Polish J. of Environ. Stud. Vol. 19, No. 2 (2010), 315-321

Original Research

Sorption, Degradation and Leaching
of the Phenoxyacid Herbicide MCPA
in Two Agricultural Soils
Edgar Hiller1*, Slavomír Čerňanský2**, Lenka Zemanová1
1

Department of Geochemistry, Faculty of Natural Sciences, Comenius University in Bratislava,
Department of Ecosociology and Physiotactics, Faculty of Natural Sciences, Comenius University in Bratislava,
Mlynská dolina, 842 15 Bratislava 4, Slovak Republic

2

Received: 29 September 2008
Accepted: 17 August 2009

Abstract
MCPA is the phenoxyacid herbicide widely used for weed control in cereals in Slovakia. However, little
is known on the processes governing the environmental fate of MCPA in soils from Slovakia. Laboratory
experiments were performed to evaluate the sorption, desorption, degradation, and leaching behavior of
MCPA in two agricultural soils with high sand content and different soil organic carbon content. The extent of
MCPA sorption was higher in chernitsa than that in regosol, in accordance with the higher organic carbon content of the former soil than the latter. MCPA was readily desorbed from soils with 10 mmol l-1 CaCl2 solution
with the desorption rate ranging from 44.5 to 77.5% of the sorbed MCPA. The half-life values showed that the
degradation of MCPA was fast in chernitsa (t1/2 = 2.2 days) and almost six times faster than in regosol (t1/2 =
11.7 days). Leaching tests, performed in manually packed soil columns, indicated that MCPA was more
mobile in regosol than in chernitsa with 16.44% of the applied MCPA recovered in the leachates of regosol,
and 1.12% found in the leachates of chernitsa. Thus, differences in the leaching behavior of MCPA coincided
well with the results of the batch sorption and degradation experiments.
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Introduction
Herbicides are used worldwide for weed control in
modern production agriculture. Direct application of herbicides into the soils may often lead to groundwater contamination by their leaching. There are many reports confirming the occurrence of herbicides, including phenoxyacids
such as MCPA and 2,4-D in groundwaters underlying the
agricultural soils [1, 2]. Sorption, desorption and degradation are major processes influencing the potential for herbicides to be leached from the soil into the groundwater [3].
*e-mail: hiller@fns.uniba.sk
**e-mail: cernanskys@fns.uniba.sk

These processes control the mass of a herbicide in soil
solution which is available for vertical transport through
a soil profile. Sorption-desorption processes of herbicides
in soils are related both to the texture and properties of
the soils and to the chemical structure of the herbicides
[4, 5]. Many factors may influence degradation of herbicides in soils, including the soil organic carbon content,
soil moisture and temperature, type and size of soil
microbial population as well as the physico-chemical
properties of the herbicide [6]. Understanding sorption,
degradation and leaching of herbicides in soils is essential in predicting their fate in the environment and possible health impacts on living organisms, including human
beings.
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Table 1. Physico-chemical properties of soils.
%
Soil type

Locality
Clay

Silt

Sand

Texture

pHH2O

OC1
(g kg-1)

Clay
mineralogy

Chernitsa

Stupava

11.0

15.0

74.0

sandy loam

7.96

11.9

Ill > Chl2

Regosol

Lozorno

0.6

13.9

85.5

sandy

5.76

4.8

Ill > Chl

1

OC – total organic carbon content;
2
Ill – illite, Chl – chlorite.

