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ABSTRACT

This study deals with distribution and identificatiof possible sources of polycyclic aromatic hgdrbons (PAHS)
and polychlorinated biphenyls (PCBs) in urban raddssoils of Kurukshetra, a developing city in Hamg, India.
The concentration of 16PAHs and 28PCBswas ranged between 16.1-2538.0 pg &gd 3.33-34.81 pg Kg The
average concentration of total PAHSs, total possiblcinogenic PAHs, total PCBs and dioxin-like PCBas
631.6+44.5 ug kg, 568.8438.8 pg kg, 11.57+2.00 ug k§ and 2.8540.34 pug K respectively. Carcinogenic
fractions of PAHs and PCBs accounted for 90.1% 34®&% to the total PAHs and PCBs, respectively gDastic
ratios of individual PAHs and higher fraction ofghi molecular weight PAHs indicate the pyrogenidwtits such
as motor vehicles, biomass and coal combustion @srnsources of PAHs. Group homolog pattern shaues t
lower chlorinated PCBs were higher in concentraidihan high chlorinated PCBs. Combustion of mixguoé
waste,containing paper, cartons, plastics and painted dijomay be the possible sources of dioxin like-PCBs.
Concentrations of PAHs and PCBs observed in thidysivere compared with available soil quality guiickes,
which were lower than the guideline values, andigsed soils may be categorised in non contaminstéd.

Keywords: Polycyclic Aromatic Hydrocarbons (PAHSs), Polychlmated Biphenyls (PCBs), Urban Soil, Soil Quality
Guidelines

INTRODUCTION

Polycyclic Aromatic Hydrocarbons (PAHs) and polyafitated biphenyls (PCBs) are two groups of toxiganic
compounds [1]ubiquitously present in every compartment of theiremment including soils, sediments, plants,
animals, and human beings [2]. These groups ofpooimds are environmental and human health conberause
of their harmful effects on invertebrates and matsnrecluding humans through toxicological healtdkd such as
carcinogenic, neurological and hormone disruptmaxposed population [3Therefore, PAHs and PCBs have been
designated as priority pollutant [4-5].

PAHs get released to the environment through, ahtprocesses and anthropogenic activities (pyragemnid
petrogenic). Anthropogenic sources includes, petnol products and sources of the incomplete condusif
organic matter in industrial operations, garbaggnierators, power plants, vehicle engines, househaod fires
and forest fires [6]. PCBs were primary used imsfarmers and capacitors (dielectric and coolandil), lubricants,
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flame retardants, paint additives, in carbonlegs/qaper and in plastics etc. [7]. Though the potida or usage of
PCBs has either been banned or restricted in maagtges; still these are continuously found in iemvmental
samples from around the world [8].

PAHs and PCBs are characterized by low vapour presslow water solubility, hydrophobicity, anddjghilicity.
These compounds have the ability to accumulateilnsediments, biota, humans and food webs, pasiggficant
health threats to humans, animals and the envirohfi®. PAHs and PCBs tend to accumulate and rerf@in
longer period in soil [10]. Because these compourale tendency to bind more strongly to those gagiwhich
settle in soil and sediments [11], and serve agjamsink and re-emission sources for urban palfufiL2]. In urban
environment, cumulative effects of atmospheric d&mmns and local sources are the important sowt@AHs and
PCBs [13]. Therefore, comparatively higher concatidns of these pollutants have been reported arusoils
compared with sub-urban or rural soils [14-15].

The amount of PAHs and PCBs in urban soil and tbeecproximity of these soils to humans lead to &aom
exposure through ingestion, inhalation and derroatact. Assessment of contamination levels of PAkRd PCBs

in urban soils could be useful to planners, politgkers, and environmentalists to determine the eiglosure to

residential inhabitants and terrestrial life [L8herefore, assessment of contamination levels dfi$and PCBs in
soils and identification of their sources is essgrior their fate and transport in the environmeértis study was

undertaken to determine the distribution of PAHd BREBs in roadside soils in a developing town ofyidaa, India.

This study may provide a baseline data during coisga of concentration of organic pollutants inui in the

environment of developed metropolitan cities.

