Available free online at www.medjchem.com

Mediterranean Journal of Chemistry 2018, 7(5), 386-395

Adsorption and Desorption Behavior of Herbicide Mefenpyrdiethyl in the Agricultural Soils of Morocco
Abdellah El Boukili 1,*, Nidae Loudiyi 2, Ahmed El Bazaoui 3, Abderrahim EL Hourch 2, Abderrahman
EL Boukili 4 and M’hamed Taibi 1
1

Mohammed V University in Rabat, LPCMIO, ENS, Rabat, Morocco
Faculty of sciences, University Mohammed V, Av. Ibn Battouta, BP 1014, Rabat, Morocco
3
Faculty of Sciences, University Ibn Tofail, LGB, BP, 133, 14000 Kenitra, Morocco
4
University Ibn Tofail, Sciences de l’ingénieur et Modélisation, BP, 133, 14000 Kenitra, Morocco
2

Abstract: The present study was conducted in order to investigate the adsorption and desorption behavior of
Mefenpyr-diethyl (MFD) using the batch equilibration technique in four soils, with different ranges of organic
matter content, from different regions of Morocco orders of Benimellal (Soil 1), Settat (Soil 2), Sidi Bettach (Soil
3) and EL Hajeb (Soil 4). The adsorption isotherm models Langmuir, linear and Freundlich were used to compare
the adsorption capacity of the soils. The results indicated that the Freundlich equation provided the best ﬁt for all
adsorption data. The values of KF and Kd ranged from 4.45 to 15.9 and 4.30 to 18.30 L.kg-1, respectively. The
calculated total percentage of desorption values from the Soil 1, Soil 2, Soil 3 and Soil 4 after the four desorption
process were 59 %; 55,6 %; 37,5 % and 52,5%, respectively. Highest adsorption and desorption were observed in
soil 1, and the lowest was in soil 3. According to the adsorption and desorption results, organic matter and clay
seemed to be the most important factors influencing the adsorption capacity of MFD.
Keywords: Adsorption; Chromatography; Desorption; Freundlich; Mefenpyr-diethyl; Soil.
Introduction
The herbicides have been widely used since
1950s for controlling of broadleaf weeds and annual
grasses in agricultural and non-crop fields 1. A very
small fraction of applied herbicides reaches the target
weeds, while the large fraction enters the
environment, causing soil and water pollutions 2.
Consequently, the herbicides have been detected in
the surface and groundwater of the United States,
Europe and Australia 3,4.
The herbicide Mefenpyr-diethyl (MFD) is usually
used as a herbicide safener in combination with other
herbicides over cereal grain crops to improve
herbicide selectivity between crops and weed species.
American Society of Plant Biologists has reported
MFD as potential carcinogenic herbicides. Owing to
their carcinogenic potentials, the presence of these
herbicides in water is a cause of concern for public
and regulatory agencies 5,6,7.
Literature suggests that adsorption of herbicide to
the soil is the key process that affects their
ecotoxicological impact, environmental mobility and
the rate of degradation 8,9. The desorption process of
herbicides is also important since it determines the
release rate and the potential mobility of herbicides in
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the soil 8. The adsorption/desorption process of
herbicide is influenced by several factors like organic
matter content, soil texture, pH, temperature, etc. 8,10.
The risk of herbicide entering the surface water and
groundwater mainly comes from the adsorbed
herbicide present in the soil. To protect surface and
groundwater from pesticide contamination and
evaluate their impact, extensive knowledge
concerning degradation and sorption-desorption
processes in the environment is required 10,11.
Currently, the adsorption-desorption phenomena
of pollon on different adsorbents are a growing
concern
among
researchers
around
the
world 12,13,14,15,16. In Morocco, due to the increased use
of pesticides in the agricultural sector, adsorptiondesorption studies of pesticides have been published,
such as isoproturon 17, Tribenuron-methyl 18,
imazethapyr 19, metalaxyl, tricyclazole 20 and MFD on
TiO2 photocatalytic materials 7, have been published.
However, no studies on the adsorption of MFD on
agricultural soils have been carried out so far.
This work aimed to determine adsorptiondesorption behavior of herbicide Mefenpyr-diethyl in
the agricultural cereal soils, at natural pH, of
Moroccan. Factors affecting the
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adsorption efficiency of herbicides such as contact
time and initial concentration of the solution were
studied. The kinetics and adsorption isotherms of
MFD have been conducted in order to understand the
adsorption mechanism. The evolution of different
concentrations was monitored by GC/MS. The
adsorption isotherm models Langmuir and Freundlich
were used to compare the adsorption capacity of the
soils.
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with purity>97%. The stock solution of Mefenpyrdiethyl (1000 μg mL-1) was prepared in methanol and
kept at 4°C before analysis. All reagents used were of
analytical grade, as if methanol, dichloromethane and
chemical, sodium sulfate (Na2SO4), calcium chloride
(CaCl2) were procured from Merck (Darmstadt,
Germany). Purified water was prepared using a MilliQ water purification system (Millipore, Bedford, Ma)
for high-performance liquid chromatography (HPLC)
analysis. All stock solutions were stored in a
refrigerator at 4°C. The physicochemical properties of
Mefenpyr-diethyl safener herbicide are cited in (Table
1).

