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ABSTRACT

The combination of atrazine solubility enhancement using saturated aque-
ous B-cyclodextrin (B-CD) solution and the zero valent iron powder tech-
nology was applied to remove the atrazine from contaminated soil. The
solubilization of the hydrophobic atrazine by -cyclodextrin was investi-
gated. Linear and non linear regression methods were used to estimate the
formation constants (K). A 1:1 stoichiometric ratio was observed for the
binary inclusion compl ex between atrazine and 3-cyclodextrin with aforma-
tion constant of 285 + 15 M1, Experimental work was conducted to deter-
mine the sorption-desorption behavior of atrazine in clayey soil using the
batch equilibrium technique and B-cyclodextrinin aqueous solution. The 3-
cyclodextrin solution facilitated the masstransfer of atrazine moleculesfrom
soil to the aqueous phase. The destruction of atrazine by using iron par-
ticles under appropriate conditions was achieved 97% More than 97% of
atrazine disappeared within 30 minutes of treatment. The decreasing of total
organic carbon (TOC), theformation of carbon dioxide and the evol ution of
atrazine concentrationswere respectively analyzed by TOC, HPLC and UV-
Vis spectroscopy. The by-products during the reaction were not identified.
© 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Large amounts of pesticidesare used in modern
agriculture production and the increas ng detection of
these agrichemicals in underground water™® has
prompted thedevel opment of different technologiesfor
theremediation of polluted soil. Sparingly-solublenon-
ionic pesticidesare strongly bound to soil organic mat-
ter, dueto their rate of desorption and to themasstrans-

fer decreasing from the soil phaseto thewater phasg*
o, Itisnecessary toincreasetherate of desorption and
toimprovetheefficiency of technology involving the
pumping of polluted water, which extracts pesticides
found in the solution. The herbicide atrazine or (6-
chloro-N-ethyl-N’-(1-methylethyl)-1, 3, 5-triazine-2,
4-diamine) was used asthemodel contaminant inthis
Study.

B-cyclodextrins (CD) areexcellent extractors of
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gparingly-soluble organic compoundsand could beusad
to increase the desorption of hydrophobic pollutants
from soil towater. The possibility of application of CD
for reducing the pollutantsin wastewater haslong been
recognized”.

Ontheother hand, the use of zero-valent iron as
reactive medium for contaminated water treatment is
oneof themost promising techniquesbecausetheiron
metal isof low-cogt, easy-to-obtain, and hasgood ef-
fectiveness and ability of degrading organic contami-
nantg®19, [ron metal hasal so high oxidation capacity
at appropriate conditions of pH, and oxygen con-
tent[12,13] .

Our previouswork showed that zero valent iron
powder (ZV1P) generatesfreeradicalswhich areable
to minerdize organic compounds*¥.

Thiswork investigatesanew treatment method to
remediate soil polluted by atrzinebased ontheddivery
of B-CD into soil inorder tofacilitatetheir transfer to
theagueous phase. Theatrazine present in the aqueous
phasewas mineralized by reactionswith freeradicals
generated from zero valent iron powder. This
remediation processhasbeentested ontheduatesin-
Situ and outside of the soil.

MATERIALSAND METHODS

Apparatus

Water polluted samplesweretaken from batch at
different timeintervalsand anayzed by HPLC, UV-
visbleand TOC-anayzer. All themeasurementswere
carried out at room temperature 20-25°C.

UV-visiblespectrophotometry

Atrazinewas anayzed by aUV—visible spectro-
photometer (UV-1601, Shimadzu), signa wavelength
of 223nmwith 20nm bandwidth.

High performanceliquid chromatography (HPLC)
for monitoring of atrazine

Theatrazinewasmonitored by HPL Cliquid chro-
matography using a Hewlett-Packard system
(HP1100) equipped withamono-channe UV-visible
detector and an automatic injector. The experiment
was performed by UV detector at 223nm by using a
reverse phase Merck column (Spherisorb ODS 25um,
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250-4.6mm). Theflow ratewas ImL/mnand thein-
jected volumewas 50uL . The conditionsfor atrazine
andysswere: mobilephasecongigting of 1%aceticacid
(10%) and methanol (90%) at aflow rate of 1.00mL/
min.