MATERIALS AND METHODS

Study Area

Kurukshetra town is situated in the Thanesar suisidin of the Kurukshetra district in Haryana stafendia. It
covers approximately 120 Knarea in the district Kurukshetra and lies betwgengraphical coordinates of 29° 57
57" N longitude and 76° 50’ 13" E latitude, abo@0lkm north of New Delhi, the capital of India. Kikshetra is a
land of historical and religious importance. Thermage texture of the soil is generally alluvialin@te is very hot
in summer (up to 47 °C) and cold in winter (downlt8C) with rains during July to August. Designateda has
been developed for promotion of small scale indalstinits. Agriculture is the main source of livediod for
majority of its population and Kurukshetra is cdlkes ‘Rice bowl of Indiawhere Basmati rice is the major cultivar,
and other cultivated crops are wheat, rice, sugeread vegetables especially potato.

Sample collection

Thirteen sampling locations were selected near dchmspital, residential, tourist place, universiampus and
busy traffic intersection areas in Kurukshetra. glamg was conducted during July 2012. Approximately kg of
soil sample was collected in triplicate from eamtation, unwanted materials such as pebbles, l[dants and wood
sticks were removed manually and all three partsodé were mixed thoroughly to ensure represeraample of
each location. An aliquot was transferred to claad labelled aluminum foil lined bags. After cotiea, samples
were transported to the laboratory and kept“a 4ntil further extraction and cleanup.

Chemicals and Solvents

HPLC grade solvents (hexane, acetone and dichldh@me) and anhydrous sodium sulphate were prodtoedE-

Merck India. Silica gel (100—200 mesh) was obtaifreth Sigma-Aldrich (USA) and was activated at £@0for 16

h prior to use. Anhydrous sodium sulfate was cldamith solvents and stored in the sealed desicc8umutions 16
PAHSs standards mixture and individual PAHs werechased from Supelco (Sigma-Aldrich, USA). IndivilB&EB

congener standards were purchased from Dr. Enméais{GmbH, Germany). After serial dilutions of tendards;
and mixing at appropriate proportions, working stals mixture solution was used for instrumentbcation and
other quality control exercises.

Sample Extraction and Clean-up

The soil samples were extracted following USEPA el (ultrasonic extraction). In brief, 20 g pontiof soil was
mixed with anhydrous sodium sulphate to get fresvilhg mixture and extracted with 50 ml mixture afetone-
hexane (1:1 v/v) for 30 min in ultrasonic bath. @eppowder was added during extraction to remoeenehtal
sulfur. After extraction samples were allowed tttleeand solvent layer was filtered through a Whatrd 1 filter

1907
Scholars Research Library



BhupanderKumar et al Arch. Appl. Sci. Res., 2012, 4 (4):1906-1914

paper. The process was repeated for two more tifrtes solvent extracts were concentrated to 2 meuneldduced
pressure in a 48C water bath using a rotary vacuum evaporator ¢Ey#pan)An additional 20 ml hexane was
added to the concentrated extracts and evapomateadlume of 1ml.

Chromatographic column clean up of the sample etdravas carried out using the methods [17] meantHe
separation of PAHs and organochlorines from intarée compounds. The concentrated extracts and twad 2
portions of n-hexane were transferred by rinsireggample flask to top of the chromatography glaksmo (30 cm
x 10 mm) packed with 10 g activated silica gel @2W0 mesh) and 1 cm layer of anhydrous sodium atdpto
separate the PAHs from other interfering compouiitie silica gel was loaded in hexane and cappel avithin
layer of cotton (extracted with DCM as samplespitevent the gel from spilling, and approximatelgrit length of
anhydrous sodium sulfate was added in the top.cbhemn was sequentially eluted with 30 ml of n 4wex and 35
ml of dichloromethane at the flow rate 2 ml min’. Hexane fraction containing aliphatic hydrocarbeves
discarded and dichloromethane fraction containiddd® and PCBs was retained and concentrated to heak.
Final volume was adjusted to 2 ml and divided imto fractions of 1 ml each. One fraction was sotvexchanged
to acetonitrile for PAH analysis by HPLC and anotfraction was exchanged to hexane for PCB analygigas
chromatograph with electron capture detector (GOEC

