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Abstract

Tatarková V., Hiller E., Halko R. (2014): Retention characteristics of acetochlor in soils collected from dif-
ferent depths in relation to soil properties (Žitný ostrov area, SW Slovakia). Soil & Water Res., 9: 58–65.

Determination of the sorption-desorption of herbicides within soil profile is one of the first steps in predict-
ing their leaching potential. Batch experiments were performed to evaluate the influence of soil properties on 
acetochlor retention. Soil samples were taken from horizons A, B, and C of three soil types representative of the 
Žitný ostrov area. The sorption and desorption isotherms were fitted to the Freundlich equation. The Freundlich 
sorption coefficient (Kfs) values ranged from 0.71 to 6.58 mg(1–1/n).l(1/n)/kg and were correlated positively with 
soil organic carbon, humic and fulvic acid carbons, amorphous aluminum oxides, and negatively with soil pH. 
The Freundlich desorption coefficient (Kfd) values were greater than those for sorption, showing that not all 
acetochlor sorbed was desorbed after four washing steps. The percentage of acetochlor desorbed ranged from 
7.80 to 54.5% with decreased desorption from soil horizons B and C. The higher sorption capacity of surficial 
soil horizons in the three soils may be a limiting factor for penetration of acetochlor through soil profiles into 
groundwater.
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Groundwater reservoirs are usually used as a source 
of drinking water for inhabitants, and therefore should 
be protected from any kind of contamination. Large 
aquifers often underlie agricultural land-use areas. 
Application of pesticides is inevitable in modern ag-
riculture, however, it may represent a serious threat 
to groundwater quality (Andrade & Stigter 2009). 
Pesticide parent compounds or their metabolites 
have frequently been detected in groundwater, even 
at concentrations exceeding the EU limit value for 
drinking water (0.1 μg/l) (Malaguerra et al. 2012). 
Penetration of pesticides through the soil profile is 
controlled mainly by their sorption and desorption 
in soil. These processes are significantly influenced 
by the pesticide nature and the physico-chemical 
properties of soils (Yen et al. 2005; Kodešová et al. 
2011; Čadková et al. 2013).

The SW part of Slovakia (Žitný ostrov area) is well-
known for the largest groundwater resources in Central 
Europe. The groundwater supplies make about 106 km3 

while the groundwater requires minimum treatment 
before being used as drinking water (Mucha et al. 
1999). The shallow groundwater table underlies the 
area at the depth of just 0.5 to 3 m. Therefore, ground-
water in the region is susceptible to contamination 
with herbicides used in agriculture. Maize, cereals, 
sunflower, sugar beet, and oilseed rape are the most 
often cultivated plants in the area and acetochlor is 
commonly used for weed growth regulation.

