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Abstract

Alachlor interaction with soil has been evaluated by batch equilibrium method on nine soils, geographically distant, from
hilly to desert areas. Different soil samples have been investigated for sorption and removal mechanism of Alachlor. Linear
and Freundlich soil—pesticide sorption isotherms were used to study the adsorption phenomena. Distribution coefficient (K;)
shifted extraordinarily from 94.9 to 6.15 ug mL~'. Statistical analysis showed a negative correlation between soil pH and
Ky (R*=-0.70) and a positive relationship with organic matter content (R*>=0.80). The adsorption results gave a C-type
isotherm. The results were additionally investigated by univariate ANOVA and their accuracy was checked through residual
plots. Activated carbon prepared from walnut shells (Juglans regia) was utilized for green remediation of Alachlor-contam-
inated soils, proved to be a cost-effective absorbent. The influence of two parameters including pesticide concentration and
contact time for the abatement of Alachlor were investigated. Most prominent removal in 5 ppm Alachlor concentration was
84% while in 7.5 ppm most astounding removal was 72% from soils. The utilization of Juglans regia shells for decontamina-

tion of soils makes this technique environmental friendly, economical and easily applicable.
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Introduction

The unchecked and extensive application of pesticides has
caused some deep and stern apprehensions for the environ-
mental stability (Agrawal et al. 2010). Thus, it is highly
imperative to assess the fate of pesticides in soils and water
(Tiryaki and Temur 2010). Evaluation of the sorption phe-
nomena is important to predict the persistence and toxicity
caused by the pesticides (Ahmad 2017a). The persistency
of pesticides in turn determines its migratory behavior and
leaching potential. To avert pesticide contamination in soils,
several remediation strategies have been proposed. Greener
remediation routes have gained recognition in this aspect
that are conveniently adaptable, economical and sustainable
for the environment (Reddy and Chirakkara 2013). The pes-
ticide adsorption process is influenced by the physiochemi-
cal properties of soil as well as the pesticide being applied
(Sondhia and Khare 2014; Hall et al. 2015; Ahmad 2017b).
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Furthermore, sorption is also directed by number of inter-
molecular forces such as Van der Waals forces, hydrogen
bonding, ligand exchange, charge transfer, induced dipole
and dipole—dipole interaction and chemisorption (Sizmur
et al. 2016). Soil organic matter plays a major role in this
mechanism as higher organic matter content can retain more
pesticides and increase adsorption which is further enhanced
by clay and loamy texture of soil (Afolabi et al. 2016). The
major route by which Alachlor dissipates is through runoff
and leaching (EI-Nahhal et al. 1999).

Alachlor (2-chloro-N-(2,6-diethylphenyl)-N-
(methoxymethyl)acetamide) is a chloroacetanilide herbicide,
having pre-emergent application for the regulation of broad
leave weeds and grasses in corn, soya beans and many other
crops (Dehghani et al. 2013; Szewczyk et al. 2015) (Fig. 1).
Alachlor is a moderately toxic pesticide (Class II) which is
classified as a carcinogenic, an endocrine disruptor and also
shows xenoestrogenic effect by disrupting human and animal
hormonal system (WHO 2010; Staba et al. 2013; Germany
2016). Other chronic effects of Alachlor include liver toxic-
ity and eye irritation. High solubility (200 mg L") and low
mineralization rate makes it more probable to leaching, con-
sequently causing contamination of ground water (El-Nahhal
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Fig. 1 Chemical structure of herbicide Alachlor (C,;,H,,CINO,)

et al. 1998; Caldas et al. 2010). The molar mass of Alachlor
is 269.767 g mol~! with a melting point of 40—41 °C.

