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Abstract

The downward movement and distribution pattern of lindane and endosulfan in different agricultural
soils of Uttar Pradesh, India consisting diverse nature of physico-chemical properties were estimated.
The pH of soil ranged from 6.6 to 9.8 indicated that neutral to alkaline in reaction belonging to major
textural group viz. sandy loam as well as sandy clay loam and loamy sand. The study showed the
maximum retention of lindane and o & P isomers of endosulfan were noticed maximum in different
textural group of soils up to 10cm soil column. The recovered amount of lindane fortified soils of Uttar
Pradesh were 88.63, 79.02, 84.42, 81.77, 80.16 and 84.79 percent whereas, 89.73, 90.18, 94.39, 87.11,
89.33 and 90.68 of o - isomer and 90.80, 91.33, 92.17, 89.70, 90.27 and 92.12 of B- isomers of
endosulfan in Varanasi, Basti, Chandauli, Azamgarh, Mirzapur & Banda soils respectively. The
percentage of lindane and o and 3 isomers of endosulfan effluents received varied from 19.4 to 11.33 and
11.5t0 9.3 and 10.4 to 7.78 percentage. It was also noted that the soil parameters mainly organic matter
and high clay content of the tested soil significantly restrict the lower movement of pesticides in soils.
The adsorption and limited leaching of pesticides particularly in soil with high organic matter content is
indicative of potential of the chemical to undergo limited leaching through soil profile hence reducing the
risk of ground water contamination.

Keywords: Gas chromatograph, organic matter, movement, soil properties

Introduction

The indiscriminate and excessive use of pesticides has aroused concern on the fate of pesticide
in soil and possible side effect on microbial communities and ground water quality.
Persistence Organic Pollutants (POPs) are a series of chemicals that are toxic, persistence in
the environment for the long period of times and bio-magnification as they entered through the
food chain. The fate of pesticides is mainly determined by chemical characteristics and soil
properties, (Pignatello, 1989) 7 affecting the mobility, persistence, bioactivity, toxicity and
efficacy of pesticides in the soil environment (Becker et al., 2011) [, It refers to association of
molecules at the solid-fluid interface. India is one of the largest consumers of pesticides in
South Asia (Agnihotri, 1999) M and extensively utilizes pesticides viz. endosulfan (1,2,3,4,7,7-
hexachlorobicyclo(2.2.1)-2-heptene-5,6-bisoxymethylenesulfite) used all over the world, since
1954 when it was first brought for the commercial use (Maier-Bode, 1958) [,
Organochlorines (OPs) represent an important group of POPs which have caused worldwide
concern as toxic environmental contaminants (Devid et al., 2011) ', Commercial endosulfan
is synthesized as a mixture of two isomers approximately 70% a-endosulfan and 30% f-
endosulfan which was used to control various pests in fruits, vegetables and other agricultural
commodities. Due to its hydrophobic nature, endosulfan tends to get adsorbed to soil particles
as because it has long persistence in the environment (Leung et al., 1998) [?%1, Endosulfan gets
low degradation and often altered into endosulfan sulphate which an oxidative metabolite
known to be as toxic and get persistent as the parent compound. The persistence of the
residues of endosulfan that cause pollution in soil is dependent on various factors like soil
type, soil particle size, rainfall etc. Under anaerobic conditions, the half-life of endosulfan in
water is reported to be 1-6 months (ASTDR, 2000) and in soils the longevity of o, B and total
endosulfan under aerobic conditions has been reported ranging between 12-39, 108-264 and
288-2241 days respectively (GFEA-U, 2007) 4,

Lindane is the y-HCH isomers (>99% pure) and its technical grade, HCH are banned from use
in a number of countries and restricted in several others (Bintein and Devillers, 1996) [,
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Lindane is a persistence organochlorine compounds that is
widely distributed in the environment with a long half-life in
various environmental compartments (simonich and Hites,
1995) 71 1t will stay on the upper layer of the soil and
generally there very little movement of lindane and other
HCH isomers to lower soil layers (Martijn et al., 1993) (%,
The adsorption rate and adsorption capacity of endosulfan
exhibited highest in organic matter rich soil that retarded the
downward movement whereas, it was the least for sandy soil
(Rama Krishna and Philip, 2008; Ahmad, 2019) 2 1,
Endosulfan (o and B isomers) distribution in soil column is
greatly important pertaining to its influence on crops and
ground water contamination. Information on possible
movement and distribution of endosulfan (Peterson and
Batley, 1993) [ in soils is useful in order to know the
probable effectiveness of the chemical and its influence on
quality of ground water.

