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Effect of differenl cyclodextrina on herblclde 
photodegradatlon in 80iI soJulion 

Ja1l116 ViIJaverd6, CelIa MaquBda, Esmeralda Morillo 

Insl~ulo de Recursos Nalutales y AgrobKllogla (eSte), 
Apdo 1052. 41080-S6\'llla, Spain 

Investigallal 01 lhe phololysls 01 lablltl pe$IICidBs Is Í'Tllor\ant In erMronmantal 
C~9mlstry bocausa 11 presan1S b8SIC dala 0Il lheir filie <'Ind PIIrslstenc9 In nBtural 
envlronments axpoSlld 10 sunh¡fll aclloro. Many agncullural ch,*"cals, pertlcularly 
pastlcldS8, are broadly prussnl in naturo as sol! eontamlnaots Ihld can be 
IncOIPOratad Into _191 COOrs8S. Compounds absorblng UV IllIht al)..;' 290 nm when 
axp08ed 10 sunllght can undargo dlracl pho101ys1s, In comparaDO. Indlrect photolysls 
OCCunl by 5<lnl.~z8rs transmlnlng absorbed UV ane,l/Y lo molacu1es wllh absorptlon 
bands balow 29<l nm The absorptioo spectrum oIl1Offfu'8ron la BCantlly axl9ndod up 
lo seo nm. Thls predic1s soma Ilmlled vX\eflIIOl !he natural photodegradatlon 01 Ihe 
herbicida undo. dlroct sunllghl Irradialion, 

Cyclodex1r1ns ¡COs) are ~11c oIlgosacchan'des ~ng hlgh Incluslon abllltles. 
speclally lor hydrophoblc moIecu~s. In lhe lleld ot envi10nmental chemlstry. the 
abllltles ot COs haya been oollced Ior lhe avail8tMhly ot prom01lng degradalkm 01 
organlc polll.ltanls. Ukewise. recen! lfl\lesllgal'O<ls ara managed 10 soll 
de<:onlamlnallO<l uslng COs as pI>oIosensilioor lor organic pollutanls. On Ihls basls. 
lhis work alms lo oblain laboratory·scala inlorma\lon Qtll!le effo<.:ts 01 dllferarrt COs 
on photadegradaUon ot norflurazQtl moniIorad in ~9fElnl cdlold components 01 soila 
In wa\l.lr suspensfons on the basi9 ot lheir com'IIa\lons wilh Ihe photodagradabilltlas 
of tha herbicida In the CD-less S)'Sl8ms. as wall as lIlei, deper.dence on Ihe radical 
ganaration ablllUas 01 cifferenl c~oId componenlS and also on typa ot cavitles 01 
COs, with the possibilily 10 obIain an eMac1iv9 too! to In siIu doconl!ll11inetion 01 solla 
using COaa pmlosenslUoofS, 

The selected colloid components were: a natural metal-fuMe w::id oomplex, two 
synthetic humlc aClds, three <ifferent standard day minarais (1IIIte. kaofinite !II1d 
montrnoflllonlte), the clay fraction trom ['NO dillerenl so<ls (a sil! lo¡un soil and a clay 
soil) anel a synlhetlc acicular gool/Jile. The CDs amployed were: beta-<l)'!.llodexlrin 
(SCD), hy<.lroxi-propyl-be!a-<:yclodex1rin (HPElCD) and l11fI1hyl-beta-<:)'!.lladex1nn 
(RAM ES). The In!eraction ot norfluJaZOr1 wIlh eco, HPBCO and RAMEB yielded Ihe 
formatiQtl 01 inclusion comple~es al a 1:1 sIoichiomelrlc ratio in solulion. Apparant 
stabilily constan!s 01 360.16. 359.41, and 558.51 ,,Ir' ar.d an Increase in herbicide 
solubilily by up lO 5-, 35· and 54--f01d for BCD, HPBCD and RAMES, respectlvely, 
were determinad 110m the phase soIWilily diagrams 111 25"C rn water. In genlJral, Ihe 
presenoo 01 Ihe differerrt soil componeots in SI.ISJl8flSion provoked a raduction In Ihe 
norflurazon photodegradation fine. In a11 cases !he rate ot photodet;Ompo$~ion 

lollowed flrst-order kiflatics, On lhe oIher hand, lile presence of thlJ diflerenl CDs 
under study showed an inductiva photodegradation eltect Qtl !he herbicide and the 
prom01lon affecIs oould be mainly 8SSÍ!JlDd 10 lile tndusion eMects 01 CDs lo catalyze 
Interactkms 01 Ihe nor1lurazon WlIh reactive radicals II8f1EIraiOO by !he dlfterent collold 
components. 