Presence of pesticides in soil and water causes contami-
nation that leads to environmental pollution and serious
health problems; hence its removal is essential from both
media. Biomass-based activated carbon can be used as an
environmental friendly adsorbent for removal instead of
commercially available expensive activated carbon. The
effectiveness of activated carbon prepared indigenously from
biomass depends upon the percent of carbon content along
with its high internal surface area, resistance to degrada-
tion and negative surface charge (Yang and Qiu 2010; Tao
et al. 2015). Biomass from nuts such as peanuts and walnut
shells (Janaki et al. 2012; Nazari et al. 2016), date stones
(Bouhamed et al. 2016) and many other seeds with a high
carbon content can efficiently be used as a raw material for
making activated carbon (Liu et al. 2010a, b; El-Nahhal and
Hamdona 2017).

The aim of the current research work is to evaluate the
adsorption behavior of herbicide Alachlor in nine Pakistani
soils from distinct geographical locations with specific
physiochemical properties. Pakistan is an agrarian country
whose economy is commodiously based on agricultural pro-
ductivity. Capacious utilization of pesticides without proper
knowledge of their environmental fate and toxicity impels it
essentially to evaluate the pesticide—soil interaction, mobil-
ity and subsequent remediation. The study further investi-
gates Alachlor green removal by activated carbon prepared
from walnuts shells (Juglans regia) as an environmental
friendly remediation technique.

Experiment
Chemicals

Alachlor, analytical standard, is purchased from Augsburg,
Germany (99.9% pure). Acetone and methanol utilized were
99.9% pure and anhydrous sodium chloride was utilized.
Standard stock arrangement of the pesticide was set-up in
distilled water. Sulfuric acid and sodium bicarbonate were
utilized.
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Table 1 GPS coordinates of the selected regions for soil sampling

Sample no. Region GPS coordinates

S1 Abbottabad 34.1688°N, 73.2215°E
S2 Gilgit 35.2819°N, 74.8419°E
S3 Ormara 25.2666°N, 64.6096°E
S4 Rawalpindi 33.5651°N, 73.0169°E
S5 Mardan 34.1989°N, 72.0231°E
S6 Karachi 25.0700°N, 67.2848°E
S7 Pakpattan 30.3573°N, 73.3827°E
S8 Rahim Yar Khan 28.4212°N, 70.2989°E
S9 Attock 33.7660°N, 72.3609°E

Soil sampling and preparation

Four to five kilograms of each soil sample was gathered from
nine distinct territories of Pakistan (Table 1). Sample col-
lection was done between January and February 2017 with
the mean temperature of 25 °C over all regions. Samples
were collected from specific points for each location through
random sampling and stored in clean polythene bags. The
soil samples were air-dried in the greenhouse for 2 days and
sieved through a 2-mm mesh sieve to remove debris and
large particles. Processed soil samples were stored in sterile
Petri dishes to be examined for its physiochemical properties
and further experimentation through standard test methods
(OECD 2005; Martin and MacDonald 2009). Physiochemi-
cal analysis of soil samples was performed in Soil and water
testing lab, Rawalpindi, Pakistan. Following instruments
were used in analysis: atomic spectrophotometer (Varian
company-220), oven (Memmert), octagonal sieve shaker
(Endecotts company), pH meter (WTW Ino Labs company)
and EC meter (Crison company).