Materials & Methods
Chemicals
Mefenpyr-diethyl (Figure 1) was supplied by
Sigma–Aldrich (Germany) as analytical standards

Figure 1. Chemical structure of MFD (Mefenpyr-diethyl)
Table 1. Some important physicochemical properties of Mefenpyr-diethyl.
IUPAC: diethyl (RS)-1-(2,4-dichlorophenyl)-5-methyl-2-pyrazoline-3,5-dicarboxylate
Molecular Weight

373.23 g.mol-1

Molecular formula

C16H18Cl2N2O4

Purity

99.2%

Solubility in water (pH= 6,1; 25°C)

20 mg.L-1

Solubility in dichloromethane

500 g.L-1

Solubility in methanol

400 g.L-1
Table 2. Soil pH was measured by mixing 10 g of dry
soil and 10 ml of deionized water, after one hour of
contact time the pH of the slurry was measured using
Orion 420 plus pH meter equipped with a glass
electrode 21,22. The soil organic carbon was measured
by oxidation method with K2Cr2O7-H2SO4. The
surface area is measured by the Blaine method 23,24.

Soil characteristics
For soil, samples used in this study were collected
from agricultural ﬁelds and contained no detectable
amount of mefenpyrdiethyl residues. Samples taken
from the plow layer (0-30 cm), were air dried at room
temperature, mixed thoroughly, and sieved through
2 mm mesh. Some physical and chemical properties
of the soils were determined and are summarized in

Table 2. The physical and chemical properties of the tested soils.
Soil

Region

1

Benimellal
Souk Sebt
Settat
Sidi el aidi
Sidi
Bettach
Meknes
EL Hajeb

2
3
4

Latitude

pH

Surface
area
(cm2/g)

%
CO

%
Organic
matter

Particles Size (%)
Sand

Silt

Clay

Texture

32.3333°
(-6.35 )
33.1206°
(-7.59)
33°33'58.1"
N 6°53'
33.68573°
(-5.3677 )

