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a  b  s  t  r  a  c  t

The  objective  of  this  work  was  to  assess  the  effect  of adjuvants  in  the  sorption  in  soils  of  the  fungicides,
cyprodinil  and  fludioxonil,  usually  applied  together  in a mixture  commonly  called  ‘Switch’.  Water  suspen-
sions of  a commercial  formulation  of  Switch  were  used  in  phase  partition  experiments  for  a  set  of selected
soils from  vineyards.  A clean-up  procedure  of  the  supernatant  was  developed  for  the  phase  separation
in  presence  of  the  adjuvants  prior  to  quantification  of  cyprodinil  and  fludioxonil.  The  maximum  sorption
on  the  solid  phase  (which  includes  soil  and  other  solids  from  the  commercial  formulation  of  Switch)  was
2000  mg  kg−1 for fludioxonil  and  3000  mg  kg−1 for cyprodinil  after  incubation  with  800  mg  L−1 of Switch.
ungicide
witch
yprodinil
ludioxonil
oil
dsorption

However,  adsorption  to  soil  particles  were  lower;  fludioxonil  concentrations  adsorbed  in  soils  range  from
50 to  80  mg  kg−1 of  soil  and  cyprodinil  concentrations  range  from  120  to  260 mg  kg−1 of  soil.  Adjuvants
increased  the  solubility  of fludioxonil  in pure  water  at  25 ◦C up to  5  times  that  of  the  pure  substance
(from  1.8  to  9 mg  L−1 in  control  samples),  and  show  a strong  influence  on  the  adsorption  in soil.  Soil  pH,
effective  cation  exchange  capacity  and  copper  content  due  to past  anti  fungal  copper-based  sprays,  have
also  influence  on  the  adsorption  of  the  active  ingredients  in  presence  of adjuvants.
djuvant

. Introduction

Cyprodinil (4-cyclopropyl-6-methyl-N-phenylpyrimidine) is a
ystemic fungicide recommended for the prevention and treat-
ent of various fungal diseases that affect fruit, plants and vines.

ludioxonil [4-(2,2,-difluoro-1,3-benzodioxol-4-yl)-1H-pyrrole-3-
arbonitrile] is a contact fungicide recommended for the control of
otrytis cinerea [1].  Both cyprodinil and fludioxonil have low sol-
bility in water, high solubility in non-polar solvents, and high
ffinity for soil organic matter (SOM). Table 1 shows the values
or log Kow (octanol/water partition coefficient) and log Koc (soil
rganic carbon/water partition coefficient) for both fungicides.
hese two fungicides are usually applied together in a mixture
ommonly called ‘Switch’, a widely spread formulation that is nor-
ally sprayed on the foliage of crops in concentrations from 0.8 to

 g L−1.
Off-target deposition of pesticides on soil is an environmental
oncern. The amount of fungicide reached to the soil depends on
everal factors: the properties of the plant surface, the chemical
ormulation, application method, and the climate [2],  especially the

∗ Corresponding author. Tel.: +34 988 387 070; fax: +34 988 387 001.
E-mail address: edelperi@uvigo.es (J.E. López-Periago).

304-3894/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2011.07.074
© 2011 Elsevier B.V. All rights reserved.

amount of rainfall [2–5]. Less than 0.1% of the pesticide applied to
crops actually reaches the target pest; the rest enters the environ-
ment [6,7].

Several studies on the sorption behavior of pesticides in soils
[6,8] and its correlation with soil properties have been published
[9]. Adsorption of cyprodinil and fludioxonil in soils was studied
using technical grade standards (high purity level) in batch equi-
librium studies [10] at concentrations lower than their solubility
limit in water (13 and 1.8 mg  L−1, respectively).

Adjuvants are added in commercial formulations [11] to
improve the effectiveness and to facilitate spray application [2,12],
but also modify the behavior of the active ingredients (AI) in the
environment. Previous works reported that decreasing polarity in
soil–water suspensions decreases the sorption of cyprodinil [13].
Several works have studied the effect of commercial formulation
or cosolvents have in the mobility, increasing in the case of insecti-
cides like endosulfan, or herbicides like ethofumesate, linuron and
atrazine or fungicides like metalaxyl [14–16].  Recently, two stud-
ies demonstrated that adjuvants play a critical role in the sorption
behavior of pesticides in soil. For instance, an increase of about 30%

in the metalaxyl retention by soils was  observed when the pesti-
cide was  applied as a Ridomil Gold Plus formulation rather than the
technical grade pesticide [17]. In addition, commercial formulation
of penconazole influences the water–soil partition increasing sorp-

dx.doi.org/10.1016/j.jhazmat.2011.07.074
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:edelperi@uvigo.es
dx.doi.org/10.1016/j.jhazmat.2011.07.074
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Table  1
Chemical properties of cyprodinil and fludioxonil.