Atrazinewasdetected at 223nm, and theretention
timewas 12.4 min. Thelimit of detectionwas 10ug/L.

Analysisof total organiccarbon (TOC)

Total organic carbon (TOC) contentswere mea-
sured with aShimadzu TOC Anayzer model 5050A
(Japan). Water was used as blank control. TOC was
measured beforeand after reaction. TOC contents of
the sampleswere determined with catalytic oxidation
at 850°C in presence of O, and CeO, followed by
acidification with 10%H,PO,. A non-dispersiveinfra-
red detector was used to determinetheformed carbon
dioxide.

Reagents

[-cyclodextrin and zero valent iron powder (350
mesh) were purchased from SigmaAldrich, and used
as received. Atrazine was purchased from Rodel-
dehein. Distilled water was used to prepare aqueous
solutionsof -CD and atrazine stock solutions.

Soil preparation and composition

Soil wascollected fromanonagricultura fiddin
Sanine Mountain (Lebanon) and wastransported in
coolersto thelaboratory and ground to passthrough a
2mmseve.

Soil samplewasanayzed by standard methods ac-
cordingto Klute*¥. The pH was measured inasurry
1:2.5 soil/agueous calcium chloride (0.02M). Organic
matter content (OM) was determined by the Walkly-
black method*®. The characteristics of the soil are
showninTABLE 1.

Atrazinetreatment experiments

Analiquot of 250mL of eluates solution at pH 4
was mixed with 2.5g ZVIPinside aflask of 500mL.
Themixturewas shaken with air blower pump during
thereaction. At different timeintervals, adequate vol -
umes of the treated sol utions weretaken for HPLC,
UV-visbleand for TOC measurements. Thetota time
of the reaction was about 50 minutes.

In-situ treatment was carried out by shaking the
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[3-cyclodextrin solution directly insidethesoil polluted
by atrazinefor the determined time of desorption. Af-
ter checking of thetotal transfer of atrazinefromthe
soil to the agueous phase, zero valent iron powder
was injected inside the solution at pH = 4 and the
mixture was bubbled by air blower.

At different timeintervals, adequate volumes of
thetreated solutionsweretaken for HPLC, UV-vis-
ibleand for TOC measurements. Thetotal timeof the
reaction was about 50 minutes.

EXPERIMENTAL

Cyclodextrin-atrazinecomplex formation

Previousstudieswere conducted toinvestigatethe
inclusion of atrazineins dethe hydrophobic cavity of
[3-CD andto determine theformation constant of the
[-CD-Atrazine complex. Linear and non linear re-
gression methodswere used to estimatetheformation
constant K (2854 15 mol-1) and a 1:1 stoichiometric
ratio was observed for the binary inclusion complex
between atrazineand 3-CDI*¢l.

Batch studies
Effect of thesoil masson theadsor ption of atrazine

In order to study the effect of the soil amount on
the adsorption of atrazine, different masses of soil
weretransferred into 50mL Teflon centrifuge tubes
numbered from 1 to 5. Each tube contains 30mL of
atrazine agueous solution with a concentration of
10ppm.
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Figurel: Concentration of atrazineadsor bed (ppm) plotted
againg theratios(R) whereR isobtained by dividing respec-
tively the soil masses [0.5g, 2g, 59 ,10g, and 20g] by the
volumeof atrazinesolution which isequal to30mL at (10ppm)
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The massesof thesoil transferred respectively into
thefivetubes: 0.5g, 2g, 59, 10g, and 20g. Thetubes
were sealed with aTeflon-lined cap and shaken for
24 h beforebeing centrifuged at 3000rpmfor 20 min.
After centrifuging, the concentration of atrazine
adsorbed by soil was determined by HPLC as the
difference between the amount of atrazine before
(10ppm) and after the sorption experiment. The con-
centrations of atrazine adsorbed were measured and
plotted against the ratios (R) which was obtained by
dividing themass of the soil by athevolume of atra-
zine aqueous solution (R isexpressed by g/mL).

