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Removal of some pesticides from water using new syresized
apatitic materials
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ABSTRACT

In order to minimize the negative impact of pedéision the ecosystem, the search of host solidxiaat can trap
micro pollutants (heavy metals, pesticides...) isessary. In this sense, we have synthesized theortatdd
phosphocalcics poorly crystallized apatites, analag to biomaterials (teeth, bones), and which skrae an
adsorbent for pesticides. The objective of thisknisrtherefore based on the retention of the twatipides, dicofol
and trifluralin, by the apatitic materials cited abe. Adsorption of these pesticides in selecteditepawas
investigated under butch experiments. The conceotraof adsorbed pesticides was followed using téleition

counting method. The adsorption isotherms wereddorbetter, described by the linear Freundlish @&tpn. The
retention mechanism of these two pesticides byitapataterials was monitored via infrared spectropy.

Keywords: apatites, pesticides, adsorption, desorption M- IR, liquid scintillation.

INTRODUCTION

The transition from an extensive agriculture toirgensive agriculture compelled the agriculturigtshe massive
utilization of pesticides. Indeed the research @foad production makes these products indispengabfeotect
cultures against all aspects which could limit oevent their development. However though today kldm
pesticides are potentially poisonous for no taggganisms, including plants and animals. For exangticofol and
trifluralin present an important interest owingtteeir utilization in the agricultural zones of beeind cereals in
Morocco[1].

In order to minimize the risk of these pesticides,have used some of the apatitic materials whiethave utilized
in the treatment of industrial liquid effluents cped with heavy metals or pesticid@s 3]. The objective of this
work is then based on the study of the adsorptibenpmenon of dicofol and trifluralin by synthetiogsly

crystallized apatites. The cristallinity of someaifes was studied in our laboratory in previousks$4,5,6]. This

study is an extrapolation from that obtained in puevious work, where we have also successfullgistlthe
retention of the some pesticides (imazapyr, ateaicofol...) with apatitic materials to remove thgshytosanitary
compounds from watg®,7,8].

MATERIALS AND METHODS

2 - Experimental methodology:

2-1 - Preparation of apatitic materials:

The poorly crystalline apatites with vacancy andlagous to the biomaterials were prepared by thezf-drying
method which has been described in our previouk \wb,6].Their general formula is given by: Ga (POy)e.
(CO)(Y) 240y with: Y=F (fluorapatite) or y=OH (hydroxyapatite) and: = vacancy. These two categories of
apatite materials were used respectively for admorstudies of dicofol and trifluralin. In the folving text,these
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apatites will be denoted simply by fluorapatite £)=and hydroxyapatite (Y=0OM

2-2 - Adsorption kinetics:

- Case of dicofol:

0.5 g of fluorapatite (Y =Tris mixed in 10 ml of a hexane solution containiragying concentrations of dicofol at
20 °C with mechanical stirring. After filtratiorhe¢ determination of dicofol in the filtrate wasad out using UV-
VIS spectroscopi9].

- Case of trifluralin:

To determine the kinetics of adsorption, 0.5 g ydroxyapatite (Y = OF were suspended in 5 ml of trifluralin in
glass centrifuge tubes of 16 ml. To achieve thesogation kinetics, tubes are stirred with a stimetating at a
constant temperature room at 20 + 1 °C for 0,15m8tutes, 1, 2, 4, 8 and 16 H. After stirring, 8wdid and liquid
phases are separated by centrifugation at 6000iiggd80 min[10].

The radioactivity of the filtrate is measured onaiguot of 1 ml in the presence of 10 ml of sdiate (Ultima
Gold, Packard) by liquid scintillation. The amowasorbed by apatite product is then calculateah¢piito account
the difference in radioactivity by reference to thiéial solution[10].

2-3 - Adsorption isotherm:
The adsorption isotherm of dicofol and trifluraincarried out analogously to the adsorption kisetidth an
equilibrium time set from the latter.

3 - Experimental Results and discussion:

3-1 — Study of dicofol:

We have studied the adsorption kinetics by fluotig@@Y=F) in two concentrations of dicofol. The supernataas
analyzed after 2.5, 10, 20, 80 and 150 min of &gitaFigure 1 shows that the equilibrium is reathéer only 20
min of stirring.
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Figure 1 : Adsorption kinetics of dicofol, for two concentrations:
(@) 2.1.10'M (b) 2.9.10°M, in fluorapatite (Y = F)

The plot of the adsorption isotherm of dicofol imetapatite was performed after 20 minutes followimi¢jal
concentrations: 212, 297, 594 and 1050 mg / | (l®@Y). This result indicates that the model of Rddich isotherm
perfectly describes the adsorption. Indeed, theitetich adsorption isotherms can be described byfadhowing

equation (11):
X = Ks Ce””f
m
With:
%; amount adsorbed of dicofol per unit mass of &patj / g
Ce: the concentration of the pesticide in the agsgtasei(g / ml solution) at equilibrium.

K: and i Freundlich constants, which characterize theheah adsorption.
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Figure 2: Adsorption isotherm of dicofolin fluorapatite (Y = F)

From the experimental values of Ce and X / m, weutated using the linear regression the valueKadnd 1/n
(Table 1).