Common name Chemical name Log Kow Log Koc pKa Solubility water 25 ◦C,
pH 7 (mg L−1)

Cyprodinil (4-Cyclopropyl-6-methyl-N-phenylpyrimidine) 4 3.23 4.4 13
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Fludioxonil [4-(2,2,-Difluoro-1, 3-benzodioxol-4-yl)-1H-pyrrole-3-car

og Kow:  octanol/water partition coefficient; log Koc: soil organic carbon/water pa

ion of the pesticide regarding to batch studies using the technical
rade AI [18].

The concentrations recommended by the manufacturers for
witch dosage are 300 mg  AI L−1 for cyprodinil and 200 mg  AI L−1

or fludioxonil. Therefore, both spray drift and canopy drip reach
he soil surface in concentrations higher than the solubility of the
I in water and higher than in ordinary sorption experiments made

n laboratory.
The main objective of this work was to study the influence of

he adjuvants typically present in the commercial formulation on
he sorption of cyprodinil and fludioxonil in soils. We  developed
xperiments using the commercial formulation Switch at the rec-
mmended application dosage for a set of selected soils devoted to
ineyards. Results were compared with similar partition studies of
he same pure AIs reported in previous work.

. Experimental

.1. Soil Samples

Composite samples of the top 0–20 cm of the soil were obtained
rom each of four Rías Baixas vineyards in northwestern Spain. Once
n the laboratory, the samples were thoroughly mixed and dried at
oom temperature, passed through a 2-mm mesh sieve and homog-
nized before analysis [10]. All the soils had the same sandy loam
exture class, with organic carbon (C) contents that ranged from 3.1
o 4.1% (w/w), clay contents that ranged from 16 to 19% (w/w), a
HW that ranged from 5.3 to 7.4, and a pHKCl that ranged from 4.6 to
.6, as listed in Table 2. The pH of soils A and B were less acidic due
o the application of lime in the past. The effective cation exchange
apacity (ECEC) of the soils ranged from 8.6 to 33.2 (cmol(c) kg−1),
nd the total copper (CuT) contents ranged from 60 to 274 mg  kg−1;
he soils with the higher Cu concentrations experienced repeated
pplications of Cu-based fungicides.

.2. Fungicides, standards and solvents

The main characteristics of the commercial formulation of
witch are summarized in Table 3. It was obtained from Syngenta
gro (O Porriño, Spain) as water dispersible granules containing:

i) cyprodinil (37.5%, w/w); (ii) fludioxonil (25%, w/w); and (iii)
odium dibutyl naphthalenesulfonate (SDBNS) C18H23NaO3S (5%,
/w) in addition to sodium sulphate, ammonium sulphate, calcium
arbonate, sodium silicate, and sulphur. The SDBNS is an organic
nionic surfactant used as penetrant with a critical micelle con-
entration (CMC) of 0.02 M in pure water at 25 ◦C. Penetrants (also
alled hydrophilic linkers) are amphiphiles that can relax the water

able 2
oil characteristics.

Soil pHW pHKCl pHCaCl2 C (%) E

A 7.4 6.6 6.21 3.6 3
B  7.0 5.4 5.48 3.1 1
C 5.3  4.6 4.86 3.1 

D 5.5  5.0 5.36 4.1 2

, percentage of organic carbon; ECEC, effective cation exchange capacity (cmol(c) kg−1); 
rile] 4.12 4.87 >14 1.8

 coefficient.

bridge network surrounding the hydrophobic sites of surfaces. Its
function in commercial fungicides is to enhance the penetration of
fungicides through the waxy cuticle onto the leaf tissue [19].

