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Abstract
' Differences on résponse of mathematical models on herbicide leaching in the environment can occur due to the models
“and their limitations, mainly when using soil Iyslmeters Tebuthiuron is a herbicide used in sugarcane crop and is applied in
_ the recharge area of the Guarany aqunfer in Brazil, one of the largest in the world. This study was conducted to compare the
ediehing poteatial- of the-herbicide within lysimeters Using sandy soils of the Espraiado watershed in the recharge area from
the region of Ribeirdo Preto, SP, Brazil. The traditional Attenuation Factor (AF) model was used at various soil layers, adding
a Dlsparswn Facfor {DF) to the model. The fitness of the model was good for the total amount of tebuthiuron leached, but not
for the rate of leaching. The model overestimated the level of herbicide leaching at 100 days after application, but the final
concentmhon leached with the water was as pred!cted by the model.
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’ WM) S ' Lo ’ adding into the AF model the dispersion factor to improve the
?he region of Rtbeu'ﬁo Prefo cny, Soo Poulo Brazil,isan fitness of the modél}.

" lmportgnt sugor cane producmg area where: hlgh volume of

pesticide is used. It is also a rechorge area of the Guarany Maleﬁof and mel'hc;ds

 Aquifer the main ground water source in South Amenco and The properties of the sandy soil chosen for this study,
' one of the blggest of the world. . Typic Quartzipsamment were determined in a previous
The d(ﬁuse rural pollution of a peshcada can be study conducted by Matallo et al. {2003) (Table 1). Data
a srgniftcant source of water contamination. In a recent of depths below 50 cm down to the saturate zone of the
rqsearch MqtuHo et al. [2003] studied the risk of ground aquifer were based on the average values found in litera-

water contommahon of the Espralodo watershed, located in ure. Water recharge index was calculated based on the

the rechorge area, with the herbicide tebuthiuron and con-
-cluded that although there wais a potential risk, the herbicide Table 1. Typic Quartzipsamment soil P"°P°"ﬁ9$ of the

+ would not reach the water tabile: Matollo et al. (2004), also recharge area of Guarany Aquifer at the Espraiado

' concluded with studnes with lysimeters that the AF model watershed in Ribeirc'u_; Preto, SP, Brazil.
("A!tenuuﬁon Fcu:tor' % fmed best to sandy soils of the region Soil properties : Depths ronge(cm)
~ “and that this was, duo among other factors, to the dispersion : C 012 12:22 22.50
\*“""’/0r mw:“"" :‘::"“’d fo the sg" calumns. | Field Capacity (%) | 20.13 18.41 18.06
| I ‘ordét 16 furthiar understand'the process, this work § Densufy la /cm“) 1.20 .07 126
© was conducfed with- mini |ys:meters to evaluote the effect of ,
Organic carbon {%) | 0.24 " 015 0.02
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differénce of rain and evapotranspiration of the Espraicdo _
Watershed area.

The sorption coefficient (Kd) values at the different
depths were determined as 0.4; 0:2; and 0.1 ml/g, at of
0-12, 1222, and 22 50 cm depths. The leaching potential of
the herbicide in lyslmeter was evaluated by the mulkilayered
AF\modeI AF, is defined as a fractian of the pesticide ap-
plied to the sail surface that leaches to a determined depth
(Rao et al. 1985). It is fitted in the following equdﬁoln:

{1) AF=exp |4rx k]

where fr is the duration of leaching and k is the first order
canstant of degrodahon of the herbicide in the soil. K is
dependent on the halklife (t%4) oﬁthe herbicide and can be
expressed by the followmg equm‘lon

.Q§9.3k

(2“. 16

o The trqvel dufation or leocl-ung fime (tr} can be expressed by
‘; the hﬂownng equohon

(3)#-M§xRF]

| ' whelx_‘rg;\ isrth'e,,:-depth aof the water fdbfé or aquifer; FC is field
: *capdﬁity,' c‘md'é is ﬂ\e riet walar,rechui:ge index. -
Tha Retardahon Factor(RF} oF the herblClde1eachmg was
__‘obtamed by the f'ollowmg equation: :

(BD x OC x Koc) .