Acetochlor (2-chloro-N-(ethoxymethyl)-N-(2-
ethyl-6-methylphenyl)acetamide) is the most com-
mon active ingredient in chloroacetanilide herbicide 
products. It is a selective systematic pre-emergent 
herbicide with a weakly polar character. Acetochlor is 
absorbed by roots and leaves, and inhibits synthesis 
of proteins in germinating weeds (Tomlin 2001). 
The herbicide is rapidly degraded in surface and 
subsurface soils (Ma et al. 2000; Cai et al. 2006) 
with a half-life of 2–63 days (Ma et al. 2004; Dic-
tor et al. 2008; Oliveira et al. 2013) depending 
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on the particular agroenvironmetal conditions (e.g. 
soil organic carbon and moisture contents, pH, and 
temperature) and initial concentration of acetochlor 
in soil. It is not highly mobile in soils (Ma et al. 
2000; Jursík et al. 2013), but under unfavourable 
environmental conditions it may reach groundwater 
and surface water as evidenced by its detection in 
natural water resources (Maloschik et al. 2007; 
Hladik et al. 2008). The propensity of acetochlor to 
leach downward through the soil profile is dependent 
primarily on its sorption and desorption behaviour 
in soil. The sorption of acetochlor in different soil 
types has been studied by various authors (Wang 
et al. 1999; Lengyel & Földényi 2003; Taylor et 
al. 2004; Hiller et al. 2009; Bedmar et al. 2011) 
who proved it to be moderate to strong depending 
on the soil physico-chemical properties. Reported 
Freundlich and distribution coefficient (Kfs and Kd) 
values for the sorption of acetochlor in soils range 
from 1.44 to 16.9 mg(1–1/n).l(1/n)/kg and from 0.84 
to 7.11 l/kg, respectively (Nemeth-Konda et al. 
2002; Zheng & Ye 2002; Hiller et al. 2008, 2009). 
Sorption of acetochlor decreases with soil depth 
and becomes negligible in sandy aquifer materials 
with low organic carbon contents (Janniche et al. 
2011). Soil organic carbon content is the key soil 
property affecting positively the sorption of ace-
tochlor in soils, whereas the other soil properties 
are less important (Wang et al. 1999). By contrast, 
the desorption of acetochlor from soils into the soil 
solution is less well known, but this reverse process 
to sorption is equally important because it facilitates 
leaching and runoff into water bodies and makes the 
herbicide more available to microorganisms, thereby 
facilitating its biodegradation. Available studies have 
documented that the desorption of acetochlor from 
soils was hysteretic (i.e. desorption is not complete 
even when multiple desorption cycles are applied), 
however, no conclusive statements about the effects 
of soil properties on the acetochlor desorption were 
shown (Nemeth-Konda et al. 2002; Taylor et al. 
2004). Studies on the distribution behaviour of ace-
tochlor in soils are still of great importance because 
understanding the relationship between soil properties 
and sorption-desorption of acetochlor is essential for 
predicting its potential for leaching to groundwater as 
well as its ecological effects on living organisms and 
plants. It has been shown that acetochlor may affect 
negatively a range of aquatic and soil organisms (He 
et al. 2013) and agricultural crops (Chao et al. 2007).

Although the sorption of herbicides in soils has 
been extensively studied throughout the world, there 
are only limited data concerning the sorption of 
acetochlor in soils, and even more limited knowl-

edge of acetochlor desorption from soils collected at 
different depths. Therefore, the main objectives of 
the present work were (i) to determine the sorption 
and desorption isotherms of acetochlor in individual 
soil horizons of three soil types sampled in the Žitný 
ostrov area, (ii) to identify the main soil properties 
influencing acetochlor sorption and desorption, 
and (iii) based on the results, to discuss about the 
leaching of acetochlor through soils to groundwater.

MATERIAL AND METHODS

The sampling area is located in the upper part 
of the Žitný ostrov (SW Slovakia). Three soil types 
are characteristic for this area altogether covering 
98% of the land: Calcaro-Haplic Chernozem (53%), 
Fulvi-Calcaric Phaeozem (27%), and Calcaric Fluvisol 
(18%). The soil samples representative of the Žitný 
ostrov area were taken from manually excavated soil 
pits (2 × 1 m) at various depths corresponding to the 
occurrence of the individual soil horizons (Table 1). 
Soil samples were air-dried, passed through a 2 mm 
sieve, and thoroughly mixed.

Total organic carbon content (TOC) was deter-
mined using dichromate oxidation (Nelson & Som-
mers 1996). Humus components (HA – humic acids, 
FA – fulvic acids) were measured using the method 
proposed by Kononova and Belcikova (1961). Soil 
pH was measured by electrode in a 1:2.5 (wt:wt) soil-
water (active pH) and soil-1M potassium chloride 
solution (exchangeable pH) suspensions. Calcium 
carbonate content (CaCO3) was measured using a vol-
umetric device (Jackson 1958). The pipette method 
was used for the determination of the particle size 
distribution (Gee & Bauder 1986). Cation exchange 
capacity (CEC) was measured with 1M ammonium 
acetate at pH 7 (ISRIC 1995). Amorphous Al and Fe 
oxides (Alo and Feo, respectively) were determined by 
extraction with acidified ammonium oxalate in the 
dark (McKeague & Day 1966). Clay minerals were 
identified by X-ray diffraction analysis (Moore & 
Reynolds 1997). The physico-chemical and textural 
properties of the tested soils are given in Table 1.

