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Cyprodinil and fludioxonil are new-generation fungicides that are employed to protect grapevines
from botrytis and various rots. In this work, their adsorption and desorption dynamics in eight vineyard
soils from Galicia (northwestern Spain) were examined in batch and column experiments. Both
fungicides exhibited linear adsorption isotherms, with more ready adsorption (greater Ky) of fludioxonil.
Ky values for cyprodinil were significantly correlated with soil organic matter content (r? = 0.675,
p < 0.01). Both pesticides exhibited adsorption—desorption hysteresis, but desorption was easier
and more variable for cyprodinil (12—21%, RSD = 17%) than for fludioxonil (3—5%, RSD = 13%)
and appeared to depend on the formation of irreversible bonds in the former case and on poor solubility
in the latter. A linear adsorption model involving nonequilibrium conditions and an irreversible
adsorption term was found to reproduce transport behavior accurately.
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INTRODUCTION

Grapes are an important crop in Spain (production of 6 million
tons in 2003) and worldwide (total 2003 production of 62.1
million tons) (1). In Galicia (northwestern Spain), high relative
humidity and spring rains favor fungal grapevine diseases, which
are generally fought using antifungal sprays. A proportion of
spray inevitably enters the soil, either at spraying time or
subsequently (in raindrops falling from fungicide-treated leaves
or in fallen plant debris), which is why the upper horizons of
many vineyard soils contain substantial levels of copgeB).
Fungicides entering the soil in this way can have marked effects
on the soil microbiota (45) and, potentially, on organisms in  Figure 1. Locations from which the soil samples were taken.
any waters they may reach. The magnitude of such effects
depends, inter alia, on the adsorption and desorption processes dosage of 0:61.0 kg/ha between two and nine times per
that affect the mobility of each fungicide in the ecosyst@n ( season, depending on weather conditions. Because of their recent

Over the past 5 years, a number of “new-generation” fungi- introduction, there is less information on the dynamics of
cides with improved efficacy have become commercially cyprodinil and fludioxonil in the soil than is available for older
available, including cyprodinil and fludioxonil. Cyprodinil (4-  pesticides. In this study we performed batch experiments to
cyclopropyl-6-methyl-N-phenylpyrimidine) is a systemic fun- determine the characteristics of their adsorption on and desorp-
gicide recommended for the prevention and treatment of varioustion from samples of Galician vineyard soils. Because they are
rots of fungal origin that can affect fruit plants and vines. used together in practice, these characteristics were determined
Fludioxonil [4-(2,2,-difluoro-1,3-benzodioxol-4-yl)H-pyrrole- both for the individual fungicides and for a mixture of the two;
3-carbonitrile] is a contact fungicide recommended for the experiments were also performed in which, to obtain information
control of Botrytis cinerea. These two fungicides are marketed on their transport under nonequilibrium conditions, they were
together in a water-dispersible granule form under the name passed through a column of aggregated vineyard soil by a water
Switch, a preparation that is sprayed on the foliage of vines at flux simulating field conditions.
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top 0—20 cm of the soil were obtained from four vineyards. shaken and centrifuged as described in the previous section.
Each of these eight composite samples was made up of fiveThis procedure was repeated twice (three times in all), and the
initial samples that were collected within 0.5 m of each other amounts of cyprodinil and fludioxonil that had desorbed were
using an Edelman auger and were then pooled to average outalculated following determination of the concentrations of the
spatial variation in soil properties. Once in the laboratory, the fungicides in the supernatants.

samples were dried at room temperature, passed through a 2 Column Experiments and Modeling. For both cyprodinil

mm mesh sieve, homogenized, and stored until they were and fludioxonil, column experiments were performed on the
analyzed in duplicate. <2 mm fractions of samples 3 and 7. Each column was set up

