP for
all carcinogenic PAHs [28]. The Canadian governnteag stipulated human health-based soil qualitgdejiries
(SQGyh) for PAHSs based on incremental lifetime cancek (lECR) through direct soil exposure as 1 in 1,000
(10° and ILCR of 1 in 100,000 (19 as 0.6 mg kg and 5.3 mg kg, respectively [29].The estimated BaP TPE in
this study ranged between 2.05t®.3x10" mg kg* with the mean value of 6.7xFéng kg*, which was lower than
guideline values.

Table 5: Health hazard in terms of B(a)P TPE (mg/kyand IACR

Parameters ___Range _ Mean SD SE
Minimum  Maximum

B(a)P TPE 2.0x16  2.3x10' 6.7x10° 8.3x10° 2.2x10°

IACR 0.01 1.27 0.39 0.44 0.11

"B(a)P TPE-Banzo(a)pyrene total potency equivalY@R-Index of additive cancer risk

Potential risk to contaminated ground water fromcheng of carcinogenic PAHs was assessed by estigntite
Index of Additive Cancer Risk (IACR) [28]. The lexi of Additive Cancer Risk (IACR) is potential thteto
potable groundwater water quality from leachingcafcinogenic PAH mixtures from soil. The IACR idadated
following the Canadian soil quality guidelines ftine protection of environmental and human healthe T
recommended safe guideline level of IACRIs for the protection of potable water (SR [28]. The estimated
IACR ranged from 0.01-1.27 with the mean of 0.3%] &vas much lower than safe guideline level. Thenesed
BaP TPE and IACR were presented in Table 5 and shioWwigure 5.

Furthermore, environmental health risk assessmastoarried out with consideration of non-carcinegeifects of
PAHs on human and ecological functioning of soilcrmorganisms. For this purpose, established sailitgu
guidelines from National Oceanography and Atmosphadministration (NOAA) of USA [30] and Canadian
government [28] were applied for the assessmeetofoxicological health effect of PAHs (Table 6 ONA and
Canada recommended environmental soil quality diniele (SQGs) for individual PAHs in the ranges &07-
10,000 pg kg. The levels of PAHs concentrations observed frdiis tstudy were much lower than the
recommended guidelines and indicated no envirormhemtalth risk and adverse effects on the soil abiot
Maliszewska-Kordibach [50] classified the soils tire basis of contamination with PAHs. On the basis
concentration ofy PAHs, soils were divided into four categories; wonhtaminated (with PAHs <200 pg Ky
weakly contaminated (with PAHs 200 — 600 pg‘kgcontaminated (with PAHs 600 — 1000 ugkagnd heavily
contaminated (with PAHs >1000 ug Ky Therefore, soils from Ghaziabad streets cacategorised as weakly
contaminated with PAHs (315 pg Ry

Therefore, this study may be concluded that comatohs of selected PAHs and their health risk wetthin
acceptable limits, those stipulated by regulatgsreies [28, 30].
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Figure 5: BaP TPE (mg kg') and IACR in soils at different locations

CONCLUSION

This study concluded that Korba soils are weaklgptaminated with selected priority PAHs. Contamioatis
dominated by high molecular weight PAHsi{ring PAHS). Analysis of composition profiles anwblecular ratios

of PAHs suggested the possible sources of PAHsinatied from mixed pyrogenic activities such as coal
combustion, vehicular emissions from diesel conibost Estimated human and environmental health wiak
lower than acceptable levels for human health awit@nmental quality.
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