Adsorption experiment

All adsorption experiments were carried out in duplicates
using a standard batch equilibrium method. The stock solu-
tion of Alachlor was prepared by dissolving it initially in a
few drops of acetone and later adding distilled water, and as
per standard protocol stock solution of 10 ppm of Alachlor
was prepared (Janaki et al. 2012). Alachlor is highly soluble
in acetone (> 1000 ug mL~!) while only moderately solu-
ble in water (240 pug mL™!). 10.3 mg of Alachlor was taken
[Weighing balance (Shimadzu company-ATx224)] to make
the stock solution. Diluted solutions (0, 0.25, 0.5, 0.75, 1.0,
2.5,5.0 and 7.5 ppm) were prepared from the stock solution
(Ahmad et al. 2015). 10 mL of 0.1 M sodium chloride solu-
tion was added to each dilution to maintain the ionic strength
of soil as it acts as a background electrolyte.
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Adsorption of Alachlor was carried out using batch
equilibrium method (Ahmad et al. 2014; OECD 2005).
All experiments were done at laboratory isothermal and
ambient conditions 24-26 °C. 0.5 g of air-dried soil sam-
ples [weighed by weighting machine (Shimadzu company-
AUX?220)] were equilibrated with eight different concentra-
tions. 10 mL of each Alachlor concentration was added to
the soil sample in a 15 mL falcon tube. All samples along
with duplicates plus blanks (no pesticide) and control were
shaken on a rotary shaker [(orbital shaker (Irmeco Gmbh
Germany)] at 150 rpm for a period of 48 h. The vials were
centrifuged [Hettich Company (Sigma 26-E)] for 20 min at
3500 rpm (25 °C). One milliliter of the clear supernatant
was removed, filtered through 0.2-pum nylon filters and ana-
lyzed under UV—Vis spectrophotometer for the pesticide
concentration.

Utilizing UV-Vis spectrophotometer (Model: BMS-
1602), the concentration of Alachlor in soil solution was
analyzed. At UV-Vis spectrophotometer, the solutions were
run at detection wavelength of 200-300 nm with the aid of
taking water as the reference standard and the wavelength
of Alachlor was determined at 240 nm.

Preparation of activated carbon (AC)

Shells of Juglans regia were initially dried in the sunlight
for 2-3 days. Dried materials were kept inside the oven at
150 °C for 24 h for removal of moisture and other volatile
impurities. After that it was crushed with mortar and pes-
tle followed by electric grinder. Chemical activation of the
powdered precursor was done with sulfuric acid to make the
impregnation ratio 1:1. The slurry form of powder precursor
was properly mixed and kept for 24 h for proper soaking in
a fume hood. After that it was washed with cold distilled
water and with normal distilled water to neutralize the pH of
activated carbon and remove excess acid. It was then soaked
in a 5% sodium bicarbonate solution and left for 24 h. Then
it was finally washed with cold distilled water till the solu-
tion became neutral. Finally, the activated powder was kept
inside the oven at 110 °C for 24 h and packed in an airtight
container (Fig. 2) (Manocha et al. 2013; Tao et al. 2015).

FTIR characterization

FTIR-8400 (Schimadzu) was utilized for the FTIR measure-
ments of the activated carbon. The instrument ranged from
400 to 4000 cm™'. Pellets of Juglans regia shell powder
and activated carbon were prepared. Pre-heated KBr in pow-
dered form was used to form pellets. Prepared powder was
well mixed with KBr with the help of mortar and pestle and
ground. The mixture then was subsequently given high pres-
sure through the hydraulic pump (Nabiyouni and Ghanbari
2012). Activated carbon was analyzed for active functional

Walnut shells
activated carbon

Fig.2 Activated carbon prepared from Juglans regia. Walnut shell
powder activated with conc. Sulfuric acid (1:1). Later placed in oven
at 160 °C for homogenization. Followed by neutralization of pH and
final washing by distilled water and storage in airtight jar

groups in the range of 500-4000 cm™' that can act as an
active site for the attachment of pesticide. A FTIR spectrum
was obtained before preparation of activated carbon, i.e. raw
material (Juglans regia shell powder) and after preparation
of activated carbon.

Alachlor removal using activated carbon

Dilutions of 5 and 7.5 ppm had been prepared from 10 ppm
stock solution. 10 mL of each dilution was added in 15 mL
of centrifuge tubes, along with 0.5 gram of each soil sample
and their absorbance was measured through UV spectropho-
tometer. First, UV was taken before the addition of activated
carbon. After that 0.5 g of activated carbon was weighed and
added in each vial, shaken and left for 3 h before measuring
absorbance via UV spectrometer. Same process was repeated
for 6 h duration (Liu et al. 2010a, b). All experiments were
performed in duplicates.