In this study, we focused on studying movement mechanisms
of endosulfan and lindane on six types of soils to quantify the
transport of pesticides which may threat to drinking water
quality. The organic matter, particle size as well as pH are
important soil attributes for sorption of endosulfan in soils has
been emphasized by many workers (Kumar, M. and Philip, L

2006; Laura et al., 2011; Ayse et al., 2009) 2% 25 51 The
detection of organochlorine insecticides in surface and ground
water and different other environmental components in Uttar
Pradesh (Nayak et al., 1995; Raha et al., 1999; Raha et al.,
2003) B4 40. 41 has brought attention to the studies the
mechanism of vertical movement of endosulfan and lindane
and their distribution in six different kind of soils of Uttar
Pradesh with a view to ascertain the probability of its
potential polluting the ground and surface water.

Materials and Methods

Chemicals: Endosufan is a contact insecticide used
worldwide in a variety of vegetables crops, fruits, cereals and
tobacco (Antonius and Bayers, 1997) Bl Technical grade of
endosulfan consisting two isomers viz. a-endosulfan and (-
endosulfan contains 7/3 ratio (Kennedy et al., 2001) 2%.The
analytical grade (98.9%) endosulfan used in this study was
obtained from Indo Gulf Fertilizers and Chemicals
Corporation Limited, Sultanpur, U.P. Analytical grade
(98.9%) of lindane was received from Kanoria Chemicals
Ltd., Renukot (U.P). All chemicals and solvent were used of
analytical reagent grade and the reagents redistilled prior to
use.

Table 1: The physical and chemical properties of soil.

Endosulfan a-endosulfan B-endosulfan Lindane
Empirical formula CoH6Cls03S CoH6Cls03S CoHsCls03S CsHsCls
Molecular weight 406.95 406.93 406.93 290.85
Solubility in water (25°C) ug/L 60 to 100 530 280 7.3
Partition coefficient Kow 3.55 3.83 3.52 -
Vapour pressure (25°C) mmHg 1x10° 1x10° 1x10° 95

Source: ATSDR (2000)

Soils

Five soil samples were collected from agriculture fields of
various locations of Uttar Pradesh (Fig-1) which is already
well defined soil group (Pathak and Sharma, 1985) [*°l. The
surface soil samples were collected randomly from 0-15 cm
depth, air dried, ground and passed through a 2 mm sieve. The
physico-chemical properties of soil were determined by
prescribed standard Procedure (Black, 1965; Piper, 1951) [l

(381, The soil texture was determined and textural classes were
classified based on sieve analysis method as per American
Society for Testing and Materials (ASTM) standard. The
surface area of soil was determined by modified ethylene
glycol retention techniques and free iron and aluminium oxide
was estimated calorimetrically. The properties of different
type of soils were employed in the present study are given in
(Table 2).
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Fig 1: Map of Uttar Pradesh and soil sampling locations.
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Mobility Studies in Column

The endosulfan and lindane leaching study was carried out in
different soils using soil column in the laboratory. The soil
column were constructed by using plastic tube (P.V.C) having
internal diameter 1.8cm and the lower end of the each tube
was fitted with glass to collect the effluent. The glass wool
was plugged at the bottom of column and then, PVVC column
were the filled in triplicate with 50g of processed soils having
different bulk densities by constant tapping in order to pack
the column to a constant volume. Prior to applying lindane
and endosulfan, the soil columns were saturated with distilled
water. Pesticide downward mobility in all the soils was
measured by dispensing 5ml of each pesticide solutions
(500pg mlt lindane and 200ug ml? of endosulfan) to each
column from burette on the surface of the soil column. The
vertical movement of pesticides in the six different soils was
determined in column as per standard method described by
(Saeed et al., 1997) 431,