8.2

775

3.6

6.2

11

60

29

Clay Silt

8.6

845

3.2

5.5

50

46

4

Silt Loam

7.4

720

1.8

3.1

81

16

3

Loam

6.4

2996

2.2

3.7

35

51

14

Silt Clay
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Adsorption studies
Adsorption equilibrium time studies
Adsorption experiments were carried out by the
standard batch equilibration method, using the batch
equilibration technique 25. To minimize charges in
ionic strength and to avoid dispersion, 0.01 M of
CaCl2 was used as the background solution [26]. The
experiment was conducted at the original pH value of
each soil type. The tests were conducted in triplicate.
One gram of soil was weighed separately in 40 mL
conical centrifuge bottles containing 25 mL 0.01 M
CaCl2 solution and MFD concentration of 5.0 μg.mL1
. The mixtures were shaken on a horizontal orbital
shaker at 150 rpm time intervals were at 0.50; 1.0; 1.5;
2.0; 7.0; 16; 24; 44 and 72h. The temperature of the
orbital shaker was set at 22 ± 0.1 °C to stimulate the
normal conditions. Next, the suspensions were
centrifuged at 3000 rpm for 20 min, and the
supernatant was mixed with 20 mL of
dichloromethane. The obtained mixture was then
settled. The recovered organic phase was dried with
dry magnesium sulfate, filtered and stored at 4.0°C
until analysis by chromatography GC /MS. The
amount of MFD adsorbed for each sampling time was
calculated from the difference between the initial and
equilibrium solution concentrations.
Adsorption isotherms studies
Batch equilibrium isotherms were determined for
all soils under study at 22 ± 0.1 °C. One gram of airdried soil was placed in 40 mL conical centrifuge
bottles and equilibrated with 25 mL of 0.01 mol. L-1
CaCl2 solution containing different concentrations of
MFD 1.0; 1.5; 2.0; 2.5; 3.0; 3.5; 4.0 and 4.5 µg.mL-1.
The mixtures were shaken on a horizontal orbital
shaker at 150 rpm for adsorption equilibrium time.
After equilibration, the suspensions were centrifuged,
the supernatant was mixed with 20 mL of
dichloromethane. The obtained mixture was then
settled. The recovered organic phase was dried with
dry magnesium sulfate, filtered and stored at 4.0 °C
until analysis by GC/MS.
Desorption studies
Desorption
experiments
were
performed
immediately after the adsorption experiments. After
the supernatant samples were decanted, 20 mL fresh
0.01 M CaCl2 solution (without Mefenpyr-diethyl)
was added into the same centrifuge bottles. The
mixtures were shaken on a horizontal shaker at 150
rpm for 24 h. The suspensions were centrifuged at
3000 rpm for 20 min, and 1.0 mL aliquot was filtered
before analysis. The process was repeated three times
consecutively.
GC/MS analysis
The GC/MS analysis was carried out on
Perkin
Elmer
Clarus
Autosystem
Gas
Chromatograph/Turbomass Mass Spectrometer
instrument operating in electron impact (EI)
ionization mode at 70 eV, with MS transfer line

388

temperature: 280°C, ion source temperature: 230°C,
quadrupole temperature: 150°C. In the full-scan
mode, the scanned mass range was 50–400 amu with
a scan rate of 1.56 scans /s. The solvent delay was set
to
5 min. An HP-5MS column (Hewlett Packard,
Palo Alto, CA, USA) (30 m×0.25 mm×0.25 μm) was
used. The flow rate of the carrier gas (He) was
1.0 mL.min-1. The temperature program was 100
(1 min isotherm) to 260°C, ramped at 15°C.min-1 and
hold at the final temperature for 3 min. The injector
temperature was 210°C. The mode of the inlet was
split 1/20, and the injected volume was 1μL. The total
time of analysis was 14.65 min. The identification of
the different products was confirmed by comparing
the measured mass spectral data with those obtained
from the library Nist, as well as literature data 6,7,27,28.
Data analysis
Amounts of adsorbed MFD were determined by
the mass balance equation, expressed as (Eq1).
Where, q is the speciﬁc adsorbed amount of solute
(mg. g-1), V is the volume of the equilibrium solution,
Ci and C represent the initial concentration and the
remaining solution concentration of MFD (mg L-1),
respectively, and m is the mass of the air-dried soil
(g).

q

V . (Ci  C)
m

(Eq.1)

The data of MFD adsorption isotherms on both
soils can be simulated using the two most commonly
used models. The first is the Langmuir model 29, given
in its linear form as Eq 2. The second is the simple
empirical model of Freundlich 30, expressed as
follows Eq 3.