Analytical Methods. The pH of 1:2.5 suspensions of soil in by packing the soil uniformly between two layers of washed
water or in 0.1 M KCI was measured with a combined glass quartz sand (particle size pf 6:3.0 mm) in polypropylene tubes
electrode. Organic carbon content was determined by elementathat were 1.8 cm long and 1 cm in inner diameter. The
analysis on a ThermoFinnigan 1112 series NC instrument. The €xperiments were conducted in a chamber thermostated at 20
proportions of sand (the 0.62.00 mm fraction), silt (0.002—  °C. The columns were preconditioned by percolation witt00
0.05 mm), and clay<€0.002 mm) were determined by the wet Pore volumes of 0.01 M Cagto homogenize the composition
sieving and pipet methods. Exchangeable cations were extractedf cation exchange surfaces and stabilize ionic strength. The
with 0.2 M NH,CI (7) and determined by atomic absorption resident solution was 0.01 M CaCind the flushing solution,
spectroscopy (Gand Mg) or flame emission spectrophotom- 5 Mg L™ cyprodinil or 1 mg L fludioxonil in 0.01 M CaC;
etry (Na andK.). Exchangeable Al was quantified by displace- both were injected ilnto the columns by means of a peristaltic
ment with 1 M KCI, followed by atomic absorption spectro- PUmp. Using a fraction collector, the eluate was collected as 2
photometry. Finally, the cation exchange capacity (CEC) was ML fractions in Amber Titeseal vials, and the cyprodinil and

exchangeable Al constructed by determining the fungicide contents of each

fraction by HPLC using the procedure described above under
Cyprodinil and Fludioxonil Adsorption Curves.

The transport of the fungicides through the soil columns was
modeled using convectierdispersion equations under three
. Idistinct assumptions: LE, that adsorption onto and desorption
from the soil were fast enough for local equilibrium to be
attained throughout the column; NLE, that sorption processes
qwere too slow for attainment of local equilibrium; and IRR,
that sorption processes were too slow for local equilibrium, but
adsorbed fungicide was subject to the subsequent formation of
irreversible bonds with soil particles, a process modeled as a
first-order decay.

Under LE, the convectiondispersion equations for one-
dimensional flow may be written in dimensionless form as

Soil cyprodinil and fludioxonil contents were determined as
follows. A 10 g sample of soil in 15 mL of pH 8 buffer (3.6 g
of sodium carbonate and 0.8 g of sodium polyphosphate in 100
mL of water) was ultrasonicated for 5 min, 10 mL of ethyl

mixer for 45 min and stored at 4C to facilitate the separation
of agueous and organic phasés7 mL sample of the latter
was then concentrated to dryness in a rotary evaporator at 4
°C and 240 mbar, and the residue was dissolved in 0.5 mL of
a 4 mg L1 solution of internal standard (lindane) in ethyl
acetate. This solution was ultrasonicated for 5 min, shaken in
the orbital mixer for another 5 min, and analyzed by gas
chromatography in a Fisons Instruments GC 8000 apparatus
equipped with an MD 800 quadrupole mass spectrometer from
the same manufacturer.

Adsorption Curves. Aqueous solutions of cyprodinil (2
12 mg L) or fludioxonil (0.7—1.5 mg 1) were made up by (the meanings of the symbols are listediable 1). Under IRR,
adding the appropriate volume of stock solutions of the this becomes
individual fungicides (1 g £ in methanol) to 0.01 M Cagl

RC/oT= (1/P)#Claz* — aClozZ 1)

and then passing a stream of nitrogen to remove the methanol. aCI9T = (1/P)#CloZ* — 8CIdZ — w(C — S) 2
A 5 g sample of soil was suspended in 50 mL of each, and
these suspensions were shaken end-over-end for 24 h at 50 rpm (R—1)aS/oT= o(C — S)— uS 3)

and 25+ 1 °C and then centrifuged for 30 min at 2000 rpm in
a rotor~12 cm in diameter. The resulting supernatants were
analyzed on a Fisons Instruments HPLCANis liquid chro-
matograph, and the amounts of cyprodinil or fludioxonil
adsorbed by the soil were calculated as the differences betwee
the amounts in the initial solution and those remaining in
solution after centrifugation. To investigate the influence of each

For NLE, the equations are the same as for IRR except that eq
3 loses theu term.

