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ABSTRACT KEYWORDS
Mixture of B- cyclodextrine and sodium dodecyl sulfate (SDS) was used to Sail pollution;
enhance the desorption of atrazine from the soil. The effectiveness of atra- Zero valent iron powder;
zine transfer from the soils to the solution reaches 98% with the combina- B-cyclodextrin;
tion of B-cyclodextrinwith SDS. The mineralization of atrazine was carried Inclusion complex;
out by its reaction with hydroxyl free radicals generated from zero valent Atrazine.

iron powder by oxidative reaction. The complexation of atrazine with -
cyclodextrin indicates a 1:1 stoichiometric ratio for the binary inclusion
complex between atrazine and B-cyclodextrin with a formation constant K =
285+ 15 M™%, Batch and columns studieswere conducted for the remediation
of soil polluted by atrazine. These studies alowed the development of a
delivery vehiclefor iron particles using agueous 3-cyclodextrin/SDS solu-
tions. The oxidation reaction of atrazine was carried out by iron particles
under appropriate conditionswith anearly 99% removal at pH 6. More than
97 % of atrazine disappeared during 30 minutes of treatment. The evolution
of atrazine degradation was monitored by, HPLC, TOC meter and UV Vis
spectroscopy. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION duetoitspotential for groundwater contamination™.
Atrazineexcessand leaching from application Stesinto

Atrazine [2 - chloro- 4ethylamino - 6 - is0 - rivers, streams, lakes, reservoirsand groundwater isan
propylamino- 1, 3, 5- triazine] isamongthemost com-  ecological concern. In some aquatic ecosystems con-
monly used herbicidesintheworld. INUSA,. Atrazine  taminated by atrazine, photosynthesis of algae, apri-
hasbeen classfied asaRedtricted Use Pesticide (RUP)  mary producer in food chain, may beinhibited indi-
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cates potential toxic effectson animalsfrom atrazine
metaboliteg? 3.

Long-term exposure to amounts greater than 300
ppb of atrazine can result in cardiovascular damage,
retinal damage, muscle degeneration, and cancer. The
treatment of atrazine become an urgent need. Some
pesticidesthat are persistent in aerobic environments
aremorereadily degraded under reducing conditiong.
Thusgenerating areducing (el ectron-rich) environment
insoils, sediments, and aquifershasbecomeapopular
treatment option. One application of thistechniqueuses
zerovalentiron (ZV1) asachemical reductant. Under
aerobic conditions, oxygenisthe usua e ectron accep-
tor, whilein anaerobic environments, electron release
fromthereaction of ZV I with water can be coupled to
the reaction of chlorinated and nitroaromatic com-
pounds®. Treatment with ZV| can promoterapid abi-
otic degradation viareductive dechlorination. When
hal ogonated organic pollutantsaretreated with ZV1,
oxidation of ZVI and Fe(ll) provides electrons for
dechlorination

Fe+R-Cl + H" + 5Fe?* + R-H + CI- Q)
2Fe* +R-CI +H,0 -
2Fe** + R-H + OH-+ CI- 2

zero-valent iron asreactive medium for contami-
nated water treatment, is one of the most promising
techniques becausetheiron metal isof low-cogt, easy-
to-obtain, and has good effectiveness and ability of
degrading organic contaminants®2. lronmetd hasdso
high oxidation capacity a gppropriate conditionsof pH,
and oxygen content™. In order to facilitatetheatrazine
transfer from the soil to the agueous phase we had to
look for an adequate extractors. The possibility of ap-
plicationof

B-cyclodextrinfor reducing the pollutantsin waste-
water haslong been recogni zed*4

In our previous work we used p-cyclodextrin to
extract the atrazinefrom the soi ™.

Theobjective of thiswork wasto investigate the
decontamination of soil polluted by atrazineusing mix-
ture of sodium dodecyl sulfate(SDS) and 3-CD toin-
creasethe capacity of atrazine extraction from the soil
and followed by atreatment using thezerovaentiron
power technol ogy.