EEffffeecctt ooff ddiiffffeerreenntt ccyyccllooddeexxttrriinnss oonn hheerrbbiicciiddee pphhoottooddeeggrraaddaattiioonn iinn ssooiill ssoolluuttiioonn..

NFL photodegradation profiles in aqueous solution
and in suspensions of different soil colloidal
components: montmorillonite (M), goethite (G),
natural fulvic acids (FA) and synthetic humic acids
(HA).

In general, the presence of the different soil
components in suspension provoked a reduction in
NFL photodegradation rate, due to the screen effect
of soil particles and probably to the adsorption of
NFL on these colloidal components. In all cases the
rate of photodecomposition followed a first-order
kinetic.

The selected cyclodextrins showed an inductive photodegradation effect on the
herbicide norflurazon, which could be mainly assigned to the inclusion effects of CDs
to catalyze interactions between norflurazon and certain reactive radicals generated by
the different colloidal components. This work reveals that the effect of the CDs on the
herbicide enhanced solubilization, coupled to an increased photodegradation using
CDs as photosensitisers, could be a promising method for pesticide-contaminated soil
and water remediation.

JJaaiimmee VViillllaavveerrddee,, CCeelliiaa MMaaqquueeddaa aanndd EEssmmeerraallddaa MMoorriilllloo
IInnssttiittuuttoo ddee RReeccuurrssooss NNaattuurraalleess yy AAggrroobbiioollooggíí aa ((CCSSIICC)),, AAppddoo 11005522,, 4411008800--SSeevviillllaa,, SSppaaiinn

CCyyccllooddeexxttrriinnss ((CCDDss)) aarree cyclic oligosaccharides which have
received considerable attention due to their ability to include a
wide variety of organic and inorganic guest molecules in their
hydrophobic cavities.

In the field of environmental chemistry, CDs promote the
degradations of certain organic pollutants through the
enhancement of their solubility and, therefore, their desorption
from soils.

On this basis, this work aims to obtain a laboratory-scale
information on the effect of different CDs (β-CD, RAMEB, and
HPBCD) on the photodegradation of the herbicide norflurazon
(NFL) monitored in the presence of different soil components in
water suspensions, in comparison with its  photodegradation in
the CD-less systems.

IINNTTRROODDUUCCTTIIOONN

• Herbicide Norflurazon (NFL): 20 mg/L.
•
• Cyclodextrins: 0.01 M.
• β-Cyclodextrin (BCD)
• 2-Hydroxypropyl-β-Cyclodextrin (HP)
• Randomly-methylated-β-cyclodextrin (RM)

Soil colloidal components: 80 mg/L.
Montmorillonite Swy-1 (M)
Synthetic humic acids (Fluka) (HA)
Natural metal-fulvic acid complex (FA)
Synthetic goethite (G)

SUNTEST photoreactor, wavelengths >290 nm.
Norflurazon was analysed by HPLC/DA.

MMAATTEERRIIAALLSS AANNDD
MMEETTHHOODDSS

RREESSUULLTTSS AANNDD DDIISSCCUUSSSSIIOONN
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NFL NFL-BCD NFL-HP NFL-RM

Kd t1/2 Kd t1/2 Kd t1/2 Kd t1/2
Water 65.3 10.61 80.2 8.6 89.1 7.8 91.1 7.6

G 9.3 74.5 30.0 23.1 54.9 12.6 44.9 15.4

HA 23.7 29.2 27.9 24.8 32.8 17.2 40.2 21.1

FA 57.9 12.0 48.9 14.2 70.8 9.8 91.5 7.6

M 42.0 16.4 108.8 6.4 131.2 5.3 151 6.4

First order kinetic constant (Kd) and half live (t1/2) for NFL photodegradation in aqueous solution in the
absence and in the presence of different soil colloidal components and different  CDs. (t1/2 in hours; Kd 103 h-1).

The presence of cyclodextrins (CDs) in aqueous suspensions of soil colloidal components
showed an increase of NFL photodegradation, due to the competition generated in these
system between the sorption on their surfaces and the formation of inclusion complexes
with the CDs. Less NFL molecules are adsorbed on the soil components, increasing their
light exposure. Besides, the hydroxyl groups surrounding the CDs cavity can act as
photosensitizers, facilitating the photodegradation of the herbicide when it is forming an
inclusion complex.

Phase solubility diagrams of NFL in the presence of
different CDs (BCD, HP and RM).

The increase in NFL solubility in the presence of the three
cyclodextrins employed indicates the formation of inclusion
complexes between the herbicide and the CDs. For the
concentration used in photodegradation experiments
(0.01M), linear increases up to 1.72, 4.46 and 4.95 fold in
NFL solubility in aqueous solution were obtained using
BCD, HP and RM, respectively.
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NFL photodegradation profiles in aqueous suspensions of montmorillonite (M) and goethite
(G) in the presence of different CDs (BCD, HP and RM).
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