The phenoxyacid herbicide MCPA (4-chloro-2methylphenoxyacetic acid) is used to post-emergence control of annual and perennial broad-leaved weeds, mostly in
cereals [7]. MCPA is commonly used in production of crops
in Slovakia due to its high selectivity. Although MCPA is
only a moderately toxic herbicide compared to triazine herbicides, monitoring its residues in water and soil is crucial
because it can influence the nervous system upon adsorption through the skin and its prolonged inhalation can cause
dizzines, burning in the chest and coughing [8]. Several
authors have found that MCPA is degraded in soil within 1
to 16 weeks by microbial degradation via 4-chloro-2methylphenol to ultimately harmless form [8-10]. Soil
organic carbon content, soil pH and Fe and Al oxyhydroxides appear to be a predominant factors influencing retention of phenoxyacid herbicides in soils [11-14]. In general,
MCPA is weakly retained in soils and migrates easily
through soil columns [15, 16].
The soils from the Zahorie area in western Slovakia differ from the other soils of Slovakia in their pedogenesis
since they are formed on non-carbonate aeolian sands. In
many parts of the Zahorie area, light, sandy soils with relatively low organic matter content are utilized for cereal production. Therefore, it may be expected that highly soluble
herbicides such as MCPA used in cereal fields of western
Slovakia will have an increased potential for leaching into
the subsoil layers and potentially into the groundwater.
Taking this into account, the main objectives of this study
were to determine the sorption-desorption, degradation, and
leaching behavior of MCPA within the top layer (0-20 cm)
in two sandy soils collected from fields of the Zahorie area
situated in western Slovakia. To better assess the leaching
risk of soil-applied MCPA in agricultural fields of the
Zahorie area, it is necessary to describe quantitatively in the
first step its environmental fate processes in soils.

Materials and Methods
Herbicide
MCPA is a chlorinated phenoxyacid herbicide of molecular weight 200.6 g/mol and water solubility 273.9 mg l-1
at 25°C and pH=7. It has a disociation constant value of
3.07, therefore MCPA is mostly neutral at pHs < 3.07 and
becomes negatively charged at pHs > 3.07. MCPA of purity > 99%, purchased from Dr Ehrenstorfer GmbH
(Germany), was used in this study.

Soils
Two agricultural soils from the Zahorie area (western
Slovakia) were selected for this study. The soils were sampled from the top 0- to 20-cm layer, air dried, and passed
through a 2-mm sieve before their use in the experiments.
Relevant physico-chemical properties and sampling locations of the soils are given in Table 1. The procedures followed for soil characterization are described in [13].

Sorption and Desorption Experiments
MCPA sorption-desorption in soils was obtained by
the batch equilibration procedure using glass centrifuge
tubes. Duplicate soil aliquots (2 g) were equilibrated with
10 ml of aqueous solutions of MCPA by rotating in an
end-over-end shaker at 22±2°C for 24 h. Preliminary
measurements on MCPA sorption kinetics have shown
that sorption of MCPA in the soils reached equilibrium
within 24 h since there were no significant differences in
MCPA sorption between 24 h and longer equilibration
periods. Five initial aqueous solutions with MCPA concentrations ranging from 1.66 to 56.6 mg l-1 were prepared from an aqueous solution containing 10 mmol l-1
CaCl2 and 1 mmol l-1 NaN3. After equilibration, the suspensions were centrifuged at 3,000 rpm for 15 min, and
the supernatant solutions were removed using a glass
pipette for subsequent analysis by reversed-phase highperformance liquid chromatography (HPLC) as
described below. The amount of MCPA sorbed was calculated by the difference between the amount initially
added and that remaining in equilibrium solution. The
measurements with control samples containing only
MCPA showed that there were no losses of MCPA due to
adsorption onto the surface of the tubes, volatilization or
microbial activity.
Desorption was measured immediately after sorption
from the two equilibrium points of the sorption isotherms
corresponding to the initial concentrations of 5.7 and 56.6
mg l-1. After the removal of about 9 ml of the supernatant,
an equal volume of 10 mmol l-1 CaCl2 plus 1 mmol l-1 NaN3
solution was added and the tube was rotated at 22±2°C for
24 h, then centrifuged and sampled as described above. All
sorption and desorption experiments were conducted in
duplicate.
MCPA sorption in soils was described by the Freundlich
equation:

Sorption, Degradation and Leaching...
S = Kf Cn
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...where S is the amount of MCPA sorbed by the soil
(mg kg-1), C is the concentration of MCPA in solution at
equilibrium (mg l-1), Kf (mg1-n ln kg-1) and n (unitless) are the
empirical Freundlich constants, which can be calculated
from the linear plot of logS against logC. The constant Kf is
the simple distribution coefficient Kd (l kg-1) at C = 1 mg l-1
and n is a measurement of the intensity of sorption and
reflects the degree to which sorption is a function of concentration.

