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ABSTRACT

In agriculture, the use of pesticides is not onbnéficial, but may also have negative consequepceshe
environment and human health. For this reason, tstdading and studying the behavior of these préslilc
different environmental compartments are of paramamportance to evaluate the impact of these patits on the
environment. Adsorption remains the major phenomehat controls the behavior of pesticides in sbile goal of
our study is to study the absorption of an extesigiinsecticide used in Morocco, carbofuran, in gresence of
montmorillonite in natural water. The results shthat the maximum adsorption of carbofuran is atgirwithin 6
hours. Adapting data of adsorption to isothermsieis of Freundlich and Langmuir allowed to deduwe talues
of the following adsorption parameters (n = 0.52%6;=0.5) for Freundlich and (k6.51; ¢y,,=9.53) for Langmuir.
Comparison of linear regression coefficients iamor of the Freundlich model?&0.9633>0.8639). Kinetically,
adsorption of carbofuran on montmorillonite folloviisst- order model. The low retention of carbofordy
montmorillonite may be due to water competitiontthehaves as the solute to some adsorption site#oan

compensating cations NaCa* and Md" present in our sample of natural water, which catusate the surface
sites of the montmorillonite.
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INTRODUCTION

The interaction of pesticides with the soil consitts regulates several agronomical and envirorahphenomena.
Adsorption remains the major phenomenon that ctntheir availability in soil, their mobility, antheir efficiency
with regard to their targets [1- 2].

The constituents involved often include clays, aoiganatter, minerals [3-6]. In water or soil, cafloan degrades
by hydrolysis, microbial decomposition and phot@y§]. The maximum acceptable concentration fabcturan

in drinking water is 7ug/L [8]. Carbofuran degradatleads to several metabolites according to enwirental

conditions (pH, temperature, and ionic strengthhe Tmajor metabolites included 3-hydroxycarbofur&n,

cétocarbofurane, carbofuranephenol, 3-hydroxycaraolephénol and 3-cétocarbofuranephénpl
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The evaluation of the retention is often made bymseof adsorption isotherms adapted to models daaesome
useful environmental parameters for the assessofehe phenomenon [5-10]. In their study of theaagton of
carbofuran on the complex humic acid-montmorillenthe adapted data to the Freundlich model hangmalues

of K¢ ranging from 0.30 to 157.6. The infrared analgiswed changes of the frequency bands C = O and C-N
indicating an interaction between the pesticide thedadsorbent. Furthermore, the adsorption statesften done

in distilled water under controlled conditions efriperature and pH. The adsorption in natural weaerlead to
different results because of the nature of water its1physicochemical composition. The goal of thisdy is to
investigate the adsorption of carbofuran on montifoaite in natural water.

MATERIALS AND METHODS

Sampling and physico-chemical analysis of surfaceater

The water-sampling site is located on the SeboeRivthe Gharb region (Morocco), 45 km to the hart Rabat
under the following GPS coordinates: 805-21-188& @®3-13-621N. 9. Samples are drawn and collecteteian
glass bottles previously rinsed several times wlitilled water, sealed and transported directhaitaboratory
cooler for their analyses. The physicochemical gsislwere made at the Institute of hygiene in Raba¢ pH and
conductivity were measured using a pH meter anshdwctivity meter model WTW 3110 SET1.

Chromatographical analysis

To ensure the absence of any trace of pesticidéhénstudied sample, an analysis was performed sy ga
chromatography coupled to mass spectrometry (QM&riBaon trap). The analysis conditions were tbiofving:
VB-5 column, at 220°C and 300°C for the injectoddhe oven respectively, in split less mode for gnkime
luLwith helium as a carrier gas at a flow rate of IL/mimin. The temperature of the ion source was 200
conditions of programming of separation were showhable 1.

Table 1: The chromatographical conditions of separéon

Ramp (°C/min)| Final Temperature(°¢)  Time (mih)
100 4.00
10 150 0.00
5 240 1.50
15 28C 6.0C

During the study of the adsorption, carbofuran waalysed by AGILENT 1100 HPLC, equipped with a C18
column, the mobile phase is a mixture of methamal distilled water (50% / 50%) with a flow rate L/ min.
The UV detector was set at 285nm. The injectiomn is 50pl.

