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Abstract

Butachlor is a non-ionic herbicide that has been applied widely for agriculture, especially in paddy
fields. Through batch equilibration experiments, the adsorption characteristics of butachlor were
investigated in eight cultivated soil samples collected from Golestan Province, Iran. The data ob-
tained from adsorption equilibrium experiments fitted the linear equation very well. Results
showed that butachlor had weak to moderate adsorption capability in different soils. Trend of bu-
tachlor adsorption was similar to the order of abundance of organic carbon in the soils. The Gibbs
free energy values were found negative and adsorption was spontaneous and exothermic in na-
ture. Statistical analysis showed that organic carbon, CEC (cation exchange capacity), and the Rt
ratio (ratio of TNV to organic matter content) were the more effective parameters governing bu-
tachlor retention and mobility in soils.
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1. Introduction

Among the different groups of pesticides, herbicides are more likely to pollute soils. The sorption properties of
the herbicides are very important, especially as the first herbicide applications are necessary at the early growth
stages, when crop interception is minimal, and therefore, the major part of the applied dose actually reaches the
soil [1]. Herbicides are especially likely to cause environmental problems as they are used in large quantities and
are persistent in the paddy field and the environment [2]. Herbicides could reach surface and groundwater by
runoff and leaching. These movements are attenuated by natural processes such as adsorption on soil constitu-
ents, as well as chemical and biological degradation [3]. Butachlor (N-(butoxymethyl)-2-chloro-N-(2, 6-diethyl-
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phenyl) acetamide) is a selective systemic herbicide, mainly used to pre-emergent control of annual grass with
application rate 3000 - 4000 (g-ha'). Butachlor has widely been used in the northern provinces of Iran such as
Golestan Province, mostly in paddy fields. As rice fields are mainly located alongside rivers in north of Iran, this
herbicide is often released into rivers and can affect its inhabitants. While butachlor is in common use in Iran
and has been detected in surface and ground waters, it is expired and unallowable in the EU because of its toxic-
ity and environmental impacts. Its environmental impact has been investigated widely, and the investigations
show that butachlor has toxicity to aquatic organisms [4]. Especially, it has genotoxicity to the amphibian ani-
mals [5].

Up to now, many studies on the sorption of butachlor by soil revealed that only soil organic matter was close-
ly related to sorption capability [6] [7], and little evidence indicated whether other soil characteristics such as
inorganic components and CEC would influence the adsorption of butachlor by soil [8]. As adsorption of bu-
tachlor has not been studied on Iranian soils, its knowledge is necessary for predicting mobility of butachlor in
soil environments. This study can help to better understand effects of soil properties on mobility of butachlor in
representative soils of most common soils of Golestan Province.

2. Materials and Methods
2.1. Materials

Eight soil samples collected from the surface horizon (0 - 20 c¢cm) in agricultural fields of Golestan Province
(Figure 1). The selection of samples was based on existing maps to give a gradient in pH, EC, CEC and to have
a range in texture and organic carbon content. The soil samples were air-dried and sieved through a 2 mm mesh
sieve to remove debris and large particles. Then soil samples were analyzed for the physiochemical properties
including pH, EC electrical conductivity, CEC, organic carbon content (OC), clay (<2 um), silt (2 - 50 pm) and
sand (50 - 2000 um) and TNV (total neutralizing value). Mineralogical composition of the soils was determined
by X-Ray Diffraction analysis (XRD). Some physicochemical properties and mineralogical composition of soils
are shown in Table 1. Analytical grade butachlor with a purity of 97% was purchased from Shenyang Research
Institute of Chemical Industry, China. Other chemical reagents and solvents used were of HPLC grade. The mo-
lecular structure and physicochemical properties of butachlor [9] are given in Table 2.
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Figure 1. Sampling sites in Golestan Province, North of Iran.
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Table 1. Some physicochemical properties and mineralogical composition of studied soils.