Data Analysis

The concentration of Alachlor adsorbed in selected soil sam-
ples was calculated with the aid of difference and equilib-
rium concentration by the following equation (OECD 2005):

Cs = (G, = ), 1)

where C is the concentration of Alachlor adsorbed (ug/g), V
is the volume of the solution, m is the amount of soil taken in
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grams, C, is the equilibrium concentration of the supernatant
and C, is the equilibrium concentration of blank. From the
above equation values of linear isotherm can be written as
follows:

CS
K (ads) = o (2)

€

where K is the linear sorption coefficient in ug mL ™" and C,
is the concentration of Alachlor at equilibrium in ug mL™!
(OECD 2005). The Freundlich equation for all the soil sam-
ples can be represented by Eq. (3):

Cs=K;xC,1/n, 3)
where C is the concentration of Alachlor adsorbed, C, is
the equilibrium concentration in ug mL™', K; and 1/n are
Freundlich constant obtained using the Freundlich equation
in linear form. K¢ can be calculated by the equation given
below:

Ko = =L 100 4
= — x 100.

foc %C ( )
Gibbs free energy is calculated by the following

equation:

AG= —RTInK,,, 3)

where R is the universal gas constant and T is the tem-
perature in Kelvin. Its value can be used to determine the
nature of adsorption and pesticide binding to soil; its value
<—40 kJ mol~! represents the physical binding of pesticide
with soil (Ahmad 2017¢c).

The results were further evaluated statistically to assess
their significance. The regression and correlation analysis
was performed between the adsorption coefficient and
soil physicochemical properties in Excel 2013 (Microsoft,
USA) and univariate ANOVA and the residual plots were
obtained in Minitab 17 (statistical package).

Results
Physicochemical analysis of soils

The physiochemical analysis of soil samples is presented
in Table 2. On the basis of the investigation, pH of selected
soils stretched from 7.32 to 8.08. The total organic carbon
content (TOC) ranged from 0.35 to 1.02% in all soil samples.
OM in the collected soil samples ranged from 0.6 to 1.9%.
On the basis of textural assessment, soils were classified
into loam, sandy loam and clay loam classes. Soil S1 and
S6 were categorized as sandy loam due to the presence of
large percentage of sand content, 40 and 82%, respectively.
The textural assessment of soils revealed that most of the
Soil S7 was categorized as clay loam due to abundant clay
content percentage (50%) (Rowell 2014). The soil sample
with highest pH 8.08 was sandy loam in texture with the
second lowest OM (0.7%) percentage among all samples.
The remaining soils were identified as loamy. The salinity
hazard in the soil samples has been investigated by the elec-
trical conductivity (EC). The EC values ranged from 131 to
6240 uS cm™.

Adsorption isotherms

Selected soils exhibited variant adsorption of herbicide
Alachlor, due to changes in their physicochemical make-up.
These variations influenced the surface attachment of Ala-
chlor onto them. The Alachlor adsorption on soils was stud-
ied using UV-Vis spectrophotometer and linear isotherms
were plotted (Fig. 3). Following linear adsorption parameters
were studied in the selected soils: adsorption distribution
coefficient (K,), K,,, and K . which signify the adsorptive
interaction of pesticide (Table 3). The K values of Alachlor
adsorption to soils ranged between 6.15 and 94.9 pg mL™!
with the regression coefficient R? value ranging from 0.71 to
0.96. The highest value of adsorption coefficient belonged