I nstrumental Quantification in sample extracts

Sixteen priority PAHs were analysed following thEEEPA Methods. Briefly, PAHs were quantitatively bsad by
HPLC system (Agilent 1100 Series) equipped withd@id\rray Detector (DADA=254 nm), quaternary pump and
degasser. Extract injections with 20 pl sample lnepe chromatographed on a 25cm x 4.6 mm, 5 ume(Sosi™
LC-PAH) analytical column and Eclipse XDB-C8 (4.612.5 mm, 5 um) used as guard column. Gradientegrad
acetonitrile and HPLC water were used as mobiles@heth initial ratio of acetonitrile (60%) and wat(40%) to
finally acetonitrile (100%) at linear flow @1.0 min in 42 min.

Polychlorinated biphenyl$PCBg congeners were separated and quantified usinglyasnatograph (Shimadzu
SPD 2010, Japan) equipped with autosampler anélactron Capture Detector (ECI3Ni), on fused silica
capillary column (HP-5MS, Agilent) 60 m x 0.25 mm®&25 um film. The column oven temperature was
maintained at 176C for 1 min, and increased @@ min® to 270°C and held for 1 min; the temperature was again
increased @ 16C min™* to 290°C and finally holds for 3 min. The injector and elgbr temperatures were
maintained at 228C and 300C, respectively. Purified analytical grade nitrogms was used as carrier at the flow
rate of 1.0 ml. mif.

Analytical Quality Control

The concentrations of target compounds were deteanby external standard method using the peak afréze

samples and the five level calibration curves efd$tandards. The peak identification was condugyecbmparison
with the accurate retention time of each standArdrocedural blank consisting of all chemicals aatvents was
run to check for interferences and cross contaminafAppropriate quality assurance and quality canfQA/QC)

exercises were performed, with procedural blanksdom duplicate samples (Standard deviation <XHihration

curves with the? value of 0.999.

The instrument detection limits were calculatedubiyng signal to noise ratio 3:1 for a valid quaatfe peak. Each
sample was analysed in duplicate and the averageused in calculations. Method detection limits evestablished
by processing eight aliquots of a spiked samplgrmduce a detectable response (s/n >3) and mutgplshe
standard deviation by 3s(lienis@approximate value for eight replicates). The linfidetection (LOD) was calculated
by multiplying standard deviation of each PAH ar@dBPcongener by Studenttsvalue (at 99% confidence level).
Statistically calculated value (MDL) for all PCBrugeners (0.01ngj and PAHSs (1.0 pg ki was used during data
interpretation. Recovery of analytes was estabiighe matrix spiked analysis and recovery was +2B%sther, it
may be noted that our laboratory had been particigan proficiency testing (PT) exercises conddcbyy UNEP
and other international agencies and scores obpeance were satisfactory for PAHs and PCBs comgiun
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RESULTS AND DISCUSSION

Polycyclic Aromatic Hydrocarbons (PAHS)
PAHs Concentration in Soils

In this study 16 individual PAHs namely naphthaler{dlpt),
fluorene (Fle), anthracene (Ant), phenanthrgine), fluoran

acenaphthylene (ANy),

thene (FIt), pyrene (Pyr),

acenaphthene (ANe

bgayanthracene

(BaA),

chrysene (Chr), benzo(b)fluoranthene jBbbenzo(k)fluoranthene (BKkf),

benzo(a)pyren®aR),

dibenzo(a,h)anthracene (DBA), benzo(g,h,))peslefBpe) and indeno (1,2,3-c,d) pyrene (Ipy), evanalysed

and quantified.

Table 1: Concentration of PAHSs in urban roadside sits (ug kg?)

