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Sorption  of acetamiprid  ((E)-N1-[(6-chloro-3-pyridyl)methyl]-N2-cyano-N1-methylacetamidine),  carbendazim  (methyl
benzimidazol-2-ylearbamate), diuron (N-(3.4-dichlorophenyl)-N,N-dimethy]l urea) and thiamethoxam (3-(2-chloro-thiazol-5-
ylmethyl)-5-methyl-[1,3,5]oxadiazinan-4-ylidene-N-nitroamine) was evaluated in two Brazilian tropical soils, Oxisol and Entisol,
from Primavera do Leste region, Mato Grosso State, Brazil. To describe the sorption process, batch experiments were carried out.
Linear and Freundlich isotherm models were used to calculate the K,y and K coefficients from experimental data. The K values were
utilized to calculate the partition coefficient normalized to soil organic carbon (K,.). For the pesticides acetamiprid, carbendazim,
diuron and thiamenthoxan the K, (mL g~ ") values ranged in both soils from 98 — 3235, 1024 - 2644, 145 - 2631 and 104 - 2877,
respectively. From the studied pesticides, only carbendazim presented correlation (r* = 0.82 and p < 0.01) with soil organic carbon
(OC) content. Acetamiprid and thiamethoxam showed low sorption coefficients, representing a high risk of surface and ground
water contamination,
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contamination.
Introduction

Agriculture activities have been intensified for the last 20
years in the Brazilian savanna region. The monocultures
grown there demand a high degree of mechanization and
input of agrochemicals, in particular synthetic pesticides!!!
Intensive use of pesticides in agriculture may cause envi-
ronmental pollution, such as the contamination of soil,
surface and ground water and pose risks to human health
due to residues in food and drinking water.!> 7! Pesticides
can follow different routes from the soil: retention in or-
ganic and/or mineral soil fraction, chemical, photochem-
ical and biological degradation, volatilization, runoff and
leaching.® 111

The sorption is an important factor regulating pesticides
behavior in the environment, being useful information to
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foresee the contamination potential of surface and ground
water 80 it is important to understand the sorption pro-
cesses and its relationship with soil parameters.'2~31 Some
pesticide properties, which influence sorption to the soil
particles are water solubility, vapor pressure, octanol-water
partition coefficient and acid-base ionization constant for
ionizable compounds.'® 2% In the soils, mineral composi-
tion and soil organic matter are important factors affecting
sorption of pesticides.®%14.21 28]

In Brazil, carbendazim. acetamiprid, diuron and thi-
amethoxam are pesticides commonly used in cotton
and soybean crops. However, there are few studies that
evaluate their behavior in tropical climate.!'>"3 There
are only limited data available on the sorption of
carbendazim 1316291 dijuronl!214.15:30] 4nd especially for ac-
etamiprid, and thiamethoxam.*'! Moreover, studies on
sorption of pesticides on different soil horizons are prac-
tically non-existent. Thus, this work aimed: (i) to deter-
mine the sorption of acetamiprid, carbendazim, diuron
and thiamethoxam in two Brazilian tropical soils (Entisol
and Oxisol) with different physical and chemical properties,
such as soil type, pH, organic matter and mineral compo-
nents; (ii) to compare the sorption behavior of the studied
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pesticides with available data from the literature. This infor-
mation will contribute to the better understanding of the
dynamics of pesticides in tropical environments,

Materials and Methods

Chemicals and solutions

Pesticide primary standards ol carbendazim (97.0% purity)
and acetamiprid (95.0%) from Ehrenstorfer Quality and di-
uron (98.8%4) and thiamethoxam (99.5%) from Syngenta
were acquired. Methanol and acetonitrile [Mallinckrodt
Ultimar, high performance liquid chromatograph (HPLC)],
water ultrapure grade Milli-Q® (18 M€ ¢m) and anhydrous
calcium chloride (CaCls, J. T. Baker) were used. Quantita-
tive filter paper (Filtrar) 125 mm diameter and fiber glass
membrane (Sartorius GMF 3) 47 mm diameter and 0.4 um
porosity were utilized for filtration of the solution deriving
from the sorption assay. Stock solutions of each pesticide
were prepared in acetonitrile at a concentration level of
100 pg mL~" and maintained under refrigeration. Work-
ing standard solutions were prepared by diluting stock so-
lutions as required, for chromatographic analysis. For the
sorption experiments, stocks solutions were prepared from
the primary standards, in methanol at 100 g mL~".