Acetochlor of analytical grade used in this work 
was obtained from Dr. Ehrenstorfer GmbH (Augs-
burg, Germany). Sorption-desorption experiments 
were performed using the batch method according 
to the OECD guideline No. 106. The stock solution 
of acetochlor was prepared directly in a background 
solution of 0.01M CaCl2 and 0.0015M NaN3 to keep 
ionic strength constant and to inhibit microbial 
activity, respectively. For pre-equilibration, 2 g of 
each soil was shaken in 15 ml glass tubes with 9 ml 
of 0.01M CaCl2 and 0.0015M NaN3 solution for 24 h 
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at 20°C in the dark. Afterwards, an adequate amount 
of the stock solution of acetochlor was added to the 
suspensions to reach a final volume of 10 ml with 
five initial concentrations of acetochlor: 0.45, 2.47, 
5.03, 10.37, and 20.02 mg/l. These concentrations 
were determined with respect to the expected con-
centration of the herbicide in the topsoil and the 
detection limit of the analytical method. Tubes were 
rotated for another 24 h and subsequently centrifu-
gated at 1160× g for 15 min, followed by filtration 
(Whatman, 0.45 μm, nylon). Previously, Hiller et al. 
(2008, 2009) showed that the sorption and desorp-
tion of acetochlor in soils similar to those used in the 
present study reached an equilibrium state within 
12 h. Soil extracts were transferred in glass vials 
and analyzed for acetochlor by high-performance 
liquid chromatography (HPLC) as described below. 
Desorption experiments followed immediately after 
sorption with an initial concentration of 20.02 mg/l. 
After the removal of 8 ml of supernatant, the same 
volume of aqueous solution containing no herbicide 
was added and the tubes were rotated for 12 h in the 
dark, centrifuged, filtered, and the supernatant was 
analyzed. Desorption procedure was repeated four 

times. All sorption-desorption experiments were 
performed in two replicates. The control samples for 
each concentration without soil were also included 
and used to account for possible losses due to vola-
tilization, degradation or sorption of acetochlor onto 
the glass tube surface.

HPLC analyses were carried out by the chromato-
graphic system Elite LaChrom (Merck-Hitachi, Darm-
stadt, Germany) consisting of L-2130 pump provided by 
quarternary low-pressure gradient with solvent degas-
ser, L-2200 autosampler, L-2400 UV detector, L-2300 
column oven, organizer, and PC data station with the 
software EZChrom Elite vers. 3.1.4. Separation was 
done using an isocratic elution with the mobile phase 
acetonitrile-water (70:30 v/v). Flow rate was 1.0 ml/
min. The analytical column was LiChrospher 100 RP-
18 column (125 mm × 3 mm i.d., 5 μm) and the guard 
column was LiChrospher 100 RP-18 column (4 mm × 
4 mm i.d.). The column temperature was set at 25 ± 
0.1°C. The injection volume of samples was 10 μl. The 
limit of detection was 0.02 mg/l and relative standard 
deviation was lower than 0.5%. All measurements were 
done at 205 nm. Data were acquired by EZChrom 
Elite vers. 3.1.4. software.

Table 1. Selected physico-chemical and textural properties of soils; the same soils were previously used in a study on the 
4-chloro-2-methylphenoxyacetic acid (MCPA) sorption in soils by Hiller et al. (2012)

Soil type Calcaro-Haplic Chernozem Fulvi-Calcaric Phaeozem Calcaric Fluvisol
Label 1A 1B 1C 2A 2B 3A 3B
Location Most pri Bratislave Lehnice Most pri Bratislave
Vegetation at sampling 
time sugar beet oilseed rape maize