Name of PAHs

PAH Concentration

Range Mean Median StdErr %
Naphthalene 43.0-71.1 57.0 57.0 5.3 1.8
Acenaphthylene BDL
Acenaphthene BDL
Fluorene BDL
Phenanthrene 5.6-26.1 14.7 11.3 2.3 8.8
Anthracene BDL
Fluoranthene 60.4-62.3 61.4 61.4 0.4 1.9
Pyrene 48.3-219.7  106.1 50.2 26.3 5.0
Benzo(a)Anthracene 6.5-133.1 35.9 19.0 12.2 4.0
Chrysene 6.9-163.5 36.9 17.7 5.0 4.1
Benzo(b)Fluoranthene 8.3-195.0 44.9 25.8 7.9 5.0
Benzo(k)Fluoranthetr 17.6-100.2 46.¢ 34.¢ 10.z 3.C
Benzo(a)Pyrene 6.8-167.4 43.3 14.1 6.3 4.8
Benzo(g,h,i)Perylene 112.1-1960.8850.5 479.0 61.6 40.4
Dibenzo(a,h)Anthracel  175.(-755.¢ 499..  566.€ 79.2 23.7
Indeno(1,2,3-Cd)Pyrene  24.3-161.7 108.1  138.3 19.66.1
S PAHs 16.1-2538.0 631.6 93.0 445 100
>c-PAHs 6.8-2538.0 568.8 79.2 38.8 90.1
LMW-PAHs 5.6-71.1 31.2 16.5 8.2 3.0
HMW-PAHs 6.8-2538.0 612.9 79.2 46.3 97.0

BDL=Below Detection Limity PAHs=Sum of 16 PAHE,c-PAHs=Sum of probable human carcinogenic PAHs, -RMA¥s=)" <4 ring PAHSs,

HMW-PAHs=" >4 ring PAHs

Table 2: Diagnostic ratios of individual PAH concetration

PAHSs ratios Value of ratios and indicate for Reference This study
<0.4 Petrogenic [20]
FIt/(FIt+Pyr) >0.4-0.5  Pyrogenic [20] 0.56
>0.5 Biomass, Coal [21]
<0.2 Petrogenic [22]
BaA/(BaA+Chr) 0.2-0.35  Petroleum comb. [20] 0.56
>0.35 Biomass, Coal [20]
0.07-0.24 Biomass, Coal [24]
BaP/(BaP+Chr) 0.49 Gasoline [19] 0.56
0.73 Diesel [19] )
<0.6 Non-traffic sources
BaP/Bpe >0.6 Traffic sources (21] 0.80
Ipy/(Ipy+Bpe) <0.2 Petrogenic 120] 0.25

>0.2 - 0.5 Pyrogenic

The concentrations of total PAHs and individual BAH soil samples from different locations in Kushlktra, India
are presented in Table 1. The concentrationsRAHs, were in range of 19.1-2538.0 pg'kevith the mean and
median values of 631.6 pgkand 93.0 ug k§ (+44.5 g kd), respectively. Concentration of benzo(g,h,i)peng
and dibenzo(a,h)anthracene was comparatively highegong all 16 individual PAHs at all the locatioasd
accounted for 40% and 24%, respectively. Conceatraif total probable human carcinogenic PAHs wasged
between 6.8-2538.0 pg kgvith the mean and median concentration of 568.8grgand 79.2 pg kg (+38.8 pg kg
1), respectively. The abundance of carcinogenic Pies more than 90% of the total PAHs. The conegintr of
BaP, the most potent carcinogenic PAH was betwe®to6167.4 pg kg with mean and median of 43.3pg’and
14.1pg kg, respectively. In this study the highest conceiumaof YPAHs (>800 pgkg') was detected in soil
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samples at location 6 followed by location 2 an@Figure 1), these locations were in the busy tedfitersection of
the study area.
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Figure 1: Average concentration of total 16 PAHs irsoils at different locations

Possible Sources of PAHs

Identification of the PAHSs origin sources is esg#drih the environment to assess the environmeigkl PAHs are
released to the environment through anthropogeniivites of petrogenic and pyrogenic origins. Bggnic
(petroleum derived residues) origin PAHs are otterezed by the predominance of 2 and 3 ring or foalecular
weight, while pyrogenic (combustion derived) origiAHs are characterized with higher abundance o¥ekl-ring
or high molecular weight PAHs. LMYy, are generated at low to moderate temperatures asicluring biomass
combustion; the HMW,ys are generated at high temperature combustion asctehicle emissions [18]; which
gives different ratio of LMWuns to HMWp s in soil depending upon the sourc&be LMWpaps to HMWp s ratio

