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Abstract: A serious environmental problem can arise frompiesence of pesticides in soils and waters. Hence,
in this study we have carried out the adsorptiorthef Thiabendazole fungicide onto four soils caédcfrom
several areas in Morocco as Larache, Laouamra, Kshir and Tlata drissana. Physicochemical properti
elemental analysis, X-ray diffraction (XRD) werevéstigated to characterise the four selected soils.
The experimental equilibrium data were analysedgitangmuir, Freundlich models. The equilibriumadetere
best described by a Langmuir model for all adsasbefihe maximum estimated adsorption capacity was
0.747 mgg?, 0.751 meg™?, 0.473 megg ™ and 1.083 mg™, for Larache, Laouamra, Ksar kebir and Tlata drigs
soils, respectively.
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I ntroduction

The growth of human activities requires a contirmienhancement of the quality and
stability of products, which in a certain mannesulés in using new substances that cause
pollution of the environment. Chemical pesticidelagtion in fruit crops is necessary to
control pests that reduce production, and alsordwige better quality fruit for consumers
[1, 2].

However, over the years, it has become apparenttiibae chemical pesticides also
have drawbacks, such as risks to the environmgntf®tamination of soils [4-6], water
[7, 8], food [9, 10] and agricultural products [Fjealth hazards to farm workers and
consumers, through the presence of residues insfoffsl, impacts on populations of
species useful to cultures, as well as the devedopmof pesticide resistance by crogsts
[11].

Thiabendazole is a compound derived froranzimidazole, primarily used in
agriculture to control mould, blight and other fumgsponsible for diseases in fruits and
vegetables [12]. High amount of Thiabendazole wed post-harvest fungicide results in
water contamination as it has toxicity to animadssing liver and intestinal disorders [13].
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Finally, there is a need to find valuable solutidgasavoid their accumulation in natural
resources.

Adsorption process is considered a successful,aandttractive approach as well as
now being considered to be better than other teciasi for water treatment in terms of
initial cost, the wide availability of adsorbentsgh efficiency, ease of use, simplicity of
design and reusability [14, 15].

In this work, we studied the adsorption capacity bfabendazole fungicidherbicide
(Table 1) from an aqueous solution by four soiterfrdifferent sites in Morocco such as:
Larache, Laouamra, Ksar kebir and Tlata drissaha&. ddsorbents were characterised by
elemental analysis and XRD. In addition, the ad$onpgsotherm models of Thiabendazole
fungicide were also evaluated by Langmuir and Fdéoh models to explore the
adsorption mechanism.

Table 1
The chemical structure and characteristics of Ténidazole
Pesticide Thiabendazole
Molecular formula CicH/N3S
Molecular weight [gmol ] 201.248
Solubility in water 55 mgL™!
pKa 4.64
Half-life in soil DTs¢ [day] 29
N N
Y
Structure s %
N
/
H

M aterials and methods
Soil samples

Four surface soil samples were collected from attdé@-20 cm) of the Loukkos
Valley region (Fig. 1). The study area is locatedhie north region of Morocco, namely:
Larache, Laouamra, Ksar kebir and Tlata drissaaghEndividual soil sample (1 g) was
collected randomly from an area of five square nsete obtain a homogeneous and
representative sample. Then it was placed separattela glass flask and labelled.
The samples were stored in a refrigerated contaamet transferred directly to the
laboratory. The collected samples were sieved t& mm and stored at —20 °C until
analysis.

Characterisation of adsorbents

The structure of samples was characterised by X-diffraction (XRD,
LABXXRD-6100 SHIMADZU) using K, radiation £ = 1.5418 A) in the @ range
of 5° - 70°. The X-ray tube was operated at 40 kithwa Cu target. Diffraction
measurements were then analysed using Rietvelteraént, which is a method employing
the MAUD calculation code that allows the identifion and quantification of crystalline
mineral phases [16].
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Fig. 1. Satellite photo of samplesar