Degradation Experiments
Two weeks before the start of the degradation experiment a set of 20 g portions for each soil was placed in the
dark at 22±2°C and at soil moisture content of 15% by
weight, in a batch covered with perforated aluminium foil.
Then, MCPA in 10 mmol l-1 CaCl2 solution (1 ml) was
added to each 20 g portion of soil samples to give an initial
concentration of ∼10 mg MCPA kg-1 dry soil. The soils were
allowed to equilibrate for 2 h and consequently thoroughly
mixed. Wet soil samples were stored in the dark and soil
moisture content was maintained at the initial level of 20%
by weight. Incubation periods were 0, 1, 6, 8, 10, 15, 22, 30
and 40 days. Duplicate samples were taken at each time to
measure remaining concentrations of MCPA in the soil.
MCPA was extracted by shaking 0.5 g of duplicate soil
samples dried by flowing air with 1 ml of acetonitrile-acetic
acid solution (0.5% acetic acid) in a ratio of 50:50 (v/v)
using an ultrasonic system for 2 h. After centrifuging at
10,000 rpm for 10 min., an aliquot of the extract was used
for the analysis of MCPA concentration by HPLC.
Extraction recoveries of this procedure were 86.4% and
78.8% for chernitsa and regosol, respectively, based on
duplicates of freshly spiked samples.
The degradation data were fitted to the first-order rate
equation:

Ct = C0 exp(– kt)

(2)

...where Ct is the amount of MCPA remaining in the soil at
a given time t (mg kg-1), C0 is the amount of MCPA in the
soil at time zero (mg kg-1), and k is the degradation rate constant (d-1). The half-life t1/2, which represents the time needed for 50% disappearance of the initial MCPA amount, was
calculated from k with the equation:

t1 / 2

ln 2
k

(3)

placed in the bottom of the columns to prevent losses of
soil and contamination of leachates with soil particles. The
columns were packed to a height of approximately 15 cm
with soil. The columns were saturated with 150 ml 10
mmol l-1 CaCl2 solution and allowed to drain for 24 h before
application of MCPA. Then, 2 mg MCPA dissolved in 1 ml
HPLC-grade methanol were applied to the top of the
columns. After application of the herbicide, the columns
were leached with 50 ml d-1 of 10 mmol l-1 CaCl2 aqueous
solution for 15 days. Leachates from the columns were collected daily and analyzed by HPLC. At the end of the leaching experiments, soils were gently removed from the
columns and subsequently cut in five fractions for extraction with acetonitrile and analysis by HPLC.

Analytical Procedure
MCPA was analyzed by a reversed-phase high-performance liquid chromatography (Hewlett-Packard model
1100) using a Lichrosphere-100 RP column (4.6 × 125 mm,
5 μm) and a Hewlett-Packard 1046A fluorescence detector
set at 232 nm. External solution standards were used to
establish linear calibration curves for a fluorescence detector. The mobile phase was a mixture of acetonitrile and
0.03 mol l-1 acetic acid solution containing 5% acetonitrile
at a ratio of 50:50 (v/v) at a flow rate of 1.0 ml min-1 (isocratic elution). The sample injection volume was 20 μl. The
average uncertainty for the measured concentrations was
about ±5% and the limit of quantification was 0.02 mg l-1.
The sorption and degradation data were evaluated using
GraphPad Prism version 4.00 for Windows (GraphPad
Software, San Diego, California, USA).