Adsorption study

The calibration curve

A 100-ppm stock solution of carbofuran (purity %) was prepared and diluted to lead to conceantratf test
solutions ranging from 1 ppm to 20 ppm, which wesed to plot the calibration curve.

Adsorption kinetics of carbofuran

The batch technique was used to study the prodeadsorption of carbofuran. Test tubes contain 29@ihclay
and 10ml of natural water, comprising carbofuramaatixed concentration of 15 ppm. During experimeart
oscillating stirrer agitated them. The samples waken at regular time intervals o(TTo+1; Tos2,:------ To+7r). The
samples are centrifuged at 6000 rpm / min and amwelof 50 pL of the aqueous phase is injectedHRbC. Three
replicates were performed for this test at an antliEmperature (2212 °C).

Modeling the adsorption kinetics
The kinetic modeling of carbofuran retention by tmoarillonite was conducted using the following twmdels:
¥ The linear form of the kinetic model of the psedidst order[11]:

log(Q: — Q) =log(Q) - (2.1;13)' t

With: - Qi: Quantity of initial adsorbate per grashadsorbent (mg:H
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- t: Contact time (hour);
- Ky: Constant adsorption rate for the first order &fn

t 1 t
v The linear form of the kinetic model of the psesagoond order:— = —
Qt kz'qz Qt
With: -K,: Constant adsorption rate for the pseudo-secoter ¢g.mg' .h ™).
- Qi: Quantity of initial adsorbate per gram of ad=ent (mg.d).
-t : contact time in hours

The initial amount adsorbed Qi, constant pseudossdorder K can be determined experimentally from the slope

and intercept of- based on t.
t

Adsorption isotherms

Different Carbofuran concentrations (1, 2,5, 5, 18,20 mg.L*) were prepared in natural water in the presence of
200mg of clay, the solutions obtained are stirrecrabient temperature for a fixed time duration ado the
predetermined equilibrium time during the kinetigdsy. Three replicates were performed for each eotration.

The amount of pesticide retained by the clay§Qs calculated by the difference between theahitbncentration
C, introduced and the equilibrium concentratiog) @:cording to the following relationship:

C._—C_.).
Qadsz(n Ejv

m

Modeling the adsorption isotherms
Two models are frequently used in the literatureléscribe the adsorption of molecules in the sd@iti solution
interface: models of Langmuir and Freundlich.

The proposed equation to describe the Langmuinésot [12] is:

O = q. K1 C)
ads Qmax 1+ K:L i CE
With: - C, (mg/L): the concentration of adsorbatein solutmequilibrium,
- Qags (MMol/m?): the amount of adsorbent is fixed bysheface unit of adsorbent,
- Qmax (Mg/g) : the amount adsorbed at saturation isrtheimum number of adsorption sites occupied pdasar
unit,
- - K| (L/mg): constant affinity of the adsorbate for thaface of the adsorbent.
The Freundlichmodel is frequently used to desdititeeadsorption isotherms; it is defined by thediwihg equation:
Qads K. C€'
With: - Q,s(Mg.Kgh): the amount of absorbed pesticide per mass daeitraent at equilibrium;
- C. (mg.L") : the pesticide solution concentration at eqtilliin;
- K (Ln.mg".Kg™) and n: Freundlich constants.

For n equals to 1, the sorption isotherm is sirgalithrough a linear relationshiQq= Kg4.Ce

With Kg, the distribution coefficient (or partition coefiient) of the pesticide between the liquid phasktae solid
phase.
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Analysis of clay

Clay sample used is a montmorillonite, origin ofnria, Spain. It was analysed by X-rays powdenaiition in
order to identify its chemical structure. The appas used was X’PERT MPD PRO, configuration PW 2064
Spinner — PANALYTICAL.

The analysis conditions were: Start angl@){23°, final Angle (Bf): 90°, Step size= 0.06. Counting time: 120s.
RESULTS AND DISCUSSION
The physico-chemical characteristic of natural wate

The physicochemical properties of the water usedpagsented in Table 2. According to the Morocdandards
[13], our sample is rated between excellent and goddhariittle to medium hard (limestone).

