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ABSTRACT

Twenty eight polychlorinated biphenyls (PCBs) corage including twelve dioxin-like PCBs were meadunresoils
from roadside agricultural lands of National CagitRegion (NCR), India. The concentration YPCBs ranged
between <0.01-38.32 ng'ddw) with the mean of 8.40+1.27 ng (dw), where312dl-PCBs ranged between <0.01-
13.59 ng g (dw) and their average value was 2.8640.46 nfj (gw). Group homolog of total 28 PCBs was
dominated by tetra-chlorinated biphenyls (4-CBs)l &exa-chlorinated biphenyls (6-CBs) which accodrfite 56%
and 23.6%, respectively. Toxic equivalent (TEQ)IPCBs was between <0.01-140.24 pg WROTEQ ¢ (dw)
with a mean of 31.8645.25 pg WH&:TEQ ¢* (dw). PCBs contaminations in studied soils of agjtural areas
were lower than soil quality guideline values.
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INTRODUCTION

Polychlorinated biphenyls (PCBs) are long rangetminsport (LRAT) pollutants and ubiquitously foumarld-

wide, regions far from their original sources [1-Zhe properties of hydrophobicity and resistareeegradation
make them to accumulate in soil, sediments ancljjt PCB compounds have been recognized for wadge of
human health effects and are classified as prolalohean carcinogens. Although, atmospheric air és ghimary
medium of global transport for persistent orgamtiytants but soil and sediment acts as importasénvoirs for
them globally, vegetation acts as scavenging medinchas a major vector of organic pollutants ietoestrial food
chain [4-5].

As a party to the Stockholm Convention, India ifigdied to abide by the objectives of the treatthviihe intention
of reducing, and ultimately eliminating these ptahts, and encouraged to support research on FR@esnt studies
carried out in India, and PCBs contaminations reentreported for different matrices, includes wéérsoils [7-
8], sediments [9-11], atmospheric air [12] and homalk [13-14]. In continuation of support reseamh POPs in
India, this study was aimed to evaluate polychkted biphenyls (PCBs) including dioxin like PCB$-R¢dCBs)
concentrations in soils from roadside agriculttiegdts of three north Indian states in the vicirofyNational Capital
Region of India.

MATERIALSAND METHODS
Study Area and Sampling
National Capital Region (NCR), India comprises bg National Capital Territory (NCT) Delhi and delated area
of the surrounding states of Haryana, Uttar Pradasti Rajasthan with the population of 22.157 wnilliThe entire
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National Capital Region spread over an area of mtoB80,240 krii The cultivated land is accounted a large
proportion of 79.53 per cent area in the NCR, Dedigion [15], where wheat, mustard, sugarcane, enaitllets,
sorghum, cereals, paddy and commercial agricultrggs, such as, vegetables, flowers, mushrooraretthe main
crops grown regularly.
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Figure 1: Map showing study areain National Capital Region, India

Sampling locations were selected in agriculturel$éanear main roads of Delhi, Uttar Pradesh and ateryn NCR
(Figure 1). A total number of 83 samples collededng November 2011-January 2012. Approximatel@ §tams
of saoil in duplicate was collected, pebbles and dveticks removed manually and mixed thoroughlyrsuee that
the soil collected was truly representative of elmdation. Then, aliquot of the soil was taken ataled in clean
wide mouth amber glass bottle which were then paried to laboratory and kept afGuntil further extraction.

PCBs Extraction and Cleanup

EPA Method 3550C [16] was followed for sample estian. Briefly, 15-20 g wet sample was mixed witkaned
anhydrous sodium sulfate until a free-flowing powa@as obtained. Activated copper was used to rerfovesulfur.
The sample was then extracted in 3 cycles (50235nl) with hexane/acetone (1/1v/v) solvent mixtbseultra-
sonication for 30 min each cycle. The extract wascentrated using Rotatory Vacuum evaporator (Eyiapan) for
further cleanup.

The extract clean-up was performed with multilageséica gel column chromatography on a tri-functibcolumn
with neutral, basic and acid silica to remove ifei@ng organic and polar compounds. Briefly, malgred silica gel
packed in glass column (300 mm x 30 mm) from bottorap with 2.5 g silica gel, 4.0 g silver nitratiica gel, 2.5
silica gel, 4.0 basic silica gel, 2.5 g silica ge2.0 g acid silica and on top 5.0 g anhydrouswuodsulphate was
added. 100 ml hexane was used for column rinsedastimple loading. After loading the sample extveth three
rinsing pollutants were eluted with hexane. Thetegluextract was concentrated under gentle streapuified
nitrogen gas using TurboVap (Caliper, USA) to 1.0 and transferred to vial for quantification withag
chromatograph equipped with an electron capturectiat (GC-ECD).