Sample Sand Silt Clay OC oM TNV EC CEC
pH RCO Rt Mineralogy
Unit (%) (ds/m) (meq/100 g)

A 15 53 32 230 397 13.11 0.85 313 7.07 13.9 33 Q,CLI>F,Ca
B 29 35 36 1.99 343 19.31 3.05 27.93 7.1 18.07 5.62 Q,Ca>K,M>D
C 28 42 30 238 4.1 12.23 1.4 30.5 727  12.61 2.98 Q>Cl, Ca,l
D 29 37 34 1.37 236 29.68 1.35 23.03 733 2482 1257 Q,Ca>D,L Di
E 17 47 36 2.66  4.59 14.41 1.05 35 7.22 13.51 3.14 Q>Ca,K,I>Mo
F 19 49 32 133 23 23.74 3.18 18 723 2402 1034 Q,Ca,F>K,M
G 28 56 16 059 1.02 2255 71.3 5 8.1 27.12 2217 Q,Ca,G>1>H
H 38 46 16 0.87 151 24.01 0.8 9.24 6.85 1829 1592 Q,Ca>K,I>D

OM: organic matter (% OM = 1.724% OC). RCO: the ratio of clay content to total organic carbon content (RCO = % clay/% OC). Rt: the ratio of cal-
cite (here TNV) content to organic matter content (Rt = % CaCO3/% OM). Mineralogy: clay minerals (K, kaolinite; Cl, Clinochlore; I, Illite; Mo,
Montmorillonite; Di, Dickite), silicate minerals (Q, quartz; F, felspar; M, mica), carbonate minerals (Ca, Calcite; D, Dolomite), oxide minerals (H,
Hematite), sulfate minerals (G, Gypsum).

Table 2. Molecular structure and physicochemical properties of butachlor.

MW SW VP
Chemical class Trade name Molecular structure pKa Log P
(gmol)  (mgl)  (Mpa)
C2H5
Chl id h (OHOCH, 1 4 311.9 20 0.24
oroacetamide Machete ~co CH,CI Neutra 5 R .
CZH5
2.2. Methods

All adsorption experiments were carried out in duplicate by using a standard batch equilibrium method [10]. To
minimize the variation of ionic strength, 0.01 M CaCl, solution was used as a background electrolyte. The stock
solution of butachlor was prepared in methanol, and then was diluted by 0.01 M CaCl, solution to obtain the
working standard solution. Concentration dilution series was prepared to check the linearity of detection and con-
struction of the HPLC calibration curves. Soil to solution ratio of 1:5 (w:w) was chosen according to the pre-
liminary experiments. Adsorption kinetic experiments were carried out to determine equilibration time. Samples
of 5 grams soil were added to conical flasks containing 23 mL 0.01 M CaCl, solution. All samples were pre-equi-
librated (12 h) overnight. The final volume of 25 mL aqueous phase was obtained by addition of butachlor stock
solution in order to obtain the desire final concentrations. Then, all the suspensions were shaken on a rotary
shaker at 150 rpm for a period of 48 h at 27°C + 1°C. From flasks, 5 mL of supernatant was collected at time in-
tervals of 0.25, 0.5, 1, 2, 3, 6, 9, 24, 48 h and were centrifuged at 4000 rpm for 15 min, and then supernatant
analyzed by HPLC, to measure C,, the concentration of pesticide remaining in supernatant (mg/L), using the ca-
libration curve regression equation. Duplicates without soil were used as references for C;, the initial concentra-
tion (mg/L). Adsorption equilibrium experiments were conducted at the ratio of soil per solution (1:5) and initial
concentrations of 1, 5, 10, 15, 20, 25, 50 mg/L. The reaction mixtures were agitated in a rotary shaker as pre-
viously noted, until the equilibrium was established. Conical flasks without soil were also served as control sample
to evaluate the effect of butachlor adsorption on the conical flasks glassware and the following possible degra-
dation during the process. After 24 h (estimated equilibration time), 5 mL of supernatant was collected, next cen-
trifuged and analysis with HPLC similarly as before. Chromatographic analysis was performed with a
SHIMADZU liquid chromatograph (SHIMADZU, Kyoto, Japan), system equipped with a UV-SPD-20AV de-
tector. The column was Symmetry C18 (250 mm length, 4.6 mm i.d., 5 um particle size). The absorbance wave-
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length was 215 nm. The mobile phase was methanol: distilled water (75:25, v/v) with flow rate of ImL/min and
the injection volume was 10 pL. The total run time was 10.0 min. The retention time of butachlor was 5.5 min.

