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Abstract 

Dilfarences on response of mathematical models on herbicide leachioS in the envíronment can ocCur due to the models 

and Iheir IimitaNons, mainty wlien using ~illysimeters. Tebuthiuron is a herbicida used in sugarcane crop and is applied in 
the recharge araa of lhe Guarany aquifer in Brazil, one of the lorgest in the world. This study'was conducted to compare .the 

Jetidting ~Iof Jlie·herbicide within Iysimeters uolng' sandy soil~ of the Espraiado watershed in therechargeorea from 
lhe regian 01 Ribeirêlo Pleto, SP, Brazil. lhe traditional Attenuation Factor (AF) model was used at various saillayers, adding 

o Dispersial) F\"'ÍOr (DF) to lhe mode!. Th~ fjtne~s of the model ";;"s good for the totol amount oftebulhiuron leached, bul nol 
Ior lhe rateof leaching. The model overestimated the levelof herbicide !eachingat 100 days afler applicotion, but the final 
concentration leached wilh ~ woler was as predicted by the mode!. 
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!JItr~·c .-
" The",gi9n of Ribeir~ Preto city, São Paulo, Brazil; is an 

.. importllnl sugar c~ne producing area wherehigh volume of 
, pestick!e isus.id.11 is also a recharge area of the Guarany 

AqUi_lhe main ground Watersource in Soulh America and 
ona oflha biggesfollhe world. • 

"0 Th~ diffuse ru(Ol pollution 01 a pesticide con be 

o signilic~n.1 sourc"ofWoler contamination.ln a recent 
~rch Mq!pHgela/. (2003),studiad íhe risk af ground 
~Ier c:Ont~~àtiÓj, of lh~ fspraiodo walershed, locoted in 

lhe rechorge. 0_; wllh lhe herbicide tebulhiuron ond con­
~Iuded Ihat cdlhoughihare wos a potentiQI risk, the herbicide 
Wauld npl ~chtha Wdtertable, MoIQllo eta/. (2004); alsQ 

'. concluc:lád wilh studies wilh Iysimeters Ihal the AF model 
{"AllenuQ"";' fQcIQr");:fotted best tosondy soils oflhe region 
'oód thàl this.Was,due, !ImOng olher Ioctors, to the dispersion 

"'\d/or co~flori ~biited to the sail columns. , 
, líf'o(déi' i<í lurihé< t.m'diórs",tid't~e process, Ihis work 

was condúeléd wlthmini Iy$imaters to evoluate lhe effect of 

addinginto the AF model the di~persion factor to improve the 
fitoe.s. Qf the mQdel. 

Material and meth!lds 

The propernes of lhe sandy soil chosen far this sludy, 
Typic Qumtzipsomment were delermined in Q previous 
study conducted by Mamilo et QI. (2Q03) (Table 1). O!ItQ 

of depths below 50 cm down to the SQturale zone of the 
oquiferwere b~sed on the Qver!lge vQlues found in IiterCl­
Iure. Water recharge'index ~s colculQt~d based on the 

Tabla 1. Typic Quortzipsamment sai! propartias Qf the 

racharge area cf Guorony Aquifer 01 lhe EspraiadQ 
watershed in RibeirõQ Prato, SP, BrazH. 

, 

Soi! properties . Dapths ronge{cml 

()'12 12·22 22-50 

Field Capacity (%) 20.13 18.41 18.06 

Density (g/cm3) 1.20 1.07 1.26 

Organic cQrbon (%) 0.24 0.15 0.02 
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differénce 01 rain a~devapatranspiratian 01 the Espraiado . 

Watershed area. 

The s"rption coellicient (Kd) valuesat the dillerent 

deptlts were determinedas 0:4; 0:2; and 0.1 tnl/g, at 01 

()'12, 12.22, and 22·50cm depths. The leaching potential 01 
the herbicide in Iysimeter wos evaluated by the multi-Iayered 

AF. model. AF, is delined 0$ a lractian 01 the pesticide ap­

pliedto lhe sail surlo':e that leaches to a determined depth 

(Rao et àI.1985). II is Rtted in the follo'Ning equati~n: 

(1) AF-exp (.Irx kj 

wh~retr ls lhe duration 01 leaching and k islhe lirst arder 

canstonl 01 degradation olthe herbicida in the soil. K is 

dependent on lhe half.life (I \.2)of lhe herbicideand can be 

~pressed bylh~JoIlowing e~uation: 
... .QQ2J. 

. (2)k· 1\.2 

Tha ~\lel dulation or leaching time (Ir) can be expressed by 

til<! loUowjn9~tion: . 

(Lx FC· ) 
(3)1r-. 'I xRF 

whe~t.is Ihe.depthalthe w<;ller labia oroquiler, FC. is liald 

• cOpOGlty, and '! islhe net waterrecharge index. 
. . 

lhe R .. ,~idationioctor(RF)ol the herbicide1eaching wos 
~ , , ',-

ol?toinedby lhe following equàtion: 
. --, -' 

(4J RF _ 1 + (SO xOC x Koc) 
FC 

.. whereSD js sailt!ensily, QCis argank CarbOn, Koc is the 
!,' -, " ~~ ;<, ~ " 

$ótplio'M:oellicilínt 01 lhe her~jcide and (Kd) is sarption coel-

licle),t~cflusted to ih .. "rgàniccarboncontenl 01 lhe soil. 