For the sorption experiments with the commercial formulation,
a stock standard suspension of commercial Switch (ca. 0.8 g L−1)
was  prepared in 0.01 M calcium chloride (pH 6.2) by weighing
approximately 0.08 g of Switch into a 100-mL volumetric flask and
diluting to volume. Cyprodinil and fludioxonil concentration in this
solution was 300 and 200 mg  L−1, respectively, and the concentra-
tion of SDBNS in the stock suspension was  0.12 mM,  which is less
than its CMC.

Technical-grade cyprodinil and fludioxonil were obtained from
Riedel-de Haën (Seelze-Hannover, Germany) with purity higher
than 90%. A stock standard solution (∼1 g L−1) of each fungicide
was  prepared in methanol. All standard solutions were stored in
the dark at 4 ◦C and were stable for 6 months.

2.3. Determination of the active ingredients in Switch in the
liquid phase

The standard methods used for quantification of high purity
cyprodinil and fludioxonil in batch reaction tubes were not suit-
able for the experiment made with commercial formulations. The
supernatant liquid extract had beige-colored turbidity after the
phase separation procedure; in addition drift in the detector lead to
unacceptable accuracy and precision of measurements. The effect
was  especially significant for fludioxonil; the readings decreased
quickly during the first 24 h; it dropped by about 35% 3 h after cen-
trifugation. Reproducible readings were obtained by purifying the
supernatant after centrifugation as follows [2]:  an aliquot of the
supernatant (5 mL)  was passed through a C18 cartridge from Phe-
nomenex (Madrid, Spain) that was previously conditioned with
5 mL  of methanol and 10 mL  of water. Impurities were removed
by washing the cartridge with 5 mL  of water; the cartridge was
then dried by passing a stream of nitrogen for 20 min. The target
compounds were finally eluted with 2.5 mL  of a mixture of acetoni-
trile/water (90/10, v/v) and 50 �L of the eluate was injected into the
HPLC to determine the cyprodinil and fludioxonil concentrations
in the liquid phase. This purification procedure gave good recovery
(about 100%) for both compounds and reproducible readings for
two  weeks.

Detection and quantification limits (LODs and LOQs) of the
method were evaluated on the basis of the noise obtained from the

analysis of the soil/0.01 M CaCl2 suspensions without fungicides
(n = 7), and were defined as the concentrations of the fungicide
that produce average signal-to-noise ratios of 3 and 10, respec-
tively. The values obtained for fludioxonil and cyprodinil were 0.1

CEC Sand (%) Silt (%) Clay (%) CuT

3.2 46 35 19 60
2.8 67 15 18 107
8.6 53 30 17 96
4.7 65 19 16 274

CuT, total Cu content (mg  kg−1).
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Table  3
Characteristics of commercial product (Switch).

Commercial name Switch

Commercial brand Syngenta Agro, S.A.
Composition Cyprodinil (37.5%, w/w)

Fludioxonil (25%, w/w)
Sodium dibutyl naphthalenesulfonate (0–5%, w/w)

N  CAS Cyprodinil: 121552-61-2
Fludioxonil: 131341-86-1
Sodium dibutyl naphthalenesulfonate: 25417-20-3

Formulation Water dispersible granules
Physical characteristics Granules, light gray to brown
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Density of the formula 0.537 g/cm3

Solubility of the formula Miscible in water

nd 0.2 �g mL−1, respectively, for the LOD and 0.2 and 0.4 �g mL−1,
espectively, for the LOQ.

.4. Quantification of the fungicides

High-performance liquid chromatography (HPLC) analyses
ere carried out on a Thermo HPLC system equipped with a

CM1000 vacuum membrane degasser, a P4000 binary pump, an
S1000 autosampler, a column heater from Jones chromatography

Model 7981) and a microUVIS 20 detector.
Separations were performed with a Luna C18 (150 × 4.6 mm

.d., 5.0-�m particle size) analytical column obtained from Phe-
omenex (Madrid, Spain) and a guard column (40.0 × 3.0 mm i.d.,
.0-�m particle size) containing the same packing material. The
emperature of the HPLC column was kept constant at 40 ◦C. The

obile phase was acetonitrile and water with the following gradi-
nt: 55% of acetonitrile was changed to 90% in 7 min, held for 1 min
nd then changed to 55% in 0.1 min, giving a total analysis time of
5 min  after taking into account the equilibration time. The injec-
ion volume was set to 50 �L at a HPLC flow rate of 1.0 mL  min−1.
yprodinil and fludioxonil detection was carried out at 210 nm [20].
he retention times in the chromatogram were 5 and 7 min  for
udioxonil and cyprodinil, respectively.