3. Result and Discussion
3.1. Soil Characterization

The soil samples belong to different textural classes: silty clay loam ((a), (e) and (f)), clay loam ((b), (c) and (d)),
silt loam (g) and loam (h). Soils showed organic matter content varied from 1.02% to 4.59%. The clay content
ranges between 16% and 36% whereas insignificant variation of pH was observed. There are positive correlation
between clay and OC (r = 0.77, p < 0.05) as well as between clay and CEC content (r = 0.87, p < 0.01). Domi-
nant clay minerals are illite and kaolinite and quartz and calcite are present in all samples.

3.2. Adsorption Kinetic Study

Kinetic experiments were conducted with initial concentrations of 1, 25 and 50 mg/L, to determine contact time
required for adsorption equilibrium attained and 24 h was selected as the desired equilibrium time (Figure 2).
The adsorption kinetic curves exhibited two distinct stages, a rapid adsorption in the initial stage (within 5 h)
followed by a slow adsorption. This phenomenon was due to the fact that a large number of vacant surface sites
were available for adsorption during the initial stage, then the remaining vacant surface sites were difficult to be
occupied due to repulsive forces between the solute molecules on the solid and bulk phases [11].
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Figure 2. The adsorption equilibrium time of butachlor in eight soils.
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3.3. Adsorption Equilibrium Study

In this study, control samples showed no loss of pesticide. Thus, differences between the initial and equilibrium
concentrations were assumed to be due to sorption onto soil. The concentration of pesticide adsorbed in the solid
phase g, (mg/kg), can be calculated as shown in Equation (1):
V(C -C,
ALY )
m

s

where V' (L) is the final volume of solution in the suspension and m; (g) is the mass of soil. In order to find the
behavior of butachlor in different types of soils, adsorption isotherm studies were conducted at 27°C £+ 1°C with
an equilibrium time of 24 h. The plots of g, versus C, for various initial concentrations in the range of 1 - 50
(mg/1) are shown in Figure 3. It can be seen that sorption of butachlor by soils (g.) increased with solution equi-
librium concentration (C,) suggesting that sorption sites were not saturated at the concentrations used in this
study.

As the results could be fitted to straight line of correlation coefficients r > 0.98, so the sorption data were fit-
ted well into the linear model. Linear isotherms are often indicative of partitioning into the organic matter [12].
The linear isotherm has only one fitting parameter, K, and by definition, passes through origin. The applicabili-
ty is to be judged via an appropriate regression through the origin. In our case, the linear fitting of data on all
soils with R* = 0.97 - 0.99, indicated a non-zero intercepts. Such behavior does not imply the inapplicability of
the linear model as tested by the value of sum of squared errors, SSE%, as given by Equation (2):

SSE :\/Z(Kd,ar —Kyca )2/N @)

where N is the number of data points. The obtained values of SSE were 4.78, which imply that the variability of
K, with C, is not significant. Most probably, errors in the values of ¢, at low C, values are the responsible for the
non-zero intercepts [13].

The adsorption isotherm shape provides information concerning the adsorption mechanism. Most of the bu-
tachlor adsorption curves were of the L type, according to the classification proposed by Giles ef al. [14], with a
slope decreasing with increasing equilibrium concentration of the pesticide, which means that a decrease in
sorption sites with increase concentration as the adsorptive sites become occupied, it is increasingly more diffi-
cult for sorbate molecules to find vacant sites. L type isotherms have been previously reported for butachlor ad-
sorption [14] [15]. Moreover in some cases (soils (a), (c) and (e)) the butachlor adsorption curve was near-linear
and hence of the C type.
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Figure 3. The adsorption curves of butachlor on eight soils.
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Pesticide soil/solution distribution coefficient, referred to as pesticide soil sorption value, is utilized to predict
mobility of the pesticides and reflects its partitioning between adsorbing surfaces and the soil solution. Adsorp-
tion distribution coefficient K, (L/kg) was calculated for each pesticide-soil combination as Equation (3):

_ 4.
C

e

K,

3

According to K, values it was possible to separate the soils into two groups as a function of their affinity to-
wards butachlor: soils £, C, 4 and B had the strong sorption affinity to butachlor and exhibited the highest reten-
tion capacities (20.35 < K; <29.07) while the other samples D, F, H and G had the weaker sorption affinity to-
wards the butachlor and presented lower retention capacities (5.05 < K; < 13.05). The strongest sorption affinity
of butachlor (K, = 29.07) in soil E (a silty clay loam soil with highest organic matter) was about 5.8-fold to the
weakest sorption affinity (K,; = 5.05) of soil G (a silt loam soil with lowest organic matter). This observation is
in direct agreement with the general idea that adsorption of pesticides is higher on soils of higher organic matter.
K, values of butachlor in our results is in accord with the reported data by Tatsuo et al. [16] in four Japan soils
ranges from 14.8 to 38.9. In addition Chiang et al. [17] achieved findings in agreement with previous results by
nine Taiwan soils at the range of 11.14 - 33.62. Likewise, Yu ef al. [ 7] got similar results (range 6.78 - 17.36) on
butachlor adsorption by five china soils.