Results
Sorption and Desorption
Sorption isotherms of MCPA in both soils are shown in
Fig. 1. The sorption isotherms were adequately described
by the linearized form of the Freundlich equation with a r2
value greater than 0.93 being significant at the 0.001 probability level. The Kf values were 0.96 l kg-1 for chernitsa and
0.40 l kg-1 for regosol. The decrease in MCPA sorption was
parallel with the decrease in total organic carbon content of
the soils (Table 1). In general, the sorption isotherms for
both soils were nonlinear as indicated by n values being
lower than 1.
MCPA was readily desorbed from soils with 10 mmol l-1
CaCl2 solution (Fig. 2). About 44.5 up to 77.5% of the
sorbed MCPA was desorbed from soils in one desorption
step. Thus, a large amount of MCPA may be leached
through soil via mobile water.

Leaching Experiments
Degradation
For leaching experiments, air-dried soils were manually packed into glass columns measuring 17×2.5 cm (inside
diameter). Two columns for each soil were used. A filterpaper and a 0.5 cm thick layer of acid-washed sand was

Degradation curves for MCPA in the two soils are illustrated in Fig. 3. According to Fig. 3, the half-life of MCPA
calculated from the estimated degradation rate constant was
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Leaching
A very different picture of MCPA leaching was
observed between the two soils used. Approximately only
1.12% of the MCPA applied to the columns with chernitsa
were found in the leachates, while up to 16.44% were
detected in the leachates of regosol (Fig. 4). At the end of
the leaching experiments (i.e. after application of 750 ml of
10 mmol l-1 CaCl2 solution within a 15-d period), MCPA
was unevenly distributed in regosol and chernitsa and there
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0.0

0.5

1.0

1.5

2.0

-1

log C (C in mg l )

100

Desorption rate (%)

r2 = 0.80

r2 = 0.96

4

2

5

10

15

20

25

30

35

40

45

Time (days)

Fig. 3. Degradation curves of MCPA in soils. Data points and
error bars represent means ± standard deviations of duplicate
samples (N=2).
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Fig. 1. Sorption isotherms of MCPA for soils. Data points and
error bars represent means ± standard deviations of duplicate
samples (N=2).
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2.2 days for chernitsa and 11.7 days for regosol.
Degradation of MCPA occurred significantly faster in chernitsa than in regosol, presumably reflecting differences in
the microbial activity of these soils as a result of their different organic matter contents (Table 1). No MCPA could be
detected in chernitsa after 40 days, whereas in regosol, 15%
of the applied amount of MCPA remained after 40 days.

Cumulative volume (ml)

Fig. 4. Distribution of MCPA in the leachates from soil
columns. Data points and error bars are means ± standard deviations (N=2).

was a significant difference between the two soils concerning the depths in which MCPA was found (Fig. 5). The total
amounts of MCPA extracted from the columns with chernitsa and regosol were 0.84% and 18.42% of the amount
applied, respectively. In regosol, MCPA was found in all
depth fractions, while only negligible amounts of MCPA
were detected in the 0-3 cm and 6-9 cm fractions of chernitsa.

Discussion
Sorption and Desorption

0

Chernitsa

Regosol

Fig. 2. Percentages of MCPA desorbed from soils at the two initial concentrations. Data points and error bars indicate means ±
standard deviations (N=2).