Adsor ption isother ms

Different volumes of Thiabendazole stock solutidh.2 mg L™) were added to 1 g of
the different soil samples previously hydrated istiied water for 24 hours. The overall
volume was adjusted to 25 mL by adding distillederato obtain pesticide concentrations
between 0.20 mgL™* and 16.5 mg L™ The resulting suspensions were stirred at 20t°C a
natural soil pH for a fixed period of time equal2é h. After shaking, the soil suspensions
were filtered through nylon membranes (0i28) and the filtrates analysed by HPLC to
determine the residual amount of pesticide in tbkit®on. The adsorption amou@t
[mg - g] of the sample was calculated by using the follayiormula [17]:

Qe — (CO Ce) V (1)
m
where Cy and C, are the initial and equilibrium Thiabendazole fioide concentration
[mg - L™, respectivelyV is the volume of solution [mL] anoh is the mass of absorbent

[mg].
Thiabendazole analysis

The used chromatographic chain (VARIAN ProStar)Tofabendazole is equipped
with a diode array UV-visible detector and a sHimsed apolar C18 Kromasil column
(length = 100 mm, particle size =i8n). The detection wavelengths of Thiabendazole is
242 nm, the flow rate is 0.7 mLmin™ and the injection volume is 20.. The chosen
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mobile phase is an acetonitrile/water mixture at3@0(% v/v), the retention time is
2 minutes.

Results and discussion
Physicochemical characteristics

Table 2 presents some physicochemical charactsrigif the four soils studied.
The granulometric analysis reveals that most of gbis have a rough texture (mostly
sandy). All four soils have a basic pH in solutibetween 7.4 and 8.3 characteristic of
calcaeous soils. Organic matter (OM) and limestone shawag variability between
samples. Indeed, OM contents vary from 3.2 % t@ 22.depending on the soil. Generally
speaking, the soils studied can be consideredimicrganic matter: only one soil in four
has less than 4 % OM. In Morocco, out of more tB@@,000 soils analysed, 75 % of the
samples have an OM content lower than 4 %, and 5Ba% OM levels lower than
2.6 % [18].

Table 2
Physicochemical characteristics of the studiedssoil
Soils Clay Sand OM Limestone CEC pH
[%] [%] [%] [%] [meq/100 g] []
Larache 21.3 54.7 22.2 7.6 49.4 7.4
Laouamra 26.1 55.1 9.8 6.2 33.0 7.6
Tlata drissana 31.9 25.5 4.2 70.4 9.9 8.3
Ksar kbir 22.7 36.1 3.2 49.6 8.8 8.3

The Larache and Laouamra soils are distinguishetthddy particular high OM content
(% OM of 22.2 % and 9.8 %, respectively). For thivee soils, these high OM contents are
logically translated into high cation exchange cigs (CEC) (49.4 meq/100 g for
Larache and 33.0 meqg/100 g for Laouamra).

Elemental analysis
The elemental analysis provides detailed propostiointhe various constituents of the
studied soils. The findings of this analysis argoréed in Table 3.

Table 3
Elemental composition of soil samples [% d.m. soil]

Ca S Al Fe | Ti Na K Mg C H N )
Larache 5.3 211 2.9 1.7 02 <0p 05 04 142 .08 | 50.9
Tlata drissana 27.9 7.3 1y 08 Q1 0.1 5 D.2 810.05| 03| 50.2
Laouamra 4.2 24.4 3.3 2?2 04 <02 11 @3 §.6 1.0.4 | 53.7
Ksar kebir 187] 143 25 14 041 0.3 09 02 77 5 0.02] 532

d.m. = dry mass

The element calcium can be correlated to tlkegirce of limestone in the soils. bedi,
the comparison of its content in the different skim@llows to find globally the different
groups of soils previously defined according toirthéchness in limstone. Thus, the
Larache and Laouamra soils, weakly caloas, have the lowest lef¢ of calcium
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(3.8< % Ca< 5.3), while the Ksar kebir and Tlata drissanassaitrongly calcareous, have
much higler levels of Ca (18.7 % and 27.5 %, respectively).