Soil sampling

Two trenches were opened, one in an Oxisol and another in
an Entisol, which were characterized in the soil’s horizons.
Soil samples were collected in three replicates in four hori-
zons of the Oxisol (Ap, A/B. Bw! and Bw2) and in three
horizons of Entisol (A, C1 and C2) from the Primavera do
Leste region, Mato Grosso State, Brazil, located at 15°25'
latitude South and 54°32" longitude West. The chemical
and physical properties of the soil were characterized using
methods described by Embrapa.t*¥ The soil organic carbon
(OC) was determined by Walkley-Black’s method.

Sorption experiments

Soil samples were air-dried for 48 h, sieved through a #10
metal sieve (Tyler equivalent 9 mesh, opening 2 mm). Sorp-
tion assays were performed according to the method de-
scribed by Souza et al.l' where 5.0 g of soil was weighed in
125 mL-erlenmeyer and 25 mL of calcium chloride (CaCl,)
solution 0.01mol L~! were added, used as a background
electrolyte to mimic realistic soil ionic strength and to
help flocculation of clay particles.!'>33 This mixture was
fortified with each pesticide by adding proper aliquots of
stock solutions (c.a. 100 g mL~") prepared in methanol
in order to reach increasing concentrations: 1.0; 2.0; 4.0;
8.0 and 16.0 ug mL~". The soils were agitated in a me-
chanical shaker at 140 rpm for 24 hours, to reach equi-
librium. All experiments were performed in duplicate and
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one blank sample was included in every sample batch to
check for interfering peaks. Several authors have demon-
strated that generally pesticide equilibrium in the batch
solution is reached in less than 24h.['33433] Therefore, the
24h-shaking period was chosen. The solution was filtered
through a quantitative filter paper followed by glass fiber
membrane (0.45 gm) and 1.0 mL aliquot from the filtrate
was transferred to an autosampler vial and analyzed by
High Performance Liquid Chromatography/with Diode
Array Detector (HPLC-DAD),

For sorption coefficient determination the Linear and
Freundlich models were utilized. For the Linear model,
regression analysis was made by plotting the amount of
sorbed pesticide per unit of soil mass (X/Ms) as a function
of the pesticide concentration in the solution in equilibrium
(Ce), as demonstrated in the Equation 1:

X
— =K, .Ce
Mz d
In turn, the Freundlich sorption isotherm was deter-
mined through Equation 2:
X j
— = K;.Ce'/"
Ms
where, X/Ms is the amount of sorbed pesticide per unit of
soil mass (mg kg™'), Ce is the pesticide concentration in
equilibrium in the solution (mg L"), K/ is the Freundlich
sorption coefficient and 1/n is the linearity coefficient of
the isotherm.
Partition coefficient normalized to organic carbon (K, )
was calculated from K, and the percentage of organic car-
bon present in the soil sample, according to Equation 3:

(1)

(2)

Ky

oo T
voco <100

Knr = (3}

Statistical analysis

The kruskal-Wallis non-parametric test was used to com-
pare the K;, K, and 1/n parameters for each soil horizon.
The relationship between those Ky, K, and K, values with
pH, OC (“40OC) and % clay content were determined by re-
gression analysis using the Pearson test (p < 0.05) aiming to
verify the influence of these soil properties on the sorption
of the studied pesticides.

Instrumentation and operating conditions

The concentration of pesticides was determined using a
high performance liquid chromatograph with diode ar-
ray UV detector (HPLC/DAD), Varian® equipped with
a quaternary pump, model 240, automatic injector model
410, variable wavelength diode array detector (UV-DAD)
model 330 and chromatographic column with stationary
phase OmniSpher C18 (particle size 5 jum), 25 cm long, 4.6
mm inside diameter and 3/8 inches of external diameter.
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Fig. 1. HPLC chromatograms: (a) standard solution of thiamethoxam, carbendazim, acetamiprid and diuron at 5.0 gg mL~" and

(b) sorption test of diuron at 4.0 pg mL~".