Soil depth (cm) 0–15 30–40 90–110 0–15 30–40 0–15 40–60
TOC (%) 2.09 1.39 0.58 4.41 2.31 1.47 0.89
HA (%) 0.42 0.30 0.13 0.89 0.53 0.23 0.13
FA (%) 0.29 0.23 0.10 0.76 0.34 0.28 0.17
Active pH 7.83 8.03 8.24 7.69 7.99 7.91 8.12
Exchangeable pH 7.28 7.55 7.67 7.31 7.53 7.42 7.55
CaCO3 (%) 19.2 28.0 9.30 16.1 27.4 24.3 27.4
CEC (cmol+/kg) 26.2 26.5 21.1 41.6 33.0 19.3 18.7
Feo (mg/kg) 220 226 94.8 457 176 321 361
Alo (mg/kg) 217 263 135 484 374 154 127
Sand (%) 22.7 21.9 18.9 39.4 42.9 29.1 31.1
Silt (%) 62.3 61.7 63.4 53.4 43.9 60.1 59.0
Clay (%) 15.0 16.4 17.7 7.20 13.2 10.8 9.90
Clay minerals Chl/Ill Chl/Ill/Sm Chl/Ill/Sm Chl/Ill Chl/Ill Chl/Ill/Sm Chl/Ill/Sm
Clay/TOC1 7.19 11.8 30.6 1.63 5.71 7.33 11.2

TOC – total organic carbon content; HA, FA – humic and fulvic acid carbon contents; CEC – cation exchange capacity; 
Feo, Alo – ammonium oxalate extractable iron and aluminium; Chl – chlorite, Ill – illite, Sm – smectite; 1ratio of clay 
content to total organic carbon content
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All sorption and desorption data were fitted to the 
linear form of the Freundlich equation:

logS = logKf + 1/nlogC 	  (1)

where:
C	 – equilibrium concentration of acetochlor in solu-

tion (mg/l)
S	 – equilibrium concentration of acetochlor sorbed 

by soil and calculated as the difference between 
the initial and the equilibrium solution concen-
trations (mg/kg)

Kf – Freundlich coefficient (mg(1–1/n).l(1/n)/kg)
1/n – Freundlich exponent

Kfs and 1/ns will hereafter refer to sorption, and 
Kfd and 1/nd to desorption. Organic carbon distribu-
tion coefficient (Koc) was calculated by normalizing 
the corresponding Kfs values to the organic carbon 
content of the soils:

Koc = (Kfs/OC%) × 100 	  (2)

Desorption hysteresis index (HI) was calculated 
as the ratio between 1/nd and 1/ns (Cox et al. 1997).

The relationship between soil properties and sorp-
tion-desorption parameters was analyzed using the 
Pearson,s correlation coefficient R. All analyses were 
assessed at significance levels of 0.05 or lower and 
were processed using STATISTICA software pack-
age, Version 7.1, 1984–2005.

RESULTS AND DISCUSSION

Sorption of acetochlor and its relationship with 
soil properties. Sorption-desorption isotherms of 
acetochlor in soils are shown in Figure 1. Data were 
fitted adequately to the linear form of the Freundlich 
equation with R2 values being significant at the 0.05 
probability level. The values of Kfs and 1/ns are sum-
marized in Table 2. Most of the sorption isotherms 
were of L- or C-type. According to Giles et al. (1960), 
L-type isotherms correspond to a decrease in number of 
sites available for sorption as the solute concentration 
increases. On the other hand, C-type isotherm indi-
cates that the proportion of the solute sorbed to solid 
phase does not change with the solute concentration. 
The sorption isotherm for horizon B of Chernozem 
(sample 1B) had the slope (1/ns) higher than 1, which 
was indicative of S-type isotherm. In such a case, as 
acetochlor concentration in solution increased, the 
proportion of acetochlor sorbed to soil increased. 
The different shapes of sorption isotherms might be 
attributed to the occurrence of more sorption mecha-

nisms included in the acetochlor sorption, likely due 
to differences in composition of the soils and their 
heterogeneous nature. Several authors have reported 
non-linear isotherms of L- and S-types for acetochlor 
sorption in soils with contrasting physico-chemical 
properties (Taylor et al. 2004; Hiller et al. 2008; 
Bedmar et al. 2011).