• Th .. Oispers!"n Factor ",a. obtoiriedaccording lo lhe 
, . - .' 

101l0wirÍg equotian .develaped by QgaIÓ (1970): 

.. id 1 f IL-v.t! (d.! (L-V.t !I 
·(51~"21 erk:l2.fo.! + exp O .erfe 2.f0.t 
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where, erfe represents thecomplemeritOryefrorfunction, L is 

lhe length 01 the Iysimeter in meters, v is the average speed 

ai woter in lhe sail (m s·'), I is lhe lime ai lhe herbicide ap­

plicatian, and D is the langitudinal dispersion caeIRcient (m' 

s·'). 

The Average Speed (v) 01 \vater mavement in lhe sail (m 

s·') was calculated by: 

(6' v·K• <Jb 
I n di· 

/ 

where K represents hydraulic canduclivity ("m.s·'), and n is the 

. effective sai! porosity anddH/dl is lhe hydraulic caaIRcien!. 

The Longitudinal Oispersion Caellicient (O), lm'.s·'J. can 

be expressed·by: 

(7) O· a.v + 0* 

Where o is lhe dynomic dispersivity Im) ond 0* is lhe mo­

lecular dillusión (m' s·'). 

Results and Oiscussian 

lhe model litted well to the tatol amaunl af leaching 

(lable 2) but even wilh adjustments was nal able la explain 

the inilial amounts leached. lhe madel also did nol explain 

a peok 01 leaching at 100 days aHer applicatian ai lhe her­

bicida (Figure 1), which was nol canlirmed by lhe measured 

data seI. On lhe olher hand, lhe modellitted well ai lhe end 

ai lhe dispersialf curve 150 days alter applicatian (Figure 1). 
.. . 

lable 2:·Predicled by theAF model and abserved amaunt 

(~/g) aftebulhiuran leaching. 

Predicted Observed 

703.9 799.6 

'Averoge ai 2 samples 

lhe elution curve reRects the cambined ellects ai dillu­

sian and hydradynamic dispersian 01 a salute Ihraugh sail 

(Biggar and Nielse"., 1962). In Ihis way, lhe differences 01 

lhe models and experimental data 01 leaching could be due 

la lhe sorptian allhe.herbicide in the macropares allawing its 



, ' ' _",;ol_~ 

detectié," minefihtd"~s,,lthe experimento . 

In Ihis process, the woter andsolute Iraction moving 

thraugh mocropores would be retained Ior a longe, period 

and, since lhe solutes keep moving through macrapores the 

am,?unt 01 the herbiéide lea.ched would ~ary, explaining 'lhe 

peaks 01 the measured dalcat 150 days afterapplication 

(Figure 1). 

-r---------------~--~------~------_, 

'. Figure 1. Tebuthiuron e/unan in lhe. soi/. 

On the othar hand, tébuthiuron· retenfiOn In micropares 

. . can n9t~ iiJnorad, being a pracess similar to lhe adsorptian 
< --i' , . 

nolbeing retolnsd by physical or chemicol bounds ond ils 

. laaching would be ratordacl explaining lha differences 01>­

served ond pradictad ofthe experUnent and aloo explaining 

tha' adjuotment ~I 'the madel ÁF ~t the eM 01 the experimant 

at 150 days: Thi. hydradynamic behavior was described 

by Romero.et 91. (2001) using the model PESTLA to describe 

lhe mÔV<ímenlof ndcemics ond enanliomers hérbicides such 

aS1I1açoprpp anddichlorprop.in sa~dy loam soils ~ith high 

. level~ cf caleiu",. 

It is atso important la consider lhe narmal degradafion 
, ' - - ' 

proces. whlch occu .. during lhe leaching period and could 

0lS9 exploin .tl1airiltial behavlor 01 lhe herbicide. According 

;., Matallo eta/. (2003), t"'degrodation oflhe herbicida is 

bellerfflted in a b"'xponan~àlequatian in lhe upper layer 01 

lhe sail (07 12cm), meaning Ihatthe degradoHon is inilially 

rapíd (t'h - 1j days)then lallawed bya much slower -

prace" (t'h - 1,386 day.). Bacausa aI Ihis, we have used 

, j 

lor lhe equalion jusl hall aI the rate 01 the herbicide and by 

daing so a higher hall~ife. This was done because il Ihere is 

no rain after the applicaHan, the herbicide would stay at lhe 

sail sunace where would quickly degrade to hall 01 the rate 

lollowed bya slower degradalfon. Also, in case 01 higher 

moislure lallowed by rain, lhe herbicide would leach mare 

ropidly to deeper layers, where lhe degradation is slower. 

Conclusion .. 
The AF model predicted well lhe tota.1 amaunl 01 the her· 

bicide leached in Typic Quartzipsammenl soil but even wilh 

lhe inclusian 01 the dispersion Ioetor to lhe model il did not fit 

well during lhe fi .. I.150 days after lhe herbicide applicafian 

and adjusted beller ai lhe end ol.the period. This behaviar 

could be due ta lhe dispersian and diffusion 01 the herbicide 

in lhe micropares associated wilh the differential movement 

01 water Ihrough soil pOreS. 
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