In this work, the program CXTFIT v. 2.8] was used to try
to fit the above sets of equations to breakthrough data from
r]experiments designed to approximate the following initial and
boundary conditions:

fungicide on adsorption of the other, the same procedure was C(Z,0)=S(Z,0=0forall Z (4)
followed using solutions containing both 1.5 or 5 mg'L
cyprodinil and a concentration of fludioxonil of 1 mgtand C(0,T)— (1/P)aC(0,T)/oZz= C(T) (5)

also using solutions containing 1 mg L fludioxonil and a
concentration of cyprodinil of 5 mg 1!. All analyses were
performed in triplicate.

Desorption Tests.After centrifugation of the suspensions
described in the previous section that had been made fromwhereC(T) represents the time course of the concentration of
solutions containing both 1.5 mg £ cyprodinil and 1 mg L£? fungicide in a 0.01 M CagGlsolution injected into the top of
fludioxonil, and following removal of the supernatant sample the column at the steady-state rateksted in Table 6. C(T)
taken for HPLC analysis, 40 mL of the remaining supernatant took the form of a 250 min square pulse (see the first paragraph
of each sample was replaced with the same volume of a 0.010f this subsection for the concentrations) followed by continuous
M CaCk solution containing no fungicide, and this solution was application of fungicide-free 0.01 M Cags$olution. For the

and

9C/HZ(1,T)=0 (6)



Adsorption—Desorption of Cyprodinil and Fludioxonil in Soils J. Agric. Food Chem., Vol. 53, No. 14, 2005 5677

Table 1. Variables and Parameters of the Models? Table 3. Initial Concentrations of Cyprodinil and Fludioxonil in the
Soils (Means of Duplicate Analyses of the Composite Samples
_ Dimensional Variables Obtained As Described under Materials and Methods; Relative
X distance down the column cm Standard Deviations Were All <15% for Cyprodinil and <6% for
t tme A h Fludioxonil)
c concentration of solute in solution mg/L
s concentration of solute adsorbed onto soil particles mglkg cyprodin fludioxonil
Dimensional Parameters sample (gkg™) (g kg™
L column length cm 1 19 9
P bulk density of soil kg/dm? 2 nd? nd
6 volumetric water content of soil LiL 3 3 nd
v average velocity of water through soil pores cm/min 4 142 nd
D2 hydrodynamic coefficient of dispersion of the cm2/min 5 11 5
solute in the soil solution 6 2 nd
a@ first-order mass transfer coefficient for reversible min~1 7 2 nd
adsorption of solute 8 4 nd
Kg partition coefficient for distribution of fungicide L/kg
between the solid and liquid phases at equilibrium @Not detected.
us? first-order rate constant for the conversion of reversibly min~—t
adsorbed solute into irreversibly adsorbed solute Table 4. Partition Coefficients (Kg) and Koc Values (Koc = Ky X
) ) i ) ) 100/Organic Carbon) for the Distribution of the Fungicides between
Dimensionless Va_mable§ and Payameters Used in Equations 1-3 Soil and Solution in the Adsorption Experiments
Z= XL dimensionless distance down the column
T=wviL dimensionless time _
C= c/1 mglL) dimensionless concentration Ka(mL g™ Koe
S=s/[Ksx1mg/L] dimensionless concentration of adsorbed solute sample cyprodinil fludioxonil cyprodinil fludioxonil
P =vLID Péclet number: ratio of convective to diffusive transport
R=1+ pKyl6 re_tarda?ion factqr due to reversiple adsorptiqn p ; g‘ll ﬂg ig;g giig
o = a(R- 1)LV dimensionless first-order reversible adsorption coefficient 3 82 129 2613 3498
u=usR- 1)LV dimensionless first-order constant for 4 91 213 2036 5785
“irreversibilization” 5 80 112 2167 3043
6 110 62 2221 1671
2Parameters to be calculated from the corresponding fitted dimensionless 7 79 110 2550 2973
parameters. ? Dimensionless parameters that were in principle to be fitted directly 8 923 187 2044 5076
using CXTFIT. mean 81 131 2199 3544
RSD (%) 22 37 14 37
Table 2. Characterization of the Soils
C pH pH CEC sand  sit  clay fact that the commercial product Switch contains more cyprodi-
sample (%) (H0) (KC)  (emolgkg™) (%) (%) (%) nil (37.5%) than fludioxonil (25%), although this hardly
1 27 6.9 5.8 19.2 70 16 14 accounts for the results for sample 4.
2 3.6 7.4 6.6 33.2 46 3B 19 The adsorption isotherms of both cyprodirfligure 2) and
3 3170 5.4 12.8 6r 15 18 fludioxonil (Figure 3) were linear (C type) throughout the
4 44 65 61 17.2 5 2318 concentration range studied. Although the cyprodinil data were
5 3.7 5.6 4.9 19.5 69 17 14 . .
6 49 56 50 123 51 32 17 somewhat more linear{= 0.9367—0.9995) than the fludiox-
7 31 53 46 8.6 53 30 17 onil data (2 = 0.9075-0.9732), this may probably be attributed
8 41 55 50 24.1 65 19 16 to the poor solubility of fludioxonil in water (1.8 mg1t at 25