Adsor ption-desor ption of atrazine

Adsorption batch experimentswere performedin
triplicatein 50mL glasscentrifugetubesby mixing 10g
of soil with 30mL of atrazine solution at aconcentra-
tion of 10ppm. The sampleswere shakenfor 24 hours
to alow adsorption equilibrium.

Desorption experimentswereinitiated immediately
after 24 hours of the adsorption experiments by re-
placing the supernatant liquid by the same volume of
distilled water or CD solution (0.01M). Thetubeswere
shakenfor 3, 6, 10, 18 and 24 hoursin order to de-
termine the convenient timefor acomplete desorp-
tion. The concentrations of atrazinein the superna-
tantswere determined by HPLC.

Theamount of atrazine adsorbed or desorbed was
calcul ated asthe difference between the concentra-
tion before and after adsorption or desorption experi-
ments.

TABLE 1: Physical and chemical propertiesof tested soil

Nature Percentage%  Nature Percentage %
Sand 20 CaCO; 3.8

Silt 35 oM * 12

Clay 40 pH 7.6
Texture Clay loam

*Organic materials

TABLE 2: Sorption of atrazinefor different amounts(g) of sail:
Each amount wasshacked in atubecontaining30mL of atrazine
aqueoussolution at aconcentration of 10ppm. Theratios(R)
wer eobtained by dividing respectively themassof thesoil trans-
ferred in each tubeby thevolumeof atr azineaqueoussolution
whichisequal to30mL (R isexpressed asg/mL)

Ratios[R] 0530  3/30 530 10/30  20/30
Concentration of alrazine 4 45, 1> 12+0.0625+0.13.00.1231+0.12
sorbed (ppm)
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Figure?2: Percentageof desorption ver sustime: (a) desor p-

tion using distilled water (b) desor ption using B-cyclodextrin
solution
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Figure4: Degradation of desorbed atrazine: (a) in separ ate
batch and (b) in-situ treatment

RESULTSAND DISCUSSION

Batch studies
Effect of thesoil masson thesor ption of atrazine

The HPLC measurements of atrazine adsorbed
were plotted against theratios (R) obtained by divid-
ing the soil masses(g) by thevolume of atrazine agque-
ous solution whichisequal to 30mL . Thevaluesob-
tained are summarizedin TABLE 2 and plottedinfig-
ure 1, whichillustratesthe atrazine adsorption behav-
ior. The concentration of adsorbed atrazinereached a
plateau of 3 ppm at R =10g/30mL. Thisvalueof R
will be considered in the subsequent experimentsin
order to guarantee amaximum atrazine adsorption by
the soil particles.

Desor ption of atrazine
In this experiment, the optimum desorption time

Jamil Rima and Karine Assaker 65

—== Qurrent Ressarch Pepser

100 4

80

60 4

40 4

% Desorption

20 4

0 9 4 6 8 10 12 14
Time hours
Figure3: Evolution of UV-Visspectraof atrazineat different
interval of timesof reaction (fromup todown: 0, 10, 15and 20
minutes)
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Figure5: Evolution of TOC aqueous solution and car bon

dioxideformation duringtheoxidativereaction

of atrazinefrom soil was determined using water with-
out 3-CD and water with 3-CD (0.01M). Figure 2(a)
showsthat the soil contaminated by atrazinewas com-
pletely desorbed after 12 hoursof shakingwhen using
digtilled water whilefigure 2(b) showsthat after 3 hours
of shaking by the aqueous 3-CD solution (0.01M), the
desorption of atrazinefrom soil wascomplete.

Extraction of atrazineand treatment outsideand
in-situ of thebatch

According to the method described abovelOg of
soil were polluted by 30mL of atrazinesolution at the
concentration of 10ppm.The concentration of theatra-
zine solution after 24 hours of shaking was 6.8ppm
.The quantity of atrazine adsorbed by the soil was
96ug.