Before performing soil columns studieswe have
conducted severd preliminary batch experiments. The
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s0il columnsexperimentswere asthefollowing:

(1) Ddlivery of 3-cydodextrinwith sodium dodecyl
sulfate (SDS) into deep soil and collecting the eluates
to betreated a separate batch

(2) Ddivery of B-cyclodextrinwith sodium dodecyl
sulfate (SDS) trapped iron into deep soil and treat the
eluaesin-stuof thecolumn

METHODSAND MATERIALS

Reagents

-cyclodextrin, SDS andiron powder (350 mesh)
were purchased from SigmaAldrich, and used asre-
celved. Atrazine was purchased from Rodel-dehein.
Distilled water was used for preparing agueous sol u-
tion of 3-cyclodextrin, SDS and atrazine stock solu-
tions
Apparatus

Atrazinewas analyzed by aUV—visible spectro-
photometer (UV-1601, Shimadzu), signa wavelength
of 222 nmwith 20 nm bandwidth. ThepH valueswere
measured in open bottles withaWTW pH/mv, and
hand-held meter 330/s&t.

Theatrazinewasmonitored by HPLC liquid chro-
matography using a Hewlett-Packard system
(HP1100) equipped with amono-channel UV-visible
detector and an automatic injector. The experiment
was performed by UV detector at 222 nm by usinga
reverse phase Merck column (SpherisorbO DS 25um;
250.4.6mm). Theflow ratewas ImL/mnand thein-
jected volumewas50u L. The conditions for atrazine
analysiswere::mobile phase consisting of 1% of ace-
tic acid (10%) and methanol (90%) at aflow rate of
1.00mL/ min. Atrazine was detected at 222 nm, and
theretentiontimewas 12.4min. Thelimit of detection
was 10pg/L.

Analysisof total organiccarbon (TOC).

Total organic carbon (TOC) contentswere mea-
sured with aShimadzu TOC Anayzer model 5050A
(Japan). Water was used as blank controls. 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-
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red detector was used to determinetheformed carbon
dioxide
Atrazinedilutions

Atrazinewasdissolved in deionized water toform
a10 ppm stock solution. All theglassviascontaining
soilsand atrazine solutions (10 mg/L) were shaken until
the measurement timewas reached.

Soil samples

Clayey soil wascollected fromanagriculturd field,
and wastransported in coolersto thelaboratory where
wasair-dried and ground to passthrougha2 mmsieve
followed by fortification with atrazine solution at 10
mg/L .

Soil column experiment

Experiments were conducted in bench-top soil
columnsasshownin Figure 1. The external dimen-
sions of the columnswere 30 cm x 30 cm x 150 cm.
Theinternal dimensionswere 10 cm x10 cm x 150
cm. The column wasfilled with clayey soil. Extrac-
tor mixture (B-cyclodextrin witn SDS) isdelivered
into deep soil, and it can trap the target pollutant
molecules. Sodium dodecy! sulfate (SDS) isused
as a detergent at the concentration 5g/L. B-
cyclodextrin (B-CD) is used at the concentration of
approximately 20 g/L. The eluateis collected and
treated with our iron powder oxidative technology
for completemineraization of the pollutants. A small
aliquot of the eluateisanayzed for the concentration
of thetarget pollutants and their metabolites, par-
ticularly their reduction products. Soil column ex-
periments was performed, based on the experimen-
tal designinTABLE 1.

Cyclodextrin-detergent solution wasapplied onthe
top of thesoil columnand alowedto diffuseby gravity.
Theeduatewastreated with our oxidativeiron powder
technol ogy for completemineraization of the pollutant.

TABLE 1: Soil column experimental design

Compound Description
Soil Clayey
Detergent SDS Sodium dodecyl sulfate 5g/L
Cyclodextrin B-CD 20g/L
Iron Powder 325 mesh 4g/L of dluate
Target chemicals Atrazine

Remediation of soil contaminated by atrazine, using delivery vehicle of g-cyclodextrin/SDS
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Alr circulation
Cyclodextrin agueous solution
[0.01 maolfL] = iron powder
injection

Soil Chamber

Samples for analysis

Figure 1 : Prototype soil column treatment using p-
cyclodextrin, deter gentsand zer o valent iron. Column exter -
nal dimensions are 30 cm x 30 cm x 150 cm; and inter nal
dimensionsare10cmx 10cm x 150 cm. Thiscompartment is
perforated from thebottom tothetop. Sampling heightsfrom
thetop of the column for analysisare: 5cm, 55cm, and 110
cm.