Figure 1. Sorption and desorption isotherms (black and 
white symbols, respectively) of acetochlor in the soils; 
soil samples 1A, 1B, and 1C represent soil horizons A, B, 
and C of Calcaro-Haplic Chernozem, respectively; 2A and 
2B are soil horizons A and B of Fulvi-Calcaric Phaeozem, 
respectively; and 3A and 3B denote soil horizons A and B 
of Calcaric Fluvisol, respectively; lines are the fitted Freund-
lich isotherms
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Based on the Kfs values, the extent of acetochlor 
sorption decreased with increasing soil depth for each 
soil type (Table 2). Considering all the soil samples, 
the order of decreasing sorption was: horizon A of 
Phaeozem > horizon B of Phaezom > horizon A of 
Chernozem > horizon A of Fluvisol > horizon B of 
Chernozem > horizon B of Fluvisol > horizon C of 
Chernozem, and corresponded to the decrease of soil 
organic carbon content. Statistical analyses (Table 3) 
showed that the sorption of acetochlor in soils was 
highly correlated with soil organic carbon content 
(R = 0.99, P < 0.001), and the humic acid and fulvic 
acid carbon contents (R = 0.98 and R = 0.97, P < 0.001). 
Several studies have suggested that soil organic mat-
ter exhibits a high affinity for acetochlor and plays 
the most prominent role as a sorbent of acetochlor in 
soils (Wang et al. 1999; Hiller et al. 2008; Bedmar 
et al. 2011). The calculated Koc values for acetochlor 
were similar among the soils, confirming that organic 
matter of the soils had similar sorption affinity for 
the herbicide and that TOC was the most important 
factor for acetochlor sorption in soils. Although pH 
values of the soil samples varied within a limited range 
(Table 1), a significant negative correlation was found 
between the soil pH and the Kfs values (R = –0.84, 
P < 0.05). There was also a positive significant rela-
tionship between the Kfs values and the Alo contents 
(R = 0.93, P < 0.01). However, positive influence of 
non-crystalline to poorly crystalline Al oxides on 
acetochlor sorption should be highly questionable due 
to positive significant relationship between Alo and 
TOC (Table 3). Unfortunately, there are no studies 
regarding the adsorption of chloroacetanilides onto 
Al oxides, but Clausen et al. (2001) demonstrated 
that the uncharged herbicides like isoproturon and 
atrazine did not adsorb on the Al-surfaces of α-alumina.

Previously, the sorption of 4-chloro-2-methyl-
phenoxyacetic acid (MCPA), which is another com-
monly used herbicide in the Žitný ostrov area, was 
determined in the same soil samples as used in the 
present study (Hiller et al. 2012). Comparing the 
sorption of MCPA with that of acetochlor in the soils, 
the extent of MCPA sorption (a range of Kfs values 
was 0.37–1.03 mg(1–1/n).l(1/n)/kg) was approximately 
2–8 times lower than that of acetochlor sorption, 
although soil properties controlling both MCPA 
and acetochlor sorption were identical (Table 3 and 
Table 3 in Hiller et al. 2012). Thus, differences in 
the soil sorption between MCPA and acetochlor 
can be explained by the different physico-chemical 
properties of the two herbicides. MCPA has rela-
tively high water solubility (825 mg/l at 25°C) and 
low octanol-water distribution coefficient (logKow = 
–0.71 at 25°C and pH 7), whereas water solubility and 
logKow of acetochlor are 223 mg/l and 4.14 at 25°C, 
respectively (Tomlin 2001) indicating a tendency of 
MCPA to remain in the soil solution rather than to 
be sorbed by the soil solid phase. Moreover, MCPA, 
as a weak organic acid with a pKa value of 3.07, is 
almost completely dissociated to negatively charged 
ions when soil pH is approximately 3 pH units above 
its pKa value (Kah & Brown 2006). This shift in the 
speciation of MCPA towards anionic forms at slightly 
alkaline pH of the soils (Table 1) contributed to the 
observed low sorption of MCPA in the soils. Because 
acetochlor is not subject to dissociation, it occurs in 
a form of neutral molecules that have higher sorption 
affinity for soil solid organic and inorganic components 
than more soluble anionic species of MCPA.