As OC is considered as the major component responsible for pesticide sorption, partition coefficient is often
reported as normalized to the fraction of organic carbon (f;.) in the soil, represented as an organic carbon parti-
tion coefficient (Koc), which usually much less variable than K, for a given hydrophobic molecule and elimi-
nates much of the variation in the K, values of the pesticide among different soils. The adsorption coefficient (K,)
was calculated as a function of the organic carbon (OC) and organic matter (OM) of the soil with Equations (4)
and (5) respectively:

K, x100
= a7 4
oc =" 00 4
K, x100
_ v 5
M o0M (%)

The values of K¢ coefficient vary from 856 to 1109 (L/kg) with mean Ky value of 980.24. These values are
in agreement with the literature (e.g. [8]) in the range of 729.2 - 1946 with a mean value of 1266. The high Koc
values suggest the contribution of mineral constituents as well as soil organic matter for pesticide sorption [18].
Liu et al. [8] found that Kyc would be a poor predictive parameter for butachlor sorption on soils with OC con-
tent higher than 4% and lower than 0.2%. The determined organic matter partition coefficient (Kyy,) ranges from
495.18 to 643.61 L/kg. Adsorption results are presented in Table 3.

Several general classifications of pesticide mobility in soil based on sorption Ky values have been proposed
(which can be related to Koy, K; and Koy); one such example is given in Table 4. This is primarily of use for
non-ionized pesticides, because sorption of ionizable pesticides may depend on soil pH, and shows that increas-

Table 3. Linear model adsorption and thermodynamic parameters of butachlor.

Sample Kacal Kyex Koc Koum r AG

A 24.00 19.771 1042.63 604.57 0.998 =7.927
B 20.35 12.350 1021.53 593.26 0.993 =7.515
C 26.39 20.324 1109.20 643.61 0.999 —8.163
D 13.05 8.699 952.53 552.95 0.996 —6.407
E 29.07 24.490 1091.05 633.24 0.999 —8.404
F 11.87 8.344 891.27 516.16 0.995 —6.171

5.05 3.343 856.07 495.18 0.994 —4.040
H 7.68 4.725 877.67 508.58 0.989 —5.085
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Table 4. Classification of pesticide mobility in soil [24].

Mobility class Log Kow Koc (mL/g) Kowm (mL/g) K4 (mL/g)*
Nonmobile >5.3 >4000 >2320 >46
Slightly mobile 35-53 500 - 4000 290 - 2320 5.8-46
Moderately mobile 2.0-35 75-500 43-290 0.86-5.8

Mobile 0.6-2.0 15-175 9-43 0.18 - 0.86
Very mobile <0.6 <15 <9 <0.18

“Kq values given for a soil with 2% organic matter.

ing lipophilicity decreases mobility [19]. On the basis of this classification, results showed butachlor in studied
soils was slightly mobile. Low to moderate K, values suggest that this herbicide will predominantly partition out
of the solution phase in which it is applied and adsorb moderately to soil particles, minimizing mobility in the
soil solution and thus limiting exposure to sensitive species. This result is consistent with the previous finding
reported by PPDB [9] which is considered transition state and slightly mobile with groundwater ubiquity score
index (GUS = 2.02) for this herbicide. It has a low risk of leaching to groundwater however, incidents of conta-
mination have been recorded and it should be considered a potential water pollutant. With the beginning of the
rain season in region, the pesticides from contaminated lands are washed off and leach to the water resources.
Also during the flooding season, used butachlor in paddy fields can cause contamination into rivers by runoff.
The concentration of this herbicide in special case reaches up to 324 ppb in a well and 49.7 ppb in Zilki Rood
river in north of Iran [20]. It was also found that its concentration in the sturgeon fish hatchery has already been
reported to be 0.67 ppb in that region [21]. European regulations impose an environmental threshold of 0.1 ppb
active substance on pesticide concentrations in groundwater [22]. As the butachlor is dangerous to the aquatic
ecosystem, so its mixing into natural waters should be avoided.