The main elements ggent in the soil are silicon, carbon, calcium, dhum and iron.
Silicon, aluminum and iron contents can be coredi& the quantities of quartz, clays and
iron oxides prest in the soils. Silicon and iron come respectivetyn quartz and iron
oxides, but also enter (to a lesser extent for)irianthe composition of clay ménals.
Aluminum, for its part, comes exclusively from cfayrhus, as aexample, the presence of
these elements (Si, Al and Fe) in the lowest prigas in the Tlata drissana soil is in
agrement with the low quantities of quartz, clays d@mh oxides phases determined by
XRD in this soil.

X-ray diffraction (XRD)

Mineralogical analysis of the four soil samples wpagformed by X-ray diffraction
(XRD) in order to identify the major constitst phases of the soil mineral fraction.
The diffractograms obtained are shown in Figure 2.
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Fig. 2. X-ray patterns of the studied soils: C:citel Q: quartz, K: kaolinite, I: illite, G: goetei

R: rutile, A: anatase

Analysis of these diffractograms shows that the nmaiaks correspond to quartz
(26 = 20.8°, 26.7°, 50.3°, 60.1°) and calcit® € 36.5°, 39.5°, 43.1°, 46.3°, 48.4°). Other
less intense peaks show the presence of goetlfite 22.2°) and mieralogical clays, more
precisely kaolini (20 = 12.4°) and illite (2 = 8.9°). Titanium oxides Ti©in the rutile
form (20 = 27.5°) and anatasef2 25.3°) are also present in negligilguantities.

In a second step, an analysis of these diffractogray Rétveld refinement led to
a quantitative determination of the different cdnsnts of the soil migral fraction. These
guantitative data are reported in Table 4.

Table 4
Quantitative analyses of the mineral fraction adfssobtained by Rietveld refinement
(results are expressed in % by mass of the mifraxeion)
Soil Calcite Quartz Clay + Goethite Titanium oxides
Larache 10.9 52.0 36.3 0.8
Tlata drissana 8.2 55.5 55.2 1.1
Laouamra 51.7 31.0 15.8 1.5

Ksar kebir 74.8 11.9 115 1.9
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Note that during this quantitativanalysis of the mineral fraction, clay minerals
(kaolinite and illite) and goethite were gradptogether because they are often less well
crystallised than calcite and quartz. It is therefdifficult to quantify them gicisely, even
if they are identified by the DRX analysis.

The analysis of the data in Table 4 shows thaniheeral fraction of the soils consists
mainly of three phases: quartz, calcite and clayerals associated with goethite.
The classification of the soils according teithotal limestone content is confirmed by the
XRD analysis. Indeed, we find the same three gratfipsils, classified this time according
to the richness of their mineral fraction in caicin the low calcareous soils (Larache and
Laouamra), calcite constitutes less than 11 % efntineral fraction. In these soils, quartz
is the most abundant mineral (> 48 %), followedthwy clay fraction (32.5 % on enage).
On the otlr hand, in the soils Ksar kebir and Tlata drissarsdgite is dominant, it can
represent up to 75 % of the fraction. Lastly, iimm oxides, negligible, represent only
a minor part of the mineral fraction (< 2 %).

Adsor ption isother ms of Thiabendazole

Analysis of adsorption isotherms is of fundameritaportance to escribe how
adsorlent molecules can interact with the adswrbsurface. Thequilibrium investigations
identify the capacity of the adserii as well as describe the adsorption isothermuttro
constants providing information on the surface prips and affinity of the adsorbents
[19]. Figures 3-6 shows the adsorption isotherm3tgabendazel fungicide on Larache,
Laouamra, Ksar kebir and Tlata drissana soils oweerconcentration range of
0.20 mgL™ - 16.5 mgL™. Nonlinear forms of the Langmuir and Freundliobtierms were
used to analyse thgimination equilibrium data of Thiabendazole furigie Comparisons
between linear and nonlinear regressions have caiynghown that the best parater
values are achieved by nordar optimisations [20, 21].

The Langmuir model can be described as follows:

QmKLCe
Q=17 K.C, @
whereQ. [mg-g™] is the adsorption capacity of the adsarbat equilibriumQn,[mg-g™] is
the maximum adsorption capaci. [mg-L™] is the conentration of the Thiabendazole
fungicide solution at equilibrium ar| [L-mg™] is the Langmuir equilibrium adsorption
constant ¢lated to energy of adsorption which quantitativedflects the affinity between
the adsorbent and adsorbate.

