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ABSTRACT

HCH and DDT, the organochlorine pesticides (OCPgravmeasured in soils from northern
Uttar Pradesh, India. The average concentratiotd@Hs and DDTs was 7.58+1.54 ng gnd
0.61#0.21 ng @ (dry wt.). Compositional analysis of HCH and DB®mers was carried out to
identify the possible contamination sources. dheatio of HCH (<0.01 - 8.83) reflects the use
of technical as well as lindane formulation. Theioaof p,p’-DDT/p,p’-DDE (0.73) and p,p’-
DDT/yDDT (0.42) indicates the combined effects of past angoing usage of DDT. o,p’-
DDT/p,p’-DDT (<0.01) ratio suggest the contaminatiof soils from technical DDT and not
from Dicofol type DDT.
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INTRODUCTION

Widespread attention has been given to the pollubig persistent organic pollutants (POPS)
including some organochlorine pesticides. Orgarwaig pesticides (OCPs), such as HCH and
DDT are persistent, toxic and bio-accumulative atune [1-2]. These are long range transport
pollutants and can be transported to regions &anftheir original sources, such as the Arctic [3-
4]. OCPs have a wide range of acute and chronitthheffects, including cancer, neurological

damage, reproductive disorders, immune suppres$iothy defects, and are also suspected
endocrine disruptors [5].
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Their physico-chemical characteristics, which ikdlegu hydrophobicity and resistance to
degradation, make these chemicals ultimately taractate in soils and sediments [6-8]. OCPs
have a great affinity for particulate matter soytban remain in soil and sediments for very long
due to their long half-life times.

In May 2004, Stockholm Convention on POPs entenéal force with the intention of reducing,
and ultimately eliminating these pollutants. Asvisll known, DDT was listed by the Stockholm
Convention as 1 of 12 persistent organic pollutéRBPs) in 2004, and more recentytiCH,
B-HCH, andy-HCH (lindane) were added to the list in 2009 8% a party to the Convention,
India is legally obligated to abide by the objeeswof the treaty, and is encouraged to support
research on POPs. This study was aimed to evapgagistent organochlorine pesticide (HCH
and DDT) concentrations in soils from northern UtRradesh using accelerated solvent
extraction (ASE) and GC-ECD.

MATERIALS AND METHODS

Sampling

Soil samples in duplicate collected from Meerut d&hlaziabad districts in northern Uttar
Pradesh. Approximately 1 Kg. of soil sample waseoded using stainless steel auger, and after
removing pebbles and wood sticks the sample wagdnilkoroughly to homogenized, then an
aliquot was transferred to clean wide mouth amiessgbottle. After proper labeling the sample
bottles were transported to laboratory and kept’a until further chemical treatment.

Chemicals and Solvents

Chemicals and solvents were purchased from MerdialrSilica gel 60 (0.063 — 0.100 mm) was
from Sigma-Aldrich. Prior to use, silica gel andhgdrous sodium sulphate was cleaned
separately with methanol, dichloromethane and aeetn Soxhlet extractor for 8 h each, and
stored air tight at 130C. Pesticide standard solutions were obtained fBupelco (Sigma,
USA).

Sample Extraction

Soil samples were extracted using extraction proeeds per EPA’s SW-846 Method 3545 [10].
Briefly, 15-20 g sample was homogenized and driganixing with diatomaceous earth (ASE
prep DE, Dionex, USA) until a free-flowing powdemasvobtained. The extraction was carried
out with accelerated solvent extractor (ASE-35@rex, USA) [11] using acetone: hexane (v/v,
1:1) in two cycles with 5 min. static time. The ASIs operated at 1500 psi and the oven was
heated to 100C. The extracts were concentrated to 2.0 ml uBiatatory Vacuum evaporator
(Eyela, Japan). Moisture content was determinedgort data on dry weight basis.

Chromatographic column cleanup

The multilayered silica gel column chromatographgswperformed for fractionation and to
remove interfering organic and polar species. Brigfultilayered silica gel column (300 mm x
30 mm) was packed from bottom to up with 2.5 gcailgel, 4.0 g silver nitrate silica gel, 2.5
silica gel, 4.0 basic silica gel, 2.5 g silica gE2.0 g acid silica and 5.0 g anhydrous sodium
sulphate. The column was pre-rinsed with 100 mkxame before sample was loaded. The
elution of analytes was subsequently carried ouigus70 ml hexane and concentrated to 2.0 ml.
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The eluted extract was concentrated using Rotataguum evaporator and under gentle stream
of pure nitrogen using Turbo Vap (Caliper, USA)1tO@ ml. The extract was transferred to auto
sampler vial and 1 pl was injected onto a gas chtograph equipped with an electron capture
detector (GC-ECD) for quantification.