Table 2 Physiochemical properties of soil samples in the current experiment

Soil pH Organic matter ~ Saturation (%) Texture Textural classes Electrical conduc- Total organic  Nitrogen
content (%) - tivity (uS em™) carbon (%) content (%)
Sand Silt Clay
S1 8.08  0.70 29 S. loam 40 35 25 131.0 0.41 0.55
S2 7.68 1.99 35 Loam 54 36 10 143.0 1.02 1.05
S3 754  0.60 42 Loam 47 38 15 288.0 0.64 1.70
S4 7.50 1.35 82 Loam 30 48 22 231.0 0.64 1.05
S5 7.49 1.75 40 Loam 18 50 32 208.0 0.93 1.30
S6 7.44 1.25 26 S. loam 82 3.0 15 2120 0.78 0.65
S7 7.32 1.6 50 C.loam 3.0 47 50 672.0 1.02 1.20
S8 7.32 1.10 32 Loam 55 25 20 6240 0.35 1.55
S9 8.08 0.70 31 Loam 50 30 20 200.0 0.73 1.70
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Fig. 3 Comparative adsorption of Alachlor in selected soil samples

to soil sample S9 while the lowest to S3 due to the dis-
tinct physiochemical makeup of soils. The K, values of the
present work ranged from 960 to 6546 ug mL~!. All soils
exhibited very high K. values greater than 500. These soils
interred in the low mobility class indicating very less prob-
ability of groundwater contamination. The values for the
distribution coefficient normalized for organic matter (K,
were also studied. In some researches, the K, values have
been given precedence over K as it considers the differences
in soil organic matter and thus curtails variances. The K,
values ranged from 899 to 3103 ug mL~'. The K, values
suggested the adsorption of Alachlor in nine soils in the
following sequence:

S9 >S5 > S7>S54>8S86>82>8S8>S1>38S3
AG, a thermodynamic parameter, is the Gibbs free
energy, its values in present work stretched between — 14
and — 22 kJ mol~!. The Freundlich kinetics was analyzed
for the Alachlor adsorption on all nine soils. The Freundlich

adsorption distribution coefficient (K;) ranged from 2.07 to
11.09 ug mL~". The highest K; value was observed in soil
sample S2 while the lowest in S1. The R? values for Freun-
dlich isotherm ranged from 0.72 to 0.95 giving an indication
of a good fit with Freundlich model. n, was calculated from
the regression equation which lied between 0.33 and 1.46.

Alachlor removal

Juglans regia-based activated carbon was utilized for Ala-
chlor removal from soils. FTIR characterization of activated
carbon revealed several new peaks formed after the acti-
vation (Fig. 4). Abundant functional groups were present
on the carbon surface, however, most of the peaks centered
between 1000 and 1800 cm™!. Functional groups can act as
an attachment site for pesticide thus facilitating in removal.
The results showed the removal of Alachlor by Juglans
regia shell-based activated carbon after 3 and 6 h duration
in 5 ppm concentration was highest in S7 (84%) and least
in S1 (53%). Highest removal in 7.5 ppm concentration was
in S9 (73%) and least removal was from S5 (43%) (Fig. 5).

Discussion
Soil properties

Pakistani soils displayed a slight alkaline trend. This alkaline
range of pH in all soil specimens was due to the fact that
Pakistani soils have generally been found to be moderately
alkaline in nature. The abundance of Na content in soil tends
to make it sodic as well as alkaline rendering these soils
to accumulate a higher percentage of salts. A higher pH
adversely affects the soil complex imparting instability and
causing disintegration of clay fragments which later clog the
soil pores (Naqushband et al. 2017). The soil organic matter

Table 3 Linear and Freundlich adsorption parameters of Alachlor in selected soils