Extraction of Pesticide from Soils

Pesticide from soil samples used for movement studied were
extracted using standard solvent with liquid-liquid partition
methods. The concentration of lindane and endosulfan was
determined in the decanted after centrifugation and the
effluents collected earlier during movement study. Samples
were transferred into seperatory funnel to which added n-
hexane and shaken for one minute and allowed it to separate
sufficient distilled water was added to facilitate partitioning of
residues into hexane portion. In the partitioned liquid, the

hexane portion filtered and passed through anhydrous sodium
sulfate to eliminate the moisture content present in aliquot.
The process was repeated thrice in same manner and pooled
n-hexane was concentrated to reduced volume (5ml) using
rotary evaporator and the water leachate samples was also
separated in same manner. The clean organic samples were
taken for analysis in Gas Liquid Chromatography equipped
with electron capture detector.

Pesticides Analysis

Samples of endosulfan and lindane were analyzed using
Hewlett Packard 5890 A gas chromatograph with electron
capture detector equipped with a HP 3392 A integrator. An
on-column, split/split less capillary injection system and
capillary column for analysis was as follow: 1.8 m x 2 mm
I.D. glass packed with DC-200, W.H.P. (80-100 mesh)
column; oven 200 °C, injector 210 °C, detector 300 °C and
carrier gas, N2 flow rate 70 mL min. During the analysis, it
was held initially at a temperature of 130 °C for 1 minute,
then the temperature was at a rate of 10°C/min. to 200 °C and
held at 200 °C for 11 min. The injections were made in the
split mode with a split ratio 1:20. Peaks were identified on the
integrator by retention times.

Results and Discussions

Soil Analysis: Soil samples were collected from six different
locations of Uttar Pradesh in respect to their physico-chemical
properties mentioned in (Table 2).

Table 2: Physico-chemical properties of soil used for mobility study

Soil Soil Locations
Properties Varanasi | Chandauli Basti Azamgarh Mirzapur Banda
Soil Texture Sandy loam | Sandy loam | Sandy loam | Sandy loam | Sandy clay loam | Loamy sand
Sand (%) 60.2 62.7 69.1 72.5 48.8 76.5
Silt (%) 22.8 23.7 12.4 20.0 28.6 13.5
Clay (%) 17.0 13.0 18.5 75 21.6 10.0
Organic matter (g kg%) 35 7.0 4.3 1.8 2.8 8.3
CEC [Cmol(P*) kg?] 9.3 17.1 16.6 7.5 9.5 13.8
CaCOs (%) 0.98 2.0 2.3 40.0 1.0 15.5
Surface area (m? g1) 178.75 163.37 187.61 102.71 157.15 163.54
EC(dSm?) 0.11 0.34 0.41 1.08 0.20 0.21
pH 7.7 6.6 8.2 9.8 7.6 8.4

The soil pH analyzed in all soil samples ranged from 6.6 to
9.8 and the highest soil pH (9.8) was recorded in sample
collected from Azamgarh followed by Basti (pH 8.2)
indicating slightly alkaline in nature, which also reflected
lowest organic matter and clay content however, CaCOj3
content (40%) was noticed highest with Azamgarh soil in
comparison to rest of the soils given in (Table 2). The organic
matter content ranged from 1.8 to 8.3 gkg?, where low
organic matter content indicating, the higher in soil pH and
CaCO; (Battacharya et al., 2004) [ Textural classes of
Varanasi, Chandauli, Basti and Azamgarh soils were
classified on the basis of mechanical analysis as sandy loam
which contained maximum 18.5 and minimum 7.5 percent
clay whereas, Mirzapur and Banda soils were classified as
sandy clay loam and loamy sand the clay content which
occupied 21.6 and 10.0 percentage clay among the soil
separates. The pH of Varanasi, Chandauli and Mirzapur soil
noticed slightly acidic to neutral in reaction. The Banda and
Chandauli soils were found richer in organic matter and
moisture content and pH reflected neutral to slightly alkaline
in nature. The properties of soils (Table 2) showed high

surface area (187.61 m?g™?) in Basti soil followed by 178.75
m2g? in Varanasi soil compared to other kind of soils. The
soil attributes viz. organic matter and clay content is
important concern to permit the movement of lindane, o and
B isomers of endosulfan in the lower depth of soil column.
The CEC of soils were ranged from 7.5 to 17.1 (Cmol (P*) kg
1 which influenced by quantity of clay and organic matter.
The maximum CEC of soil was associated with of Chadauli
and Basti reflected high CEC (17.1 1nd 16.6 [C mol (P*) kg
11y followed by other examined soils.