Instrumental analysis

In the present study DDTg,p’-DDE, 0,p’-DDT andp,p’-DDT) and HCHs¢-HCH, B-HCH, y-
HCH, andé—HCH) were analyzed in soils. Separation and Qfieation of pesticides was
carried out using Gas Chromatograph (Perkin El@&rus 500) attached with autosampler and
equipped with an Electron Capture Detector (E€I)), on fused silica column 25 m x 0.20
mm id 0.33 um film (Elite-1). The column oven tesngture was initially maintained at £20
and programmed to 220 (7°C min®) and again ramped to Z¥Dat $C min*and held for 6.86
min. The injector and detector temperature werentamied at 25 and 356C respectively.
Purified nitrogen gas was used as carrier at the fate of 1.0 ml. min.

Analytical quality control

Certified reference standards (Sigma, USA) weral usefor quantification of pesticide. The
pesticides were identified in the sample extractdoynparing the retention time from the
standard mixture and quantified using the respdasters from five level calibration curves of
the standards. Appropriate quality assurance guadihtrol (QA/QC) analysis was performed,
including analysis of procedural blanks (analytegamtrations were <MDL ‘method detection
limit’), random duplicate samples (Standard devia&5), calibration curves with thié value of
0.999, and matrix spike recovery 100+20%. Each $amas analysed in duplicate and the
average was used in calculations. A reporting limhit- 0.01 pg kg was taken for calculation.
Levels below reporting limit or below MDL (<0.01 ng') were taken as zero (0) in the
calculations. The results of the analysis are tepdn ng g dry weight (dry wt.) basis.

RESULTS AND DISCUSSION

Analytical results of HCH and DDT in soils from tleern Uttar Pradesh, India are presented in
Table 1 and Table 2. The average concentratidn@EPs in soils was 8.19+1.55 ng dry wt.
with the range of 0.79-19.85 ng glry wt. Concentrations gfHCH in soils were higher than
those ofy DDT. TheYHCH ranges from <0.01 to 17.68 with a mean valu&.68+1.54 ng g
whereas thé&’DDT ranges from <0.01 to 2.97 with a mean valued@1+0.21 ng 4. The
properties of higher water solubility, vapor prasswiodegradability, lower lipophilicity and
particle affinity, of HCH relative to DDT [7] couldccount for the higher concentrations of HCH
in soils. HCH isomers have been detected as a wiltd contaminant. Among the analysed
OCPs compounds;-HCH alone was the dominant pollutants (70.31%hv&it76+1.25 ng §
(dry wt.) mean concentration, followed HCH (0.96 ng @ dry wt.), p,p-DDE (0.32 ng @
dry wt.) andp,p’-DDT (0.25 ng & dry wt.).

Table 1: Range and mean of HCH and DDT concentratits in soil

ng g (drywt)  YHCH SDDT YOCPs
Range <0.01-17.68 <0.01-2.97 0.79-19.85
Mean+SE* 7.58+1.54 0.61+0.21 8.19+1.55

*SE (standard error) = SDIn
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Table 2: HCH and DDT concentrations in soils

Range
Min Max Mean Std.Err %
a-HCH <0.01 13.73 5.76 1.25 70.31
B-HCH <0.01 148 0.55 0.12 6.68
vy-HCH <0.01 227 0.96 0.19 11.77
8-HCH <0.01 099 031 0.10 3.75
p, p-DDE <0.01 1.44 0.32 0.12 3.96
o, p-DDT <0.01 0.73 0.04 0.01 0.47
p, p-DDT <0.01 2.00 0.25 0.03 3.06
*Std. Err (standard error) = SD/n

Compound

Differences in composition of HCH or DDT isomerstire environment could indicate different
contamination sources [12]. Technical HCH has besed as a broad spectrum pesticide for
agricultural purposes, which has been banned <if8é-97 in India. Technical HCH consists
principally of four isomersg-HCH (60-70%),-HCH (5-12%),y-HCH (10-15%),6-HCH (6-
10%), while lindane contains >99% pHCH [13-14]. . The average concentrationoefiCH,
B-HCH, y-HCH and3-HCH in this study was 5.76+1.25 ng,d.55+0.12 ng g, 0.96+0.19 ng g

1 and 0.31+0.10 ng respectively (Table 2). The composition of HCHn®rs observed in the
present study reveals=76%; B=7%; y=13%; 6=4% was similar to the technical grade
composition, which indicates technical HCH usadee Tatio ofa-HCH toy-HCH has been used
worldwide to identify the possible HCH source. Tado of a-HCH toy-HCH between 3 and 7
is indicative of fresh input of technical HCH [13{lowever, a lindane source will show the
reduce ratio close or <1 [16-17]. In this study thato ofa-HCH toy-HCH isomers ¢/y ratio) is
ranged between <0.01 and 8.83, with pooled meamewvail 5.76 (Table 3). These ratios reflect
the regular usage of technical HCH and lindane.il&imatios ofa/y were reported for Indian
environment by other workers [18-21]. The technioatture of HCH was produced and used in
India until it was banned in 1997, and lindane folattions are registered for use in public health
practices to control vector borne diseases angdst control in selected crops [22].