PCBs Quantification

The separation and quantification of polychloridat@phenyls (PCBs) was performed on Shimadzu 2049 g
chromatography (Japan) attached with autosampteegnipped with an ECO¥Ni), on HP-5MS capillary column
(60 m x 0.25 mm x 0.25 pm film, Agilent). The temgteire program of the column oven was initially ntained at
17¢ C for 1 min and increased witf@ min® to 270C, where it temperature was hold for 1 min, therihier
ramped with 18C min' to 290C at and kept for 3 min. The injector and detetémnperature were maintained at
225°C and 308C respectively. Laboratory grade nitrogen gas veaslas carrier @ 1.0 ml. riin
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Analytical Quality Control

Certified reference standards procured from Dr.eBbtorfer (GmbH, Germany) and used for the instnime
calibration and quantification of individual PCBrgeners. The PCB congeners were identified indngpte extract
by comparing the accurate retention time from taedard and quantified using the response factors five level
calibration curves of the standar@$ value, 0.999). Adequate quality control was perfed, including analysis of
procedural blanks alongwith real samples (concgatra were <MDL ‘method detection limit’), randonuplicate
samples and calibration verification analysis (8tad deviation <5). Matrix spike recovery study wemslertaken
and percent recovery was 100+15. Each sample walgs&a in duplicate and the average was used aulesions.
Toxic equivalent quantities (TEQ) were calculatgdntultiplying the concentration of individual dI-BCcongener
with the corresponding 2, 3, 7, 8-TCDD substitutedcity equivalent factors (TEFs) [17].

Moisture content was determined gravimetricallyeport results as dry weight. The results of PGBsdil were
reported in ng § and their toxic equivalency as pg WH@TEQ g" dry-weight (dw). Concentrations above
reporting limit (> 0.01 ng §) was taken for calculation and concentrations Weleporting limit or below MDL
(<0.01 ng g dw) were not included in the calculations.

RESULTSAND DISCUSSION

Distribution of PCBsin Soil

The observed concentrations of PCBs in soils ofismie agricultural lands are presented in Tabl&he total
concentration of PCBs were range between <0.01.3238y ¢ (dw) with the mean of 8.40+1.27 nd ¢dw). The
concentration of PCBs in soils from Uttar Pradesds womparatively higher than soils from Delhi anarjdna
states. The average concentration of PCBs in fwifa Delhi, Uttar Pradesh and Haryana was 0.86+0d 5",
20.77+1.82 ng §and 3.97+3.33 ngywith the range of <0.01-4.69 ng,g0.26-38.32 ng'gand <0.01-30.58 ng'y
respectively. The PCBs contamination levels inss@ibm National Capital Region (NCR) were lower rtheil
quality guideline value of 500 ng'q18] (CCME, 1999). Earlier studies reported sigmifit levels in of PCBs in
different environmental matrices from Delhi andaidijng areas [6,8,10-12]. Results of this studyR@Bs in soils
were in agreement with the observations by othekers [1,19-20]. However, the concentrations of B&Bm this
study were higher than those PCBs reported in doden China [21], Turkey [22]. Comparatively higher
concentrations of PCBs in agricultural soil haverbeeported in literature from Estonia [23], Ronaaf#4], China
[25-27] and Maxico [28].

Table 1: 3PCBsand 3dI-PCBs (ng/g) in Roadside Agricultural Soilsfrom NCR, India

Study area (n)* PCBs Range Mean SE* %
PCBs <0.01-4.30 0.67 0.14 77.86
Delhi (44) dl-PCBs  <0.01-0.66 0.19 0.03 22.14

Y PCBs <0.01-469 086 0.15 100
PCBs 0.26-24.72 135 121 6498
Uttar Pradesh (30) dI-PCBs  <0.01-13.59 7.27 0.70 35.02
> PCB: 0.2€-38.32  20.7i 1.8z 10C
PCBs <0.01-22.48 2.80 246 7041
Haryana (9) dl-PCBs  <0.01-8.09 1.18 0.87 29.59
YPCBs  <0.01-30.58 3.97 3.33 100
PCBs <0.01-24.72 554 0.84 65.96
All study area (83) dI-PCBs  <0.01-13.59 2.86 0.46 34.04
YPCBs  <0.01-38.32 840 127 100
Note: <0.01=below detection limit, *n=number of sples, **SE=standard error (SBh)

Congener Profileand Group Homolog of PCBs

The individual PCB congener and their group homafogoils from roadside agricultural fields of NCRdia was
presented in Table 2 and Table r@spectively. Among the 28 PCB congeners the PCBvdd the dominant
congener (1.58+0.27 ng™p followed by PCB-49 (1.19+0.20 ng'y PCB-81 (0.77+0.17 ng™¥, PCB-151
(0.62+0.11ng §), PCB-156 (0.47+0.09 ng’y, PCB-77 (0.45+0.11 ng™y, and PCB-74 (0.44+0.12 ng"y other
congener concentration were comparatively low (¥0® 0.30 ng g). PCBs were generally used as technical
mixtures and 70% of PCBs produced globally weightdrinated to tetrachlorinated biphenyls [29].