The distribution coefficient values of MCPA obtained in
this study are within the range of previously reported values of 0.01-1.94 l kg-1 for soils with organic carbon contents
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of 1-46 g kg-1 [13, 15, 17, 18]. The higher sorption of
MCPA by chernitsa over regosol can be attributed to the
higher organic carbon content of the former soil, which is
consistent with previously reported positive correlations
between sorption of acidic herbicides and soil organic carbon content [4, 12, 13]. Virtually the same Koc values (Koc
= (Kf / %OC) × 100) for both soils, 81 l kg-1 for chernitsa
and 84 l kg-1 for regosol, also suggest that soil organic matter is the primary component responsible for MCPA sorption in these soils. Each soil had a low affinity for MCPA as
indicated by the low Kf values and the corresponding Koc
values. MCPA, as well as other acidic herbicides, are predominantly present in an anionic form when soil pH is
greater than 5. It is well-known that anionic forms of organic acids are generally weakly retained by most soils, since
they are repelled by the predominantly negatively charged
soil clay minerals or organic matter [19]. The slopes of
isotherms (n < 1) indicated that the percentage of MCPA
sorbed by soils decreased as the initial concentration of the
herbicide increased. This might be explained by an
increased difficulty to access the active sorption sites when
herbicide concentrations are elevated. McCall et al. [20]
used Koc values to classify the mobility potential of pesticides through soil. Based on this classification and the measured Koc values, MCPA would exhibit high mobility in
both soils.
The high desorption rate of MCPA found in this study is
a commonly observed phenomenon also for other acidic
herbicides such as 2,4-D and bentazone, and in general it
could be related to a weak interaction between acidic herbicides and soil components [4].
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Degradation
Degradation of herbicides is affected by many factors
involved in the interactions among microorganisms, chemical and soil components. It is also assumed that sorption,
which controls herbicide concentrations in the soil solution,
can limit herbicide degradation in soil by reducing its concentrations in the aqueous solution [21, 22]. Nevertheless, a
significantly faster degradation of MCPA occurred in chernitsa compared with regosol (Fig. 3), although the MCPA
sorption was higher in the former soil than in the latter (Fig.
1). Other factors, i.e. organic carbon content of the soils,
could explain the observed difference in degradation rates
of MCPA between chernitsa and regosol. Soil organic matter is an important source of nutrients, and the activity and
size of soil microbial populations may be greater in soils
with higher organic carbon contents [23, 24]. This may
result in an increased rate of pesticide degradation.
Therefore, the faster degradation of MCPA in chernitsa
compared with regosol might be attributed to an increase in
microbial activity due to the higher organic matter content
of this topsoil. In general, degradation was an important
process that reduced the concentration of MCPA in the
soils, thus limiting its leaching potential.
The half-lives of MCPA for these two soils are similar
to those reported in other studies ranging from 4 to 16 days
[8, 10, 25].

Leaching
The leaching patterns of MCPA agree well with the
results of the batch sorption and degradation experiments
(Figs. 1 and 3). The higher mobility of MCPA in columns
with regosol corresponded with the lower sorption measured in this soil (Kf=0.40 l kg-1) and the higher persistence
(t1/2=11.7 days) compared with the higher sorption and fast
degradation of MCPA in chernitsa (Kf=0.96 l kg-1 and
t1/2=2.2 days). The results indicate that MCPA may represent a contamination risk for groundwater when it is applied
to sandy soils with relatively low organic matter content
and high water permeability. This was pointed out by
Socías-Viciana et al. [15] and Haberhauer et al. [16], who
conducted short-term leaching experiments and reported
the high MCPA leachability in sandy soils with 70-99% of
the herbicide collected in the leachates.
The actual leaching behavior of MCPA in the two soils
was compared with groundwater ubiquity score (GUS) values. GUS is commonly applied to evaluate pesticide leaching to groundwaters and it is calculated as:

GUS = log t1/2 × (4 – log Koc)
12-15

Fig. 5. Percentage of applied MCPA remaining in different
depths of manually packed soil columns at the end of the leaching experiment. Error bars represent standard deviations of the
means (N=2).

(4)

The pesticides leaching to groundwater are those with
GUS > 2.8. In contrast, the pesticides having GUS < 1.8 do
not leach to groundwater and those having GUS = 1.8-2.8
are transitional [26]. The calculated GUS values are 0.72
and 2.22 for chernitsa and regosol, respectively. Based on
the GUS values, MCPA in chernitsa could be classified as a
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non-leacher, but MCPA in regosol would be a potential
leacher, in accordance with the results of the column leaching experiments.

4.

Conclusions

5.