3.4. Thermodynamic Study

The change in the partial molar Gibbs free energy, AG" (kJ-mol™') as a result of adsorption process, was calcu-
lated from the thermodynamic Equation (6):

AG" =-RThK, (6)

where R is the universal gas constant (8.314 kJ-kmol “K™") and T is temperature in Kelvin (K). The greater the
absolute magnitude of AG”value, the greater is the extent to which the adsorption reaction may take place. The
AG’ values (Table 3) in all cases were negative and small. It means that the adsorption process was feasible,
spontaneous and exothermic which an increase in temperature will result a decreased sorption and favors the
desorption process. Moreover it has been reported that AG” up to =20 kJ-mol ™" is consistent with physical ad-
sorption, while AG" values more negative than —40 kJ-mol ™' involve chemical adsorption [23]. The AG" values
in this study were < —9 kJ-mol™', which indicated that physical adsorption was the predominant mechanism in
the sorption process. Thermodynamic parameter indicated favorable adsorption of butachlor on soils.

3.5. Statistical Analysis

In order to determine soil various properties involved in pesticide adsorption on the soils, a statistical analysis of
correlations was performed through Pearson and Spearman tests. The obtained Pearson (P) and Spearman (S)
correlation coefficients between Ky and soil characteristics are reported in Table 5. Since the selected soils
showed insignificant pH variation from 6.85 to 8.1, hence the effect of pH on pesticides adsorption was ignored.
The analysis of these correlations showed that OC, CEC, Rt, TNV, RCO and clay were the effective soil cha-
racteristics for butachlor retention on studied soils. While Ky was positively correlated to soil organic carbon
content (P =0.997, S = 0.998), it showed some negative correlation to TNV content (P = —0.809, S = —0.714).
Pearson test showed that there was significant correlation with clay content (p-value < 0.05) while Spearman test
showed that this correlation with clay was not significant (p-value > 0.05). In fact, several studies underlined
that clay mineral contribution to non-ionic pesticide sorption was not significant unless clay to organic carbon

O,



S. Armanpour, L. Bing

Table 5. Pearson (P) and Spearman (S) correlation coefficients between K, and soil characteristics.

Sand Silt Clay oC RCO EC CEC TNV Rt
P —0.551 —0.243 0.729 0.997 —0.856 —0.548 0.963 —-0.809 —-0.951
p-value 0.157 0.562 0.04 0.001 0.007 0.159 0.001 0.015 0.001
S —0.494 —0.286 0.618 0.998 —0.881 —0.19 0.976 —-0.714 —0.952
p-value 0.213 0.493 0.102 0.001 0.004 0.651 0.001 0.047 0.001

Values in bold indicate that the correlation was significant at a 5% risk threshold, p-value < 0.05.

ratio (RCO) was higher than 50 [25], or even 60 [8]. While RCO values in studied soils are between 12.61 and
27.12.

Both tests indicated that there was a significant correlation between K4 and R, (P =—0.951 and S = —0.952,
both with p-value < 0.01). Thus, butachlor retention in the calcareous soils appeared notably governed by OC
content and R, with an opposite effect. It was also found that, RCO and CEC are negatively (P = —0.856, S =
—0.881) and positively (P = 0.963, S = 0.976) correlated to Ky, respectively with p-value < 0.01. The correla-
tions calculated for sand, silt and EC were not significant for both Pearson and Spearman tests (the correspond-
ing p-values were greater than 0.05).

3.6. Effect of Organic Matter, Clay and TNV Content on Butachlor Sorption

Results of this study demonstrated that organic carbon more affected the adsorption of butachlor on soils with
higher OC. The sorption of butachlor on different soils was found to decrease in the order: E>C>A>B>D>
F > H > G that this sequences follows the general trend for organic matter content in soils. No matter of type of
organic matter, the sorption behavior of butachlor depends on the total organic matter content of the eight soils.
Correlation study shows that soil organic matter content appears to control butachlor sorption (r= 0.99; p <0.01).
This observation is in agreement with that of most researchers who noted that adsorption was higher at high OC
(e.g. [26]).