301
Pelagia Research Library



Bhupander Kumar et al Asian J. Plant Sci. Res., 2012, 2 (3):299-305

Table 2: PCBs congeners (ng g*) in Roadside Agricultural Soilsfrom NCR, India

Congeners Range Mean SE* %
PCBs

PCB -18 <0.01-2.42 0.31 0.06 3.65
PCB -37 <0.01-6.59 0.17 0.08 2.03
PCB - 44 <0.019.3¢  1.5¢ 0.27 18.¢
PCB -49 <0.01-5.81 1.19 0.20 14.12
PCB -52 <0.01-3.65 0.11 0.05 131

PCB - 70 <0.01-3.8C  0.17 0.0¢€ 2.0t
PCB -74 <0.01-4.22 0.44 0.12 5.27
PCB -119 <0.01-3.15 0.07 0.05 0.87
PCB - 12¢ <0.01

PCB -138 <0.01-1.42 0.27 0.05 3.18
PCB -151 <0.01-3.36  0.62 0.11 7.33
PCB - 16¢ <0.01-2.4¢ 0.1f 0.0t 1.81
PCB -170 <0.01-1.50 0.08 0.03 1.01
PCB -177 <0.01-1.75 0.11 0.04 1.26

PCB - 187 <0.01
PCB - 207 <0.01-3.19 0.28 0.06 3.29
dI-PCBs

dI-PCB - 77 <0.01-4.26 0.45 0.11 5.40
dI-PCB - 81 <0.01-6.97 0.77 0.17 9.12
dl-PCB -126 <0.01-1.20 0.26 0.04 3.14
dl-PCB -169 <0.01-1.04 0.17 0.03 2.05
dl-PCB - 105 <0.01-1.31 0.09 0.03 1.02
dl-PCB - 114 <0.01-0.91 0.05 0.02 0.65
dl-PCB-118 <0.031.9C 0.1¢ 0.0 2.27
dl-PCB - 123 <0.01-2.71 0.08 0.04 1.00
dl-PCB - 156 <0.01-3.33 0.47 0.09 5.56
dI-PCB-157 <0.01-0.0¢ <0.01 <0.01 <0.01
dl-PCB - 167 <0.01-1.49 0.30 0.05 3.62
dl-PCB - 189 <0.01-0.49 0.02 0.01 0.20
Note: <0.01=below detection limit,*standard errorE&vn

The group homolog of PCBs in soils from NCR was tated by tetra and hexa chlorinated biphenylstaF€éB
(56%) homolog was the main contributors to thelt®@B homolog in average followed by hexa-CBs (23).6
(Figure 2). The pattern of homolog was observedetrsa-CBs > hexa-CBs > penta-CBs > tri-CBs > heiBs-
Table 3 shows that the percentage (average >60%rifoto tetra-PCBs) of lighter-weighted moleculBCBs
(LWM-PCBs) were higher than those higher-moleculaight PCBs (HMW-PCBs) (penta to hepta-CBs). It is
reported that LMW-PCBs were primarily used in poveapacitors and transformers, while HMW-PCBs were
mainly used as an additive [30]. This indicates ®@Bs used in heat transfer equipments and asiatdfound
their way to the environment of national capitaios.

Table 3: PCB group homolog (ng g) in Roadside Agricultural Soilsfrom NCR, India

PCB Delhi Uttar Pradesh Haryana All study area
Group Homolog Range % Range % Range % Range %
(meanzse) (meanzse) (meanzse) (meanzse)
<0.0-1.85 <0.01-2.42 <0.01-7.78 <0.01-7.78
3-CBs 02040.10) 2% (0.75:0.12) 3® (0.96:0.85) 2*1 (04sr011) >
<0.01-4.33 <0.0121.02 <0.01-10.73 <0.01-21.02
4-CBs 0514012) 099 (1183+1.04) 289 (130+1.17) 30 (a70t071) 960
<0.01-0.60 <0.01-4.99 <0.01-1.34 <0.01-4.99
5-CBs 0.13+<0.01) 20 (1.841023) 89 (040015 01 (0.75:0.12) 90
<0.01-0.21 <0.01-9.43 <0.01-7.81 <0.01-9.43
6-CBs <001) 31 (517x052) %9 (0.8or056) 2%* (1.98:034) 236
<0.01-0.10 <0.01-2.21 <0.01-1.98 <0.012.21
7-CBs <001) 9% (050:012) 2% (022:022) °7 (021x005) 2°