°C) having restricted the range of initial adsorption solution
) ) ~concentrations (0.7—1.5 mg L for fludioxonil, in contrast to
relationship between eq 5 and mass balance, and the assumptiors-12 mg L1 for cyprodinil) and hence the range of equilibrium

involved in eq 6, see ref2. concentrations in solution (0.6%.16 mg L= for fludioxonil
Statistical Analyses All statistical analyses were performed  in contrast to 0.18—1.6 mg for cyprodinil). Except in soil
using SPSS v. 12.0 for Windows. 6, fludioxonil was the more avidly adsorbed fungicide, with
values of the partition coefficieny of 62—213 mL g? in
RESULTS AND DISCUSSION contrast to 54110 mL g1 for cyprodinil (110-213 versus 54

Influence of Soil Properties on Adsorption. The soils 93 mL gt if soil 6 is excluded;Table 4), and this greater
studied had C contents ranging from 2.7 to 4.9%, sandy loam 2dsorption may have been substantially due to the higker p
textures, and pkt values of 4.6—6.6 (Table 2). The higher of fludioxonil, 13.6 in contrast to 5.3 for cyprodinil, because at
pH values may be attributed to fertilization and liming: PH 5—6 the predominantly positively charged fludioxonil
amelioration of pH is usual in this region, the natural soils of molecules would be subject to electrostatic interactions with
which have mostly developed over acid geological materials, POth organic and inorganic colloids, which possess predomi-

and fertilization and liming would explain why Ca and K are nantly negative charges. However, if the main ssilute
the major components of the cation exchange complex. interactions were electrostatic, the valué<gfvould be expected

Adsorption—desorption experiments were preceded by de- 0 vary with CEC, and for fludioxonil there was no statistically

termination of the pre-existing concentrations of cyprodinil and Significant dependence ¢4 on this or any other of the soil
fludioxonil in the soil samples. All were low except the variables investigated (carbon content, clay content, and pH).

concentration of cyprodinil in sample 4, which was 14pkg For cyprodinil,Kq depended linearly on carbon content:

(Table 3). That in all samples the concentration of cyprodinil
exceeded that of fludioxonil can generally be attributed to the Ky =0.0342C+ 0.926 (F8 = 0.675,p < 0.01)
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Figure 2. Adsorption isotherms for cyprodinil.