of <1 suggests the pyrolytic source of PAHs, wihiile ratio of >1 indicates petrogenic origin. Thedsd soil in
Kurukshetra contained a comparatively very highcemtration of high molecular weight PAHs (97%) (Teab) and
consequently lower ratio of4oWw.MWpays t0 HMWpans (<1.0) suggesting pyrolytic origin of PAHs. The
concentrations of specific PAH compounds, or a groti PAHs, have been used to identify the corredpan
emission sources, such as Ant, Phe, Flt, Pyr, Basd Chr for coal combustion; Ant, Phe, BaRd Bpe for
coke production; Phe, FIt and, especially, RFgr incinerators. Ant, Phe, Flt and Pyre aindicators for
combustion of wood; FIt and Pyr for oil burningt,APyr and, especially, Bpe for petrol poweredhigles; Flt,
Pyr with higher ratio of BbF and BkF for diefekled vehicles [19]. Further, diagnostic ratifselected PAH
concentrations are the most widely used technigueentify and characterize the sources. The wtielt/(FIt+Pyr)
(<0.4) has been attributed to petrogenic sourced ratio of >0.4-0.5 to pyrogenic sources [20]. The higher ratio
(>0.5) of FIt/(FIt+Pyr) has been attributed to rbss combustion sources [21]. BaA/(BaA+Chr) ratio<0.2
indicates petrogenic, 0.2-0.35 petroleum combustod >0.35 shows biomass combustion [19,20,223liKlet al.,
[19] and Gucet al,, [23] suggested that the ratio of BaP/(BaR}Gvas 0.49 and 0.73 for gasoline and ellies
engines, respectively, while the ratio between @@A indicates the biomass combustion [24]. Raifo
Ipe/(Ipe+Bpe) was also suggested by Hwangal [20] for petrogenic (<0.2) and pyrogenie Q.2-0.5) sources.
Fadzil et al. [21] used BaP/Bpe ratios to distinguish traffi©® @) and non-trafic sources (<0.6) (Table 2). lis th
study the compounds ratio of Flt/(Flt+Pyr), BaA/@&Chr), BaP/Bpe, Ipy/(Ipy+Bpe) and BaP/(BaP+Chr)reve
used to identify the possible sources of PAHSs ih so

On the basis of Table 2, the isomeric ratios inéidathat pyrogenic sources such as combustion wblpam
products, grasses, woods and coal are the majoceoof PAHS to the Kurukshetra soils. Furthermoagip of
BaP/Bpe (0.80) shows that fuels combustions useithdwehicles is the major source of PAHs. Sour@@yais in
various studies [17, 25] indicate that urban s@HB are mainly of pyrolytic origin with both mobilg.g. motor
vehicle exhausts) and stationary (e.g. power génerhy coal or oil combustion and use of heatiflgemissions as
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the primary sources of PAHs. This contaminationl Ww# an ongoing process as PAHs are persistenhanthn
exposure by inhalation of particles, dietary intakecontaminated food products such as vegetabled, direct
contact with polluted water, soil, sludge and seitrwill continue.
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Figure 2: Average concentration of total 28 PCBs iisoils at different sampling locations

Polychlorinated Biphenyls

PCBs Concentrationsin Soil

PCB congeners are known by the numbers denotetieim ty the International Union of Pure and Applied
Chemistry (IUPAC). In the present study 16 PCB @negs (CB -18, -37, -44, -49, -52, -70, -74, -1-128, -138, -
151, -168, -170, -177, -187, and -207) and 12 dBRGngeners (CB-77, -81, -105, -114, -118, -1236;1156, -
157, -167, -169 and CB-189) were analyzed. The entnations of 28 individual congeners and their samrban
roadside soils from Kurukshetra, India are preskitelable 3. The observed mean and median le¥ettal PCBs
including dI-PCBs were 11.57 ng*@and 8.23 ng § (+2.00 ng ), respectively and their rangadere between
3.33-34.81 ng § The concentration of 12 dI-PCBs was ranged bete86-5.78 ng § with the mean and median
values of 2.85 ng'yand 2.16 ng g (+0.34 ng &), respectively. Dioxin like-PCBs accounted for epgmately 25
percent to total PCBs. IUPAC congener number CE3B8%), CB-169 (19%) and CB-52 (11%) were the domina
congeners among all twenty eight PCBs. Levels @&lt®CBs in soils at location number 4 and 3 were
comparatively higher than other locations (Figuxe 2