For HPLC analysis, an aliquot (10 L) was injected into
the column and eluted at room temperature with constant
flow rate of 1.0 mL min~! under the following gradient
conditions: initiating with acetonitrile-water at 25:75 the
content of acetonitrile was increased linearly to 100% at
15 min and held at this composition for 3 min. The chro-
matograms were recorded at a wavelength of 230 nm and
retention times were: 5.0 min for thiamethoxan, 5.8 min for
carbendazim, 6.2 min for acetamiprid, and 9.3 min for di-
uron (Fig. 1). The detection and quantification limits of the
method were: 0,08 and 0.40 g L~! for thiamethoxam, 0.11
and 0.41 ug L™ for carbendazim, 0.06 and 0.40 ug L' for
acetamiprid, 0.07 and 0.42 g L™ for diuron, respectively.

Table 1. Selected properties of Oxisol and Ent

Results and Discussion

The mean values of the soil sample properties are given
in Table 1. There was a relatively wide range ol OC
from 0.32 to 1.56% in Oxisol and from 0.48 to 1.40% in
Entisol.

Kaolinite and gibbsite were the major minerals in the
Oxisol horizons Bwl and Bw2, with contents of 219 (Bwl)
and 324 (Bw2) g kg“' of kaolinite and 182 (Bwl) e 206
(Bw2) g kg~! of gibbsite. Minor quantities of goethite (58
and 68 g kg~') and hematite (6 and 9 g kg™') were present.
Iron and aluminum oxides in the Oxisol horizons (Ap, Bwl
e Bw2) ranged from 40 to 52 and from 166 to 280 g kg~',

sol used in sorption isotherm experiments

pH o Sand  Clay  Clay/OC
Soil H? Depth (em)  H,O0  CaCh (%)
Oxisol Ap 0-20 592 4.70 1.56 63 33 21.2
A/B 20-40 5.30 4.60 1.47 70 27 18.4
Bwl 40-92 5.09 4.90 0,99 63 35 354
Bw2 92-178 5.77 5.10 0.32 63 35 109.4
Entisol A 8-43 5.00 4.30 1.40 66 32 229
Cl 52-84 498 4.50 0.73 60 40 548
C2 84-114 505 4.20 0.48 60 37 77.1

“organic carbon; *soil horizons.
OC: organic carbon.
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Table 2. Acetamiprid sorption parameters for Freundlich and Linear models with confidence interval. Different capital letters
within each column denote significant differences at p < 0,05 (Kruskal-Wallis non-parametric test)

Kd* Koc® Kf*
Soil Hor.  mlLg! 1C 95% P mLgt oug' Vg ImLVM IC95% i 1/nd 1C 95%
Oxisol Ap 1.95 A 1.39-2.51 0.889 125 1.99 A 1.49-266 0955 0981 AB  0.791-1.171
A/B 1.66 B 1.44-1.88 0.957 113 177 A 1.40-2.24 0960 0955A 0.796-1.113
Bwl 097C 0.92-1.02  0.996 98 LI B 1.01-1.23 0993 0956 D 0.891-1.020
Bw2 1.75D 1.64-1.86 0993 547 1.01 B 0.84-1.22 0985 1.263C 1.136-1.390
Entisol A 214 E 1.95-233  0.987 153 224 A 1.84-274 0969 0970A 0.828-1.111
Cl T7.51F 6.49-8.53 0.968 1029 553C 4.52-6.78 0962 1209 BC 1.012-1.406
C2  1553G 12.20-18.86 0.925 3235 887D 6.49-12.13 0894 1478E 1.063-1.892

“linear sorption coefficient; "Kd normalized for organic carbon; “Freunlich sorption coefficient; “linearity.

respectively. The clay mineral composition of Entisol was
not determined,

Sorption of acetamiprid, carbendazim, diuron and thi-
amethoxam were evaluated quantitatively by the Fre-
undlich and Linear isotherms, whose results are shown in
Tables 2 to 5. Decreasing K values fordiuron, carbendazim
and acetamiprid with depth in the Oxisol was observed, ex-
cept in the Bw2 horizon, in which the K values for diuron
and acetamiprid increased. In Entisol, inverse tendency was
observed; i.e. an increasing sorption (K;) of acetamiprid,
diuron and thiamethoxam with depth, except for carben-
dazim, for which K, reduced in subsurface,

The K, values for acetamiprid showed significant (p =
0.05) difference among all horizons in both soils (Table 2).
In Ap and A/B horizons, no significant difference in K val-
ues was observed, as well as in Bwl and Bw2 horizons. The
sorption coefficients of this pesticide showed no correlation
with soil attributes (Pearson correlation).