Pesticide Movement Studies in Soil

The pesticide movement and adsorption in soil is affected by
diversified properties in which soil organic matter is the
principal adsorbent for many non-ionic organic compounds
(Chiou et al., 1979; Mader et al., 1977; Xing and Pignatello,
1996) [10.27. 5% | indane and endosulfan is nonionic, non-polar
hydrophobic compound and thus, weak attractive interaction
such as Vander Waals forces is the dominant forces of
attraction in case of the adsorption of lindane, o and B
isomers of endosulfan on soil surface and there is reason to
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believe that the exchange complex of inorganic clays in soils
played little in its adsorption. Downward movement of
pesticide through soil column is important to determine their
efficacy as well as their potential for crop damage and
environmental pollution (Mersie and Foy, 1986) [,
Endosulfan is less soluble; its absorption in soil is relatively
high which possibly check to downward mobility in soil. The
lindane, o and P isomers of endosulfan movement study was
carried out with different soils containing diversified physico-
chemical properties in the packed soil column, the distribution
of pesticides were obtained throughout the column and even
found their presence in the lower most soil core.

Few quantities of pesticides viz. lindane a and B isomers of
endosulfan residues were also detected in leachate fractions in
types of soil (Fig. 2-7) where, maximum quantity of chemical
was obtained within the 10 cm depth of soil. The range of
adsorption of a & B isomers of endosulfan in Uttar Pradesh
soils was noticed 63 to 86% by Singh et al., (2012) [, The
complete downward mobility of the chemicals through the
soil column was not observed in all examined soils. The
highest amount of insecticide leachates were obtained lindane,

o and P isomers of endosulfan in both, Azamgarh and
Mirzapur soils followed by other soils might be due to
reduced content of organic matter (Table 2). The adsorption
and limited leaching of pesticides particularly in soil with
high organic matter content is indicative of potential of the
chemical to undergo limited leaching through soil profile
hence reducing the risk of ground water contamination
reported by Sinnakkannu et al., (2005) B% The higher
quantity of lindane leachates was noticed in Varanasi soil
whereas, Banda soil obtained minimum quantity of o and
isomers of endosulfan in leachates showed in (Fig 2-7). The
leachates of o and f - endosulfan was detected in leachate in
descending order Azamgarh > Mirzapur > Varanasi > Basti >
Chandauli > Banda soil respectively. Similarly, the lindane
obtained in leachates in order to Azamgarh, Mirzapur, Banda,
Bastia ns Varanasi respectively. The maximum retention of
lindane concentration noticed in different textural group of
soils upto 10cm soil column depth. The similar finding was
also observed by.
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Fig 2: Mobility of Lindane and Endosulfan (a and B) in Varanasi soil at different depth
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Fig 3: Mobility of Lindane and Endosulfan (o and ) in Basti soil at
different depth
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Fig 4: Mobility of Lindane and Endosulfan (a and B) in Chakia Soil
at different depth
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Fig 6: Mobility of Lindane and Endosulfan (o and B) in Mirzapur
soil at different depth
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Fig 7: Mobility of Lindane and Endosulfan (a and B) in Banda soil at
different depth

Shivaramaiah (2014) 61, The higher concentration of lindane
retention was observed in Varanasi soil (36.3 mg kg?)
followed by Banda, Mirzapur, Azamgarh, Basti and
Chandauli soils respectively. The order of adsorption of
lindane in soil is directly proportional to the organic matter
content (Singh et al., 2013) 9],