This formalism assumes that the adsorptiorggdace in a homogeneous way at the
level of the adsorbent surface and that all themudi®n sites have the same affinity for the
adsorbat molecules, i.e. the same adsorption energy [22].

The Freundlich equation is wkitt as follows:

1
Qe = KF C(—zz (3)

whereKg [L-g™] is the Freundlich constantlated to adsorption capacity anchis the
intensity of the adsorption or suralbeterogeneity indicating thelative distribution of the
erergy and the heterogeneity of the adsorbats sit

The Freundlich formalism sugsts that adsorption of organic molecules occurs at
heterogeneous sites with difént adsorption energies [23].
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Fig. 3. Adsorption isotherms fitting at differentitial concentration for Thiabendazole adsorption o
Larache soil (conditions: natural pH; = 20 °C;V = 25 mL; time = 24 h; adsorbent
dose =40gL™
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Fig. 4. Adsorption isotherms fitting at differentitial concentration for Thiabendazole adsorption o
Laouamra soil (conditions: natural pH; = 20 °C;V = 25 mL; time = 24 h; adsorbent
dose =40 gL™
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Fig. 5. Adsorption isotherms fitting at differentitial concentration for Thiabendazole adsorption o
Ksar kebir soil (conditions: natural pH; = 20 °C;V = 25 mL; time = 24 h; adsorbent
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1.00
0.80
2 0.60 -
o
E
@
O 0.0
B Experimental data (Tlata drissana)
0.20 Langmuir
Freundlich
0.00 S
1 1 1 1 1
0.000 0.010 0.020 0.030 0.040 0.050
A
C.[mg.L"]
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Tlata drissana soil (conditions: natural pH;= 20 °C;V = 25 mL; time = 24 h; adsorbent
dose =40gL™
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Results of the parameters obtained from the nealiequations of each model are
listed in Table 5. The comparison of the tsgion coefficientsRf) shows that for the four
soils, the adsorption isotherms of Thiabendazoke lzatter dscribed by the Langmuir
model than by the Freundlich model, suggesting aatayer adsorption. The maximum
adsorption capacity achiew by the Langmuir isotherm model of Larache, Laowarksar
kebir and Tlata drissana soils for the Thiabendazhingicide is 0.747 mg g7,
0.751 mg- g, 0.473 mg g and 1.083 mg g™, respectively. Similar results have also
been repoed by other researchers [24].

Table 5
The fitting parameters of adsorption isothermsTeiabendazole fungicide adsorption
| sotherm models Parameter Larache L aouamra Ksar kebir Tlatadrissana
Qn[mgg 0.747 0.751 0.473 1.083
Langmuir K. [L-mg7] 57.345 19.128 83.093 222.412
R[] 0.99 0.99 0.99 0.99
Ke [mg-g'] 2.422 2.904 1.194 2.635
Freundlich 1/n 0.481 0.684 0.380 0.289
R[] 0.97 0.98 0.96 0.97

Conclusion

The present study prowid elements for understanding the adsorption proctsise
Thiabendazole fungicid by four types of agricultural soils from differemégions of
Morocco. We found that all adsorbents have alkalid in solution characteristic of
calcaeous soils. The Larache and Laouamra soils arendisisked by their high OM
content. The high OM content of these two sadsults logically in high cation exchange
capacities. Also, the major elements present in dbié are silicon, carbon, calcium,
aluminum and iron. Thereferthe analysis of X-ray diffractograms shows the main
peaks correspond to the quartz and calcite for alt #pils examined. The adsorption data
are in good agement with the Langmuir isotherm. with a maximumnmlayer adsorption
capacity of 0.747 mg™, 0.751 meg™, 0.473 megg™ and 1.083 mg™, for Larache,
Laouamra, Ksar kebir and Tlata drissana soglspectively. The adsorption capacity of the
studied soils makes them promising adsotd for industrial applications and
environmental prettion.
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