Soils  Linear model AG (kI mol™")  Freundlich model

Adsorption distri-  R* Koy (mgmL™Y) Ko (ug mL7h Freundlich distri- R*>  Kg. (ugmL™") n,

bution coefficient bution coefficient

Ky (ugmL™") K (ugmL™")
S1 11.8 091 1685 2878 —18 1.65 0.84 471.0 0.46
S2 17.9 0.89 899.5 1754 -22 11.09 092 1732 0.81
S3 6.15 0.93 1025 960.0 -14 2.07 0.72  202.0 0.33
S4 419 0.94 3103 6546 -19 4.34 0.86 479.0 0.98
S5 51.0 0.75 2914 5483 -19 5.19 0.84 810.0 0.43
S6 28.1 091 2240 3602 =21 3.74 091 1058 1.46
S7 48.4 0.80 3025 4745 -20 5.59 0.87 765.0 0.58
S8 15.6 0.71 1418 4457 -17 2.71 0.89 291.0 0.65
S9 94.9 0.96 2687 4901 -19 8.13 0.95 600.0 0.95
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Fig.4 FTIR spectra of Juglans

regia shell powder before 2
activation and after activation 1
to form activated carbon. The =
black-colored spectra are of
Juglans regia shell (walnuts)
powder before activation and -
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Fig.5 Removal of Alachlor from the contaminated soils a 5 ppm, b 7.5 ppm. Decreasing absorption of UV-Vis signifying the successive

removal of Alachlor ¢ 5 ppm, d 7.5 ppm

(OM) substantially influences other soil properties (Powlson
et al. 2013). The soils of the current experiment were found
to possess very low OM. Generally, soils in a higher range
of pH contain less amount of soil organic matter (Kuramae
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et al. 2012; Peralta et al. 2013). Elevated pH values of soils
curtail water uptake which increases the sodium content con-
sequentially impeding the biochemical phenomena impera-
tive for the sustenance of OM (Uzoma et al. 2011). The
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increased salinity is also responsible for the reduced micro-
bial activity required for the maintenance of OM (Mavi et al.
2012). All soil samples exhibited high EC values. The higher
values of EC indicated more saline nature of soils, thus mak-
ing it difficult for plants to uptake water even if the soils are
wet (Bauder et al. 2011). According to soil samples, S8 was
most probable to the risk of salinity hazard.

Alachlor adsorption

The adsorption of Alachlor on soils was found to decrease
with the increase in concentration of herbicide applied. More
molecules of herbicide with increased concentration occu-
pied greater number of sorption sites on soils (Doretto et al.
2014). Alachlor adsorption studies in three different soils
from India with pH ranging from 4.93 to 7.97 with moder-
ate K, ranges, also revealed increase in the phenomena of
adsorption with increasing Alachlor concentration. Highest
adsorption in Indian soils was observed in soils with high-
est OM. However, the isotherm obtained in Indian soils was
an “L” type instead of the “C” type obtained in the current
research (Janaki et al. 2012). Dal Bosco et al. (2012) also
presented the isotherm of their Alachlor adsorption experi-
ment to be “L” type. These isotherms show an initial slope
which is not further increased with increasing the concen-
tration of the pesticide. However, the slope of the isotherm
of the current research increased with increasing Alachlor
concentration. Hence, the type C isotherm indicates a con-
stant availability for adsorption sites for the complete range
of Alachlor concentration. Experiments on Alachlor adsorp-
tion by Jaya et al. (2009) also exhibited an “L’-type isotherm
in Indian soils. Pesticides have been categorized into three
classes on the basis of their mobility in soil. These classes
are characterized by the K values. First, a very high mobil-
ity group with K values less than 50; second, high mobility
group with K values between 150 and 500; and finally, low
mobility group with K, values higher than 500 (Ahmad
2017d). A research conducted on adsorption of herbicide
on Chinese soils indicated that maximum values of K lied
in the range close to 500 ug mL~!. The preeminent variance
in those soil samples was the low pH which interred mostly
in acidic range. The only exception was one black soil with
an alkaline pH (8.06) that showed the highest value of K,
indicating least mobility (Liu et al. 2010a, b). The soils
of current research also lied in an alkaline range and thus
exhibited low mobility of Alachlor. The Alachlor adsorp-
tion results by Schwab et al. (2006) displayed very high K
values in American soils mainly because of the presence of
a very high amount of organic carbon in them. The negative
AG values represented the type of interaction between the
pesticide and soil. Its value equal or less than —40 kJ mol ™!
indicates physisorption while above it indicates chemiosorp-
tion. Its values depicted the phenomena of physisorption