The recovered amount of lindane fortified soils of Uttar
Pradesh were 88.63, 79.02, 84.42, 81.77, 80.16 and 84.79
percent whereas, 89.73, 90.18, 94.39, 87.11, 89.33 and 90.68
of a - isomer and 90.80, 91.33, 92.17, 89.70, 90.27 and 92.12
of B- isomers of endosulfan in Varanasi, Basti, Chandauli,
Azamgarh, Mirzapur & Banda soils respectively. Results
revealed that the downward movement of endosulfan in all
soils and its observed scanty move beyond the 10 cm soil
depth except in the Azamgarh soil could be explained in terms
of higher sorption coefficients of pesticides (Lin et al., 2009)
(261 |_eaching behavior of pure grade lindane and endosulfan
isomers were studied in various textural group of soil in pact
columns which was drenched with 100 ml of water when
lindane and endosulfan incorporated into the surface of soil,
the mobility of pesticide behaved differently in each soil due
to significant interaction between soil and elution contents.
The distribution of endosulfan was recovered throughout the
soil column is directly associated with physico-chemical
behavior of soil and chemical nature of pesticides showed in
Fig 2-7. The relative mobility of endosulfan in soil profile is
influenced by their longevity are key indicators of the
potential for contamination of drainage effluent and ground
water by that chemical (Weber and Keller, 1994) [, In study,
found that comparatively greater movement in both o and £
isomers of endosulfan was in Azamgarh whereas slower
mobility was noticed in Chakia soil conforming the greater
affinity of chemicals on the soil particles which showed more
adsorption. The percentage of lindane and o and 3 isomers of
endosulfan effluents received varied from 19.4 to 11.33 and
11.5t0 9.3 and 10.4 to 7.78 percentage depicted in figure-8 &
9. The variation of effluents between lindane and the two
isomers may be due to variations in water solubility. On the
other hand, the quantity of lindane and endosulfan retention
was observed in the upper domain (0-10cm) and subsequently
it was noticed less amount below the 10cm of soil column. In
case of lindane less leaches was received as because it got
more distribution throughout the soil column. The movement
of pesticides in lower soil depth increases with frequency of
irrigation, increasing temperature accelerates the degradation
of pesticides slowing their migration and large quantity of
clay and organic matter in the soil reduce pesticide mobility
(Martinez Vidal et al., 1994) . The movement of o -
endosulfan in soil column was comparatively higher than f
isomers of endosulfan due to less adsorption. The highest
concentration of o and B isomers of endosulfan was found in
Basti soil with 2cm (4.397& 4.47 ug?) followed by Varanasi
(3.516 & 4.224 pg?) and the lowest amount was found in
each soil depth in Banda soil. Studies showed that the content
of pesticides was associated maximum in surface soil and
decreasing gradually with depth. Similar trends with regard to
fraction of a and B isomers of endosulfan were identified in
all types of soils which retained in experimental soils due to
less solubility to non-ionic nature of chemicals having strong
affinity with organics and clay content.
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Fig 9: Distribution of Lindane and Endosulfan in soils of Uttar Pradesh

Several study of pesticide movement in soil columns have
been carried out (Douset and Mouvet, 1997; Mouvet et. al.,
1997; Vereecken et al., 1995) [*2 3352 However, there have
been little studies on the vertical migration of endosulfan,
because it decomposes rapidly in soil and converted into other
derivatives. The distribution of endosulfan along soil profile
and amount of leachates obtained depending upon the rate of
insecticide application and organic matter content (Mostafa
and Shazad, 2010) 2. This observation might be caused by
the strong adsorption between pesticides and the test soils
(Gua, et al., 2003; Gibson, 2001) [16. 151,

Conclusion

The mobility of pesticide through the soil system and its
persistency is the key indicator that made the potential
contamination of surface and ground water. The study
observed that the greater movement of lindane and o and f
isomers of endosulfan was associated in the soil which
contains less amount of organic matter and clay content. The
poor mobility these pesticides was noticed in soil that
conforming the higher adsorption in respective soils which
obtained comparatively higher organic matter and clay

content. The degree of organic matter and clay content
influenced the duration of pesticide accommodation in soil
system. The presence of pesticide residues in studies soils is
attributed to high persistence and accommodation for long
period in soils. The continuous exposure of pesticides in the
environment may contaminate of soil and ground water with
these pesticide residues poses a significant health risk to the
public from consuming potable water.
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