Table 2: physicochemical characteristics of naturalvater

parameters values

pH 7.49
Conductivity 560ps/cr
ca® 54.51 mg.r*
Mg?* 20.91 mg.C*
Na' 56.8 mg.L?
NO3 5.14 mg.I*
cl 110.05 mg.[*
ek 55.05 mg.l*!
HCOg 1769 mg.l*t
Organic material 1.34 mg.I*
TH (Hydrotimetric index) 23.2

The obtained results by gas chromatography affivat mo trace of pesticide was detected in natuadé¢émsolution.
X-ray diffraction analysis of montmorillonite

After phase identification (figure 1), the chemictiucture of the clay is the following, a montntioriite15A:
NaOg (Al, Mg)2 Si4 Qo (O H),-4 H, O.

Counts

D734DRX1

40000 —

10000 —

Montmorillonite-15A

Montmorillonite-15A
Montmorillonite-15A

[
f

o ( Montmorillonite-15A

w
o

T T T T T
40 50 60 70 80

H
o
N

Position [*2Theta]

Figure 1: X-ray diffraction of montmorillonite used

Variation of carbofuran concentration in natural water in presence of clay
The variation of the carbofuran concentration dirae in the presence of clay is illustrated in Figa.
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Figure 2: Variation of the carbofuran concentration over time

The variation of the carbofuran concentration auee shows a rapid decrease after 2 hours, follolyed slow
achievement of equilibrium between the solution #rel adsorbed quantity. The rapid decrease in ahgoturan
concentration in the solution can be essentialfiganed to its adsorption on clay.The phenomenohydfolysis
could be rejected since the carbofuran does mrotyze, before 240 hours at neutral pH, which ipklose to that
of our study (pH = 7.49)14].

Kinetics of carbofuran adsorption
The layout of pesticide amounts retained on the aleer time of clay-pesticide contact is preseritefigure 3.
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Figure 3: Kinetics of adsorption of carbofuran at 2+2 °C

The shape of the curve indicates adsorption kiset@mnposed of two parts. Part | is relatively rapithin 4 hours
followed by an equilibrium phase such phenomenponted by other authors [15-17].

During the rapid phase, a high proportion of canbafi was adsorbed in less than 6 hours. This stmddw
correspond to the adsorption of the pesticide enntlost accessible sites probably located on ther cuirfaces of
the soil particles [18-20]. Similar results werpaged on the active carbon [21]. In the secondehthe adsorption
of carbofuran continues, but more slowly. This tatibn of the adsorption rate can be due to thaera@bn of the
sites or to the competition with water, which aatsa solute for some adsorption sites [22]. In tamdi many
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compounds dissolved in the natural surface wateraffect the adsorption process by competing withgesticide
molecules for adsorption sites [23].

In fact, the predominant cations in our naturafaswe water (Ca, Mg™*, Na) may be involved in the mechanisms
of adsorption, particularly by formation of catioriridges and saturation of the clay. These reanitsn agreement
with those found by Pitsch et al. [24], who shovikdt different adsorption sites present on the elaface are
gradually saturated by compensating cations inteduinto the environment, along the way as the pH
increases.Other authors reported the differenbelravior of these cations in contact with the dasface as [25-5-
26].

The effect of pH on the adsorption of carbofuranlas been studied [27-28], who reported that ttsogption of
carbofuran increases as the pH decreases. At hifjhadsorption decreases, this may be due to masking
carbofuran’s functional groups, and the repulsigthe clay surface negatively charged.

It has been observed that a change in pH of theisnlmay alter the properties of pesticides’ moles as well as
the clay surface properties and, consequentlyadsorption, [29]. Salmanet et al. also reportedpbssibility of
modifying the surface’s properties of activatedocar according to the pH of solution [28].

Modeling the adsorption kinetics
The treatment of the kinetics’ data based on tletested models yields the kinetic parameters ptedean table 3.
The corresponding linear curves of regression exegmted in figures 4 and 5.