The carbendazim K, values in A/B and Bwl horizons
were significantly (p < 0.05) different from Ap and Bw2
horizons of the Oxisol (Table 3). The K, values showed
statistical difference (p < 0.05) among all the horizons of
the Oxisol and no statistical difference was found between
the C1 and C2 horizons of the Entisol. Comparing the Kf
values between the two soils, a similar sorption was verified
in the surface horizon of the Entisol and in the two top

horizons of the Oxisol (Ap and A/B). The sorption of this
pesticide reduced in deeper horizons of the Oxisol profile. In
the two top horizons of the two soils, carbendazim showed
larger sorption in relation to the other studied pesticides
(Figs. 2 and 3).

The K, values for carbendazim (Table 3) showed little
variation among the horizons of Oxisol, with higher value
(1716 mL g~' OC) in the Ap horizon, while in the Entisol the
sorption was larger in the C2 horizon (K,, = 2640 mL g
OC). Those values were in agreement with those found by
Nemeth-Kondaet al.'® who found a K, 0of 2805 mL g' OC
for this pesticide. Silva and Melol?”l observed that sorption
of carbendazim in a turf soil depended on the organic mat-
ter content in higher extent than on clay content. Berglof et
al™ studied the carbendazim sorption in Vietnamese soils
with physical and chemical properties similar to the soil
used here and found K, values that ranged from 960 to
2700 mL g~'.

The sorption coefficient K for carbendazim presented a
correlation highly significant (r* = 0.82 and p < 0.01) with
OC content in both soils, being the same verified to K val-
ues, but with less significance(r* = 0.97 and p < 0.05). This
was confirmed by the reduction in sorption coefficients with
the decrease of organic carbon content deeper down the
soil profile (Table 3). To the other soil attributes, no corre-
lation was verified. Berglof et all'* also observed significant

Table 3. Carbendazim sorption parameters for Freundlich and Linear models with confidence interval. Different capital letters within
each column denote significant differences at p < 0.05 (Kruskal-Wallis non-parametric test)

Kd? Koe? Kf¢
Soil Hor. mLg! IC 95% P o omLg™' pgtVrgimp M IC 95% r* 1/ 1C 95%
Oxisol Ap 2677A 23.23-30.31  0.974 1716 3451 A 30.20-39.45 0977 0.602 AB  0.519-0.685
A/B  15.05BC 12.62-17.48 0.962 1024 2588 B 21.98-3041 0954 0453 A 0.363-0.542
Bwl 1551 BD 13.78-17.24 00978 1567 1982 D 17.58-22.34 0976 07768 0.677-0.875
Bw2 366 F 341-3.91 0.991 1144 1.89 E 1.27-2.80 0.934 1.395CE 1.092-1.698
Entisol A 3109 A 28.73-3345 0.993 2221 29.11 AB 24.39-34.83 0952 1.165D 0.904-1.495
Cl 1300CE  11.46-14.54 0979 1781 8.07C 6.95-9.40 0981 1405CD 1.230-1.580
C2 1269 DE  11.73-13.65 0990 2644 891C 7.67-10.35 0975 1317DE 1.145-1.489

“lincar sorption coefficient; *Kd normalized for organic carbon; ‘ Freunlich sorption coefficient; ¢ linearity.
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Fig. 2. Linear sorption isoterms for acetamiprid. carbendazim, diuron and thiamethoxam in the horizons of Oxisol.

correlation among sorption coefficients of carbendazim
and the OC content. However, they verified positive cor-
relation between K, and K, with soil clay content, a fact
that was not observed in our study.

The K, and K values for diuron showed significant (p =
0.05) difference among the two soil horizons, except to K,
values in the Oxisol A/B horizon and Entisol C1 horizon.
Sorption of diuron was larger in the Ap horizon of the Ox-
1sol, being the opposite observed in the Entisol (Table 4).
The K, values of the diuron ranged from 145 to 2631 mL
g ' OC (mean, 968), indicating intermediary mobility. Sim-
ilar results were found by Souza et al." and Caracciolo et
al.,’% while Liyanage et al.' and Oliver et al."? observed
lower values of Koc, varying from 55t0 962 mL g~' (mean,
407) and 225 to 1179 mL g~! (mean of 599), respectively.