.5. Switch–water partition

A set of batch experiments were done at different Switch
oncentrations. In each assay, an amount of the commercial
ormulation of Switch (8, 20, 40, 80, 200, 400 and 800 mg  L−1; corre-
ponding to cyprodinil concentrations ranging from 3 to 300 mg  L−1

nd fludioxonil concentrations ranging from 2 to 200 mg L−1) was
uspended in 10 mL  of a 0.01 M solution of CaCl2. These suspensions
ere shaken in a rotating shaker at 200 rpm for 24 h at 25 ± 1 ◦C in

bsence of light, after which they were centrifuged for 30 min  at
00 × g. The pH of the supernatant was measured using a pH-meter.
entrifugation did not remove all the compounds that formed
table colloidal suspensions. Subsequently, a further purification
rocedure was developed as described in Section 2.3.

Cyprodinil and fludioxonil concentrations obtained for the liq-
id phase were used as control measures in calculations of the batch
orption equilibrium experiments with soil. All experiments were
one in quadruplicate.

.6. Kinetic experiments

Kinetics experiments were done to determine the equilibrium
ime in the phase partition of cyprodinil and fludioxonil. Sus-

ensions of the commercial formulation of Switch in 300 mL  of
.01 M CaCl2 (containing 20 mg  L−1 of cyprodinil and 13.4 mg  L−1 of
udioxonil) were mixed with 30 g of soil. Suspensions of the com-
ercial formulation with the same concentration of Switch/0.01 M
s Materials 193 (2011) 288– 295

CaCl2 without soil were used as controls. All suspensions were
vortex-stirred with a PTFE-coated stir bar at 200 rpm at 25 ± 1 ◦C,
and sampled at 1, 4, 8, 30, 120, 480, 1440, 2880 and 4320 min.
Samples were immediately centrifuged for 30 min  at 2000 rpm to
measure the concentration of fungicide in the supernatant. Kinetic
experiments were done in duplicate, two suspensions containing
soil and two without soil.

2.7. Fungicide soil batch experiments

Phase partition experiments were done in batch tests using
suspensions of the Switch formulation in 0.01 M CaCl2, at con-
centrations of 8, 20, 40, 80, 200, 400 and 800 mg L−1 of Switch
(corresponding to cyprodinil concentrations ranging from 3 to
300 mg  L−1 and fludioxonil concentration from 2 to 200 mg  L−1).
In each assay, 1 g of soil was suspended in 10 mL  of the fungi-
cide mixture; the suspension was shaken in a rotating shaker at
200 rpm at 25 ± 1 ◦C during the equilibrium time optimized from
the kinetic experiments (24 h). After incubation, suspensions were
centrifuged for 30 min  at 300 × g. The concentrations of cyprodinil
and fludioxonil, and pH were then determined in the supernatant.
Prior to injection in the HPLC system, the supernatant was puri-
fied according to the clean-up procedure described in Section 2.3.
All experiments were performed in triplicate (n = 3). Control sam-
ples (without soil) were also prepared. In all the experiments the
quantification of the cyprodinil and fludioxonil concentrations in
the liquid phase was  carried out as described in Section 2.4.

3. Results and discussion

3.1. Switch–water partition

The maximum cyprodinil and fludioxonil concentrations in
0.01 M CaCl2 suspensions were 300 mg  L−1 and 200 mg  L−1, respec-
tively, corresponding to 800 mg  L−1 of Switch. These concentrations
agree with the recommended dosages for spray application
(800–1000 mg  L−1). Fig. 1 shows the measured concentration vs.
the added concentration for each one of the selected fungicides;
a reference line (slope = 1) helps to visualize that, for the highest
addictions of Switch, dissolution of the AIs are not complete. Vari-
ation in some determinations (e.g. 16–25 mg L−1 for cyprodinil)
is due to heterogeneity of the commercial product in the water
mixture. Cyprodinil measured concentration in the liquid phase
reached its solubility limit in water, 20 mg  L−1 at 25 ◦C [21]. In con-
trast, the fludioxonil dissolves up to 9 mg  L−1, which is more than
the solubility limit of the fungicide in water (1.8 mg  L−1 at 25 ◦C
[21]).