Table 1: Parameters of Freundlich adsorption isothen of the dicofol by fluorapatite (Y = F)

Ks 1/n r
115,7 | 0,988 0,994

Value 1/n is close to unity, indicating a linear course leé adsorption isotherm of dicofol in fluorapative £ F),

reflecting a constant distribution of the solutévimen the adsorbent and the solution. The adsorptefficient k

is a high value which reflects a significant adsiomp capacity of apatite for dicofol. In conclusjathis apatite
matrix seems to be suitable for the adsorptiomisfpesticide from water.

The fluorapatite (Y = Ty obtained after fixation of dicofol at differentirsing times, is dried in the open air and
analyzed by IR spectroscopy. This technique is@lgool to show the sites of fluorapatite (Y 5 &f the dicofol
adsorption. The IR spectra of fluorapatite (Y ¥ With different adsorption times (Figure 3) shdwe tpresence of
the band at 633 cf This band can be assigned to the vibration of ©Rs in fluorapatite (Y = ¥. Its intensity
significantly increases from 5 min to 20 min ofsitig time. Consequently, the increase in the isitgrof this band
during the adsorption of dicofol in fluorapatité £ F) could then be due to the incorporation of therbygll group
(OH) of dicofol in the channels of this apatite amsbagenerating the interactions type betweeafRluorapatite
and HO of dicofol or into apatitic Fvacancies. Scheme 1 shows the developed formwaafol with the hydroxyl
(OH).

The other bands present in the IR spectrum (Figlere assigned to the vibration of the phosplute (PQ*) and
carbonate (C¢}) [6,9].
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Figure 3: IR spectrum adsorption of dicofol, with girring time periods:(a) pure fluorapatite
(Y =F) (b) 5 min, (c) 10 min and (d) 20min.
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Scheme 1: developed formula of the molecule dicofol

3-2 — Study of trifluralin:

The adsorption kinetics is shown in Figure 4 whebserved maxima and minima with a relatively ingens
adsorption during about one hour and followed Inyasked drop at time

(t = 2 hours). Equilibrium is reached after eighuts.

The evolution of the adsorption kinetics presehésghenomenon called "overshoot phenomenon” [1@imcould
be attributed to the significant changes of thetispi contact with the aqueous solution of trifllin. There is then
a competition between the herbicide and water végipect to the adsorbent.
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Figure 4: Adsorption kinetics of trifluralin in hyd roxyapatite (y = OH")

The adsorption isotherm of trifluralin by the hygyapatite (y = OF (Figure 5) has a linear curve. The Freundlish
model described by the equation also represents it:

149



N. El Hrech et al Der Pharma Chemica, 2016, 8 (11):146-151

The results of a
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djusted;kind 1/nvalues are given in table 2.

Table 2: Parameters of Freundlich adsorption isothem dicofol by hydroxyapatite (y = OH)

K 1/n r
7,978 | 0,904] 0,999
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Figure 5: Isothermal adsorption of trifluralin in h ydroxyapatite (y = OH)

e Freudlish model, the adsorptiasthierm shows that trifluralin adsorption constantisof the
which suggests that the apatitaixbas a significant adsorption capacity for théluralin. The

mechanism of adsorption of trifluralin in this ajpatcan be predicted by IR spectroscopy. This teghmnis used to
specify the mechanism of interaction between tdfim and hydroxyapatite (Y = OH Figure 6 shows the IR
spectra of the apatite with and without trifluralithe analysis of the IR spectra (Figure 6-b) shtas the bands

located around
disappear almo

630 and 3560 trare in fact due to the OH groups of this hydroxtiap. These two bands
st completely when the trifluralitusion is brought into contact with this apatiteglire 6-a). This

suggests that the fluoride ion of trifluralin (Sofe 2) could interact with the Olibns of the hydroxyapatite. It can
be suggested that the fluoride ions of this pefgitend to partially replace the Oidns on the surface of the tunnel
of this apatite or into apatitic OMacancies.

Transmissiom

1w

%

=]

5

LI I L Y L L O L O [ L L O L O Y L N LI I B N I Y LI
L 1 m i) b 3 L e -4 10 S!Il L] L) m

Figure 6: IR adsorption: (a) with trifluralin (b) w ithout trifluralin(pure hydroxyapatite (y = OH )
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Scheme 2: Developed formula of the trifluralin moleule
CONCLUSION

In this work, we have shown, using adequate twa@tspgcopic methods (UV and IR) and liquid scintiba that

the poorly crystalline apatites analogous to biamals (teeth, bones) can be used as adsorberdgcaf®l or

trifluralin. These apatites are then able to catttro-pollutants (pesticides, heavy metals...) toci¢aminate the
water.

With reference to previous Works in apatitic bioeratls [12, 13, 14], this study may have biologiaplications
because it is also known that pesticides existdnet amounts in both surface water and groundwaterthese
phytosanitary compounds can cause negative ade#fests on human and animal health. Indeed, theybeaeasily
absorbed by human young bones and teeth, via viatits, cereals, and meat.
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