1
1
1


q S q Smax K L .C e .q Smax

(Eq.2)

lnq S   lnK F   n lnC e 

(Eq.3)

Where, Ce (mg. L-1) is the equilibrium MFD
concentration in the solution, and qs is the adsorbed
concentrations (mg. g-1). qsmax (mg. g-1) and KL
(L.mg-1) are the Langmuir constants. KF and n are the
adsorption coefficients characterizing the adsorptiondesorption capacity and the Freundlich equation
exponent related to the adsorption intensity that is
used as an indicator of the adsorption isotherm
nonlinearity.
The distribution coefﬁcient Kd, was calculated by
linear model as following the equation (4):

q s  K d Ce

(Eq.4)

The OC-normalized constant Koc was calculated
for adsorption as equation (5), where, % OC is the
percentage of organic carbon of soil 31.

K OC 

Kd
. 100
% OC

(Eq.5)
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Results and Discussion
Soil characteristics
As shown in Table 2, the soil characteristics
varied widely. The organic carbon content varied
from 1.8 to 3.6%. Soil pH ranged from 6.4 to 8.6, and
clay content varied from 3.0 to 29%. The surface area
ranged from 720 to 2996 cm2.g-1. Among soil
properties, the organic carbon content was positively
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correlated with clay content and silt and was
negatively correlated with sand content (Table 3). The
sand content was negatively correlated with silt. Soil
number for showed a higher surface area than soils.
The high surface area interpreted by its clay texture;
other factors may have an influence namely water 32,
the mineralogical composition and the surface
condition of the soil particles 33,34,35.

Table 3. Correlation coefficients between soil properties for the for soils studied.
pH
1

%CO

pH
%OC

0.758

1

area

-0.834

-0.392

1

Sand

-0.1224

-0.737

-0.227

1

Silt

0.1611

0.755

0.298

-0.963

1

Clay

0.0426

0.597

0.081

-0.906

0.758

Analytical method
The standard solution of MFD with
concentrations of 0.01; 2.5; 5; 10 and 20 µg.mL-1 were
prepared by diluting the work standard directly in
methanol. Quantitative analysis showed a high degree
of linearity with correlation coefficients (R2> 0.9994)
over the concentration range of 0.01 - 20 µg.mL-1. The
calibration curve was y=59949.1 x +2638.24, where y
is peak area and x is MFD concentration.
Adsorption Kinetic
In the present study, no detectable amount of
MFD degradation was found in the supernatant during
the adsorption process. Thus, the reduction in the
herbicide concentration in the solution was due to soil
adsorption. A preliminary adsorption experiment was

area

Sand

Silt

Clay

1

performed to determine the contact time required for
attaining adsorption equilibrium. Figure 2 shows the
percent of Mefenpyrdiethyl adsorbed by the soil at
different time intervals.
As evident from (Figure 2), the adsorption kinetics
exhibited two distinct stages of soils types. The initial
step was very rapid adsorption followed by slow
adsorption. This observation is because in the initial
stage a large number of vacant surface sites were
available for adsorption, but once the vacant surfaces
were occupied. The repulsive forces between the
solute molecules of the solid and bulk phases came
into play, thus delaying the adsorption process. A
similar observation has been reported for a few other
organic herbicides 36-37.

Figure 2. Adsorption kinetics of MFD in soils. (Temperature = 22°C; [MFD]0 =5.0 mg.L-1, Ratio = 40 g.L-1,
natural pH of soil).
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The MFD adsorption equilibrium was reached
within 30h of incubation in the soils. The maximum
of the MFD adsorption was observed in soil 1. This
may be due to the high organic matter content in the

% adsorbed of MFD

% Sol2
80
70
60
50
40
30
20
10
0
0,25

0,35

0,45
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soil. The (Figure 3) shows that during the first ten
minutes of contacting (first step) the soil 4 adsorbs a
larger amount of MFD (36.4%) compared to other
soils. It is justified by its large specific surface area.