PROCEDURES

Sor ption and desor ption behavior of atrazine

Adsorption

Adsorptionisothermsfor atrazinewas determined
using the batch equilibriumtechniqueat 24.2°C. A 5-
mL aliquot of atrazine solution wasadded to 1 g of soil
ina50-mL glasscentrifugetuberesultingin asol ution-
tosoil ratio of 5:1. Each experiment wasreplicated four
times. Slurrieswere placed on areciprocal shaker for
24 hoursand then centrifuged at 2000 xg for 20 min at
24.2 °C. The amount of atrazine adsorbed after each
equilibration was ca culated asthe difference between
the supernatant concentration and theamount of chemi-
cd initialy added.

Desor ption

Desorptionisothermswere obtained from the ad-
sorption samplesin equilibriumwiththelargestinitia
concentration in solution. Threemillilitersof superna
tant sol ution was removed from the centrifuge tubes
and replaced with an equal volume of adequate
solutions.[di-ionized water (1), beta-cyclodextrin0.01M
aqueous sol ution(2) and beta-cyclodextrin0.01M aque-
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ous solution mixed with SDS0.001M(3)]. Sail pellets
weredispersed using avortex mixer, and tubeswere
placed on areciprocal shaker for 24 h at 24. 2 °C.
Tubeswere then centrifuged for 20 min at 2000 x g.
The desorbed concentration was cal cul ated asthe dif-
ference between the supernatant concentration and the
estimated adsorbed atrazine already determinedinthe
adsorption process.

EXPERIMENTAL SECTION

Evidenceof atrazinetrapped 3-cyclodextrin

UV/VIS spectrawere obtained for atrazineand [3-
CD-arazinecomplex inwater a pH 6.5. Figure2 shows
theabsorption spectraof aconstant amount of atrazine
(9.26x10° M or 2 ppm) dissolved in varying concen-
trations solutions (1x102 - 9x10° M) of 3-CD. The
absorption intensity of atrazineincreased asthe con-
centrationsof 3-CD increased. Theremarkablechanges
suggest aninteraction between 3-CD with atrazine, in
which atrazinemoleculespreferentidly resdeinthenon-
polar CD cavity.
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Figure2: UV/VISabsorption spectraof atrazineat 9.26x10
M in varying concentrations of B-CD solutions (1x102 -
9x10°M). Thehigher concentrationsof B-CD, corr espond-
ingtothehigher absorbance.

Soichiometry of theinclusion complex

Thestoichiometry of 3-CD-atrazine complex was
andyzed by the Scatchard and Benesi-Hil debrand plots
Connorg6:17,
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Accordingto Scatchard’s method (equation 1), we
assumethat 3-CD formsaninclusoncomplex with atra-
zineby 1:1rédtio. If the3-CD-atrazinecomplexisformed
inal:lratio, aplotof (A-A )/ [B-CD] versus(A-A )
should giveastraight line. Figure 3ashowsalinear re-
lationship of (A-A )/ [3-CD] versus (A-A,).

(A=A_)
m=(Ao@_AO)Kl_(A_AO)Kl (@]

WhereA  denotestheabsorbanceintensity of atra-
zine in the absence of B-CD, A, denotes the absor-
banceintensity whenall of the guest moleculesarees-
sentially complexed with 3-CD, Aistheobserved ab-
sorbance at each 3-CD concentrationtested, K isthe
associ ation constant and [3-CD]  is 3-CD concentra-
tiontested.

When aBenesi-Hildebrand plot of 1/(A-A ) ver-
sus 1/[B-CD] isconstructed according equition-2, a
straight lineisobtained. Figure 3b showsstraight lines.
Whentheplot of 1/(A-A ) versus 1/[3-CD]?is con-
sidered, adownward concave curvatureis obtained,
confirming that the stoichiometry of the [ 3-CD-atra
zine] complexisnot 1:2.