between Alachlor and soil particles. It also indicated that
the interaction occurred through weak Van der Waal’s forces
and hydrogen bonding, and implied the reaction to be spon-
taneous and exothermic. Dal Bosco et al. (2012) confirmed
that herbicides of this group adsorb through Van der Waal’s
forces that exist between the nuclei of aromatic carbon and
the aromatic ring occurring on the OM surface. While the
hydrogen bonding exists between the carbonyl oxygen of
amide part of the herbicide and the hydrogen of hydroxyl
and carboxyl groups on OM surface.

The investigated soils were also assessed by the Freun-
dlich isotherm model. Loamy and clay loam soils depicted
enhanced adsorption on the basis of K;. The K; values in
Chinese soils have been found to be in a closer range with
that of Pakistani soils (Liu et al. 2010a, b) while another
study on Indian soils revealed K; values to be less than 10 in
all samples because of high pH (Shivaramaiah 2014). K; val-
ues in soils from Tamil Nadu, India, were found to be very
low as well (<2 pug mL™") (Janaki et al. 2012) as the soil pH
was high. On comparing the K; values of current Alachlor
adsorption experiments with different other researches, it
was found that K; values of Pakistani soils were in clos-
est proximity with Chinese soils. The n, values indicate the
extent of irreversibility of adsorption among all soil samples.
Mainly, the highest values of n, were seen in loamy soils.
The n, values in all Brazilian soils was found around 1 (Dal
Bosco et al. 2012). According to Kodesovi et al. (2011), a
low range of K; value are obtained for low range of n values.

On the basis of the adsorption results obtained, it was
deduced that soils belonging to loamy class showed higher
rate of adsorption compared to others. The texture of soils
greatly influences the rate of adsorption. Kodesova et al.
(2011) depicted that least adsorption occurred in sandy
soils. OM and clay content in soils greatly facilitated the
rate of Alachlor adsorption in soils. The lowest amount of
OM (0.6%) rendered a very low value of adsorption in soil
sample S3 (6.15 ug mL™!). Soil sample S7 contained the
highest percentage of clay (50%) thus categorized as clay
loam. As a consequence of more clay content, S7 was found
to comprise lowest pH value and a high adsorption rate. The
soil sample S6 possessed highest sand content (82%) thus
categorized as sandy loam soil. It showed a reduced rate of
adsorption (28 ug mL™"). pH values showed an inverse rela-
tion with the rate of adsorption. In soils with elevated pH
values, the availability of sites for pesticide adsorption are
reduced while in lower pH soils there are more protonated
surfaces on the adsorbent. Although S6 possessed a low pH
yet a reduced adsorption was observed. This was due to the
fact that this soil contained the lowest amount of organic
matter providing less sites for Alachlor adsorption. High
OM percentage soils also show more tendency for buffer
capacity against changing pH (Liu et al. 2010a, b; Ahmad
and Rashid 2015). Schwab et al. (2006) also deduced from
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Table 4 Linear regression

. Adsorption coefficient Property (x) Correlation Probability Intercept (a) Slope (b)
and COI'FC]athIl for Alachlor coefficient (r) level (p)
adsorption
Ky pH -0.70 0.21 7.6 —0.002
oM 0.80 0.103 1.0 0.005
TOC 0.79 0.07 0.5 0.002

their research that an increase in adsorption with increasing
OM and clay content results in a decrease in bioavailability.
More Alachlor molecules will bind to soil particles with
higher OM consequentially resulting in impeding the move-
ment of pesticide towards groundwater. Another reason for
increased Alachlor adsorption to soils with greater OM is
that OM acts as the most significant sorbent surface for pes-
ticides because of the phase partitioning that is induced by
hydrophobic interactions (Wang et al. 2010). The increasing
rate of pesticide adsorption in soils with increasing OM and
decreasing pH has also been confirmed in various previous
researches (Dal Bosco et al. 2012; Janaki et al. 2012).