Extraction and treatment outsideof thebatch
The soil polluted by atrazine as described above
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was shacked with 30mL of 3-cyclodextrin aqueous
solution (0.01M) for aperiod of three hours. When
the atrazinewastotally transferd from the soil to the
agueous phase, the supernatant solution wastrans-
ferred into aseparateflask 0.5g of zero valent iron
powder was added into the flask containing the su-
pernatant sol ution whichwas adjusted at pH =4 and
ar bubbled inthemixture. Sampleswerewithdrawing
at different intervals of time for the analysis. The
method of treatment isan oxidative reaction process
described by Rimaet al .[*-

Figure 3 shows the UV spectra of the atrazine
evolution with thetime of reaction. Asshowninthis
figuretheatrazine become undetectabl e after 30 min-
utes of treatment.

Extraction and treatment in-situ of thebatch

Inthe case of in-situ treatment, iron powder was
injected inside the column after three hours of shak-
ing the soil by 3-CD solution. Air wasbubblingin
themixturein order to favor the oxidative reaction
and thesampleswere analyzed at different intervals
of times.

Evolution of theatrazinedegradation monitored
by spectrophotometer

Thedfectivenessof fine-grained metdlicirontomin-
eralize organic compounds has been previousy dem-
onstrated*dl, Atrazine degradation was monitored by
UV-Visspectroscopy at 0, 10, 15 and 20 minutes (Fig-
ure3). After 30 minutesan undetectablesigna wasob-
served.

Differencesbetween in-situ and outsidetreatment

Thetreatment of the atrazine solution after extrac-
tion from the soil was studied insidethe soil andina
separate batch. Figure 4 illustrates acomparison be-
tween the separate batch (a) and in-situ (b) degrada-
tion of atrazine as monitored by HPLC Asshownin
thisfigureasimilar resultswere observed.

In both cases, it was demongtrated that the atrazine
degradation has achieved morethan 97% after 30 min-
utesof treatment. However, the possibility for in-situ
treatment of soil polluted by atrazine or other organic
chemicasby applying the“inside soil” procedure, pro-
vide highly important applicationsfor theremediation
technologies.
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Mineralization of atrazine/ -cyclodextrin mix-
ture-TOC measur ements

Thetotal organic compounds TOC of atrazine so-
lution was measured beforeand during thereectionwith
zerovaentiron powder (ZVIP). Carbondioxideemis-
sionwasaso measured to confirm complete minera -
ization of atrazine/ 3-CD by ZVIP under acidic condi-
tions. Figure 5 showstheformation of carbon dioxide
regardlessof TOC decreasing.

In order to interpret the decreasing of TOC and
theformation of carbon dioxide, it hasbeen considered
that the mixtureof iron, air and acidic aqueous solu-
tionscanlead tothefreeradica formation.

Itishypothes zed that thefoll owing threereactions
areimportant tothe overal Scheme.

Fe°+0,(aq) +2H* > Fe? +H.0, @
Fe + L —» Fe?'l ©
Fe#L +H,0, Fe"L +HO +HO- ©)

WhereL isan organic compound.

Usingthissystem, Nouradoun et a . have dem-
ondrated thecompleteminerdization of chlorinated phe-
nol, polychlorinated biphenyls (PCB’s), nitroaromatics,
and organophosphorous compounds. Thesamehypoth-
esishasbeen previoudy proposed to explain the com-
plete destruction of phenol 5141,

CONCLUSION

It has been demonstrated that the combination of
aqueous 3-CD solution and the zero valent iron pow-
der technology can be very effectivefor theremoval
(97% removed) of atrazinefrom contaminated soil. A
delivery vehicle system for the mineralization of the
organic pollutantsin soil was devel oped. Such treat-
ment isnot limited to atrazine since 3-CD hasbeen
also mineralized; but it is general for other organic
compounds.

Thesignificant advantage of our technique com-
pared to current techniques is that it completely
remediates not only soil but also groundwater con-
taminated with toxic organic compoundswithin short
timeinstead of monthsand years, and leave behind no
toxic end-products.

We plan to demonstrate our technology for other
toxic organic compounds, particularly PCBs and
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PAHs and we will test the system in situ soils con-
taminated with different pollutants.
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