1 1 1
(A=A,) (A,A_)K,CD], (A, -A)

2

Association constant of theinclusion complex

The slope of the Scatchard plot isvery closeto
thevaluethat theintercept isdivided by the slope of
the Benesi-Hildebrand plot. A non-linear regression
provides amore precise method than the doublere-
ciprocal plot for the determination of the complex for-
mation constants'”). The determinationisbased on
equation-319,

K lH 0AI MAX
T @K Hy) 3

Where Al = (A-A) is the guest-induced absor-
banceintensity, andisequa to Al __ =(A,-A,) when
every host existsastheinclusion complex. | _ isob-
tained from the doublereciproca plot equation 1. H, is
theinitial concentration of the host. Theformation con-
stant (K,) isestimated by fitting Eq-3 to the data ob-
tained.

Figure4 : Showsthecurvefitting for atrazine. Ac-
cordingtothiscurvethevaueof K, is285+ 15 mol™.
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Scatchard's method

50

= L y = -291 43x + 49.163
E R-=0.9703
Q. 30 -
=
< 70 -
=

10 -

0 | |
0 0.05 0.1 015

[A-A0]
Figure3a: TheScatchard plotis(A-A )/[B-CD] vs. (A-A );

Benesi-Hildebrand's method

y = 0.0201x + 5.706
R? = 0.9914

CI T T
0 500 1000
1/[CD] mol-1.L
Figure3b: Benes-Hildebrand plot 1/ (A-A ) vs. U[B-CD].
Figure3: Scatchard plot (a) and Benes-Hildebrand plot (b) of
B-CD-atr azine complex formation. The Scatchard plot is(A-
A)/[B-CD] vs. (A-A); and theBenesi-Hildebrand plot 1/ (A-
A, vs. U/[-CD].

1500

Effect of g-cycodextrin and sodium dodecyl
sulfate[SDS] on the effectiveness of the atra-
zineextraction from the soil

Adsorption batch experimentswere performedin
triplicatein 50 ml glass centrifugetubesby mixing 6 g of
s0il with30ml of atrazinesolution 10 ppm. Thesamples
were shaken at 22 + 2 °C for 24 hours to allow ad-
sorption equilibrium.

Desorption or extraction experimentswereinitiated
immedi ately after ascertaining sorption by replacing the
supernatant by the same volume of de-ionized water
[1] B-CD solution (10mM) [2] and B-CD (10mM)
mixed with SDS(0.1mM )respectively. Thetubeswere
shaken again, alowing desorption equilibrationfor 12

Remediation of soil contaminated by atrazine, using delivery vehicle of g-cyclodextrin/SDS
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Figure4: Fitting curveof theguest-induced absor bancein-
tensity (Al) vs. theinitial concentration of thehost B-CD (H ).
WhereAl =(A-A ), andisequal tol _ =(A,-A)whenevery
host existsastheinclusion complex

hours. sampleswere withdrawn each two hours. The
concentrationsof atrazinein the supernatantswere de-
termined by HPLC.

Theamount of atrazine desorbed was cal cul ated
from the difference between the concentration of the
supernatant and the estimated adsorbed atrazine. Ex-
traction experimentswere performedintriplicates. The
reproducibility of thesemeasurementswas around 5%.

Threetypesof solvent to extract the atrazinefrom
thesail;

1- Di-ionizedwater
2- Betat-cyclodextrin solution 10mM
3- Beta-cyclodextrinl0OmM mixed with SDS0.1mM

Thethreetubes contai ning the samplesof soil were
shakenfor 12 hours . Sampleswere withdrawn each
two hoursfor andysiswerewithdrawn.

Figure5 presentsthe evol ution of effectiveness of
the solventson the desorption operation.. Asshownin
thisFigurethedesorption of atrazinefromthe soil by
water need 10 hoursof shaking whilethe - CD solu-
tion need 2 hoursto reach95%. The mixture CD with
SDS need less than two hours to reach 99.7 % des-
orption of atrazinefromthesoil.

TABLE 2 summarizesthefinal resultsof the ex-
traction of atrazine using the solventsmentioned above.