Although this relationship might suggest that soil 6's being the Taple 5. Desorption of Cyprodinil (Cyp) and Fludioxonil (Flu) in Each
only soil for which cyprodinil had a higheKq than did of Three 24-h Desorption Steps (Percentages of Amounts Originally
fludioxonil was due to its also being the soil with the highest Adsorbed) and Total Desorption after 72 h

carbon content, the partition coefficient normalized with respect

to C contentKoc, exhibited the same patternlég being greater 24h 48h 72h fotal
for fludioxonil than for cyprodinil in all soils except soil 6 sol Cyp Fu Cyp Fu Cyp Fu Cyp Flu
(Table 4). However, normalizing with respect to C contentdid 1 8.0 16 6.8 17 6.4 20 212 53
reduce the relative standard deviation (RSD) of the partition 2 78 11 6.8 17 54 16 20 44
coefficient for cyprodinil (from 22% foiKg to 14% forKoc), i ?1'421 é% g? 12 é? ié 122 ‘31;
suggesting that organic matter did play a role in the adsorption ¢ 47 16 66 18 73 16 186 50
of cyprodinil. In contrast, the RSD of fludioxonil was the same 6 38 16 5.5 13 7.0 15 16.3 4.4
for Koc as forKg, 37%. In this respect, Jerzy et a@)(found 7 48 23 6.4 17 7.0 17 182 57
8 43 22 42 15 41 15 126 52

that cyprodinil interacted with soil organic matter through two
different mechanisms: first, sequestration by humin; and,
second, covalent bonding to humic acids, the abundance and ) ) o

low mobility of which endow them with great capacity to ~DPesorption. The extent of desorption of the fungicides was
immobilize pesticides in the soil (101). This suggests thatto ~ determined following adsorption from solutions with initial
prevent cyprodinil from percolating to underground waters it cyProdinil/fludioxonil ratios of 1.5:1, their ratio in the com-

is necessary to keep humic acid content high enough to ensurenercial formulation Switch. In keeping with its generally lower
its continued immobilization, particularly for soils under crops a@nd less disperselly values, cyprodinil was desorbed to a
that substantially reduce soil organic matter. greater extent than fludioxonil (3321% in contrast to 4—6%;

For both fungicides, adsorption was reduced if the other SeeTable 5) and with less variation among soils (RSD13
fungicide was also present in solution, leaving a higher Versus 17%). Cyprodinil nonetheless showed considerable
concentratiorCe in solution after 24 h of equilibratiorF{gure reluctance to desorb, possibly due to the covalent bond formation
4); proportionally, the presence of cyprodinil affected the mentioned in the preceding section. The even greater reluctance
residual concentration of fludioxonil much more than vice versa. of fludioxonil to desorb is probably attributable to its desorption
This behavior suggests competition for adsorption sites, althoughbeing limited by its low solubility; as is supported by the fact
in the field, where the soil/solution ratio is much higher than in that at the end of each of the three desorption steps, and in all
the batch laboratory experiment, competition for adsorption sites eight soils, the equilibrium fludioxonil concentration was
may not be a significant effect. virtually the same, ranging only from 0.06 to 0.10 mgL




Adsorption—Desorption of Cyprodinil and Fludioxonil in Soils J. Agric. Food Chem., Vol. 53, No. 14, 2005 5679

y=1172x-2.33 y =118.3x - 0.82 y =122.04x - 1.15

Sample 1 R =0.9361 Sample 2 R? = 0.9086 Sample 3 R =0.9075
15 15 15 -
o 10 > 10 = > 10-
=] =4 =]
= 2 3
w 5 ® D - 5-
13 o S
0+ . . 0 - T ) 0 T y
0,0 0,1 0,2 0.0 0,1 0,2 0,0 0,1 0,2
Ce (ug mL") Ce (g mL") Ce (ug mL")
Sample 4 y = 235.8x - 7.32 Sample 5\ _ 112 20x - 1,6664 Sample 6 y=638x +2.96
R? = 0.9732 R = 0,9462 R? = 0.9238
15 15 15
> 10 . S 10 /(- = 10 /
D o o
2 E A
w 5 w 5 w 5
o [&] (]
0 T ) 0 , . 0+ )
0.0 0,1 0.2 0,0 0,1 0,2 0,0 0,1 0,2
Ce (ug mL") Ce (ug mL") Ce (ug mL")
Sample 7 y =187.3x- 232 Sample 8 y = 205.6x - 6.06
R? = 0.9466 R? = 0.9625
15 .
- a 15
= 10 =
> . o 10
= 2
g > 5
[&]
0 - T ) 0 T ]
0,0 0,1 0,2 0,0 0,1 0,2
Ce (ug mL") Ce {pg mL")

Figure 3. Adsorption isotherms for fludioxonil.