3.2. Kinetics

The time courses of solubilization and sorption of cyprodinil and
fludioxonil in the solid phase are shown in Fig. 2a and b. In control
experiments (i.e., Switch suspension without soil) the concentra-
tions of cyprodinil and fludioxonil increased with time, with a little
change in concentration after 1440 min  (Fig. 2a). Both compounds
do not reach complete solubilization at 4320 min. The presence of
soil in the suspension decreases the concentration of the AIs in
solution with regards to the control at the same incubation times
(Fig. 2a and b). Degradation can be neglected because cyprodinil
is hydrolytically stable in the pH range 4–9 (half-life in water in
the dark is longer than 1 year) [22], and fludioxonil has an average
hydrolysis half-life of 30 days in the dark (more than 100 days in

presence of soil) [23]. Comparison of the time course of curves of
solubilization and sorption to soil suggests that the slow dissolu-
tion rate of commercial Switch could be limiting in the sorption
kinetics in soil.
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Fig. 1. Solubilization of fungicides in a commercial formulation of Switch/0.01 M
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Fig. 2. Time courses of the concentrations in solution of cyprodinil (a) and fludiox-
onil (b) in kinetic experiments with commercial Switch. The line denotes the control
sample and the symbols denote incubation with soil A (©), soil B (N), soil C (�) and
soil D (�).
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ndicates the complete solubilization (slope 1).

.3. Fungicide soil batch experiments

The addition of the Switch formulation to 0.01 M CaCl2 in
bsence of soil increases the pH of the suspension (continuous line
n Fig. 3). The same additions of Switch have no effect in the pH
f the soil/0.01 M CaCl2 suspensions, except in the case of the less
cidic soil (soil A), in which pH increases slightly. Acidic soils have

 strong buffer effect at low pH by the effect of the exchangeable
luminum and other non crystalline forms of aluminum. Induced
hanges in the pH of the soil aqueous suspensions by commercial
ormulations have been reported elsewhere [17,18]. The pH change
n the soil solution induced by adjuvants can have significant influ-
nce on the sorption of pesticides. This is due to a two-fold effect
f pH, first on the variable surface charge of soil, and secondly on
he dissociation equilibrium of organic compounds as cyprodinil
6,23].

.3.1. Phase partition
The commercial formulation of Switch does not dissolve com-

letely in water, therefore suspensions of Switch mixed with soil
esults in a complex assemblage of phases. In order to evaluate the
udioxonil and cyprodinil partition between the solid and the aque-
us phases, the concentration in the solid phase can be calculated
s follows:

Solid = (CTotal − CLiquid)V
m

(1)

here CSolid (mg  kg−1) represents the AI concentration (i.e., cypro-
inil or fludioxonil) in the solid phase, CTotal (mg  L−1) is the

alculated concentration resulting the mass of AI added to the liquid
hase, CLiquid (mg  L−1) is the measured concentration in the liquid
hase after incubation, V is the volume of the liquid phase (L), and

 is the mass of solids in the suspension (kg). The contribution of

Fig. 3. pH changes in the fungicide/0.01 M CaCl2/soil suspensions induced by the
addition of increasing amounts of commercial fungicide after 24 h of incubation.
Symbols denote incubation with soil A (©), soil B (N), soil C (�) and soil D (�). Line
shows the control sample, without soil.
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Table 4
Comparison of the distribution coefficients for the soil/water partition (KD, L kg−1)
for  between selected intervals of the adsorption curves of cyprodinil and fludioxonil
added as Switch and values from the literature. ‘Low range’ is where the dissolved
concentration is below the solubility limit of the pure active ingredient in water
at  25 ◦C. ‘High range’ is up to the concentration resulting the dilution of Switch
recommended by the manufacturer.

Soil Low range High range Reported in
[10]

Fludioxonil
(<0.2 mg L−1) (0.2–4.5) (<0.2)

A 65 10. 116
B 86 8. 129
C  18 20 110
D 123 8 187
Cyprodinil

(3–15 mg L−1) (15–25) (<13)
A 60 n.d. 61
B 133 n.d. 82
92 E. Pose-Juan et al. / Journal of Ha

on aqueous ingredients of Switch on m is less than 0.1%, so it is
ot included in the calculations.