(4) RF 7

_ whare BD s sail donsﬁy, (DC is organic carbon Koc is the
_.sorptnomcoefﬁcngnt of the herb:crde and (Kd} is sorption coef-
ficient a:f]ushd to the organic carbon confent of the soil.

.. The Dispersion Factor was obtained according to the
followmg equahon developed by Oguto (1970}):

L-vt
2J'Dt

L-vt )]
effc 2/D4

(S}fd= [ erfe

+ exp

(
\
/
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| Table 2: Predicted by the AF model and abserved amount

jgpn Leaching Simulation

wl;ﬁere, erfc represents the comp ememnﬁycbﬁof'fbnction, Lis
the length of the lysimeter in meters, v is the average speed
of water in the soil (m '), t is the time of the herbicide ap-
plication, and D is the langitudingl dispersion coefficient (m?
s'). ‘
. The Average Speed (v) of water mavement in the sail (m
s") was calculated by:

» dh

v=-X g

where K represents hydraulic condu&iviiy (';n.s“], and n is the

- effective soil porosity and dH/d! is the hydraulic caefficient.

The Longitudinal Dispersion Coefﬁcuent (D}, [m%s), can

‘ be expressed by

(.7) D=ay+D*

"Where a is the dynamic dnspersavuty (m) und D* is the mo-

lecular diffusion (m? s'").

Results and Discussion

The model fitted well to the tétql amount of leaching
(Table 2) but even with adjustments was not able to explain
the initial amounts leached. The model also did not explain

* a peak of leaching at 100 dayé dfter application of the her-
" bicide [Figure 1}, which was not canfirmed by the measured

data set. On the other hand, the model fitted well at the end
of the dispersion curve 150 days dfter application (Figure 1).

(v/g) of tebuthiuran leaching.
Predicted
703.9

'Average of 2 samples

Observed
799.46

The elution curve reflects the combined effects of diffu-
sion and hydrodynamlc dispersion of a salute thraugh sail
{Biggar and Nielsen, 1962). In this way, the differences of
the models and experimental data of leaching could be due
to the sorptian of the herbicide in the macropores allowing its
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defechon
In this process the water andsolute fraction movmg

s.af the experiment.

thraugh macropores would be retained for a longer period
and, since the solutes keep moving through macrapores the
amaunt of the harthsde leached would vary, explaining the
peaks of the measured dota at 150 dcys dfter application

[Flgum l)
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- Figure 1 Tebufhauron elutian in the soil.

On the oihdr Hdnd 'febuthiuron reféntion in micropares
", can not be lgnorad being a pracess similar fo the adsorptian
 not bemg retained by physical or chemncal bounds and its
 leaiching would be retarded explaining the differences ob-
 served and predicted of the expdnment and also explaining
the' adjustment of the madel AF ot the end af the experiment
at 150 days Thns hydmdynamm behavior was described
by | Romero et ol (2001) using the model PESTLA to describe
the movement of reicemics and enantiomers herbicides such
) asmecoprop and’ dlchlorpropm sandy loam sonls with high
levels of calcwm ‘ -

* Itis also important to consider the narmal degradation
process which occurs durmg the leaching period and could
olso explom the iriitial behavior of the herbicide. According
to Matallo et al. (2003) thé degradahon of the herbicide is
* better fitted in'a bi-exponential equation in the upper layer of
“the soil (0'-‘ 12 cm), meaning that the da.grud’aﬁon is inifially

ropid (t% = 1.3 days)-then follawed by a much slower -
process {t% = 1,386 days). Because af this, we have used

w;/‘

for the equation Just half of the rate of the herbicide and by
daing so a higher hallife. This was done because if there is

" no rain after the applicatian, the herbicide would stay at the

sail surface where would quickly degrade to half of the rate

_ followed by a slower degradation. Also, in case of higher

moisture followed by rain, the herbicide would leach mare
rapidly to deeper layers, where the degradation is slower.

Conclusion

The AF model predicted well the total amaunt of the her-
bicide leached in Typic Quartzipsamment soil but even with
fhe inclusian of the dispersion factor to the model it did not fit
well during the first.150 days cfter the herbicide applicatian
and adjusted better at the end of the period. This behaviar
could be due ta the dispersian and diffusion of the herbicide
in the micropares associated with the differential movement
of water through soil pores.
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