Table 4: PCB Homologs (3-7CB) in urban roadside Sisi (ug kg")

Group homolog of PCBs

Statistics Tri-CBs Tetra-CBs Penta-CBs Hexa-CBs Hepta-CBs
Mean 4.81 2.59 1.07 2.62 0.51
Median 0.39 2.37 0.58 2.00 0.45
Range <0.01-22.41 0.91-5.26 0.22-2.73 0.20-5.47 8-0.07

% of YPCBs 41.61 22.40 9.24 22.60 4.45

Group Homolog of PCBs

Group homolog of PCBs was presented in Table 4tlagid profile at different sampling locations waspitted in
Figure 3. Homolog of PCBs was dominated by tri-ohlated (41.61%), tetra-chlorinated (22.40%) andahe
chlorinated biphenyls (22.60%). Average concertraiif 3-CBs, 4-CBs, 5-CBs, 6-CBs and 7-CBs was 4@,
2.59 ng ¢, 1.07 ng d, 2.62 ng § and 0.51 ng§ respectively. The PCB homolog distribution patseshow that
the low molecular weighted PCBs (LMW-PCB) were thajor contributors accounting for more than 60%nth
high molecular weight PCBs (HMW-CBs), with apprositely 35%. Researchers have reported that low mlalec
weight PCBs were primarily used in electrical equgmts while high molecular weights were mainly used
additives in various applications [26]. The PCB reeg in the study area may be due to off gassiom frlosed
electrical system such as transformers that cortaige quantities of PCB fluids, recycling of useapacitors,
condensers etc. The other sources of PCBs maylredtectric and electronic waste recycling, indakemission
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depositions and from biomass burning including Rga@lyvinylchloride). The higher concentrations cZBs have
been reported in soils in many studies from thesitbose have fugitive emissions from conventidreating for
cooking and heating in residential areas, espgcialting the winter season. Mixtures of wastataining paper,
cartons, plastics and painted wood, may releasévely large amounts of dioxin like-PCBs [27-29].

100%
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o 80%

=

= /0% @6CB

= 60%

2 2o
= 50% BsCB

2 400
g 30% 04CB

o 20%

10%
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Figure 3: Distribution of PCBs homolog in soils atdifferent sampling locations

Table 3: PCBs congener concentrations (ug Kalw) in urban roadside soils

PCB Concentration
Range Mean Median Std Err* %
Polychlorinated Biphenyls (PCBs)

PCB Congeners

PCB -18 6.54-20.82  11.78 9.78 1.69 39
PCB - 37 0.17-1.59 0.53 0.39 0.14 2
PCB -44 0.73-1.26 1.06 1.13 0.06 3
PCB -49 0.17-1.25 0.48 0.26 0.14 1
PCB - 52 0.17-2.75 1.43 1.35 0.29 11
PCB - 70 0.04-0.98 0.55 0.49 0.08 3
PCB -74 0.13-1.15 0.37 0.27 0.10 3
PCB - 119 0.13-2.62 0.84 0.42 0.24 7
PCB - 128 <0.01

PCB - 138 0.03-0.62 0.17 0.16 0.05 1
PCB - 151 0.01-0.46 0.26 0.30 0.06 1
PCB - 168 0.02-0.77 0.13 0.05 0.06 1
PCB - 170 0.01-0.42 0.10 0.04 0.03 <1
PCB - 177 0.12-0.1€ 0.27 0.2¢ 0.0z 1
PCB - 187 0.02-0.59 0.21 0.12 0.06 1
PCB - 207 0.01-0.59 0.12 0.05 0.04 1
> PCBs 1.64-29.77 8.72 4.46 1.85 75
Dioxin like-polychlorinated biphenyls (dl-PCBs)