The partition data for cyprodinil and fludioxonil between the
olid and the aqueous phases are shown in Figs. 4 and 5, respec-
ively. The maximum sorbed concentration on the total solids is
igher for cyprodinil (2500–3000 mg  kg−1) than for fludioxonil
1800–2000 mg  kg−1). Partition of the AI between the total solids
nd water can be expressed as a distribution coefficient given by
DT = CSolid/CLiquid.

The slope of the sorption curve of cyprodinil in the solid phase
s positive for CLiquid < 15 mg  L−1, with KDT ranging from 40 to
0 L kg−1 depending on the soil and the dosage of Switch. When
Liquid > 15 mg  L−1 KDT increases dramatically, that suggests that
he concentration of cyprodinil reaches its solubility limit. For the
udioxonil, KDT also increases with the addition of Switch. This
ehavior would suggest that increasing the concentration of adju-
ants favors the sorption of the AIs, but it does not mean that all
s adsorbed on soil. In commercial formulation mixtures the AIs
etained in the solid phase can precipitate, sorbed onto the non-
queous adjuvants of the formulation, and/or adsorbed to soil. This
s not the typical behavior of high purity AIs in soil–water sus-
ensions, in which the slope of sorption isotherm decreases with
oncentration.

.3.2. Adsorption to soil
The concentration of AI adsorbed to soil, CAds, can be estimated

rom a pair of batch sorption experiments performed with and
ithout soil, both using the same addition of the Switch, by the

ollowing equation:

Ads = (CControl − CLiquid)V
m

(2)

here CControl is the mean AI concentration in solution measured in
witch/0.01 M CaCl2 suspension without soil, CLiquid is the concen-
ration in solution measured in Switch/0.01 M CaCl2 with soil after
ncubation, V and m are as described above for Eq. (1).  This equation
ssumes that there is no interaction between the adjuvant and the
oil that would influence the adsorption of the AI to either the soil
r to the adjuvant.

The adsorption curves calculated using Eq. (2) are shown in
igs. 6 and 7. The adsorbed concentration of cyprodinil (Fig. 6)
ncreases with the concentration in solution up to a maximum,
nd then decreased to values near or below zero. The maxi-
um  adsorbed concentrations of cyprodinil in soil are all about

20 mg  kg−1, except for soil D showing a maximum adsorption
oncentration near 260 mg  kg−1. Soil D has the greatest concen-
rations of copper, therefore this soil present less repulsion to
he dissociated cyprodinil in solution because the negative surface
harge of soil is compensated by the formation of Cu2+ inner-sphere
omplexes. The maximum concentration of cyprodinil adsorbed
o soil is 4–8.6% of the total amount of cyprodinil in the solid
hase; the rest non-solubilized either precipitated or adsorbed to
on-aqueous adjuvants. This behavior of cyprodinil indicates that
on-soluble forms of commercial formulations play an important
ole in the retention of cyprodinil.

This behavior can be discussed on the basis of the solubility
imit of cyprodinil in water (20 mg  L−1 at 25 ◦C). The first three con-
entrations assayed are below its solubility limit and the sorbed
oncentration onto the soil increases with increasing additions of
witch. Thus, it can be concluded that in the case of the soil–water
artitions with Switch, sorption of cyprodinil is important only if its
oncentration is below its solubility limit in water. The distribution

oefficients calculated for the soil/liquid partition KD = CAds/CLiquid
60–133 L kg−1) for the low concentration range is similar to the KD
bserved for the pure ingredient in all soils (61–93 L kg−1) (Table 4)
10]. This finding means that for the low range concentrations,
C  97 n.d. 79
D 107 n.d. 93

the adsorption mechanisms in presence or absence of adjuvants
may  not differ. When addition of Switch increases beyond the sol-
ubility limit of cyprodinil, other mechanisms can dominate the
sorption process. Adsorbed concentrations in soil are observed to
decrease to values near or below zero, indicating that the largest
amounts of Switch added to soil suspensions decreases the adsorp-
tion, even below than in the batch incubations without soil. These
results show that there is a threshold concentration of Switch that
decreases the adsorption of cyprodinil to soil. In addition, pres-
ence of soil in the Switch suspension enhances solubilization of
cyprodinil.