<0.01=below detection limit, se=standard error (S}
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Figure 2: Percent of PCB homologin Roadside Agricultural Soilsfrom NCR, India

Toxic Equivalency of dI-PCBs

The concentration ofdl-PCBs in this study was ranged between <0.01918¢g" with an average of 2.86+0.46
ng g, and quantity of of 12 dl- PCBs accounts for 3%0df total 28 PCBs. DI-PCBs have toxic responses|ai

to those caused by 2, 3, 7, 8-tetra-chlorodibgrdmxin (TCDD) the most potent congener within the
dioxins/furans group of compounds [31]. As a reshét concept of toxic equivalency factors (TEFs} lb@en
developed to assess the impact of these compounbaman health and concentrations of dI-PCB congesie be
converted into 2, 3, 7, 8-TCDD substituted TEQ @onications.

Table 4: Toxic Equivalent of dI-PCBs (range and mean) (pg WHO-TEQ g?) in Roadside Agricultural Soils
from NCR, India

Study area (N)* dI-PCBs Range Mean SE %
non orthe <0.01-0.1¢ 0.0z <0.01 92.1

Delhi (44) mono ortho ~ <0.01-0.02  <0.01 <0.01 7.1
total <0.01-0.18 0.03 0.01 100

non ortho <0.01-140.07 84.36 7.29 99.9
Uttar Pradesh (30) _mono ortho  <0.01-0.21 0.09 001 0.1

total <0.01-140.24 8445 7.30 100

non ortho <0.01-108.69 12.11 12.07 99.8
Haryana (9) mono ortho  <0.01-0.11 0.02 0.01 0.2

total <0.03-108.8C 12.1¢ 12.0¢ 10C

non orthe <0.01-140.07 31.8: 5.28 99.¢
All study area (12) mono ortho <0.01-0.21 0.04 0.01 0.1
total <0.01-140.24 31.86 5.25 100
*N=number of samples

TEQ concentrations of PCBs with established didikie-activity especially the non- and mono-orthdstituted
PCBs in soils NCR India were calculated by multipdythe concentration of each dioxin-like PCB camgeby its

2, 3, 7, 8-TCDD substituted TEF values (Toxic E@léncy Factors) for human and mammals. The tgxicit
equivalency (TEQ) for 12 dI-PCBs was presented abl& 4. Total TEQ levels ranged from <0.01 to 14008
WHO,005sTEQ g* with the mean of 31.86+5.25 pg Whx TEQ ¢*. The TEQ of non ortho-PCBs (CB-77, CB-81,
CB-126 and CB-169) were higher and contribute®9%s. for total TEQ, while the TEQ of mono ortho POEB-
105, CB-114, CB-118, CB-123, CB-156, CB-157, CB-H8id CB-189) were <1 for all the samples. CB-126 an
CB-169 congeners represent the higher TEQ valuéshvidoth had the high toxic potency (toxic equivele factor
proposed WHO-TEF=0.1 and 0.03 respectively) thgsicantly increasing th& dl-PCBs with the contribution of
99% for Y TEQ. Congener specific concentration of dI-PCBN@DR were in agreement with the observations of
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other workers [27]. The concentrations)dl-PCBs in agricultural soils from NCR India wereMer than Tailake
region and Southern Jiangsu region of China [20-R&hcevo, Serbia [32], Brescia city, Italy [5]t,bioigher than
Yellow river delta, China [26], Tailke region, Chirj33]. The observed concentrations of 12dI-PCB Tk soil

samples studied in this study was lower than enwirental quality standard (1000 pg WHO-TE®) {34].

There is no reported data, that PCBs produceddia llbut technical mixture of PCBs have been useédduastry and
electrical appliances. It has been reported thairat 9837 tons of PCBs exist with transformersitid [35]. Here
it is suggested that PCBs sources to the environmey be from biomass burning, depositions of eimissfrom
wood, paint and dying processing, chemicals and PMByvinylchloride) manufacturing units and frorteetrical
and electronic waste recycling. These PCB souatss include off gassing from closed system suclolder
equipments (e.g. transformers that contain largantifies of PCB fluids).

CONCLUSION

This study that PCBs contaminations in agricultwails from north Indian states in the vicinity NCR are not
alarming, because observed levels are much lowan thoil quality guideline values. Intensive studyg o
bioaccumulation of PCBs including other persisterganic pollutants is recommended due to humanttheald
environment concerns.
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