Laboratory experiments were performed to evaluate the
sorption, desorption, degradation, and leaching behavior of
the phenoxyacid herbicide MCPA in two agricultural soils
with high sand content and different soil organic carbon
content collected from fields of the Zahorie area in western
Slovakia. Leaching tests, performed in manually packed
soil columns, indicated that MCPA was more mobile in
regosol than in chernitsa. Differences in the leaching behavior of MCPA coincided well with the results of the batch
sorption and degradation experiments. MCPA was more
sorbed by chernitsa than by regosol, likely due to the higher organic carbon content in chernitsa. Degradation rate of
MCPA was higher in chernitsa compared with regosol.
Overall, the extent of leaching of the phenoxyacid herbicide
MCPA in two topsoils was controlled primarily by its
degradation rate in these soils, and to a lesser extent by its
sorption. Crop management practices that improve soil
organic carbon content such as incorporation of green
manure and crop residues in the soil would likely reduce
MCPA leaching by increasing microbial activity, which
accelerates MCPA degradation and increases MCPA sorption. These general data on the environmental behaviour of
MCPA in agricultural soils are vital for preliminary assessment of the potential risk of groundwater contamination by
this herbicide in western Slovakia.

6.
7.

8.

9.

10.

11.

12.

13.

Acknowledgements

14.

This research was supported by grants VEGA No.
1/4036/07 and 1/3462/06. We thank the Water Research
Institute in Bratislava, Department of Groundwater,
Slovakia, for its financial support from grant No. 6413 of
the Ministry of the Environment of the Slovak Republic.
The authors gratefully acknowledge the technical assistance of laboratory technician Mikuláš Bartaľ from the
National Water Reference Laboratory for Slovakia,
Bratislava. Ray Marshall is also acknowledged for checking the English language of the manuscript.

15.

16.

References
17.
1.

2.

3.

SPLIID N.H., KØPPEN B. Occurrence of pesticides in
Danish shallow ground water. Chemosphere, 37, 1307,
1998.
HELWEG A., BAY H., BIRK HANSEN H.P., RABØLLE
M., SONNENBORG A., STENVANG L. Pollution at and
below sites used for mixing and loading of pesticides. Int. J.
Environ. Anal. Chem. 82, 583, 2002.
YEN J.H., CHANG S.L., WU C.C., WANG Y.S. Behavior
of acetanilide herbicides in soils and the possibility of

18.