The soil samples C and D (clay loam soils) and also samples E and F (silty clay loam soils) with clear differ-
ences in organic matter content were selected to study role of organic matter on butachlor sorption in texturally
similar soils. The OM content in the sample C and D was 4.1% and 2.36%, respectively. The sorption coeffi-
cient (Ky) of butachlor in sample C was two times higher than sample D with similar texture. OM content in
sample F (2.3%) is much lower than sample E (4.59%) and therefore, sorption of butachlor in sample E is stronger.
Thus, it is evident that apart from textural differences, increase in organic matter content intensified sorption of
butachlor and decreased the mobility of it in soil. Although organic matter is the important factor in influencing
the butachlor sorption on the soils (e.g. [7]), but it is affected by inorganic fraction, such as clay and amorphous
sesquioxides. In fact, total organic carbon (TOC), clay, amorphous Fe,0s, silt content, CEC, and pH had a com-
bined effect on the butachlor sorption on soil [8].

The high K, value for soil E may be explained by presence of high clay (36%) and organic matter (4.59%)
contents in this sample. The most clay content was observed in soil E, however high amount of organic matter in
this soil prevents to detect direct effect of clays on adsorption. As there is significant positive correlation be-
tween clay and organic carbon contents in studied soils, adsorption process can be attributed to both of parame-
ters. The clay content of soils is a secondary critical parameter in pesticide adsorption, although its role is often
masked by that of organic matter [27]. The soils with the ratio of clay content to TOC content (RCO) values are
less than 60, adsorbed butachlor mainly by the partition into soil organic matter matrix. The soils with RCO
values are higher than 60, adsorbed butachlor by the combination of the partitioning into soil organic matter ma-
trix and adsorption on clay surface.

The above discussed results indicated that the organic matter in the soils was the dominant factor in pesticides
adsorption process, which favors pesticide retention while on the other hand; carbonates reduces sorption capac-
ities of soils [28]. In order to consider simultaneously the influences of these two soil components on pesticide
sorption, Rt ratio as a new parameter suggested by El Arfaoui et al. [28], to take into account the inhibiting ef-
fect of calcite (here we used TNV as calcite present as major mineral for all samples) on OM retention and for
the prediction of pesticides retention in calcareous soils. Studied soils can be divided into two groups: soils poor
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in carbonates (A, C and E; <15%) and soils moderately rich in carbonates (B, D, F, G and H; between 15% and
30%). Soils composed of less than 15% TNV exhibited relatively high sorption capacity (24 < K4 <29.07 L/kg).
For these soils, higher OM content resulted in greater retention capacity. Conversely, for those samples contain
TNV above 15%, amounts of retained butachlor were reduced (5.05 < K4 <20.35 L/kg). Sample G with highest
Rt value had lowest adsorption coefficient, whereas, lowest Rt values were calculated for samples A, C, E which
had high adsorption values for butachlor.

This finding is in accordance with several works reporting low affinities of calcareous soils towards pesticides
[29]. Tt is well accepted that calcite is inert towards pesticides [30], but it might affect pesticide retention indi-
rectly, by “coating” OM, thus making sorption sites less accessible to pollutants, and leading consequently to the
low sorption capacities observed in calcareous soils [31]. Thus the proposed Rt ratio as a useful parameter in
addition to OM can help to assess the mobilization potential of uncharged pesticides in calcareous soils and the
risk of groundwater contamination [31].

4. Conclusion

Sorption coefficients were variable among soils and followed a general order similar to trend of organic matter
content in soils. The value of the regression (r > 0.98) showed the applicability of the linear model. Also, the
most of soils showed L-type isotherm, indicating that organic matter had a high affinity for butachlor. Organic
matter and Rt were identified as the main two parameters governing butachlor retention in soils. The AG” values
indicated spontaneous and exothermic adsorption process, and physical adsorption was the predominant me-
chanism in the sorption process. The low to moderate K, values represents intermediate adsorption behavior and
slight mobility of butachlor in studied soils. In spite of low risk of leaching to groundwater, there is still possi-
bility of water contamination during the occasional heavy rainfall by runoff events. If rainfall occurs imme-
diately after pesticide, application can lead to rapid loss of pesticide from soil; relatively high proportion of pes-
ticide may be available to leach, resulting in contamination of surface and groundwater. Results will be useful in
developing improved pesticide management practices to reduce water contamination by pesticides.
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