For fludioxonil there was no clear-cut relationship between For cyprodinil, the soil variable most strongly influencing
desorption and any of the soil variables studied, which is again desorption was, as in the case of its adsorption, C content, total
probably attributable to the desorption of fludioxonil being desorption after 72 h decreasing linearly with increasing C
limited by its low solubility rather than by soil characteristics. (r = —0.666,p < 0.05). The parallelism with the behavior of
adsorption is highlighted by the good correlation< —0.907,

p < 0.01) between percentage desorption EgdFigure 5a).

1.0 a) MO mo/E: ERickesont No such relationship was observed for fludioxonil, for which
81 mg/L Fludioxonil desorption values varied very little among soilggure 5b);
0.8 1 this is in keeping with the hypothesis that its desorption is
'; 0.6 - 120 a)
E = 110 x
s 04 S 100 | y = -5,7667x + 180,84
& - = = R? = 0,8231
5 = = o 90
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= = g 797
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Figure 4. Influence of the presence of fludioxonil on the equilibrium % desorption
concentration, Ce, of cyprodinil (a) and of the presence of cyprodinil on Figure 5. Relationship between the partition coefficient, Ky, and the extent

the equilibrium constant of fludioxonil (b). of desorption (percent) of cyprodinil (a) and fludioxonil (b).
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Figure 6. Results of the column experiments and fitted models: (a, b)
cyprodinil; (c, d) fludioxonil; (a, c) soil 3; (b, d) soil 7. Single points
represent experimental data, short dashes (- - -) the results of the LE
model, long dashes (——-) the results of the NLE model, and the
continuous curve (—) the results of the IRR model.

governed mainly by its solubility rather than by adsorption
desorption mechanisms.

Column Experiments and Transport Modeling. The results
of the column experiments are shownHigure 6 (large dots),

and the values of the transport model parameters obtained
directly or indirectly by measurement are listed in the top panel
of Table 6. It was not possible to fit any of the models reliably
when the Péclet numbeP, was included among the parameters
to be optimized, because the “optimized” value of this parameter
depended heavily on the value used to initiate the optimization.

Arias et al.

Table 6. Parameters of the Transport Models, with Goodness of
Fit (r?)

soil 3 soil 7

parameter cyprodinil fludioxonil cyprodinil fludioxonil
L 1.8 1.8 18 18

v 25 12 35 2.2

0 0.37 0.50 021 0.33

R 236 291 357 303

P2 (D) 9(0.5) 4.3(0.5) 12,6 (0.5) 7.9(0.5)
® (o) 5.3(0.10) 5.4(0.04) 3.8(0.07) 9.7(0.12)
P (us) 0.79 (0.015) 0.66 (0.005) 2.40(0.042)  0.71(0.009)
r2(IRR) 0.975 0.980 0.742 0.940
r2(LE) 0.265 0.184 0.123 0.393

r2 (NLE) 0.306 0.345 0.500 0.547

aValue calculated by assuming that D = 0.5 cmZmin (see Results and
Discussion). ? Dimensionless parameters fitted by CXTFIT using the IRR model,
with the corresponding dimensional parameters in parentheses.

We therefore imposed values of this parameter corresponding
to the valueD = 0.5 cn¥/min, approximately the mean of the
values obtained in an earlier study of bromide transport through
columns of similar size. Even then it was not possible to fit the
NLE model, but the IRR model was successfully fitted, affording
the values ofv, a, u, andus that are listed in the middle panel
of Table 6. The bottom panel of this table lists values of the
determination coefficient? corresponding to this fit of IRR,
together with those characterizing the fit of LE and NLE models
calculated usind® = 0.5 cn#/min and, for NLE, the value of

w obtained in fitting IRR.