No correlation between K, and K, values with soil at-
tributes were observed, while K, showed positive correla-
tion (r* = 0.897; p = 0.006) with clay/OC ratio. This result
diverges from the one observed by Souza et al.l'* who found
positive correlation of K, and K, only with organic carbon
of an Ultisol. According to Karickhoff*®l for a mineral/
organic carbon ratio of less than 30, mineral contributions

for sorption can be reduced, despite clay content, probably
due to mineral blockage by the organic matter.l’’!

The generalization that appears in the literature is that
the most important soil property affecting sorption of pes-
ticides is the OC content. Non-hydrophobic interactions,
nevertheless, can contribute to the sorption under some
conditions. This appears to occur with highly polar or ion-
izable compounds and is more apparent for soils with low
OC and high clay content.**]

The mechanisms involved in the sorption of pesticides
to organic matter have not been clearly demonstrated. Soil
organic matter is a complex and heterogeneous mixture of
humic substances, polvsaccharides, lignin, simple carbohy-
drates, lipids, proteins and organic acids, and can be associ-
ated to aluminum-silicates, aluminum and iron hydroxide,
and other inorganic compounds in soil.?73%-3l Hence, not
only the organic matter content but also its composition
influences sorption.

The thiamethoxam sorption (Table 5) in the Oxisol was
variable, with similar values in A/B and Bw2 horizons.
However, in the Entisol K; and K; showed significant dif-
ference (p < 0.05) between Ap, C1 and C2 horizons. No
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Fig. 3. Linear sorption isoterms for acetamiprid, carbendazim, diuron and thiamethoxam in the Entisol horizons.

correlation of sorption coefficient of this pesticide with soil
attributes was observed. Campbell et al.F! studied the thi-
amenthoxam sorption in two Hawaiian soils, where K, val-
uesof0.71 and 2.82 ug' /" g~ mL"/" were obtained. These
values are similar to those found in the horizons in the Ox-
isol and in the two first horizons of the Entisol.

The linearity of sorption isotherm represented by
I/n from Freundlich equation was verified testing the

hypothesis 1 /ne 1 foreach soil horizon, using the Student’s r
test (Table 6). For the horizons where the hypothesis 1/ne |
was rejected, pesticides sorption coefficients were indepen-
dent on solution concentration, being observed with higher
frequency for acetamiprid and thiamethoxam. That behav-
lor is more common when sorption occurs by hydrophobic
processi*?l, or the pesticide concentration range used in the
sorption test was not sufficient to identify the isotherm type.

Table 4. Diuron sorption parameters for Freundlich and Linear models with confidence interval. Different capital letters within
each column denote significant differences at p < 0.05 (Kruskal-Wallis non-parametric test)

Kd* Koc® fe

Soil Hor. mLyg™' IC 95% r?  mLg' pug"VigimLM IC 95% re 1/n? 1C 95%
Oxisol Ap 1431 A 1280-1582 0.981 917 1807 B 1596-2046 0974 0.748A  0.647-0.848
A/B 265B 227-3.03 0965 180 429 A 3.50-5.25 0953 08I8AB 0.670-0967
Bwl 144 C 1.41-1.47 0.999 145 1.27C 1.20-1.35 0998 1.058D 1.021-1.095
Bw2 842D 7.25-9.59 0.967 2631 665D 5.65-783 0971 1.091C 0.936-1.246
Entisol A 434 E 3.58-5.10  0.950 310 9.25'E 8.51-10.02 0986 0.629E 0.569-0.690
G 458F 428488 0995 627 426 A 3.22-5.61 0.957 1.054 BC 0.832-1.277
Cs 10.99 G 8.95-13.03 0.943 2290 1637 F 12.08-22.18 0.849 0.790 BC 0.519-1.061

“linear sorption coefficient; "Kd normalized for organic carbon; “Freunlich sorption coefficient; “lincarity.
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Table 5. Thiamethoxam sorption parameters for Freundlich and Linear models with confidence interval. Different capital letters
within each column denote significant difTerences at p < 0.05 (Kruskal-Wallis non-parametric test)