% Sol 1

% Sol 3

0,55
0,65
0,75
Contact time (h)

% Sol 4

0,85

0,95

Figure 3. Kinetic adsorption of MFD on soils; first step; (temperature= 22°; [MFD] 0 =5.0 mg.L-1, Ratio = 40
g.L-1, natural pH of soils)

Concentration adsorbed qs (mg/g)

Adsorption isotherms
The adsorption isotherms are obtained for the
concentrations of MFD ranging from 1.0 to
4.5 mg.L-1 and a liquid to solid ratio of 40 g.L-1. The
contact time between the soil and the herbicide
corresponds to the equilibrium time determined in the
kinetic study. Two modes of representation of soils
were used. The first corresponds to the presentation of
herbicide concentrations adsorbed Cs as a function of
initial concentrations Ci. The second is a
representation of the adsorbed concentrations based
on residual concentrations of the herbicide in
equilibrium Ce. The curves obtained are represented
in Figure 4 and Figure 5. The analysis of the isotherms
(Figure 4) shows, first, no plateau, indicating that the

Série1

Série2

adsorption sites are not saturated in the concentration
range of MFD introduced. The adsorbed amount
increases with the initial concentration of MDF for
different soils. An analysis of the curves (Figure 5)
shows that the adsorbed concentration of MFD
increases with increasing the concentration of MFD at
equilibrium. Giles et al. (1960) classified the
adsorption isotherms of the MFD on the soils 1, 2 and
3 as L-type (class L, subgroup 1) as the adsorption
kinetics corresponded to that of the L-type in the
classification 38. The L-types isotherms represent the
system where the solid surface has an average affinity
for the herbicide, and the solvent is relatively inert,
i.e., there is no strong competition from the solvent for
adsorption sites 39.

Série3

Série4

0,12
0,1
0,08
0,06
0,04
0,02
0

1

1,5

2
2,5
3
3,5
4
Initial concentration Ci (mg/L)

4,5

5

Figure 4. Adsorption isotherms of MFD in soils. (Temperature = 22°C, ratio = 40g.L-1, Time contact = 30h, pH
natural of soil)
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This isotherm shape was also reported to fit the
adsorption of isoproturon in two Moroccan soils 17,
the adsorption of thiram onto eight Mediterranean soil
types typical of Spain 40 and onto three Indian soil
types 41. Giles et al. classified the adsorption
isotherms of the MFD on the soil 4 as C-type (class C,

Concentration adsorbed qs (mg.g1)

Cs1
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subgroup 1) as the adsorption kinetics corresponded
to that of the C-type in the classification 38. This
isotherm shape was also reported to fit the adsorption
of MFD in two photocatalytic materials of TiO2 a
savory Degussa P-25 and Hombikat UV100 7.

Cs 2

Cs 3

Cs 4

0,014
0,012
0,01
0,008
0,006
0,004
0,002
0
0

0,2

0,4

0,6

0,8

Concentration Ce

1

1,2

1,4

(mg.L-1)

Figure 5. Adsorption isotherms of MFD in soils. (Temperature = 22°C, ratio = 40g.L-1, Time contact = 30h, pH
natural of soil)
Adsorption isotherm model
The simulation parameters of Freundlich and
Langmuir Models are determined by the linear plot of
(1/Cs) as a function of (1/Ce) and log(Cs) as a

function of log(Ce). The curves obtained are shown in
Figures 6 and 7. These parameters and the correlation
coefficients were calculated and summarized in
Table 4.