The adsorbed concentration of fludioxonil increases with the
addition of Switch (Fig. 7). For soils A, B and D, the first point on
the adsorption curves is near CAds 18 mg  kg−1; the slope from the
origin to the first experimental point corresponds to an approx-
imate linear distribution KD in the range from 65 to 123 L kg−1.
For low additions of Switch KD is similar to the partition of pure
compounds reported by [10] (Table 4). With higher additions (i.e.,
CLiquid > 1 mg  L−1) KD values are smaller than those found for the
adsorption of the analytical grade fludioxonil. That suggests an
increased solubilization of the fludioxonil by the adjuvants. For
medium additions of Switch (i.e., when CLiquid is 1–2 mg  L−1) the
adsorption of fludioxonil decreases slightly. With larger additions
of Switch the adsorption increased dramatically. Maximum CAds is
in the range from 50 to 60 mg  kg−1. Soil C shows the greater sorbed
concentration CAds = 80 mg  kg−1, but this is only the 2.5% of the mass
of fludioxonil added.

These adsorption curves are difficult to include in a particu-
lar isotherm model because partition occurs in a complex system
formed by soil, water, the AIs and adjuvants.

3.3.3. Influence o surfactant on adsorption
The interpretation of the batch adsorption curves for Switch

could be explained by two potential effects: the first one is the
formation of hemimicellization of SDBNS on the soil surface fol-
lowed by the co-adsorption of the pesticide with the hemimicelles
[18], and secondly the role of SDBNS as penetrant in the non polar
sites of soil organic matter (SOM). The mechanism of penetration
in SOM is that hydrophobic tail of SDBNS can enters to internal
non-polar sites and its polar head fits between the hydrophilic
functional groups of the SOM. Therefore, SDBNS would decrease
the attractive forces in the hydrogen bridge network surround-

ing the SOM, and the fungicide can coadsorb with SDBNS at the
polar–non polar interface. The effectiveness of both mechanisms
will depend upon the electrostatic repulsion between the surfac-
tant and SOM surface. Low pH of the soil solution and complexation
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f copper by the SOM decreases the negative charge surface of
OM, these factors diminish the repulsion of SDBNS, and there-
ore can explain the greater adsorption of cyprodinil in the soil D
Fig. 6).

The influence of SDBNS can also help to explain the local min-
mum of adsorption of fludioxonil at CLiquid 1–2 mg  L−1 (Fig. 7).

here is a point at which the more accessible and favorable sites
or adsorption have been already filled by fludioxonil (this can be
een as a local maximum near CAds = 20 mg  kg−1); further additions
f Switch to the suspension enhance solubilization, as observed
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in controls (i.e., without soil), causing a decrease in CAds. Even
highest addition of Switch adds more SDBNS which facilitates the
co-hemimicellization or penetration of the fludioxonil into the less
polarity sites in the SOM.

Comparing the curves of cyprodinil and fludioxonil
(Figs. 6 and 7), it is observed that the adsorption of fludiox-

onil increased with the addition of large quantities of Switch while
that adsorption of cyprodinil decreased. The less water-soluble
fludioxonil is more effective at adsorbing in the non-polar sites of
SOM than cyprodinil. We  speculate that with the highest additions
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soil suspensions, soil A (©), soil B (N), soil C (�) and soil D (�). CSolids denote the
iquid the concentration in solution.
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. Conclusions
The sorption of cyprodinil and fludioxonil, applied as Switch
ommercial formulations, was studied in vineyard-devoted soils
n the range of concentrations recommended by the manufacturer
0.8–1 g L−1). The adjuvants present in the commercial formulation
cide in 0.01 M CaCl2/soil suspensions, soil A (©), soil B (N), soil C (�) and soil D (�).
 adjuvants), and CLiquid the concentration in solution.

increase the concentration of fludioxonil in water suspensions up
to 9 mg  L−1, which by about 5 times that of its solubility limit in
water (1.8 mg  L−1). Solubilization of cyprodinil is not increased by
adjuvants. Adjuvants increased the pH in the suspensions of the
acidic soils, but the influence was  negligible for limed soil. Soil pH,

effective cation exchange capacity of soil, and soil copper content
due to anthropogenic inputs, have also influence on the sorption of
Switch’s fungicides. The low pH in the more acidic soils favors the
adsorption of fludioxonil.
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The commercial formulation has a strong influence on the soil
ater partition tests. Adjuvants contribute to enhance the overall

orption of cyprodinil and fludioxonil. However, at high concentra-
ions of Switch, adjuvants can limit cyprodinil adsorption to soil.
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