dI-PCB - 77 <0.01

dI-PCB - 81 0.01-0.02 0.02 0.02 <0.01 <1
dI-PCB - 126 0.02-0.08 0.05 0.05 0.01 <1
dI-PCB - 169 0.13-5.31 2.20 1.90 0.42 19
dI-PCB - 105 0.01-0.27 0.06 0.05 0.03 <1
dI-PCB - 114 0.03-0.34 0.15 0.14 0.03 1
dI-PCB - 118 0.01-0.07 0.03 0.02 0.01 <1
dI-PCB - 123 0.05-0.40 0.17 0.07 0.04 1
dI-PCB - 156 0.01-0.07 0.04 0.04 0.01 <1
dI-PCB - 157 0.01-0.29 0.07 0.04 0.03 <1
dI-PCB - 167 0.01-0.24 0.06 0.04 0.02 <1
dI-PCB - 189 0.04-0.95 0.23 0.18 0.06 2
>'dl-PCBs 0.36-5.78 2.85 2.16 034 25
Total (pces+d-pcs  3.33-34.81  11.57 8.23 2.00 100

Note: <0.01=below detection limit, Std Err (standarror)=standard deviation/n
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Ecotoxicological health Risk of PAHs and PCBs

Environmental standards have not yet been setdialfor PAHs and PCBs in soil and sediments. Tioeegf
ecotoxicological effect of PAHs and PCBs in thisdst area was assessed by applying establishedysality
guidelines those from National Oceanography ando&pheric Administration (NOAA) [30] and Canada [32].
Table 5 shows the recommended guideline concemtradf individual PAHs and total PCBs in soils from
environmental agencies and their comparison wighatberage concentrations observed in this studycé&urations
of individual PAHs and PCBs were comparable witlidgline values and indicated no such environmemalth
risk and adverse effects to the biota.

Table 5: Soil quality guidelines for PAHs and PCB$ug kg') and comparison with this study

Soil guidelines*

Name of Pollutants Present study

NOAA CCME
Polycyclic Aromatic Hydrocarbons (PAHS)
Naphthalene 5000 6000 57.0
Acenaphthylene - - BDL
Acenaphthen BDL
Fluorene - - BDL
Phenanthrene 5000 5000 14.7
Anthracene - - BDL
Fluoranthene - - 61.4
Pyrene 10 x10 10 x16 106.1
Benzo(a)anthracer 100¢ 100¢ 35.¢
Chrysene - - 36.9
Benzo(b)fluoranthene 1000 1000 44.9
Benzo(k)fluoranthene 1000 1000 46.9
Benzo(a)pyrene 1000 700 43.3
Benzo(ghi)perylene - - 850.5
Dibenzo(a,h) anthracene 1000 1000 499.2
Indene(1,2,3-cd)pyrene 1000 1000 108.1
Polychlorinated Biphenyls (PCBs)
Polychlorinated Biphenyls 5000 1300 11.57

*guidelines for residential and parkland soil, NOMAational Oceanic and Atmospheric Administratio@GME-Canadian Council of Ministers
of the Environment

Furthermore, contamination of soils by PAHs canchtegorised through a documented classificatior. [BBis
classification’s threshold values were derived frtine PAHs contents in European soils as well asfiam
estimation of risk of human exposure to PAHs thiofmpd. According to this classification, the sadise divided
into four categories depending upon the concentiadf total 16 PAHSs in soils: 1-not contaminate@08 ug kg*;
2-mediam contaminated: 200—-600 pg*k@-contaminated: 600—1000 pg kgand 4-heavily contaminated: >1000
ng kgt Our study had shown concentration of total PAltow 200 pgkd' in the study area, which may be
classified as not contaminated.

CONCLUSION

The study shows that PAHs and PCBs contaminatioKwfikshetra roadside soils is lower than soil dyal
guidelines. The concentration of high moleculargheiPAHs including possible human carcinogenic PA¥s
higher than low molecular weight PAHs. PCB contations are mainly from low molecular weight PCBs
including tri-chlorinated and tetra-chlorinated tgmyls. Further, it is recommended to conduct motensive
studies in small developing towns for persistegiaoic pollutants, due to human health and enviroriroencerns
and to aid better environmental management in éutur
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