Table 4. Langmuir and Freundlich's parameters obtained by linearization of the adsorption isotherms.
Model

Langmuir
-1

Freundlich

KL(L.mg )

Csmax(mg.g )

R

KF (L .mg )

n

R2

Soil 1
Soil 2

0.414
0.154

0.0528
0.0865

0.7889
0.7656

15.9.10-6
11.6.10-6

0.848
0.926

0.9928
0.9909

Soil 3
Soil 4

N.C
0.361

Not calculable
0.032

0.9992
0.7581

8.69.10-6
4.45.10-6

0.854
1.000

0.9926
0.9998

Parameters

-1

1/qs

1/Cs1
900
800
700
600
500
400
300
200
100
0

2

1/Cs2

n

1/Cs3

-n

1/Cs4

y = 241,85x - 16,499
R² = 0,9999
y = 86,527x + 31,338
R² = 0,7581

y = 75,291x + 11,566
R² = 0,76555
y = 45,761x + 18,949
R² = 0,7889

0

1

2

3

4

5

6

7

8

1/Ce
Figure 6. Langmuir adsorption isotherm for MFD adsorbed in Soils (Temperature = 22°C, Ratio =40g.L -1, Time
contact = 30h, natural pH of soil)
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Figure 7. Freundlich adsorption isotherm for MFD adsorbed on Soils (Temperature = 22°C, Ratio = 40 g.L-1,
Time contact = 30h, natural pH of soil)
The results of the Langmuir model indicated that
the maximum adsorption capacity Csmax of MFD in
soil 3 is not calculable, similarly, the KL parameter the
Langmuir derived using Csmax could not be
determined, probably due to the weight of the points
of the isotherm corresponding to the very low
concentrations of MFD. The Csmax concentrations
predicted by the Langmuir model in soil 1, 2 and 4 are
systematically lower than the adsorbed quantities
corresponding to an introduced MFD concentration of
5.0 mg.L-1 (Figure 4). However, the Csmax
concentrations that must logically be greater than the
adsorbed quantities determined when the isotherms
are drawn. Thus, the values of Csmax determined for
the MFD are devoid of meaning. The comparison of
the regression coefficients shows that for all soils the
Freundlich model describes better the adsorption
isotherms of the MFD than the Langmuir model.
Indeed, the Freundlich model assumes that the
adsorption of molecules at the solid-solution interface
takes place on heterogeneous surfaces with different
types of adsorption sites, while that of Langmuir
describes an adsorption-taking place on homogeneous
sites 42. In a medium as heterogeneous as soil,
Langmuir approach to uniform adsorption seems less
realistic.

The value of the Freundlich exponent (n) is
close to unity for the soil 3. According to the
classification 38, the isotherm obtained for soil 3 is
linear, indicating the absence of competition between
the adsorption molecules those of solute and solvent.
The value of (n) greater than one, characterized the
adsorption (MFD) under soils 1, 2 and 4 of nonlinear
adsorption isotherm in the range of studied
concentrations. Finally, since the values of (n) differ
greatly for the studied soils and the KF size depends
on this value, it is not possible to compare the KF
values characterizing the adsorption of the MFD on
the different soils 43.
In order to compare the adsorption of MFD by the
studied soils, the isotherms were considered only in
their linear part, ie at low concentrations Ce (Ce <
0,7 mg. L-1). This range of low concentrations
includes the agronomic dose of MFD (≈ 0.125 μg.g-1
corresponding to 0.2 kg.ha-1, considering that one
hectare of soil represents a mass of 1600 tons). Under
these conditions, the evolution of the adsorbed
concentrations as a function of equilibrium Ce
concentrations (Figure 8) is correctly described by
linear regression (R2 ≥ 0.983). The observation of a
linear relation allows us to determine the distribution
coefficient Kd. Table 5 gives the values of the
coefficients Kd and Koc of the four soils.

Table 5. Values of the distribution coefﬁcient Kd and constant Koc, obtained by linearization of the adsorption
isotherms MFD.
Soils

Soil 1

Soil 2

Soil 3

Soil 4

Coefficient Kd (L/kg)

18.3

12.8

4.30

9.70

Coefficient Koc (L/kg)

508.3

400

239

441
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The analysis of the results shows that soil 1 has a
relatively high affinity for MFD compared to other
soils. The adsorption decreases significantly in the
following order: Soil 1> Soil 2> Soil 4> Soil 3, which
is consistent with the decrease in MO levels in these
soils. Shan et al. suggested grouping the herbicide by
Koc values and concluded that Koc values less than
50 as the highest mobility group and those having Koc

Concentration adsorbed qs (mg/g)

Cs1

393

values between 50 and 550 as medium mobility group
43
.
All the Koc values observed in this study
suggested that MFD had moderately to high mobility
in different soil types, which might result in a leaching
problem working with MFD.