Desorption of acetochlor and its relationship 
with soil properties. Desorption isotherms were 
fitted to the linear form of the Freundlich equation 

Table 2. Sorption and desorption parameters for acetochlor in soils (Kfs, 1/ns, Koc, Kfd, 1/nd), hysteresis index (HI), and 
percentage of acetochlor desorbed of its total amount sorbed in soils after four successive desorption cycles (Pd); values 
of Kf and 1/n appear as mean ± standard error

Soil sample 1A 1B 1C 2A 2B 3A 3B
Kfs  
(mg(1–1/n).l(1/n)/kg) 2.90 ± 0.21 1.67 ± 0.24 0.72 ± 0.26 6.57 ± 0.91 4.00 ± 0.48 2.10 ± 0.22 1.44 ± 0.26

1/ns 0.92 ± 0.04 1.26 ± 0.09 1.08 ± 0.26 0.82 ± 0.05 0.88 ± 0.07 1.04 ± 0.06 1.11 ± 0.10
R2 0.99 0.99 0.85 0.99 0.98 0.99 0.98
Koc (l/kg) 139 119 122 149 174 145 163
Kfd  
(mg(1–1/n).l(1/n)/kg) 20.42 ± 0.68 34.59 ± 0.89 11.56 ± 0.42 21.33 ± 0.76 18.37 ± 0.87 22.80 ± 0.80 28.84 ± 0.49

1/nd 0.14 ± 0.02 0.07 ± 0.02 0.02 ± 0.01 0.29 ± 0.03 0.20 ± 0.03 0.08 ± 0.02 0.03 ± 0.01
R2 0.93 0.84 0.57 0.98 0.93 0.84 0.80
HI 0.15 0.06 0.02 0.35 0.23 0.08 0.03
Pd (%) 38.6 25.9 7.80 54.5 50.1 30.3 15.7
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(Figure 1) and the Freundlich desorption parameters 
are shown in Table 2. Desorption of acetochlor from 
all soil samples was lower than the amount initially 
sorbed as indicated by much lower slopes of ace-
tochlor desorption isotherms (1/nd) than those of 
the sorption isotherms (1/ns). These results showed 
that sorption-desorption isotherms for acetochlor 
were hysteretic and indicative of a positive hysteresis 
with HI < 1.0. This is consistent with other reports 
describing desorption hysteresis of acetochlor (Tay-
lor et al. 2004) and the related chloroacetanilide 
herbicides like butachlor (Yu et al. 2006) and me-
tolachlor (Zheng & Cooper 1996).

The percentages of acetochlor desorbed from soils 
after four successive desorption cycles ranged from 
7.80 to 54.5% (Table 2) and were correlated positively 
with TOC (Table 3). The relationship suggested that 
more acetochlor was desorbed from soil samples that 
had higher TOC content and adsorption capacity 
(horizon A of all three soil types and horizon B of 
Phaeozem) than from soil samples with lower TOC 
content and adsorption capacity. It was unusual to 
observe positive significant correlation between the 
adsorption capacity (i.e. Kfs) and the desorption per-
centage as in our case (R = 0.92, P < 0.01). However, 
high capability of a soil to sorb pesticide is not an in-
dication of binding strengths involved in soil-pesticide 
interaction. The percentages of acetochlor desorbed 
were correlated negatively to clay/TOC ratio (Table 3), 
suggesting that the extent of acetochlor desorption was 
controlled by soil organo-mineral complexes rather 

than by individual organic or inorganic components 
of the soils. Additionally, the soils containing smectite 
clays exhibited lower desorption of acetochlor than 
those with the absence of these mineral components. 
Torrents and Jayasundera (1997) investigated the 
desorption of two chloroacetanilide herbicides from 
pure Na-montmorillonite and humic acid-coated Na-
montmorillonite and observed that herbicide desorp-
tion was lower from humic acid-coated clay than from 
pure clay and humic acid. This might indicate that 
stronger and multiple bondings operated simultane-
ously in the interaction of chloroacetanilide herbicides 
with organic matter-coated clays, while this sorptive 
interactions with individual soil components were 
governed by weaker bonding mechanisms.