Kd* Koc® Kf*

Soil Hor. mLg"! IC 95% rf  mLg™'  pgtUrg'mLV®  IC95% 72 1/ 1C 95%
Oxisol Ap 1.63B 1.52-1.74 0,992 104 202 A 1.72-2.38 0.984 0924 A 0.818-1.031
A/B 341 A 3.20-3.62 0993 232 jleC 261-3.85 0971 1.052ABC 0.902-1.201
Bwl 1.27C 1.25-1.29 0.958 128 0.86 B 0.70-1.08 0977 1.131 BD 0.990-1.272
Bw2 302A 2.64-3.40 0.972 944 207 A 1.65-2.59 0971 1.170B 1.005-1.335
Entisol A 192D 1.88-1.96 0.940 137 0.7B 0.47-1.06 0.956 1419DE 1.148-1.690
C 361 E 3.22-400 0980 495 1.37D 1.02-1.84 0968 1.554E 1.325-1.783
s 1381 F 12.77-14.85 0992 2877 1114 E 9.64-12.88 0976 1.195CD 1.026-1,364

“linear sorption coefficient; ’Kd normalized for organic carbon;  Freunlich sorption coefficient; “lincarity.

For carbendazim sorption to the first three horizons and
for diuron to the first two horizons of Oxisol, the 1/n con-
stant was smaller than 1, showing that the sorption coef-
ficient of those pesticides decrease as solution concentra-
tion increases, which is characteristic for polar molecules
and for cationic forms of basic compounds such as carben-
dazim (pK; = 4.2). The same was observed for diuron in
Ap horizon of the Entisol. For the other horizons of the
two studied soils in which the constant 1/n was higher than
1, an increase in sorption coefficients as the pesticides con-
centrations in solution increase was observed, representing
the initial part of an S type isotherm 1!l

In Entisol, the sorption of carbendazim was linear only
in the A horizon with high OC content. The opposite was
observed in the Cl and C2 horizons, where the organic
carbon content was smaller, indicating a change in sorption
mechanism.

Linear sorption of acetamiprid was observed in almost all
horizons of the Oxisol, except in Bw2 and in the A horizon
of Entisol. In the horizons where OC content was equal or
higher than 1%, the sorption behavior of this pesticide was
linear; on the other hand in the horizons with OC content
lesser than 0.73% the sorption was non-linear. Thus, either

Table 6. Statistical analysis of the hypothesis of 1/n # | by Stu-
dent’s 7 test

Pesticides

Horizons  Acetamiprid Carbendazim  Diuron  Thiamethoxam

Oxisol
Ap NS¢ <1 <1 NS
A/B NS <] <] NS
Bwl NS <1 >1 NS
Bw2 >1 >1 NS >1
Entisol
A NS NS <l >1
Cl >1 >1 NS >1
C2 >1 >1 NS >1

“NS = not significant at p < 0.05,

mineral fraction contributes signiflicantly to retention of
this pesticide or its molecules were sorbed by specific sites
of the organic matter.*”]

For diuron, in the three horizons with low OC content
(<1%) sorption data behaved linearly while for OC larger
than 1.4%, 1/n was less than 1 and for OC content approx-
imately 1, 1/n was greater than 1. Sheng et al.!""l observed
non-linearity of the sorption isotherm for low concentra-
tions of this pesticide in a silt loam soil with 1.2% CO.

Thiamethoxam showed linear behavior in all horizons of
the Oxisol, except in the Bw2, with a value of 1/n higher
than 1 in this horizon and in all horizons of the Entisol.
This pesticide showed low sorption interaction with soil
constituents, particularly in the Oxisol. No correlation of
sorption coefficients with attributes of soils was observed.
corroborating the low sorption showed by this pesticide in
the horizons of both studied soils.

For the studied pesticides. among the horizons of both
soils a variation up to 30 times in Koc values was observed.
This, in addition to the probable change in sorption mecha-
nism as a function of organic carbon content, brings doubts
about the applicability of this coefficient to evaluate the po-
tential of groundwater contamination.

Conclusions

The studied pesticides showed dissimilar sorptive behav-
ior in Oxisol and Entisol. Acetamiprid and thiamethoxam
showed low sorption coefficients. indicating greater poten-
tial of contamination of ground and surface water. The pes-
ticides sorption in the Oxisol horizons decrease with depth.
while in Entisol an increase in sorption was observed in
deeper horizons, except for carbendazim.

Significant correlation of the sorption of carbendazim
with soil organic carbon content in the horizons of Oxisol
and Entisol was observed. The sorption coefficients of ac-
etamiprid, thiamethoxam and diuron showed no significant
correlation with soil organic carbon content, indicating that
interaction of these pesticides with the mineral constituents
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of the Oxisol and Entisol might play an important role in
the sorption process.
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