Cs 2

Cs 3

Cs 4

0,012
0,01

y = 0,0128x +0,0000
R² = 0,9992

0,008

y = 0,0183x + 0,0000
R² = 0,997

0,006

y = 0,0097x - 0,0000
R² = 0,9987

0,004

y = 0,0043x -0,0000
R² = 0,9999

0,002
0
0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

Concentration Ce (mg/L)
Figure 8. Evolution of the adsorbed concentrations as a function of equilibrium Ce concentrations (Ce < 0,7 mg.
L-1,T = 22°C, Ratio =40g/L, Time contact = 30h, natural pH of soil )
amounts of total MFD desorbed after four successive
desorptions were expressed as a percentage of the
Desorption isotherms
Desorption study of herbicide is very important as
quantities initially adsorbed (Table 6).
it controls the release rate, mobility of herbicide in soil
The total quantities desorbed after four
and the treatment processes for the contaminated
desorptions are between 38.5% and 73.1% of the
soils. The desorption of MFD was carried out from the
amounts of initially adsorbed MFD. The desorption
initially treated soils with an MFD concentration of
was higher in soil 1, followed by soil 2, soil 4 and the
5.0 mg. L-1, the highest concentration used by the
lowest was observed in soil 3. This is related with the
adsorption isotherm tracing. The evolution of the
high organic matter content in soils, which enhanced
cumulative quantities of MFD desorbed during the
the sorption capacity. The desorption of herbicides
four successive desorption is given in Figure 9.
from the soils was high; thus they will be easily
The figure shows that the desorbed cumulative
leached or moved into the groundwater system
amounts of MFD increases and the desorbed
particularly in highly weathered soils. The desorption
quantities gradually decrease during successive
process occurs due to the low bonding between MFD
desorption. In order to compare the four soils, the
molecules and active sites in soil resulting in high
release rate.
Table 6. Values of the total amount and relative amount desorbed of the adsorption isotherms MFD in soils.
Amount
adsorbed (mg.g-1)

Total amount
desorbed (mg.g-1)

Relative
Amount desorbed (% )

Soil 1

0.10

0.059

59.0

Soil 2

0.09

0.050

55.6

Soil 3
Soil 4

0.04
0.08

0.015
0.042

37.5
52.5
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0,06

0,05

0,05

0,04

0,04

0,03

0,03

0,02

0,02

0,01

0,01

0,00

1

2

3

4

0,00

1

0,04

0,03

0,03

0,02

0,02

0,01

0,01

1

2

2

3

4

3

4

Soil 2

0,05

Soil 3

0,04

0,00

Soil 4

0,06

0,06
0,05
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3

4

0,00

1

2

Desorption step

Desorption step

Figure 9. Evolution of the cumulative quantities of MFD desorbed during the four successive desorptions
Conclusion
This study contributes to the understanding of
Mefenpyr-diethyl adsorption-desorption process in
the four types of agricultural soil of Morocco. The
study of the adsorption kinetics has shown that the
MFD adsorption process occurs during the first
minutes of contact and become slow down with the
stirring time to reach equilibrium after 30h. The
adsorption and desorption being greater in soils with
higher soil organic and clay content. The Freundlich
equation ﬁtted very well the equilibrium data over the
studied entire concentration range. The results
obtained in the present study demonstrate that the
organic matter/clay content as a controlling factor for
application of MFD in the soil. Therefore, these
findings will enable the prediction of persistence and
mobility of MFD in the soil with similar soil
properties.
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