Desorption of acetochlor was compared to MCPA 
desorption (Hiller et al. 2012) from the same soils 
as used in the present study. Although the sorption-
desorption of MCPA was also hysteretic with HI 
values of 0.34–0.77, hysteresis was low and percent-
ages of MCPA desorbed from the soils after four suc-
cessive desorption cycles were between 48.4–80.6% 
and not correlated with soil properties (Hiller et 
al. 2012). Consistently higher desorption of MCPA 
from soils compared to desorption of acetochlor 
could be attributed to a weaker sorption affinity of 
MCPA for soil organic and mineral components and 
its relatively high solubility.

Environmental implications. Considering the rela-
tively high desorption extent of acetochlor in surficial 
soil horizons A and its lower extent of sorption in 

Table 3. Pearson’s correlation coefficient (R) values between the soil properties as well as between the soil properties and 
the selected sorption/desorption parameters; significant R values are given by bold numbers

TOC HA FA Active 
pH CEC Feo Alo Clay Clay/TOC1 Kfs Pd HI

TOC 1
HA 0.99*** 1
FA 0.99*** 0.96*** 1
Active pH –0.88** –0.83* –0.87* 1
CEC 0.93** 0.97*** 0.89** –0.69 1
Feo 0.60 0.48 0.69 –0.64 0.35 1
Alo 0.92** 0.96*** 0.88** –0.69 0.99*** 0.38 1
Clay –0.62 –0.52 –0.70 0.60 –0.38 –0.93** –0.43 1
Clay/TOC1 –0.72 –0.67 –0.69 0.84* –0.55 –0.68 –0.61 0.69 1
Kfs 0.99*** 0.98*** 0.97*** –0.84* 0.93** 0.58 0.93** –0.65 –0.73 1
Pd 0.90** 0.91** 0.84* –0.85* 0.85* 0.41 0.88** –0.50 –0.84* 0.92** 1
HI 0.97*** 0.98*** 0.94** –0.81* 0.94** 0.47 0.94** –0.56 –0.69 0.99*** 0.94** 1

*, **, ***significant at P < 0.05, 0.01 and 0.001; TOC – total organic carbon content; HA, FA – humic and fulvic acid 
carbon contents; CEC – cation exchange capacity; Feo, Alo – ammonium oxalate extractable iron and aluminium; 
HI – hysteresis index; 1ratio of clay content to total organic carbon content
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subsoil horizons B and C, leaching of the herbicide 
into groundwater might be of a potential concern in 
the studied area. However, groundwater monitoring 
performed by Slovak Hydrometeorogical Institute 
(SHMI) in the Žitný ostrov shows that acetochlor 
concentrations are below the method detection limit of 
0.02 μg/l (personal communication by A. Luptáková 
from SHMI), suggesting a very low potential of ace-
tochlor to leach through the soils into the groundwater. 
This might be due to rapid degradation of acetochlor 
in soils at ambient temperatures (Dictor et al. 2008) 
and its strong sorption in upper soil layers (Jursík 
et al. 2013), thereby decreasing significantly its con-
centration in the soil solution.

CONCLUSION

The extents of sorption and desorption of ace-
tochlor in agricultural soils of the Žitný ostrov area 
(SW Slovakia) were positively correlated to soil or-
ganic carbon content as well as humic and fulvic acid 
carbon contents, amorphous Al oxide content, and 
negatively correlated to soil active pH. The extent 
of acetochlor sorption and its percentages desorbed 
were higher in surficial horizons A than in deeper 
soil horizons. Variations in sorption-desorption 
behaviour were attributed to the different affinity 
of acetochlor to soil components. Considering the 
relatively high desorption extent of acetochlor in 
surficial horizons A and its lower extent of sorption 
in the subsoil horizons, leaching of the herbicide into 
groundwater might be of a potential concern in the 
studied area. However, more detailed investigations 
including lysimeter studies and degradation experi-
ments would be required to estimate the actual po-
tential for leaching of acetochlor through soils into 
the groundwater occurring in the Žitný ostrov area.
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