Analysisof atrazine

Thechromaogram of arazineintheconditionsmen-
tioned above showsthat theretentiontimeof atrazineis
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Figure5: Effect of g-cycodextrin and SDSon theeffective-
nessof the atrazine extraction from the soil : The solvents
used arerespectively:H20, B-CD [10mM], and [mixtureof -
CD 10mM with SDS0.1mM]

TABLE 2: Theexperimental resultsof atrazine extraction
using water, g-cycoldextrin solution (10 mM) and B-
cycoldextrin (10mM) and SDS(0.1 mM) solution

Eluting solution Per cent of atrazine

extracted
Water 78+ 0.2
[-cycoldextrin solution (10 mM) 95+0.2
SDS (0.1 mM) solution 90+ 0.2
B-cycoldextrin (10 mM) and SDS 9974015

(0.1 mM) solution
12. 4 minutes.

Degradation of atrazineby metalliciron powder

Theevolution of UV/VisspectraFigureshowsa
degradation of the atrazinewith thetime of treatment.
At 20 minutes80% of atrazine disappeared

The HPLC analysis of the samplesas shownin
Figure 7 demonstrate an exponentia decreasing of the
atrazine. After 30 minutes the atrazine checome un-
detectable.

2

16 :
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t=10 minutes
t=15 minutes

t= 20 minutes
From the top to the
bettom

1.2
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0

Wavelenghts nm

Figure6: UV/Visspectraof theatrazinedegradation at 0, 10,
15and 20 minutes
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Kinetic degradation of atrazine
o8
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Figure7: Kinetic of atrazine degradation with thetime of
reaction- (minutes)

Tota Organic Compounds (TOC) measurement.
Figure 8 showsplotsof atrazinedissi pation and carbon
dioxideemitted over the course of reaction. Theresults
show the production of carbon dioxide asdecreasing
TOC and therate of the atrazine degradation, which
indicatesthat after 30 minutes s, more than 98 % of
atrazine disappeared.

30 a0

=== ftrazine degradation
25

=il Carbon dioxide Formation

Atrazine ]

M
20 TOC MG/L

" 20
15

10

0

g 10 Tima Minutes « 30

Figure8: Mineralization of atrazineand conversioninto
carbon dioxideasshown intheFigure. Blueisthedegrada-
tion of atrazine. Read isthefor mation of carbon dioxide

Degradation of atrazinein-situ after itsextrac-
tion by usingthemixtureof g-cyclodextrin/SDS

Thesoil inthe column experiment was shaking dur-
ing three hoursuntil acomplete extraction of theatra-
zinefromthesoil. Thenweinjected 4g of iron per kg of
soil and air circulation was carried out insidethe col-
umn. Figure (9) shows, the atrazine became undetect-
able after 30 minutesof trestment.

InthisF gurewe presented theevol ution of theatra-
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zinedegradation when wetrested the contaminated so-
lutionin aseparate batch (Blueline) and in-situ treat-
ment (red Line).

Blue = degradatin in separate batch
Red = Degration in situ
0.8

0.6
Absorbance a.u 04

0.2

Time minutes
Figure9: Degradation of atrazineextracted from soil col-
umn by iron powder: (Blue) in separ atebatch; (Red) in-situ
treatment

CONCLUSION

The combination aqueous 3-cyclodextrin solution/
SDSand the zero vaent iron powder technol ogy, was
investigated to study theremoval of atrazinefrom con-
taminated soil.

Theatrazinewas destroyed compl etely in about 30
minutesby zero va ent iron powder oxidativereaction..
Themechanism of thedegradationwaspublishedinthe
reference™

A doublesignificant advantageswereofferedtothe
remediation of thesoil polluted byatrazine:

Thefirst one appearsin the combination of beta-
cyclodextri and sodium dodecyl sulfate duetothe effi-
ciency of thetransfer of atrazinefrom soil tothe aque-
oussolution

The second onewas becausethezero valent iron
powder wasin the conditionsto generate hydroxyl free
radicalswhich areresponsibletto destroy the atrazine.

We plan to demonstrate our technol ogy for other
toxic organic compounds, particularly PCBsand PAHs
and wewill test the system in situ soil s contaminated
with severd pollutants.

Remediation of soil contaminated by atrazine, using delivery vehicle of g-cyclodextrin/SDS
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