The total amounts of fungicide eluted from the columns were
considerably less than the amounts injected at the column heads,
showing that fungicide was being retained in the column by
adsorption processes that were irreversible on the time scale of
these experiments. This is reflectedHigure 6 in the difference
between the areas under the curves corresponding to the LE
and NLE models, which assume totally reversible adsorption,
and the areas under the curves corresponding to the experimental
data and IRR model. Note also that the LE model underesti-
mated elution during the early phase of the experiment, a clear
sign that the assumption of equilibrium was untenable.

The optimized values af, the rate constant for irreversible
adsorption, were quite similar in the three columns, the data
from which were fitted by the IRR model witf? values>0.9.

In all three cases, the rate constant for reversible adsorptjon,
was~10 times greater. The fact that the experimental data worst
fit by the IRR model were those for cyprodinil in soil 7 may be
related to this breakthrough curve having a heavier tail (in
comparison with the rest of the curve) than any of the others
(Figure 6b): heavy tails reflect slow desorption, and in the IRR
model only the full reversible process and a totally irreversible
process are considered. That cyprodinil desorbed more slowly
from soil 7 than from soil 3 in the column experiments is in
keeping with its behavior in these soils in the desorption
experiments.

LITERATURE CITED

(1) FAOSTAT. On-line and multilingual database currently covering
international statistics; 2004; http://faostat.fao.org/faostat/
default.jsp.

(2) Brun, L. A.; Maillet, J.; Hinsinger, P.; Pépin, M. Evaluation of
copper availability to plants in copper-contaminated vineyard
soils. Environ. Pollut.2001,111, 293—302.



Adsorption—Desorption of Cyprodinil and Fludioxonil in Soils

(3) Arias, M.; Lopez, E.; Fernandez, D.; Soto, B. Copper distribution

and dynamics in acid vineyard soils treated with copper-based

fungicides.Soil Sci.2004,169, 796—805.

(4) Ekelund, F.; Westergaard, K.; Sge, D. The toxicity of the
fungicide propiconazole to soil flagellateBiol. Fertil. Soils
2000,31, 70-77.

(5) Munier-Lamy, C.; Borde, O. Effect of a triazole fungicide on
the cellulose decomposition by the soil microfloEhemosphere
2000,41, 1029—-1035.

(6) Kim, I. S.; Beaudette, L. A.; Shim, J. H.; Trevors, J. T.; Suh, Y.
T. Environmental fate of the triazole fungicide propiconazole
in a rice-paddy-soil lysimeteRlant Soil2002,239, 321—331.

(7) Sumner, M. E.; Miller, W. P. Cation exchange capacity and
exchange coefficients. IMethods of Soil Analysis, Part 3.
Chemical MethodsSSSA Book Series 5: Soil Science Society
of America: Madison, WI, 1996.

(8) Toride, N.; Leij, F. J.; van Genuchten, M. The CXTFIT Code
for Estimating Transport Parameters from Laboratory or Field
Tracer Experimentsyersion 2.1; Technical Report 137; U.S.
Salinity Laboratory, USDA, ARS: Riverside, CA, 1999.

J. Agric. Food Chem., Vol. 53, No. 14, 2005 5681

(9) Jerzy, D.; Haider, K.; Benesi, A.; Rangaswamy, V.; Schaeffer,
A.; Pluecken, U.; Bollac, J. M. Analysis of soil-bound residues
of C-labeled fungicide cyprodinil by NMR spectroscopy.
Environ. Sci. Technol1997,31, 1128—1135.

(10) Schnitzer, M. Binding of humic substances by soil mineral
colloids. Ininteractions of Soil Minerals with Natural Organics
and Microbes; Soil Science Society of America: Madison, WI,
1986.

(11) Tan, K. H.Humic Matter in Soil and the Eironment. Principles
and Controversies; Dekker: New York, 2003.

Received for review November 24, 2004. Revised manuscript received
May 18, 2005. Accepted May 23, 2005. This work was supported by
the Xunta de Galicia under Contract PGIDITO3RAG38301PR and by
the Spanish Ministry of Science and Technology under Contract
AGL2003-02244 and, in partnership with the University of Vigo,
through Ramoén y Cajal contracts awarded to M.A. and E.L.

JF048023A