The physiochemical properties of soils and their K val-
ues were assessed statistically. To analyze their relation-
ship, regression analysis was performed which showed that
the pH was indirectly proportional to the adsorption rate
(R*=—-0.70) while OM (R*>=0.80) and TOC (R*>=0.79)
are directly proportional to it (Table 4). Thus, it is quite
evident that an increase in OM and TOC will consequently
enhance the adsorptive interactions and a decrease in pH
will also increase adsorption. According to the results, the
soil sample which had the highest value of K also had the
highest amount of organic matter present in it. This justi-
fies the statement that there is a direct relationship among
organic matter and the soil’s adsorption capacity. Univariate
ANOVA analysis was done on the soil samples along with
the K, values. In this analysis, the P value was found lower
than the alpha value (a) (0.05). P value <0.05 indicates the
significance of the experimental results. Residual plots have
been obtained from the statistical software package Minitab
17. Four types of plots were obtained from the one-way
ANOVA analysis: normal probability plots, versus fit plots,
histogram and versus order plots. These plots determined
the accuracy and goodness of fit of the experimental results.
Normal probability plots depicted the normal data distribu-
tion while residual plots displayed a constant variance of
data (Fig. 6).

Removal by activated carbon

Each functional group can generate several peaks in the spec-
trum. The fingerprint region of the FTIR spectra ranges from
500 to 1500 cm™! while after it lies in the functional group
region. The number of peaks before activation in the finger-
print region was six while after activation it increased to ten.

@ Springer

Overall, the increase in functional groups was to 14. Several
peaks were obtained at 561 cm™! (C-Br stretch), 665 cm™!
(~C=H:CH bend), 896 cm™~! (=C-H bend), 1028 cm™! (C-N
stretch), 1157 cm™! (C-O stretch), 1425.51 em™! (C-C
stretch), 1510.31 ecm™' (N-H bend), 2018.4 cm™! (-C=C
stretch) and 3406.4 cm™! (=C—H stretch).

It was observed that Alachlor removal was fast during
the initial phase observed after 3 h contact time. However,
a slower decrease in Alachlor absorbance was seen after 6 h
of contact time. This is because sufficient free sites are avail-
able for pesticide attachment to the activated carbon in the
initial phase. These results depicted that Alachlor removal
by activated carbon had an indirect relation with concentra-
tion of pesticide, i.e. greater the concentration lower will
be removal. Since the amount of AC is constant through-
out the experiment (for each concentration), the variation
in Alachlor concentration revealed higher removal in lower
concentration of Alachlor (Liu et al. 2010a, b). In the present
study, all soils followed this trend, and removal was greater
in percentage in 5 ppm rather than in 7.5 ppm. Also the indi-
vidual percentage removal was more after 3 h contact time
than after 6 h as the pesticide removal phenomena tends to
reach closer to its equilibrium.

Conclusion

UV-Vis spectrophotometry revealed the physical adsorption
of Alachlor on selected soils. Adsorption of Alachlor to soil
is directly related to organic matter, total organic carbon con-
tent and clay content, as in soil S2, S9 and S5. High organic
matter resulted in elevated K; and K; values, thus proposing
greater ability for adsorption. S4 possessed lower K, value,
but high organic matter, which was due to textural influence,
lower clay content and higher sand. The results depicted low
probability of Alachlor leaching and reduced mobility in
soils. The research also led environmental friendly method
for the removal of Alachlor from soils using activated carbon
prepared from biomass. It can be used as an effective adsorb-
ate for number of organic pollutants. So activated carbon
prepared from biomass waste such as Juglans regia can be
effectively used rather than commercially prepared activated
carbon from non-biomass sources.
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