groundwater contamination. Bull. Environ. Contam.
Toxicol. 75, 1086, 2005.
BOIVIN A., CHERRIER R., SCHIAVON M. A comparison of five pesticides adsorption and desorption processes
in thirteen contrasting field soils. Chemosphere, 61, 668,
2005.
HILLER E., KRASCSENITS Z., ČERŇANSKÝ S.
Sorption of acetochlor, atrazine, 2,4-D, chlorotoluron,
MCPA and trifluralin in six soils from Slovakia. Bull.
Environ. Contam. Toxicol. 80, 412, 2008.
EDWARDS C.A. Factors that affect the persistence of pesticides in plants and soils. Pure Appl. Chem. 42, 39, 1975.
TOMLIN C.D.S. The e-Pesticide Manual, 12th edition CDROM form, version 2.0 British Crop Protection Council,
2001.
CRESPÍN M.A., GALLEGO M., VALCÁRCEL M.,
GONZÁLEZ J.L. Study of the degradation of the herbicides
2,4-D and MCPA at different depths in contaminated agricultural soil. Environ. Sci. Technol. 35, 4265, 2001.
HELWEG A. Degradation and adsorption of 14C-MCPA in
soil - influence of concentration, temperature and moisture
content on degradation. Weed Res. 27, 287, 1987.
THORSTENSEN CH.W., LODE O. Laboratory degradation studies of bentazone, dichlorprop, MCPA and propiconazole in Norwegian soils. J. Environ. Qual. 30, 947,
2001.
BASKARAN S., BOLAN N.S., RAHMAN A., TILLMAN
R.W. Pesticide sorption by allophanic and non-allophanic
soils of New Zealand. New Zeal. J. Agric. Res. 39, 297,
1996.
BEKBÖLET M., YENIGÜN O., YÜCEL I. Sorption studies of 2,4-D on selected soils. Water Air Soil Pollut. 111, 75,
1999.
HILLER E., KHUN M., ZEMANOVÁ L., JURKOVIČ Ľ.,
BARTAĽ M. Laboratory study of retention and release of
weak acid herbicide MCPA by soils and sediments and
leaching potential of MCPA. Plant Soil Environ. 52, 550,
2006.
JACOBSEN C.S., VAN DER KEUR P., IVERSEN B.V.,
ROSENBERG P., BARLEBO H.C., TORP S., VOSGERAU
H., JUHLER R.K., ERNSTSEN V., RASMUSSEN J.,
BRINCH U.C., JACOBSEN O.H. Variation of MCPA,
metribuzine, methyltriazine-amine and glyphosate degradation, sorption, mineralization and leaching in different soil
horizons. Environ. Pollut. 156, 794, 2008.
SOCÍAS-VICIANA M.M., FERNÁNDEZ-PÉREZ M.,
VILLAFRANCA-SÁNCHEZ
M.,
GONZÁLEZPRADAS E., FLORES-CÉSPEDES F. Sorption and leaching of atrazine and MCPA in natural and peat-amended calcareous soils from Spain. J. Agric. Food Chem. 47, 1236,
1999.
HABERHAUER G., TEMMEL B., GERZABEK M.H.
Influence of dissolved humic substances on the leaching of
MCPA in a soil column experiment. Chemosphere, 46, 495,
2002.
HABERHAUER G., PFEIFFER L., GERZABEK M.H.,
KIRCHMANN H., AQUINO A.J.A., TUNEGA D., LISCHKA H. Response of sorption processes of MCPA to the
amount and origin of organic matter in a long-term field
experiment. Eur. J. Soil Sci. 52, 279, 2001.
SØRENSEN S.R., SCHULTZ A., JACOBSEN O.S.,
AAMAND J. Sorption, desorption and mineralisation of the
herbicides glyphosate and MCPA in samples from two
Danish soil and subsurface profiles. Environ. Pollut. 141,
184, 2006.

Sorption, Degradation and Leaching...
19. DUBUS I.G., BARRIUSO E., CALVET R. Sorption of
weak acid organic acids in soils: clofencet, 2,4-D and salicylic acid. Chemosphere, 45, 767, 2001.
20. MCCALL P.J., SWANN R.L., LASKOWSKI D.A., UNGER
S.M., VRONA S.A., DISHBURGER H.J. Estimation of
chemical mobility in soil from liquid chromatographic retention times. Bull. Environ. Contam. Toxicol. 24, 190, 1980.
21. DYSON J.S., BEULKE S., BROWN C.D., LANE M.C.G.
Adsorption and degradation of the weak acid mesotrione in
soil and environmental fate implications. J. Environ. Qual.
31, 613, 2002.
22. GUO L., JURY W.A., WAGENET R.J., FLURY M.
Dependence of pesticide degradation on sorption: nonequilibrium model and application to soil reactors. J. Contam.
Hydrol. 43, 45, 2000.

321
23. ANDERSON T.H., DOMSCH K.H. Ratios of microbial
biomass carbon to total organic carbon in arable soils. Soil
Biol. Biochem. 21, 471, 1989.
24. BEULKE S., MALKOMES H.P. Effects of the herbicides
metazachlor and dinoterb on the soil microflora and the
degradation and sorption of metazachlor under different
environmental conditions. Biol. Fertil. Soils, 33, 467,
2001.
25. HILLER E., DUBOVSKÝ D., BARTAĽ M., ZEMANOVÁ
L., KHUN M. Laboratory study on the interaction between
herbicide MCPA and two different soils. J. Hydrol.
Hydromech. 54, 320, 2006.
26. GUSTAFSON D.I. Groundwater Ubiquity Score: A simple
method for assessing pesticide leachability. Environ.
Toxicol. Chem. 8, 339, 1989.