It is to note that, in the mixture of past techhieBCH and current lindane application, a
significant correlation betweer-HCH andy—HCH was still observed in the studied soil samples
(Figure 1). Moreover, the—HCH in higher concentration indicated a fresh seurfa—HCH,
contrary to the past application of technical HOHe explanation of transformation gfHCH

to a—HCH is the best in terms of maintaining the catieh between each other. In particuler,
HCH may be transformed under ultraviolet radiatzomd through biological degradation in soill
into a—HCH [23-24]. The studied area is located underTthepic of Cancer line with strong
ultraviolet radiation. Our results suggested theg transformation fromy—HCH into o—HCH
under such conditions may be significant.

165
Pelagia Research Library



Bhupander Kumar et al Euro. J. Exp. Bio., 2011, 1(3):162-168

2.50
R2=0.821 A
2.00

1.50

1.00

y-HCH concentration

0.50

0.00 5.00 10.00 15.00

a-HCH concentration

Figure 1: Relationship ofa—HCH and y—HCH in soils samples

In the present study, occurrence of DDT isomers evasrder asp,p’-DDE > p,p-DDT > o,p*-
DDT with average concentration 6f32+0.12 ng g, 0.25+0.03 ng g and 0.04+0.01 ng'§
respectively(Table 2). The relatively high concentration of DPThan DDE in this area
indicated either that there was minimal degradatdmDT or there has been more recently
input of technical DDT. DDTs can be volatilizeddan ambient environment in a few days [25].
The vapor pressure ob,p-DDT is 7.5 times higher thamp,p’-DDT leading to greater
volatilization ofo,p’-DDT to the atmosphere [26], apdp-DDT metabolizes much faster in a
subtropical environment. After DDT application, rhucf the DDT may be converted mp’-
DDE. Elevated concentrations jpfp’-DDE have been interpreted as a result of its emion to
p,p’-DDE by UV radiation during atmospheric transp@T]} The higher concentration pfp’-
DDT andp,p’-DDE have been observed in all the samples, reflegeéd mixture of DDT usage.

Table 3: Range and mean ratio of HCH and DDT isomexin soils

| " Ratio

somerratio Min Max Mean Std. Err*
a/y HCH 0.58 8.83 5.76 0.53
p,p’-DDT/Y.DDT <0.01 1.00 0.42 0.11
p,p-DDT/p,p-DDE  <0.01 2.30 0.73 0.26
0,p’-DDT/p,p’-DDT <0.01

*Std. Err (standard error) = SDIn

The residence time ¢,p’-DDT could be estimated using the ratiopgb’-DDT to Y DDTs. The
ratio for technical DDTs was reported to be 0.78][2he mean ratio gb,p’-DDT to Y} DDTSs in
present study was 0.42, which indicates that thesas have been contaminated with past usage
of DDTs. The ratio ofp,p-DDT and p,p’-DDE used to estimate whether recent inputs of
technical DDT exist. Generally, ratio @fp’-DDT and p,p’-DDE higher than 0.33 indicates
continuous usage of DDT. In this study the ratip@-DDT/p,p’-DDE was 0.73 (mean) so, we
anticipate that inputs of DDTs are still existshe study area. The ratio ofp’-DDT/p,p’-DDT
can be used to distinguish technical DDT from “Datdype DDT”. Theo,p’-DDT/p,p’-DDT
ratio was reported to be 0.2~0.26 in technical D&nd ~7.5 in dicofol products [29]. In our
study the ratio 0b,p’-DDT/p,p’-DDT is less than unity, which is different frommetscenario in
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China where dicofol usage is a major source of BO[. Thus, the DDT contaminations in this
region may be from technical DDT and obviously fiom dicofol usage. Since 1996, DDT was
banned as an agricultural pesticide [31], howepermitted to use up to 10,000 tonnes per year,
under the Stockholm Convention, until an alterretoan be found to combat vector borne
diseases which are particularly prevalent in monssgason [32]. Thus, the possible sources of
DDTs are the combined effect of past and ongoirginector control or from sprays on open
dumping sites.

CONCLUSION

The analytical data indicates, besides lindandanieal HCH mixtures are also used in the study
area, and possible sources of DDTs are the comigffiect of past and ongoing usage. Intensive
assessment for persistent organic pollutants (P@Psgcommended, due to environmental
health concern.
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