Time (h)
3

0 1 2 4 5 6

1,29
1,3 +

-1,31

-1,32

log (Qi- Q)

1,33

-1,34

Figure 4: Linear regression curve, according to psudo-first order kinetic mode

Table 3: The constants of the kinetics

pseudo-first order pseudo-second order
Kith) | R® | Qe(mg.g’) | Ko(gmol* h?) | R® | Q(mg.g?)
0.0074 | 0.9946 1.3 0.3519 0.9468 20.065
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Figure 5: Linear regression curve, according to paglo-second order kinetic model

The isotherm of carbofuran adsorption

The isotherm of carbofuran adsorption is obtain@tcbncentrations varying from 1 to 20 mg.LThe six-hour-
contact time was predetermined during the kineticls (fig. 6). The variation of the adsorbed quignincreases
regularly depending on the equilibrium concentragémd reaches equilibrium in the range of 10 anthg3.™.
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Figure 6: isotherm of carbofuran adsorption

The isotherms of this class present, at a weakestration, a concavity facing upwards. In such cHseadsorbed
molecules favor the further adsorption of other ecales. This is due to molecules that get attrabtetbrces of
Van Der Waals and group togetfig0].

Modeling the isotherms of carbofuran’s adsorption

Models of Langmuir and Freundlich

The treatment of data, according to models of Hrelunand Langmuir, has enabled to determine trsoigadion
parameters relative to the two models (table 4).
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The comparison between regression coefficierfis Sfnows that the carbofuran’s adsorption isothesnbétter
described by the Freundlich model, rather thanHheyltangmuir one treunlich > f Langmuir). This model is
generally obtained in the case of micro porous dmsds, with a progressive saturation of the adsorsites that
are roughly equivalent. Similar results were palntet by others authors [21].

The adsorption of molecules to the solid-solutioteliface, according to the Freundlich model, is enad
heterogeneous surfaces, comprising different tygesdsorption sites, whereas the Langmuir modetritess an

adsorption at the level of homogeneous sites [31-32

y = 0.526x + 0.2326 wa
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Figure 5: Linearization of the carbofuran’s adsorption isotherms, by the Freundlich model
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Figure 6: Linearization of the carbofuran’s adsorption isotherms, by the Langmuir model

Table 4: The parameters and correlation coefficiers, Langmuir and Freundlich for the carbofuran adsoption on the montmorillonite at

22+ 2C
Isotherms Model Parameters
Langmuir e (; géKgrl) 5 (Ié./rsnlg) 01.2;639
Freundlich Kf(Ln.n(q)?Sl'“.Kg'l) 0.1;)26 01.292633

The carbofuran adsorption is not linear (n<1). T$ignifies a decrease of the available adsorptitas svhen the
concentration of the solution increases. The sslghturated during the filling of the monolayehefe will, be thus,
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weak interactions at the surface of these suppadswas stipulated by Avom et al. [33] with othegamic
components.

Furthermore, the constant of Freunlich &tests the capacity of adsorption of a pollutrisidered by the solid
[34]. The more the Kvalue is high, the more the retained quantityuisssantial. In our case, the obtained result of
Ky is 0.5, reflecting a moderate adsorption of carlari on the montmorillonite in the presence of redtwater.

The analysis of data regarding the quick adsorpiam shows linearity between the adsorbed quaatitythe Ce.
This attests a perfect proportion between thesegremtities and enables to estimate the partittafficient Ky,

The calculation is made using the relatiqix’r?, assuming linearity in the rapid phase. Sg=1.8mL.g"
e

To conclude, the adsorbed quantity of carbofurantivé montmorillonite is weak. This type of claggents a very
weak affinity to the carbofuran, in the presenceatiral water.

CONCLUSION

The retention of carbofuran by the montmorillongenoderate in the presence of natural water. DBimepensating
cations can play an important role in the saturatibsites on the surface of the montmorillonitéich triggers a
competition between the pesticide molecule and:#tiens.

The kinetic study has revealed that the adsorpgsagquick during the first contact hours to attaie tquilibrium
within 6 hours. The kinetic data shows the kinetiodel of the first-order.

The Freunlich model describes better the carbofsrramsorption isotherm, than the Langmuir modele Th
Freundlich model KLn.mg'".Kg™) and the distribution coefficient #are of the order of 0.569 and 2.8 rifl.g
respectively.
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